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Chapter	
  1	
  

	
  

Introduction	
  
 

The Dutch Study Group on Antibiotic Policy (SWAB) has been established by the Infectious Diseases 
Society of the Netherlands (VIZ), the Netherlands Society for Medical Microbiology (NVMM) and the 
Netherlands Society for Hospital Pharmacists (NVZA). In cooperation with the National Center for 
Infectious Diseases Control (CIb), SWAB coordinates activities aimed at optimizing the quality of 
antibiotic use, monitoring the development of resistance, and at reducing the cost of antibiotic use in 
the Netherlands.  
By way of ‘evidence-based’ development of guidelines, the SWAB offers local hospital antibiotic 
guidelines committees guiding principles for the development of antibiotic policies geared to prevailing 
local conditions. These guidelines also form the basis of SwabID, an on-line ‘national antibiotics 
booklet’ used by many hospitals as the platform on which, in cooperation with the SWAB, local 
antibiotics guidelines are formulated and made available on-line.  
 
Invasive fungal infections are fungal infections of the blood or other normally sterile organs. These 
guidelines cover invasive fungal infection by Candida species, Aspergillus species, Cryptococci and 
Zygomycetes. As well as invasive infections, the policy as regards oro-pharyngeal candidiasis is also 
included in the guideline. Vulvovaginal candidiasis and dermatomycoses, however, are outwith the 
remit of the guideline. The guideline is applicable to adults, children and neonates and is intended for 
both intramural and extramural use. The members of the committee have been delegated by their 
respective professional bodies; the Netherlands Association Society Hospital Pharmacists, the 
Netherlands Society for Medical Microbiology, the Infectious Diseases Society of the Netherlands, 
including the pediatrics division, the Netherlands Society for Hematology and the Netherlands Society 
for Intensive Care. 
 

Methods	
  
 

The guidelines were drafted in accordance with the recommendations on evidence-based 
development of guidelines (EBRO) and reviewed in conformity with the AGREE instrument 
(www.agreecollaboration.org). The guidelines were derived from a systematic literature review based 
on essential research questions about the treatment of invasive fungal infections. The conclusions and 
recommendations have been provided with levels of evidential value in conformity with the handbook 
of the Dutch Institute for Healthcare Improvement CBO (Table 1.1- 1.2). The editor (AOL) conducted a 
systematic review of each of the research questions in the Pubmed database (January 1966 through 
January 2008). In addition, use was made of The Cochrane Library, Clinical Evidence and 
Sumsearch, and exploratory studies of existing guidelines were conducted. The draft guidelines were 
edited by the Guidelines Committee of delegates from the professional societies involved, and 
subsequently submitted to the members of the professional societies for comment. The final version 
was approved by the SWAB board of governors consisting of mandated representatives of the 
professional societies. 
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Table 1.1 Level of evidential value for articles relating to prevention or treatment  
 

A1 Systematic reviews relating to at least a number of A2 level studies in which the results of 
individual studies are consistent 
   

A2 Randomized comparative clinical studies of good quality and adequate scope and consistency 
(randomized, double-blind controlled trials). 
 

B Randomized clinical trials of indifferent quality or insufficient scope or other comparative studies 
(non-randomized, comparative cohort studies, patient control studies) 
 

C Non-comparative studies 
 

D Expert opinion e.g. study group members 
 
Table 1.2. Level of evidence of the conclusions 
 

1 A systematic review (A1) or at least two A2-level studies conducted independently of each other   
 

2 At least two B-level studies conducted independently of each other  
 

3 An A2 or B-level study or C-level studies  
 

4 Expert opinion e.g. study group members 
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Chapter	
  2	
  
	
  

Invasive	
  Aspergillosis	
  
 
Introduction 
 

Aspergillosis has emerged as a severe invasive infection in immunocompromized patients. Invasive 
aspergillosis generally affects the lower respiratory tract or sinuses. The disease may affect the central 
nervous system and other sites as a result of hematogenous dissemination. Saprophytic, non-invasive 
involvement includes pulmonary aspergilloma and allergic bronchopulmonary aspergillosis (ABPA). 
The latter manifestation is beyond the scope of these guidelines. Various classes of antifungal agents 
are active against Aspergillus species. Of the polyenes, conventional amphotericin B deoxycholate (c-
AMB) is the oldest antifungal drug. Its registration is not based on comparative trials, but on clinical 
observations and open studies. The many side effects of c-AMB have resulted in the development of 
various lipid associated amphotericin B (LFAB) compounds: liposomal amphotericin B (L-AmB), 
amphotericin B lipid complex (ABLC), and amphotericin B colloidal dispersion (ABCD). Of the azoles, 
itraconazole, voriconazole and posaconazole are active against Aspergillus species. The 
echinocandins, caspofungin, micafungin and anidulafungin also are active against Aspergillus species. 
 
To develop an optimal treatment recommendation for invasive aspergillosis, the committee has 
defined the core questions posed below. Answering these questions has provided the theoretical 
framework for rational management. 
 
2.1. What is the optimal treatment for acute invasive pulmonary aspergillosis? 
a. What is the optimal first-line therapy? 
b. What is the second-line therapy following failure or (possible) toxicity? 
c. What is the efficacy of adjunctive immunotherapy or surgery? 
d. Which duration of therapy is required and what is the optimal secondary prophylaxis? 
 
2.2. What is the optimal treatment for other forms of invasive aspergillosis? 
a. What is the optimal treatment for Aspergillus sinusitis? 
b. What is the optimal treatment for cerebral aspergillosis? 
c. What is the optimal treatment for chronic pulmonary aspergillosis? 
d. What is the optimal treatment for aspergilloma? 
 

2.1.	
  What	
  is	
  the	
  optimal	
  treatment	
  for	
  acute	
  invasive	
  pulmonary	
  
aspergillosis?	
  
 

2.1.a. First-line therapy of pulmonary aspergillosis 
 
Prospective randomized studies 
 
Seven prospective randomized studies of invasive aspergillosis have been conducted. The majority of 
the patients had invasive pulmonary aspergillosis, although the studies were not restricted to this locus 
[1-7]. Unless otherwise stated, the European Organization on Research and Treatment of Cancer and 
Mycoses Study Group (EORTC/MSG) definitions of proven, probable and possible invasive 
aspergillosis have been used in the studies discussed [8]. Response is defined as complete recovery 
(resolution of fever and disappearance of symptoms and radiological abnormalities) or partial recovery 
(resolution of fever and at least stabilization of symptoms and radiological abnormalities). 
A number of studies, however, held stable disease to be a favourable response; in such cases, this is 
stated explicitly. 
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In a prospective, double-blind, randomized trial, Bowden et al. compared ABCD (6 mg/kg/d) with c-
AMB (1.0-1.5 mg/kg/d) in the treatment of invasive aspergillosis [5]. This study included 174 
immunocompromized patients (113 proven, 43 probable, 18 possible infections). Primary analysis of 
patients treated for at least 7 days showed no difference in response (complete and partial response 
and stable disease): ABCD 26/50 (52%) vs. c-AmB 27/53 (51%); 95%CI, –0.20 - 0.18. In the intent-to-
treat group, no difference in response was observed between the two groups: 31/88 (35%) ABCD vs. 
30/86 (35%) c-AmB; 95%CI, –0.15 - 0.14.  
The confidence interval of the difference between both success percentages in the primary analysis (-
0.20 – 0.18) is so large that non-inferiority of ABCD was not confirmed. Also, mortality was not 
significantly different (ABCD, 36% vs. c-AmB, 45%, p=0.4). Nephrotoxicity did occur significantly less 
often in the ABCD group (25% vs. 49%, p=0.002). Infusion-related toxicity was more frequent in the 
ABCD group (fever 27% vs. 16%; p=0.01, and chills, 53% vs. 30%; p=0.002). 
 
In an open, randomized study, Leenders et al. [2] compared L-AmB (5 mg/kg/d) with c-AmB (1 
mg/kg/d) in 106 patients with a range of proven, probable, or clinically suspected invasive fungal 
infections. The latter group included patients with unexplained fever and abnormal findings on chest 
imaging. In the total study population of 66 subjects with a variety of demonstrated or suspected 
pathogens, L-AmB was superior but in the group of 55 patients with proven or suspected invasive 
aspergillosis there was no significant difference between the two study arms (response at end of 
therapy (EOT), L-AmB 11/26 (42%) vs. cAmB, 6/29 (21%); p=0.14). Nephrotoxicity occurred 
significantly less often in the L-AmB group at EOT (11.5% vs. 40.7%, p<0.001). 
Note: In this study, the EORTC/MSG criteria for proven or probable invasive infection were not 
applied; patients with unexplained fever also failed to comply with the EORTC/MSG definition of 
possible infection [8]. The outcomes in the group with proven invasive aspergillosis were not reported. 
 
In 1998, the EORTC Invasive Fungal Infections Group has published a prospective dose finding study 
comparing L-AmB at 1 mg/kg/dag (L-AmB1) and 4 mg/kg/d (L-AmB4) [3], in which 120 patients with 
neutropenia (PMN <1000 x 106/l) induced by conventional chemotherapy or bone marrow 
transplantation and proven or probable invasive aspergillosis were included. In the subset of evaluable 
patients (n=87), no difference between the two groups was observed with respect to clinical (L-AmB1, 
64% vs. L-AmB4, 48%; p=0.14) and radiological (58% vs. 54%; p=0.69) response. The mortality 
resulting from invasive aspergillosis at 6 months was also similar in both arms (22% vs. 20%). The 
number of evaluable patients (104) required to demonstrate a difference in efficacy between both 
study arms was not achieved. 
A recent study compared L-AmB at 3 mg/kg/d (L-AmB3) with 10 mg/kg/d (L-AmB10) in 201 patients 
with a proven or probable invasive, filamentous fungal infection [6]. 14 days after start of treatment, 
the study dose was tapered to a consolidation treatment of 3 mg/kg/d. Of the 201 patients, 97% had 
an invasive aspergillosis. At end of treatment, there was no difference in response between the two 
groups (L-AmB3, 50% vs. L-AmB10, 46%; p>0.05) and no difference in survival at 12 weeks (72% vs. 
59%; p=0.09). Greater toxicity was observed in the 10mg/kg/d group: nephrotoxicity (L-AmB3 14% vs. 
LAmB10 31%; p<0.01) and hypokalemia < 3.0 mmol/l (16% vs. 30%, p<0.02). 
 
In a small randomized study, c-AmB (0.5-1 mg/kg/d) was compared with a combination of c- 
AmB (0.5-1 mg/kg/d) and flucytosine (5-FC, 150 mg/kg/d) in 18 neutropenic patients with a proven 
invasive aspergillosis [7]. The response was 1/9 in the monotherapy group and 2/9 in the group 
treated with c-AmB + 5-FC. 
 
In a randomized comparative study of 32 neutropenic patients with proven or probable invasive fungal 
infections [1], itraconazole (oral capsules, 200mg bid) was compared with c-AmB (0.6 mg/kg/d). The 
main limitation of the study was the oral administration of the medication in neutropenic patients with 
unreliable resorption, which led to inclusion of a selected group only. In the patients with proven or 
probable invasive aspergillosis (n=13), the response was 75% (6/8) with itraconazole and 40% (2/5, 
p=0.21) with c-AmB. 
Note: The committee has pointed out that, after completion of this study, itraconazole has become 
available as an oral solution with improved resorption. However, no prospective studies of its use in 
the treatment of invasive aspergillosis have been conducted. 
 
A randomized, open label study by Herbrecht et al. compared voriconazole (4 mg/kg bid i.v. or 200 mg 
bid orally) with c-AmB (1.0-1.5 mg/kg/d) for the treatment of invasive aspergillosis in 277 
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immunocompromized patients with proven (n=108) or probable (n=169) acute invasive aspergillosis 
[4]. Both pulmonary and extra-pulmonary infections were included. 
The diagnosis (proven vs. probable disease) and the response were established by a blinded data 
review committee (DRC). The success rate at 12 weeks was 52.8% in the voriconazole arm vs. 31.6% 
in the c-AmB arm (difference 21.2%; 95%CI, 10.4 - 32.9). Based on the confidence interval of the 
difference between the success rates, voriconazole (Vor) was superior to the standard treatment with 
c AmB. The survival at 12 weeks was 70.8% (Vor) vs. 57.9% (c-AmB, hazard ratio (HR) 0.59; 95%CI, 
0.4 - 0.88, p=0.02). The favourable effect of voriconazole was independent of the site or certainty of 
diagnosis: success rates were 54.5% (Vor) vs. 34.2% (c-AmB) in pulmonary infections and 42.9% vs. 
12.5% in extra-pulmonary infections. In patients with confirmed aspergillosis (“proven” according to the 
EORTC/MSG criteria), success rates were 44.8% (Vor) vs. 19.5% (c-AmB) and in patients with a likely 
infection (“probable”) 59.7% vs. 37.0%. These results correspond to those of an earlier open, non-
comparative study with voriconazole in patients with invasive aspergillosis [9]. 
 
