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Abstract Invasive fungal infections (IFI) remain a

leading cause of morbidity and mortality in immunocom-

promised patients. This retrospective single-center study

analyzed incidence, treatment and outcome of invasive

fungal infections in 1,095 patients with hematological

malignancies receiving either cytoreductive chemotherapy

or autologous or allogeneic hematopoietic stem cell

transplantation at our institution between 1995 and 2004.

IFI occurred in 167/1,095 (15%) patients with a significant

increase over time (12.7% between 1995 and 2000 vs.

18.1% in the later IFI cohort, P = 0.0134). Fifty-four

(32%) patients had proven, 70 (42%) patients had probable,

and 43 (26%) patients suffered from possible IFI according

to EORTC/MSG criteria. In 108/124 (87%) cases with

proven or probable IFI, moulds were the causative

pathogens. Both, Aspergillus fumigatus (n = 46) and

Aspergillus terreus (n = 41) were predominant. Yeast

infections (Candida spp.) were documented in 16/124

(10%) cases with proven or probable IFI. Median overall

survival of the entire IFI cohort was 7 (3–17) months.

Overall survival was significantly better in patients with

probable or possible IFI (37 and 38%, respectively) com-

pared with patients with proven IFI (28%, P = 0.019). In

35% of patients, IFI was the principal cause of death with a

significant decrease over time (44% in time cohort 1995–

2000 vs. 28% in the later IFI cohort, P = 0.018) accom-

panied by an increased use of novel antifungals. By

multivariate analysis, only proven IFI was significantly

predictive for death (HR 1.7, P = 0.018). A significant

decrease in fungus-related deaths was observed despite a

significant increase of IFI over time, probably due to

improved diagnostic and therapeutic approaches.
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1 Introduction

Invasive fungal infections (IFI) still contribute significantly

to morbidity and mortality in patients with hematological

malignancies [1, 2]. The incidence of IFI appears to have

increased over time because of intensification of chemo-

therapy, a rising use of mismatched and/or unrelated

hematopoietic stem cell transplantation (HSCT), and a

wide-spread application of highly immunosuppressive

monoclonal antibodies, not only for treatment of malig-

nancy but also for prevention and treatment of graft-versus-

host disease. The attributable mortality of IFI still remains
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high and case-fatality rates in allogeneic hematopoietic

stem cell transplant recipients up to 87% have been

reported [3–8]. Numerous risk factors increasing the risk

for IFI have been identified such as, underlying disease

(e.g., leukemia), older age, cytomegalovirus seropositivity

of recipient and donor, iron overload, and type of transplant

and donor etc. [4, 9–11]. Timely and adequate diagnosis of

IFI requiring identification of the causative pathogen by

biopsy in addition to computed tomography remains an

enormous challenge and seems to be mandatory to allow

optimization of treatment strategies; thereby, reducing the

otherwise high mortality [12, 13].

Recently, newer broad-spectrum azoles have been

reported to be superior to conventional amphotericin B in

the treatment of IFI with regard to response and survival at

12 weeks, but the real impact of novel antifungal agents on

fungus-related mortality in patients with hematological

malignancies still remains unknown [14, 15].

2 Patients and methods

2.1 Patients

Between January 1995 and December 2004, 1,095 patients

receiving either cytoreductive chemotherapy or autologous

or allogeneic hematopoietic stem cell transplantation for

various hematological malignancies at the Clinical Divi-

sion of Hematology and Oncology of the Medical

University Hospital Innsbruck were included in the ana-

lysis. All patients gave written informed consent. Detailed

patient characteristics are listed in Table 1. Relevant data

such as imaging reports, histopathology reports, microbi-

ological reports, and use of antifungal drugs were collected

by reviewing historical charts, computerized records of the

Department of Hygiene, data of the Hospital Pharmacy of

Innsbruck University Hospital, and by personal interviews

with general practitioners for evaluation of follow-up or

causes of death. Data were analyzed as of January 2007.

