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Background: Lascufloxacin (LSFX), a novel fluoroquinolone antibacterial agent, has recently been used as a drip infusion for treating
pneumonia, apparently with good effectiveness against various bacteria, including anaerobes, and good intrapulmonary penetration.
Methods: The clinical effectiveness of LSFX was retrospectively investigated for the 55 patients admitted to our hospital with
pneumonia, including chronic lung disease exacerbations and lung abscesses, from May 2021 to July 2023.

Results: The median age of the 55 patients was 76.1 (34.1-93.1) years, 45 (81.8%) were male, and 48 (87.5%) patients had
underlying disease. Community-acquired pneumonia was seen in 47 (85.5%) patients, including 9 (16.4%) with lung abscess, and the
other 8 (14.5%) had nursing and healthcare-associated pneumonia/hospital-acquired pneumonia. Moderate pneumonia was present in
33 (61.8%) of 55 patients, and LSFX was used as a second-line treatment for 28 (50.9%) patients in whom first-line antibiotics were
ineffective. The median duration of intravenous LSFX administration was 9 (2.0-49) days. Streptococcus pneumoniae and methicillin-
susceptible Staphylococcus aureus were isolated from 3 (7.1%) and 2 (4.8%) patients, respectively. Of the 55 patients, 45 (81.5%)
improved clinically with intravenous LSFX administration; 20 (95.2%) of 21 community-acquired pneumonia cases, including 9
(100.0%) of 9 bacterial pneumonia cases, were improved by LSFX as first-line treatment, and 8 (88.9%) of 9 lung abscess patients also
showed clinical improvement with LSFX as a second-line treatment. There were no severe adverse effects in any of the 55 patients.
Conclusion: Based on these data, intravenous administration of LSFX seems effective for bacterial pneumonia, including chronic lung
disease exacerbations and lung abscesses, and it appears to have broad antimicrobial activity and good tissue penetration into the lung.
Keywords: aspiration pneumonia, empyema, fluoroquinolone, lascufloxacin, lung abscess

Introduction
Pneumonia, especially aspiration pneumonia, is a significant issue in a high-age society, including Japan, because pneumonia is
associated with higher morbidity and mortality in elderly patients than in younger patients."> The clinical importance of
pneumonia in elderly persons relates to age-dependent and pathological changes in the immune system, as well as lung functions.
In fact, pneumonia is a major infection that has been in the top three to five of the leading death causes in Japan, and aspiration
pneumonia is known to be one of the important types of nursing- and healthcare-associated pneumonia (NHCAP).>*
Aspiration pneumonia could be a life-threatening condition in elderly persons, such as those with severe hemoptysis, and
mortality rates might be as high as 15-20%."* The initial step in the pathogenesis of these diseases is usually aspiration of
infectious material from the oropharynx or stomach. Therefore, a mixed spectrum, including anaerobic, microaerobic, and
aerobic microorganisms makes up the expected microbiological flora,'* and penicillin G had been the first choice antibiotic
for a long time, until it was outperformed by ampicillin/sulbactam (ABPC/SBT) or clindamycin.” Furthermore, third- and

fourth-generation cephalosporins, piperacillin, and fluoroquinolones (FQs) have recently been recommended.®’
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In addition, as a complication of aspiration pneumonia, lung abscesses are indolent at onset, and they complicate
acute mono- or poly-microbial infections with pyogenic bacteria, including Klebsiella pneumoniae, Pseudomonas
aeruginosa, Staphylococcus aureus, and anaerobic bacteria.**®* Lung abscesses can also result from secondary infection
of pre-existing lung cavities, bronchial obstruction, septic embolization, or direct extension from local infections such as
empyema. Inflamed tissue usually surrounds the pus-filled cavity in lung abscesses and shows the typical round-shape
formation on chest X-ray photographs and computed tomography (CT).%? Therefore, lung abscesses are difficult to treat
by common antibiotics, such as cephalosporins and penicillins, because they frequently show less penetration through
thick, inflamed capsules than FQs, although levofloxacin (LVFX), a representative FQ, did not show effectiveness against
anaerobic bacteria.>'”

Lascufloxacin (LSFX) became available in Japan in 2021, and this agent shows good penetration to lung tissues, and
a wide range of pathogenic bacteria, including anaerobes, are susceptible to it.'""'> These data suggested its clinical
effectiveness for adult pneumonia, especially aspiration pneumonia and lung abscess in elderly persons, and the safety
and efficacy of LSFX against NHCAP have actually been shown.'?

