
Biol Blood Marrow Transplant 20 (2014) 1080e1088
Review
American Society for Blood
ASBMT
and Marrow Transplantation
Primary Prophylaxis of Invasive Fungal
Diseases in Allogeneic Stem Cell
Transplantation: Revised Recommendations
from a Consensus Process by Gruppo Italiano
Trapianto Midollo Osseo (GITMO)

Corrado Girmenia 1,*, Giovanni Barosi 2, Alfonso Piciocchi 3,
William Arcese 4, Franco Aversa 5, Andrea Bacigalupo 6,
Giuseppe Bandini 7, Alberto Bosi 8, Alessandro Busca 9,
Elio Castagnola 10, Desiree Caselli 11, Simone Cesaro 12,
Fabio Ciceri 13, Anna Locasciulli 14, Franco Locatelli 15,
Malgorzata Mikulska 16, Livio Pagano 17, Arcangelo Prete 18,
Anna Maria Raiola 6, Alessandro Rambaldi 19

1Department of Hematology, Azienda Policlinico Umberto I, Sapienza University of Rome, Rome, Italy
2Center for Q1 the Study of Myelofibrosis, IRCCS Fondazione Policlinico S. Matteo,
University of Pavia, Pavia, Italy
3GIMEMA Foundation, Rome, Italy
4 Stem Cell Transplant Unit, Fondazione Policlinico Tor Vergata, Tor Vergata University, Rome, Italy
5Hematology and Bone Marrow Transplant Center, Ospedale Maggiore, Parma, Italy
6Division of Hematology II, IRCCS S. Martino University Hospital e IST, Genoa, Italy
7 Institute of Hematology and Medical Oncology, L. e A Seragnoli, Policlinico S.Orsola Malpigli,
Bologna, Italy
8Department of Hematology, A.O. di Careggi, University of Florence, Florence, Italy
9Department of Oncology and Hematology, A.O. Citta’ della Salute e della Scienza di Torino, P.O.
Molinette, Torino, Italy
10Division of Infectious Diseases and Bone Marrow Transplant Unit, Giannina Gaslini Institute,
Genoa, Italy
11AOU Meyer Children Hospital Medical Direction, Florence, Italy
12 Pediatric Onco-hematology Unit, Azienda Ospedaliera Universitaria Integrata, Verona, Italy
13Hematology and Bone Marrow Transplant Unit, San Raffaele Hospital, Milan, Italy
14 Pediatrics and Pediatric Hematology Unit, Az. Osp. S.Camillo-Forlanini, Rome, Italy
15Onco-hematology Unit, Ospedale Pediatrico Bambino Gesù, Rome, Italy
16Department of Infectious Diseases, IRCCS S. Martino University Hospital e IST, Genoa, Italy
17 Institute of Hematology, Policlinic A. Gemelli, Sacred Heath Catholic University, Rome, Italy
18Oncology, Hematology and Hematopoietic Stem Cell Transplant Program, U.O. Pediatrics-Prof.
Pession, S. Orsola-Malpighi, University of Bologna, Bologna, Italy
19Division of Hematology, Azienda Ospedaliera Giovanni XXIII, Bergamo, Italy
Article history:

Received 29 December 2013
Accepted 21 February 2014

Key Words:
Allogeneic hematopoietic stem
cell transplantation (HSCT)
Fungal infections
Antifungal prophylaxis
Consensus
Financial disclosure: See Acknowl
* Correspondence and reprint re

di Ematologia, Oncologia, Anatom
Azienda Policlinico Umberto I, Sap
8, 00161 Roma, Italy.

E-mail address: girmenia@bce.u

1083-8791/$ e see front matter �
http://dx.doi.org/10.1016/j.bbmt.20
a b s t r a c t
This document updates and expands the recommendations on primary prophylaxis of invasive fungal diseases
(IFD) in allogeneic hematopoietic stem cell transplantation (allo-HSCT) recipients, published in 2009 by the
Gruppo Italiano Trapianto Midollo Osseo (GITMO). A consensus process was undertaken to describe and
evaluate current information and practice regarding risk stratification and primary antifungal prophylaxis
during the pre-engraftment and postengraftment phases after allo-HSCT. The revised recommendations were
based on the evaluation of recent literature including a large, prospective, multicenter epidemiological study of
allo-HSCT recipients conducted among the GITMO transplantation centers during the period of 2008 to 2010. It
is intended as a guide for the identification of types and phases of transplantation at low, standard, and high
risk for IFD, according to the underlying disease, transplantation, and post-transplantation factors. The risk
stratification was the critical determinant of the primary antifungal approach for allo-HSCT recipients.
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INTRODUCTION
In 2009, an expert panel (EP), representative of theGruppo

Italiano Trapianto Midollo Osseo (GITMO), published the re-
sults of a consensus process on the prophylaxis and therapyof
invasive fungal diseases (IFD) in allogeneic hematopoietic
stem cell transplantation (allo-HSCT) to improve awareness,
Transplantation.
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diagnosis, and management of IFD, and to better define the
current prophylactic and therapeutic options in the clinical
practice [1]. Important issues considered in the consensus
processwere the definition of the risk level for IFD in different
transplantation settings and different transplantation phases
as critical determinants in the antifungal prophylaxis
approach to allo-HSCT recipients. As the vulnerability of allo-
HSCT recipients to IFD is multifactorial, no single risk strati-
fication system can be identified. However, the EP agreed that
an operational distinction could be made between standard
and high-risk conditions for IFD, mainly invasive aspergil-
losis, during and after the engraftment phase. The conse-
quence of this dichotomous classification was the indication
or the lack of indication for the use of a mold-active primary
antifungal prophylaxis (PAP) during and after the engraft-
ment period. In addition, in these GITMO recommendations,
the definition of patients at high risk for IFD, for whom a
mold-active PAP would be recommended, was based on
limited literature evidence, mainly derived from local expe-
rience, and was difficult to apply in clinical practice.

Over a period of 3 years (2008 to 2010), GITMO conducted
a large, prospective epidemiological study involving 30 Ital-
ian transplantation centers to assess the current incidence,
risk, and prognostic factors of IFDs in allo-HSCT recipients
[2]. In a real-life scenario representative of the current allo-
HSCT practice, this study was able to identify specific
transplantation settings with a different risk of IFD during
the pre-engraftment and postengraftment phases. Based on
these original epidemiological GITMO data and on recent
literature evidence, a new Consensus Development Confer-
ence Project was convened by GITMO with the aim to revise
and update recommendations on PAP in patients undergoing
allo-HSCT.
Table 1
Strength of Recommendation and Quality of Evidence

Category/
Grade

Definition

Strength of Recommendation
A Good evidence to support a recommendation for or

against use.
B Moderate evidence to support a recommendation for or

against use.
C Poor evidence to support a recommendation.

Quality of Evidence
I Evidence from � 1 properly randomized, controlled

trial.
II Evidence from � 1 well-designed clinical trial, without

randomization; from cohort or case controlled
analytic studies (preferably from > 1 center); from
multiple time-series; or from dramatic results from
uncontrolled experiments.

