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Abstract

As aclass, the quinolone antibacterials can no longer be assumed to be both
effective and relatively free of significant adverse effects. Recent safety issues
with newer generation fluoroquinolones, and concerns regarding drug-use asso-
ciated bacterial resistance have made all drugs in this class subject to intense
scrutiny and further study. Levofloxacin is a second generation fluoroquinolone
with a post marketing history of well tolerated and successful usein avariety of
clinical situations.

Quinolones asaclass cause avariety of adverse effects, including phototoxic-
ity, seizures and other CNS disturbances, tendonitis and arthropathies, gastroin-
testinal effects, nephrotoxicity, prolonged QT interval and torsade de pointes,
hypo- or hyperglycaemia, and hypersensitivity reactions. Levofloxacin has been
involved in only afew case reports of adverse events, which include QT¢ prolon-
gation, seizures, glucose disturbances, and tendonitis.

Levofloxacin has been shown to be effective at dosages of 250mg to 500mg
once-daily in clinical trialsin the management of acute maxillary sinusitis, acute
bacterial exacerbations of chronic bronchitis, community-acquired pneumonia,
skin and skin structure infections, and urinary tract infections. There are data sug-
gesting that levofloxacin may promote fluoroquinolone resistance among the
Streptococcus pneumoniae, and that clinical failures may result from this therapy.
Other data suggest that fluoroquinolones with lower potency against Pseudomo-
nas aer uginosa than ciprofloxacin, such aslevofloxacin, may driveclass-wideresis-
tance to this pathogen.

Levofloxacin is an effective drug in many clinical situations, but its cost is
significantly higher than amoxicillin, erythromycin, or first and second genera-
tion cefal osporins. Because of the propensity to select for fluoroquinolone resis-
tance in the pneumococcus and potentially other pathogens, levofloxacin should
be an aternative agent rather than a drug-of-choice in routine community-acquired
respiratory tract, urinary tract, and skin or skin structure infections. In areas with
increasing pneumococcal 3-lactam resistance, levofloxacin may be areasonable
empiric therapy in community-acquired respiratory tract infections. Similarly, in
patients with risk factors for infectious complications or poor outcome, levoflox-
acin may be an excellent empiric choice in severe community-acquired respiratory
tract infections, urinary tract infections, complicated skin or skin structure infec-
tions, and nosocomial respiratory and urinary tract infections. Better clinical data
are needed to identify the true place in therapy of the newer fluoroquinolonesin
common community-acquired and nosocomial infections. Until then, these agents,
including levofloxacin, might best be reserved for complicated infections, infec-
tion recurrence, and infections caused by (3-lactam or macrolide-resistant pathogens.

As a class, the fluoroguinolones can no longer
be assumed to be both effective and relatively free
of significant adverse effects. However, among the
many fluoroguinolone compounds available through-
out the world today, there are marked differences
in structure-associated adverse effect profiles and
drug interactions. Levofloxacin is the L-isomer of
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the D,L-racemate ofloxacin. Levofloxacin was
launched on world markets in the later half of the
1990s under several trade names, including Lev-
aquin®, Levoxacin®, Cravit®, Elequine®, and Tav-
anic®. Since that time, levofloxacin has been ex-
tensively used throughout the world in avariety of
clinical circumstances, and against a multitude of
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Table I. Quinolone classification

First generation
Nalidixic acid
Oxolonic acid
Cinoxacin
Piromedic acid
Pipemedic acid

Second generation
Norfloxacin
Ciprofloxacin
Enoxacin
Lomefloxacin
Ofloxacin
Levofloxacin
Rufloxacin

Third generation
Temefloxacin
Sparfloxacin
Grepafloxacin
Gatifloxacin
Pazufloxacin
Tozufloxacin

Forth generation
Trovafloxacin
Clinafloxacin
Moxifloxacin
Sitafloxacin
Gemifloxacin

bacterial pathogens. There have been few signifi-
cant adverse events reported despite the wide spread
exposure of this agent.

This review will focus on the risk-benefit ratio of
levofloxacin in the treatment of respiratory tract,
skin and skin structure, and urinary tract infections
in adults. An overview of general toxicities of the
fluoroquinolone class is provided, with an em-
phasis on information relating to levofloxacin. A
general review of levofloxacin pharmacokinetics,
pharmacodynamics, in vitro activity and clinical
efficacy is also provided.

1. Quinolone Classification

According to the quinolone classification scheme
proposed by Andriole,[l levofloxacin is a second
generation fluoroquinolone similar to ofloxacin
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and ciprofloxacin (table I). This classification
scheme for the quinol ones parall el sthe cefal ospor-
ins generation classification in that it is based on
potency and spectrum against ‘ problem’ pathogens.

First generation agents are generally nonfluor-
inated 4-quinol one structures, with adequate activ-
ity against Gram-negative aerobes, but ineffective
tissue penetration or unacceptable toxicity.[2

Second generation agents are all fluoroquin-
olones, the 6-fluoro substitution significantly broad-
ens both Gram-negative and Gram-positive activity,
possibly by improving tissue penetration and bind-
ing to the DNA gyrase enzyme.lZ Of the second
generation agents, ciprofloxacin remains the most
potent against Pseudomonas aeruginosa, with of -
loxacin and levofloxacin minimum inhibitory con-
centrations (MICs) 1 to 2 tube-dilutions higher.[®!
Second generation fluoroquinolones lack clini-
cally significant activity against most streptococci
and enterococci, and have experienced noted resis-
tancein the staphylococci, particularly methicillin-
resistant Staphylococcus aureus.[®!

The third generation agents have increased po-
tency against Gram-positive bacteria, especially
the streptococci ¥ These improvements in Gram-
positive antibacterial activity came through addi-
tion of halogens at the C-8 position, methylation
or methoxy-substitution at the C-8 position, or ring
substitutions at the C-7 position.[? Theincreasein
potency against important streptococci, such as Srep-
tococcus pneumoniae, ison the order of magnitude
of 2 to 6 tube-dilutions lower in MICs than cipro-
floxacin.l! Third generation fluoroquinolones also
have increased anaerobic activity over the earlier
generations.®! The half-lives of most third genera-
tion fluoroguinolones are significantly longer than
those of earlier generations, and these agents are
all administered once-daily.[8]

Fourth generation agents also generally have
extended half-lives and once-daily administration
and are the most potent against streptococci, espe-
cially S. pneumoniae.l3 These drugs possess the
greatest anaerobic activity of the class.[

Drug Safety 2001; 24 (3)
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2. Potential Toxicity Issues: HiC_ _CH,
Emphasis on Levofloxacin @ O/\’iH
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The late 1990s have brought an end to the gen- | HO
erally favourable safety profile of the quinolone an- z
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tibacterial class. With the exception of temaflox-
acin, which was introduced in the early 1990s but
discontinued in 1992 due to drug-induced haemo-
Iytic uraemic syndrome, the fluoroquinol ones have
enjoyed arelatively reliable safety profile until the
marketing of sparfloxacin in 1996, and grepaflox-
acin and trovafloxacin in 1997. A review of safety
results from 28 consecutive prospective, random-
ised, double-blind, placebo- or active-controlled
clinica trials demonstrated that in 27 studies, fluor-
oquinolones were equal or superior to nonfluor-
oquinolone comparator agents or placebo in terms
of percentage of patients experiencing adverse
events.[’]

2.1 Phototoxicity

Many adverse events among the fluoroquin-
olone class can be predicted based on structure-
activity relationships (SARs). Among the most
noted toxicities is phototoxicity, which is directly
related to substitution at the X-8 position on the bi-
cyclic ring.[2 Halogenation at this position causes
a marked increase in photoxicity,? with fluorine
having more toxic activity than chlorine. Unfortu-
nately, halogenation at this position also confers
significant Gram-positive antibacterial potency.[?
Fleroxacin, lomefloxacin, and sparfloxacin all pos-
sess this fluorine at X-8.14 Clinafloxacin and
sitafloxacin, 2 potent investigational fluoroquin-
olones, have chlorineat the X-8 position.[? Fluoro-
quinolones with a bulky side chain or a methyl
group at R-5 may also produce more phototoxicity
than would be predicted solely by the X-8 group.[?

Levofloxacinisatricyclic, fluorinated carboxyl
quinolone; its structure does not suggest potential
phototoxicity concerns (see fig. 1). Fewer than
0.1% of patients receiving levofloxacin in clinical
trials experienced phototoxicity.!8! No formal case
reports of phototoxicity associated with levofloxa-
cin have been reported to date. Boccumini et al.[9]

0 Adis International Limited. All rights reserved.

(0]
Fig. 1 Chemical structure of levofloxacin.

evaluated the photoreaction potential of levoflox-
acinin healthy volunteers and found no significant
reactions. Study participants were randomised to
either oral levofloxacin 500 mg/day or placebo
for 5 days. Each participant was exposed to both
ultraviolet (UV) A and B light sources. It was noted
that UVA exposure was associated with mild reac-
tions in 20 of 24 levofloxacin-treated patients.
However, none of these individuals experienced
associated symptoms of exposure. Of interest, 3
placebo-recipients also experienced a positive reac-
tionto UVA exposure. All participants had anegative
reaction to UV B exposure by investigator assess-
ment. None of the study participants experienced a
wheal-flare reaction. While there appearsto belit-
tle concern for serious phototoxic reactions with
levofloxacin, prudence suggests caution should be
exercised when prolonged exposure to direct sun-
light may occur while taking levofloxacin.

2.2 Hepatic and Renal Toxicity

Liver toxicity associated with trovafloxacin and
renal toxicity associated with temafloxacin may be
linked to the 2,4 di-fluorophenyl substituent at the
C-1 position of each of these antibacterials.[10.11]
Since 1998, 150 cases of clinically significant liver
toxicity have been reported in patients taking tro-
vafloxacin.!2 14 of these casesreported acuteliver
failure,[12 with 4 patientsrequiring liver transplan-
tation, and an additional 5 liver-related deaths. In-
creases in liver enzyme levels are reported in clin-
icd trials of all fluoroquinolones at rates of 2 to 3%.
Liver and renal toxicities have not been reported
with levofloxacin.

Drug Safety 2001; 24 (3)
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2.3 CNS Toxicity

CNSdisturbancesare also afunction of quinolone
structure, and involve inhibition of y-aminobutyric
acid (GABA), an inhibitory neurotransmitter, bind-
ing to its GABA receptor.[13 Thisresultsin CNS
stimulation. Substitution at the C-7 position may be
responsible for these effects. Derivatives with an
unsubstituted piperazinyl ring (e.g. ciprofloxacin,
enoxacin, norfloxacin) demonstrate higher GABA-
receptor affinity than quinoloneswith amethylated
piperazinering.[33! Lipophilicity and CNS penetra-
tion may also beimportant in these effects.l? Clin-
ical symptoms of CNS excitatory disturbances in-
clude headache, dizziness, drowsiness, alteration
in vision, restlessness, sleep disorders, agitation,
confusion, and delirium.[21416] Convulsionsand sei-
zures have also been rarely reported, and are more
likely to occur with concomitant use of nonsteroi-
dal anti-inflammatory drugs (NSAIDs), especially
fenbufen or its metabolite, bipheny! acetic acid.[1”]

Convulsions are uncommon with levofloxacin
therapy, but Yasuda et al.[*8 recently reported the
development of convulsions, involuntary move-
ments (e.g. tremor, myoclonus and chorea-like mo-
tion), and visual hallucinationsin 2 elderly patients
receiving levofloxacin. The only apparent neuro-
logical disorder common in these patients (a 67-
year-old man and an 85-year-old man) was that of
age-related brain atrophy. The authors suggested that
levofloxacin may have played arole in these ad-
verse events, but age-related renal and brain impair-
ment may also have been responsible.

Seizures have been reported with ofloxacin ther-
apy.119201 Ofloxacin-associated seizures may be a
concentration-related phenomenon. Case reports
suggest elderly patients receiving full-dosage ther-
apy are at highest risk, and the seizures appear to
be temporally-related to maximum serum concen-
tration (Cmax).l1%29 Dizziness, somnolence, in-
somnia and nervousness have all been reported
with levofloxacin in clinical trials (table I1).

