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ABSTRACT

Background. Invasive aspergillosis (IA) continues to be
a leading cause of morbidity and mortality in hemato-
logic malignancy (HM) patients. We evaluated the prog-
nostic factors for IA in HM patients.

Methods. In this retrospective study, we included all
HM patients diagnosed with proven or probable IA be-
tween June 1993 and June 2008.

Results. A total of 449 HM patients were analyzed,
the majority of which (75%) had underlying leuke-
mia. Multivariate logistic regression analysis showed
that neutropenia for more than two weeks during IA,
steroid use, and intensive care admission were inde-
pendently associated with failure to respond to anti-
fungal therapy, as well as increased IA-attributable
mortality (all p-values < .01). Antifungal therapy

with an antimold azole-containing regimen (vori-
conazole or posaconazole) was also independently as-
sociated with improved response to treatment, as well
as decreased IA-attributable mortality (all p-values <
.0001). Survival analysis showed that primary or sal-
vage therapy with a regimen that contained antimold
azoles was significantly associated with improved
survival (p < .001).

Conclusions. In HM patients, persistent neutropenia
and the need for intensive care are associated with fail-
ure to respond to antifungal therapy. Use of novel anti-
mold azoles, either as primary or salvage therapy,
improves the overall outcome and IA-attributable death
of HM patients with IA. The Oncologist 2011;16:
1049–1060

INTRODUCTION

Hematologic malignancy patients are at significantly in-
creased risk of invasive fungal infections for multiple rea-

sons, particularly the use of cytotoxic agents that lead to
prolonged neutropenia and dysfunctional cell-mediated im-
munity [1]. New clinical practices for these immunocom-
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promised patients have significantly changed the
epidemiologic characteristics of infectious complications,
including invasive fungal infections [2, 3]. However, inva-
sive aspergillosis (IA), one of the most common invasive
fungal infections in hematologic malignancy patients, con-
tinues to be associated with significant morbidity and mor-
tality, particularly in patients who have undergone
hematologic stem cell transplantation (HSCT) [2, 4–6].

Previous studies have identified prognostic factors for
mortality among patients with IA, including the severity
and dissemination of aspergillosis and degree of host im-
munosuppression [5–7]. However, most of these findings
were from studies of selected HSCT patients and may not
be applicable to hematologic malignancy patients (leuke-
mia and lymphoma patients) who have not undergone
HSCT because these patients have different host character-
istics. Identifying prognostic factors for adverse therapeutic
outcomes and mortality could allow us to implement new
and intensive strategies in selected high-risk patients.
Therefore, in this study, we evaluated the prognostic factors
for overall and IA-attributable death as well as treatment re-
sponse among hematologic malignancy patients (most of
whom did not undergo HSCT) who had been diagnosed
with IA between 1993 and 2008 at our tertiary cancer cen-
ter. Furthermore, we assessed the response to various
classes of antifungal drugs, given as primary and salvage
therapy and the impact of these agents, on overall and IA-
attributable mortality.

PATIENTS AND METHODS

Patient Population
We conducted a retrospective chart review to identify all
hematological malignancy patients with documented
proven or probable IA diagnosed between June 1993 and
June 2008 at The University of Texas MD Anderson Cancer
Center (Houston, Texas). IA cases were selected from a da-
tabase. Patient data had been prospectively collected by in-
stitutional infection control personnel. The institutional
review board of MD Anderson Cancer Center approved this
study. A patient waiver of informed consent was obtained
for this study. Standardized forms were used to collect ep-
idemiologic and clinical information for each IA patient.
We also collected information pertaining to HSCT within
one year prior to IA diagnosis or during treatment and re-
corded the Aspergillus species and antifungal therapy used.

Definitions
Proven and probable IA were defined according to the Eu-
ropean Organization for Research and Treatment of Cancer
and Mycoses Study Group criteria [8]. In brief, proven IA

was characterized by documented histopathologic and mi-
crobiologic evidence of Aspergillus spp. infection on au-
topsy or biopsy tissue samples or culture samples from a
normally sterile site. Probable IA was characterized by the
presence of radiologic and microbiologic features support-
ing an IA diagnosis (the presence of nodules or cavities or a
halo or air-crescent sign on chest x-ray or computerized to-
mography and documentation of Aspergillus spp. infection
by direct microscopy or culture) in a patient with an abso-
lute neutrophil count of �500 cells/mm3, who had under-
gone prolonged steroid therapy, or who had used cytotoxic
agents. The day of IA diagnosis was defined as the day on
which the first microbiologic or histopathologic evidence
of IA was collected. Persistent neutropenia was defined as
an absolute neutrophil count of �500 cells/mm3 that lasted
for at least two weeks during IA therapy.