In the trial described above [4], investigators were allowed to continue treatment with other licensed 
antifungal therapies (OLAT) in the event of intolerance to or failure of the randomized study drugs [10]. 
In patients randomized to c-AmB, the study drug had to be withdrawn and replaced with OLAT 
significantly more often, in a total of 80% (107/133, c-AmB) of subjects, vs. 36% (Vor, 52/144; 
p<0.001). Reasons for this were both intolerance (72/133, c-AmB, vs. 16/144, Vor) and failure (21/133, 
c-AmB, vs. 19/144, Vor). In patients originally randomized to c-AmB followed by OLAT (usually LFAB), 
the final response was only 19% in patients with an initial failure on c-AmB and 38% of patients 
intolerant to c-AmB. This suggests that initial treatment with c-AmB, even when followed by LFAB, is 
associated with a low response [10]. 
 
Retrospective studies with historic controls 
 
First-line therapy with ABLC in 12 liver transplant subjects with invasive aspergillosis was compared to 
a historic cohort of 29 patients treated with c-AmB [11]. Mortality was 33% in the ABLC group and 83% 
(p=0.006) in the historic c-AmB group. Although the criteria for proven invasive aspergillosis were not 
reported, it is suggested that mortality in patients with proven invasive aspergillosis was 25% (1/4) in 
the ABLC group and 100% (11/11) in the c-AmB group. 
White et al. compared ABCD (2-6 mg/kg/d) for the treatment of invasive aspergillosis in 82 hematology 
or oncology patients with a cohort of 261 historic controls treated with c-AmB [12]. The response was 
49% (ABCD) vs. 23% (c-AmB, p<0.001). Mortality was 50% (ABCD) vs. 72% (c-AmB, p<0.001). 
Nephrotoxicity occurred less frequently in patients treated with ABCD (8%) than in the cohort treated 
with c-AmB (43%, p<0.001). 
Singh et al. compared the combination voriconazole and caspofungin as primary therapy for proven or 
probable invasive aspergillosis (EORTC/MSG definitions) in 40 organ transplant subjects in a 
prospective multicenter study with a historic cohort (n=47) treated with LFAB [13]. The response at 
EOT was 70% in the combination thearapy group and 51% (p=0.08) in the historic controls; survival at 
90 days was 67.5% (combination) vs. 51% (controls; p=0.12).  
Kontoyiannis et al. retrospectively compared a group of 11 patients with hematological malignities and 
invasive aspergillosis who had initially been given the combination of LFAB and itraconazole with 101 
patients that had initially been treated with LFAB as monotherapy [14]. Only patients who had been 
treated for at least 7 days were assessed. The response at EOT – defined as disappearance or major 
improvement of invasive aspergillosis, combined with a 75% improvement of radiological findings – 
was nil in the combination group vs. 10% (10/101) in the LFAB-group. Mortality at 2 weeks (18% vs. 
13%) and at 4 weeks (36% vs. 34%) was similar in both groups. 
Note: As these studies have used a historic control group, it is hard to dray any definite conclusions 
from these studies. 
 
Non-comparative, retrospective studies 
 
Two analyses retrospectively reported data collated by the manufacturers of LFAB on primary 
treatment of invasive aspergillosis [15, 16]. In a case series of 5 patients with invasive aspergillosis 
who had primarily been treated with L-AmB, response was favorable in 4 of the 5 patients [16]. The 
primary treatment with ABLC of 139 patients with invasive aspergillosis (not defined in accordance 
with the EORTC/MSG criteria) was described in the so-called CLEAR study. The response was 47% 
[15].  
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Note: Efficacy was assessed only in patients who had received a minimum of 4 doses of ABLC, likely 
resulting in a biased view of the true response in all patients treated, i.e., the (modified) intent-to-treat 
group given at least 1 dose of ABLC. 
 
A recent study described 41 neutropenic patients with invasive aspergillosis who had been treated 
with caspofungin (loading dose 70 mg qd, followed by 50mg qd i.v.). In the subgroup of 12 patients 
with caspofungin as primary therapy, the response was 42% [17]. 
 
Kontoyiannis et al. described 17 patients given primary therapy consisting of L-AmB and caspofungin 
and 31 patients who had caspofungin added to L-AmB due to lack of efficacy (salvage therapy) [18]. In 
total, the response in patients with proven or probable infection was 22% (5/23). Success rates were 
and 33% (2/6) with primary therapy and 18% (3/17) with salvage therapy. In the 25 patients with a 
"possible" invasive aspergillosis, the response was 60%. 
 
Primary therapy of invasive aspergillosis in children 
 
The majority of studies on treatment of invasive aspergillosis have been conducted in adults or 
children > 12 years. The study carried out by Herbrecht et al. has included children aged over 12 
years [4]. Unfortunately, the outcomes in the various age categories were not reported. Various 
studies have been conducted in neonates, children and adolescents with invasive aspergillosis [19-
24]. None of these studies were randomized; all were compassionate use or salvage therapy studies, 
both prospective [19, 23] and retrospective [20-22, 24]. 
Wiley et al. retrospectively described the response in 69 children (< 20 years) with invasive 
aspergillosis who were treated with ABLC for at least 4 days [24]. The response was 39%, whereby it 
was not reported how many patients received primary treatment and how many (probably the majority) 
had salvage therapy. 
Note: Data concerning primary therapy with ABLC in children have therefore not been published. 
Moreover, in this study [24], no (modified) intent to treat response was reported, but only a subgroup 
that had been treated with ABLC for at least 4 days, which likely yields a biased result. 
 
 
 

Conclusions 2.1.a. – First-line therapy for acute invasive aspergillosis 
 Conclusion 1 It has not been demonstrated that LFAB (ABCD or L-AmB), the combination of c-AmB with 5-

FC or itraconazole are as effective as or better than c-AmB in the primary treatment of invasive 
aspergillosis. However, LFAB is associated with fewer side effects. 

Level 2 Bowden, 2002 [5](A2); White, 1997 [12](B); Leenders, 1998 [2](B); Ng, 1995 [16](C); Verweij, 
1994 [7](B); Van ’t Wout, 1991 [1](B) 

Conclusion 2  No difference in efficacy or mortality has been demonstrated in the treatment of invasive 
aspergillosis with 3 mg/kg/d L-AmB vs. 10 mg/kg/d L-AmB. Neither has it been shown that a 
lower dose (1 mg/kg) is as effective as 4 mg/kg/d of L-AmB. 

Level 1  Ellis, 1998 [3](A2); Cornely, 2005 [6](A2) 
Conclusion 3 It has not been demonstrated that caspofungin, ABLC or the combination of caspofungin/L-

AmB are at least as effective as voriconazole or c-AmB in the primary treatment of invasive 
aspergillosis. 

Level 3 Linden, 2003 [11](B); Chandrasekar, 2005 [25](C); Betts, 2006 [17](C); Kontoyannis, 2003 
[18](C) 

Conclusion 4 Voriconazole is superior to c-AmB in the treatment of invasive aspergillosis. 
Level 3 Herbrecht, 2002 [4] (A2) 
Conclusion 5 A ‘step-up’ policy with initial use of c-AmB followed by a second-line drug in the event of failure 

results in poorer results than primary therapy with voriconazole. 
Level 3 Patterson, 2005 [10](A2); Denning, 2002 [9](C) 
Conclusion 6 It has not been demonstrated that the combination therapies voriconazole/caspofungin or 

itraconazole/LFAB are as effective as or superior to monotherapy with LFAB in the treatment 
of invasive aspergillosis. 

Level 3 Singh, 2006 [13](B); Kontoyannis, 2005 [14](B) 
Conclusion 7 In spite of the absence of randomized comparative trials in children with invasive aspergillosis, 

ABLC and voriconazole are the most commonly used treatments for children with invasive 
aspergillosis. 

Level 3 Walsh, 2002 [21](C) Wiley, 2005 [24](C).  
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Other considerations 
 

For the treatment of invasive aspergillosis, voriconazole is superior to c-AmB. Formally, the efficacy of 
other agents, such as LFAB, echinocandins, itraconazole (intravenously or as an oral solution) or 
posaconazole has not been established. The committee therefore considers voriconazole to be the 
drug of choice in proven, probable or possible invasive aspergillosis. Several other agents mentioned 
are suitable as second-line therapies in the event of voriconazole toxicity or failure. 
Although no data are available regarding the response of children with invasive aspergillosis to 
treatment with ABLC as primary therapy, experience with this drug is relatively extensive [24]. The 
committee emphasizes the absence of published data on the efficacy of ABLC for this indication, and 
consequently holds voriconazole, the efficacy of which has been demonstrated in adults, to be a 
rational first choice. Voriconazole is not licensed for children under 2 years of age. 
There is evidence that the individual variations in the pharmacokinetics of voriconazole, posaconazole 
and itraconazole can have a major influence on treatment outcome. No consensus has been reached 
as to the need for therapeutic drug monitoring. The committee suggests that monitoring may be 
considered depending on individual patient characteristics, co-medication and the indication for 
treatment, especially in the event of toxicity or failure of therapy. 
 
Recommendation 1 Primary treatment with voriconazole is recommended for patients with acute 

invasive aspergillosis. 
 
Recommendation 2 Primary treatment with voriconazole is recommended for children with acute 

invasive aspergillosis. As an alternative, ABLC may be considered. 
 
 

2.1.b. Second-line therapy in the event of treatment failure 
 

Salvage therapy is defined as treatment given in the event of failure of first-line therapy, undue toxicity 
of first-line therapy or inability to treat using first-line therapy due to a variety of reasons (e.g., renal 
insufficiency). No double-blind controlled studies have been conducted in this category of patients. 
 
Comparative studies in salvage therapy 
 

In an open study, posaconazole was investigated as a salvage therapy for the treatment of 107 
patients with invasive aspergillosis (proven or probable according to EORTC/MSG criteria) refractory 
(after at least 7 days of therapy, 88%) or intolerant (12%) to conventional antifungal therapy [26]. This 
group was compared to 86, partly historic, controls with invasive aspergillosis refractory to (79%) or 
intolerant of (21%) earlier therapy. Patients who had initially been treated with voriconazole or 
echinocandins or could not be assessed were excluded only from the control group. The response at 
EOT was 42% (45/107, posaconazole) vs. 26% (22/86, controls; OR 2.11; 95%CI, 1.14-3.92; 
p=0.018). In cases of failure on previous therapy, the response to posaconazole was 43% (40/94); in 
cases of intolerance of previous therapy, response was 38% (5/13). Response in the posaconazole 
group (42%) did not differ significantly from that in patients in the control group who had received 
newer, at that time non-licensed, agents (voriconazole or echinocandins) as salvage therapy (31%, 
p=0.22). 
 
Prospective non-comparative studies 
 

ABLC (5 mg/kg/d) was investigated in a large open-label salvage study of 556 patients with a proven 
or probable invasive fungal infection (EORTC/MSG criteria), refractory to or intolerant of the first-line 
antifungal therapy [27]. Reporting was restricted to only 291 patients who met the assessment criteria 
(at least 4 days of treatment with ABLC and sufficient follow-up). The response to salvage therapy in 
the subgroup with invasive aspergillosis was 42% (55/130). 
Note: The response in the subgroups given salvage therapy because of toxicity or failure of earlier 
therapy was not reported and neither were the results for the entire intent-to-treat (ITT) population. At 
the time of the study, voriconazole was not yet used as primary therapy. 
 
A prospective open-label study investigated salvage therapy with ABCD in patients with either kidney 
failure resulting from c-AmB use or pre-existing kidney failure [28]. Sixteen patients with invasive 
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aspergillosis (according to the then applicable IDSA/FDA definition) were assessed with a response of 
62.5% (10/16).  
Note: This appears to be a very favorable response, but only those patients who had been treated for 
at least 7 days were assessed with regard to efficacy. Thus, the treatment outcomes of patients with 
early failure or death were not reported. 
 
The EORTC have studied liposomal nystatin (4mg/kg/d) in a prospective salvage trial in 26 patients 
with proven (n=3) or probable (n=23) invasive aspergillosis who were refractory to (n=24) or intolerant 
of (n=2) amphotericin B preparations. The response in 25 evaluable patients was 28% [29]. 
 
