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Invasive fungal disease (IFD), predominantly aspergillosis, is associated with significant morbidity and mortality in
immunocompromised patients, especially those with haematological malignancies and recipients of allogeneic
haematopoietic stem cell transplantation. There has been a great deal of scientific debate as to the effectiveness
of antifungal prophylaxis in preventing infection in different patient groups and in which patients it is an appropriate
management option. Deciding on an appropriate prophylaxis regimen for IFD is challenging as the incidence varies
among different patient groups, due to the varied nature of their underlying haematological disease, and in differ-
ent regions and centres. Attempts have been made to define risk factors and include them in treatment protocols.
Impaired immune status of the patient, especially neutropenia, is a key risk factor for IFD and can sometimes be
related to specific polymorphisms of genes controlling innate immunity. Risk factors also varyaccording to the type
of fungal pathogen. Consequently, prophylaxis needs to be tailored to individual patient groups. Furthermore, the
choice of antifungal agent for prophylaxis depends on the potential for drug–drug interactions with the patients’
concomitant medications. Additional challenges are optimal timing of antifungal prophylaxis, when to change
from prophylaxis to antifungal treatment and how to prevent recurrence of IFD. This article considers the use of
antifungal prophylaxis for patients at risk of IFD in daily clinical practice, with clinical profiles that may be distinct
from those covered by guidelines, and aims to provide practical advice for treatment of these patient groups.
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Introduction
Invasive fungal disease (IFD) is one of the most prevalent causes of
morbidity and mortality in immunocompromised patients.1 – 3 Pre-
vention is a rational strategy for patients at high risk of IFD. Conse-
quently, there has been a great deal of research and discussion
examining whether prophylaxis improves disease outcomes.4 – 9

As the group of patients at high risk of IFD is heterogeneous, with
different underlying diseases, risk factors and demographic char-
acteristics, it is not surprising that more-tailored prophylactic mea-
sures are needed. Recent research has allowed some distinctions
to be made between different patient groups and various guide-
lines and prophylactic protocols have been developed.10 – 19

However, there are still some patient groups, such as those with
acute lymphoblastic leukaemia or patients at the aplastic phase
of allogeneic stem cell transplantation, in which the use of prophy-
laxis needs to be better assessed. In addition, the availability of
drugs and socioeconomic issues (reimbursement policies, high
drug costs and regulatory restrictions) are also important factors

to be considered when choosing the optimal prophylactic
approach. Despite the widespread use of antifungal prophylaxis,
there are several issues that remain to be answered, such as
timing and monitoring of prophylaxis.

This article considers patients at risk of IFD who may have clin-
ical profiles that are distinct from those covered by management
guidelines. We give insights based on our experience of the use of
antifungal prophylaxis in daily clinical practice.

Risk factor assessment and targets for
prophylaxis
IFD is one of the most serious complications seen in immunocom-
promised patients, especially those with haematological malig-
nancies and the recipients of allogeneic haematopoietic stem
cell transplantation (HSCT). IFD not only increases mortality and
morbidity, but may also lead to delayed administration of
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chemotherapy, prolonged hospitalization and additional costs
associated with antifungal therapy.20

Many publications suggest that there have been advances in
antifungal therapy and prophylaxis,1,21 – 26 but it is still difficult to
establish a diagnosis of IFD, particularly for patients in the early
phase of HSCT and for those who are critically ill.26,27 Against this
background, stratification based on the known risk factors for IFD
can help to identify patients who are at high risk.27

The incidence of IFD is known to vary among different patient
groups and in different regions and centres.2,22,27–29 Patients with
acute myeloid leukaemia (AML) are considered to be at highest
risk of developing IFD, particularly during remission–induction
chemotherapy.10,11,28 Paradoxically, in a recent study the incidence
of mould infections was higher in patients with chronic lymphocytic
leukaemia (CLL), possibly because of the widespread and prolonged
use of the monoclonal antibody alemtuzumab.28 However, that
study has several weaknesses, such as lack of regular biomarker
screening, use of empirical antifungal therapy, a catheter-related
Candida parapsilosis outbreak and conclusions that were drawn
from a group of patients with CLL that constituted only 1.7% of
the total patient cohort.

