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Morbidity and mortality caused by invasive Aspergillus infections are increas-Abstract
ing. This is because of the higher number of patients with malignancies treated
with intensive immunosuppressive therapy regimens as well as their improved
survival from formerly fatal bacterial infections, and the rising number of patients
undergoing allogeneic haematopoietic stem cell or organ transplantation. Early
initiation of effective systemic antifungal treatment is essential for a successful
clinical outcome in these patients; however, clinical clues for diagnosis are sparse
and early microbiological proof of invasive aspergillosis (IA) is rare. Clinical
diagnosis is based on pulmonary CT scan findings and non-culture based diagnos-
tic techniques such as galactomannan or DNA detection in blood or bronchoalveo-
lar lavage samples.

Most promising outcomes can be expected in patients at high risk for aspergil-
losis in whom antifungal treatment has been started pre-emptively, backed up by
laboratory and imaging findings. The gold standard of systemic antifungal treat-
ment is voriconazole, which has been proven to be significantly superior to
conventional amphotericin B and has led to a profound improvement of survival
rates in patients with cerebral aspergillosis. Liposomal amphotericin B at standard
dosages appears to be a suitable alternative for primary treatment, while cas-
pofungin, amphotericin B lipid complex or posaconazole have shown partial or
complete response in patients who had been refractory to or intolerant of primary
antifungal therapy.

Combination therapy with two antifungal compounds may be a promising
future strategy for first-line treatment. Lung resection helps to prevent fatal
haemorrhage in single patients with pulmonary lesions located in close proximity
to larger blood vessels, but is primarily considered for reducing the risk of relapse
during subsequent periods of severe immunosuppression. Strict reverse isolation
appears to reduce the incidence of aspergillosis in allogeneic stem cell transplant
recipients and patients with acute myeloid leukaemia undergoing aggressive
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anticancer therapy. Well designed, prospective randomised studies on infection
control measures effective to prevent aspergillosis are lacking.

Prophylactic systemic antifungal treatment with posaconazole significantly
improves survival and reduces IA in acute myeloid leukaemia patients and
reduces aspergillosis incidence rates in patients with intermediate-to-severe graft-
versus-host reaction emerging after allogeneic haematopoietic stem cell trans-
plantation. Voriconazole prophylaxis may be suitable for prevention of IA as well;
however, the results of large clinical trials are still awaited.

1. Epidemiology of Invasive Aspergillosis and those affecting patients after allogeneic
HSCT.[8]

Among Aspergillus isolates from large diagnos-Morbidity and mortality caused by invasive as-
tic reference centres, Aspergillus fumigatus is by farpergillosis (IA) are increasing. Until most recently,
the most common species (50–60%), followed bycentres treating patients with acute leukaemias or
A. flavus, A. niger and A. terreus (10–15% each),bone marrow or solid organ transplant recipients
whereas A. nidulans, A. ustus and other rare Asper-have reported steadily rising numbers of patients in
gillus spp. typically each represent <2% of iso-whom IA has been diagnosed clinically or at
lates.[5,9,10]

autopsy. Data from prospective clinical studies on
Preferentially, Aspergillus conidia are inhaled bythe use of broad-spectrum triazoles such as itracona-

breathing normal air and kept under control by pul-zole, voriconazole or posaconazole for antifungal
monary macrophages in individuals with normalprophylaxis in patients undergoing allogeneic
immune competence. When they germinate intohaematopoietic stem cell transplantation (HSCT) or
hyphae, invasive tissue infection may occur, if hy-intensive chemotherapy for aggressive haematologi-
phal growth is not prevented by normally function-cal malignancies now indicate that among those
ing neutrophil granulocytes. In individuals with im-patients, incidence and fatality rates of IA have
paired immune defence (specified further in section

declined.[1-4] Among patients with IA, ≈30% each
1.3), tissue invasion may progress and result in

have undergone HSCT and intensive chemotherapy,
vessel occlusion and ischaemic necrosis of tissue

whereas ≈10% each are solid organ transplant recip-
areas affected by this disruption of blood perfusion.

ients or have an underlying pulmonary disease.[5]

Conversely, incidence rates among patients at risk
1.1 Clinical Features of Invasive Aspergillosis

vary according to local epidemiology and presuma-
bly many other factors such as strict isolation of IA most frequently manifests as invasive pul-
patients, use of high-efficiency particulate air monary disease, accounting for 50–60% of all
(HEPA) filters and the use of strict diagnostic crite- cases.[5] Apart from that, ≈20% of IA cases are
ria. In acute leukaemia patients, the incidence may disseminated, while 5% each affect the skin, the
be as high as 24%, among allogeneic stem cell paranasal sinuses or the CNS alone.[5] However, a
transplant recipients up to 10%, among solid organ large number of IA cases remain clinically undeter-
transplant patients up to 26%, and patients with mined because clinical signs and symptoms may be
severe burns may have a risk of 5–10%.[6] Owing to nonspecific, as may be the results of imaging diag-
the introduction of new and effective antifungal nostic techniques such as thoracic CT scans. Since
agents such as voriconazole or caspofungin, mor- autopsy rates in many Western European countries
tality rates among patients with IA have declined and the US have fallen below 10% of all patients
during the past decade,[2,7] but still >50% of cases deceased during hospitalisation, the majority of IA
are fatal, particularly those with CNS involvement cases are only suspected ante mortem.[11,12] Only a
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few clinical symptoms may be suggestive of IA,[13] ria from an abnormal site consistent with infec-
such as pleural pain or pulmonary infiltrates asso- tion.[14]

ciated with signs of sinusitis, while clinical findings
1.2.3 Possible Invasive Aspergillosisunequivocally indicating IA are lacking. Therefore,
The majority of clinically diagnosed IAs in se-the distribution patterns mentioned above are empir-

verely immunocompromised patients do not fulfilical but not clearly proven. More diagnostic details
the criteria required for a proven or probable IA.are outlined further in section 2.
Invasive procedures required for histopathological
or cytological evidence or positive cultures are often1.2 Definitions
avoided because of the poor clinical condition of
these patients or severe thrombocytopenia. ApartThe lack of specific clinical findings unequivo-
from that, the results of invasive procedures arecally proving IA in combination with the low
often disappointing because histology, cytology andautopsy rates in many institutions has led to signif-
cultures remain negative despite the presence oficant confusion with regard to incidences, risk fac-
IA.[12,15-18] Therefore, the decision to start systemictors, usefulness of diagnostic procedures and effi-
antifungal treatment is based on findings indicativecacy of antifungal agents used for prophylaxis or
of a possible IA, defined as at least one host factortreatment of IA. A broad multinational consensus
criterion and one microbiological or one major (orfacilitating the discrimination between possible,
two minor) clinical criteria from an abnormal siteprobable and proven IA was therefore welcomed
consistent with infection. While this clinical practiceinternationally at its first publication in 2002 and has
may be life-saving, because early antifungal therapybeen uniformly used since then.[14] However, it must
is associated with better clinical results than latebe emphasised that these definitions have been elab-
onset of therapy,[19,20] it leads to a broad use oforated for the assessment and evaluation of clinical
antifungals in patients in whom no IA has beenstudies, and that they are restricted to patients with
demonstrated. Apart from costs and drug-relatedmalignancies and HSCT recipients. Thus, they have
adverse effects, the real efficacy of an antifungalnot been designed to enable clinical assessment or
drug cannot be estimated in these cases. Because oftherapeutic decision making (table I).
these considerations, it is recommended not to use
the category of a possible IA for a clinical study on1.2.1 Proven Invasive Aspergillosis
the usefulness of an antifungal for IA therapy.The diagnosis of proven IA requires histopatho-

logical or cytopathological examination showing
1.3 Incidence and Fatality Rates ofhyphae from a needle aspirate or biopsy specimen
Invasive Aspergillosiswith evidence of associated tissue damage (either

microscopically or unequivocally by imaging), or a
It is not possible to specify precise incidence andpositive culture result for a sample obtained by

fatality rates of IA among the different patients atsterile procedure from a normally sterile and clini-
risk (e.g. those with acute leukaemias or solid organcally or radiologically abnormal site consistent with
or stem cell transplant recipients) because clinicallyinfection, excluding urine and mucous mem-
used diagnostic procedures often fail to providebranes.[14]

positive results despite a present IA.[12,17,18,21] In
1.2.2 Probable Invasive Aspergillosis addition, in many countries, autopsies are performed
In cancer patients or HSCT recipients in whom only in a small minority of patients who die of

probable IA is diagnosed, a number of different cancer or after a transplant procedure, and IA proven
criteria must be fulfilled, defined as at least one host by autopsy may have been undiagnosed clinically in
factor criterion from table I and one microbiological many cases, so that they have never been treated
criterion and one major (or two minor) clinical crite- appropriately ante mortem. Thus, only approximate
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Table I. Definition of invasive aspergillosis among cancer patients and haematopoietic stem cell transplant recipients (reproduced from
Ascioglu et al.,[14] with permission from the University of Chicago)

PROVEN INVASIVE ASPERGILLOSIS

Deep tissue infection

Histo/cytopathology showing hyphae from a needle aspiration or biopsy with evidence of associated tissue damage (either
microscopically or unequivocally by imaging) OR

Positive culture obtained by a sterile procedure from a normally sterile and clinically or radiologically abnormal site consistent with
infection

PROBABLE INVASIVE ASPERGILLOSIS

Defined as at least one criterion from host section AND

One microbiological criterion AND

One major (or two minor) clinical criteria from an abnormal site consistent with infection

POSSIBLEa INVASIVE ASPERGILLOSIS

Defined as at least one criterion from host section AND

One microbiological OR one major (or two minor) clinical criteria from an abnormal site consistent with infection

CRITERIA FOR PROBABLE AND POSSIBLE INVASIVE ASPERGILLOSIS

Host factors

Neutropenia: polymorphonuclear leucocytes <500/mm3 for >10 days

Persistent fever for >96h refractory to appropriate broad-spectrum antibacterial treatment

Body temperature either >38°C or <36°C AND any of the following predisposing conditions:
a. Prolonged neutropenia (>10 days) in the previous 60 days
b. Recent or current use of significant immunosuppressive agents in the previous 30 days
c. Invasive fungal infection in a previous episode
d. Coexistence of AIDS

Signs and symptoms indicating graft-versus-host disease

Prolonged use of corticosteroids (>3 weeks)

Microbiological criteria

Positive culture of Aspergillus spp. from sputum or BAL

Positive culture or cytology/direct microscopy for Aspergillus spp. from sinus aspirate

Positive cytology/direct microscopy for Aspergillus spp. from sputum or BAL

Positive Aspergillus antigen in BAL, CSF or >2 blood samples

Positive cytology/direct microscopy for Aspergillus spp. in sterile body fluids

Pulmonary abnormality and negative bacterial cultures of any possible bacteria from any specimen related to the lower respiratory tract
infection including blood, sputum, BAL, etc.