Primary antifungal therapy was defined as the first an-
tifungal regimen (single agent or combination) that was ad-
ministered for at least 7 consecutive days. Salvage therapy
was defined as any other regimen administered after pri-
mary antifungal therapy.

The therapeutic outcome was categorized as a favorable
response or failure to respond. A favorable response was
defined as a complete or partial clinical, radiologic, or mi-
crobiologic resolution of IA. Failure to respond was char-
acterized as progressive or unchanged clinical or radiologic
parameters compared with the baseline. For analysis pur-
poses, antifungal therapy regimens were classified as lipid
amphotericin B, echinocandin, or azole containing. An
echinocandin-containing regimen included caspofungin,
micafungin, or anidulafungin. An azole-containing regi-
men included posaconazole or voriconazole.

Prognostic factors were compared with overall and IA-
attributable mortality rates. Overall mortality included all
deaths that had occurred within 12 weeks after the initiation
of antifungal therapy. IA-attributable death was defined as
death in a patient with documented radiographic, microbi-
ologic, or histologic findings suggestive of active IA ante-
mortem or postmortem at the time of death associated with
no sustained favorable response to treatment.

Statistical Analysis
Categorical variables were compared by chi-square or
Fisher exact tests and continuous variables compared by
Wilcoxon rank-sum tests. Multiple logistic regression anal-
ysis was used to identify the independent prognostic factors
for the outcomes.

First, univariate analyses were performed to evaluate
the predictive effect of each factor alone. Then all factors
whose univariate test had a p-value � .25 were included in
a full multiple logistic regression model. Finally, the full
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model was reduced to a final model by backward elimina-
tion method so that all factors remaining in the model were
statistically significant at a significance level of 5%.

In addition, survival analysis was used to assess the ef-
fect of azole on IA-attributable mortality as well as on over-
all mortality. Patients were divided into three groups: using
azole in primary therapy, using azole in salvage therapy
only, and not using azole in all therapies. For overall mor-
tality, the survival probability was estimated by the Kaplan-
Meier method for each group and compared by log-rank
tests. Competing risk analysis was performed for IA-attrib-
utable mortality. With mortality due to other causes as a
competing event, the cumulative incidence curve of IA-
attributable mortality was estimated for each group and
their equality was compared. All tests were two-sided tests
at a significance level of .05. The competing risk analysis
was performed using the statistical software R version
2.8.1, and all other statistical analyses were performed us-
ing SAS version 9.1 (SAS Institute Inc., Cary, NC).

RESULTS

Patients’ Demographic and Clinical
Characteristics
Analyzed in this study were 449 hematologic malignancy
patients with proven or probable IA diagnosed between
June 1993 and June 2008. Patients’ epidemiologic and clin-
ical characteristics are shown in Table 1. The patients’ me-
dian age was 51 years (range 7– 86 years). Most of the
patients had leukemia (336 out of 449; 75%), whereas 21%
(96 out of 449) had lymphoma and 4% (17 out of 449) had
myeloma. Within 1 year before IA diagnosis or during
treatment, 172 patients (38%) had undergone HSCT. One
hundred ten patients (25%) had persistent neutropenia. The
majority of patients (82%) had been treated with steroids
during the month before IA diagnosis or during treatment.
In addition, prophylactic antifungal therapy was given in
328 patients (73%), and of them, 266 (81%) had break-
through infection. One hundred ninety-two patients (43%)
were admitted to intensive care unit (ICU) for a median du-
ration of 10 days (range 1–72 days), and 143 patients (32%)
received mechanical ventilation for a median duration of 9
days (range 1–150 days). Regarding treatment, lipid am-
photericin B-containing regimen was mostly used in 71%
of the patients either in primary or salvage therapies or in
both, followed by azole-containing regimen in 45% and
echinocandins-containing regimen in 44%. Data also show
that the 172 patients who received HSCT and the 277 pa-
tients who did not receive HSCT were comparable on most
characteristics.

Final Response to Therapy
Of the 449 patients, 130 (29%) had final response to their
therapy and 319 did not. The potential prognostic factors
were evaluated by multivariate analysis as well as univari-
ate analysis (Table 2). The multivariate logistic regression
analysis showed that the following factors were indepen-
dently associated with final response: type of hematologic
malignancy, graft-versus-host disease (GVHD), persistent
neutropenia, steroids use during the month before IA diag-
nosis or during treatment, admission to ICU, and azole use
in treatment (Table 2). Patients with myeloma were 5.3
times (95% confidence interval [CI], 1.5–18.8) more likely
to have final response than those with leukemia or lym-
phoma (p � .009). Patients with GVHD were 0.4 times
(95% CI, 0.2–0.8) less likely to have final response than
those without (p � .005). Patients with persistent neutrope-
nia were 0.2 times (95% CI, 0.1–0.4) less likely to have fi-
nal response than those without (p � .0001). Patients who
used steroids were 0.5 times (95% CI, 0.3–0.9) less likely to
have final response than those who did not (p � .03). Pa-
tients with ICU admission were 0.09 times (95% CI, �
0.05–0.2) less likely to have final response than those with-
out (p � .0001). Compared to patients who never used
azole-containing regimen in their therapy, those who used it
in primary therapy were 5.2 times (95% CI, 2.8–9.6) more
likely to have final response, and those who used it in sal-
vage therapy only were 2.2 times (95% CI, 1.2–3.9) more
likely to have final response (p � .0001).

