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Abstract: Invasive fungal infection (IFl) is a growing cause of morbidity and mortality among patients after allogeneic
hematopoietic stem cell transplantation (allo-HSCT). We retrospectively reviewed the records of 408 patients un-
dergoing allo-HSCTs during the period November 1998 to December 2009, analyzed the incidence and risk factors of
IFI, and examined the impact of IFI on overall survival. A total of 92 (22.5%) episodes suffered proven or probable IFI
(4 patients were proven, 88 patients were probable). Candida was the most common pathogen for early IFI, and mold
was the most frequent causative organism for late IFI. A prior history of IFI, human leukocyte antigen (HLA) mismatch,
long-time neutropenia, and acute graft-versus-host-disease (GVHD) were risk factors for early IFI. A prior history of IFI,
corticosteroid therapy, cytomegalovirus (CMV) disease, and chronic GVHD were risk factors for late IFI. IFl-related
mortality was 53.26%. The 12-year overall survival (OS) rate for IF| was significantly lower than that of patients without
IFI (41.9% vs. 63.6%, P<0.01).
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1 Introduction

Allogeneic hematopoietic stem cell transplanta-
tion (allo-HSCT) is an effective and sometimes the
only curative therapy for patients with high-risk he-
matologic malignancies. Due to the therapies pre-
venting and treating graft-versus-host-disease (GVHD)
and cytopenia, HSCT recipients have a high risk of
acquiring invasive fungal infection (IFI) (Jantunen
et al., 1997; Bjorklund et al., 2007).

Over the past decades, multiple changes in
transplant procedures and antifungal prophylaxis
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have affected the epidemiology of IFI (Neofytos et al.,
2009; Kontoyiannis et al., 2010). Although flucona-
zole prophylaxis has reduced the incidence of IFI
caused by Candida albicans, it resulted in a subse-
quent increase in resistant candidiasis, such as Can-
dida glabrata and Candida krusei. Aspergillus has
become the most frequent organism and other infec-
tions caused by molds, such as Zygomycetes and
Fusariums, also have increased since the 1990s
(Neofytos et al., 2009).

Previously identified risk factors of IFI include
donor type, GVHD, high-dose corticosteroids, in-
creased ferritin levels, and so on (Fukuda ef al., 2003;
Thursky et al., 2004; Ozyilmaz et al., 2010; Omer
etal., 2013). Epidemiology and risk factors of IFI
differ due to the changes in antifungal prophylaxis
and treatment in different regions. Exploring these
differences may improve management strategies and
study design for allo-HSCT recipients.
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Here in our study, we retrospectively reviewed
408 consecutive patients who underwent allo-HSCT
between 1998 and 2009 in our center, identified the
incidence and risk factors of IFI, and calculated the
outcomes.

2 Subjects and methods
2.1 Patients and donors

We collected a total of 408 patients, 251 males
and 157 females aged 852 years (a median age of
28 years), who underwent allo-HSCT in our center
between November 1998 and December 2009. Ac-
cording to the French-American-British (FAB) crite-
ria, 127 (31.13%) cases were acute myeloid leukemia
(AML), 120 (29.41%) were acute lymphocytic leu-
kemia (ALL), 127 (31.13%) were chronic myeloid
leukemia (CML), and 34 (8.33%) were other hema-
tologic diseases. Among the allogenic HSCT recipi-
ents, 195 (47.79%) received bone marrow transplan-
tation (BMT), whereas 213 (52.21%) received pe-
ripheral blood stem cells (PBSCs) with a granulocyte
colony-stimulating factor (G-CSF) mobilized. Donors
were human leukocyte antigen (HLA)-matched (n=
298), HLA-mismatched (n=82), or HLA haploidentical-
matched (n=28). Clinical characteristics of the entire
cohort are presented in Table 1.

2.2 Transplant procedure

A total of 349 (85.54%) patients received
myeloablative conditioning regimens composed of
busulfan (BU) plus cyclophosphamide (CY). The 27
(6.62%) patients who received HLA haploidentical
transplants received BU/CY/cytosine arabinoside
(Ara-C)/1-(2-chloroethyl)-3-(4-methylcyclohexyl)-

1-nitrosourea (methyl-CCNU)/anti-thymoglobin (ATG).

