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Abstract 

Infections represent a well-known complica-
tion of antineoplastic chemotherapy that may
cause delay of treatment, with alteration of the
antineoplastic program and dose-intensity, or
even the death of a patient that could heal from
his/her neoplasia. Bacterial infections are a
major cause of morbidity and mortality in
patients who are neutropenic following
chemotherapy for malignancy. Therefore a pro-
gram of antibiotic prophylaxis for febrile neu-
tropenia may be considered in the manage-
ment strategy of cancer patients. 

Comments

When such a program is planned some ques-
tions have to be asked.1 The first should be
which disease we want to prevent: febrile neu-
tropenia, bacteremia or other bacterial inva-
sive infections, or death from bacterial dis-
ease, and the efficacy of the prophylaxis
against the specific disease we chosen. The
frequency of the disease to prevent and the
effectiveness of prophylaxis will condition the
number need to treat (NNT), i.e. the number of
patients that will receive prophylaxis to pre-
vent 1 of the even we want to avoid. The lower
the NNT, the higher is the probability that pro-
phylaxis will be effective (i.e. low NNT yes pro-
phylaxis, high NNT no prophylaxis). The NNT
depends on frequency of the disease in the
controls, consequences of the treatments (effi-
cacy vs toxicity and/or drug interactions), costs
(of prophylaxis and the treatment of the dis-
ease if not prevented), and selection of resist-
ances and there is no standardization to decide
if the NNT is satisfactory, i.e. in a disease with
highly severe consequences also a high NNT
could be acceptable.2 Many clinical trials have
demonstrated the efficacy of different antibi-
otics (mainly cotrimoxazole, ciprofloxacin,
amoxicillin-clavulanate) as prophylaxis of
febrile neutropenia both in children and adults
with leukemia,3-6 with different NNT according
to the type of disease that should be prevented:
the lowest for fever, the highest for death.5

However in the absolute majority of these
studies patients were enrolled only once (for
statistical reasons) and the effectiveness of
prophylaxis during repeated neutropenic peri-
ods has been studied only in one, very ques-
tionable clinical trial in adults solid tumors
(by the way the effect of prophylaxis was could
be observed only during the neutropenic peri-
od following the first cycle of chemotherapy,
but not in the subsequent ones).7,8 Therefore
the effectiveness of prophylaxis during repeat-
ed neutropenic periods (i.e. the normal course
of antineoplastic chemotherapy) must still be
demonstrated, especially in leukemic patients.
In this sense, the analysis of epidemiological
data in neutropenic children with cancer
shows that the risk of repeated febrile episodes
during subsequent neutropenic periods is
influenced by the aggressiveness of
chemotherapy in acute leukemia/non-Hodgkin
lymphoma and the level of neutropenia at
onset in solid tumors, with no effect estimated
for antibacterial prophylaxis in both cases.9

The second question to be answered plan-
ning a prophylactic program is if the even we
want to prevent it a severe one (Yes: prophy-
laxis, No: no prophylaxis), and, if it could be
easily treated in case of occurrence. The most
frequent infectious event in neutropenic chil-
dren is fever of unknown origin, which occurs
in near 50% of neutropenic periods following
aggressive treatment for acute leukemia/non-
Hodgkin lymphoma or conditioning regimen
for hemopoietic stem cell transplant, and in
less than 1/3 of neutropenic periods following
less aggressive chemotherapy for acute
leukemia/non-Hodgkin lymphoma or any type
of treatment for solid tumors.10 Gram-negative
bacteremia that is the most severe (and
feared) complications and one of the major tar-
gets of prophylaxis is diagnosed in no more
than 15% of episodes of febrile neutropenia in
children.10 The majority of episodes of febrile
neutropenia is treated quite easy, with a rea-
sonably low rate of failure (i.e. the need to
changes the initial treatment treatment or
mortality) and the most recent pediatric guide-
lines indicates monotherapy with a beta-lac-
tam active against Pseudomonas as the most
reasonable choice for initial empirical treat-
ment.11

However, in presence of infection due to
resistant strains the risk of failure increases,
with a significant reduction of patients’ sur-
vival.12-14 Selection of resistant strains is prob-
ably the worst adverse event induced by wide-
spread use of antibacterial prophylaxis in neu-
tropenic cancer patients.14-17 In spite of many
inferences from clinical trials and meta analy-
ses suggest that administration of prophylaxis
had no impact on he selection of resistant bac-
teria,3,5,18 the search for colonization by resist-
ant strains is generally absent in randomized
clinical trials on antibacterial prophylaxis of

febrile neutropenia. Indeed, only in one recent
randomized clinical trial of antibiotic prophy-
laxis for febrile neutropenia in children the
risk of selection of resistant strains during
antibacterial prophylaxis was addressed in a
satisfactory way with evaluation of intestinal
flora colonizing the patients before and after
the administration of prophylaxis.6

