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Abstract
Purpose of Review Prior invasive fungal infection (IFI) in children with malignancies was considered a contraindication for
hematopoietic stem cell transplant (HSCT). This review summarizes the current evidence in safety of allogeneic HSCTwith prior
IFI in children.
Recent Findings In adult population, some studies have shown that pre-transplant IFI should not be considered a contraindication
to allogeneic HSCT, but, in the pediatric population, there is limited information about safety of HSCT in children with prior IFI.
Summary Epidemiological studies in adults with prior IFI show that allogeneic HSCT is safe. There is no sub-analysis in children
within these databases. Studies evaluating risk factors for developing IFI in children with allogeneic HSCT have not found that
prior IFI is associated with the reactivation of the fungal infection. A proper control of IFI, the correct choice of conditioning
regimen, and secondary prophylaxis make allogeneic HSCT feasible in children with prior IFI. There is an urgency of studies in
children evaluating other outcomes to establish HSCT safety in children with prior IFI.
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Introduction

Due to the increase in immunosuppressed patients (primary
immunodeficiencies, cancer, autoimmune diseases) and the
elevation in survival rates for critically ill children, invasive
fungal infections (IFI) have increased in recent years [1].

Hematopoietic stem cell transplant (HSCT) is the definitive
treatment for patients with primary immunodeficiencies, as
well as for some solid and hematological malignancies that
do not have adequate response to chemotherapy [2]. Prior to

transplantation, conditioning regimens must deplete all the
cells of the immune system, leaving the subject at a great risk
of opportunistic infections, including viral, bacterial, and fun-
gal infections. On the other hand, it is known that patients who
receive an HSCT and had a latent infection can be reactivated.
Themost frequent example is CMV, where different strategies
have been developed to prevent and diagnose a reactivation to
start early prophylaxis or treatment [3].

For years, invasive fungal infections were considered a con-
traindication to HSCT given the fact that they could be
reactivated by the immunosuppression caused by HSCT. At
the present time, with advances in conditioning regimens, IFI
treatment, and primary and secondary prophylaxis, outcomes
of prior IFI in HSCT have changed. We aimed to review treat-
ment options and outcomes of HSCT in childrenwith prior IFI.

Invasive Fungal Infection in Children

Invasive fungal infections are a major cause of morbidity and
mortality in immunocompromised and critically ill patients,
including bone marrow and solid organ transplant recipients,
patients with cancer, AIDS, premature infants, elderly, and
patients undergoing major surgery [1].
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Candida spp. and Aspergillus spp. are the two main IFI
agents. In the USA, the annual incidence of invasive candidi-
asis and invasive aspergillosis is 72–228 and 12–34
infections/million people, respectively [4], Candida spp. be-
ing the third cause of hospital acquired bloodstream infections
[5]. Candida albicans is the most common species both in the
pediatric population and in neonates; however, among
Candida non-albicans species, Candida parapsilosis is the
most frequently reported (22% in pediatrics and 28% in neo-
nates) [5]. In France, the incidence and mortality of IFI in-
creased by 1.5% and 2.9% per year (p <0.001) over a period of
10 years from 2001 to 2010 [6]. In contrast, in the USA, it is
reported that, in the pediatric population, the incidence of
invasive candidiasis decreased by 72%, probably secondary
to improvements in the prevention of in-hospital infections
and the timely initiation of antifungal prophylaxis in the pop-
ulation at risk [7].

The EUROCANDY study group described the epidemiol-
ogy of candidemia in newborns, children, and adolescents
across Europe in a retrospective study from 2005 to 2015;
1395 episodes of candidemia were recorded in 23 centers in
10 countries in northern and southern Europe. A significant
difference was reported in the proportion of candidemia
caused by C. albicans vs. non-albicans, with a higher percent-
age of C. albicans infections in northern Europe (58.6% vs.
44%). Likewise, it was observed that the proportion of
C. parapsilosis infections was higher in southern Europe
(35.7% vs. 16.4%). These differences reveal a possible geo-
graphical difference in the niches of Candida sp. [8].

Filamentous fungal infections are most frequently caused by
Aspergillus sp., with an incidence of 2.6 to 6.9% (1). In an inter-
national prospective study in the pediatric population, it was found
that 75% of filamentous fungal infections were caused by
Aspergillus sp., 13% mucormycosis, and 17% by other fungi [9].

