
Original Articles

Funding: this work was
supported by a grant from the
Ministry of University and
Scientific and Technological
Research (MURST) of Italy. 

Acknowledgments: the authors
thank Prof. B. de Pauw for his
useful and enlightening sugges-
tions and comments.

Manuscript received on May
27, 2009; revised version
arrived on July 17, 2009;
manuscript accepted on
September 18, 2009.

Correspondence: 
Livio Pagano, M.D.
Istituto di Ematologia,
Università Cattolica del Sacro
Cuore, Largo Francesco Vito, 1
I-00168 Roma,Italia. 
E-mail: lpagano@rm.unicatt.it

Background
The aim of this study was to evaluate prognostic factors, treatments and outcome of invasive
aspergillosis in patients with acute myeloid leukemia based on data collected in a registry. 

Design and Methods
The registry, which was activated in 2004 and closed in 2007, collected data on patients with
acute myeloid leukemia, admitted to 21 hematologic divisions in tertiary care centers or uni-
versity hospitals in Italy, who developed proven or probable invasive aspergillosis. 

Results
One hundred and forty cases of invasive aspergillosis were collected, with most cases occur-
ring during the period of post-induction aplasia, the highest risk phase in acute myeloid
leukemia. The mortality rate attributable to invasive aspergillosis was 27%, confirming previ-
ous reports of a downward trend in this rate. Univariate and multivariate analyses revealed that
the stage of acute myeloid leukemia and the duration of, and recovery from, neutropenia were
independent prognostic factors. We analyzed outcomes after treatment with the three most
frequently used drugs (liposomal amphotericin B, caspofungin, voriconazole). No differences
emerged in survival at day 120 or in the overall response rate which was 71%, ranging from
61% with caspofungin to 84% with voriconazole. 

Conclusions
Our series confirms the downward trend in mortality rates reported in previous series, with all
new drugs providing similar survival and response rates. Recovery from neutropenia and dis-
ease stage are crucial prognostic factors. Efficacious antifungal drugs bridge the period of max-
imum risk due to poor hematologic and immunological reconstitution.
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Introduction

The epidemiology of invasive aspergillosis has changed
significantly over the last two decades. Patients with acute
myeloid leukemia (AML) are most frequently affected,
with a 10% incidence during post-induction or consolida-
tion aplasia.1-3 Although the severity and duration of neu-
tropenia remain the major risk factors, the incidence of
invasive aspergillosis has also increased after immunosup-
pressive therapy, such as alemtuzumab, infliximab or flu-
darabine-based chemotherapy.4-6 The aspergillosis-attrib-
utable mortality rate (AMR) in AML is generally around
30-40%. In two consecutive multicenter studies we
observed that the AMR decreased from 48% in 1987-1998
to 38.5% in 1999-2003.2,7,8
There was, therefore, the need for an observational reg-

istry to identify emerging risk factors, stratify patients
according to risk and assess the efficacy of anti-fungal
agents as they are introduced into clinical practice. The
present study charted the incidence and outcome of inva-
sive aspergillosis in Italian patients with AML from 2004
to 2007, identified factors influencing outcome and deter-
mined whether prescribed treatment influenced outcome.

Design and Methods

A prospective registry investigation was conducted in 21 terti-
ary care centers or university hospitals in Italy from January 2004
through December 2007. Inclusion criteria were development of
invasive aspergillosis in AML patients. Exclusion criteria were: (i)
allogeneic and autologous stem cell transplant procedures; (ii) a
history of invasive aspergillosis; and (iii) end-stage AML (patients
with relapsed/resistant AML after two or more chemotherapy
regimens). Only infections that were classified as “proven” or
“probable” were included in this analysis.9