Reduced-intensity conditioning regimens which were
predominantly fludarabine-based combinations were
used in 32 cases. In addition, 66 (16.18%) individuals
with HLA-mismatched donors received ATG as part
of their conditioning regimen.

2.3 GVHD prophylaxis and therapy

In both unrelated and sibling transplantation
cohorts, patients received the same GVHD prophy-
laxis regimen consisting of cyclosporine, mycophe-
nolate mofetil, and short-term methotrexate (MTX).

Table 1 Characteristics of 408 allo-HSCT recipients”

Parameter Total i
Yes No P
Recipient age (year), 28.96 28.91 2897 045
median (range) (8-52) (9-50) (8-52)
Gender, male/female ~ 251/157 62/30 189/127 0.14
Underlying disease 0.47
ALL 120 (29.41) 37(30.83) 83 (69.17)
AML 127 (31.13) 26 (20.47) 101 (79.53)
CML 127 31.13) 21 (16.54) 106 (83.46)
MDS/AML 21(5.15) 5(23.81) 16(76.19)
NHL 3(0.74) 0(0.00) 3(100.00)
MM 3(0.74) 1(33.33)  2(66.67)
PNH 1(0.25) 0(0.00) 1 (100.00)
MAL 6(1.47) 2(33.33)  4(66.67)
Donor type 0.24
Related 164 (40.20) 30 (18.29) 134 (81.71)
Unrelated 244 (59.80) 62 (25.41) 182(74.59)
Stem cell source 0.25
Bone marrow 195 (47.79) 39 (20.00) 156 (80.00)
Peripheral blood 213 (52.21) 53 (24.88) 160 (75.12)
HLA 0.03
Matched 298 (73.04) 58(19.46) 240 (80.54)
Mismatched 110 (26.96) 34(30.91) 76 (69.09)
Conditioning regimen 0.68
Without ATG 342 (83.82) 77 (22.51) 265(77.49)
With ATG 66 (16.18) 15(22.73) 51(77.27)

"Data are expressed as n (%), except for recipient age (median
(range)) and gender (male/female). IFI: invasive fungal infection;
ALL: acute lymphocytic leukemia; AML: acute myeloid leukemia;
CML: chronic myeloid leukemia; MDS: myelodysplastic syn-
drome; NHL: non-Hodgkin’s lymphoma; MM: multiple myeloma;
PNH: paroxysmal nocturnal hemoglobinuria; MAL: mixed acute
leukemia; HLA: human leukocyte antigen; ATG: anti-thymocyte
immunoglobuline

Acute GVHD was graded from 0 to IV according to
established criteria. Patients who survived for >100 d
were determined as chronic GVHD, which was
graded as limited or extensive. Acute GVHD was
treated with high-dose methyl-prednisolone (MP),
and ATG was used for patients refractory to MP.

2.4 Supportive care

All patients were cared for in rooms with high-
efficiency particulate air filters. Empiric antibacterial
agents for fever and cotrimoxazole as pneumocystis
prophylaxis were administered. For the prophylaxis
of cytomegalovirus (CMV), ganciclovir or foscarnet
sodium was used before transplantation and acyclovir
combined with immunoglobulin after transplantation.
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2.5 Definition, prophylaxis, and therapy of IFI

IFI was defined as proven or probable according
to the European Organization for Research and
Treatment of Cancer/Mycoses Study Group (EORTC/
MSG) criteria (Ascioglu et al., 2002). Proven fungal
infection required histopathologic findings from biop-
sied tissues or culture of sterile tissue. Probable in-
fection was considered when patients had both clini-
cal criteria and at least one microbiologic criterion
(fungus was identified from sputum or bronchoalve-
olar lavage fluid). Infections were classified accord-
ing to occurrence timing after transplantation: early
IFI (<100 d after transplantation) and late IFI (Group I:
100-180 d; Group II: >180 d after transplantation).

From November 1998 to December 2007, flu-
conazole (400 mg/d, oral (p.o.)) was given to all
HSCT recipients from Day —7 to Day +90 post-HSCT,
with dosages adjusted on the basis of their renal
function. After January 2008, patients with a history
of TFT pre-HSCT received itraconazole (200 mg/d,
intravenous (i.v.)) during neutropenia (<1.0x10° L™"),
and were changed to oral fluconazole or itraconazole
after neutrophil recovery (>1.0X109 Lfl). Patients
with persistent fever refractory to broad-spectrum
antibiotic treatment were also provided with anti-
fungal therapy, usually itraconazole, caspofungin,
voriconazole, or amphotericin B.