Regarding the cancer population, the incidence of IFI
varies from 3 to 14.4% depending on the chemotherapy reg-
imens, the antifungal prophylaxis used, and the supportive
care that can vary between centers, even in the same country
[10]. After 1990, when fluconazole prophylaxis started, inva-
sive candidiasis decreased in > 70% of chemotherapy cycles
[11, 12]. This decrease was observed by Simms-Waldrip in a
retrospective cohort study in pediatric hematopoietic stem cell
transplant patients, finding 66% of invasive infections by
Candida during the period of 1991–1996, 48% during the
period of 1997–2001, and 37% during the period of 2002–
2006, when fluconazole prophylaxis became the standard of
care in their institution [13].

In the EUROCANDY study group findings, the population
belonging to hemato-oncology services, including bone mar-
row transplant units, was 16.9%. In this article, a higher fre-
quency of Candida non-albicans infections was reported in
patients admitted to hemato-oncological services (60.2%)
compared to other services [8].

In the hematopoietic stem cell transplant population, the
risk varies according to the type of transplant, being lower in
autologous transplant patients (1.2–8.7%), while in allogeneic
transplant patients, the incidence of IFI varies from 8 to 24%
[11, 12, 14].

It is important to emphasize that the risk does not only
appear during the period of aplasia, as it can occur in a longer
period derived from immunosuppression; 89.3% of IFIs ap-
pear in the first year after transplantation, most frequently due
to Candida sp. and Aspergillus sp. On average, Candida sp.
infections occur in the first days after transplantation, while
Aspergillus sp. infections occur after 30 days of transplant [13,
15–18].

The Turkish Pediatric BoneMarrow Transplantation Study
Group published the results of a multicenter retrospective
study in the pediatric population, estimating a cumulative in-
cidence of probable or proven IFI of 6.5% (95%CI 4.5–9.5%)
during the first 180 days after allogeneic transplantation, vary-
ing the frequency from 4.5% for the related donor to 10.7%
for the unrelated [11]. IFI was diagnosed on average on day
+39.5, with lung being the most affected site (46.1%). In Italy,
the estimated cumulative incidence of IFI in children with
allogeneic transplantation was 4.26% (95% CI 1.99–7.83%)
at day 30, 7.45 (95%CI 4.27–11.77) at day 60, 13.29 (95%CI
8.91–18.57) at 120, and 15.96 (95% CI 11.14–21.55) at day
270 [19].

Regarding causal agents, the Turkish group found that the
most frequent agents in the pediatric transplant population
were Aspergillus 53.8%, Candida 34.6%, Mucorales, and
Fusarium 11.6% [11], similar to the Italian group [19] and
to that described in adults [15, 20]. Risk factors for IFI in
children with HSCT are prolonged neutropenia, receiving
high doses of steroids, intense chemotherapy for children with
acute myeloid leukemia, and acute and chronic graft-versus-
host disease (GVHD) [21].

Outcome of IFI in Children
with Hematopoietic Stem Cell
Transplantation

The outcome that is generally measured in children with IFI is
death rate. Although IFI are rare infections, mortality can
reach up to 30% of cases, increasing up to 40% in cases of
filamentous fungal infections [11, 13–16]. Patients with allo-
geneic HSCT with IFI have a cumulative survival on day
+180 lower than those without IFI, 73.1% (95% CI 55.7–
90.5) vs. 81.6% (95% CI 77.6–85.6), log rank p = 0.343,
respectively [11].

In a study that included 28,542 European subjects with
diagnosis of acute leukemia and HSCT, authors reported mor-
tality without relapse to 5 years. Subjects with previous
candidemia have mortality of 22.5% (95% CI 17–28) vs.
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13.5% (95% CI 13–14) in those without candidemia
(p˂0.0001) [14].

In pediatric population with allogeneic HSCT, this phe-
nomenon is not like to adult population; survival rate is lower
in subject with IFI (26.9% [95% CI 14.3–50.7] vs. 15.5%
[95% CI 12.3–19.6%], p=0.163), but the difference did not
reach statistical significance [11]. The analysis of the pediatric
patients of the Italian group described as risk factors for mor-
tality, having acute lymphoblastic leukemia, disease not remit-
ted at the time of HSCT, non-myeloablative conditioning reg-
imen, and diagnosis of IFI after day +40 [19].