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

Data from Freifeld AG, Bow EJ, Sepkowitz KA, et al [5].
DESIGN AND METHODS
The EP included 19 individuals selected in view of their expertise in

research and clinical practice of allo-HSCT. An advisory committee chaired
by 4 clinicians (G.B., C.G., F.C., and A.R.) and a statistician (A.P.) with expertise
in clinical epidemiology assured the proper methodology of the process. Of
the 19 panelists, 11 had been involved in the previous GITMO epidemio-
logical study.

The goal of the project was to develop recommendations for PAP of IFD
in allo-HSCT. The areas of major concern in the PAP of IFD in allo-HSCT were
selected by generating clinical key questions using the criterion of clinical
relevance, ie, the impact on the management of patients and risk of inap-
propriateness, through a Delphi process [3].

Before the first meeting, the advisory committee examined the current
state of knowledge regarding PAP of IFD in allo-HSCT, identified key ques-
tions, and drafted statements to address those questions. A systematic re-
view of the literature on the epidemiology and PAP of IFDs in allo-HSCT
populations (using the terms “epidemiology”, “fungal infections,” “alloge-
neic stem cell transplant,” and “antifungal prophylaxis” for the search) was
performed on PubMed database, limiting the choice to English-language
articles. Only articles including large single-center or multicenter series of
allo-HSCT patients were considered. Based on the reviewed literature and
on the results of the GITMO survey, the advisory committee formulated
some recommendations. In detail, the conditions that proved to be signifi-
cant risk factors for IFD in the different phases after transplantation repre-
sented the criteria for an evidence-based definition of PAP strategy; other
expertise-based recommendations were proposed when relevant areas
could not be addressed on the basis of the available evidence but when
indirect evidence could support a statement. The literature review and the
drafted statements were circulated by electronic mail to the EP members.
With a 3-month interval, 2 meetings were held by the EP group in 2013:
each panelist scored his/her agreement with the statements made by the
advisory committee and the other panelists and provided suggestions for
rephrasing. The ensuing comments were centrally combined for a subse-
quent round of electronic consultation, and agreement on the statements
and the full body of recommendations were definitively approved.

The overall goal of the meetings was to reach a definite consensus over
question-specific statements for which there was disagreement during the
first-round postal phase. The nominal group technique [4] was used,
through which participants were first asked to comment in round-robin
fashion on their preliminary votes and then to propose a new vote. If an
80% consensus on the statement was not achieved, the choices were dis-
cussed and a second vote taken. If an 80% consensus was still not attained,
the issue was declared unresolved and no further attempt was made. The EP
used a systematic weighting of the level and grade of the evidence for
making a recommendation (Table 1) [5].

RESULTS
The key questions that were considered relevant for the

present recommendations are the risk stratification and the
choice of drugs for PAP.

Definition of Risk for Invasive Fungal Disease
The level of risk for IFD in allo-HSCT recipients depends

on several factors, including host characteristics, underlying
hematological disease conditions, type of transplantation,
and post-transplantation complications. Risk may vary in
different patients and also in the same patient at different
times along the transplantation course [2,6-15]. Historically,
neutropenia and acute and chronic graft-versus-host-disease
(a-GVHD and c-GVHD) represent the major risk factors for
infections during both the engraftment and post-
engraftment phases. In epidemiological studies on pop-
ulations who underwent transplantation in the previous
decades, the vast majority of IFDs were documented late
after engraftment and were generally associated with
occurrence of GVHD [8,14,15]. In the more recent GITMO
survey, more than one half of cases of IFD, mainly invasive
aspergillosis, occurred during the early period and were
generally associated with pre-engraftment length and
deepness of neutropenia [2]. The high rate of IFD docu-
mented in this early phase after transplantation was related
to the high number of patients who had 1 or more conditions
associated with a significantly increased risk of early IFD.
These risk factors included an IFD during the 6 months
before transplantation, active acute leukemia at the time of
transplantation, unrelated cord blood (CB), or unrelated
volunteer donor (UD) graft: the incidence of early IFDs for
patients with these risk factors was respectively 16%, 12%,
12%, and 6.4%. The high risk of reactivation early after allo-
HSCT is well known in patients with a history of invasive
aspergillosis before transplantation, and, in these patients,
secondary prophylaxis is strongly recommended [16]. The
high risk for the development of early IFDs in CB transplant
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recipients has been reported in several studies and it is due
to several reasons, including delayed engraftment and
naiveté of donor T cells (Table 2) [17-23]. The observation of a
high rate of early IFDs in patients with active acute leukemia
at the time of transplantation represents an original finding
of the GITMO survey. Severe immunologic impairment
associated with active disease, multiple intensive chemo-
therapy treatments, and late engraftment, frequently seen in
these patients, justifies the high early post-transplantation
risk of IFD [24-26].

GVHD (see standard criteria for diagnosis and staging
[27]) represents a well-known risk factor for IFD in allo-
HSCT. However, GVHD is a heterogeneous syndrome,
which may significantly differ according to stem cell source,
type of donor, and type of GVHD prophylaxis, with a
consequent variable risk of IFD. The increased incidence of
IFD in patients with grade III and IV a-GVHD, as compared
with those with grade II, observed in the GITMO study
confirms previous evidence of a correlation between GVHD
severity, intensity of immunosuppressive therapy, and risk
of IFD [8]. Donor type and the dynamic evolution of GVHD
seem to be determinant factors affecting the infectious risk.
The GITMO study showed that the risk for IFD in patients
with grade II to IV a-GVHD not followed by extensive c-
GVHD was low in patients who underwent transplantation
from a matched related donor (MRD) (2.3%) and high in
those who underwent transplantation from an alternative
donor (mismatched related donor [MMRD], UD, and CB)
(10%). When a-GVHD was followed by c-GVHD, the risk was
high in either transplantations from MRD (10%) or, partic-
ularly, from alternative donors (25%). Of interest, the rate of
IFDs in patients with c-GVHD not preceded by a-GVHD (also
called de novo GVHD) was relatively low (< 4%) in all types
of transplantation.

These data suggest the possibility of stratifying the in-
fectious risk in patients with GVHD, taking into account the
transplantation setting and clinical presentation of GVHD.
Table 2
Characteristics and Risk for Invasive Fungal Disease in Cord Blood and Haploident

Author, Year Type of Transplantation, Population (n)

Cord blood allo-HSCT
Saavedra, 2002 [17] Single, adults (27)
Parody, 2006 [18] Single (48)
Miyacoshi, 2007 [20] Reduced-intensity conditioning, adults (128)
Cahu, 2009 [21] Single (4) or double (27), adults
Sauter, 2011 [22] Double, without ATG (72)

Ruggeri, 2011 [23] Double, children and adults (35)
GITMO study [2] Not reported, children and adults (179)

Haploidentical allo-HSCT
Huang, 2006 [28] Unmanipulated, children and adults (171)

Rizzieri, 2007 [29] Unmanipulated, G-CSF primed PB
transplantation, adults (49)

Huang, 2009 [30] Unmanipulated, children (50)
Dodero, 2009 [31] Ex vivo and in vivo T cell depleted, RIC,

CD8-depleted DLI (28)
Federmann, 2012 [32] CD3/CD19 depleted, adults (61)

Sun, 2012 [33] Unmanipulated, adults and children (291)
Raiola, 2013 [34] Unmanipulated, BM transplantation, adults (50)
Di Bartolomeo, 2013 [35] Unmanipulated, G-CSF primed BM

transplantation, adults (80)
GITMO study [2] Not reported, adults (72)

Allo-HSCT indicates allogeneic hematopoietic stem cell transplantation; IFD, inva
G-CSF, granulocyte-colony stimulating factor; PB, peripheral blood; BM, bonemarro
not reported; vori; voriconazole; posa, posaconazole.
Another population considered at high risk of infection is
represented by patients undergoing transplantation from
haploidentical donor, particularly when the graft is T cell
depleted and is not followed by adoptive transfer of antigen-
specific cells [28-35]. However, data from the literature are
controversial and the rate of IFD seems to be variable in
relation with the type of T cell depletion and of immuno-
suppressive regimen (Table 2).

