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The objective of the present trial was to compare the efficacy, safety, and tolerability of moxifloxacin (400 mg)
given intravenously (i.v.) once daily followed by oral moxifloxacin (400 mg) for 7 to 14 days with the efficacy,
safety, and tolerability of co-amoxiclav (1.2 g) administered by i.v. infusion three times a day followed by oral
co-amoxiclav (625 mg) three times a day, with or without clarithromycin (500 mg) twice daily (i.v. or orally),
for 7 to 14 days in adult patients with community-acquired pneumonia requiring initial parenteral therapy. A
total of 628 patients were enrolled and assessed by evaluation of their clinical and bacteriological responses 5
to 7 days and 21 to 28 days after administration of the last dose of study medication. Although the trial was
designed, on the basis of predefined outcomes, to demonstrate the equivalence of the two regimens, the results
showed statistically significant higher clinical success rates (for moxifloxacin, 93.4%, and for comparator
regimen, 85.4%; difference [�], 8.05%; 95% confidence interval [CI], 2.91 to 13.19%; P � 0.004) and bacteri-
ological success rates (for moxifloxacin, 93.7%, and for comparator regimen, 81.7%; �, 12.06%; 95% CI, 1.21
to 22.91%) for patients treated with moxifloxacin. This superiority was seen irrespective of the severity of the
pneumonia and whether or not the combination therapy included a macrolide. The time to resolution of fever
was also statistically significantly faster for patients who received moxifloxacin (median time, 2 versus 3 days),
and the duration of hospital admission was approximately 1 day less for patients who received moxifloxacin.
The treatment was converted to oral therapy immediately after the initial mandatory 3-day period of i.v.
administration for a larger proportion of patients in the moxifloxacin group than patients in the comparator
group (151 [50.2%] versus 57 [17.8%] patients). There were fewer deaths (9 [3.0%] versus 17 [5.3%]) and fewer
serious adverse events (38 [12.6%] versus 53 [16.5%]) in the moxifloxacin group than in the comparator group.
The rates of drug-related adverse events were comparable in both groups (38.9% in each treatment group). The
overall incidence of laboratory abnormalities was similar in both groups. Thus, it is concluded that mono-
therapy with moxifloxacin is superior to that with a standard combination regimen of a �-lactam and a
�-lactamase inhibitor, co-amoxiclav, with or without a macrolide, clarithromycin, in the treatment of patients
with community-acquired pneumonia admitted to a hospital.

Community-acquired pneumonia (CAP) is a common con-
dition and continues to be an important cause of mortality.
Each year in the United Kingdom approximately 50,000 people
with CAP (3) are admitted to a hospital. Some 80% of cases
are managed in the community, where the mortality rate is 1 to
2%. Among those patients admitted to a hospital, 5 to 10% will
die, with the mortality rate rising to 50% among those requir-
ing intensive care. In the United States, CAP is the sixth
leading cause of death (13). The cost of treatment for CAP in
the United Kingdom alone is estimated to be £440.7 million

per year, with hospitalized patients accounting for as much as
96% of this cost (11). Consequently, there is growing pressure
upon clinicians to reduce the number and duration of hospital
admissions.

The importance of CAP as a major cause of morbidity and
mortality together with its impact on health care resources is
reflected in the plethora of published studies. Furthermore,
there remain inconsistencies between national clinical guide-
lines; these reflect variations in the prevalence of target patho-
gens, drug resistance patterns, and clinical practice. Clinical
trials designed to support the licensing of new agents generally
limit any progress in our knowledge of disease management
since they are designed to determine equivalence between the
test and control regimens.

Moxifloxacin is a new fluoroquinolone antibiotic with in-
creased activity against gram-positive organisms, notably Strep-
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tococcus pneumoniae, and acts by inhibiting bacterial topo-
isomerases II and IV. The objective of the trial reported here
was to examine the efficacy, safety, and tolerability of moxi-
floxacin (400 mg) given intravenously (i.v.) once daily followed
by oral moxifloxacin (400 mg) for 7 to 14 days for the treatment
of CAP. This regimen was compared with co-amoxiclav (1.2 g)
administered by i.v. infusion three times a day followed by oral
co-amoxiclav (625 mg) three times a day, with or without
clarithromycin 500 mg twice daily (i.v. or orally), for 7 to 14
days in adult patients requiring initial parenteral therapy.

MATERIALS AND METHODS

Study population. Male and female patients aged 18 years or over with radio-
logical evidence of CAP (and who had been in a hospital for less than 48 h) were
entered into the trial. To be included the patients were required to have a
temperature �38.5°C or leukocytosis and at least one of the following clinical
symptoms of pneumonia: cough, purulent sputum, dyspnea, rigors, pleuritic chest
pain, or auscultatory findings. All patients required initial parenteral therapy,
and approximately half had severe pneumonia, as defined by the criteria of the
American Thoracic Society (16). To meet the definition of severe CAP the
patients had to have at least one of the following: a respiratory rate of �30
breaths/min, hypoxemia with a partial oxygen pressure of �8 kPa (60 mm Hg),
a need for mechanical ventilation, diastolic blood pressure �60 mm Hg, a chest
X ray showing bilateral or multilobar involvement, or a requirement for treat-
ment with vasopressors for more than 4 h.

