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When and how to treat invasive fungal infections (IFIs) is discussed in thisAbstract
review, with a focus on the two most prevalent non-endemic IFIs, namely invasive
aspergillosis and invasive candidiasis. Early treatment initiation in patients with
IFIs has a profound impact on mortality rates, but reliable diagnostic measures are
lacking. This situation has led to the parallel use of different treatment strategies,
e.g. prophylaxis, empirical and pre-emptive treatment, as well as targeted treat-
ment in response to a definite diagnosis of IFI. Identifying high-risk patients is the
first step in reducing IFI-related mortality. Patients at risk of invasive aspergillosis
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comprise (i) those with acute myelogenous leukaemia (AML) or myelodysplastic
syndrome (MDS) during remission induction chemotherapy; (ii) patients under-
going allogeneic haematopoietic stem cell transplantation (HSCT); (iii) recipients
of solid organ transplants; and (iv) those with other conditions of severe and
prolonged immunosuppression. Patients at high risk of invasive candidiasis are
less well defined. Risk factors are diverse and include haematological malignan-
cy, neutropenia, age <1 month or >65 years, and recent abdominal surgery. The
individual risk further depends on the presence of a variety of other risk factors,
including central venous catheters, use of broad spectrum antibacterials, pro-
longed intensive care unit (ICU) stay, total parenteral nutrition, mucosal Candida
spp. colonization and renal failure.

Extensive research has been conducted to facilitate the best possible treatment
strategies for these severe infections. Optimal timing and choice of antifungal
agents largely remain a matter of controversy. After having reviewed the major
clinical trials, we conclude that comparisons between different treatment strate-
gies cannot be made, neither at present nor in the near future. The complexity of
the clinical problem leads to an eclectic treatment approach to reduce morbidity
and mortality from IFIs without compromising tolerability. We recommend
prophylaxis with posaconazole for allogeneic HSCT recipients, patients receiving
induction chemotherapy for AML or MDS, and those undergoing immunosup-
pressive therapy for graft-versus-host disease after allogeneic HSCT. For the
empirical treatment of persistently febrile neutropenia, caspofungin is our first-
and liposomal amphotericin B deoxycholate (LAmB) our second-line choice.
Once a diagnosis of invasive aspergillosis has been established, voriconazole
should be the preferred treatment option, with LAmB being an alternative.
Fluconazole prophylaxis for invasive candidiasis should remain restricted to high-
risk ICU patients. Once a diagnosis has been established, the drug of choice for
adequate treatment depends largely on neutrophil count and haemodynamic
stability. In non-neutropenic patients, an echinocandin should be considered the
first-line treatment option, while patients with susceptible Candida spp. may be
switched to fluconazole. In neutropenic patients, caspofungin or micafungin
might be preferred to anidulafungin as first-line treatment. LAmB is a second-line
treatment option in both settings.

Early diagnosis of IFIs is imperative to facilitate treatment success. In all
patients at risk for IFIs, blood cultures, galactomannan antigen and diagnostic
imaging should be rigorously enforced.

1. Invasive Fungal Infections In this sense, all IFIs can be regarded as opportunis-
tic diseases.

Two fungal pathogens are of particular interest,1.1 Scope of Invasive Fungal Infections in
i.e. Aspergillus spp. and Candida spp. They prob-Clinical Practice
ably account for over 95% of all IFIs.[1-3] The re-
maining infections are due to a variety of fungalPatients with inadequately treated invasive fun-
pathogens, with Pneumocystis jiroveci, Zygo-gal infections (IFIs) have a poor prognosis. Inten-
mycetes and Fusarium spp. leading the field of thesively pretreated patients with multiple organ dys-
so-called ‘rare’ fungal infections, followed byfunctions, as well as severely or long-term immu-
Scedosporium spp., Penicillium spp. and numerousnosuppressed patients, are particularly at risk. IFI in
others.[4,5] The epidemiology of these species isotherwise healthy patients are extraordinarily rare.
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largely unknown, but dramatic local and regional the empirical treatment situation.[6-8] This concept
differences have been reported, rendering some of has changed. Today, radiographic signs and/or
them important differential diagnoses in different laboratory tests that yield a result suspect of a IFI in
parts of the world. Adequate coverage of these re- a high-risk host, without definitive verification by
gional variations is, however, beyond the scope of histopathology and/or culture of the causal patho-
this article. We aim to identify treatment strategies, gen, are considered surrogate markers for the initia-
risk groups and diagnostic criteria, before presenting tion of pre-emptive treatment. This definition also
the available evidence from clinical trials, currently includes nonspecific infiltrates on chest CT scans. If
serving as the basis for our treatment recommenda- diagnostic criteria allowing pathogen identification
tions. – i.e. culture from a physiologically sterile site or

histopathological evidence of an IFI – have been
fulfilled, targeted therapy is initiated.1.2 Treatment Strategies

Many readers may be wondering whether such a
multitude of treatment strategies is really necessary.When treating patients at risk for invasive asper-
Why not just use voriconazole for aspergillosis[9]

gillosis or invasive candidiasis, clinicians must de-
and caspofungin for candidiasis?[10] The evidencecide when and how to intervene. Timing and cir-
base for these choices is adequate but a generalizedcumstances of treatment initiation are defined by
approach is not justified for several reasons. Tothe terms prophylactic, empirical, pre-emptive and
begin with, only a minority of all IFIs can be proventargeted treatment (figure 1). Prophylactic treatment
ante mortem. Diagnostic measures with a high sen-refers to the preventive administration of an anti-
sitivity often show a lower specificity, allowingfungal agent to patients at risk of an IFI without
diagnosis of only probable or possible IFI.[11,12] Con-attributable signs and symptoms. Empirical treat-
sidering the poor performance of diagnostic mark-ment is defined as the initiation of antifungal treat-
ers, combined with the reduced chances of a suc-ment in patients at high risk of an IFI and established
cessful outcome associated with delays in the ad-clinical signs and symptoms, but without pathogen
ministration of antifungal treatment, the increasingidentification. In former definitions of treatment
popularity of prophylactic strategies comes as nostrategies, radiographic signs used to be allocated to
surprise. However, they narrow therapeutic options
and mean overtreating patients who would not have
developed a IFI.[13] Until reliable diagnostics be-
come available, we need to analyse epidemiological
data to identify patient-related and external risk fac-
tors, and set up risk stratification systems. The aim
of such systems is to identify high-risk patients who
may benefit from prophylactic, empirical or pre-
emptive treatment strategies, the efficacy of which
can then be assessed in clinical trials.[11]

1.3 Risk Groups

1.3.1 Invasive Aspergillosis
Three major groups are at high risk for invasive

aspergillosis: (i) patients with haematological ma-
lignancy; (ii) recipients of solid organ transplants;
and (iii) a heterogeneous group of otherwise immu-
nosuppressed patients.