IFD also constitutes a common problem for patients undergo-
ing allogeneic HSCT. Mortality rates attributed to IFD were signifi-
cantly higher for recipients of allogeneic HSCTs than for patients
with AML, particularly for patients who had developed mould infec-
tion within 100 days of the transplantation.12

Risk factors for IFD differ according to the type of infection and,
consequently, it is important to have an understanding of the
various universal and distinct risk factors for the more common inva-
sive fungal infections.13 Forexample, most IFD attributed toyeasts is
due to Candida spp. Risk factors for invasive disseminated or visceral
candidiasis include intensive colonization of the gastrointestinal
tract and other mucosal surfaces by Candida spp., and disruption
of theprotectivemucocutaneousmembranebarriersduetochemo-
therapy and/or radiotherapy, decreased activity of phagocytic cells
in the blood and tissues and lackof an effective antifungal therapy.13

As opposed to invasive candidiasis, invasive aspergillosis is
usually acquired from the inhalation of airborne spores. It is rare
for invasive aspergillosis to occur unless there is a large burden of
spores present from an environmental source seeding onto sus-
ceptible membranes or there is lack of an effective phagocytic
host defence response in the tissues.14 Neutropenia is the main
risk factor for invasive aspergillosis, with both the depth and
duration of neutropenia being key factors. After allogeneic HSCT,
the use of steroids and other immunosuppressants is a common
risk factor for invasive aspergillosis. Other important risk factors
are advanced age, advanced disease phase, alternative donor
sources (mismatched or unrelated donor) and absence of
a protective environment for isolation of patients.13,14

IFD caused by zygomycetes is an emerging problem and is
probably related to the use of more aggressive chemotherapy,
better diagnostics for their identification or the use of antifungals
without anti-Mucor activity.28 Mucor represents the third leading
cause of IFD after Aspergillus spp. and Candida spp.3 In a retro-
spective analysis, prior use of steroids, found to be more frequent
in patients with qualitative or quantitative defects in their phago-
cytic cells and metabolic acidosis, was also considered to be an
important risk factor for zygomycete infections.3,14

The innate immune status of the patient plays a key and pivotal
role in predisposition to fungal infections. Studies have suggested
that specific polymorphisms in ‘innate immunity’ genes, such as
those encoding interleukin 10, tumour necrosis factor receptor
superfamily member 1A and toll-like receptor 4, are associated
with an increased relative risk for invasive aspergillosis in HSCT
recipients and haematology patients.30 The immune status of
patients, particularly haemato-oncology patients with neutro-
penia, is a more critical risk factor for mould infections than for
Candida spp. Neutrophils are essential in the initiation and execu-
tion of the acute inflammatory response and the subsequent reso-
lution of infiltrates caused by IFD.3 The most common causes of
neutropenia are cytotoxic or radiation therapy for a malignancy,
although it is also associated with autoimmune diseases, HIV
infection, myelodysplastic syndromes, aplastic anaemia and
drug-related bone marrow toxicity.3 A study conducted by
Bodey31 revealed that the frequency of infections in patients with
acute leukaemia was related to the levels of circulating neutrophils
and the prevalence of all types of infection was inversely propor-
tional to the neutrophil level.32 It is interesting to note that the neu-
trophil count also impacts on the outcome of both bacterial and
fungal infections, with the highest fatality rate observed among
patients with long-standing severe neutropenia.32 Lymphocytope-
nia, occurring after an allogeneic transplant procedure, is also
considered to be another important risk factor for invasive
aspergillosis.33

Environmental factors constitute an additional risk factor for
IFD, although their impact varies markedly for different invasive
fungal infections. Aspergillus spp. are ubiquitous environmental
moulds and saprophytic moulds, such as zygomycetes, are also
frequently present in air, soil and water to which many individuals
are exposed. Many hundreds of spores are inhaled daily but may
not always lead to any clinical consequence,30 although a
depressed immune system may present risks for invasive aspergil-
losis, which could result in systemic dissemination.30,33 Meteoro-
logical conditions have also been thought to influence the
epidemiology of mould infections. For example, a high incidence
of invasive aspergillosis is often seen just after seasonal periods
of dry weather and high temperatures.14,34

In addition to weather conditions, there are many other direct
and indirect environmental factors, such as personal habits
or lifestyle, that have an effect on the risk of fungal infections.
Consequently, a substantial number of patients with haemato-
logical malignancies were found to be already colonized with
fungi at the time of the first clinical manifestation of their under-
lying disease. Smokers, people living in rural areas or those
who have been exposed to high concentrations of fungal
spores have been found to be at increased risk of developing
IFD.14,35 Environmental factors also predispose patients to
yeast infections. Careful handwashing and avoidance of colo-
nized food can minimize exposure to and colonization by ex-
ogenous yeasts, while contact with airborne mould spores can
be reduced by effective air-quality maintenance of the hospital
environment.36

Most literature suggests a positive association between envir-
onmental factors and the incidence of IFD, but in a recent study
of patients with IFD there were low levels of contamination of air,
water and surface samples.28
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Timing of antifungal prophylaxis
Optimal timing of antifungal prophylaxis remains a matter of
debate. Should it be started immediately when the patient is ad-
mitted, when chemotherapy is started or when the chemotherapy
course is completed? The time at which to discontinue antifungal
prophylaxis is even more challenging, with resolution of neutro-
penia not being the only indicator that prophylactic treatment
may be discontinued. In order to be effective when neutropenia
occurs, antifungal prophylaxis is started in most cases at the
time of initiation of chemotherapy.

