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Abstract

Goals of work Patients with low-risk neutropenic fever as
defined by the Multinational Association of Supportive
Care in Cancer (MASCC) score might benefit from
ambulatory treatment. Optimal management remains to be
clearly defined, and new oral antibiotics need to be
evaluated in this setting.

Materials and methods Cancer patients with febrile neu-
tropenia and a favorable MASCC score were randomized
between oral moxifloxacin and intravenous ceftriaxone. All
were fit for early hospital discharge. The global success rate
was related to the efficacy of monotherapy, as well as to the
success of ambulatory monitoring.

Main results The trial was closed prematurely because of
low accrual. Ninety-six patients were included (47 in the
ceftriaxone arm and 49 in the moxifloxacin arm). A total of
65% were women, 30.2% had lymphoma, 34.4% had
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metastatic, and 35.4% had non-metastatic solid tumors.
The success rates of home antibiotics were 73.9% and
79.2% for ceftriaxone and moxifloxacin, respectively.
Seven patients were not discharged, and 14 required re-
hospitalization. There were 17% of microbiologically
documented infections that were, in most cases, susceptible
to oral monotherapy.

Conclusions These results suggest that MASCC is a valid
and useful tool to select patients for ambulatory treatments
and that oral moxifloxacin monotherapy is safe and
effective for the outpatient treatment of cancer patients
with low-risk neutropenic fever.

Keywords Febrile neutropenia - Home antibiotics -
Moxifloxacin - Ceftriaxone

Introduction

Febrile neutropenia is a potentially life-threatening compli-
cation of chemotherapy requiring hospitalization and
empirical broad-spectrum intravenous antibiotics [11, 13,
22]. However, only a small proportion of patients develop
serious morbidity. Some cooperative groups have identified
predictive clinical criteria at fever onset to select patients at
low risk for complications [16, 17, 27, 30]. Two main risk-
prediction rules have been proposed and validated with a
positive predictive value from 91% to 95%. The most
recent one (Multinational Association for Supportive Care
in Cancer, MASCC, score ), developed from a database of
1,139 episodes of neutropenia, defined a weighted scoring
system of clinical factors [17]. A low-risk score was
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associated with absence of mortality and reduced morbidity
(4.5%).

This MASCC score is considered a reliable tool for the
selection of patients who might benefit from early hospital
discharge and oral antibiotics.

Oral antibiotics have been evaluated in an inpatient
setting, and two controlled trials comparing oral and
parenteral administration have reported equivalence in
terms of safety and efficacy [9, 15]. Both oral or parenteral
antibiotics have been largely used in the outpatient setting
with similar low readmission rates and high efficacy [7, 8,
10, 12, 18, 19, 21, 24, 29].

After our study of cefepime monotherapy, which demon-
strated the safety and efficacy of cefepime in monotherapy in
an inpatient setting [4], we have reported the feasibility and
efficacy results of home intravenous cefepime antibiotics in a
selected subset of low-risk patients [26].

Based on our previous experience, we initiated a multi-
centric randomized controlled trial, comparing oral versus
parenteral antibiotics in cancer patients with low-risk febrile
neutropenia defined by a MASCC score >21. Early hospital
discharge on the day or within 2 days of therapy was
organized for all patients.

Ceftriaxone, a third-generation parenteral cephalosporin,
has been largely evaluated in this setting, with good
efficacy and tolerance, and has the advantage of once-daily
dosing [6, 14].

Moxifloxacin, a new broad-spectrum methoxyquinolone,
has been reported to have higher activity against Gram-
positive pathogens and anaerobes than older fluroquino-
lones while retaining good activity against Gram-negative
pathogens [2, 3]. Furthermore, it is administered once daily
and has favorable pharmacokinetic and pharmacodynamic
profiles. The oral form is currently approved in France for
the treatment of community-acquired respiratory tract
infections. At the time the study was set up, no published
data were available about its use in cancer patients with
febrile neutropenia.

Materials and methods
Eligibility criteria

To be eligible, patients were to have received chemotherapy
for a solid tumor, lymphoma, or myeloma in the previous
month (patients with acute leukemia or undergoing autol-
ogous stem cell transplantation were excluded) and be aged
18 years or more.

Patients were required to have had an oral temperature
>38.5°C once or >38°C twice in a period of 12 h, an
absolute neutrophil count (ANC) <0.5 or <1 G/I with a
predicted decrease to <0.5 G/l within 48 h of entry, no
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symptoms of septic shock, a MASCC score >21, no
contraindication to the two tested antibiotics, and no
mucositis preventing oral administration. In addition, they
were to be willing to go home as soon as possible and to
have signed the written consent form.