Prolonged and profound neutropenia, i.e.
>10 consecutive days with neutrophil cell counts

Empirical:
clinical signs and symptoms
of infection, no pathogen
identified 

Prophylactic:
no attributable signs and
symptoms

Targeted:
definitive proof by 
histopathology or culture 
of pathogen and 
invasiveness of disease

Pre-emptive:
laboratory tests or radiographic
signs conclusive of IFI, no 
definitive proof by histopathology
or culture 

Fig. 1. Antifungal strategies for patients at high risk of invasive
fungal infection (IFI).
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<500/µL, is the single most important risk factor ative tracheobronchitis accounts for 37% and inva-
for invasive aspergillosis, thus concerning mainly sive aspergillosis of the area of bronchial anastomo-
patients with acute leukaemia or myelodysplastic sis for another 20%.[28] In liver transplant recipients,
syndrome (MDS) during remission induction incidence rates approaching 8% have been report-
chemotherapy and patients undergoing allogeneic ed,[29-32] while rates <1% have been reported from
haematopoietic stem cell transplantation (HSCT). recipients of renal transplants.[19,27]

The risk of invasive aspergillosis reaches 24%[1,14,15]
Invasive aspergillosis in solid organ transplant

in the former and 10%[15-19] in the latter group. recipients typically occurs at least 1 month post-
Following the chronology of the individual patient transplant.[26,33] While survival rates among patients
with acute leukaemia or MDS, the first period of

with invasive aspergillosis after liver transplantation
substantial risk of acquiring an IFI is the time until

have improved from 10% to 40% during the past
first remission. In patients who are not responding to

decade,[34] mortality rates of 70% and 100% have
chemotherapy or who are at a high risk of relapse

been reported for lung and small bowel transplantfrom leukaemia, allogeneic HSCT is pursued, if
recipients, respectively.[27]

suitable, and a donor is found. For these patients, the
Finally, there is a heterogeneous group of pa-next high-risk period follows with the conditioning

tients at high risk of contracting invasive aspergillo-chemotherapy regimen and subsequent neutropenia.
Additional immunosuppressants, such as ci- sis whose state of immunosuppression is not related
closporin, tacrolimus, corticosteroids and anti- to a haematological malignancy or solid organ trans-
thymocyte globulin, further impair the patient’s host plantation. In patients with AIDS, who are not re-
defence mechanisms. Once neutropenia is over- ceiving antiretroviral therapy, incidence rates of
come, graft-versus-host disease (GvHD) may re- 12% have been observed.[15,35] Severe burns
quire further escalation of immunosuppressive treat- have been associated with incidence rates of up to
ment. 7%.[36-38] Nonmyeloablative chemotherapy with pu-

rine analogues is often used in the treatment ofIf left untreated, the mortality rate of invasive
chronic lymphocytic leukaemia. In patients receiv-aspergillosis approaches 100% in this population.
ing a conditioning regimen with fludarabine, a sig-Even with antifungal treatment, overall mortality
nificantly increased risk of IFI has been report-rates range between 30% and 40% for acute mye-
ed.[39,40] Data on the risk of IFI after therapy withlogenous leukaemia (AML) patients and reach 60%
other purine analogues, e.g. cladribine and pentosta-in recipients of allogeneic HSCT.[14,20-22]

tin, are scarce and allow no valid conclusions on the
Solid organ transplant recipients are another associated risk of IFI. In contrast, after treatment of

group at high risk of invasive aspergillosis. Because relapsed or refractory lymphoma with alemtuzumab
of the intensified use of immunosuppressive agents, – a CD52 antibody that causes profound T-cell
graft survival rates have improved substantially, suppression – invasive aspergillosis rates of 4–7%
leading to a constant expansion of this population. have been reported.[41,42] An incidence rate of 5.8%
Improvements of graft survival have been paralleled has been reported from a medical intensive care unit
by a decline of mortality from infectious complica- (ICU). In this population, invasive aspergillosis
tions. Nevertheless, the rate of infectious complica- seems to occur mainly in patients with less obvious
tions, including invasive aspergillosis, now repre- immunological derangements, such as malnutrition,
sents one of the major limiting factors to disease- chronic obstructive pulmonary disease, liver failure
free survival in these patients.[23-26]

or corticosteroid use.[43,44] Under these circum-
stances, distinguishing between colonization and in-Invasive aspergillosis incidence rates are highest
fection with Aspergillus spp. remains a major prob-among heart-lung and small bowel transplant recipi-
lem that probably leads to underestimation of theents, ranging between 11% and 14%.[19,27] In lung
true incidence of invasive aspergillosis in the ICU.transplant recipients, the common form of invasive
This is particularly troublesome, as mortality ratespulmonary aspergillosis constitutes only one-third
in these patients are as high as 80%.[44]of all invasive aspergilloses. A unique form of ulcer-
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1.3.2 Invasive Candidiasis Recently, changes in the epidemiology of inva-
sive candidiasis have aroused considerable atten-Candida spp. are considered the single most im-
tion. According to Pfaller and Diekema,[2] 90% ofportant cause of opportunistic fungal infections
all cases are caused by C. albicans, C. glabrata,worldwide[2] and the fourth most common cause of
C. parapsilosis, C. tropicalis or C. krusei. Evennosocomial bloodstream infections in the US, ac-
though C. albicans remains the leading pathogen,counting for 8–10% of all isolates.[45] Population-
causing 62% of all invasive candidiases, C. glabratabased studies have revealed significant differences
has become an important emerging pathogen in thein local incidence rates of invasive candidiasis.
US, ranking second to C. albicans and with reportedWhile studies in Norway, Spain, Iceland, Canada
incidence rates of 20–24% of all Candida blood-and Finland documented incidence rates no higher
stream infections.[2] In other countries, the incidencethan 5 infections per 100 000/year,[46-50] investiga-
of C. glabrata has not increased to the same extent.tors from the US states of Iowa, Georgia, Connecti-
A number of surveys conducted in Europe[49,50,73-75]cut and California, and Denmark reported between
and Asia[76,77] have shown incidence rates of6 and 11 infections per 100 000/year.[51-54] A study
10–14%. Particularly low rates of 4–7% have beenfrom Maryland showed an even higher rate of 24
reported from Latin America.[78,79] C. glabrata dis-infections per 100 000/year.[54] These data coincide
plays an at best dose-dependent susceptibility towith US national incidence rates. In the absence of
fluconazole as well as lower response rates tosignificant differences in data collection and ana-
amphotericin B compared with C. albicans.[80,81]lysis between these studies, the pronounced varia-
C. glabrata has been associated with particularlytion in local incidence rates may reflect contrasting
high mortality rates.[82]regional conditions in terms of demography and

medical practice, in particular the use of intravascu- C. krusei is reported with a far lower worldwide
lar catheters, as well as antibacterial and antifungal incidence rate than C. glabrata, but is inherently
agents.[46,50,55] Mortality rates for invasive candidia- resistant to fluconazole.[83,84] Increasing use of flu-
sis average 0.4 deaths per 100 000/year.[2] conazole prophylaxis has been held responsible for

this development. Other non-albicans Candida in-Typically, at least one of the following underly-
fections, especially C. tropicalis (4.6–7.5%) anding conditions can be observed in patients with
C. parapsilosis (4.2–7.3%) have also increased be-invasive candidiasis: (i) recent gastrointestinal sur-
tween 1997 and 2003,[83] and during the past decade,gery; (ii) age <1 month or >65 years; or
many new Candida spp. have been isolated from(iii) haematological malignancy/neutropenia.[54,56-62]

clinical specimens, yielding a total of >500 currentlyHowever, patients belonging to one of these groups
known Candida spp.[85]may differ significantly in their individual risk for

invasive candidiasis, depending on the presence of
1.4 Diagnostic Criteriaadditional risk factors, such as a central venous

catheter, use of broad spectrum antibacterials, pro- The definition of diagnostic criteria is an impor-
longed ICU stay, total parenteral nutrition, mucosal tant factor significantly influencing the timing and
colonization with Candida spp. and/or renal fail- choice of treatment. The most commonly used crite-
ure.[46,53,54,58,62-68] In this sense, the individual risk ria for the diagnosis of invasive aspergillosis and
for invasive candidiasis must be regarded as a cumu- invasive candidiasis are briefly reviewed in this
lative phenomenon. In order to adapt risk stratifica- section.
tion to this concept, different authors have devel- The diagnosis of invasive aspergillosis should be
oped scoring systems for the identification of high- made in accordance with the recently published
risk patients (table I).[66,69-72] revised consensus criteria of the European Organi-