In this study, the effectiveness in the clinical setting of intravenous administration of LSFX for adult hospitalized patients
with respiratory infectious diseases, including community pneumonia, secondary exacerbations in those with chronic lung
diseases, lung abscess, empyema, and NHCAP, was retrospectively investigated.

Methods

Patients and the Definition of Pneumonia

Data on patients who were hospitalized and treated by LSFX drip infusion for pneumonia/respiratory infectious diseases at
Tohoku Medical and Pharmaceutical University Hospital from May 1, 2021, to July 31, 2023, were investigated. Pneumonia
patients were defined as patients who had lower respiratory tract infections based on new infiltrate shadows on chest X-ray and
did not have other emerging alternative diagnoses. Bacterial pneumonia was diagnosed as probable in patients with sputum
cultures positive for the bacteria, and these patients did not have chronic lung diseases in the present study. In addition, chronic
lung disease exacerbation was defined as pneumonia in patients with underlying chronic pulmonary diseases, such as chronic
obstructive pulmonary disease, old tuberculosis, and so on.

Cases of suspected atypical pneumonia, such as young patients, and those who had interstitial shadows and dry cough
were excluded. Furthermore, mycoplasma or legionella antigen kit tests (Ribotest, AsahiKasei, Tokyo, Japan) were
performed and confirmed, and then the patients with positive results on these tests were excluded.

LSFX was administered intravenously, with a loading dose of 300 mg one-time on the first day, and followed by
150 mg once a day from the second day.

Community-acquired pneumonia (CAP), NHCAP, and hospital-acquired pneumonia (HAP) were classified according to
the definition of the Japanese Respiratory Society guideline for adults.>'*'> In brief, HAP is defined as a pneumonia that
occurs 48 hr or more after admission in patients with some severe underlying disease including cancers, and CAP is
a pneumonia that occurs outside the hospital in patients who usually do not have severe underlying diseases. NHCAP is
a pneumonia that matched at least one of the following: 1) elderly or physically disabled people who require care; 2) admission
to a long-term care or nursing home; 3) discharge from hospital in the preceding 90 days; and 4) outpatients who regularly
receive infusion therapy (including antibiotics, anticancer agents, dialysis, immunosuppressant drugs, etc.) or hemodialysis.’
This type of pneumonia was recently combined with HAP and is now considered NHCAP/HAP in Japan.

Ethics

The Committee for Clinical Scientific Research of Tohoku Medical and Pharmaceutical University Hospital approved this
study on March 15, 2021 (No. ID2021-2-156) as a trial of treatment for bacterial infectious diseases. All patients whose
specimens were used and who participated in this study provided written informed consent as part of the comprehensive
consent obtained at admission to have any accompanying images and their case details published. Patients in particular were
provided the means to opt out of these clinical studies. This study adhered to the Declaration of Helsinki.
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Assessment of Severity

The A-DROP system was used according to the Japanese Respiratory Society guideline.'>' In brief, the A-DROP
system is based on five clinical items: age (A), dehydration (D), respiration (R), orientation (O), and blood pressure (P).
The cases in this study were regarded as “mild” with none of the five items, as “moderate” with one or two of the items,
as “severe” with three of the items, and as “extremely severe” with four or five of the items.