Caillot et al. described 31 immunocompromized patients with invasive pulmonary aspergillosis who 
were treated with intravenous itraconazole. Patients were allowed to receive follow-on treatment with 
oal itraconazole as capsules. The total response was 39%. In the subgroup of 21 patients who had 
failed on amphotericin B, the response was 52% [30]. 
 
Voriconazole as a salvage therapy was prospectively studied in 142 patients with invasive 
aspergillosis by Perfect et al. [31]. The response was 44%; following failure on previous therapy, the 
response was 41% (44/107) and in patients with pre-existing kidney failure or intolerance to prior 
antifungal therapy the response was 51% (18/35). Likewise, Denning et al. reported a response of 
38% (21/56) in 56 patients with invasive aspergillosis who had received salvage therapy with 
voriconazole [9]. 
 
In an open, non-comparative multicenter study, Maertens et al. described caspofungin as a salvage 
therapy in 83 patients with invasive aspergillosis who had failed on (n=71) or were intolerant of (n=12) 
c-AmB [32]. At end of therapy, the total response was 45%. Following failure on previous therapy, the 
response was 39.4% and in patients who were intolerant of previous therapy it was 75%. The 
manufacturer of caspofungin further described salvage therapy with this drug in 45 patients with 
invasive aspergillosis who had failed on amphotericin B [33]. The total response was 44%. In a recent 
study by Betts et al., the response of 29 neutropenic patients with invasive aspergillosis to salvage 
therapy with caspofungin was 38% [17]. 
 
Retrospective studies 
 

Twelve patients with proven invasive aspergillosis were given L-AmB salvage therapy [16]. The total 
response was 50% (6/12). The response to salvage therapy following failure of c-AmB was 1/3, vs. 5/9 
in those treated after kidney failure or other adverse effects of various antifungal agents.  
In a study by Mills et al., the response in 57 neutropenic patients given L-AmB salvage therapy for 
invasive aspergillosis was 56% [34]. The response following failure of previous antifungal therapy was 
68% compared to 49% in intolerance of the previous therapy due to kidney failure or toxicity. 
Chandrasekar et al. described 398 patients treated with ABLC for invasive aspergillosis, whereby 
criteria other than EORTC/MSG criteria were applied [25]. Efficacy was assessed in 368 patients 
following at least 4 doses of ABLC. The 216 patients given ABLC salvage therapy had a response of 
44%. The response following failure on previous therapy was 38% (60/157), vs. 57.6% (34/59) in 
those with kidney failure or intolerance to primary therapy. 
Note: It is important to note that reporting did not refer to the (M)ITT population but to a per-protocol 
cohort only. 
 
In a cohort of 125 patients with invasive aspergillosis who were treated with oral itraconazole 
(capsules) Stevens et al. described a response of 63% [35]. No significant difference was reported 
between the response in the salvage therapy group (n=112) and the primary therapy group (n=13). 
Note: Oral itraconazole was most likely prescribed to a selected subgroup of less seriously ill patients. 
 
In a number of studies, combination therapy was studied as a second-line therapy [10, 13, 14, 18, 36, 
37]. 
Marr et al. retrospectively compared 31 patients with invasive aspergillosis who, between 1997 and 
2001, were treated with voriconazole as a salvage therapy, with 16 patients who were given the 
combination voriconazole and caspofungin as salvage therapy in 2001-2003 [36]. In a regression 
model, mortality at 90 days was lower in the combination group (p=0.048), as was the mortality directly 
attributed to invasive aspergillosis (p=0.024). As use was made of a historic control group, no 
definitive conclusions may be drawn from this study. 
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In the salvage therapy study conducted by Aliff et al., patients with acute leukemia and proven or 
possible invasive pulmonary aspergillosis were treated with L-AmB and caspofungin [37]. The 
response was 60% (48/60), and 83% (5/6) in the 6 patients with proven invasive aspergillosis.  
 
Salvage therapy in children 
 

In a compassionate use salvage study using voriconazole (4 mg/kg bid bid) as the primary therapy for 
42 immunocompromized children with invasive aspergillosis (aged 9 months to 15 years) Walsh et al. 
noted a response of 43% [21]. Voriconazole salvage therapy (4 mg/kg bid) was also described 
retrospectively by Cesaro et al. in a small study of 7 patients (age 2-13 years) [22]. The response was 
43% (3/7). All patients has previously received lengthy treatment with L-AmB (median 6 weeks, range 
2-18). 
 
Walsh et al. reported on the efficacy of ABLC (5.0 mg/kg/d) in an open-label salvage study of a 
subgroup of 25 young patients with proven invasive aspergillosis [19]. The age of the total study 
population (n=111) was 9.3 years, (range 21 days to 16 years) and the population largely consisted of 
patients with hematological malignities (80%). In patients who had been given ABLC for at least 4 
days, the response was 56% (14/25) [19]. Wiley et al. retrospectively described the response of 69 
children (< 20 years) with invasive aspergillosis who had been treated with ABLC for at least 4 days 
[24]. The response was 39%; Whether the patients received primary therapy or salvage therapy was 
not reported.  
Note: It is likely that the patient groups of the latter two studies overlap [19, 24]. No  
(modified) intent to treat response was reported in these groups but only a subgroup that had been 
treated with ABLC for at least 4 days. 
A retrospective study from France assessed the outcomes in 23 children (≤18 years) with proven 
invasive aspergillosis who received ABLC (5mg/kg/d) as a salvage therapy following c-AmB [20]. The 
response was 78% (18/23), but 3 patients relapsed. 
 
A prospective study of combination therapy using caspofungin (50 mg qd) and L-AmB (5-6 mg/kg/d) 
followed by voriconazole was conducted in 10 patients (median 13 years, 6-24 years) with invasive 
fungal infections and a hematological malignity; 8 of the patients had a proven or probable invasive 
aspergillosis infection [23]. Efficacy was assessed in patients who had received combination therapy 
for at least 7 days. The response to the L-AmB and caspofungin combination therapy was 50% (4/8). 
All 8 patients given voriconazole following the combination therapy were still alive 125 days (median) 
after end of therapy.  
 
Conclusions 2.1.b. – Salvage therapy for acute invasive aspergillosis 
  

Conclusion 8 None of the studies demonstrated that any specific antifungal salvage therapy (or combination 
of 2 drugs) was comparable or superior to any other antifungal therapy for acute invasive 
aspergillosis. 

Level 3 Walsh, 1998  (26); Chandrasekar, 2005 (15); Anaissie, 1998 (27); Ng, 1995 (16); Mills, 1994 
(34); Walsh, 1999 (30); Herbrecht, 2001 (31)  Caillot, 2003 (30); Stevens, 1997 (35); Denning, 
2002 (9); Perfect, 2003 (31); Cesaro, 2003 (33)    Maertens, 2004 (32); Kartsonis, 2005 (33); 
Betts, 2006 (17)  Walsh, 2001 (25)  Aliff, 2003 (37); Cesaro, 2004 (34) (C) 

Conclusion 9 Liposomal nystatin has not been shown to be suitable as a salvage therapy.  
Level 3 Offner, 2004  (28) (C) 
 
Other considerations 
 

Following failure of primary antifungal therapy for invasive aspergillosis, a number of causes should be 
taken into consideration. Firstly, it is possible that the infection has been caused by a zygomycete, 
alone or in combination with Aspergilllus species. Secondly, the infection may stem from an 
Aspergillus species that is intrinsically less susceptible to certain antifungal agents. It is known, for 
example, that Aspergillus terreus is less susceptible to (liposomal formulations of) amphotericin B [38, 
39]. Thirdly, resistance to one or more azoles is known to exist in A. fumigatus [40]. For these reasons, 
the Aspergillus species and the susceptibility of the strain should be determined in the event of 
therapy failure. 
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Recommendations 
 

No prospective comparative studies have been conducted to determine the optimal salvage therapy 
for invasive aspergillosis. On the basis of the available data, the committee has formulated the 
following recommendations: 
 
Recommendation 3 On failure of a first-line therapy for (proven or suspected) aspergillosis, the 

cause of the failure should be investigated. In particular, resistance of 
Aspergillus species or a (co-)infection with zygomycetes should be taken into 
consideration. When these have both been reasonably excluded, the committee 
considers voriconazole to be the drug of first choice as a salvage therapy for 
patients who had received an amphotericin B or echinocandin preparation as 
first-line therapy. 

 
Recommendation 4  On failure of voriconazole, the committee considers it to be of primary 

importance that resistance and a co-infection with zygomycetes be excluded. In 
view of this differential diagnosis, L-AmB is considered to be the drug of first 
choice. Caspofungin may be considered as the second choice if zygomycosis 
has been excluded and there is no evidence of intra-cerebral aspergillosis. 

 
Recommendation 5 Although several case series with retrospective controls have report favourable 

results of combination therapy with voriconazole and edcaspofungin, the 
committee considers the use of combination therapy to have been insufficiently 
investigated. 

 
Recommendation 6 Based on data from adults and children >12 years, voriconazole is 

recommended for children older than 2 years. ABLC is eligible as an alternative. 
 
 

2.1.c. Adjunctive immunotherapy and surgery 
 

Adjunctive immunotherapy 
 

Although interferon (IFN)-γ has been studied as a prophylaxis in patients with chronic granulomatous 
disease (CGD) [41], no controlled trials have been conducted to investigate adjunctive therapy with 
IFN-γ as a treatment of invasive aspergillosis in patients with CGD. On the basis of theoretical 
considerations, many experts add IFN-γ to antifungal therapy for treatment of CGD patients with 
invasive aspergillosis. 
 
Safdar et al. retrospectively investigated the effect of adding IFN-γ (50 µg subcutaneously qod) to 
antifungal therapy given to hematopoietic stem cell transplant patients with invasive fungal infections 
who did not respond sufficiently to antimycotic agents only [42]. Twenty-six of 32 patients had invasive 
aspergillosis. The response was 43.8% (7/16) in cases of probable and proven invasive aspergillosis. 
The mortality was 53.8% [42]. 
 
Surgery 
 

A French study has described the effect of aggressive surgery in the treatment of invasive pulmonary 
aspergillosis in 26 neutropenic patients [43]. Prior to a subsequent neutropenic period, patients either 
underwent resection of the aspergillus mass to prevent massive hemoptysis resulting from arterial 
invasion, or lung resection on account of a diagnostic open lung biopsy; success rate 84%. All patients 
had already been treated pre-operatively with an amphotericin B preparation, itraconazole or a 
combination.  
Two other case series [44, 45] further describe early surgical intervention in a group of patients with 
pulmonary aspergillosis. In 27 and 16 of the patients described, the survival was 70% and 69% 
respectively. The absence of a control group means that no conclusions can be drawn from these 
case series. 
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Conclusions 2.1.c. – Immunotherapy and surgery in acute invasive aspergillosis 
  

Conclusion 10 It has not been proven that addition of IFN-γ to antifungal therapy in hematological patients 
with invasive aspergillosis is useful. 

Level 3 Safdar, 2005 [42](C) 
Conclusion 11 It has not been shown that the efficacy of surgery in combination with medicinal therapy is 

equal or superior to antifungal therapy alone. 
Level 3 Caillot, 2001 [43](C); Reichenberger, 1998 [44](C); Robinson, 1995 [45](C) 
 
 
Recommendation 7 Despite the absence of formal studies, the committee is of the opinion that the 

addition of IFN-γ to conventional antifungal therapy should be considered in 
CGD patients with invasive aspergillosis. 

 
Recommendation 8 Surgical resection of invasive pulmonary aspergillosis may be considered, 

especially when there is evidence of arterial invasion and a risk of pulmonary 
hemorrhage. 

 

2.1.d. Which duration of therapy is required and what is the optimal secondary 
prophylaxis?  
 
In general, primary treatment of invasive pulmonary aspergillosis is continued for 6 to 12 weeks. The 
decision to discontinue primary therapy is taken on the basis of the clinical response, laboratory 
cultures and the evolution of CT-scan findings. In patients with persistent immunosuppression, 
maintenance therapy may be considered following discontinuation of primary treatment. In neutropenic 
patients, a similar duration of therapy is recommended; in these patients, therapy should never be 
shorter than until 2 weeks after resolution of the neutropenia [46]. 
 