With regard to the intensity of the conditioning regimen,
a reduced risk of early IFD may be hypothesized in patients
receiving a nonmyeloablative or reduced-intensity trans-
plantation. However, both literature evidence and the GITMO
survey, in particular, do not demonstrate any significant
difference in the risk of IFD during the various phases after
transplantation to suggest a tailored PAP strategy based on
the intensity of the conditioning regimen [2].

Iron overload has been associated with increased risk of
IFD in hematologic patients, and in allo-HSCT recipients, it
has been shown to be correlated with pulmonary mold
infection, mainly during the first 30 days from trans-
plantation [10,36-38].

The EP agreed that 3 time periods should be distinguished
in allo-HSCT: an early phase (from day 1 to 40), a late phase
(from day 41 to 100), and a very late phase (after day 100)
[8,12]. The 3 phases reflect the risk of IFD being associated
with neutropenia (early), with a-GVHD and the early im-
mune recovery (late), and with late a-GVHD or c-GVHD,
together with late immunologic recovery (very late).

The EP agreed that patients could be stratified according to
theneed of a PAP strategy in 3 groups: those not requiring PAP
(low-risk), those requiring a Candida-active PAP (standard
risk), and those requiring a mold-active PAP (high risk). Dur-
ing the early and late post-transplantation phase, the GITMO
data suggest that patients should be classified either at stan-
dardorhigh risk of IFD,with nopatient qualifying for low risk.
During the very late post-transplantationphase, patientsmay
be classified at low, standard, and high risk of IFD.
ical allo-HSCT Studies

Primary Antifungal Prophylaxis Incidence of IFDs
Overall/Early Phase, (%)

Fluconazole plus aerosolized AmB 11/7.4
Fluconazole 23/10
Fluconazole or micafungin 10.9/10.2
Fluconazole 10/10
Mica during conditioning followed

by vori or posa
18/14

Fluconazole 34/12
Not reported 17.3/11.9

Fluconazole 5.2/NR Most of IFD late
or very late

Not reported 8.2/NR

Fluconazole 2/NR Only 1 IFD
Itraconazole 10.7/NR Only 1 case of

aspergillosis
Not reported NR. Only 2 very late deaths

due to IFD
Fluconazole 13.4/7.9
Fluconazole 16/NR
Fluconazole 14/7

Not reported 8.2/5.4

sive fungal diseases; AmB, amphotericin B; ATG, antithymocyte globulin;
w; RIC, reduced-intensity conditioning; DLI, donor lymphocyte infusion; NR,
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Environmental precautions, in particular high efficiency
particulate air filtration with positive pressure, proved to be
of crucial importance in the prevention of airway filamen-
tous fungi infections. Therefore, their use may condition the
PAP strategy during the in-hospital stay of the patients. Ac-
cording to the recent epidemiological findings (most centers
that participated in the GITMO survey were equipped with
air filtration systems), the use of these measures was asso-
ciated with a low rate of hospital-acquiredmold infections in
standard-risk patients who, therefore, require only a
Candida-active PAP. By contrast, air filtration systems may be
insufficient in high-risk patients.
Recommendations

1. In the early phase after allo-HSCT, for patients to be
defined at high risk of IFD, thus requiring amold-active
PAP, they should have at least 1 of the following risk
factors:

a. acute leukemia with active disease at the time of

transplantation (AII),
b. CB transplantation (AII),
c. grade III or IV a-GVHD after any type of trans-

plantation (AII),
d. MMRD or UD with 1 or more of the following

additional risk factors: grade II a-GVHD, a steroid
dose � 2 mg/kg/day for at least 1 week, cytomeg-
alovirus (CMV) disease, recurrent CMV infection,
prolonged neutropenia (polymorphonuclear
neutrophil <500/mL for more than 3 weeks), or iron
overload (BIII),

e. steroid refractory/dependent a-GVHD after any type
of transplantation, defined as no response after 7
days of corticosteroid treatment or clear progres-
sion after 5 days and recurrence of a-GVHD signs
with tapering of the corticosteroid dose and need of
a chronic steroid therapy [39] (AIII).

2. In the early phase after allo-HSCT, all remaining pa-
tients not included in the high-risk category (standard
risk) require a Candida-active PAP (AI).

3. In the late phase after allo-HSCT, patients at high risk of
IFD requiring a mold-active PAP should have at least 1
of the following risk factors:
a. acute grade III or IV GVHD after any type of trans-

plantation (AII),
b. transplantation fromMMRD or UD and 1 or more of

the following additional risk factors: grade II
a-GVHD, a steroid dose � 2 mg/kg/day for at least 1
week, CMV disease, recurrent CMV infection, or
recurrent neutropenia (polymorphonuclear
neutrophil <500/mL for more than 1 week) (BIII),

c. steroid refractory/dependent a-GVHD after any type
of transplantation (see above definition) (AIII).

4. All remaining patients not included in the high-risk
category (standard risk) require a Candida-active PAP
(BI).

5. In the very late phase after allo-HSCT, patients at high
risk of IFD requiring a mold-active PAP are those with:
a. persistent or late-onset grade III or IV a-GVHD (AII),
b. persistent or late-onset steroid refractory/depen-

dent a-GVHD after any type of transplantation (AII),
c. persistent or late-onset grade II a-GVHD in patients

after transplantation from MMRD or UD (BIII),
d. extensive c-GVHD when preceded by a-GVHD (AII).
7. In the very late phase after allo-HSCT, patients at
standard risk for IFD requiring a Candida-active PAP
are those with limited c-GVHD who receive steroid-
free immunosuppression (in general, a calcineurin in-
hibitor) and those with de novo c-GVHD (BII).

8. In the very late phase after allo-HSCT, patients at low
risk for IFD not requiring any PAP are those free of any
type of GVHD and free of steroid therapy (AII).

PRIMARY ANTIFUNGAL PROPHYLAXIS
The 2009 GITMO Consensus Conference, in agreement

with the international guidelines, recommended, with high
level of evidence (AI), the use of fluconazole and pos-
aconazole as PAP in allo-HSCT patients, at least during the
first 75 days after transplantation and in patients with GVHD,
respectively [1]. These recommendations were based on the
results of large prospective multicenter trials that demon-
strated a decrease in the rate of Candida infection and the
overall survival benefit at long-term follow-up associated
with the use of fluconazole as compared with placebo and
the significant reduction of the incidence of IFDs, invasive
aspergillosis, in particular, in patients with GVHD who
received posaconazole as compared with those who received
fluconazole [40,41].