Clinical Criteria

MAJOR MINOR

Lower respiratory tract infection

Any of the following new infiltrates on CT imaging: halo sign, Symptoms of lower respiratory tract infection (cough, chest, pain,
air-crescent sign or cavity within an area of consolidation haemoptysis, dyspnoea)

Physical finding of pleural rub
Any new infiltrate not fulfilling major criterion

Sinonasal infection

Suggestive radiological evidence of invasive infection in the Upper respiratory symptoms (nasal discharge, stuffiness etc.)
sinuses (i.e. erosion of sinus walls or extension of infection Nose ulceration or eschar of nasal mucosa or epistaxis
to neighbouring structures, extensive skull base destruction) Periorbital swelling

Maxillary tenderness
Black necrotic lesions or perforation of the hard palate

Continued next page
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Table I. Contd

CNS infection

Suggestive radiological evidence of central nervous system (Provided that CSF is negative for other pathogens by culture,
infection (i.e. meningitis extending from perinasal, auricular or microscopy and malignant cells)
vertebral processes; intracerebral abscesses or infarcts) Focal neurological symptoms and signs (including focal seizures,

hemiparesis and cranial nerve palsies)
Mental changes
Meningeal irritation findings
Abnormalities in CSF biochemistry and cell count

a This category is NOT recommended for use in clinical trials on antifungal agents, but for use in studies on empirical treatment,
epidemiological studies and studies on health economics when needed.

BAL = bronchoalveolar lavage; CSF = cerebrospinal fluid.

estimates can be given for most frequently affected ed from a general assessment of mortality from
patient groups (table II). aspergillosis in acute leukaemia patients. In studies

on the efficacy of antifungal treatment regimens for
1.3.1 In Neutropenic Patients IA, 30–40% of patients including those with acute
Incidence rates of IA among neutropenic patients leukaemia died of their fungal infection.[22,23] How-

vary considerably between centres. In a recent ever, a separate analysis for acute leukaemia pa-
multinational, randomised, controlled study on the tients is not available.
efficacy of antifungal prophylaxis in patients with

1.3.2 In Stem Cell Transplant Recipientsacute leukaemia, an incidence of 6.25% according to
the definitions provided in section 1.2 was reported Among allogeneic HSCT recipients, the inci-
for 240 patients not receiving an antifungal active dence of IA is ≈10% within the first year after
against Aspergillus spp.[3] A report from Israel using transplantation.[1,5,6,24,25] More than half of these in-
less stringent diagnostic criteria showed a striking fections occur later than 90 days post-transplant,
50% incidence of aspergillosis among acute leukae- while the majority of patients are treated outside the
mia patients treated during a period of hospital con- hospital.[4,31] However, the incidence of IA is signif-
struction and of 43% thereafter.[30] A range of icantly increased among patients who develop se-
5–24% had been depicted in a survey in 1998,[6] vere graft-versus-host disease (GVHD) requiring
which appears to be representative. The mortality intensified immunosuppression and among patients
due to IA in acute leukaemia patients depends on the with concomitant cytomegalovirus (CMV) infection
efficacy of systemic antifungal treatment and the compared with patients without these complica-
recovery from severe neutropenia. In patients with tions.[1,24,32,33] The fatality rate attributable to asper-
refractory leukaemia, who do not produce sufficient gillosis in affected patients is ≈60%.[24,33] Among
numbers of granulocytes, a fatal infection, usually patients undergoing high-dose chemotherapy and
an invasive mycosis, typically represents their ter- autologous HSCT, the risk of IA is generally very
minal event. This figure has to therefore be separat- low.[25,34-37] This may be different in a patient popu-

Table II. Incidence and fatality rates of invasive aspergillosis among distinct patient populations

Patients Incidence (%)a Fatality (%) References

Acute leukaemia 5–24 (–50) 30–40 8,22,23

Allogeneic haematopoietic stem cell 10 60 1,5,6,24,25
transplantation

Solid organ transplantation (1–) 11–14 50–60 25-27

Other causes of immunosuppression 4–7 (–12) 70–85 8,28,29
(burns, AIDS, alemtuzumab therapy,
intensive care unit)

a Figures in parentheses are from a single report.
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lation with a positive history of IA in recent periods complications including a 4–7% incidence of IA
of neutropenia;[38] however, it has also been shown among lymphoma patients treated with this antibody
that in these patients autologous stem cell transplan- for relapsed or refractory disease.[49,50] This relative-
tation can be performed without an overwhelming ly high incidence of IA (along with a broad spectrum
risk of aspergillosis relapse.[39] of other opportunistic infections) appears to be relat-

ed to a profound humoral immunodeficiency and a
1.3.3 In Organ Transplant Recipients

severe neutropenia in patients with far advanced and
The incidence of IA among organ transplant re-

heavily pretreated indolent B-cell malignancies, ag-
cipients varies according to the type of transplanta-

gravating the immunosuppression caused by alem-
tion performed. Among heart-lung and small bowel

tuzumab, because no comparable rates of severe
transplant recipients, it may be as high as

infections have been reported among patients with
11–14%,[25,26] whereas after kidney transplantation,

B-cell lymphocytic leukaemia treated upfront with
it is ≈1%.[25,26] Of note, the anastomotic site of lung

alemtuzumab. Moreover, it has been observed that
transplants is frequently colonised with Aspergillus

among organ transplant recipients treated with
spp.,[26] being a risk for tracheobronchitis and IA.

alemtuzumab to prevent graft rejection, no unusual
The onset of IA among organ transplant recipients is

incidences or characteristics of infectious complica-
typically later than 1 month post-transplant.[40,41]

tions occurred.[51-53] Fatality rates of IA in AIDS
The fatality of IA after organ transplantation is

patients have been reported to be higher than among
50–60% overall.[27] Among liver transplant recipi-

patients with haematological malignancies a decade
ents, survival in IA patients has been improved from

ago[28] (reported to be ≈85% in a literature review in
10% to 40% during the past decade.[42] Mortality in

2001[8]), but these figures have not been updated. IA
other organ transplant recipients has been reported

may emerge in patients undergoing intensive care
from 70% (lung transplant) up to 100% (small bow-

treatment. Meersseman et al.[54] reported on 58 pa-
el, pancreas).[26]

tients with underlying diseases, such as chronic ob-
1.3.4 In Other Immunosuppressed Patients structive pulmonary disease or liver cirrhosis, who
Apart from patients with acute leukaemia under- had proven or probable IA out of a total of 1850

going intensive chemotherapy and HSCT or solid intensive care patients evaluated retrospectively.
organ transplant recipients, patients with severe con- Among 83 intensive care patients with diverse un-
genital immunodeficiency, severe burns or ad- derlying conditions, including corticosteroid ther-
vanced HIV infection (AIDS) have been identified apy, renal replacement therapy and cancer, who
as risk groups for IA. During the early 1990s, an developed IA in a Belgian retrospective survey, a
increasing risk of IA had been described for AIDS mortality rate of 77% was observed.[29] However, it
patients[43] and an incidence of up to 12% was has to be remembered that, in patients dying in an
reported in a review from 1998;[6] however, HIV- intensive care unit, the diagnosis of IA is frequently
infected individuals now appear to have a much established at autopsy only.[55,56]

lower risk of IA. However, this may be different in
1.4 Risk Factorsregions where effective antiretroviral therapy is not

generally available. For patients with severe burns,
IA incidences of up to 7% have been reported be- 1.4.1 Patient-Related Risk Factors
tween 1971 and 1991,[44-46] but more recent publica- The most common patient-related clinical risk
tions are sparse.[47,48] factor for developing IA is prolonged and profound

The introduction of new agents for the treatment neutropenia, defined as a neutrophil count <100/µL
of T- and B-cell malignancies, particularly the lasting for >10 days.[57,58] Patients undergoing inten-
CD52 antibody alemtuzumab, which causes sive anticancer chemotherapy for aggressive haema-
profound and prolonged T-cell suppression, has tological malignancies and those after allogenic
been associated with considerable rates of infectious HSCT are most frequently affected.[5,25] Patients
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who have gone through sequential periods of ing reconstruction performed without specific pro-
profound neutropenia, e.g. for remission induction, tective measures.[30,73-77] In general, a lack of HEPA
consolidation or relapse treatment, have an increas- filters has been described as a risk factor for IA in
ing risk of acquiring IA, and a history of IA repre- patients at risk;[59,78] however, it must be emphasised
sents a high risk of relapse during a subsequent that inadequate air filtration systems may them-
phase of severe immunosuppression.[59-61] In allo- selves represent a high risk of aspergillosis,[79] as has
geneic HSCT recipients, the majority of IA is related been described for air-conditioning systems.[80,81]

to profound T-cell suppression (e.g. induced by total Fire-proofing material used in many buildings, in-
body irradiation, high-dose corticosteroids or T-cell cluding hospitals, may be a source of nosocomial
suppressive drugs used for conditioning pre-trans- Aspergillus spread.[82] Also, carpets were found to
plant or management of severe GVHD), and their IA be highly contaminated with Aspergillus spores.[83]

risk is further increased by concomitant CMV infec- Although systematic data are lacking, elevators ap-
tion.[1,32,62] However, long-term administration of pear to be distributing fungal spores via their intense
ganciclovir for CMV prophylaxis in these patients air turbulence (author’s own air sampling measure-
has also resulted in an increased risk of IA.[63] Pro- ments). Depending on the water supply system of an
longed administration of fluconazole for prevention individual hospital, the hospital water, especially
of Candida and Cryptococcus infections has also when used for showering, may represent another
been described as a risk factor for IA.[64,65] In addi- nosocomial source of Aspergillus,[84,85] particularly
tion, bacteraemia occurring during the early phase A. niger. In addition, patients undergoing haemodi-
of bone marrow aplasia post-transplant has been alysis might be at risk for a water-borne fungal
described as a risk factor for subsequent invasive infection.[86] In a series of cutaneous nosocomial
fungal infections including IA.[66] Among solid or- A. niger infections in bone marrow transplant pa-
gan transplant recipients, hepatic and renal dysfunc- tients, the hospital kitchen was identified by molec-
tion could be identified as independent risk factors ular typing as the source.[87]

for IA.[67]
Food may be a source of aspergillosis as well,

Patient-specific genetic risk factors have been because many different types of food, such as tea,
reported recently by several investigators. In allo- pepper, fruits or freeze-dried soups, have been
geneic HSCT recipients, polymorphisms of Toll- shown to contain high numbers of aspergilli, pre-
like receptors 1 and 6 have been associated with a dominantly A. flavus and A. fumigatus.[88]

higher susceptibility to IA,[68] while distinct inter-
Since soil represents a natural reservoir of fila-leukin-10 promoter polymorphisms may play a pro-

mentous fungi such as aspergilli, potted plants havetective role[69] or increase the risk of IA.[70] Addi-
been identified as being a source of Aspergillustionally, differences in the promoter region of tu-
spread in hospitals.[72]

mour necrosis factor-α receptor type 2 gene appear
Seasonal influences have been described, withto have an effect on the risk of developing IA in

higher numbers of aspergilli during autumn andpatients with haematological malignancies.[71]

winter, related to rotting leaves;[72] however, other
1.4.2 Environmental and Nosocomial Risk Factors investigators explicitly point out that no seasonal
Since Aspergillus spores are inhaled with normal influences have been identified in their epidemio-

room air, the risk of pulmonary aspergillosis outside logical data analyses.[25,89,90] In clinical practice, pa-
special facilities with HEPA filtration is ubiqui- tients treated in facilities without HEPA filters and
tous.[72] There is no strict correlation between the well controlled air-conditioning systems may be at
number of Aspergillus colony-forming units per cu- higher risk during seasons with hot outside tempera-
bic metre of sampled air and the incidence of IA; tures by opening their windows and inhaling dust
however, the load of Aspergillus spores and the loaded with Aspergillus. Geographical factors also
incidence of IA are dramatically increased by build- appear to have a significant impact on the incidence
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of IA,[91] with lower infection rates being reported dling of the material in the diagnostic laboratory
from countries with temperate climates. cannot be ruled out. Thus, Aspergillus growing from

respiratory samples cannot prove infection.Molecular typing studies have shown that in
haematological patients with invasive pulmonary
aspergillosis, a broad diversity of different strains of 2.1 Imaging Techniques
Aspergillus fumigatus could be identified, so these