The term secondary prophylaxis denotes a preventive treatment following a previous episode of 
invasive aspergillosis, especially during (recurring) periods of immunosuppression. 
An EORTC study has investigated the outcome of stem cell transplantation (HSCT) in patients who 
had suffered from invasive aspergillosis. In 48 patients with invasive aspergillosis (10 proven, 38 
probable) HSCT was carried out within (median) 3 months of the episode [47]. Forty-one of the 48 
patients received secondary antifungal prophylaxis around the time of the transplantation. The 
mortality was 48% (23/48). In total, 16 patients (33%) had a relapse of invasive aspergillosis within 
(median) 3 months (range 0-120 days) of the bone marrow transplant; 14 of these patients died. 
 
No prospective studies of secondary prophylaxis of invasive pulmonary aspergillosis have been 
carried out. In a small study including 10 patients with leukemia who had invasive aspergillosis, 
however, treatment with voriconazole (400 mg qd) was prolonged at length to ensure that 
chemotherapy and allogeneic bone marrow transplantation were nor postponed [48]. None of the 
patients relapsed and voriconazole was reasonably well tolerated. 
 
Other considerations 
 

The choice of the antifungal agent for secondary prophylaxis of invasive aspergillosis has not been 
investigated. Based on the preference for posaconazole as primary prophylaxis (see chapter 5.1) and 
voriconazole for primary therapy, the committee considers both of these drugs to be eligible for 
secondary prophylaxis. 
 
Conclusions 2.1.d. – Duration of therapy and secondary prophylaxis 
  

Conclusion 12 The duration of antifungal therapy has not been 
investigated. In general, treatment is continued for 6 to 
12 weeks. 

Level 4 Singh, 2003(D) [46] 
Conclusion 13 Mortality is high in the event of relapse around the time 

of a bone marrow transplant. 
Level 3 Offner, 1998(C) [47] 
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Conclusion 14 It has not been shown that secondary prophylaxis 
prevents relapse of invasive aspergillosis. 

Level 3 Cordonnier, 2004 (C) [48], Offner, 1998 (C) [47] 
 
Recommendation 9 The duration of therapy for patients with acute invasive pulmonary 

aspergillosis depends on the clinical course of the disease, laboratory culture 
and the evolution of CT-scan findings. Duration of therapy is at least 6 to 12 
weeks and, in neutropenic patients, not less than 2 weeks subsequent to 
resolution of the neutropenia. 

 
Recommendation 10 Despite the absence of studies, the committee is of the opinion that secondary 

prophylaxis is recommended after recent invasive aspergillosis in patients 
undergoing new immunosuppressive treatment (e.g., HSCT) or who are 
suffering from a specific primary immune deficiency (e.g., CGD). Voriconazole 
or posaconazole are eligible as oral prophylaxis.  

 
 
 

2.2.	
  What	
  is	
  the	
  optimal	
  treatment	
  for	
  non-­‐pulmonary	
  forms	
  of	
  
invasive	
  aspergillosis?	
  	
  
 
Aspergillus sinusitis, cerebral aspergillosis, chronic pulmonary aspergillosis and aspergilloma 
No prospective comparative studies have been carried out with regard to specific forms of invasive 
aspergillosis as invasive sinusitis and cerebral aspergillosis. In the comparative study of voriconazole 
vs. amphotericin B [4], patients with extrapulmonary sites of invasive aspergillosis had a response of 
43% in the voriconazole arm vs. 13% in the c-AmB arm (p <0.05); this was, therefore, largely 
comparable to the outcomes in patients with invasive pulmonary aspergillosis [4]. In the absence of 
more detailed data and on the basis of this study, voriconazole would thus appear to be superior to c-
AmB in invasive extrapulmonary aspergillosis. From the other comparative studies, no data relating to 
extrapulmonary invasive aspergillosis was reported [3, 5, 12]. 
 
Aspergillus sinusitis 
 

An important distinction must be made between invasive and non-invasive Aspergillus sinusitis. 
Invasive Aspergillus sinusitis generally occurs in the immunocompromized patient and presents with 
fever, nasal mucosal ulceration, epistaxis, cough, facial pain, and headache. In addition, signs of 
invasion of the orbita may occur. Non-invasive Aspergillus sinusitis manifests as a sinusitis that does 
not respond to antibiotics in immunocompetent patients [49]. This non-invasive form will not be 
discussed here. 
 
In the randomized comparative study of voriconazole and c-AmB [4], the response was 25% with 
voriconazole and 19% with c-AmB in patients with an invasive Aspergillus sinusitis.  
In a number of open studies, the response of acute invasive aspergillosis was analyzed for separate 
anatomic sites [9, 27, 32, 33, 35, 50, 51]. In invasive sinusitis, response varied from 0% [9, 33] to 86% 
[27, 50, 51]. In this latter study, however, 11 of the 18 patients (61%) had relapsed, always in 
combination with a leukemia relapse and granulocytopenia. These studies cannot be properly 
compared with each other as some describe an intent-to-treat population whilst others refer to a 
subgroup of patients who had survived an initial period of treatment. 
 
It is generally assumed that surgery makes a major contribution to the prognosis of invasive 
Aspergillus sinusitis. Surgical debridement is recommended to remove any necrotic tissue sustaining 
the growth of the Aspergillus species. In this area, however, no prospective studies have been 
conducted. In a retrospective case series in neutropenic patients, mortality following combined therapy 
(surgery and antifungal therapy; 8/10) was higher than in patients given only antifungal therapy (7/19). 
This was partly attributable to post operative bleeding in thrombopenia [52]. 
Note: In this historical series, the extent to which the thrombopenia had been adequately corrected is 
not clear. 
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Other considerations 
 

Many experts recommend surgical treatment in combination with antifungal agents for invasive 
Aspergillus sinusitis [49, 53]. Despite the absence of studies, the committee considers this combined 
treatment to be useful. In pancytopenic patients, the risk of post-operative bleeding should be taken 
into consideration. 
The choice of antifungal agents has not been specifically studied in this patient group. The subgroup 
of patients with sinusitis in the voriconazole trial [4] was very small. In the absence of further data, the 
committee has judged that, for Aspergillus sinusitis, there is no reason to deviate from the general 
recommendation that, based on the large randomized study by Herbrecht et al., invasive aspergillosis 
should be treated with voriconazole.  
 
Cerebral aspergillosis 
 

Cerebral aspergillosis is a common manifestation of disseminated aspergillosis. Its prognosis  
was poor, with mortality running to almost 100% until voriconazole became available [54-56]. In open 
case series of patients with invasive aspergillosis treated with voriconazole, the response in the 
subgroup with cerebral aspergillosis was 16% (3/19) [9], and 33% (4/12) [31], and 38% (3/8) in a small 
series treated with itraconazole [35]. In a retrospective survey of invasive aspergillosis, survival of 
patients with cerebral aspergillosis who were treated with c-AmB or itraconazole was only 9% (3/34) 
[56]. 
In a retrospective study of 81 patients with cerebral aspergillosis who were treated with voriconazole, 
the response was 35% (28/81), of whom 25% (7/28) recovered completely and 75% (21/28) recovered 
partially [57]. The aspergillosis-related mortality was 46% (37/81). In 31 of 81 patients, the treatment 
was combined with neurosurgery. Multivariate analysis showed neurosurgical intervention to be 
associated with improved survival (p=0.02). 
 
Chronic pulmonary aspergillosis 
 

Chronic aspergillosis is a generic term for a variety of diseases. In 2003, a new nomenclature for 
chronic aspergillosis was proposed: chronic cavitary pulmonary aspergillosis, chronic fibrosing 
pulmonary aspergillosis, and chronic necrotising pulmonary aspergillosis (also known as chronic 
invasive pulmonary aspergillosis). All patients described had an underlying lung disorder (COPD, 
emphysema, tuberculosis) but were not being treated with immunosuppressive drugs [58]. Treatment 
of the patients generally consisted of c-AmB, itraconazole or voriconazole, and the duration of 
treatment of these patients varied from several weeks to >10 years. The long term prognosis was 
poor. 
In 3 of 4 patients, surgical resection led to complication and spread of the infection. In the only open 
prospective trial, 25 patients with subacute aspergillosis (duration of illness >1 month) or chronic 
pulmonary aspergillosis (illness >3 months) were treated with voriconazole (200 mg bid) [59]. There 
was only 1 complete recovery. At end of therapy, partial response had been achieved in 15/25 
patients (60%). 
 
Aspergilloma 
 

An aspergilloma usually develops in an existing pulmonary cavity, e.g., following tuberculosis, or 
bronchiectasis. The major complication, hemoptysis, occurs in approximately 75% of the patients and 
is massive and life-threatening in 25%. Moreover, aspergilloma may develop into chronic necrotising 
pulmonary aspergillosis [53]. Consequently, treatment of both symptomatic and asymptomatic 
aspergilloma is held to be desirable. No randomized studies on treatment of aspergilloma have been 
conducted. Also, there is no international consensus as regards to its treatment or follow-up. 
Surgery would appear to be the most appropriate treatment, but the mortality is high [60, 61]. Only 
retrospective studies on surgical treatment of aspergilloma have been published. 
In 4 retrospective case series, a total of 144 patients (respectively 7, 24, 41 and 72) were described in 
whom an asperigilloma was resected [62-65]. In one study, itraconazole was added to the surgical 
treatment, from 2 weeks pre-operatively until 3 months post-operatively [62]. Postoperative 
complications were recorded in 24-42% of cases as well as a mortality of around 3% [62-65]. 
Other approaches such as bronchial artery embolization (BAE) or intracavitary administration of 
potassium iodide, sodium iodide, or antifungal agents have been described in case reports and 
retrospective studies in patients who were not eligible for surgery [66, 67]. CT-guided injection of 
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amphotericin B paste into the aspergilloma has been retrospectively analysed in 40 patients whereby 
a 1-year success rate of 50% was recorded [67]. 
 
Conclusions 2.2 – What is the optimal treatment of non-pulmonary forms of invasive 
aspergillosis? 
  Conclusion 15 The optimal medicinal therapy and the value of surgical intervention in invasive Aspergillus 

sinusitis is not known. 
Level 3 Herbrecht, 2002 [4]; Denning , 2002 [9]; Walsh, 1998 [27]; Maertens, 2004 [32]; Kartsonis, 

2005 [33]; Stevens, 1997 [35]; Viollier, 1986 [51]; Iwen, 1997 [50], Denning, 1990 [52](C) 
Conclusion 16 The optimal therapy for cerebral aspergillosis has never been the subject of prospective 

randomized studyies. 
Level 3 Denning, 2002 [9]; Perfect, 2003 [31]; Stevens, 1997 [35](C) 
Conclusion 17 Compared to historic controls, it is suggested that voriconazole is superior to c-AmB or 

itraconazole for the treatment of invasive cerebral aspergillosis. 
Level 3 Schwartz, 2005 [57](C) 
Conclusion 18 Compared to historic data, it is suggested that voriconazole results in reasonable treatment 

outcomes in sub-acute and chronic pulmonary aspergillosis 
Level 3 Sambatakou, 2006 [59](C) 
Conclusion 19 No comparative studies have been carried out on the treatment of aspergilloma. Surgical 

resection is considered to be the treatment of choice. It has not been demonstrated that 
intralesional administration of amphotericin B, potassium iodide or sodium iodide is equivalent 
or superior to surgery or bronchial artery embolisation in the treatment of aspergilloma. 

Level 3 Gebitekin, 2005 [62]; Uflacker, 1983 [66]; Giron, 1998 [67]; Rumbak, 1996 [68]; Okubo, 
2007[63]; Pratap, 2007 [64](C) 

 
 
Recommendation 11 Despite the absence of specific studies into the treatment of invasive 

Aspergillus sinusitis, the committee favors the combination of surgery and 
antifungal therapy. 

 
Recommendation 12 The committee considers voriconazole to be the drug of first choice for the 

medicinal treatment of Aspergillus sinusitis. 
 
Recommendation 13 Despite the absence of randomized studies the committee considers 

voriconazole to be the drug of first choice for the treatment of cerebral 
aspergillosis. 

 
Recommendation 14 Long-term treatment with voriconazole or another azole shown to be active in 

vitro (posaconazole or itraconazole) is recommended for subacute or chronic 
invasive aspergillosis. 

 
Recommendation 15 Surgical resection is recommended for both symptomatic and asymptomatic 

aspergilloma. 
 