Patients were excluded from participation if they had
received previous antibiotics within 4 days of entry, if they
had severe clinical infection, serum transaminase levels
more than five times the upper limit of normal, serum
creatinine level >265 pumol/l, and were not willing to go
home or had no relatives. Psychological status and social
environment were evaluated by the physician before
obtaining patient consent. Patients could not have been
included in the same study within the previous 4 weeks or
be hospitalized on occurrence of febrile neutropenia.

Study design and treatment strategy

This was a prospective, randomized, multicenter, controlled
study. Randomization was centralized and was stratified
according to the participating center.

The protocol was approved by an ethics committee and a
written consent was obtained from all patients before
enrolment.

Eligible patient evaluation included detailed medical
history and complete physical examination, allowing
accurate determination of the MASCC score.

Patients were evaluated for expected compliance, will-
ingness to go home, home environment, and social status.

Biological examination consisted of a complete blood
cell count and differential, determination of creatinine,
serum electrolyte, and C reactive protein levels, and liver
function tests. Blood cultures (one sample drawn from a
peripheral vein and one from central venous access if
available) were performed in duplicate (one sample for
aerobes and one for anaerobes). Infecting pathogens were
identified by genus and species, and susceptibility to
antibiotics was determined.

Patients who fulfilled the entry criteria were randomly
assigned to receive either moxifloxacin administered orally
as 400 mg once daily or ceftriaxone 2 g administered
intravenously as a single daily dose.

For all patients, the first antibiotic dose (oral or
intravenous) was administered at the hospital before
discharge.

The minimum duration of treatment was 4 days. Treat-
ment was discontinued when patients reached an ANC
>0.5 G/I and had no fever for 24 h.

Patients were to be discharged to home on the same day
or within 24 h in case of logistical problems. An interval of
48 h between hospitalization and home discharge was
allowed if febrile neutropenia occurred early in the
weekend.
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The monitoring of all included patients was performed
by a coordination team with recording of temperature every
12 h and daily blood cell count until neutropenia recovery,
daily phone calls, medical visits when necessary, and
repeated blood cultures if needed.

In case of persistent fever after 72 h with no clinical sign of
severity, the addition of a glycopeptide was recommended.

Blood transfusions in the ambulatory care unit were
permitted and not considered a re-hospitalization.

Quality of life was evaluated at the end of the episode
using the Quality of Life Questionnaire C30 (QLQ-C30)
developed by the European Organization for Research and
Treatment of Cancer [1].

Primary endpoint

The primary endpoint of the study was the global success of
the at-home antibiotic therapy. The overall strategy (anti-
biotics and early hospital discharge) was considered a
success not only when the effectiveness of the antibiotic
therapy was achieved (as defined by the resolution of fever
and of the possible clinical or microbiological manifes-
tations of the infection) but also in the presence of the
following criteria: early hospital discharge (within 24 or
48 h), no death from any cause, no sign or symptom of
clinical deterioration requiring hospital readmission, no
initial infection by a pathogen resistant in vitro to the
antibiotics tested, no modification of initial anti-biotherapy,
no relapse or new infection during antibiotic treatment, no
toxic reaction to the antibiotic requiring discontinuation of
treatment, and no re-hospitalization of the patient for any
cause.

Evaluation of these criteria was performed at resolution
of the episode.

Secondary endpoints

Secondary endpoints were the effectiveness of the antibiotic
monotherapy (as evidenced by the lack of need for any
additional antibiotics besides ceftriaxone or moxifloxacin),
the toxicity of the two treatments, the frequency of re-
admissions, and patient quality of life.

Statistical considerations

The study was initially designed as a non-inferiority trial.
The sample size was calculated assuming a success rate of
80% in the standard intravenous arm, based on our previous
experience, and that oral therapy would not be 10% worse.
With a statistical power of 90% and a significance level of
5% in a one-sided test, the trial required 275 episodes of
febrile neutropenia in each arm. Patients could be included
twice, as long as an interval of more than 28 days was

achieved between two inclusions; the episodes were then
regarded as independent. Assuming a rate of 5% of non-
evaluable patients, 580 episodes were needed.

Comparison between groups was carried out by a
descriptive statistical analysis, and differences were tested
using common tests.