Changes in the Prophylaxis Regimen to Avoid
Invasive Fungal Infection

The risk of IFI is variable and has classically been described in
cancer patients, depending on the type of malignancy, type of
chemotherapy used, depth and duration of neutropenia, high-
dose steroid use, and mucosal damage [22]. In patients receiv-
ing HSCT, the risk is based on the type of conditioning regi-
men, the duration of neutropenia, the presence of GVHD, and
the medications used to control GVHD.

Attempts have beenmade to establish a risk factor model to
consider which patients may benefit from the use of antifungal
prophylaxis. Usually, an incidence of IFI of greater than 10%
is considered as high risk [22]. To establish an institutional
prophylaxis policy, local epidemiological data must be con-
sidered, and bear in mind that a patient who was not initially
considered as high risk can become high risk if, during the
post-HSCT follow-up, GVHD is develop and presents a poor
response to steroid treatment. An IFI risk classification of
HSCT receptors is propose in Table 1.

Prophylaxis Indications

Most groups recommend using antifungal prophylaxis when
the incidence of IFI is greater than 10% [22, 23]. Table 2 sum-
marizes the main indications for prophylaxis in HSCT recipi-
ents. It is important to consider what is the etiology that is

required to prevent; the main objective of prophylaxis could
be to avoid Candida spp. infections, which mainly occur in
the pre-engraftment period (during neutropenia period), gener-
ally associated to the presence of central catheters and mucosal
damage secondary to myeloablative conditioning therapy and
radiotherapy, or to prevent infections by Aspergillus spp. or
other filamentous fungi that appear when patients with HSCT
receive greater and more prolonged immunosuppression, gen-
erally secondary to treatment of GVHD. Additionally, local
epidemiological data on the prevalence of IFI and isolates iden-
tified must be considered before choosing prophylaxis, so that
the choice of antifungal is adequately supported.

Antifungal prophylaxis in allogeneic HSCT during the pe-
riod of neutropenia is routinely recommended; this can be
performed with various antifungals: fluconazole (IA),
itraconazole or voriconazole (BI), micafungin (CI), and lipo-
somal amphotericin B (C-III) [22]. In HSCT, fluconazole
demonstrated its efficacy against placebo in 2 trials carried
out more than 20 years ago [24, 25], establishing the indica-
tion of prophylaxis in HSCT and ushering in a new era in the
prevention of IFI. Due to the extensive experience in pediat-
rics regarding the safety of fluconazole, this drug continues to
be the most widely used for prophylaxis in allogeneic HSCT
in the pre-engraftment period.

Currently, due to fluconazole prophylaxis, the main
infection-causing fungus in pediatric patients with HSCT is
Aspergillus spp. [15, 20, 26], displacing Candida spp. to sec-
ond place. In addition, an increase in the incidence of other
filamentous fungi such as Mucorales, Fusarium spp., and
Scedosporium spp. has been reported [11].

After engraftment, the risk of aspergillosis is much higher;
this increase in filamentous fungi has arisen as a consequence
of the severe immunosuppression received by patients with
allogeneic HSCT who develop GVHD that require intensive
and prolonged immunosuppression treatment (e,g., predni-
sone at doses greater than 0.3mg/kg/day or the use of anti-
inflammatory antibodies) [19]. Under these conditions, anti-
fungal prophylaxis with coverage against filamentous fungi is
indicated. Suggested options are posaconazole in children >
13 years old (B-I), voriconazole in children > 2 years old (B-I),

Table 1 Invasive fungal infection
risk groups in pediatric
population

Risk stratification Risk of type fungus Population

High risk

(IFI incidence> 10%)

Filamentous> yeast HSCT allogeneic with:

Acute GVHD grades II to IV

Extensive chronic GVHD

Yeast > filamentous Allogeneic HSCT including
umbilical cord (pre-engraftment period)

Intermediate risk
(incidence 5–10%)

Yeast > filamentous Autologous HSCT (neutropenic phase)
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and itraconazole (C-II). Other options could include liposomal
amphotericin B and micafungin (no degree of evidence) [22].

In a double-blind clinical trial in patients with HSCT and
severe GVHD requiring high doses of steroids, the efficacy of
posaconazole against fluconazole in decreasing IFI was com-
pared. Posaconazole prophylaxis was associated with a lower
incidence of proven and probable IFI (OR 0.56, 95% CI 0.30–
1.07, p=0.07) and a significant reduction in proven and prob-
able aspergillosis (OR 0.31, 95% CI 0.13–0.75, p=0.006). A
lower incidence in the development of breakthrough invasive
fungal infections was also observed in this study (2.4% vs.
7.6%, p=0.004), notably invasive aspergillosis (1.0% vs.
5.9%, p=0.046) [27].

