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ABSTRACT

Correct definition of the level of risk of invasive fungal infections is the first step in improving the targeting of preventive
strategies. We investigated the potential relationship between pre-hospitalization exposure to sources of fungi and the development of invasive fungal infections in adult patients with newly diagnosed acute myeloid leukemia after their first course
of chemotherapy. From January 2010 to April 2012, all consecutive acute myeloid leukemia patients in 33 Italian centers were
prospectively registered. Upon first admission, information about possible pre-chemotherapy risk factors and environmental
exposure was collected. We recorded data regarding comorbid conditions, employment, hygienic habits, working and living
environment, personal habits, hobbies, and pets. All invasive fungal infections occurring within 30 days after the first course
of chemotherapy were recorded. Of the 1,192 patients enrolled in this study, 881 received intensive chemotherapy and were
included in the present analysis. Of these, 214 developed an invasive fungal infection, including 77 proven/probable cases
(8.7%). Of these 77 cases, 54 were proven/probable invasive mold infections (6.1%) and 23 were proven yeast infections
(2.6%). Upon univariate analysis, a significant association was found between invasive mold infections and age, performance status, diabetes, chronic obstructive pulmonary disease, smoking, cocaine use, job, hobbies, and a recent house renovation. Higher body weight resulted in a reduced risk of invasive mold infections. Multivariate analysis confirmed the role
of performance status, job, body weight, chronic obstructive pulmonary disease, and house renovation. In conclusion, several hospital-independent variables could potentially influence the onset of invasive mold infections in patients with acute
myeloid leukemia. Investigation of these factors upon first admission may help to define a patient’s risk category and
improve targeted prophylactic strategies. (Clinicaltrial.gov: NCT01315925)
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Introduction
Invasive fungal infections in patients with hematologic
malignancies have increased during the last few years, particularly in patients with acute myeloid leukemia (AML).1,2
These complications are associated with a high risk of
infection-related death; furthermore, experiencing an invasive fungal infection may affect the outcome of the hematologic malignancy.3 For these reasons, during the last few
years, much effort has been devoted to optimizing the prevention of invasive fungal infections for those patients in
high-risk categories.4-6 Antifungal prophylaxis with newer
azoles (e.g., posaconazole) has shown good efficacy,
although newer azoles cost more and confer a higher risk
of resistance.7
Stratifying risk for invasive fungal infection is the logical
first step in identifying patients who would most likely
benefit from antifungal prophylaxis, more intensive monitoring or early treatment. A patient’s risk level is the result
of multiple factors, such as the presence of an underlying
malignancy (including therapies and immune status), factors intrinsic to the patient (genetic pattern, comorbidities,
performance status) and the environment (in or out of the
hospital).8 The role of air concentrations of fungi during
hospitalization has been investigated in several studies,
and it has been shown to correlate with the onset of
aspergillosis in susceptible patients.9,10 In contrast, the role
of hospital-independent exposure to sources of fungi (e.g.,
in the home or in the work place) is not known.
The aim of the present study was to evaluate the potential relationship between pre-chemotherapy risk factors
and the onset of invasive fungal infection after the first
induction treatment.

Methods
The present prospective study was conducted in 33 hematology wards of tertiary care centers or university hospitals located
throughout Italy from January 1st, 2010 to April 30th, 2012. All
adult patients with newly diagnosed AML were consecutively
included in the registry and monitored. A minimum follow-up of
90 days after completion of the first cycle of chemotherapy was
required. The last patient entered the trial on April 30th, 2012, and
the last follow-up was completed on July 31st, 2012. The ethics
committee of each participating site approved the use of the
SEIFEM registry.
This was a non-interventional study. Accordingly, the enrollment of a patient had no impact on the standard clinical practice
of the participating hematology units. The data were entered
prospectively into case report forms that were divided into two
parts.
The first part was compiled at the time of first admission to the
hematology ward and included questions about AML subtype
and treatment, demographic data and personal history before hospitalization. In particular, the following information was collected: age, gender, race, body weight, comorbid conditions [diabetes,
chronic obstructive pulmonary disease (COPD), renal or hepatic
failure], performance status, job, hobbies, workplace, home (area
of residence, type of house, pets/poultry ownership, exposure to
plants or fireplace) and personal habits (alcohol, use of illicit
drugs). The type of hospital (teaching versus non-teaching) and the
season of diagnosis were also included in the analysis.
The second part of the case report form was compiled on the
30th day after the end of the first cycle of chemotherapy, and it colhaematologica | 2015; 100(2)

