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Abstract
Febrile neutropenia (FN) is the most

common complication of childhood cancer
treatment with mortality rates of untreated patients
up to 21%.

The recognition and management of FN is
fundamental to preserve the children health status
and avoid life-threatening complications. Physical
and laboratory assessments should be performed
in every patient with FN to identify any potential
site of infection to be promptly treated. Hence, an
empiric antimicrobial therapy remains the gold
standard for the management of these patients.
Antimicrobial treatment should be based on local
epidemiological data and antibiotic susceptibility;
a combination of a fourth-generation
antipseudomonal cephalosporin with an
aminoglycoside is generally adopted. Empirical
administration of glycopeptides, in absence of
documented Gram-positive bacterial infection is
not recommended for routine use. Despite the
progress in the management of febrile neutropenia
and its relatively low mortality, the emergence of
resistant pathogens is increasing, and the
development of new effective antimicrobials are
needed. Established criteria for a risk adapted
approach is still lacking and no definitive data
supporting the duration of empiric treatment are
present. De-escalation strategies should be
implemented to reduce both antibiotic exposure
and resistance as well as hospital stay.

Keywords: Children, Febrile Neutropenia, Cancer

Introduction
Cancer treatments and cancer can cause

potential side effects. Fever with neutropenia is a
common clinical problem in patients receiving
cancer treatment. Likewise, infections remain an
important cause of morbidity and mortality for
these patients (1-4).

Antineoplastic drugs have cytotoxic effects
on the bone marrow cells, leading to disruption in
immunological protection. Neutropenia is the most
prominent chemotherapy-induced immune defect
and can cause increased patients’ susceptibility
to bacterial, fungal, viral, or protozoan infections
(5). Fever during neutropenia may be the only sign
of an infectious episode. Because of the risk of a
complicated clinical course due to pathogens
causing severe and life-threatening bacterial
infections in paediatric cancer patients, timely
inpatient treatment with broad-spectrum
antibiotics is the standard of care. Despite this
consensus, previous surveys performed in
paediatric cancer centres from different countries
revealed a high level of heterogeneity in many key
topics of clinical management (6).

This paper aims to provide a therapeutic
protocol for the prompt management of febrile
neutropenia in children with cancer.

Definition: At present, there is no international
uniformly agreed definition of febrile neutropenia.
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According to recent data, febrile neutropenia is
referred to as a temperature once > 38.5°C or
 > 38°C with repeated measurement after one hour
with an absolute neutrophil count of less than 500/
microl.

When the neutrophil count decreases to
<1000/microl, the susceptibility to the infections
increases, and patients with a neutrophil count of
<500/microl are considered at higher risk for
bacterial and fungal infections. The duration and
the severity of neutropenia are directly related to
the risk of severe infection. With a neutrophil count
between 1000 and 500/microl, the risk is about
15%, between 500 and 100 of 20-35%, with
counts <100 up to 50% (7).  Moreover, disease-
related myelosuppression, abnormalities of
phagocytic function, damage to the natural
barriers (skin and mucosae), surgery, and use of
a central venous catheter may further increase
the risk of infection in neutropenic children (8,9).

Aetiology: The main source of pathogens in
patients with febrile neutropenia is the host’s
endogenous flora (10).  In many cases,
endogenous flora is changed by long-lasting
antibiotic treatments and by chemotherapy itself.
However, many other exogenous microorganisms
can be acquired. Approximately 50% of pathogens
can grow during hospitalization. They can be
acquired from contaminated air or water, from
contact with other patients, personnel, or
equipment.

Gram-positive bacteria, as Staphylococcus,
Streptococcus, Enterococcus faecalis, Bacillus
species, and other bacteria, now account for about
60-70% of all microbiologically documented
infections. Some gram-positive organisms may
be methicillin-resistant (S. aureus, Viridans
streptococci, and Pneumococci) and can be
responsible for fulminating infections if not
promptly treated (11,12). Moreover, S. aureus and
coagulase-negative staphylococci are the most
common causes of catheter-associated infections
(13,14). As for gram-negative bacteria, P.
aeruginosa, E. coli, and Klebsiella species

represent significant causes of infection and must
be treated with selected antibiotics (15,16).
Anaerobic bacteraemia occurs in less than 5% of
patients with febrile neutropenia (17).  Patients
with cancer who have neutropenic colitis,
intrabdominal infections, perirectal abscesses, or
periodontal disease are at risk for anaerobic
bacteraemia, frequently in the context of a
polymicrobial infection.