IA-Attributable Mortality
Of the 449 patients, 246 (55%) died of IA-attributable
causes. The analysis of the potential prognostic factors by
multivariate analysis as well as univariate analysis is shown
in Table 3. The multivariate logistic regression analysis
showed that 3 factors were independently associated with
IA-attributable mortality: persistent neutropenia (OR �
2.0, 95% CI, 1.2–3.3; p � .009), ICU admission (OR � 6.6,
95% CI, 4.2–10.4; p � .0001), and azole use in treatment
(primary therapy: OR � 0.3, 95% CI, 0.2–0.5; salvage ther-
apy only: OR � 0.4, 95% CI, 0.2–0.6; p � .0001).

In addition, the effect of azole use on IA-attributable
mortality was also evaluated by competing risk analysis us-
ing death due to other causes as a competing event (Figure
1). The analysis showed that during the 12 weeks after treat-
ment initiation, the patients without azole use in therapy
had significantly higher probability to die due to IA-attrib-
utable causes than those who used azole either in primary or
in salvage therapy (p � .0001). On the other hand, as Figure
1 shows, there was no significant difference between using
azole in primary therapy and in salvage therapy in IA-
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Table 1. Demographic and clinical characteristics of 449 IA patients with hematologic malignancy (including 172 HSCT
patients and 277 non-HSCT patients)

Characteristics
All patients (n � 449)
N (%)

HSCT patients (n � 172)
N (%)

Non-HSCT patients
(n � 277) N (%)

Age (years), median (range) 51 (7–86) 46 (15–75) 55 (7–86)

Type of IA infection

Invasive pulmonary infection 361 (80) 137 (80) 224 (81)

Disseminated infection 47 (10) 23 (13) 24 (9)

Lymphoma 96 (21) 49 (28) 47 (17)

Myeloma 17 (4) 10 (6) 7 (3)

Leukemia 336 (75) 113 (66) 223 (81)

Transplantation within 1 year prior to infection 172 (38) 172 (100) 0

Allogeneic transplantation within 1 year prior to infection 140/158 (89) 140/158 (89) NA

Graft-versus-host disease 117 (26) 109 (63) NA

Neutropenia (�500 ANC) during prior month 255 (57) 62 (36) 193 (70)

Neutropenia duration (days), median (range) 16 (1–107) 21 (1–88) 16 (1–107)

Neutropenia (�500 ANC) at onset of IA 217 (48) 47 (27) 170 (61)

Neutropenia duration (days), median (range) 12 (1–197) 13 (1–90) 12 (1–197)

Persistent neutropenia 110 (25) 22 (13) 88 (32)

Steroid use 367 (82) 154 (90) 213 (77)

Tacrolimus use 138 (31) 120 (70) 18 (7)

ICU 192 (43) 70 (41) 122 (44)

ICU duration (days), median (range) 10 (1–72) 10 (1–72) 10 (2–58)

Mechanical ventilation 143 (32) 50 (29) 93 (34)

Duration of mechanical ventilation, median (range, days) 9 (1–150) 9 (1–72) 9 (1–150)

Prophylactic antifungal treatment prior to infection 328 (73) 129 (75) 199 (72)

Breakthrough infection 266/328 (81) 109/129 (85) 157/199 (79)

Time of IA diagnosis

Before starting using azole 107 (24) 42 (24) 65 (23)

After starting using azole 342 (76) 130 (76) 212 (77)

Antifungal therapy

Lipid amphotericin B–containing regimen

Used in primary therapy 238 (53) 90 (52) 148 (53)

Used in salvage therapy only 82 (18) 31 (18) 51 (18)

Not used in either therapy 129 (29) 51 (30) 78 (28)

Echinocandins-containing regimen

Used in primary therapy 103 (23) 54 (31) 49 (18)

Used in salvage therapy only 93 (21) 29 (17) 64 (23)

Not used in either therapy 253 (56) 89 (52) 164 (59)

Azole-containing regimen

Used in primary therapy 100 (22) 38 (22) 62 (22)

