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Nemonoxacin, a novel nonfluorinated quinolone, exhibits potent in vitro and in vivo activities against
community-acquired pneumonia (CAP) pathogens, including multidrug-resistant Streptococcus pneumoniae.
Patients with mild to moderate CAP (n � 265) were randomized to receive oral nemonoxacin (750 mg or 500
mg) or levofloxacin (500 mg) once daily for 7 days. Clinical responses were determined at the test-of-cure visit
in intent-to-treat (ITT), clinical per protocol (PPc), evaluable-ITT, and evaluable-PPc populations. The clinical
cure rates for 750 mg nemonoxacin, 500 mg nemonoxacin, and levofloxacin were 89.9%, 87.0%, and 91.1%,
respectively, in the evaluable-ITT population; 91.7%, 87.7%, and 90.3%, respectively, in the evaluable-PPc
population; 82.6%, 75.3%, and 80.0%, respectively, in the ITT population; and 83.5%, 78.0%, and 82.3%,
respectively, in the PPc population. Noninferiority to levofloxacin was demonstrated in both the 750-mg and
500-mg nemonoxacin groups for the evaluable-ITT and evaluable-PPc populations, and also in the 750 mg
nemonoxacin group for the ITT and PPc populations. Overall bacteriological success rates were high for all
treatment groups in the evaluable-bacteriological ITT population (90.2% in the 750 mg nemonoxacin group,
84.8% in the 500 mg nemonoxacin group, and 92.0% in the levofloxacin group). All three treatments were well
tolerated, and no drug-related serious adverse events were observed. Overall, oral nemonoxacin (both 750 mg
and 500 mg) administered for 7 days resulted in high clinical and bacteriological success rates in CAP patients.
Further, good tolerability and excellent activity against common causative pathogens were demonstrated.
Nemonoxacin (750 mg and 500 mg) once daily is as effective and safe as levofloxacin (500 mg) once daily for
the treatment of CAP.

Community-acquired pneumonia (CAP) is a common infec-
tious disease of the lower respiratory tract. It is the leading
cause of death from an infectious disease worldwide (3, 24, 34).
Approximately 1 million episodes of CAP have been estimated
to occur annually in adults �65 years of age in the United
States (24). The majority of CAP patients are treated in the
outpatient setting (23, 26). However, in patients who were
admitted to a hospital, mortality rates were found to be as high
as 8% for those admitted to medical wards and 28% for those
admitted to intensive-care units (29).

Streptococcus pneumoniae is the organism most frequently
isolated from CAP patients. Other common pathogens include
Haemophilus influenzae, Moraxella catarrhalis, and Klebsiella
pneumoniae (2, 8). Atypical pathogens, such as Mycoplasma
pneumoniae, Chlamydia pneumoniae, and Legionella pneumo-
phila, have also been isolated with marked frequencies (4).
New emerging pathogens, such as community-acquired methi-
cillin-resistant Staphylococcus aureus (CA-MRSA), drug-resis-
tant S. pneumoniae (DRSP), and Acinetobacter baumannii, are
increasingly being recognized (9, 12, 35). Factors such as the

severity of the disease, presence of comorbidities, and risk of
selection for antibiotic resistance should be considered very
carefully before selecting an antimicrobial therapy. Current
Infectious Diseases Society of America/American Thoracic So-
ciety consensus guidelines strongly recommend monotherapy
with a respiratory fluoroquinolone as an appropriate empirical
treatment for adult CAP inpatients and complicated-CAP out-
patients with cardiopulmonary disease or comorbidities (24).

Nemonoxacin, a novel nonfluorinated quinolone, has dem-
onstrated broad-spectrum activities against clinical isolates
both in vitro and in vivo (1, 13, 14, 18, 19, 28). It exhibits potent
antibacterial activities against Gram-positive, Gram-negative,
and atypical pathogens, including antibiotic-resistant patho-
gens, such as penicillin- and quinolone-resistant S. pneumoniae
and methicillin- and vancomycin-resistant S. aureus (1, 6, 28).
Nemonoxacin has also demonstrated a reduced propensity for
resistance development in vitro. Mutations in two quinolone
resistance-determining regions (QRDR) of genes encoding
DNA gyrase (gyrA and gyrB) and topoisomerase IV (parC and
parE) cause resistance to fluoroquinolones (27). However, bac-
teria become resistant to nemonoxacin only when three differ-
ent mutations occur in their QRDR genes (17). Thus, nemon-
oxacin has a low propensity for selecting resistant pathogens
compared to other fluoroquinolones.

In previous phase I studies, nemonoxacin was found to be
safe and well tolerated at doses of 75 to 1,000 mg daily (7, 21)
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for 10 consecutive days. The pharmacokinetic parameters of
single and repeated doses are generally dose proportional (7).
Nemonoxacin has a good safety profile and excellent antibac-
terial activity against common pathogens causing CAP (5).
Therefore, nemonoxacin is suggested to be effective in treating
patients with CAP. The convenient once-daily dosing regimen
of nemonoxacin can offer an advantage in terms of improved
patient compliance and thereby a reduction in the likelihood of
resistance selection. The present study investigated the safety
and efficacy of nemonoxacin compared with that of levofloxa-
cin in outpatients with CAP.

(Preliminary data were presented at the 48th Annual Inter-
science Conference on Antimicrobial Agents and Chemother-
apy [ICAAC]-Infectious Diseases Society of America [IDSA]
46th Annual Meeting, abstr. L-678, 2008.)