An emerging challenge is the increasing rate
of multidrug-resistant gram-negative bacteria
related to the antibiotic selection pressure and
induction of beta-lactamases after the use of beta-
lactams, including the carbapenems (18,19).
Similarly, the incidence of resistance of the
common gram-positive cocci to beta-lactams is
increasing in neutropenic patients (20). The
emergence of antibiotic-resistant gram-positive
pathogens led to the extensive use of vancomycin
as part of the initial empirical treatment of febrile
neutropenia. On the other hand, a decreased
susceptibility to vancomycin for some gram-
positive bacteria has been registered.

Fungal infections (Candida and Aspergillus
species) are rare at the beginning of the febrile
state, but they may occur during long-lasting
antibiotic therapy, protracted neutropenia, or during
the resolution of the neutropenia itself (21).
Candida species can also cause catheter-related
infections. Candida albicans followed by C.
glabrata, C. tropicalis, and C. parapsilosis is
among the more frequent candidemia (22,23).

Assessment of patients with febrile
neutropenia
Physical examination: Physical examination is
the first initial medical approach to evaluate any
possible site of infection. Physicians should
perform a careful physical examination, including
the skin, skin folds, genitalia, anal area,
oropharynx, mouth, and ears. Signs of infection
in one or more of these sites might lead to more
selective and more efficacious empirical therapy.
Besides, intravenous central line sites should be
inspected carefully for signs of inflammation and
any exudates from the catheter site should be
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stained and cultured. Vital signs (temperature,
respiratory rate, blood pressure, and heart rate)
should be registered (24-28).

Laboratory evaluation: Before the beginning of
antibiotic treatment, blood samples should be
obtained from the central venous catheter (CVC)
and the peripheral vein for bacterial and fungal
cultures (29). Routine blood tests should include
full blood count, renal and liver function tests;
markers of inflammation such as c-reactive protein
(CRP), and procalcitonin. A blood gas for venous
lactate should be considered if the patient is unwell
to assess for sepsis (30).

Empirical imaging for the asymptomatic
patient is usually not indicated, however, the
following modalities can be considered: chest X-
ray (CXR) if there are respiratory signs or
symptoms or considered if the focus of infection
is unclear  [31,32].  CXR may not show
abnormalities if the patient is profoundly
neutropenic and should be interpreted with
caution. If no pathological changes are detected
on CXR despite respiratory symptoms then a
chest computed tomography (CT) should be
considered. Abdominal ultrasound can be
considered if fever is persistent (at least 72 hours)
to assess a fungal involvement of the kidneys and/
or liver.

If a catheter entry site is inflamed or draining,
the fluid exuded should be sent for staining and
culture. Swabs of any inflamed or discharging skin
or mucous membrane sites, especially purulent
discharge, should be regularly considered for
culture.

Empiric antibiotic therapy: Empiric antibiotic
treatment of febrile neutropenia should be started
as soon as possible. The clinical deterioration in
patients with febrile neutropenia can be rapid and
potentially life-threatening. The infecting agent is
confirmed microbiologically in only one-third of
neutropenic patients so the scheme of empiric
therapy should be based on local epidemiological
data about the most probable isolated pathogen
and its antibiotic susceptibility (33).

Treatment should be started within 6 hours
from the temperature spike and include a fourth-
generation antipseudomonal cephalosporin (i.e.
Cefepime 100 mg/kg/day) and an aminoglycoside
(i.e. Amikacin 15 mg/kg/day). Recent data
suggest that using the same dosage of
aminoglycoside in a single daily dose instead of
two or three daily administrations is more effective
and less toxic (34-37). Because of amino-
glycosides nephrotoxicity, drug plasma
concentration should be monitored in patients with
impaired renal function, and dosage should be
adjusted until the optimal therapeutic concentration
is achieved (16). When the drug is administrated
as a single dose, its blood level has to be detected
8 hours after the end of infusion and should be
maintained below 15 mg/l (38).