Used in salvage therapy only 102 (23) 42 (24) 60 (22)

Not used in either therapy 247 (55) 92 (53) 155 (56)

Posaconazole-containing regimen

Used in primary therapy 12 (3) 6 (3) 6 (2)

Used in salvage therapy only 74 (16) 35 (20) 39 (14)

Not used in either therapy 363 (81) 131 (76) 232 (84)

Voriconazole-containing regimen

Used in primary therapy 88 (20) 32 (19) 56 (20)

Used in salvage therapy only 53 (12) 18 (10) 35 (13)

Not used in either therapy 308 (69) 122 (71) 186 (67)

Abbreviations: ANC, absolute neutrophil count; HSCT, hematologic stem cell transplantation; IA, invasive aspergillosis;
ICU, intensive care unit.
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Table 2. Prognostic factors on final response—univariate and multivariate analysis (n � 449)

Characteristics

Univariate analysis Multivariate analysis

Nonresponse
(n � 319)
N (%)

Response
(n � 130)
N (%) p-value

Odds
ratio

95%
confidence
interval p-value

Age (years), median (range) 51 (9–86) 53 (7–85) .09 – – –

Type of IA infection

Invasive pulmonary infection 259 (81) 102 (78) .51 – – –

Disseminated infection 35 (11) 12 (9) .58 – – –

Lymphoma 61 (19) 35 (27) .07 – – –

Myeloma 5 (2) 12 (9) �.001 5.3 (1.5, 18.8) .009

Leukemia 253 (79) 83 (64) �.001 – – –

Transplantation within 1 year prior to infection 127 (40) 45 (35) .3 – – –

Allogeneic transplantation within 1 year prior to
infection

108/310 (35) 32/125 (26) .06 – – –

Graft-versus-host disease 91 (29) 26 (20) .06 0.4 (0.2, 0.8) .005

Neutropenia (�500 ANC) during prior month 191 (60) 64 (49) .04 – – –

Neutropenia duration (days), median (range) 21 (1–107) 12 (1–90) .01 – – –

Neutropenia (�500 ANC) at onset of IA 164 (51) 53 (41) .04 – – –

Neutropenia duration (days), median (range) 13 (1–92) 9 (1–197) .18 – – –

Persistent neutropenia 97 (30) 13 (10) �.0001 0.2 (0.1, 0.4) �.0001

Steroid use 269 (84) 98 (75) .03 0.5 (0.3, 0.9) .03

Tacrolimus use 104 (33) 34 (26) .18 – – –

ICU 178 (56) 14 (11) �.0001 0.09 (0.05, 0.2) �.0001

ICU duration (days), median (range) 10 (1–72) 9 (2–46) .75 – – –

Mechanical ventilation 135 (42) 8 (6) �.0001 – – –

Duration of mechanical ventilation, median range
(days)

9 (1–150) 11 (2–30) .62 – – –

Prophylactic antifungal treatment prior to infection 240 (75) 88 (68) .1 – – –

Breakthrough infection 197/240 (82) 69/88 (78) .45 – – –

Time of IA diagnosis – – –

Before starting using azole 90 (28) 17 (13) �.001

After starting using azole 229 (72) 113 (87)

Antifungal therapy – – –

Lipid amphotericin B-containing regimen .011 – – –

Used in primary therapy 181 (57) 57 (44)

Used in salvage therapy only 59 (18) 23 (18)

Not used in either therapy 79 (25) 50 (38)

Echinocandins-containing regimen .52 – – –

Used in primary therapy 69 (22) 34 (26)

Used in salvage therapy only 69 (22) 24 (18)

Not used in either therapy 181 (57) 72 (55)

Azole-containing regimen �.0001 �.0001

Used in primary therapy 48 (15) 52 (40) 5.2 (2.8, 9.6)

Used in salvage therapy only 68 (21) 34 (26) 2.2 (1.2, 3.9)

Not used in either therapy 203 (64) 44 (34) 1.0

Note: “–” indicates that the corresponding factors were not statistically significant in multivariate analysis and therefore did
not remain in the final multivariable logistic regression model.
Abbreviations: ANC, absolute neutrophil count; IA, invasive aspergillosis; ICU, intensive care unit.
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Table 3. Prognostic factors analysis on IA-attributable death—univariate and multivariate analyses (n � 449)

Characteristics

Univariate analysis Multivariate analysis

IA-attributable death

No
(n � 203)
N (%)

Yes
(n � 246)
N (%) p-value

Odds
ratio

95%
confidence
interval p-value

Age (years), median (range) 53 (7–86) 50 (12–80) .04 – – –
Type of IA infection

Invasive pulmonary infection 164 (81) 199 (80) .85 – – –
Disseminated infection 16 (8) 31 (13) .1 – – –

