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Case presentations

Case 1

A 48-year-old man presents with epistaxis, fatigue, and pancytopenia,
and is diagnosed with acute myeloid leukemia (AML) with a t(9;11)
(p22;q23) translocation in 16 of 20 metaphases. He has an excellent
performance status and no comorbidities. Curative-intent chemother-
apywith cytarabine and daunorubicin (“713”) is initiated.What is the
most appropriate strategy to prevent fungal infections in this patient?

Case 2

The patient has achieved a morphologic complete remission with 2
cycles of induction chemotherapy. An HLA-matched unrelated donor
hasbeen identified, andhe isplanned toundergomyeloablativeallogeneic
hematopoietic cell transplantation (HCT). What strategy should be
pursued to prevent fungal infections before and after engraftment?

Introduction

Invasive fungal infections (IFIs) occur in 5% to 40% of patients with
hematologicmalignancies and aremost common inAML.1Aspergillus
andCandida species (spp) currently account for;95%of all cases, but
the epidemiological characteristics of IFIs evolve under the selection
pressure of antimicrobials and other factors.2,3 With increasing use of
intensively immunosuppressive cancer therapies, IFIs have become
more frequent and now constitute a leading cause of morbidity and
mortality. An important reason for delays and reductions of antileukemia
therapies, they can also reduce AML cure rates.1,4-6 High mortality
from IFIs is attributed to diagnostic difficulties and protracted treatment
initiation, limited activity of antifungal agents, drug side effects, and in-
creasing use of high-dose corticosteroids.7 Primary prevention of fungal
infections, repeatedly demonstrated to reduce IFIs as well as infection-
attributable and all-cause mortality, therefore remains essential.8,9

The ideal prophylactic antifungal agent is safe and well tolerated
with long-termuse, effective against awide spectrumof organisms, and
manufactured as IV and oral formulations with good bioavailability.10

With multiple polyenes, echinocandins, and triazoles now available,
several antifungal agents fulfill someof these requirements. In developing

a rationale for antifungal prophylaxis, the potential risks need to
be balanced against the benefits. Among the risks of antifungal
prophylaxis are drug toxicities, selection for resistant pathogens,
adverse drug-drug interactions, and costs. Among the key benefits of
prevention of invasive fungal infections during neutropenia in AML
induction therapy are the reduction of morbidity and mortality, and
shortening of hospital stay. One must appreciate that there is no single
agent that will prevent all mycoses; thus, careful monitoring
throughout the risk period is essential with treatment of emergent
breakthrough invasive fungal infections. Herein, we examine the
evidence guiding the choices of antifungal prophylaxis in adults
undergoing curative-intent AML therapy.

Methods

Literature search strategy and study selection criteria

A systematic literature search restricted to English language articles published
since 1990 was conducted using MEDLINE (May 18, 2015; see supplemental
Table, available on the BloodWeb site). Two authors independently reviewed
all abstracts for eligibility assessment, with a third mediating discordant
results. The full article was reviewed if eligibility was clearly met or if there
was uncertainty regarding a priori–defined eligibility criteria based on the
abstract. We included all randomized controlled trials (RCTs) and meta-
analyses assessing a systemic antimycotic relative to no intervention, placebo,
or another antifungal agent as prophylaxis in afebrile adults age .18 years
with AML undergoing intensive chemotherapy or allogeneic HCT.

Outcome measures and data extraction

The primary outcome of interest was the incidence of probable and/or proven
IFIs as defined by the European Organization for Research and Treatment of
Cancer/Invasive Fungal Infections Cooperative Group and the National Institute
of Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG).11

Secondary outcomes of interest included frequency of IFIs by organism, rates of
adverse drug effects and toxicity-related drug discontinuation, overall survival,
and IFI-attributable as well as all-cause mortality. A database of abstracted
variables was created that included the above outcomes as well as years of
enrollment, study design, number and age of study subjects, inclusion/exclusion
criteria, type of malignancies and transplants, adverse events, and duration of
follow-up. The strength of recommendations and the quality of evidencewere
evaluated on the basis of the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) system (Table 1).12
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Results

Our literature search yielded 264 records (Figure 1). Seventy-eight
of these (62 RCTs [including 6 blinded, 20 double-blinded/placebo-
controlled], 16 meta-analyses) were eligible for qualitative synthesis.
Weprioritized trials that exclusively or primarily involved patientswith
AML or high-risk myelodysplastic syndrome (MDS) receiving inten-
sive chemotherapy to enhance the applicability of our findings. We
excluded studies solely examiningpatients undergoing autologousHCT
but included trials reporting on autologous and allogeneic (or allogeneic
only) HCTs.