Several studies, in adults, have shown no
striking differences between monotherapy,
especially with carbapenem antibiotics, and
multidrug combinations for empiric treatment of
uncomplicated episodes of fever in neutropenic
patients (39,40).

The advantage of combination therapy is due
to the potential synergistic effects against some
Gram-negative bacilli and the minimal emergence
of drug-resistant strains during treatment (41-43).

In presence of mucous membrane lesions
due to herpes simplex virus, an antiviral drug
(Acyclovir) should be considered.

Addition of glycopeptides to the empiric
regimen: Based on the emergence of
vancomycin-resistant organisms, administration
of Vancomycin or Teicoplanin in the initial empirical
regimen should be limited to specific indications,
such as 1) clinical suspicion (catheter-related
infection, skin abscesses, acne, etc) of Gram-
positive bacteria infection; 2) microbiological
documentation of Gram-positive bacteria infection,
resistant to the initial antibiotic regimen; 3)
institution where Gram-positive organisms are
common causes of serious infections.

CVC removal should be considered in
patients with persistent bacteraemia despite 48
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hours of appropriate intravenous antibiotic therapy
(44-47).

Duration of treatment: Following an afebrile
status within 48 hours since the beginning of the
antibiotic treatment, the empiric therapy can be
continued until the neutrophil count rises to > 500/
microl.

If fever persists, cultures from additional
blood samples and specimens of specific sites of
infection should be repeated. It would be
reasonable not to change the initial regimen for
the first 3 days, even if the patient remains febrile
but clinically stable (16).

In that circumstances, a glycopeptide, such
as Vancomycin, 40 mg/kg/day in four doses,
should be added to the empiric treatment. In case
of infusion in a peripheral line, or when a reduced
fluid intake is needed, Teicoplanin has to be
preferred to Vancomycin.

Antibiotic therapy should be continued after
defervescence is obtained (for more than 48 hours)
and neutropenia is resolving (neutrophil count
>500/microl).

The criteria retained in several studies for
the early suspension of the antibiotic therapy are
apyrexia for at least 24 hours, a satisfactory
clinical status, the absence of positive blood
cultures, and haematological signs showing the
end of aplasia in patients in remission of their
disease (16).

Antifungal treatment: A persisting fever after 5
days of empirical antibiotic therapy can be due to
a non-bacterial aetiology. Diagnostic reassess-
ment should be directed at fungal infections
(especially chronic systemic candidiasis,
aspergillosis, histoplasmosis, and trichosporo-
nosis). The proportion of documented fungal
infection increases up to 30% in febrile patients
with cancer as neutropenia persists, so that a
delayed administration of antifungal therapy may
be detrimental (48).

The introduction of empirical antifungal
therapy (i.e. liposomal Amphotericin B 1-3 mg/

kg/day). is recommended from the fifth day of
persistent fever. Recently, Fluconazole has been
suggested in patients with low risk of mould
pathogens infection (such as Aspergillus species),
but should not be used in patients on previous
fluconazole prophylaxis (49).

Voriconazole, a second-generation triazole,
has been investigated as a possible alternative to
the liposomal Amphotericin B. A randomized
multicentre trial compared the efficacy of the two
compounds, showing no statistically significant
differences in terms of defervescence for 48 h
before the recovery of the neutrophil count,
breakthrough fungal infections, fungemia-related
deaths, the response of baseline infection, and
discontinuation of the study drug because of
adverse events. Nevertheless, the study has
shown that the incidence of major adverse events,
including nephrotoxicity and hepatotoxicity, was
less frequent with Voriconazole (50).

Another randomized trial compared
liposomal Amphotericin B vs. Caspofungin  (the
first licensed agent of the echinocandin class) and
no significant differences in the efficacy of the two
drugs were shown, whereas nephrotoxicity,
infusional reactions, and drug-related adverse
events were less frequent in the Caspofungin group
(51).