Lymphoma 46 (23) 50 (20) .55 – – –
Myeloma 12 (6) 5 (2) .032 – – –
Leukemia 145 (71) 191 (78) .13 – – –
Transplantation within 1 year prior to infection 76 (37) 96 (39) .73 – – –
Allogeneic transplantation within 1 year prior to
infection

63/198 (32) 77/237 (32) .88 – – –

Graft-versus-host disease 49 (24) 68 (28) .4 – – –
Neutropenia (�500 ANC) during prior month 107 (53) 148 (60) .11 – – –
Neutropenia duration (days), median (range) 14 (1–90) 21 (1–107) .047 – – –
Neutropenia (�500 ANC) at onset of IA 89 (44) 128 (52) .08 – – –
Neutropenia duration (days), median (range) 15 (1–197) 12 (1–92) .57 – – –
Persistent neutropenia 35 (17) 75 (30) .001 2.0 (1.2, 3.3) .009
Steroid use 164 (81) 203 (83) .64 – – –
Tacrolimus use 58 (29) 80 (33) .37 – – –
ICU 39 (19) 153 (62) �.0001 6.6 (4.2, 10.4) �.0001
ICU duration (days), median (range) 9 (2–49) 10 (1–72) .93 – – –
Mechanical ventilation 24 (12) 119 (48) �.0001 – – –
Duration of mechanical ventilation, median range,
(days)

14 (1–150) 8 (1–72) .11 – – –

Prophylactic antifungal treatment prior to infection 139 (68) 189 (77) .047 – – –
Breakthrough infection 114/139 (82) 152/189 (80) .72 – – –
Time of IA diagnosis – – –

Before starting using azole 26 (13) 81 (33) �.0001
After starting using azole 177 (87) 165 (67)

Antifungal therapy – – –
Lipid amphotericin B-containing regimen .31 – – –

Used in primary therapy 105 (52) 133 (54)
Used in salvage therapy only 33 (16) 49 (20)
Not used in either therapy 65 (32) 64 (26)

Echinocandins-containing regimen .16 – – –
Used in primary therapy 55 (27) 48 (20)
Used in salvage therapy only 41 (20) 52 (21)
Not used in either therapy 107 (53) 146 (59)

Azole-containing regimen �.0001 �.0001
Used in primary therapy 65 (32) 35 (14) 0.3 (0.2, 0.5)
Used in salvage therapy only 60 (30) 42 (17) 0.4 (0.2, 0.6)
Not used in either therapy 78 (38) 169 (69) 1.0

Note: “ –” indicates that the corresponding factors were not statistically significant in multivariate analysis and therefore did
not remain in the final multivariable logistic regression model.
Abbreviations: ANC, absolute neutrophil count; IA, invasive aspergillosis; ICU, intensive care unit.
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attributable mortality within 12 weeks after treatment
started.

Overall Mortality Within 12 Weeks After
Treatment Initiation
Of the 449 patients, 447 were evaluable for mortality within
12 weeks after treatment initiation and, of them, 267 (60%)
died. Similar analyses were performed to assess the prognostic
factors for it (Table 4). The multivariate logistic regression
analysis showed that four factors were independently associ-
ated with mortality within 12 weeks after treatment started:
persistent neutropenia (OR � 4.2, 95% CI, 2.3–7.7; p �
.0001), ICU admission (OR � 10.3, 95% CI, 6.0–17.7; p �
.0001), steroids use (OR � 1.9, 95% CI, 1.02–3.4; p � .04),
and azole use in treatment (primary therapy: OR � 0.1, 95%
CI, 0.08–0.3; salvage therapy only: OR � 0.3, 95% CI, 0.2–
0.6; p � .0001).

Similarly, we also assessed the effect of azole use on
mortality within 12 weeks by survival analysis. Figure 2
shows the Kaplan-Meier survival estimates of the groups
with different treatment. The log-rank tests showed that
during the 12 weeks after treatment initiation, the patients
without azole use in therapy had significantly lower proba-
bility to survive than those who used azole either in primary
or in salvage therapy (p � .0001).

Subset Analyses on Patients Without HSCT
Of the 449 patients, 172 patients (38%) underwent HSCT
within 1 year before IA diagnosis or during treatment and

277 (62%) did not. For these 277 patients without HSCT,
most (81%) had underlying leukemia. We did similar ana-
lyses to evaluate the prognostic factors for final response,
IA-attributable mortality, and overall mortality within 12
weeks, respectively, on this subgroup of 277 patients with-
out HSCT (Table 5). As Table 5 shows, three common
prognostic factors were independently associated with each
of the three outcomes: persistent neutropenia, ICU admis-
sion, and azole use in treatment. Similar to the general anal-
yses, the first two factors were associated with unfavorable
outcomes, whereas azole use in treatment was associated
with favorable outcomes. In addition, one more prognostic
factor was associated with IA-attributable mortality—type
of IA infection. Data analysis showed that, for patients
without HSCT within 1 year, those with disseminated in-
fection were 3.2 times (95% CI, 1.1–9.6) more likely to die
due to IA-attributable causes than those with other types of
infection (p � .04).