0 Adis International Limited. All rights reserved.

2.4 Gastrointestinal Toxicities

Other adverse effects of the fluorogquinolone class
are not easily explained by SARs. All agentsin the
class cause some gastrointestinal (Gl) disturbances,
which range from nausea, anorexia and dyspepsia
to abdominal pain, vomiting and diarrhoea.l15:3%]
These are the most common adverse events de-
scribed for the fluoroquinolones, but are typically
mild and seldom necessitate discontinuation of
therapy.l? GI disorders were the most common
drug-related adverse events in clinical trials with
levofloxacin (5.1%). Specific complaintsincluded
diarrhoea (1.2%), nausea (1.2%), flatulence (0.5%),
abdominal pain (0.3%), dyspepsia (0.3%), taste
perversion (0.2%) and vomiting (0.296)[20.23-27.29-31]

2.5 Nephrotoxicity

Nephrotoxicity is uncommonly reported with
most fluoroquinolones, with temafloxacin being
the exception.[19 Crystalluria may be associated
with fluoroquinolone solubility in urine, which is
decreased with alkaline pH.[3% Interstitial nephritis
and acute renal failure have been reported with
older quinolones, and may be associated with hy-
persensitivity reactions (as seen with ciprofloxa-
cin) or direct toxicity of the drug (observed with
norfloxacin).[1® Elevated serum creatinine levels
have been associated with various fluoroquin-
olones, with ofloxacin having the highest reported
incidence (1.3%).l71 Crystalluria, interstitial ne-
phritis, and acute renal failure have not been caus-
ally associated with levofloxacin, sparfloxacin,
grepafloxacin, or trovafloxacin therapy.[39]

2.6 Cardiovascular Toxicities

Cardiotoxicity has been limited to fluoro-
quinolone-associated QT interval prolongation.
This is a class-wide phenomenon, and involves
quinolone interference with human ether-a-go-go-
related gene (HERG)-mediated potassium channel
currents in the myocardium.[36l These myocardial
potassium channels are responsible for repolarisa-
tion of the ventricle during diastole. Interference
with the potassium channels has been associated

Drug Safety 2001; 24 (3)



204

Martin et al.

Table Il. Adverse events associated with intravenous or oral levo-
floxacin administration?

Adverse event Patients with event/total patients (%)

250 mg/day 500 mg/day

1/41 (2.4)4 6/107 (5.6)%4
5/297 (1.7)3
47329 (1.2)14
6/243 (2.5)1%
4187 (2.1)18
5/295 (1.7)7]
[
[
[
[

Nausea

3/263 (1.1)18
4/136 (3.0)%
3/232 (1.3)k%
4/297 (1.3)
9/329 (2.7)4
1/41 (2.4)R4

4243 (1.6)12%
2/187 (1.1)?8
4/295 (1.4)127
4/263 (1.5)#8
3/230 (1.3)B4
2/136 (1.5)%
2/107 (1.9)?2
3/297 (1.0)3
[
[

Diarrhoea 1/41 (2.4)RY

Abdominal pain 4/41 (9.8)21

2/187 (1.1)[%8

Flatulence 5/329 (1.5)4
3/187 (1.6)1%
Digestive 32/281 (11.4)4  26/280 (9.3)1*2
520119 (16.7)1%
Dizziness 3/107 (2.8)1?4
2/195 (1.0)4
Somnolence 3/136 (2.2)9
Insomnia 2/187 (1.1)R8

Psychiatric (anorexia, 5/119 (4.2)1%
disorientation, insomnia)

CNS (dizziness, 8/119 (6.7)1%]

headache)

Nervous 9/281 (3.2)F34  10/280 (3.6)1*2
Skin and appendages 3/280 (1.1)BA
Pruritus 1/41 (2.4)R4
Oral thrush 1/41 (2.4)R4

2/107 (1.9)?2
3/295 (1.0)127]
41280 (1.4)132
4/280 (1.4)2

Fungal infection
Injection site pain
Cardiovascular
Haematological and
lymphatic

Metabolic and nutritional
Respiratory

Vaginitis®

3/281 (1.1)14
5/281 (1.8)1*2

11/281 (3.9)%2
7/281 (2.5)134

8/280 (2.9)1%4
7/280 (2.5)32

2/297 (1.1 )
5/243 (2.1)1%
2/119 (1.7)83

a Drug-related adverse events reported in 21% of patients and
only those assessed by the investigator as being definitely or
probably related to study drug are included in this table.

b Vaginitis percentages were calculated from the total number of
women in each treatment group.
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with thelong QT syndrome.[37] Prolongation of the
QT beyond 500 msec may predispose the heart to
torsade de pointes.[3¢ Fluoroquinolone interfer-
ence with these currents appears to be dose- and
concentration-dependent.[38l  Affinity for the
HERG-mediated channel appears to be greater for
sparfloxacin and grepafloxacin, followed by mox-
ifloxacin.[3¢] At standard therapeutic dosages,
sparfloxacin, grepafloxacin, and moxifloxacin
(oral) prolong the QT by 10 msec, 10 msec, and 6
msec, respectively.[38-49 |_evofloxacin, gatiflox-
acin, and ciprofloxacin appear to have the least af -
finity for the channd, with QT prolongation at stan-
dard therapeutic doses of 1 to 4.6 msec.[4Y However,
these differencesareunlikely totrandateinto clinical
differences in ventricular repolarisation of dys-
rhythmia generation. Quinolone QT interval pro-
longation appesars less than that associated with ery-
thromycin (8 to 15 msec), clarithromycin (2 to 5
msec), doxepine (22 msec), or cisapride (6 msec).[4244

Levofloxacin-associated QT interval prolonga-
tion israre. In preclinical and clinical trials, levo-
floxacin was not associated with QT interval pro-
longation.[8l One case report and 1 case-series are
available. The caseinvolvesan 88-year-old woman
who was hospitalised with atrial fibrillation, bron-
chitis and mild congestive heart failure.*” Her
bronchitis was treated with oral levofloxacin 500
mg/day. She also received asingle dose of procain-
amide 500mg at the initiation of levofloxacin but
the antiarrhythmic agent was not continued. After
receiving her third dose of levofloxacin, her QT
interval was prolonged (464 vs 450 msec at base-
line). Following the fourth dose of levofloxacin,
her QT interval was 568 msec and the patient ex-
perienced several nhonsymptomatic sustained runs
of polymorphic ventricular tachycardia. When
measured later in the day, her QT interval was577
msec. L evofloxacin was discontinued, and her QT
interval returned to baseline (437 msec). A recent
case series was reported by laninni et al.[46] of QT
prolongation associated with levofloxacin. 37 pa-
tients receiving levofloxacin were studied to deter-
mine QT intervals before and during antibacterial
therapy. Prolongation of QT < 30 msec was found

Drug Safety 2001; 24 (3)
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in 16 patients, >30 msec in 8, >60 msec in 1, and
total QT > 500 msec in 4 patients. No change or a
decrease in QT. was observed in 12 patients. A
single patient who also received amiodarone de-
veloped torsade de pointes. QT was prolonged by
an average of 4.6 msec but the range was -47 to
+92 msec.

Coadministration of drugs known to prolong
the QT interval with fluoroquinolones, especially
those with higher affinitiesfor the HERG receptor,
should be avoided. Other cardiovascular effects of
fluoroquinolones include hypotension and tachy-
cardiafollowing rapid intravenousinfusion. Some
of these effects may be histamine mediated.[4¢!

2.7 Tendon and Joint Toxicities

Quinolones as a classinterfere with the epiphy-
seal-articular complex in immature mammalian
joint cartilage, particularly beagle dogs.[4748! Doses
needed to induce damage in this animal model are
similar to those used therapeutically. Sincethisisnot
observed in adults, the contraindication for fluoro-
guinolone use in children and adolescentsis based
on their potential to cause cartilage toxicity.[47:48]
Despite this restriction, fluorogquinolones, espe-
cially ciprofloxacin, have been used in millions of
infants and children, mostly for the treatment of
pulmonary infection in cystic fibrosis, as well as
salmonellosis and shigellosis. The data from com-
passionate use and a few clinical studies suggest
that ciprofloxacin and to a lesser extent ofloxacin
are effective in treating certain infections in the
paediatric population and that the safety profiles
appear to be similar to thosein adults.[*?] However,
further studies are needed to clearly determine
fluoroquinolone safety in children.

Tendonitis and tendon ruptures have been re-
ported in adults during fluoroquinol one exposure.
Levofloxacin, ciprofloxacin, sparfloxacin, nor-
floxacin, enoxacin, and pefloxacin have been asso-
ciated with this event.[50-54 The Achilles tendon
appearsto be at highest risk, but hand and shoulder
tendonitis has also been reported.[51

In pre-marketing clinical testing, 1 case of ten-
donitis occurred among 3460 patients treated with

0 Adis International Limited. All rights reserved.

levofloxacin.[®5! Two reports of tendonitis have
been reported recently. Thefirst occurred in an 83-
year-old woman after the third day of a 10-day
course of levofloxacin 500 mg/day.[5% The patient
completed the 10-day course, but 2 weeks after com-
pleting therapy she was seen by her physician and
podiatrist for severe ankle pain and bruising. She
wasdiagnosed with bilateral Achillestendonitiswith
possible rupture of the left Achilles tendon, and
treated with ibuprofen, ankle immobilisation and
rest. At follow-up, 3 weekslater the pain and bruis-
ing had improved. Her condition had significantly
improved after 10 weeks but had not completely
resolved.

The second case was reported in the Spanish
literature.[6] A 55-year-old man with a history of
hypertension, ulcer disease, and renal transplanta-
tion with immunosuppression was treated with
levofloxacin for a post-operative urinary tract in-
fection. The patient devel oped supraspinal tendon-
itisbilaterally, and the drug was discontinued. The
tendonitis pain resolved. Levofloxacin wasrestart-
ed, and the tendonitis pain subsequently returned.
Pain resolved following final discontinuation of
the fluoroquinolone antibacterial.

Other arthropathies occurring in adults appear
at arate approximating 1% of patients.>” These are
found mostly in adults under 30 years of age, and
symptoms include extremity stiffness, with joint
pain and inflammation.[5758] The effect is usually
self-limiting, and resolves with treatment discon-
tinuation.

2.8 Endocrine Toxicity

Quinolonesmay have adverse effectson glycae-
mic control, especially in patients with diabetes
mellitus. Although both hyper- and hypoglycaemia
have been reported, hypoglycaemia appears to be
the more serious event. Levofloxacinisreported to
cause symptomatic hyper- and hypoglycaemia,
usually in patients with diabetes mellitusreceiving
concomitant treatment with an oral hypoglycaemic
agent or with insulin.!8l

Drug Safety 2001; 24 (3)
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2.9 Hypersensitivity

Hypersensitivity reactionsto the quinolones oc-
cur at arate of 0.6 to 1.4%.[%°! An evaluation of the
use of levofloxacin for chronic osteomyelitis in-
cluded the report of a single patient who experi-
enced an allergic reaction, characterised by arash
and swollen tongue.l® An ampicillin-like rash as-
sociated with infectious mononucleosis was re-
ported for levofloxacin in a 22-year-old woman
with no prior history of drug allergy.[6% The patient
had presented to the emergency room with a tem-
perature of 38.3°C, generalised body aches, head-
achesand loin pain. In addition, physical examina-
tion reveal ed enlarged tender cervical lymph nodes
with bilateral renal angle tenderness. The only sig-
nificant laboratory findingswerefrom aurineanal -
ysis, which demonstrated traceleucocytes, bacteria
2+, and 10 to 22 white blood cells per high power
field. The patient was admitted and started on oral
levofloxacin. Her temperature remained elevated
and repeat laboratory tests showed thrombocyto-
penia and elevated transaminase levels. On hospi-
tal day 2 the patient developed an erythematous
macul opapul ar rash on her trunk and upper extrem-
ities. Levofloxacin was discontinued and the rash
subsided 2 days later. A monospot test was found
to be positive and lymphocytosis with atypical
lymphocytes on peripheral smear was noted. The
diagnosis of infectious mononucleosis was made.
Whiletherash presented in asimilar manner to that
of ampicillin, the exact mechanism is not under-
stood. A review of the literature revealed no addi-
tional reports of similar rash with fluorogquino-
lones. Of interest, it is not clear whether patients
who develop ampicillin-associated rash during the
course of infectious mononucleosis should be con-
sidered sensitive to ampicillin. From this case, the
same question remains for levofloxacin.

2.10 Adverse Events in the Patients with
HIV Infection

In pharmacokinetic and safety evaluations of
levofloxacin use in patients who are HIV-positive,
ahighrate of adverse events has been reported.[61-62]

0 Adis International Limited. All rights reserved.

Piscitelli et al.l51 evaluated the use of high doses
of levofloxacin for extended intervals in patients
who wereHIV-positive. 31 patientswere randomly
assigned to 1 of 3 study groups: oral levofloxacin
750 mg/day for days 1 to 14 followed by 1000mg
3timesweekly for days 15 to 26; oral levofloxacin
750 mg/day for days 1 to 14 followed by 750mg 3
timesweekly for days 15 to 26; or a placebo group.
High rates of adverse events were noted, ranging in
frequency from 70% in the 1000mg 3 timesweekly
group to 95% in the 750 mg/day group. These in-
cluded nausea, diarrhoea, flatulence, fatigue, fever,
headache, pruritis and rash. The rate of adverse
events was also high in the placebo group (71%).
The pharmacokinetics and safety of levoflox-
acin has been evaluated in 10 patients with HIV
infection.[52 Patients randomly received a single
dose of levofloxacin 350mg or placebo on day 1.
Starting on day 3, the patients received the same
study therapy on a daily basis through to day 10.
All study participants experienced adverse events,
including those receiving placebo. The most com-
monly reported adverse events were Gl symptoms
(9 patients in each group), CNS symptoms and
headache (3 patients in each group), haematologic
(3 in the levofloxacin group, none in the placebo
group) and dermatol ogical symptoms (2 patientsin
the levofloxacin group and 4 in the placebo group).