Each participating center completed a questionnaire eliciting
the following data: age, gender, AML stage (onset, first
relapse/resistance, complete remission), neutropenia (severe if
count was <0.5×109/L and moderate if 0.5-1.0×109/L) and its
duration (<10 versus ≥10 days), antifungal prophylaxis, site of
infection, diagnostic microbiology, (direct microscopy, cultures,
galactomannan assay), imaging and histology (in vivo and post
mortem), granulocyte colony-stimulating factor (G-CSF) adminis-
tration, neutrophil transfusions, empirical/pre-emptive therapy,
first or second line targeted therapy, oral antifungal maintenance
therapy, and outcome. 
“Empirical” therapy was started in patients with clinical signs

and symptoms of infection, without any pathogen identified or
any radiological sign. “Pre-emptive” treatment was initiated in
patients with persistent fever and imaging-documented pneumo-
nia or acute sinusitis. In patients with compatible radiological
signs and microbiological tests allowing identification of the
pathogen and in those with histopathological evidence of an
aspergillosis, “targeted” therapy was initiated. 
Additional information included in the questionnaire were:

dates of symptom onset, diagnosis, start of antifungal therapy
(empirical, pre-emptive, targeted), and death, with attending
physicians and/or pathologists defining causes of death as
aspergillosis or ‘other’ with or without aspergillosis. Death was
defined as occurring early (<6 weeks) or late (>6 weeks) after the
diagnosis of invasive aspergillosis.10 Each patient was followed-
up for a minimum of 120 days. 
Diagnostic work-ups, which were practically identical in par-

ticipating centers, included: nasal, pharyngeal, and rectal swabs

at the time of admission; blood cultures and chest X-rays at onset
of fever; galactomannan assays twice a week, and computed
tomography (CT) scan on the 4th to 7th day of fever. Additional
examinations (e.g., abdominal ultrasound scan, sinus or brain CT,
skin biopsy, bronchoalveolar lavage, fundus examination) were
performed as required. 
At the end of data collection all clinical, diagnostic and thera-

peutic data were reviewed by two independent, blinded physi-
cians and the current European Organization for Research and
Treatment of Cancer/Mycosis Study Group consensus criteria
were thus applied to define invasive aspergillosis.9

Two end-points were used to assess outcome: (i) aspergillosis-
AMR on day 120, according to criteria proposed by Wingard et
al.;10 death due to causes other than invasive aspergillosis were
excluded from the survival analysis; and (ii) first-line antifungal
therapy response rate after a minimum of 7 days of therapy.
Failure was defined as no clinical improvement and/or change of
first-line targeted drug, according to the clinicians’ decision.

Statistical analysis
Univariate analysis was performed using the χ2 test with the

following independent variables: sex, age, year of observation,
AML stage, site of infection, severity and duration of neutrope-
nia, neutrophil recovery, antifungal prophylactic agent and route
of administration (topical versus systemic), antifungal therapy,
first and second line targeted therapy, microbiological data, etio-
logical agent, radiological and histological data, G-CSF adminis-
tration, neutrophil transfusions, maintenance antifungal therapy,
outcome and participating center. Variables for which data sets
were incomplete were not included. Multivariate analysis was
performed using a logistic regression model in which goodness of
fit was assessed with the Hosmer and Lemeshow test.11 The
model included only variables with a univariate P value of less
than 0.25, applying the stepwise-with-backward-elimination
method. Adjusted odds’ ratios (OR) and 95% confidence inter-
vals (CI) were calculated. P values less than 0.05 were considered
statistically significant. The analyses were performed using SPSS
software for Windows, version 13.0.
Two different end-points were defined for the univariate and

multivariate analyses: outcome on day 120 and response to first-
line antifungal therapy, respectively. 