For patients with haematological malignancies undergoing
chemotherapy or autologous HSCT, antifungal prophylaxis should
typically be discontinued once the neutrophil count has recovered
(absolute neutrophil count .500/mm3). In allogeneic HSCT recipi-
ents, the optimal duration of antifungal prophylaxis has not been
defined as clearly. There is evidence suggesting that continuation
of antifungal prophylaxis after engraftment is required.37 Although
it remains unclear if this continuation is necessary in all cases,
≥3 months of antifungal prophylaxis following transplantation is
usually advised for prophylaxis against moulds.38 Besides local epi-
demiology and the availability of resources to perform specific
diagnostic tests, a number of variables related to the transplant
procedure, such as the drugs used for conditioning and immuno-
suppression and the source of stem cells, influence the clinician’s
decision on the appropriate duration of antifungal prophylaxis.
Transplanted patients with graft-versus-host disease (GvHD),
those receiving high-dose corticosteroids, antithymocyte globulin
or alemtuzumab and patients with lung involvement or active
cytomegalovirus infection are at higher risk of IFD and should
receive antifungal prophylaxis for a longer period of time.39 Long-
term prophylaxis can, however, not only lead to treatment-related
side effects and increased cost, but also has an important impact
on fungal epidemiology, leading to the selection of more-resistant
pathogens.40

Antifungal prophylaxis should be stopped if judged ineffective or
if adverse events occur and changing to another class of antifungal
drug is not an option. While evidence of IFD is a clear reason to stop
prophylaxis and start a different antifungal treatment, positivity of
a biomarker alone should primarily warrant a detailed diagnostic
investigation, particularly if plasma drug levels are within an ac-
ceptable range. Gastrointestinal intolerance and abnormal liver
function tests are generally the most frequent toxicity-related
reasons that lead to cessation of antifungal prophylaxis.23

Choice of antifungal agents for prophylaxis
Owing to the broad use of antifungal prophylaxis, clinicians have to
consider many different interactions of antifungal drugs, including
the influence of food on the absorption of oral antifungals
and direct interactions with other drugs, such as antineoplastic
agents, immunosuppressants, concomitant cardiovascular
drugs and benzodiazepines. There are also indirect interactions,
whereby impairment of organ function (renal or hepatic) by the
prophylactic agent may be additive to the action of concomitant
medication. Triazoles are particularly prone to drug–drug interac-
tions via cytochrome (CYP) P450 inhibition. Echinocandins have

barelyanyclinicallysignificant interactions, while for polyenes acu-
mulative nephrotoxicity, which is additive to the effects of other
drugs, is the main problem.41,42

Azoles

The bioavailability of triazoles in their oral forms is influenced
by food intake. Voriconazole capsules should be taken without
food, while posaconazole reaches its highest plasma levels
when taken with fat-rich food. For itraconazole, higher bioavailabil-
ity is achieved under fasting conditions, an effect that is more
evident with the oral solution than with capsules. In the case of flu-
conazole, food has no effect on absorption.43 Coadministration
of itraconazole and posaconazole with histamine H2-receptor
antagonists or proton pump inhibitors decreased their bioavailabil-
ity, an effect that has not been seen for voriconazole.43

Azoles are inhibitors of the CYP P450 isoenzymes. However, the
interaction profile is not the same for all triazoles, as they exhibit
differential affinity for CYP3A4, CYP2C9 and CYP2C19. Itraconazole
and posaconazole are also substrates and/or inhibitors of ATP-
dependent drug transporters such as P-glycoprotein, an efflux
pump that decreases gastrointestinal absorption of many
drugs.44 The pharmacokinetics of many drugs can be modified by
concomitant azole administration—some of those with the
highest clinical significance are shown in Table 1. A genetic poly-
morphism in P450 isoenzymes plays an important role in azole me-
tabolism, as described for the influence of CYP2C19 polymorphism
on voriconazole metabolism.45,46 In Table 2, we present the seven
most common and potentially dangerous interactions.

Fluconazole

Fluconazole [400 mg daily intravenously (iv)/orally,52 according
to European Conference on Infections in Leukaemia Guidelines
(ECIL)]16 is a generally well-tolerated drug without significant
drug–drug interactions. In the current environment of prevailing
mould diseases, fluconazole has been used less for antifungal
prophylaxis, but has an important place in therapy. Its favourable
pharmacokinetics, toxicity and interaction profile often lead to
better results for the treatment of susceptible yeasts than the
use of second-generation azoles, as shown in our experience in
mucosal candidiasis (authors’ personal observations).