Case 1: Antifungal prophylaxis in adults undergoing AML

induction chemotherapy

Polyenes. Regardless of the systemic formulation (deoxycholate or
lipid formulation), amphotericin B is usually too toxic for antifungal
prophylaxis in AML induction therapy.13-15 The oral formulation of
amphotericin B is not widely available and has no activity against
inhaled molds, as this drug is not absorbed systematically. Inhalations
of aerosolized amphotericin B are better tolerated but are not well
establishedaspreventativemeasures in this settingandarenot standardized
for delivery to the alveoli.16,17

Fluconazole and itraconazole. Fluconazole, available in IV
and oral formulations, is well tolerated and has activity against many
yeast (particularly Candida) species. However, the incidence of non-
albicans Candida spp with intrinsic resistance or limited susceptibility
tofluconazole is increasing,3 and thedrug lacksactivity againstfilamentous
fungi such as Aspergillus spp. Fluconazole has been widely studied
in RCTs and found to reduce the incidence and mortality of IFIs
compared with placebo18 and to be equally effective, but better
tolerated than, amphotericin B formulations.13,15,19 Itraconazole’s
activity spectrum is wider than that of fluconazole and includes
Aspergillus spp. Itraconazole is available in oral and IV formulations
(in some countries) but has poor gastrointestinal (GI) tolerability
when given orally as solution.20 Four independent meta-analyses
of RCTs comparing these 2 triazoles in neutropenic patients with
hematologicmalignancies showed that itraconazole significantly reduced
IFIs (but not IFI-attributable or all-cause mortality) compared with
fluconazole at the expense of greater drug toxicity.8,9,21,22

Echinocandins. Caspofungin, micafungin, and anidulafungin
are available in IV form only. They are well tolerated and have activity
against Candida and Aspergillus spp but not Mucorales or Fusarium
spp. RCTs have only been conducted with caspofungin as prophylaxis
in acute leukemia patients undergoing chemotherapy. Two studies
in 175 patients with acute lymphoblastic leukemia or AML and 192

patients with AML or MDS found no differences in the incidence of
probable/proven IFIs, IFI-attributable and all-causemortality, and drug
toxicities compared with itraconazole in 1 study or physician’s choice
of either itraconazole (82%), fluconazole (12%), posaconazole (1%) or
no prophylaxis (5%) in the other study.23,24

Voriconazole. Available as IV and oral formulations, voricona-
zole is active against a broad range of fungi including Candida spp,
Aspergillus spp, Scedosporium spp, and Fusarium spp.25 Its toxicity
and safety profile is limited by visual hallucinations, cutaneous solar
hypersensitivity, and hepatic transaminase elevation, whereas resistance
of Aspergillus spp to voriconazole is increasingly recognized.26 RCT-
level evidence supporting voriconazole prophylaxis in the nontransplant
AML population is limited to 2 published studies, 1 of which was
terminated after enrollment of only 25 patients because the use of
placebo in the control arm was no longer deemed ethical.27 In the
second study, 123 patients with AML/high-risk MDS receiving in-
duction or salvage chemotherapywere randomized to oral voriconazole
or IV itraconazole.28 This study failed to reach its target accrual and
found no statistically significant differences in probable/proven IFIs,
all-cause mortality, or toxicity-related drug discontinuation rates,
suggesting equal value for prophylaxis in this patient population.