Such scoring systems will probably drive clinical sation for the Research and Treatment of Cancer and
trial design, as they allow a more accurate selection the Mycoses Study Group (EORTC/MSG),[11,86] re-
of patients at high risk of invasive candidiasis who quiring histopathological, cytopathological or direct
might profit from prophylaxis or pre-emptive treat- microscopic examination of a specimen obtained by
ment. needle aspiration or biopsy in which hyphae or
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melanized yeast-like forms are seen accompanied all patients with invasive aspergillosis.[90] Direct
by evidence of associated tissue damage. In the microscopic examination of respiratory samples
absence of these findings, pathogen isolation from a may be helpful in distinguishing colonization from
sterile body fluid or tissue obtained by an invasive infection in these patients. Demonstration of septate
procedure in the presence of compatible clinical hyphae is significantly higher in infected patients
symptoms may serve to establish the diagnosis. than in colonized patients.[91]

Most patients at risk for invasive aspergillosis pre- Serological testing based on the detection of cir-
sent with thrombocytopenia after chemotherapy and culating fungal cell wall components, such as galac-
a significantly reduced general condition. Under tomannan, have not been systematically studied for
these circumstances, invasive procedures are often the diagnosis of invasive aspergillosis in the ICU,
deemed too risky and replaced by an eclectic diag- but may have a low sensitivity [44,92,93] and a high
nostic approach involving host factors, clinical fea- rate of false-positive results.[94]

tures and myocological evidence. While the diag- The EORTC/MSG consensus criteria for the
nosis of ‘probable’ invasive aspergillosis requires diagnosis of invasive aspergillosis are equally appli-
the presence of one criterion from each category, the cable to the diagnosis of invasive candidiasis. How-
diagnosis may be termed ‘possible’ invasive asper- ever, in clinical practice, most diagnoses of invasive
gillosis in the absence of myocological evidence. candidiasis are established after isolation of yeasts

from blood cultures. The presence of progressiveHost factors have been defined as a recent history
retinal exudates on ophthalmological examinationof neutopenia, HSCT, prolonged use of corticoster-
or small target-like abscesses (bull’s eye lesions) inoids, treatment with T-cell immunosuppressants or
the liver or spleen within 2 weeks of an episode ofpurine analogues, as well as inherited severe immu-
candidaemia is highly suggestive of chronic dissem-nodeficiencies. Microbiological criteria include di-
inated candidaemia.rect detection of a mold by microscopy, cytology or

positive culture of a sample obtained from bron-
choalveolar lavage, sputum or sterile body fluids. 2. Evidence from Clinical Trials
Alternatively, indirect methods, such as the detec-
tion of β-D-glucan in serum, or of galactomannan in

2.1 Invasive Aspergillosisserum, plasma, bronchoalveolar lavage or cerebro-
spinal fluid are accepted. Clinical factors include a
number of radiological findings, such as the halo 2.1.1 Prophylaxis
sign, air crescent sign or cavitation in an area of Fluconazole and itraconazole are popular choices
consolidation on chest CT scans, focal lesions or for antifungal prophylaxis in neutropenic patients,
meningeal enhancement on MRI or CT scans of the although few data support their efficacy.[12] In 2005,
CNS, as well as any radiological finding indicative a meta-analysis revealed itraconazole might be more
of sinusitis. EORTC/MSG criteria for the diagnosis effective than fluconazole, probably due to its
of invasive aspergillosis have been subject to discus- broader spectrum of activity.[95] Shortly afterwards,
sion and modification in the process of clinical trial an open-label, randomized, parallel group, multicen-
design. We discuss these modifications in section 2. tre trial was published, comparing itraconazole oral

Diagnosing invasive aspergillosis in ICU patients solution 2.5 mg/kg twice daily (n = 248) with fluco-
not meeting EORTC/MSG host criteria can be chal- nazole oral solution or capsules 400 mg/day
lenging. Radiological criteria, including the halo or (n = 246) in patients with anticipated profound
air crescent sign, which are highly suggestive of neutropenia. For the itraconazole and fluconazole
invasive aspergillosis in the neutropenic and throm- arm, efficacy analysis yielded IFI rates of 1.6% and
bocytopenic patient,[87] are found in only 5% of ICU 2.0%, and mortality rates of 0.8% and 1.2%, respec-
patients with invasive aspergillosis. Even if present, tively. There was no significant difference in the
they are not as specific in this population.[88] A total number of adverse events between the two
positive culture from respiratory specimens is a fre- groups. The authors concluded that itraconazole and
quent diagnostic clue,[89] but is found in only half of fluconazole were equivalent options in the prophy-
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lactic treatment of neutropenic patients with or MDS, infection rates prior to and following intro-
haematological malignancies.[96] duction of posaconazole prophylaxis were analysed.

After the introduction of posaconazole prophylaxis,With regard to the limited spectrum of early
significant reductions in the incidence rates of lunggeneration azole activity, and the unreliable bio-
infiltrates (65% vs 26%; p < 0.001), typical imagingavailability and inadequate tolerability of itracona-
findings of IFI (33% vs 8%; p < 0.01) and probable/zole, subsequent clinical trials evaluated posacona-
proven IFI (18% vs 3%; p = 0.04) were observed.[99]zole, an oral azole with in vitro activity against a

In patients undergoing allogeneic HSCT, land-wide spectrum of medically important fungi.
mark trials by Goodman et al.[100] and Slavin etA randomized, multicentre trial compared anti-
al.[101] established oral fluconazole prophylaxisfungal prophylaxis with oral solutions/suspensions
400 mg/day for at least 75 days after transplantationof posaconazole 200 mg three times daily (n = 304)
by demonstrating a significant reduction in overallversus itraconazole 200 mg twice daily (n = 58) or
mortality. A recent multicentre, randomized, dou-fluconazole 400 mg/day (n = 240) in patients receiv-
ble-blind trial performed by Wingard et al.[102] com-ing remission induction chemotherapy for AML or
pared oral fluconazole 400 mg/day with oral vori-MDS. Prophylaxis was initiated with the first cycle
conazole 200 mg twice daily for the prophylaxis ofof chemotherapy and was continued until complete
IFIs in 600 standard-risk allogeneic HSCT patientsremission of the underlying malignancy, or at the
receiving full-intensity conditioning regimens. Pro-occurrence of an IFI or at 12 weeks, whichever
phylactic treatment was administered for 100 days.event occurred first. If further induction chemother-
If, at the end of this period, patients were stillapies were given, patients commenced the assigned
receiving prednisone at 1 mg/kg/day or had a CD4+prophylactic azole. The primary endpoint was de-
cell count <200/µL, treatment was continued untilfined as the incidence of proven or probable IFI
day 180. The primary endpoints were defined asduring prophylaxis. The original EORTC/MSG cri-
absence of a IFI and fungal-free survival. There wasteria[11] were used for the diagnosis of invasive
no significant difference in the rates of proven,aspergillosis. Seven patients (2%) in the posacona-
probable and presumptive IFI, and fungal-free andzole arm and 25 patients (8%) in the fluconazole or
overall survival between the two groups. There wasitraconazole arm were diagnosed with proven or
a trend towards fewer invasive aspergillosis in theprobable IFI (p < 0.001). Posaconazole fulfilled the
voriconazole arm.predefined statistical criteria for superiority over the