There is published experience on the prophylaxis of IFI in
HSCT with micafungin and caspofungin; both require intra-
venous administration, which limits their use in outpatients.

Micafungin is indicated for antifungal prophylaxis in HSCT
after a multicenter, randomized trial in which greater overall
efficacy of micafungin (80% vs. 73.5%, p = 0.03) was dem-
onstrated compared to fluconazole, to decrease the incidence
of IFI during the neutropenic phase (pre-engraftment period)
of HSCT [28]. Nevertheless, the representation of the pediat-
ric population in this study (<16 years of age) was small, just
9.5% (84) of the 882 randomized subjects.

In 2007, a meta-analysis of adult patients with cancer and
myelosuppressive chemotherapy and HSCT was reported to
compare the efficacy of antifungal prophylaxis (fluconazole,
itraconazole, posaconazole) with a control group (placebo or
without intervention, or with a non-systemic antifungal such
as clotrimazole). It was observed that in patients with alloge-
neic HSCT and antifungal prophylaxis, the incidence of doc-
umented IFI could be reduced (RR 0.33, 95% CI 0.18–0.63,

Table 2 Recommendation of antifungals used as prophylaxis in patients with HSCT

Indication Group Drug Duration

Allogeneic
HSCT

Pre-engraftment
period

No prior IFI To consider:
-Fluconazole 6 to 12mgkgday (maximum 400mg/day)

Start: at the beginning of the
conditioning

End:When remitting neutropenia

IFI history Consider secondary prophylaxis with an agent with
anti-mold activity

Start: at the beginning of the
conditioning

End: individualized

Post-engraftment
period

Without GVHD Do not consider prophylaxis

Acute GVHD grades
II to IV or steroid
dependent

Posaconazole
Age 13–17 years:
-Suspension: 200mg PO 3 times a day with food.

Administering with acidic carbonated drinks
improves its absorption

-Delay-release tablets: 300mg (3 tablets of 100mg) PO 2
times a day, with food for 1 day, then 300mg PO once
a day, with food

Voriconazole IV:
- 2 to 12 years old or age 12 to 14 years old with weight

<50kg, give 9mg/kg c/12hrs for 2 doses, then
4–8mg/kg c/12hrs

- Age 12 to 14 years with weight> 50kg or age> 15
years: 6mg/kg c/12hrs for 2 doses, then 4mg/kg c
/12hrs

Voriconazole PO:
- <12 years or age 12 to 14 years with weight <50kg,

give 9mg/kg (maximum 350mg) every 12 hours
- Age 12 to 14 years with weight> 50kg or age> 15

years: 400mg VI every 12 hours for 2 doses, then
200mg every 12 hours

In case of azole contraindication:
Liposomal Amphotericin B 1mg/kg IV every other day

or 2–5mg/kg IV twice a week

Onset:Upon diagnosis of severe or
extensive GVHD

End: Individualized, depending on
a significant decrease in
immunosuppression.

Extensive chronic
GVHD

Autologous
HSCT

Pre-engraftment
period

With ANC <500
expectation for>
10 days

With mucositis

To consider:
-Fluconazole 6 to 12mgkgday (maximum 400mg/day)
In case of fluconazole contraindication use

Echinocandins:
Micafungin 1mg/kg/day (in children> 50kg give 50mg)

IV every 24 hours

Start: at the beginning of the
conditioning

End:When remitting neutropenia
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p<0.05), as well as all-cause mortality (RR 0.62, 95% CI
0.45–0.85, p<0.05) and mortality related to fungal infection
(RR 0.52, 95% CI 0.27–0.99, p<0.05). In autologous HSCT
patients, patients who received low-dose amphotericin B (0.2
mg/kg once daily) had an estimated effect similar to that of
allogeneic HSCT, but because of few studies, it failed to ob-
serve statistical significance [29].

Subsequently, in 2012 another meta-analysis in HSCT and
hematological malignancies compared antifungal prophylaxis
with an agent with activity against filamentous fungi against
prophylaxis with fluconazole. It was observed that prophylax-
is with activity against filamentous fungi reduced the number
of proven and probable IFI (RR 0.71, 95% CI 0.52–0.98,
p=0.03), the risk of invasive aspergillosis (RR 0.53, 95% CI
0.37–0.75, p=0.0004), and the risk of mortality secondary to
IFI (RR 0.67, 95% CI 0.47–0.96, p=0.03), but not all-cause
mortality (RR 1.0, 95% CI 0.88–1.33, p=0.96). In this study,
no specific conclusions could be drawn in pediatric patients
since only 1 study included children [30].