MATERIALS AND METHODS

Study design. This randomized, double-blind, multicenter study compared the
safety and efficacy of nemonoxacin with those of levofloxacin in adult patients
with CAP. Eligible subjects were randomly assigned to one of three treatment
groups in a 1:1:1 ratio to receive once-daily oral nemonoxacin at 750 mg, nemon-
oxacin at 500 mg, or levofloxacin at 500 mg for 7 days. The first dose of the study
drug was taken under supervision in the clinic. For all subsequent doses, patients
took their study drug with water in the morning after an overnight fast of at least
10 h. Subjects were not allowed to eat for 2 h after study drug administration, but
water intake (no more than 8 oz, or 240 ml) was permitted. The primary objective
was to demonstrate the noninferiority of nemonoxacin versus levofloxacin with
regard to safety and clinical efficacy. The study was conducted in compliance with
good clinical practice and the Declaration of Helsinki. The study protocol was
approved by the institutional review boards of all participating institutions, and
all subjects provided written informed consent before enrollment in the study.

Eligibility criteria. Subjects �18 years of age were eligible for enrollment if
they had a clinical diagnosis of mild to moderate CAP characterized by fever
(oral temperature, �38°C, or equivalent tympanic or rectal temperature) within
the previous 24 h and at least one of the following signs and symptoms: chills,
shortness of breath, tachypnea (�20 breaths/min), cough, pleuritic chest pain,
purulent sputum, crackles on auscultation, rales, rhonchi, egophony, pulmonary
consolidation, or dullness to percussion. If fever was absent, the subject needed
to have presented with two or more of the above-mentioned clinical signs and
symptoms to be eligible. Subjects were also required to have a chest radiograph
demonstrating new or persistent/progressive infiltrates; the radiographs were
confirmed by a radiologist.

Pregnant or lactating subjects were excluded from the study. Other exclusion
criteria were as follows: history of hypersensitivity or allergic reactions to any
quinolone; fluoroquinolone tendinopathy; history of chronic renal failure or a
calculated creatinine clearance of less than 50 ml/min; clinically significant he-
patic disease, hematological malignancy, or immunodeficiency, such as neutro-
penia; history of prolonged electrocardiogram QT corrected (QTc) interval or
requirement for concomitant medication associated with increased QTc interval;
clinically significant conduction or other abnormality on a 12-lead electrocardio-
gram (ECG) at screening or a QTc interval greater than 430 ms in males and
greater than 450 ms in females at screening; known or suspected severe bron-
chiectasis, cystic fibrosis, active tuberculosis, bronchial obstruction, postobstruc-
tive pneumonia, pulmonary malignancies, lung abscess, or empyema; alcohol or
drug abuse; treatment with chemotherapeutic agents or oncolytics during 6
months before randomization or an anticipated requirement for such agents
during the course of the study; inability to take the drug orally; treatment with
any antibiotic within the 7 days before enrollment in the study; and administra-
tion of any other investigational drug within 1 month before randomization.

Subjects could be withdrawn from the study at any time or if their symptoms
worsened or failed to improve after at least 3 days of treatment. The investigator
could then switch the subject to a nonquinolone antibacterial agent if continued
CAP therapy was required.

Clinical assessment. Clinical response at the test of cure (TOC) or early
termination (ET) visit was the primary efficacy endpoint of the study. Subjects
were assessed at the following visits: pretreatment (day �1), on treatment (days
5 � 1), end of treatment (days 7 � 2), and test of cure (days 14 to 21).

Evaluation of clinical response was based on signs and symptoms of pneumo-
nia. Subjects were categorized as follows: cured (complete resolution of all signs

and symptoms of pneumonia with improvements in the chest radiograph), failure
(persistence or worsening of signs and symptoms after 3 to 5 days of therapy or
failure to show improvement in at least three clinical findings after 3 days of
therapy), and unevaluable (missing posttreatment information or early discon-
tinuation of treatment). In addition, the subjects had to be compliant with the
protocol procedures to be assessed for clinical response.

Bacteriological assessment. Bacteriological response was the secondary effi-
cacy variable of this study. Sputum samples were collected by expectoration after
deep coughing at the pretreatment visit (day �1). If a productive cough persisted
after the first visit, the sputum samples were collected during the subsequent
visits. Fresh specimens were first tested using Gram stain and cultured in a local
laboratory certified to perform testing on human specimens. Cultures were
performed only if the Gram stain revealed �10 squamous epithelial cells and
�25 leukocytes per low-power field. Isolates from such specimens were sent to a
central laboratory for reidentification, and antimicrobial susceptibility testing
was performed according to the procedures of the Clinical and Laboratory
Standards Institute (formerly National Committee for Clinical Laboratory Stan-
dards). MICs of nemonoxacin and levofloxacin were determined for all isolated
pathogens. In addition, M. catarrhalis and Haemophilus sp. isolates were tested
for production of �-lactamase, and S. pneumoniae isolates were tested for sus-
ceptibility to penicillin. Serology tests for C. pneumoniae, M. pneumoniae, and L.
pneumophila were performed at the pretreatment and TOC visits. Urine samples
were also collected for identifying L. pneumophila by antigen testing.

Major bacteriological responses were categorized as follows: eradicated (orig-
inal pathogen[s] was absent at the TOC visit), presumed eradicated (subject was
considered clinically cured and positive for atypical pathogen infection, or a
repeat sputum/blood culture was absent), and persisted (original pathogen[s]
persisted at the TOC visit).