Results

During the study period (2004-2007), 152 cases of inva-
sive aspergillosis in patients with AML were observed in
21 participating centers. Of these, 140 met the required
criteria and were included in the present analysis. Twelve
patients were excluded because they were in the terminal
phase of AML (n=3), had a diagnosis of possible
aspergillosis (n=2) or had undergone allogeneic
hematopoietic stem cell transplantation (n=7). 
The patients ranged from 14 to 79 years old (median, 57

years). The male-to-female ratio was 1.8:1. Of the 140
cases of invasive aspergillosis, 85 (60%) occurred during
aplasia after first-line chemotherapy, 4 (3%) after consoli-
dation in patients who had obtained complete remission
and 51 (36%) after treatment for refractory or relapsed
AML. The mean period between symptom onset and
diagnosis of invasive aspergillosis was 12 days (range, 1-
85).
The lung was the most commonly affected site

(126/140; 90%). Six patients had disseminated invasive
aspergillosis (≥3 sites involved). Severe neutropenia was
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present at the onset of invasive aspergillosis in 130/140
patients (93%). Six patients (4%) became neutropenic
after clinical evidence of invasive aspergillosis. Neutrophil
count normalized in 105/136 evaluable patients (77%)
(Table 1).
Cases of probable invasive aspergillosis predominated

over the histologically proven cases (105 versus 35; 75%
versus 25%). For two of the proven infections (1%), the
diagnosis was formulated at autopsy. Aspergillus spp. sub-
types were identified in 55/140 of the cases of invasive
aspergillosis (39%), with A. fumigatus (56%) being the
most common (Table 1).

Treatment
Antifungal prophylaxis was administered to 121/140

patients (86%). The systemic route was chosen in 101
patients (72%) for a mean of 20 days (range, 2-90).
Itraconazole was given to 67% of cases, for a mean of 22
days. Fluconazole was prescribed for 33% for a mean of
16 days (Table 2).
Therapy was empirical in 87/140 patients (62%) and

pre-emptive in 41 (29%). The remaining 12 patients
received only targeted therapy (9%). The mean period
between symptom onset and the start of empirical/pre-
emptive treatment was 6 days (range, 1-19). The differ-
ence between times to treatment was not significant
(symptoms to empirical therapy, 1-18 days, mean 5 days;
symptoms to pre-emptive therapy 1-19 days, mean 6
days). Liposomal amphotericin B (L-AmB), caspofungin,
and voriconazole were most frequently prescribed as
empirical/pre-emptive treatment and in 81/121 patients
(67%) the drug used empirically or pre-emptively was
confirmed as the targeted therapy. Targeted antifungal
therapy was administered to 136 patients. Combined
therapy was given as first-line targeted therapy in 22/136
patients (16%). A sequential schedule was used in 16 of
them (73%) (i.e. adding a second antifungal drug to pre-
existing therapy). Various different drugs were combined,
as shown in Table 2. Second-line rescue therapy was suc-
cessful in 10/15 patients who received it. 
To hasten neutrophil recovery, 93/140 patients (66%)

received G-CSF; granulocyte transfusions were given to
only two patients. Two patients underwent surgery in
addition to chemotherapy. Oral antifungal maintenance
therapy with voriconazole, itraconazole or posaconazole
was given to 93/106 responders (88%) for a mean of 61
days (range, 4-250).

Outcome
The overall mortality rate on day 120 was 33%

(47/140), with no significant inter-center differences.
Death was due to invasive aspergillosis or occurred in its
presence in 38 patients (AMR, 27%). The mean time to
death was 35 days (range, 2-117 days) (Table 3). Most
early deaths were due to invasive aspergillosis (20/140,
14%) or occurred in the presence of invasive aspergillosis
(18/140, 13%), while other causes predominated for late
deaths. The mean time to death due to invasive aspergillo-
sis was 22 days (range, 3-58 days). The mean time in cases
with invasive aspergillosis was 37 days (range, 2-117 days)
and in those without invasive aspergillosis was 62 days
(range, 15-110 days).
Univariate analysis showed that outcome was signifi-

cantly influenced by AML stage as well as duration of, and
recovery from, neutropenia (Tables 1 and 2). Indeed,