Posaconazole. Posaconazole has activity against a diverse array
of fungi including Candida spp, Aspergillus spp, Scedosporium spp,
Fusarium spp, and several species of theMucorales. Posaconazole has
been compared with fluconazole and itraconazole (2 RCTs) but not
to voriconazole or echinocandins in non-HCT AML patients. In a
landmark study of AML/MDS patients undergoing induction chemo-
therapy, patients who received oral suspension posaconazole (n5 304)
were less likely than those receiving oral fluconazole (n5 240) or oral
itraconazole (n 5 58) to develop probable/proven IFIs (total IFIs: 2%
vs 8%,P, .001; invasive aspergillosis [IA]: 1% vs 7%,P, .001), and
had lower 100-day mortality (14% vs 21%, P 5 .04) and lower IFI-
attributable deaths (2% vs 5%, P 5 .01).20 Serious triazole-related
adverse events weremore frequent in the posaconazole arm (6%vs 2%,
P 5 .01). An estimated 16 and 14 patients needed to be treated with
posaconazole to prevent 1 IFI and1death, respectively. Partly consistent
with these findings, a second RCT of 252 AML patients found that
oral suspension posaconazole was associated with a lower rate of
probable/proven IFIs than oralfluconazole (4%vs 9%,P5 .026) and
insignificantly lower all-cause mortality (2.6% vs 6%, P 5 .22),
whereas drug-related adverse events were similar.29

A major limitation of oral suspension posaconazole is variable
bioavailability, including in patients who develop diarrhea (eg, due to
gut graft-versus-host disease [GVHD]),with subtherapeutic drug levels
linked to increased risk of breakthrough IFIs in AML patients.30-33

Thus, monitoring plasma drug levels is recommended in patients with

Table 1. Summary of GRADE recommendations on rating the strength of recommendations and quality of evidence

Strength of recommendation Quality of evidence

1 (“Strong”) Desirable effects of an intervention clearly

outweigh (or clearly do not outweigh) the

undesirable effects

A (“High”) Further research is unlikely to change our

confidence in the estimate of effect

2 (“Weak”) Tradeoffs between desirable and undesirable

effects are less certain (eg, because of low-

quality evidence or evidence suggesting closely

balanced effects)

B (“Moderate”) Further research is likely to have an important

impact on our confidence in the estimate of

effect and may change the estimate

C (“Low”) Further research is very likely to have an important

impact on our confidence in the estimate of

effect and is likely to change the estimate

D (“Very low”) Any estimate of effect is very uncertain

Each recommendation consists of a numerical score denoting the strength of the recommendation and a letter denoting the quality of the evidence.12
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risk factors for poor absorption who are receiving the suspension.34

This limitation has been largely overcome by the recently introduced
extended-release tablet form.35 Unlike the oral suspension formu-
lation, absorption of the tablet is minimally affected by food,
mucositis, and GI pH, resulting in increased serum drug levels in
leukemia patients.34,36,37 The recommendation for monitoring of
plasma drug levels therefore does not pertain to patients receiving
the tablet form of posaconazole. Other important limitations of
posaconazole include interactions with cytochrome P450 enzymes
and P-glycoprotein,38 complicating its use in patients requiring
multiple concomitant transplant-relatedmedicationsornewer targeted
antileukemic agents such as isocitrate dehydrogenase inhibitors. New-
generation, broad-spectrum triazoles such as isavuconazole may
overcome some of these limitations,39,40 but testing as prophylaxis in
AML patients has just begun.41

Recommendation. Fluconazole is better than placebo in pre-
venting invasive candidiasis during AML remission induction therapy.
However, fluconazole lacks activity against molds. Although itraco-
nazole and voriconazole are used for prophylaxis against infections
caused by Candida spp and molds, posaconazole is the only agent
that has demonstrated a significant survival and outcome benefit in
prophylaxis against these mycoses during AML induction therapy
(GRADE 1A). Despite the lack of RCT data in AML, use of the tablet,
if tolerated, rather than the oral suspension of posaconazole is recom-
mended based on phase 1 findings in hematologic malignancies,35

retrospective studies,36,42 and early results from phase 3 studies43

demonstrating superior bioavailability of the tablet without worsening
of adverse effects (GRADE 1C). As there is a good relationship be-
tween serum concentrations of posaconazole and therapeutic outcome
of IA, use of the tablet formulation in lieu of the suspension is tenable.
For patients who are not able to swallow the tablet, the oral suspension
is recommended. Coadministration of posaconazole and drugs that
strongly interfere with the 3A4 isoform of cytochrome P450 should
be avoided. For patients who are not able to tolerate oral posaconazole
and in cases where the IV formulation is not available, administration of
an echinocandin is a reasonable substitute for antifungal prophylaxis
(GRADE 1B). If there is a high risk for IA, IV voriconazole should be
considered (GRADE 2B).