With regard to the increased risk of invasivestandard azole approach. Similarly, survival was
aspergillosis in patients receiving immunosuppres-significantly improved in the posaconazole group
sives for severe GvHD, a recent trial by Ullmann et(p = 0.04). The overall number of serious adverse
al.[103] compared posaconazole 200 mg three timesevents was not significantly different between the
daily with fluconazole 400 mg/day for efficacy,groups.[97]

safety and tolerability in the prevention of IFIs. ASubsequently, another trial on systemic anti-
total of 600 patients receiving intense immunosup-fungal prophylaxis with voriconazole in the same
pressive therapy were included. At 112 days, posa-patient group was discontinued, as randomization
conazole and fluconazole were found to be equallyagainst placebo seemed unethical regarding the re-
efficacious in preventing IFIs (incidence, 5.3% andduced mortality by posaconazole prophylaxis. Al-
9.0%, respectively; p = 0.07), while posaconazolethough only 25 patients (10 with voriconazole and
was superior in preventing invasive aspergillosis15 with placebo) were recruited before termination,
(p = 0.006) and improving attributable survival ratesit showed an interesting (although not statistically
(p = 0.046).significant) reduction in the incidence rates of pul-

monary infiltrates (0% vs 33%) and hepatosplenic
candidiasis (0% vs 26.7%) by administration of 2.1.2 Empirical Treatment
voriconazole prophylaxis.[98] For empirical treatment of IFIs in patients with

In an historical comparison among patients haematological malignancies undergoing chemo-
(n = 95) receiving induction chemotherapy for AML therapy, amphotericin B deoxycholate (D-AmB)
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was long considered the gold standard. Walsh et vival, and with fewer premature treatment discon-
al.[6-8] published three major randomized trials that tinuations due to adverse events.[8]

challenged this concept. In all three trials, similar A randomized controlled trial comparing the em-
composite endpoints consisting of defervescence pirical use of intravenous and oral itraconazole
during neutropenia, survival, successful treatment of (n = 179) versus D-AmB (n = 181) in neutropenic
baseline fungal infections, prevention of break- cancer patients showed response rates of 47% and
through infection, and absence of early discontinua- 38%, respectively. Interpretation of these results is
tion due to adverse effects were used.[6-8] difficult because of the high rate of non-evaluable

patients, i.e. 24 (13%) in the itraconazole arm andThe first of these trials was a randomized, dou-
44 (24%) in the D-AmB arm.[106]ble-blind, multicentre study comparing D-AmB

(n = 344) and liposomal amphotericin B (L-AmB;
2.1.3 Pre-Emptive Treatmentn = 343). Treatment success and survival rates were
Compared with the empirical treatment ap-similar in both groups, but breakthrough infections

proach, only a few studies used a pre-emptive treat-occurred in only 11 patients (3.2%) in the L-AmB
ment approach. In general, these trials have generat-group and in 27 patients in the D-AmB group
ed only limited evidence. In a noncomparative trial(p = 0.009). Furthermore, only 19% of patients
assessing the feasibility of a pre-emptive approach,treated with L-AmB experienced nephrotoxic ef-
patients undergoing myeloablative allogeneic HSCTfects, compared with 34% of those treated with D-
or chemotherapy for AML or MDS received fluco-AmB (p < 0.001). In conclusion, L-AmB was found
nazole prophylaxis (400 mg/day) and daily serumto be as effective as D-AmB, but was associated
galactomannan testing. Those patients with morewith a lower rate of breakthrough infections and a
than two consecutive galactomannan assays with anmore favourable toxicity profile.[6]

index of ≥0.5 or CT scan findings suggestive of
In the subsequent open-label, randomized, multi- invasive aspergillosis and supported by a compati-

national, multicentre trial, voriconazole (n = 415) ble culture or microscopic evaluation, received in-
was compared with the new gold standard L-AmB travenous L-AmB at 5 mg/kg/day. A total of 117
(n = 422). Overall success rates were 26% for vori- episodes of neutropenic fever were registered, with
conazole and 30.6% for L-AmB. Noninferiority cri- 41 (35%) being refractory to adequate broad spec-
teria were not met. However, only eight patients trum antibacterials. They would therefore have been
(1.9%) in the voriconazole group had breakthrough eligible for empirical therapy according to current
infections, compared with 21 patients (5%) in the L- guidelines.[107] Using the pre-emptive approach de-
AmB group (p = 0.02), and infusion-related reac- scribed here, only nine episodes were treated pre-
tions and nephrotoxicity were reported with a signif- emptively and the rate of antifungal use for these
icantly lower frequency compared with the vori- episodes was reduced from an estimated 35% to 8%.
conazole arm. On the other hand, patients receiving In addition, pre-emptive antifungal therapy was ini-
voriconazole also experienced more episodes of tiated in ten episodes that were clinically not typical
transient visual changes and hallucinations.[7] The of IFI, on the basis of seropositivity. One zygo-
question remains unanswered whether the trial de- mycosis episode was missed. The authors concluded
sign was unfavourable for voriconazole.[104,105]

that pre-emptive therapy based on enzyme immu-
The third trial was a double-blind, multinational, noassay and HRCT reduces unnecessary drug expo-

noninferiority trial on 1095 patients with haemato- sure and controls IFI effectively, whereas it fails to
logical malignancies (94.2%), who were random- detect non-Aspergillus IFI.[108] However, interpreta-
ized to receive either caspofungin (n = 556) or L- tion is difficult because of lack of a control group
AmB (n = 539). Overall success rates were 33.9% and because antifungal prophylaxis was given to all
and 33.7%, respectively. Thus, caspofungin results patients in this trial.
fulfilled statistical criteria for noninferiority. Ana-

2.1.4 Targeted Treatmentlysis of secondary endpoints revealed that caspofun-
gin was associated with a higher success rate in Since most cases of IFI can never be proven,
baseline fungal infections, an improved overall sur- targeted treatment is usually initiated on the basis of
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a probable diagnosis. Therefore, many clinical trials diagnosis within 4 days (‘up-grading’) in order to
allow a diagnosis of either probable or proven IFI continue treatment with the study drug. The primary
according to the original or slightly modified endpoint was defined as favourable outcome, i.e.
EORTC/MSG criteria as a starting point for treat- complete or partial response at the end of randomly
ment initiation.[11] allocated treatment. There was no significant differ-

ence in efficacy between the two groups, with fa-Herbrecht et al.[9] conducted a randomized, open-
vourable response rates of 50% and 46% report-label trial, in which immunocompromised patients –
ed from the 3 and 10 mg/kg/day groups, respective-mostly undergoing allogeneic HSCT, autologous
ly. Patients in the high-dose group experiencedHSCT or chemotherapy for acute leukaemia – with
significantly higher rates of nephrotoxicity and hy-probable or proven invasive aspergillosis were ran-
pokalaemia.[20]

domized to receive either voriconazole or D-AmB.
It has been discussed whether caspofunginWhile the definition of proven invasive aspergillosis

70 mg/day loading dose followed by 50 mg main-was identical to the EORTC/MSG criteria published
tenance represents a potential alternative to vori-after completion of the trial,[11] criteria for the diag-
conazole. Results from a recent clinical trial did notnosis of probable invasive aspergillosis differed.
measure up to these expectations. The noncompara-The original EORTC/MSG criteria of probable in-
tive design and the large number of severely illvasive aspergillosis are based on the coexistence of
patients enrolled into the study might be partly re-three factors: (i) a host factor; (ii) a clinical factor;
sponsible for this unexpected outcome, thus compli-and (iii) a microbiological factor. In the criteria used
cating its interpretation.[109]by the investigators of the trial, recipients of allo-