3. Fluoroquinolone Drug Interactions

Drug interactions may also be categorised by
the predictability from SARs. All quinolones che-
late divalent metalsfound in antacids, iron and cal -
cium supplements, sucralfate and dairy products.[¢3
Thisis caused by the 3-carboxy and 4-oxo substi-
tutions.[%¥ Binding of divalent cations at these po-
sitions interferes with oral quinolone absorption.
This effect is observed with all the available quin-
olones.

The quinolone-theophylline interaction is pre-
dominantly mediated by the C-7 sidechain, but C-1
and X-8 substitutions may also play arole.[54 In-
teractionsinvolve quinoloneinterference with the-
ophylline metabolism via the cytochrome P450
isozyme 1A2, and lead to an increase in serum theo-
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phylline concentrations.[®4 The strongest interac-
tions occur for small nonbulky substituents, with
piperazine > pyrrolidine > substituted pipeazine or
pyrrolidine or aromatic side chains.[3% The inter-
action is strongest with enoxacin, and then grepa-
floxacin, ciprofloxacin, and pefloxacin.[®¥ The
guinolone-theophylline interaction is unlikely to
occur with lomefloxacin, ofloxacin, levofloxacin,
trovafloxacin, sparfloxacin, gatifloxacin or moxi-
floxacin.[63]

NSAIDs, particularly fenbufen, may increase
the quinolone affinity for GABA, receptors, thus
increasing the risk of seizures.[58] Quinolones, par-
ticularly enoxacin interfere with R-warfarin hepa-
tic metabolism and may prolong the R-isomer elim-
ination half-life (t,) of the anticoagulant.[3] The
R-isomer is 5 to 8 times less potent that the un-
affected S-isomer, but there are reports of increased
anticoagulant effect of warfarin after addition of
quinolone therapy.[%3 There appear to be no inter-
actions between levofloxacin and warfarin meta-
bolism.[67] However, this interaction must be con-
sidered for any patients beginning quinolone
therapy while maintained on warfarin.

Probenecid, and to a lesser extent, cimetidine,
interfere with renal tubular secretion for quino-
lones primarily excreted by therenal route, such as
ciprofloxacin, lomefloxacin, ofloxacin, levoflox-
acin, gatifloxacin and fleroxacin.[63 Probenecid
and cimetidine increase the area under the concen-
tration versus time curve (AUC) for levofloxacin
by 27 to 38%, prolong the ty, by 30%, and decrease
its plasma and renal clearance by 21 to 35% in
healthy volunteers.[8l However, these changes do
not warrant a dosage adjustment when these agents
are coadministered. Levofloxacin does not alter
the disposition of digoxin.[®8! There appear to be
no interactions between levofloxacin and cyclo-
sporin or zidovudine.[69.70]

4. Overview of Levofloxacin

4.1 Mechanism of Action

The mechanism of action of levofloxacin, like
that of other fluoroguinolones, isto bind to and in-
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hibit topoisomerases || (DNA gyrase) and 1V.[71
Thisresultsin disruption of DNA supercoiling and
decatenation, leading torapid cell death. Mutations
in the topoisomerase genes, particularly gyrA and
gyr B, which encodefor DNA gyrase, and par C and
par E, which encode for topoisomerase 1V, modify
levofloxacin targets and produce decreasing po-
tency and increasing resistance.l’Y In addition,
low-level resistance due to efflux or permeability
factors is also observed.[’!] Resistance arises in a
step-wise manner, and the mutations observed are
species specific. Each mutation may increase the
MIC by 2 to 4 serial 2-fold dilutions. In some spe-
cies, first step-mutations occur in gyrA and occa-
sionally gyrB, while in others they occur in parC
and lessoftenin parE.[72 Second, third and fourth-
step mutations usually occur ingyrA and parC, de-
pending on the bacterial species.

4.2 Pharmacokinetics

Levofloxacin, like other fluoroquinolones, has
excellent bioavailability, a high volume of distri-
bution (Vd), and extensivetissue penetration. Bio-
availability approaches 100%, with a Cya from a
500mg oral dose of 5.19 mg/L.[73 The oral route
can effectively be used whenever possible, astime
t0 Cax (Tmax) @nd Crax are similar for both oral
and intravenous routes of administration. Levo-
floxacin Vd ranges from 1.09 to 1.26 L/kg, with
approximately 47 to 52% protein binding to serum
albumin.[”3l Levofloxacin penetrates most tissue
well, especially bronchial mucosa, lung, gallblad-
der, kidney, prostate and genital tract. Bone pene-
tration is generally adequate for clinical usein os-
teomyelitis, but penetration into the CNS and
cerebral spinal fluid (CSF) is poor.[”3l In humans,
CSF concentrationsfor ofloxacin of approximately
21% of simultaneous serum concentrations have
been reported.[”4 All quinolones penetrate exten-
sively into phagocytic cells, producing high intra-
cellular concentrations. Concentrations signifi-
cantly above those in serum are attained in the
kidney, prostate, liver and lung.[73 Tissue concen-
trations are consistently higher in infected tissues
than in uninfected ones, because of drug accumu-
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lation in white blood cells that are recruited into
infected tissue.l73! Target-sitel evofloxacin concen-
trations often exceed the MIC of bacterial patho-
gens by several fold.[”3l Thety, of the compound is
similar to ofloxacin (6 to 8 hours); however, le-
vofloxacin is only administered once-daily. Thisis
possible because of the increased Cy.x achieved
with levofloxacin compared with ofloxacin. The
drug follows atypical linear, 2-compartment open
pharmacokinetic model, with first order elimina-
tion.[”3l Levofloxacin is mainly eliminated un-
changed inthe urine viaglomerular filtration, with
some activetubular secretion. Concomitant admin-
istration of levofloxacin with probenecid or cimet-
idine, which compete for binding sites at the or-
ganic acid transport system in the proximal tubule,
resultsin a24 and 35% decreasein renal clearance,
respectively, and prolongation of the terminal ty, of
the antibacterial .73 Limited hepatic metabolism of
levofloxacin to desmethyl and N-oxide metabolites
also occurs.[”

The elderly may have reduced clearance of le-
vofloxacin; up to 32% reduction in total clearance
in Japanese individuals older than 65 years has
been demonstrated, even after adjustment for renal
function was made.[”” This same reduction has
been noted in astudy conducted in North America,
with 31 and 37% reductionsin renal clearance for
men and women, respectively, and 29 and 38% re-
ductions in total body clearance reported for men
and women, respectively.l”® Thesefindingscorrel-
ate with reductionsin creatinine clearance. Dosage
adjustments should be based on calculated creati-
nine clearance rather than age. Levofloxacin is not
efficiently removed by haemodialysisor peritoneal
dialysis.8

Ortho McNeil has recently marketed a levo-
floxacin 750 mg/day dosage. The pharmacokinetic
parameters following administration of doses of
levofloxacin 750mg were similar to those obtained
with 500mg doses, except expected dose-related
differences. Mean Cpax and AUCq.p4 (values +
standard deviation) with asingle 750mg dose were
713+ 1 .44 pg/ml and 71.3 = 10.3 pug - h/ml, re-
spectively. At steady state, Crnax and AUCq.24 (val-
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ues + standard deviation) were 8.60 + 1.86 pug/mi
and 90.7 + 17.6 pug - h/ml, respectively.[’® In a
human volunteer study, 3 of 10 volunteers who re-
ceived the 750mg dose, and 4 of 10 volunteerswho
received the 1000mg dose complained of adverse ef-
fects related to levofloxacin.[”8l However, the ef-
fects were generally mild, and similar adverse ef-
fectswere observed in aplacebo control group. Most
complaints were of nausea and headache.

4.3 Pharmacodynamics

Like other fluoroquinolones, levofloxacin is
concentration-dependent in its bactericidal effects.
Preston et al.[71 demonstrated that Crax - MIC isa
better predictive variable than AUC : MIC in ex-
plaining clinical and microbiological outcome in
patientsenrolledin phaselll clinical trials.l?”l Both
clinical success and microbiological eradication
success rates were maximal for patients achieving
aCmax - MIC ratio of >2.2. The AUC : MIC ratio
was also predictive of effect; Cax : MICand AUC
: MIC were highly correlated (r = 0.942). Others
have suggested AUC : MIC is predictive of effi-
cacy for ciprofloxacin versus primarily Gram-
negative respiratory pathogens.’8l Against S
pneumoniae, an AUC : MIC ratio of 30 to 50 is
suggested to predict clinical success for the fluor-
oquinolones.[79:80]

4.4 In vitro Antimicrobial Activity

TheL-isomer of ofloxacinisapproximately 8to
128 times more potent than the D-isomer against
Gram-positive and Gram-negative bacteria.[81] Le-
vofloxacin activity against Gram-positive bacteria
isgreatly enhanced compared to ciprofloxacin. Re-
cent in vitro MIC data are shown in table I11. Al-
though all of the newer fluoroquinol ones have sig-
nificantly increased potency against S pneumoniae,
levofloxacin is the only fluoroguinolone approved
by the US Food and Drug Administration for use
in penicillin-resistant pneumococcal infections.[®!
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Table Ill. Levofloxacin in vitro antibacterial activity

Organism (n) N Levofloxacin MICgo (mg/L) Reference
Staphylcoccus aureus methicillin sensitive 434 0.25 82
S. aureus methicillin-resistant 457 16 82
S. epidermidis methicillin sensitive 214 4 82
S. epidermidis methicillin-resistant 436 8 82
Streptococcus pneumoniae 6549 1 83
S. pyogenes a 1 3
Enterococcus faecalis 230 16 82
E. faecium 175 >16 82
Acinetobacter species 428 16 82
Citrobacter feundii 109 2 82
Enterobacter aerogenes 192 16 82
E. cloacae 378 2 82
Escherichia coli a 0.03 3
Haemophilus influenzae 859 0.015 83
Klebsiella pneumoniae 445 0.5 82
Moraxella catarrhalis 388 <0.03 83
Neisseria gonorrhoeae 185 <0.008 82
Proteus mirabilis 319 4 82
P. vulgaris 39 0.12 82
Pseudomonas aeruginosa 615 >16 82
Salmonella species 326 0.06 82
Serratia marcescens 211 2 82
Stenotrophomonas maltophilia 106 2 82
Bacteroides fragilis 39 16 82
Clostridium difficile 143 4 82
Peptostreptococcus species 35 4 82
Prevotella species 12 4 82

a Quantity tested unknown.
MIC = minimum inhibitory concentration.

5. Clinical Data with Levofloxacin

Datafrom pre-marketing and recent post-marketing
clinical trialsarereviewed. Tables1V to VIII sum-
marise efficacy data and table 11 summarises ad-
verse events associated with levofloxacin use.

5. 1 Respiratory Tract Infections

5.1.1 Acute Bacterial Sinusitis

The efficacy and safety of levofloxacin in the
treatment of acute sinusitis has been compared
with clarithromycin and amoxicillin-clavulanic
acid in 2 multicentre, randomised studies.[222]
Compared with clarithromycin, levofloxacin ther-
apy resulted in a similar clinical success rate as
defined as a cure or improvement in symptoms
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(96% for clarithromycin vs 93% for levoflox-
acin).l?22l Symptomatic relapse occurred in 4.1% (4
out of 97) of levofloxacin-treated patients and in
7.2% (6 out of 83) of clarithromycin-treated pa-
tients. In safety assessments, 14% (15 out of 107)
of patientsinthelevofloxacin group and 23.2% (25
out of 109) in the clarithromycin group reported at
least 1 adverse event considered to be treatment-
related. Most of these complaints involved the Gl
system and taste perversion, both of which were
more common with clarithromycin.[22] In asimilar
study by Lasko et al.,[33 approximately 94% of the
clinically evaluable patientsin both clarithromycin
and levofloxacin group were considered cured or
improved. At 1-month post therapy, 5 patientsin the
levofloxacin group and 7 patientsin the clarithro-
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Table IV. Therapeutic efficacy of levofloxacin in adult patients with acute sinusitis

Reference Study design Dosage and duration No. of Clinical success Bacteriological
patients  (%)? eradication/no.
of patients (%)
Adelglass et al.??  Multicentre, LEV 500mg PO qd x 14d 101 97 (96.0) NA
investigator-blinded, CLA 500mg PO bid x 14d 89 83(93.3)
randomised
Lasko et al.l*! Double-blind, LEV 500mg PO qd x 10-14d 98 92 (93.9) NA
randomised CLA 500mg PO bid x 10-14d 93 87 (93.5)
Adelglass et al.®  Multicentre, LEV 500mg PO qd x 10-14d 267 236 (88.4) NA
randomised, open-label Amox/Clav 500/125mg PO tid x 10-14d 268 234 (87.3)
Sydnor et al.[?4] Multicentre, open-label  LEV 500mg PO qd x 10-14d 300 265 (88.3) 127/138 (92.0)

a Clinical success includes clinical cure as well as improvement at 2 to 5 days, 5 to 7 days, or 5 to 14 days post-therapy.[22:23:33]
Amox/Clav = amoxicillin/clavulanate; bid = twice a day; CLA = clarithromycin; LEV = levofloxacin; NA = not available; PO = oral; qd = once

a day; tid = 3 times a day.

