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Abstract Background: The conventional treatment for community-acquired pneumonia
(CAP) involves combination therapy consisting of a B-lactam penicillin or a ceph-
alosporin with a macrolide. Alternatively, high-dose levofloxacin treatment has
been used as single-agent therapy for treating CAP, covering atypical pathogens.
Objective: This study compared the clinical efficacy and safety of high-dose levo-
floxacin with combined ceftriaxone and azithromycin for the treatment of CAP.
Patients and Methods: This phase IV, prospective, randomized, open-label trial
enrolled patients admitted to a tertiary referral hospital for CAP treatment from
2010 to 2011. Hospital admission was decided based on clinical judgement and
the pneumonia severity index. Forty subjects were enrolled and assigned to two
treatment arms using a random numbers table. The 20 subjects in the experi-
mental group were given levofloxacin 750 mg intravenously once daily, followed
by the same dose of oral levofloxacin at discharge when clinically improved and
the 20 subjects in the control group were given ceftriaxone 2.0 g intravenously
once daily plus oral azithromycin 500 mg for 3 consecutive days, followed by
oral cefpodoxime 200 mg per day at discharge after clinical improvement. The
primary outcome was the clinical success rate. Secondary outcomes were the
microbiological success rate and adverse events during the study.

Results: Of the 40 subjects enrolled, 36 completed the study: 17 in the ex-
perimental group and 19 in the control group. The groups did not differ in
terms of demographic factors or clinical findings at baseline. The clinical
success rate (cured +improved) was 94% in the experimental (levofloxacin)
group and 84% in the control group (p>0.05). The microbiological success
rate and overall adverse events were also similar in both groups.
Conclusion: Single-agent, high-dose levofloxacin treatment exhibited ex-
cellent clinical and microbiological efficacy with a safety profile comparable
to that of ceftriaxone plus azithromycin therapy. Large-scale clinical trials are
required to verify these results.

Clinical Trial Registration: WHO International Clinical Trials Registry:
KCT0000374; Daiichi-Sankyo Korea study code: T11-13-V1.
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Introduction

Despite antibacterial therapy, the mortality rate
of community-acquired pneumonia (CAP) remains
at approximately 5-20%. Its extremely high mor-
tality rate of 20-50% in patients in intensive care
units is universally acknowledged.!'3) The major
microorganisms causing CAP are Streptococcus
pneumoniae, Klebsiella pneumoniae and Haemo-
philus influenzae, of which S. pneumoniae is most
frequently identified.! Pneumococcal bacteraemia
in hospitalized CAP patients has a mortality rate
of 20-41%.0-31 Therefore, early antibacterial ther-
apy to manage the causative microorganisms is
considered vital in patients with mild to severe
CAP, and a high antibacterial concentration
must be achieved in both lung tissue and blood
at an early stage. Although the early initiation of
appropriate antibacterials has a beneficial effect
on the prognosis, antibacterial therapy for CAP pa-
tients who require hospital admission must usu-
ally commence empirically because of the time
required for microbiological identification.[)

An appropriate antibacterial choice for CAP
treatment is extremely important. In a number
of retrospective studies of bacterial pneumonia,
single-agent therapy with a fluoroquinolone anti-
bacterial was very effective against mild to severe
CAP.®l In a randomized, prospective clinical
study comparing azithromycin plus ceftriaxone
and levofloxacin, daily injection of levofloxacin
500 mg achieved a clinical success rate of 94%
and a microbiological eradication rate of 90%.[%
The Infectious Disease Society of America (IDSA)
recommends doxycycline, macrolides or fluoro-
quinolones for the empirical treatment of CAP; it
also promotes the use of fluoroquinolone alone, a
combination of a B-lactam/B-lactamase inhibitor,
or cephalosporin/macrolide therapy for atypical
pathogens.[? In recent years, a once-daily dose of
levofloxacin 750 mg has been recommended, in-
stead of a 500 mg dose,'? as the bactericidal ef-
fect is maximized at a higher dose because of a
concentration-dependent killing effect.