Case 2: Antifungal prophylaxis in adults with AML

undergoing HCT

The incidence of IFIs after allogeneic HCT is as high as 10% to 20%,
and associated mortality ranges from 30% to 80% depending on the
organism.4,5 Although antifungal prophylaxis after HCT has long
been considered standard,44 issues specific to this setting include con-
cerns for drug-drug interactions with conditioning and immunosup-
pressive agents, poor oral absorption secondary to treatment-related
gut toxicity, aswell asGVHDand associated use of corticosteroids.45

Several factors, including donor source, history of IFIs, active
hematologic cancer, and GVHD can identify patients at particularly
high risk of IFIs throughout the post-HCT period and could help
tailor prevention strategies.46

Polyenes. Amphotericin B lacks significant drug-drug interac-
tions, but nephrotoxicity and poor tolerability limit its usefulness as
prophylaxis in HCT.14,47-50

Fluconazole and itraconazole. Fluconazole is well suited for
posttransplant use due to good tolerability and minimal drug-drug
interactions, and is as effective as amphotericin B with regard to
incidence of IFIs and mortality.49 In 2 placebo-controlled RCTs, con-
ducted at a time when the majority of IFIs were due to Candida spp,
fluconazole was associated with lower incidence of IFIs and reduced
IFI-relatedmortality.51,52 In 1 of the studies,fluconazole givenuntil day
75 after allogeneic HCT also led to improved overall survival.52,53

Thesefindings established this use offluconazole as standard prophylaxis
at that time54 and asbenchmark for novel antifungal agents. SeveralRCTs
have exclusively compared itraconazole with fluconazole in patients un-
dergoing HCT.55-58 In a study of 300 patients undergoing allogeneic
HCTwho received either itraconazole or fluconazole for 120 to 180 days
posttransplant, rates of probable/proven IFIs or survival were similar
but fewer mold infections were noted with itraconazole (5% vs 12%,
P 5 .03).56 In a similar trial of 140 patients, oral itraconazole was
associated with a lower rate of IFIs (9% vs 25%, P 5 .01), but no
statistically significant difference in IFI-related or all-cause mortality.57

In contrast, in a third RCT of 195 patients with acute leukemia
undergoing HCT who received either itraconazole or fluconazole until
engraftment, there was no difference in IFIs, IA, or mortality.58 In all of

Figure 1. PRISMA flow diagram.
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these studies, therewas significantlymoreGI toxicitywith itraconazole.
Although these studies largely supported the superiority of itraconazole
over fluconazole in prevention of IFIs in allogeneic HCT, the toxicity
profile of itraconazole has precluded its wide acceptance for prophylaxis
in this setting. Increased renal and hepatic toxicities were observedwhen
itraconazole was administered concurrently with cyclophosphamide
and busulfan due to inhibition of their metabolism,59,60 highlighting
the need for avoiding simultaneous exposures of antineoplastic
agents and triazoles that inhibit hepatic microsomal enzymes. This
toxicity may also increase the risk of sinusoidal obstruction syndrome
and, consequently, nonrelapsemortality.61Because of poor tolerance,
itraconazole is therefore not recommended over fluconazole in HCT
patients despite potentially higher efficacy.62