Safety assessment. The safety population included all subjects who received at
least one whole dose of the study drug. Both clinical and laboratory adverse
events (AEs) were monitored for all subjects in the study.

Statistical analysis. Four subject populations were planned for the analysis of
clinical and bacteriological efficacy in this study. The intent-to-treat (ITT) pop-
ulation consisted of all subjects who took at least one whole dose of the study
drug. The bacteriological ITT (bITT) population comprised all ITT subjects who
had at least one pathogen identified at any visit or a diagnosis with positive
atypical-pathogen infection. The clinical per-protocol (PPc) population and the
bacteriological per-protocol (PPb) population included subjects from a subset of
the ITT and bITT populations, respectively. The subjects in the PPc and PPb
populations were those who adhered to the protocol without any major protocol
violations. To achieve a power of 90% and assuming a clinical response of 89%
in one of the nemonoxacin treatment arms, 90% in the other nemonoxacin
treatment arm, and 90% in the levofloxacin treatment arm at the TOC visit with
a noninferiority margin of 15%, and assuming that 20% of the subjects would not
be evaluable, the sample size was determined to be 264 subjects.

The primary efficacy variable was the clinical cure rate at the TOC visit in the
ITT population. Secondary efficacy variables were the clinical cure rate in the
PPc population and bacteriological success rates in the bITT and PPb popula-
tions. The Cochran-Mantel-Haenszel point estimate and two-sided 97.5% con-
fidence interval (CI) were used to compare the differences in clinical and bac-
teriological success rates of the treatment populations. Noninferiority was
defined as the lower limit of the 97.5% CI for the difference between groups
being greater than �15%.

Four other subject populations were defined in a posthoc analysis. The evalu-
able ITT (Eval-ITT) and evaluable PPc (Eval-PPc) populations excluded all
subjects who had an unevaluable or missing clinical outcome. The evaluable
bITT (Eval-bITT) and evaluable PPb (Eval-PPb) populations excluded all sub-
jects who had an unevaluable bacteriological outcome. Noninferiority was de-
termined by a step-down procedure. Comparison with levofloxacin at 500 mg was
started with the high-dose group (nemonoxacin at 750 mg). If the definition of
noninferiority (the lower limit of the 95% CI for the difference between groups
was greater than �15%) was met, the comparison proceeded to the low-dose
group (nemonoxacin at 500 mg). If the definition of noninferiority was not met
for the high-dose group compared with levofloxacin at 500 mg, the statistical
analysis was stopped and the low-dose group was not compared with levofloxacin
at 500 mg.

RESULTS

Subject demographics and baseline characteristics. A total
of 265 subjects were randomized and received at least one dose
of the study drug (ITT population): 86 in the nemonoxacin at
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750 mg group, 89 in the nemonoxacin at 500 mg group, and 90
in the levofloxacin at 500 mg group (Fig. 1). Of these subjects,
9.3% (8 of 86) in the nemonoxacin at 750 mg group, 14.6% (13
of 89) in the nemonoxacin at 500 mg group, and 7.8% (7 of 90)
in the levofloxacin at 500 mg group prematurely discontinued
the study. The most common reasons for discontinuation in-
cluded loss to follow-up (2.6%), occurrence of AEs (1.9%),
and noncompliance (1.5%). The individual reasons for discon-
tinuation were not statistically significant between the three
treatment groups.

Demographic parameters of gender, age, body mass index
(BMI), race, medical history (including hypertension, chronic
airway disease, and diabetes mellitus), history of cigarette
smoking, and pneumonia severity index (PSI) class were com-
parable across the treatment groups (Table 1). As defined by
the PSI class, the majority of subjects had mild to moderate
severity of pneumonia, and the distribution of PSI classes was
similar between treatment groups. Patients categorized as PSI
classes I to III comprised 95.3% (nemonoxacin at 750 mg),
95.5% (nemonoxacin at 500 mg), and 92.2% (levofloxacin at
500 mg). No significant differences were observed between the
treatment groups with regard to baseline clinical signs and
symptoms. The most common clinical signs and symptoms
were fever (83%), crackles on auscultation (82%), pleuritic

chest pain (77%), mucopurulent sputum production (76%),
chills (75%), tachypnea (72%), and moderate cough (63%).

Clinical response. The clinical responses at the TOC or ET
visit for the three treatment groups are outlined in Table 2.
The clinical-cure rates for the clinically evaluable populations
were 89.9% (nemonoxacin at 750 mg), 87.0% (nemonoxacin at
500 mg), and 91.1% (levofloxacin at 500 mg) in the Eval-ITT
population and 91.7% (nemonoxacin at 750 mg), 87.7%
(nemonoxacin at 500 mg), and 90.3% (levofloxacin at 500 mg)
in the Eval-PPc population. The 95% CI for the treatment
differences between nemonoxacin at 750 mg and levofloxacin
at 500 mg were �10.4% to 7.9% in the Eval-ITT population
and �8.0% to 10.8% in the Eval-PPc population. Thus, in both
the Eval-ITT and Eval-PPc populations, nemonoxacin at 750
mg was found to be noninferior to levofloxacin at 500 mg
because the lower limit of the 95% CI of the treatment differ-
ence was greater than �15%. Noninferiority of nemonoxacin
at 750 mg to levofloxacin at 500 mg was demonstrated; there-
fore, the comparison of nemonoxacin at 500 mg to levofloxacin
at 500 mg was subsequently evaluated. The 95% CI of the
difference in the clinical cure rates between nemonoxacin at
500 mg and levofloxacin at 500 mg was �13.9% to 5.7% in the
Eval-ITT population and �12.8% to 7.6% in the Eval-PPc
population. Noninferiority of nemonoxacin at 500 mg to levo-

FIG. 1. Patient population flow chart. LEVO, levofloxacin; NEMO, nemonoxacin.
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floxacin at 500 mg was also demonstrated in both clinically
evaluable populations.