2.6 Statistical methods

Continuous variables were compared between
groups using Student’s ¢ test or Wilcoxon rank sum
test. The Chi-square test or Fisher’s test was used for
categorical variables. Univariate analysis and multi-
variate analysis were performed, and Cox propor-
tional hazard models were estimated to assess risk
factors for IFI and survival rate. Kaplan-Meier esti-
mates were computed for survival, and a stratified
log-rank test was used to compare these groups.
P<0.05 was considered significant. All analyses were
conducted using SAS 9.2 and ATATA 11.0.

3 Results
3.1 Clinical outcomes after allo-HSCT

Clinical outcomes after allo-HSCT among 408
patients were analyzed and summarized in Table 2.
The median follow-up period was 28 (range 1-145)
months. All patients achieved hematopoietic recon-

stitution, with neutrophil engraftment (>0.5% 10° Lfl)
on Day +14 (range +7—+31 d) and platelet engraft-
ment (>20x10° L™") on Day +18 (range +8—+144 d).
The cumulative incidence rates of acute GVHD
Grades I to II and Grades III to IV were 35.5% and
8.1%, respectively. The cumulative incidence of
chronic GVHD was 39.2% (29.9% limited and 9.3%
extensive). Positive CMV antigenemia was observed
in 35.5% of the recipients. Thirty-nine patients de-
veloped CMV disease, including pneumonia, enteritis,
and cystitis.

Table 2 Clinical outcomes after allo-HSCT"

IFI
Parameter Total
Yes No P

Day for engraftment

ANC>0.5x10° L™ 14 (7-31)

PLT>20x10°L" 18 (8-144)
aGVHD <0.001

Grades I-11 145 (35.54) 49 (33.79) 96 (66.21)

Grades I1I-1V 33(8.09) 12(36.36) 21 (63.64)
c¢GVHD <0.001

Limited 122 (29.90) 32 (26.23) 90 (73.77)

Extensive 38(9.31) 22(57.89) 16(42.11)
CMV <0.001

CMV viremia 144 (35.29) 42 (29.17) 102 (70.83)

CMV disease 39 (9.56) 17 (43.59) 22(56.41)

" Data are expressed as 7 (%), except for day for engraftment (median
(range)). IFI: invasive fungal infection; ANC: absolute neutrophil
count; PLT: platelet; GVHD: graft-versus-host-disease; aGVHD:
acute GVHD; cGVHD: chronic GVHD; CMV: cytomegalovirus

3.2 Incidence and clinical features of IFI

We detected 92 (22.5%) episodes of IFI in pa-
tients after allo-HSCT, with 4 proven cases and 88
probable IFI cases. The median age of these patients
was 29 (range 9-50) years. Among the 92 cases, 69%
were males. The cumulative incidence rates of IFI for
100 d, 6 months, and 1 year were 7.87%, 5.77%, and
12.60%, respectively (Fig. 1). Candidiasis was re-
sponsible for 50 proven and probable episodes
(54.35%), and mold infection for 42 episodes
(45.65%). Non-albicans caused 52% (26/50) of can-
didiasis. Among mold infection, Aspergillus was
associated with 76.19% (32/42) cases (Fig. 2). The
median time after allo-HSCT to onset of IFI was 140
(range 30-598) d for invasive candidiasis infection
(ICI) and 243 (range 12-2461) d for invasive mold
infection (IMI). There was a trend for ICI to occur
earlier post-HSCT than IMI. The lung was the most
frequently affected site (69.6%, 64/92), followed by



Shi et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2015 16(9):796-804 799

oropharynx (14.1%, 13/92), gastrointestinal tract
(9.8%, 9/92) and urinary tract (10.9%, 10/92), blood
(3.3%, 3/92), and skin (1%, 1/92), and eight cases had
more than one site affected.