2.2 Antimicrobial prophylaxis

No prophylactic systemic antibiotics were administered

during neutropenia. No prophylactic granulocyte colony-

stimulating factor (G-CSF) was administered throughout

the study period. All patients received herpes simplex virus

and varicella-zoster virus prophylaxis with either valacy-

clovir 500 mg bid or low-dose acyclovir (250 mg/m2 q8 h)

from the beginning of chemotherapy until 6 months after

the end of treatment or until the end of the first year after

allogeneic or autologous HSCT [16]. Pneumocystis jero-

vocii prophylaxis consisted of TMP-SMX one DS tablet

three times weekly from the beginning of chemotherapy

until 6 months after the end of treatment or until CD4

counts increased[200/lL. In case of chronic graft-versus-

host disease after allogeneic HSCT requiring systemic

steroids[1 mg/kg per day, herpes simplex virus, varizella

zoster virus, and Pneumocystis jerovicii prophylaxes were

prolonged until the end of steroid treatment or until CD4

counts increased [200/lL.

Primary antifungal prophylaxis consisted of either

fluconazole 400 mg po or iv qd or itraconazole 6 mg/kg

per day po in all patients during neutropenia until hema-

topoietic recovery or for 75 days after allogeneic

hematopoietic stem cell transplantation [17, 18]. For

patients requiring cytoreductive therapy and with history of

pre-treatment/transplant invasive mould infection (IMI)

and/or a very high risk for IMI (prolonged pre-engraftment

period, unrelated or mismatched transplant), we used

antifungal prophylaxis with lipid ampho B formulation

either alone or in combination with azoles or echinocandins

during neutropenia. Since 2002, in elderly ([60 years of

age) patients with acute leukemia requiring cytoreductive

chemotherapy with a projected duration of neutropenia

[10 days alternatively primary prophylaxis with vorico-

nazole 400 mg po or iv was used when indicated.

2.3 Surveillance, diagnosis, definition and treatment

of invasive fungal infection

For fungal colonization surveillance, cultures from throat,

nose and skin were performed once weekly in all

Table 1 Characteristics of 167/1095 patients with invasive fungal

infections according to the EORTC/MSG criteria [1]

n (%)

Median patient age (years) 47 (15–73)

Male:female (ratio) 98:69 (1.4:1)

Invasive fungal infections according to EORTC/MSG criteria

Proven 54 (32)

Probable 70 (42)

Possible 43 (26)

Diagnosis

Acute myeloid leukemia 80 (48)

Acute lymphoblastic leukemia 33 (20)

Chronic myeloid leukemia 14 (8)

Malignant lymphoma 20 (12)

Multiple myeloma 6 (4)

Myelodysplastic syndrome 8 (5)

Others 6 (4)

Treatment

Chemotherapy alone 45 (27)

Allogeneic HSCT 102 (61)

Autologous HSCT 20 (12)
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neutropenic patients throughout the study period. Since

2000, panfungal polymerase chain reaction (PCR) from

blood for Candida spp. and Aspergillus spp. were applied

once weekly in all neutropenic patients [19, 20]. Radio-

logical imaging was done by chest radiographs and/or

computed tomography (CT) whenever indicated to identify

sources of unknown fever or suspected invasive fungal

infection. From 2000, high-resolution CT was performed

routinely in all neutropenic patients with persistent fever for

[72 h, resistant to broad-spectrum antibiotics. For direct

mycological examination, culture specimens were obtained

by blood cultures, bronchoalveolar lavage (BAL), biopsy,

or autopsy whichever was indicated. Isolation and identi-

fication of the respective fungal pathogen were done by

standard microbiological procedures, PCR or sequencing

as described previously [21]. From 2002, specimens were

also gained by CT-guided biopsies [12]. Proof of infection

was based on histopathological and/or cytopathological

examination. Biopsy-samples were analyzed by Calcoflour

White staining and panfungal PCR [21].