Clinical failure occurred in 8 (10.1%), 10 (13.0%), and 7
(8.9%) subjects in the nemonoxacin at 750 mg, nemonoxacin at
500 mg, and levofloxacin at 500 mg groups, respectively.
Among them, five subjects were terminated early from the
study (two in the nemonoxacin at 750 mg group and three in
the nemonoxacin at 500 mg group). Clinical failure was caused
primarily by the persistence or progression of chest radio-
graphic abnormalities (two subjects for each group), as well as
incomplete resolution of signs and symptoms (one in the
nemonoxacin at 750 mg, four in the nemonoxacin at 500 mg,
and one in the levofloxacin at 500 mg groups), persistence or
worsening of signs and symptoms (one in the nemonoxacin at
750 mg, two in the nemonoxacin at 500 mg, and two in the
levofloxacin at 500 mg groups), and relapse (one in the nemon-
oxacin at 750 mg and two in the nemonoxacin at 500 mg
groups).

The clinical-cure rates for the total populations were 82.6%
(nemonoxacin at 750 mg), 75.3% (nemonoxacin at 500 mg),
and 80.0% (levofloxacin at 500 mg) in the ITT population and
83.5% (nemonoxacin at 750 mg), 78.0% (nemonoxacin at 500
mg), and 82.3% (levofloxacin at 500 mg) in the PPc population.
In both the ITT and PPc populations, nemonoxacin at 750 mg
was also found to be noninferior to levofloxacin at 500 mg. The
97.5% CI of the difference in the clinical-cure rates between
nemonoxacin at 750 mg and levofloxacin at 500 mg was
�10.5% to 15.7% in the ITT population and �12.1% to 14.6%
in the PPc population. Descriptive results were also expressed
according to the PSI classification at study entry (Table 3).
Clinical-cure rates for patients categorized in PSI classes I to
III were similar between the three treatment groups. For pa-
tients categorized in PSI class IV, nemonoxacin treatment
groups had slightly lower cure rates than with levofloxacin.

TABLE 1. Demographic and baseline characteristics of
the ITT population

Characteristic

Value

Nemonoxacin
Levofloxacin

500 mg (n � 90)750 mg
(n � 86)

500 mg
(n � 89)

Gender; no. (%)
Male 41 (47.7) 47 (52.8) 55 (61.1)
Female 45 (52.3) 42 (47.2) 35 (38.9)

Age (yr); mean (SD) 45.0 (16.0) 41.1 (13.5) 44.5 (16.4)
BMI (kg/m2); mean (SD) 24.6 (6.7) 23.3 (5.8) 23.4 (4.9)

Race; no. (%)
Asian 12 (14.0) 14 (15.7) 13 (14.4)
African 53 (61.6) 55 (61.8) 56 (62.2)
White 20 (23.3) 18 (20.2) 17 (18.9)
Other 1 (1.2) 2 (2.2) 4 (4.4)

Medical history; no. (%)
Hypertension 19 (22.1) 9 (10.1) 13 (14.4)
Chronic airway diseasea 8 (9.3) 6 (6.7) 11 (12.2)
Diabetes mellitus 2 (2.3) 4 (4.5) 3 (3.3)

History of cigarette
smoking; no. (%)

Never smoked 53 (61.6) 63 (70.8) 46 (51.1)
Current smoker 20 (23.3) 20 (22.5) 30 (33.3)
Ex-smoker 13 (15.1) 6 (6.7) 14 (15.6)

PSI class; no. (%)
I 41 (47.7) 50 (56.2) 38 (42.2)
II 30 (34.9) 29 (32.6) 35 (38.9)
III 11 (12.8) 6 (6.7) 10 (11.1)
IV 4 (4.7) 4 (4.5) 7 (7.8)

a Includes chronic obstructive pulmonary disease, chronic bronchitis, and tu-
berculosis.

TABLE 2. Clinical response at TOC or ET visit

Population Clinical response

No. of patients (%) Difference in clinical-cure rates between
treatment groupsb,c

Nemonoxacin Levofloxacin
500 mg

Nemonoxacin 750 mg-
levofloxacin 500 mg

Nemonoxacin 500 mg-
levofloxacin 500 mg750 mg 500 mg

Eval-ITT n 79 77 79 �10.4 to 7.9 �13.9 to 5.7
Clinical cure 71 (89.9) 67 (87.0) 72 (91.1)
Clinical failurea 8 (10.1) 10 (13.0) 7 (8.9)

Eval-PPc n 72 73 72 �8.0 to 10.8 �12.8 to 7.6
Clinical cure 66 (91.7) 64 (87.7) 65 (90.3)
Clinical failurea 6 (8.3) 9 (12.3) 7 (9.7)

ITT n 86 89 90 �10.5 to 15.7 �18.6 to 9.1
Clinical cure 71 (82.6) 67 (75.3) 72 (80.0)
Clinical failure 15 (17.4) 22 (24.7) 18 (20.0)

PPc n 79 82 79 �12.1 to 14.6 �18.7 to 9.1
Clinical cure 66 (83.5) 64 (78.0) 65 (82.3)
Clinical failure 13 (16.5) 18 (22.0) 14 (17.7)

a Unevaluable and missing responses were excluded.
b The 95% CI is shown for Eval-ITT and Eval-PPc groups. A step-down procedure was used to compare each dose group of nemonoxacin with levofloxacin for the

determination of noninferiority. If the lower limit of the 95% CI was greater than �15%, nemonoxacin was considered noninferior to levofloxacin.
c The 97.5% CI is shown for ITT and PPc groups. If the lower limit of the 97.5% CI was greater than �15% in either comparison, nemonoxacin was considered

noninferior to levofloxacin.
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However, this difference was not statistically significant due to
the limited number of patients in PSI class IV.