Since the GITMO Consensus Conference published in
2009, only few studies on PAP in the allo-HSCT population
have been published [42-51], and only 2 of them were pro-
spective, randomized, multicenter trials [43,46] (Table 3).

In the double-blind trial comparing voriconazole (305
patients) with fluconazole (295 patients), no difference of 6-
month fungal-free survival was observed, and in the vor-
iconazole arm there were no statistically significant
reductions in IFD and invasive aspergillosis. A post hoc
subanalysis showed an increased risk of IFD and a poorer
fungal-free survival in patients with acute myeloid leukemia.
Voriconazole significantly reduced IFDs (8.5% versus 21%, P¼
.04) and improved fungal-free-survival (78% versus 61%, P ¼
.04) in this population [43]. An open-label study compared
the efficacy and safety of voriconazole (234 patients) versus
itraconazole (255 patients) [46]. The success of prophylaxis
was significantly higher with voriconazole than with itra-
conazole (48.7% versus 33.2%, P < .01) as a result of a better
voriconazole tolerability, although there was no difference in
the either the incidence of IFD or survival.

Second-generation triazoles, voriconazole and pos-
aconazole, have some pharmacokinetic limitations related to
possible drug-drug interactions, erratic absorption, and un-
usual toxicities associated with long-term use. These limi-
tations should be considered, particularly in allo-HSCT
patients, who frequently suffer of gastrointestinal diseases
and receive several other treatments, such as immunosup-
pressants, anticonvulsants, and other antimicrobial agents,
which may interact with other drugs, with possible recip-
rocal modification in the pharmacokinetic and additive
toxicity [52]. Drug-drug interaction and metabolic variability
with the risk of either subtherapeutic levels or toxicity
related to high blood levels has been frequently reported for
voriconazole, whereas the reduced absorption of pos-
aconazole in patients with mucositis or GVHD of the
gastrointestinal tract may determine subtherapeutic con-
centrations with consequent suboptimal efficacy [53]. The
evidence in the pharmacokinetic profiles of both vor-
iconazole and posaconazole support the utility of monitoring
blood concentrations (therapeutic drug monitoring [TDM])
of the drugs to ensure optimal systemic exposure [53,54].



Table 3
Main Results of the Studies of Primary Antifungal Prophylaxis in allo-HSCT Patients Published Since 2009

Author, Year Type of Study, Drugs, No. of Patients Results

Martin, 2010 [42] Retrospective, single center. Voriconazole, from day -2
until immunosuppression, (n ¼ 72).

In the first 120 days after transplantation, only 2 patients
developed IFD. Only 14% of the patients required
interruption of prophylaxis because of toxicity.

Wingard, 2010 [43] Prospective, randomized, double-blind, multicenter.
Voriconazole (n ¼ 305) versus fluconazole (n ¼ 295) for
100 days, or for 180 days in higher-risk patients.

Despite trends to fewer IFDs (7.3% versus 11.2%, P ¼ .12),
Aspergillus infections (9 versus 17, P ¼ .09), and less
frequent empiric antifungal therapy (24.1% versus 30.2%,
P ¼ .11) with voriconazole, fungal-free survival rates
(75% versus 78%, P ¼ .49) at 180 days were similar with
fluconazole and voriconazole, respectively. Relapse-free
and overall survival and the incidence of severe adverse
events were also similar.

Morello, 2011 [44] Retrospective, single center. AmB deoxycholate inhalation
for a median duration of 16 days in addition to systemic
prophylaxis
(n ¼ 102).

In 16 patients in whom aero-d-AmB was delivered for
< 8 days, because of worsened clinical conditions or poor
compliance, proven or probable airway mold infections
were diagnosed in 3 cases, whereas in 84 patients
receiving aero-d-AmB for > 8 days, 1 possible and 1
probable aspergillosis were diagnosed. At multivariate
analysis, prolonged aero-d-AmB administration retained
an independent protective effect on airways IFDs
(P ¼ .026)

Winston, 2011 [45] Retrospective, single center.
Posaconazole, day 1 to 100, or more, from transplantation
(n ¼ 106)

Breakthrough IFD on posaconazole occurred in 8 patients
(7.5%) within 6 months after SCT; 3 additional patients
developed IFD after discontinuation of prophylactic
posaconazole. Mortality from IFD occurred in 4 patients
(3.7%). Except for nausea in 9 patients, no clinical adverse
event or laboratory abnormality could be attributed to
posaconazole. Mean peak and trough plasma
posaconazole concentrations were relatively low
(400 ng/mL) in neutropenic patients with oral mucositis
and other factors possibly affecting optimal absorption of
posaconazole.

Marks 2011 [46] Prospective, randomized, open label, multicenter.
Voriconazole (n ¼ 234) versus itraconazole (n ¼ 255) for
100 days, or for 180 days in higher-risk patients.

Success of prophylaxis was significantly higher with
voriconazole than itraconazole (48.7% versus 33.2%,
P < .01). More voriconazole patients tolerated
prophylaxis for 100 days (53.6% versus 39.0%, P < .01).
There was no difference in incidence of proven/probable
IFD (1.3% versus 2.1%) or survival to day 180 (81.9% versus
80.9%) for voriconazole and itraconazole, respectively.

Nihtinen, 2012 [47] Retrospective, single center in patients with acute GVHD.
AmB deoxycholate inhalation for a median duration of
84 days (n¼ 354) versus historical control (n ¼ 257). No
systemic prophylaxis.

Invasive aspergillosis was documented in 2.5% of patients
versus 6.6% of controls. The median time to the diagnosis
of invasive aspergillosis was155 days and 95 days from
transplantation, respectively (P ¼ .2). No discontinuation
of prophylaxis because of side effects was recorded.

Molina, 2012 [48] Prospective pilot study, single center, in children.
Voriconazole (n ¼ 56)

66.1% of patients successfully completed treatment (85.7%
during neutropenic period) without empirical or
preemptive antifungal therapy, adverse effects, or IFD.
One (1.8%) probable IFD. A total of 10 (17.8%) children
developed adverse effects related to voriconazole
prophylaxis, leading to definitive withdrawal.

Doring, 2012 [49] Retrospective, single center in children.
L-amB (n ¼ 60) versus caspofungin (n ¼ 60) from
day 0 until hospitalization.

No proven breakthrough fungal infection occurred in either
group during the median treatment period of 23 days in
the L-AmB group and 24 days in the caspofungin group.
One patient receiving caspofungin developed probable
invasive aspergillosis. Patients treated with L-AmB had
more drug-related side effects and an increased need for
oral supplementation with potassium, sodium
bicarbonate, and calcium upon discharge as compared
with the caspofungin group. Caspofungin was well
tolerated and safe.

Doring, 2012 [50] Retrospective, single center in patients under 12 years of
age. L-amB or caspofungin during hospitalization,
posaconazole at discharge until day 100, or more, from
transplantation (n¼ 60).

No proven or probable IFD was documented during
treatment with posaconazole as antifungal prophylaxis.
No severe side effects.

El-Cheikh, 2013 [51] Retrospective, single center, haploidentical transplantation.
Micafungin, from conditioning until hospital discharge
(n ¼26).

No IFD at 6 months from transplantation. No patient
discontinued the treatment for drug-related adverse
events.