When deciding to start prophylaxis with an azole, it must
be considered that this group of antifungals is metabolized by
the cytochrome P450 system (CYP450) and there is a poten-
tial interaction with other drugs metabolized by the same sys-
tem. The potential for interaction with other drugs is greater
with itraconazole and voriconazole than with posaconazole
and to a lesser extent with fluconazole.

If posaconazole prophylaxis is started, it should be kept in
mind that there are two presentations for oral administration:
suspension and delayed-release tablets. The suspension has
limited bioavailability, which has been improved with the
delayed-release tablets, including patients with HSCT> 13
years of age. Posaconazole tablets have a predictable absorp-
tion that improves blood levels [31]; this makes the weight
dose of posaconazole in the suspension presentation different
from the dose of the delayed-release tablets, and therefore,
they are not interchangeable.

Allogenic Hematopoietic Stem Cells
Transplantation and Invasive Fungal Infection

Allogeneic HSCT has very precise indications as curative
therapy in malignant diseases and has recently been used for
curative treatment of primary immunodeficiencies and meta-
bolic diseases [2].

One of the greatest challenges is patients who develop IFI
prior to transplantation due to the limited experience to man-
age this condition in pediatric patients. Various factors must
be considered, especially in the case of allogeneic HSCT with
prior IFI because they generally received immunosuppression
therapy to prevent or to treat graft versus host disease and it
potentially could increases the risk of reactivate a latent fungal
infection.

The conditioning regimen administrated before the hema-
topoietic cell infusion is an essential component of HSCT. It is
a protocol for applying chemotherapy and/or radiotherapy
(even monoclonal antibodies can also be applied), to achieve
three goals: (1) create a space in the bone marrow for the graft;
(2) create immunosuppression to prevent graft rejection; and
(3) eliminate residual tumor.

The conditioning regimens for hematopoietic cell trans-
p l a n t a t i o n a r e c l a s s i f i e d i n t o mye l o ab l a t i v e ,
nonmyeloablative, and reduced intensity [32].

Myeloablative conditioning (MAC): Medullary hemato-
poiesis is eradicated and induces deep pancytopenia 1 to 3
weeks after application [32].

Non-myeloablative conditioning (NMA): This regimen
seeks to reduce myelosuppressive toxicity, both in deep pan-
cytopenia and in its duration if it occurs [32].

Reduced intensity conditioning (RIC): Conditioning regi-
men that is not classified as MAC or NMA. RIC regimens
result in almost entirely reversible myelosuppression [32].

The drug combinations used in this type of conditioning are
summarized in Table 3 [32].

After a related, compatible allogeneic HSCT and without
any other factor that delays immune reconstitution, it is known
that it can take months or years after transplantation for the
recovery of B and T lymphocytes. It is important to remember
that both neutrophils and T cells are important for the control
of IFIs. The association between T lymphocytes and neutro-
phils is essential to avoid or to maintain control of IFIs after
transplantation. As the immune reconstitution is variable in
each patient, it is important to periodically evaluate the lym-
phocytes populations in order to consider what patient can be
candidate for antifungal prophylaxis [33].

Generally, the reconstitution of NK cells and T lympho-
cytes begins around day +28, the NKs reach their normality
around day +100, while may take about a year for T cells to
normalize. B cells begin their reconstitution towards day +100
and become normalized around day +180. The source of the
hematopoietic progenitor cells impacts the speed of the en-
graftment (umbilical cord cells take up to 1 month, whereas
those of bonemarrow take up to 21 days); however, it does not
appear to impact restoration of NK cells and T lymphocytes
[33].

Among IFI that may be perceived as contraindications for
allogeneic HSCT because of the potential high risk of recur-
rent IFI and transplant-related mortality (TRM), invasive as-
pergillosis (IA) can have an impact on the incidence and se-
verity of GVHD and on relapse rates of leukemia. A common
strategy to avoid this is to reduce pharmacological immuno-
suppression (e.g., with calcineurin inhibitors), in patients with
IA early after HSCT [34].