Exclusion criteria included the presence of a coexisting disease considered
likely to affect the outcome of the study (e.g., lung cancer, empyema, or severe
cardiac failure) or a rapidly fatal underlying disease; known prolongation of the
QT interval or the use of class IA or class III antiarrhythmics; known hypersen-
sitivity to fluoroquinolones, �-lactams, or macrolides; aspiration pneumonia; and
pretreatment with systemic antibacterial agents for more than 24 h prior to
enrollment in the study. Patients who had clearly failed previous antibacterial
therapy, which they had received for at least 72 h for the current pneumonia
episode, could be enrolled unless the antibacterial regimen contained a fluoro-
quinolone or a �-lactam–�-lactamase inhibitor combination.

Patients were recruited by 65 centers in 10 countries: Belgium, France, Ger-
many, Greece, Israel, South Africa, Spain, Switzerland, Russia, and the United
Kingdom. The study was conducted in accordance with the Internal Conference
on Harmonization Harmonized Tripartite Guideline for Good Clinical Practice
(1997).

Study design. This multinational, multicenter study used a randomized, open,
parallel group design to compare sequential i.v. and oral moxifloxacin treatment
with that of a standard antibiotic regimen, sequential i.v. and oral co-amoxiclav
with or without clarithromycin, in patients with CAP who, in the judgment of the
investigator, required initial parenteral therapy.

Randomization was performed locally on the basis of a centrally established
code. Prior to randomization to one of the two parallel treatment groups, the
patients were stratified into two groups according to disease severity. Patients
were to be treated for a period of no less than 7 days and for a maximum of 14
days. After a minimum of 3 days patients could be converted from i.v. to oral
therapy if they had demonstrated clinical improvement, were able to tolerate the
oral intake of medication, and had no gastrointestinal condition likely to impair
absorption.

The patients in the moxifloxacin group were initially administered 400 mg of
moxifloxacin in 250 ml of 0.8% saline as an i.v. infusion over 60 min once daily.
Thereafter, moxifloxacin was given as a 400-mg tablet once a day.

Patients receiving the comparator regimen were given 1.2 g of co-amoxiclav in
20 ml of water as an i.v. injection over 3 to 4 min three times a day. After
conversion to oral therapy, co-amoxiclav was administered three times a day as
625-mg tablets. If the investigator considered that the addition of clarithromycin
was indicated, in order to cover the possibility that the pathogens might be
atypical organisms, it could be given initially as either an i.v. or an oral dose.
Clarithromycin was supplied as 500 mg of sterile powder for reconstitution in 10
ml of sterile water and was infused in 250 ml of a suitable diluent over 60 min
twice daily. Oral clarithromycin was administered as a 500-mg tablet twice a day.

Clinical, bacteriological, and laboratory examinations were performed pre-
treatment, 5 to 7 days after the end of therapy (the test-of-cure [TOC] visit), and
21 to 28 days after the end of treatment. These included a Gram stain and culture
of sputum, blood culture, blood for hematology and chemistry safety profiles, and
serologic testing for Legionella pneumophila, Chlamydia pneumoniae, and Myco-

plasma pneumoniae (testing for the last organism was done only pretherapy and
21 to 28 days posttherapy). According to the study protocol, invasive techniques
were not required to collect specimens for culture. Specific culture or antigen
testing was not done to detect atypical pathogens. If a patient failed to respond
to the study medication, the assessments were to be completed before and 5 to
7 days after the end of an alternative antibiotic therapy.

Vital signs, i.e., temperature, heart rate, respiratory rate, and blood pressure,
were monitored daily up to the time of the patient’s discharge from the hospital
or the end of treatment, whichever came first. Adverse events (including labo-
ratory abnormalities) were assessed up to the TOC visit. Any adverse events
present at that time were monitored until they resolved or stabilized. On day 3
of i.v. therapy, a standard 12-lead electrocardiogram was to be performed for all
patients within 30 min after the end of the first infusion of moxifloxacin or
co-amoxiclav with or without clarithromycin.

The primary efficacy variable was the clinical response 5 to 7 days after the end
of the drug treatment period (determined at the TOC visit) in the valid-per-
protocol (PP) population. The clinical responses were defined as “clinical cure,”
which was the disappearance of acute signs and symptoms related to infection
with no requirement for further antibiotic therapy; “clinical failure,” which was
the failure to respond or and an insufficient response to the study drug that
required a modification in antibacterial therapy or that resulted in death from
the primary diagnosis; and “indeterminate,” which was a clinical response that
could not be determined because of early discontinuation from the study or
protocol violation. Secondary efficacy parameters included the time to resolution
of fever, the bacteriological response 5 to 7 days after treatment, bacteriological
and clinical responses 21 to 28 days posttreatment, the duration of i.v. therapy,
and the duration of hospital admission.

Statistical analysis. In accordance with the notes for guidance on the use of
new antibacterial medicinal products of the European Agency for the Evaluation
of Medicinal Products (April 1997), the specified equivalence delta between the
clinical success rates for the two treatment groups was 10%. With an estimated
failure rate of 15%, � equal to 5% (two sided), � equal to 15%, and a 5%
adjustment for the multicenter design, the Farrington Manning sample size
calculation called for 312 patients to be enrolled in each treatment group.

Two types of analysis were performed for each efficacy variable: a PP analysis
and an intention-to-treat (ITT) analysis.