The present study evaluated the therapeutic
effectiveness and safety of high-dose single-
agent levofloxacin compared with ceftriaxone/
azithromycin as an empirical treatment for CAP.
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Patients and Methods

The subjects of this randomized, open-label study
were adults admitted to the respiratory medical
unit of Ewha Womans University Mokdong
Hospital for the treatment of CAP from 2010 to
2011. Hospital admission was based on clinical
judgement and the pneumonia severity index
(PSI).['31 The study was approved by the Institu-
tional Review Board of Mokdong Hospital (222-
1-46), and written informed consent was obtained
from all subjects.

The principal investigator used random numbers
to divide the 40 enrolled patients into two groups.
The 20 patients in the experimental group re-
ceived a once-daily intravenous injection of high-
dose levofloxacin 750 mg, followed by the same
dose of oral levofloxacin at discharge when clini-
cally improved. The 20 patients in the control
group received once-daily intravenous ceftriax-
one 2 g and oral azithromycin 500 mg for 3 con-
secutive days, followed by oral cefpodoxime 200 mg
per day at discharge when clinically improved.
The length of the hospital stay ranged from 5 to
14 days depending on the severity of the pneu-
monia, and the total duration of antibacterial use
was based on clinical judgement. All subjects
were given physical examinations at the time of
enrollment, and medical records were created.

The severity of the CAP was classified using
the PSL,!'3] which is based on age, the presence of
coexisting disease, abnormal physical findings,
and abnormal laboratory findings at presenta-
tion. The PSI score was categorized into five risk
classes according to mortality. Patients with a PSI
score <70, indicating risk class 2, can be treated
as outpatients. The presence of other diseases, use
of antibacterials before admission, hospital ad-
mission history, alcohol (ethanol) consumption
greater than 80g per day, corticosteroid use,
swallowing difficulty and use of other drugs were
investigated. Chest x-rays, Gram and Ziehl-Neelsen
staining, cultures for bacteriology and tubercu-
losis, blood cultures for suspected bacteraemia,
serology for atypical pathogens, and the pneu-
mococcal urinary antigen test were performed.
Clinical symptoms and signs were recorded on
days 5-7 of antibacterial treatment and again at
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completion of the treatment, at which time the
physical examination, chest x-ray, cultures and
serological tests were repeated. Patients were in-
terviewed about the side effects experienced dur-
ing treatment.

The primary criteria for subject selection were
radiological evidence of pneumonia on a chest
x-ray and the presence of at least one of the fol-
lowing: oral temperature higher than 38°C or
lower than 35.5°C, leukocytosis (white blood cell
count [WBC] >10000/mm?), or more than 10%
banded neutrophils. Subjects were enrolled when
they had typical clinical signs and symptoms of
pneumonia and were able to produce sputum
samples. The following exclusion criteria were
used: suspected infection in areas other than the
respiratory system; suspected intolerance to the
experimental and control drugs; allergy to or
severe side effects from azithromycin, ceftriax-
one, quinolones, macrolides or B-lactams; recent
hospital admission more than 2 weeks before the
beginning of the study; receipt of intravenous
antibacterials within 24 hours before enrolment;
creatinine clearance less than 20 mL/min; empyema
requiring chest drainage; chronic lung disease
with impaired lung function; clinical suspicion of
tuberculosis; evidence of aspiration pneumonia;
human immunodeficiency virus infection or im-
munosuppression; long-term use of an antiepileptic
drug for the treatment of epilepsy; co-morbidity
likely to confound the clinical evaluation; receipt
of any drug for other clinical experiments within
30 days; pregnancy; and breast-feeding.

The primary outcome of this study was the clini-
cal success rate. Secondary outcomes were the
microbiological success rate and adverse events.
Treatment efficacy was evaluated by assessing the
level of clinical and microbiological improve-
ment.®] The clinical efficacy was determined by
comparing the clinical symptoms and signs and
chest x-rays obtained on days 5-7 after initiating
drug treatment and at the end of therapy with
those obtained at admission.['* Clinical improve-
ment was classified according to the following
four categories:[®!

e C(Clinically cured: no further antibacterials
required; no remaining symptoms or signs of

CAP.
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e Improved: no further antibacterials required;
some clinical symptoms or signs remaining
despite clear improvement.

e Failed: additional antibacterial treatment re-
quired; no improvement in clinical symptoms
or signs.

e Unable to evaluate: unequivocal classifica-
tion difficult, insufficient follow-up, use of
non-study antibacterials, or violation of study
protocol.