Clinical Efficacy Judgment and Analysis

The attending physician evaluated the clinical effectiveness of the treatment in individual cases using a three-category
scale: improved (absence or decrease in fever (temperature >37.5 °C), chest pain, chills, cough, and dyspnea), stable
(fever, symptoms such as chest pain, chills, cough, and persistence of sputum), and exacerbated/death (all other cases)
based on the time course of the clinical symptoms from the start of dosing to the end of treatment.

Adverse Events (AEs)

The date of onset, nature, severity, treatment provided, and outcome were recorded when a symptom or laboratory
abnormality appeared during the treatment period. Causal relationships to the study drugs were rated as follows: related,
possibly related, or not related. Serious AEs were defined as life-threatening and/or related to prolonged hospitalization.
Nephrotoxicity was defined as a serum creatinine increase of 0.5 mg/dL or 50% from baseline.'”'® Hepatotoxicity was
defined as AST or ALT that was three-fold the upper limit of normal (ULN; AST: 13-33 TU/L, ALT: 842 IU/L).'""'® If
the AST or ALT baseline was abnormal, hepatotoxicity was defined as AST or ALT three times increased from the
baseline value.

Statistical Analysis

The Mann—Whitney test and the chi-squared test were used to compare continuous variables between two groups.
A p-value of less than 0.05 was defined as indicating a significant difference. All analyses were performed using Stat
View software (Abacus Concepts, Cary, NC, USA).

Results

Patients’ Characteristics and Treatments
A total of 55 pneumonia and respiratory infectious disease patients were analyzed (Table 1). The median age was 76.1
(34.1-93.1) years, and 45 (81.8%) of the 55 patients were male. Of the 55 patients, 39 (70.9%) and 48 (87.5%) had
a history of smoking or underlying diseases, respectively, and 47 (85.5%) were admitted as CAP, including 14 (25.5%)
with bacterial pneumonia and 23 (41.8%) with an exacerbation of a chronic lung disease. Furthermore, 9 (16.4%) patients
had lung abscesses, and 1 (1.8%) patient had empyema. Of the 55 patients, 8 (14.5%) were defined as having NHCAP/
HAP. In more than half of the patients, pneumonia was graded as moderate (33, 61.8%), with the number of severe, mild,
and extremely severe at 12 (21.8%), 6 (10.9%), and 4 (7.3%), respectively.

LSFX was used as a second-line treatment after treatment with other antibiotics, such as sulbactam/ampicillin,
ceftriaxone, tazobactam/piperacillin, and meropenem in 28 (50.9%) of 55 patients. The patients received intravenous
administration of LSFX for 9 (2.0-49) days.

Bacteria Isolated from Cultures

Enterococcus faecalis was isolated in 1 (3.1) of 32 blood cultures from 55 pneumonia patients (Table 2). In the 42
sputum cultures from 55 patients, S. pneumoniae, MSSA, MRSA, H. influenzae, K. pneumoniae, K. oxytoca, E. coli,
S. marcescens, and P. aeruginosa were isolated.

Clinical Outcomes
Of the 55 patients, 52 (94.5%) survived, 45 (81.8%) improved clinically, 6 (10.9%) were stable (Figure 1), and 4 (7.3%)
were ultimately exacerbated or died.
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In detail, 39 (83.0%) of 47 CAP patients improved (Table 3); 20 (95.2%) of 21 were improved when LSFX was used
as first-line treatment, and 19 (73.1%) of 26 were also improved after other antibiotics were used and were ineffective.
CAP and bacterial pneumonia improved significantly when LSFX were used as first-line treatment in 20 (95.2%) of 21
patients and 9 (100%) of 9 patients, respectively, and 11 of 12 (91.7%) chronic lung exacerbations also improved with

Table | Patients’ Characteristics (n=55)

Underlying diseases
Diagnosis
Community-acquired pneumonia
Bacterial pneumonia
Chronic lung diseases exacerbation
Lung abscess
Empyema
Nursing and healthcare-associated pneumonia/Hospital
acquired pneumonia
Severity: A-DROP
Mild
Moderate
Severe
Extremely severe
Treatment by LSFX
Priority
Ist line
2nd line
Duration