Echinocandins. Because of their tolerability, echinocandins are
good candidates for prophylaxis in HCT. Three RCTs have compared
micafungin with fluconazole63,64 or itraconazole65 in this setting. In a
study of 882 patients randomized to eithermicafungin or IVfluconazole
in the neutropenic phase of HCT, micafungin was associated with a
lower incidence of suspected or probable/proven IFIs (P 5 .03) and a
trend toward lower IA (0.2% vs 1.5%, P5 .07) but similar IFI-related
and all-cause mortality and adverse events.63 On the other hand, in a
similarly designedbut underpowered trial of 106patients, no differences
in probable/proven IFIs or adverse events were found between
micafungin and fluconazole.64 As an important limitation for our
purpose, these 2 trials included a large proportion of non-AMLpatients
and individuals undergoing autologous HCT. In the third RCT, there
was no difference in probable/proven IFIs and IFI-related or all-cause
mortality among 287 HCT patients (83% allogeneic) assigned to
micafungin or itraconazole, but significantly more patients discon-
tinued itraconazole early due to toxicity (19.7% vs 0.7%, P , .01).65

Thus, micafungin is noninferior to fluconazole and itraconazole and is
less toxic than itraconazole.

Voriconazole. Two large RCTs of 600 and 489 patients
(.50% with AML or MDS) undergoing allogeneic HCT have
compared voriconazole with fluconazole or itraconazole given
until day 100 posttransplant.25,66 There were no differences in IFIs
or survival between the treatment arms in either study, but in the
study comparing voriconazole with fluconazole, a protocol-driven,
structured empirical antifungal therapy and diagnostic screening
program was used and evaluations for IFIs were mandated if a
positive serum galactomannan assay or suggestive signs of fungal
infection were noted.66 In the second study, better tolerance of
voriconazole than itraconazole was demonstrated, with a higher
proportion of patients completing the study (54% vs 39%, P, .01)
although hepatotoxicity occurred more commonly with voricona-
zole (13% vs 5%, P , .01), requiring frequent adjustment of
calcineurin inhibitors.25 Indeed, unpredictable interactions between
voriconazole and commonly used immunosuppressants (tacrolimus,
cyclosporineA) arewell documented.67,68 Thus, voriconazole has no
clear benefit over fluconazole or itraconazole in terms of efficacy, but
is preferred over itraconazole due to better tolerability.

Posaconazole. Two RCTs have evaluated posaconazole as
prophylaxis in AML patients undergoing HCT. In a study of 40
patients randomized to either posaconazole oral solution or weekly
IV amphotericin B lipid complex, rates of IFIs were similar (0% vs
5%, P5 .48) but the median number of days on fungal prophylaxis
was longer in the posaconazole group (42 vs 20 days, P5 .01) due
to amphotericin intolerance, particularly renal toxicity, which led
to early trial termination.50 In the second RCT, 600 patients (30%
with AML or MDS) with active GVHD requiring immunosup-
pressive therapy after allogeneic HCT were allocated to either
posaconazole or fluconazole. Posaconazole was associated with a

trend toward lower incidence of probable/proven IFIs (5% vs 9%,
P 5 .07), a lower incidence of probable/proven IA (2.3% vs 7%,
P5 .006), and lower IFI-attributable mortality (1% vs 4%, P5 .046),
whereas all-cause mortality and rates of treatment-related adverse
events were similar.69

Recommendations. Following allogeneic HCT, fluconazole,
voriconazole, posaconazole, and micafungin are all equally rec-
ommended over no antifungal prophylaxis in low-risk patients
(GRADE 1B). For the quality of evidence, the distinction is made
between use of posaconazole for prophylaxis in AML during
induction therapy and for preengraftment and postengraftment
prophylaxis after HCT, where matters of study design and inter-
pretation influence the recommendations. Additional high-quality
studies are needed to refine the recommendations regarding the
optimal antifungal agent for the pre- and post-engraftment period
following allogeneic HCT. For high-risk patients, especially
those with GVHD, posaconazole is recommended over other
antifungal strategies (GRADE 1A); if poor oral absorption of
posaconazole is anticipated, voriconazole is an acceptable sub-
stitute (GRADE 2B).

