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Introduction

This special issue of the European Journal of Cancer deals
with an extremely difficult task of providing guidelines and
recommendations for the management of infection in leukae-
mic patients.

Over the last 30 years, the European scientific community
has been at the forefront of this area of medicine and has
established standards of care. However, infections remain fre-
quent and life threatening particularly in the course of leu-
kaemia. Any attempt to make significant progress in the
survival of patients with cancer and mainly haematologic
malignancy will rely on optimal complementarity and cooper-
ation of specialists from various disciplines including infec-
tious disease specialists.

The content of this special issue includes the most chal-
lenging area of bacterial and fungal infections in leukaemia
with useful recommendations for the clinician at the bed side
of the patient.

The results of this European initiative also stress the need
to address the role of independent clinical research and aca-
demic research particularly as many of the infections de-
scribed are difficult to treat but also to prevent or to diagnose.

However, this series of manuscripts also illustrate that
there are still numerous challenges and opportunities ahead
for clinical trialists in Europe as numerous questions are still
unresolved despite tremendous efforts in the last decades
and the significant progress that has been made in the last
10 years.

While the potential market for antiinfectious agents in pa-
tients with haematological malignancies is rather limited,
there is a clear need for strong partnership between the aca-

demic scientific community and the pharmaceutical industry
developing new agents as there is not much incentive to de-
velop very expensive drugs in these circumstances.

Major efforts will also be needed to update regularly those
recommendations and to improve the methodology of clinical
research in infectious disease. Although the control and the
management of bacterial infections have been practically
solved, this is not the case for invasive fungal infections.

A special issue such as this one should also be useful for
health care providers and governments bodies having to allo-
cate funding and reimbursement within limited health care
budgets.

European clinical researchers have been pioneers and
should pursue their work of international cooperation pro-
moting high quality clinical trials which will be beneficial
both for the competitiveness of European research but mainly
for all patients with haematological malignancies.

Conflict of interest statement

None declared.

Francoise Meunier
EORTC, Belgium
E-mail address: francoise.meunier@eortc.be

1359-6349/$ - see front matter
© 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ejcsup.2007.05.001
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Editorial

The first European conference on infections in leukaemia:

Why and how? **

The first European conference on infections in leukaemia
(ECIL-1) was organised under the auspices of four groups or
society involved in the understanding and management of
infectious complications in patients with leukaemia or who
have undergone stem cell transplantation: the Infectious Dis-
eases Working Party of the European Group for Blood and
Marrow Transplantation (EBMT), the Infectious Diseases
Group of the European Organisation for Research and Treat-
ment of Cancer (EORTC), the Supportive Care Group of the
European LeukaemiaNet (ELN) and the International Immu-
nocompromised Host Society (ICHS). The objective of the
Conference was to elaborate guidelines - i.e. recommenda-
tions - for the management of bacterial and fungal infections
in adult population of high-risk immunocompromised pa-
tients. The Conference took place on September 30th-October
1st, 2005 in Juan-les-Pins, France and gathered 59 experts
from 24 European countries, Israel and Australia, composed
of primarily of haematologists, oncologists, infectious dis-
eases specialists, microbiologists and clinical trials special-
ists. The manuscripts published in this issue of the Journal
present a summary of the main results of the European Con-
sensus Conference and provide guidelines on prophylaxis and
treatment of infectious complications occurring in patients
with acute leukaemia and recipients of haematological stem
cell transplantation.

This meeting has been, in many aspects, a tremendous
experience of sharing practices, expert opinions and at the
same time, a unique opportunity for intense discussion on
the gap that sometimes exists between evidence-based med-
icine and real life practices. Clinical relevance or applicabil-
ity is sometimes much more difficult than might have
been foreseen. Comprehensive review of the literature on
practices that may at first glance not have changed for dec-
ades always shed new light on a priori or beliefs which after

all may not be evidence-based. In this respect, it is always
good to challenge dogmas. This kind of exercise also is use-
ful to take a fresh look at issues already broadly discussed in
the literature. We are fully aware of the fact that guidelines
by definition have rather short life-expectancies. We will up-
date these recommendations at ECIL-2 in September 2007,
due to the availability of new data in some of the addressed
topics at ECIL1.

1. Methodology of the conference

The Organizing Committee selected a series of topics to be ad-
dressed during the Conference. Considering the large number
of questions of potential interest in the field, the Organizing
Committee elected to limit the spectrum of themes to be cov-
ered to the following topics:

Bacterial infections: (1) fluoroquinolone prophylaxis for the
prevention of bacterial infections in neutropenic patients,
(2) need for aminoglycosides antibiotics as part of the initial
empirical antibiotic regimens in febrile neutropenic patients
and (3) need for anti-Gram-positive antibiotics for the treat-
ment of suspected Gram-positive infections in febrile neu-
tropenic patients.

Fungal infections: (1) antifungal prophylaxis for the preven-
tion of invasive mycosis, (2) empirical antifungal therapy in
patients who remained febrile after broad-spectrum antibio-
tics therapy and (3) therapy of invasive aspergillosis and of
invasive candidiasis.

For each of these six topics, a list of questions and assign-
ments was established as the starting point for discussion by
the Working Groups. Each Working Group consisted of 3-6
international experts chosen on the basis of their expertise
on the selected topics and who worked under the leadership

* The ECIL-1 is a common initiative of the following groups or organizations: Infectious Diseases Working Party of the European Blood
and Marrow Transplantation Group (EBMT-IDWP), Infectious Diseases Group of the European Organization for Research and Treatment
of Cancer (EORTC-IDG), European Leukaemia Net (ELN)(EU Grant number: LSHC-CT-2004), and International Immunocompromised Host

Society (ICHS).

1359-6349/$ - see front matter © 2007 Elsevier Ltd. All rights reserved.

doi:10.1016/j.ejcsup.2007.06.001
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Table 1 - Quality of evidence and Strength of recommendations according to the CDC grading system

Quality of evidence

Strength of recommendations

I Evidence from at least one well-executed randomised trial

II Evidence from at least one well-designed clinical trial without
randomisation; cohort or case-controlled analytic studies (prefer-
ably from more than one centre); multiple time-series studies; or
dramatic results from uncontrolled experiments

III Evidence from opinions of respected authorities based on clinical
experience, descriptive studies, or reports from expert
committees

A Strong evidence for efficacy and substantial clinical benefit:
Strongly recommended

B Strong or moderate evidence for efficacy, but only limited clinical
benefit: Generally recommended

C Insufficient evidence for efficacy; or efficacy does not outweigh
possible adverse consequences (e.g. drug toxicity or interactions)
or cost of chemoprophylaxis or alternative approaches: Optional

D Moderate evidence against efficacy or for adverse outcome:
Generally not recommended

E Strong evidence against efficacy or of adverse outcome: Never
recommended

of a designated Group leader. The Working Group were
formed six months prior to Conference to allow sufficient
time for thorough review of the literature and preparation
of recommendations.

The Groups were asked to use Medical Subject Heading
(MeSH) terms  (http://www.nlm.nih.gov/mesh/MBrowser.
html) as keywords to search articles published until the date
of the conference, in Medline, PubMed or Cochrane databases.
Neutropenia was defined as a polymorphonuclear neutrophil
(PMN) count <500/mm?, or <1000/mm? expected to drop <500
within 48 h. High risk patients were defined as those expected
to have a severe (<100/mm?) and prolonged (>7 days) neutro-
penia. Existing guidelines and systematic reviews were also
reviewed. Abstracts presented during the period 2002-2005
at annual meetings of the American Society of Hematology,
Interscience Conference on Antimicrobial Agents and Che-
motherapy, European Society of Clinical Microbiology and
Infectious Diseases, American Society of Clinical Oncology,
European Group for Blood and Marrow Transplantation were
also screened. Articles and abstracts presented or published
between September 30 and December 31st, 2005 were not in-
cluded in the review presented at the conference, but ana-
lysed at the initiative of each Working Group, and
provisionally graded, pending an update of these guidelines.
Analyses focussed primarily on the following end-points:
overall survival, cause-specific survival, adverse events,
development of antimicrobial resistance and costs whenever
this information was available. Quality of evidence and
strength of recommendation were graded according to the
Centers for Diseases Control grading system (Table 1).

1.1. Conference, participants and questionnaires

The participants in the conference were chosen according to
their active participation to the EORTC Infectious Diseases
Group, the IDWP EBMT, and the ELN group, for their expertise
on the topics, and in a balanced representativity of the differ-
ent European countries in these groups. In order to obtain
information about treatment practices in European countries,
a questionnaire was developed and mailed to all Conference
participants in the summer of 2005. The questionnaire con-
sisted of 8-14 questions per topic, focusing on first or second
line strategy, and routine practice. The six topics chosen for
the conference were covered. Thirty-eight of the 53 (72%)

questionnaires sent to participants not belonging to pharma-
ceutical companies (n=6) were returned and analysed by
Marianne Paesmans, from the EORTC Infectious Diseases
Group in Brussels, and we all thank Marianne for her help.

At the meeting, the Working Groups were asked to present
an executive summary of the literature review, results of the
analyses of the questionnaires and treatment recommenda-
tions that were presented in a question and answer format.
The recommendations were discussed and critiqued by the
Conference participants in plenary session. Treatment rec-
ommendations were revised on site by the Working Groups
based on the comments made during the plenary session
and discussed again in a second plenary session until consen-
sus was reached among participants about quality of evi-
dence and grading of recommendations.

1.2. Articles

Each of the articles published in this issue of the Journal were
written by the Working Groups and reviewed by the one or
two chairpersons assigned to this specific part of the plenary
session and by members of the Organizing Committee. Mod-
ifications were circulated electronically and subsequently
agreed upon as part of an iterative process until consensus
was reached.

We do hope these guidelines will help the clinician to
make rational, evidence-based choices. However, as men-
tioned in some of these manuscripts, we do not find always
the rational for our choices, and need to develop prospective
trials each time possible when the answer to an important
question is not available in the literature. We also hope to
have created, through the ECIL, a new way to share our
choices, and recognise our doubts in the management of
these patients.
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These recommendations have been developed by an expert panel following an evidence-
based search of the literature assessing the role of fluoroquinolones in the prevention of
bacterial infection in patients with acute leukaemia or bone marrow transplantation and
neutropenia. We present results from a questionnaire on the current practice among

experts in Europe, show results of the literature search, review recommendations available

Keywords:
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Levofloxacin
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Ofloxacin

Norfloxacin

from other international guidelines and provide the panel’s recommendations.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

Several antibiotics have been used for prophylaxis of infec-
tions in neutropenic cancer patients.’ In recent years most

of the clinical studies have been conducted with fluoroquino-
lones. Although the results of randomised controlled trials
have suggested that fluoroquinolones might be superior to
either placebo, or trimethoprim-sulfamethoxazole or oral

* The ECIL-1 is a common initiative of the following groups or organisations: Infectious Diseases Working Party of the European Blood
and Marrow Transplantation Group (EBMT-IDWP), Infectious Diseases Group of the European Organisation for Research and Treatment of
Cancer (EORTC-IDG), European Leukaemia Net (ELN) (EU Grant No. LSHC-CT-2004), and International Immunocompromised Host Society

(ICHS).

* Corresponding author: Tel.: +39 075 5724160; fax: +39 075 5783444.

E-mail address: clime@unipg.it (G. Bucaneve).

1359-6349/$ - see front matter © 2007 Elsevier Ltd. All rights reserved.
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non-absorbable drugs for the prevention of infections in
onco-haematological patients, the evidence provided by these
studies was not perceived as entirely convincing.

Before 2005, few studies randomised, placebo-controlled,
double-blind trials had been performed and none were large
enough to provide conclusive evidence on the benefit of pro-
phylaxis.?>™*® Most of the studies were underpowered to detect
a statistically significant effect on mortality and the occur-
rence of fever requiring empirical antibiotic therapy was
either not considered as a study endpoint or was not reduced
in a statistically significant manner. Moreover, these studies
did not provide clear evidence on the patients who may ben-
efit most from antibiotic prophylaxis. Finally, the use of fluor-
oquinolone prophylaxis has been questioned, because of
reports of increased resistance to this class of antibiotics.
All these arguments explain why there was a lack of consen-
sus on the usefulness of fluoroquinolone prophylaxis in pa-
tients with neutropenia.® We therefore performed a review
of the literature to assess the utility of fluoroquinolone
prophylaxis in neutropenic acute leukaemia patients. The
following questions have been addressed: does fluoroqu-
inolone prophylaxis reduce

(a) the rate of febrile episodes;

(b) the rate of microbiologically documented infections;
(c) the rate of Gram-negative and Gram-positive infections;
(d) all-cause and infection-related mortality.

2. Material and methods

The Cochrane Library (September 2005) and Medline (from
January 1980 to September 2005) have been searched. Ab-
stracts presented at the American Society of Haematology
(ASH), the Interscience Conference on Antimicrobial Agents

and Chemotherapy (ICAAC), the European Society of Clinical
Microbiology and Infectious Diseases (ESCMID), the Ameri-
can Society of Clinical Oncology (ASCO) and the European
Bone Marrow Transplantation (EBMT) between 2002 and
2005 were also evaluated. References of all included trials
and reviews were also scanned. Databases were searched
using the terms neutropenia and similar, agranulocytosis
and similar, anti-infective agents (including antibacterial
and antibiotics), clinical trial and similar, fluoroquinolones
or ciprofloxacin, enoxacin, norfloxacin, ofloxacin and peflox-
acin. Selection of pertinent articles and abstracts was per-
formed independently by two investigators of the working
group, cross-checked and approved by all the members of
the study group. Disagreements were resolved by consensus.
All randomised, controlled trials performed in neutropenic
cancer patients that compared a fluoroquinolone mono-
therapy versus placebo or no therapy were included in our
analysis (Fig. 1). Quality of evidence and levels of recommen-
dations were graded according to CDC methodology.

2.1. Endpoints

Selected endpoints were febrile episodes requiring empiric
antibiotic therapy, bacterial infections and bacteraemia,
Gram-negative infections, Gram-positive infections, and all-
cause and infection related mortality. The emergence of resis-
tant bacteria responsible for documented infections following
the administration of fluoroquinolone-prophylaxis was also
evaluated. Nineteen clinical trials?*®?>?! and four meta-anal-
yses??%* were identified.

Two large clinical trials?>?? published in 2005 (the number
of patients enrolled in these trials far exceed the total number
of patients enrolled in previous studies) and the meta-analy-
sis by Gafter-Gvili et al.?? were chosen as the main data

TOTAL : 780

I > NOT PERTINENT : 567
POTENTIALLY
RELEVANT :
213

QUINOLONES

NOT RANDOMIZED <

TRIALS : 18

> REVIEWS: 24

QUINOLONES

TRIALS VS. OTHER <

REGIMENS : 90

CASE REPORTS,
> MICROBIOLOGICAL,

INCLUDIBILE BUT

DATA NOT
AVAILABLE : 2

EPIDEMIOLOGICAL STUDIES : 55

INCLUDED IN THE REVIEW :
19 RANDOMIZED CONTROLLED CLINICAL
TRIALS AND 4 META-ANALYSES

Fig. 1 - Fluoroquinolone prophylaxis: publications identified and exclusions (1980-2005).
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sources. This meta-analysis is not only the most recent study
on this topic, but it also used all-cause mortality as the main
endpoint and included all of the 17 trials performed until 2005
that have compared fluoroquinolones to placebo or no
treatment.

3. Results

The characteristics of the studies are shown in Table 1. The
majority of these trials included patients with haematological
malignancies, most of them with acute leukaemia as the
underlying disease. Only five trials were performed in pa-
tients with solid tumours or lymphomas. Ciprofloxacin was
the fluoroquinolone used in most of the studies, the other flu-
oroquinolones were norfloxacin, enoxacin, pefloxacin and
ofloxacin. Levofloxacin was the agent used in two large, ran-
domised, double-blind, placebo-controlled trials published in
2005. These studies were not included in any of the available
meta-analyses.?>?' The GIMEMA trial®® was conducted in
patients with acute leukaemia or with solid tumour/lym-
phoma undergoing haematopoietic stem cell transplantation
(HSCT).

3.1.  Febrile episodes requiring empiric antibiotic therapy

As shown in Table 2, the occurrence of febrile episodes
requiring the initiation of empiric antibiotic therapy was
significantly reduced in patients who had received fluoroqui-
nolone prophylaxis. The meta-analysis of Gafter-Gvili et al.??
based on 1409 patients (most of whom had haematological
malignancies) clearly showed that fluoroquinolone prophy-
laxis reduced the occurrence of febrile episodes by 33%.
The GIMEMA trial?® reached the same result both in acute leu-
kaemia and in HSCT patients. The number needed to treat
to avoid one febrile episode was five in acute leukaemia
patients.??

3.2.  Bacterial infections

In acute leukaemia and HSCT patients, microbiologically doc-
umented bacterial infections accounted for 30-40% of all feb-
rile episodes (Table 2).*° Bloodstream infections, which
occurred in more than 30% of the patients, were the most fre-
quent cause of documented infections. Fluoroquinolone
prophylaxis also reduced the incidence of bacterial infections.

Table 1 - Studies comparing fluoroquinolones to no prophylaxis (1980-2005)

Study (year) Drug, dose Total patients Control Type of randomised Underlyng disease
study (%)
Sleijfer et al. (1980) Nalidixic ac. 2 gr qid,; 113 No intervention Not blinded 100 (AL, AA)
TMP-SMZ or Polymyxin
Karp et al. (1987) NOR, 400 mg bid 68 Placebo Double blinded 100 (AL)
Hartlapp (1987) OFLO, 200 mg bid 42 No intervention Not blinded 100 (solid tumours:
testicular germ-cell)
Lew et al. (1991) CIPRO, 750 mg bid 26 Placebo Double blinded 77 (AL, L, solid
tumour); 100 (BMTs)
Sampi et al. (1992) NOR, 200 mg bid 73 No intervention Not blinded 90 (AL, solid tumour);
10 autoBMT
Schroeder et al. (1992) OFLO, 400 mg bid 80 Placebo Double blinded 2.5 (AL, L, solid
tumour)
Maiche et al. (1993) OFLO, 200 mg bid or 59 No intervention Not blinded 80 (L, solid tumour:
CIPRO 750 mg bid breast)
Talbot et al. (1993) ENOX, 200 mg bid 119 Placebo Double blinded 100 (AL)
Yamada et al., (1993) NOR, 200 mg bid or gid 111 No intervention Not blinded 100 (AL)
Brodsky et al. (1993) NOR, 400 mg bid or 25 No intervention Not blinded 100 (AL)
CIPRO 500 mg bid
Carlson et al. (1997) CIPRO, 500 mg bid 90 No intervention Not blinded 100 (solid tumour:
ovarian cancer)
Casali et al. (1997) NOR, 400 mg tid 65 No intervention Not blinded 17 (L, MM, AL)

Thomas et al. 2000

PEFLO, 200 mg gid

160 (3 groups)

Tjan-Heijnen et al. (2001) CIPRO, 750 mg bid and 163
ROXIT, 150 mg bid

Nenova et al. (2001) CIPRO, 500 mg bid?° 70
PEFLO, ENOX, NOR

Tsutani et al. (2001) OFLOX, 300 mg bid 22

Lee et al. (2002) CIPRO, 250 mg bid and 95
ROXYT, 150 mg bid

Bucaneve et al. (2005) LEVO, 500 mg/day 760

Cullen et al. (2005) LEVO, 500 mg/day 1565

Placebo

Double blinded

98 (AL, L, MM, solid
tumour); 10 BMT

Placebo Double blinded 100 (solid tumour: lung
cancer)

No intervention Not blinded 100 (AL, L, MDS CL
blast crisis)

No intervention Not blinded 100 (AL, L, MM)

No intervention Not blinded 100 (AL)

Placebo Double blinded 50 (AL), 50 (autologous
HSCT)

Placebo Double blinded 12 (L) 88 (solid tumour)

AA: aplastic anaemia; AL: acute leukaemia; BMT: bone marrow transplantation; CL: chronic leukaemia; L: lymphoma; MDS: myelodisplastic
syndrome; MM: multiple myeloma.
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Table 2 - Occurrence of clinically relevant endpoints in a recent randomised controlled trial and a meta-analysis on

fluoroquinolone prophylaxis in neutropenic patients

Fluoroquinolones

Placebo/no treatment

Febrile episodes
Gafter-Gvili et al. (2005)
Bucaneve et al. (2005)

369/798 (46%)
243/375 (65%)

Bacterial infections
Gafter-Gvili et al. (2005)
Bucaneve et al. (2005)

171/706 (24%)
74/339 (22%)

Gram-negative infections
Gafter-Gvili et al. (2005)
Bucaneve et al. (2005)

48/588 (8%)
21/339 (6%)

Gram-positive infections
Gafter-Gvili et al. (2005)
Bucaneve et al. (2005)

49/588 (8%)
42/339 (12%)

All-cause mortality
Gafter-Gvili et al. (2005)
Bucaneve et al. (2005)
Leibovici et al. (2006)

33/652 (5.06%)
10/373 (2.6%)
41/798 (5%)

Infectious mortality

Gafter-Gvili et al. (2005) 14/542 (2.5%)

505/701 (72%)
308/363 (85%)

318/701 (45%)
131/336 (39%)

192/588 (33%)
47/336 (14%)

179/588 (30%)
61/336 (18%)

59/592 (9.9%)
18/363 (4.9%)
56/732 (8%)

33/480 (6.8%)

Relative risk (95% CI) P
0.67 (0.56-0.81) <0.001
0.76 (0.70-0.83) 0.001
0.50 (0.35-0.70) <0.001
0.55 (0.43-0.71) <0.001
0.39 (0.32-0.46) 0.0001
0.44 (0.27-0.72) 0.001
0.42 (0.35-0.50) 0.0001
0.68 (0.47-0.98) 0.04
0.52 (0.35-0.77) 0.001
0.54 (0.25-1.164) N.S.
0.67 (0.46-0.98) 0.05
0.38 (0.21-0.69) 0.001

All the available meta-analyses have shown a reduction of
microbiologically documented infections in patients who
have received antibacterial prophylaxis.?>>> The magnitude
of this reduction was about 50% in the meta-analysis by Gaf-
ter-Gvili et al. when considering only trials in which fluoro-
quinolones were used.?” The results of the GIMEMA study®°
are comparable. In fact, the relative risk reduction was about
50% for patients with either acute leukaemia or HSCT; a sig-
nificant reduction in the occurrence of bacteraemias was also
shown in acute leukaemia and transplanted patients® and in
the meta-analysis.?

3.2.1. Gram-negative infections

In acute leukaemia and HSCT patients Gram-negative infec-
tions account for about 10% of total febrile episodes. Esche-
richia coli and Pseudomonas spp. were the most frequently
isolated Gram-negative bacteria (in about 6% and 2% of
the total number of febrile episodes, respectively).® All of
the available meta-analyses performed in neutropenic pa-
tients confirmed that antibacterial prophylaxis was associ-
ated with a relative risk reduction for Gram-negative
infections. It was found to be about 30% in the meta-analy-
sis of Gafter-Gvili et al. when the analysis was limited to
fluoroquinolone studies.? In both acute leukaemia and
HSCT patients,?® the use of levofloxacin reduced the relative
risk of bacteraemia by approximately 70% (Table 2). The
effect of fluoroquinolones seemed mainly due to a reduction
of E. coli infections.?®

3.2.2. Gram-positive infections

In the GIMEMA trial, performed in neutropenic acute leu-
kaemia and HSCT patients, Gram-positive infections ac-
counted for about 15% of the total number of febrile
episodes. Staphylococci (76% of coagulase-negative staphy-
lococci) and streptococci were the most frequently isolated
Gram-positive bacteria (in about 12% and 3% of total num-

ber of febrile episodes, respectively).”® Among staphylo-
cocci, methicillin-resistant strains were predominant. In
patients with acute leukaemia or autologous HSTC recipi-
ents, the use of levofloxacin was associated with a statisti-
cally significant lower rate of Gram-positive infections
(relative risk reduction of about 50%) (Table 2). The same
trend observed in the subgroup of bloodstream infections
was analysed (RR 0.67, 0.45-1.00; p=0.06)° (Table 2). As
shown in the GIMEMA trial,®® the effect on Gram-positive
infections was mainly due to the reduction of fluoroquino-
lone-susceptible streptococcal and staphylococcal (primarily
Staphylococcus aureus) infections. The meta-analysis by Gaf-
ter Gvili et al.?? confirmed these findings (Table 2). Of note,
nine of 17 trials examined in the meta-analysis included
broad-spectrum fluoroquinolones, such as ciprofloxacin,
ofloxacin and pefloxacin. A reduction of Gram-positive
infections was also observed in clinical trials in which
anti-Gram-positive agents (i.e. beta-lactams, macrolides,
rifampin or glycopeptides) were added to the fluoroquino-
lones. In a systematic review, Cruciani and colleagues?®
found that these antibiotic regimens did not show a clear
benefit in terms of morbidity and mortality and were asso-
ciated with a higher incidence of adverse events. This is
the reason why the authors concluded that it was not nec-
essary to add specific anti-Gram-positive coverage to
fluoroquinolones.