lected data regarding post-chemotherapy factors, particularly the
level and duration of neutropenia, mucosal damage, vomiting,
diarrhea, the presence of medical devices (e.g., urinary catheter,
central venous catheter) and antifungal prophylaxis. Antifungal
prophylaxis was given according to local clinical practice, and
none of the analyzed pre-hospital risk factor was used a priori as a
trigger for prescription.
The diagnostic work-up in the cases of fever was similar at all
participating centers and included the following tests: nasal, pharyngeal, and rectal swabs at the time of admission; blood cultures
and chest radiography at onset of fever; galactomannan assays
twice weekly and a chest computed tomography (CT) scan on the
fourth to seventh day of fever. Additional examinations (e.g.,
abdominal ultrasound scan, sinus or brain CT, skin biopsy, bronchoalveolar lavage, or fundus examination) were performed when
clinically indicated.
The presence of invasive fungal infection was assessed within
the first 30 days after chemotherapy had ended, according to current EORTC criteria.11

Definitions
Various terms were defined before data analysis.
Neutropenia was defined as an absolute neutrophil count of
<500 cells/mm3. Neutropenia was considered prolonged if
the duration was 10 days and severe if the absolute neutrophil count was <100 cells/mm3. Mucositis was graded
according to the World Health Organization (WHO).12 High
risk jobs included those employments more likely to expose
the patient to fungal spores, such as construction work,
farming, gardening, being a florist shop employee, and
forestry work.13 High risk hobbies included those activities
that were more likely to expose the participants to fungal
spores, such as hunting, gardening, fishing, and hiking.13
Being overweight was defined as having a body mass index
≥30 kg/m2.14 Performance status was graded according to the
Eastern Cooperative Oncology Group scale.15 Invasive fungal infections were classified according to the 2008 European
Organization for Research and Treatment of
Cancer/Mycoses Study Group (EORTC/MSG) criteria.11
Patients with proven/probable mold infections were
termed “mold cases”. Patients with possible mold infections
were considered to have insufficient evidence of infection
and were excluded from the analysis. Patients with proven
yeast infections were termed “yeast cases”. Patients without
any evidence of invasive fungal infection were termed
“controls” and were compared to both the yeast and mold
cases (Figure 1).

Statistical analysis
Values are expressed as the mean ± standard deviation or median (range) (continuous variables) or as a percentage of the group
from which they were derived (categorical variables). Continuous
variables were compared using the Student t-test for normally distributed variables or the Mann-Whitney U test for non-normally
distributed variables. Categorical variables were evaluated using
the χ2 test or the two-tailed Fisher exact test. Variables associated
with the onset of an invasive fungal infection in univariate analysis (P≤0.10) were included in a logistic regression analysis, and a
backward stepwise approach was used to identify those factors
independently associated with the onset the infection. The area
under the receiver-operator characteristics (ROC) curve was calculated for the predictive model. A P-value less than 0.05 was considered statistically significant. All statistical analyses were performed with the Intercooled Stata software program, version 11
for Windows (StataCorp, College Station, TX, USA).
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1,192 patients enrolled
in the study
No intensive therapy
(support or low dose)
205 patients

Promyelocytic AML
106 patients

881 patients

214 patients with
IFD

191 patients with invasive
MOLD infection
Patients with POSSIBLE
MOLD infection
137 patients

23 patients with PROVEN invasive
YEAST infection

54 patients with
PROBABLE/PROVEN invasive
MOLD infection

YEAST CASES

667 patients
with NO evidence of IFD
CONTROLS

MOLD CASES
Figure 1. Study flow chart. IFD:invasive fungal disease.

