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Efficacy and Safety of Sitafloxacin in Treating Low-risk Febrile Neutropenia
in Patients with Lung Cancer
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Abstract:
Introduction: Febrile episodes in patients with cancer and chemotherapy-induced neutropenia can be life-threatening and
generally require prompt administration of broad-spectrum antimicrobials. However, little evidence exists for treating pa-
tients with solid tumors and febrile neutropenia (FN) with oral antimicrobials.
Methods: In this prospective study, we aimed to determine the efficacy and safety of sitafloxacin (STFX) for treating FN in
lung cancer patients. In this prospective study, low-risk FN patients with lung cancer received STFX. The primary endpoint
was response rate, defined as 5 sequential days of absence of fever without adverse events. The study was registered as
UMIN000010911.
Results: As a result, STFX was administered to 26 patients, all of whom survived during its administration. Of the 26, 14
completed primary endpoint (53.85%). The low response rate was attributed to occurrence of fevers of unknown cause
rather than failure of FN treatment. Only two patients received antibacterial agents other than STFX. If response rate omit-
ted absence of fever and been defined only as recovery from FN without changing microbial agents or serious complica-
tions, the response rate would have been 91.67%. Adverse events occurred in eight patients, none of which were serious.
Conclusions: In conclusion, STFX might be used to treat low-risk FN in patients with lung cancer; however, a more de-
tailed study will be required in future.
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Introduction

Febrile episodes in cancer patients with chemotherapy-in-
duced neutropenia can be life-threatening and are generally
considered to require prompt administration of broad-spec-
trum antimicrobial agents. Such episodes have been defined as
febrile neutropenia (FN). In cancer patients, FN is associated
with considerable morbidity, mortality, and high medical
costs (1). Excellent guidelines for FN have been published and
updated by the Infectious Diseases Society of America (2). FN
is characterized by the following: (i) polymorphonuclear neu-
trophil count of <500/μL, or neutrophils <1,000/μL with an
expected drop to <500/μL; and (ii) temperature of >38.3°C at
some stage or ≥38.0°C for 1 hour. In Japan, the second item
of this definition of FN has been modified to a temperature of

≥37.5°C measured in the axillary fossa, as is the routine pro-
cedure in Japan (3). Although the Infectious Diseases Society of
America guidelines do not differentiate between hematologi-
cal and solid organ malignancies, they propose low- and high-
risk categories for patients with FN (2). The purpose of this di-
vision is to enable treatment of low‐risk patients with oral
antimicrobials in an outpatient setting, thus avoiding unneces-
sary hospitalizations, granulocyte colony-stimulating factor
(G-CSF) use, and long, expensive courses of parenteral antibi-
otic therapy. Niho et al. reported that ciprofloxacin and clavu-
lanate/amoxicillin treatment is effective against FN in low-risk
patients (4). Levofloxacin (LVFX) has also been found to ach-
ieve excellent results (5). Cooper et al. reported that outpatient
treatment with oral, single-agent, broad-spectrum fluoroqui-
nolones achieves promising results against FN in low-risk pa-
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tients (6).
The Multinational Association of Supportive Care in

Cancer (MASCC) developed an internationally validated
scoring system for identifying low-risk cancer patients with
FN (7). Factors in this scoring system (MASCC score) comprise
severity of disease, presence of hypotension, chronic obstruc-
tive pulmonary disease (COPD), dehydration, solid organ ma-
lignancy, history of fungal infection, outpatient care, and age
younger than 60 years. MASCC score ≥ 21 is associated with
low risk, the positive predictive value being 91%, specificity
68%, and sensitivity 71%. The higher the overall score, the
greater the likelihood of fever resolution without any serious
complications. FN in patients with lung cancer is considered
to be low-risk unless the patient presents with COPD. How-
ever, whether all low-risk patients should be treated with oral
antibiotics has not yet been determined.

Little evidence exists regarding the optimal type of antimi-
crobial agent for outpatients with low-risk FN and solid tu-
mors. LVFX or ciprofloxacin are reportedly useful for low-risk
FN (4). Sitafloxacin (STFX), a new quinolone antibacterial
drug, was launched in Japan in 2008. Although LVFX has
been recommended for low-risk group FN (3), STFX demon-
strates stronger antibacterial activity against various pathogens
than does LVFX (8). Therefore, we conducted this prospective
study to determine the efficacy and safety of STFX for treating
lung cancer patients with FN in an outpatient setting. The ob-
jective of this study was to determine the efficacy and safety of
STFX for low-risk FN in lung cancer patients.