mycin group reported reoccurrence severe enough
to return to their physician and al but 1 patient re-
ceived a second course of antibacterial therapy. In
this study, levofloxacin was associated with a higher
incidence of CNS effects than clarithromycin (6.7
vs 4.3%, respectively). However, the rates of Gl
symptoms (16.7 vs 33.3%) and taste perversion (0.8
Vs 7.7%) were lower with levofloxacin therapy.
Levofloxacin 500 mg/day was compared with
amoxicillin-clavulanic acid 500mg 3 times daily
for acute bacterial sinusitis.[23l Theclinical success
rate for the levofloxacin group was comparable
with theamoxicillin-clavulanic acid group (88.4 vs
87.3%, respectively). Relapse occurred in 2.1% (5
out of 233) of levofloxacin-treated patients and
3.9% (9 out of 231) of amoxicillin-clavulanic acid—
treated patients. Drug-related adverse events were
reported in 7.4% of patients treated with levo-
floxacin and in 21.2% of patients treated with
amoxicillin-clavulanic acid. Most of thesewere as-
sessed as mild to moderate in severity. Commonly
reported adverse events included nausea, abdomi-
nal pain, diarrhoea and vaginitis. All adverse events
were higher in theamoxicillin-clavulanic acid group.
The efficacy and safety of levofloxacin therapy
in the treatment of acute sinusitis was also evalu-
ated in anoncomparative, prospective, multicentre
study.[?4l L evofloxacin 500mg once-daily adminis-
tered for a median duration of 14 days resulted in
aclinical success rate of 88% and microbiological
eradication rate of 92%. Treatment was unsuccess-
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ful in 35 of the 300 patients (11.7%). In this study,
eradication for S. pneumoniae was 100% and for
Haemophilus influenzae it was 97%. Adverse
events were reported by 9% (29 out of 322) of pa-
tients. Diarrhoea occurred in 2.9% of patients, fol-
lowed by abdominal pain (1.5%) and nausea
(1.2%).

5.1.2 Acute Exacerbation of Chronic Bronchitis

The effectiveness of levofloxacin 250 and 500
mg/day has been compared with cefuroxime axetil
in the treatment of acute exacerbation of chronic
bronchitis (AECB) in 2 trials. A randomised, dou-
ble-blind, double-dummy, 3-arm parallel design,
multicentred study reported that the clinical suc-
cess rate for levofloxacin 250 mg/day was similar
to levofloxacin 500 mg/day (78 vs 79%, respec-
tively).[32 Clinical success rates for both levoflox-
acin groups were significantly higher than for a
cefuroxime axetil 500 mg/day comparator arm
(66%). Bacteriological eradication rates were 69%
with levofloxacin 250 mg/day, 77% with levo-
floxacin 500 mg/day, and 60% with cefuroxime ax-
etil. The higher eradication rate in the levofloxacin
groups occurred as a result of its Gram-negative
antibacterial efficacy. The most common persistent
pathogens were S. pneumoniae and P. aeruginosa
inthelevofloxacin groupsand H. influenzae and P.
aeruginosa in the cefuroxime axetil group. Super-
infection and relapse rates were less than 2% in all
3 groups. Adverse events which were considered
possibly related to the study drug were reported in
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20.3% (57 out of 281), 20.4% (57 out of 280) and
18.1% (49 out of 271) of patients treated with
levofloxacin 250 mg/day, 500 mg/day, and cefur-
oxime axetil 500 mg/day, respectively. The most
commonly affected body systemswererespiratory,
digestive, nervous and body as a whole, although
the authors did not define these effects. Premature
discontinuation of treatment occurred in 42 pa-
tients, 14 from each of the 3 study arms. Events as-
sociated with the digestive system were the most
common.

A second study also compared 2 levofloxacin
dosages against cefuroxime axetil 500 mg/day in
patients with purulent AECB.[21 The bacteriol og-
ical eradication rates for levofloxacin 250 mg/day
and 500 mg/day were similar (63 vs 68%, respec-
tively) but significantly higher than with cefurox-
ime axetil (48%). These lower eradication rates
were attributed to increased severity of illness;
most patients had experienced 2 or more AECB
episodes in the year prior to study enrollment.
Therapy failuresin both levofloxacin groups were
dueto S. pneumoniaeinfections[6 out of 41 (15%)
for levofloxacin 250 mg/day and 4 out of 41 (10%)
for levofloxacin 500 mg/day], whereasH. influenzae
was responsible for failures in the cefuroxime ax-
etil group [9 out of 42 (21%)]. Common levoflox-
acin adverse effects were abdominal pain (9.8%
with 250 mg/day), nausea (2.4% with 250 mg/day),
diarrhoea (2.4% with both 250 and 500 mg/day),

pruritis (2.4% with 500 mg/day) and oral thrush
(2.4% with 500 mg/day).

A shorter duration of therapy with levofloxacin
500 mg/day was compared with cefuroxime axetil
500 mg/day for AECB.[%] The mean duration of
therapy was 7 daysin levofloxacin-treated patients
and 10 days in cefuroxime axetil-treated patients.
The clinical success rates were similar (96 vs 93%
for levofloxacin and cefuroxime axetil, respective-
ly). Bacteriological eradication was also similar
between the 2 groups (97 vs 95% for levofloxacin
and cefuroxime axetil, respectively). Microbiol og-
ical persistence was observed in 5 out of 222
levofloxacin-treated patients (4%) and 10 out of
229 cefuroxime axetil—treated patients (7%). Three
patientsin the levofloxacin group and 4 patientsin
the cefuroxime axetil group developed superinfec-
tion. A total of 8 pathogens were isolated from
these patients and 6 were susceptible to levoflox-
acin and 5 were susceptible to cefuroxime axetil.
Adverse event rates were comparable for the treat-
ment groups. Vaginitis (2.0%), nausea (2.5%), di-
arrhoea (1.6%) and taste perversion (0.8%) were
common adverse effects in levofloxacin-treated
patients.

A shorter course of levofloxacin therapy was
also compared with cefaclor in the treatment of
AECB.[% The mean duration of treatment was 6.6
daysfor levofloxacin-treated patients and 8.7 days
for cefaclor recipients. Clinical efficacy was 92%

Table V. Therapeutic efficacy of levofloxacin in adult patients with acute exacerbation of chronic bronchitis

Reference Study design Dosage and duration No. of Clinical success Bacteriological
patients (%) eradication/no.
of patients (%)
Davis and Maesen®l  Randomised, double-blind LEV 250mg PO qd x 7d 41 NA 26/41 (63.4)
LEV 500mg PO qd x 7d 41 28/41 (68.3)
CFX 250mg PO bid x 7d 42 20/42 (47.6)
DeAbate et al.l?%! Multicentre, randomised, LEV 500mg PO qd x 5 to 7d 222 210 (94.6) 129/134 (96.3)
open-label CFX 250mg PO bid x 10d 229 212 (92.6) 137/147 (93.2)
Habib et al.[?%] Multicentre, randomised ~ LEV 500mg PO qd x 5 to 7d 154 141 (91.6) 97/103 (94.2)
CEF 250mg PO gid x 7 to 10d 155 142 (91.6) 77/89 (86.5)
Shah et al.l?% Randomised, double-blind LEV 250mg PO qd x 7 to 10d 156 121 (78%) 88/129 (69%)
LEV 500mg PO qd x 7 to 10d 137 108 (79%) 82/107 (77%)
CFX 250mg PO bid x 7 to 10d 134 88 (66%) 68/114 (60%)

a Clinical success includes clinical cure as well as improvement at 5 to 7 post-therapy.[21:25.26]
bid = twice a day; CEF = cefaclor; CFX = cefuroximeaxetil; LEV = levofloxacin; NA = not available; PO = oral; qd = once a day; qid = 4 times

daily.
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Table VI. Therapeutic efficacy of levofloxacin in adult patients with community-acquired pneumonia

Reference Study design

Dosage and duration

No. of
patients

Clinical Bacteriological
success (%)®  eradication/no. of
patients (%)

Fogarty et al.?®)  Multicentre, noncomparative, LEV 500mg IV/PO qd x 7 to 14d 234 222 (94.9) 129/136 (94.9)
open-label

File et al.l?”] Randomised, double-blind, LEV 500mg IV/PO x 7 to 14d 226 NA (96%) 128/NA (89%)
multicentre CXN 1 to 2g IV qd to bid, then 230 NA (90%) 144/NA (85%)

CFX 500mg PO bid 7 to 14d°

a Clinical success includes clinical cure as well as improvement at 5 to 7 days post-therapy.27-31]

b CXN and CFX were 1 treatment group (IV CXN to PO CFX).

bid = twice daily; CFX = cefuroximeaxetil; CXN = ceftriaxone; IV = intravenous; LEV = levofloxacin; NA = not available; PO = oral; qd = once

a day.

in both groups. Four patientsin the cefaclor group
and no patientsin the levofloxacin group required
hospitalisation because of antibacterial failure. Mi-
crobiological eradication rates were 94% for
levofloxacin-treated group and 87% for cefaclor-
treated patients. Seven superinfections devel oped
in 6 cefaclor-treated patients[H. influenzae (n = 2),
Haemophilus parainfluenzae (2), Escherichia coli
(1), Moraxella catarrhalis (1)], in contrast to no
superinfections among levofloxacin-treated patients.
13 patients (7%) in the levofloxacin group and 9
cefaclor-recipients (4.9%) had drug-related ad-
verse events. Among | evofloxacin-treated patients,
nausea (2.1%), flatulence (1.6%), insomnia(1.1%),
abdominal pain (1.1%) and diarrhoea (1.1%) were
the most common drug-related adverse events.

Oral levofloxacin 300 mg/day and 600 mg/day
was evaluated in patients with either diffuse
panbronchiolitis (n = 5) or bronchiectasis (5) caused
by P. aeruginosa.l®® The patients were treated for
a mean duration of 10 days (range 3 to 14 days).
The clinical efficacy rate was reported to be 40%
in the 300 mg/day group and 80% in the 600 mg/day
group. H. influenzae was isolated in 1 patient, P.
aeruginosa in 8 patients and Proteus vulgarisin 1
patient. Levofloxacin 300 mg/day was ineffective
against P. aeruginosa, but the 600 mg/day dosewas
effective in eradication of 75% of the isolates
treated. No adverse reactions or abnormal labora-
tory findings were noted during or after levofloxacin

therapy.
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A prospective, randomised study was performed
to comparetheefficacy of oral levofloxacin 300mg
twice a day or intravenous ceftazidime 1g 3 times
daily for 10 days in patients with acute exacerba-
tion of bronchiectasis.[8¢] 17 patients in the levo-
floxacin group and 18 patients in the ceftazidime
group completed the study. One patient from each
group withdrew from the study because of clinical
deterioration and severe haemoptysis. All other pa-
tients in both groups achieved clinical success. P.
aeruginosa and H. influenzae were the most fre-
guently isolated sputum pathogens. Only 1 patho-
gen in each group was found to be resistant to the
respective antibacterials (Mycobacterium chelonel
in the ceftazidime group and P. aeruginosa in the
levofloxacin group). Eradication was achieved in
69 and 57% of ceftazidime and levofloxacin treat-
ment groups, respectively. Three ceftazidime-
treated patients complained of dizziness and dys-
pepsiaand 4 levofloxacin-treated patients reported
dizziness, insomnia and mild skin rash.

5.1.3 Pneumonia

The therapeutic efficacy of levofloxacin was
compared with ceftriaxone and/or cefuroxime, in
the treatment of mild to moderate community-ac-
quired pneumonia (CAP).[271 229 (50 out of 230)
of the patients receiving B-lactam antibacterials
also received erythromycin or doxycycline. The
most common bacterial pathogens were S. pneu-
moniae and H. influenzae. A total of 150 isolates of
atypical bacteriawereal soidentified (101 Chlamy-
dia pneumoniae, 41 Mycoplasma pneumoniae, 8
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Legionella spp.). The clinical success rates were
comparable: 96% for levofloxacin versus 90% for
the -lactams. A 20% failure rate was observed in
cefal osporin-treated patientswith H. influenzaein-
fections. There were no treatment failures in pa-
tientswith H. influenzae treated with levofloxacin
therapy. The pathogen associated with clinical fail-
ures included atypical bacteriain 1 patient receiv-
ing levofloxacin, 2 receiving ceftriaxone and/or
cefuroxime axetil, and 3 receiving cefalosporins
plus erythromycin or doxycycline. Relapse rates
were low for both groups (<3%), as were rates of
superinfection (<2%). All adverse events were re-
ported to be mild in severity and GI symptoms
were the most common in both groups. The events
were reported in 5.8% of patients receiving levo-
floxacin and 8.5% receiving ceftriaxone/cefurox-
ime.