3.3. Mortality in neutropenic patients

None of the fluoroquinolone clinical trials had shown a sta-
tistically significant effect of prophylaxis on mortality. The
meta-analysis by Gafter-Gvili et al.?*> based on 14 of the 17
clinical trials performed before 2005 and which included a
total of 1244 neutropenic cancer patients (with acute leukae-
mia, solid tumours or who had undergone bone marrow
transplantation) showed that fluoroquinolone prophylaxis
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significantly reduced all-cause mortality (relative risk reduc-
tion of 48%) and infection-related mortality (relative risk
reduction of 68%) (Table 2). The reduction of mortality asso-
ciated with the use of oral antibiotic prophylaxis (i.e. fluoro-
quinolones and trimethoprim/sulfamethoxazole) was
confirmed in the meta-analysis performed by van Wetering
et al. (relative risk reduction of 49%) that included 13 trials
with a total number of 966 patients.? In patients with acute
leukaemia and bone marrow transplantation, a meta-analy-
sis performed by Leibovici et al.?’ on 10 randomised trials
conducted between 1980 and 2005 that included 1530 pa-
tients confirmed that fluoroquinolones reduced all-cause
mortality in this subgroup of patients (relative risk 0.67;
95% CI 0.46-0.98). Although not designed to detect a differ-
ence in mortality, the GIMEMA trial?®® performed in acute
leukaemia/HSCT patients showed that the number of deaths
were lower in patients treated with levofloxacin than in
those treated with placebo (relative risk 0.54; 95% CI 0.25-
1.16) (Table 2).

3.4.  Emergence of resistance

A major concern of fluoroquinolone prophylaxis is the
emergence of resistant bacteria, such as resistant E. coli,
Pseudomonas spp. and methicillin-resistant S. aureus.?®732
The reported rate of emerging resistance differed from
study to study according to the type of enrolled population.
In the meta-analysis of Gafter-Gvili et al.,, the incidence of
infections caused by fluoroquinolone-resistant bacteria
was 5% in patients treated with fluoroquinolones, which
was less than in patients treated with TMP-SMZ.??> In the
meta-analysis by Engels et al.,>* the pooled incidence of
quinolone-resistant Gram-negative infections was 3.0%
(based on 13 trials) and that of quinolone-resistant Gram-
positive infections was 9.4% (based on eight trials). This
trend was confirmed in the GIMEMA study®® with a preva-
lence of levofloxacin-resistant Gram-positive and Gram-neg-
ative infections of 9% and 3%, respectively. Data from
several prophylactic studies suggest that the increasing
resistance to fluoroquinolones among isolates from onco-
haematological patients reflects the pressure exerted by
these antibiotics on the endogenous flora, rather than the
dissemination of fluoroquinolone-resistant strains in the
general population. In fact, fluoroquinolone resistance is a
multiclonal, reversible phenomenon.?*3* Moreover, the pat-
tern of fluoroquinolone resistance did not seem to affect
clinical outcomes, such as infection-related morbidity or
mortality as shown in the GIMEMA trial.®® Although there
was a high incidence of quinolone-resistant bacterial
strains, no deaths occurred in patients with single Gram-
negative bacteraemias.

In neutropenic cancer patients, there is no evidence
that use of fluoroquinolone prophylaxis was associated
with a shift in the type of infections occurring in these pa-
tients. The two meta-analyses published in 2005°*?* do not
suggest that fluoroquinolone prophylaxis is associated with
a statistically significant increased risk of fungal infec-
tions. Finally, fluoroquinolones are not commonly used as
empirical antibiotic regimens in high-risk neutropenic
patients.’

Based on these data, it does not appear that the risk of
resistance offsets the favourable impact of fluoroquinolone
prophylaxis on mortality, microbiologically documented
infections (including both Gram-negative and Gram-positive
infections), number of febrile episodes and costs. However,
should prophylaxis be adopted, it would seem prudent to
carefully monitor the emergence of bacterial resistance (see
Section 5).

3.5.  Other endpoints

A reduction in the use of empiric antibacterial therapy and
associated costs was observed in the GIMEMA study.?

3.6.  The results of the questionnaire on the European
practices concerning antibacterial prophylaxis in neutropenic
patients

Twenty-three of the 38 (61%) clinicians who provided answers
to this section of the questionnaire declared they are using
antibacterial prophylaxis for the prevention of infections in
neutropenic cancer patients. Ciprofloxacin and levofloxacin
are the agents most often used. Trimethoprim/sulfamethoxa-
zole is used by a minority of physicians. Among these 23
clinicians, antibacterial prophylaxis is used more often in
allogeneic HSCT patients (83%) than in patients with acute leu-
kaemia (69%) or than in recipients of autologous HSCT (61%).
Most experts (about 70% in each subgroup) start antibacterial
prophylaxis before the onset of neutropenia (i.e. upon hospital
admission or when chemotherapy is administered) and con-
tinue prophylaxis until the resolution of neutropenia or devel-
opment of fever and initiation of empirical broad-spectrum
antibiotic therapy in which case prophylaxis is discontinued.

3.6.1. Reasons for using prophylaxis

As expected, prevention of Gram-negative infections (25%) is
the main reason given for using prophylaxis, followed by
the prevention of serious infectious complications and bacte-
raemias. Prevention of fever is in the fourth place, before
mortality.

3.6.2.
studies
Only six of the 15 physicians not using prophylaxis provided
an answer to this question. Five of the them (83%) believed
that their choice was supported by data from the literature
and only one thought that further studies were needed. Con-
versely, 15 of the 23 (65%) physicians who are using prophy-
laxis believed that their choice was supported by data from
the literature, but considered that additional studies should
be performed.

Evidence from the literature and need for additional

4. Summary

In high-risk patients, such as those with neutropenia ex-
pected to last for more than seven days, comprising primarily
patients with acute leukaemia or autologous haematopoietic
stem cell transplant (HSCT) recipients, prophylaxis with fluo-
roquinolones was shown to be effective in reducing (quality of
evidence I) (Table 3)
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Table 3 - Recommendations for fluoroquinolone prophylaxis for prevention of bacterial infections in neutropenic patients

with acute leukaemia or haematopoietic stem cell transplant

Does fluoroquinolone prophylaxis prevent bacterial Yes
Levofloxacin (500 mg once daily): Al

infections in patients with acute leukaemia?

Ciprofloxacin (500 mg bid): Al
Ofloxacin (200-400 mg bid): BI
Norfloxacin (400 mg bid): BI

When should fluoroquinolone prophylaxis be started
and how long should it be continued?

Start with chemotherapy and continue until resolution of neutropenia
or initiation of empirical antibacterial therapy for febrile neutropenia (AlI)

e All-cause mortality and infection-related mortality.

e Febrile episodes.

* Bacterial infections (including those caused by Gram-neg-
ative and Gram-positive bacteria and bloodstream infec-
tions caused by Gram-negative bacteria).

¢ Use of empirical antibiotics.

5. Recommendations (Table 3)

Does fluoroquinolone prophylaxis prevent infections in pa-
tients with acute leukaemia or in recipients of haematopoi-
etic stem cell transplantation?

Answer: Yes.

Levofloxacin (500 mg once daily): Al
Ciprofloxacin (500 mg bid): Al
Ofloxacin (200-300 mg bid): BIL.
Norfloxacin (400 mg bid): BI.

Comments. Ciprofloxacin, norfloxacin and ofloxacin were
the most frequently used fluoroquinolones for prophylaxis
in randomised clinical trials. Levofloxacin has been used in
the two largest randomised trials available today. Given the re-
sults obtained in these trials, ciprofloxacin or levofloxacin is
the drug of first choice. One randomised trial has demon-
strated that ciprofloxacin was superior to norfloxacin.® Oflox-
acin has a lower in vitro activity than ciprofloxacin and
levofloxacin against Pseudomonas spp. and was found to be less
effective than ciprofloxacin in one study.?® Ofloxacin has been
used less often than ciprofloxacin in clinical trials. As shown
in Table 1, the dose of levofloxacin was 500 mg given once dai-
ly in the two recent clinical trials. In contrast, different daily
doses of ciprofloxacin (500-1500 mg/d), ofloxacin (400-
800 mg/d) and norfloxacin (400-800 mg/d) have been used in
clinical trials. The dose of ciprofloxacin recommended is the
one that has been used in most studies. If fluoroquinolone
prophylaxis is used for prevention of infections in neutropenic
patients, it is recommended to (1) monitor the emergence of
fluoroquinolone-resistant bacteria (AIll), and (2) use an empir-
ical antibiotic therapy active against Pseudomonas spp. (AllI).

When should fluoroquinolone prophylaxis be started and
how long should it be continued?

Answer: Start with chemotherapy and continue until reso-
lution of neutropenia or initiation of empirical antibacterial
therapy for febrile neutropenia (All).

Comments. As a note of caution, prophylactic administra-
tion of ciprofloxacin during cyclophosphamide conditioning
is a risk factor for relapse of haematological malignancy in

patients undergoing allogeneic bone marrow transplantation.
Ciprofloxacin administration prior to cyclophosphamide has
resulted in significantly lower exposure of patients with
non-Hodgkin lymphoma to 4-hydroxy-cyclophosphamide,
the active metabolite of cyclophosphamide.*’*° Thus anti-
bacterial prophylaxis with fluoroquinolones should be started
24-48 h after the end of high dose cyclophosphamide therapy
(AIII).

6. Areas for future studies

Several areas of future clinical investigation deserve consider-
ation, such as placebo-controlled randomised trials in alloge-
neic HSCT patients and in paediatric cancer patients.
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ABSTRACT

The efficacy and safety of aminoglycosides given in combination with p-lactams for the
treatment of febrile neutropaenia in patients with acute leukaemia or bone marrow trans-
plantation was assessed using an evidence-based review of the literature with the aim to
formulate treatment guidelines. These recommendations have been developed by an
expert panel of the European Conference on Infections in Leukaemic patients (ECIL-1).
We also present results of a questionnaire on current treatment practice in Europe. The
expert panel concluded that p-lactam monotherapy is as efficacious as and less toxic than
B-lactam-aminoglycoside combination therapy as empirical therapy. The choice of B-lac-
tam should be based on local epidemiological data, antibiotic resistance patterns, recent
B-lactam use and available evidence. Combination therapy should be reserved for patients
presenting with severe sepsis or septic shock or for those with a high suspicion of resistant
Gram-negative infections, pending susceptibility testing and institution of appropriate f-
lactam monotherapy.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction aminoglycoside have been a gold standard for empirical ther-

apy of suspected infections in febrile neutropaenic patients.>*
Early, broad-spectrum empirical antibiotic treatment for feb- The rationale for combination therapy included broad-spec-
rile neutropaenic patients has markedly reduced the mortality trum coverage, possible synergistic activity against Gram-neg-
of Gram-negative infections.™? For about two decades, combi- ative bacteria (especially Pseudomonas aeruginosa) and the
nations of an anti-pseudomonal p-lactam antibiotic with an prevention of emergence of antibiotic resistance. Since the

* The ECIL-1 is a common initiative of the following groups or organizations: Infectious Diseases Working Party of the European Blood
and Marrow Transplantation Group (EBMT-IDWP), Infectious Diseases Group of the European Organization for Research and Treatment
of Cancer (EORTC-IDG), European Leukaemia, Net (ELN) (EU Grant number: LSHC-CT-2004), and International Immunocompromised Host

Society (ICHS).

* Corresponding author: Tel.: +972 3 9376504; fax: +972 3 9376512.
E-mail address: pillpel@zahav.net.il (M. Paul).
1359-6349/$ - see front matter © 2007 Elsevier Ltd. All rights reserved.

doi:10.1016/j.ejcsup.2007.06.003
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early 1990s, several well-designed, randomised controlled
trials have shown that monotherapy with broad-spectrum
third- and fourth-generation cephalosporins (ceftazidime,
cefpirome and cefepime), carbapenems (imipenem-cilastatin,
meropenem) or anti-pseudomonal penicillins combined with
an inhibitor of p-lactamases (piperacillin-tazobactam) was as
efficacious as and less nephrotoxic or ototoxic than standard
B-lactam-aminoglycoside combinations.

Until a few years ago, the management of cancer patients
with febrile neutropaenia was fairly uniform. Recent ad-
vances in the treatment of cancer and management of che-
motherapy-related complications have led to the
recognition that all febrile neutropaenic patients are not at
the same risk of infectious complications. Several factors
can be used to classify patients into low or high risk catego-
ries.>® Assessing whether the patient belongs to a low risk
or high risk group is important; indeed, while low-risk pa-
tients may nowadays be safely treated with oral antibiotics,’
high-risk patients should continue to receive intravenous
broad-spectrum antibiotics. Patients with acute leukaemia,
who are the focus of the present guidelines, are generally
considered as high-risk patients.

With the advent of broad-spectrum and highly bacterici-
dal B-lactam antibiotics and the shift from Gram-negative ba-
cilli to Gram-positive cocci as the predominant cause of
infections in neutropaenic cancer patients in the late 1980s
and early 1990s,® the need for using an aminoglycoside in
the empirical antibiotic regimen was a matter of considerable
debate. The objective of the present article was to review the
evidence supporting the use of aminoglycosides for manag-
ing bacterial infections in febrile neutropaenia. The literature
was reviewed with the aim to answer the following
questions:

(1) Is B-lactam monotherapy as efficacious as a combination
of a B-lactam plus an aminoglycoside for upfront empir-
ical therapy in high-risk febrile neutropaenic patients?

(2) Is a combination of a p-lactam plus an aminoglycoside
more nephrotoxic or ototoxic than pB-lactam
monotherapy?

(3) Is there evidence that once-daily dosing of aminogly-
cosides is as efficacious as and potentially less toxic
than multiple-daily dosing in febrile neutropaenic
patients?

(4) 1s there evidence supporting the empirical addition of
an aminoglycoside to patients initially treated with
monotherapy with persistent fever?

(5) Are there specific clinical conditions justifying the use
of an aminoglycoside as part of the empirical antibiotic
regimen?

(6) Does the use of B-lactam-aminoglycoside combinations
in neutropaenic patients prevent the emergence of bac-
terial resistance?

2. Materials and methods

The Cochrane Library (September 2005) and Medline (January
1980 to September 2005) were used to search articles. Ab-
stracts presented between 2002 and 2005 at annual meetings

of the American Society of Haematology (ASH), the Inter-
science Conference on Antimicrobial Agents and Chemo-
therapy (ICAAC), the European Society of Clinical
Microbiology and Infectious Diseases (ESCMID), the Ameri-
can Society of Clinical Oncology (ASCO) and the European
Bone Marrow Transplantation (EBMT) were also evaluated.
References of all included trials and reviews were also
checked. Databases were searched using the terms ‘neutro-
paenia’ or ‘agranulocytosis’ and similar; ‘anti-infective
agents’ (including antibacterial and antibiotics); ‘clinical
trial’ and similar; and ‘aminoglycosides’ or ‘gentamicin’,
‘kanamycin’, ‘amikacin’, ‘tobramycin’ and ‘netilmicin’. Selec-
tion of relevant articles and abstracts was performed inde-
pendently by two of the investigators (LD, FM and MP),
crosschecked and approved by members of the study group
(Fig. 1). Disagreements were resolved by consensus. All ran-
domised controlled trials comparing p-lactam antibiotic
monotherapy versus B-lactam-aminoglycoside combination
therapy in adult neutropaenic cancer patients with acute
leukaemia and meta-analyses comparing these regimens in
neutropaenic cancer patients were included in this review.
In addition, we included randomised controlled trials and
meta-analyses comparing once daily versus multiple daily
aminoglycoside dosing schedules in neutropaenic patients.
The quality of the evidence and levels of recommendations
were graded according to CDC criteria.’ The endpoints as-
sessed included all-cause mortality, treatment failure as de-
fined in the primary data source, adverse events and
infection-related mortality.

3. Results
3.1. Questionnaire

The ECIL panel of experts (37 responders) preferred mono-
therapy for the initial, empirical treatment of febrile neutro-
paenia (71.2%) and they favour the use of piperacillin/
tazobactam (21%), meropenem (16%), imipenem (14.5%), cefe-
pime (13.2 %) and ceftazidime (7%). Less than one-third of
responders use B-lactam-aminoglycoside combinations for
empirical antibiotic therapy. Twenty-two respondents indi-
cated they would add an aminoglycoside for severe sepsis
(29%), suspected Pseudomonas infection or resistant Gram-
negative infection (26%), secondary infection (10%) and pneu-
monia (5%). The preferred aminoglycoside for the initial or
second-line therapy was amikacin (69%) followed by gentami-
cin (19%). The duration of aminoglycoside therapy was extre-
mely variable: ranging from 1 to 10-14 days or lasting until
recovery of neutropaenia.

4, Review of the literature

4.1.  p-Lactam monotherapy versus f-lactam-
aminoglycoside combination therapy

Seventy-five randomised controlled trials and two meta-anal-
yses comparing B-lactam monotherapy versus p-lactam-ami-
noglycoside combination therapy for febrile neutropaenia
were identified. The two meta-analyses, which included 66
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Total articles retrieved: 805

Not relevant: 549

v

\4

Potentially relevant articles: 256

Excluded: pharmacokinetic,

» microbiological “in vitro” or
epidemiological studies: 103

Excluded: trials in which an
antibiotics combination (e.g
glycopeptides, quinolones,

cotrimoxazole) was evaluated
with or without an
aminoglycoside: 38

Excluded: other reasons: 32

A4

A

75 randomised controlled trials comparing
beta-lactam monotherapy vs. beta-lactam-
aminoglycoside combination therapy for
high-risk febrile neutropenia included (66
assessed as part of existing meta-analyses)

8 randomised controlled trials comparing
once daily vs. thrice-daily aminoglycoside
treatment for febrile neutropenia included (4
assessed as part of existing meta-analyses)

Fig. 1 - Study flow chart.

of the 75 trials identified, served as the main source of data
for the present review.’®** The remaining nine trials were as-
sessed separately.'>° Fifteen further studies, published
mainly as abstracts at international meeting, were also eval-
uated. However, they were not retained in the final analysis
for the following reasons: only children included,**~?® only so-
lid tumour patients included,?=° non-randomised trials,**>*
no comparison between monotherapy and combination ther-
apy>” and one trial that included both neutropaenic and non-
neutropaenic patients.>®

4.2.  Meta-analysis 1

The first meta-analysis by Paul et al. was performed as a
Cochrane systematic review and published in 2002.'° Forty-
six randomised controlled trials (including 7642 patients)
comparing monotherapy with any p-lactam antibiotic to any
combination of a B-lactam and an aminoglycoside for the ini-
tial empirical treatment of febrile neutropaenic cancer pa-
tients were evaluated. The studies were performed between
1981 and 1999. The same B-lactam was used in both study
arms in only 9 trials and different pB-lactam antibiotics were
used in the two study arms in 37 trials, consisting of a broad
spectrum B-lactam compared to a narrower-spectrum B-lac-
tam combined with an aminoglycoside. The B-lactams as-
sessed for monotherapy included ceftazidime (14 trials),
imipenem (14 trials, including a 2-armed trial), meropenem
(6 trials), moxalactam (4 trials), piperacillin/tazobactam (3 tri-

als), cefepime (2 trials) and cefoperazone, ceftriaxone, lata-
moxef and piperacillin (one trial each). Neutropaenia was
defined as a neutrophil count of less than 0.5 x 10%/L (500/
mm?®) in half of the studies and less than 1.0 x 10%/L (1000/
mm?) in the remainder. Bacteraemia was documented in
1874 patients. Microbiologically defined infections due to
Gram-negative bacilli accounted for 12% (4-59%) of all treat-
ment episodes and P. aeruginosa for less than 2% (0-13%) of
episodes.

The study endpoints were analysed overall and in six sub-
groups: patients with underlying haematological malignancy
or bone marrow transplantation, patients with an absolute
granulocyte count of less than 0.1 x 10%L (100/mm?), patients
with bacteraemia, patients with microbiologically or clinically
defined infections, patients with documented Gram-negative
infections and patients with documented Pseudomonas
infections.

The primary end-point was all-cause mortality defined as
death at the end of follow-up for the infectious episode, up
to 30 days. It was assessed in 29 studies. The average mortal-
ity rate was 6.2% (1.2-30%) with a mortality decline correlat-
ing with the year of the study. No significant difference
between monotherapy and combination therapy was de-
tected for all cause mortality (including in the six subgroups
analysed). The overall relative risk of death was 0.85 (95% con-
fidence interval 0.72-1.02) (favouring monotherapy, Table 1).
The same results were obtained when the analysis was per-
formed separately in the trials in which the same B-lactam
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Table 1 - Summary of the main results of the two
meta-analyses comparing beta-lactam monotherapy to

B-lactam-aminoglycoside combination therapy for
empirical therapy of febrile neutropaenia

Paul et al. 1° Furno et al. **

47 trials, 7807 29 trials,
patients, 8803 4795 febrile
febrile episodes episodes

All cause mortality
eAll studies
eStudies using
same B-lactam
in both
treatment
arms

RR 0.85 CI 0.72-1.02
RR 0.73 CI 0.49-1.08

Infection-related mortality
*All studies RR 0.76 CI 0.59-0.98
eStudies using RR 0.72 CI 0.42-1.23
same B-lactam
in both
treatment
arms

Treatment failure

#All studies RR 0.91 CI 0.85-0.99 OR 0.88 CI 0.78-0.99

eStudies using RR 1.12 CI 0.96-1.29
same B-lactam

in both

treatment

arms

RR 0.69 CI 0.39-1.22
for mortality

RR 0.91 CI 0.80-1.04
for failure

OR 0.70 CI 0.54-0.92
for failure

Bacteraemia

RR 0.97 CI 0.82-1.14
(bacterial
superinfections)

RR 0.75 CI 0.51-1.09
(fungal superinfections)

Superinfections

RR 0.57 CI 0.36-0.91
RR 0.42 CI 0.32-0.56

Adverse events®
Nephrotoxicity

a Adverse events requiring discontinuation of antibiotic treat-
ment. Relative risks (RR) or odds ratios (OR) with 95% confidence
intervals (CI) for the comparison of p-lactam monotherapy versus
B-lactam-aminoglycoside combination therapy. Values <1 favour
monotherapy.

had been used (n = 5) or not (n = 24) in the two treatment arms
(Table 1).

One of the secondary endpoints, treatment failure, was a
composite end-point of one or more of the following: death,
persistence of infection, recurrence or worsening of clinical
signs and symptoms of presenting infection, or any modifica-
tion of the initial empirical antibiotic treatment. There was no
difference between monotherapy and combination therapy
with respect to treatment failure in the nine studies (includ-
ing 2178 episodes of neutropaenia) in which the same B-lac-
tam antibiotic was used in both study arms (relative risk
1.12; 95% CI 0.96-1.29, Table 1), but hetereogeneity was noted
between this subset of clinical studies (P = 0.056). In contrast,
studies comparing different p-lactams provided pooled rela-

tive-risk results favouring monotherapy (relative risk 0.86;
95% CI 0.80-0.93, Table 1) without heterogeneity. The same re-
sult was observed in the subgroups of patients with microbi-
ologically defined infections and those with haematological
malignancies. Infection related mortality was reported in 25
trials, including 5074 patients. Overall results significantly fa-
voured monotherapy (relative risk 0.76; 95% CI 0.59-0.98,
P =0.03), with a similar relative risk for studies comparing
the same B-lactam and studies comparing different p-lactams
(Table 1).

The rate of bacterial superinfections was similar in both
groups. Fungal superinfections were more common in the
combination treatment group, but the difference did not
reach statistical significance. Adverse events occurred signif-
icantly less frequently in the monotherapy arm than in the
combination treatment arm, especially nephrotoxicity (rela-
tive risk 0.42; 95% CI 0.32-0.56), even in the four studies in
which once-daily dosing had been used (relative risk 0.20;
95% CI 0.04-0.90). Severe nephrotoxicity, as defined in the
studies, was also significantly higher for patients treated with
B-lactam-aminoglycoside combination therapy.

4.3.  Meta-analysis 2

The second meta-analysis by Furno et al. was based on 29
randomised controlled trials comparing monotherapy to
combination treatment with an aminoglycoside. A total num-
ber of 4795 febrile episodes were analysed of which 1029 were
associated with bacteraemia.’® The primary outcome mea-
sure was treatment failure defined as an inadequate clinical
response, requiring modification of antibiotic therapy, or
resulting in death. In 20 studies, the odds ratios favoured
monotherapy and in 8 combination therapy. The pooled odds
ratio for clinical failure with monotherapy versus combina-
tion therapy was 0.88 (95% CI 0.78-0.99), thus favouring
monotherapy (Table 1). However, analysis of higher quality
studies and subgroup analyses of patients with severe neutro-
paenia did not show any significant difference between
monotherapy and combination treatment. Analyses of pa-
tients more than 14-year-olds and evaluation of bacteraemic
episodes showed marginally significant differences favouring
monotherapy.

4.4, Additional studies

Results of the nine trials that were not included in previous
meta-analyses are summarised in Table 2. All-cause mortality
was assessed in three trials; their combined results were sim-
ilar to those obtained in the previous meta-analysis (relative
risk 0.80; 95% CI 0.38-1.67). Treatment failure, defined most
commonly as lack of defervescence within 72h or need for
antibiotic modification, was assessed in all trials; no signifi-
cant difference between monotherapy and combination ther-
apy was found in all but one trial comparing piperacillin-
tazobactam to ceftriaxone,'® where monotherapy was advan-
tageous. Other outcomes are detailed in Table 2. Overall, the
results were similar to those observed in the previous meta-
analyses.