According to the timing after allo-HSCT, 27
(29.35%) cases were diagnosed as early IFI (<100 d)
and 65 (70.65%) cases were diagnosed as late IFI
(>100 d), of which 43 (66.15%) developed later than
180 d after transplantation. Candida accounted for
66.67% (18/27) and 49.23% (32/65) of early and late
IFIs, respectively. However, this difference did not
reach statistical significance. We further grouped late
IFT to Group I (<+180 d) and Group II (>+180 d),
revealing that the probability of Candida among
Group I was significantly higher than that among
Group II (72.72% vs. 37.21%; Fig. 2).

3.3 Risk factors for IFI

Risk factors by univariate analysis for the de-
velopment of IFI during each time period are pre-
sented in Table 3. HLA mismatch, sustained neutro-
penia (<0.5x10° L") lasting >2 weeks, CMV infec-
tion, and severe acute GVHD were significant risk
factors for early IFI. Chronic GVHD and CMV dis-
ease increased risk for late IF1. A prior history of IFI
and corticosteroid therapy associated with increased
risk for both early and late IFIs. Age, gender, under-
lying disease, and conditioning regimen were not
significant.

Multivariate analyses showed previous history of
IFI (hazard ratio (HR)=9.53; 95% confidence interval
(CI), 4.05-22.44), HLA mismatch (HR=2.55; 95% CI,
1.07-6.06), sustained neutrophil >2 weeks (HR=1.94;
95% CI, 1.03-4.56), and Grades III to IV acute
GVHD (HR=2.46; 95% CI, 1.01-12.46) were sig-
nificant for early IFI. A prior history of IFI (HR=2.62;
95% CI, 1.46—4.72), CMV disease (HR=3.80; 95% CI,
1.71-8.42), limited and extensive chronic GVHD
(HR=2.84; 95% CI, 1.52-5.30 and HR=3.21; 95% CI,
1.54-6.68, respectively) demonstrated a higher mor-
tality risk for late IFI. The impact of corticosteroids
for late IFI depended on the dosage. Corticosteroids
of <1.0 mg/(kg-d) did not increase risk of developing
IFI. Conversely, corticosteroids with a dosage of
>1.0 mg/(kg-d) affected IFI in the late period (Table 4).

3.4 Outcomes

IFI-related mortality was 49 out of 92 cases
(53.26%) of IFI. The 12-year overall survival (OS)

rate for IFI was 41.9%, with significant differences
when compared with patients without IFI (63.6%,
P<0.001; Fig. 3a). Late IFI was associated with a
significantly higher 12-year OS compared with early
IFI (Fig. 3b). For patients with only one IFI, the
12-year OS was better for patients with Candida
when compared with molds (Fig. 3c¢).

Cumulative incidence of early IF|

0 20 40 60 80 100
Follow-up time (d)

——

0.154

0.104

0.05- j
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0 500 1000

Cumulative incidence of late IFI

1500 2000 2500
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Fig. 1 Cumulative incidence rates of invasive fungal
infection (IFI) among 408 patients after allo-HSCT

The cumulative incidence rates of IFI for 100 d, 6 months,
and 1 year were 7.87%, 5.77%, and 12.60%, respectively

Candida
=3 Mold
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N
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Early IFI  Late IFI  LateIFI  Late IFI

(Group I) (Group Il)
Time period
Fig. 2 Pathogen distribution of invasive fungal infection
(IFI) in different time periods: early (<100 d post-HSCT),
late Group I (100-180 d post-HSCT), and late Group II
(>180 d post-HSCT)
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Table 3 Univariate analysis of risk factors for early IFI (<100 d post-HSCT) and late IFI (>100 d post-HSCT)

Early IFI (n=27) Late IFI (n=65)
Risk factor - -
n (percentage) HR 95% CI n (percentage) HR 95% CI
Age (year) 30.19+9.63 1.06 0.88-1.29 27.62+10.05 0.94 0.83-1.06
Gender

Male 15 (24.19) Ref Ref 47 (75.81) Ref Ref

Female 12 (40.00) 1.18 0.55-2.52 18 (60.00) 0.60 0.35-1.03
Underlying disease

ALL 11(29.73) Ref Ref 26 (70.27) Ref Ref

AML 8(30.77) 0.62 0.25-1.55 18 (69.23) 0.58 0.32-1.05

CML 6(28.57) 0.45 0.16-1.20 15 (71.43) 0.48 0.25-0.90

MDS/AML 1 (20.00) 0.48 0.06-3.70 4 (80.00) 0.75 0.26-2.16

NHL 0 (0.00) 0(0.00)