An economic analysisof outpatient resultsfrom
the clinical trial conducted by File et al.[27] was
reported for those who received oral levofloxacin
or oral cefuroxime axetil as initial primary treat-
ment for CAP.I87] |n comparison with cefuroxime,
the mean duration of treatment was shorter (11.7
vs 12.3 days) and the percentage of patients who
received the intravenous formulation was smaller
(5.8 vs 17.6%) with levofloxacin therapy. In addi-
tion, approximately 14% of patients receiving the
cefal osporin therapy al so received erythromycinor
doxycycline for an average of 11.3 days. Overall,
according to this analysis, the total cost of levo-
floxacin treatment was 24% lower than that for ce-
furoxime axetil which equated to a total cost ad-
vantage of US$169 in 1997.

Theefficacy and safety of levofloxacin wasalso
evaluated in patients with mild to moderate and
severe CAP!28! |n this multicentre, noncomparative,
open-label study, 78% of patients were cured and
17% of patientswere improved at the post-therapy
visit. The most common pathogens were H. in-
fluenzae, S pneumoniae, and C. pneumoniae. Treat-
ment failure occurred in 5% of patientstreated with
levofloxacin and 1.7% of the patients experienced
a relapse of infection. Bacterial eradication oc-
curred in 94% of patients with mild to moderate
infectionsand 97% of those with severeinfections.
14 out of 263 patients (5.3%) experienced adverse
events related to levofloxacin therapy. Commonly
reported adverse eventsincluded diarrhoea (1.5%)
and nausea (1.1%). All drug-related adverse events
were considered mild or moderate in intensity.

Theclinical efficacy of levofloxacin was deter-
mined in acute pneumonia or bronchitis, or in pa-
tients with chronic respiratory disease who devel-
oped secondary infection.[88 Qutpatients received
levofloxacin 100mg 3 times daily and inpatients
received 200mg 3 times daily. The duration of
treatment was 3 daysfor outpatients and 7 daysfor
inpatients. The clinical efficacy rate in patients
with pneumonia was 89%. In patients with acute
exacerbations of chronic respiratory diseases clin-
ical efficacy was 69% at day 7. Bacteriological ef-
ficacy was 50% at day 3 and 80% by day 7. The
organismsthat persisted were S. aureus, Pseudom-
onas spp., and Candida spp. Epigastric discomfort
was reported in 1 patient, but no significant ad-
verse events occurred.

Levofloxacin 200mg 3 times daily was also
evaluated in the treatment of bacterial lower respi-

Table VII. Therapeutic efficacy of levofloxacin in adult patients with skin and skin-structure infections

Reference Study design

Dosage and duration

No. of Clinical success
patients (%)

Bacteriological
eradication/no.
of patients (%)

Nichols et al.B]  Multicentre, randomised, LEV 500mg PO qd x 7 to 10d 182 162 89.0) 153/157 (97.5)
open-label CIP 500mg PO bid x 7 to 10d 193 168 (87.0) 135/152 (88.8)

Nicodemo et al.?®! Multicentre, randomised, LEV 500mg PO qd x 7d 129 124 (96.1) 93/100 (93.0)
double-blind CIP 500mg PO bid x 10d 124 116 (93.5) 87/97 (89.7)

a Clinical success includes clinical cure as well as improvement at 2 to 7 days,® 1 to 10 days[?® post-therapy.
bid = twice a day; CIP = ciprofloxacin; LEV = levofloxacin; PO = oral; qd = once a day.

0 Adis International Limited. All rights reserved.
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Table VIII. Therapeutic efficacy of levofloxacin in adult patients with complicated urinary tract infections

Reference Study design Dosage and duration No. of Clinical Bacteriological
patients success (%) eradication/no.
of patients (%)
Richard et al.[84 Multicentre, randomised, LEV 250mg PO qd x 10d 126 116 (92.0) 115 (90.5)
double-blind CIP 500mg PO bid x 10d 133 101 (89.4) 105 (92.9)
Kilmberg et al.l3] Multicentre, randomised, LEV 250mg PO qd x 7 to 10d 171 159 (93.0) 163 (95.3)
open-label LMF 400mg PO qd x 14d 165 146 (88.5) 152 (92.1)

a Clinical success includes clinical cure as well as improvement at 5 to 9 days post-therapy.[3%:84
bid = twice a day; CIP = ciprofloxacin; LEV = levofloxacin; LMF = lomefloxacin; PO = oral; qd = once a day.

ratory tract infections.[®9 A total of 16 patients
were enrolled into the study (13 patientswith bron-
chopneumonia, 1 patient with a lung abscess, 1
with panbronchiolitisand 1 with pyothorax). How-
ever, 1 of the patientswith bronchopneumoniawas
excluded because of discontinuation of levoflox-
acin therapy because of an adverse event (head-
ache), and the patient with pyothorax was excluded
because of rifampicin use. Clinical success was
achieved in the 12 patients diagnosed with bron-
chopneumonia, the patient with alung abscess and
the patient with diffuse panbronchioalitis. All 7 iso-
lated prior to the initiation of drug treatment were
believed to be the causative bacteria and 100%
eradication rate was achieved with levofloxacin [S.
pneumoniae (n = 2), H. influenzae (1), Klebsiella
pneumoniae (1), P. aeruginosa (1), M. catarrhalis
(1) and Prevotella melaninogenica (1)]. One pa-
tient complained of moderate headache while re-
ceiving levofloxacin but no adverse events were
observed in the remaining patients.

The efficacy of levofloxacin in the treatment of
hospitalised patients with pneumonia was com-
pared with ceftriaxone in a multinational, multi-
centre, open-label, randomised study.[®d Patients
randomised to levofloxacin received 500mg twice
daily for amedian duration of 9 days (intravenous
for 4 days and oral for 5 days). In comparison, the
patients treated with ceftriaxone received 4g intra-
venously once-daily for a median duration of 8
days. Theclinical successratesin 266 patientswith
a proven bacteriological infection at baseline (130
levofloxacin recipients and 142 ceftriaxone recip-
ients) were similar for levofloxacin (87%) and
ceftriaxone (86%). In these patients, 30 out of 61

0 Adis International Limited. All rights reserved.

(47%) in the levofloxacin group and 57 out of 142
(40%) of the ceftriaxone patients had an indetermi-
nate bacteriological response. Of those patients
who were analysed for bacteriol ogical response, 57
out of 69 (83%) patients in the levofloxacin group
and 71 out of 85 (83%) ceftriaxone patients had
organism eradication. Three pathogens (S. pneu-
moniae, Group A beta-haemolytic streptococcus, S.
aureus) persisted in 2 patients receiving levoflox-
acin, and 2 pathogens (P. aeruginosa, Acinetobac-
ter baumannii) persisted in 2 patients receiving
ceftriaxone. Adverse events associated with levo-
floxacin therapy included cardiovascular (1.9%),
digestive (4.8%), haematological/lymphatic (5.4%),
injection site reactions (2.9%), metabolic/nutri-
tional (6.1%), nervous system (2.2%), skin/ap-
pendages (1.9%), and special senses complaints
(1%).

5.2 Skin and Skin Structure Infections

Levofloxacin has been shown to be as efficacious
as ciprofloxacin in the treatment of skin and skin-
structure infections in 2 multicentre, randomised
studies.[231 Nichols et al.[31 compared the 2 an-
tibacterials in patients with mild to moderate cel-
[ulitis. Clinical successoccurredin 89% of patients
treated with levofloxacin and 87% with cipro-
floxacin. Therapy failed in 4 patients (2.2%) in le-
vofloxacin group versus 11 in the ciprofloxacin
group (5.7%). The microbiological eradication
rates were higher in the levofloxacin group thanin
the ciprofloxacin group (98 and 89%, respec-
tively). S. aureus wasthe most preval ent pathogen.
Levofloxacin had 100% eradication against S. au-
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reus, compared with 87% for ciprofloxacin. Over-
all, the nature and frequency of treatment-emergent
adverse events were comparable between treat-
ment groups. 13 (6%) patients treated with lev-
ofloxacin and 12 (5%) treated with ciprofloxacin
experienced treatment-emergent adverse events that
were mild in severity and considered by the inves-
tigator to be drug-related. The most common ad-
verse events in both groups were diarrhoea, nau-
sea, and headache.

In the second study by Nicademo et a.[29 the
most common diagnoses in the levofloxacin treat-
ment group were abscess (22%), impetigo (21%),
and cellulitis (14%), and in the ciprofloxacin treat-
ment group they were abscess (19%), furuncle
(17%), cellulitis (15%) and impetigo (15%).[29
Theclinical successratesbetween thelevofloxacin
and ciprofloxacin groups were similar (96 and
949%, respectively). The microbiological eradica-
tion rates were 93% for levofloxacin-treated pa-
tients and 89.7% for ciprofloxacin recipients. The
eradication rate for S. aureus was 66 out of 70
(94%) for levofloxacin and 70 out of 75 (93%) for
ciprofloxacin. Five levofloxacin-treated patients
[S. aureus (n = 3), Enterococcus faecium (1),
Klebsiella oxytoca (1), and Enterobacter cloacae
(D] and 3 patients treated with ciprofloxacin [S.
aureus (n= 1), Streptococcus spp. (1), and P. aeru-
ginosa (1)] developed superinfection. Levflox-
acin compared favourably with ciprofloxacin in
terms of drug-related adverse events. 12 (8.9%)
patients in the levofloxacin group and 11 (8.2%)
patientsin ciprofloxacin group experienced drug-
related adverse events associated with drug use.
Nausea (3%), dizziness (2.2%) and diarrhoea
(1.5%) were reported for levofloxacin.

A comparativetrial of oral levofloxacin 750mg
once-daily for complicated skin structure infec-
tionsreported overall clinical success of 84% with
the higher levofloxacin dosage, versus 80% for
the ticarcillin-clavulanic acid and amoxicillin-
clavulanic acid comparators.[®ll Few adverse events
were seen with this higher levofloxacin dose. Gl
complaints including constipation, nausea, and
dyspepsia were most common.

0 Adis International Limited. All rights reserved.

5.3 Urinary Tract Infections

Levofloxacin was as efficacious as ciproflox-
acin and lomefloxacin, in the treatment of compli-
cated urinary tract infections. Richards et al.[84
compared levofloxacin and ciprofloxacin and
found similar clinical (92 and 89%, respectively)
and microbiological (91 and 93%, respectively)
responses at 5 to 9 days post-therapy. Greater than
90% eradication rates were achieved in both groups
against the common pathogens, E. coli and K.
pneumoniae. The eradication rate for Enterococ-
cusfaecaliswashigher in thelevofloxacin-treated
group than in the ciprofloxacin-treated group (100
and 60%, respectively), but lower with P. aeru-
ghiosa (64 and 100%, respectively). Treatment
failed in 10 (7.9%) patients treated with levoflox-
acin and 13 (11.5%) treated with ciprofloxacin.
Superinfection developed in 6 patients in each of
the levofloxacin and ciprofloxacin treatment arms.
13 patientsin the levofloxacin group had infection
relapse compared with 10 patientsin the ciproflox-
acin group. Overall, 3.6% (7 out of 195) of patients
in the levofloxacin group and 2.7% (5 out of 185)
of patientsin the ciprofloxacin group reported ad-
verse events that were considered drug-related by
the investigator. All of the drug-related adverse
eventswere considered to be of mild and moderate
intensity. The only drug-related adverse event re-
ported 2 or more times was dizziness, which was
reported in 2 patients receiving levofloxacin. Two
patients in the levofloxacin group (1%) and 1 pa-
tient in the ciprofloxacin group (0.5%) withdrew
from the study because of drug-related adverse
events. These were primarily Gl complaints and
central/peripheral nervous system symptoms.

Clinical success rates for levofloxacin (93%)
and lomefloxacin (89%) were similar in another
study of complicated urinary tract infections.!3%
Six patients (1.5%) treated with levofloxacin and
12 patients (7.3%) treated with lomefloxacin had
superinfections at the post-therapy visit. Both levo-
floxacin and lomefloxacin werewell tolerated, and
most adverse events were of mild or moderate se-
verity. Overall, 10 patients (4.3%) in the levo-
floxacin group and 18 (7.9%) in the lomefloxacin
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group reported adverse eventsthat were considered
drug-related by the investigator. The only adverse
event reported by greater than 1% of patients treated
with levofloxacin was nausea (1.3%).