If a documented infection is detected, the
regimen should be modified according to the
antibiogram, but it should still provide broad-
spectrum coverage for the potential presence of
co-pathogens and for preventing bacterial
superinfection.

Intravascular catheter-related infections:
Management of catheter-related infection varies
according to the type of catheter involved. CVC
removal should be considered in patients with
persistent bacteraemia despite 48 hours of
appropriate antibiotic therapy o when clinical
signs of unexplained sepsis.

For the management of bacteraemia and
fungemia from an implantable device, such as a
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port-a-cath, it is important to ascertain a true
catheter-related bloodstream infection, rather than
skin contamination, catheter colonization, or
infection from another source. The decision to
remove the catheter should be based on the
severity of the patient’s illness, documentation
that the vascular-access device is infected,
assessment of the specific pathogen involved, and
presence of complications (52).

Recommendations for patients at the end of
aplasia: If the fever is still persistent at the end
of aplasia, blood, sputum, and urine samples
should be collected for microscopy and culture,
and deep infection  (abdominal abscesses,
sinusitis, fungal pulmonary site,..) should be
investigated (16,53-58).

When the neutrophil count rises to > 500/
microl and the patient is apyretic for at least 48
hours, antibiotic treatment can be stopped (16,53-
58).

Options for initial empiric therapy in low-risk
febrile neutropenic patients: Currently, it has
been evaluated the possibility of treating febrile
neutropenic patients at home or as outpatient
patients. Many studies demonstrated that in some
cases with good logistics (patients living near the
hospital and with the availability of home care)
the admission to the hospital just for the
administration of antibiotics can be avoided (49).

Patients with recovering monocyte count are
generally considered to be better candidates for
outpatient treatment than patients with decreasing
counts or no indication of marrow recovery.
Children presenting with an initial absolute
monocyte count >100/microl, without any
comorbidity, and with normal chest X-ray findings
are at low risk for significant bacterial infections.

A collaborative, prospective, multicentre
study on the paediatric population pointed out five
clinical and laboratory variables at the onset of
febrile neutropenia that could identify children at
high risk for invasive bacterial infection (IBI): 1)

serum C-reactive protein (CRP) levels of 90 mg/L
or greater; 2) hypotension; 3) relapse of leukaemia
as cancer type; 4) platelet count of 50,000/μL or
less; 5) recent (d” 7 days) chemotherapy.  An IBI
occurred in 2%, 17%, 48%, 75%, and 100% of
episodes presenting with none, one, two, three,
four, or more risk factors, respectively (59).

The current evidence is that children at low
risk for IBI can be treated as outpatients with a
comparable outcome to children treated in the
hospital (60).

As an alternative to initial outpatient therapy,
early discharge with continued outpatient oral
therapy may be considered after a brief inpatient
admission during which intravenous therapy is
initiated, if a severe infection is excluded and the
status of initial culture specimens is ascertained.

Conclusions
Evidence in adult patients with fever and

neutropenia allows drawing clear guidelines, while
data collected in the paediatric population does
not provide the same confidence level.

To date, the prompt institution of empiric
broad-spectrum antibiotics at the onset of fever is
the gold standard for the treatment of febrile
neutropenic children undergoing chemotherapy.
With this approach, morbidity and mortality have
been significantly reduced even if they have not
been eliminated. Current clinical guidelines for
febrile neutropenia management indicate that all
children with febrile neutropenia should be
managed with appropriate antibacterial therapy
until the resolution of febrile neutropenia.

Despite the progress in the management of
febrile neutropenia and its relatively low mortality,
the emergence of resistant pathogens requires
the development of new effective antimicrobials.
Moreover, treatment with either an oral antibacterial
regimen as initial therapy or early discontinuation
of antibacterial therapy in an outpatient setting
should remain investigational at present. A
prerequisite before recommending implementation
of an outpatient management program in different

Management of febrile neutropenia and cancer
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settings is to have an experienced medical team
that can assure close follow-up of patients and a
rapid response for patients who show clinical
deterioration.
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