Discussion

We found high-quality evidence to recommend posaconazole for IFI
prophylaxis in patientswithAMLundergoing induction chemotherapy
and those with GVHD following allogeneic HCT, whereas there is
no strong evidence to guide the selection of antifungal prophylaxis
following allogeneic HCT in patients who have no GVHD or other
high-risk factors. Although costly, several studies have demonstrated
cost-effectiveness of posaconazole in patients at high risk for fungal
infections comparedwith other triazoles due to the reduction of IFIs and
shortened hospital stays.70-74

As an important caveat for recommendations based on RCTs,
studied subjects are typically highly selected based on stringent
inclusion/exclusion criteria. Therefore, RCT findings may not be
generalizable to all patients with AML.75 However, retrospective and
prospective observational studies support the use of posaconazole
rather than itraconazole or fluconazole in AML patients undergoing
intensive chemotherapy76,77 or allogeneic HCT78 and complement the
RCT data. Still, strategies for antifungal prophylaxis in a broader range
of patients with AML are needed such as those with end-organ toxicity
for whom individual assessments should be made. For example, in
patients with preexisting hepatic transaminase elevation, an echino-
candin may be the best choice for antifungal prophylaxis as it provides
protection from most Candida spp and possibly Aspergillus spp.
Furthermore, fewstudiesof antifungal prophylaxis havebeen conducted
in pediatric AML. Antifungal prophylaxis in pediatric patients has
largely focused on high-risk acute lymphoblastic leukemia. In the
absence of large robust randomized trials in the pediatric population,
extrapolation with appropriate pharmacokinetic/pharmacodynamic
bridging provides for rational dosing of antifungal agents in pediatric
patients during chemotherapy-induced neutropenia.79,80

A number of questions remain unanswered, including the efficacy
of the many novel antifungal agents that are under preclinical and/or
clinical development (eg, isavuconazole, ravuconazole, albaconazole,
aminocandin, among others), the efficacy and tolerability of newer
formulations of established drugs, and the role and reliability of mon-
itoring strategies for early detection of IA.81 Serum galactomannan
testing is useful in the early detection of IA in neutropenic patients who
are not receiving antimold prophylaxis. The presence of circulating
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levels of antimold agents diminishes the galactomannan index signal
and utility of this assay as most positive galactomannan tests during
surveillance in the setting of mold-active prophylaxis represent false-
positive results.81 Open questions also relate to the best strategy for the
treatment of breakthrough fungal infections in patients receiving pro-
phylaxis with broad-spectrum antifungal drugs, the role of therapeutic
drugmonitoring,andresistancedevelopment.82-85Aseachnewantifungal
agent has been introduced and accepted into wider use, the pattern of
IFIs has shifted from susceptible invasive Candida spp to resistant
Candida spp and IA. Now, with increased use of mold-active
triazoles, breakthrough IFIs with resistant Aspergillus spp and non-

Aspergillusmolds such as Fusarium spp are being seen. Additionally,
although the recommendations throughout this article are broad and
population based, there are many subtleties in decision-making when
choosing prophylaxis for individual patients, and other factors beyond
type of therapy, engraftment stage, and GVHD (Table 2)86-104 are
increasingly recognized as being important for risk stratification and
choice of antifungal agent. As we move toward personalized medicine
and targeted therapy in oncology, efforts to allow for more individ-
ualized choices in fungal prophylactic therapy are ongoing, with work
being done on risk prediction scores for IFI development, immuno-
genetic profiling to determine host-specific risk factors for IFI infection,
and individual mycobiome monitoring.86,87,100,105
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Cost-effectiveness of primary antifungal
prophylaxis with posaconazole versus
itraconazole in allogeneic hematopoietic stem
cell transplantation. J Med Econ. 2013;16(6):
736-743.

75. Menichetti F. How to improve the design of trials
of antifungal prophylaxis among neutropenic
adults with acute leukemia. Clin Infect Dis. 2004;
39(suppl 4):S181-S184.

76. Pagano L, Caira M, Candoni A, et al; SEIFEM
Group. Evaluation of the practice of antifungal
prophylaxis use in patients with newly diagnosed
acute myeloid leukemia: results from the
SEIFEM 2010-B registry. Clin Infect Dis. 2012;
55(11):1515-1521.