5.4 Other Infections

L evofloxacin 500mg twice daily was compared
with imipenem-cilastatin 1g 3 times daily in the
treatment of patients with suspected bacteraemia/
sepsis in an open-label, randomised trial .9 The
clinical response rates were 89% (125 out of 144)
for the levofloxacin arm and 85% (125 out of 164)
for the imipenem-cilastatin arm. Although not sta-
tistically different, a greater bacteriological re-
sponse rate was observed for imipenem-cilastatin
(97%) than for levofloxacin (87%). The bacterio-
logical eradication rates were similar for S. pneu-
moniae, K. pneumoniae, E. coli, and H. influenzae.
The adverse events related to the most commonly
affected body systems were similar in both groups
(levofloxacin vs imipenem-cilastatin): nausea (5.0
vs 8.5%), vomiting (2.9 vs 3.8%), headache (1.7 vs
3.5%), insomnia (2.5 vs 2.3%) and anxiety (2.5 vs
1.5%).

Levofloxacin safety following an extended
treatment period was evaluated in a study of
lomefloxacin, levofloxacin and ciprofloxacin for
the treatment of chronic osteomyelitis. 27 patients
with documented infection with fluoroquinolone-
sensitive organisms were followed.[59 15 patients
were treated with ora levofloxacin 500 mg/day,
and the mean duration of therapy was 60.6 days.
Levofloxacin was effective in 9 out of 15 (60%)
patients. No adverse events were reported with le-
vofloxacin therapy, other than an allergic reaction
(rash and tongue swelling) which prompted dis-
continuation of the drug in 1 of the 15 patients.

6. Resistance

6.1 Streptococcus pneumoniae

The enhanced activity of the fluoroquinolones
against S. pneumoniae, H. influenzae, M. catar-
rhalis, Enterobacteriaceae, and atypical pneu-
monia pathogens has prompted wide use of these

0 Adis International Limited. All rights reserved.

agentsin both outpatient and hospital settings. This
dramatic increase in usage over the decade of the
1990s has been followed by emergence of resis-
tancein S. pneumoniae, the most common cause of
community-acquired infections.[9394 Accordingto
the SENTRY Antimicrobial Surveillance Program,
high-level fluoroquinolone resistance in S. pneu-
moniae has increased from 3% in 1997 to 9% in
1999 in the US.I*Yl This surveillance report noted
that during the 1999 respiratory disease season,
levofloxacin resistance was present in 2.3% of the
penicillin-intermediate pneumococcal strains and
2.8% in the penicillin-resistant isolates. Others
have reported similar increases in pneumococcal
resistance throughout Europe, Latin America, and
Asial®9%l |n a10-year longitudinal study, Chen et
al.[%] reported an increasing rate of fluoroguin-
olone reduced-susceptibility in pneumococcal iso-
lates from Canada. A linear correlation was ob-
served between the number of fluoroquinolone
prescriptions in Canada and the increase in pneu-
mococcal resistance. Against 75 clinical isolates of
S. pneumoniae with defined reduced fluoroquin-
olone susceptibility (ciprofloxacin MIC >4 mg/L)
from this study, the levofloxacin MICgy was 16
mg/L.

Recently 5 levofloxacin treatment failures against
S. pneumoniae were reported.!97:%81 All 5 jsolates
were resistant to levofloxacin (MIC >4 to >32
pg/ml) by invitro susceptibility testing. Two of the
5 isolates were levofloxacin-resistant at baseline,
but penicillin-, macrolide-, and vancomycin-sus-
ceptible. Both of these patients had a prior history
of recent fluoroquinolone use. Two other isolates
were documented to be levofloxacin-susceptible at
baseline, and developed levofloxacin resistance
during therapy. With this rise in the rates of resis-
tance, clinical failures appear to be an unavoidable
consequence of fluoroquinolone use.

Outbreaks of multiple cases of fluoroquinol one-
resistant S. pneumoniae have also been reported.
Within a 15-month period, 16 cases of fluoro-
qguinolone-resistant S. pneumoniae were isolated
from patientswith AECB and nosocomial pneumo-
niain a hospital setting.[%) The outbreak occurred
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in 2 phases; initially 9 patients presented with
pneumococcal strains in which the fluoroquin-
olone MICs were: ciprofloxacin 4 mg/L; levo-
floxacin 2 mg/L ; and moxifloxacin 0.25mg/L. The
second cluster of 7 patients had S. pneumoniae
with fluoroquinolone MICs of: ciprofloxacin 16
mg/L; levofloxacin 8 mg/L; and moxifloxacin 2
mg/L. All isolates were serotype 23F, demon-
strated asimilar pulsefield gel electrophoresis pat-
tern, and had mutations at the parC and gyrA
genes. The electrophoresis patterns of the second
cluster of isolates were distinct from that of the
first cluster, indicating that fluorogquinolone resis-
tance arose independently. Ciprofloxacin therapy
failedinall 5 patients. Clustersof fluoroquinolone-
resistant S. pneumoniae have also been identified
at 2 long term care facilities.[100

All S. pneumoniae isolates responsible for
clinical failures have been reported to have both
parC and gyr A mutationsin the fluoroquinol one-
resstant determining region of the bacterial chro-
mosome.l97:%8] This double mutation appears to
cause resistance to second, third, and fourth gener-
ation fluoroquinolones.

The optimal pharmacodynamics for the fluor-
oquinolones against the pneumococcus are not
known, largely due to the paucity of human data
eval uating pharmacodynamics. In vitro pharmaco-
dynamic models have suggested an AUC : MIC
ratio between 30 to 50 will produce a bactericidal
effect and minimise regrowth of antibacterial-re-
sistant organisms.!192-193] |n vitro modelling pre-
dicts the average 24 hour AUC : MIC value for
levofloxacin against S. pneumoniaeis 61, whichis
significantly lower than that of gatifloxacin (146),
clinafloxacin (142), and trovafloxacin (122), and
equal to that of ciprofloxacin (71), with simulated
standard dosing for each drug.[104

Other in vitro modelling work demonstrated
that levofloxacin AUC : MIC ratios of > 110 were
required for bactericidal activity against S. pneu-
moniae strains.l1%] To achieve this AUC : MIC
value with standard levofloxacin 500mg once-
daily administration, the pneumococcal MI1C must
be < 0.5 mg/L. When alevofloxacin 500mg twice

0 Adis International Limited. All rights reserved.

daily dose was simulated, bactericidal activity was
observed for strains with an MIC of 1 mg/L, but
not 2 mg/L. The National Committee for Clinical
Laboratory Standard susceptibility breakpoint for
levofloxacin against S. pneumoniae is 2 mg/L.
Thus, inthismodel, pneumococcal strainsreported
susceptible by MIC testing may not be fully erad-
icated by levofloxacin 500mg once-daily unless
the strain MIC is 0.5 mg/L. Although the relation-
ship of simulated in vitro pharmacodynamics, and
clinical infection outcomes have not been corre-
lated, the possibility of clinical failure and gener-
ation of antibacterial resistance because of under
exposure to levofloxacin is an important issue
when considering wide-spread use of the com-
pound.

6.2 Pseudomonas aeruginosa

Another pathogen of concern for increasing
fluoroquinolone resistance is P. aeruginosa. In
comparison with ciprofloxacin, levofloxacin gen-
erally demonstratesMIC valuesthat are 1 to 2 two-
fold dilutions higher against P. aeruginosa. De-
spite this lower potency, levofloxacin has been
shown to be effective in treating patients with
bronchiectasis or diffuse panbronchiolitisinfected
with P. aeruginosa.[8586:88] This efficacy may be a
function of levofloxacin pharmacokinetics. Stand-
ard levofloxacin 500mg once-daily administration
produces a 4-fold higher AUC than ciprofloxacin
500mg twice daily. MacGown et al.[3% have shown
that an AUC : MIC ratio of 125 is predicted in
85.4% of standard levofloxacin administration sit-
uations against P. aeruginosa, compared with 81.5%
for standard ciprofloxacin administration situa-
tions. Based on these data, clinical efficacy against
P. aeruginosa may be attributed to the favourable
exposure profile of levofloxacin. However, be-
cause of the lower potency of levofloxacin against
P. aeruginosa when compared with ciprofloxacin,
there is arisk for emergence of fluoroquinolone-
resistant organisms selected by extensive use of
levofloxacin in the hospital setting.

Peterson et al.[1%] demonstrated that the suscep-
tibility of P. aeruginosa to ofloxacin or cipro-
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floxacin is directly related to the usage patterns of
fluoroquinolonesin alargeinter-city teaching hos-
pital. Thisgroup reported a 3-year study of P. aeru-
ginosa susceptibilities to fluoroquinolones during
a period of changing fluoroquinolone formulary.
Resistance to 1 agent highly correlated with resis-
tance to the other. The authors suggested that cip-
rofloxacin resistance in P. aeruginosa may have
been caused in part by the use of ofloxacin, which
isnot as potent against the pathogen. Other reports
confirm this correlation.[197.108 This phenomenon
has been well documented with aminoglycosides
of varying potency.[109]

Levofloxacin clearly has lower potency against
P. aeruginosa than ciprofloxacin. Whether the se-
lective pressure of levofloxacin exposurein anin-
stitution can produceincreased fluoroquinolonere-
sistanceinthis pathogen overall remainsto be seen.
However, history would suggest this is a signifi-
cant possibility.

7. Risks Versus Benefits of
Levofloxacin Therapy

The place of fluoroquinolones in the manage-
ment of community-acquired and nosocomial in-
fections remains to be clearly determined. These
drugs have excellent bioavailability, extensive tis-
sue penetration and urine concentration, rapid bac-
tericidal activity and favourable pharmacokinetics
for ease of use. Recent guidelines for the manage-
ment of community-acquired pneumonia suggest
that antipneumococcal fluoroguinolones may be
first-line therapy in both the outpatient and inpa-
tient settings.['1% However, antibacterial resistance
issues and a recent track record of serious adverse
events complicate therapeutic choices.

For the treatment of respiratory tract, skin and
skin structure, and urinary tract infections, ora
levofloxacin 500 mg/day administered for 10 to 14
daysisequal in efficacy to 3-lactam, macrolide or
other fluoroguinolone therapies with similar indi-
cations. Efficacy ratesfor any antibacterial inthese
indicationsin clinical registry trialsrangesfrom 85
to 100%, with most therapies at 90 to 100%. Thus,
itisdifficult to select 1 antibacterial over othersfor

0 Adis International Limited. All rights reserved.

any of these 3 conditions based solely on clinical
efficacy. However trials conducted for registration
purposes generally select only patients with organ-
isms susceptible to the study medications, and of-
ten exclude complicated infections or patientswho
have recurring disease. Registry trials often prove
that susceptible organisms are successfully treated
with the study antibacterials, but seldom are de-
signed to demonstrate that nonsusceptible organ-
isms are unsuccessfully treated. Neither do they
fully describe the limits of clinical success from a
duration-of-therapy standpoint, or an administra-
tion standpoint. Thus, there may be arole for 1 an-
tibacterial over another in these circumstances, but
clinical data are lacking to define these situations.
Secondary issues include adverse effects, drug-
drug interactions and costs of therapy. Drug toxic-
ities must also include the risk of generating anti-
bacterial and multi-drug resistance because of drug
selection. Drug-drug interactions may precipitate
morbidity and interfere with control of concomi-
tant chronic conditions. Lastly, cost is a consider-
ation, especially when amoxicillin or erythromycin
may be as effective as more costly alternativesat a
fraction of the expense.

Given the generally favourabl e success of inex-
pensive, nonfluoroquinolone therapies for most
community-acquired respiratory tract, urinary
tract, and skin- or skin structure-related infections,
one must question the widespread use of |evoflox-
acin or other newer fluoroquinolones in the main-
stream management of these infectious diseases.
However, with the exceptional broad-spectrumand
rapid bactericidal action of the fluoroquinolones,
one could argue that these drugs should supplant
older traditional therapiesfor these common infec-
tions. Thus, the boundaries of this therapeutic de-
bate are drawn.

Thereis little debate that levofloxacin is awell
tolerated and effective agent for the current USFDA -
approved indications of acute maxillary sinusitis,
acute bacterial exacerbations of chronic bronchitis,
community-acquired pneumonia, complicated skin
and skin structure infections, complicated and un-
complicated urinary tract infections, and acute py-
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elonephritis. Its significantly higher cost when
compared with amoxicillin, erythromycin, co-
trimoxazole (trimethoprim-sulfamethoxazole) and
cefalosporins, and its propensity to select for fluor-
oquinolone resistance in the pneumococcus make
levofloxacin an alternative agent rather than a
drug-of-choice in routine community-acquired re-
spiratory tract, urinary tract, and skin- or soft-tissue-
related infections. Local resistance patterns, and
the severity of illness are mitigating circumstances
inthe drug selection process. In areaswith increas-
ing B-lactam resistance among the pneumococcus,
levofloxacin may be a reasonable empiric therapy
for community-acquired respiratory tract infec-
tions. Similarly, in patients with risk factors for
infection complication or poor outcome, such as
the elderly, patients with underlying pulmonary or
cardiovascular disease, patients with indwelling
urinary catheters, or a history of recurrent infec-
tion, levofloxacin may be an excellent empiric
choice. Better clinical data are needed to identify
the true place in therapy of the newer fluoro-
guinolones in common community-acquired and
nosocomial infections. Until then, these agents, in-
cluding levofloxacin, might best be reserved for
complicated infections, infection recurrence, and
infections caused by B-lactam or macrolide-resis-
tant pathogens.