Success rates were calculated for each group. The
difference between the rates achieved with moxifloxacin
and with ceftriaxone was calculated with a 95% confidence
interval. If the upper limit of this confidence interval was
lower than 10%, the moxifloxacine arm would be regarded
as non-inferior to the ceftriaxone arm.

The analysis was made on an intention-to-treat basis and
performed using the SAS software (version 8.2).

Results

Between September 2003 and December 2005, 90 patients
representing 96 episodes of febrile neutropenia (47 in the
ceftriaxone arm and 49 in the moxifloxacin arm) consented
to participate in the study. Six patients were included twice.

This trial had to be closed prematurely because of
recruitment problems. While six centers had been activated,
only four included patients, and 91% of the patients were
finally included by only one center.

In two cases, no data were available for follow-up. Of
the 96 episodes of febrile neutropenia, 94 were, thus,
evaluable for efficacy and toxicity.

Baseline characteristics

Baseline characteristics were well balanced between the
two treatment arms (Table 1): 64.6% of patients were
women, 30.2% of the patients had lymphoma, 34.4% had
metastatic tumors, and 35.4% had non-metastatic solid
tumors. Of the 67 patients with solid tumors, 28 (41.8%)
had breast cancer (14 patients in each arm) and 22 (32.8%)
had sarcoma (seven in the ceftriaxone arm and 15 in the
moxifloxacin arm).

In 47 cases (49%), patients received only the first course
of chemotherapy; nine of these (19.1%) received concom-
itant granulocyte-colony stimulating factor (GCSF). Of the
remaining 49 patients undergoing the second course of
chemotherapy or more, 17 received GCSF (34.7%)).

At admission, 68 patients (70.8%) had a fever of unknown
origin (FUO), 16 patients (16.7%) had microbiologically
documented infection and 12 (12.5%) had clinically docu-
mented infection: eight cases of nasopharyngitis or bronchi-
tis, one cellulitis, one ocular infection, one urinary infection,
and one infection of the central venous access.

The overall mean MASCC score at admission was 24.31
(SD=1.67); it was similar in the two treatment groups.
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Table 1 Patient characteristics

Characteristics Ceftriaxone arm, Moxifloxacin arm,
N=47 N=49
Number of  Percent Number of  Percent
patients patients
Sex
Female 28 59.6 34 69.4
Age (years)
Mean (SD) 51.9 (15.0) 51.6 (14.0)
Median (range) 54.5 (21.6-80.0) 54.4 (21.9-77.2)
Diagnosis
Lymphoma 17 36.2 12 24.5
Solid tumor without 16 34 18 36.7
metastasis
Metastatic solid 14 29.8 19 38.8
tumor
Neutrophil count at presentation (g/1)
Mean (SD) 0.18 (0.17) 0.17 (0.19)

Median (range) 0.14 (0.01-0.71)
Fever of unknown origin

Yes 34 72.3
Clinically documented infection

Yes 6 12.8
Microbiologically documented

Yes 7 14.9
Positive blood culture

Yes 5 10.6
MASCC score

Mean (SD) 24.13 (1.77)

Median (range) 24.0 (21-26)
Growth factors

Yes 9 19.1

0.09 (0.0-0.77)

34 69.4
6 12.2
9 18.4
6 12.2
24.49 (1.56)

24 (21-26)

17 347

Table 2 Evolution according to treatment group

The median duration of treatments was 4 days (range, 1
to 10 days) in the moxifloxacin arm and 5 days (range, 1 to
10 days) in the ceftriaxone arm.

Efficacy
Primary outcomes

Table 2 lists the main outcome variables in each treatment
group.

Success of the at-home antibiotic strategy was observed
for 34 (73.9%) of the 46 patients included in the ceftriaxone
arm and 38 (79.2%) of the 48 patients included in the
moxifloxacin arm. The calculated risk difference between
the moxifloxacin arm and the ceftriaxone arm was 5.3%
(95% CI, 11.9 to 22.4%). The upper limit exceeded the
10% initially anticipated, and the non-inferiority of moxi-
floxacin was not demonstrated.

Secondary outcomes

No statistical difference was found for any component of
the primary endpoint. As seen from Table 2, no toxic death
was observed in the study population. Furthermore, no
severe complication or significant morbidity were reported.