Results

Mold cases

Over a 28-month period, 1,192 adult patients with newly
diagnosed AML from 33 participating centers were enrolled
in this study [male 48.8%, median age 58 years (interquartile
range, 47-66 years)]. Of these, 205 patients received only
low-dose antineoplastic therapies or palliative treatments
and were excluded from the present analysis (Figure 1).
Another 106 patients were diagnosed with promyelocytic
leukemia and were also excluded. The present analysis
focuses on the 881 AML patients who received conventional
intensive chemotherapy.
Among the 712 evaluable patients who were treated with
systemic prophylaxis, the majority received posaconazole
prophylaxis (n=439, 61.7%); the remaining patients received
either fluconazole (n=81, 11.4%), or itraconazole (n=149,
20.9%) or other drugs (n=19, 2.7%).
Over a 28-month period, 214 cases of invasive fungal
infection were recorded (incidence 24.3%); 23 were invasive
yeast infections (incidence 2.6%), while the other 191 cases
were attributed to molds (incidence 21.5%). The majority of
these cases were possible mold infections (n=137, 71.7%;
incidence 15.5%), while the remaining 54 cases were classified as probable/proven invasive mold infections (28.3%,
incidence 6.1%). In particular, seven cases were classified as
proven invasive mold infections.

Fifty-four patients with proven/probable invasive mold
infections (mold cases) were compared to 667 controls
(Figure 1). Mold cases were more often older than 50 years
(83% versus 67%, P=0.015) and had a poorer performance
status at the time of admission (Table 1A). Higher body
weight was found to reduce the risk of invasive mold infection. No differences were found with regards to patients’
race. Similarly, neither the type of hospital (teaching versus
non-teaching) nor the season was significant.
The frequency of therapy-related AML was similar
between cases and controls (20.4% versus 25.5%, P=0.4). A
fludarabine-containing chemotherapeutic regimen did not
appear to represent an additional risk factor (Table 1A).
Both diabetes and COPD were more frequent in mold cases
than in the controls, while the frequency of chronic renal
failure and liver disease was similar between the two
groups.
Data regarding personal habits and working and living
environment are reported in Table 1B. Cigarette smoking
and cocaine abuse were associated with invasive mold infections (P=0.02 and P=0.006, respectively), while no significant association was observed for marijuana use or regular
alcohol assumption. Notably, alcohol abuse was reported by
only three patients. Hobbies involving high exposure to fungal agents were associated with invasive mold infections
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(18.5% in cases versus 8.7% in controls, P=0.017). A possible
correlation between invasive mold infections and jobs with
high exposure to fungal agents was also found (P=0.0001).
Among the working and living place factors, only a recent
house renovation (within the 6 months preceding the diagnosis of AML) was found to be more frequent in the mold
cases (24% versus 9.6%, P<0.001).
When considering post-treatment variables, we found an
increased risk of invasive mold infection in patients with
grade 3-4 esophagitis (Table 2). Systemic prophylaxis (with

any drug) resulted in protection from invasive mold infection onset. Posaconazole was the most frequently used drug
and it emerged as a protective factor (P=0.002).
Pre- and post-chemotherapy variables were thus included
in a common multivariate model for evaluating the risk of
proven/probable invasive mold infections. As for prechemotherapy variables, the analysis confirmed that a performance status of 2 or greater (P<0.001), a recent house renovation (during the 6 months preceding the diagnosis of
AML) (P<0.001), higher body weight (P=0.012), job with

Table 1A. Univariate analysis of the main PRE-chemotherapy risk factors for proven/probable invasive fungal infection.