Allo-HSCT indicates allogeneic hematopoietic stem cell transplantation; IFD, invasive fungal disease; aero-d-AmB, amphotericin B deoxycholate inhalation;
GVHD, graft-versus-host disease; L-amB, liposomal amphotericin B.
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Recommendations

1. Fluconazole (400 mg/day in adults and 8 to 12 mg/kg/
day in children, administered intravenously or orally)
is the drug of choice for a Candida-active PAP in any
phase after transplantation in patients at standard risk
for IFDs (AI). It should be continued at least until day
75 from transplantation or until immunosuppressive



Table 4
Recommendations for Primary Antifungal Prophylaxis in Allogeneic Hematopoietic Stem Cell Transplantation Patients

Level of Risk for IFD Criteria for the Definition of the Level of Risk PAP Recommended

Early Phase after Transplantation (Day 0-40) Late Phase after Transplantation (Day 41-100) Very Late Phase after Transplantation (Day >

100)

High risk � Active acute leukemia at the time of trans-
plantation (AII),

� CB transplantation (AII),
� Grade III-IV a-GVHD after any type of

transplantation (AII),
� Transplantation from MMRD or UD and 1 or

more of the following additional risk factors:
grade II a-GVHD, steroid dose � 2 mg/kg/day
for at least 1 week, CMV disease, recurrent
CMV infection, prolonged neutropenia (PMN
< 500/mL for more than 3 weeks), iron over-
load (BIII),

� Steroid refractory/dependent a-GVHD after
any type of transplantation (AIII).

� Acute grade III-IV GVHD after any type of
transplantation (AII),

� Transplantation from MMRD or UD and 1 or
more of the following additional risk factors:
grade II a-GVHD, steroid dose � 2 mg/kg/day
for at least 1 week, CMV disease, recurrent
CMV infection, recurrent neutropenia (PMN
< 500/mL for more that 1 week) (BIII),

� Steroid refractory/dependent a-GVHD after
any type of transplantation (AIII).

� Persistent or late-onset grade III-IV a-GVHD
(AII),

� Persistent or late-onset steroid refractory/
dependent a-GVHD after any type of
transplantation (AII),

� Persistent or late-onset grade II a-GVHD after
transplantation from MMRD or UD (BIII),

� Extensive c-GVHD when preceded by an a-
GVHD (AII).

Mold-active PAP is recommended.
� Posaconazole in GVHD (AI) (TDM advised for

oral solution)
� Voriconazole (BI) (TDM advised)
� Liposomal Amphotericin B (CIII)
� Caspofungin (CIII)
� Micafungin (CIII)
� Aerosolized amphotericin B plus fluconazole

(CIII)

Standard risk All remaining patients not included in the high-
risk category (AI).

All remaining patients not included in the high-
risk category (BII).

Limited c-GVHD in patients who receive only a
nonsteroid immunosuppression and “de
novo” c-GVHD (BIII).

Candida active PAP is recommended.
Fluconazole (AI)
Voriconazole (BI)
Itraconazole(BI) Micafungin (BI)

Low risk No patient may be considered at low risk for IFD
during this phase.

No patient may be considered at low risk for IFD
during this phase.

Absence of any type of GVHD and no steroid
therapy (AII).

No PAP is recommended

PAP indicates primary antifungal prophylaxis; CB, cord blood; MMRD, mismatched related donor; UD, unrelated donor; a-GVHD, acute graft-versus-host disease; c-GVHD, chronic graft-versus-host disease; CMV, cytomeg-
alovirus; TDM, therapeutic drug monitoring; IFD, invasive fungal disease; PMN, polymorphonuclear neutrophil.
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therapy is discontinued (BIII). Fluconazole should be
replaced with a mold-active drug if high-risk condi-
tions for IFD occur. Itraconazole, micafungin, and vor-
iconazole proved to be as effective as fluconazole in the
prophylaxis of Candida infections during the engraft-
ment phase in large controlled trials [43,55,56];
furthermore, micafungin is active on triazole-resistant
Candida strains and lacks clinically relevant drug-drug
interaction. Although these drugs may be considered
an alternative to PAP during the early phase after
transplantation in standard-risk patients, fluconazole
should be preferred, considering the advantages in
cost (compared with micafungin and voriconazole)
and tolerability (compared with itraconazole and
voriconazole). In view of these considerations, the
EP agreed on a moderate recommendation for the
use of these drugs for the prevention of Candida in-
fections (BI).

2. A mold-active PAP should be used in high-risk patients
in any phase after transplantation. The evidence of ef-
ficacy, different pharmacokinetic, drug-drug interac-
tion, and toxicity profile of the various antifungal drugs
should be considered in the choice of PAP in each single
patient [52]. Posaconazole oral solution (600mg/day in
adults or 12 mg/kg/day in children) is the drug of
choice for patients with GVHD at high risk for IFD (AI).
This formulation of posaconazole has the potential
limitation of erratic absorption, especially in patients
with intestinal GVHD and/or diarrhea. Therefore, TDM
is recommended in such conditions. The upcoming
availability of posaconazole tablets with an improved
absorption and no need for TDM will probably extend
the use of this triazole in PAP [57]. In consideration of
the results of the above-mentioned controlled studies,
in which voriconazole showed some advantages
compared with fluconazole and itraconazole, there is
moderate evidence for the use of voriconazole as PAP in
high-risk allo-HSCT recipients as an alternative to
posaconazole, particularly in the early phase after
transplantation (BI). Voriconazole may be preferred to
posaconazole in patients with impaired absorption (ie,
in patients with GVHD involving the gastrointestinal
tract), a condition potentially limiting the use of pos-
aconazole. It should be also considered that inter- and
intrapatient metabolic variability is a major concern in
voriconazole treatment and TDM is recommended,
especially in the pediatric population [58]. The few
retrospective experiences on the use of aerosolized
amphotericin B in association with fluconazole, of
liposomal amphotericin B, and of the echinocandins
caspofungin and micafungin do not allow any recom-
mendation for the use of these drugs as PAP in high-
risk patients (CIII). Mold-active PAP should be
continued until discontinuation of steroid and any
other immunosuppressive therapy (BIII).

CONCLUSIONS
Most of trials of PAP in allo-HSCT have been performed in

populations with risk of developing IFD and results obtained
in these studies may be difficult to apply in the different
types and phases of transplantation. As a consequence, most
clinical decisions continue to derive frompersonal experience
and subjective considerations [5,59,60]. The definition of the
level of risk for IFD associated with the various types and
phases of transplantation is the critical determinant of any
prevention strategy and represents thefirst step of a decision-
making PAP algorithm (Table 4). Considering the difficulty in
performing adequate interventional trials in subpopulations
of allo-HSCT patients, most of the information for planning
tailored prevention strategies in clinical practice must be
drawn from large epidemiological, possibly prospective
studies and the recent GITMO survey provides a useful esti-
mate of the current levels of infectious risk for IFDs in the
various transplantation subpopulations [2]. In the present
report, experts in the field judged whether the body of evi-
dence from this GITMO study and recent literature was suf-
ficient to provide information for the definition of new
recommendations for PAP in allo-HSCT recipients. The ques-
tions raisedbyand the conclusionsdrawn fromthis consensus
conference projectmay form the basis for improving efforts in
the prevention of IFDs in the allo-HSCT populations.