among the patients with invasive aspergillosis, those with
relapsed/resistant AML had a worse prognosis than those
in remission (43% versus 19%, P=0.002). Neutropenia per-
sisting for 10 or more days was associated with a two-fold
increase in AMR (31% versus 15% among those with neu-
tropenia recovery in less than 10 days, P= 0.05). The prob-
ability of AMR for patients who did not recover from neu-
tropenia was 90% compared with 7% among those in
whom neutropenia was overcome, P<0.001). G-CSF
administration shortened the time to neutrophil recovery
(15 versus 25 days) but did not affect AMR (Figure 1). Other
parameters, such as disease extension or Aspergillus spp.
did not influence outcome. The outcome of patients with
“proven” or “probable” invasive aspergillosis was almost
identical (AMR, 29% versus 27%) (Table 1). Multivariate
analysis confirmed that recovery from neutropenia and
AML stage were independent prognostic factors. 
No antifungal drug conferred a clear survival advantage.

Although combined therapy was not associated with bet-
ter survival, combination therapy with L-AmB and caspo-
fungin reduced AMR to 12.5%. 
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Table 1. Univariate analysis of 140 cases of invasive aspergillosis.
N. of cases N. of deaths P value

(%) (AMR %)

Year of observation
2004 31 (22%) 7 (23%)
2005 29 (21%) 12 (41%) 0.27
2006 56 (40%) 14 (25%)
2007 24 (17%) 5 (21%)

AML stage
1st induction therapy 85 (61%) 16 (19%)
Complete remission 4 (3%) 0 <0.001
Relapse/resistance 51 (36%) 22 (43%)

Site of infection
Lung 126 (90%) 32 (25%)
Sinuses 6 (4%) 2 (33%) 0.38
Disseminated1 6 (4%) 2 (33%)
Other2 2 (2%) 2 (100%)

Certainty of diagnosis
Proven 35 (25%) 10 (29%) 0.82
Probable 105 (75%) 28 (27%)

Aspergillus subtype3

A. flavus4 14 (25.5%) 4 (29%)
A. fumigatus 31 (56%) 11 (35%) 0.71
A. niger 8 (14.5%) 2 (25%)
A. terreus 2 (4%) 0

Previous neutropenia
Yes 130 (93%) 34 (26%) 0.34
No 10 (7%) 4 (40%)

Severity of neutropenia
Moderate 7 (5%) 2 (29%) 0.88
Severe 123 (95%) 32 (26%)

Mean duration of neutropenia 
<10 days 40 (31%) 6 (15%) 0.05
≥10 days 90 (69%) 28 (31%)

Recovery from neutropenia5

Yes 105 (77%) 7 (7%) <0.001
No 31 (23%) 28 (90%)

AMR: aspergillosis-attributable mortality rate. 1≥3 involved sites 2one bowel + one orbit
3identified in 55/140 patients only; 4three cases were due to multiple agents (A.flavus
+ A.fumigatus) 5included six patients who became neutropenic after the onset of
aspergillosis.
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Efficacy of anti-fungal therapy
Four patients died while receiving empirical treatment,

leaving 136 patients evaluable for response to treatment.
Efficacy was assessed by the success of first-line therapy
only. Of the 136 evaluable patients, 93 (68%) had a good
response. Univariate and multivariate analyses with good
response as the end-point confirmed that AML stage and

recovery from neutropenia were prognostic factors.
When comparing the drugs most frequently used for tar-

geted therapy, the response rate ranged from 61% with
caspofungin to 84% with voriconazole (Figure 2), perhaps
because a higher percentage of patients recovered from
neutropenia in the voriconazole group (Table 4). Despite
this, no significant differences emerged in efficacy in
either univariate (P=0.09) or multivariate (P=0.3) analysis. 