Recommendation 16 Arterial embolisation and/or intralesional administration of c-AMB may be 

considered in inoperable patients with a symptomatic aspergilloma. 
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Chapter	
  3	
  
	
  

Candidiasis	
  
 
Introduction 
 

Candida species cause both superficial and invasive infections. The superficial infections include 
oropharyngeal, oesophageal, vulvovaginal candidiasis and Candida dermatitis. This guideline is 
restricted to invasive candidiasis and oropharyngeal/oesophageal candidiasis. Untreated candidemia 
may result in a disseminated candidiasis and has a high mortality [69, 70]. Positive blood cultures 
taken via an intravascular catheter are also associated with a high mortality [71, 72]. Patients with a 
positive blood culture growing Candida, therefore, must always be treated with antifungal agents.  

The epidemiology and incidence of invasive Candida infection has changed in recent decades. During 
a large scale surveillance study (>300 hospitals in the US from 1989 to 2000), Trick et al. found that 
the total incidence of candidemia within the ICU population had decreased [73]. Importantly, the 
incidence of candidemia due to C. albicans has fallen significantly in that period, while that of 
candidemia due to C. non-albicans has risen slightly. In particular, the role of C. glabrata candidemias 
has increased significantly.  
Despite the virtual constancy of the absolute incidence of infection by non-albicans species, the 
decline of C. albicans incidence has consequenty brought about a shift in the relative incidence of 
species Thus, the chance that a patient with a candidemia is infected with a non-albicans species has 
doubled between 1989 and the year 2000. This changing epidemiology must be taken into account 
when making choices as regards the initial treatment of invasive candidiasis caused by an as yet not 
fully identified pathogen. In the Netherlands, the chance that a patient with candidemia has been 
infected with a Candida non-albicans species is around 50% [74]. Before 1994, this percentage lay 
between 25% [75] and 40% [76]. The main C. non-albicans species are C. glabrata and C. 
parapsilosis. C. krusei is inherently resistant to fluconazole, but is extremely rare (<1%), so that, in 
choosing an initial therapy, account need not be taken of this pathogen unless there are strong 
grounds for suspecting its involvement. C. parapsilosis most likely is less susceptible to the 
echinocandins, whereas 10-30% of C. glabrata display reduced susceptibility or resistance to 
fluconazole in vitro [77, 78]. 
 
To develop an optimal treatment recommendation for candidemia and acute disseminated candidiasis, 
the committee has defined the core questions posed below. Answering these questions has provided 
the theoretical framework for rational management. 
 
 
3.1. What is the optimal treatment for candidemia and acute disseminated candidiasis? 
a. What is the optimal initial treatment for unidentified Candida species of unknown  
 susceptibility? 
b. What is the optimal treatment for identified Candida species of known susceptibility? 
c. What is the optimal treatment for candidemia and acute disseminated candidiasis in 
 children? 
d.  What is the best method of catheter management? 
e.  Which diacnostics are required to diagnose hematogenous dissemination? 
f.  What is the optimal second-line therapy in the event of failure? 
g.  What is the value of adjunctive immunotherapy? 
 
3.2. What is the optimal treatment for localised Candida infections? 
a. Endophthalmitis 
b. Candiduria 
c. Oesophagitis 
d. Peritonitis (Continuous Ambulatory Peritoneal Dialysis-related and surgical) 
 
3.3. What is the optimal treatment of oropharyngeal candidiasis? 
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3.1. Treatment of candidemia and acute disseminated candidiasis 
 

3.1.a.	
  What	
  is	
  the	
  optimal	
  initial	
  treatment	
  for	
  unidentified	
  Candida	
  
species	
  of	
  unknown	
  susceptibility?	
  
 
Prospective randomized studies 
 

In three prospective randomized studies, fluconazole (400 mg qd, loading dose 800 mg) was 
compared with c-AmB (0.5-0.6 mg/kg/d) in non-neutropenic patients with candidemia [79-81]. In these 
studies, no significant differences could be shown between the response to fluconazole and c-AmB. 
The response varied from 50-70% with fluconazole and 58-79% with c-AmB. In all three studies, 
significantly more toxicity was reported in the c-AmB arm. 
In an open, prospective, randomized study, the combination of c-AmB (1.0-1.5 mg/kg every other day) 
plus 5-flucytosine (5-FC, 2.5 g tid) was compared with fluconazole (200 mg qd, loading dose 400 mg) 
in patients with candidemia or invasive candidiasis [82]. Response in the fluconazole arm was 67% vs. 
69% in the c-AmB arm. Due to a lack of statistical power, no equivalence could be demonstrated. 
 
A double-blind, randomized study has compared fluconazole (800 mg qd) combined with c-AmB (0.6-
0.7 mg/kg/d) for the first 5 to 8 days, with fluconazole only (800 mg qd) combined with placebo in 
patients with candidemia [83]. The primary outcome parameter was time to failure (switch to other 
therapies, mortality, withdrawal from the study). The response on day 30 in the Kaplan-Meier time to 
failure analysis was 57% for fluconazole/placebo vs. 69% for fluconazole/c-AmB (p=0.08). Response 
at the last available study visit was 56% (60/107) vs. 69% (77/112, p=0.043). A disparity in persistently 
positive blood culture (fluconazole/placebo, 17%, vs. fluconazole/c-AmB, 6%; p=0.02) was also noted. 
The incidence of toxicity was found to be greater in the group with combined fluconazole/c-AmB (3% 
vs. 23%, p<0.001). 
Note: In both arms of this study, fluconazole was administered in a dose of 800 mg qday [83]. The 
optimal dose of fluconazole as an initial treatment for candidemia (400 mg vs. 800 mg qd) has never 
been the subject of comparative studies. Based on the results from the fluconazole 800 mg qd 
monotherapy arm, there appears to be no convincing benefit to be gained from this higher dosage 
compared to the 400 mg qday fluconazole dose, as used in earlier studies [79-81]. 
 
In a large multicenter study, voriconazole (3 mg/kg bid i.v. or 200 mg bid orally, loading dose 6 mg/kg 
i.v. bid) was compared with c-AmB (0.7-1.0 mg/kg/d, during 4-7 days) followed by fluconazole (400 mg 
qd) in 370 non-neutropenic patients with candidemia [84]. The long term response at 12 weeks post 
treatment – the primary outcome measure in this study – was 41% in both study arms (p=0.96). 
Response at the last available study visit was 65% for voriconazole vs. 71% (p=0.25) in the c-
AmB/fluconazole arm. 
In a study published only as an abstract, itraconazole (200 mg i.v. od or 200 mg orally bid, loading 
dose 200 mg i.v. bid for 2 days) was compared with fluconazole (400 mg qd) in 197 non-neutropenic 
patients with candidemia [85]. The long term response at 12 weeks post treatment was 35% for 
itraconazole vs. 41% (p=0.41) for fluconazole. Statistically, the power of this study was insufficient to 
demonstrate equivalence, so that it could not be concluded that itraconazole is as effective as 
fluconazole in this indication. 
 
Four comparative trials have been carried out using echinocandins in invasive candidiasis [86-88]. The 
first double-blind study compared caspofungin (50 mg qd, loading dose 70 mg qd) with c-AmB (0.6-0.7 
mg/kg/d in non-neutropenic patients and 0.7-1.0 mg/kg/dag in neutropenic patients) in patients with 
candidemia or invasive candidiasis [86]. After at least 10 days, the treatment could be stepped down 
to oral fluconazole (400 mg qd). The response in the MITT population at end of treatment with the 
randomized i.v. medication (EOivT) was 73% (80/109) in the caspofungin arm and 62% (71/115, 
p=0.09) in the c-AmB arm. Only 24 neutropenic patients were included, with a response of 7/14 to 
caspofungin and 4/10 to c-AmB. 
Anidulafungin (100 mg qd) was compared with fluconazole (400 mg qd) in 245 patients with 
candidemia and invasive candidiasis [87]. The response at end of treatment was 75.6% with 
anidulafungin vs. 60.2% with fluconazole (difference 15.42%, 95%CI: 3.85-26.99, p=0.009). Thus, 
anidulafungin was more effective than fluconazole. Remarkably, anidulafungin was more effective in 
the patients infected with C. albicans (success, 81% vs. 62%, p=0.015), than in those infected with 
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Candida non-albicans species (71% vs. 60%), despite the fact that all C. albicans isolates were found 
to be susceptible to fluconazole in vitro. The difference in mortality (anidulafungin 23%, fluconazole 
31%) was not statistically significant (p=0.15). The greater efficacy of anidulafungin was observed in 
patients in all classes of APACHE II scores from 0 to 25, and therefore not related to disease severity 
[87]. 
Micafungin (100 mg qd) was compared with liposomal amphotericin B (3 mg/kg/d) for the treatment of 
invasive candidiasis [88]. The primary endpoint was the response in a subgroup of patients who had 
been treated successfully for at least 5 days. In this subgroup, the response was 89.6% (181/202) in 
the micafungin group vs. 89.5% (170/190) in the L-AmB group. In the more conventional analysis of 
the MITT population, the response at end of treatment was 74.1% (183/247) for micafungin vs. 69.6% 
(172/247) for L-AmB (p=0.27). 
A 3-arm, randomized, double-blind study further compared micafungin in 2 different doses (100 mg qd 
and 150 mg qd) with caspofungin (50 mg qd, loading dose 70 mg) in 595 patients with candidemia or 
invasive candidiasis [89]. The response at EOivT was 76.4% for micafungin 100 mg qd, 71.4% for 
micafungin 150 mg qd and 72.3% for caspofungin. There were also no significant differences between 
the groups as regards response at end of total treatment and at 6 weeks post treatment. 
 
Non-randomized studies 
 

Fluconazole (200-600 mg qd) was compared to c-AmB (0.3-1.2 mg/kg/d) in a matched cohort study in 
neutropenic and non-neutropenic patients with candidemia [90]. The response was 73% (33/45) for 
fluconazole and 71% (32/45; p=0.78) for c-AmB. In patients who were neutropenic at start of 
treatment, the response was 64% in both groups. There was, however, significantly less nephrotoxicity 
and infusion-related toxicity in patients treated with fluconazole (9% vs. 67%, p<0.0001). 
Fluconazole (median 200 mg qd) was compared with c-AmB in a non-randomized prospective study 
[91]. Thirty days after start of therapy, there appeared to be no difference in mortality between 
fluconazole and c-AmB (27% (18/67) vs. 31% (69/227), p=0.58). 
Use of ABCD was reported in 88 immunocompromized patients with invasive candidiasis [92]. 
Response was 53%; 66% in 67 patients with candidemia and 14% in 21 patients with disseminated 
candidiasis. 
 
Initial therapy in neutropenic patients 
 

No randomized trials have been specificly conducted in neutropenic patients with candidemia or 
invasive candidiasis. Small numbers of neutropenic patients have, however, been included in several 
studies, but these studies are insufficiently powered to enable evidence-based judgement on the 
treatment of invasive candidiasis in neutropenic patients. 
 
In the randomized study by Mora-Duarte et al., the response of patients who were neutropenic 
(neutrophil granulocytes <0.5 x109/l) at start of treatment was 7/14 (50%) for caspofungin vs. 4/10 
(40%) for c-AmB [86]. For micafungin, this was 19/32 (59%) vs. 14/25 (56%) for L-AmB [88]. In the 
randomized study comparing micafungin and caspofungin, response among neutropenic patients was 
18/22 (82%; micafungin 100 mg qd), 9/17 (53%; micafungin 150 mg qd), and 7/11 (64%; caspofungin) 
[89]. In an open retrospective study, the response in neutropenic patients with candidemia was 64% 
for both fluconazole and c-AmB [90]. 
 