DISCUSSION

In our study, we identified prognostic factors for response
to antifungal therapy as well as overall and IA-attributable
mortality in hematologic malignancy patients with IA who
had and had not undergone HSCT. Primary and salvage
therapies with voriconazole or posaconazole were indepen-
dently associated with a favorable therapeutic response and
were also independently associated with fewer IA-attribut-
able deaths and overall mortality within 12 weeks after
treatment initiation (all p-values � .0001), whereas persis-

Figure 1. Estimated cumulative incidence curves of invasive aspergillosis (IA)-attributable mortality for IA patients with dif-
ferent treatment by competing risk analysis with death by other causes as a competing event (p � .0001) (n � 447).
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Table 4. Prognostic factors analysis on death within 12 weeks of initiating therapy—univariate and multivariate analyses
(n � 447)

Univariate analysis

Death within 12 weeks Multivariate analysis

Characteristics

No
(n � 180)
N (%)

Yes
(n � 267)
N (%) p-value

Odds
ratio

95%
confidence
interval p-value

Age (years), median (range) 52 (7–85) 50 (12–86) .43 – – –
Type of IA infection

Invasive pulmonary infection 140 (78) 220 (82) .23 – – –
Disseminated infection 17 (9) 29 (11) .63 – – –

Lymphoma 48 (27) 46 (17) .017 – – –
Myeloma 12 (7) 5 (2) .01 – – –
Leukemia 120 (67) 216 (81) .0006 – – –
Transplantation within 1 year prior to infection 78 (43) 94 (35) .08 – – –
Allogeneic transplantation within 1 year prior to
infection

61/173 (35) 79/260 (30) .29 – – –

Graft-versus-host disease 49 (27) 68 (25) .68 – – –
Neutropenia (�500 ANC) during prior month 87 (48) 167 (63) .003 – – –
Neutropenia duration (days), median (range) 13 (1–90) 21 (1–107) .02 – – –
Neutropenia (�500 ANC) at onset of IA 68 (38) 148 (55) .0002 – – –
Neutropenia duration (days), median (range) 18 (1–197) 12 (1–70) .5 – – –
Persistent neutropenia 22 (12) 88 (33) �.0001 4.2 (2.3, 7.7) �.0001
Steroid use 141 (78) 224 (84) .14 1.9 (1.02, 3.4) .044
Tacrolimus use 59 (33) 79 (30) .47 – – –
ICU 26 (14) 165 (62) �.0001 10.3 (6.0, 17.7) �.0001
ICU duration (days), median (range) 8 (2–72) 10 (1–58) .82 – – –
Mechanical ventilation 17 (9) 126 (47) �.0001 – – –
Duration of mechanical ventilation, median range,
(days)

10 (2–150) 9 (1–58) .78 – – –

Prophylactic antifungal treatment prior to infection 128 (71) 199 (75) .42 – – –
Breakthrough infection 101/128 (79) 165/199 (83) .36 – – –
Time of IA diagnosis – – –

Before starting using azole 20 (11) 86 (32) �.0001
After starting using azole 160 (89) 181 (68)

Lipid Amphotericin B-containing regimen .04 – – –
Used in primary therapy 84 (47) 153 (57)
Used in salvage therapy only 33 (18) 49 (18)
Not used in either therapy 63 (35) 65 (24)

Echinocandins-containing regimen .037 – – –
Used in primary therapy 51 (28) 52 (19)
Used in salvage therapy only 40 (22) 52 (19)
Not used in either therapy 89 (49) 163 (61)

Azole-containing regimen �.0001 �.0001
Used in primary therapy 67 (37) 33 (12) 0.1 (0.08, 0.3)
Used in salvage therapy only 52 (29) 50 (19) 0.3 (0.2, 0.6)
Not used in either therapy 61 (34) 184 (69) 1.0

Note: Only 447 patients were included in the analysis on death within 12 weeks of initiating therapy as 2 patients’ death
date data were missing. “–” indicates that the corresponding factors were not statistically significant in multivariate analysis
and therefore did not remain in the final multivariable logistic regression model.
Abbreviations: ANC, absolute neutrophil count; IA, invasive aspergillosis; ICU, intensive care unit.
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tent neutropenia (�2 weeks) and ICU admission during IA
were consistently and independently associated with failure
to respond to antifungal therapy as well as increased IA
mortality and increased death within 12 weeks following
initiation of therapy (all p-values � .01). In addition, we
would like to point out that the significant effects of vori-
conazole or posaconazole on the outcomes we found here
were independent of the fact that these drugs were just in-
troduced in recent years. Patients treated in recent years
may have better outcomes due to new development in diag-
nosis and treatment (other than using active azoles). In data
analysis, we have taken this possible confounding factor
into consideration.