In a retrospective study of HSCT subjects with prior history
of IA, a lower overall survival (56% versus 77%; p = .0001)
and higher TRM (38% versus 21%; p = <.001) 100 days after
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HSCT was associated with prior IA. They also observed that
subjects with prior IA who received total body irradiation had
higher TRM compared with those subjects who received
nonmyeloablative and non-total body irradiation-based regi-
mens (p = 0.024). Finally, in subjects who received less than 1
month of antifungal therapy before HSCT, they observed a
major occurrence of post-HSCT invasive aspergillosis [34].

The potential risk of recurrence of an IFI may raise the
consideration that allogeneic HSCT is contraindicated. The
use of nonmyeloablative regimens (2 Gy of total body irradi-
ation alone) or reduce-intensity conditioning regimens
(fludarabine, busulfan, and antithymocyte globulin; melpha-
lan), surgical resection of lung lesions prior HSCT, aggressive
antifungal prophylaxis after transplantation, and prophylactic
use of granulocyte transfusions have been propose as strate-
gies to reduce the incidence of IA after HSCT [34].

Changes in Opinion About Allogeneic
Transplantation in Children with Previous IFI

Several years, it was considered that previous IFI contraindi-
cated a HSCT; however, given the advances in IFI treatment
and prophylaxis in the last 15 years, the impact of a prior IFI
on HSCT began to be evaluated. The first study was carried
out by Vaidya et al. [35] who carried out an evaluation of the
impact of IFI by microorganisms other than Candida spp. in
all subjects who underwent HSCT in a center in Spain and
another in the UK [36] between 1989 and 2001. Twenty-
seven subjects were reported with IFI before transplantation,
only 3 ˂18 years old; all subjects received some type of sec-
ondary prophylaxis (amphotericin b, fluconazole,
itraconazole, voriconazole), three (11%) patients had IFI reac-
tivation, all by Aspergillus spp., and one had co-infection with

Scedosporium prolificans. For this historical moment, IFI rate
was like that reported with patients without prior IFI.

Later El-Cheikh et al. [36] retrospectively evaluated the
impact of prior IA on allogeneic transplantation using a re-
duced intensity conditioning regimen. All IA cases between
2000 and 2008 in France were retrospectively evaluated. The
prior IA group received secondary prophylaxis with an anti-
mold drug (mostly voriconazole, liposomal amphotericin B,
itraconazole, and posaconazole). In patients without prior IA,
fluconazole was routinely used as primary prophylaxis.
Among 360 subjects who received allogeneic HSCT, 28 sub-
jects with prior IA were identified, proven IA was diagnosed
in 3 patients (11%), probable IA in 13 patients (46%), and
possible IA in 12 patients (43%). All patients received a
fludarabine-based conditioning regimen, and 20 patients re-
ceived anti-thymocyte globulin. At the time of conditioning,
IA was in complete remission in 17 patients (60%), stable or
partial remission in 10 (35%), and was refractory in 1 patient.
In the post-transplant period, only three patients (11%) had
reactivation of the disease, one of them was the patient who
had been refractory at the time of the conditioning regimen,
another had remission but did not receive appropriate second-
ary prophylaxis, and only one had been in complete remission
at the time of conditioning and received appropriate secondary
prophylaxis with voriconazole. Overall survival at 24 months
was 64%. This study and the one published by Vaidya et al.
[35] were the first two which shown low risk of post-HSCT
reactivation of a previous IFI, since previously IFI reactivation
rates were reported between 22 and 33%. The authors consid-
ered that prior history of IA was not a contraindication if the
infection has been controlled, a reduced intensity conditioning
was used, and adequate secondary prophylaxis was given.

This phenomenon was repeated in the study by Penack
et al. [37] where they retrospectively evaluated the impact of
previous IA on several important outcomes of allogeneic

Table 3 Conditioning regimens for allogeneic HSCT

Non-myeloablative Reduced intensity Reduced toxicity Myeloablative

1 Fludarabine/busulfan (low
dose)/alemtuzumab or

Fludarabine/melphalan/alemtuzumab

Busulfan (full dose)+
cyclosporine/anti-thymocyte globulin

2 Cyclosporine/anti-thymocyte
globulin

Cyclosporine /total body irradiation 1200
cGy

3 Fludarabine/busulfan (low
dose)/anti-thymocyte globulin or

fludarabine/melphalan /anti-thymocyte
globulin

Fludarabine/Treosulfan

4 Fludarabine/cyclosporine Busulfan (low dose)/cyclosporine

5 Fludarabine/total body
irradiation 200 cGy

Clofarabine/busulfan
(full dose)