77. Dahlén T, Kalin M, Cederlund K, et al. Decreased
invasive fungal disease but no impact on overall
survival by posaconazole compared to fluconazole
prophylaxis: a retrospective cohort study in
patients receiving induction therapy for acute
myeloid leukaemia/myelodysplastic syndromes
[published online ahead of print April 16, 2015].
Eur J Haematol. doi:10.1111/ejh.12565.

78. Sánchez-Ortega I, Patiño B, Arnan M, et al.
Clinical efficacy and safety of primary antifungal
prophylaxis with posaconazole vs itraconazole in
allogeneic blood and marrow transplantation.
Bone Marrow Transplant. 2011;46(5):733-739.

79. Groll AH, Castagnola E, Cesaro S, et al;
Fourth European Conference on Infections in
Leukaemia; Infectious Diseases Working Party
of the European Group for Blood Marrow
Transplantation (EBMT-IDWP); Infectious
Diseases Group of the European Organisation for
Research and Treatment of Cancer (EORTC-IDG);
International Immunocompromised Host Society
(ICHS); European Leukaemia Net (ELN).
Fourth European Conference on Infections in
Leukaemia (ECIL-4): guidelines for diagnosis,
prevention, and treatment of invasive fungal
diseases in paediatric patients with cancer
or allogeneic haemopoietic stem-cell
transplantation. Lancet Oncol. 2014;15(8):
e327-e340.

80. Stergiopoulou T, Walsh TJ. Clinical
pharmacology of antifungal agents to overcome
drug resistance in pediatric patients. Expert Opin
Pharmacother. 2015;16(2):213-226.

81. Duarte RF, Sánchez-Ortega I, Cuesta I, et al.
Serum galactomannan-based early detection of
invasive aspergillosis in hematology patients
receiving effective antimold prophylaxis. Clin
Infect Dis. 2014;59(12):1696-1702.

82. van der Linden JW, Camps SM, Kampinga GA,
et al. Aspergillosis due to voriconazole highly
resistant Aspergillus fumigatus and recovery
of genetically related resistant isolates from
domiciles. Clin Infect Dis. 2013;57(4):513-520.

83. Gamaletsou MN, Walsh TJ, Zaoutis T, et al.
A prospective, cohort, multicentre study of
candidaemia in hospitalized adult patients with
haematological malignancies. Clin Microbiol
Infect. 2014;20(1):O50-O57.

84. Pagano L, Verga L, Busca A, et al. Systemic
antifungal treatment after posaconazole
prophylaxis: results from the SEIFEM 2010-C

2796 HALPERN et al BLOOD, 24 DECEMBER 2015 x VOLUME 126, NUMBER 26

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/126/26/2790/1390406/2790.pdf by guest on 07 M

ay 2024



survey. J Antimicrob Chemother. 2014;69(11):
3142-3147.

85. Cornely OA, Gachot B, Akan H, et al; EORTC
Infectious Diseases Group. Epidemiology and
outcome of fungemia in a cancer Cohort of
the Infectious Diseases Group (IDG) of the
European Organization for Research and
Treatment of Cancer (EORTC 65031). Clin Infect
Dis. 2015;61(3):324-331.

86. Bochud PY, Chien JW, Marr KA, et al. Toll-like
receptor 4 polymorphisms and aspergillosis in
stem-cell transplantation. N Engl J Med. 2008;
359(17):1766-1777.

87. Zaas AK, Liao G, Chien JW, et al. Plasminogen
alleles influence susceptibility to invasive
aspergillosis. PLoS Genet. 2008;4(6):e1000101.

88. Kesh S, Mensah NY, Peterlongo P, et al. TLR1
and TLR6 polymorphisms are associated with
susceptibility to invasive aspergillosis after
allogeneic stem cell transplantation. Ann N Y
Acad Sci. 2005;1062:95-103.

89. Sainz J, Hassan L, Perez E, et al. Interleukin-10
promoter polymorphism as risk factor to develop
invasive pulmonary aspergillosis. Immunol Lett.
2007;109(1):76-82.