MM 0(0.00) 1 (100) 1.28 0.17-9.43

PNH 0(0.00) 0(0.00)

MAL 1 (50.00) 1.99 0.26-15.43 1 (50.00) 0.77 0.11-5.71
Previous IFI 15 (39.47) 8.94 4.18-19.13 23 (60.53) 3.69 2.22-6.14
Donor type

Related 9 (30.00) Ref Ref 21 (70.00) Ref Ref

Unrelated 18 (29.03) 1.46 0.66-3.25 44 (70.97) 1.49 0.89-2.50
Stem cell source

BMT 14 (35.90) Ref Ref 25 (64.10) Ref Ref

PBSCT 13 (24.53) 0.91 0.43-1.94 40 (75.47) 1.48 0.90-2.44
HLA

Matched 15 (25.86) Ref Ref 43 (74.14) Ref Ref

Mismatched 12 (35.29) 247 1.16-5.28 22 (64.71) 1.58 0.95-2.65
Conditioning regimen

Without ATG 24 (31.17) Ref Ref 53 (68.83) Ref Ref

With ATG 3 (20.00) 0.66 0.20-2.20 12 (80.00) 1.18 0.63-2.21
Neutropenia

<2 weeks 12 (20.00) Ref Ref 48 (80.00) Ref Ref

>2 weeks 15 (46.88) 2.44 1.14-5.23 17 (53.12) 0.75 0.43-1.30
aGVHD

Grades -1 11 (22.45) 2.40 0.99-5.79 38 (77.55)

Grades III-1V 7(58.33) 6.74 2.51-18.12 5(41.67)
c¢cGVHD

Limited 9(8.13) 23 (91.87) 2.49 1.37-4.53

Extensive 0(0.00) 22 (100) 8.19 4.46-15.04
CMV

CMV viremia 12 (28.57) 2.40 1.01-5.69 30(71.43) 2.18 1.27-3.72

CMV disease 6(35.29) 5.33 1.90-14.98 11 (64.71) 3.68 1.80-7.51
Corticosteroids

0 12 (42.86) Ref Ref 16 (57.14) Ref Ref

<1.0 mg/(kg-d) 3(16.67) 0.76 0.21-2.70 15(83.33) 2.67 1.32-5.41

1.0-1.9 mg/(kg-d) 5(17.86) 4.76 1.68-13.52 23 (82.14) 12.36 6.51-23.44
>2.0 mg/(kg-d) 7 (38.89) 4.73 1.86-12.03 11(61.11) 5.13 2.38-11.05

" Data are expressed as 1 (%), expect for age (meanzstandard deviation). IFI: invasive fungal infection; ALL: acute lymphocytic leukemia;
AML: acute myeloid leukemia; CML: chronic myeloid leukemia; MDS: myelodysplastic syndrome; NHL: non-Hodgkin’s lymphoma;
MM: multiple myeloma; PNH: paroxysmal nocturnal hemoglobinuria; MAL: mixed acute leukemia; BMT: bone marrow transplantation;
PBSCT: peripheral blood stem cell transplantation; HLA: human leukocyte antigen; ATG: anti-thymocyte immunoglobuline; GVHD: graft-
versus-host-disease; aGVHD: acute GVHD; cGVHD: chronic GVHD; CMV: cytomegalovirus; Ref: reference
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Fig. 3 Twelve-year overall survival of invasive fungal
infection

(a) The overall survival for all 408 patients with or without
IFL; (b) Overall survival for 27 patients with development of
early IFI and 65 patients with late IFI; (c) Overall survival
for patients with Candida infection and mold infection