The European Organisation for Research and Treatment

of Cancer/Mycosis Study Group (EORTC/MSG) consensus

criteria were used to define IFI [1].

2.4 Treatment of invasive fungal infection

Empirical antifungal therapy (i.e., treatment of fever not

responding within 72 h after initiation of broad-spectrum

antibiotics) consisted of conventional amphotericin B or

lipid ampho B formulation or voriconazole, which was

favored when the drug could be administered orally.

Ampho B was favored when the patient had a history of

hypersensitivity to azole drugs, or evidence of severe

hepatotoxicity, or prior colonization with voriconazole-

resistant organisms (Zygomycetes), or concomitant use of

drugs contraindicated with voriconazole (e.g., sirolimus,

rifampicin, carbamazepine, quinidine). For pre-emptive

antifungal treatment (e.g., small pulmonary nodules on CT

scan not accessible for microbiological or histopathologic

evaluation), one appropriate mould-active antifungal (lipid

ampho B formulation or voriconazole) was used [14, 22].

Documented candidemia or deep tissue infection caused by

Candida spp. was treated with lipid ampho B formulation

or fluconazole or caspofungin [23] according to fungal

susceptibility testing for at least 2–3 weeks beyond the last

positive culture.

Infections caused by Aspergillus spp. were treated either

with conventional amphotericin B or lipid ampho B for-

mulation or voriconazole or in case of critically ill patients

or of progressive disease with voriconazole in combination

with caspofungin and/or other combinations and/or dose-

escalated lipid ampho B formulation and/or voriconazole

[24].

2.5 Antifungal drug use

Antifungal drug use was converted to the daily defined

dose (DDD) according to the WHO Collaborating Centre

for Drug Statistics Methodolgy [25]. The DDD for the

different drugs were as follows: 35 mg for amphotericin

B (AMB), 210 mg for liposomal amphotericin B

(lAmB), 210 mg for amphotericin B colloid dispersion

(ABCD), 350 mg for amphotericin B lipid complex

(ABLC), 50 mg for caspofungin, 200 mg for itracona-

zole, 400 mg for voriconazole and 800 mg for

posaconazole.

2.6 Statistical analysis

Data were analyzed as of January 2007. Overall survival

was calculated from the day of diagnosis of IFI to the date

of death or last follow-up. Deaths from any cause were

regarded as events. Kaplan–Meier analysis together with

log-rank testing was used to compare overall survival

between different patient groups. The Pearson k2 test or

Fisher exact test (when appropriate) was used to test

baseline differences in categorical variables. The Chi-

square test was used to evaluate statistically significant

differences between proportions for two or more patients

groups. The multivariate Cox model was used to assess risk

factors for death. Data documentation and statistical ana-

lysis were performed with SPSS software version 14.0

(SPSS Inc, Chicaco, IL).

According to the treatment period, two cohorts of

patients (patients treated for IFI from 1995–2000 and

2001–2004, respectively), were defined corresponding to

changes in practices and consumption of antifungal thera-

pies (i.e., approval of novel antifungals). Antifungals other

than conventional amphotericin were designated as

‘‘novel’’ antifungal drugs (i.e., liposomal formulations of

amphotericin, voriconazole, itraconazole and caspofungin).

3 Results

3.1 Incidence, localization, and causative

pathogen of invasive fungal infection

Overall, invasive fungal infections were diagnosed in 167/

1,095 (15%) patients; 54/167 (32%) had proven, 70/167

(42%) patients had probable, and 43/167 (26%) patients

had possible IFI according to EORTC/MSG criteria [1].