Itraconazole

Itraconazole (200 mgdaily iv followedby 200 mg oral solution twice
daily,6 according to ECIL16) has many reported drug–drug interac-
tions and toxicities. Visceral neurotoxicity with ileus is a well-
described and life-threatening sequela of itraconazole–vincristine
interaction.50 Moreover, as an inhibitor of P-glycoprotein, itracon-
azole can increase the efflux of vincristine across the blood–brain
barrier, leading to increased neurotoxicity of the drug.53 It also
exhibits gastrointestinal toxicity, gynaecomastia andadrenocortical
insufficiency, due to inhibition of the CYP3A4-mediated metabolism
of human steroid hormones.48 Itraconazole also interacts with
cyclophosphamide- or busulfan-based conditioning regimens.

Practical aspects of preventing invasive fungal disease
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Voriconazole

Voriconazole (200 mg orally twice daily,6 according to ECIL16) has
some side effects, such as altered vision, fever, rash, teratogenicity
and possibly increased risk of skin cancer in patients with previous
phototoxicity, gastrointestinal intolerance and/or abnormal liver
function test results. Hepatic toxicity and CNS toxicity have been
associated with higher voriconazole plasma concentrations. As
voriconazole has non-linear pharmacokinetics, the use of a
loading dose (6 mg/kg every 12 h on the first day iv/oral) is indi-
cated. There are numerous drug–drug interactions with voricon-
azole and certain drug combinations should be avoided, e.g.
voriconazole plus sirolimus, where toxic levels of sirolimus have
to be expected, or voriconazole plus phenytoin or rifampicin,
where ineffective levels of voriconazole are the issue.54,55

Posaconazole

Posaconazole (200 mg orally three times daily,4 according to
ECIL16) is a generally well-tolerated second-generation azole
that is frequently used for antifungal prophylaxis during induction
therapy of AML/myelodysplastic syndrome and during GvHD in
HSCT patients. Absorption can be decreased significantly in
patients who are fasting or have gastrointestinal tract mucositis.
In these patients, posaconazole could be given at a dose of
200 mg four times daily, which is also the dosing that would be
considered for patients not reaching target serum levels.

Echinocandins

The echinocandins are a group of drugs with a favourable toxicity
and drug–drug interaction profile.56 Micafungin (50 mg daily iv,
according to ECIL16) is the only drug in this class that has been iden-
tified to be beneficial for primary antifungal prophylaxis in the neu-
tropenic phase of HSCT by a composite endpoint (absence of
suspected, probable or proven fungal infection on prophylaxis
and absence of probable and proven fungal infections 4 weeks
after prophylaxis).57 Micafungin is a weak inhibitor of CYP3A4 and
could increase the plasma levels of sirolimus, cyclosporin A or

nifedipine.41 In the echinocandin group, the most important con-
sideration is to take care of renal function and electrolyte and
fluid balance.

Polyenes

The polyenes are not widely used for antifungal prophylaxis,
although there are limited data available on the use of either iv

Table 1. Most-critical drug–drug interactions with voriconazole and
posaconazole

Levels increased by voriconazole Levels increased by posaconazole

Cyclophosphamide cyclosporin A
Cyclosporin A tacrolimus
Tacrolimus sirolimus
Sirolimus tyrosine kinase inhibitors
Warfarin astemizole
Tyrosine kinase inhibitors quinidine
Omeprazole cisapride
Astemizole terfenadine
Quinidine ergot alkaloids
Cisapride midazolam
Terfenadine
Efavirenz
Ergot alkaloids
Midazolam, triazolam, alprazolam

Table 2. The most common and potentially dangerous interactions
between azoles and other drugs

Drug group Interaction

QT-prolonging medication (e.g.
quinidine and terfenadine47)

triazoles have occasionally led to
potentially dangerous QT interval
prolongation with risk of torsades de
pointes arrhythmias and should not
be combined with other
QT-prolonging medication

Statins combination of statins with azoles can
lead to severe rhabdomyolysis

Warfarin coadministration of azoles can
significantly prolong prothrombin
time, so dose adjustment of warfarin
is required

Benzodiazepines dose adjustment of midazolam and
other hypnotics is needed when used
concomitantly with an azole

Rifampicin as potent inducers of CYP4A4, these
compounds should not be used
concomitantly with azoles if there is a
reasonable alternative

Antineoplastic drugs concomitant use of azoles and
antineoplastic drugs used in
leukaemia management should be
avoided; azole treatment should be
initiated after chemotherapy
whenever possible;48 studies have
shown that there can be toxic
interactions between itraconazole and
busulfan- and
cyclophosphamide-based
conditioning regimens, which may
also be applicable to some of the
other newer azoles;23,49 azoles should
be initiated 1 day after these
conditioning regimens; azole/
vincristine combinations should also
be avoided due to significant
neurotoxicity and gastrointestinal
toxicity50,51

Immunosuppressants monitoring of calcineurin inhibitor levels
and dose adjustments are necessary
when coadministered with azoles;
combination of voriconazole with
sirolimus is contraindicated46