Amphotericin B– based therapies have been used for
years in the treatment of IA, with different response rates, in
a wide range of patient populations [9]. The increased inci-
dence of adverse events related to this drug led to the intro-
duction of less toxic lipid formulations; however, the
response rates in hematologic malignancy patients with IA
to these newer lipid formulations agents remained poor
[10]. Cornely et al. reported on the use of two different
doses of liposomal amphotericin B as a primary therapy for
invasive aspergillosis. However, they were not able to dem-
onstrate an additional efficacy benefit at a higher dose [11].
Furthermore, in a retrospective study at our institution [12],
each of the two available lipid formulations of amphotericin
B, used as single agents for primary or salvage antifungal
monotherapy, was associated with a poor therapeutic re-
sponse among hematologic malignancy patients with IA.
Consistent with these findings, univariate analysis of our
data showed that primary and salvage therapies with lipid
formulation-containing regimens were associated with a

lower likelihood of a favorable response as well as higher
overall mortality within 12 weeks of therapy initiation.

Given the suboptimal therapeutic outcomes reported for
amphotericin B and its lipid formulations, particularly in
the immunocompromised hosts, new antifungal agents and
classes have become available for IA treatment [6, 13]. Her-
brecht et al. [13] reported that primary therapy with vori-
conazole, a broad-spectrum triazole, “led to a better
response and improved survival” than did amphotericin B
deoxycholate. Similarly, Upton et al. [6] showed that vori-
conazole was associated with a lower IA-related death rate
among HSCT patients, after excluding patients with severe
organ involvement. Another study conducted at our center
in hematologic malignancy patients demonstrated that po-
saconazole salvage therapy was significantly more effec-
tive against IA than was high-dose lipid amphotericin
formulations. In addition, this agent was associated with a
significantly lower IA-attributable and overall mortality
[14].

Voriconazole was recommended by the Infectious Dis-
ease Society of America as first-line primary antifungal
therapy for IA because of its proven superiority [15]. In this
current study, both primary and salvage therapies contain-
ing antimold azoles (voriconazole or posaconazole) were
associated with a favorable therapeutic response, a lower
IA-attributable death rate, and lower 12-week mortality
rates. In addition, subgroup multivariate analysis of hema-
tologic malignancy patients who did not undergo HSCT
(277 patients or 62% of the total) revealed a significant as-
sociation between azole-containing regimens and favorable
outcomes. Therefore, novel antimold azoles (voriconazole
or posaconazole) should be considered as first-line primary

Figure 2. Kaplan-Meier survival curves for invasive aspergillosis patients with different treatment (p � .0001 from a log-rank
test) (n � 447).
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and secondary therapy for IA patients with hematologic
malignancy independent of HSCT.

For patients at high risk of IA, such as those with neu-
tropenia and acute myelogenous leukemia and those with
GVHD after HSCT, the Infectious Disease Society of
America recommends the use of antifungal prophylaxis.
Fluconazole was the major antifungal prophylaxis agent
used prior to the introduction of posaconazole and vori-
conazole. On the basis of the results of in vitro and clinical
studies, posaconazole has become the preferred first-line
prophylactic therapy for these patients [16–19]. However,
in the absence of an intravenous formulation, its bioavail-
ability may be limited and is a challenge in high-risk
patients. Despite the introduction of posaconazole, vori-
conazole continues to be commonly used as a prophylactic
agent in this high-risk patient population, despite its not be-
ing approved by the Food and Drug Administration for pro-
phylactic use. However, the widespread prophylactic use of
these novel antimold azoles could lead to the emergence
and selection of resistant molds and, hence, diminish their

effectiveness as frontline therapeutic agents. Multiple stud-
ies have recently reported triazole resistance and triazole
cross-resistance among Aspergillus spp. isolates [20–22].
Furthermore, the wide use of voriconazole as a prophylactic
agent at our center was associated with an increase in inva-
sive zygomycosis [23].

Consistent with the findings of other investigators [9,
24], our data showed that neutropenia, steroid use, GHVD,
and ICU stay during IA were associated with failure to re-
spond to antifungal therapy. Host factors such as the sever-
ity and duration of neutropenia and the presence of a
dysfunctional cytotoxic immune response, conditioned by
the use of steroids and chemotherapy agents, are critical
factors that are directly correlated with a predisposition to
opportunistic fungal infections such as IA and contribute to
patients’ outcomes and responses to treatment [5, 6, 25].