In order to be included in the primary efficacy analysis, patients had to have a
diagnosis of CAP and a documented rate of compliance with receipt of the study
medication of �80%. Study drugs were to have been given for a minimum of 48 h
in the case of clinical failure or a full 5 days in the case of clinical cure. The
patient could not have received any concomitant systemic antimicrobial agents
except in cases of treatment failure. There were to be no protocol violations that
might have influenced efficacy and no missing essential data such as the clinical
assessment at the TOC visit.

The ITT analysis included those patients who had been randomized and who
received at least one dose of study drug.

Demographic and baseline characteristics were summarized by treatment
group by using the mean, standard deviation, median, quartiles, and minima and
maxima for quantitative data or frequency counts for categorical data. Treatment
group comparability was established for both the PP and the ITT analyses. The
valid-for-safety population was the same as that for the ITT analysis.

A two-sided 95% confidence interval (CI) for the difference between success
rates (the rate for the moxifloxacin group minus the rate for the comparator
group) was calculated by using Mantel-Haenszel weights. Moxifloxacin was
deemed to be not less effective than the comparator regimen if the lower limit of
this CI was greater than �10%. In this analysis any clinical failures occurring
before the TOC visit were counted as clinical failures at the TOC visit. Similarly,
failures at the TOC visit were carried forward for the late follow-up analysis.
Clinical success was defined as a clinical cure, and bacteriological success was
defined as eradication or presumed eradication of the pathogen(s). The findings
of the study not only supported the noninferiority hypothesis but also suggested
superiority. Therefore, in accordance with the Committee for Proprietary Me-
dicinal Products points to consider, the exact probability associated with a test of
superiority was calculated by using the continuity-adjusted chi-square test.

The time to resolution of fever was analyzed by using both the log rank test
and the Wilcoxon test (since there was evidence of nonproportional hazards
between the two treatment groups).

The safety of each treatment was described by summary statistics; no formal
statistical analyses were performed. Treatment groups were compared with re-
spect to the incidence rate of adverse events, laboratory data, and electrocar-
diographic findings.
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RESULTS

Efficacy. A total of 628 patients were enrolled in the trial,
and 622 were valid for the ITT and safety analyses. More than
half (n � 321) of the patients in the ITT and safety analyses
had a diagnosis of severe CAP. There were 538 patients in the
PP analysis. The trial population profile is depicted in Fig. 1.

All study patients had signs and symptoms of CAP which was
confirmed by chest radiography. The baseline characteristics of
the patients included in the ITT analysis are summarized in
Table 1, and testing for homogeneity showed that there was no
imbalance between the two treatment groups. Similarly, the
numbers of patients receiving antibiotics prior to entry into the
trial and the numbers of patients with �72 h of prior antibiotic
therapy were balanced between the two treatment groups.

Bacterial cultures or serology were performed for a total of
326 (52%) patients. Not all patients were able to provide ma-
terial for culture. There were 159 patients in the moxifloxacin
group and 167 patients in the comparator group. Causative
organisms were identified in 194 patients, giving an incidence
of 59.5% (57.2% in patients in the moxifloxacin group and
61.7% in patients in the comparator group).

S. pneumoniae and Haemophilus influenzae were the most

FIG. 1. Trial population profile. Percentages are expressed as a fraction of the number of patients per treatment group. incl/exclu, inclu-
sion/exclusion.

TABLE 1. Baseline characteristics of patients in ITT analysis

Characteristic

Mean � SD or incidence
(no. [%] of patients)

Moxifloxacin
group

(n � 301)

Comparator
group

(n � 321)

Age (yr) 55.2 � 20.6 55.9 � 19.6
Preexisting bronchopulmonary disease 84 (27.9) 92 (28.7)
Smokersa 177 (58.8) 196 (61.1)

Temp (°C) 38.7 � 0.9 38.8 � 1.0
Rigors or chills 199 (66.1) 205 (63.9)
Cough 281 (93.4) 295 (91.9)
Dyspnea 244 (81.1) 268 (83.5)
Respiratory rate (no. of breaths/min) 24.4 � 7.0 25 � 7.1
Pleuritic chest pain 172 (57.1) 187 (58.3)
Dullness to percussion 130 (43.2) 150 (46.7)
Rales or rhonchi 258 (85.7) 276 (86.0)

X ray
Unilateral infiltrate 261 (86.7) 262 (81.6)
Bilateral infiltrate 53 (17.6) 81 (25.2)
Pleural effusion 43 (14.3) 55 (17.1)

Previous antimicrobial therapy 115 (38.2) 112 (34.9)

a Includes previous smokers.

1748 FINCH ET AL. ANTIMICROB. AGENTS CHEMOTHER.



common organisms identified, accounting for 55.4 and 19.6%
of all pathogens identified, respectively. Multiple pathogens
were identified in 6.4% of patients. Atypical organisms (M.
pneumoniae, C. pneumoniae, and L. pneumophila) were the
causes of infections in 13.8% (45 of 326) of patients (infection
was defined as a fourfold increase in the antibody titer between
acute- and convalescent-phase sera). M. pneumoniae was the
most frequent atypical organism identified. For five patients
with positive serologies for atypical organisms, a causative bac-
terial organism(s) was also isolated from cultures of respiratory
and/or blood specimens.

The microbiological susceptibilities of the most frequently
isolated pathogens from pretreatment samples are presented
in Table 2. The susceptibilities are presented as the MICs and
the MICs at which 90% of the isolates tested are inhibited, as
determined by the E-test methodology.

Table 3 presents the results of the analysis of efficacy at the
TOC visit and late follow-up visits for the population included
in the PP analysis.