Current evidence from the literature is not able to give
comprehensive information on all clinical issues of the allo-
HSCT procedure; consequently, the present recommenda-
tions may be insufficient to meet many clinical needs. A
continuous epidemiological update is needed to implement
the guidelines to be applied in the clinical practice.

ACKNOWLEDGMENTS
Financial disclosure: Funding of the project was provided

by GITMO and from an at-arm’s-length contribution from
MSD Italy. The GITMO administered all aspects of the
meetings. The funding sources had no role in identifying
statements, abstracting data, synthesizing results, grading
evidence, or preparing the manuscript or in the decision to
submit the manuscript for publication.

Contribution statement: All authors provided substantial
contributions to conception and design, acquisition of evi-
dence, and analysis and interpretation of data, in particular
during panel meetings. All authors also participated in
drafting the article and revising it critically, and gave final
approval of the version to be published. C.G., G.Barosi, F.C., and
A.Rambaldi were responsible for manuscript preparation. All
the authors critically revised the final version of the paper.

Conflict of interest statement: C.G. received honoraria from
Gilead Sciences, Astellas Pharma, Merck, and Pfizer Phar-
maceuticals. He has been a speaker for Gilead Sciences,
Merck, and Pfizer Pharmaceuticals. G.Barosi received hono-
raria from Gilead Sciences and Merck. A.Piciocchi has
received honoraria fromMerck. W.A. received honoraria and
grant support from Gilead Sciences, Merck and Pfizer Phar-
maceuticals. He has been a speaker for Gilead Sciences and
Pfizer Pharmaceuticals. F.A. received honoraria from Gilead
Sciences, Merck, and Pfizer Pharmaceuticals. He has been a
speaker for Gilead Sciences, Merck, and Pfizer Pharmaceu-
ticals. He received grant support from Gilead Sciences and
Merck. A.Bacigalupo received honoraria from Gilead Sci-
ences, Astellas Pharma, Merck, and Pfizer Pharmaceuticals.
He has been a speaker for Gilead Sciences and Merck.
G.Bandini received honoraria from Merck. A.Bosi has been a
speaker for Merck, and Pfizer Pharmaceuticals. A.Busca
received honoraria from Gilead Sciences, Merck, Cephalon
and Pfizer Pharmaceuticals. He has been a speaker for Gilead
Sciences, Cephalon, Merck, and Pfizer Pharmaceuticals, and
he received grant support from Pfizer Pharmaceuticals. E.C.
received honoraria from Gilead Sciences and Merck. D.C. has
been a speaker for Gilead Sciences and Merck. S.C. received
honoraria from Gilead Sciences and Merck. F.C. received
honoraria from Merck. A.L. received honoraria from Merck.
F.L. received honoraria from Merck. M.M. received honoraria



C. Girmenia et al. / Biol Blood Marrow Transplant 20 (2014) 1080e1088 1087
from Pfizer Pharmaceuticals, Merck and Gilead Sciences. L.P.
received honoraria from Gilead Sciences, Astellas Pharma,
Merck, and Pfizer Pharmaceuticals, and has been speaker for
Gilead Sciences, Merck, Pfizer Pharmaceuticals, Astellas
Pharma. A.Prete received honoraria fromGilead Sciences and
Merck, and has been a speaker for Gilead Sciences. A.M.R.
received honoraria from Gilead Sciences, Merck and Pfizer
Pharmaceuticals. A.R. received honoraria from Gilead Sci-
ences, Merck and Pfizer Pharmaceuticals.
REFERENCES
1. Girmenia C, Barosi G, Aversa F, et al. Prophylaxis and treatment of

invasive fungal diseases in allogeneic stem cell transplantation: results
of a consensus process by Gruppo Italiano Trapianto di Midollo Osseo
(GITMO). Clin Infect Dis. 2009;49:1226-1236.

2. Girmenia C, Raiola AM, Piciocchi A, et al. Incidence and outcome of
invasive fungal diseases after allogeneic stem cell transplantation: a
prospective study of the Gruppo Italiano Trapianto di Midollo Osseo.
Biol Blood Marrow Transplant. 2014;20:872-880.

3. William PL, Webb C. The Delphi technique: a methodological discus-
sion. J Adv Nurs. 1994;19:180-186.

4. Delbecq AL, van de Ven AH, Gustafson DH. Group techniques for pro-
gram planning: a guide to nominal group and Delphi processes. Glenview,
IL: Scott, Foresman and Co; 1975.

5. Freifeld AG, Bow EJ, Sepkowitz KA, et al. Clinical practice guideline for
the use of antimicrobial agents in neutropenic patients with cancer:
2010 update by the Infectious Diseases Society of America. Clin Infect
Dis. 2011;52:e56-e93.

6. FukudaT,BoeckhM,CarterRA, et al.Risksandoutcomesof invasive fungal
infections in recipients of allogeneic hematopoietic stem cell transplants
after nonmyeloablative conditioning. Blood. 2003;102:827-833.

7. Marr KA, Carter RA, Crippa F, et al. Epidemiology and outcome of mould
infections in hematopoietic stem cell transplant recipients. Clin Infect
Dis. 2002;34:909-917.

8. Marr KA, Carter RA, Boeckh M, et al. Invasive aspergillosis in allogeneic
stem cell transplant recipients: changes in epidemiology and risk fac-
tors. Blood. 2002;100:4358-4366.

9. Upton A, Kirby KA, Carpenter P, et al. Invasive aspergillosis following
hematopoietic cell transplantation: outcomes and prognostic factors
associated with mortality. Clin Infect Dis. 2007;44:531-540.

10. Garcia-Vidal C, Upton A, Kirby KA, Marr A. Epidemiology of invasive
mold infections in allogeneic stem cell transplant recipients: biological
risk factors for infection according to time after transplantation. Clin
Infect Dis. 2008;47:1041-1050.

11. Barker JN, Hough RE, van Burik JA, et al. Serious infections after un-
related donor transplantation in 136 children: impact of stem cell
source. Biol Blood Marrow Transplant. 2005;11:362-370.

12. Mikulska M, Raiola AM, Bruno B, et al. Risk factors for invasive asper-
gillosis and related mortality in recipients of allogeneic SCT from
alternative donors: an analysis of 306 patients. Bone Marrow Trans-
plant. 2009;44:361-367.

13. Pagano L, Caira M, Nosari A, et al. Fungal infections in recipients of
hematopoietic stem cell transplants: results of the SEIFEM B-2004
study-Sorveglianza Epidemiologica Infezioni Fungine Nelle Emopatie
Maligne. Clin Infect Dis. 2007;45:1161-1170.

14. Kontoyiannis DP, Marr KA, Park BJ, et al. Prospective surveillance for
invasive fungal infections in hematopoietic stem cell transplant re-
cipients, 2001-2006: overview of the Transplant-Associated Infection
Surveillance Network (TRANSNET) Database. Clin Infect Dis. 2010;50:
1091-1100.

15. Neofytos D, Horn D, Anaissie E, et al. Epidemiology and outcome of
invasive fungal infection in adult hematopoietic stem cell transplant
recipients: analysis of Multicenter Prospective Antifungal Therapy
(PATH) Alliance registry. Clin Infect Dis. 2009;48:265-273.