In summary, the review of the literature shows
that monotherapy with a broad-spectrum p-lactam



Table 2 - Summary of the main results of randomised controlled trials not included in previous meta-analyses

Study No. of Treatment Patients All-cause Infection-related  Treatment Failure with Super-
episodes with AL (%) mortality (n/N)  mortality (n/N) failure (%) bacteraemia (n/N) infections (%)
Bilgir et al. *® 40 Imipenem versus Piperacillin/ Haematological NR NR M: 35; NR NR
tazobactam + amikacin malignancies
C: 40
Bru et al. *° M: 46 Ticarcillin/clavulanate versus Allogeneic NR NR M: 17.1; M: 4/15; M: 6.5;
C: 54 Ticarcillin/clavulanate + amikacin stem cell Tx C: 15.5 C: 1/13 C: 13
Gaytan-Martinez M: 63; Cefepime versus AL+NHL NR NR M: 14.2; NR NR
etal v
C: 54 ceftazidime + amikacin C: 12.9
Gorschluter et al. & M: 98; Piperacillin/tazobactam versus M: 85.7; M: 5/98; M: 4/98; M: 42.9; M: 14/24; NR
C: 85 Ceftriaxone + gentamicin C: 824 C: 8/85 C: 6/85 C: 64.7¢ C: 19/25
Kiel et al. ™ M: 35; Piperacillin/tazobactam versus All NR NR M: 40; NR NR
C: 35 Piperacillin/tazobactam + netilmicin C: 33
Kliasova et al. 13 M: 23 Meropenem versus Bone marrow M: 1/22; NR M: 35; NR NR
C: 20 Ceftazidime + amikacin Tx C: 2/20 C: 50
Miller et al. *° M: 45; Imipenem versus NR NR NR M: 10; NR M: 18;
C: 41 Piperacillin + tobramicin C: 24 C:7
Tamura et al. %° M: 95; Cefepime versus M: 47.4; M: 7/95; NR M: 67.4; M: 3/4; NR
C: 94 Cefepime + amikacin C: 479 C: 5/94 C:56.3 C: 4/7
Wrzesien-Kus et al. ' M: 19 Cefepime versus NR NR NR M: 52.6; NR NR
C: 21 Cefepime + amikacin C: 47.6

M: monotherapy; C: combination therapy; NR: not reported; AL: acute leukaemia; NHL: non-Hodgkin’s lymphoma; Tx: transplantation.

a Significant advantage to monotherapy, P = 0.0047; no significant difference between monotherapy and combination therapy for all other comparisons.

zc—-€1 (Lo0¢2) S SLNIWNITddNS D3

L1



18 EJC SUPPLEMENTS 5 (2007) I13-22

antibiotic is as efficacious as and less toxic (especially
nephrotoxic) than combination therapy with a p-lactam
and an aminoglycoside.

4.5. Once daily versus multiple daily dosing of
aminoglycosides

Eight randomised controlled trials compared the efficacy and
safety of once versus thrice daily aminoglycoside therapy in
febrile neutropaenic patients.>’~** Four of these trials have
been evaluated in a previous meta-analysis.** Clinical failure
and mortality rates were similar in patients treated with once
daily or thrice daily aminoglycosides (risk ratio 0.97; 95% CI
0.91-1.05 for clinical failure and 0.93; 95% CI 0.62-1.41 for mor-
tality). The pooled nephrotoxicity risk ratio was somewhat
lower in once-daily regimens than in multiple daily regimens
(0.78; 95% CI 0.31-1.94), but did not reach statistical signifi-
cance. Two additional studies compared single daily amikacin
with ceftriaxone versus thrice daily amikacin with ceftazi-
dime and showed similar efficacy and toxicity rates.*®3? Sung
et al. compared once versus thrice daily tobramycin com-
bined with either piperacillin or ceftazidime. A statistically
significant higher efficacy and a trend towards lower nephro-
toxicity were noted in the once-daily regimen.?” Torfoss et al.
compared tobramycin given once versus three times a day in
combination with penicillin for febrile patients with acute
leukaemia or lymphoma and severe neutropaenia.*® Efficacy
and toxicity rates were similar in the aminoglycoside treat-
ment groups.

In summary, the evidence gathered in several randomised
controlled trials indicates that once daily dosing of an amino-
glycoside is as efficacious as and probably less nephrotoxic
than multiple daily dosing among neutropaenic patients.
Similar results have been obtained in multiple randomised
trials and several meta-analyses conducted in non-neutro-
paenic patients.*¢™>?

4.6.  Recommendations for aminoglycosides in
international guidelines

Recent guidelines on the use of antimicrobial agents for the
management of febrile neutropaenia have also addressed
the issue of the use of aminoglycosides. In the guidelines of
the Infectious Diseases Society of America (2002), pB-lactam
monotherapy (cefepime, ceftazidime, imipenem, meropenem
and possibly piperacillin-tazobactam) was considered equiva-
lent to combination therapy for empirical therapy of uncom-
plicated episodes of febrile neutropaenia.’ In the case of
progression of infection or development of a complication,
the guidelines suggested that consideration be given to addi-
tion of an appropriate antibiotic or a change to different anti-
biotics. There was no specific recommendation regarding
aminoglycoside-dosing schedule.

The guidelines of the Infectious Diseases Working Party of
the German Society of Haematology and Oncology (2003)
listed monotherapy (ceftazidime, cefepime, imipenem/cila-
statin, meropenem and piperacillin-tazobactam) and
combination therapy (acylaminopenicillin or third- or
fourth-generation cephalosporins plus an aminoglycoside)
as equivalent options for first-line treatment.>® In case of

persistence of fever and neutropaenia 6-9 days after initial
antibiotic therapy, once or thrice-daily administration of ami-
kacin and netilmicin was recommended as a treatment op-
tion in patients at intermediate risk who had been initially
treated with monotherapy.

In the guidelines of the National Comprehensive Cancer
Network (2005), broad-spectrum monotherapy was consid-
ered comparable to B-lactam aminoglycoside combination
therapy. However, treatment with an anti-pseudomonal B-
lactam with an aminoglycoside was recommended as first
line therapy in clinically unstable patients (e.g. hypotension)
or in patients at high-risk for P. aeruginosa infection.>* The
guidelines also recommend that the addition of an aminogly-
coside to the initial antibiotic regimen be considered for pa-
tients with persistent fever, those who are clinically
unstable and for microbiologically defined P. aeruginosa infec-
tions. There was no recommendation for the use of once-dai-
ly dosing of aminoglycosides.

5. Recommendations

The recommendations are summarised in Table 3 and are de-

tailed below.

(1)  Is B-lactam monotherapy as efficacious as a com-
bination of a -lactam plus an aminoglycoside for
upfront empirical therapy in high-risk febrile
neutropaenic patients with acute leukaemia or
HSCT?

Answer: Yes, grading Al

Comments: Available evidence shows that monotherapy

is at least as efficacious as B-lactam-aminoglycoside

combination therapy with regard to overall survival,
overall response defined as a resolution of fever or of
infection without modification of the initial antibiotic
regimen, response of documented Gram-negative
infections, and infection-related mortality. The mono-
therapies evaluated in these trials included ceftazi-
dime, cefepime, imipenem/cilastatin, meropenem
and piperacillin/tazobactam. Local advantages and
disadvantages to each of the monotherapies may
influence selection of the specific monotherapy. Ceft-
azidime may be inadequate in settings with high prev-
alence of extended spectrum B-lactamases producing
microorganisms and is less active against Gram-posi-
tive bacteria;>> imipenem has been associated with
increased rates of pseudomembranous colitis;*®*’
piperacillin-tazobactam is associated with false-posi-
tive galactomannan assays;’® and cefepime was asso-
ciated with higher all-cause mortality when
compared to other monotherapies in randomised tri-
als.>® Thus, the appropriate f-lactam for monotherapy
should be selected according to local epidemiology,
antibiotic resistance patterns, recent p-lactam use
and available evidence.

(2) Is a combination of a B-lactam plus an aminogly-
coside more nephrotoxic or ototoxic than f-lac-
tam monotherapy?

Answer: Yes, grading Al for both nephrotoxicity and

ototoxicity.
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Table 3 - Summary of recommendations

Problem

Recommendation Grading®

BL monotherapy is as efficacious as BL + AG as empirical therapy of febrile neutropaenia

BL + AG combination is more nephrotoxic and ototoxic than BL monotherapy

OD dosing of AG are as efficacious as and less nephrotoxic than MDD

Empirical addition of AG to the initial regimen in patients with persistent fever

Empirical use of BL + AG combination in patients in whom a resistant Gram-negative infection® is suspected
Addition of AG to the initial regimen in case of documented P. aeruginosa infection

Use of BL + AG combination in patients with severe sepsis or septic shock

Use of BL + AG in neutropaenic patients with pneumonia

Use of BL + AG combination to prevent emergence of resistance during therapy

Yes
Yes
Yes

No

Al
Al
Al
CIII
CIII
CIII
CIII
CIII

BI

BL: B-lactam; AG: aminoglycoside; OD: once-daily dosing; MDD: multiple-daily dosing.
a Level of evidence and level of recommendation.’
b Local epidemiology and previous antibiotic treatments should be taken into account.

Comments: Nephrotoxicity was evaluated in several
trials comparing monotherapy with combination
therapy. Amikacin, netilmicin, gentamicin and tobra-
mycin were the aminoglycosides used in these trials.
Nephrotoxicity and severe nephrotoxicity occurred
significantly more often among patients treated with
combination therapy than in those treated with
monotherapy. The number needed to prevent one
episode of nephrotoxicity when using pB-lactam
monotherapy was 31.° Among 14 trials reporting
ototoxicity, 19 patients developed ototoxicity in the
combination treatment arm versus three patients in
the monotherapy arm (unpublished data from Paul
et al.’®). Routine monitoring for ototoxicity with
audiometry was rarely performed in these studies.

(3)  Is there evidence that once-daily administration
of aminoglycosides is as efficacious as and poten-
tially less toxic than multiple-dose administra-
tion for febrile neutropaenic patients?

Answer: Yes, grading AL
Comments: Results from several randomised controlled
trials suggest that survival rates and efficacy (as
assessed by successful treatment without the need for
modification of antibiotic therapy) are similar for
high-risk neutropaenic patients treated with either
once daily or multiple dose administration of aminogly-
cosides. Moreover, nephrotoxicity was less frequent
among patients treated with once-daily dosing.

(4)  Is there evidence supporting the empirical addi-
tion of an aminoglycoside to patients initially
treated with monotherapy with persistent fever?

Answer: No, grading CIII.

Comments: We are not aware of clinical trials that have

addressed that question for patients with persistent fever.

(5)  Are there specific clinical conditions justifying
the use of an aminoglycoside as part of the
empirical antibiotic regimen? Specific clinical
conditions for which the use of an aminoglyco-
side might be considered include a high suspi-
cion or microbiological documentation of an

infection caused by P. aeruginosa or resistant
Gram-negative bacilli, pneumonia and the occur-
rence of life-threatening conditions, such as
severe sepsis or septic shock. We will consider
each of these possible indications below.
(@)  Suspicion of infections caused by resistant
P. aeruginosa or other resistant Gram-nega-
tive bacteria.
Answer: Yes, grading CIIIL
Comments: There are no data to support the empiri-
cal use of a combination of an aminoglycoside and
a B-lactam antibiotic for treating infections sus-
pected to be due to resistant Gram-negative bacilli
(including P. aeruginosa). However, given the risk of
poor outcome in neutropaenic patients treated with
inappropriate antibiotics, especially in centres
where resistant Gram-negative bacteria are a con-
cern, we recommend using a combination therapy
as empirical regimen until microbiological data
become available. The aminoglycoside should be
discontinued as soon as resistance to the p-lactam
antibiotic has been ruled out.
(b) Documented  Pseudomonas  aeruginosa
infections
Answer: No, grading CIIL
Comments: In the meta-analysis by Paul et al. no sig-
nificant differences were observed between mono-
therapy and combination therapy with respect to
the subgroup of patients with documented P. aerugin-
osa infections.’® Only 58 patients were assessed for
mortality and 139 patients for treatment failure. In a
meta-analysis including non-neutropaenic patients,
a significant survival benefit for combination therapy
was found in the subgroup of patients with P. aerugin-
osa bacteraemia.®® However, this meta-analysis
included observational studies, a heterogenous
patient population and single aminoglycoside treat-
ment in the monotherapy arm, precluding firm
conclusion regarding B-lactam monotherapy. Thus,
there is no proven advantage of adding an
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aminoglycoside to a p-lactam antibiotic when the P.
aeruginosa is fully susceptible to the B-lactam agent.
In fact, susceptibility of gram-negative bacilli to the
B-lactam used is a primary determinant of outcome.°

(c)  Severe sepsis and septic shock.
Answer: Yes, grading CIII.
Comments: Severe sepsis and septic shock occur in
only 1-2% of febrile neutropaenic episodes.®>*? How-
ever, given that patients with septic shock often are
excluded from many clinical studies, the incidence
of these complications might be underestimated. In
a logistic regression analysis of patient’s outcome
performed in 909 neutropaenic cancer patients with
bacteraemia, the risk of death was significantly
increased in hypotensive patients.®® Although no
data are available, it is recommended to use an ami-
noglycoside antibiotic in febrile neutropaenic
patients with severe sepsis or septic shock.

(d)  Pneumonia.
Answer: No, grading CIII

(6) Does the use of p-lactam-aminoglycoside

combinations in neutropaenic patients pre-
vent the emergence of resistant bacteria?

Answer: No, grading BI.
Comments: Current evidence indicates that B-lactam
monotherapy is not associated with an increased
risk of emergence of resistant bacteria when com-
pared with p-lactam and aminoglycoside combina-
tions. Paul et al. assessed bacterial superinfections
as a surrogate marker of induction of resistance.
No difference was found between combination and
monotherapy.’® Only two studies compared the fre-
quency of colonisation with resistant Gram-negative
bacteria after treatment, which occurred in 5 of 152
patients (3%) treated with monotherapy and in 1 of
152 patients (0.6%) treated with a combination of
antibiotics.®*®* Bliziotis et al. conducted a meta-
analysis of randomised controlled trials aimed at
comparing the effect of combinations of an amino-
glycoside and a B-lactam antibiotic and of p-lactam
monotherapy on the emergence of antimicrobial
resistance among non-neutropaenic patients.®®
Beta-lactam monotherapy was associated with
fewer superinfections, while treatment failure
attributable to resistance induction or superinfec-
tions did not differ significantly between the two
study arms. Thus, data from randomised trials do
not suggest that the use of an aminoglycoside-
containing antibiotic regimen is associated with
a reduced risk of the emergence of resistant
bacteria.

Conflict of interest statement

The authors L.D.,, M.P., EM. and G.B. declares no conflict of
interest. T.C. has received grants and research supports from
Bayer, Bristol-Myers Squibb, Merck Sharp & Dohme-Chibret,
Wyeth and Astra-Zeneca, and has been a consultant for
Merck Sharp & Dohme-Chibret.

Sources of support

The ECIL 1 meeting has been supported by unrestricted edu-
cational grants from Astellas Pharma, Bristol-Myers Squibb,
Gilead Sciences, GlaxoSmithKline, Merck Sharp Dohme,
Schering Plough, Wyeth and Zeneus Pharma.

Acknowledgements

This manuscript was internally reviewed by R. de la Camara,
Servicio de Haematologia, Hospital de la Princessa, Madrid,
Spain. J P. Donnelly, Department of Haematology, Radboud
University Medical Centre and University Centre for Infec-
tious Diseases, Nijmegen, The Netherlands. We thank them
for their thorough review and insightful comments.

All the members of the Organising Committee and the
Conference participants express their sincere thanks to the
sponsors who supported the meeting and shared our enthusi-
asm for this first conference: Astellas Pharma, Bristol-Myers
Squibb, Gilead Sciences, GlaxoSmithKline, Merck Sharp
Dohme, Schering Plough, Wyeth and Zeneus Pharma. The
ECIL 1 meeting has been organised by Société Kobe, Groupe
GL Events, 10, quai Charles de Gaulle, Cité Internationale,
69463 Lyon Cedex 06, France.

REFERENCES

1. Schimpff S, Satterlee W, Young VM, et al. Empiric therapy with
carbenicillin and gentamicin for febrile patients with cancer
and granulocytopenia. N Engl ] Med 1971;284:1061-5.

2. Schimpff SC. Empiric antibiotic therapy for granulocytopenic
cancer patients. Am J Med 1986;80:13-20.

3. Hughes WT, Armstrong D, Bodey GP, et al. From the Infectious
Diseases Society of America. Guidelines for the use of
antimicrobial agents in neutropaenic patients with
unexplained fever. ] Infect Dis 1990;161:381-96.

4. Hughes WT, Armstrong D, Bodey GP, et al. guidelines for the
use of antimicrobial agents in neutropaenic patients with
unexplained fever. Infectious Diseases Society of America. Clin
Infect Dis 1997;25:551-73.

5. Klastersky J, Paesmans M, Rubenstein EB, et al. The
Multinational Association for Supportive Care in Cancer risk
index: a multinational scoring system for identifying low-risk
febrile neutropaenic cancer patients. J Clin Oncol
2000;18:3038-51.

6. Talcott JA, Siegel RD, Finberg R, et al. Risk assessment in
cancer patients with fever and neutropaenia: a prospective,
two-centre validation of a prediction rule. J Clin Oncol
1992;10:316-22.

7. Vidal L, Paul M, Ben dor [, et al. Oral versus intravenous
antibiotic treatment for febrile neutropaenia in cancer
patients: a systematic review and meta-analysis of
randomized trials. ] Antimicrob Chemother 2004;54:29-37.

8. Ramphal R. Changes in the etiology of bacteraemia in febrile
neutropaenic patients and the susceptibilities of the currently
isolated pathogens. Clin Infect Dis 2004;9(Suppl. 1):525-31.

9. Hughes WT, Armstrong D, Bodey GP, et al. guidelines for the
use of antimicrobial agents in neutropaenic patients with
cancer. Clin Infect Dis 2002;34:730-51.

10. Paul M, Soares-Weiser K, Grozinsky S, et al. Beta-lactam

versus beta-lactam-aminoglycoside combination therapy in



EJC SUPPLEMENTS 5 (2007) I13-22

21

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

cancer patients with neutropaenia. Cochrane Database Syst Rev
2003;2:CD003038.

Furno P, Bucaneve G, Del Favero A. Monotherapy or
aminoglycoside-containing combinations for empirical
antibiotic treatment of febrile neutropaenic patients: a
meta-analysis. Lancet Infect Dis 2002;2:231-42.

Wrzesien-Kus AJ, Wierzbowska K, Robak AT. Cefepine in
monotherapy or in combination with amikacine as the
empirical treatment of febrile neutropaenic patients. Acta
Haematol Pol 2001;32:165-72.

Kliasova G, Savchenko VLL, Mendeleeva L, et al. (Moscow,
RUS). Monotherapy with meropenem versus combination
therapy with ceftazidime plus amikacin as empiric therapy
for febrile neutropaenic bone marrow transplant patients. In:
11th European Congress of clinical microbiology and
infectious diseases; 2001.

Kiehl MG, Bischoff M, Basara N, et al. A prospective
randomized trial comparing the efficacy and safety of
piperacillin/tazobactam versus piperacillin/tazobactam plus
netilmicin in the treatment of febrile neutropenia in
allogeneic stem cell recipients. In: 41st interscience conference
on antimicrobial agents and chemotherapy, Chicago. Americal
Society for Microbiology; 2001.. p. 267.

Bru JP, Michallet M, Legrand C, et al. A prospective
randomized study comparing the efficacy of Timentin alone
or in combination with amikacin in the treatment of febrile
neutropaenic patients. ] Antimicrob Chemother 1986;
17(Suppl. C):203-9.

Bilgir O, Kadikoylu V, Bilgir F. The comparison of imipenem
with piperacillin/tazobactam and amikacin combination in
patients with haematological malignancies in the treatment
of febrile neutropaenia. In: 10th Congress of the European
haematology association, Stockholm, Sweden; 2005 [abstract
no. 1021].

Gaytan-Martinez JE, Mateos-Garcia E, Casanova L], et al.
Efficacy of empirical therapy with cefepime compared with
ceftazidime plus amikacin in febrile neutropaenic patients.
In: Annual meeting of the American society of haematology;
2002 [abstract no. 3655].

Gorschluter M, Hahn C, Fixson A, et al. Piperacillin-
tazobactam is more effective than ceftriaxone plus
gentamicin in febrile neutropaenic patients with
haematological malignancies: a randomized comparison.
Support Care Cancer 2003;11:362-70.

Miller JA, Butler T, Beveridge RA, et al. Efficacy and tolerability
of imipenem-cilastatin versus ceftazidime plus tobramycin as
empiric therapy of presumed bacterial infection in
neutropaenic cancer patients. Clin Ther 1993;15:486-99.
Tamura K, Imajo K, Akiyama N, et al. Randomized trial of
cefepime monotherapy or cefepime in combination with
amikacin as empirical therapy for febrile neutropaenia. Clin
Infect Dis 2004;39(Suppl. 1):515-24.

Antmen B, Sasmaz I, Tanyeli A et al. Initial empiric antibiotic
treatments in childhood febrile neutropaenia: meropenem
versus ceftazidime plus amikacin combination. In: 11th
European congress of clinical microbiology and infectious
diseases; 2001.

Corapcioglu F, Sarper N. Cefepime versus ceftazidime +
amikacin as empirical therapy for febrile neutropaenia in
children with cancer: a prospective randomized trial of the
treatment efficacy and cost. Pediatr Haematol Oncol
2005;22:59-70.

El Haddad A. Comparison of cefoperazone-sulbactam versus
piperacillin plus amikacin as empiric therapy in pediatric
febrile neutropaenic cancer patients. Curr Therapeut Res Clin
Exp 1995;56:1094-9.

Hung KC, Chiu HH, Tseng YC, et al. Monotherapy with
meropenem versus combination therapy with ceftazidime

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

plus amikacin as empirical therapy for neutropaenic fever in
children with malignancy. ] Microbiol Immunol Infect
2003;36:254-9.

Koehler M, Bubala H, Sonta-Jakimczyk D, et al. Assessment of
the efficacy of treating infections in haematopoietic
proliferative diseases: Monotherapy with ceftazidime and
tobramycin combined with amoxycillin/ampicillin [in Polish].
Pol Tyg Lek 1990;45:417-20.

Petrilli AS, Cypriano M, Dantas LS, et al. Evaluation of
ticarcillin/clavulanic acid versus ceftriaxone plus amikacin
for fever and neutropaenia in pediatric patients with
leukaemia and lymphoma. Braz J Infect Dis 2003;7:

111-20.

Ahmed-El Borollosy N, El Beshlawy A, E1 Mahallawy H, et al.
Outpatient single dose ceftriaxone and amikacin versus
imipenemy/cilastatin monotherapy in the empiric treatment
of pediatric patients with high risk fever and neutropenia. A
randomized, prospective clinical trial. In: American society of
haematology annual meeting abstracts; 2003.

Ahmed-El Borollosy N, El Beshlawy A, El Mahallawy H, et al.
Outpatient single dose ceftriaxone and amikacin versus
imipenem/cilastatin monotherapy in the empiric treatment
of pediatric patients with high risk fever aneutropaenia. A
randomized, prospective clinical trial. In: American society of
clinical oncology conference; 2004.

Jimeno A, Arcediano A, Gomez C et al. Randomized study of
cefepime versus ceftazidime plus amikacin in febrile
neutropaenic patients with solid tumors treated with high
dose chemotherapy and peripheral blood stem cell support.
In: Proceedings of the American society of clinical oncology;
2003 [abstract no. 3387].

Rodriguez W, Gomez H, Silva ME, et al. Cefotaxima versus
cefalotina-gentamicina en el primer episodio febril de
pacientes con tumores solidos y neutropaenia de corta
duracion / Cefotaxime vs Cephalotin-Gentamicin in the first
febrile episode of patients having solid tumors and short-
term neutropaenia. Acta Cancerol 1995;25:61-8.

Berezin EN, Almeida FJ, Santos AG et al. Asessment of
Cefepime monotherapy versus combined therapy with
ceftriaxone and aminoglicosyde in oncologic children and
adolescents with febrile neutropaenia. In: 13th European
congress of clinical microbiology and infectious diseases;
2003.

Sanz MA, Bermudez A, Rovira M, et al. Imipenem/cilastatin
versus piperacillin/tazobactam plus amikacin for empirical
therapy in febrile neutropaenic patients: results of the
COSTINE study. Curr Med Res Opin 2005;21:645-55.

Caldas J, Fernandes T, Monteiro A et al. Management of febrile
neutropaenia: single agent or combination therapy. In:
American society of haematology annual meeting abstracts;
2004 [abstract no. 5063].

Badea M, Badea D. Ceftriaxone in febrile granulocytopenic
patients with haematological malignancies. In: European
haematology association conference; 2002 [abstract no. 707].
Akin H, Korten V, Akan H et al. Cefepime combined with a
short (four days) or long course of isepamicin for empirical
therapy of high-risk febrile neutropaenic haematological
cancer patients: a prospective, randomised, multicentre
study. In: European congress of clinical microbiology and
infectious diseases; 2005 [abstract no. R2061].

Fainstein V, Bodey GP, Elting L, et al. A randomized study of
ceftazidime compared to ceftazidime and tobramycin for the
treatment of infections in cancer patients. ] Antimicrob
Chemother 1983;12(Suppl. A):101-10.

Sung L, Dupuis LL, Bliss B, et al. Randomized controlled trial
of once- versus thrice-daily tobramycin in febrile
neutropaenic children undergoing stem cell transplantation. J
Natl Cancer Inst 2003;95:1869-77.