A limited number of articles have focused on thecases have not been caused by one specific
optimal use of imaging techniques in IA. Twonosocomial Aspergillus strain and many different
landmark trials drive our understanding of the dy-environmental aspergilli may be involved.[92] Re-
namics of lung infiltrates and subsequently of howports from an Austrian as well as from a German
and when to perform the respective imaging studies.group indicated that in a proportion of critically ill

The use of high-resolution CT (HRCT) for earlypatients[93] and of patients admitted to a bone mar-
detection of pneumonia in patients with febrile neu-row transplant centre,[60] Aspergillus spp. could be
tropenia has been evaluated. In 112 patients withdetected by molecular methods in respiratory sam-
previously unremarkable chest radiographs, whoples at the time of hospitalisation. Therefore, some
were persistently febrile for >48 hours despite ade-patients with severe underlying diseases who have
quate antibacterial treatment, 60% showed pneumo-undergone intensive immunosuppressive therapy
nia and 40% had a normal HRCT. Sensitivity ofmay already harbour Aspergillus spp.; however, this
HRCT was calculated to be 87%, specificity wasobservation is in contrast to reports of virtually zero
57% and the negative predictive value was 88%. Forincidence of aspergillosis in patients with haemato-
the subgroup of HSCT patients it was even higher.logical malignancies and allogeneic bone marrow
Apart from the systematic approach defining the ratetransplant recipients treated under strict isola-
of lung infiltrates in a neutropenic population for thetion.[30,94]

first time, infiltrates were documented 5 days earlier
through HRCT than through chest radiography. It2. Diagnosis of Invasive Aspergillosis
became clear that a normal chest radiograph does
not rule out pneumonia, so that these patients shouldAspergillosis can only be proven either by histol-
undergo HRCT in a timely fashion.[95]ogy or by culture from a physiologically sterile

While understanding the value of early CT scan-source. In theory, this could be a blood culture but in
ning, how IA infiltrates transform through theclinical practice Aspergillus fungal growth from the
course of successful treatment remained imprecise.blood is extraordinarily infrequent. Because of
Once again the setting of febrile neutropenia servedthrombocytopenia, the two diagnostic pathways can
as a model to characterise the exact timing of CTrarely be followed in the populations with the high-
imaging. In patients with surgically proven invasiveest incidences of IA, namely leukaemia and allo-
pulmonary aspergillosis, early CT scans displayed ageneic transplant patients. Thus, diagnosis must rely
typical halo sign in 96%. The halo sign vanishedon noninvasive and thus indirect methods. The re-
during the course of IA over the following 2 weeks,cent development of such tools, specifically fungal
so it was present in 68% on day 3 and in only 22%antigen detection and the amplification of fungal
on day 7. The rate of CT scans positive for air-nucleic acid sequences, may revolutionise the field
crescent signs reciprocally increased from 8% toof diagnosing and treating IA. In contrast, cultures
63% of patients. Further analysis proved that thefrom respiratory secretions, usually sputum or
volumes of infiltrates increased, despite adequatebronchoalveolar lavage fluid, in conjunction with a
antifungal treatment, 4-fold until day 7 and thenlung infiltrate, may suggest a plausible explanation
remained stable during the following week.[96]of a lung infiltrate and thus frequently prompt anti-

fungal treatment. However, since Aspergillus is The radiographic dynamics have been addressed
ubiquitous, contamination during sampling or han- in a retrospective analysis of 40 consecutive pa-
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tients. Regardless of antifungal treatment, the ma- quency of CT scans is unknown and thus requires an
individualised approach.jority of patients had increasing lesion sizes until

day 9 after diagnosis, followed by a stable phase of a
2.2 Antigen Detectionmedian 3.5 days. After a median 80 days, 43% of

patients presented complete radiographic remission. Aspergillus antigen detection was a synonym for
Formation of a cavitary lesion was associated with a the galactomannan sandwich ELISA until modern
2.5-fold increase in time to radiographic remis- 1,3-β-D-glucan tests were developed during recent
sion.[97]

years.[101,102] Other antigens have been evaluated
less successfully for appropriateness in diagnosticRecently an analysis of the imaging studies from
tests.[103] The two molecules mentioned above area large clinical trial was published.[23] A significant-
integral cell wall constituents and both are releasedly higher proportion of patients with a halo sign in
from Aspergillus cells during the logarithmicthe baseline CT scan responded to subsequent treat-
growth phase in vitro, while DNA is only releasedment as compared with patients with other CT ima-
after mycelial breakdown.[104] Among the medicallyging findings (52% vs 29%). The proportions of
important fungi, galactomannan is found predomin-patients surviving until 12 weeks were 71% and
antly in Aspergillus spp., while 1,3-β-D-glucan is53%, respectively. While 61% of these patients with
vital in many other fungi as well, among themproven or probable IA exhibited a halo sign on the
Candida spp.[105]

baseline CT scans, the other signs observed in this
population included consolidations (30%), infarct- 2.2.1 Galactomannan
shaped nodules (27%), cavitary lesions (20%) and In a series of 362 consecutive treatment episodes,
less frequently air-crescent signs (10%).[98] Other galactomannan antigen detection had a sensitivity of
investigators support the association of halo signs 90% and a specificity of 98%.[106] These excellent
with a diagnosis of invasive fungal infection.[99] values were corroborated by a second study in a

similar patient population. Galactomannan levels inThe role of magnetic resonance imaging in IA is
sequential serum samples were evaluated in a popu-ill defined. Today’s standard method is CT scanning
lation of allogeneic stem cell recipients to determinebecause of its availability and speed. It is a matter of
the temporal onset of antigenaemia. A sensitivity ofdebate whether HRCT is superior to more recent
94% and a specificity of 99% were calculated; posi-multidetector techniques in diagnosing halo signs.
tive and negative predictive values were 94.4% andTo date, no randomised comparison has been carried
98.8%, thus yielding the best statistical profile ofout and both methods seem appropriate. While a
any noninvasive test in the field. In the majority ofcontrast agent is not routinely applied in these ima-
patients, antigenaemia preceded diagnosis based onging studies, angiography multidetector CT more
radiography by 8 days,[107] a result that was in con-readily reveals vessel involvement or angiotropism
trast to findings in a further recent study.[108] An-

even if infiltrates are minuscule.[100]

other group of investigators found similar results in
These studies emphasise the importance of a allogeneic stem cell transplantation. Seventy-four

highly standardised approach in daily clinical prac- patients were included with a total of 832 serum
tice and they define the window of opportunity for samples analysed;[109] 89% of the patients did not
diagnosing a halo as decisively important diagnostic fulfil any criteria of IA according to the 2002 con-
evidence. To follow up with the specific kinetics of sensus criteria.[14] Sensitivity and specificity of the
radiographic signs of invasive pulmonary aspergil- test were 75% and 100%, and the positive and
losis repeated CT scans are suitable. A first follow- negative predictive values were 100% and 97%.
up CT scan on day 7 may define the maximum However, in this study, detection of antigenaemia
expanse of pulmonary disease; no major reduction is did not precede diagnosis.[109] The same finding was
expected until day 14. Thereafter, the optimum fre- reported in another study screening sera for
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galactomannan twice weekly.[110] Testing less than 27 studies found a sensitivity of 71% and a specifici-
three times weekly may thus not be frequent enough ty of 89% in patients with proven IA. Of note, the
to yield a positive result preceding clinical or CT- yield of the galactomannan test differed between
based diagnosis of IA. patient populations, performing better in the setting

of haematological malignancy and HSCT.[116] LargeThe successful reports on galactomannan detec-
clinical series of galactomannan testing in solid or-tion in serum samples from allogeneic transplant
gan transplantation are lacking, so currently no rec-recipients fostered interest in other clinical speci-
ommendation can be given.mens for which the test has not yet been validated.

Among other factors affecting test performance,These include bronchoalveolar lavage fluid, urine
previous and concomitant antineoplastic and anti-and cerebrospinal fluid. Galactomannan has been
infective treatments have to be considered whendetected in these materials but, except for
interpreting antigenaemia results.[117]bronchoalveolar lavage fluid, the clinical signifi-

cance is still unclear.[14,111] Lavage fluid is rather
Cut-Off to Positivity

easy to obtain and has the potential to support diag-
An important variable affecting the performance

nosis. In a series of seven patients with radiological
of any test clearly is the cut-off value chosen to

signs of invasive pulmonary aspergillosis, five had
differentiate between positive and negative results.

galactomannan-positive lavage samples. However,
In the early evaluations of the galactomannan anti-

in all five individuals serum samples were positive
gen test the cut-off chosen was an optical density

and usually preceded lavage results.[112] It is of
index of 1.5 (European instructions of the manufac-

interest that galactomannan can be detected in cul-
turer) or 1.0.[101]

ture-negative lavage samples.[113]