Seven patients (7.4%) were not discharged within 24 to
48 h, and 14 patients (14.9%) required re-hospitalization.
These cases were regarded as failures of the strategy.
Among the seven patients not discharged on time, five were
in the moxifloxacin arm and two in the ceftriaxone arm;

Ceftriaxone arm, N=46" Moxifloxacin arm, N=48 Test p
No. of episodes Percent No. of episodes Percent
Success of home antibiotic strategy 34 73.9 38 79.2
For FUO 28/33 26/33
For clinically documented infection 4/6 6/6
For positive blood cultures 2/5 5/6
Microbiologically documented infections 2/7 8/9
Failure criteria for home antibiotic therapy
No early hospital discharge 2 43 5 10.4 0.44
Death from any cause 0 0 0 0
Clinical deterioration 0 0 0 0
Relapse of infection or new infection 1 2.2 0 0 0.49
Initial infection by resistant pathogens 1 2.2 0 0 0.49
necessitating a change in antibiotics
Toxicity requiring discontinuation of study drug 2 43 0 0 0.24
Modification of initial antibiotic therapy 4 8.7 7 14.6 0.52
Re-hospitalization for any cause 9 19.6 5 10.4 0.76
Success of monotherapy
Absence of additional antibiotics 35 76.1 35 72.9 0.81

#Two patients cannot be evaluated for efficacity because of missing data (one FUO in each arm).
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five had no other criteria of failure, but two patients in the
moxifloxacin arm had a modification of the initial antibiotic
regimen. Among the 14 patients who had to be re-
hospitalized, nine had persistence of temperature, two
chose to be re-hospitalized, one had a severe dental
infection, one had positive initial blood cultures, and one
had an allergic reaction to ceftriaxone.

Initial anti-biotherapy had to be modified in four cases
(8.9%) in the ceftriaxone arm and in seven cases (15%) in the
moxifloxacin arm. This modification was because of the
persistence of temperature in six cases, mucositis requiring
intravenous antibiotics in two cases, toxicity of initial anti-
biotics in two cases, and severe dental infection in one case.

In 82.6% of cases in the ceftriaxone arm and in 83.3% in
the moxifloxacin arm, no antibiotic was added.

Quality-of-life data at 24 h after the end of the treatment
were available for 42 patients (16 in the ceftriaxone arm
and 26 in the moxifloxacin arm). In terms of global QOL,
scores were not significantly different between the two
arms (p=0.78), with a mean global score of 46.3 in the
ceftriaxone arm and 44.9 in the moxifloxacin arm.

Table 3 summarizes the initial microbiological data, the
susceptibility of clinical isolates to the tested antibiotics,
and patient clinical outcome. An initial microbiologically
documented infection was reported in 16 cases (16.7%).
One patient in the ceftriaxone arm had initial urinary tract
infection because of Pseudomonas aeroginosa and resistant
to ceftriaxone, justifying the immediate replacement of the
antibiotic. In all other cases, antibiotic changes were
decided after clinical failure. Six of the 16 (37.5%)
documented infections failed to respond to the global
strategy.

Safety

All patients had a favorable evolution after re-hospitaliza-
tion and no death was observed. The toxicity profile was
good in the two treatment groups. Three moderate
gastrointestinal toxicities were reported in the moxifloxacin
arm. In the ceftriaxone arm, five adverse events were
reported: two cases of cutaneous allergy, one of moderate
cutaneous modification, and two of moderate gastrointesti-
nal toxicity. Treatment was stopped only in two cases in the
ceftriaxone arm for cutaneous allergy. No statistical differ-
ences were found between the two arms for toxicity.

Discussion

Rapid hospitalization and broad-spectrum intravenous anti-
biotics have become the standard care for febrile neutrope-
nia in cancer patients, resulting in a dramatic reduction of
mortality and morbidity. However, when the expected

Table 3 Clinical outcome of the 16 microbiologically documented
infections according to the site of infection

Treatment Infection MXF CEF Outcome

arm site

Organisms

Gram positive

Coagulase negative MXF Bloodstream R R Failure
Staphylococcus MXF Bloodstream R R Success
MXF Bloodstream S S Success
MXF Bloodstream S R Success
CEF Bloodstream S S Failure
CEF Bloodstream S S Success
CEF Bloodstream R R Success
Gram negative
Serratia marcescens CEF Bloodstream S S Failure
Campylobacter MXF Bloodstream S R Success
Jjejuni
Polymicrobial MXF Bloodstream Success
Staphylococcus S S
epidermidis
Klebsiella S S
pneumoniae
Pseudomonas CEF UTI R R Failure
aeruginosa
Escherichia coli MXF UTI S S Success
Escherichia coli MXF UTI S S Success
Polymicrobial MXF UTI Success
Enterococcus R R
faecalis
Klebsiella S S
pneumoniae
Candida albicans ~ CEF Throat Failure
Staphylococcus CEF Soft tissues S S Failure

aureus

MXF Moxifloxacin arm, CEF ceftriaxone arm, UT/ urinary tract
infection, S susceptible, R resistant

duration of neutropenia is short, the vast majority of the
episodes are benign in nature. Useful and convenient tools
have been developed to select low-risk populations in
whom other approaches could be used, such as early
discharge from hospital and oral antibiotics.