In general, only epidemiological studies ana-
lyzing bacterial infections/colonization when a
prophylactic program is adopted in a specific
patients’ population may give a correct evalua-
tion of the risk of selecting resistant bacteria
induced by antibiotic prophylaxis. In this sense,
data from a pediatric epidemiological study
clearly show that the widespread use of antibac-
terial prophylaxis causes ecological changes,
with acquisition of resistant pathogens also in
patients who did not receive antibiotics for pre-
venting febrile neutropenia.19

As specifically regards antibacterial prophy-
laxis of febrile neutropenia in children with
acute leukemia/non-Hodgkin lymphoma, only 2
randomized, double-blind, placebo-controlled
clinical trials have been performed in this set-
ting so far.4,6 In the first one, the administra-
tion of amoxicillin-clavulanate significantly
reduced, −21%, the incidence of fever in neu-
tropenic children with acute leukemia/lym-
phoma, while no effect could be demonstrated
in solid tumors. In the second one performed
in acute leukemia, administration of
ciprofloxacin determined a 23% reduction of
febrile episodes compared with placebo. In
both cases the NNT to prevent one episode of
febrile neutropenia was very similar, 5 in the
first and 4 in the second (no NNT could be cal-
culated for bacteremia or death since the stud-
ies were not planned to analyze the effect of
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prophylaxis on these complications, but it is
presumably very high for both conditions).5

What becomes apparent from both studies is
that for every 100 neutropenic patients receiv-
ing prophylaxis, 75-80 of them are treated
unnecessarily to prevent the remaining 20-25
from developing during and neutropenia. If we
consider that the incidence of Gram-negative
bacteremia, the most feared complication
because of high mortality, generally represents
no more than 10-15% of all febrile neutropenic
episodes we estimate that we would adminis-
ter unnecessarily prophylaxis in 96-97 patients
to prevent Gram-negative bacteremia in 3-4
subjects. This number could still be considered
as acceptable, if antibiotic resistance was not
an emerging problem. This specific problem
was not addressed in the first pediatric trial,
while in the second it was observed that after
two weeks from the end of prophylaxis 95% of
patients receiving ciprofloxacin were colo-
nized by resistant Enterobacteriaceae, while
this proportion was 27% in patients treated
with placebo. International guidelines now
recommend the implementation of systematic
surveillance for monitoring rates of resistance
among Gram-negatives and in some cases it is
recommended that prophylaxis should be
abandoned because probably ineffective, when
resistance rate is greater than 20%.11,20

In the period 2004-2010 a program of anti-
bacterial prophylaxis with oral amoxicillin-
clavulanate or intravenous ampicillin-sulbac-
tam for prevention of fever after aggressive
treatment for acute leukemia/non-Hodgkin
lymphoma or during the pre-engraftment peri-
od in HSCT was implemented at the Giannina
Gaslini Institute, Genoa, Italy. This strategy
was associated with a strict monitoring of the
etiology and antimicrobial susceptibility of
pathogens isolated from blood cultures that
showed an increase of infections due to cef-
tazidime-resistant, not ESBL-producing Gram-
negatives (that was detected in more than 30%
of Gram-negatives isolated from blood cul-
tures, and perhaps due to the production of the
beta-lactamase amp-C induced by amoxicillin-
clavulanate) and an increase of resistance to
fluoroquinolone that resulted 17% of Gram-
negatives causing bacteremias,21 even if this
drug was never used for prophylaxis. As a con-
sequence antibacterial prophylaxis was inter-
rupted in 2010 for children with acute
leukemia/lymphoma, while it was maintained
during the pre-engraftment period of stem cell
transplant (both autologous and allogeneic)
that represent a very peculiar period at risk,
since antibacterial prophylaxis has been
shown effective in a single period of adminis-
tration (i.e. the single period of prophylaxis
administered in a randomized clinical trial).

Stemming from all these observations, i.e.
relatively low frequency of febrile neutropenia

and Gram-negative bacteremia, absence of
effect during repeated neutropenic periods
and increasing in severe infections due to
antibiotic-resistant strains, it is my personal
opinion that now is the time when antibacter-
ial prophylaxis in neutropenic children with
cancer should be abandoned at least during
chemotherapeutic regimens. 
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