Variables

Controls (n=667)

Gender
Male
Female
Age
≤50 years
>50 years
Race
Caucasian
Other
Body weight
Lower/normal
Higher
Season of diagnosis
Winter/spring
Summer/autumn
Type of hospital
Teaching
Non-teaching

Mold cases
P value
(n=54)
Demographic data

Yeast cases
(n=23)

P value

340 (51%)
327 (49%)

23 (42%)
31 (58%)

0.23

8 (35%)
15 (65%)

0.12

217 (32.5%)
450 (67.5%)

9 (17%)
45 (83%)

0.015

18 (78%)
5 (22%)

0.27

660 (99%)
7 (1%)

52 (96%)
2 (4%)

0.09

23 (100%)
0

0.62

483 (72%)
184 (28%)

46 (85%)
8 (15%)

0.04

18 (78%)
5 (22%)

0.53

370 (55.5%)
297 (44.5%)

24 (44.5%)
30 (55.5%)

0.11

5 (22%)
18 (78%)

0.03

405 (61%)
262 (29%)

35 (65%)
19 (35%)

0.55

16 (70%)
7 (30%)

0.39

AML & treatment
Type of AML
Primary
Secondary
Fludarabine-containing regimen1
Yes
No

497 (74.5%)
170 (25.5%)

43 (80%)
11 (20%)

0.40

5 (22%)
18 (78%)

0.68

114 (22%)
402 (78%)

9 (20%)
37 (80%)

0.69

6 (32%)
13 (68%)

0.33

Comorbidities
2

Performance status
0-1
2-4
Diabetes
Yes
No
Chronic renal failure
Yes
No
COPD
Yes
No
Chronic liver failure
Yes
No

509 (76%)
158 (24%)

26 (48%)
28 (52%)

<0.001

6 (26%)
17 (74%)

0.79

43 (6.5%)
624 (93.5%)

9 (17%)
45 (83%)

0.005

2 (9%)
21 (91%)

0.66

19 (3%)
648 (97%)

3 (5%)
51 (95%)

0.26

2 (9%)
21 (91%)

0.1

23 (3%)
644 (97%)

6 (11%)
48 (89%)

0.005

1 (4%)
22 (96%)

0.81

29 (4%)
638 (96%)

1 (2%)
53 (98%)

0.37

3 (13%)
20 (87%)

0.05

AML: acute myeloid leukemia; COPD: chronic obstructive pulmonary disease. 1Data from 581 patients only. 2According to the ECOG scale.
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high exposure (P=0.003) and COPD (P=0.012) significantly
influenced the onset of mold infections. Of the post-treatment variables, three remained statistically significant:
posaconazole prophylaxis (protective factor, P=0.002) and
days of neutropenia and esophagitis (both risk factors,
P=0.042 and P=0.005, respectively) (Table 3).

The logistic regression model exhibited good discrimination, with an area under the ROC curve of 0.77 (Figure 2).

Yeast cases
Twenty-three patients with proven invasive yeast infections (yeast cases) were compared to 667 controls (Figure 1).

Table 1B. Univariate analysis of the main PRE-chemotherapy risk factors for proven/probable invasive fungal infections.

Variables

Cigarette smoking
Yes
No
Alcohol, regular assumption
Yes
No
Cocaine use
Yes
No
Marijuana use
Yes
No
Type of hobbies *
High exposure
Regular exposure
Hunting
Yes
No

Controls
(n=667)

Mold cases
(n=54)
Personal habits

P value

Yeast cases
(n=23)

P value

196 (30%)
471 (70%)

24 (44%)
30 (56%)

0.020

8 (35%)
15 (65%)

0.57

162 (25%)
505 (75%)

19 (35%)
35 (65%)

0.062

7 (30%)
16 (70%)

0.5

7 (1%)
660 (99%)

3 (6%)
51 (94%)

0.006

1 (4%)
22 (96%)

0.14

19 (3%)
648 (97%)

1 (2%)
53 (98%)

0.66

1 (4%)
22 (96%)

0.67

58 (9%)
609 (91%)

10 (18.5%)
44 (81.5%)

0.017

4 (17%)
19 (83%)

0.15

14 (2%)
653 (98%)

2 (4%)
36 (96%)

0.44

2 (9%)
21 (91%)