22

EJC SUPPLEMENTS 5 (2007) I13-22

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Ariffin H, Arasu A, Mahfuzah M, et al. Single-daily
ceftriaxone plus amikacin versus thrice-daily ceftazidime
plus amikacin as empirical treatment of febrile neutropaenia
in children with cancer. ] Paediatr Child Health 2001;37:38-43.
Charnas R, Luthi AR, Ruch W. Once daily ceftriaxone plus
amikacin versus three times daily ceftazidime plus amikacin
for treatment of febrile neutropaenic children with cancer.
Writing Committee for the International Collaboration on
Antimicrobial Treatment of Febrile Neutropenia in Children.
Pediatr Infect Dis ] 1997;16:346-53.

The International Antimicrobial Therapy Cooperative Group
of the European Organization for Research and Treatment of
Cancer. Efficacy and toxicity of single daily doses of amikacin
and ceftriaxone versus multiple daily doses of amikacin and
ceftazidime for infection in patients with cancer and
granulocytopenia. Ann Intern Med 1993;119:584-93.
Rozdzinski E, Kern WV, Reichle A, et al. Once-daily versus
thrice-daily dosing of netilmicin in combination with beta-
lactam antibiotics as empirical therapy for febrile
neutropaenic patients. ] Antimicrob Chemother 1993;31:
585-98.

Gibson J, Johnson L, Snowdon L, et al. Single daily ceftriaxone
and tobramycin in the empirical management of febrile
neutropaenic patients: a randomised trial. Int ] Haematol
1993;58:63-72.

Torfoss D, Hoiby EA. Tobramycin once versus three times a
day given with penicillin G to cancer patients with febrile
neutropaenia: a prospective randomised multicentre trial. In:
16th European congress of clinical microbiology and infectious
diseases, Nice, France. European Society of Clinical
Microbiology and Infectious Diseases; 2006. p. 698.

Hansen MA, Carstensen F, Coolidge C, Dahlager J, Frimodt-
Moller J. Once versus thrice-daily dosing of netilmicin in
febrile immunocompromised patients: a randomized,
controlled study of efficacy and safety. Journal of Drug
Development 1988;1(Suppl. 3):119-24.

Hatala R, Dinh TT, Cook DJ. Single daily dosing of
aminoglycosides in immunocompromised adults: a
systematic review. Clin Infect Dis 1997;24:810-5.

Ali MZ, Goetz MB. A meta-analysis of the relative
efficacy and toxicity of single daily dosing versus
multiple daily dosing of aminoglycosides. Clin Infect Dis
1997;24:796-809.

Bailey TC, Little JR, Littenberg B, et al. A meta-analysis of
extended-interval dosing versus multiple daily dosing of
aminoglycosides. Clin Infect Dis 1997;24:786-95.

Barza M, loannidis JP, Cappelleri JC, et al. Single or multiple
daily doses of aminoglycosides: a meta-analysis. BMJ
1996;312:338-45.

Hatala R, Dinh T, Cook DJ. Once-daily aminoglycoside dosing
in immunocompetent adults: a meta-analysis. Ann Intern Med
1996;124:717-25.

Ferriols-Lisart R, Alos-Alminana M. Effectiveness and safety
of once-daily aminoglycosides: a meta-analysis. Am ] Health
Syst Pharm 1996;53:1141-50.

Galloe AM, Graudal N, Christensen HR, et al.
Aminoglycosides: single or multiple daily dosing? A meta-
analysis on efficacy and safety. Eur J Clin Pharmacol
1995;48:39-43.

Munckhof WJ, Grayson ML, Turnidge JD. A meta-analysis of
studies on the safety and efficacy of aminoglycosides given
either once daily or as divided doses. ] Antimicrob Chemother
1996;37:645-63.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Link H, Bohme A, Cornely OA, et al. Antimicrobial therapy of
unexplained fever in neutropaenic patients-guidelines of the
Infectious Diseases Working Party (AGIHO) of the German
Society of Haematology and Oncology (DGHO), Study Group
Interventional Therapy of Unexplained Fever,
Arbeitsgemeinschaft Supportivmassnahmen in der
Onkologie (ASO) of the Deutsche Krebsgesellschaft (DKG-
German Cancer Society). Ann Haematol 2003;82(Suppl. 2):
S105-17.

NCCN. National Comprehensive Cancer Network. Clinical
practice guidelines in oncology - fever and neutropenia.
Available from: http://www.nccn.org/.

Rolston KV, Bodey GP. Comment on: Empirical antibiotic
monotherapy for febrile neutropenia: systematic review and
meta-analysis of randomized controlled trials. ] Antimicrob
Chemother 2006;58:478.

Paul M, Yahav D, Fraser A, et al. Empirical antibiotic
monotherapy for febrile neutropaenia: systematic review and
meta-analysis of randomized controlled trials. ] Antimicrob
Chemother 2006;57:176-89.

Edwards SJ, Emmas CE, Campbell HE. Systematic review
comparing meropenem with imipenem plus cilastatin in the
treatment of severe infections. Curr Med Res Opin
2005;21:785-94.

Viscoli C, Machetti M, Cappellano P, et al. False-positive
galactomannan platelia Aspergillus test results for patients
receiving piperacillin-tazobactam. Clin Infect Dis 2004;38:913-6.
Safdar N, Handelsman J, Maki DG. Does combination
antimicrobial therapy reduce mortality in Gram-negative
bacteraemia? A meta-analysis. Lancet Infect Dis 2004;4:519-27.
Klastersky J, Zinner SH, Calandra T, et al. Empiric
antimicrobial therapy for febrile granulocytopenic cancer
patients: lessons from four EORTC trials. Eur ] Cancer Clin Oncol
1988;24(Suppl. 1):535-45.

Cometta A, Zinner S, de Bock R, et al. Piperacillin-tazobactam
plus amikacin versus ceftazidime plus amikacin as empiric
therapy for fever in granulocytopenic patients with cancer.
The International Antimicrobial Therapy Cooperative Group
of the European Organization for Research and Treatment of
Cancer. Antimicrob Agents Chemother 1995;39:445-52.

Del Favero A, Menichetti F, Martino P, et al. A multicentre,
double-blind, placebo-controlled trial comparing
piperacillin-tazobactam with and without amikacin as
empiric therapy for febrile neutropaenia. Clin Infect Dis
2001;33:1295-301.

Elting LS, Rubenstein EB, Rolston KV, et al. Outcomes of
bacteraemia in patients with cancer and neutropaenia:
observations from two decades of epidemiological and
clinical trials. Clin Infect Dis 1997;25:247-59.

Cornelissen J], de Graeff A, Verdonck LF, et al. Imipenem
versus gentamicin combined with either cefuroxime or
cephalothin as initial therapy for febrile neutropaenic
patients. Antimicrob Agents Chemother 1992;36:801-7.

Norrby SR, Vandercam B, Louie T, et al. Imipenem/cilastatin
versus amikacin plus piperacillin in the treatment of
infections in neutropaenic patients: a prospective,
randomized multi-clinic study. Scand ] Infect Dis
1987;52(Suppl.):65-78.

Bliziotis IA, Samonis G, Vardakas KZ, et al. Effect of
aminoglycoside and beta-lactam combination therapy versus
beta-lactam monotherapy on the emergence of antimicrobial
resistance: a meta-analysis of randomized, controlled trials.
Clin Infect Dis 2005;41:149-58.


http://www.nccn.org/

EJC SUPPLEMENTS 5 (2007) 23-31

available at www.sciencedirect.com

EJC

-7
*»’ ScienceDirect

journal homepage: www.ejconline.com

Empirical use of anti-Gram-positive antibiotics in febrile
neutropaenic cancer patients with acute leukaemia *

Alain Cometta*, O. Marchetti, T. Calandra

Infectious Diseases Service, Centre Hospitalier Universitaire Vaudois, CH-1011 Lausanne, Switzerland

ARTICLE INFO ABSTRACT

Article history:

Received 14 May 2007

Received in revised form 8 June 2007
Accepted 12 June 2007

Gram-positive infections including those due to methicillin-resistant staphylococci occur
frequently in febrile neutropaenic patients. Although few data support the empirical addi-
tion of a glycopeptide antibiotic to the standard broad-spectrum antibiotic regimen, these
agents are often used in many cancer centres. The emergence of infections due to vanco-

mycin-resistant enterococci and glycopeptide-intermediate staphylococci has led to rec-
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ommendations for a restricted use of glycopeptide antibiotics. The objective of the
present work was to formulate evidence-based guidelines for the empirical use of anti-
Gram-positive antibiotics in neutropaenic patients with acute leukaemia.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

Early empirical administration of broad spectrum antibiotics
has been shown to decrease the mortality due to bacterial
infections in febrile granulocytopenic cancer patients.® Anti-
pseudomonal beta-lactams with or without an aminoglyco-
side are standard antibiotic regimens for the initial therapy
of febrile neutropenia in patients with haematological malig-
nancies, i.e. with severe and prolonged neutropenia.??
Several studies performed in adults and pediatric neutro-
paenic patients have shown a shift towards an increased pro-
portion of infections caused by Gram-positive bacteria.
Indeed, single Gram-positive bacteraemias accounted for

30% of single organism bacteraemias before 1985 and in-
creased to 60-70% in the 1990s.* With the increase in docu-
mented Gram-positive infections in febrile neutropaenic
patients, including those due to methicillin-resistant staphy-
lococci, the addition of a glycopeptide antibiotic to the stan-
dard regimen became controversial.? Over the last 10 years,
the emergence of infections due to vancomycin-resistant
enterococci and glycopeptide-intermediate staphylococci
has led to recommendations to restrict the use of glycopep-
tide antibiotics.®> The objective of the present work was to
formulate evidence-based guidelines for the use of anti-
Gram-positive antibiotics in neutropaenic patients with acute
leukaemia.

* The ECIL-1 is a common initiative of the following groups or organisations: Infectious Diseases Working Party of the European Blood
and Marrow Transplantation Group (EBMT-IDWP), Infectious Diseases Group of the European Organization for Research and Treatment
of Cancer (EORTC-IDG), European Leukemia Net (ELN) (EU Grant No. LSHC-CT-2004), and International Immunocompromised Host
Society (ICHS).

* Corresponding author: Tel.: +41 24 424 4045; fax: +41 24 424 43609.

E-mail address: Alain.cometta@ehnv.ch (A. Cometta).

1359-6349/$ - see front matter © 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ejcsup.2007.06.004
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2. Materials and methods
2.1.  Issues addressed in the guidelines

The following topics were addressed by the working group in
a question and answer format:

(1) Is the use of anti-Gram-positive antibiotics (i.e glyco-
peptides, oxazolidinones or streptogramins) indicated
for upfront empirical therapy of febrile neutropenia in
patients with acute leukaemia?

(2) Is the use of anti-Gram-positive antibiotics (i.e glyco-
peptides, oxazolidinones or streptogramins) indicated
for persistent fever in neutropaenic patients with acute
leukaemia?

(3) Are there specific indications justifying the upfront use
of anti-Gram-positive antibiotics as part of the empiri-
cal therapy?

2.2. Data source and review process

Medline was used to search articles published between 1st
January 1966 and 1st September 2005. Medline searches and
selections of articles were performed by one of the authors
(O.M.). Medical Subject Heading (MeSH; http://www.nlm.nih.
gov/mesh/meshhome html) terms used in the Medline search
included leukaemia, neutropenia and agranulocytosis. The Med-
line search was then narrowed by using the MeSH terms anti-
infective agents (which was exploded to include glycopeptides
such as vancomycin and teicoplanin, oxazolidinones such
as linezolid and streptogramins such as quinupristin/dalfo-
pristin), clinical trials, further limiting the search to human
studies and English literature. Additional articles were re-
trieved from references of articles identified by the Medline
search and of meta-analyses, guidelines and review articles
on antimicrobial agents in febrile neutropaenic patients. Abstracts
presented between 2002 and 2005 at international meetings of
the American Society of Hematology (ASH), the Interscience
Conference on Antimicrobial Agents and Chemotherapy
(ICAAC), the European Society of Clinical Microbiology and
Infectious Diseases (ESCMID), the American Society of Clini-
cal Oncology (ASCO) and the European Bone Marrow Trans-
plantation (EBMT) were screened using the following
keywords: neutropenia, agranulocytosis, empirical treatment, gly-
copeptides, oxazolidinones and streptogramins.

2.3.  Literature review and selection of articles

A study was considered eligible provided it was a random-
ised, controlled trial assessing the role of glycopeptides, oxa-
zolidinones or streptogramins antibiotics given in addition
to broad spectrum antibiotics for patients with acute leukae-
mia and febrile neutropenia. Abstracts and articles fulfilling
the selection criteria were reviewed to exclude studies that
were not relevant for the three issues addressed in the pres-
ent guidelines (see the corresponding section). Exclusion cri-
teria were (i) trials comparing two different glycopeptides
without a placebo group, (ii) trials comparing two anti-
Gram-positive antibacterial agents without a placebo group,
(iii) trials comparing two different broad spectrum antibiotic

regimens combined with the same glycopeptide, (iv) dupli-
cate publications and (v) non-comparative studies. Meta-
analyses assessing the role of glycopeptides in neutropaenic
patients were also included. Articles were chosen by two
independent reviewers (A.C. and O.M.) and reviewed until
consensus was reached between the three authors about
the selection of articles.

2.4. Data extraction and endpoints

The following data were extracted from each study: patient
characteristics, underlying haematological disease, antimi-
crobial agent and doses used. The primary endpoints were
the efficacy and safety of the empirical addition of anti-
Gram-positive antibiotics to broad spectrum antibiotics.

Efficacy was assessed in terms of overall mortality and
mortality related to infection, success rates without or with
modification of empirical antimicrobial therapy, time to
defervescence, breakthrough infections. Success without
modification of the allocated regimen was defined as reso-
lution of fever and clinical signs of infection, eradication
of any infecting microorganism, absence of clinical deterio-
ration, absence of breakthrough infection and survival dur-
ing therapy. The following adverse drug reactions were
analysed: nephrotoxicity, which was defined as a rise in ser-
um creatinine (increase of more than 0.45 pmol/l or a two-
fold increase over baseline) or a decrease of creatinine
clearance (more than 50% from baseline value) and skin
rashes.

Quality of evidence and level of recommendation were graded
according to the CDC criteria.

2.5. Questionnaire on clinical practices in Europe

The questionnaire on clinical practices for the management
of infections in neutropaenic patients with acute leukaemia
comprised a section on the use of anti-Gram-positive antibi-
otics. The following information was collected: upfront
empirical use of anti-Gram-positive antibiotics, addition of
anti-Gram-positive antibiotics in persistently febrile neutro-
paenic patients and special conditions requiring the upfront
addition of anti-Gram-positive antibiotics.

3. Results

3.1.  Question 1: Is the use of anti-Gram-positive
antibiotics (i.e. glycopeptides, oxazolidinones or
streptogramins) indicated for upfront empirical therapy of
febrile neutropenia in patients with acute leukaemia?

3.1.1. Glycopeptides

Using a search strategy including Medline, international
meetings, 2 meta-analyses, 3 national guidelines and 39 clin-
ical trials assessing the role of upfront use of glycopeptides in
febrile neutropaenic patients have been identified (Fig. 1). Of
the 39 clinical trials, 21 have been excluded for the following
reasons: comparison of two different glycopeptides without a
placebo group (n=7), therapy with various broad-spectrum
antibiotic regimens with the same glycopeptide in the treat-
ment groups (n=6), non-comparative studies (n=3), dupli-
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Upfront empirical treatment I

Articles identified
N=41

Articles excluded
N=21

Articles included in the review
N=20

I Persistent fever

Articles identified
N=3

Articles included in the review
N=3

RCT
N=18

N=2

Meta-analysis

Meta-analysis
N=1

Different antibiotics
in GP and P groups

Same antibiotic in
GP and P groups

N=8 N=18

RCT: randomised clinical trial
GP: glycopeptide

P: placebo

Fig. 1 - Empirical use of anti-Gram-positive antibiotics in neutropaenic patients either as upfront treatment or in case of

persistent fever: identification and selection of articles.

cate publication (n = 2), administration of two different beta-
lactams in the group not receiving a glycopeptide (n = 1), use
of historical controls (n=1) and comparison of vancomycin
to flucloxacillin without a placebo group (n=1).

Therefore, 18 randomised controlled trials that have as-
sessed the role of glycopeptides as upfront empirical therapy
for febrile neutropaenic adult patients were reviewed
(Table 1). All the studies had been published between 1986
and 1993 and examined the efficacy and toxicity of antibiotic
regimens incorporating a glycopeptide antibiotic (vancomy-
cin or teicoplanin) or not. Only 2 of 18 studies were double-
blinded.®” Three of 18 were multicentre studies.®'® The
largest study that was conducted in 35 centres enrolled 747
patients, whereas the smallest study enrolled 46 patients.®*?
In eight trials, both groups of patients were treated with the
same broad spectrum antibiotic regimen, consisting either
of ceftazidime monotherapy or of an anti-pseudomonal
beta-lactam combined with an aminoglycoside.®®%***> In
10 studies, different broad-spectrum antibiotic regimens were
used for patients who did or did not receive a glycopep-
tide.7’10'16_23

Two meta-analyses have been published on the role of
glycopeptides in the initial empirical therapy of febrile neu-
tropaenic cancer patients. Vardakas et al. performed a
meta-analysis of 14 (i.e. Refs. 6-10,13-19,21,22) of the 18 ran-
domized trials that included a total of 2413 patients.?* A sub-
group analysis was also performed on six studies in which the
same broad-spectrum antibiotic regimen was used in both
treatment arms (i.e. Ref. 6,8,9,13-15). The second meta-analy-

sis was published by Paul et al. and included 13 studies
(including Refs. 6,8-10,13,15,32,33) and 2392 patients.”® Stud-
ies of flucloxacillin, sulphamethoxazole and cephalothin
were also included in this meta-analysis as were two clinical
trials (Refs. 32,33) in which glycopeptides were added for per-
sistent fever. These meta-analyses extracted data on efficacy
(including all-cause mortality, success without or with modi-
fication of empirical antibacterial therapy, duration of fever,
breakthrough infections) and adverse events. After assess-
ment of heterogeneity, pooled odds ratios or relative risk ra-
tios were calculated by Maentel-Haenszel fixed effects (in
absence of heterogenicity) or DerSimonian-Lard random ef-
fects models (in presence of heterogenicity), respectively.
Assessment of efficacy. As shown in Table 2, all-cause mortal-
ity which was reported in 11 of the 18 trials ranged between
0% and 18%. In one study performed in children, one death
was reported in 101 patients.” In four studies, the mortality
was higher than 10% (11-18%).1%*%*>6 In 10 studies no signif-
icant difference in mortality between patients treated with or
without a glycopeptide was observed. In only one study, in
which a low dose of ceftazidime (1g q8h) had been used,
was the mortality of glycopeptide-treated patients lower than
that of control patients.'® The largest study, performed by the
EORTC, showed that the mortality in patients with Gram-
positive bacteraemia was low (3 of 135 episodes) and that
none of these deaths occurred within the first 3 days of
therapy.® Thus, these results suggested that clinicians could
wait for microbiological documentation of Gram-positive
infection before adding a glycopeptide antibiotic. No study
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Table 1 - Clinical trials assessing the role of glycopeptide antibiotics as part of the empirical therapy of fever in

neutropaenic cancer patients

First author and year N Type of study Number of centres Glycopeptide Study endpoints

Karp, 1986 60 RCT-DB Single Vancomycin Further Gram-positive infections,
time to defervescence

Del Favero, 1987 47 RCT Single Teicoplanin RR

Granowetter, 1988 101* RCT Single Vancomycin RR-RR’

Shenep, 1988 101 RCT-DB Single Vancomycin RR, breakthrough bacteraemia, death

Micozzi, 1990 46 RCT Single Teicoplanin RR-RR/, death

Spencer, 1990 59 RCT Single Teicoplanin RR

Meunier, 1990 75 RCT Single Teicoplanin RR, death

De Pauw, 1990 103 RCT Single Teicoplanin RR-RR’

EORTC, 1991 747 RCT 35 Vancomycin RR, RR in G+, time to defervescence, death

Novakova, 1991 103 RCT Single Teicoplanin RR-RR/, time to defervescence, death

Viscoli, 1991 193 RCT Single Vancomycin RR, death

Riikonen, 1991 89 RCT Single Vancomycin RR, time to defervescence

Bosseray, 1992 87 RCT Single Vancomycin RR

Martino, 1992 158 RCT Single Teicoplanin RR, breakthrough bacteraemia, death

Kelsey, 1992 71 RCT Single Teicoplanin RR, death

Ramphal, 1992 127 RCT 2 Vancomycin RR-RR/, death, superinfections

Micozzi, 1993 104 RCT Single Teicoplanin RR, time to defervescence, death

Pico, 1993 102 RCT 2 Vancomycin Life-threatening infection

RCT, randomised controlled trial; DB, double-blinded; RR, response rate without modification of empirical antibiotic regimen; RR’, response rate
with modification of empirical antibiotic regimen.

a Groups treated with ceftazidime or ceftazidime plus vancomycin included and group treated with cephalotin plus carbenicillin plus
gentamicin excluded from the analysis.

Table 2 - Mortality and response rate without modification of therapy in clinical trials assessing the role of glycopeptide

antibiotics as part of the empirical therapy of fever in neutropaenic cancer patients

First author and year Mortality Response rates without modification

Without glycopeptide With glycopeptide Without glycopeptide With glycopeptide

Del Favero, 1987 NA NA 56% 82%
Granowetter, 1988 NA NA 75% 70%
Shenep, 1988 1/48 (2%) 0/53 (0%) 62% 85%
Micozzi, 1990 NA NA 32% 80%"
Spencer, 1990 NA NA 47% 66%
Meunier, 1990 9/50 (18%) 8/50 (16%) 67% 67%
De Pauw, 1990 6/51 (12%) 4/52 (8%) 49% 63%
Viscoli, 1991 7/95 (7%) 2/98 (2%) 66% 77%
EORTC, 1991 19/370 (5%) 24/377 (6%) 63% 76%
Novakova, 1991 9/60 (15%) 7/60 (12%) 49% 63%
Riikonen, 1991 NA NA 81% 59%
Ramphal, 1992 6/63 (10%) 7/64 (11%) 56% 61%
Bosseray, 1992 NA NA 80% 80%
Martino, 1992 4/83 (5%) 5/75 (7%) 51% 60%
Kelsey, 1992 2/29 (7%) 1/29 (3%) 49%" 78%
Micozzi, 1993 3/56 (5%) 3/58 (5%) 41%" 60%"
Pico, 1993 10/69° (14%) 0/33" (0%) NA NA

* Statistically significant difference.

was designed with enough power to show a significant differ-
ence in all-cause mortality. However, the meta-analysis by
Vardakas et al. provided some useful information on this is-
sue.?* Up-front addition of a glycopeptide antibiotic did not
reduce all-cause mortality either in overall study population
(odds ratio 0.67, 95% CI 0.42-1.05) or in the subgroup analysis,
including six trials in which 405 patients received the same
broad-spectrum antibiotic regimens in both treatment arms
(odds ratio 1.05, 95% CI 0.52-2.00). The meta-analysis by Paul

et al. confirmed these findings (relative risk 0.96, 95% CI 0.58-
1.26).%°

Success without modification of the initial antibiotic regimen
was the second endpoint assessed in 16 of 18 trials (Table
2). Up-front use of a glycopeptide was associated with signif-
icantly higher success rates in five studies.”®'%?%?2 [n addi-
tion, a trend in favour of the glycopeptide group was
observed in seven other studies. The only trial performed
in 89 febrile episodes in children reported response rates of
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82% in patients treated with imipenem alone and 59% in
those treated with a combination of ceftazidime and vanco-
mycin.”® In the meta-analysis by Vardakas et al. that com-
prised data from 11 trials and 1812 episodes of fever, the
addition of a glycopeptide antibiotic to the empirical antibi-
otic regimen was associated with a higher success rate
compared to that of regimens not including a glycopeptide
(odds ratio 1.63, 95%CI 1.17-2.28).** The same difference
was observed in sub-analyses of patients with microbiologi-
cally documented infections (odds ratio 2.03, 95% CI 1.39-
2.97), in patients with bacteraemia (odds ratio 1.80, 95% CI
1.23-2.63) and in patients with neutropenia of less than
100 cells/ul (odds ratio 2.24, 1.15-4.39). However, the success
rate without modification should be interpreted with great
caution, especially in trials that were not double-blinded as
there was an obvious bias towards an addition of a glycopep-
tide antibiotic in persistently febrile patient when it was not
part of the initial antibiotic regimen.®*® Indeed, additional
analyses did not show differences in terms of the duration
of fever in patients treated with or without glycopeptides or
in the proportion of patients with persistent fever at each
day after initiation of empirical therapy suggesting that the
modification of treatment might have been influenced by
factors other than true microbiological or clinical fail-
ures.#>1>?2 The meta-analysis by Vardakas et al. also con-
firmed the observation that use of a glycopeptide did not
reduce the time to defervescence.?*

Success rates with modification of the empirical antibiotic regi-
men, which was assessed in five studies, were similar in pa-
tients who did or did not receive glycopeptides.'®*%%1523
However, if modification of the allocated treatment is not
evaluated as a failure, causes of failures are then limited to
death and breakthrough bacteraemia and success rates are
in the range of 90%. Therefore, the likelihood of showing a dif-
ference, if it exists, is very limited especially in studies with
relatively small sample sizes (i.e. 100-150 patients).