Clinical signs and symptoms. No clinically significant treat-
ment group differences were noted for any of the pretreatment
(baseline) clinical signs and symptoms. In more than 70% of
patients, the most common pretreatment clinical signs and
symptoms were chills, cough, crackles on auscultation, fever,
pleuritic chest pain, mucopurulent sputum production, and
tachypnea. Resolution of fever and other clinical symptoms has
been proposed to be a potential morbidity endpoint in CAP
trials (15). At the on-treatment visit (days 5 � 1), fever re-
solved in 95.7%, 93.4%, and 92.1% of the patients in the
nemonoxacin at 750 mg, nemonoxacin at 500 mg, and levo-
floxacin groups, respectively. Overall, all clinical signs and
symptoms of lower respiratory tract infection showed contin-

ued improvement from baseline to the end of study treatment
in all three treatment groups.

Bacteriological response. The bacteriological responses at
the TOC or ET visit in bacteriologically evaluable populations
for the three treatment groups are outlined in Table 4. The
bacteriological success rates for the bacteriologically evaluable
populations were 90.2% (nemonoxacin at 750 mg), 84.8%
(nemonoxacin at 500 mg), and 92.0% (levofloxacin at 500 mg)
in the Eval-bITT population and 91.9% (nemonoxacin at 750
mg), 84.1% (nemonoxacin at 500 mg), and 93.6% (levofloxacin
at 500 mg) in the Eval-PPb population. The 95% CI for the
treatment difference between nemonoxacin at 750 mg and
levofloxacin at 500 mg was �13.6% to 10.0% in the Eval-bITT
population and �13.0% to 9.5% in the Eval-PPb population.
Thus, in both the Eval-bITT and Eval-PPb populations,
nemonoxacin at 750 mg was found to be noninferior to levo-
floxacin at 500 mg.

The bacteriological success rates of the total populations
were 80.4% (nemonoxacin at 750 mg), 76.5% (nemonoxacin at
500 mg), and 80.7% (levofloxacin at 500 mg) in the bITT
population and 81.0% (nemonoxacin at 750 mg), 77.1%
(nemonoxacin at 500 mg), and 88.0% (levofloxacin at 500 mg)
in the PPb population. Noninferiority of nemonoxacin (750 mg
and 500 mg) to levofloxacin (500 mg) was not demonstrated in
both the bITT and PPb populations. However, these results
should be interpreted with caution due to the limited number
of subjects included in the bITT and PPb populations and,
correspondingly, the reduced power of this analysis.

Bacteriological responses to individual pathogens. The bac-
teriological success rates for the most common typical and
atypical pathogens isolated at baseline are presented in Table
5. Within the Eval-bITT population, in 36.6% (15 of 41;
nemonoxacin at 750 mg), 23.9% (11 of 46; nemonoxacin at 500
mg), and 48.0% (24 of 50; levofloxacin at 500 mg) of patients,
typical bacterial pathogens were isolated at baseline. Of these
pathogens, H. influenzae and S. pneumoniae were the most
common. The number of patients with specific typical patho-
gens was quite low; therefore, it was difficult to draw any firm
conclusions. The bacteriological success rates for S. pneu-
moniae were 100% (nemonoxacin at 750 mg), 75% (nemon-
oxacin at 500 mg), and 100% (levofloxacin at 500 mg), and for

TABLE 3. Descriptive clinical cure rates according to the PSI

Population PSI
class

No. of patients with clinical cure/PSI class (%)

Nemonoxacin Levofloxacin
500 mg750 mg 500 mg

Eval-ITT n 79 77 79
I 34/40 (85.0) 37/43 (86.0) 31/34 (91.2)
II 26/27 (96.3) 23/26 (88.5) 27/31 (87.1)
III 9/9 (100.0) 5/5 (100.0) 9/9 (100.0)
IV 2/3 (66.7) 2/3 (66.7) 5/5 (100.0)

Eval-PPc n 72 73 72
I 32/37 (86.5) 35/40 (87.5) 30/33 (90.9)
II 24/25 (96.0) 22/25 (88.0) 25/29 (86.2)
III 8/8 (100.0) 5/5 (100.0) 6/6 (100.0)
IV 2/2 (100.0) 2/3 (66.7) 4/4 (100.0)

ITT n 86 89 90
I 34/41 (82.9) 37/50 (74.0) 31/38 (81.6)
II 26/30 (86.7) 23/29 (79.3) 27/35 (77.1)
III 9/11 (81.8) 5/6 (83.3) 9/10 (90.0)
IV 2/4 (50.0) 2/4 (50.0) 5/7 (71.4)