Discussion

Invasive aspergillosis is one of the most serious compli-
cations in patients with hematologic malignancies.2,3 Since
past studies frequently focused on groups of patients with
marked diversity in risk, disease, disease stage, and type of
transplant they were unable to provide clear conclusions
about the impact of individual risk factors on outcome.12-13
To avoid such confounding factors, the present analysis
focused only on patients with AML who received stan-
dard chemotherapy and who had proven/probable inva-
sive aspergillosis. 
Our study confirms that the lung is the most frequent

site of invasive aspergillosis, probably due to inhalation of
spores playing a primary role in colonization. Most of our
patients developed invasive aspergillosis after the first
course of chemotherapy. In healthy subjects macrophages
and polymorphonuclear leukocytes are effective defenses
against the ubiquitous Aspergillus.14 However, in patients
with leukemia, the diseased white blood cells impair
immune responses, facilating fungal colonization which
becomes manifest with neutropenia, mucosal damage and
immunosuppression due to induction chemotherapy.15
Advances in the diagnosis of this infection (e.g. through
the galactomannan assay or high resolution CT scanning)
have increased the number of cases of in vivo proven inva-
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Table 2. Univariate analysis of anti-fungal prophylaxis and therapy in
140 cases of invasive aspergillosis.

N. of cases N. of deaths P
(%) (AMR %) value

Antifungal prophylaxis
Topical 20 (14%) 4 (20%) 0.55
Systemic 101 (72%) 30 (30%)
None 19 (14%) 4 (21%)

Systemic anti-Aspergillus prophylaxis 
Yes1 68 (67%) 23 (34%) 0.19
No 33 (33%) 7 (21%) 

Empirical or pre-emptive therapy
Yes 128 (91%) 34 (26%) 0.61
No 12 (9%) 4 (33%) 

Empirical versus pre-emptive therapy2

Empirical 87 (68%) 25 (28%) 0.61
Pre-emptive 41 (32%) 10 (24%)

Empirical/pre-emptive drug2

Caspofungin 27 (21%) 8 (30%)
L-AmB 54 (42%) 12 (22%)
Voriconazole 25 (20%) 6 (24%) 0.61
d-AmB 14 (11%) 6 (43%)
Other3 8 (6%) 2 (25%)

First line therapy 4

Same as empirical 84 (67%) 19 (23%) 0.46
Different 42 (33%) 12 (29%)

Drug in first line target therapy 5

d-AmB 6 (5%) 1 (17%)
L-AmB 37 (27%) 9 (24%)
Caspofungin 28 (21%) 9 (32%)
Voriconazole 38 (28%) 7 (18%)
Posaconazole 2 (1%) 0 0.79
Other6 3 (2%) 3 (100%)
Combined 22 (16%) 5 (23%)
L-AmB + caspofungin 8 1 (12.5%)
L-AmB + voriconazole 8 2 (25%)
Caspofungin + voriconazole 6 2 (33%)

G-CSF administration
Yes 93 (66%) 24 (26%) 0.62
No 47 (34%) 14 (30%)

Oral maintenance therapy7

Yes 93 (88%) 5 (5%) 0.39
No 13 (12%) 0 

Oral antifungal drug7

Voriconazole 72 (78%) 3 (4%)
Itraconazole 18 (19%) 2 (11%) 0.46
Posaconazole 3 (3%) 0

AMR: aspergillosis-attributable mortality rate; d-AmB: deoxycolate amphotericin B; L-
AmB: liposomal amphotericin B; G-CSF: granulocyte colony-stimulating factor 1 all
patients received itraconazole 2 performed in 128 patients only 3 itraconazole (n = 6
patients), posaconazole (n = 1), fluconazole (n = 1) 4 related to 126 patients only
(patients treated with target therapy only and early deaths excluded) 5 performed in
136 patients only (4 early deaths) 6 amphotericin B in lipid complex (2 patients), itra-
conazole (n = 1) 7 patients who died while receiving i.v. treatment were excluded.