Moxifloxacin-treated patients had a significantly higher clin-
ical cure rate, irrespective of the assessment time. The clinical
cure rate at the TOC visit for the moxifloxacin group was
8.05% greater than that for the patients receiving the compar-
ator regimen (95% CI, 2.91 to 13.19%). The clinical cure rate
at the TOC visit for patients treated with moxifloxacin was also
significantly superior to that for patients receiving the compar-
ator regimen in the ITT analysis (difference [�] � 8.25%; 95%
CI, 3.13 to 13.6%) and in the subgroup of patients valid for
microbiological analysis. The higher rate of clinical cure seen
among the patients treated with moxifloxacin in the PP analysis
was irrespective of whether the patients on the comparator
regimen were treated with co-amoxiclav alone (85%) or co-
amoxiclav together with clarithromycin (85.6%). The continu-
ity-adjusted P values (as determined by the chi-square test) for
clinical response at the TOC assessment were 0.004 for the

population in the PP analysis and 0.003 for the population in
the ITT analysis (missing and indeterminate responses were
dropped from the analyses).

The wider CIs for the point estimates of bacteriological
success reflect the smaller patient numbers in the analyses.
Nevertheless, the results are consistent with those for clinical
cure, although statistical significance can be claimed only for
the PP analysis at the TOC visit. The difference in bacterial
success rates between moxifloxacin and the comparator groups
at the TOC visit (5 to 7 days posttreatment) was 12% in favor
of the moxifloxacin group. For the group of patients valid for
microbiological analysis, the superiority was largely related to
documented S. pneumoniae infections. The rate of bacterio-
logical success for patients infected with penicillin-intermedi-
ate strains (MICs, �1.0 to �2.0 mg/liter) and penicillin-resis-
tant strains (MICs, �2.0 mg/liter) of S. pneumoniae at days 5 to
7 posttreatment was significantly higher for the moxifloxacin
group and was supported by the bacteriological evaluation at
the late follow-up on days 21 to 28. Clinical cures were
achieved in all moxifloxacin-treated patients with infections
caused by penicillin-resistant (one of one) or penicillin-inter-
mediate (four of four) strains, whereas clinical cures were
achieved in zero of one and one of three comparator regimen-
treated patients with infections caused by penicillin-resistant
and penicillin-intermediate strains, respectively. There were
fewer instances of persisting pathogens (all of which were
presumed cases of persisting infection) in respiratory samples
from patients treated with moxifloxacin than in samples from
patients in the comparator group, which included some pa-
tients with documented cases of persisting infections. The few
cases of superinfection seen in this study all occurred in pa-
tients treated with the comparator regimen.

Table 4 presents the bacteriological responses by organism
and source.

For the subgroup of patients valid for microbiological anal-
ysis, the clinical cure rates on days 5 to 7 were 93.8 and 81.7%
for the moxifloxacin (n � 60) and comparator (n � 58) groups,
respectively. In order to be valid for microbiological analysis,
patients had to have been eligible for the PP analysis, a caus-
ative organism(s) had to have been identified from a pretreat-
ment sputum or blood specimen or paired serology samples,
and the patient had to have had an appropriate bacteriological
evaluation at the TOC visit on days 5 to 7. Overall, 17 of 17
moxifloxacin-treated patients and 22 of 24 comparator regi-

TABLE 3. Analysis of efficacy for population in PP analysis

Response

No. (%) of patients
% �

(95% CI)Moxifloxacin
group

Com-
parator

Clinical cure at TOC visit
(days 5–7 posttherapy)

241 (93.4) 239 (85.4) 8.05a (2.91–13.19)

Clinical cure (days 21–28
posttherapy)

216 (83.7) 208 (74.3) 9.40 (2.60–16.27)

Bacteriological successb at
TOC visit (days 5 to 7
posttherapy)

60 (93.7) 58 (81.7) 12.06 (1.21–22.91)

Bacteriological successb

(days 21–28 posttherapy)
54 (84.4) 50 (70.4) 14.0 (0.00–27.91)

a By test of superiority, P � 0.004.
b Eradication and presumed eradication in microbiologically valid patients.

TABLE 2. Pretherapy bacterial susceptibility, by source, for the
most frequently isolated organisms (PP analysis)

Infection, species,
and antibiotic

tested

No. of strains
tested

MIC (mg/liter)

90%a Range

Respiratory
S. pneumoniae

Moxifloxacin 38 0.19 0.032–0.470
Clarithromycin 37 1.00 0.016–256.00
Co-amoxiclav 37 0.25 0.016–4.000
Penicillin 37 0.75 0.006–2.000

H. influenzae
Moxifloxacin 20 0.32 0.006–0.470
Clarithromycin 18 16.00 0.016–24.000
Co-amoxiclav 19 8.00 0.023–256.00
Penicillin 9 3.00 0.064–3.000

Blood
S. pneumoniae

Moxifloxacin 18 0.25 0.047–0.250
Clarithromycin 15 256.00 0.016–256.00
Co-amoxiclav 18 1.00 0.016–1.000
Penicillin 17 1.50 0.004–2.000

a 90%, MIC at which 90% of isolates tested are inhibited, respectively.
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men-treated patients with atypical infections had a clinical cure
at the TOC visit. The majority of comparator regimen-treated
patients with atypical infections received clarithromycin: 10 of
17 patients infected with M. pneumoniae, 4 of 5 patients in-
fected with Chlamydia spp., and 2 of 4 patients infected with L.
pneumophila.