Trials on the use of itraconazole as targeted treat-geneic HSCT or chemotherapy for haematological
ment of invasive aspergillosis were limited by theirmalignancy could be diagnosed with probable inva-
small patient numbers, as well as their monocentric,sive aspergillosis in the presence of halo or air
nonrandomized and/or retrospective design.[110-112]crescent signs on chest CT scan, even in the absence

Concerning the efficacy of combination anti-of microbiological evidence. Using these criteria,
fungal therapy, a large, randomized, controlled clin-144 patients in the voriconazole arm and 133 pa-
ical trial is lacking. The current basis of evidencetients in the D-AmB arm were eligible for efficacy
on this matter has been reviewed recently else-analysis. A successful outcome was defined as com-
where.[113]plete or partial clinical and radiological response,

and results were reported as 53% with voriconazole
2.2 Invasive Candidiasisand 32% in the D-AmB group; survival rates at

week 12 were 71% and 58%, respectively. Criteria
for superiority of voriconazole over D-AmB were 2.2.1 Prophylaxis
met. Moreover, voriconazole was associated with From the numerous trials on antifungal prophy-
significantly fewer severe drug-related adverse laxis with fluconazole in the ICU, three major ran-
events. domized clinical trials need to be addressed.[68,114,115]

The second trial on the treatment of probable or In a placebo-controlled trial, Eggimann et al.[114]

proven invasive aspergillosis was a multinational, assessed fluconazole prophylaxis in 43 surgical ICU
double-blind comparison of L-AmB 3 mg/kg/day or patients at two Swiss university hospitals. Abdomi-
10 mg/kg/day for 14 days, followed by 3 mg/kg/ nal candidiasis, the primary endpoint, was reached
day.[20] For the definition of diagnosis, basically the by 35% in the placebo and 4% in the fluconazole
modified criteria from the preceding trial by Her- group. Furthermore, colonization was reduced from
brecht et al.[9] were used. However, patients qualify- 62% to 15%, respectively.[114] The second trial com-
ing for a possible invasive mould infection, based on pared placebo with fluconazole prophylaxis in
EORTC/MSG criteria (host factor plus at least one 260 patients staying >3 days at a surgical ICU.[68]

clinical or microbiological criterion), could be ran- Prophylaxis reduced overall incidence rates of prov-
domized and start treatment. They were also obliged en IFI from 15% to 9%. An open-label follow-up
to complete requirements for a probable or proven study showed a sustained benefit of fluconazole
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prophylaxis, but did not detect any differences in implementation of azole prophylaxis from a medical
mortality.[116] The third placebo-controlled trial point of view.
examined fluconazole prophylaxis in 204 medical In contrast, demonstrating the value of prophy-
and surgical ICU patients. For inclusion, patients laxis in a selected patient group with comparatively
had to be mechanically ventilated for at least high incidence rates that leave a large margin for
48 hours, with an expectation to remain so for at reduction requires smaller samples and yields lower
least an additional 72 hours, and receiving selective numbers to treat.[119] Different authors have made an
decontamination of the digestive tract. Invasive can- effort to identify these high-risk groups. DuPont et
didiasis was diagnosed in 16% of the placebo recipi- al.[72] conducted a retrospective cohort study includ-
ents versus 6% of those taking fluconazole. Prophy- ing 221 patients with peritonitis hospitalized in a
laxis significantly reduced Candida spp. coloniza- surgical ICU for the retrospective cohort and 57 pa-
tion, but crude inhospital mortality was similar in tients in the prospective cohort. Four independent
both groups.[115]

risk factors of yeast isolation in the peritoneal fluid
Two large meta-analyses by Cruciani et al.[117] were identified, i.e. female gender, upper gastroin-

and Playford et al.[118] compared the prophylactic testinal tract origin of peritonitis, intraoperative
use of ketoconazole or fluconazole versus placebo cardiovascular failure and previous antibacterial
or no treatment in adult ICU patients. Cruciani et al. therapy at least 48 hours prior to the onset of perito-
reported reduced rates of candidaemia (relative risk nitis. Based on these findings, a predictive risk score
[RR] 0.30; 95% CI 0.10, 0.82), mortality attributa- was created. In the presence of three risk factors,
ble to Candida spp. infection (RR 0.25; 95% CI sensitivity was 84% and specificity was 50%, posi-
0.08, 0.80) and overall mortality (RR 0.60; 95% CI tive and negative predictive values were 67% and
0.45, 0.81). Similarly, Playford et al. reported reduc- 72%, respectively. Overall accuracy was 71%.
tion of the IFI incidence rate by about 50% (RR Based on a retrospective study of 327 patients who
0.46; 95% CI 0.31, 0.68) and overall mortality by stayed in a surgical ICU for ≥4 days, Paphitou et
about 25% (RR 0.76; 95% CI 0.59, 0.97). While al.[66] showed that any combination of diabetes mel-
emergence of azole-resistant Candida spp. strains litus, new onset haemodialysis, use of total parenter-
during treatment was not assessed by Cruciani et al., al nutrition or receipt of broad spectrum antibac-
Playford et al. observed no significant increase. terials was associated with an invasive candidiasis

rate of 17% versus 5% for patients lacking theseIn conclusion, three randomized trials and two
characteristics (p = 0.001). Using this method, 78%large meta-analyses showed a decrease of invasive
of the patients who eventually developed invasivecandidiasis among ICU patients receiving flucona-
candidiasis were identified. Using Paphitou’s rule,zole prophylaxis, and none of them reported emer-
coupled with statistical observations by Rex andgence of fluconazole-resistant Candida spp. How-
Sobel,[119] data from the meta-analysis by Playfordever, the validity of these findings is curtailed by the
et al.[118] were examined. It was shown that if themoderate size and mostly monocentric design of the
cumulative incidence of invasive candidiasis in atrials. In addition, the broad inclusion criteria used
certain subpopulation of the ICU approached ordid not adequately match the heterogeneity of risk
exceeded 10%, between 9 (for a risk of 11%) and 17patterns found among ICU patients. This is prob-
patients (for a risk of 20%) would receive flucona-lematic insofar as average baseline invasive candi-
zole prophylaxis to prevent one case of invasivediasis incidence rates among unselected ICU pa-
candidiasis. To prevent one death, the numbertients are usually low, giving little room for further
needed to treat ranges between 83 (for a mortalityreduction of incidence rates through prophylaxis. To
risk of 5%) and 9 (for a mortality risk of 50%)obtain statistical significance in such a sample, at
patients.least several hundreds of patients per treatment arm

would have to be included in the analysis. Even if In spite of these encouraging calculations, pro-
the trial managed to show a significant reduction of spective trials confirming the validity of such risk
invasive candidiasis incidence rates, the number selection criteria are scarce. A notable attempt was
needed to treat might still be too high to justify the made by Ostrosky-Zeichner et al.,[70] who created a
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2.2.3 Pre-Emptive Treatmentclinical prediction rule for invasive candidiasis in
Pre-emptive treatment may be initiated in thethe ICU that was applied for high-risk patient selec-

presence of surrogate markers in a high-risk hosttion in a randomized, placebo-controlled, multicen-
without clinical signs and symptoms of disease andtric trial, assessing the use of caspofungin prophy-
without definitive verification by histopathologylaxis in the ICU. The rule was obtained through
and/or culture of the causal pathogen. Given theanalysis of a group of 2890 patients, in which inci-
imperfect performance of diagnostic methods fordence of invasive candidiasis was 3% (n = 88).
invasive candidiasis, risk scores, similar to the pre-Statistical modelling revealed a particularly high
diction rules mentioned in the section on prophylax-risk for patients under systemic antibacterial treat-
is (section 2.2.1), have attracted considerable inter-ment (days 1–3) or with an indwelling central ve-
est. In contrast to the prediction rules, scoring sys-nous catheter (days 1–3) and at least two of the
tems for selection of patients for pre-emptivefollowing factors: total parenteral nutrition (days
treatment emphasize Candida spp. colonization as a1–3); any dialysis (days 1–3); any major surgery
surrogate marker.(days –7 to 0); pancreatitis (days –7 to 0); any use of