References

1. AndrioleV. Thefuture of the fluoroguinolones. Drugs 1999; 58
Suppl. 2: 1-5

2. Domagala JM. Structure-activity and structure-side effect rela-
tionships for the quinolone antibacterials. J Antimicrob
Chemother 1994; 33: 685-706

3. Blondeau JM. Expanded activity and utility of the new
fluoroquinolones: areview. Clin Ther 1000; 21: 3-30

4. Wise R, Brenwald NP, Andrews JM, et a. The activity of the
methylpiperazinyl fluoroquinolone CG 5501: a comparison
with other fluoroquinolones. J Antimicrob Chemother 1997;
39: 447-452

5. Ednie LM, Jacons MR, Applebaum PC. Activities of gati-
floxacin compared to those of seven other agents against an-
aerobic organisms. Antimicrob Agents Chemother 1998; 42:
2459-62

6. Bergan T. Pharmacokinetics of the fluoroquinolones. In: An-
driole VT, editor. The Quinolones, 2nd ed. New York (NY):
Academic Press, 1998, 143-82

7. Wolfson JS, Hooper DC. Overview of fluoroquinolone safety.
Am JMed 1991; 91 Suppl. 6A: 153S-61S

0 Adis International Limited. All rights reserved.

10.

11

12.

13.

14.

15.

16.

17.

18.

10.

20.

21.

22.

23.

24.

25.

26.

27.

. Ortho McNeil Pharmaceuticals. Levaquin (levofloxacin) pack-

age insert. Raritan (NJ); Ortho McNeil, Dec 1996

. Boccumini LE, Fowler CL, Campbell TA, et a. Photoreaction

potential of orally administered levofloxacin in healthy sub-
jects. Ann Pharmacother 2000; 34: 453-8

Blum MD, Graham DJ, McCloskey CA. Temafloxacin syn-
drome: review of 95 cases. Clin Infect Dis 1994; 18: 949-50

Finch RG. The withdrawal of temafloxacin: are there implica-
tions for other quinolones? Drug Saf 1993; 8: 9-11

US Food and Drug Administration web site. Public Health Ad-
visory. Trovan (trovafloxacin/altrovafloxacin mesylate).
Available at: http: //www.fda.gov/cder/news/trovan [Accessed
1999 Jun 9]

Stahimann R, Lode H. Toxicity of quinolones. Drugs 1999; 58
Suppl. 2: 37-48

Stahlmann R. Safety profile of the quinolones. J Antimicrob
Chemother 1990; 26 Suppl. D: 31-44

Paton JH, Reeves DS. Adverse reactions to the fluoroquin-
olones. Adverse Drug React Bull 1992; 153: 575-8

Lode H. Potential interactions of the extended-spectrum
fluoroquinolones with the CNS. Drug Saf 1999; 21: 123-35

AkahaneK, Sekiguchi,M, UneT. et a. Structure-epileptogenic-
ity relationship of quinolones with special reference to their
interaction with gamma-amino butyric acid receptor sites.
Antimicrob Agents Chemother 1989; 33: 1704-8

Yasuda H, Yoshida A, Masuda Y, et al. Levofloxacin-induced
neurological adverse effects such as convulsion, involuntary
movement (tremor, myoclonus and chorealike), visual hallu-
cination in two elder patients. Nippon Ronen Igakkai Zasshi
1999; 36: 213-7

Walton GD, Hon JK, Mulpur TG. Ofloxacin-induced seizure.
Ann Pharmacother 1997; 31: 1475-7

Traeger SM, Bonfiglio MF, Wilson JA, et a. Seizures associ-
ated with ofloxacin therapy. Clin Infect Dis 1995; 21: 1504-6

Davis BI, Maesen FPV. Clinical effectiveness of levofloxacin
in patients with acute purulent exacerbation of chronic bron-
chitis: the relationship with in-vitro activity. J Antimicrob
Chemother 1999; 43 Suppl. C: 83-90

Adelglass J, Jones TM, Ruoff G, et al. A multicenter, investiga-
tor-blinded, randomized comparison of oral levofloxacin and
oral clarithromycin in the treatment of acute bacterial sinus-
itis. Pharmacotherapy 1998; 18 (6): 1255-63

AdelglassJ, DeAbate A, McElvaine P, et al. Comparison of the
effectiveness of levofloxacin and amoxicillin-clavulanate for
the treatment of acute sinusitis in adults. Otolaryngol Head
Neck Sur 1999; 120: 320-7

Sydnor TA, Kopp EJ, Anthony KE, et a . Open-label assessment
of levofloxacin for the treatment of acute bacterial sinusitis
in adults. Ann Allergy Asthma lmmunol 1998; 80: 357-62

DeAbate CA, Russell M, McElvaineP, et a. Safety and efficacy
of ora levofloxacin versus cefuroxime axetil in acute bacte-
rial exacerbation of chronic bronchitis. Resp Care 1997; 42
(2): 206-13

Habib MP, Gentry LO, Rodriguez-Gomez G, et a. Multicenter,
randomized study comparing efficacy and safety of oral
levofloxacin and cefaclor in treatment of acute bacterial ex-
acerbations of chronic bronchitis. Infect Dis Clin Pract 1998;
7:101-9

File TM, Segreti J, Dunbar L, et al. A multicenter, randomized
study comparing the efficacy and safety of intravenous and/or
oral levofloxacin versus ceftriaxone and/or cefuroxime axetil

Drug Safety 2001; 24 (3)



220

Martin et al.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

41.

42.

46.

in treatment of adults with community-acquired pneumonia.
Antimicrob Agents Chemother 1997; 41 (9): 1965-72

Fogarty CM, Sullivan JG, Chattman MS, et a. Once a day
levofloxacin in the treatment of mild to moderate and severe
community-acquired pneumonia in adults. Infect Dis Clin
Pract 1998; 7 (8): 400-7

Nicodemo AC, Robledo JA, Jasovich A, et a. A multicenter,
double-blind, randomized study comparing the efficacy and
safety of oral levofloxacin versus ciprofloxacin in the treat-
ment of uncomplicated skin and skin structure infections. Int
JClin Pract 1998; 52 (2): 69-74

Klimberg IW, Cox CE, Fowler CL, et a. A controlled tria of
levofloxacin and lomefloxacin in the treatment of compli-
cated urinary tract infection. Urology 1998; 51: 610-5

Nichols RL, Smith JW, Gentry LO, et a. Multicenter, random-
ized study comparing levofloxacin and ciprofloxacin for un-
complicated skin and skin structure infections. Southern Med
J1997; 90 (12): 1193-200

Shah PM, Maesen FPV, Dolmann A, et al. Levofloxacin versus
cefuroxime axetil in the treatment of acute exacerbation of
chronic bronchitis: results of a randomized, double-blind
study. J Antimicrob Chemother 1999; 43: 529-39

LaskoB, LauC, Saint-Pierre C, et a. Efficacy and safety of oral
levofloxacin compared with clarythromycin in the treatment
of acute sinusitis in adults; a multicentre, double-blind ran-
domised study. J Int Med Res 1998; 26: 281-91

. MacGowan AP, Wootton M, Holt HA. Theantibacterial efficacy

of levofloxacin and ciprofloxacin against Pseudomonas aer u-
ginosa assessed by combining antibiotic exposure and bacte-
rial susceptibility. J Antimicrob Chemother 1999; 43: 345-9

Lipsky BA, Baker CA. Fluoroquinolone toxicity profiles: are-
view focusing on newer agents. Clin Inf Dis 1999; 28: 352-64

Bischoff U, Schmidt C, Netzer R, et al. Effects of fluoro-
quinolones on HERG currents. Eur J Pharmacol 2000: 406:
341-3

Li H, Fuentes-Garcia J, Towbin JA. Current concepts in long
QT syndrome. Pediatr Cardiol 2000; 21: 542-50

Rhone-Poulenc Rorer. Zagam (sparfloxacin) package insert.
Collegeville (PA); Rhone-Poulenc Rorer, Nov 1999

Glaxo Wellcome. Raxar (grepafloxacin) package insert. Re-
search Triangle Park (NC); Glaxo Wellcome, May 1998

. Bayer Corporation. Avelox (moxifloxacin) packageinsert. West

haven (CT); Bayer Corporation, Dec 1999

Andriole VT. Cardiotoxicity of antibiotics: what to make of a
prolonged QTcinterval [abstract 1881]. 40th Interscience
Conference on Antimicrobial Agents and Chemotherapy;
2000 Sep 17-20; Toronto, 542

Oberg KC, Bauman JL. QT interval prolongation and torsades
de pointe due to erythromycin mactobionate. Pharmacother-
apy 1995; 15: 687-92

. Baker B, Dorian P, Sandor P, et a. Electrocardiographic effects

of fluoxetine and doxepin in patients with major depressive
disorder. J Clin Psychopharmacol. 1997; 17: 15-21

. van Haarst AD, van 't Klooster GA, van Gerven JM, et al. The

influence of cisapride and clarithromycin on QT intervalsin
healthy volunteers. Clin Pharmacol Ther 1998; 64: 542-6

. SamahaFF. QT¢interval prolongation and polymorphic ventric-

ular tachycardiain association with levofloxacin [letter]. Am
JMed 1999; 107: 28-9

lannini PB, Kramer H, Circiumaru I, et al. QT prolongation
associated with levofloxacin [abstract 822]. 40th Interscience

0 Adis International Limited. All rights reserved.

47.

48.

49,

50.

51.

52.

53.

55.
56.
57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

Conference on Antimicrobial Agents and Chemotherapy;
2000 Sep 17-20; Toronto, 477

Christ W, Lehnert T, Ulbrich B. Specific toxicologic aspects of
the quinolones. Rev Infect Dis 1988; 10 Suppl. 2: 16-28

Burkhardt JE, Walterspiel JN, Schaad UB. Quinolone arthor-
pathy in animals versus children. Clin Infect Dis1997; 25:
1196-1204

Alghasham AA, Nahata MC. Clinica use of fluoroquinolones
in children. Ann Pharmacother 2000; 34: 347-59

Lewis JR, Gums JG, Dickenseets DL. Levofloxacin-induced
bilateral Achilles tendonitis. Ann Pharmacother 1999; 33:
792-795

McGarvey WC, Singh D, Trevino SG. Partial Achilles tendon
ruptures associated with fluoroquinolone antibiotics: a case
report an literature review. Foot Ankle Int 1996; 17: 496-8

Zabraniecki L, Negrier |, Vergne P, et a. Fluoroquinolone in-
duced tendinopathy: report of 6 cases. JRheumatol 1996; 23:
516-20

Meyboom RH, Olsson S, Knol A, et a. Achilles tendonitis in-
duced by pefloxacin and other fluoroquinolone derivatives.
Drug Saf 1994; 2: 185-9

Goa KL, Bryson HM, Markham A. Sparfloxacin: a review of
its antibacterial activity, pharmacokinetic properties, clinical
efficacy and tolerability in lower respiratory tract infectios.
Drugs 1997; 53: 700-25

Dataon file, Ortho McNeil, Raritan, 1996

Casado BE, Vinas PG, Lauzurica VR, et al. Levofloxacin-in-
duced tendonitis [letter]. Med Clin (Barc) 2000; 114: 319

Hayem G, Carbon C. A reappraisal of quinolonetolerability: the
experience of their musculoskeletal effects. Drug Saf 1995;
13: 338-42

TakayamaS, Hirohashi M, Kato M. et al. Toxicity of quinolone
antimicrobial agents. J Tox Environ Health 1995; 45: 1-45

Greenburg RN, Newman MT, Shariaty S, et a. Ciprofloxacin,
lomefloxacin, or levofloxacin as treatment for chronic osteo-
myelitis. Antimicrob Agents Chemother 2000; 44: 164-6

Paily R. Quinolone drug rash in apatient with infectious mono-
nucleosis. J Dermatol 2000; 27: 405-6

Piscitelli SC, Spooner K, Baird B, et a. Pharmacokinetics and
safety of high-dose and extended-interval regimens of
levofloxacin in human immunodeficiency virus-infected pa-
tients. Antimicrob Agents Chemother 1999; 43: 2323-7

Goodwin SD, GallisHA, Chow AT, et al. Pharmacokineticsand
safety of levofloxacin in patients with human immunodefi-
ciency virus infection. Antimicrob Agents Chemother 1994;
38: 799-804

Marchbanks CR. Drug-drug interactions with fluorogquino-
lones. Pharmacotherapy 1993; 13 Suppl. 2: 23S-8S

Bryskier A, Chantot J-F. Classification and structure-activity
relationships of fluoroquinolones. Drugs 1995; 49 Suppl. 2:
16-28