The rate of clinical cure was higher in the moxifloxacin
group in both patients with nonsevere pneumonia and patients
with severe pneumonia. Among the moxifloxacin-treated pa-
tients, the clinical cure rates were 94.6% for those with non-
severe pneumonia and 92.2% for those with severe pneumo-
nia. Among the patients treated with the comparator regimen,
the clinical cure rate for patients with nonsevere pneumonia
was 86% and that for patients with severe pneumonia was
84.7%.

The differences in clinical cure and bacteriological success
rates between the two treatment groups, together with the 95%
CI for the populations that were included in both the PP and
the ITT analyses, are depicted in Fig. 2.

Before the start of treatment the mean � standard deviation
(SD) temperatures for the populations included in the ITT
analysis were 38.7 � 0.9°C for the moxifloxacin group and 38.8
� 1.0°C for the comparator group. The time to resolution of
temperature (defined as the first day at which the patient’s
peak temperature was less than or equal to 37.5°C) was ana-
lyzed by both the log rank test and the Wilcoxon test. The
results are illustrated in Fig. 3.

The median time to temperature resolution was 2 days for
patients treated with moxifloxacin and 3 days for those treated
with the comparator regimen. Among the population included
in the ITT analysis, 140 (58.6%) of moxifloxacin-treated pa-
tients were apyrexic by day 2, whereas 119 (46.7%) of the
patients in the comparator group were apyrexic by day 2 (P �
0.025 by the log rank test and P � 0.009 by the Wilcoxon test).
The mean time to resolution of temperature was shorter in the
moxifloxacin group than the comparator group, irrespective of
disease severity. When the analysis was repeated by using a
definition of apyrexia as a temperature of �38°C, the result
was still statistically significant (P � 0.018 by the log rank test

TABLE 4. Bacteriological responses, by organism

Organisma

and specimen
or test

Bacteriological response in microbiologically valid
population (no. of patients who responded/

total no. of patients [%])

TOC (5–7 days after
end of therapy)

Follow-up (21–28 days
after end of therapy)

Moxifloxacin
group

Comparator
group Moxifloxacin Comparator

S. pneumoniae
Sputum 18/18 (100) 17/22b (77.3) 14/18c (77.8) 16/22d (72.7)
Blood 11/11 (100) 9/10 (90.0) 11/11 (100) 7/10e (70.0)

H. influenzae
Sputum 11/11 (100) 8/9f (88.9) 9/11g (81.8) 6/9h (66.7)
Blood 1/1 (100) 1/1 (100) 1/1 (100) 1/1 (100)

S. aureus
Sputum 2/2 (100) 1/3i (33.3) 2/2 (100) 1/3g (33.3)
Blood 0/1j 1/1 (100) 0/1k 0/1k

H. parainfluenzae
sputum

0/1j 3/3 (100) 0/1k 3/3 (100)

E. coli, sputum 2/3j (66.7) 2/3k (66.7)

P. aeruginosa,
sputum

1/2f (50) 1/2k (50)

M. pneumoniae,
serology

13/13 (100) 16/17j (94.1) 12/13k (92.3) 16/17j (94.1)

Chlamydia sp.,
serology

3/3 (100) 4/5j (80) 3/3 (100) 4/5j (80)

L. pneumophila,
serology

1/1 (100) 3/4j (75) 1/1 (100) 3/4j (75)

a Only commonly identified or noteworthy pathogens are shown.
b Presumed persistence n � 4; indeterminate, n � 1.
c Eradication with recurrence, n � 1; indeterminate, n � 3.
d Indeterminate, n � 6.
e Indeterminate, n � 3.
f Documented persistence, n � 1.
g Indeterminate, n � 2.
h Eradication with recurrence n � 1; indeterminate, n � 2.
i Presumed persistence, n � 1; documented persistence, n � 1.
j Presumed persistence, n � 1.
k Indeterminate, n � 1.

FIG. 2. Clinical and bacteriological outcomes. ■ , point estimate of the difference between groups; horizontal bars, 95% CI.
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and P � 0.002 by the Wilcoxon test). The faster return to
apyrexia in the moxifloxacin-treated patients could not be at-
tributed to a greater use of drugs that may have contributed to
a lowering of their temperatures (Table 5). Similarly, when
only patients whose fevers resolved by day 2 and who used an
antipyretic at some point during the study are considered,
fewer moxifloxacin-treated patients (57.8%) than comparator
regimen-treated patients (66.1%) were using antipyretic drugs
at day 2.

Among the population in the ITT analysis, the mean � SD
duration of i.v. treatment for moxifloxacin-treated patients was
4.02 � 1.78 days, whereas it was 4.81� 2.07 days for the
comparator regimen-treated patients, suggesting that moxi-
floxacin-treated patients were able to switch to oral therapy at
an earlier stage than those who were receiving the comparator
regimen. Among the patients in the ITT analysis, approxi-
mately half (n � 151 [50.2%]) of the patients in the moxifloxa-
cin group received therapy for only 3 days or less, whereas less
than a fifth (n � 57 [17.8%]) of the patients treated with the
comparator drug received therapy for only 3 days or less.

The mean � SD duration of the hospital stay was 9.49 �
7.29 days for the moxifloxacin group (n � 301) and 10.41 �7.49
days for the comparator group (n � 321). The duration of the
hospital stay was not the subject of formal statistical testing, as
in the study protocol this parameter was planned for descrip-
tive analysis only.