In 108/124 (87%) cases with proven or probable IFI,

Aspergillus terreus (n = 41), Aspergillus fumigatus

(n = 46) and other moulds (n = 21) were the causative

pathogens. Yeasts (Candida spp.) were documented in 16/

124 (13%) cases with proven or probable IFI.
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Invasive mould infections were primarily localized in

the lungs (99%); in only one patient IFI affected the

maxillary sinus with Mucor spp. and A. fumigatus as

coexisting causative pathogens. Dissemination into at least

two non-contiguous localizations within 7 days from

diagnosis occurred in 17 cases (10%). In 38/124 (31%)

patients, causative pathogens were identified by post-

mortem examination and/or specimens obtained by

invasive diagnostic procedures (i.e., CT-guided biopsies or

BAL).

3.2 Incidence of invasive fungal infections

in the earlier (1995–2000) and later (2001–2004)

IFI cohort

The incidence of IFI in the earlier cohort was 12.7% (73/

575 patients) compared with 18.1% in the later cohort (94/

520 patients) (P = 0.0134, Chi-square test). Significantly

less patients in the later IFI cohort were diagnosed with a

proven IFI (26 vs. 40% in the earlier IFI cohort,

P = 0.033). However, significantly more patients in the

later IFI cohort had an allogeneic HSCT (70 vs. 51%;

P = 0.01; Table 2) and patients receiving an allogeneic

HSCT diagnosed with IFI had less often proven IFI com-

pared with non-transplant patients with IFI (23.5 vs.

46.2%; P = 0.0023).

3.3 Treatment of invasive fungal infection

and overall survival

Primary antifungal treatment consisted of monotherapy in

93% of IFI cases in the earlier IFI cohort versus 84% in the

later IFI cohort (P = 0.046). Conventional amphotericin B

was the principal antifungal drug used in the earlier IFI

cohort followed by an amphotericin B lipid formulation

and itraconazole (59, 35, and 6%, respectively), whereas

amphotericin B lipid formulations followed by voricona-

zole and conventional amphotericin B were predominantly

used in the later IFI cohort (51, 23 and 22%, respectively)

(Table 2). The most frequently used antifungal combina-

tion therapy in the earlier IFI cohort was a combination of

amphotericin B lipid formulation with itraconazole fol-

lowed by a combination of amphotericin B lipid

formulation with caspofungin (80 and 20%, respectively),

whereas caspofungin/voriconazole was the most commonly

used antifungal drug combination in the later IFI cohort

followed by amphotericin B lipid formulation combined

with either voriconazole or caspofungin (53 vs. 20 vs.

20%) (Table 2).

Antifungal therapy was significantly more often swit-

ched in patients with proven IFI compared to patients with

probable or possible IFI (33 vs. 25 vs. 7%; P = 0.015).

Patients in whom antifungal therapy was not changed

showed a trend for a better overall survival compared with

those patients in whom antifungal therapy was switched

(OS at 1 year, 47 vs. 31%, and 29 vs. 9% at 3 years,

respectively; P = 0.1).

Patients receiving primary combination therapy had

similar survival compared to patients with initial mono-

therapy (OS, 22 vs. 32%; n.s.). Also survival in patients

receiving primary antifungal monotherapy with conven-

tional amphotericin B was similar to patients receiving

primary antifungal monotherapy with lipid ampho B or

other drugs (1 year OS, 39% vs. 44%, n.s.).

3.4 DDD and drug consumption

The annual drug consumption by DDD of various anti-

fungals is displayed in Fig. 1.

Whereas the use of conventional amphotericin B

decreased over the time period (from a DDD of 5,859 per

year in 1997/1998 to a DDD of 347 per year in 2004), a

remarkable increase in the use of voriconazole was docu-

mented beginning with its approval in 2002 (DDD/

year = 351) up to a DDD of 3,016/year in 2004.

3.5 Overall survival, mortality, and causes of death

Median overall survival for the entire IFI cohort (n = 167)

was 7 months (3–17 months, 95% confidence interval).