16. Martino R, Parody R, Fukuda T, et al. Impact of the intensity of the
pretransplantation conditioning regimen in patients with prior inva-
sive aspergillosis undergoing allogeneic hematopoietic stem cell
transplantation: a retrospective survey of the Infectious Diseases
Working Party of the European Group for Blood and Marrow Trans-
plantation. Blood. 2006;108:2928-2936.

17. Saavedra S, Sanz GF, Jarque I, et al. Early infections in adult patients
undergoing unrelated donor cord blood transplantation. Bone Marrow
Transplant. 2002;30:937-943.

18. Parody R, Martino R, Rovira M, et al. Severe infections after unrelated
donor allogeneic hematopoietic stem cell transplantation in adults:
comparison of cord blood transplantation with peripheral blood and
bone marrow transplantation. Biol Blood Marrow Transplant. 2006;12:
734-748.

19. Safdar A, Rodriguez GH, De Lima MJ, et al. Infections in 100 cord blood
transplantations: spectrum of early and late post transplant infections
in adult and pediatric patients 1996-2005. Medicine (Baltimore). 2007;
86:324-333.

20. Miyakoshi S, Kusumi E, Matsumura T, et al. Invasive fungal infection
following reduced-intensity cord blood transplantation for adult pa-
tients with hematologic diseases. Biol Blood Marrow Transplant. 2007;
13:771-777.

21. Cahu X, Rialland F, Touzeau C, et al. Infectious complications after
unrelated umbilical cord blood transplantation in adult patients with
hematologic malignancies. Biol Blood Marrow Transplant. 2009;15:
1531-1537.

22. Sauter C, Abboud M, Jia X, et al. Serious infection risk and immune
recovery after double-unit cord blood transplantation without antith-
ymocyte globulin. Biol Blood Marrow Transplant. 2011;17:1460-1471.

23. Ruggeri A, Peffault de Latour R, et al. Outcomes, infections, and im-
mune reconstitution after double cord blood transplantation in pa-
tients with high-risk hematological diseases. Transpl Infect Dis. 2011;
13:456-465.

24. Craddock C, Labopin M, Pillai S, et al. Factors predicting outcome after
unrelated donor stem cell transplantation in primary refractory acute
myeloid leukaemia. Leukemia. 2011;25:808-813.

25. Duval M, Klein JP, He W, et al. Hematopoietic stem-cell transplantation
for acute leukemia in relapse or primary induction failure. J Clin Oncol.
2010;28:3730-3738.

26. Todisco E, Ciceri F, Oldani E, et al. The CIBMTR score predicts survival of
AML patients undergoing allogeneic transplantation with active dis-
ease after amyeloablative or reduced intensity conditioning: a retro-
spective analysis of the Gruppo Italiano Trapianto Di Midollo Osseo
(GITMO). Leukemia. 2013;27:2086-2091.

27. Shulman HM, Sullivan KM, Weiden PL, et al. Chronic graft-versus-host
syndrome in man. A long-term clinicopathologic study of 20 Seattle
patients. Am J Med. 1980;69:204-217.

28. Huang XJ, Liu DH, Liu KY, et al. Haploidentical hematopoietic stem cell
transplantation without in vitro T-cell depletion for the treatment of
hematologicalmalignancies.BoneMarrowTransplant. 2006;38:291-297.

29. Rizzieri DA, Koh LP, Long GD, et al. Partially matched, non-
myeloablative allogeneic transplantation: clinical outcomes and im-
mune reconstitution. J Clin Oncol. 2007;25:690-697.

30. Huang X, Liu D, Liu K, et al. Haploidentical hematopoietic stem cell
transplantation without in vitro T cell depletion for treatment of he-
matologic malignancies in children. Biol Blood Marrow Transplant.
2009;15(1 Suppl):91-94.

31. Dodero A, Carniti C, Raganato A, et al. Haploidentical stem cell trans-
plantation after a reduced-intensity conditioning regimen for the
treatment of advanced hematologic malignancies: posttransplantation
CD8-depleted donor lymphocyte infusions contribute to improve T-cell
recovery. Blood. 2009;113:4771-4779.

32. Federmann B, Bornhauser M, Meisner C, et al. Haploidentical allogeneic
hematopoietic cell transplantation in adults using CD3/CD19 depletion
and reduced intensity conditioning: a phase II study. Haematologica.
2012;97:1523-1531.

33. Sun Y, Xu L, Liu D, et al. Incidence of invasive fungal disease after
unmanipulated haploidentical stem cell transplantation was signifi-
cantly higher than that after HLA-matched sibling transplantation. Clin
Microbiol Infect. 2012;19:1029-1034.

34. Raiola AM, Dominietto A, Ghiso A, et al. Unmanipulated haploidentical
bone marrow transplantation and posttransplantation cyclophospha-
mide for hematologic malignancies after myeloablative conditioning.
Biol Blood Marrow Transplant. 2013;19:117-122.

35. Di Bartolomeo P, Santarone S, De Angelis G, et al. Haploidentical, un-
manipulated, G-CSF-primed bone marrow transplantation for patients
with high-risk hematologic malignancies. Blood. 2013;121:849-857.

36. Sucak GT, Yegin ZA, Ozkurt ZN, et al. Iron overload: predictor of
adverse outcome in hematopoietic stem cell transplantation. Trans-
plant Proc. 2010;42:1841-1848.

37. Ozyilmaz E, Aydogdu M, Sucak G, et al. Risk factors for fungal pulmo-
nary infections in hematopoietic stem cell transplantation recipients:
the role of iron overload. Bone Marrow Transplant. 2010;45:1528-1533.

38. Sivgin S, Baldane S, Kaynar L, et al. Pretransplant iron overload may be
associated with increased risk of invasive fungal pneumonia (IFP) in
patients that underwent allogeneic hematopoietic stem cell trans-
plantation (alloHSCT). Transfus Apher Sci. 2013;48:103-108.

39. Ruutu T, Gratwohl A, de Witte T, et al. Prophylaxis and treatment of
GVHD: EBMT-ELN working group recommendations for a standardized
practice. Bone Marrow Transplant. 2014;49:168-173.

40. Marr K, Seidel K, Slavin M, et al. Prolonged fluconazole prophylaxis is
associated with persistent protection against candidiasis-related death
in allogeneic marrow transplant recipients: long-term follow-up of a
randomized, placebo-controlled trial. Blood. 2000;96:2055-2061.

41. Ullmann AJ, Lipton JH, Vesole DH, et al. Posaconazole or fluconazole for
prophylaxis in severe graft-versus-host disease. N Engl J Med. 2007;
356:335-347.