0.038

Working & living places
Type of job *
High exposure
Regular exposure
Type of house
Apartment
House with garden
Area of residence
Rural
Urban
Fireplace in house
Yes
No
Potted plants in house
Yes
No
House renovation^
Yes
No
Construction sites near home°
Yes
No
Pet ownership
Yes
No
Poultry ownership
Yes
No

41 (6%)
626 (94%)

11 (20%)
43 (80%)

0.0001

1 (4%)
22 (96%)

0.72

382 (57%)
285 (43%)

26 (48%)
28 (52%)

0.19

13 (56.5%)
10 (43.5%)

0.94

190 (28.5%)
477 (71.5%)

13 (24%)
41 (76%)

0.48

8 (35%)
15 (65%)

0.51

207 (31%)
460 (69%)

18 (33%)
36 (67%)

0.73

7 (30%)
16 (70%)

0.95

398 (40%)
268 (60%)

33 (61%)
21 (39%)

0.83

13 (56%)
10 (44%)

0.76

64 (10%)
603 (90%)

13 (24%)
41 (76%)

<0.001

1 (4%)
22 (96%)

0.39

207 (31%)
460 (69%)

19 (35%)
35 (65%)

0.52

8 (35%)
15 (65%)

0.7

239 (36%)
428 (64%)

16 (30%)
38 (70%)

0.35

7 (30%)
16 (70%)

0.59

60 (9%)
607 (91%)

5 (9%)
49 (91%)

0.94

3 (13%)
20 (87%)

0.5

* “High exposure” jobs included construction work, farming, gardening, working in a florist’s shop, and forestry work, according to reference 13. * “High exposure” hobbies
included hunting, gardening, fishing, and hiking, according to reference 13. ^During the 6 months preceding the diagnosis of AML. ° Within 600 meters.
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Upon univariate analysis of pre-chemotherapy variables,
chronic liver disease and hunting were found to be more frequent in the yeast cases than in the controls (Table 1A,B).
Post-chemotherapy risk factors that emerged as significantly influencing the onset of invasive yeast infections were
the presence of a central venous catheter (P=0.03), grade 3-4
esophagitis (P<0.001), and grade 3-4 diarrhea (P=0.006)
(Table 2). Posaconazole prophylaxis significantly reduced
the incidence of yeast infections.
The impact of esophagitis, posaconazole prophylaxis and
a central venous catheter in influencing the risk of yeast
infections was confirmed by multivariate analysis; however,
none of the pre-chemotherapy variables was shown to independently influence the risk of invasive yeast infections,
according to the final multivariate model (Table 3).

Discussion
Underlying hematologic malignancies and neutropenia
have been recognized as crucial risk factors for invasive fungal infections.16,17 However, it is well known that only a few
patients among those considered at the highest risk (i.e.,
patients with AML) will develop an invasive fungal infection. With this in mind, it has been proven that many other
factors, both intrinsic and extrinsic, modifiable and not,
should be considered when defining a patient’s risk level.8
To our knowledge, this is the first prospective study ana-

lyzing the impact of potential risk factors for invasive fungal
infections at the time of the patients’ first admission. The
multicenter study allowed an analysis of a large cohort of
hematologic patients. Enrollment was limited to those
patients with newly diagnosed AML; furthermore, to
increase the homogeneity of our study population, we
excluded those patients who had not received either intensive (hypomethylating agents, support) or highly myelosuppressive regimens (promyelocytic leukemia).
In several previous studies, the first induction of remission
was proven to be the phase at which patients with AML
were at highest risk of invasive fungal infections.18 It has,
therefore, been speculated that pre-hospital exposure to
fungi may play a role in invasive fungal infections. However,
while the crucial role of the patient’s environment during
hospitalization has been clearly demonstrated, the role of
the environment outside the hospital is more difficult to
evaluate.19,20 We assumed that some variables (location of
residence, type of house, presence of potted plants, etc.) may
be a surrogate indicator of the patient’s exposure to spores in
the air.21 Not surprisingly, we found a strong correlation (confirmed by multivariate analysis) between a recent house renovation and the onset of an invasive mold infection. This is
congruent with reports of outbreaks of invasive aspergillosis
during construction work in hospitals.20
Pet ownership has been traditionally associated with fungal zoonoses.22,23 For this reason, we analyzed the risk of pet
owners and hunters in particular, but neither of these vari-

Table 2. Univariate analysis of the main POST-chemotherapy risk factors for proven/probable invasive fungal infections.