Figure 1. Granulocyte-colony stimulating factor (G-CSF) does not
affect attributable mortality rate (AMR) or probability of neutrophil
recovery, but does shorten recovery times.

Patients with Invasive aspergillosis 
and neutropenia

N=136 

G-CSF
N=93 

No G-CSF
N=93 

Yes 
N=71 (76%) 

Mean time to recovery:
15 days

AMR 7%
(5/71)

AMR 86%
(19/22)

AMR 6%
(2/34)

AMR 100%
(9/9)

Mean time to recovery:
25 days

No 
N=22 (34%) 

Yes
N=34 (79%) 

No 
N=9 (21%)

Recovery
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sive aspergillosis compared to the number in previous
SEIFEM studies,2,8 while aggressive prescription of empiri-
cal/pre-emptive therapy has greatly reduced the rate of
dissemination to very few cases. Consequently, unlike
others, we are unable to comment on the prognostic
impact of dissemination.16-19
Neutropenia emerged as a crucial variable in influencing

outcome. Over the years clinicians have focused on man-
aging neutropenia by administering G-CSF.20 The present
study showed that G-CSF shortened the period of neu-
tropenia but had no effect on outcome because 34% of
patients did not respond to it. Although another approach
to neutropenia management is granulocyte transfusions,
the use of this strategy in our series was limited to anec-
dotal cases, probably because of the scarce and divergent
clinical evidence of its efficacy. To date, there have been
no clinical trials balancing efficacy and adverse reactions in
invasive aspergillosis. 
The prognostic significance of certainty of diagnosis has

not yet been clearly defined. In our analysis the outcome
of patients with “proven” invasive aspergillosis was iden-
tical to that of patients with “probable” infection. In other
recent studies, patients with proven invasive aspergillosis
had a worse outcome,21 or, in complete contrast, a better
outcome than patients with probable invasive aspergillo-
sis.22
Standard anti-fungal prophylaxis was based on flucona-

zole or itraconazole, given that posaconazole had not
been approved for prophylaxis in Italy when the study
was on-going. About two-thirds of the patients in our
series developed invasive aspergillosis despite prior anti-
Aspergillus prophylaxis. The use of systemic prophylaxis is
still debated since its efficacy is uncertain and break-
through infections with non-fumigatus strains are often
feared.23 In our series A. fumigatus was confirmed as the
most frequent causative species of aspergillosis, independ-
ently of whether prophylaxis was systemic or not. 

As demonstrated by univariate and multivariate analy-
ses, empirical and pre-emptive therapies produced similar
outcomes, probably because there was little or no delay in
starting pre-emptive antifungal therapy. Indeed, targeted
therapy was begun within a mean of 8 days. After the
definitive diagnosis of invasive aspergillosis, the empiri-
cal/pre-emptive treatment was not changed in 81% of
patients, because they were considered clinically stable. 
In the present cohort the 27% AMR confirmed the

downward trend in mortality rates. Most invasive
aspergillosis-related deaths occurred within the first 6
weeks of the onset of symptoms, when patients were
most vulnerable, whereas other causes predominated for
later deaths. 
In analyzing response to first-line targeted therapy, this

study focused particularly on the three most frequently
employed drugs (L-AmB, caspofungin and voriconazole).
The response rate to standard- or high-dose L-AmB,

L. Pagano et al.
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Table 3. Causes of death over time in 47 patients.
Cause of death Number N. of N. of P

(%) deaths deaths value
<6 weeks* >6 weeks*

(%) (%)

Invasive aspergillosis 20/47 18/33 2/14 0.02
(43%) (55%) (14%)

Other with 18/47 12/33 6/14 n.s.
invasive aspergillosis (38%) (36%) (43%)
Other without 9/47 3/33 6/14 0.007
invasive aspergillosis (19%) (9%) (43%)

*According to Wingard et al.10

Table 4. Comparison among the three groups of patients in terms of principal
epidemiological characteristics.