This study included only low-risk patients defined by the
MASCC score system, and early discharge and monother-
apy with intravenous or oral antibiotics were successful in
almost 80% of the cases. The MASCC score has been
validated in at least three recent prospective studies with
demonstration of the feasibility and safety of a less
intensive approach in the defined low-risk population [5,
18, 28].

A meta-analysis including 15 trials comparing oral
versus intravenous antibiotics has reported similar out-
comes for the two strategies [29]. Four studies have been
performed in the outpatient setting [20, 21, 23], and three
have compared oral outpatient versus intravenous inpatient
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strategies [10, 12, 25]. The sample size of each separate
study seems insufficient to provide certainty of equiva-
lence. Similarly, the present study failed to demonstrate
equivalence between oral and intravenous antibiotics
because of insufficient recruitment. To be convincing,
the demonstration of an equivalence between the two
strategies would have necessitated at least 500 patients.
However, consistent with published data, we observed no
differences in terms of efficacy of the antibiotics, re-
hospitalization rate, and toxicity. The patient selection was
appropriate, as we observed no mortality and no signifi-
cant morbidity.

Many reasons might explain this unexpected poor
recruitment. We observed in our institution a significant
decrease of febrile neutropenia episodes, probably caused
by the routine use of GCSF. Furthermore, the monitoring of
included patients required the participation of an ambula-
tory coordination team, which was difficult to organize in
some centers. Early hospital discharge (within the first
24 h) was also a cause of non-inclusion. Many centers used
this approach for their selected patients but without a
careful evaluation.

If oral antibiotic therapy is an accepted alternative, there
is no evidence in support of any specific regimen. Because
of the preponderance of Gram-positive bacteria, most
studies have tested quinolones frequently combined to
another drug active against Gram-positive bacteria.

In the present study, we tested moxifloxacin, a new-
generation quinolone that is more potent in vitro against
Gram-positive bacteria than older quinolones and has a
broad spectrum of activity against Gram-negative bacteria.
A recent uncontrolled study has reported the outcome of 54
patients with febrile neutropenia receiving a single daily
dose of moxifloxacin, with 91% overall success rate and no
significant toxicity [5]. Organisms that we identified in this
study from blood cultures were mostly coagulase-negative
staphylococci; five of the eight isolates were susceptible to
moxifloxacin in vitro. Similarly, the Gram-negative bacteria
isolated from blood cultures and potentially dangerous for
neutropenic patients were all susceptible to moxifloxacin.
Monotherapy with oral moxifloxacin seems to be effica-
cious and safe in the setting of low-risk febrile neutropenia.
The oral and once-daily administration of the drug is
convenient, allows for outpatient treatment, and, thus,
reduces the occurrence of nosocomial infections and the
cost of patient monitoring.

Our study failed to enrol the number of patients that was
originally planned, and our primary objective of demon-
strating the non-inferiority of moxifloxacin could not be
reached. However, even if definitive conclusions cannot be
drawn, we believe that moxifloxacin is effective and safe
for the outpatient management of low-risk neutropenic
fever.
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The MASCC score is now considered a useful tool to
predict the outcome of febrile neutropenia and to identify
candidates for oral antibiotics and immediate or early
hospital discharge. Careful inpatient clinical and biological
evaluation remains a standard procedure for the selection of
patients for safe home care. Oral antibiotics such as new-
generation fluoroquinolones, in conjunction with early
hospital discharge, offer a feasible and cost-effective
alternative to conventional management of low-risk neu-
tropenic fever. However, other aspects, such as psychoso-
cial conditions, evidence of good compliance, and
evaluation of mucositis, remain to be addressed. The results
of this exploratory study should provide the basis for a
larger, well-powered, controlled study permitting to further
evaluate the use of oral antibiotics and early discharge in a
multicenter setting.
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