Variables

Controls (n=667)

Profound neutropenia
Yes
No
Days of neutropenia
(mean ± SD)
Mucositis grade ≥2*
Yes
No
Esophagitis grade >2*
Yes
No
Diarrhea grade >2*
Yes
No
Vomiting
Yes
No
Central venous catheter
Yes
No

Mold cases (n=54)
P value
Mucosal damage & medical devices

Yeast cases (n=23)

P value

23 (100%)
0
20±8

0.64

661 (99%)
6 (1%)
19±9

53 (98%)
1 (2%)
23±9

0.49

262 (39%)
405 (61%)

28 (52%)
26 (48%)

0.07

13 (56%)
10 (44%)

0.09

46 (7%)
621 (93%)

8 (15%)
46 (85%)

0.03

6 (26%)
17 (74%)

<0.001

176 (26%)
491 (74%)

18 (33%)
36 (67%)

0.27

12 (52%)
11 (48%)

0.006

139 (21%)
528 (79%)

14 (26%)
40 (74%)

0.37

8 (35%)
15 (65%)

0.10

511 (77%)
156 (23%)

39 (72%)
15 (28%)

0.46

22 (96%)
1 (4%)

0.03

0.10

0.28

Antifungal prophylaxis
Systemic prophylaxis
- Yes
- No
Posaconazole prophylaxis
- Yes
- No

643 (96.4%)
24 (3.6%)

49 (91%)
5 (9%)

0.041

20 (87%)
3 (13%)

0.02

411 (61.6%)
256 (38.4%)

22 (41%)
32 (59%)

0.002

6 (26%)
17 (74%)

<0.001

Standard deviation. * According to the WHO.
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Table 3. Multivariate analysis of the PRE- and POST-chemotherapy risk factors for proven/probable invasive mold infections and proven yeast
infections.

VARIABLES

OR

Performance status ≥2*
House renovation
Higher body weight
High exposure job
COPD

3.10
4.01
0.34
3.43
3.96

Proven/probable mold infection
P value
95% CI
Pre-chemotherapy
<0.001
<0.001
0.012
0.003
0.012

1.69-5.67
1.89-8.52
0.15-0.79
1.52-7.70
1.35-11.55

OR

Proven yeast infection
P value

95% CI

---

---

---

-------

-------

-------

--4.24
7.25
0.22

--0.013
0.058
0.006

--1.35-13.3
0.93-56
0.08-0.65

Post-chemotherapy
Days of neutropenia
Esophagitis grade >2**
Central venous catheter
Posaconazole prophylaxis

1.03
3.52
--0.37

0.042
0.005
--0.002

1-1.06
1.45-8.57
--0.20-0.69

COPD: chronic obstructive pulmonary disease. * According to the ECOG scale. ** According to the WHO scale