PPc n 79 82 79
I 32/38 (84.2) 35/45 (77.8) 30/35 (85.7)
II 24/28 (85.7) 22/27 (81.5) 25/32 (78.1)
III 8/10 (80.0) 5/6 (83.3) 6/7 (85.7)
IV 2/3 (66.7) 2/4 (50.0) 4/5 (80.0)

TABLE 4. Bacteriological response at TOC or ET visit for bacteriologically evaluable populations

Population Bacteriological response

No. of patients (%) Difference in bacteriological success rates between
treatment groups (95% CI)c

Nemonoxacin Levofloxacin
500 mg

Nemonoxacin 750 mg-
levofloxacin 500 mg

Nemonoxacin 500 mg-
levofloxacin 500 mg750 mg 500 mg

Eval-bITT n 41 46 50 �13.6 to 10.0 �20.0 to 5.6
Bacteriological successa 37 (90.2) 39 (84.8) 46 (92.0)
Bacteriological failureb 4 (9.8) 7 (15.2) 4 (8.0)

Eval-PPb n 37 44 47 �13.0 to 9.5 �22.4 to 3.3
Bacteriological successa 34 (91.9) 37 (84.1) 44 (93.6)
Bacteriological failureb 3 (8.1) 7 (15.9) 3 (6.4)

a The success response included eradication and presumed eradication.
b The failure response included persistence, presumed persistence, recurrence, colonization, superinfection, and new infection. Unevaluable response was excluded.
c A step-down procedure was used to compare each dose group of nemonoxacin with levofloxacin for the determination of noninferiority. If the lower limit of the

95% CI was greater than �15%, nemonoxacin was considered noninferior to levofloxacin.
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H. influenzae they were 83% (nemonoxacin at 750 mg), 100%
(nemonoxacin at 500 mg), and 100% (levofloxacin at 500 mg).

A relatively high number of atypical-pathogen infections
were identified serologically in 34 patients treated with nemon-
oxacin at 750 mg, 38 patients treated with nemonoxacin at 500
mg, and 39 patients treated with levofloxacin at 500 mg. The
most common atypical pathogen identified serologically was M.
pneumoniae. The success rates were as follows: M. pneumoniae,
89.7% (nemonoxacin at 750 mg), 80.6% (nemonoxacin at 500
mg), and 93.9% (levofloxacin at 500 mg); C. pneumoniae,
100% (nemonoxacin at 750 mg), 100% (nemonoxacin at 500
mg), and 85.7% (levofloxacin at 500 mg); and L. pneumophila,
100% in all three treatment groups.

Six patients yielded positive blood cultures for S. pneu-
moniae (two in the nemonoxacin at 750 mg group, one in the
nemonoxacin at 500 mg group, and three in the levofloxacin at
500 mg group) at baseline in the Eval-bITT population. All five
patients in the nemonoxacin at 750 mg group and levofloxacin
at 500 mg group showed bacteriological success at the TOC or
ET visit. One failure occurred in the nemonoxacin at 500 mg
group.

Bacteriological failure at the TOC or ET visit for the Eval-
bITT population was recorded in four patients treated with
nemonoxacin at 750 mg (one persistence and three presumed
persistence), seven patients treated with nemonoxacin at 500
mg (seven presumed persistence), and four patients treated
with levofloxacin at 500 mg (one persistence and three pre-
sumed persistence). One patient in the nemonoxacin at 750 mg
group had a bacteriological response of persistence with
Pseudomonas aeruginosa, and one patient in the levofloxacin at
500 mg group had persistence with K. pneumoniae at the TOC
or ET visit. The other 13 patients had a bacteriological re-
sponse of presumed persistence, corresponding to the clinical
response of failure.

The pretherapy MIC range of nemonoxacin was lower than
that of levofloxacin against the common typical pathogens. The
MIC range of S. pneumoniae was 0.06 to 0.12 �g/ml for nemon-
oxacin and 0.5 to 1.0 �g/ml for levofloxacin, and that of S.
aureus was 0.03 to 0.06 �g/ml for nemonoxacin and 0.12 to 0.5
�g/ml for levofloxacin. One patient in the nemonoxacin at 750
mg group experienced bacteriological failure with P. aerugi-
nosa, despite a low nemonoxacin MIC (1.0 �g/ml) observation
at the TOC visit.

Safety. Subjects who experienced at least one treatment-
emergent adverse event (TEAE) comprised 55.8%, 44.9%, and
48.9% of the treatment groups of nemonoxacin at 750 mg,
nemonoxacin at 500 mg, and levofloxacin at 500 mg, respec-
tively (Table 6). Higher rates of AEs occurred in the system
organ class of gastrointestinal and nervous system disorders for
the nemonoxacin groups. These AEs included diarrhea
(nemonoxacin at 750 mg, 17.4%; nemonoxacin at 500 mg,
11.2%; levofloxacin at 500 mg, 8.9%) and dizziness and head-
ache (nemonoxacin at 750 mg, 9.3%; nemonoxacin at 500 mg,
6.7%; levofloxacin at 500 mg, 4.4%). However, similar rates of
drug-related TEAEs were noted across the treatment groups
of nemonoxacin at 750 mg, nemonoxacin at 500 mg, and levo-
floxacin: 31.4%, 30.3%, and 30.0%, respectively, with no clin-
ically significant treatment group differences (Table 7).