Overall survival was significantly better in patients with

probable or possible IFI (37 and 38%, respectively),

compared with patients with proven IFI (28%; P = 0.019)

(Fig. 2). By univariate analysis, there was no difference in

overall survival with regard to sex, diagnosis, or treatment

modality regarding the underlying disease (data not

shown). By dividing the entire patient cohort into quartiles

(\34; 34–47; 47–59, and 60–73 years), a trend for better

overall survival was displayed for younger patients (i.e.,

\34 years) (1 year OS, 32 vs. 18, 17, 16%, respectively;

P = 0.06).

The overall mortality for the entire IFI cohort was 72%

(121/167 patients) with no significant difference between

the earlier and later IFI cohort (74 vs 69%).

In 42/121 (35%) patients, IFI was the principal cause of

death followed by relapse of malignancy (28%) and other

causes (37%). There was a significant decrease of IFI-

related deaths in the later versus the earlier IFI cohort (44

vs. 28%; P = 0.018).

3.6 Multivariate analysis

By multivariate Cox analysis, only proven invasive fungal

infection was associated with a significantly increased risk

for death (P = 0.018; HR 1.67, 95% CI 1.05–2.66,

P = 0.02) (Table 3).

IFI in hematological patients 511

123



4 Discussion

The present retrospective study describes the large single-

center experience of IFI outcomes in patients with various

hematological malignancies, including hematopoietic stem

cell transplant recipients. Our data clearly demonstrate a

significant reduction of fungus-related mortality in the time

period 2001–2004 compared to 1995–2000 despite a sig-

nificant increase in the overall frequency of IFI over time

(13% in the earlier cohort vs. 18% in the later cohort). This

is mostly attributable to concurrent advances in clinical

practice, especially in more prompt diagnosis of IFI and the

implementation of early initiation of antifungal therapy for

high-risk patients with persistent fever [96 h, despite

broad-spectrum antibacterial treatment according to

recently published consensus guidelines [26].

In accordance with other reports, overall mortality rate in

patients with IFI was 73% with a 35% fungus-related death

rate in our cohort [6, 7, 27–31]. IFI-related deaths occurred

significantly more frequently in patients with proven IFI

compared to patients with probable or possible IFI, sug-

gesting that patients with proven IFI were diagnosed more

often late in the course of infection, when the fungal burden

is high and antifungal treatment is less likely to be effica-

cious. Moreover, proven IFI itself seems to be an

independent risk factor for dismal outcome at least in

Table 2 Characteristics of

1,095 patients according to the

treatment period

Variable Cohort 1995–2000

(n = 73) (%)

Cohort 2001–2004

(n = 94) (%)

P value

Mean age (range) 43 (18–71) 48 (15–73) ns

Male:female ratio 1.2:1 1.5:1 ns

Diagnosis

Acute myeloid leukemia 49 48 ns

Acute lymphoblastic leukemia 21 20 ns

Chronic myeloid leukemia 8 9 ns

Myelodysplastic syndrome 0 9 0.002

Malignant lymphoma 18 6 0.009

Multiple myeloma 2 3 ns

Others 2 5 ns

Treatment

Chemotherapy alone 24 19 ns

Autologous HSCT 25 11 0.024

Allogeneic HSCT 51 70 0.01

Invasive fungal infection (EORTC/MSG)

Proven 40 26 0.033

Probable 43 40 ns

Possible 17 34 0.005

Deaths (n = 74) 69 ns

Causes of Death

Invasive fungal infection 44 28 0.018

Relapse of malignancy 15 38 \0.0001

Others 41 34 ns

Primary antifungal monotherapy 93 84 0.046

Amphotericin B lipid formulation 35 51 0.022

Voriconazole 0 23 \0.0001

Amphotericin B 59 22 \0.0001

Itraconazole 6 2 ns

Caspofungin 0 2 ns

Primary antifungal combination therapy 7 16 0.046

Caspofungin/voriconazole 0 53 \0.0001

Amphotericin B lipid formulation/voriconazole 0 20 \0.0001

Amphotericin B lipid formulation/caspofungin 20 20 ns

Amphotericin B/itraconazole 0 7 0.007

Amphotericin B lipid formulation/itraconazole 80 0 \0.0001
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hematopoietic stem cell transplant recipients suggesting that

this patient cohort represents per se a bad prognostic group

with multiple other problems such as more advanced/

refractory underlying disease, presence of acute and/or

chronic GVHD, neutropenia, hyperbilirubinemia, elevated

creatinine level, cytomegalovirus infections/disease, and

steroid dose C2 mg/kg per day [30–32].