Tolerability and safety. Data for 301 moxifloxacin-treated
patients and 321 comparator regimen-treated patients were
valid for the safety analysis. Within the latter group, 192 pa-
tients (60%) were treated with both co-amoxiclav and clar-
ithromycin and 129 patients received co-amoxiclav alone.

Fifteen patients (5.0%) in the moxifloxacin group and 13
patients (4.0%) in the comparator group were prematurely
discontinued from the study due to adverse events. The causes
for discontinuation possibly or probably related to treatment
that occurred in more than one patient included abnormal liver
function tests (LFTs) or hepatic disturbance (one in the moxi-
floxacin group, five in the comparator group); rash (two in the
moxifloxacin group, one in the comparator group); allergic
reaction (two in the moxifloxacin group); diarrhea (two in the
moxifloxacin group); and pancreatitis and elevation of pancre-
atic enzyme levels (one in the moxifloxacin group, two in the
comparator group). No other single event caused a high num-
ber of discontinuations in either group. Single events possibly
or probably related to a study drug that led to discontinuation
included dizziness, nausea, acute gastroenteritis, fever, and
confusion for the moxifloxacin group and pruritus and gastral-

gia for the comparator group. All drug-related adverse events
that led to discontinuation improved or resolved without seri-
ous sequelae.

During the course of the study there were 26 deaths: 9 in the
moxifloxacin group (2 of these occurred after the 30-day fol-
low-up) and 17 in the comparator group. This was not a sta-
tistically significant difference. Most deaths were due to pneu-
monia or underlying lung disease (6 in the moxifloxacin group
and 10 in the comparator group). The average age at death was
76 years in the moxifloxacin group and 71 years in the com-
parator group. Apart from death, other serious adverse events
were defined as a life-threatening drug experience, hospital-
ization or prolongation of existing hospitalization, a persistent
or significant disability or incapacity, and important medical
events that required medical or surgical intervention. Serious
adverse events were reported in 38 patients (12.6%) treated
with moxifloxacin and 53 patients (16.5%) treated with the
comparator regimen. There were more serious adverse events
within the respiratory system for both treatment groups (18
[6.0%] in the moxifloxacin group, 25 [7.8%] in the comparator
group). Twelve patients (4.0%) in the moxifloxacin group and
20 patients (6.2%) in the comparator group were reported to
have serious cardiovascular adverse events.

When all body systems were taken into account, the most
common (incidence, �3.0%) drug-related adverse events were
abnormal LFTs, diarrhea, and nausea for the moxifloxacin
group and abnormal LFTs, diarrhea, nausea, and phlebitis for
the comparator group. There were no cases of phototoxicity.
The incidence of drug-related adverse events was highest for
those events related to the gastrointestinal tract and was sim-
ilar in both groups (20.9% for the moxifloxacin group and
22.1% for the comparator group). The most frequent gastro-
intestinal events were abnormal LFTs, diarrhea, and nausea.
The types and severities of events were similar between the two
treatment groups. The distributions of mild, moderate, and
severe abnormal LFTs were comparable between the two
treatment groups (15 mild, 6 moderate, and 1 severe LFTs for
the moxifloxacin group; 9 mild, 9 moderate, and 1 severe LFTs
for the comparator group). There were fewer drug-related
cardiovascular events in the moxifloxacin group (20 [6.6%])
than in the comparator group (32 [10%]). There was only one
report of a treatment-emergent clinically significant QTc pro-
longation, and this was in a patient treated with co-amoxiclav.
There were no cases of torsade de pointes.

The vast majority of drug-related adverse events in both

TABLE 5. Number of patients receiving medications that may have
contributed to lowering of temperature (ITT analysis)

Drug
No. of patients

Moxifloxacin group Comparator group

Acetaminophenb 99 116
Aspirinb 16 25
Corticosteroids 28 39
NSAIDc 1 0

Totalb 144 173

a Patients may have received more than one agent.
b Alone or in combination preparations.
c NSAID, nonsteroidal anti-inflammatory drug (diclofenac).

FIG. 3. Cumulative percentage of patients in whom fever had re-
solved. u, moxifloxacin group; ■ , comparator group.
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treatment groups were mild or moderate, irrespective of
whether the study medication was administered by the i.v. or
oral route, and their incidences were as follows: for moxifloxa-
cin administered i.v., 70 of 79 (89%) patients; for moxifloxacin
administered orally, 43 of 50 (86%) patients; for the compar-
ator regimen administered i.v., 77 of 88 (88%) patients; for the
comparator regimen administered orally, 38 of 38 (100%) pa-
tients. The incidence of drug-related adverse events was 38.9%
in both treatment groups, and their outcomes were similar.
Thus, the proportions of drug-related adverse events described
as resolved or improved were 84% (98 of 117) for the moxi-
floxacin group and 85% (106 of 125) for the comparator group.

Most adverse events in both treatment groups were experi-
enced during the period of i.v. administration. During i.v. ther-
apy, the incidence rates for all drug-related adverse events
were 26.2% for the moxifloxacin group and 27.4% for the
comparator group. The incidences of drug-related adverse
events during oral therapy were 16.6% for the moxifloxacin
group and 11.8% for the comparator group.