The studies of empirical therapy in patients with neutropenia and fever also included patients who, in 
retrospect, were found to have blood cultures positive for Candida species on inclusion. The response 
in these patients was 8/11 (73%) with c-AmB vs. 9/11 (82%) with L-AmB [93], and in another study 
8/12 (67%) with caspofungin vs. 5/10 (50%) with L-AmB [94]. 
In a retrospective case series, the efficacy of caspofungin was investigated in 27 neutropenic patients 
with invasive candidiasis [17]. The response was 63% (17/27): 58.3% (14/24) in patients undergoing 
primary therapy and 100% (3/3) in those on salvage therapy. In patients who had recovery of 
neutrophil granulocytes during treatment, the response was 77.8%, vs. 33.3% in patients with 
persistent neutropenia. 
On the basis of these limited data, the outcomes of treatment in neutropenic patients appear not to be 
different from those in non-neutropenic patients. 
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Table 3.1. Antifungal therapy and response in randomized studies. 
Study Therapy Patients 

(n) 
Response at 
EOT 

Response 
at latest 
visit 

All cause  
mortality 

Candidemia 1 [79] Fluconazole 400 mg qd  
c-AmB 0.5- 0.6 mg/kg/d 

103 
103 

74%  
83% 

70% 
79% 

33% 
40% 

Canadian  [80] Fluconazole 400 mg qd  
c-AmB 0.6 mg/kg/d 

50 
58 

 57%  
62% 

38% 
34% 

Anaissie [81]  Fluconazole 400 mg qd 
c-AmB 0.67 mg/kg/d 

22 
21 

59% 
71% 

  

Abele-Horn [82]  Fluconazole 200 mg qd 
c-AmB 1.0-1.5 mg/kg/d 
+ 5-FC 3 dd 2.5 g 

17 
18 

59% 
61% 

  

Candidemia 2 [83] Fluconazole (800 mg 
qd) 
c-AmB (0.7 mg/kg/d) + 
fluconazole (800 mg qd) 

107 
 
112 

 56%  
 
69% 

39% 
 
40% 

Itraconazole [85] Itraconazole 200 mg qd 
iv of bid 200 mg po  
Fluconazole 400 mg qd 

96 
 
97 

67% 
 
69% 

 40% 
 
40% 

Candidemia 3 [84] 
 

Voriconazole 3 mg/kg 
bid 
c-AmB 0.7-1.0 mg/kg/d 
→ fluconazole 400 mg 
qd 

248 
 
122 

70% 
 
74% 
 

65% 
 
71% 

36% 
 
42% 

Caspofungin [86] Caspofungin 50 mg qd 
c-AmB 0.6-1.0 mg/kg/d 

109 
115 

73%* 
62% 

 34% 
30% 

Anidulafungin [87] Anidulafungin 100 mg 
qd 
Fluconazole 400 mg qd 

127 
118 

76%* 
60% 

56%° 
44%° 

 

Micafungin  [88] Micafungin 100 mg qd 
L-AmB 3 mg/kg/d 

247 
247 

74% 
70% 

  

Micafungin/Caspofungin 
[89] 

Micafungin 100 mg qd 
Micafungin 150 mg qd 
Caspofungin 50 mg qd 

199 
202 
192 

75% (76%*) 
68% (71%*) 
70% (72%*) 

47%° 
45%° 
43%° 

29% 
33% 
26%  

* response at end of intravenous therapy  o response after 6 weeks of follow-up 
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Conclusions 3.1.a. – Treatment of candidemia due to unidentified Candida species of unknown 
susceptibility 
  

Conclusion 1 Fluconazole is as effective as c-AmB for the treatment of candidemia in non-neutropenic 
patients. 

Level 1 Rex, 1994 [79](A2); Philips, 1997 [80](A2); Anaissie, 1996 [81](B). 
Conclusion 2 It has not been demonstrated that fluconazole and the combination c-AmB/5-FC are 

equivalent in the treatment of candidemia and invasive candidiasis 
Level 3 Abele-Horn, 1996 [82](B) 
Conclusion 3 Combination therapy with fluconazole and c-AmB appear to be more effective than 

fluconazole and placebo for the treatment of patients with candidemia 
Level 3 Rex, 2003 [83](B) 
Conclusion 4 It has not been demonstrated that fluconazole 800 mg qd is more effective than fluconazole 

400 mg qd 
Level 3 Rex, 1994 [79](B); Rex, 2003 [83](B) 
Conclusion 5 In non-neutropenic patients with candidemia, voriconazole is as effective as c-AmB followed 

by fluconazole  
Level 3 Kullberg, 2005 [84](A2) 
Conclusion 6 It has not been demonstrated that itraconazole is as effective as fluconazole for the 

treatment of non-neutropenic patients with candidemia. 
Level 3 Tuil, 2003 [85](B) 
Conclusion 7 Caspofungin is as effective as c-AmB in patients with invasive candidiasis 
Level 3 Mora-Duarte, 2002 [86](A2) 
Conclusion 8 Anidulafungin is more effective than fluconazole for the treatment of non-neutropenic 

patients with invasive candidiasis. 
Level 3 Reboli, 2007 [87](A2) 
Conclusion 9 Micafungin is as effective as L-AmB for the treatment of patients with invasive candidiasis 
Level 3 Kuse, 2007 [88](A2) 
Conclusion 10 Micafungin (100 mg qd or 150 mg qd) is as effective as caspofungin for the treatment of 

patients with invasive candidiasis. 
Level 3 Pappas, 2007 [89](A2) 
Conclusion 11 It has not been demonstrated that fluconazole and c-AmB are equivalent in neutropenic 

patients with candidemia. 
Level 3 Anaissie, 1996 [90](B). 
Conclusion 12 It has not been demonstrated that ABCD is as effective as other antifungal therapies for the 

treatment of invasive candidiasis. 
Level 3 Noskin, 1998 [92](C). 
Conclusion 13 Little data is available with regard to the optimal choice of therapy for the treatment of 

invasive candidiasis in neutropenic patients; there is no evidence that the choice of agent for 
these patients should be other than that for non-neutropenic patients. 

Level 4 (D) 
 
 
Other considerations 
 

The initial choice of therapy for candidemia is dictated by the risk of failure and of complications posed 
by non-susceptible Candida species. This risk partly depends upon the local epidemiology and the 
severity of the patient’s illness. 
Fluconazole and the broadspectrum antifungal agents (voriconazole, caspofungin, anidulafungin, 
micafungin and liposomal amphotericin B) are, on the basis of comparative studies of sufficient quality, 
considered to be equivalent. An exception to this is the study which, independently of the resistance 
spectrum and the severity of the illness, demonstrated that anidulafungin was more effective than 
fluconazole [87]. The committee considers the advantage of anidulafungin over fluconazole potentially 
relevant and, based partly on these data, gives preference to an echinocandin in seriously ill or 
hemodynamically unstable patients. 
The committee considers the availability of evidence from additional studies desirable before 
recommending anidulafungin or other echinocandins as replacements of fluconazole as drugs of first 
choice for all patient groups with candidemia. Furthermore, more information is needed concerning the 
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relative efficacy of the other echinocandins, caspofungin and micafungin, compared to anidulafungin 
and fluconazole. 
In an animal model, a possible relationship between micafungin and the development of hepatocellular 
tumors was reported. For this reason, the EMEA licensed micafungin for use only when other 
antifungal agents have not been found appropriate. For the time being, therefore, the committee sees 
no place for micafungin in antifungal therapy. 
Based on the findings above, the committee considers all other above-mentioned drugs to be eligible 
for the initial treatment of candidemia. In this respect, the following considerations may be weighed: 
the risk of resistance and the consequent possibility of failure (fluconazole), few interactions and 
contra-indications (echinocandins), oral formulation and good penetration into the central nervous 
system and urine (fluconazole and voriconazole). In view of its high cost and nephrotoxicity, the 
committee does not consider the lipid formulations of amphotericin B to be a drug of choice. 
 
In the view of the committee, conventional amphotericin B no longer has a place in the treatment of 
candidemia in adults, since, based on comparative studies, there are at least equally effective 
alternatives with significantly less toxicity. Based on their toxicity profile, combination therapy 
comprising c-AmB with fluconazole or sequential therapy with c-AmB followed by fluconazole are not 
preferred strategies, despite the possible greater efficacy of the combination c-AmB/fluconazole 
compared to fluconazole monotherapy described in one study. 
 
Changing epidemiology with an increasing incidence of non-albicans Candida species raises the 
question whether fluconazole is still suitable in all situations for the initial treatment of unidentified 
Candida species. The committee points out that, statistically, none of the randomized studies had 
sufficient power to answer this question as to equivalence of fluconazole and broadspectrum drugs in 
specific non-albicans species. 
 
For the choice of initial therapy for as yet unidentified Candida species, therefore, the committee has 
included the Candida epidemiology in the specific patient groups, the severity of the patient’s illness 
and the consequent risk of mortality in the event of an erroneous initial choice in its considerations. 
In seriously ill or unstable patients with a candidemia, the risk of mortality and complications due to 
failure of fluconazole caused by a Candida species that is less susceptible to fluconazole is 
considered to be too high. Also, the greater efficacy of anidulafungin compared to fluconazole [87] is 
held to be of potential importance, especially in this severely-ill patient group. In this specific group, an 
echinocandin is the first choice until the species and its susceptibility have been determined. Eligible 
drugs are caspofungin or anidulafungin. The contra-indication of the intravenous form of voriconazole 
when creatinine clearance is <50 ml/min and the possible interactions of voriconazole with other drugs 
form practical obstacles to choosing voriconazole, whilst the poorer penetration of echinocandins into 
urine and the CNS have to be taken into account in infections in these specific locations. 
 
In addition, patients who have recently been pretreated with fluconazole should recieve initial 
treatment with an echinocandin (anidulafungin or caspofungin), until the species and its susceptibility 
have been determined. 

In hemodynamically stable patients with uncomplicated candidemia who have not been pretreated 
(prophylactically or therapeutically) with an azole, the risk of failure on fluconazole is considered to be 
relatively low. In these patients, fluconazole is appropriate as an initial therapy. The committee points 
out that all studies with fluconazole were conducted using a dosage of 400mg qd (loading dose 
800mg) whilst the Dutch package insert text advises a lower loading and maintenance dose, which the 
committee considers to be too low.  
 
The committee is of the opinion that the initial choice of an echinocandin can be followed by a step-
down therapy as soon as the patient is stable, and the Candida species and susceptibility are known. 
These choices are discussed later in 3.1.b. 
 
As to initial therapy in neutropenic patients who have not undergone pretreatment with an azole, no 
consensus was reached by the committee on the choice between fluconazole and a broadspectrum 
drug. In this, the local epidemiology of Candida species and the stability of the patient form an 
important guideline. A major advantage of echinocandins as a primary therapy is their more favourable 
adverse effects and interaction profile. Unlike caspofungin, anidulafungin is not licensed for the 
treatment of candidemia in neutropenic patients. The committee notes that, statistically, neither the 
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investigation into caspofungin nor that into anidulafungin [86] [95] had sufficient power to show 
equivalence with the use of the older fungistatic agents in neutropenic patients, and the committee 
considers it likely that both drugs are equally effective in neutropenic patients. 
 
 
Recommendation 1 In seriously-ill or unstable patients with a candidemia, echinocandins 

(anidulafungin (loading dose 200mg, followed by 100mg qd) or caspofungin 
(loading dose 70mg, followed by 50mg qd) are drugs of first choice. 

 
Recommendation 2 Patients who have recently been pretreated with fluconazole should initially be 

treated with a broadspectrum drug such as anidulafungin (loading dose 
200mg, followed by 100mg qd) or caspofungin (loading dose 70mg, followed 
by 50mg qd), until the species and its susceptibility have been determined. 

 
Recommendation 3 For hemodynamically stable patients with an uncomplicated candidemia who 

have not been pretreated (prophylactically or therapeutically) with a azole, 
fluconazole (loading dose 800mg, followed by 400mg qd) is the preferred initial 
therapy. 

 
Recommendation 4 In neutropenic patients with candidemia who have not been pretreated with 

azoles, a choice may be made between an azole (fluconazole, loading dose 
800mg, followed by 400mg qd, or voriconazole, loading dose bid 6 mg/kg, 
followed by bid 3 mg/kg) or an echinocandin (caspofungin, loading dose 70mg, 
followed by 50mg qd, or anidulafungin (loading dose 200mg, followed by 
100mg qd). In neutropenic patients who have been pretreated with an azole or 
are infected with C. glabrata or C. krusei, an echinocandin shoul be 
prescribed. 

 
Recommendation 5 In stable patients, transition to fluconazole may be made, following 

identification of the Candida species as a fluconazole-susceptible strain.  
 
Table 3.2. Recommended adult dose of antifungal agents for candidemia* 
Antifungal agent Loading dose Maintenance dose 
Fluconazole 800 mg iv/po 400mg /d iv/po 
Voriconazole bid 6 mg/kg iv or 

bid 400 mg po 
3 mg/kg bid iv or 
200 mg bid po  

Liposomal AmB - 3 mg/kg/d 
Caspofungin 70 mg 50 mg qd, > 80kg: 70 mg qd 
Anidulafungin 200 mg 100 mg qd 
* The dosages in this table are specific for invasive candidiasis and candidemia; for other mycoses, different 
dosages may apply. 
 
 

3.1.b.	
  What	
  is	
  the	
  optimal	
  therapy	
  for	
  speciated	
  Candida	
  species	
  of	
  
known	
  susceptibility?	
  