Median
Age 76.1(34.1-93.1)
years old
Male/Female 45/10 (Male:81.8%)
Smoking 39 (70.9%)

48 (87.5%)

47 (85.5%)
14 (25.5%)
23 (41.8%)
9 (16.4%)

I (1.8%)

8 (14.5%)

6(10.9%)
33 (61.8%)
12 (21.8%)
4 (7.3%)

27 (49.1%)
28 (50.9%)
9 (2.0-49) days

Table 2 Bacteria Isolated from

Cultures

Blood (n=32)
E. faecalis I (3.1)

Sputum (n=42)
S. pneumoniae 3(7.1)
MSSA 2 (4.8)
MRSA I (2.4)
H. influenzae I (2.4)
K. pneumoniae I (2.4)
K. oxytoca 1 (2.4)
E. coli I (24)
S. marcescens 1 (2.4)
P. aeruginosa 1 (2.4)
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Figure | Clinical outcomes of the patients treated by lascufloxacin drip infusion.

first-line use. Furthermore, in both lung abscess and empyema patients, LSFX was used as second-line treatment, and 8
(88.9%) of 9 lung abscess patients, and the 1 (100%) empyema patient improved.

In NHCAP/HAP, 6 (75%) of 8 patients improved, and 3 (100%) of 3 patients improved with LSFX used as second-
line treatment.

According to severity, 5 (83.3%) of 6 mild and 28 (84.8%) of 33 moderate patients improved, more than 80% overall,
and LSFX treatment showed high effectiveness in moderate patients, although LSFX was used as second-line treatment
in 14 (87.5%) of 16 patients. In severe and extremely severe patients, LSFX showed good effectiveness in the first-line
treatment group, 5 (83.3%) of 6 and 2 (100%) of 2 patients, respectively.

There were no severe AEs, including allergic reactions, liver dysfunction, renal dysfunction, phlebitis, and abnorm-
alities of the electrocardiogram, such as a prolonged QT (data not shown).

Table 3 Improvement by Diagnosis/Treatment Line

Diagnosis All Ist Line 2nd Line P value

Community-acquired pneumonia 39/47 (83.0%) 20/21 (95.2%) 19/26 (73.1%) 0.044*
Bacterial pneumonia 11/14 (78.%) 9/9 (100%) 2/5 (40%) 0.009**
Chronic lung diseases exacerbation 19/23 (82.6%) 11712 (91.7%) 8/11 (72.7%) 0.23
Lung abscess 8/9 (88.9%) 0/0 (0%) 8/9 (88.9%) NA
Empyema I/1 (100%) 0/0 (0%) I/1 (100%) NA

Nursing and healthcare-associated pneumonia/ 6/8 (75%) 3/5 (60%) 3/3 (100%) 0.21

Hospital acquired pneumonia
Severity: A-DROP

Mild 5/6 (83.3%) 2/2 (100%) 3/4 (75%) 0.43
Moderate 28/33 (84.8%) 14/17 (82.4%) 14/16 (87.5%) | 0.68
Severe 9/12 (75%) 5/6 (83.3%) 3/6 (50%) 0.45
Extremely severe 3/4 (75%) 2/2 (100%) 1/2 (50%) 0.25

Notes: *P<0.05, *p<0.01.
Abbreviation: NA, not applicable.
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Discussion

In the present study, the clinical effectiveness of LSFX, one of the novel FQs, was investigated for adult pneumonia,
including lung abscess. The overall effectiveness of LSFX was 81.3%, and in first-line treatment, 95.2% (100% in
bacterial pneumonia and 91.2% in chronic lung disease exacerbations) of CAP cases were improved. These data
suggested that LSFX might be a strong candidate as a first-choice antibiotic for adult pneumonia patients.