The microbiological response was determined
by comparing the results of sputum cultures and
blood tests obtained at the end of therapy with
those obtained at admission. The level of micro-
biological improvement was designated accord-
ing to the following five categories:[®]

e FEradicated: none of the isolated microorgan-
isms remaining.

e Presumed eradicated: improvement without ad-
ditional treatment despite pre-treatment evi-
dence of infection in blood tests.

e Persistent: isolated microorganisms persistently
identified.

e Presumed persistent: no available specimen,
but microorganism likely persistent in cases
with clinical failure.

e Unable to evaluate: no confirmed pre-treatment
results available, and evaluation after treatment
impossible because follow-up cultures were
absent or patient dropped out of the study.
Clinical tolerability was assessed by tabu-

lating the adverse events noted during physi-
cal examinations, evidenced by the laboratory
results, or reported by the patients themselves.
Adverse events that became severe or frequent
and required emergency medical intervention
were classified as moderate or severe; in the case
of these events, the medications were stopped
or changed as deemed appropriate by the study
physicians.

The SPSS software package for Windows
(Version 18.0; SPSS, Chicago, IL, USA) was used
for the statistical analysis. The unpaired t-test
was used to compare results between groups. The
presence and absence of a parameter was com-
pared between groups using the chi-squared (y?)
test. The lack of statistical differences between
groups was not taken as evidence of inferiority.
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Differences were considered statistically signif-
icant at p<0.05.

Results

The 40 enrolled patients were divided equally
into experimental and control groups. Four en-
rolled participants dropped out after an average
of 4 days. The one subject in the control group
who dropped out had suddenly developed a
pleural effusion. In the experimental group, one
subject refused to continue the study after expe-
riencing dizziness and vomiting; another subject
dropped out due to sudden-onset acute coronary
syndrome; and the third dropped out because of a
drug-related rash (figure 1).

The basic initial demographic and clinical
values for the remaining 17 experimental and 19
control subjects were similar between the groups.
Five experimental subjects and nine control sub-
jects had PSI scores >70, indicating risk class 3.
Those patients with PSI scores <70 required hos-
pital admission because there was no improvement
or symptomatic worsening following treatment
in private clinics, multilobar pneumonia, lung co-
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morbidity or an uncontrolled high fever. There
was no significant difference in disease severity
between the two groups (table I).

The clinical responses on days 5—7 were similar
in both groups, and the final treatment outcomes
for the experimental and control groups showed
clinical cure rates of 88% and 79%, respectively.
Outcomes better than improvement were seen in
94% (16/17) of the experimental subjects and 84%
(16/19) of the control subjects, with no significant
difference between the two groups. The experi-
mental group had one failed case, and the con-
trol group had three failed cases. Eleven (28%) of
the 40 original subjects were positive on micro-
biological testing. All patients tested by culture,
serological tests or urinary antigen tests showed
eradication or presumed eradication (table II).

Of the 40 enrolled subjects, 13 (33%) experienced
adverse events: six cases in the experimental group
and seven cases in the control group. Two ad-
verse events in the experimental group and one
adverse event in the control group were considered
unconnected to the study drugs. There were four
mild, three moderate and two severe adverse
events in the experimental group, and two mild,

Assessed for eligibility
and randomized (n = 40)

Allocated to levofloxacin
(n=20)

- Received intervention
(n=20)

Lost to follow-up (n = 0)
Discontinued (n = 3)

- withdrew consent (n = 1)
- adverse event (n =2)

Analysed (n=17)

Allocated to ceftriaxone
plus azithromycin (n = 20)

- Received intervention
(n=20)

Lost to follow-up (n = 0)
Discontinued (n = 1)
- adverse event (n=1)

Analysed (n =19)

Fig. 1. Consolidated Standards of Reporting Trials (CONSORT) flow chart depicting the flow of participants through the study.