In a sophisticated approach, test results were
Different groups explored the performance of the evaluated from adult and paediatric patients with

test in various patient populations and reported a haematological or oncological underlying diseases.
high variability in test results.[101] The causes of this Results from 3294 serum samples obtained during
variability are not fully understood and seem to be 797 patient episodes yielded a sensitivity of the
multifactorial. Among other factors test perform- galactomannan ELISA of 65% for definite IA (cut-
ance may be affected by the release of the antigen off 1.5). Sensitivity was lower in patients positive
itself from the site of infection and its binding to for anti-Aspergillus antibodies. False-positive re-
third molecules in the blood. The patient population sults tended to occur more frequently in children and
chosen may be a decisive factor as well as the in allogeneic HSCT recipients. The overall specific-
frequency of serum sampling, when the test is part ity was 95% and was lower in the latter two patient
of a monitoring procedure.[101]

groups. When the cut-off was lowered to an index of
During IA, different patterns of serum galac- 0.7, the sensitivity and specificity in the adult non-

tomannan levels over time have been described.[101] transplant population were 73% and 94% for defi-
These include a paradoxical increase shortly after nite cases.[118]

initiation of treatment,[114] which may be associated Recently, a prospectively evaluated patient co-
with an increased antigen release from fungal cells. hort with haematological disorders proved the best
More frequently the galactomannan index will de- correlation with the final clinical diagnosis when
crease after treatment is begun, as opposed to a using a cut-off index of 0.6 in two subsequent sam-
persistently positive index which may been seen ples.[119]

with treatment failure.[101,115]
Another analysis based on 986 serum samples

The debate on the optimal cut-off index and the from 67 allogeneic HSCT recipients demonstrated
potential for false-positive test results discussed in that decreasing the index cut-off to 0.5 further in-
the next sections reflects the complexity of the indi- creased its sensitivity without losing much specifici-
vidual patient situation. A recent meta-analysis of ty. Similar to the first reports in allogeneic transplant
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recipients, positive tests preceded diagnosis of IA by Recently, a solution (Plasmalyte™)1 used for
10 days and clinical onset of symptoms by 6 days. bronchoalveolar lavage was found to contain
An additional finding was a decrease in sensitivity galactomannan and led to a series of false-positive
in patients receiving mould-active antifungal treat- tests. Normal saline solutions should be preferred in
ment.[120,121] Subsequently, the test was approved in this setting, since they have tested negative.[134] It is
the US with the proposed cut-off index of 0.5. obvious that knowledge of the aetiology of false-

positive results is expanding and a complete listingAnother approach proposed two independent cut-
of all causes has not yet been accomplished.offs for neutropenic patients. A single test result of

≥0.8 would thus result in Aspergillus treatment as
2.2.2 β-D-Glucanwell as two consecutive samples with an index of
In view of the shortcomings of existing assays for≥0.5. This strategy increased sensitivity from 62%

IA, focus has gone on other target antigens. Effec-to 97% and decreased specificity from 100% to
tively detecting 1,3-β-D-glucan could result in early98.6%.[122]

diagnosis of fungal infection. Since the target mole-
cule characterises fungi susceptible to echino-‘False-Positive’ Galactomannan Detection
candins, a reliable positive test would even suggest‘False-positive’ does not necessarily refer to
suitability of a specific treatment. Unfortunately, thegalactomannan-free material being tested positive;
test cannot differentiate between most fungal infec-rather, it addresses finding galactomannan in dis-
tions, e.g. aspergillosis and candidiasis. Two testeases other than aspergillosis. While cross-reactivity
kits are commercially available, the Fungitell™ (for-with fungi other than Aspergillus has been docu-
merly Glucatell™) and the Fungitec-G™.mented, it may infrequently be of clinical rele-

The plasma 1,3-β-D-glucan level was determinedvance.[123,124] However, several reports have been
in 202 febrile episodes at the time of routine bloodpublished on false-positive test results during con-
cultures (Fungitec-G™, cut-off 20 pg/mL). Sensitiv-comitant use of piperacillin/tazobactam. Subse-
ity was 90% and specificity 100%, the positivequently, false-positive galactomannan tests have
predictive value was 59% and the negative predic-been  described  in patients treated with other β-
tive value was as high as 97%. Invasive fungallactam antibacterials,  i.e. amoxicillin/clavulanic
infections leading to positive glucan test results in-acid[125,126] and ampicillin/sulbactam.[127] These re-
cluded Candida, Aspergillus, Fusarium, Cryptococ-ports led to altered approaches to febrile neutropenia
cus and Trichosporon.[135,136]and clinical trials.[126,128-130] However, β-lactam

The Fungitell™ assay was applied to serum andantibacterials cannot be withheld from patients at
plasma samples from healthy volunteers and pa-risk for IA[131] and galactomannan detection has
tients with positive blood cultures. Sensitivity andbecome a cornerstone in diagnosing IA.[14] Under-
specificity of the assay were 93% and 77%; thestanding the kinetics of galactomannan should facil-
positive and negative predictive values were 52%itate clinical decision-making. Sequential serum
and 98%. In the same study, the majority of serasamples were evaluated from patients with false-
positive for Histoplasma antigen or galactomannanpositive test results when β-lactam treatment was
were also found to react to the Fungitell™.[137]ceased. The average time to negative galactomannan

tests at an index <0.5 was 5.5 days, with an elimina- Single serum samples from 163 patients with
tion half-life of 2.4 days.[132] In a population of proven or probable invasive fungal infections were
patients not at risk for IA, false-positive serum tested in the Fungitell™ assay. At a cut-off of 60 pg/
galactomannan levels decreased to negative, i.e. be- mL sensitivity was 70% and specificity 87%. At a
low index 0.7, before the next administration of cut-off of 80 pg/mL sensitivity decreased to 64%
piperacillin/tazobactam in an 8-hourly schedule.[133] and specificity increased to 92%.[136]

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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In a twice-weekly screening procedure, the sults.[137] With the Fungitell™ assay 1,3-β-D-glucan
galactomannan Platelia Aspergillus™ and the Glu- was detected in serum samples of a series of patients
catell™ 1,3-β-D-glucan assays were compared in a without invasive fungal infection while receiving
population of 40 neutropenic adults. The investiga- intravenous amoxicillin/clavulanic acid. When the
tors used the galactomannan cut-off index 1.5, and antibacterial was discontinued, glucan test results
defined results <1.5 but ≥1.0 as indeterminate. All returned to negative. Subsequently, batches of
proven and two-thirds of the probable invasive fun- amoxicillin/clavulanic acid were found to contain
gal infections were identified by both tests. Sensitiv- 1,3-β-D-glucan. No glucan reactivity was observed
ity and specificity were 88% and 90% for both tests, in batches of piperacillin/tazobactam.[139] It may be
with a negative predictive value of 96%. The test speculated that serum sampling immediately before
kinetic was similar and both preceded clinical diag- the administration of the next dose of amoxicillin/
nosis and imaging findings, with the glucan assay clavulanic acid will reduce the magnitude of this
providing a positive result earlier. The combination problem.
of both assays correctly identified all patients with
IA.[138] 2.3 Polymerase Chain Reaction

Recently, the Fungitell™ test was evaluated in a
Apart from antigen detection from blood andpopulation with acute myelogenous leukaemia or

other clinical samples, the detection of specificmyelodysplastic syndrome.[102] On the basis of re-
sequences of the fungal genome is another methodsults from patients with candidaemia and healthy
promising earlier diagnosis. Since the 1990s, differ-volunteers, a serum level of ≥60 pg/mL was chosen
ent polymerase chain reaction (PCR) techniquesas the cut-off. In all patients with a proven or prob-
have been used to detect circulating fungal DNA.able invasive fungal infection at least one test was
These either followed a pan-fungal approach or fo-positive at a median of 10 days before the clinical
cused on Aspergillus. There is still no standardiseddiagnosis was made. The fungal infections com-
PCR method for the detection of fungal DNA.prised candidiasis, fusariosis, trichosporonosis and

An assay detecting Candida and Aspergillus 18Saspergillosis. The negative predictive value was
ribosomal RNA genes has been tested for clinical100%; and the specificity was found to be 90% for a
use. Blood samples were evaluated from patientssingle positive test and 96% if at least two consecu-
with febrile neutropenia, with or without fungaltive tests were positive.[102]

colonisation, and from patients with invasive fungalThe results of these studies are promising and
infection. Sensitivity in samples from patients withsuggest that the 1,3-β-D-glucan assay has at least the
invasive fungal infection was 100% if two samplespotential to exclude invasive fungal infections. Still,
were tested; specificity was 98%. It is of particularother large series evaluating these assays are desira-
interest that PCR positivity preceded radiographicble. In particular, an analysis of intensive care pa-
signs by a median of 4 days in patients with chronictients at high risk for developing invasive candidia-
disseminated candidiasis or invasive pulmonary as-sis would be interesting.
pergillosis. This PCR assay yielded negative results

‘False-Positive’ 1,3-β-D-Glucan Detection once the invasive fungal infections responded to
treatment.[140]Apart from the variety of fungi testing positive

for 1,3-β-D-glucan, ‘false-positives’ have been re- In allogeneic stem cell recipients, a prospective
ported in patients with bacteraemia. It has been PCR screening was instituted for early diagnosis of
speculated that glucan testing may have the potential IA. The rate of positive blood samples was 14%.
to exclude rather than to prove fungal infection in PCR was positive by a median of 2 days prior to the
such populations. Furthermore, if the handling of first clinical signs in patients with IA. Sensitivity
specimens is not kept to a minimum, this will prob- and specificity of the PCR were 100% and 65%,
ably increase the number of false-positive re- respectively.[141]
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In patients with febrile neutropenia or undergo- complex strategy finally building the diagnosis of
ing allogeneic HSCT, Aspergillus PCR and invasive fungal infection. The most frequently used
galactomannan ELISA were correlated with the fi- techniques today are CT scans and serum galac-
nal clinical diagnosis. Sensitivity and specificity tomannan detection. Only their incorporation in a
rates for the PCR assay were both 64%; for the well observed standard operating procedure en-
galactomannan ELISA these values were 33% and hances the diagnostic yield.[147,148] The value of the
99%, respectively.[142] PCR assays is largely dependent on their standard-

isation and thus availability in the individual hospi-Adult patients with haematological malignancies
tal. A first inter-laboratory evaluation has been per-were screened for circulating A. fumigatus and
formed, so a process of consensus is on its way.[149]

A. flavus DNA twice weekly. For proven and prob-
All of these efforts are worthwhile, since the earlierable IA the sensitivity, specificity and positive and
treatment resulting from earlier diagnosis may trans-negative predictive values of the PCR assay were
late into improved survival.[150]

4%, 90%, 64% and 90%, respectively, when positiv-
ity was defined as two consecutive positive PCR

3. Treatment of Invasive Aspergillosisresults. When PCR results were combined with
galactomannan results, sensitivity increased to 83%

The mortality from IA not treated with antifun-and the negative predictive value improved to 98%,
gals is almost 100%. This figure overlaps with thebut at the cost of a decrease in specificity to 70%.
mortality due to the respective underlying diseaseThe false single positive rate was 45%.[143] In an-
paving the way for IA, which does not occur inother series of haematology patients, the first galac-
healthy individuals. There may be rare exceptions totomannan-positive serum samples were screened for
this general rule, if IA occurs on the background of aAspergillus DNA using real time PCR. There was no
severe, but transient immunosuppression that com-clear correlation found between the PCR result and
pletely resolves. Although prospective studies havethe final diagnosis.[144]

never been conducted on the optimal time to startThe sometimes disappointing PCR performance
systemic antifungal therapy after the appearance offrom blood samples may possibly be overcome
the first clinical signs and symptoms, it is generallywhen bronchoalveolar lavage fluid is analysed in
accepted that early onset of treatment with systemicpatients with lung infiltrates, based on the assump-
antifungal agents results in significantly higher sur-tion that the diagnostic yield may be enhanced in the
vival rates compared with late onset of treat-immediate vicinity of the infection process. Conse-
ment.[19,20,151-153]

quently, a two-step PCR assay to detect Aspergillus
DNA was evaluated in bronchoalveolar lavage sam-