Leon et al.[69] created a so-called Candida score,corticosteroids (days –7 to 3); or use of other immu-
based on the analysis of a total of 1669 non-neutro-nosuppressive agents (days –7 to 0). The rule was
penic ICU patients, of whom 97 developed invasiveassociated with a sensitivity of 34% and a specificity
candidiasis. Four independent risk factors wereof 90%. Its positive and negative predictive value
identified, i.e. Candida spp. colonization (1 point),was 9.9% and 97%, respectively.[70] Unfortunately,
surgery prior to ICU admission (1 point), total par-its highly restrictive character led to difficulties en-
enteral nutrition (1 point) and sepsis (2 points). Therolling subjects, and the study had to be stopped
Candida score was equal to the sum of the statisticalprematurely. However, in the 38 patients enrolled,
weight of each risk factor, and patients with at leastcaspofungin prophylaxis appeared to be safe and
2.5 points were found to be at a 7.75-fold greatereffective.[120]

risk of invasive candidiasis. This cut-off value wasSolid organ transplant recipients are another spe-
associated with a sensitivity of 81% and a specificitycial population among high-risk ICU patients who
of 74%.might experience a benefit from antifungal prophy-

Piarroux et al.[123] demonstrated that a targetedlaxis. Few randomized controlled trials have been
pre-emptive strategy can prevent proven invasiveconducted in this group, whereas most of them
candidiasis in surgical ICU patients. In an historicalfocused on liver transplant recipients. A meta-ana-
control setting, two cohorts (n = 933) before andlysis of these trials by Cruciani et al.[121] concluded
after introduction of weekly mycological screeningthat antifungal prophylaxis in liver transplant recipi-
were compared. Using the so-called corrected colo-ents reduces the incidence of IFI and attributable
nization index ([culture-positive sites/number ofmortality. However, overall mortality rates were not
sites cultured] × [heavily colonized sites/total num-affected, and patients receiving fluconazole experi-
ber of colonized sites])[71] with a threshold of 0.4,enced a higher proportion of episodes of non-albi-
patients were selected for initiation of pre-emptivecans Candida infection, in particular C. glabrata.
antifungal treatment with oral fluconazole 800 mg
loading dose and 400 mg/day maintenance. Inci-2.2.2 Empirical Treatment
dence of proven invasive candidiasis acquired in theOur search has revealed no literature on the em-
ICU significantly decreased from 2.2% to 0%pirical use of antifungal agents in febrile, high-risk
(p < 0.001), while incidence of proven ‘imported’ICU patients with negative microbial cultures. Ac-
invasive candidiasis remained unchanged (4.8% vscording to some authors, patients with blood cul-
3.8%; p = 0.42). Emergence of fluconazole resis-tures positive for Candida spp., but with information
tance was not observed.on species and susceptibility pending, are also clas-

2.2.4 Targeted Treatmentsified as potential recipients of empirical treat-
ment.[122] We discuss these patients in the context of Until the 1990s, D-AmB was considered the gold
targeted treatment. standard in the treatment of patients with proven
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invasive candidiasis. This notion was challenged by favourable response rates of 73.4% and 61.7%, re-
a series of clinical trials, beginning in 1994, when spectively. From a second analysis, including only
Rex et al.[124] published their results from a multi- those patients treated for at least 5 days, superiority
centre, randomized trial that compared the use of of caspofungin to D-AmB was concluded, based on
intravenous D-AmB 0.5–0.6 mg/kg/day and oral success rates of 80.7% and 64.9%, respectively.
fluconazole 400 mg/day in the treatment of invasive There was no difference in survival rates at 6- to
candidiasis in immunocompetent, non-neutropenic 8-week follow-up, but significantly more patients in
patients. Efficacy analysis based on data obtained the D-AmB group experienced nephrotoxic effects
from 206 patients revealed no statistically signif- and hypokalaemia.[10]

icant differences in treatment outcome between the Micafungin was evaluated as first-line treatment
two groups (p = 0.22). A total of 81 patients (79%) for invasive candidiasis in a double-blind, random-
receiving D-AmB and 72 patients (70%) receiving ized, multinational, noninferiority trial, comparing
fluconazole were treated successfully, while fluco- micafungin 100 mg/day versus L-AmB 3 mg/kg/day
nazole displayed a more favourable toxicity profile in non-neutropenic (n = 469) and neutropenic
than D-AmB. (n = 62) patients. Per-protocol analysis revealed

treatment success in 181 patients (89.6%) treatedIncreasing numbers of infections with flucona-
with micafungin and in 170 patients (89.5%) treatedzole-resistant Candida strains (e.g. C. krusei or
with L-AmB, and noninferiority was met. Micafun-C. glabrata) drew attention to other azoles with a
gin was associated with fewer treatment-related ad-broader spectrum than fluconazole and led to the
verse events than L-AmB.[126]design of a multicentre, randomized, noninferiority

study comparing intravenous voriconazole 6 mg/kg In an international, randomized, double-blind
twice-daily loading dose followed by 3 mg/kg trial, micafungin 100 mg/day (n = 191) was com-
twice-daily maintenance versus intravenous D-AmB pared with micafungin 150 mg/day (n = 199) and
0.7–1.0 mg/kg/day, followed by oral or intravenous caspofungin 70 mg loading dose followed by 50 mg/
fluconazole 400 mg/day in non-neutropenic patients day (n = 188) in patients with candidaemia and other
with candidaemia. The primary endpoint was de- forms of invasive candidiasis. Treatment was suc-
fined as sustained clinical and mycological res- cessful in 76.4%, 71.4% and 72.3%, respectively,
ponse, 12 weeks after end of treatment. A total of such that dosages of micafungin 100 mg/day and
370 of 422 patients were included in the modified 150 mg/day were regarded as noninferior to a
intention-to-treat population, and efficacy analysis standard dosage of caspofungin.[127]

yielded equal success rates of 41% for both treat- A recent phase III, randomized, double-blind,
ment groups. Fewer serious adverse events and in multicentre trial comparing anidulafungin 200 mg/
particular renal toxicity were reported from patients day loading dose followed by 100 mg/day mainten-
in the voriconazole group. The authors concluded ance with oral fluconazole 800 mg loading dose and
that voriconazole was as efficacious as and less 400 mg/day maintenance for the treatment of inva-
toxic than D-AmB in the treatment of invasive can- sive candidiasis was conducted in a predominantly
didiasis in non-neutropenic patients.[125] In contrast non-neutropenic population with 238 non-neutro-
with the echinocandins, voriconazole can be given penic versus 7 neutropenic patients. Of the 261
both as initial intravenous treatment and as an oral patients enrolled, 245 (anidulafungin [n = 127],
step-down agent. fluconazole [n = 118]) were eligible for efficacy

With the development of the echinocandins, clin- analysis, which yielded significantly higher res-
ical trials evaluating their efficacy and safety were ponse rates (75.6% vs 60.2%) and better survival
conducted. Mora-Duarte et al.[10] compared cas- (74% vs 69%) for anidulafungin (p = 0.01). Proto-
pofungin 70 mg loading dose followed by 50 mg/ col-prespecified criteria for superiority were met.
day maintenance with D-AmB 0.6–1.0 mg/kg/day in Limits of this study are the small number of neutro-
the treatment of invasive candidiasis in non-neutro- penic patients, patients with non-candidaemic inva-
penic (n = 200) and neutropenic (n = 24) patients. sive candidiasis and the exclusion of paediatric pa-
Caspofungin was as efficacious as D-AmB, with tients.[128]
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3. Discussion: When and How to Treat posaconazole prophylaxis may be seen as the gold
Invasive Fungal Infection standard. If so, it would be difficult to design a

clinical trial randomizing this strategy versus an-
other, e.g. pre-emptive treatment.