Breakthrough infections occurred in 13-15% of febrile neu-
tropaenic episodes (7 studies). The risk of breakthrough
infections was unchanged in patients who had received a
glycopeptide 221517192122 Data from the meta-analysis by
Vardakas et al. based on four trials and 1188 episodes of feb-
rile neutropenia confirmed that the addition of a glycopep-
tide did not exert any impact on the development of
breakthrough infections (odds ratio 1.18, 95%CI 0.71-1.98).*
In contrast, the meta-analysis by Paul et al. reported a
reduction of bacterial breakthrough infections (relative risk
0.38, 95%CI 0.24-0.59) and of Gram-positive breakthrough
infections (relative risk 0.21, 95%CI 0.11-0.37).” The occur-
rence of breakthrough bacteraemia was reported in four
studies. Unfortunately, the low number of events (0-2 cases
per group) that occurred in three of these four studies was
insufficient to draw any conclusion.’®?"?* One study per-
formed in children in a single centre showed that the num-
ber of breakthrough bacteraemias due to Gram-positive
bacteria was significantly higher in the group who did not
receive a glycopeptide (9 of 48 patients) than in the group
who did (1 of 53 patients).” Obviously, epidemiological data
which may differ between cancer centres are essential when
choosing an initial antibiotic regimen. None of these studies
performed between 1985 and 1993 reported the emergence

of vancomycin-resistant enterococci (VRE). However, by the
end of the 1990s, VRE had become a significant concern in
cancer patients, especially in US centres. Vancomycin use
was shown to be a risk factor for VRE bloodstream infec-
tions.”® An infection control policy reducing vancomycin
use was associated with a decrease of the total incidence
of VRE infections including VRE bloodstream infections.?”’
Although VRE are less of a problem in Europe than in the
US, there have been reports of VRE infections in European
cancer centres, which strengthens the argument in favour
of restricted use of glycopeptide antibiotics.

Assessment of adverse events. Most of the trials showed a
trend towards an increased frequency of adverse events in pa-
tients treated with glycopeptides. This trend was confirmed in
the meta-analyses by Vardakas et al. (odds ratio 4.98, 95% CI
2.91-8.55) and Paul et al. (relative risk 2.33, 95% CI 1.43-
3.80).2%? In three studies there was a significantly higher inci-
dence of skin rash in glycopeptide-treated patients.®’
Nephrotoxicity also occurred more often in glycopeptide-
recipients, especially in patients who were treated simulta-
neously with an aminoglycoside (6% in the vancomycin group
versus 2% in group not treated with vancomycin) or with
amphotericin B.2° However, no study reported the need of
haemodialysis following the administration of glycopeptides.
The meta-analyses confirmed that nephrotoxicity occurred
more frequently in patients treated with a glycopeptide
(Vardakas: odds ratio 2.10, 95% CI 1.12-3.95; Paul: relative risk
1.43, 95% CI 1.06-1.94) 2%

3.1.2. Oxazolidinones and streptogramins

A recent double-blind, multicentre study compared the
safety and efficacy of linezolid to that of vancomycin in feb-
rile, neutropaenic patients with cancer and proven or
suspected Gram-positive infections.?® The study, which en-
rolled patients at the onset of fever and patients with persis-
tent fever, showed similar success rates in patients treated
with linezolid and vancomycin (87.3% versus 85.2%, differ-
ence: 2.1%, 95% CI, —4.1 to 8.1). The safety of linezolid was
comparable to that of vancomycin (serious adverse events
in 12% and 16% of cases; treatment discontinuations related
to adverse events occurred in 4% and 5% of cases; no
difference in hematological adverse events or bone marrow
recovery). Yet, given the absence of a placebo group, this
study does not allow conclusions to be drawn on the ques-
tions addressed in these guidelines. No data have been re-
ported on the use of streptogramins in neutropaenic
cancer patients.

3.2.  Question 2: Is the use of anti-Gram-positive
antibiotics (i.e glycopeptides, oxazolidinones or
streptogramins) indicated in persistently febrile neutropaenic
patients with acute leukaemia?

Persistence of fever despite administration of broad-spectrum
antibiotics is a common problem in neutropaenic patients.
Antibiotic therapy is frequently modified in patients in whom
fever persists after 72-96 h of empirical therapy despite the
absence of clinical deterioration and documentation of an
infection caused by a microorganism resistant to the allo-
cated antibiotic regimen. With the increased frequency of
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Gram-positive infections observed since the mid 1980s, add-
ing glycopeptide antibiotics to the empirical regimen has
been popular modification of therapy among physicians in
charge of neutropaenic cancer patients.??!

Two double-blinded studies with a similar design have
examined whether there is an indication for adding a glyco-
peptide in neutropaenic cancer patients who remained feb-
rile 48-96h after initiation of broad-spectrum antibiotic
therapy (Table 3). Both studies excluded patients with docu-
mented Gram-positive bacteria resistant to beta-lactam
antibiotics and patients with catheter-related infections. In
a large multicentre study conducted by the EORTC in 763
eligible patients treated empirically with piperacillin-tazo-
bactam, 165 patients who remained febrile 48-60 h after ini-
tiation of therapy were randomized to receive -either
vancomycin (86 patients) or placebo (79 patients).> The
time to defervescence, defined as a period of three consec-
utive days with a temperature below 38 °C, was similar in
the 2 treatment groups. The number of patients who be-
came afebrile under protocol therapy was 49% in the vanco-
mycin group and 46% in placebo group. In addition, there
was no difference in terms of mortality (5% in vancomycin
group and 10% in placebo group), occurrence of break-
through Gram-positive infections or proportion of patients
for whom amphotericin B was added empirically. In the
second study, conducted in a single centre, 114 patients
who remained febrile 72-96 h after initiation of imipenem-
cilastatin were randomized to receive either teicoplanin or
placebo.?* The number of patients who had defervesced 3
days after randomisation was 45% in the teicoplanin group
and 47% in the placebo group. Mortality rates were also sim-
ilar in both treatment groups (11% in the teicoplanin group
and 7% in the placebo group). Taken together, the results of
these two studies clearly indicate that the addition of a gly-
copeptide antibiotic did not have any impact on morbidity
or mortality. This was confirmed by the meta-analysis of
Paul et al. (relative risk of treatment failure 0.61, 95%CI
0.18-2.09).%

3.3. Question 3: Are there specific indications justifying
the upfront use of anti-Gram-positive antibiotics as part of
the empirical therapy?

There are no data on specific indications (e.g. increased risk
for resistant Gram-positive infections, severe sepsis/septic
shock, suspected skin/soft tissue or catheter infections) for
the upfront use of anti-Gram-positive antibiotics when com-
bined with broad-spectrum antibiotics in febrile neutropaenic
cancer patients.

3.3.1. Questionnaire on clinical practice in Europe

Of 37 experts, only one considered that anti-Gram-positive
antibiotics should be given as up-front empirical therapy of
fever in neutropaenic cancer patients. However, when there
was suspicion of catheter-related infections and skin and
soft tissue infections, use of an anti-Gram-positive antibiot-
ics was favoured by 26 and 24 of the 34 consulted experts,
respectively. Eighteen of the 34 experts also elected to use
anti-Gram-positive antibiotics in patients with hypotension
or shock. Finally, 11 of 34 experts favoured the use of an
anti-Gram-positive antibiotic in patients with persistent
fever.

4. Recommendations (Table 4)

4.1.  Is the use of anti-Gram-positive antibiotics

(i.e glycopeptides, oxazolidinones or streptogramins) indicated
for upfront empirical therapy of febrile neutropenia in acute
leukemic patients?

Answer: No, Grading I D.

Comments. The review of 18 studies performed between
1986 and 1993 as well as two recently published meta-analy-
ses do not support the use of glycopeptides at the onset of
fever in neutropaenic cancer patients. Although the up-front
addition of a glycopeptide antibiotic was associated with
better response rates without modification of the empirical
antibiotic regimen, glycopeptides had no effects on several
clinically relevant endpoints such as time to defervescence,
occurrence of breakthrough infections and mortality. By con-
trast, the use of glycopeptides was associated with increased
adverse events, mainly nephrotoxicity and skin rashes. Broad
use of glycopeptides has been shown to be a risk factor for the
development of bacteraemia due to vancomycin-resistant
enterococci. Therefore, the absence of significant benefit
and the risk of emergence of resistance to glycopeptides are
important arguments favouring the restricted use of glyco-
peptides in these patients. No clinical data are available on
oxazolidinones or streptogramins.

4.2. Is the use of anti-Gram-positive antibiotics (i.e
glycopeptides, oxazolidinones or streptogramins) indicated in
persistently febrile neutropaenic patients with acute
leukaemia?

Answer: No, Grading I D.

Comments. The addition of a glycopeptide to broad-spec-
trum antibiotic is not recommended in neutropaenic patients
with persistent fever as it has no impact on all-cause mortal-

Table 3 - Defervescence and all-cause mortality in clinical trials assessing the efficacy of glycopeptides in persistently

febrile neutropaenic cancer patients

First author and year Design

Regimens

Defervescence All-cause mortality

Erjavec, 2000 Single centre,
double-blinded
Multicentre,

double-blinded

Cometta, 2003

Teicoplanin, n = 56 versus
Placebo, n =58
Vancomyecin, n = 86 versus
Placebo n=79

44.6% versus 46.6% 10.7% versus 6.9%

49% versus 46% 5% versus 10%




EJC SUPPLEMENTS 5 (2007) 23-31 29

Table 4 - CDC grading of evidence and level of recommendation for the use of glycopeptide antibiotic in neutropaenic

cancer patients

Circumstances Addition of glycopeptide Quality of evidence and level of
recommendation

Fever onset Not recommended ID

Persistent fever Not recommended 1D

Predominance in the local epidemiology of resistant Gram-positive Recommended nmc

(e.g. methicillin-resistant S. aureus, penicillin-resistant S. pneumoniae)
Severe sepsis and septic shock Recommended nc
Skin and soft tissue infections (including catheter-related infections) Recommended nc

ity, on resolution of fever, on the time to defervescence or
on the occurrence of breakthrough Gram-positive infections.
No clinical data on oxazolidinones or streptogramins are
available.

4.3. Are there specific situations in which up-front
empirical therapy with anti-Gram-positive antibiotics might
be justified?

Answer: Yes, Grading III C.

Specific situations. In centres where resistant Gram-positive
bacteria (i.e. methicillin-resistant S. aureus or penicillin-resis-
tant streptococci) are predominant, it is reasonable to include
a glycopeptide in the empirical antibiotic regimen. The same
reasoning also applies to patients known to be colonized with
resistant microorganisms. However, S. aureus bacteraemias
are rare in neutropaenic cancer patients, accounting only
for 1-2% of febrile episodes in large clinical trials.?**%* In
case of colonisation with penicillin-resistant pneumococci,
the doses of carbapenems, cefepime or piperacillin/tazobac-
tam recommended for the treatment of neutropaenic pa-
tients should provide serum levels above the MIC of these
microorganisms for prolonged periods of time (Recommenda-
tion: III C). If used for upfront therapy, glycopeptides should
be stopped as soon as an infection due to resistant bacteria
is ruled out, i.e. 48-72 h after initiation of therapy in most in-
stances. Data from a single study suggest that linezolid may
be an alternative to glycopeptides. No data on streptogramins
are available.

Severe sepsis and septic shock occur in 1-2% of febrile neutro-
paenic episodes.>**® However, the incidence of these compli-
cations might be underestimated, as septic shock often is an
exclusion criterion in many clinical studies. Although no data
are available, it is recommended to use a glycopeptide antibi-
otic in patients in whom febrile neutropenia is accompanied
by severe sepsis or septic shock. Indeed, in a logistic regres-
sion analysis of patient’s outcome performed in 909 neutro-
paenic cancer patients with bacteraemia, the risk of fatal
outcome was significantly increased in patients with hypo-
tension (Recommendation III C).?” Shock and respiratory dis-
tress syndrome have also been described in patients with
viridans streptococcal bacteraemia.®® Bacteraemias due to vir-
idans streptococci accounted for 3-5% of all febrile episodes.
Data showing a decreased susceptibility of viridans strepto-
cocci to penicillin have led some authors to recommend the
administration of glycopeptides to febrile neutropaenic pa-
tients at increased risk of infections caused by these microor-
ganisms.*® The clinical complications of shock or respiratory

distress syndrome have been typically observed in patients
with severe mucositis who have received fluroquinolone pro-
phylaxis and have been treated with ceftazidime mono-
therapy for empirical therapy of febrile neutropenia.*®
However, shock or respiratory distress syndrome associated
with viridans streptococcal infections have occurred much
less frequently in recent clinical trials using cefepime, piper-
acillin-tazobactam or carbapenems as these antibiotics exhi-
bit better activity than ceftazidime against viridans
streptococci.®*3>#1™** These observations therefore suggest
that the use of a glycopeptide is not justified for prevention
of complications associated with infections due to viridans
streptococci.

Clinical evidence of skin and soft tissue infections, including
catheter tunnel infections, would also justify the empirical addi-
tion of a glycopeptide antibiotic since the majority of these
infections are due to methicillin-resistant coagulase-negative
staphylococci. However, no data support this recommenda-
tion (Recommendation III C).

5. Conclusions

Despite the frequency of Gram-positive infections in
neutropaenic cancer patients, neither the individual studies
nor the two meta-analyses performed on these studies
support the empirical use of glycopeptide antibiotics either
at fever onset or in the case of persistent fever despite
empirical broad-spectrum antibiotic therapy. However, clin-
ical conditions that may justify the up-front use of a
glycopeptide include the predominance in the local epide-
miology of resistant Gram-positive bacteria, severe sepsis
or septic shock, or a high suspicion of skin and soft tissue
infections, including catheter tunnel infections. A survey
among experts suggested that practices in Europe are in
line with these recommendations. In recent years, several
new antibiotics with Gram-positive coverage have been li-
censed, such as oxazolidinones or streptogramins. However,
little or no information, respectively, is available on the effi-
cacy and safety of these agents in neutropaenic cancer
patients.
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Invasive fungal infections are frequent and severe complications in leukaemic patients
with prolonged neutropaenia. Empirical antifungal therapy has become the standard of
care in patients with persistent fever despite treatment with broad-spectrum antibiotics.
For decades amphotericin B deoxycholate has been the sole option for empirical antifungal
therapy. Recently, several new antifungal agents became available. The choice of the most
appropriate drug should be guided by efficacy and safety criteria. The recommendations

Keywords: from the First European Conference on Infections in Leukaemia (ECIL-1) on empirical anti-
Fever fungal therapy in neutropaenic cancer patients with persistent fever have been developed
Neutropenia by an expert panel after assessment of clinical practices in Europe and evidence-based

Antifungal therapy review of the literature. Many antifungal regimens can now be recommended for empirical

Empirical therapy in neutropaenic cancer patients. However, persistent fever lacks specificity for ini-
Guidelines tiation of therapy. Development of empirical and pre-emptive strategies using new clinical
parameters, laboratory markers and imaging techniques for early diagnosis of invasive

mycoses are needed.
© 2007 Elsevier Ltd. All rights reserved.
1. Introduction these patients include the fact that clinically occult IFI (pri-

marily due to Candida or Aspergillus species) are a frequent
autopsy finding and that persistent fever is often the only
early sign of IFL.*

Patients with acute leukaemia and allogeneic haematopoi-
etic stemcell transplant (HSCT) recipients are at high risk

of invasive fungal infections (IFI) due to prolonged and pro-
found neutropaenia or immunosuppression for graft-versus-
host disease.» Based on studies conducted in the 1980s,
empirical antifungal therapy has become the standard of
care in neutropaenic patients in whom fever persists
despite treatment with broad-spectrum antibiotics.> The
rationale for early administration of antifungal agents in

For decades amphotericin B (AmB) deoxycholate has been
the only option for empirical antifungal therapy. Recently,
several new antifungal agents became available. The choice
of the most appropriate drug should be guided by efficacy,
safety and economic criteria.

The objectives of the present work were to analyse clinical
practices in Europe and to propose evidence-based guidelines

* The ECIL-1 is a common initiative of the following groups or organisations: Infectious Diseases Working Party of the European Blood
and Marrow Transplantation Group (EBMT-IDWP), Infectious Diseases Group of the European Organization for Research and Treatment
of Cancer (EORTC-IDG), European Leukemia Net (ELN) (EU Grant No.: LSHC-CT-2004), and International Immunocompromised Host
Society (ICHS).

* Corresponding author: Tel.: +41 21 314 10 10; fax: +41 21 314 10 18.

E-mail address: Oscar.Marchetti@chuv.ch (O. Marchetti).
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for empirical antifungal therapy in neutropaenic cancer
patients with persistent fever, based on a systematic review
of the literature.

2. Methods
2.1.  ECIL1 methodology

The common methodology of the ECIL1 working groups has
been described in the covering paper.

2.2. Questionnaire on clinical practices in Europe

The questionnaire on clinical practices for the management of
infections in neutropaenic cancer patients comprised a sec-
tion on empirical antifungal therapy for persistent fever. The
following items were addressed: use of empirical antifungal
therapy for persistent fever, time of initiation of therapy
according to clinical presentation, choice of antifungal therapy
according to various clinical settings, influence of antifungal
prophylaxis on choice of empirical antifungal agents, rationale
for current treatment strategies and need for further studies.

2.3.  Topics addressed for the guidelines

The following topics were addressed by the working group in
a question and answer format:

e Does empirical antifungal therapy reduce the incidence of
invasive fungal infection and/or fungal-related mortality?

¢ Are the antifungal agents used for empirical therapy com-
parable in terms of efficacy?

¢ Are antifungal agents used for empirical therapy compara-
ble in terms of adverse events?

¢ Should different empirical antifungal strategies be used in
specific settings (e.g. acute leukaemic patients versus autol-
ogous or allogeneic HSCT recipients; the presence of a clin-
ical focus of infection; previous use of antifungal
prophylaxis)?

2.4. Literature review and selection of articles

Medline was used to search clinical trials of empirical anti-
fungal therapy published between 1966 and 2005. Medline
searches and selections of articles were performed by one of
the authors (OM). Medical Subject Heading (MeSH; http:/
www.nlm.nih.gov/mesh/meshhome.html) terms used in the
Medline search were neutropaenia or agranulocytosis. The Med-
line search was then narrowed down by using the MeSH
terms antifungal agents (which was exploded to include all
classes and all names of antifungal agents, such as amphoter-
icin B, fluconazole, itraconazole, voriconazole, caspofungin), clinical
trials (which was exploded to include trials phase I-IV, con-
trolled trials, randomised trials, multicentre trials), further
limiting the search to empirical studies, human studies and
English literature. The MeSH keyword prophylaxis was used
to exclude studies on antifungal prophylaxis. Additional arti-
cles were retrieved from the reference list of articles identified
by the Medline search and of guidelines and review articles on

the following topics: empirical antifungal therapy and empirical
antimicrobial therapy in neutropaenic cancer patients. Ab-
stracts presented at international meetings (ICAAC, ASH,
ECCMID, ASCO, EBMT) between 2002 and 2005 were screened
using the following keywords: neutropaenia or agranulocytosis
and empirical or fever or antifungal. Clinical trials were ex-
cluded in the presence of one of the following characteristics:
(i) patients with documented IFI were studied, (ii) sample size
was not based on calculation of the statistical power for test-
ing response to antifungal therapy as primary endpoint, or
(iii) sample size was <150 patients if adverse events were
the primary endpoint.

2.5.  Endpoints

The primary endpoints of this evidence-based review of the
literature were the efficacy of and occurrence of adverse
events due to empirical antifungal therapy. Efficacy was as-
sessed as follows: overall response (composite endpoint
including defervescence, response of baseline IFI, absence
of breakthrough IFI, no interruption of therapy due to failure
or toxicity, survival), resolution of fever, successful treatment
of baseline IFI, occurrence of breakthrough IFI, mortality
attributed to IFI. Adverse events included the following items:
nephrotoxicity (defined as a doubling of baseline serum cre-
atinine), infusion-related adverse events and discontinuation
of therapy due to adverse events. Efficacy and adverse events
were also studied in subgroups of patients according to
underlying conditions (acute leukaemia versus allogeneic or
autologous HSCT), documentation of infection (unexplained
fever versus clinically documented infection), and use of
antifungal prophylaxis.

Quality of evidence and level of recommendation were
graded according to the CDC criteria (see the annex of the
covering paper).

3. Results
3.1. Questionnaire on clinical practices in Europe

Thirty eight questionnaires were evaluated. Empirical anti-
fungal therapy was considered to be standard practice by a
majority of experts (97%). Median time to initiation of anti-
fungal therapy was 5 days (range: 3-8.5 days) for the first feb-
rile episode compared to 3 days (range: 1-8.5 days) for
relapsing fever (p <0.001). Half of the experts thought the
time of initiation should be delayed in patients with microbi-
ologically documented bacterial infections compared with
patients with clinically documented infections or unex-
plained fever (6.5 days [4-8] versus 4 days [3-6]; p < 0.001).
AmB deoxycholate was the most frequently used anti-
fungal agent in patients undergoing induction or consolida-
tion chemotherapy for acute leukaemia or autologous HSCT,
while liposomal AmB was the preferred option in allogeneic
HSCT recipients (Fig. 1a). The clinical presentation also influ-
enced the choice of the empirical antifungal regimen. AmB
deoxycholate was mainly used in patients with unexplained
fever. Caspofungin or fluconazole was preferentially used in
patients with enterocolitis and/or gastrointestinal Candida
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Fig. 1 - Choices of empirical antifungal agents in persistently febrile neutropaenic patients: (a) choice according to the
underlying condition; (b) choice according to clinical presentation/condition.

colonisation. Voriconazole was the drug of choice in patients
with lung infiltrates and/or a positive serum galactomannan
test. Liposomal AmB or caspofungin were preferred in clini-
cally unstable patients (Fig. 1b). The use of antifungal prophy-
laxis influenced the choice of the empirical antifungal
regimen for 62% of experts. Finally, 53% of the experts
highlighted the lack of evidence-based guidelines for empiri-
cal antifungal therapy and 84% the need for further clinical
trials.

3.2. Literature review

Twenty five comparative clinical trials of empirical antifungal
therapy in neutropaenic cancer patients with persistent fever
were included in this analysis (Fig. 2).

3.3.  AmB deoxycholate versus no treatment

Two open studies conducted in the late 1970s/early 1980s
compared empirical AmB deoxycholate 0.5-0.6 mg/kg/d with
no treatment in neutropaenic cancer patients with persistent
fever despite empirical broad spectrum antibiotic therapy.>®
The first trial compared three different strategies in patients
with persistent unexplained fever during more than 7 days:

COMPARATIVE TRIALS
n=25

}

[
2 Ampho B vs. No Therapy
= n=2
( Antifungal A vs. Antifungal B
g n=23 )
=4 IFl at Baseline
~N n=4
L}
S < Primary: Efficacy Primary: Toxicity
= n=11 ‘Ll_ff‘
Sample Size No Power =150 Pts <150 Pts
Based on Calculation n=4 n=4
Power Calculation n=6
\ n=5

Fig. 2 - Selection of comparative clinical trials on empirical
antifungal therapy in persistently febrile neutropaenic
cancer patients.

discontinuation of antibiotics (n=16), continuation of anti-
bacterial therapy (n=16) and addition of empirical AmB to
antibacterial therapy (n=18). A lower number of IFI and of
deaths due to IFI was observed in the group receiving
empirical AmB (1/18, 6% [1 Petriellidium infection] and
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1/18, 6% [1 Petriellidium infection], respectively) compared to
the group receiving antibacterial therapy alone (4/16, 25% [3
candidiasis, 1 aspergillosis, 1 mixed Candida and Aspergillus
infection] and 3/16 [1 candidiasis, 1 aspergillosis, 1 mixed Can-
dida and Aspergillus infection], 19%, respectively).® The second
study conducted by the European Organisation for Research
and Treatment of Cancer compared the empirical addition
of AmB deoxycholate (n=68) with the continuation of anti-
bacterial therapy alone (n = 64) in patients with fever persist-
ing for more than 4 days.® Defervescence occurred in 69%
(AmB) and 53% (no antifungal therapy) of cases, respectively
(p =0.09). IFI occurred in 1/68 (1.5%, 1 invasive candidiasis)
and 4/64 (6%, 2 candidiasis, 1 aspergillosis, 1 zygomycosis) pa-
tients, respectively (difference not significant). No death due
to IFI was reported in the AmB group compared to 4/64 (6%,
2 candidiasis, 1 aspergillosis, 1 zygomycosis) in the control
group (p = 0.05). The results of these two trials suggested that
the empirical use of AmB reduced the occurrence and mortal-
ity of IFL. The benefit was primarily observed in patients who
were severely neutropaenic, who had not received antifungal
prophylaxis with oral polyenes, or who had a clinically docu-
mented infection.

These pivotal studies were underpowered to unequivocally
prove the efficacy of empirical antifungal therapy for prevent-
ing the morbidity and mortality due to IFI. Moreover, these
data are probably not entirely representative for the actual
patients populations due to evolving cytotoxic and immuno-
suppressive regimens, changing spectrum of IFI due to the
frequent use of systemic antifungal prophylaxis and use of
new non-invasive diagnostic tools. Nevertheless, they laid
the scientific basis of the present standard of care.?