L-AmB Caspofungin Voriconazole P
N. of cases: 37 N. of cases: 28 N. of cases: 38 value

AML phase
Onset 21 (57%) 16 (57%) 25 (66%)
Relapse/resistance 16 (43%) 10 (36%) 11 (29%) 0.67
Complete remission 0 2 (7%) 2 (5%)

Site of infection
Lung 34 (92%) 27 (96%) 34 (89%)
Sinuses 2 0 3 0.57
Multiple1 1 1 0
Other 0 0 1

Previous neutropenia
Yes 35 (95%) 26 (93%) 37 (97%) 0.68
No 2 2 1

Mean duration of previous neutropenia 
<10 days 12 (32%) 11 (39%) 10 (26%) 0.53
≥10 days 25 (68%) 17 (61%) 28 (74%

Recovery from neutropenia
Yes 28 (77%) 19 (68%) 33 (87%) 0.06
No 8 9 5

Success 25 17 32 0.09
(response rate) (68%) (61%) (84%)
Survivors at day 120 27 19 33 0.15
(Survival rate) (73%) (68%) (87%)

AML: acute myeloid leukemia, G-CSF: granulocyte colony-stimulating factor. 1≥3 involved sites.

Figure 2. First- and second-line antifungal targeted therapy and
responses (focused on liposomal amphotericin B, voriconazole and
caspofungin) in invasive aspergillosis.

Evaluable patients with IA
N=101

1st line treatment

2nd line treatment

L-AmB Voriconazole Caspofungin
N=37 N=38 N=28

Success Failure Success Failure Success Failure
N= 25 N=12 N=32 N=6 N=17 N=11
(68%) (32%) (84%) (16%) (61%) (39%)

Success Death Success Death Success Death
N=2 N=2 N=1 N=2 N=2 N=1

Deaths Deaths Deaths
N=8 N=3 N=8

Drug N.
Voriconazole 3
Caspofungin 1
Total 4

Drug N.
Caspofungin 1
Posaconazole 1
L-AmB + voriconazole 1
Total 4

Drug N.
Voriconazole 1
Voriconazole + 2
caspofungin
Total 3
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caspofungin or voriconazole was already reported to
range from 32% to 53%.24-30 The percentage of success
reported in those studies is lower than that observed in
our registry, which ranged from 64% to 82%. This could
be explained by the very restrictive criteria for response
evaluation in pivotal trials. However, when we compared
the AMR reported in the present study with that of the
afore-mentioned trials, the results are comparable. These
observations suggest that the efficacy of antifungal agents
is probably higher in clinical practice than in randomized
trials.
Interestingly, in our analysis no significant differences

emerged between response rates to three commonly used
drugs. The trend towards to better response in patients
who received voriconazole might have depended on the
larger number of patients who recovered from neutrope-
nia. However, one should also consider that a higher num-
ber of cases could have made the differences statistically
significant.
Antifungal treatments have often been combined in

recent years in order to exploit potential synergies and a
broader spectrum activity and to prevent resistance.
However, in the absence of prospective studies in patients
with hematologic disorders this type of expensive and
potentially toxic therapy should be reserved for rescue
therapy.31 Surprisingly, 16% of our patients with invasive

aspergillosis received two-drug, often sequential, combi-
nation therapy as first-line treatment. The most effica-
cious antifungal combination appeared to be L-AmB and
caspofungin, which may merit further evaluation in ran-
domized clinical trials. 
In conclusion, advances in diagnosis and the availability

of a larger antifungal armamentarium for the treatment of
invasive aspergillosis in patients with hematologic malig-
nancies have contributed to reducing fungus-related mor-
tality.8 Neutropenia and depressed immunity to fungi are
still major risk factors14,32,33 and, until recovery of these bio-
logical deficiencies is hastened, we recommend the cur-
rent practice of aggressive empirical and pre-emptive ther-
apy for invasive aspergillosis in patients with AML.
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