 
In general, data on the treatment of the individual Candida species and their susceptibility can be 
inferred from the randomized studies discussed earlier. Even for the treatment of C. albicans with a 
normal susceptibility pattern, however, these studies have insufficient statistical power to allow a 
formal judgement with regard to equivalence of the regimens studied. An exception to this is the 
comparative study of anidulafungin and fluconazole, in which anidulafungin was more effective than 
fluconazole in the group of patients with a fluconazole-susceptible C. albicans infection [87]. Similarly, 
none of the studies had sufficient statistical power to enable a judgement on the optimal treatment of 
C. glabrata infection. 
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C. albicans and other fluconazole susceptible strains 
 

Taking the above restriction into account, the committee does not consider any of the drugs to be 
superior in the treatment of susceptible Candida strains. The committee considers the reported 
advantage of anidulafungin compared to fluconazole [87] potentially relevant, but is of the opinion that 
evidence from additional studies would be desirable before recommending echinocandins as drugs of 
first choice for all patients with C. albicans candidemia. On the basis of costs and its adverse effects 
profile, therefore, fluconazole is currently considered to be the drug of first choice in hemodynamically 
stable patients. 
 
C. krusei and C. glabrata 
 

C. krusei is usually inherently resistant to fluconazole. C. glabrata has a variable susceptibility to 
fluconazole; in a recent study, 69% of the C. glabrata strains were susceptible to fluconazole [96].  
Although the in-vitro activity of voriconazole against C. glabrata is usually greater than that of 
fluconazole, 10% of the C. glabrata strains in the above-mentioned study were found to be resistant to 
voriconazole [96]. In 6 therapy studies of a total of 249 patients, C. glabrata had the highest average 
MIC value and the lowest success percentage with voriconazole (55%) [97]. In the light of the current 
availability of other classes of antifungals, the echinocandins in particular, the committee gives 
preference to an echinocandin for the treatment of C. glabrata and C. krusei, even in the case of in-
vitro fluconazole susceptible strains. For oral treatment, voriconazole is preferred to fluconazole. In 
individual patients, fluconazole may be considered, if strict clinical and microbiological monitoring is 
carried out. 
 
Candida parapsilosis and echinocandins 
 

C. parapsilosis is generally less susceptible to echinocandins [86] than the other Candida strains. This 
appears to be a class effect, applying to all 3 echinocandins. Although the caspofungin vs. c-AmB 
study did not report any significant difference in treatment outcome between caspofungin and c-AmB 
in C. parapsilosis infected patients, this study has insufficient statistical power to demonstrate 
equivalence. Although C. parapsilosis accounted for only 19.8% of the infections in the caspofungin 
arm of this study, 5 of the 9 patients treated with caspofungin who had persistently positive blood 
cultures were infected with this pathogen. Similarly, in the comparative study of micafungin and 
caspofungin [89], 16 of 31 of the patients with persistently positive blood cultures were infected with C. 
parapsilosis. Based on these considerations, the committee gives preference to therapy with 
fluconazole in C. parapsilosis infections, even if the patient currently is being treated with an 
echinocandin. 
 
Step down 
 

In patients whose clinical and microbiological reaction to intravenous therapy is favourable, 
continuation of treatment with oral antifungal agents is feasible. In patients initially treated with an 
echinocandin, therapy may be continued with an orally administered azole. Although no studies to this 
effect have been conducted, the committee considers it acceptable – in hemodynamically stable 
patients infected with azole-susceptible Candida species (with the exception of C. glabrata and C. 
krusei) whose blood cultures have become negative – that treatment be continued using oral 
fluconazole or voriconazole. 
 
 
Duration of therapy 
 

The duration of therapy has never been investigated in prospective comparative studies. It may be 
assumed that in candidemia without proven metastatic foci, treatment lasting 14 days after the last 
positive blood culture is adequate in non-neutropenic patients who have responded well to therapy 
[79, 83, 84, 86, 98]. A retrospective study in 172 patients with candidemia reported that a short 
treatment of patients with candidemia was not associated with more complications than therapy lasting 
2 weeks or longer [99]. Although there is no direct evidence, it is assumed that in neutropenic patients 
demonstrating favourable clinical response, treatment is desirable for up to 14 days after the last 
positive blood culture and 14 days following resolution of the neutropenia. In acute disseminated 
candidiasis, the treatment depends upon the clearing up of the metastatic foci. In general, a duration 
of treatment from 6 weeks to 6 months is necessary in those cases. Alongside surgical intervention, 
lengthy continuation of antifungal therapy is sometimes necessary in Candida endocarditis. 
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Conclusions 3.1.b. Therapy in identified Candida species of known susceptibility 
  

Conclusion 14 No randomized studies have been conducted that are of sufficient quality to support the 
choice of a specific antifungal agent for each individual Candida species. 

Level 4  
Conclusion 15 C. krusei is usually resistant to fluconazole 
Level 3 Pfaller, 2007 [96](B) 
Conclusion 16 C. glabrata is generally less susceptible to fluconazole and voriconazole than the other 

Candida species. 
Level 3 Pfaller, 2007 [96](C), Pfaller, 2006 [97](C). 
Conclusion 17 Echinocandins are generally less active against C. parapsilosis and are possibly less 

effective against C. parapsilosis. 
Level 3 Mora-Duarte, 2002 [86](C); Pappas, 2007 [89](C); Reboli, 2007 [87](C) 
Conclusion 18 In patients demonstrating a favourable clinical and microbiological response to intravenous 

therapy, treatment may be continued using oral antifungal agents 
Level 4 Claessen et al., unpublished data (D) 
Conclusion 19 Optimal duration of therapy has not been clearly established. Although there is no direct 

evidence for this, clinical experience would appear to justify a treatment duration of 14 days 
after the last positive blood culture, unless there are proven metastatic foci. 

Level 4 Pappas, 2004 [98]; Rex, 1994 [79]; Mora-Duarte, 2002 [86]; Kullberg, 2005 [84]; Rex, 2003 
[83]; Oude Lashof, 2003 [99](C) 

 
 
 
Recommendation 6 In hemodynamically stable patients who are not severely ill, fluconazole 

(loading dose 800mg, followed by 400 mg qd) is preferred for the treatment of 
Candida albicans candidemia. 

 
Recommendation 7 Fluconazole (loading dose 800mg, followed by 400 mg qd) is preferred for the 

treatment of Candida parapsilosis candidemia. 
 
Recommendation 8 An echinocandin (caspofungin (loading dose 70mg, followed by 50mg qd) or 

anidulafungin (loading dose 200mg, followed by 100mg qd) is preferred for the 
treatment of Candida krusei candidemia. Voriconazole or LFAB may be used 
as an alternative. 

 
Recommendation 9 An echinocandin (caspofungin (loading dose 70mg, followed by 50mg qd) or 

anidulafungin (loading dose 200mg, followed by 100mg qd) is preferred for the 
treatment of Candida glabrata candidemia. LFAB can be used as an 
alternative. 

 
Recommendation 10 In hemodynamically stable patients who are not seriously ill, fluconazole 

(loading dose 800mg, followed by 400 mg qd) is preferred for the treatment of 
candidemia caused by other fluconazole susceptible Candida species. 

 
Recommendation 11 Non-neutropenic patients with an uncomplicated candidemia should be treated 

for up to 14 days after the last positive blood culture. 
 
Recommendation 12 Neutropenic patients with a candidemia should be treated for up to 14 days 

after the last positive blood culture and for 14 days following after of the 
neutropenia.  

 
Recommendation 13 Treatment in acute disseminated candidiasis depends on clinical and 

radiological findings and usually lasts from weeks to months. Where there are 
proven metastatic foci, the duration of therapy is at least 6 weeks. 
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3.1.c.	
  What	
  can	
  be	
  considered	
  to	
  be	
  optimal	
  catheter	
  management?	
  
 
A large retrospective analysis relating to the source of candidemia [100] suggested that the gut is a 
major portal of entry for Candida, and that there is little evidence pointing towards the skin or 
intravascular catheters as the source. Even if an intravascular catheter is not the primary focus of 
candidemia, it may be secondarily infected and subsequently lead to persistent candidemia and the 
formation of metastatic foci. Although the scarce published data are not unequivocal, in a 
retrospective, non-randomized study it appeared that removal of all intravascular catheters did shorten 
the duration of candidemia [101]. In this study, it appeared that replacement of a central venous 
catheter at the same site and in one session using a guidewire was associated with an unfavourable 
prognosis equal to that of not replacing the catheter. As regards mortality, an extensive review of 
retrospective studies into the effect of removing intravascular catheters in candidemia did not 
demonstrate any benefits of removal of catheters [102]; however, in a recent prospective comparative 
trial of micafungin and caspofungin [89], the success percentage (299/384; 78%) among patients in 
whom the catheter had been removed or replaced was greater than that among those in whom the 
catheter was left in place (91/144; 63%; p=0.001).  
 
No studies have been conducted as to the optimal interval between removal of an intra–vascular 
catheter and the insertion of a new catheter. In view of the time involved with biofilm formation on a 
new catheter and the fact that the new catheter is inserted during antifungal therapy, the committee is 
of the opinion that there are insufficient grounds for observing a minimum interval before inserting a 
new catheter. 
 
Other considerations 
 

The removal and replacement of an intravascular catheter are not without risk, especially in patients 
who are thrombopenic or dependent on vasopressor drugs. The risks of leaving the catheter in place 
must therefore be weighed against those involved with replacement. Despite the absence of 
randomized studies, the committee considers the evidence that catheters remaining in place are 
associated with increased morbidity and mortality to be so compelling that it recommends removal or 
replacement of all intravascular catheters (central, peripheral and arterial) whenever logistically 
feasible. The committee wishes to emphsize that the primary consideration here is whether or not an 
intravascular catheter is still indicated. A new catheter should be inserted at a different site; catheter 
exchange using a guidewire appears to be inadequate. 
 
Conclusions 3.1.c. – Catheter management 
  

Conclusion 20 Although intravascular catheters have not often been proven to be the primary source of 
candidemia, their removal appears to shorten the duration of candidemia.  

Level 2 Rex, 1995 [101] , Pappas, 2007 [89](B) 
Conclusion 21 Replacement of an intravascular catheter at the same site and using a guidewire has no 

demonstrably favourable effect on the duration of candidemia 
Level 3  Rex, 1995 [101](B) 
Conclusion 22 There are insufficient grounds for delaying the insertion of a new catheter following the 

removal of an intravascular catheter. 
Level 4  
 
 
Recommendation 14 In patients with candidemia, all intravascular catheters (central, peripheral and 

arterial) should be removed or replaced whenever logistically possible. 
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3.1.d.	
  Is	
  investigation	
  of	
  secondary	
  matastatic	
  foci	
  required	
  in	
  
patients	
  with	
  candidemia?	
  
 
There has been little prospective research into the incidence of the development of secondary 
metastatic foci in candidemia (acute disseminated candidiasis). It is assumed that Candida species 
cause dissemination relatively frequently. The most common metastatic foci are endophthalmitis and 
chorioretinitis. 
In several studies, the incidence of Candida endophthalmitis or chorioretinitis was between 4 and 29 
% [103-107]. In a prospective study in 370 patients with candidemia who were followed 
ophthalmologically, abnormal in fundo findings were noted in 16%; in 11% the anomalies were 
probably Candida related [107]. For many of the patients with ocular candidiasis (chorioretinitis or 
endophthalmitis), a longer duration of therapy is required than the standard treatment of 
uncomplicated candidemia, i.e., 14 days subsequent to the last positive blood culture. For this reason, 
these patients need to be identified. Prospective investigation shows that in candidemia, retinal lesions 
sometimes only develop in the course of 1-2 weeks [107]. The committee is of the opinion that 
fundoscopic examination of every patient is desirable before the duration of therapy is decided upon, 
but that this examination yields the most information when conducted shortly before the proposed end 
of therapy. Treatment of ocular candidiasis is described in chapter 3.2. 
 
Frequently occurring manifestations of dissemination are spondylodiscitis, osteomyelitis [108], 
pulmonary metastatic foci [109] and renal abscesses [110]. Intravascular foci, such as endocarditis, an 
infected thrombus (at the site of an intravascular catheter or elsewhere) or a mycotic aneurysm may 
develop. In patients with candidemia, there appears to be a clear link between persistently positive 
blood cultures and the presence of an infected intravascular catheter or other intravascular foci. 
Specific diagnostic approaches to metastatic foci include echography, CT, MRI or nuclear techniques 
such as FDG-PET or leukocyte scanning. The FDG-PET-scan appears to be the most sensitive for 
this purpose [109]. 
 