CYP4A4, cytochrome P450 4A4.
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or aerosolized liposomal amphotericin B as an antifungal prophy-
lactic agent.58,59 Polyenes do not have any important enzymatic
interactions, but are nephrotoxic. Deoxycholate amphotericin B is
by far the most nephrotoxic of all the polyene formulations and is
rarely used. Most authorities do not recommend the use of deoxy-
cholate amphotericin B in prophylaxis and/or therapy because of
the problem with nephrotoxicity. The nephrotoxicity of amphoter-
icin B formulations can be additive to the nephrotoxic effects
of other drugs, including aminoglycosides, glycopeptides and
cyclosporin A.60

Amphotericin B also directly stimulates the release of proin-
flammatory cytokines, often resulting in fever, rigor and chills
during infusion.48 Another potentially dangerous adverse effect
is hypokalaemia. Vigorous hydration, electrolyte supplementation
and therapeutic drug monitoring (TDM) of concomitant medica-
tion (glycopeptides, aminoglycosides and cyclosporin A) are neces-
sary. Liposomal amphotericin B and amphotericin B lipid complex
are less nephrotoxic then amphotericin B deoxycholate, but also
require the aforementioned steps in handling.60

TDM during antifungal prophylaxis
The objective of monitoring antifungal prophylaxis is to maximize
the probability of a successful outcome and to minimize the prob-
ability of toxicity. Recently, there has been increased interest in the
utilityof TDM to optimize the safetyand efficacyof antifungals in an
attempt to improve patient outcomes. TDM is frequently recom-
mended for mould-active triazole antifungal agents (itraconazole,
voriconazole and posaconazole)61 – 63 Drug efficacy and safety
could theoretically be improved by utilizing serum drug concentra-
tions to individualize antifungal regimens.61,62,64 However, the role
of TDM in the antifungal prophylaxis setting has not yet been clearly
established and randomized controlled trials addressing the rela-
tionship between exposure and efficacy/toxicity are required.

Voriconazole

Patients treated with voriconazole at a given dose may exhibit a
wide range of drug concentrations in the plasma.61 It is recom-
mended to wait 5 days before measuring the serum concentration
of voriconazole, as steady-state plasma concentrations are most
commonly reached after several days of treatment.65 Published
data suggest that efficient antifungal treatment can be achieved
with a wide range (0.35–2.2 mg/L) of voriconazole trough concen-
trations, but 1–2 mg/L may be considered optimal, as the voricon-
azole MIC for most fungi is 0.5–1 mg/L.66 The first report of a
possible relationship between voriconazole trough levels and effi-
cacy appeared in the FDA briefing document on voriconazole,
which included 280 patients with proven or probable IFD.61 That
study showed a higher treatment success rate with mean voricon-
azole concentrations .0.5 mg/L (56%) compared with concen-
trations ,0.5 mg/L (46%). It is important to emphasize that
food, especially high-fat meals, delays absorption and lowers bio-
availability; thus, voriconazole should be taken on an empty
stomach.

The upper limit of the therapeutic range (5–6 mg/L) for voricon-
azole is dictated by the occurrence of serious adverse effects
(neuropathy, visual disturbance, hepatic toxicity and skin rash) at
higher doses.67 Pascual et al.61 showed that encephalopathy
occurred in approximately one-third of patients with voriconazole

plasma concentrations .5.5 mg/L. Discontinuation of voricon-
azole treatment due to adverse events has been found to be
significantly lower in patients with TDM than in those without
TDM (4% versus 17%; P¼0.02).61 The following voriconazole
therapy modifications may be beneficial: (i) a 50% increase in the
daily dose in patients with trough levels ,1 mg/L and lack of
response to therapy; and (ii) discontinuation of therapy in patients
with trough levels .5.5 mg/L, whether or not they exhibit adverse
events that may be related to overdosing.61

Posaconazole

Compared with voriconazole, posaconazole has a more favourable
pharmacokinetic profile,68 except for its saturable absorption,
but achievement of recommended posaconazole levels remains
a challenge in patients undergoing HSCT and in those with leukae-
mia. The oral absorption of a posaconazole suspension can be
unpredictable in patients with gastrointestinal symptoms (e.g.
diarrhoea, mucositis due to chemotherapy or GvHD in the gastro-
intestinal tract) or in patients taking proton pump inhibitors.7

Patients with diarrhoea due to gastrointestinal GvHD experienced
a 33% reduction in the posaconazole plasma drug trough concen-
trations compared with those with GvHD in other locations.62,69

Stopping proton pump inhibitor treatment can increase posacon-
azole absorption in patients;63 hence, proton pump inhibitors
should be avoided in all patients receiving posaconazole, in the
absence of an established indication.