Materials and Methods

Patient eligibility
This study was done as a prospective study. The eligibility cri-
teria were as follows: (i) provision of written informed consent
to participate in the study; (ii) age ≥ 20 years; (iii) lung cancer
accompanied by chemotherapy-induced neutropenia (poly-
morphonuclear neutrophil count of <1,000/μL); and (iv)
temperature of ≥37.5°C. Body temperature was measured in
the axillary fossa, as is routine practice in Japan. MASCC
scores were evaluated, and an MASCC score ≥ 21 is consid-
ered to denote low risk (7).

Patients were excluded if they (i) received systemic antimi-
crobial agents for FN, (ii) received corticosteroid therapy, gam-
ma-globulin therapy, or fluoroquinolones, (iii) presented with
a history of renal failure (serum creatinine concentration of
>2.0 mg/dl), or (iv) were pregnant or lactating. Granulocyte
colony-stimulating factor and non-steroidal anti-inflammato-
ry drugs were administered to patients with severe neutrope-
nia at the discretion of that patient’s physician. Enrollment in
the study was completed by faxing the entry form to the regis-
tration center at the Lung Oncology Group in Kyushu (LOG-
IK), where the eligibility criteria were checked.

This study was approved by the local Institutional Review
Boards and was conducted in compliance with the guidelines

of good clinical practice and the principles of the Declaration
of Helsinki. All patients provided written informed consent
prior to study entry (Clinical Research Network Fukuoka
C13-6-03 on June 13, 2013). The study was registered as
UMIN000010911.

Clinical evaluation
The patients were clinically evaluated, including determina-
tion of their MASCC scores, and subsequently underwent
daily examinations by an investigator at each center. The ini-
tial evaluation included a thorough medical interview and
physical examination, complete blood cell count, urinalysis,
blood chemistry profiles, and measurement of C-reactive pro-
tein. This evaluation was performed before commencing anti-
microbial therapy (Day 0) and on Days 3 and 7. Samples for
bacteriological examination were also obtained from all possi-
ble sites of infection on Day 0. Further bacteriological samples
were obtained as indicated.

Administration of study drug and antimicrobial
therapy schedule
Once the criteria was fulfilled, STFX was initiated (Day 0) and
continued for at least 5 days, unless the patient’s clinical con-
dition worsened. If the fever persisted for more than 72 hours
or recurred after an initial response, possible causes of fever
were re-evaluated, and further antimicrobial therapy was se-
lected at the discretion of each physician. Flow chart of the
study was shown in Figure 1.

Response to therapy
The primary endpoint of the present study was the rate of
completing treatment, defined as 5 consecutive days of defer-
vescence without any serious medical complications. The sec-
ondary endpoints were the rates of absence of fever at 72
hours and on Days 7 and 14, and safety. Relevant hematologi-
cal and biochemical variables were evaluated, and urinalysis
was performed on Days 0, 3, and 7 and on termination of
therapy, more often if necessitated by the patient’s condition.
Renal function was assessed on the basis of serum creatinine
and hepatic function on the basis of serum bilirubin, transa-
minase, and alkaline phosphatase concentrations. The re-
sponse rate was defined as the rate of recovery from FN with-
out a change in microbial agent or serious complications.

Statistical analysis
In this multi-institutional prospective study, the data required
to assess the treatment response and incidence of adverse
events were recorded. The primary endpoint was the rate of
completion of treatment, defined as 5 consecutive days of de-
fervescence without any serious medical complications.

LVFX and moxifloxacin, fluoroquinolone antimicrobial
agents that are similar to STFX, have been reported as mono-
therapy for FN, being effective in 76.5% and 94.1% of cases,
respectively (5), (6). The aim of this study was to determine
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whether treatment with STFX is superior to treatment with
other fluoroquinolone antimicrobial agents, which we select-
ed as a historical control. The threshold effective ratio for oth-
er fluoroquinolone antimicrobial agents was set at 76.5% and
the expected effective ratio for FN at 90%. A normal approxi-
mation test with α = 0.05 (one-sided) determined that 50 cas-
es would satisfy a detection power 1-β = 0.8. To allow for
dropouts, the target number of cases was set at 54.

Two-sided confidence intervals (CIs) for chemotherapeu-
tic responses were determined and χ2 testing performed using
the JMP version 7.0 software program (SAS Institute, Cary,
NC, USA) and the Wilson CI with no continuity correction.

Results

Characteristics of the study cohort
Between June 2013 and September 2017, 26 patients were en-
rolled in the present study. The study was stopped before the
target number of 54 cases had been accumulated because of
the unexpectedly long time taken to accrue participants. All
participants were treated with STFX in the six institutions as-
sociated with LOGIK group. No patient died. The patients’
personal and clinical characteristics at the time of enrollment
are summarized in Table 1. Demographic and clinical charac-
teristics of FN are shown in Table 2.