It has been reported that LSFX might have outstanding intrapulmonary penetration and antibacterial activity against
major respiratory pathogens.'"'® In addition, selective toxicity to bacteria because of the strong inhibitory effects on both
topoisomerase IV and DNA gyrase, a minimum reduction of inhibitory activity when mutant strains appear,”® and a lower
tendency to select resistant mutants, have been reported compared to LVFX and garenoxacin (GRNX).?!

In fact, the clinical effectiveness of LSFX for CAP was 81.3% overall and 95.2% as first-line treatment for elderly patients,
which might be similar or slightly higher than ABPC/SBT at 91.4% and imipenem/cilastatin (IPM/CS) at 87.5%.?* Depending
on pneumonia severity, 82.4% to 100% improvement was found in mild to extremely severe pneumonia when used as a first-
line treatment; therefore, LSFX should be used immediately in elderly pneumonia patients.

In addition, as a second-line treatment, improvement was seen in 88.9% of lung abscess, 100% of empyema, and
100% of NHCAP/HAP cases. These data suggested very high lung penetration, including into inflammatory tissue
capsules of lung abscesses, and strong bactericidal effects on pathogenic bacteria, including pathogenic anaerobes in lung
abscess, empyema, and aspiration pneumonia, which are among the major factors related to NHCAP/HAP in Japan.'-

It has been reported that LSFX might be distributed rapidly to the epithelial lining fluid with a time to maximum drug
concentration (7p,,,) of 1 h, similar to that in plasma.11 The values for the maximum concentration of drug (Cp,.x) in
plasma, epithelial lining fluid, and alveolar macrophages were 0.576, 12.3, and 21.8 pg/mL, respectively, and these drug
levels exceeded the MICyq values for common respiratory pathogens in alveolar macrophages and epithelial lining
fluid."" Bactericidal effects on cell-internalized Group A Streptococci were also reported recently.”® Furthermore, not
only in vitro, but also in vivo, LSFX has been reported to be effective for Streptococcus pneumoniae, Prevotella
intermedia, anaerobes, and the Streptococcus anginosus group.'>**2"** These data also suggested that LSFX might be
effective as a second-line treatment for lung abscess, empyema, and NHCAP/HAP cases, even if other antibiotics,
including ABPC/SBT, CTRX, PIPC/TAZ, and MEPM had been used before and were ineffective as first-line treatments.

No patients showed severe AEs, and suspected atypical pneumonia cases were excluded from the present study. However,
about 10-20% patients did not improve with LSFX administration, especially the patients who received second-line
treatments. Only in 13 of 55 (23.6%) patients, 1 from 32 blood cultures and 12 from 42 sputum cultures, were bacteria
isolated cases by culture, but many pathogenic and LSFX-resistant bacteria might not have been detected in the present study.
Two of 13 (15.4%) cases with bacteria isolated did not improve, because one was MRSA, and the other was P aeruginosa.
Both MRSA and P aeruginosa are known to not be susceptible to LSFX,** and we should be careful with these kinds of
resistant bacteria and change the LSFX to either anti-MRSA agents or anti-pseudomonas agents immediately.

In addition, host condition was also an important factor, because the effectiveness of LSFX in the second-line
treatment decreased to about 50% in severe and extremely severe patients, although it was 75-87.5% in mild-to-moderate
patients, showing that LSFX as second-line treatment was effective in mild-to-moderate patients (Table 3). Pneumonia
patients should be identified early, and antibiotic treatment with LSFX should be started as soon as possible.

In conclusion, the clinical effectiveness of the novel respiratory FQ, LSFX, for adult pneumonia and respiratory
infectious diseases, including lung abscess and empyema, was investigated. Based on its good penetration into lung tissue
and wide-ranging coverage of various bacteria, including anaerobes, LSFX showed excellent improvement not only for
pneumonia, especially severe and extremely severe cases, in first-line treatment, but also for lung abscess, empyema, and
NHCAP/HAP cases as second-line treatment when other antibiotics were ineffective.
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