High and low laboratory values were defined as those which
occurred in �2.5% of the study population in at least one of
the two treatment groups. In addition, there were predefined
criteria for clinically significant changes of selected laboratory
values (decrease of the hematocrit level of at least 20%, de-
crease of the hemoglobin concentration of at least 2 g/liter,
decrease of the platelet count of at least 25%, increase of the
serum creatinine level of at least 0.6 mg/dl, increase of the
blood urea nitrogen level of at least 75%, increase of the
aspartate aminotransferase level of at least 100% and at least
10 U/liter, increase of the alanine aminotransferase level of at
least 100% and at least 10 U/liter, increase of the alkaline
phosphatase level of at least 50% and at least 50 U/liter, and
increase of the total bilirubin level of at least 200%). For the
moxifloxacin and the comparator groups, the incidences of
high abnormal values were 17.5 and 20.3%, respectively; the
incidences of low abnormal values were 16.9 and 17.6%, re-
spectively; and the incidences of selected clinically significant
values were 9.8 and 10.9%, respectively. The types of abnor-
malities observed were not different between the two treat-
ment groups, and no unexpected abnormalities were observed.

DISCUSSION

Because the rate of mortality is significantly increased in
patients with severe CAP and because it may be caused by a
number of different pathogens unknown at the time of presen-
tation, there are compelling reasons for empirical treatment. It
is often difficult to identify a specific etiology for CAP since
there is no distinctive pattern of signs and symptoms for an
individual group of pathogens or an individual species of
pathogen and since appropriate diagnostic tests fail to identify
a pathogen in approximately 50% of cases. Because of these
diagnostic difficulties, combination therapy is often used to
cover all common pathogens that cause CAP. Moxifloxacin is a
new fluoroquinolone with activity against the common gram-
positive, gram-negative, and atypical pathogens that cause
CAP. Thus, it is an ideal monotherapeutic regimen for the
empirical treatment of CAP. The purpose of this study was to
compare sequential i.v. and oral moxifloxacin therapy to a

standard regimen of co-amoxiclav with or without clarithromy-
cin.

Due to its complexity, an open-label study design was used.
Although an open-label design introduces the possibility of
bias, this was minimized by using a standardized methodology
to determine the clinical response to treatment. The objectivity
of these clinical judgments was supported by consistency be-
tween the clinical and bacteriological outcomes, including the
outcomes for objective criteria such as the resolution of fever.

The microbial epidemiology of the study reflects those de-
scribed in previous reports. Causative organisms were identi-
fied in 59.5% of patients for whom cultures or serology was
performed. It is known that no specific cause is found in as
many as 30 to 60% of patients even when extensive diagnostic
testing is performed (15). In patients with documented infec-
tions, the most frequently isolated organism was S. pneumoniae
(55.4% of identified pathogens), followed by H. influenzae
(19.6%). Atypical organisms accounted for 13.8% of infec-
tions, a result that is consistent with those from a series of
three well-defined studies (12, 13, 14) in which the incidence
ranged from 2.7 to 10% in patients requiring admission to a
hospital.

The rate of clinical cure was significantly higher in patients
treated with moxifloxacin than in patients treated with the
comparator regimen. Our results are consistent with those of a
previous study (8) of levofloxacin compared with ceftriaxone
and/or cefuroxime axetil with or without erythromycin or doxy-
cycline. However, in the levofloxacin study, most patients
(84%) had nonsevere CAP and the difference between treat-
ment groups was less marked (clinical success rate for the
levofloxacin group, 96%; clinical success rate for the group
receiving the comparator regimen, 90%). Unlike the present
study, the observed difference was not subject to a formal test
of superiority. It is of note that a retrospective examination
(10) of the hospital records for 12,945 patients, aged 65 years
and older, hospitalized for pneumonia showed that initial
treatment with an expanded-spectrum cephalosporin or a non-
pseudomonal broad-spectrum cephalosporin together with a
macrolide or fluoroquinolone monotherapy was independently
associated with lower 30-day mortality rates. The use of a
�-lactam–�-lactamase inhibitor with a macrolide or an amino-
glycoside with a macrolide was associated with an increased
30-day mortality rate.

In an equivalence or noninferiority trial, similar conclusions
from both the ITT and PP analyses are required for a robust
interpretation (7). Since the results presented here for the ITT
analyses were the same as those for the primary outcome
measure and other secondary clinical outcomes in the PP anal-
yses, it is reasonable to conclude that the differences between
treatment groups are likely to be medically significant. This
interpretation is also supported by consistent differences in
favor of moxifloxacin for those outcomes for which, due to a
lack of statistical power, formal analysis was inappropriate.

The time to resolution of fever was significantly shorter for
moxifloxacin-treated patients. Although the proportions of pa-
tients with a fever, as measured by various routes (oral, tym-
panic, axillary, or rectal), were similar in both treatment
groups, in order to take account of any differences, a conser-
vative definition of apyrexia, namely, a body temperature of
�37.5°C, was used in the main analysis. However, it must be
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emphasized that even when the definition of resolution of fever
was considered a body temperature of �38°C, the result was
still statistically significant. Furthermore, the rate of use of
antipyretics was less among patients treated with moxifloxacin
than among those given the comparator regimen and suggests
a direct treatment effect.