Adis © 2012 Springer International Publishing AG. All rights reserved.
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Table 1. Baseline demographic data for the subjects who completed the study (n=36)*
Parameter Levofloxacin Ceftriaxone + azithromycin p-Value
(n=17) (n=19)
Age, y 54+20 53+16 NS
Sex: male 8 (47) 8 (42) NSP
Body mass index, kg/m? 225+25 23.1+£4.0 NS
Smokers 7 (41) 5 (26) NSP
Alcohol (ethanol) consumers 4 (24) 6 (32) NSP
Co-morbidities
Cardiovascular disorders® 6 (35) 6 (32)
Pulmonary disorders 4 (24) 4 (21)
Diabetes mellitus 2(12) 4 (21)
CNS disorders 0(0) 2(11)
Hepatobiliary disorders 2(12) 0 (0)
Other disorders? 3(18) 5 (26)
Laboratory data
WBC, /mm?3 9576+ 3423 11200+£6726 NS
Neutrophils, % 68+12 72+15 NS
CRP, mg/dL 7.3+7.2 7.8+6.8 NS
ESR, mm/h 17.0+12.8 29.2+26.7 NS
LFT abnormalities 1(6) 5 (26) NSP
PSI 62.8+£21.2 65.4+£33.5 NS
PSl class 1-2 12 (71) 10 (53) NS®
PSI class 3-4 5 (30) 9 (47)
Chest x-ray findings NSP
Unilateral consolidation 7 (41) 13 (68)
Bilateral or multifocal consolidation 10 (59) 6 (32)
Total treatment duration, d 11.8+2.1 12.0+2.3 NS
Intravenous treatment duration, d 7.7+£2.7 6.7+2.5 NS
Oral treatment duration, d 43+2.2 46+2.3 NS

Data are shown as mean * standard deviation or number (%) unless indicated otherwise.

2 test.

a
b
¢ Cardiovascular disorders include myocardial infarction, hypertension, congestive heart failure and arrhythmia.
d

Other disorders include cancer, chronic renal failure, herniated intervertebral disc and benign prostate hyperplasia.

e y2test of grade 1-2 vs grade 3-4.

CNS =central nervous system; CRP =C-reactive protein; ESR =erythrocyte sedimentation rate; LFT =liver function test; NS = not significant;

PSI =pneumonia severity index; WBC = white blood cell.

six moderate and no severe adverse events in the
control group. Neither the frequency nor severity
of drug-related adverse events differed between
the two groups. Two severe adverse events in
the experimental group, one of which was a non-
drug-related admission and one sudden-onset acute
coronary syndrome, were deemed unconnected
to the study drugs (table III).

Adis © 2012 Springer International Publishing AG. All rights reserved.

Discussion

The results of this study show that single-agent,
high-dose therapy with levofloxacin is as effective
in treating CAP as the standard cephalosporin/
macrolide combination therapy recommended by
the IDSA/American Thoracic Society (ATS)?!
and the British Thoracic Society (BTS).!"! The
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final clinical cure rates for the experimental and
control groups were 88% and 79%, respectively,
and 94% of the subjects in the experimental group
and 84% of those in the control group experienced
satisfactory results, i.e. a clinical cure or marked
improvement, similar to previous studies.[®!2
CAP is associated with high rates of hospital-
ization and mortality, and this has been ad-
dressed by developing guidelines for antibacterial
treatment.!'-3] Many recent clinical research re-
ports and literature reviews have suggested that
resistance to CAP drugs is increasing and that
CAP patients are becoming infected with drug-
resistant organisms.>-3! The IDSA/ATS? and BTS
recommend empirical treatment of early-stage
CAP with B-lactam/macrolide combination ther-
apy. However, this recommendation is based on
retrospective studies, and the outcomes of its use
are not convincing. The antibacterial effects of
the macrolide against atypical bacteria and its
additional anti-inflammatory effects are thought
to contribute to the effectiveness of this therapy,
but its exact mechanisms have not been identified.[']
Streptococcus pneumoniae, the most commonly

Table II. Clinical outcomes and microbiological results®
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identified causative microorganism in CAP, has a
high rate of resistance to penicillin and macro-
lides in South Korea, but a relatively low fre-
quency of resistance to fluoroquinolones.l'®] The
IDSA/ATS has reported that the efficacies of
fluoroquinolone therapy and B-lactam/macrolide
combination therapy are similar, making fluoro-
quinolones legitimate first-choice antibacterials
for empirical treatment of CAP.[!