3.1 Overall Strategy for Neutropenic Hosts

3.2 Neutropenic Hosts notIn spite of numerous clinical trials on the treat-
Receiving Prophylaxisment of IFIs, randomized comparisons of treatment

strategies have not been published. Even if more For those patients who do not belong to one of
data on the efficacy of pre-emptive treatment were the defined risk groups profiting from systemic anti-
to be provided by randomized controlled trials in the fungal prophylaxis, other evidence-based strategies
future, direct comparisons with prophylactic and are appropriate. Regarding the lack of randomized
empirical treatment strategies might remain elusive. controlled trials investigating the efficacy of pre-
Only a trial in which each approach was included in emptive antifungal treatment, this approach cannot
a separate treatment arm could clarify the question be recommended outside well designed clinical
of when to ideally start treatment. However, such a trials. However, empirical treatment in persistently
trial would require tremendous organizational ef- febrile patients has been extensively researched in a
forts. Furthermore, a double-blind approach could number of landmark trials. These trials were marked
not be upheld in this setting. Under these circum- by their efforts to identify the best agent for the
stances, one should recall the reason why different treatment of populations that were selected on the
treatment strategies were created in the first place: basis of rather broad inclusion criteria, i.e. pro-
early antifungal exposure effectively reduces mor- longed and profound neutropenia.[6-8] We now know
tality. that such a generalized approach does not measure

Firstly, this effect has been shown in empirical up perfectly to the complexity of the issue, and
treatment, when the use of caspofungin resulted in future trials may aim at the identification of those
an improved survival compared with L-AmB.[8]

subpopulations that benefit most from empirical
Secondly, this is a major finding from the post hoc treatment, e.g. nonspecific versus no lung infiltrates.
analysis of the global aspergillus study group.[9]

Nevertheless, in the absence of more selective data,
They recently showed that patients with chest CT empirical antifungal treatment in neutropenic high-
scan findings occurring early in the pathogenesis of risk patients should be initiated with caspofungin
aspergillosis had an improved response rate and 70 mg/day loading dose followed by 50 mg/day
overall survival compared with other imaging find- maintenance[8] or with L-AmB 3 mg/kg/day.[6] In
ings.[129] Thirdly, reduced overall mortality has been view of its favourable toxicity profile, caspofungin
achieved through prophylaxis with fluconazole in will usually be preferred as first-line treatment.
recipients of HSCT,[101] with posaconazole in AML Voriconazole and other azoles are not indicated in
and MDS patients undergoing remission induction this setting.[7]

chemotherapy cycles, and in patients receiving im-
munosuppressives for GvHD.[97,103]

3.3 Probable or Proven Invasive Aspergillosis
With regard to these results, as well as to the

While invasive fungal infections are uncommonextended spectrum of posaconazole and its low rate
in patients receiving posaconazole prophylaxis,[99]of adverse events and drug-drug interactions, it
they will be seen outside the typical patient groups.seems warranted to replace fluconazole with posa-

conazole prophylaxis among patients undergoing Irrespective of whether patients are receiving
allogeneic HSCT, even though this recommendation antifungal prophylaxis, all patients at an increased
differs from the current Clinical Practice Guidelines risk of IFI should be subject to rigorous screening.
for the Treatment of Aspergillosis from the Infec- In patients at risk of invasive aspergillosis, galac-
tious Diseases Society of America.[130,131] Prophy- tomannan antigen detection in serum has been asso-
laxis with posaconazole could be started after com- ciated with sensitivity and specificity values of
pletion of the conditioning regimen. In conclusion, 75–94% and 98–100%, respectively.[132-134] We

© 2008 Adis Data Information BV. All rights reserved. Drugs 2008; 68 (14)



Treatment of Invasive Fungal Infections 1955

Table II. Prophylaxis and treatment strategies for invasive fungal infection (IFI) in neutropenic patients

Underlying condition Risk factor Antifungal Dosage Reference
Prophylaxis
Acute leukaemia or Induction therapy Posaconazole 200 mg tid PO 97
myelodysplastic syndrome

Allogeneic SCT Neutropenia Posaconazole 200 mg tid PO

Prior allogeneic SCT Immunosuppressive medication Posaconazole 200 mg tid PO 103
for severe graft-versus-host
disease

Empirical treatment
Total duration of neutropenia Persistent fever for >72–96 h Caspofungin 70 mg loading dose 8
>10 days followed by 50 mg/day

IV

L-AmB 3 mg/kg/day IV 6

Pre-emptive treatment
Total duration of neutropenia Laboratory or radiographic Unknown Unknown No well
>10 days or prior allogeneic results conclusive of IFI designed
SCT prospective

trial
published

Targeted treatmenta

Any Any Voriconazoleb 6 mg/kg bid loading 9
dose, followed by
4 mg/kg bid IV

L-AmB 3 mg/kg/day IV 20
a For proven or probable invasive aspergillosis.

b If patient is receiving azole prophylaxis, liposomal amphotericin B should be preferred.

bid = twice daily; IV = intravenously; L-AmB = liposomal amphotericin B; PO = oral; SCT = stem cell transplantation; tid = three times daily.

recommend testing at a frequency of three times per laxis and treatment of IFI, while figure 2 focuses on
the diagnosis, prophylaxis and treatment of IFIs inweek. A positive test result for galactomannan anti-
neutropenic patients.gen or any clinical signs or symptoms compatible

with IFI should trigger further diagnostic measures.
3.4 Prophylaxis in High-Risk Intensive CareWhen suspecting invasive aspergillosis, a chest CT
Unit Patientsscan should be performed the very same day, since

any delays will impair prognosis. If any infiltrate
The efficacy of azole prophylaxis in non-neutro-

is found on CT scanning, bronchoalveolar lavage
penic high-risk ICU patients is supported by results

with galactomannan testing is of high diagnostic from randomized controlled trials[68,114,115] and large
value.[135]

meta-analyses.[117,118] Nevertheless, its implementa-
If the diagnosis of probable or proven invasive tion remains a controversial issue.

aspergillosis is established in accordance with the Firstly, concern about the selection of azole-
criteria used by Herbrecht et al.,[9] intravenous vori- resistant non-albicans Candida spp. has been raised.
conazole 6 mg/kg twice daily loading dose followed However, rational analysis yields few arguments in
by 4 mg/kg twice daily maintenance for at least 7 favour of this development. Unlike bacteria, Candi-
days is the agent of choice,[9] while intravenous L- da spp. lack the ability to exchange resistance pat-
AmB 3 mg/kg/day is the alternative treatment.[20] In terns by plasmid transfer, and the two meta-analyses
patients developing breakthrough IFI under posaco- mentioned[117,118] showed no evidence of epidemio-
nazole prophylaxis, L-AmB may be preferred over logical shifts after fluconazole prophylaxis. On the
voriconazole, as cross-resistance to other azoles other hand, the criticism has been made that all
might impair response to treatment. Table II sum- randomized controlled trials included in the meta-
marizes our general recommendations on prophy- analyses by Playford et al.[118] and Cruciani et al.[117]
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No prophylaxis

e.g. AML until first
complete haematological

remission

Posaconazole 200 mg tid PO
No prophylaxis

Prior to 
haematological
reconstitution
Posaconazole 
200 mg tid PO

Post recent IFI
Secondary prophylaxis

with the most recent
successfully used

antifungal

Immunosuppressives
for GvHD 

Posaconazole
200 mg tid PO

Persistent fever >72 h despite broad-spectrum antibacterial therapy

Central and peripheral blood cultures, chest radiography obsolete, if respiratory symptoms, go for chest CT scan