3.1 Principles of Antifungal Drug Treatment inples from patients with underlying haematological
Invasive Aspergillosismalignancies. The sensitivity and specificity

reached 94%, the positive predictive value 84% and
the negative predictive value 98%.[145] The detection 3.1.1 Antifungal Treatment Approaches
of Aspergillus DNA by a nested PCR assay was Considering the association between early onset
evaluated in cerebrospinal fluid samples from pa- of systemic antifungal treatment and improved clin-
tients with haematological malignancy and cerebral ical outcome, it is recommended to start antifungal
aspergillosis. The cautious conclusion is that Asper- therapy promptly in a patient at high risk of IA who
gillus DNA can be detected from cerebrospinal fluid shows clinical signs and symptoms compatible with
samples and thus has the potential to improve diag- IA. In many patients, the diagnosis of IA will never
nosis of cerebral aspergillosis.[146]

be proven because treatment has led to complete or
Clinically, all of the diagnostic tools discussed in partial regression of these findings, or because the

this section need to be used as single bricks in the patient dies and autopsy is refused.
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For different antifungal treatment approaches, ment of patients with IA. Apart from voriconazole
distinct categories have been defined during the past and conventional amphotericin B deoxycholate (D-
decade: empirical antifungal therapy, pre-emptive AmB), which have been used in a properly de-
antifungal therapy and (possibly named ‘targeted’) signed, prospective randomised study on primary
antifungal therapy of a proven invasive fungal dis- antifungal treatment of IA,[23] amphotericin B col-
ease. Empirical antifungal therapy is given to a loidal dispersion (ABCD)[22] and liposomal ampho-
patient at risk for IA, who has persistent fever tericin B (L-AmB)[158] have been tested appropriate-
refractory to broad-spectrum antibacterial treatment, ly for first-line treatment of IA. A successful clinical
but no other clinical sign or symptom indicating IA. outcome typically is defined as a partial or complete
In these patients, administration of antifungals has response, whereas ‘stable disease’ or ‘no change’
been shown to be more effective than changing usually are regarded as clinical failure of the tested
empirical antibacterials.[154-156] This approach has drug. Although in many severely neutropenic pa-
become standard in many cancer centres treating tients, it should be regarded as a success if progres-
patients with profound and prolonged neutropen- sion of IA is halted by an antifungal drug,[159] it must
ia.[131,157] How many of these patients indeed have be kept in mind that stable disease has been included
occult IA remains undetermined. Empirical anti- in ‘overall response’ in only a few studies,[22] mak-
fungal therapy is not addressed in this review. ing these results difficult to compare with study

results in which stable disease has been assessed asIn patients with a high risk of developing IA, e.g.
failure.those with acute leukaemia undergoing aggressive

chemotherapy or allogeneic HSCT recipients, sys- Apart from that, it is essential to discriminate
temic antifungal therapy is typically initiated on the between results obtained in an intent-to-treat patient
basis of clinical signs and symptoms indicative of population and those obtained in a patient cohort
IA. Apart from fever refractory to empirical broad- treated per protocol. Success rates may be substan-
spectrum antibacterials, characteristic findings on tially worse in an intent-to-treat population if treat-
thoracic CT scans, cough, pleural pain or paranasal ment was discontinued or not given in an appropri-
sinus findings are among the most frequent clinical ate dose in a significant proportion of patients, for
signs giving reason for suspecting IA.[13] In these example, because of intolerance or toxicity.
patients, systemic antifungals active against Asper-

3.1.3 Pharmacological Considerationsgillus spp. are given pre-emptively. According to the
Pharmacological considerations may be impor-definition criteria mentioned in section 1.2 (table I),

tant for the clinical choice of an antifungal agent forthe majority of these cases would be classified as
treatment of IA. In vitro susceptibility testing maypossible IA. In routine clinical practice, criteria for
not be reliable to predict clinical response in patientsproven IA are rarely fulfilled.[11,12] Therefore, a
with IA, because for many antifungal drugs, a stan-targeted therapy of documented IA is given only in a
dardised susceptibility testing system for Aspergil-minority of patients affected.
lus spp. has not yet been established. Only a limitedIt is important to keep these considerations in
number of clear in vitro and in vivo resistances havemind when response to antifungal agents is reported
been demonstrated, particularly for A. terreus resis-from clinical studies. In patients treated for probable
tance to amphotericin B[160,161] and for resistance ofIA, rates of complete or partial response may be
aspergilli against itraconazole,[162] and more recent->10% higher than in patients with clearly proven
ly multiple triazole-resistant A. fumigatus isolatesIA.[23]

have been described.[163,164] The appropriate dosage
3.1.2 Assessment of Efficacy of the diverse antifungal agents currently approved
For evaluation of the clinical efficacy of an anti- for primary or salvage treatment of IA is poorly

fungal drug, it must be considered whether the drug defined. Basically, azole antifungals such as itra-
has been studied for primary or for salvage treat- conazole, voriconazole and posaconazole exert their
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antifungal activity depending on the time above the 3.2 Prognostic Factors Influencing
Treatment Outcomeminimum inhibitory concentration, whereas poly-

enes such as D-AmB act in a peak concentration-
Patient-related prognostic factors have a markeddependent manner.[165] For the class of echino-

effect on the likelihood of improvement or cure ofcandins (caspofungin, micafungin, anidulafungin),
IA, with the site of infection being one of the most

it has become clear from animal models that their
critical. Isolated pulmonary manifestations may be

anti-Aspergillus activity is concentration-depen- successfully managed in 40–50% of patients,[5]

dent.[166] However, it has not been demonstrated that particularly if pulmonary infiltrates are localised
dose escalation in echinocandins or amphotericin B and not disseminated.[8] Aspergillus sinusitis gener-
translates into higher clinical efficacy.[158,166,167] ally has a more favourable outcome with a mortality

rate of ≈25%.[8] The most unfavourable treatmentOf the pharmacokinetic properties, penetration to
results are observed in patients with cerebral asper-the site of IA is essential. While a detailed descrip-
gillosis (mortality rate of 65–90%)[5,7,8] and in thosetion of pharmacological data known for the ap-
with disseminated disease, of whom 85–90% have aproved antifungal agents is beyond the scope of this
fatal outcome.[5,8] The underlying disease also has anarticle, it is important to note that amphotericin B
effect on clinical outcome: most unfavourable re-

formulations, itraconazole and echinocandin anti- sults with only 15% survival have been noted in
fungals do not all achieve sufficient concentrations allogeneic HSCT recipients,[5,8] whereas in up to
in brain tissue.[168] Penetration into lung tissue and 60% of solid organ transplant patients, IA may be
antifungal killing activity of D-AmB in inflamed successfully treated.[5] The clinical course of an
lung tissue is suboptimal.[169-172] For posaconazole, underlying malignancy or other state of immuno-
precise data on tissue penetration in humans are suppression is another critical factor influencing

clinical outcome. If acute leukaemia does not res-lacking.
pond to intensive chemotherapy and therefore noIn a large number of critically ill patients with IA,
recovery of neutrophil granulocytes occurs, or ifmultiple pharmaceutical agents are used concomi-
aggressive immunosuppression (e.g. for severe

tantly. Therefore, drug-drug interactions may play
GVHD after allogeneic HSCT) cannot be reduced,

an extremely relevant role in these patients, with the outcome is unfavourable compared with patients
respect to significant changes in antifungal drug going into complete haematological remission or in
concentrations and to additive or potentiating organ whom immune recovery can be achieved.[6,59,174]

toxicities. Of paramount importance are drug inter-
actions of triazole compounds, particularly itracona- 3.3 Antifungal Drugs
zole and voriconazole, with pharmaceutical agents
interacting significantly with cytochrome P450 In this section, data on antifungals currently

available for clinical systemic antifungal treatment(CYP) isoenzymes; and renal toxicity of D-AmB
are used. It must be pointed out that not all of thesegiven in combination with other nephrotoxic drugs
agents are approved in all countries, and that ap-such as ciclosporin or aminoglycosides.
proval may be restricted to second-line treatment of

In contrast to less life-threatening infections or
patients with IA refractory to or those intolerant of

unexplained fever in neutropenic patients, IA re- other licensed antifungal drugs. Apart from that,
quires prompt therapeutic intervention using the there may be restrictions on the use of agents in
most effective antifungal drug available upfront. paediatrics. It is recommended to seek updated de-
Modification or escalation of antifungal therapy in tailed information on the approval status of an anti-
case of non-response to suboptimal first-line treat- fungal drug before it is used based on information
ment is unlikely to influence clinical outcome.[173] from this article.
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3.3.2 Liposomal Amphotericin BPharmacological properties of the antifungal
The most widely used alternative to conventionalagents discussed in this section have been described

D-AmB is L-AmB. It has the advantage of improvedextensively in specific papers or comprehensive
tolerability compared with D-AmB. No clinicaloverviews[169] and are not addressed here, apart from
study has been conducted in a sufficiently largeaspects important for clinical efficacy, interactions
number of patients with proven IA to compare itsor adverse effects.
efficacy with that of D-AmB or another antifungal
active against Aspergillus spp. From a study in a3.3.1 Amphotericin B Deoxycholate
small number of patients, similar efficacy of L-AmB

Conventional D-AmB was the gold standard for and D-AmB and significantly superior tolerability
the primary treatment of aspergillosis until 2000.[151]

and lower nephrotoxicity of the liposomal formula-
It was approved >40 years ago on the basis of sparse tion were reported.[180] This is in accordance with
observations of potential activity against pathogenic the results of a large trial comparing L-AmB and D-
fungi in humans. However, informative data on the AmB given for empirical treatment in febrile neutro-
clinical efficacy of D-AmB became available only penic patients.[181] A rate of nephrotoxicity in the
in the late 1990s. The first prospective, randomised order of 10–20% has been observed in patients
clinical trials comparing the efficacy of D-AmB treated with L-AmB at a daily dose of 3 mg/kg. In
with that of other antifungals, voriconazole or patients given L-AmB without nephrotoxic co-med-
ABCD, in patients with invasive Aspergillus infec- ication, however, significant renal impairment
tions were published in 2002.[22,23] In these trials, a is rare.[182,183] The incidence of other adverse ef-
response rate (defined as partial or complete res- fects of L-AmB, in particular infusion-related ad-

verse events, has been reported to be aroundponse) of <35% to D-AmB was reported. These low
30%.[181,184,185] Treatment with L-AmB is discontin-response rates are, at least in part, caused by the high
ued because of adverse events in 5–8% of pa-proportion of patients not tolerating adequate dos-
tients.[184,185]ages of D-AmB. The predominant reasons for intol-