Table 4 Multivariate analysis of risk factors for early
and late IFIs

Early IFI (n=27) Late IFI (n=65)
Risk factor
HR 95% CI HR 95% CI

Previous IFI 9.53 4.05-22.44 2.62  1.46-4.72
HLA

Matched Ref Ref

Mismatched 2.55 1.07-6.06
Neutropenia

<2 weeks Ref Ref

>2 weeks 1.94 1.03-4.56
aGVHD

Grades I-11 1.82  0.69-4.81

Grades III-1V 246 1.01-12.46
c¢cGVHD

Limited 2.84  1.52-5.30

Extensive 321  1.54-6.68
CMV

CMV viremia 120 0.45-321 1.13  0.63-2.03

CMV disease 288 0.92-8.95 3.80 1.71-8.42
Corticosteroids

0 Ref Ref Ref Ref

<1.0 mg/(kg-d) 0.77  0.22-2.73 1.80 0.87-3.73

1.0-1.9 mg/(kg:d)  2.06 0.58-7.27 550 2.45-12.34

>2.0 mg/(kg-d) 1.05 0.23-4.85 274 1.14-6.64

IFL: invasive fungal infection; HLA: human leukocyte antigen;
GVHD: graft-versus-host-disease; aGVHD: acute GVHD; ¢GVHD:
chronic GVHD; CMV: cytomegalovirus; Ref: reference

4 Discussion

Despite considerable progress in the manage-
ment of the complications of HSCT, infection re-
mains an important cause of post-transplant morbidity
and mortality, primarily after allogeneic HSCT. Eu-
ropean Group for Blood and Marrow Transplantation
(EBMT) analyzed a large homogeneous group of
14403 patients transplanted for early leukemia from
an HLA-identical sibling and cause of infection death
after allogeneic HSCT (Gratwohl et al., 2005). Sur-
vival increased from 52% at 5 years in the first to 62%
in the third cohort (P<0.05), and treatment-related
mortality decreased from 36% to 26% (P<0.05) due to
a reduction in death from infection (P<0.01).
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IFI is an important cause of post-transplant
mortality. The incidence rate of IFI has been reported
to be 10%—26% in HSCT recipients (Koldehoff and
Zakrzewski, 2005; Post et al., 2007), with mortality
ranging from 40% to 90% (Lin et al., 2001; Dagenais
and Keller, 2009).

We performed this 12-year retrospective study to
evaluate the epidemiologic characteristics, clinical
manifestation and outcomes of IFI in 408 allogenic
HSCT recipients. We report that patients with IFI
have a lower 12-year OS than those without IFI
(41.9% vs. 63.6%, P<0.01), reflecting the fact that IFI
has a significant impact on long-term survival of
transplant patients.

Over the past two decades, changes in trans-
plantation practices and strategies to diagnose and
treat IFI have likely impacted the epidemiology of TF1.
According to the data from the Transplant Associated
Infections Surveillance Network, a network of 23 US
transplant centers, invasive aspergillosis (43%), in-
vasive candidiasis (28%), and zygomycosis (8%) are
the most common IFIs. Aspergillus fumigatus causes
44% of aspergillosis, and Candida glabrata is the
most common organism (33%) causing invasive
candidiasis (Kontoyiannis et al., 2010). In our previous
study, we performed CT-guided percutaneous lung
biopsy in 16 patients who were initially suspected of
developing fungal infection. Ten out of the 16 pa-
tients (62.5%) were diagnosed with a fungal infection
(8 with Aspergillus, 2 with mold fungus). All of the
10 cases had mold infection, and the incidence of
Aspergillus infection was 80% (Shi et al., 2009).

The observed results in our study are not entirely
consistent with the prior studies. According to our
data, candidiasis was more prevalent than mold in-
fections (54.35% vs. 45.65%). Among the candidiasis
cases, Candida albicans was the most common
pathogen (28%), followed by Candida glabrata (18%)
and Candida tropicalis (14%). The rate of mold in-
fections was lower than that reported in our previous
study (Shi et al., 2009), which may be explained
by the following reasons. All patients underwent
CT-guided lung biopsies in our previous prospective
study, providing higher diagnostic accuracy than
blood and sputum culture, while only 4 patients un-
derwent biopsies in this retrospective study. Also,
patients who received lung biopsies were highly
suspected of Aspergillus infection based on imaging

findings, probably leading to an increased rate of
Aspergillus infection. Additionally, the small number
of patients (16 cases) may also amplify the positive
rate of mold infection.

Although Candida was presented as the most
common pathogen in our center, there seemed to be a
trend toward higher numbers of non-albicans and
molds due to routine prophylaxis with fluconazole.
This serves as a reminder to choose broad-spectrum
antibiotics covering non-albicans and molds in the
treatment of post-HSCT fungal infections. Since only
a small number of patients were treated with voricon-
azole in our study, we observed no voriconazole-
resistant species (e.g. Zygomycetes).