3.4. Comparison of different antifungal regimens

Twenty three trials compared the efficacy and safety of various
empirical antifungal regimens. Fourteen studies were ex-
cluded from the analysis according to our predefined criteria:
fourincluded patients with IFl atbaseline,”'°in six sample size
was notbased on calculation of the statistical power for testing
response to antifungal therapy as primary endpoint,**° and
four with toxicity as primary endpoint had included less than
150 patients.”’™?° In the remaining nine trials, AmB was
compared either with another form of ampho B (n =4),**%*
with an azole (n=4),>® or with an echinocandin (n=1)*
(Table 1). No study compared azoles with echinocandins.

3.5. Assessment of efficacy

In seven studies, the overall response assessed by a composite
endpoint based on different combinations of endpoints such
as defervescence, successful therapy of baseline IFI, absence
of breakthrough IFI, no treatment discontinuation due to fail-
ure or toxicity and survival (Table 2A) was similar with the dif-
ferent antifungal regimens (i.e. AmB deoxycholate versus a
lipid form of AmB, fluconazole or itraconazole, two different
AmB forms, liposomal AmB versus voriconazole or caspofun-
gin).?*252% In one trial, the overall response of itraconazole
(63%) was superior to that of AmB deoxycholate (43%,
p =0.0001).?” In one study liposomal AmB was more effica-
cious (61%) than AmB deoxycholate (32%) for resolution of fe-

ver (p = 0.03).?" A recent study failed to demonstrate the non-
inferiority (+10%) of voriconazole when compared with lipo-
somal AmB in terms of overall response (difference —5%,
95%Cl —11 to 2) or defervescence (difference —4%, 95%CI
—10.5 to 2).%® A secondary analysis using a modified compos-
ite endpoint excluding resolution of fever as an endpoint
showed equivalent success rates of voriconazole and liposo-
mal AmB: 82 versus 85% (—2%, 95%CI —8 to 2). Two studies re-
ported significant differences in overall survival: 86% with
AmB lipid complex versus 97% with liposomal AmB
(p=0.009) and 89% with liposomal AmB versus 93% with
caspofungin (p = 0.05).2%%°

The clinical usefulness of a primary composite endpoint,
whose major driver is the resolution of fever (which is influ-
enced by many factors other than IFI), is a matter of debate.
Overall survival is another component of this composite end-
point, which is likely to be influenced by factors other than
IF1. Moreover, inclusion of patients with different risk profiles
(e.g. differences in haemato-oncological conditions, duration
of persistent fever and/or neutropaenia, inclusion of patients
with documented bacterial infections and variable use of
antifungal prophylaxis), different durations of antifungal
therapy and factors such as open design, sample sizes and
differences in endpoints for efficacy assessment (e.g. equiva-
lence, non-inferiority, defervescence during or after neutro-
phils recovery) make the comparison of the study results
difficult. It is likely that study design issues played an impor-
tant role in the failure to demonstrate non-inferiority of voric-
onazole to liposomal AmB. Paradoxically, these negative
results have been influenced mainly by the lower response
rates (23% with voriconazole versus 31% with liposomal
AmB, p = 0.04) reported in patients at low risk of IFI (e.g. autol-
ogous HSCT), who failed to defervesce before neutrophil
recovery due to a short duration of neutropaenia. Interest-
ingly, a secondary analysis of a large trial showed a similar
trend towards a lower success rates of liposomal AmB (31%)
versus AmB deoxycholate (37%) in the subgroup of patients
with neutropaenia lasting less than 7 days. In conclusion,
there was no clear-cut superiority of one antifungal agent
over the other ones in these studies.

3.6.  Success of antifungal therapy in patients with IFI at
baseline

This endpoint was reported in four studies.?®>?>?%2° Of note
were the higher success rates of caspofungin compared with
liposomal AmB for patients with IFI [52% (7/27) versus 26%
(14/27), p = 0.04], for patients with invasive aspergillosis [8%
(1/12) versus 42% (5/12)] and for patients with invasive candi-
diasis [42% (5/12) versus 67% (8/12)]. This difference resulted
in lower mortality due to baseline IFI [11%, (3/27) in the caspo-
fungin group versus 44%, (12/27) in the liposomal AmB group;
p = 0.01].?° However, small sample sizes make the interpreta-
tion of the results of these subgroups analyses extremely
difficult.

3.7. Occurrence of breakthrough IFI

This endpoint was analysed in eight studies. In six studies,
there were no differences between the experimental and



Table 1 - Synopsis of clinical trials of empirical antifungal therapy in persistently febrile neutropaenic patients

Author, year Number of Pts  Study design AF therapy, dose Primary Allo-HSCT Acute Systemic AF Days persistent Days AF
endpoint leukaemia  prophylaxis fever at indusion therapy
Prentice, 1997%* 338 Open L-AmB 1 o r 3 versus AmB-d 1 Severe toxicity NR 57% NR >38 > 4d NR
63%
White, 1998 196 Double-blind ABCD 4 versus AmB-d 0.8 Nephrotoxicity 43% 23% 79% >38 > 3d or relapsing 9
37% 29% 75% 7.5
Walsh, 19997 687 Double-blind ~ L-AmB 0.6 versus AmB-d 0.6  Equivalent None 49% NR >38 > 4d 11
efficacy (+ 10%) 48% 10
Wingard 2000 244 Double-blind L-AmB 3 or 5 versus ABLC 5 Infusion-related 15% 33% NR >38 > 3d 9-8
toxicity 15% 33% 7
Winston 2000% 317 Open Fluco 400 versus AmB-d 0.5 Equivalent NR 43% None >38 > 3d or relapsing 8
efficacy (= 15%) 48% 10
Boogaerts 2001%° 360 Open Itra 200, then 400 versus Equivalent None 64% 35% >38 > 3d 8.5
AmB-d 0.7-1 efficacy (+ 15%) 62% 40% 7
Ehninger 2002%” 162 Open Itra 200, then 400 versus Severe toxicity NR NR NR >38 > 3d NR
AmB-d 0.7-1
Walsh 200278 837 Open Vori6, then400 versusL-AmB3  Non-inferior 18% 53% 53% >35 > 4d 7
efficacy (+ 10%) 19% 51% 59% 7
Walsh 2004%° 1095 Double-blind  Caspo 50 versus L-AmB 3 Non-inferior 6% 76% 56% >38 > 4d or relapsing 11
efficacy (+ 10%) 7% 72% 56% 10

Pts: patients.

AF: antifungal.

NR: not reported.

L-AmB: liposomal AmB, mg/kg/d.
AmB-d: AmB deoxycholate, mg/kg/d.
ABCD: AmB colloidal dispersion, mg/kg/d.
ABLC: AmB lipid complex, mg/kg/d.
Fluco: fluconazole, mg/d.

Itra: itraconazole, mg/d.

Vori: voriconazole, mg/kg/d.

Caspo: caspofungin, mg/d.
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Table 2A - Overall response to different empirical antifungal therapies assessed by a composite endpoint including

resolution of fever, successful therapy of baseline IFI, absence of breakthrough IFI, no therapy discontinuation and
survival

Author, year Experimental therapy Control therapy Statistical analysis
Drug, dose Overall response (%) Drug, dose Overall response (%)
Prentice, 19972 L-AmB 1 58 AmB-d 1 49 P =0.09
L-AmB 3 64
White, 199822 ABCD 4 50 AmB-d 0.8 43 NS
Walsh, 19997 L-AmB 3 50 AmB-d 0.6 49 NS
Wingard, 2000%* ABLC 5 33 L-AmB 3 40 NS
L-AmB 5 42
Winston, 2000% Fluco 400 63 AmB-d 0.5 67 NS
Boogaerts, 2001%° Itra 200 47 AmB-d 0.7 38 A-9 (CI -1 to 13)
Ehninger, 2002%7 Itra 200 63 AmB-d 0.7 43 P =0.0001
Walsh, 20027 Vori 6 26 L-AmB 3 31 A-4 (CI —11 to 2)
Walsh, 20042° Caspo 50 34 L-AmB 3 34 A-0 (CI —6 to 6)

NS: not significant.

CI: 95% confidence interval.

L-AmB: liposomal AmB. mg/kg/d.

AmB-d: AmB deoxycholate, mg/kg/d.
ABCD: AmB colloidal dispersion, mg/kg/d.
ABLC: AmB lipid complex, mg/kg/d.
Fluco: fluconazole, mg/d.

Itra: itraconazole, mg/d.

Vori: voriconazole, mg/kg/d.

Caspo: caspofungin, mg/d.

control regimens (Table 2B).??%24262% The study comparing  3.8.  Assessment of response to empirical

liposomal AmB to AmB deoxycholate reported significantly antifungal therapy in specific subgroups of patients

lower rates of breakthrough IFI with the liposomal form (3%

versus 8%, p = 0.005).%* Fewer breakthrough IFI occurred in pa- The majority of studies did not report data on efficacy of
tients treated with voriconazole than in those treated with empirical antifungal therapy in specific settings, such as
liposomal AmB (2% versus 5%, p = 0.02).%® acute leukaemia versus allogeneic or autologous HSCT; or

Table 2B - Breakthrough IFI during empirical antifungal therapy

Author, year Experimental therapy Control therapy Statistical analysis
Drug, dosing Breakthrough IFI (%) Drug, dosing Breakthrough IFI (%)

Prentice, 1997%* L-AmB 1 3 AmB-d 1 2 NS

L-AmB 3 2
White, 199822 ABCD 4 17 AmB-d 0.8 18 NS
Walsh, 1999%% L-AmB 3 3 AmB-d 0.6 8 P = 0.005
Wingard, 2000** ABLC 5 4 L-AmB 3 4 NS

L-AmB 5 2

Winston, 2000%° Fluco 400 4 AmB-d 0.5 4 NS
Boogaerts, 2001%° Itra 200 3 AmB-d 0.7 3 NS
Walsh, 2002%8 Vori 6 2 L-AmB 3 5 A-3 (C1 1-5), P =0.02
Walsh, 20042° Caspo 50 5 L-AmB 3 5 A-1 (A-3 to 2)

NS: not significant.

CI: 95% confidence interval.

L-AmB: liposomal AmB, mg/kg/d.

AmB-d: AmB deoxycholate, mg/kg/d.
ABCD: AmB colloidal dispersion, mg/kg/d.
ABLC: AmB lipid complex, mg/kg/d.
Fluco: fluconazole, mg/d.

Itra: itraconazole, mg/d.

Vori: voriconazole, mg/kg/d.

Caspo: caspofungin, mg/d.
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unexplained fever versus clinically documented infections; or
antifungal prophylaxis versus no antifungal prophylaxis.
Wherever available, the data are summarised in the following
paragraphs.

3.9.  Efficacy in patients with different risk profiles

Three studies reported efficacy data in patients with different
risk profiles.’®?2?° Higher overall response rates were de-
scribed in acute leukaemic patients receiving itraconazole
(47%) than in patients receiving AmB deoxycholate (33%,
p =0.03), but not in autologous-HSCT recipients (47% versus
48%, respectively).® In ‘low-risk’ patients (i.e. autologous
HSCT and acute leukaemia) the overall response to voriconaz-
ole was lower (23%) than that of liposomal AmB (31%)
(P = 0.04).” However, no significant difference was observed
in ‘high-risk’ patients (i.e. allogeneic HSCT or relapsing acute
leukaemia): 32% versus 36%, respectively. Finally, the overall
response was higher in ‘high-risk’ patients receiving caspo-
fungin (43%) than in patient receiving liposomal AmB (38%,
p = 0.007). In contrast, there was no difference in ‘low-risk’ pa-
tients (31% versus 32%, respectively).?

3.10. Efficacy according to the aetiology of fever

Only two studies reported efficacy data according to the aeti-
ology of fever.®?® Higher rates of defervescence at day 5 were
described in patients with clinically documented infections
receiving AmB deoxycholate (76%) than in those without
treatment (45%, p =0.02), while no difference between the
two regimens was observed in patients with unexplained
fever (64% versus 61%).° Higher overall response rates were
observed in patients with unexplained fever treated with itr-
aconazole (48%) than in those treated with AmB deoxycholate
(37%, p = 0.05). Response rates to the two regimens were sim-
ilar in patients with clinically documented infections (37.5%
versus 43%, respectively).?®

3.11. Efficacy according to the use of antifungal prophylaxis

Three studies reported the efficacy of empirical therapy in pa-
tients who had or had not received antifungal prophy-
laxis®?%?° In patients receiving oral polyenes as antifungal
prophylaxis, there was no difference in response to empirical
therapy in patients treated with AmB (61%) or no treatment
(62%).° In contrast, in patients not receiving prophylaxis,
defervescence was observed in 78% of cases with empirical
AmB versus 45% without empirical antifungal therapy
(p =0.04). In patients receiving antifungal prophylaxis (oral
polyenes in 2/3 of cases, azoles in the remaining third) empir-
ical itraconazole was successful in 48% of the cases and AmB
deoxycholate in 35% of the cases (p =0.04).%° No difference
was observed between the two empirical regimens (45% and
48%, respectively) in patients not receiving antifungal prophy-
laxis. Finally, response rates of caspofungin and of liposomal
AmB were similar in patients with or without systemic anti-
fungal prophylaxis.?®

In summary, it appears that the results reported by some
trials in specific clinical settings are in part conflicting and
therefore extremely difficult to interpret. No clear-cut conclu-

sion can be drawn about the effect of either the patients’ risk
profile, or the presence or absence of a clinical focus of infec-
tion at baseline, or on the impact of previous antifungal pro-
phylaxis on the efficacy of different empirical antifungal
agents.

3.12. Adverse events

3.12.1. Nephrotoxicity

In six studies, nephrotoxicity occurred more frequently in pa-
tients receiving AmB deoxycholate (range: 24-35%) than in
patients receiving the comparator antifungal agent (i.e. lipid
form of AmB or azole; range: 1-19%) (Table 3A).2"%32>27
Although dosages of AmB deoxycholate (0.5 to 1 mg/kg/d)
and liposomal AmB (1 to 5 mg/kg/d) differed among studies,
the reported data suggested that the occurrence of nephro-
toxicity was not dose dependent. A significantly higher pro-
portion of patients receiving cyclosporine or tacrolimus
developed renal toxicity when treated with AmB deoxycho-
late (68%) compared with AmB lipid complex (8%).? Nephro-
toxicity occurred more frequently in allogeneic HSCT
recipients treated with AmB deoxycholate or liposomal AmB
(66% and 33%, respectively) than in patients who had other
underlying conditions (34% and 19%, respectively).>> Nephro-
toxicity did not occur more frequently in patients treated with
liposomal AmB (8%) than in those treated with voriconazole
(7%).%8 Finally, nephrotoxicity occurred more often in patients
treated with liposomal AmB (11%) than in those treated with
caspofungin (3%).%°

3.13. Infusion-related adverse events

Fever, chills or hypoxia were more frequent in patients
receiving AmB deoxycholate (range: 36-57%) than in pat-
ients receiving either azoles (2-16%) or liposomal AmB
(5-21%).21"232526 When different forms of AmB were com-
pared, the colloidal dispersion form (80%) resulted in higher
rates of adverse reactions than the conventional form (65%)
or the lipid complex form (51%) or the liposomal form (21-
24%), respectively.”>?* In the two most recent studies, higher
rates of adverse events were reported with liposomal AmB
(30-52%) compared with voriconazole (14%) or caspofungin
(35%).2%% Finally, transient, fully reversible visual adverse
events (e.g. altered perception of light) and visual hallucina-
tions occurred more frequently in patients receiving vorico-
nazole than in those receiving liposomal AmB (22% versus
1% and 4% versus 0.5%, respectively).?

3.14. Discontinuation of antifungal therapy due to
drug-related toxicity

Discontinuation of treatment occurred significantly more
often in patients receiving AmB deoxycholate (range: 7-57%)
than in patients treated with other regimens (range: 1-
22%).21:2>"27 Antifungal therapy was also interrupted more fre-
quently in patients receiving AmB lipid complex (32% versus
13% for liposomal AmB),** or liposomal AmB (8% versus 5%
for caspofungin)?® (Table 3B).

Compared with the other antifungal agents, AmB deoxy-
cholate was associated with significantly higher rates of
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Table 3A - Nephrotoxicity of different empirical antifungal regimens

Author, year Experimental therapy Control therapy P value
Drug, dosing Nephrotoxicity (%) Drug, dosing Nephrotoxicity (%)

Prentice, 19972 L-AmB 1 10 AmB-d 1 24 0.01
L-AmB 3 12

White, 199822 ABCD 4 8 AmB-d 0.8 35 0.001
+Cy or Tacro 31 +Cy or Tacro 68 0.001

Walsh, 1999%3 L-AmB 3 19 AmB-d 0.6 34 0.001

Wingard,2000%* ABLC 5 42 L-AmB 3 14 0.001

L-AmB 5 15

Winston, 2000%° Fluco 400 1 AmB-d 0.5 33 0.001

Boogaerts, 2001%° Itra 200 5 AmB-d 0.7 24 0.001

Ehninger, 2002% Itra 200 4 AmB-d 0.7 41 0.001

Walsh, 200272 Vori 6 7 L-AmB 3 8 NS

Walsh, 2004%° Caspo 50 3 L-AmB 3 11 0.001

NS: not significant.

Cy: cyclosporin.

Tacro: tacrolimus.

L-AmB: liposomal AmB, mg/kg/d.
AmB-d: AmB deoxycholate, mg/kg/d.
ABCD: AmB colloidal dispersion, mg/kg/d.
ABLC: AmB lipid complex, mg/kg/d.
Fluco: fluconazole, mg/d.

Itra: itraconazole, mg/d.

Vori: voriconazole, mg/kg/d.

Caspo: caspofungin, mg/d.

discontinuation of therapy for adverse events. Albeit less 4. Recommendations

frequent, nephrotoxicity and infusion-related toxicity also oc-

curred in patients treated with lipid forms of AmB, especially Is there evidence supporting the use of empirical antifungal
in allogeneic HSCT recipients. therapy in neutropaenic patients with persistent fever to

Table 3B - Discontinuation of empirical antifungal therapy due to adverse events

Author, year Experimental therapy Control therapy P value

Drug, dosing Discontinuation due to AE (%) Drug, dosing Discontinuation due to AE (%)

Prentice, 1997%* L-AmB 1 8 AmB-d 1 31 0.01
L-AmB 3 5

White, 199822 ABCD 4 18 AmB-d 0.8 21 NS

Walsh, 199923 L-AmB 3 NR AmB-d 0.6 NR NA

Wingard, 2000%* ABLC 5 32 L-AmB 3 13 0.01

L-AmB 5 12

Winston, 20002 Fluco 400 1 AmB-d 0.5 7 0.005

Boogaerts, 2001%° Itra 200 19 AmB-d 0.7 38 0.001

Ehninger, 2002% Itra 200 22 AmB-d 0.7 57 0.0001

Walsh, 2003%8 Vori 6 5 L-AmB 3 5 NS

Walsh, 2004%° Caspo 50 5 L-AmB 3 8 0.04

NS: not significant.

NR: not reported.

NA: not applicable.

AE: adverse events.

L-AmB: liposomal AmB, mg/kg/d.
AmB-d: AmB deoxycholate, mg/kg/d.
ABCD: AmB colloidal dispersion, mg/kg/d.
ABLC: AmB lipid complex, mg/kg/d.
Fluco: fluconazole, mg/d.

Itra: itraconazole, mg/d.

Vori: voriconazole, mg/kg/d.

Caspo: caspofungin, mg/d.
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Table 4 - CDC grading of evidence and recommendation for the empirical use of antifungal agents in neutropaenic patients

with persistent fever despite broad spectrum antibiotics

Antifungal agent Daily dose CDC Grading
Level of recommendation Evidence for
Efficacy Safety

Liposomal AmB 3 mg/kg A | |
Caspofungin 50 mg A? | |
ABLC 5 mg/kg B [ |
Voriconazole 2x 3 mg/kg iv B2b< | \
AmB deoxycholate 0.5-1 mg/kg B/D¢ | \
Itraconazole 200 mg iv (@RS | |
Fluconazole 400 mg iv (RS | |

a No activity against mucorales.

b Failed the 10% non-inferiority cut-off when compared with liposomal AmB (and thus not approved by the FDA for this indication), but first-
line for aspergillosis and efficacious for prevention of breakthrough IFI.

¢ Activity against Candida may be limited in patients receiving azole prophylaxis.

d B in the absence of/D in the presence of risk factors for renal toxicity (e.g. impaired renal function at baseline, nephrotoxic co-medication
including cyclosprin or tacrolimus in allogeneic HSCT recipients, aminoglycoside antibiotics, history of previous toxicity).

e No activity against Aspergillus and other molds. Not approved by the FDA for this indication.

reduce the incidence, the morbidity and/or the mortality of
invasive fungal infections?

Yes, Grading: BIL

Comments. The concept of empirical antifungal therapy as
standard of care in neutropaenic patients with prolonged fe-
ver of undetermined origin is supported by the results of
two pioneer, open, not placebo-controlled, randomised stud-
ies conducted in the 1980s. However, both trials were under-
powered to provide a definitive proof that this approach
does reduce the incidence of IFI and IFI-related mortality.
Moreover, these results may be not entirely representative
of the actual patients populations, due to evolving risk fac-
tors, preventive strategies and diagnostic procedures.

Based on efficacy and safety data, is there evidence sup-
porting the use of the following antifungal agents for empiri-
cal therapy in neutropaenic patients with persistent fever?
(Table 4)

Liposomal AmB: Yes, Grading Al

Caspofungin: Yes, Grading Al

AmB lipid complex: Yes, Grading BI.

Voriconazole: Yes, Grading BI.

AmB deoxycholate: Yes, Grading BI (in the absence of risk
factors for nephrotoxicity) versus No, DI (in the presence of
risk factors for nephrotoxicity).

Itraconazole: Yes, Grading CI.

Fluconazole: Yes, Grading CI.

Comments. Comparative clinical trials performed during
the last two decades have not revealed a clear-cut superiority
of any antifungal agent over the other ones in terms of
efficacy.

Increased occurrence of adverse events, in particular
nephrotoxicity in allogeneic HSCT recipients, is the basis for
the level B recommendation for AmB lipid complex. Given
that it is as active as and substantially less expensive than
most other antifungal drugs, a level B recommendation is pro-
posed for AmB deoxycholate (1 mg/kg/d i.v.) provided that risk
factors of major toxicity (e.g. impaired renal function at base-
line, nephrotoxic co-medications including cyclosporine or

tacrolimus in allogeneic HSCT recipients, history of severe
toxicity) are absent and that such toxicity does not occur dur-
ing therapy. Clinicians using this agent must be aware that
intolerance may lead to suboptimal dosing and therefore
decreased antifungal efficacy. A randomised study compared
4-h with 24-h administration of AmB deoxycholate and re-
ported a reduction of the infusion-related adverse events in
the 24-h group (63% versus 20%, p < 0.001) and of therapy dis-
continuations (28% versus 8%, p = 0.02).”” This option may be
considered to reduce the infusion-related toxicity of AmB
deoxycholate.

Given that it failed the 10% non-inferiority cut-off when
compared with liposomal AmB, but that it decreased the
occurrence of breakthrough IFI, and because it is the drug of
first choice for invasive aspergillosis, voriconazole was given
a level B recommendation. Finally, concerns regarding toler-
ance of itraconazole, emergence of resistant Candida species
in patients receiving prophylaxis and lack of fluconazole
activity against Aspergillus species, support a level C recom-
mendation for these azoles.

Voriconazole, itraconazole, fluconazole and caspofungin
are inactive against zygomycetes and caution is thus required
in patients at high risk for infections due to these emerging
molds.

With the exception of the increased nephrotoxicity of AmB
in allogeneic HSCT recipients (see comments above), it was
not possible to formulate specific recommendations for the
choice of antifungal therapy according to the specific underly-
ing conditions, presence of a defined clinical focus of infec-
tion, or previous antifungal prophylaxis.

5. Conclusions

Many antifungal regimens can now be recommended for
empirical therapy in neutropaenic cancer patients. Initiation
of empirical antifungal therapy is triggered by the persistence
of fever after 3-7 days of broad spectrum antibiotic therapy.
This frequent but non-specific sign of fungal infection does
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not take into account recent developments regarding non-
invasive diagnosis of IFI using new laboratory markers and
imaging techniques. Although the vast majority of European
experts use empirical antifungal therapy, current clinical
practices are rapidly evolving. Timing of the start of anti-
fungal therapy and choice of the antifungal agent is influ-
enced by a multiplicity of factors, including the patient’s
risk profile (underlying condition, first versus relapsing epi-
sode of fever), whether or not antifungal prophylaxis has
been used, clinical presentation, documentation of bacterial
infection and results of non-invasive diagnostic tools. Devel-
opment of new pre-emptive strategies aimed at distinguish-
ing patients who need antifungal therapy from those who
do not should be investigated. Initiation of targeted antifungal
therapy at an early stage of IFI avoiding unnecessary therapy
in patients with non-fungal causes of fever might have a ma-
jor impact on patients’ safety, epidemiology of resistance to
antifungals and use of health care resources.** Appropriate
design including patients’ selection, choice of the most suit-
able antifungal agent and use of relevant endpoints will be
key factors for success of future trials.
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1. Introduction

Patients with acute leukaemia (AL) or myelodysplastic syn-
drome (MDS) who undergo successive cycles of myelosup-
pressive chemotherapy or who undergo haematopoietic
stem cell transplantation (HSCT) have a high incidence of
proven and probable mould and yeast infections. Treatment
of these infections is often ineffective due to delays in diagno-
sis, resulting in high mortality rates.’ Besides, signs and

symptoms of infection are usually non-specific and these
infections are commonly missed by culture or because of
the inability to perform biopsies.* Consequently, primary
antifungal chemoprophylaxis (PAC) has been recommended
and has become routine practice in many European Leukae-
mia and HSCT centres.” However, in spite of the burden of
published data on PAC, drawing solid scientific conclusions
remains challenging.® This highlights the need for evidence-
based European recommendations.