The observation of a shorter time to resolution of fever is
consistent with a more rapid onset of treatment effect and is
supported by the observation that approximately half (50.2%)
of the moxifloxacin-treated patients received i.v. therapy for
only 3 days or less, whereas less than a fifth (17.8%) of the
patients treated with the comparator regimen received i.v.
therapy for only 3 days or less. After 3 days, the time at which
patients were converted to oral therapy was entirely at the
discretion of the investigator. The mean duration of hospital
admission for the moxifloxacin-treated patients was approxi-
mately 1 day less than that for those treated with the compar-
ator regimen.

Clinical trials of earlier conversion from i.v. to oral therapy
(17, 18) have demonstrated that the duration of hospital ad-
mission can be reduced without compromising patient out-
comes. The Pneumonia Patient Outcomes Research Team co-
hort study (9) concluded that, despite differences between
hospitals in the total costs of care, the patterns of daily re-
source use were similar and that a 1-day reduction in the length
of stay might yield substantial cost savings. A preliminary anal-
ysis of data from that study found health economic benefits of
moxifloxacin therapy over comparator therapy (M. Drum-
mond, R. Finch, I. Duprat-Lomon, P. P. Sagnier, O. Collins, R.
Kubin, and M. Hux, Abstr. 41st Intersci. Conf. Antimicrob.
Agents Chemother., abstr. 864, 2001). The clinical response at
late follow-up, that is, 21 to 28 days after the end of treatment,
demonstrates that the shorter period of hospitalization does
not affect the longer-term outcomes for moxifloxacin-treated
patients.

The potential cost advantage of monotherapy with a fluoro-
quinolone over combination treatment with a �-lactam and a
macrolide has recently been confirmed by an independent cost
analysis (5). That work examined the results of a prospective
randomized clinical trial of sequential i.v. or oral gatifloxacin
therapy compared with ceftriaxone and erythromycin or clar-
ithromycin therapy in patients with CAP. The analysis took
account of the costs of drug acquisition, dispensing, adminis-
tration, treatment failure, adverse events, and hospitalization.
Despite the similar periods of i.v. drug administration and the
lack of statistically significant differences in clinical and micro-
biological outcomes, gatifloxacin was shown to be more cost-
effective.

When one is selecting an antimicrobial agent for the treat-
ment of CAP, it is important to consider not only efficacy but
also how well it is likely to be tolerated by patients. In the trial
described here, sequential i.v. and oral treatment with both
regimens, moxifloxacin or co-amoxiclav with or without clar-
ithromycin, was well tolerated. Most adverse events in both
treatment groups were considered to be of mild to moderate
intensity, regardless of the mode of administration.

There were fewer serious adverse events and deaths in the
moxifloxacin group than in the comparator group. The smaller
number of deaths in patients treated with moxifloxacin is con-
sistent with a previous meta-analysis of three comparative

studies of the treatment of CAP with oral moxifloxacin [M.
Niederman, D. Church, J. Kaufmann, and M. Springsklee,
abstract from Forum on Respiratory Infections 2000, Respir.
Med. 94(Suppl. A):A14, 2000]. The analysis was of all causes of
mortality within 30 days posttreatment and showed that in the
cohort of 701 patients treated with moxifloxacin there were 4
deaths (0.57%), whereas there were 12 deaths (1.70%) in the
705 patients treated with the comparator regimen (P � 0.045).
The incidences of laboratory abnormalities and premature dis-
continuations were similar in both groups.

The higher incidence of cardiovascular events seen in pa-
tients treated with the comparator regimen was largely due to
a higher rate of phlebitis. There were no clinically significant
(6) cases of treatment-emergent QTc prolongation in the moxi-
floxacin group, and there was only one case in the comparator
group. There were no cases of torsade de pointes. Although it
has been reported that several quinolones cause phototoxic
reactions, no patients complained of phototoxicity. This is con-
sistent with the safety experience reported with oral moxifloxa-
cin (R. Kubin and C. Reiter, Abstr. 40th Intersci. Conf. Anti-
microb. Agents Chemother., abstr. 820, 2000).

The present study was in accord with existing European (2,
4, 19) and North American (1) guidelines for the evaluation of
antibacterial agents, which allow the use of study designs in
which assessment times are determined by clinical judgment.
Such study designs fail to take account of the rate of response
and favor the demonstration of equivalence rather than differ-
ences between treatments. This is further compounded by def-
initions of equivalence or statistical hypotheses that allow
greater differences between treatment effects. In this study the
assessment periods were determined by the point at which the
patient’s condition had improved to the extent that the patient
was well enough for treatment to be discontinued. Hence, it
might be anticipated that the clinical statuses of patients at
these times might not be dissimilar. Notwithstanding these
considerations, the results of this study, designed to demon-
strate equivalence, show that moxifloxacin was statistically sig-
nificantly more effective, in terms of clinical and bacteriological
outcomes, than a standard combination regimen included in a
number of treatment guidelines for CAP. This superiority was
seen in patients irrespective of the severity of their pneumonia
and whether or not the combination therapy included a mac-
rolide. The high rate of bacteriological success of moxifloxacin,
observed at the TOC visit, against those organisms known to
be important causes of CAP, including drug-resistant S. pneu-
moniae, was maintained at late follow-up. The results for the
primary outcome, clinical response, were supported by the
faster resolution of fever and the earlier conversion from i.v. to
oral administration in patients treated with moxifloxacin.
Moxifloxacin treatment was associated with fewer deaths,
fewer serious adverse events, and fewer other adverse events.
Given that data from prospective, randomized trials are the
major source of information for evidence-based medicine, it is
concluded that the results presented here may have implica-
tions for clinical guidelines.
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