42. Martin T, SharmaM, Damon L, et al. Voriconazole is safe and effective as
prophylaxis for early and late fungal infections following allogeneic he-
matopoietic stem cell transplantation. Transpl Infect Dis. 2010;12:45-50.

http://refhub.elsevier.com/S1083-8791(14)00133-5/sref1
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref1
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref1
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref1
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref2a
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref2a
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref2a
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref2a
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref2
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref2
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref3
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref3
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref3
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref4
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref4
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref4
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref4
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref5
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref5
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref5
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref6
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref6
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref6
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref7
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref7
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref7
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref8
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref8
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref8
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref9
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref9
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref9
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref9
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref10
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref10
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref10
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref11
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref11
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref11
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref11
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref12
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref12
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref12
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref12
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref13
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref13
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref13
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref13
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref13
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref14
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref14
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref14
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref14
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref15
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref15
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref15
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref15
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref15
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref15
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref16
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref16
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref16
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref17
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref17
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref17
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref17
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref17
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref18
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref18
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref18
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref18
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref19
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref19
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref19
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref19
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref20
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref20
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref20
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref20
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref21
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref21
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref21
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref22
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref22
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref22
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref22
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref23
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref23
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref23
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref24
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref24
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref24
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref25
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref25
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref25
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref25
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref25
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref26
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref26
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref26
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref27
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref27
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref27
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref28
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref28
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref28
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref29
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref29
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref29
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref29
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref30
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref30
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref30
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref30
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref30
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref31
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref31
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref31
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref31
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref32
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref32
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref32
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref32
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref33
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref33
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref33
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref33
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref34
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref34
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref34
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref35
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref35
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref35
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref36
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref36
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref36
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref37
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref37
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref37
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref37
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref38
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref38
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref38
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref39
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref39
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref39
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref39
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref40
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref40
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref40
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref41
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref41
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref41


C. Girmenia et al. / Biol Blood Marrow Transplant 20 (2014) 1080e10881088
43. Wingard JR, Carter SL, Walsh TJ, et al. Randomized, double-blind trial of
fluconazole versus voriconazole for prevention of invasive fungal
infection after allogeneic hematopoietic cell transplantation. Blood.
2010;116:5111-5118.

44. Morello E, Pagani L, Coser P, et al. Addition of aerosolized deoxycholate
amphotericin B to sistemi prophylaxis to prevent airways invasive
fungal infections in allogeneic hematopoietic SCT: a single-center
retrospective study. Bone Marrow Transplant. 2011;46:132-136.

45. Winston DJ, Bartoni K, Territo MC, Schiller GJ. Efficacy, safety, and
breakthrough infections associated with standard long-term pos-
aconazole antifungal prophylaxis in allogeneic stem cell trans-
plantation recipients. Biol Blood Marrow Transplant. 2011;17:507-515.

46. Marks DI, Pagliuca A, Kibbler CC, et al. Voriconazole versus itraconazole
for antifungal prophylaxis following allogeneic haematopoietic stem-
cell transplantation. Br J Haematol. 2011;155:318-327.

47. Nihtinen A, Anttila VJ, Ruutu T, et al. Low incidence of invasive asper-
gillosis in allogeneic stem cell transplant recipients receiving ampho-
tericin B inhalation prophylaxis. Transpl Infect Dis. 2012;14:24-32.

48. Molina JR, Serrano J, Sánchez-García J, et al. Voriconazole as primary
antifungal prophylaxis in children undergoing allo-SCT. Bone Marrow
Transplant. 2012;47:562-567.

49. Döring M, Hartmann U, Erbacher A, et al. Caspofungin as antifungal
prophylaxis in pediatric patients undergoing allogeneic hematopoietic
stem cell transplantation: a retrospective analysis. BMC Infect Dis.
2012;12:151.

50. Döring M, Müller C, Johann PD, et al. Analysis of posaconazole as oral
antifungal prophylaxis in pediatric patients under 12 years of age
following allogeneic stem cell transplantation. BMC Infect Dis. 2012;12:
263.

51. El-Cheikh J, Venton G, Crocchiolo R, et al. Efficacy and safety of mica-
fungin for prophylaxis of invasive fungal infections in patients un-
dergoing haplo-identical hematopoietic SCT. Bone Marrow Transplant.
2013;48:1472-1477.
52. Girmenia C, Iori AP. Safety and interactions of new antifungals in
stem cell transplant recipients. Expert Opin Drug Saf. 2012;11:
803-818.

53. Dolton MJ, Ray JE, Chen SC, et al. Multicenter study of posaconazole
therapeutic drug monitoring: exposure-response relationship and
factors affecting concentration. Antimicrob Agents Chemother. 2012;56:
5503-5510.

54. Hussaini T, Ruping MJ, Farowski F, et al. Therapeutic drung moni-
toring of voriconazole and posaconazole. Pharmacotherapy. 2011;31:
214-225.

55. Marr KA, Crippa F, Leisenring W, et al. Itraconazole versus fluconazole
for prevention of fungalinfections in patients receiving allogeneic stem
cell transplants. Blood. 2004;103:1527-1533.

56. van Burik JA, Ratanatharathorn V, Stepan DE, et al. Micafungin versus
fluconazole for prophylaxis against invasive fungal infections during
neutropenia in patients undergoing hematopoietic stem cell trans-
plantation. Clin Infect Dis. 2004;39:1407-1416.

57. Krishna G, Ma L, Martinho M, O’Mara E. Single-dose phase I study to
evaluate the pharmacokinetics of posaconazole in new tablet and
capsule formulations relative to oral suspension. Antimicrob Agents
Chemother. 2012;56:4196-4201.

58. Bartelink IH, Wolfs T, Jonker M, et al. Highly variable plasma con-
centrations of voriconazole in pediatric hematopoietic stem cell
transplantation patients. Antimicrob Agents Chemother. 2013;57:
235-240.

59. Walsh TJ, Anaissie EJ, Denning DW, et al. Treatment of aspergillosis:
clinical practice guidelines of the Infectious Diseases Society of
America. Clin Infect Dis. 2008;46:327-360.

60. Maertens J, Marchetti O, Herbrecht R, et al. Third European Conference
on Infections in Leukemia. European guidelines for antifungal man-
agement in leukemia and hematopoietic stem cell transplant re-
cipients: summary of the ECIL 3e2009 update. Bone Marrow Transplant.
2011;46:709-718.

http://refhub.elsevier.com/S1083-8791(14)00133-5/sref42
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref42
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref42
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref42
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref43
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref43
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref43
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref43
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref44
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref44
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref44
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref44
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref45
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref45
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref45
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref46
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref46
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref46
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref47
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref47
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref47
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref48
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref48
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref48
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref48
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref49
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref49
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref49
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref49
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref50
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref50
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref50
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref50
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref51
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref51
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref51
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref52
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref52
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref52
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref52
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref53
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref53
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref53
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref54
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref54
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref54
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref55
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref55
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref55
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref55
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref56
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref56
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref56
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref56
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref57
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref57
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref57
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref57
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref58
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref58
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref58
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref59
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref59
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref59
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref59
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref59
http://refhub.elsevier.com/S1083-8791(14)00133-5/sref59

	Primary Prophylaxis of Invasive Fungal Diseases in Allogeneic Stem Cell Transplantation: Revised Recommendations from a Con ...
	Introduction
	Design and Methods
	Results
	Definition of Risk for Invasive Fungal Disease
	Recommendations

	Primary Antifungal Prophylaxis
	Recommendations

	Conclusions
	Acknowledgments
	References