Another change in clinical practice coinciding with the

reduction of fungus-related deaths was the introduction of

voriconazole as demonstrated by the analysis of antifungal

drug use in our cohort. Voriconazole has been recently

shown to be superior to conventional amphotericin B in the

treatment of invasive aspergillosis in a randomized trial [14].

Establishing a diagnosis of an invasive fungal infection

early remains a challenging, yet critical component of suc-

cessful therapy. Advances have been made in increasing the

sensitivity of radiographic diagnosis with the use of high-

resolution CT scans, as well as the non-culture detection of

fungal pathogens by either antigen detection or polymerase

chain reaction although their sensitivity and specificity in

patients receiving systemic antifungal prophylaxis remains

elusive [33]. It is of note that patients receiving an allogeneic

HSCT were significantly less often classified having proven

IFI compared to others, probably due to prolonged thrombo-

cytopenia preventing timely CT-guided biopsies. We recently

demonstrated that invasive procedures such as CT-guided

biopsies might further improve outcome with acceptable

procedure-related risks in patients with suspected IFI by

identifying the causative pathogen; thus, enabling sensitivity

testing with subsequent targeted antifungal therapy [12].

Another clinically important fact for improved outcome

is now the availability of several new treatment options of

serious fungal infections by the development of new broad-

spectrum azoles and echinocandins [15, 34, 35]. However,

many therapeutic questions remain uncertain, such as the

role of combination therapy, as well as the management of

breakthrough infections, selection of less common, resis-

tant fungal pathogens by wide-spread use of new

antifungals, and the management of infections with less

common fungi [36, 37]. It is of note, that at least in our

study, antifungal therapy was significantly more often
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Table 3 Survival, univariate

and multivariate analysis

EORTC European Organisation

for Research and Treatment of

Cancer

* Statistical significance

Variable 1-year

survival

(%)

3-year

survival

(%)

Log-rank Hazard

EORTC Possible 46 32 P = 0.019* 1.0

Probable 45 25 0.9 (0.6–1.5); P = 0.86

Proven 32 9 1.67 (1.05–2.66);

P = 0.018*

Switch of therapy Yes 31 9 P = 0.102 Not included

No 47 29

Novel drugs Yes 44 23 P = 0.301 Not included

No 39 26

Diagnosis Acute

leukemia

48 24 P = 0.06 0.7 (0.5–1.0); P = 0.71

Others 27 23 1.0

Age (per years) 1.0 (0.9–1.0); P = 0.23
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switched in patients with proven IFI resulting in poorer

outcome compared with patients in whom antifungal drugs

were not switched. Moreover, outcome for patients

receiving primary combination therapy was not superior to

that of patients treated with initial monotherapy. At least

after failure of amphotericin B formulations, a combination

of voriconazole with caspofungin was recently demon-

strated to be superior to voriconazole salvage monotherapy

in patients with aspergillosis and there is growing evidence

that combinations of antifungals provide additive or syn-

ergistic effects rather than potential antagonisms [24].

In conclusion, treatment outcome of patients with IFI

has improved by a significant decrease of fungal-related

deaths over time, probably resulting from more accurate

diagnostic approaches including CT-guided biopsy, earlier

initiation of therapy, and last but not least, by the imple-

mentation of novel more active and less-toxic antifungals.

However, prospective randomized studies are urgently

needed to assess the efficacy and economic costs for a more

evidence-based use of novel antifungal drugs.
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