Previous studies have noted that IFI primarily
occurs in the phase of hematopoietic reconstitution,
generally two to three months after transplantation.
Candida is the most common pathogen of early IFI,
while mold is the most common pathogen of late IFI.
In patients who also developed GVHD, IFI may occur
at three to six months and even later (Koldehoftf and
Zakrzewski, 2005; Garcia-Vidal et al., 2008). Our
data demonstrate that the median time for the devel-
opment of ICI is earlier than that for IMI (140 d vs.
243 d, P<0.05), reflecting the fact that mold infec-
tions are more common in the late period after HSCT.
The incidences of mold and Candida infections in
early and late IFIs differed, but did not reach statistical
significance. We further evaluated the incidence rate of
very late IFI and found that mold infections signifi-
cantly increased (P<0.05). These findings highlight the
importance of strengthening the detection and treat-
ment of mold in the late period after transplantation.

Multiple factors reported to be associated with
the risk of IFI include donor type, conditioning reg-
imens, prolonged neutropenia, GVHD, and high-
dose corticosteroids (Fukuda et al., 2003; Thursky
et al.,2004; Ozyilmaz et al., 2010; Omer et al., 2013).
According to our data, we found similar risk factors
infecting IF1. However, when we further analyzed the
risk factors for each phase of IFI, we were able to
demonstrate that there is a difference between the
early and late IFIs.

Despite the widespread use of cyclosporine,
tacrolimus, mycophenolate mofetil, and other drugs
for prophylaxis of GVHD in HSCT recipients, 25% to
45% of patients still developed Grades II to IV acute
GVHD. HLA-mismatched recipients are at a particularly
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high risk for acute GVHD, which is the most likely
cause of the high risk for IFI, especially for early IFI.
Enhancing the immune inhibitors or increasing the
dosage of corticosteroids may effectively control
GVHD, while increasing the risk of IFI.

In our study, univariate analysis showed that
corticosteroid therapy is a risk factor during all periods.
When further introduced into multivariate analyses,
corticosteroid therapy only accounted for late IFI.
This result suggests that long-term use of cortico-
steroids has a more advanced effect on late IFI.

CMV is associated with development of IFI in
both the early and the late post-transplant phases
(Marr et al., 2002). The mechanism remains unclear.
The immune-modulating effect of CMV may be one
of the explanations. In our study, CMV infection was
the risk factor for early IFI in univariate analysis but
not in multivariate analyses. CMV disease rather than

CMYV infection was associated with the risk of late IFI.

This may be because CMV mostly occurs in the late
period after transplantation. Strengthening serum
monitoring of CMV and timely prevention of CMV
may reduce the incidence of IFI, particularly late IFI.

Prolonged neutropenia is a risk factor for IFI
(Hovi et al., 2000). Neutrophils play an important role
in the defense against IFI. Our results showed that
prolonged neutropenia, which generally occurs in the
early period after transplantation, is a risk factor for
early IFI but not for late IFI.

It is important to recognize that the risks for IFI
also depend on changes in the conditioning regimens,
supportive care strategies, and therapy strategies. This
study attempts to analyze the impact of conditioning
regimens of IFI, such as myeloablative and non-
myeloablative regimens, as well as conditioning regi-
mens with or without ATG. Unfortunately we cannot
draw convincing conclusions due to the small number
of cases. Further work will be needed to assess the
association between conditioning regimen and IF1.

It should be noted that our study has some limi-
tations. Firstly, incidence of IFI can be lower than the
actual incidence because of the strict definition of IFI
(our study did not include possible IFI cases). Sec-
ondly, some patients with IFI may be misplaced into
the control group, thus the significance of the differ-
ence between the two groups may be diluted. What is
more, 125 of the total 408 patients participated in
clinical trials of secondary prophylaxis during the

study period, and patients with a history of IFI
pre-HSCT received itraconazole (200 mg/d, i.v.)
during neutropenia (<1.0x10° L™"), and changed to
oral fluconazole or itraconazole after neutrophil re-
covery (>1.0x10° L™"), which in part may reduce the
incidence of IFI after HSCT.
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