Upton et al. [6] reported that steroid use, elevated creat-
inine and bilirubin levels, and disseminated IA were inde-
pendently related to IA-attributable death in a cohort of
HSCT patients. In a subgroup analysis that excluded pa-

Table 5. Prognostic factors for different outcomes in IA patients without hematologic stem cell transplantation (n � 277)
by multivariate logistic regression analysis

Outcomes Prognostic factors
Odds
ratio

95% confidence
interval p-value

Final response Persistent neutropenia 0.2 (0.09, 0.4) �.0001

ICU 0.08 (0.03, 0.2) �.0001

Azole-containing regimen �.0001

Used in primary therapy 6.0 (2.7, 13.4)

Used in salvage therapy only 1.9 (0.9, 4.1)

Not used in either therapy 1.0

IA-attributable death Type of IA infection .04

Disseminated infection 3.2 (1.1, 9.6)

Other types of IA infection 1.0

Persistent neutropenia 3.0 (1.6, 5.6) �.001

ICU 6.2 (3.4, 11.1) �.0001

Azole-containing regimen �.001

Used in primary therapy 0.2 (0.1, 0.5)

Used in salvage therapy only 0.4 (0.2, 0.8)

Not used in either therapy 1.0

Death within 12 weeks after
initiation of therapy

Persistent neutropenia 4.0 (2.0, 8.2) .0001

ICU 11.1 (5.4, 22.7) �.0001

Azole-containing regimen �.0001

Used in primary therapy 0.2 (0.07, 0.4)

Used in salvage therapy only 0.9 (0.4, 1.9)

Not used in either therapy 1.0

Note: Only 275 patients were included in the analysis on death within 12 weeks of initiating therapy as 2 patients’ death
date data were missing.
Abbreviations: IA, invasive aspergillosis; ICU, intensive care unit.
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tients with severe organ dysfunction, these authors also
found that persistent neutropenia was a risk factor for IA-
related death. Similarly, in two studies of HSCT patients,
the cumulative steroid dose and the presence of active
GVHD were significantly associated with IA-related death
[5, 25].

The Italian registry studies by Pagano et al. (2001 and
2010) had similar conclusions consistent with our finding
that the use of glucocorticoids, recovery from neutropenia,
and disease stage are crucial prognostic factors. Another
point was addressed by Pagano and colleagues that ad-
vances in the diagnosis and the availability of the newer an-
tifungal agents for the treatment of invasive aspergillosis in
patients with hematologic malignancies have contributed to
reducing fungus-related mortality [26, 27].

We found that persistent neutropenia during IA was a
prognostic factor for IA-attributable death in hematologic
malignancy patients who had and had not undergone
HSCT. Similarly, ICU stay during IA was also strongly as-
sociated with IA-attributable and overall mortality.

This study has several limitations. First, our findings are
limited to a single institution. Second, this study is retro-
spective in nature, and finally, low autopsy rate for the con-
firmation of IA was part of the difficulty in establishing a
proven diagnosis.

In summary, persistent neutropenia and clinical deteri-
oration that requires intensive care were consistently and
independently associated with failure to respond to antifun-
gal therapy and increased IA-attributable as well as overall
death. The use of antimold azole agents (voriconazole or
posaconazole) in IA treatment as primary or salvage ther-
apy independently improved the overall clinical outcome in
hematologic malignancy patients and particularly reduced
the rate of IA-attributable death as well as overall mortality.

These agents should be considered as the first-line thera-
peutic drugs in the treatment of IA in patients with hemato-
logic malignancy, including those who did not undergo
HSCT. Further studies are needed to reach a definite con-
clusion about the cost effectiveness and safety of new
azole-containing regimens for IA, used in combination with
other agents such as the echinocandins.

SUMMARY

This study represents one of the largest outcome analyses
on hematologic malignancy patients (particularly those
without hematopoietic stem cell transplant) with invasive
aspergillosis. The findings are compelling, novel, and
unique in that they consistently and independently demon-
strate an improved outcome, consisting of an improved re-
sponse to therapy with decreased IA-attributable mortality
and overall death associated with the use of novel antimold
triazoles (i.e., voriconazole or posaconazole).

Worldwide, the current practice is to continue to use
amphotericin B-based regimen (including lipid formula-
tions of amphotericin B) in the primary and salvage therapy
of IA. Our study shows that amphotericin B regimens on
their own could be associated with a poor outcome, whereas
the novel antimold azoles (voriconazole and posaconazole)
have a definite improved outcome if used during primary
and salvage therapy.
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