To better define the appropriate daily dose, oneerance are infusion-related adverse effects, such as
clinical study compared 1 mg/kg with 4 mg/kg infever, chills, dyspnoea or skin reactions, and
patients with invasive Aspergillus infections. Sur-nephrotoxicity. The latter is directly related to the
prisingly, this trial has not been able to demonstrateduration of D-AmB therapy[175,176] and has been
a superiority of the higher dosage.[167] However,associated with significantly increased mor-
only a small number of patients included in this trialtality.[175-177]

had clearly proven IA, and in these patients, the
Infusion-related adverse effects of D-AmB may higher dosage of L-AmB was superior. A theoretical

be ameliorated by co-medication of (non-nephrotox- disadvantage of L-AmB is the slow release of the
ic) antipyretic drugs and histamine H1 receptor ant- free amphotericin B compound, so that ≈20% of the
agonists, and they may be effectively treated with free drug is bioavailable 72 hours after administra-
pethidine, whereas nephrotoxicity can be reduced by tion.[186] After preclinical studies had shown that
hydration and the daily administration of saline dosages of up to 10 mg/kg/day did correlate with
(0.9% NaCl) 1.0–1.5L. Glucocorticosteroids, al- increasingly higher tissue concentrations and were
though effective, should be avoided because of their well tolerated at the same time,[187] it was hypothe-
immunosuppressive effects. Prolongation of infu- sised that initial loading doses of L-AmB might lead
sion time to 24 hours, i.e. a continuous intravenous to faster fungicidal activity in patients with IA. In a
administration, may further improve the tolerability prospective, double-blind, randomised study, 201
and reduce the toxicity of D-AmB,[178,179] but clin- neutropenic or transplant patients with IA were giv-
ical efficacy requires further confirmation before it en L-AmB 3 versus 10 mg/kg/day for 14 days,
can be discussed as a valid option. followed by 3 mg/kg/day until antifungal treatment
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was completed. Partial or complete response was on L-AmB,[158,167] it appears well possible that a
achieved in 50% of patients treated with 3 mg/kg/ daily dose of 3 mg/kg might be sufficient for the
day and the outcome was not improved by the higher treatment of patients with IA. Infusion-related ad-
dosage. A difference in overall survival was not verse events and nephrotoxicity were observed in
observed, while infusion-related adverse events and 15% and 7% of patients, respectively, receiving
nephrotoxicity (31% vs 14%) were more frequent in 3 mg/kg/day.[191]

patients receiving the higher dosage.[158] Comparing Approximately 10% of patients discontinue
response rates and survival from this trial with that ABLC treatment because of drug-related adverse
reported by Herbrecht et al.[23] for voriconazole, the events.[191] However, in comparison with D-AmB,
clinical outcome for both antifungal drugs appears the rate of drug-related adverse events, nephrotoxic-
similar, so L-AmB in a daily dose of 3 mg/kg can be ity and treatment discontinuation is lower with
considered as alternative to voriconazole for first- ABLC.[192] Importantly, renal function impaired by
line treatment of IA. antifungal treatment with D-AmB usually improved

An expert group of the Infectious Diseases significantly after a switch to ABLC.[190,193] Renal
Society of America (IDSA) recommended a daily impairment observed under ABLC treatment has
dosage of at least 5 mg/kg of a lipid formulation of been associated primarily with the coadministration
amphotericin B for the treatment of patients with of other nephrotoxic drugs.[194]

IA.[151] This recommendation is based on the as- 3.3.4 Amphotericin B Colloidal Dispersion
sumption of a dose-efficacy relationship for ampho- A study comparing the efficacy of ABCD 6 mg/
tericin B. A clinical correlation of such a dose- kg/day in a randomised comparison with D-AmB
efficacy relationship has not yet been confirmed. (1.0–1.5 mg/kg/day) demonstrated equally poor res-

ponse rates to both amphotericin B formulations in
3.3.3 Amphotericin B Lipid Complex

patients with aspergillosis.[22] By intent-to-treat,
The lipid complex formulation of amphotericin B

complete or partial response had been observed in
(for extensive pharmacological review see Janoff et

15% of patients treated with ABCD. Nephrotoxicity
al.[188]) allows a rapid release of free amphotericin B

was noted in 25% of ABCD recipients; however,
from the lipid molecules and a high concentration of

treatment was discontinued because of nephrotoxic-
amphotericin B in lung tissue. The clinical efficacy

ity in <4% of patients. The overall rate of drug-
of amphotericin B lipid complex (ABLC) as first-

related adverse events is similar in patients treated
line treatment for documented IA has not been stud-

with ABCD and D-AmB, because the incidence of
ied. In a large series of case records requested by the

infusion-related adverse events is >50%.[22] As a
US FDA after the approval of ABLC for salvage

result, the rate of treatment discontinuation related
therapy in the 1990s, clinical outcome data of pa-

to toxicity among patients treated with ABCD for IA
tients with IA treated with ABLC have been docu-

is ≈22%.[22]

mented. Of 368 patients evaluable, 44% had partial
3.3.5 Voriconazoleor complete response, and a further 21% of patients
Voriconazole, a new broad-spectrum triazole,showed stable disease.[189] The data confirmed the

has been studied in a randomised comparison withreport on ABLC treatment results from an extensive
D-AmB for the treatment of patients with IA. Thecompassionate-use programme. Here, 42% of 130
principal results of this trial are shown in table III.patients with IA had shown partial or complete
With respect to these results, voriconazole has be-response to ABLC.[190] The daily dose recommen-
come the drug of choice for primary treatment ofded by the manufacturer is 5 mg/kg. In a Spanish
IA.[23]report on patients with invasive fungal infections

treated with 3 mg/kg/day, 61% of 49 patients with In a nonrandomised clinical study, a response of
proven or probable IA had a partial or complete 48% to voriconazole was reported in 116 patients,
response to ABLC.[191] In the light of study results who in part had been refractory or intolerant to other
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tients with IA refractory to or intolerant of other
antifungal agents were treated with posaconazole
oral suspension. Their outcome was compared with
that of 86 control patients treated in the same partici-
pating institutions with other antifungals. Complete
response was noted in 7% versus 9%, partial res-
ponse in 36% versus 16%, stable disease in 9%
versus 8% and non-response in 36% versus 60% of
patients.[196] In patients with neutrophil counts be-
low 500/µL, the response rate dropped to 24%.
Posaconazole is available for clinical use in oral
form only. It is an inhibitor of CYP3A4, which is

Table III. Voriconazole compared with amphotericin B deoxycho-
late for primary treatment of invasive aspergillosis; response rates
after 12 weeks (reproduced from Herbrecht et al.,[23] with permis-
sion © 2002 Massachussetts Medical Society)

Response Voriconazole Amphotericin B
(n = 144) [no. (%)] (n = 133) [no. (%)]

Successful outcome* 76 (52.8)* 42 (31.6)

Complete response 30 (20.8) 22 (16.5)

Partial response 46 (31.9) 20 (15.0)

Unsuccessful outcome 68 (47.2) 91 (68.4)

Stable disease 8 (5.6) 8 (6.0)

Failure of therapy 55 (38.2) 78 (58.6)

Indeterminate 5 (3.5) 5 (3.8)
* p < 0.05.

responsible for a considerable spectrum of drug-
drug interactions;[197] however, these are less pro-antifungal drugs.[195] Of note, voriconazole has
nounced than observed for voriconazole (sectionshown significant activity (up to 35% response rate)
3.3.5).in patients with CNS aspergillosis, so voriconazole

appears to be the drug of choice for these patients.[7]

3.3.7 Itraconazole
Voriconazole induces transient and reversible

Although itraconazole was licensed for clinicalvisual disturbances in approximately one-third of
use more than a decade ago, no clear data on itspatients receiving this drug intravenously or orally.
efficacy in primary treatment of IA are available.The mechanism of this effect is not yet completely
Most reports of clinical response data represent em-understood. Furthermore, it is important to note the
pirical treatment,[198] retrospective observationalpotential of drug-drug interactions with a broad
studies,[199] e.g. from compassionate use in a varietyspectrum of substances metabolised by, inducing or
of patients or from nonrandomised trials.[200,201] In ainhibiting the CYP isoenzyme system. Voriconazole
study conducted by the Mycoses Study Group,[200] aadministration is contraindicated in patients receiv-
favourable response was reported in 39% of 76ing astemizole, long-acting barbiturates, carba-
evaluable patients with various underlying diseasesmazepine, cisapride, quinidine, rifampicin,
including tracheobronchial aspergillosis. A total ofsirolimus or terfenadine, whereas dose adjustment
30% of patients discontinued itraconazole, mainlyand/or careful clinical monitoring is required for
because of tolerance problems. Until recently, nopatients given voriconazole in combination with
intravenous formulation of itraconazole was avail-rifabutin, warfarin, ciclosporin or tacrolimus (moni-
able for clinical use, and only a small number oftoring of blood concentrations), sulphonylureas,
patients with IA were treated with itraconazole cap-pravastatin and other HMG-CoA reductase inhibi-
sules or itraconazole cyclodextrin solution for pri-tors (control of serum creatine kinase required),
mary therapy of aspergillosis. The only publishedbenzodiazepines, vinca alkaloids, omeprazole and
prospectively randomised study comparing itra-phenytoin.
conazole capsules (200mg every 12 hours) with

A substantial advantage of voriconazole is the
intermediate-dose D-AmB (0.6 mg/kg/day) showed

option of oral administration to continue antifungal
a response in six of eight patients given itraconazole

treatment after the clinical situation of the patient
and two of five patients receiving D-AmB.[202] The

has improved.
number of patients studied here is much too small to

3.3.6 Posaconazole allow any conclusion on the efficacy of itraconazole
Data on the efficacy of posaconazole for clinical in patients with aspergillosis. The bioavailability of

treatment of patients with IA are sparse. Within an itraconazole capsules is unpredictable in individual
extensive compassionate-use programme, 107 pa- patients. The bioavailability is improved significant-
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ly with administration of itraconazole cyclodextrin into account that interactions with cyclophos-
solution; however, the tolerability of this solution is phamide potentially resulting in higher hepatic and
limited by gastrointestinal discomfort. It might be renal toxicity[204] and that cardiac adverse events in
preferable for oral itraconazole treatment to combi- terms of negative inotropic effects have been docu-
ne capsules and solution, or to choose the best oral mented,[205] itraconazole has no role in the primary
formulation on an individual basis and to adjust the treatment of IA to date. However, it may be consid-
daily dose by serial determination of plasma trough ered for oral maintenance treatment in patients who
concentrations. This trough concentration should be have responded to intravenous antifungal treatment
higher than 500 ng/mL in order to achieve a reliable and who have no contraindications (intolerance, co-
antifungal efficacy of the drug.[203] medication, chronic renal or hepatic insufficiency).