Clinical response
The rate of completion of primary endpoint (5 consecutive
days of defervescence without any serious medical complica-
tions) was 53.85% (95% CI, 35.46%-71.24%). Of 26 patients,
14 completed primary endpoint. However, only two patients
required antibacterial agents other than STFX, both of whom
were treated successfully with meropenem. Moreover, two ep-
isodes of fever were identified as presented with causes other

than infection, namely tumor fever and radiation pneumoni-
tis. If we defined the response rate merely as recovery from FN
without a change in microbial agent or serious complications,
then the response rates would have been 91.67% (95% CI,
74.15%-97.68%).

Rates of absence of fever at 72 hours, 7 days, and 14 days
were 53.84%, 86.36%, and 77.78%, respectively. Fever resolved
by 72 hours in 14/26 patients (53.84%), by 7 days in 19/22
(86.36%), and by 14 days in 14/18 (77.78%).

Adverse events
Adverse events occurred in 30.77% of the patients (95% CI,
16.50%-49.99%). These events included liver dysfunction, hy-
ponatremia, renal dysfunction, and ataxia. According to the
Common Terminology Criteria for Adverse Events, no grade
3 or higher adverse events were found. Renal dysfunction, hy-
ponatremia, and liver dysfunction each persisted in one pa-
tient but did not progress. No patient developed diarrhea.
The adverse events are presented in detail in Table 3.

Microbiological response
In the present study, only a few patients presented with a mi-
crobiologically or clinically documented infection. Blood cul-
tures were performed in 20 cases, only one of which was posi-
tive. This positive culture was for Haemophilus spp. Sputum
cultures were performed in five cases; methicillin-sensitive
Staphylococcus aureus was detected in one and Enterobacter in
one.

Discussion

Patients undergoing anti-tumor chemotherapy, including
those with solid organ malignancies, frequently develop FN.
Intravenous antimicrobial agent monotherapy is usually rec-

Figure 1. Flow chart of the study.
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ommended; however, oral antimicrobials can be used if the
FN is low risk. What type of antimicrobial agent should be
used is yet to be determined. We investigated the role of intra-
venous antibiotics in FN in patients with lung cancer in
past (9), (10), (11). We currently investigated the role of oral antibiot-
ics, STFX in low-risk FN patients with lung cancer.

The rate of completion of primary endpoint (5 consecu-

tive days of defervescence without any serious medical compli-
cations) was 53.85% (95% CI, 35.46%-71.24%). This low re-
sponse rate was attributed not to failure of the treatment for
FN but to fever of unknown cause, which occurred frequently
in the form of abrupt onset of fever below 37.5°C. Only two
patients required antibacterial agents other than STFX, both
of whom were treated successfully with meropenem. More-

Table 1. Personal and Clinical Characteristics of the Study Patients.

N = 26

Median or range

Sex Male;19, Female;7

Age (years) 70.0 (50-82)

PS 0, 11; 1, 13; 2, 1; 3, 1; 4, 0

Creatinine (mg/dL) 0.93 (0.4-1.7)

Histology Sm, 11; Ad, 11; Sq, 3; La, 1

Anticancer chemotherapy (line) 1st, 12; 2nd, 13; 3rd, 1

Comorbidity No; 13, Yes; 13

COPD No, 26; Yes, 0

Smoking status No, 7; Ever, 13; Current 6

Brinkman index 1200 (150-1820)

MASCC score 21.0 (21-24)

Ad, adenocarcinoma; COPD, chronic obstruction pulmonary disease; MASCC, Multinational Association of Supportive Care in Cancer; La, large cell; PS, performance
status; Sm, small cell; Sq, squamous cell.
Brinkman index was shown among ever and current smokers.
Comorbidity included as follows: diabetes mellitus, 6 cases; interstitial pneumonia, 3 cases; hypertension, 1 case; hyperlipidemia, 1 case; congestive heart failure, 1 case; old
myocardial infarction, 1 case; bronchial asthma, 1 case; gastric cancer, 1 case; renal dysfunction, 1 case.

Table 2. Demographic and Clinical Characteristics of Febrile Neutropenia.

Median Range

WBC/ml 1125 300-2370

Neutrophils/ml 300 6-828

RBC × 10000/ml 310 115-453

Platelet × 10000/ml 11.0 1.7-36.2

CRP mg/dl 3.77 0.02-15.12

WBC; white blood cell, RBC; red blood cell, CRP; c-reactive protein.

Table 3. Details of Adverse Events.