TDM of posaconazole during prophylaxis may be beneficial in
these specific groups of patients, in patients with compliance
concerns and also in patients at the highest risk of development
of fungal infection (e.g. with relapsed or refractory disease or
.14 days anticipated duration of neutropenia).62 Counselling of
patients on ways to increase absorption by taking posaconazole
with a high-fat meal, nutritional supplement or carbonated bever-
age is also important.

The FDA recommendation was for treatment with a target
average serum posaconazole concentration of .0.7 mg/L for treat-
ment, but the exposure–response relationship and the value of TDM
for posaconazole in prophylaxis remains controversial.62

Itraconazole

Exposure–response relationships for itraconazole have been esta-
blished in laboratory animal models.70 A steady-state itraconazole
trough concentration of 0.5 mg/L is considered appropriate for the
prevention of IFD in patients with neutropenia.71 The absorption
of itraconazole is facilitated by an acidic environment, which is
the basis for the administration of itraconazole with food. Absorp-
tion is compromised in patients receiving histamine H2-receptor
antagonists or proton pump inhibitors, or in those with achlor-
hydria. It should also be considered that generic formulations
of itraconazole may have different bioavailabilities.64

Monitoring drug levels during prophylaxis

Monitoring prophylaxis requires surveillance of the local epidemi-
ologyand appropriate use of diagnostic tools. Surveillance is essen-
tial to determine the burden of fungal disease in different centres,
as well as the efficacy of prevention and control strategies. When
patients are receiving mould-active antifungal agents, the results
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of the diagnostic tests should always be interpreted with caution.
Diagnostic tests have been reported to exhibit decreased sensitiv-
ity during prophylaxis with the mould-active antifungal agents
posaconazole and voriconazole. A meta-analysis investigating
the accuracy of the galactomannan (GM) assay concluded that a
major cause of variable test performance may be prior antifungal
therapy, due to the decreased fungal burden lowering the sensitiv-
ity and specificity of the GM assay.72

It is also important to monitor prophylaxis to enable early de-
tection of severe adverse events that may indicate that a change
or termination of the prophylactic drug is required. Stopping
prophylaxis may be related to patient intolerability or to drug tox-
icity; the most common reasons for stopping prophylaxis include
hepatotoxicity and neurotoxicity, depending on the antifungal
agent.4,5,61,68

Prophylaxis will only be beneficial in conditions where the risk of
a life-threatening IFD outweighs the risks of toxic effects caused by
the antifungal agent.38

Antifungal therapy in patients receiving
prophylaxis
The decision to initiate antifungal therapy in patients who devel-
oped IFD whilst receiving prophylaxis is always challenging and
no guidelines for this circumstance exist so far. Even though
prophylaxis has shown efficacy in a number of trials, several
reports demonstrate that there is still a failure rate with mycologic-
al infections as well as a high rate of lung infiltrates and persistent
fever has been documented.4 – 9,21 Thus, there is a need for an anti-
fungal therapystrategy following prophylaxis failure. The mostcrit-
ical parameters to considerare listed below and recommendations
that can be made based on these parameters are presented in
Figure 1.

Clinical aspects

Owing to the large variety of potential fungal pathogens, clinical
symptoms remain critical in the decision of which prophylactic
treatment to choose. Sinus disease, pulmonary nodules and nec-
rotic skin lesions suggest aspergillosis, mucormycosis, fusariosis
or other rare invasive mould diseases, while small non-necrotic
skins lesions or multivisceral small abscesses suggest dissemi-
nated invasive yeast disease due to organisms such as resistant
Candida spp. or Trichosporon spp.

Type of prophylaxis

The failure of antiyeast prophylaxis with fluconazole is often the
result of invasive mould diseases or fluconazole-resistant candid-
iasis. The failure of antimould prophylaxis (with e.g. itraconazole,
posaconazole or voriconazole) frequently leads to possible mould
infections with the development of pulmonary nodules and nega-
tive mycological tests, and also to breakthrough azole-resistant
Candida spp. infections.76,77

Nature of the agent

Failure to achieve appropriate levels of the antifungal agent is most
commonly seen with posaconazole and oral itraconazole and can
result in breakthrough fungal diseases.7 Most of these prophylaxis
failures are due to lung infiltrates, are not mycologically documen-
ted and are therefore classified as possible fungal infections. It is
not known whether all these infiltrates need antifungal treatment,
but in most cases clinicians feel it is appropriate to initiate
treatment.8 These possible breakthrough IFDs are associated
with a significant fatality rate. In a recent study, 28/100 patients
experienced breakthrough infections during posaconazole prophy-
laxis and there were four fatalities that were clinically attributed to
IFD, although only 24 patients were possible cases of IFD and three
of the fatalities had possible IFD.8 Breakthrough mucormycosis

Diagnostic investigations should always be extensively conducted in patients failing prophylaxis (with clinical signs or symptoms indicative

of invasive fungal disease):

Identification of  the pathogen as precisely as possible. Mycological tests should include, whenever feasible:

Microscopy and culture of relevant samples. In vitro susceptibility tests are indicated when a pathogen is identified

Wherever possible, bronchoalveolar lavage samples should be taken in the presence of a lung lesion at CT scan

Histopathology in the case of a biopsy

Indirect tests (galactomannan in serum, bronchoalveolar lavage fluid or CSF for Aspergillus spp., mannan or b-D-

glucan detection tests for Candida spp., or real-time PCR for Aspergillus spp. or Candida spp.73,74 

Analysis of specific risk factors (e.g. prior respiratory disease for aspergillosis risk,75 central venous lines in patients increasing the risk for

Candida infections and diabetes for mucormycosis) remains critical in the treatment choice

As a general rule, a change in class of antifungal agent should be considered if invasive fungal disease is suspected:

During oral mould-active azole prophylaxis, intravenous voriconazole can be used if aspergillosis is suspected, provided low serum

levels of itraconazole or posaconazole have been documented

Serum levels of the prophylaxtic drug within the expected range (>0.5 mg/L for posaconazole or itraconazole) or inability to monitor

the levels in plasma are indicators to switch to another class for antifungal therapy, such as a lipid formulation of amphotericin B

or caspofungin

Figure 1. Recommendations for treatment in patients failing antifungal prophylaxis.
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has been reported with voriconazole, itraconazole, posaconazole
and echinocandin prophylaxis and aspergillosis has been diag-
nosed in patients receiving caspofungin prophylaxis, despite
appropriate serum levels and in vitro susceptibility to the antifungal
agents.78 – 80

Route of administration

Oral administration of an antifungal agent is more frequently asso-
ciated with insufficient serum levels, especially in patients with
mucositis, vomiting or inability to take oral food. Inhaled antifungal
agents such as amphotericin B or the lipid formulation of ampho-
tericin B have limitations, having no protective effects against IFD
that has a non-pulmonary mode of entry.

Timing and duration of prophylaxis

Long-term prophylaxis is more likely to be associated with patho-
gens presenting a constitutive or an acquired resistance pattern.77

Preventing recurrence of prior IFD: secondary
antifungal prophylaxis
Patients with recent history of an IFD are at increased risk of reacti-
vation of the mycotic process during subsequent episodes of neu-
tropenia, HSCT or immunosuppression.81,82 To prevent a negative
outcome in relapsing cases, strategies for secondary prophylaxis
are warranted.16,82,83 The term ‘secondary prophylaxis’ is usually
applied to patients who had fully recovered from the previous
episode of IFD or who are asymptomatic but might have residual
foci on imaging considered to be inactive. Practical points for the
management of this risk group are suggested below.

Evaluation of overall risk

The localization, extent and causative pathogen of IFD, as well as
the duration of the preceding antifungal therapy should be evalu-
ated.84 The estimated cumulative risk calculated from these
factors should be carefully considered against the anticipated ben-
efits of ongoing treatment of the underlying disease that is causing
the additional immunosuppression. In cases with a history of un-
complicated candidaemia, secondary prophylaxis is not justified.60

Patients with chronic disseminated (hepatosplenic) candidiasis,
however, need preventive antifungal treatment.85

Decreasing the burden of infection

An attempt to remove solitary, surgically approachable lesions
before initiating further chemotherapy or conditioning regimen
is advisable.86 However, contraindications to the intervention
(decreased pulmonary reserve, poor general condition and high
bleeding risk) and possible delaycaused by post-operative recovery
should be taken into account.

Considering less-immunosuppressive treatment
modalities

In the allogeneic HSCT setting, reduced intensity conditioning and
peripheral stem cell grafts are usually preferred.87 From the clinical
point of view, it may be an appropriate decision to decrease

corticosteroid use, to avoid alemtuzumab and antithymocyte
globulin in GvHD therapy, as well as to administer foscarnet
rather than ganciclovir for cytomegalovirus reactivation.

Secondary antifungal chemoprophylaxis

It is generally accepted that antifungal drugs successfully used in
primary therapy are the compounds of choice for secondary anti-
fungal prophylaxis. At times when there has been a likelihood of
drug–drug interactions (e.g. with the chemotherapy or condition-
ing agents), treatment with amphotericin B lipid formulations (1–
3 mg/kg/day)88,89 or caspofungin (70/50 mg/day)90 has usually
been preferred. In other instances, iv/oral voriconazole has been
given at the therapeutic dose.91 – 93 It should be noted that caspo-
fungin is inactive against Cryptococcus spp. and voriconazole lacks
activity against zygomycetes.