Monitoring of adequate drug concentrations may beThe development of an intravenous formulation
recommended for those patients.of itraconazole significantly facilitates the clinical

application of this antifungal and allows the assess-
3.3.8 Caspofunginment of the efficacy of itraconazole for primary
A significant proportion of patients with IA willtreatment of IA. In a nonrandomised clinical trial, 31

not respond to treatment with amphotericin B inpatients, the majority of whom were neutropenic
conventional or lipid formulation or to voriconazole.and had haematological malignancies, received in-
In part, they are refractory to this therapy; in parttravenous itraconazole for primary treatment of
they do not tolerate it. For these patients, echino-IA.[201] A partial or complete response was noted in
candins such as caspofungin, a semisynthetic echi-48% and stable disease in a further 19% of patients.
nocandin, represents an efficacious treatment alter-Of note, itraconazole had to be discontinued as a
native. Echinocandins attack the synthesis of 1,3-β-result of adverse events in 11 of 31 patients, and in 5
D-glucans, which are essential components of theof these patients, these adverse events were obvi-
fungal cell wall. This mode of action is differentously itraconazole related.
from that of polyene or azole antifungals, bothAnother critical aspect of the clinical application
targeting ergosterol receptors of the fungal cellof itraconazole is the interaction of this drug with the
membrane. Since 1,3-β-D-glucans are not present inCYP isoenzyme system. Table IV shows a list of
mammalian cells, and echinocandins such as cas-drugs for which combination with itraconazole is
pofungin do not interact with the CYP isoenzymecontraindicated or requires dose adjustment. Taking
system, the tolerability of the echinocandins is
remarkably good, and their potential for toxic ad-
verse effects and interactions with other drugs es-
sentially low.

No results from prospective, randomised studies
on its use for primary treatment of IA are available
for caspofungin. Up to 45% of patients with IA who
had been refractory to or intolerant of other anti-
fungal agents showed a successful outcome, defined
as a partial or complete response, to salvage anti-
fungal treatment with caspofungin.[206] The different
mode of action by which echinocandins attack the
fungal cell wall opens the possibility of a combina-
tion of two classes of antifungals. Preclinical[207,208]

as well as clinical[209-211] studies have indicated syn-
ergistic effects of an echinocandin in combination
with amphotericin B or voriconazole (section

Table IV. Interaction of itraconazole with other drugs

Drug Type of interaction with
itraconazole

Diphenylhydantoin, rifampicin Accelerated itraconazole
elimination

Astemizole, lovastatin and other Enhanced activity of these
HMG-CoA reductase inhibitors drugs
(statins), midazolam, triazolam,
ciclosporin, tacrolimus, vinca
alkaloids, digoxin, rifampicin,
rifabutin, calcium channel
antagonists, oral anticoagulants,
busulfan, sulphonylureas,
indinavir, saquinavir, nelfinavir

Antacids, sucralfate, histamine Reduced itraconazole
H2 receptor antagonists, proton absorption
pump inhibitors

Isoniazid Lower plasma itraconazole
concentration
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3.3.11). As yet, no data from controlled clinical adverse events associated with micafungin was low
trials on echinocandin combination therapies are and comparable to that for caspofungin, with 3% of
available. patients discontinuing treatment because of drug-

related adverse events. Relevant interactions be-The clinical tolerability of caspofungin is favou-
tween micafungin and ciclosporin or tacrolimusrable,[212] with no reported serious drug-related clin-
were not observed.[215]ical or laboratory adverse event reported among 263

patients treated with caspofungin in different dos- 3.3.10 Anidulafungin
ages for oral and/or oesophageal candidiasis. Anidulafungin is the third licensed echinocandin
Among 83 patients with IA treated with caspofungin antifungal. It is not yet approved for treatment of IA
because of resistance or intolerance to other anti- in any country. Safety analyses have been per-
fungal agents, no serious clinical adverse event un- formed in neutropenic children at risk for invasive
equivocally related to caspofungin was noted.[206]

fungal infections[216] and in adults with IA treated
The concomitant administration of ciclosporin and with anidulafungin in combination with L-AmB,[217]

caspofungin leads to an increase of plasma cas- but data on therapeutic efficacy in patients with
pofungin concentrations and appears to be asso- documented aspergillosis have not been published
ciated with a slight increase of liver transaminases. to date.
Clinically relevant adverse effects have not been

3.3.11 Antifungal Drug Combinationsobserved in patients undergoing allogeneic HSCT
Considering the fact that combination of anti-being treated with caspofungin in combination with

microbial drugs is routine practice in the treatmentciclosporin.[213] Since blood concentrations of tacro-
of numerous difficult-to-treat infections such as tu-limus are lowered by up to 20% when it is given in
berculosis, it appears obvious to combine antifungalcombination with caspofungin, monitoring of tacro-
agents with different modes of action for the treat-limus blood concentrations is recommended when
ment of IA. Echinocandins, which attack fungi bythis drug combination is administered.[212]

inhibiting the synthesis of β-D-glucans, have been
3.3.9 Micafungin shown to act synergistically in combination with

voriconazole or ravuconazole, which inhibit the fun-As with caspofungin, no results are available
gal ergosterol synthesis, in animal models of IA andfrom prospective, randomised studies on the use of
severe immunosuppression.[208,218] The combinationmicafungin for the treatment of IA. In a small num-
of an echinocandin with amphotericin B, which actsber of patients from Japan, partial or complete res-
fungicidally by attacking the ergosterol membraneponse was observed in 6 of 10 patients.[214] In a
complex, is less well studied in preclinical models ofmultinational nonrandomised trial, 331 patients
invasive pulmonary aspergillosis. A combination(children and adults) with IA were included for
(or sequential administration) of a triazole such asprimary treatment with micafungin or salvage treat-
itraconazole or ravuconazole with amphotericin Bment with micafungin alone or in combination with
appears to be potentially antagonistic in preclinicalother antifungals. The daily dose of micafungin was
models of aspergillosis.[219,220]75mg (or 1.5 mg/kg for children weighing <40kg)

but it could be escalated to >200mg. The mean daily Prospective, randomised clinical studies on the
dose given was 108mg in adults and 2.1 mg/kg in use of combination antifungal therapy of IA using
children. Of 225 patients who fulfilled diagnostic the triazoles mentioned in sections 3.3.8–9 and echi-
criteria for IA, 80 (35.6%) showed partial or com- nocandins are not available. Case series from differ-
plete response. Of note, none of seven patients with ent institutions comparing combination treatment
A. terreus infections had responded. Combination with historical control patients[211] or using anti-
with other antifungals had no obvious benefit, and fungal combinations for salvage treatment in pa-
higher daily doses were not reported to be associated tients with refractory aspergillosis[209,210,215] have
with more favourable response rates. The number of shown promising[209,211,221] or disappointing[210,215]
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results. Overall, available clinical data do not pro- pulmonary haemorrhage, thoracic surgery has also
vide sufficient evidence that combining an echino- been successfully performed in an emergency.[229]

candin with either a triazole (voriconazole, itracona- Data from controlled clinical trials are not available,
zole or posaconazole) or an amphotericin B formu- and the effect on patient survival[230] must be criti-
lation results in a superior outcome compared with cally reconsidered in the light of new diagnostic
antifungal monotherapy using voriconazole or L- tools for early detection of IA and the broad spec-
AmB. trum of effective new antifungal agents available

today.
3.4 Adjunctive Drug Treatment

4. Prophylaxis of Invasive Aspergillosis
Sufficient numbers of neutrophil granulocytes

are mandatory for a successful treatment of IA. For A large number of clinical trials have been con-
this reason, patients with long-lasting severe neutro- ducted to evaluate the efficacy and safety of anti-
penia are at highest risk for a poor outcome in fungal drugs given prophylactically.[231] Only a mi-
invasive Aspergillus infection.[57,222] The option of nority of these trials were able to prove a substantial
shortening the period of chemotherapy-induced neu- benefit, resulting in heterogeneous recommenda-
tropenia and of activating granulocyte and macro- tions.[157,232] A method to overcome the shortcom-
phage function by the administration of recombinant ings in the design of individual trials can be seen in
haematopoietic growth factors such as granulocyte meta-analyses. Several meta-analyses have been
colony-stimulating factor (G-CSF), macrophage performed but again homogeneous conclusions
CSF or granulocyte-macrophage CSF has been con- were not achieved.[233-238]

sidered as a promising option. Irrespective of case The advantages of antifungals that are active
reports on the addition of those growth factors to against Aspergillus and have been evaluated pro-
antifungal drug treatment in patients with IA, no spectively are discussed in the following sections.
controlled clinical trial has yet shown a significant
benefit from such a combination. Apart from that, 4.1 Primary Antifungal Prophylaxis
cases of severe pulmonary adverse events[15,223] have

The clinical situations where a prophylactic ap-been observed among patients treated with CSFs in
proach appears desirable are diverse. The most fre-addition to antifungal treatment. A clinical deterio-
quent is where a patient who has never had anration in patients with invasive pulmonary aspergil-
invasive fungal infection becomes at risk for a firstlosis may occur during (rapid) neutrophil recov-
IA. For this primary antifungal prophylaxis settingery.[224] Therefore, it is not surprising that the trans-
the following options have been evaluated in clinicalfusion of granulocytes from HLA-matched, G-CSF-
trials.primed donors has not yet shown a clear benefit in

neutropenic patients with IA, despite promising re-
4.1.1 Amphotericin B Deoxycholate

sults from early pilot studies.[225] Prophylactic gran-
D-AmB oral solution is frequently used as a

ulocyte transfusions to prevent relapse of IA, e.g. in
prophylactic agent, although it is not systemically

patients undergoing allogeneic HSCT, have been
active and has thus never been shown to be effec-

reported to be effective in adult and paediatric pa-
tive.[232] Prevention of its primary target, invasive

tients.[226,227]

candidiasis, or of aspergillosis has not been shown.
The latter can obviously not be expected in an3.5 Nonpharmacological Treatment of
infection acquired by inhalation. Therefore, D-AmBInvasive Aspergillosis
has been given by aerosol inhalation. Noncompara-

Surgical resection of lung tissue has been report- tive studies were promising,[239,240] but in the only
ed to be safe and associated with favourable long- large multicentre trial, inhaled D-AmB did not pre-
term outcome.[228] In patients with incipient fatal vent invasive pulmonary aspergillosis. Frequent ad-
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4.1.3 Amphotericin B Lipid Complexverse events were coughing, bad taste and nau-
Patients with acute myeloid leukaemia (AML) orsea.[241]

high-risk myelodysplastic syndrome (MDS) under-Intravenous D-AmB has been evaluated in dos-
going induction chemotherapy received prophylac-ages ranging from 0.1 mg/kg/day to 1.0 mg/kg three
tic intravenous ABLC 2.5 mg/kg three times week-times weekly. Low dosages had no benefit over
ly. Among 131 ABLC-treated patients the break-placebo,[242] and a prospective trial of amphotericin
through rate was 5%.[254]

B 0.2 mg/kg/day versus fluconazole 400 mg/day
Depending on the nebulizer system used,orally in allogeneic and autologous HSCT recipients

ABLC is deposited in the lung of lung transplantconcluded that D-AmB had comparable efficacy but
recipients.[255] Noncomparative case series in allo-higher toxicity.[243] The higher dosages frequently
geneic HSCT recipients have been reported but can-result in nephrotoxicity and high withdrawal
not replace well designed clinical trials.[256,257]

rates.[244] Nephroprotection through saline loading
has evolved over time,[245] and historical controls 4.1.4 Amphotericin B Colloidal Dispersion
suggested efficacy of intravenous prophylaxis with ABCD has been evaluated in a trial on prophy-
D-AmB 1 mg/kg every 48 hours in reducing proven laxis in neutropenic patients; however, this study
and probable invasive fungal infection.[246,247] Since was too small to provide valid clinical informa-
the D-AmB formulation is a rather toxic drug and its tion.[258]

administration requires an experienced team, it has
4.1.5 Itraconazolenever become a standard in antifungal prophylaxis.
Several randomised trials evaluated itraconazoleProphylactic use is generally discouraged.