1.00
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0.75
Sensitivity

ables emerged as a significant risk factor for invasive fungal
infections in our cohort.24
Patients are generally advised against gardening and other
activities exposing them to dust that may contain spores,
even though the role of such activities has never been
proven. In our analysis “high exposure” hobbies and jobs
were more frequent in patients with invasive mold infections. It can be speculated that such activities may have led
to mold colonization in the patients prior to their hospitalization.
In a study by Panackal et al., it was found that the incidence of invasive aspergillosis was higher during the summer and autumn.25 This seasonal difference in incidence did
not emerge in our series, in which invasive mold infections
were equally distributed throughout the year. In contrast, a
higher proportion of yeast cases occurred during the summer and autumn.
Specific personal habits relating to exposure were also
investigated. In a previous similar study, a sub-analysis of a
small subgroup of AML patients revealed them to be at higher risk if they were cigarette smokers.21 Both tobacco and
cannabis contain fungal spores that may contaminate the
lower respiratory tract.26,27 In addition, nicotine has marked
effects on the immune response system and has been reported to inhibit the release of some cytokines (e.g., interleukin6, tumor necrosis factor-a) and to depress the functions of
murine alveolar macrophages.28,29 In our experience, there
was an association between smoking and invasive mold
infections only in the univariate analysis. Similarly, alcohol is
known to have multiple effects on host immune responses,
including depletion of circulating lymphocytes and reduction of the Th1 cytokine response, which is protective
against microbial infections,30,31 but we did not find any correlation between alcohol and invasive fungal infections in
our study.
Smoking marijuana has been reported to be associated
with pulmonary aspergillosis because of the possible contamination of the leaves by Aspergillus spp.32,33 This correlation was not confirmed in our series, most likely due to the
very low number of patients reporting marijuana use. In
contrast, cocaine emerged as a possible risk factor for invasive mold infections in the univariate analysis. The effects of
this drug on immunity have been extensively investigated,
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Figure 2. Receiver-operator characteristic (ROC) curve for the multivariate model for invasive mold infections.

mainly in murine models and in vitro studies. Nearly all of
these studies have shown a correlation with reduced
immune function, including both cellular and humoral
immunity.31
Performance status and comorbid conditions can easily be
evaluated at the time of first admission. Diabetes is a wellknown risk factor for mucormycosis, but it has never been
investigated in patients with invasive aspergillosis, nor in a
prospective study of a large cohort of patients.34,35 In our
analysis, diabetes was more frequent in mold cases, suggesting a potential role as an additional risk factor for all invasive
mold infections. Patients with severe COPD who receive
broad-spectrum antibiotics and corticosteroids are becoming
one of the main risk groups for invasive pulmonary
aspergillosis.36 However, the role of COPD as a potential
additional risk factors in hematologic patients has never
been investigated before. In our study, both univariate and
multivariate analyses confirmed COPD as an additional risk
factor in AML patients.
In the last few years, an association between liver failure
and invasive aspergillosis has been suspected.37,38 Because
patients with AML have abnormal cellular and humoral
haematologica | 2015; 100(2)
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immunity, they may be unable to eliminate inhaled conidia,
and this may predispose them to invasive aspergillosis.39 Our
study did not confirm such an association, but this may be
related to the very low number of patients reporting a history of hepatic disease. Renal dysfunction has been reported to
be a risk factor for invasive aspergillosis in lung transplant
recipients.40 This relationship did not emerge from our analysis.
Surprisingly, we found that patients with a higher body
mass index were protected from invasive mold infections
and that this relationship was highly significant upon multivariate analysis. Some smaller studies have shown that
obese subjects may have an altered response to sepsis. Some
investigations have focused on hormonal mediators, including leptin and adiponectin, showing that their levels are
altered.41,42 Both these alterations were correlated with
human survival of sepsis, although the relationships were
complex and the studies involved few patients.
Hospital- and treatment-dependent risk factors were also
analyzed because they are potentially confounding variables
in our analysis. It was impossible to prove the role of severe
neutropenia in either mold or yeast infections because all
patients received intensive chemotherapy and were, thus, all
profoundly neutropenic. However, an association between
the duration of neutropenia and the risk of invasive mold
infections was confirmed.
In a recent single center analysis conducted at the M.D.
Anderson Cancer Center involving 165 patients with AML,
those receiving investigational clofarabine-containing protocols and those with therapy-related disease were at higher
risk of invasive fungal infections, with the effect of clofarabine-containing protocols being confirmed in the multivariate analysis.43 Both these variables were included in our
analysis, but neither resulted predictive of the onset of invasive fungal infections.
The protective role of posaconazole prophylaxis in highrisk patients has been demonstrated in several clinical trials
and confirmed in clinical experience.4-6,44 According to these
previous results, posaconazole prophylaxis resulted in a significantly reduced incidence of mold infections.6 The higher
number of patients in the present analysis allowed us to
prove the protective role of posaconazole against yeast
infections as well.
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