6 Total body irradiation 200 cy Fludarabine/busulfan (low dose) or
Fludarabine/melphalan

Fludarabine/busulfan
(full dose)
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HSCT. This study was a collaboration between Infectious
Diseases and Acute Leukemia Working Parties of the
European Society for Blood and Marrow Transplantation
(EBMT); 1150 subjects with a diagnosis of leukemia and
allogeneic HSCT (461 without prior IA and 689 with prior
IA) were evaluated from 2005 to 2010. The outcomes of in-
terest were mortality, non-relapse mortality, GVHD, and
chronic GVHD. Children and adults were included, but there
was no sub-analysis for children. The group with previous IA
received more frequently a reduced intensity conditioning
(40.3% vs. 32.8%). There were no differences in any of the
outcomes measured; the authors considered that history of IA
generally should not be a contraindication for performing al-
logeneic HSCT.

One of the most recent studies seeking to answer the ques-
tion regarding this review is that of Maziarz et al. [38] where
they retrospectively studied 11,072 subjects who received a
HSCT, from 1995 to 2009, 825 of themwith previous IFI (176
under 20 years old), and 10,247 without previous IFI (2,352
under 20 years old). Subjects with IFI had more frequently
AML and received a reduced intensity conditioning regimen
and antifungal prophylaxis with anti-mold activity. In the
analysis, the group with prior IFI had a higher probability of
unrelated mortality, global mortality, and relapse; the risk of
acute GVHDwas not modified, and the probability of chronic
GVHD decreased. However, when subjects who received al-
logeneic HSCT and myeloablative conditioning with history
of prior IFI were divided by time periods according to the type
of prophylaxis used (1995–2000 without anti-mold prophy-
laxis and 2001–2009 with anti-mold prophylaxis), a lower
probability of unrelated mortality, global mortality, relapse,
and IFI was observed in the first year after HSCT in the group
with anti-mold prophylaxis. Non-relapse mortality was asso-
ciated with more advanced disease. This study highlights the
advances in the past decade for treatment and prophylaxis of
IFI; nowadays, drugs are more effective against resistant
molds and yeast, so allogeneic HSCT can be considered in
subjects with prior IFI, trying to achieve balance between IFI
treatment and prophylaxis, an HSCT in a not so advanced
stage of the neoplastic disease, the conditioning regimen,
and the GVHD prophylaxis.

Although a sub-analysis in children has not been per-
formed, there are evaluations of risk factors for IFI in children
with HSCT. Hol et al. [39] retrospectively evaluated 209 chil-
dren with allogeneic HSCT to identify predictors of post-
HSCT IFI. In the univariate analysis, the scale of risk of
treatment-related mortality ˃20%, age 10 years, and history
of prior IFI were identified as possible predictors; however, in
the multivariate analysis, only the scale of risk of treatment-
related mortality ˃ 20% was identified as a predictor for the
development of post-HSCT IFI.

In Italy, Castagnola [19] carried out a similar study to eval-
uate the predictors of IFI and death in children with allogeneic

HSCT. Pre-HSCT IFI did not influence the development of
previous IFI or mortality. Predictors for IFI were unrelated
donor HSCT HR 2.6 (95% CI 1.1–5.9), graft-versus-host dis-
ease HR 7.1 (95% CI 2.3–22.2), and CMV infection/
reactivation HR 2.3 (95% CI 1.1–5.1).

Conclusions

During the last 2 decades, there have been important advances
in antifungal treatment and prophylaxis for IFI, which has
allowed to improve the outcomes of allogeneic HSCT.
Although there are no formal analyses to assess the safety of
allogeneic HSCT in children with prior IFI, indirect analyses
of risk factors for IFI suggest that performing an allogeneic
HSCT in children with prior IFI may be a feasible alternative,
as long as there is a multi-disciplinary approach among the
infectious diseases preventionist team and the stem cell trans-
plant team. When an allogeneic HSCT is going to be per-
formed in a child with prior IFI, it is essential to seek the best
balance between IFI treatment and prophylaxis and choose the
best conditioning regimen as well as prophylaxis for GVHD.
It is important that the international community attending pa-
tients receiving HSCT formally evaluate the pediatric popula-
tion to establish outcomes in children with prior IFI.
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