* The ECIL 1 is a common initiative of the following groups or organisations: European Blood and Marrow Transplantation Group,
European Organisation for Treatment and Research of Cancer, European Leukemia Net (EU Grant LSHC-CT-2004) and Immunocompro-
mised Host Society.

* Corresponding author: Tel.: +32 16 34 68 80; fax: +32 16 34 68 81.
E-mail address: johan.maertens@uz.kuleuven.ac.be (J.A. Maertens).

1359-6349/$ - see front matter © 2007 Elsevier Ltd. All rights reserved.

doi:10.1016/j.ejcsup.2007.06.006


mailto:johan.maertens@uz.kuleuven.ac.be

44 EJC SUPPLEMENTS 5 (2007) 43-48

2. Methods

The European Conference on Infections in Leukaemia (ECIL)
recommendations on PAC are based on a review of the Eng-
lish-language literature following a predefined methodology
(see introductory chapter) and using the following key words:
neutropenia, stem cell transplantation, azole, prophylaxis,
antifungal, prevention, fungal infection and aspergillosis.

Many of the published studies were observational or used
historical controls. Such approaches, even when properly
matched, are inevitably biased. We therefore decided that
preferably prospective, randomised trials would be considered
for efficacy assessment (quality of evidence, level I). Drawing
firm conclusions remained challenging, however, given the
non-blinded nature of many of these studies and the risk of
statistical type II errors due to an insufficient sample size.

The risk of acquiring an invasive fungal infection (IFI) var-
ies with the case mix of the study population. Allogeneic
HSCT recipients with graft-versus-host disease or relapsed
leukaemia patients are at higher risk than most other haema-
tology patients; however, these high-risk, critically-ill sub-
groups were frequently under-represented or even excluded
from prophylactic trials. Diluting the study population with
patients at low risk (autologous transplants, short duration
of neutropenia) favours demonstration of equivalence of
two regimens. As a consequence, sample size, case mix and
treatment imbalances impacted heavily on the strength of
our recommendations (A-E).

A reduction of the number of proven and probable IFIs and
an improvement in fungal-free survival and overall survival
are the main objectives of PAC. Therefore, these end-points
were given the highest priority. These end-points were how-
ever not always reported. Hence, surrogate end-points for effi-
cacy were reported, including the impact on persistent fever,
the frequency of possible IFIs, the use of empirical antifungal
therapy and the mortality attributable to IFI. Although these
latter end-points are poorly defined and usually highly sub-
jective, mainly due to divergence in clinical management,
we still tried to rate and to incorporate the impact of PAC
on these different components before generating an overall
recommendation. Toxicity and tolerability data, drug interac-
tion profiles, patient’s compliance and quality of life assess-
ments, if available, were also included in the assessment of
the strength of the recommendation (A-E).

According to the common methodology used in all work-
ing groups in preparation of the ECIL meeting, a list of priority
questions were proposed by the organizing committee and
redefined by the working group, including:

» Can we identify patient populations that are likely to benefit
from PAC?

e Is PAC having an impact on the incidence of invasive fungal
infections (yeast versus mould), on overall mortality, on
fungal infection-related mortality, on the use of empirical
antifungal therapy and on toxicity?

e Is PAC associated with increased resistance or selection of
specific pathogens?

¢ How long should PAC be continued?

¢ Should serum levels of specific antifungal compounds be
measured and what is the target level?

3. Results
3.1. Questionnaire

Eighty-seven percent of the 38 investigators answering the
questionnaire gave antifungal prophylaxis: 85% gave prophy-
laxis to allogeneic HSCT, 63% to autologous HSCT and to AL
patients. The distribution of antifungal agents is shown in Ta-
ble 1. For allogeneic HSCT, the duration of prophylaxis was
highly variable and ranged from including the neutropenic
phase only (18%) to until day +100 (16%) or resolution of
graft-versus-host disease (13%) or both (16%). The main
reason for giving prophylaxis was to prevent superficial fun-
gal infections (21%), yeast (25%) or mould (11%) infections
specifically, invasive fungal infections in general (13%) and
to reduce mortality (13%). Only 15 of the 38 investigators
considered their attitude supported by the literature (see
Table 2).

3.2 Literature analysis

Patients diagnosed with leukaemia represent a heteroge-
nous population in terms of evolution of their underlying
disease (acute versus chronic), intensity of therapy (inten-
sive chemotherapy + allogeneic transplantation versus a
wait-and-see policy) and risk of developing opportunistic
infections. Although future treatment options may render
the so-called low-risk leukaemia patients (chronic leukae-
mia and low-risk MDS patients) more at risk for invasive
fungal infections, the population that is nowadays most
likely to benefit from antifungal prophylaxis consists of pa-
tients with an expected incidence of invasive fungal infec-
tions of at least 10%. This population includes acute
leukaemia and high-risk MDS patients as well as patients
undergoing haematopoietic stem cell transplantation (allo-
geneic > autologous). As such, our recommendations will
only apply to these latter groups.

Table 1 - Results of the questionnaire (N = 38):

distribution of antifungal agents used in prophylactic
regimens according to the underlying condition

Agent (%) Allogeneic  Autologous Induction
HSCT HSCT chemotherapy

Fluconazole 57.1 57.1 55

Itraconazole 7.1 9.5 5
capsules

Itraconazole 21.4 14.3 20
oral solution

Itraconazole 3.6 4.8 5
intravenous

Voriconazole 3.6 4.8 5

Liposomal 3.6 - -
Ampho B

Nystatin 10.7 14.3 15

Non-absorbable 17.9 19.0 25
Ampho B

Aerosolized 7.1 - -
Ampho B
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Table 2 - Antifungal prophylaxis in leukaemia patients:
ECIL recommendations

Allogeneic haematopoietic stem cell transplantation

Fluconazole 400 mg qd intavenous (i.v.)/oral Al

Itraconazole 200 mg IV followed by BI
oral solution 200 mg bid

Posaconazole 200 mg tid oral AI°

Micafungin 50 mg qd i.v. CI

Polyene® i.v. CI

Induction chemotherapy acute leukemia

Fluconazole 50-400 mg qd i.v./oral CI
Itraconazole oral solution 2.5 mg/kg bid cr
Posaconazole 200 mg tid oral Al°
Candins i.v. No data
Polyene® i.v. CI-CII

a Includes low-doses of amphotericin B deoxycholate and lipid
formulations of amphotericin B The ECIL recommendation for
aerosolised amphotericin B deoxycholate is DI.

b May be limited by drug interactions and/or patient tolerability.
¢ Provisional recommendation (see text).

3.

2.1. Azoles

Fluconazole: Fluconazole is an attractive agent for anti-
fungal prophylaxis because of its systemic effect, ease of
administration and favourable safety profile. In the
1990s, the papers by Goodman and Slavin have set the
trend for the widespread use of fluconazole prophylaxis.”®
Although a significant reduction of the incidence of IFI and
of the overall mortality has only been shown for patients
undergoing HSCT, fluconazole prophylaxis has also
become the standard of care in patients undergoing inten-
sive chemotherapy for AL and MDS.°>? In a meta-analysis
by Bow et al., fluconazole prophylaxis reduced the use of
parenteral antifungal therapy (including the empirical
use), the incidence of superficial fungal infections and of
invasive Candida infections, and the fungal infection-
related mortality.”® In addition, fluconazole prophylaxis
decreased the overall mortality, but only in the subset of
patients with prolonged neutropenia and in those under-
going HSCT."*** A daily dose of 400 mg is recommended.

Subsequent studies have suggested but not proven that

lower daily doses of fluconazole (50-200 mg) may suffice

for fungal prevention during induction chemotherapy.?

Of note, fluconazole is ineffective against moulds and Can-

dida krusei and displays a dose-dependent activity against

some strains of C. glabrata. This spectral shortcoming
results in the occurrence of breakthrough infections.

ECIL recommendation:

e allogeneic HSCT: fluconazole 400 mg/day: Al;

e autologous HSCT or acute leukaemia: fluconazole 50-

400 mg/day: CI.

Itraconazole:

B Capsules: Itraconazole displays a broad spectrum of
activity, including Aspergillus species. In randomised
trials using the capsule formulation (200-400 mg/day),
the incidence of IFIs was not significantly different
from the respective comparator drugs (fluconazole
100 mg/d; placebo + oral amphotericin B).>>/

B Oral solution: The increased bioavailability of the oral
solution formulation has been demonstrated in autolo-
gous HSCT recipients and in patients with AL. Data on
the prophylactic efficacy of this formulation in haema-
tology patients are available from five prospective, ran-
domised multicentre trials.'®?> However, no single
study has convincingly demonstrated a reduction in
the number of Aspergillus infections or an improve-
ment in the overall or fungal-free survival. Lack of
superiority may result from flaws in trial methodology
and patient recruitment, including the use of a non-
blinded design,'® the exclusion of allogeneic HSCT
recipients and the absence of regimens that are more
frequently associated with IFIs (e.g. high-dose cytara-
bine, with or without fludarabine).”® According to a
recent meta-analysis however, itraconazole oral solu-
tion (at least 400 mg/day) effectively prevents proven
invasive fungal infections (including invasive aspergil-
losis) and reduces mortality from these infections.?®

B Intravenous followed by oral solution: The prolonged use
of adequately dosed itraconazole (200 mg intravenous
(i.v.) followed by the oral solution 200 mg bid) versus
fluconazole (400 mg oral or i.v.) has been evaluated in
two open-label studies in myeloablative allogeneic
HSCT recipients.?*?> Both the studies have demon-
strated a higher efficacy of itraconazole in preventing
invasive mould infections. However, the study of Win-
ston et al. was hampered by imbalances in patients
characteristics in favour of itraconazole,>* whereas
that of Marr et al. (using a high-dose of 2.5 mg/kg tid)
showed a 36% dropout rate in the itraconazole arm
due to intolerance and toxicity.”® This latter observa-
tion is consistent with the findings of a recent meta-
analysis.?® In addition, Marr reported unexpected liver
toxicity when itraconazole was used concomitantly
with cyclophosphamide.? So, the potential for hazard-
ous drug interactions represents another drawback.
ECIL recommendation:

e in allogeneic HSCT: itraconazole 200 mg/day IV fol-
lowed by oral solution: BI;

e in autologous HSCT and acute leukaemia: itraconazole
oral solution 2.5 mg/kg bid: CI;

e itraconazole capsules: EL

B Should itraconazole levels be measured? Given the
marked variations in bioavailability and the signifi-
cant dose-response relationship, therapeutic drug
monitoring is recommended to ensure adequate
plasma levels (a thorough concentration of at least
500ngml~! itraconazole measured by high-perfor-
mance liquid chromatography) at steady state (ECIL
recommendation BII).?®

3.2.2.  Aerosolized amphotericin B (AMB) deoxycholate

Contrary to yeast infections, mould infections are primarily
airborne. Thus, delivering high concentrations of AMB to
the airways by aerosolising the drug represents an appealing
approach. Unfortunately, the only randomised study in this
field found no difference in the incidence of invasive pulmon-
ary aspergillosis or in overall mortality between patients who
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received inhalations and those who did not. Moreover, intol-
erance led to the premature discontinuation in ~30% of
cases.?” It remains to be seen whether the use of a lipid for-
mulation of AmB or a powder formulation will increase effi-
cacy and tolerance.

ECIL recommendation: DI

3.2.3. Systemic low-dose AMB deoxycholate

Some investigators have examined the use of low-doses of
intravenous AMB (ranging from 0.5 mg/kg/day to <0.1 mg/kg/
day), with or without intranasal sprays. In retrospective anal-
ysis, this approach decreased both the incidence of invasive
aspergillosis and the transplant-related mortality in alloge-
neic HSCT recipients. However, these results are inconclusive
due to the use of historical controls and due to the presence
of confounding environmental and prognostic factors.?*3?

ECIL recommendation: CII.

3.2.4. Lipid formulations of AMB

Two placebo-controlled, double-blind randomised studies
(using liposomal AMB 1mg/kg/day or 2 mg/kg three times
weekly) have been performed in HSCT recipients and in pa-
tients receiving chemotherapy.’>** However, these studies
were not sufficiently powered to detect a superiority of liposo-
mal AMB over placebo. Thus, although associated with an
encouraging trend towards a reduced incidence of IFI, the dif-
ference could not reach statistical significance. Unexpectedly,
no single case of proven invasive aspergillosis was observed
in these series, not even in the control group. A randomised
trial comparing fluconazole versus ABCD was terminated pre-
maturely because of severe infusion-related side effects in the
ABCD-arm.*

ECIL recommendation: CI.

3.2.5. Echinocandins
The echinocandins display activity against Candida and
Aspergillus species. These agents induce little toxicity and
are not metabolised through the cytochrome P450 en-
zymes. Therefore, echinocandins represent a safe alterna-
tive to fluconazole and yield activity against invasive
aspergillosis. The prophylactic efficacy of micafungin
(50 mg) was compared with fluconazole (400 mg) in a dou-
ble-blind, multicenter study during the neutropenic phase
of HSCT.* The study concluded that the overall efficacy
of micafungin was superior to that of fluconazole (includ-
ing decreased use of empirical antifungal therapy but no
difference in overall mortality). Unfortunately, this study
included a large number (70%) of autologous and low-risk
allogeneic transplants and did not address the prevention
of late IFIs.

ECIL recommendation:
¢ in HSCT: micafungin 50 mg: CI;
e in acute leukemia: no data;
e caspofungin or anidulafungin: no data.

3.2.6. Posaconazole

Following the consensus approval of the first ECIL recommen-
dations on antifungal prophylaxis on October 1st, 2005, re-
sults from two additional large (~600 enrolled patients),

randomised prophylactic trials have become available. The
first study was an open-label but evaluator-blinded study that
compared posaconazole oral suspension (200 mg tid) versus
standard azole prophylaxis (itraconazole oral suspension
200 mg bid or fluconazole oral solution 400 mg qd) during
remission-induction chemotherapy of patients with AML/
MDS. The study showed a significant reduction in the number
of proven and probable invasive fungal infections (including a
significant reduction in the number of Aspergillus cases) and
demonstrated a statistically significant benefit in overall sur-
vival and fungal-free survival in favour of posaconazole.*®
The second study, a double-blind, double-dummy study com-
pared posaconazole oral solution (200 mg tid) versus fluco-
nazole capsules 400 mg qd in allogeneic stem cell transplant
recipients with acute or chronic graft-versus-host disease
necessitating severe immunosuppressive therapy. In this
study posaconazole proved to be non-inferior to fluconazole
during the fixed time period of 112 days that was used for
the primary end-point analysis. In addition, posaconazole re-
sulted in a significant reduction of the number of proven and
probable invasive fungal infections (including Aspergillus
infections) while on treatment. No survival benefit was seen
in this study.*”

Given the importance of these results but pending the full
publication of these studies as well as the in-depth discussion
within the next plenary ECIL meeting in 2007, the members of
the Working Party and the Chairmen of the prophylaxis ses-
sion decided to include a provisional Al recommendation for
posaconazole prophylaxis (200 mg tid) during induction che-
motherapy for AML/MDS and during intensive immunosup-
pressive therapy for acute and chronic GvHD following
allogeneic haematopoietic stem cell transplantation.

3.2.7. Antifungal prophylaxis and changes in fungal
epidemiology

Several reports have pointed out that the use of antifungal
prophylaxis has the potential for induction of resistance
and results in the selection of natively resistant organisms,
potentially leading to a change in the epidemiology of fungal
infections. For instance, the use of fluconazole prophylaxis
resulted in a ~8-fold increase in the frequency of Candida glab-
rata colonisation and resulted in a shift towards non-albicans
Candida infections in allogeneic transplant recipients.®*3®
Also, pre-exposure of cancer patients to amphotericin B or
triazoles was associated with increased frequency of non-
fumigatus Aspergillus species. These Aspergillus isolates
exhibited higher E-test amphotericin B MICs compared with
isolates from patients without prior antifungal exposure.®
Hence, we feel that patients who receive prolonged antifungal
prophylaxis should be closely monitored for changes in the
colonising fungal flora and in the causative fungal pathogens.

3.2.8. Duration of antifungal prophylaxis

In the absence of trials, no firm recommendation regarding
the optimal duration of antifungal prophylaxis can be given.
However, in neutropenic patients, most experts would agree
to continue prophylaxis until recovery of the neutrophil count
(ANC > 500/pL) (BIII). In allogeneic transplant recipients, anti-
fungal prophylaxis should probably be continued till day +75
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posttransplant (14) or till the end of immunosuppression,*®
whichever comes first (BIII).

4, Conclusion and future prospects

The efficacy of PAC should be assessed in randomised trials,
based on an adequate sample size with sufficient statistical
power to detect differences between both study arms. These tri-
als should implement uniform and universally accepted crite-
ria of case-definitions and outcome-analysis (incidence of
proven candidiasis, incidence of proven and probable aspergil-
losis, overall mortality and fungal-free survival) and should tar-
get high-risk patients only. These objectives can only be
achieved by multi-institutional collaboration. Many of the
shortcomings in the design of previous studies are or have been
addressed in ongoing (e.g. voriconazole versus fluconazole in
allogeneic HSCTrecipients) or recently closed multicentre stud-
ies. Finally, the issue of secondary antifungal prophylaxis (in
patients with a previous episode of IFI who are scheduled for
a subsequent immunosuppressive or cytotoxic therapy) should
also be addressed in prospective clinical trials.
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An increasing incidence of invasive fungal infections is observed in most immunocompro-
mised patients, and especially leukaemia patients. In order to decrease the mortality due to
these infections, the clinicians need to optimise their treatment choices for the most com-
mon fungal infections observed in this population: invasive aspergillosis and candidiasis.
These recommendations have been developed by an expert panel following an evidence-

based search of the literature assessing the role of antifungal therapies in the treatment

Keywords: of patients with acute leukaemia or bone marrow transplantation and invasive candi-
Aspergillosis diasis - including candidaemia - and aspergillosis. We present results from a questionnaire
Candidaemia on the current practice among experts in Europe, show results of the literature search and

Invasive candidiasis provide the panel’s recommendations.

Antifungal therapy © 2007 Elsevier Ltd. All rights reserved.

1. Introduction

Despite recent improvement, the therapy of invasive fungal
infections is still disappointing with a failure rate of nearly
50% in invasive aspergillosis and a 12-week overall death rate
exceeding 30% in both invasive candidiasis and invasive
aspergillosis.»? New drugs have arrived on the market and
this has led to the need for a critical review of the existing
data and the development of management guidelines for first
line as well as salvage therapy.

2. Methodology

The working group of the ECIL meeting for the treatment of
invasive Candida and invasive Aspergillus infections followed
the ECIL committee recommendations (see introductory chap-
ter) and used the following keywords: leukaemia, neutropenia,
bone marrow transplantation, haematopoietic stem cell
transplantation, peripheral blood stem cell transplantation,
aspergillosis, candidiasis, candidaemia. A list of questions, re-
stricted to leukaemic patients and haematopoietic stem cell

* The ECIL-1 is a common initiative of the following groups or organisations: Infectious Diseases Working Party of the European Blood
and Marrow Transplantation Group (EBMT-IDWP), Infectious Diseases Group of the European Organization for Research and Treatment
of Cancer (EORTC-IDG), European Leukemia Net (ELN) (EU Grant number: LSHC-CT-2004), and International Immunocompromised Host
Society (ICHS).

* Corresponding author: Tel.: +33 388 12 76 88; fax: +33 388 12 76 81.
E-mail address: raoul.herbrecht@chru-strasbourg.fr (R. Herbrecht).
1359-6349/$ - see front matter © 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ejcsup.2007.06.007
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transplant (HSCT) recipients, were proposed by the organising
committee and redefined by the working group:

e What is/are the optimal first-line and second-line anti-
fungal therapy(ies) of invasive candidiasis and invasive
aspergillosis?

e What is the optimal duration of antifungal therapy for can-
didaemia and aspergillosis?

e What are the current indications for combination anti-
fungal treatment in candidaemia and aspergillosis?

¢ Should in vitro susceptibility testing be recommended to
guide the choice of antifungals in candidaemia and in
aspergillosis?

Participants were given a questionnaire prior to the meet-
ing and 38 responses were received and analysed.

The strength of the recommendations and the quality of
evidence were scored according to the CDC criteria.?

3. Invasive candidiasis

The therapeutic choice is usually a two-step process. The cli-
nician is initially informed that blood cultures are positive for
a Candida sp. Upon identification, the clinician is informed of
the species. The questionnaire and the recommendations
took into account that the therapeutic decision was taken be-
fore species identification, and then modified according to
three main species with different susceptibility profiles:
C. albicans, C. krusei and C glabrata.

3.1.  Review of the published data

Fluconazole, Amphotericin B (AmB) deoxycholate, caspofun-
gin and voriconazole are primary treatment options. Their
efficacy has been demonstrated in well-designed randomised
studies for non-neutropenic patients (Table 1). In contrast, for
the neutropenic host only few data are available. In the large
randomised trials, neutropenic patients were either excluded

or represented only a small proportion of the cohort, making
it difficult to reach the same level of evidence as for the non-
neutropenic patients.

3.1.1. Epidemiological trends

A shift towards non-albicans Candida species such as C. glab-
rata and C. krusei with decreased susceptibility or resistance
to azoles has been observed in North America and Europe.*®
The increasing use of azoles has been reported as cause for
this epidemiological shift but remains controversial.” C. glab-
rata, the most frequent non-albicans species, is susceptible to
AmB and to the echinocandins, but shows reduced suscepti-
bility to azoles.®® C. krusei is susceptible to AmB, voriconazole
and the echinocandins, but intrinsically resistant to fluconaz-
ole and itraconazole.?

3.1.2. Lipid formulations of amphotericin B
There is no large randomised study comparing AmB deoxy-
cholate and its lipid formulations in neutropenic hosts with
candidaemia. The disadvantages of AmB deoxycholate are
the infusion-related side effects (e.g. chills, fever, hypoxaemia
and hypotension), nephrotoxicity and hypokalemia.™
Although four studies have shown that administration of
AmB deoxycholate as a continuous infusion over 24 h with
saline loading reduced infusion-related reactions and renal
impairment, alternative therapy may be more appropriate in
patients with renal insufficiency or concomitant nephrotoxic
drugs.’** Lipid formulations of AmB (colloidal dispersion, li-
pid-complex and liposomal) are better tolerated than AmB
deoxycholate and have been used mainly in patients intoler-
ant to AmB deoxycholate or with altered renal function. How-
ever, few studies with a limited number of patients have
compared the efficacy of AmB deoxycholate with that of lipid
formulations in the treatment of neutropenic patients with
invasive candidiasis.

In an open randomised study of invasive fungal infections
in neutropenic patients, liposomal AmB, 5 mg/kg, was com-
pared with AmB deoxycholate, 1mg/kg.’> A mycological

Table 1 - Summary of randomised first line therapy trials in invasive candidiasis

Ref. Infection Antifungal Total No. of Definition of

patients successes (%) success

22 Candidaemia Fluconazole 103 72 (70) Clinical and microbial
response

Amphotericin B deoxycholate 103 81 (79)

18 Invasive candidiasis Fluconazole 75 48 (64) Clinical and microbial
response at the end of
therapy

Amphotericin B deoxycholate 67 44 (66)

21 Candidaemia Fluconazole 50 25 (50) Clinical and microbial

response
Amphotericin B deoxycholate 53 31 (58)

25 Candidaemia Caspofungin 109 80 (73) Clinical and microbial
response at the end of
intravenous therapy

Amphotericin B deoxycholate 115 71 (62)
2 Candidaemia Voriconazole 248 101 (41) Clinical and microbial

Amphotericin B followed by fluconazole 122

response at week 12
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response of documented yeast infection was seen in 3/5
patients treated with liposomal AmB versus 0/2 treated with
AmB deoxycholate.

A retrospective review of five phase I-1I trials investigated
safety and efficacy of AmB colloidal dispersion (ABCD).*® Neu-
trophil status was not known for all patients. The overall re-
sponse defined as clinical response with negative blood
cultures was 39% (7 of 18 patients) for neutropenic compared
to 79% (26 of 33) for non-neutropenic patients. Twenty three
of 49 (47%) bone marrow transplant recipients responded suc-
cessfully as compared to 24 of 39 (62%) non-transplanted
patients.

A registry allowed collection of data on 124 patients trea-
ted in first and second lines with AmB lipid complex for an
invasive candidiasis in the setting of a haematological malig-
nancy or a HSCT." Sixty-one (49%) of the patients responded
favourably to the therapy with similar response rates in C.
albicans and in non-albicans Candida infections. Neutropenic
status was not stated.