Adjunctive therapies

To boost immune function, granulocyte colony-stimulating factor
(G-CSF) and, in very selected cases, transfusions of G-CSF-mobilized
granulocytes can be administered.94

Monitoring for reactivation of breakthrough IFD

Blood cultures, high-resolution imaging and bronchoalveolar
lavage are diagnostic tools used clinically to detect relapses or
new episodes of IFD. Although the performance of tests detecting
biomarkers such as GM, b-D-glucan or fungal DNA is hampered by
concomitant antifungal therapy, these methods are often used to
seek evidence of infection.95,96

Duration of secondary antifungal prophylaxis

The optimal duration of secondary antifungal prophylaxis is still
unknown. In clinical practice, antifungal prophylaxis is usually
given either until neutrophil recovery, until there is initiation of a
new antifungal for relapse/breakthrough infections or until the
end of immunosuppression for GvHD.

Controlling environmental sources of IFD
The environment is a potential source of IFD in at-risk patient
groups, both in the hospital as well as in the outpatient setting.
As IFD is often preceded by fungal colonization, especially in
cases of candidiasis, it is difficult to distinguish between nosoco-
mial and endogenous sources of infection. Standardized method-
ology should be used across monitoring periods in order to avoid
sensitivity bias.

Awareness of IFD incidence

Institutions should monitor their incidence of IFD on a regular basis.
Care should be taken to use consistent methodological standards
for measuring levels of ‘incidence’ to avoid methodology-related
changes in levels. Any unexpected rise should prompt immediate
action to detect and control possible environmental sources.
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Preventing nosocomial candidiasis

The exact origin of nosocomial candidiasis is often unknown;
however, patient-to-patient transmission and outbreaks can
occur.97,98 To prove true nosocomial transmission and to rule out
pseudo-outbreaks, molecular genetic tests (e.g. DNA fingerprinting)
should be utilized. In general, the enforcement of hand disinfection
and proper hygiene in vascularcatheter care is crucial.99 In outbreak
situations, the role of infected or colonized healthcare workers,
contaminated medication or material and breaches in hygiene
standards should be investigated.

Reducing the risk of mould diseases

Mould infections are mostly airborne. Contaminated water can
also playa rolewhen aerosolized (e.g. in showers) or in cases of sub-
mersion. Food, fomites and medications are less often the cause.
However, healthcare-related outbreaks do occur.100

Protective environment

Patients undergoing allogeneic HSCT represent a population at the
highest risk of developing IFD, particularly pulmonary aspergillosis.
Placing individuals in a protective environment aims to minimize
exposure to airborne fungal spores. A protective environment
could be defined as housing patients in well-sealed single rooms
with directed flow of high-efficiency particulate air-filtered air
and positive pressure.101 Fresh flowers, potted plants as well as car-
peting and upholstered furniture should be avoided. The method
and timing of cleaning is also important.102,103 In other risk
groups (patients undergoing autologous HSCTor induction chemo-
therapy for AML and those with aplastic anaemia), the advantages
of a protective environment are less well defined. Special attention
should be paid to infection control logistics during times of con-
struction work taking place either in-house or in the area surround-
ing the facility.103,104 Key strategies for preventing outbreaks of IFD
during construction work are shown in Figure 2.

Safe living outside the hospital

After being discharged from their protective environment, allogen-
eic HSCTpatients, especially those with chronic GvHD and immuno-
suppression, should be advised to keep away from places and
situations with high risk of spore exposure. Vacuuming, dusting,
gardening, contact with plants, soil or waste, staying in moist
and mouldy areas and construction sites should all be avoided.92

Their diet should not contain uncooked dried fruits, dried spices
and herbs, nuts and soft cheese, and patients should refrain from
smoking. The duration of these precautions should be tailored to

the individual patient. In the allogeneic HSCT setting, general pre-
cautions should be taken for ≥6 months post-transplant or the
end of immunosuppression for GvHD. Regarding food safety
recommendations, HSCTphysicians should have final responsibility
for determining when the dietary adjustments mentioned above
can be discontinued safely.92

Conclusions
There are a number of clinical studies and guidelines in the area of
prophylaxis against IFD. The main problem with clinical trials and
guidelines is that they do not reflect real-life clinical practice and
may not address issues typically encountered on a day-to-day
basis. Attempts to define which patients are at high risk of IFD on
the basis of published studies of subsets of haematological malig-
nancies may miss some individuals, as such studies, by definition,
do not represent every indication. Also, the development of new
tailored or targeted therapies, such as monoclonal antibodies,
tyrosine kinase inhibitors and radioisotope-conjugated agents,
can create other indications that may need antifungal prophylaxis.

Most of the efficacy data depend on a precise protocol, but in
daily clinical practice an effective prophylactic drug can sometimes
prove not to be very useful. This is the case especially for the azoles,
which have a lot of interactions and bioavailability issues, thus
making TDM a helpful tool. It is also important in situations
where drug prophylaxis has been initiated that physical protection,
education and team work, which are pivotal factors in eliminating
the burden of IFD, should not be forgotten. These problems suggest
that despite the availability of new drugs, there are still a number of
issues to be resolved in this field.
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