Central and peripheral blood cultures, galactomannan daily for 5 d, chest CT scan within next 24 h

Allogeneic SCT (high risk)Autologous
SCT (low risk)

ANC <500/µL for >10 d
(high risk)

ANC <500/µL for 
<10 d (low risk)

Fever of unknown origin

Serum galactomannan
screening tiw Serum galactomannan screening tiw

Chest CT scan

‘Typical’ infiltrate No 
infiltrate

Positive galactomannan in BAL or serum

Targeted antifungal therapy: 
Voriconazole 6 mg/kg bid loading and 4 mg/kg bid

maintenance IV
or

Liposomal amphotericin B 3 mg/kg od IV
(to be preferred if breakthrough IFI under

posaconazole prophylaxis)

Diagnosis of probable IFI High riskLow risk

Continue posaconazole
or

Proceed to empirical therapy with:
Caspofungin 70 mg od loading,
and 50mg od maintenance IV

or 
Liposomal amphotericin B 3 mg/kg od IV

No change

Unspecific
infiltrate 

Neutropenia Stem cell transplantation

Fig. 2. Antifungal prophylaxis and treatment in the neutropenic patient. AML = acute myelogenous leukaemia; ANC = absolute neutrophil
count; BAL = bronchoalveolar lavage; bid = twice daily; GvHD = graft-versus-host disease; IFI = invasive fungal infection; IV = intravenous;
od = once daily; PO = oral; SCT = stem cell transplantation; tid = three times daily; tiw = three times weekly. 

were limited by their monocentric design and/or Under these circumstances, prophylactic use of
their limited statistical power. Furthermore, each of fluconazole in high-risk ICU patients cannot be gen-
them focused on a group of clinically distinct pa- erally recommended, but should be restricted to
tients. It is debatable whether results from such patients with multiple risk factors for invasive can-
heterogenous trials should be pooled into a meta- didiasis. The following estimation by Playford et
analysis. Alternatively, stratification scores for the al.[118] may serve as a rough guideline: if the cumula-
identification of high-risk subpopulations have been tive incidence of invasive candidiasis in a certain
introduced[66,70,72,118] (table I). Patients identified by subpopulation of the ICU approaches or exceeds
such a score might experience a more pronounced 10%, in spite of active prevention, prophylaxis
benefit from prophylaxis than unselected ICU pa- should be initiated. Using this approach, the number
tients. However, to date, their efficacy has not been needed to treat to prevent one case of invasive
proven in the context of clinical trials. candidiasis ranges between 17 patients (for a risk of
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11%) and 9 patients (for a risk of 20%).[118] With ment option in both settings. After 10 days of treat-
regard to its favourable toxicity and drug-drug inter- ment, switching from an intravenous to an oral
action profile, oral fluconazole 400 mg/day is our formulations may be considered.[128] The prerequi-
agent of choice in this setting. The efficacy of the sites are shown in figure 3.
echinocandins for antifungal prophylaxis will have Concerns have been raised regarding the de-
to be evaluated in future trials, even though their creased susceptibility of C. parapsilosis towards
limitation to intravenous administration represents a echinocandins,[139] particularly since subgroup anal-
major disadvantage of this class. yses of the clinical trials by Reboli et al.[128] and

Mora-Duarte et al.[10] had yielded delayed microbio-
3.5 Pre-Emptive and Empirical Treatment of logical eradication of C. parapsilosis with anidula-
Invasive Candidiasis fungin and caspofungin, respectively. However,

these findings did not translate into a decreased
Data on the efficacy of pre-emptive and empiri- clinical efficacy, as both echinocandins were found

cal treatment strategies in high-risk ICU patients is to be as effective against C. parapsilosis as flucona-
scarce. Considering the negative impact of treatment zole[128] and D-AmB,[10] respectively. Data pub-
delays on the outcome of patients with invasive lished by Kuse et al.[126] do not mention species-
candidiasis,[136,137] a basis of evidence for the future specific time to eradication, but no significant dif-
use of these strategies is an unmet medical need. ferences in persistence rates and clinical efficacy
Using the corrected colonization index established were reported for the treatment of different Candida
by Pittet et al.,[71] Piarroux et al.[123] managed to spp. with micafungin or L-AmB. The same is true
demonstrate the use of pre-emptive treatment in for results from the trial by Pappas et al.,[127] com-
reducing the incidence of invasive candidiasis paring micafungin with caspofungin. Furthermore,
among ICU patients. This approach would have to recent results from a global antifungal surveillance
be tested in a randomized controlled trial before a programme showed general susceptibility of
reliable treatment recommendation could be made. C. parapsilosis to all echinocandins.[140]

Table III summarizes our recommendations on
3.6 Targeted Treatment of the prophylaxis and treatment of IFI in high-risk
Invasive Candidiasis ICU patients.

Once invasive candidiasis can be proven, a
4. Conclusionchoice must be made between six different, but

similarly efficacious antifungal agents, all supported
by data from randomized controlled trials: LAmB, Early diagnosis and treatment of patients with IFI
fluconazole, voriconazole, caspofungin, micafungin have a major impact on morbidity and mortality
and anidulafungin.[10,124-126,128] Considering the risk rates. This concern has led to the emergence of
of azole-resistant Candida spp. strains, an echino-
candin should be considered first-line treatment in
non-neutropenic patients, while patients with sus-
ceptible Candida spp. may be switched to flucona-
zole. Drug-drug interactions and toxicity rates rend-
er voriconazole a less suitable step-down agent. It
should also be mentioned that a significant rate of
cross-resistance between fluconazole and vori-
conazole, particularly against C. glabrata strains,
has been reported.[138]

In neutropenic patients, caspofungin or micafun-
gin should be preferred to anidulafungin as first-line
treatment, as no clinical evidence exists to support
its use in this setting. L-AmB is a second-line treat-

10 days of intravenous
treatment with echinocandins

No change

No

Haemodynamically stable 
Defervescence (T <37°C for 24 h) 
Able to take oral medication 
Last culture negative for Candida spp.

Yes

Switch to oral
medication

Fig. 3. Switching treatment for invasive candidiasis from intrave-
nous to oral. T = body temperature.
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Table III. Prophylaxis and treatment of invasive fungal infections in intensive care unit (ICU) patients

Indication Antifungal agent Dosage (mg/day) References
Prophylaxis
High-risk ICU patientsa Fluconazole 400 PO 118

Established diagnosis of invasive candidiasis
Non-neutropenic patients Anidulafungin 200 loading dose and 100 IV maintenance 128

Micafungin 100 IV 126,127

Caspofungin 70 single loading dose, 50 IV maintenance 10,127

Neutropenic patients Micafungin 100 IV 126,141

Caspofungin 70 single loading dose and 50 IV maintenance 8,10,127

Second-line neutropenic and non- L-AmB 3 mg/kg/day IV 126
neutropenic patients
a Subpopulations with a cumulative incidence >10%.

IV = intravenous; L-AmB = liposomal amphotericin B; PO = oral.
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