3.1.3.  Fluconazole

For decades, AmB deoxycholate had been the treatment of
choice for invasive candidiasis. In three randomised studies,
an observational study, a matched cohort study and in a ret-
rospective study, fluconazole demonstrated similar effective-
ness as AmB deoxycholate in patients with candidaemia
(Table 1).'¥22 However, only the retrospective analysis in-
cluded 217 (46%) neutropenic episodes of a total of 476 epi-
sodes (Table 2)>° The patient population of this study
formed the basis of a randomised trial and a matched cohort
study.”®'® A success rate of 53% was observed with AmB
deoxycholate and 76% with fluconazole. Initial therapy, AmB
deoxycholate or fluconazole, was not associated with out-

come in a multivariate analysis. A successful outcome, de-
fined as complete resolution of all clinical and laboratory
signs of Candida infection, was observed in 96 (44%) neutrope-
nic and in 186 (72%) non-neutropenic episodes. Unfortu-
nately, number of neutropenic patients belonging to
fluconazole or AmB deoxycholate group is not stated. Overall
3-month mortality was 52%, higher in neutropenic (63%) than
in non-neutropenic patients (43%).

3.1.4. Voriconazole

A large randomised study investigated the efficacy of vorico-
nazole versus AmB deoxycholate followed by fluconazole
after species identification and antifungal susceptibility test-
ing in non-neutropenic patients with candidaemia and
showed an equal efficacy of both treatment regimens (Table
1).2 Success rate defined as clinical cure and mycological
eradication was equal in both treatment regimens (41%) with
significantly less serious adverse events in the voriconazole
group (46% versus 57%).

The compassionate use programme of voriconazole as sal-
vage therapy for invasive candidiasis included 13 neutropenic
patients with a favourable response in 6 (46%) of them.” A
similar number of neutropenic patients have been treated
for a baseline fungal infection in trial for persistent febrile
neutropenia.?*

3.1.5. Caspofungin

Two randomised studies compared caspofungin to AmB
deoxycholate or to liposomal AmB in invasive candidiasis
and in empiric therapy of febrile neutropenia, respectively
(Table 1).%>?° Overall only 48 neutropenic patients with inva-
sive candidiasis were treated in these two trials (Table 2). A
post hoc analysis of the candidaemia study?®® including only

Table 2 - Summary of main trials for first line therapy of candidaemia in neutropenic patients

Ref.  Infection Study Antifungal Total Neutropenic patients with candidiasis = Definition of
design patients No. of No. of success
patients successes (%)
20 Candidaemia Retrospective Fluconazole or 476* 2172 96 (44%)* Clinical and
amphotericin microbial response
B deoxycholate
10  Febrile Randomised Amphotericin 344 11 8 (73) Composite criteria
neutropenia deoxycholate
Liposomal 343 11 9 (82)
amphotericin B
25 Candidaemia Randomised Caspofungin 109 14 7 (50) Clinical and
microbial response
Amphotericin B 115 10 4 (40)
deoxycholate
24  Febrile Randomised Voriconazole 415 13° 6 (46)° Composite criteria
neutropenia Liposomal 422 6° 4 (67)°
amphotericin B
26  Febrile Randomised Caspofungin 556 12 8 (67) Composite criteria
neutropenia Liposomal 539 12 5 (42)

amphotericin B

a Number of neutropenic patients belonging to fluconazole or amphotericin deoxycholate group is not stated.
b Voriconazole group : 13 patients with fungal infection at baseline including 10 candidiasis, 2 aspergillosis and 1 zygomycosis. Liposomal
amphotericin B group: 6 patients with fungal infections at baseline including 3 candidiasis, 2 aspergillosis and 1 Trichoderma fungemia.
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cancer patients showed response rates of 70% in caspofungin-
treated and 56% in AmB deoxycholate-treated patients, with
the lowest rates for both treatment groups in neutropenic leu-
kaemic patients.?’

3.1.6. Micafungin

Results of a large randomised, double-blind trial compared
micafungin and liposomal AmB for the treatment of inva-
sive candidiasis. The results were available in an abstract
form after the meeting was held.?® Success rates were
similar in both arms: 89.6% (n=202) and 89.5% (n=190),
respectively, with similar efficacy rates for C. albicans, C. par-
apsilosis, C. tropicalis or C. glabrata infections. Responses
according to the neutrophil status have not yet been
presented.

3.1.7. Anidulafungin

Results of a randomised trial comparing anidulafungin and
fluconazole in invasive candidiasis have been presented or-
ally after the meeting was held.” Success rates were 75.6%
for anidulafungin treated-patients (n=127) and 60.2% for
fluconazole treated-patients (n=118) at the end of intrave-
nous therapy (p=0.01). Anidulafungin remained signifi-
cantly superior to fluconazole after adjusting for the
following baseline characteristics: immunosuppressive ther-
apy, diabetes mellitus, prior azole therapy, baseline C. glab-
rata and catheter removal. At 6 weeks follow-up, the
success rates were 55.9% and 44.1%, respectively. Only 3
and 4 four neutropenic patients have been included in the
anidulafungin and fluconazole arm, respectively (Pfizer data
on file).

3.1.8. Catheter removal

The consensus opinion in the general population of patients
with candidaemia is that the existing central venous lines
should be removed, when feasible.** Fungemia with C. par-
apsilosis has been shown to be more frequently associated
with use of catheter than infection with other species.?® In
neutropenic patients, the gastrointestinal tract is a frequent
source of candidaemia and it appears difficult, on an individ-
ual basis, to determine the relative contributions of the
catheter as the source of the candidaemia.®"*? Previous che-
motherapy or corticosteroid therapy and dissemination of
the infection have been associated with a non-catheter
source for the candidaemia in cancer patients.?? Catheter re-
moval within 72 h after the onset of candidaemia improved
response to antifungal treatment exclusively in patients with
catheter-related candidaemia.

3.1.9. Optimal duration of therapy of invasive candidiasis
Duration of treatment should be long enough to avoid
recurrence of infection and eradicate occult sites of haemat-
ogenous dissemination. However, shortening the treatment
duration is often advocated to reduce costs, toxicity and the
emergence of resistant organisms. Recent guidelines suggest
that non-neutropenic patients with candidaemia should
be treated for 2 weeks after the last positive blood culture
and resolution of signs and symptoms of infection.?33
Duration of therapy should be prolonged in case of organ
dissemination.3%3*

International guidelines propose that in the setting of neu-
tropenia, antifungal treatment be continued for 14 days after
the last positive blood culture, resolution of signs and
symptoms and recovery from the neutropenia.®*® Following
neutrophil recovery, ophthalmic examination, ultrasonogra-
phy, CT-scan or MRI should investigate the possibility of
ocular and hepatosplenic candidiasis. If hepatosplenic
candidiasis is confirmed, antifungal therapy should be given
for at least 6 weeks and up to 1 year,** or until resolution or
calcification of the lesions.*

3.1.10. Role of susceptibility testing in invasive candidiasis
The increasing frequency of Candida isolates resistant to one
or several antifungal agents has propelled interest in anti-
fungal susceptibility testing and its correlation with response
to therapy. Like antimicrobial susceptibility testing, the main
goal of such testing should be to provide help to the physician
by predicting clinical response, or at least forecasting
failure.®®

The possibility of microbiological resistance must always
be considered when a patient has previously been treated
with an azole or when C. krusei or C. glabrata are identified.
The identification of the species already guides the
physician in the choice of antifungal therapy. The existing
guidelines remind us that antifungal susceptibility testing
is not yet standard of care unlike for antibacterials.>® The
authors consider antifungal susceptibility testing to be most
helpful in infections with non-albicans Candida, and to
support the switch to an oral azole for long-term
therapy.

Studies attempting to correlate in vitro antifungal suscepti-
bility testing results and outcome were conflicting.>’~** More
convincing results were obtained with fluconazole and voric-
onazole. Two studies suggested that the dose of the flucona-
zole be taken into account together with the MIC.*”** In a
homogeneous population of cancer patients, strictly defined
inadequate antifungal therapy appeared to correlate with
poor outcome.®” A recent study on the 249 patients infected
with Candida sp. and treated with voriconazole in various
phase III trials showed a correlation between high MIC
(>4 ng/mL) and low response rate (<60%).*

3.2. Questionnaire

Caspofungin was most often prescribed for first-line therapy
in invasive candidiasis before species identification in alloge-
neic (36%) and autologous (35%) HSCT and in leukaemic
patients (39%) (Fig. 1). Fluconazole was preferred by 16%,
25% and 29% of the experts, respectively.

A lipid-based (mostly liposomal) AmB was prescribed be-
fore species identification by 31% in allogeneic HSCT patients
far before AmB deoxycholate (8%). Lipid-based and deoxycho-
late AmB were similarly used in autologous HSCT and in leu-
kaemic patients. Voriconazole and itraconazole were only
prescribed by a few before species identification whatever
the host group.

Fluconazole was the preferred agent for C. albicans infec-
tions for 69% after species identification. For more than
40%, caspofungin was the preferred agent for C. glabrata and
C. krusei infections before AmB deoxycholate and lipid-based
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Fig. 1 - Survey on current practice: preferred first line
therapy for invasive candidiasis before species
identification (38 responses).

AmB (16-20%). Voriconazole was prescribed by 8-11% of the
experts.

3.3. Recommendations

The main objective of the meeting was to provide guidelines
for the management of patients with haematological malig-
nancies. This patient population represents only a small per-
centage of the patients included in invasive candidiasis trials.
There is therefore a need for two sets of recommendations,
one for the overall population and another for the subgroup
of patients with haematological malignancies.

Guidelines for treatment before species identification are
listed in Table 3, and guidelines for treatment after species
identification are listed in Table 4. In well-designed random-
ised studies in non-neutropenic patients, fluconazole, AmB
deoxycholate, caspofungin and voriconazole proved to be

Table 4 - Strength of recommendation and quality of
evidence for antifungal agents in candidaemia in

haematologic patients when C. albicans, C. glabrata or

C. krusei is identified

Agent

Overall population

Patients with
haematological
malignancies
and neutropenia

Fluconazole

Amphotericin
B deoxycholate

Lipid-amphotericin B

Caspofungin

Voriconazole

Al for C. albicans
CIII for C. glabrata
EIII for C. krusei

AT® for C. albicans
BI? for C. glabrata
BI® for C. krusei

AlI forC. albicans
BII for C. glabrata
BII for C. krusei

Al for C. albicans
BI for C. glabrata
BI for C. krusei

Al for C. albicans
CIII for C. glabrata
BI for C. krusei

ClII for C. albicans
DIII for C. glabrata
EIII for C. krusei

CIII? for C. albicans
CIII* for C. glabrata
CIII* for C. krusei

BII for C. albicans
BII for C. glabrata
BII for C. krusei

BII for C. albicans
BII for C. glabrata
BII for C. krusei

CIII for C. albicans
CIII for C. glabrata
CIII for C. krusei

Table 3 - Strength of recommendation and quality of

evidence for antifungal agents in candidaemia before
species identification

Agent Overall Patients with
population® haematological
malignancies and
neutropenia
Fluconazole Al CIII
DIII if azole prophylaxis
or colonisation with
C. glabrata
EIII if colonisation
withC. krusei
Amphotericin AP cnr®
B deoxycholate
Lipid-amphotericin B All BII
Caspofungin Al BII
Voriconazole Al BII

a Overall population at risk for candidaemia not restricted to
haematologic or neutropenic patients.

b DIII if concomitant nephrotoxic drug and EIII if renal
impairment.

a DIII if concomitant nephrotoxic drug and EII if renal
impairment.

equal for efficacy and are given grade Al for first line treat-
ment of invasive candidiasis before identification.?**?> AmB
deoxycholate is generally not recommended in patients on
concomitant nephrotoxic drugs (grade DIII) and never recom-
mended in patients with renal insufficiency (grade EIII).

Anidulafungin and micafungin have been provisionally
graded Al and All, respectively, for the general population of
patients with candidaemia on the basis of the studies pre-
sented after the meeting was held. Data in neutropenic pa-
tients are insufficient or have not yet been presented in detail.

Data are lacking for itraconazole and posaconazole and
therefore these two agents have not been graded for
candidiasis.

3.3.1. Candidaemia in haematologic patients before species
identification (Table 3)

Few data are available in haematological and/or neutropenic
patients, making strong recommendations for this specific
population much more difficult. Fluconazole may not be
appropriate in neutropenic patients because of prior exposure
to fluconazole as prophylaxis and to the reported shift to non-
albicans strains in this population.***® The quality of evidence
to support the use of lipid AmB, caspofungin or voriconazole
in neutropenic patients is based on limited clinical data and
on expert opinions.

3.3.2.  Candidaemia in haematologic patients when

C. glabrata or C. krusei is identified (Table 4)

Fluconazole is not recommended for C. krusei infection and
generally not recommended for C. glabrata infection. Caspo-
fungin is the agent of choice for these Candida infections.
Although AmB is active against C. glabrata and C. krusei,
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AmB deoxycholate is only considered as an option for first
line therapy because of its nephrotoxicity and infusion-re-
lated side-effects. Voriconazole may be considered an alter-
native for C. krusei infection and C. glabrata. When the
patient is clinically stable and is able to take oral medication,
a switch to oral voriconazole can be considered if the isolate
is susceptible (CIII).

3.3.3. Catheter removal

Removal of the central venous line is a consensus recommen-
dation for the non-haematological patients with candidaemia
(AIl). In neutropenic or leukaemia patients, the quality of evi-
dence is looser but in our opinion the existing catheters
should be removed (BIII). Removal is always strongly recom-
mended when C. parapsilosis is isolated (All).

3.3.4. Optimal duration of therapy of invasive candidiasis

In the absence of a study specifically addressing the question
of duration of therapy of candidaemia in leukaemic patients,
our recommendations are

¢ non-neutropenic adults should be treated 14 days after the
last positive blood culture and resolution of signs and symp-
toms (BIII);

e neutropenic patients should receive antifungals for 14 days
after the last positive blood cultures and resolution of signs
and symptoms and resolved neutropenia (CIII).

3.3.5.  Role of susceptibility testing in invasive candidiasis
Our recommendation is to perform susceptibility testing in
haematological patients on isolates from blood or normally
sterile sites, in order to

e evaluate a possible cause of lack of clinical response or
microbiologic eradication (All) and support a change in ini-
tial antifungal therapy (BII);

e support a switch from a IV antifungal to an oral azole (AlI).

4. Invasive aspergillosis
4.1.  Review of the published data

Drugs active against Aspergillus species include AmB deoxy-
cholate and its lipid formulations, itraconazole, voriconazole,

posaconazole and caspofungin. Only 4 randomised studies in
primary therapy have been identified (Table 5).**%*° Results
of a fifth randomised trial comparing two doses of liposomal
AmB were presented shortly after the meeting and are there-
fore not included in the table, but are commented below.>!

4.1.1. Amphotericin B formulations

AmB deoxycholate has been considered as the gold standard
of the therapy of invasive aspergillosis for more than three
decades. However, clinical data demonstrate efficacy in
approximately one third of the patients.>>™> AmB deoxycho-
late is associated with significant side effects and renal
toxicity.

No data demonstrate convincing superiority in efficacy of
liposomal AmB over AmB deoxycholate for the primary treat-
ment of aspergillosis. A pooled analysis of three trials>=>%>¢
and a compassionate use, multicenter study was performed
applying the EORTC-MSG diagnostic criteria for case selec-
tion.”” The response rate to liposomal AmB was 47% in 61
cases of proven/probable invasive aspergillosis. A randomised
trial (whose results were presented after the meeting was
held) demonstrated in 201 patients that a standard daily dose
of 3 mg/kg was as effective as and better tolerated than a high
daily dose of 10 mg/kg for primary therapy.’’ Response rate at
end of the randomised therapy was 50% and 12-week survival
rate was 72% in the standard dose arm.

AmB colloidal dispersion (6 mg/kg/d) was compared to
AmB deoxycholate for primary therapy in a randomised dou-
ble-blind trial, including 174 patients.*® Similar low response
rates were noted in both arms. The objective response rates
were 13% and 15%, respectively.

Data for AmB lipid complex come from open-labelled
emergency use programmes for salvage therapy and from a
registry for first line therapy.®*° These studies were not com-
parative and therefore were less useful. However, a large
number of cases were collected for the registry and efficacy
was documented in 47% of 139 cases as first-line therapy
and 44% of 216 cases as salvage therapy.®® Survival data are
not available.

Safety profiles of the various lipid-based AmB differ with
respect to immediate tolerance. Liposomal AmB proved to
be better tolerated than AmB lipid complex in a double-blind
randomised comparison in empiric therapy of febrile neutro-
penia.®® AmB colloidal dispersion given at 6 mg/kg/d was
associated with a higher frequency of immediate adverse

Table 5 - Summary of the randomised trials for first-line therapy of invasive aspergillosis published as full papers up to

31st December 2005

Ref. Antifungal agents No. of patients Success rate (%) Survival (%) Significant difference
1 Voriconazole 144 53 71 Yes (p =.02)
Amphotericin B deoxycholate 133 32 58
49 Amphotericin B colloidal dispersion 88 13 40 No
Amphotericin B deoxycholate 86 15 27
15 Liposomal amphotericin B 26 69 81 No
Amphotericin B deoxycholate 29 59 62
50 Liposomal amphotericin B (1 mg/kg/d) 41 58% 41 No
Liposomal amphotericin B (4 mg/kg/d) 46 54 33

a CR + PR + stabilisation.
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Table 6 - Strength of recommendation and quality of

evidence for antifungal agents in primary therapy of
invasive aspergillosis

Agent Grading
Voriconazole Al
Amphotericin B deoxycholate DI
Liposomal amphotericin B BI®
Amphotericin B lipid complex BII
Amphotericin B colloidal dispersion DI
Caspofungin CIII
Itraconazole cur
Combination therapy DIII

a Provisional grading based on studies presented up to 31st
December 2005.
b Start with intravenous formulation.

Table 7 - Strength of recommendation and quality of

evidence for antifungal agents for salvage therapy of
invasive aspergillosis

Agent Grading
Voriconazole BII*
Liposomal amphotericin B BIII®
Amphotericin B lipid complex BIII®
Caspofungin BII®
Posaconazole BII°
Itraconazole cure
Combination therapy

Caspofungin + lipid amphotericin B CIII
Caspofungin + voriconazole (@11
Ampbhotericin B + voriconazole No data

a If not used for primary therapy.
b No data in failures of voriconazole.

events than AmB deoxycholate.*® With respect to nephrotoxi-
city, all forms were safer than AmB deoxycholate but induced
a doubling in serum creatinine in more than 10% of the pa-
tients?*®>1:6%6 (see Tables 6 and 7).

4.1.2. Azoles

Only limited data are available on itraconazole in invasive
aspergillosis. Denning et al. reported the results of oral itrac-
onazole in 76 patients with various underlying conditions.®?
Overall objective response rate was 39%. A strategy using
intravenous itraconazole followed by the oral formulation
was assessed in 31 patients with a successful response rate
of 48%.%

Voriconazole was assessed in two open-labelled studies
and response rates of 44% and 48% were reported.®*°> Superi-
ority of voriconazole over AmB deoxycholate was demon-
strated for efficacy, safety and survival in a randomised
trial.? Voriconazole proved to be superior to AmB deoxycho-
late irrespective of the host group, site of lesion and neutrope-
nic status. Analysis of a series of 81 cases of cerebral
aspergillosis treated with voriconazole showed a 35% re-
sponse rate with a 31% survival.®® This study underscored
the critical role of surgical resection of the lesion. The role

of voriconazole in bone or joint aspergillosis has also been
investigated in retrospective analysis of 20 patients with a
55% response rate.®” Very limited data are available on other
extra-pulmonary Aspergillus infections. A. terreus, poorly sen-
sitive to AmB, is susceptible in vitro to voriconazole. A review
of its interest in A. terreus confirmed an improved outcome as
compared to patients who received another agent.®®

Oral posaconazole has been assessed in salvage therapy of
various invasive fungal infections, including a cohort of 107
patients with aspergillosis.®® Comparison with an external
control group of 86 cases showed a 42% favourable response
rate in posaconazole-treated patients and a significant im-
proved survival as compared to the external control group.

4.1.3. Echinocandins

Caspofungin has mainly been assessed in salvage therapy. A
non-comparative trial was conducted in 83 patients refrac-
tory or intolerant to standard therapy.”® The overall response
rate was 45%, but only 26% in neutropenic patients and
14% in allogeneic HSCT recipients. Similar response rates
(44%) were reported in 48 patients receiving caspofungin
on a compassionate basis.”* Candoni et al. have treated 32
patients, including 8 HSCT recipients, with proven or proba-
ble invasive aspergillosis in first-line with caspofungin.’”? A
favourable response was seen in 56% of the patients. Safety
profile of caspofungin is excellent with minimal drug-related
toxicity.

4.1.4. Combination therapy

Combination therapy has been proposed in the therapy of the
most severe invasive fungal infection, including invasive
aspergillosis. The most common rationales for combination
therapy are an expected synergy with complementary targets
within the fungal cells, an increase of the spectrum of action
and complementary pharmacokinetic or pharmacodynamic
characteristics.”®> While most data demonstrated synergy or
additive effects in both in vitro and in vivo experimental mod-
els, no prospective comparative clinical trial has so far been
published on combination therapy in first-line or salvage
therapy. Non-comparative studies provide controversial re-
sults. Success rates ranging from 21% to 60% have been re-
ported.”*”® A combination of voriconazole and caspofungin
given as salvage therapy after failure of AmB provided a sub-
stantial improved 3-months survival in allogeneic HSCT
recipients compared with voriconazole monotherapy in a his-
torical control group.””

4.1.5. Susceptibility testing

Filamentous fungi are not routinely tested for susceptibility.
Despite controversial results, no correlation between in vitro
susceptibility to AmB and in vivo outcome was convincingly
demonstrated in murine models.”®*®° Correlation between
in vitro and in vivo resistance of A. fumigatus to itraconazole
needs careful selection and standardisation of test conditions
to generate reproducible data.®’ Lass-Florl et al. correlated
susceptibility to AmB and survival in 6 patients.®? Twenty
two of 23 patients with a resistant strain died. Correlation be-
tween failure to AmB and infection with A. terreus has been
demonstrated.®>®* Data are lacking for the new antifungal
agents (see Fig. 2).
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Fig. 2 - Survey on current practice: preferred therapy for
invasive candidiasis after species identification (38
responses).

4.2. Questionnaire

Voriconazole was the preferred first line therapy for invasive
aspergillosis for >60% (Fig. 3). Lipid-based (mostly liposomal)
AmB was the second choice for allogeneic HSCT recipients,
while AmB deoxycholate and lipid-based AmB were similar
choices for autologous HSCT and leukaemic patients. Caspo-
fungin was selected by a very few. Combination first-line ther-
apy was only rarely chosen.

Circumstances leading to the use of combinations were
mainly central nervous system infections (90%), other dis-
seminated infections and extensive pulmonary infections.
In combination therapy, voriconazole plus caspofungin was
the preferred option (45%) followed by caspofungin plus
AmB (mostly liposomal form) (39%), and voriconazole plus
AmB (mostly liposomal) (24%).

For second-line therapy, the answers were equally distrib-
uted between monotherapy and combination therapy. Caspo-
fungin was the preferred monotherapy option (50-75%).
Voriconazole was chosen as second line therapy by 25-35%
and liposomal AmB by 15-18%. When combinations were
chosen for second-line therapy, voriconazole plus caspofun-
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Fig. 3 - Survey on current practice: preferred first line
therapy for invasive aspergillosis (38 responses).

gin was the most frequent choice (40%) followed closely by
caspofungin plus AmB, mostly in liposomal form (35%).

4.3. Recommendations

4.3.1. Primary therapy

Voriconazole is strongly recommended for pulmonary inva-
sive aspergillosis (Table 4). It can be assumed that vorico-
nazole is also recommended for extra-pulmonary
infections, including central nervous system aspergillosis.
There are insufficient data for recommendations of when
to initiate oral treatment. In addition, oral dosing not
adapted to weight may lead to suboptimal therapy. Intrave-
nous voriconazole administration is contra-indicated in re-
nal insufficiency.

AmB lipid complex was given the score BII. Based on the
data of Cornely et al. presented after the meeting,>' the
committee decided to give a provisional grade BI to
liposomal amphotericin B. Liposomal AmB and AmB lipid
complex represent an alternative when voriconazole is
contra-indicated.

AmB colloidal dispersion is generally not recommended
due to poor general tolerance and low objective response
rates in a randomised study. AmB deoxycholate is generally
not recommended.

Caspofungin and itraconazole have been graded CIII for
first-line therapy because of insufficient data in this setting.
Combination therapy is generally not recommended in first
line. Posaconazole has not been scored in the absence of data
in first line therapy.

4.3.2.  Salvage therapy

Caspofungin and posaconazole were similarly graded. Lipo-
somal AmB, AmB lipid complex and itraconazole were
graded on the basis of expert opinions. No data are avail-
able for any of these agents in the event of voriconazole
failure.

Voriconazole was graded for salvage therapy provided the
patient had not received this agent in first-line. Combinations
of caspofungin and voriconazole or caspofungin and a lipid-
based AmB were scored as an option. In the absence of data,
a combination of AmB and an azole was not scored.

4.3.3. Optimal duration of therapy
Therapy must be long enough to achieve complete response
and to allow recovery from immunocompromised conditions.
No fixed duration can be proposed.

4.3.4. Susceptibility testing

Aspergillus should not routinely be tested for susceptibility.
They should be identified to the species level because this
gives useful information for therapy, especially in A. terreus
infections (CIII).

4.3.5. Surgery

Surgery should be considered when a pulmonary lesion is
contiguous with a large vessel, in case of haemoptysis from
a single lesion and on a case by case basis in localised
extra-pulmonary lesions, including central nervous system
localisations (CIII).
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