Levofloxacin, a second-generation fluoroquino-
lone, is particularly beneficial in the treatment of
respiratory infections because it has broad-spectrum
activity against atypical infections, as well as those
caused by Gram-negative or Gram-positive bac-
teria.l>!17l The effectiveness of fluoroquinolones
is concentration-dependent, increasing at higher
concentrations. It has high pulmonary and oral
bioavailability,['-!7) which simplifies the change
from intravenous to oral administration with
once-daily dosing and facilitates rapid hospital
discharge.l]

Current research suggests that fluoroquinolones
are slightly superior to B-lactam antibacterials in
the treatment of CAP.I'"""1 Vardakas et al.[>]

Variable Levofloxacin Ceftriaxone + azithromycin p-Value®
(n=17) (n=19)

Clinical response
Cure 15 (88) 15 (79) NS
Cure or improvement 16 (94) 16 (84) NS
Failure 1(6) 3(16) NA
Microbiological response identification
Sputum culture

Streptococcus pneumoniae 2 1

Staphylococcus aureus 1 0

Klebsiella pneumoniae 0 1
Other tests

Serology for Mycoplasma pneumoniae 1 2

Pneumococcal urinary antigen 1° 4°

Positive smear for acid-fast bacilli 0 0
Microbiological response
Eradication or presumed eradication 4 (100) 7 (100) NC
Failure 0 (0) 0 (0) NC
a Data are shown as n or n (%).
b y?test.

c For one patient in each group, the pathogen was also identified from sputum cultures.

NA =not applicable; NC =not calculable; NS = not significant.

Adis © 2012 Springer International Publishing AG. All rights reserved.
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Table Ill. Summary of adverse events®
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Adverse event

Levofloxacin Ceftriaxone + azithromycin

(n=20) (n=20)
Patients with any adverse event 6 (30) 7 (35)
Patients with any serious adverse event 2(10) 0 (0)
Patients with any adverse event leading to drug discontinuation 2(10) 0 (0)
Drug-related adverse events 6 7
LFT abnormality 1 3
Skin rash 1 1
Nausea/vomiting 1 0
Diarrhoea 1 0
Fever 0 1
Hyperglycaemia 1 0
Leukocyturia 0 1
Microscopic haematuria 0 1
Headache 1 0
Non-drug-related adverse events 2 1
Acute coronary syndrome 1 0
Parapneumonic effusion 0 1
Rhinorrhoea 1 0

a Data are shown as n or n (%).
LFT =liver function test.

noted a higher cure rate for levofloxacin therapy
than for combination B-lactam/macrolide therapy.
A retrospective review?!l and a prospective®? study
found higher survival rates in patients receiv-
ing levofloxacin than in those receiving B-lactam/
macrolide combination therapy. In both of the
above studies, levofloxacin 500 mg was given once
daily. Noreddin et al.l'l reported that a 750 mg
dose of levofloxacin resulted in better outcomes
than a 500 mg dose. In our study, a 750 mg dose
of levofloxacin resulted in a clinical cure rate
comparable to that of existing combination pro-
tocols, although superiority was not verified.

Our study has some limitations. It was a single-
centre, open-label trial with a small number of
subjects. In addition, some of the patients were
only mildly sick, with low PSI scores, and micro-
biological positivity was lower than that in pre-
vious reports.[*8:111 Nevertheless, the strengths
of this study are that it was randomized and that
it demonstrated the safety of high-dose levo-
floxacin!'®23 in an understudied Asian population.
Large-scale clinical trials are required to verify these
results.

Adis © 2012 Springer International Publishing AG. All rights reserved.

In this randomized clinical study, high-dose
levofloxacin therapy was as successful as B-lactam/
macrolide therapy for the treatment of mild
to severe CAP. Compared with a dual regimen,
quinolone as a single antibacterial agent has the
advantage of treating atypical pathogens as well
as common pathogens. However, in countries
with a high prevalence of tuberculosis, the use of
quinolone as a first-line defense against CAP
should be reconsidered because it can delay the
diagnosis of tuberculosis and increase the risk for
quinolone-resistant mycobacteria.

Conclusion
High-dose single-agent levofloxacin therapy is
clinically and microbiologically as efficient and

safe for the treatment of CAP as the existing stan-
dard ceftriaxone/macrolide combination treatment.
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