in primary antifungal prophylaxis. A double-blind,
double-dummy, placebo-controlled trial compared

4.1.2 Liposomal Amphotericin B
the oral suspension at a dose of 2.5 mg/kg twice

Prophylactic use of L-AmB is attractive because daily plus nystatin 500 000IU four times daily with
of its lower toxicity compared with D-AmB, and it nystatin alone. Invasive mould infection and death
has shown efficacy in a murine model.[248] L-AmB due to fungal infection were not prevented.[259] Low-
has been evaluated in a placebo-controlled, but er daily doses of itraconazole oral suspension did
small study population at 1 mg/kg/day and no signif- not effectively reduce the incidence of invasive fun-
icant effect could be detected.[249-251] A second gal infections or mortality.[260]

placebo-controlled, but as underpowered, trial also The intravenous formulation followed by oral
failed to show an advantage of L-AmB 2 mg/kg itraconazole was evaluated in the allogeneic HSCT
three times weekly.[252] Recently, a prospective, ran- setting and compared with fluconazole 400 mg/day.
domised, open-label clinical trial compared L-AmB Both regimens were given until day 100 post-trans-
50mg every other day with no prophylaxis in 219 plant. The dose administration schedule appears
neutropenic episodes of 132 patients. The primary rather complex, but was chosen to address the load-
endpoint was defined as the incidence of proven and ing phase necessary and the clinical circumstances,
probable invasive fungal infections; these were e.g. the ability of the patient to swallow: days 1–2
found in 7% versus 35% of patients and comprised a 400mg intravenously, days 3–14 either 200mg intra-
significant reduction in IA. Possibly related adverse venously or switch to 400mg oral solution until
events in the L-AmB group occurred in 4.6% and day 100. In this study, itraconazole reduced proven
none were grade 3 or 4 toxicities. invasive fungal infections more effectively than flu-

L-AmB at different doses and routes of adminis- conazole, but this did not translate to improved
tration has been used for prevention of fungal infec- attributable or overall mortality.[4] The study has
tions in solid organ, predominantly liver, transplan- been criticised for being underpowered because it
tation.[253] A large well designed trial is currently only included 140 patients.[261] Another controlled
lacking. trial in allogeneic transplant recipients compared
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intravenous itraconazole 200 mg/day or oral suspen- this patient population. Because of ethical concerns
sion 7.5 mg/kg/day with intravenous or oral flucona- referring to the placebo arm, the study was prema-
zole 400 mg/day. In the intent-to-treat population no turely stopped when results of two posaconazole
statistically significant reduction of breakthrough prophylaxis trials became available. However, the
invasive fungal infections was accomplished. Itra- incidences of lung infiltrates were 33% versus none
conazole patients had a lower mould infection rate in the placebo group.[267] Currently, two large trials
of 5% versus 12%, but this was accompanied by a in allogeneic HSCT recipients are comparing vor-
higher rate of liver and kidney toxicity leading to a iconazole with fluconazole (ClinicalTrials.gov Iden-
withdrawal rate of 36% compared with 16% in the tifier NCT00322088) and voriconazole with itra-
fluconazole group. Overall mortality and fungal-free conazole (NCT00289991).
survival were not improved by itraconazole.[31] In Voriconazole is frequently used in solid organ
fact, the itraconazole group had a significantly transplantation. A retrospective series of lung trans-
shorter survival time until the protocol was amended plant recipients received either voriconazole or, if
to avoid concomitant itraconazole and cyclophos- colonised with Aspergillus, itraconazole with or
phamide administration. without amphotericin B inhalation. Voriconazole

was found to be more effective in preventing IA.A recently published large, randomised, open-
Fourteen percent of patients in the voriconazolelabel trial compared itraconazole oral solution
group compared with 8% in the itraconazole group2.5 mg/kg twice daily and fluconazole oral solution
discontinued because of adverse effects.[268]400 mg/day. No difference in efficacy was found

between the two regimens and IA was diagnosed at a
4.1.7 Posaconazolerate of 1% in each group. The withdrawal rates due
Posaconazole has recently been shown to effec-to adverse events were 36% and 28% for itracona-

tively prevent IA in patients undergoing inductionzole and fluconazole, respectively.[262] Another trial
chemotherapy for AML or MDS. The incidence rateon the same drugs yielded basically identical re-
of invasive fungal infections (mainly Aspergillosis)sults.[263]

was 2% versus 8% in the standard azole (flucona-
High withdrawal rates from itraconazole oral so-

zole or itraconazole) comparator arm.[269] In an in-
lution 2.5 mg/kg twice daily and 400 mg/day had

tention-to-treat analysis, overall and attributable
been previously reported in the non-transplant set-

mortality were also significantly improved.[270] In a
ting. Usually these were caused by gastrointestinal

second large, randomised trial in patients develop-
adverse events.[259,264] Besides intense patient moti-

ing high-grade GVHD, the rates of IA with
vation to overcome the unpleasant taste of the oral

posaconazole and fluconazole were 1% and 6%,
suspension, the use of itraconazole demands plasma

respectively. Attributable mortality was improved in
concentration monitoring on a regular basis, i.e. at

this trial also but crude mortality was not signifi-
least twice weekly, to ensure plasma concentrations

cantly decreased.[271]
>500 ng/mL.[265]

Seventy-one adults undergoing orthotopic liver 4.1.8 Caspofungin
transplantation were randomly allocated to either Caspofungin 50 mg/day has been compared in a
itraconazole 5 mg/kg/day orally or placebo. Prophy- single clinical trial versus intravenous itraconazole
laxis with itraconazole effectively prevented fungal 200 mg/day enrolling patients with AML or MDS.
infections (4% vs 24%).[266] Efficacy and safety was similar for both groups. IA

occurred in 2% and 1%, respectively.[272]

4.1.6 Voriconazole
4.1.9 MicafunginVoriconazole 200mg twice daily in tablet form

has been used prophylactically in a placebo-con- In a large double-blind trial comparing micafun-
trolled trial of patients with AML to prevent lung gin 1 mg/kg/day and fluconazole 400 mg/day, inva-
infiltrates, i.e. the trigger for antifungal treatment in sive candidiasis was effectively prevented by both
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regimens, but micafungin was more effective Aspergillosis infection received secondary prophy-
against IA. No significant reduction of the overall laxis with voriconazole 400 mg/day during allo-
and attributable fungal mortality was detected. Un- geneic HSCT. None of the patients had a relapse of
fortunately, the study population comprised autolo- the fungal infection.[276]

gous and allogeneic HSCT recipients with various In a prospective clinical cohort of 166 patients
underlying malignant diseases.[273] The results are with AML and prior proven or probable pulmonary
difficult to put into the context of other trials, since invasive fungal infection who underwent chemo-
for the 46% autologous transplant patients the two therapy, we found a 16% rate of breakthrough infec-
treatments are equally experimental.[274] tions. Risk factors for breakthrough invasive fungal

infection were identified by logistic regression and
4.2 Secondary Antifungal Prophylaxis comprised duration of neutropenia, recent high-dose

cytarabine and the total number of different antibac-
A particularly difficult question is how to pro- terials received. In this population, lack of systemi-

ceed with a survivor of IA who is in need of further cally active prophylaxis was not a risk factor.[277]

profoundly immunosuppressive therapy. Treatment
of proven or probable invasive fungal infection is 4.3 Patient Isolation
long lasting and requires administration of antifun-

Various isolation precautions have been appliedgals well after the end of neutropenia to prevent
over time. These range from a simple reverse isola-early relapse of infection.[151,152,157] Continued anti-
tion with the patient wearing a surgical face mask tofungal treatment is difficult to differentiate from
elaborate air filtering and climate-control systems,secondary prophylaxis. The prospective definition
including laminar air flow as used in operating thea-of risk factors and the evaluation of therapeutic
tres as well as HEPA filters. It is generally believedstrategies are medical needs still unmet.
that reverse isolation is not beneficial and that theHowever, a variety of risk factors for relapse of
technical solutions above are advantageous. Theyinfection have been identified in HSCT recipients in
have been proven to almost eliminate the number ofmostly retrospective studies. In a population of 48
colony-forming units in room air. However, wellpatients with an overall relapse rate of 33%, the lack
designed clinical trials randomising types of air con-of systemically active secondary prophylaxis result-
ditioning usually failed or lacked statistical pow-ed in a relapse rate of 57%.[275] The largest cohort
er.[278] A specific obstacle is the patient being movedreported comprised 395 allogeneic HSCT recipi-
from one room to another. Moreover, patients mayents. IA occurred as a second invasive fungal infec-
be exposed to construction work intermittently, e.g.tion or a relapse in 8%. Multivariate analysis re-
on the way to imaging units during evaluation forvealed moderate to severe GVHD and corticosteroid
febrile episodes. Meta-analyses may not be the ap-prophylaxis for GVHD as risk factors.[24]

propriate tool to obtain evidence for air-condition-
Among 129 patients with a history of probable or

ing technology.[279-281]
proven IA undergoing allogeneic HSCT, 22% of
patients progressed during the 2 years after trans- 5. Conclusion
plant. A total of seven risk factors for relapse of
infection were identified: (i) longer duration of neu- IA affects a broad spectrum of patients at risk,
tropenia after transplant; (ii) advanced status of un- including primarily those with acute leukaemia and
derlying disease; (iii) <6 weeks of systemic anti- recipients of HSCT or solid organ transplant. While
fungal treatment before allogeneic HSCT; (iv) con- increasing morbidity and mortality rates due to IA
ventional myeloablative conditioning; (v) CMV are reported from the majority of centres involved in
disease; (vi) bone marrow or cord blood as source of the treatment of these patient groups, new diagnostic
stem cells; and (vii) grade II–IV acute GVHD.[62] A and therapeutic options have become available
small group of 11 patients with leukaemia and prior during the past decade. Early clinical diagnosis is
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based on pulmonary CT scan findings and non- Acknowledgements
culture-based diagnostic techniques such as

No sources of funding were used to assist in the prepara-
galactomannan or DNA detection in blood or tion of this review. Dr Maschmeyer has been on the speakers’
bronchoalveolar lavage samples. The most favoura- board for Pfizer, Merck, Gilead, Schering-Plough, Amgen,

Cephalon and Wyeth, and has acted as a consultant forble results are achieved in patients in whom early
Merck, Pfizer, Gilead, Schering-Plough, Sanofi-Aventis,

antifungal treatment has been started pre-emptively Novartis and Cephalon. Dr Cornely has been on the speakers’
backed up by these findings. The gold standard of bureau for Astellas, Gilead, Merck and Schering-Plough, has

acted as a consultant for Astellas, Basilea, Gilead, Pfizer,systemic antifungal treatment is voriconazole (6 mg/
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