Two subjects in the nemonoxacin groups died due to events
that were either considered unlikely to be related to the study
drug (one subject due to sepsis in the 750-mg group) or unre-
lated to the study drug (one subject due to pulmonary tuber-
culosis in the 500-mg group). The percentages of subjects who
experienced serious TEAEs in the nemonoxacin at 750 mg,
nemonoxacin at 500 mg, and levofloxacin groups were 4.7%,
5.6%, and 1.1%, respectively. All the serious TEAEs were
considered to be non-drug related. Serious TEAEs included
the following: nemonoxacin at 750 mg group (3 subjects), 1
subject with intracardiac thrombus, mitral valve stenosis, and
rheumatic heart disease, 1 with pulmonary tuberculosis, and 1
with sepsis; nemonoxacin at 500 mg group (5 subjects), 1 sub-
ject with anemia, 1 with pulmonary tuberculosis, 1 with lung
abscess, 1 with diabetes mellitus and hyperglycemia, and 1 with
pneumonia; and levofloxacin at 500 mg group (one subject),
pulmonary tuberculosis and epilepsy. No clinically significant
differences among the treatment groups were observed with
regard to laboratory data, vital signs, and ECG.

DISCUSSION

This study demonstrated that oral administration of nemon-
oxacin at 750 mg once daily for 7 days achieved noninferiority
in its primary endpoint of clinical cure rate in the ITT popu-
lation compared with levofloxacin at 500 mg for the treatment
of adult patients with CAP, and similarly, in its secondary
endpoint of clinical cure rate in the PPc population. For the

TABLE 5. Bacteriological success rates for the most common typical and atypical pathogens isolated at baseline and their in vitro
susceptibilities (Eval-bITT population)

Baseline pathogen (n)a

Bacteriological success/organisms isolated at baseline (%) MIC range baseline (�g/ml)

Nemonoxacin Levofloxacin
500 mg Nemonoxacin Levofloxacin

750 mg 500 mg

Typical pathogens
H. influenzae (17) 5/6 (83.3) 4/4 (100.0) 7/7 (100.0) �0.008–0.06 �0.008–0.03
S. pneumoniae (14) 5/5 (100.0) 3/4 (75.0) 5/5 (100.0) 0.06–0.12 0.5–1.0
S. aureus (4) 1/1 (100.0) 2/2 (100.0) 1/1 (100.0) 0.03–0.06 0.12–0.5

Atypical pathogens
M. pneumoniae (93) 26/29 (89.7) 25/31 (80.6) 31/33 (93.9)
C. pneumoniae (23) 8/8 (100.0) 8/8 (100.0) 6/7 (85.7)
L. pneumophila (8) 3/3 (100.0) 2/2 (100.0) 3/3 (100.0)

a n, number of isolates.
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clinically evaluable populations, the clinical success rates for
nemonoxacin at 750 mg, nemonoxacin at 500 mg, and levo-
floxacin at 500 mg were 89.9%, 87.0%, and 91.1%, respectively,
in the Eval-ITT population and 91.7%, 87.7%, and 90.3%,
respectively, in the Eval-PPc population. Therefore, nemon-
oxacin in both the 750-mg and 500-mg groups met the statis-
tical criteria for noninferiority compared with the levofloxacin
at 500 mg group in the clinically evaluable populations.

Although a relatively small proportion of this study popula-
tion had an identifiable pretherapy typical bacterial pathogen,
overall bacteriological success rates were comparable in sub-
jects administered nemonoxacin (90.2% in the 750-mg group
and 84.8% in the 500-mg group) and those administered the
comparator regimen (92.0%) in the Eval-bITT population. All
three treatment regimens were highly effective in the eradica-
tion or presumed eradication of the common typical pathogens
of CAP. High success rates were achieved against atypical
pathogens in all regimens, with 89.7% (nemonoxacin at 750
mg), 80.6% (nemonoxacin at 500 mg), and 93.9% (levofloxacin
at 500 mg) for M. pneumoniae. On the other hand, the success

rates were 100% (both nemonoxacin groups) and 85.7% (levo-
floxacin) for C. pneumoniae. Good success rates were also
achieved for L. pneumoniae (100%) in all three regimens. One
of the reasons for the higher detection rates of atypical patho-
gens in the current study is the age factor—the average age of
our enrolled patients was lower than that in previously re-
ported CAP trials. An earlier study found that CAP patients
aged �60 years were at risk for an atypical bacterial etiology,
particularly M. pneumoniae, with an odds ratio of 2.3 (30).

Although the number of patients with specific typical patho-
gens was lower, excellent clinical and bacteriological success
rates were achieved with nemonoxacin against the most com-
mon typical and atypical pathogens. These findings supported
in vitro and in vivo observations that nemonoxacin has potent
and broad-spectrum activity against different isolates.

Nemonoxacin and levofloxacin were generally well tolerated
in the current trial. A higher TEAE rate was reported in the
nemonoxacin at 750 mg group (55.8%) than in the nemonoxa-
cin at 500 mg (44.9%) and levofloxacin at 500 mg (48.9%)
groups. However, no significant difference was noted in drug-

TABLE 6. Summary of common (�2%) treatment-emergent adverse events by system organ class and preferred term

System organ class (preferred term)

No. of subjects (%)

Nemonoxacin Levofloxacin
500 mg

(n � 90)

Total
(n � 265)750 mg

(n � 86)
500 mg

(n � 89)

Subjects with any TEAEs 48 (55.8) 40 (44.9) 44 (48.9) 132 (49.8)