90. Plantinga TS, van der Velden WJ, Ferwerda B,
et al. Early stop polymorphism in human
DECTIN-1 is associated with increased candida
colonization in hematopoietic stem cell
transplant recipients. Clin Infect Dis. 2009;49(5):
724-732.

91. Neth OW, Bacher U, Das P, et al. Influence
of mannose-binding lectin genotypes and
serostatus in allo-SCT: analysis of 131 recipients
and donors. Bone Marrow Transplant. 2010;
45(1):13-19.

92. Panackal AA, Li H, Kontoyiannis DP, et al.
Geoclimatic influences on invasive aspergillosis
after hematopoietic stem cell transplantation.
Clin Infect Dis. 2010;50(12):1588-1597.

93. Ariza-Heredia EJ, Kontoyiannis DP. Our
recommendations for avoiding exposure to
fungi outside the hospital for patients with
haematological cancers. Mycoses. 2014;57(6):
336-341.

94. Gayet-Ageron A, Iten A, van Delden C, et al.
In-hospital transfer is a risk factor for invasive
filamentous fungal infection among hospitalized
patients with hematological malignancies: a
matched case-control study. Infect Control Hosp
Epidemiol. 2015;36(3):320-328.

95. Kanamori H, Rutala WA, Sickbert-Bennett EE,
Weber DJ. Review of fungal outbreaks and
infection prevention in healthcare settings during
construction and renovation. Clin Infect Dis.
2015;61(3):433-444.

96. Kontoyiannis DP, Chamilos G, Lewis RE, et al.
Increased bone marrow iron stores is an
independent risk factor for invasive aspergillosis
in patients with high-risk hematologic
malignancies and recipients of allogeneic
hematopoietic stem cell transplantation. Cancer.
2007;110(6):1303-1306.

97. Maertens J, Demuynck H, Verbeken EK, et al.
Mucormycosis in allogeneic bone marrow
transplant recipients: report of five cases and
review of the role of iron overload in the
pathogenesis. Bone Marrow Transplant. 1999;
24(3):307-312.

98. Guiot HF, Fibbe WE, van ’t Wout JW. Risk
factors for fungal infection in patients with
malignant hematologic disorders: implications for

empirical therapy and prophylaxis. Clin Infect
Dis. 1994;18(4):525-532.

99. Marr KA, Carter RA, Boeckh M, Martin P, Corey
L. Invasive aspergillosis in allogeneic stem cell
transplant recipients: changes in epidemiology
and risk factors. Blood. 2002;100(13):
4358-4366.

100. Hu R, Jiang X, Wu Y. Prospective trial finds
nystatin mouthwash effective prophylaxis
for pulmonary invasive fungal infections
that originate in the throat of patients with
hematologic malignancies. Neoplasma. 2013;
60(3):315-321.

101. Aisner J, Murillo J, Schimpff SC, Steere AC.
Invasive aspergillosis in acute leukemia:
correlation with nose cultures and antibiotic use.
Ann Intern Med. 1979;90(1):4-9.

102. Sandford GR, Merz WG, Wingard JR, Charache
P, Saral R. The value of fungal surveillance
cultures as predictors of systemic fungal
infections. J Infect Dis. 1980;142(4):503-509.

103. Schwartz RS, Mackintosh FR, Schrier SL,
Greenberg PL. Multivariate analysis of factors
associated with invasive fungal disease during
remission induction therapy for acute
myelogenous leukemia. Cancer. 1984;53(3):
411-419.

104. Bow EJ, Loewen R, Cheang MS, Schacter B.
Invasive fungal disease in adults undergoing
remission-induction therapy for acute myeloid
leukemia: the pathogenetic role of the
antileukemic regimen. Clin Infect Dis. 1995;
21(2):361-369.

105. Stanzani M, Lewis RE, Fiacchini M, et al. A risk
prediction score for invasive mold disease in
patients with hematological malignancies. PLoS
One. 2013;8(9):e75531.

BLOOD, 24 DECEMBER 2015 x VOLUME 126, NUMBER 26 ANTIFUNGAL PROPHYLAXIS IN AML 2797

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/126/26/2790/1390406/2790.pdf by guest on 07 M

ay 2024