Adverse event Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Total

Ataxia 1 1

High serum creatinine 2 2

Hyponatremia 1 1

Liver dysfunction 1 3 4

*Grades 1-5 are as specified in the Common Terminology Criteria for Adverse Events v4.0.
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over, two episodes of fever were identified as demonstrating
causes other than infection, namely tumor fever and radiation
pneumonitis. These last two cases were not evaluated. If we
defined the response rate merely as recovery from FN without
a change in microbial agent or serious complications, then the
response rates would have been 91.67% (95% CI,
74.15%-97.68%). Thus, we considered that our low response
rate was due to the inclusion of 5 consecutive days of absence
of fever in our definition of the primary endpoint.

Oral antibiotics are considered safe in patients with low-
risk FN. Malik and colleagues performed a prospective study
in which they randomized patients to receive oral ofloxacin
400 mg immediately and twice daily thereafter in hospital or
as outpatients. They reported that 78% of inpatient and 77%
of outpatient fevers resolved with no modification of the ini-
tial treatment (12). Niho and colleagues performed a prospective
study comparing treatment with oral ciprofloxacin (200 mg)
and amoxicillin-clavulanate (375 mg) administered every 8 h
against treatment with intravenous ceftazidime (1 g) adminis-
tered every 12 h in low-risk patients with FN and lung cancer.
Treatment was successful without modification in 91% of the
episodes in patients receiving the oral regimen and 79% of the
episodes in patients receiving the intravenous regimen (4). Hi-
dalgo and colleagues performed a randomized study compar-
ing a combination of intravenous ceftazidime and amikacin
with oral ofloxacin, and they found that patients recovered un-
eventfully in 91% of the episodes in the former (inpatient)
group and 89% in the ofloxacin group (13). Freifeld and collea-
gues performed a randomized trial of oral ciprofloxacin plus
amoxicillin-clavulanate versus intravenous ceftazidime in pa-
tients with FN during chemotherapy for cancer that were at
low risk of complications. Treatment was successful without
the need for modification in 71% of episodes in the oral thera-
py group and 67% of episodes in the intravenous therapy
group (14).

Vedi and colleagues performed a meta-analysis and found
that, in carefully selected low-risk children with FN, empirical
treatment with oral antibiotics is a safe and effective alterna-
tive to intravenous antibiotics and decreases the cost of treat-
ment and the psychosocial burden on these children and their
families (15). A Cochrane study demonstrated that oral antibi-
otic treatment is an acceptable alternative to intravenous treat-
ment in patients with cancer and FN (excluding patients with
acute leukemia) who are hemodynamically stable and do not
present with organ failure, pneumonia, infection of a central
line, or severe soft-tissue infection (16). Another Cochrane
study reported that treatment failure and mortality is proba-
bly equivalent for outpatient treatment and standard hospital
(inpatient) treatment of low-risk FN in people with cancer,
the former demonstrating the advantage of decreasing dura-
tion of hospitalization (17).

In this study, the response rates would have been 91.67% if
we defined response rate simply as recovery from FN without
a change of microbial agent or serious complications. The re-

sult was superior to historical controls, although registered
number of cases could not attain. No serious complications
occurred. According to the above-cited reports and the
present findings, outpatient oral antibiotic therapy with oral
fluoroquinolone, especially STFX, is safe and effective in pa-
tients with low-risk FN. Since the choice of antimicrobial
agents is crucial for FN, the appropriate antimicrobial agents
should be selected. Bacterial translocation in intestines might
be important for occurrence for FN. STFX demonstrates
stronger antibacterial activity against various pathogens than
does LVFX (8), especially for anaerobes. Although LVFX had
been widely prescribed for FN in Japan, this study provided
important evidence that STFX could be selected for FN treat-
ment.

The present study exhibited several limitations. The first
limitation is the low rate of completion of treatment as a result
of our definition of this primary endpoint as 5 consecutive
days of absence of fever being too strict. It is worth noting that
the definitions of the primary endpoint were unclear in other
studies of FN (18), (19), (20). Therefore, we added an additional anal-
ysis in which the goal of treatment of FN was no change in the
initial antimicrobial agent and no serious adverse events, with
no mention of fever. This endpoint was achieved in 91.67% of
our study patients. The second limitation of the present study
was the small patient cohort; its small size made demonstrat-
ing statistically significant differences difficult. Additionally,
we were unable to reach the required number of patients as
determined before initiation of the study. One of the reasons
for this failure was the frequent use of granulocyte colony-
stimulating factor to prevent FN. Therefore, we were unable
to analyze our findings statistically. Further large studies are re-
quired. However, the results of treatment of FN with STFX
in this study are useful.

In summary, we conducted a prospective study to deter-
mine the efficacy and safety of STFX in treatment of low-risk
FN in lung cancer patients. Although the present study co-
hort was small, our results indicate that STFX monotherapy
might be effective against low-risk FN in lung cancer patients
for the first time in the world. However, more detailed study
will be required in future.
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