Blood and lymphatic system disorders 15 (17.4) 15 (16.9) 15 (16.7) 45 (17.0)
Neutropenia 9 (10.5) 9 (10.1) 10 (11.1) 28 (10.6)
Thrombocythemia 4 (4.7) 2 (2.2) 2 (2.2) 8 (3.0)
Anemia 2 (2.3) 2 (2.2) 2 (2.2) 6 (2.3)
Lymphopenia 0 2 (2.2) 1 (1.1) 3 (1.1)

Gastrointestinal disorders 15 (17.4) 10 (11.2) 8 (8.9) 33 (12.5)
Diarrhea 4 (4.7) 7 (7.9) 2 (2.2) 13 (4.9)
Nausea 7 (8.1) 1 (1.1) 3 (3.3) 11 (4.2)

Nervous system disorders 8 (9.3) 6 (6.7) 4 (4.4) 18 (6.8)
Dizziness 5 (5.8) 5 (5.6) 2 (2.2) 12 (4.5)
Headache 4 (4.7) 2 (2.2) 1 (1.1) 7 (2.6)

TABLE 7. Summary of drug-related TEAEs (�2%)

System organ class (preferred term)a

No. of subjects (%)

Nemonoxacin Levofloxacin
500 mg

(n � 90)

Total
(n � 265)750 mg

(n � 86)
500 mg

(n � 89)

Subjects with any drug-related TEAE 27 (31.4) 27 (30.3) 27 (30.0) 81 (30.6)
Neutropenia 8 (9.3) 8 (9.0) 10 (11.1) 26 (9.8)
Dizziness 3 (3.5) 4 (4.5) 2 (2.2) 9 (3.4)
Nausea 5 (5.8) 1 (1.1) 3 (3.3) 9 (3.4)
Diarrhea 1 (1.2) 5 (5.6) 1 (1.1) 7 (2.6)
Thrombocythemia 4 (4.7) 2 (2.2) 1 (1.1) 7 (2.6)
ECG QTc interval prolonged 2 (2.3) 0 3 (3.3) 5 (1.9)
Blood amylase increased 1 (1.2) 1 (1.1) 2 (2.2) 4 (1.5)
Headache 1 (1.2) 2 (2.2) 0 3 (1.1)
ALT/SGPT 0 2 (2.2) 1 (1.1) 3 (1.1)
AST/SGOT 0 2 (2.2) 0 2 (0.8)

a ALT/SGPT, alanine aminotransferase/serum glutamic-pyruvic transaminase; AST/SGOT, aspartate aminotransferase/serum glutamic-oxaloacetic transaminase.
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related TEAEs among these three groups. Among the AEs,
diarrhea, dizziness, and headache were most frequently re-
ported in the nemonoxacin-treated groups; this was similar to
the AEs reported in the previous multiple-dosing study on
healthy subjects (7). Higher percentages of subjects experi-
enced serious TEAEs in the nemonoxacin groups (750-mg
group, 4.7%, and 500-mg group, 5.6%) than with levofloxacin
(1.1%). As assessed by the investigators, all serious TEAEs
were unrelated to the study drug. Six TEAEs led to discontin-
uation from the study—three from the nemonoxacin at 750 mg
group (two tuberculosis and one pregnancy, reported as an AE
by an investigator) and three from the nemonoxacin at 500 mg
group (two tuberculosis and one lung abscess). An earlier CAP
study in adult patients found that 3.3% of etiologies were
tuberculosis (31). In this study, tuberculosis was a major reason
for discontinuation in nemonoxacin treatment groups, but not
with levofloxacin. The observation that Mycobacterium tuber-
culosis was less susceptible to nemonoxacin in the groups in
this study was consistent with the findings of a previous in vitro
study (32). In that study, the MIC90 values of levofloxacin and
moxifloxacin were much lower than that of nemonoxacin,
which implied that they may be suitable as alternative anti-
tuberculosis agents. However, levofloxacin and moxifloxacin
may mask or delay the diagnosis of tuberculosis, because tu-
berculosis can sometimes be mistaken for CAP. Moreover,
some concerns were recently raised about the duration of ex-
posure of M. tuberculosis to fluoroquinolones, which may be a
risk factor for the development of resistance (22). Nemonoxa-
cin might be less of a concern in this regard if it is used as the
primary treatment for CAP.

CAP, along with influenza, is the sixth leading cause of death
in the United States; therefore, improving the care of patients
with CAP has been the focus of many organizations (24, 25).
According to one estimate, 915,900 episodes of CAP occur in
adults �65 years of age every year in the United States (16,
24). Despite advances in antimicrobial therapy, the overall
mortality remains relatively high (10). Initial antimicrobial
treatment for patients with CAP should provide appropriate
coverage against the most common causative organisms, in-
cluding atypical and resistant strains (33). In addition, many
currently available antimicrobials need to be given more than
once a day, which can lead to compliance issues (11, 20). Thus,
it is apparent that a convenient, shorter-course, once-daily
agent with broad-spectrum activity that covers not only the
typical respiratory pathogens, but also the atypical and resis-
tant pathogens, remains highly necessary.

In conclusion, oral nemonoxacin (750 mg and 500 mg) ad-
ministered for 7 days showed high clinical and bacteriological
success rates in patients with CAP. Further, it was well toler-
ated and demonstrated excellent activity against the common
causative pathogens compared with levofloxacin. In our era of
growing antibacterial resistance, oral nemonoxacin represents
a promising alternative for the management of such infections
in community clinics. Larger confirmatory studies are required
to investigate the efficacy of nemonoxacin in patients with
bacterial lung infections.
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