Gisclon LG, Curtin CR, Fowler CL, et a. Absence of a phar-
macokinetic interaction between intravenous theophylline
and orally administered levofloxacin. JClin Pharmacol 1997;
37: 744-50

Christ W. Central nervous system toxicity of quinolones: hu-
man and animal findings. J Antimicrob Chemother 1990; 26:
219-25

Liao S, Paimer M, Fowler C, et a. Absence of an effect of
levofloxacin on warfarin pharmacokinetics and anticoagula-
tion in male volunteers. J Clin Pharmacol 1996; 36: 1072-7

Drug Safety 2001; 24 (3)



Risk-Benefit Assessment of Levofloxacin

221

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Chien SC, Chow AT, Natarajan J, et al. Absence of age and
gender effects on the pharmacokinetics of asingle 500-milli-
gram oral dose of levofloxacin in healthy subjects. Anti-
microb Agents Chemother. 1997; 41 (7): 1562-5

Doose DR, Walker SA, Chien SC, et al. Levofloxacin does not
alter cyclosporine disposition. J Clin Pharmacol 1998; 38:
90-3

Chien SC, Chow AT, Rogge MC, et al. Pharmacokinetics and
safety of ora levofloxacin in human immunodeficiency vi-
rus-infected individuals receiving concomitant zidovudine.
Antimicrob Agents Chemother 1997; 41: 1765-9

Hooper DC, Wolfson JS. Mechanisms of bacterial resistanceto
quinolones. In: Hooper DC, Wolfson JS, editors. Quinolone
antimicrobial agents. 2nd ed. Washington, DC: American So-
ciety for Microbiology; 1993: 97-118

DrlicaK. Refining the fluoroquinolones. ASM News 1999; 65:
410-5

Nix DE, Shentag JJ. The quinolones: an overview and compar-
ative appraisal of their pharmacokinetics and pharmacody-
namics. J Clin Pharmacol 1988; 28: 169-78

Nau R, Kinzig M, Dreyaupt T, et a. Kinetics of ofloxacin and
its metabolites in cerebrospinal fluid after a single intrave-
nous infusion of 400 milligram of ofloxacin. Antimicrob
Agents Chemother 1994; 38: 1849-1953

Rogge MC, Chien S-C, Wong F, et a. Single-dose pharmaco-
kinetics of levofloxacin: influence of age and gender. In: Se-
lected Posters Presented at the Fifth International Symposium
on New Quinolones; 1994 Aug 25-27; Singapore. Raritan
(NJ): The R.W. Johnson Pharmaceutical Research Institute,
1994: 44-5

Chien S-C, Wong FA, Fowler CL, et a. Double-blind evalua-
tion of the safety and pharmacokinetics of multiple oral once-
daily 750-milligram and 1-gram doses of levofloxacin in
healthy volunteers. Antimicrob Agents Chemother 1998; 42:
885-8

Preston SL, Drusano GL, Berman AL, et al. Pharmacodynamics
of levofloxacin; A new paradigm for early clinical trials.
JAMA 1998; 279: 125-9

Forrest A, Nix DE, Balow CH, et a. Pharmacodynamics of
intravenousciprofloxacinin seriously ill patients. Antimicrob
Agents Chemother 1993; 37: 1073-81

Jumbe NL, Louie A, Liu W, et al. Pharmacodynamics of levo-
floxacin with different organisms: one size does not fit all
[abstract 291]. 40th Interscience Conference on Antimicro-
bial Agents and Chemotherapy; 2000 Sep 17-20; Toronto, 7

Ambrose PG, GraselaDM, GraselaTH, et al. Pharmacodynam-
ics of fluoroquinolones against Streptococcus pneumoniae:
Analysis of phase-lll clinical trials [abstract 1387]. 40th
Interscience Conference on Antimicrobial Agents and Che-
motherapy; 2000 Sep 17-20; Toronto, 28

Morrissey |, Hoshino K, Sato K, et al. Mechanisms of differen-
tial activites of ofloxacin enantiomers. Antimicrob Agents
Chemother 1996; 40: 1775-84

Milatovic D, Schmitz F-J, Brisse V, et al. In vitro activities of
sitafloxacin (DU-6859a) and six other fluoroquinolones
against 8,796 clinical bacterial isolates. Antimicrob Agents
Chemother 2000; 44: 1102-7

Deshpande LM, Jones RN. Antimicrobial activity of advanced-
spectrum fluoroquinolones tested against more than 2000
contemporary bacterial isolates of species causing commu-
nity-acquired respiratory tract infectionsin the United States
(1999). Diag Micro Inf Dis 2000; 37: 139-142

0 Adis International Limited. All rights reserved.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

. Richard GA, Pittman W, Childs SJ, et al. Safety and efficacy of

levofloxacin versus ciprofloxacin complicated urinary tract
infections in adults. Pharm Ther 1998; Oct: 533-40

Shishido H, FurukawaK, Nagai H, et al. Oral levofloxacin 600
mg and 300 mg daily doses in difficult-to-treat respiratory
infection. Drugs 1995; 49 Suppl. 2: 433-5

Tsang KWT, Chan WM, Ho PL, et a. A comparative study on
the efficacy of levofloxacin and ceftazidime in acute exacer-
bation of bronchiectasis. Eur Respir J. 1999; 14: 1206-9

Rittenhouse B, Stinnett AA, Dulisse B, et al. An economic eval-
uation of levofloxacin versus cefuroxime axetil in the outpa-
tient treatment of adults with community-acquired pneumonia.
Am JManag Care 2000; 6: 381-9

Sato A, Ogawa H, Iwata M, et a. Clinica efficacy of levo-
floxacin in elderly patients with respiratory tract infections.
Drugs 1995; 49 Suppl. 2: 428-9

Kawai T. Clinical Evaluation of levofloxacin 200 mg 3 times
daily inthetreatment of bacterial lower respiratory infections.
Drugs 1995; 49 Suppl. 2: 416-7

Norrby SR, Petermann W, Willcox PA, et a. A comparative
study of levofloxacin and ceftriaxone in the treatment of hos-
pitalized patients with pneumonia. Scand J Infect Dis 1998;
30: 397-404

Graham DR, Talan DA, NicholsRL, et a. A randomized open-
label comparative trial of levofloxacin 750 mg once-daily
versus intravenous ticarcillin/clavulanate with or without
amoxicillin/clavulante for the treatment of complicated skin
and skin structure infections [abstract 171]. Annual Meeting
of the Infectious Disease Society of America; 2000 Sep 7-10;
New Orleans

Geddes A, Thaler M, Schonwald S, et al. Levofloxacin in the
empirical treatment of patients with suspected, bacteraemia/
sepsis. comparison with imipenem/cilastatin in an open, ran-
domized trial. J Antimicrob Chemother. 1999; 44: 799-810

Chen DK, McGreer A, De Azavedo JC, et al. Decreased sus-
ceptibility of Streptococcus pneumoniae to fluoroquinolones
in Canada. N Engl JMed 1999; 341: 233-9

Jones RN, Pfaller MA. In vitro activity of newer fluoro-
quinolones for respiratory tract infections and emerging pat-
terns of antimicrobial resistance: data from the SENTRY
Antimicrobia Surveillance Program. Clin Infect Dis 2000;
31 Suppl. 2: S16-23

Thornsberry C, Sahm DF. Resistancein respiratory tract patho-
gens; an international study 1997-1998. J Chemother 2000;
12 Suppl. 4: 16-20

Thornsberry C, Sashm DF. Antimicrobial resistance in respira-
tory tract pathogens; results of an international surveillance
study. Chemotherapy 2000; 46 Suppl. 1: 15-23

Fishman NO, Suh B, Weigel LM, et al. Threelevofloxacin treat-
ment failures of pneumococcal respiratory tract infections
[abstract 825]. 39th Interscience Conference on Antimicro-
bial Agentsand Chemotherapy; 1999 Sep 26-29; San Francisco

Davidson RJ, De Azavedo J, Bast D, et al. Levofloxacin treat-
ment failure of pneumococcal pneumonia and development
of resistance during therapy [abstract 2103]. 40th Interscience
Conference on Antimicrobial Agents and Chemotherapy;
2000 Sep 17-20; Toronto, 127

Weiss K, Restieri C, Davidson RJ, et al. Treatment failure and
progression of resistance in an outbreak of fluoroquinolone-
resistant (FQ) Streptococcus pneumoniae (Sp) [abstract
2104]. 40th I nterscience Conferenceon Antimicrobial Agents
and Chemotherapy; 2000 Sep 17-20; Toronto

Drug Safety 2001; 24 (3)



222

Martin et al.

100. Parker Cook DJ, Calder JAM, Fleckenstein P, et a. Fluoro-
quinolone resistance in mult-drug resistant Streptococcus
pneumoniaein New York City [abstract 2105]. 40th Intersci-
ence Conference on Antimicrobial Agents and Chemo-
therapy; 2000 Sep 17-20; Toronto

101. Lister PD. Sanders CC. Pharmacodynamics of trovafloxacin,
ofloxacin, and ciprofloxacin against Streptococcus pneu-
moniae in an in vitro pharmacokinetic model. Antimicrob
Agents Chemother 1999; 43: 1118-23

102. Lister PD. Sanders CC. Pharmacodynamics of levofloxacin and
ciprofloxacin against Streptococcus pneumoniae. J Anti-
microb Chemother 1999; 43: 79-86

103. Lacy MK, LuW, Xu Z, et al. Pharmacodynamic comparison of
levofloxacin, ciprofloxacin, and ampicillin against Srepto-
coccus pneumoniae in an in vitro model of infection. Anti-
microb Agents Chemother 1999; 43: 672-7

104. Kays MB, Conklin M. Comparative in vitro activity and phar-
macodynamics of five fluoroquinolones against clinical iso-
lates of Streptococcus pneumoniae. Pharmacotheapyr 2000;
20: 1310-7

105. Bauernfeind A. Pharmacodynamics of levofloxacin and
ofloxacin against Streptococcus pneumoniae. J Antimicrob
Chemother 1999; 43 Suppl. C: 77-82

106. Peterson LR, Postelnck M, Pozdol TL, et a. Management of
fluoroquinolone resistance in Pseudomonas aer uginosa-Out-

0 Adis International Limited. All rights reserved.

come of monitored usein areferral hospital. Int JAntimicrob
Agents 1998; 10: 207-14

107. Richard P, Delangle MH, Merrien D, et a. Fluoroquinolone
usage and fluoroquinolone resistance: isthere an association?
Clin Infect Dis 1994; 19: 54-9

108. Richard P, Delangle MH, Raffi F, et a. Impact of fluoroquin-
olone administration on the emergence of fluoroguinolone-
resi stant gram-negative bacilli from gastrointestinal floraClin
Infect Dis 2001; 32: 162-66

109. Gerding DN, Larson TA, Hughes RA, et al. Aminoglycoside
resistance and aminoglycoside usage: 10 years of experience
in one hospital. Antimicrob Agents Chemother 1991; 35:
1284-90

110. Bartlett JG, Dowell SF, Mandell LA, et a. Practice guidelines
for the management of community-acquired pneumonia in
adults. Clin Infect Dis 2000; 31: 347-82

Correspondence and offprints: Dr Steven ]. Martin, The Uni-
versity of Toledo, College of Pharmacy, 2801 West Bancroft
Street, Toledo, Ohio 43606, USA.

E-mail: smartin2@utnet.utoledo.edu

Drug Safety 2001; 24 (3)



	Contents 199
	Abstract 200
	1. Quinolone Classification 201
	2. Potential Toxicity Issues: Emphasis on Levofloxacin 202
	2.1 Phototoxicity 202
	2.2 Hepatic and Renal Toxicity 202
	2.3 CNS Toxicity 203
	2.4 Gastrointestinal Toxicities 203
	2.5 Nephrotoxicity 203
	2.6 Cardiovascular Toxicities 203
	2.7 Tendon and Joint Toxicities 205
	2.8 Endocrine Toxicity 205
	2.9 Hypersensitivity 206
	2.10 Adverse Events in the Patients with HIV Infection 206

	3. Fluoroquinolone Drug Interactions 206
	4. Overview of Levofloxacin 207
	4.1 Mechanism of Action 207
	4.2 Pharmacokinetics 207
	4.3 Pharmacodynamics 208
	4.4 In vitro Antimicrobial Activity 208

	5. Clinical Data with Levofloxacin 209
	5. 1 Respiratory Tract Infections 209
	5.1.1 Acute Bacterial Sinusitis 209
	5.1.2 Acute Exacerbation of Chronic Bronchitis 210
	5.1.3 Pneumonia 212

	5.2 Skin and Skin Structure Infections 214
	5.3 Urinary Tract Infections 215
	5.4 Other Infections 216

	6. Resistance 216
	6.1 Streptococcus pneumoniae 216
	6.2 Pseudomonas aeruginosa 217

	7. Risks Versus Benefits of Levofloxacin Therapy 218
	References 219
	Correspondence and offprints 222
	E-mail 222