The committee is of the opinion that, following removal of intravascular catheters, persistently positive 
blood cultures despite antifungal therapy ought to give rise to more detailed examination targeted at 
intravascular foci. Investigation aimed at metastatic foci in other organs should only be conducted on 
clinician indication or on the basis of positive deep tissue cultures. In the case of persistently positive 
blood cultures in children, it should be noted that the kidney is relatively often found to be the focus 
[111]. 
 
 
Conclusions 3.1.d. – Investigation of secondary metastatic foci in candidemia 
  

Conclusion 23 Ocular metastatic foci are found relatively often in candidemia. 
Level 2 Donahue, 1994 [105], Rodriguez-Adrian, 2003 [106], Oude Lashof [107](B) 
Conclusion 24 In candidemia, ocular metastatic foci sometimes only become manifest in the course 

of 1-2 weeks.  
Level 3 [107] (B) 
Conclusion 25 Ocular metastatic foci demand a longer duration of therapy than is the case in 

uncomplicated candidemia. 
Level 4 (D) 
Conclusion 26 In persistent candidemia, a persistent intravascular focus is often present. 
Level 4 (D) 
Conclusion 27 In children with persistent candidemia, the kidney should be investigated as a 

possible persistent focus. 
Level 3 Zaoutis, 2004 [111] (C) 
 
Recommendation 15 Fundoscopy is recommended in every patient with candidemia prior to 

discontinuation of the antifungal treatment. 
 
Recommendation 16 In the event of persistently positive blood cultures with Candida, the 

existence of an underlying intravascular focus should be investigated. 
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3.1.e.	
  What	
  is	
  the	
  second-­‐line	
  therapy	
  for	
  invasive	
  candidiasis	
  in	
  the	
  
event	
  of	
  failure	
  of	
  primary	
  treatment?	
  
 
In some patients with invasive candidiasis, first-line therapy fails. Second-line or salvage therapy has 
been investigated in several non-comparative studies. When failure occurs, a distinction must be 
made between patients who failed on first-line therapy and those who were merely intolerant of the 
first-line therapy and who have a considerably better prognosis than the first-mentioned group.  
 
In a retrospective analysis, salvage therapy with ABLC was described in patients refractory to or 
intolerant of primary therapy [27]. In the subgroup of patients with invasive candidiasis the response 
was 71% (65/91). The proportion of these patients that was only intolerant of the primary treatment is 
not known.  
 
Voriconazole has been described as a salvage therapy in invasive candidiasis [31, 112]. More than 
90% of the patients had an infection that had proven refractory to earlier treatment. In patients with an 
invasive candidiasis the response was 56%; the response of patients previously exposed to azoles 
was 58% [112]. 
 
Salvage studies have been reported using both caspofungin and micafungin. In the caspofungin 
salvage study, the response in patients with invasive candidiasis was 60% (9/15); 14 of the patients 
had an infection that was refractory to earlier treatment [113]. In an open label study with micafungin, 
patients were described who had been given salvage therapy with micafungin, either alone or in 
combination with the antifungal drug first prescribed [114]. In patients on salvage therapy who had 
been given micafungin for at least 5 days, the response was 76% (22/29) with micafungin alone, and 
72% (18/25) with the combination of micafungin and other antifungal therapy. The results for the total 
(modified intent to treat) population were not reported; usually these are considerably lower than the 
outcomes for the subgroup of patients treated successfully for at least 5 days. 
 
 
Conclusions 3.1.e. – Second-line therapy for invasive candidiasis in the event of failure of the 
primary treatment 
  

Conclusion 28 It has not been demonstrated that ABLC is equivalent to or more effective than other 
forms of salvage therapy in the treatment of invasive candidiasis 

Level 3 Walsh, 1998 [27](C) 
Conclusion 29 It has not been demonstrated that voriconazole is equivalent to or more effective than 

other forms of salvage therapy in the treatment of invasive candidiasis 
Level 3 Perfect, 2003 [31] Ostrosky-Zeichner, 2003 [112](C) 
Conclusion 30 It has not been demonstrated that caspofungin is equivalent to or more effective than 

other forms of salvage therapy in the treatment of invasive candidiasis 
Level 3 Kartsonis, 2004 [113](C) 
Conclusion 31 It has not been demonstrated that micafungin alone or in combination with another 

antifungal drug is equivalent to or more effective than other forms of salvage therapy in 
the treatment of invasive candidiasis 

Level 3 Ostrosky-Zeichner, 2005 [114](C) 
 
 
Recommendation 17 In the event of failure of first-line therapy, second-line therapy can be 

instituted, once sources of persistent infection have been ruled out, using an 
echinocandin, LFAB or voriconazole and taking into account the treatment 
recommendations for the individual Candida species. 
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3.1.f.	
  What	
  is	
  the	
  value	
  of	
  adjunctive	
  immunotherapy?	
  
 
In 51 non-neutropenic patients with candidemia or invasive candidiasis, a small placebo-controlled 
study has investigated whether addition of recombinant human granulocyte-colony stimulating factor 
(rhG-CSF) to fluconazole is of value. Resolution of the infection at day 28 was 67% (14/21) in the rhG-
CSF-group vs. 50% (15/30) in the placebo group. Patients treated with rGCSF cleared the candidiasis 
more rapidly (median 14 days) than the placebo group (median 21 days, HR 1.88; 95%CI 0.9-3.92). A 
leukocyte elevation to at least 15 x 109/l during therapy was associated with a greater chance of more 
rapid clearance of the infection (HR 2.77; 95%CI 1.3-5.92) and reduced mortality (HR 0.09; 95%CI 
0.01-0.66) [115]. 
 
Efungumab, a recombinant monoclonal antibody against Heat Shock Protein 90, was compared with 
placebo during an open placebo-controlled study in 139 patients with candidemia or invasive 
candidiasis. Patients were treated with a lipid formulation of amphotericin B (LFAB; ABLC of L-AmB) 
and were given randomized and blinded adjuvant therapy with efungumab (bid 1 mg/kg, during 5 
days) or placebo [116]. 
The primary response at day 10 of treatment in evaluable patients was reported as 47/56 (84%) in the 
efungumab arm vs. 29/61 (48%, p<0.01) in the placebo arm. Overall mortality at day 33 was 16% in 
the efungumab arm and 21% in the placebo arm (p=0.47). 
This study is difficult to interpret for a variety of reasons. Firstly, patients were included who had been 
treated with another antifungal drug prior to randomization, as well as those with only a positive culture 
from the tip of an intravascular catheter or a surgical wound infection. Secondly, no intent-to-treat 
analysis was presented, data was not verified by an independent Data Review Committee and, in the 
efungumab arm, 3 patients were excluded from analysis – two of whom subsequently died. 
Furthermore, it is remarkable that almost 40% of the patients in the efungumab arm already had 
negative cultures at randomization compared to about 20% in the placebo arm, and that approximately 
50% of patients in the LFAB/placebo arm were said to have persistently positive cultures for more than 
21 days, a finding that has never been reported in any other candidiasis trial. This is remarkable in the 
light of the fact that LFAB are not licensed for primary treatment of invasive candidiasis, but were 
nevertheless used as such in this study, with a high reported failure percentage. 
Finally, further analysis of the published data shows that there was higher mortality due to non-
Candida-related causes in the efungumab arm (9/59, 15% vs. 2/61, 3%; p=0.02), which was not 
mentioned in the publication. The EMEA has not yet licensed efungumab. 
 
 
Conclusions 3.1.f. – Adjunctive immunotherapy in candidemia 
  

Conclusion 32 In a study with insufficient statistical power, it was not proven that addition of rhG-CSF 
is of value in the treatment of patients with candidemia or invasive candidiasis 

Level 3 Kullberg, 1998 [115](B) 
Conclusion 33 It has not been shown that the combination of an antifungal agent with efungumab is as 

effective as or superior to monotherapy with an antifungal agent in patients with 
candidemia or invasive candidiasis 

Level 3 Pachl, 2006 [116](B) 
 
 
Recommendation 18 There is insufficient evidence upon which to base the routine use of adjunctive 

immunotherapy in invasive candidiasis. 
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3.1.g.	
  What	
  is	
  the	
  optimal	
  treatment	
  of	
  candidemia	
  and	
  acute	
  
disseminated	
  candidiasis	
  in	
  children?	
  	
  
 
 

In children with invasive candidiasis or candidemia, only one prospective randomized study 
has been conducted. The remaining data is based on open-label or retrospective studies. 
 
Comparative studies 
 

In 98 children (<15 years) with candidemia or invasive candidiasis, a double-blind, randomized study 
was conducted with micafungin (2 mg/kg/d) vs. L-AmB (3 mg/kg/d) [117]. The response at end of 
therapy was 73% in the micafungin arm vs. 76% (p=0.73) in the L-AmB arm. In pre-terms and children 
younger than 2 years, too, there was no difference between the two treatment arms. No information 
was given on adverse effects. 
 
In a small open-label, randomized study in neonates, fluconazole (loading dose 10 mg/kg, followed by 
5 mg/kg/d i.v. or orally) was compared with c-AmB (1 mg/kg/d) [118]. Where CSF (cerebrospinal fluid) 
culture was positive, 5-FC was added. Mortality was 33% (4/12) in the fluconazole group vs. 45% 
(5/11, p=0.55) in the c-AmB/5-FC group. Hepatotoxicity developed more often In patients treated with 
c-AmB than in the fluconazole group. 
A prospective, open-label comparative study of fluconazole (10 mg/kg/d) and itraconazole suspension 
(10 mg/kg/d) in 43 children with candidemia showed equivalent results; a response of 82% (18/22) vs. 
81% (17/21) [119]. 
 
In a study by Linder et al., two lipid formulations of amphotericin B, L-AmB (n=6) and ABCD (n=16), 
were compared with c-AmB (n=34) in 56 pre-term babies with candidemia [120]. The 3 groups were 
not comparable at the start of the study: patients in de ABCD arm had a significantly lower birth 
weight, had undergone a longer period of ventilation prior to start of therapy and had a poorer renal 
function compared to the 2 other groups. Also, the neonates in the LFAB arm were younger than 
those in the c-AmB group. The response was 67.6% for c-AmB, 83.3% for L-AmB and 57.1% for 
ABCD (not significant). 
 
Open studies 
 

In a large prospective study in more than 4500 neonates with 'extremely low birth weight' (<1000 g) 
there were 320 cases of invasive candidiasis (7%), of whom 27 had meningitis [121]. Almost all 
patients were treated with an AmB preparation; in this study, experience with fluconazole as the only 
therapy was limited to just 4 cases. Some of the patients were treated with LFAB, but the response to 
the various antifungal agents was not reported. 
 
L-AmB appeared to be safe and effective at dosages from 2.5 to 7 mg/kg/d in 24 very low birth weight 
pre-terms and in 41 neonates with candidemia [122, 123]. ABLC showed a response of 81% (22/27) in 
a prospective, open-label study in pediatric patients with invasive candidiasis [19]. In 2 retrospective 
case series with ABLC a response of 37.4% (65/174) tot 58% (11/19) was reported in children with 
invasive candidiasis [20, 24] . 
 
Fluconazole was assessed during an open study in 40 children with candidemia. Of the 40 children, 
34 were treated using a fluconazole monotherapy and 6 using combination therapy consisting of 
fluconazole and c-AmB; the response was 70% (28/40) [124]. 
 
Conclusions 3.1.g – Treatment of candidemia and acute disseminated candidiasis in children 
  

Conclusion 34 Micafungin appears to be as effective as L-AmB in the treatment of invasive candidiasis 
in children. 

Level 3 Queiroz-Telles, 2008 [117](B) 
Conclusion 35 It has not been shown that fluconazole and c-AmB are equivalent in the treatment of 

candidemia in neonates. 
Level 3 Driessen, 1996 [118](B); Huttova, 1998 [124](C) 
Conclusion 36 It has not been shown that fluconazole and itraconazole are equivalent in the treatment 

of children with candidemia 
Level 3 Mondal, 2004 [119](B) 
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Conclusion 37 It has not been shown that LFAB (L-AmB, ABLC or ABCD) are equivalent or superior to 
c-AmB in the treatment of candidemia in neonates and children 

Level 3 Linder, 2003 [120](B) Walsh, 1999 [19](C), Wiley, 2005 [24](C), Herbrecht, 2001 
[20](C), Juster-Reicher, 2000, 2003[122, 123](C) 

 
 
Other considerations 
 

As no studies of sufficient scope and quality have been carried out in children with candidemia or 
invasive candidiasis, the committee bases its therapy recommendations for children on those 
formulated for adults. The committee hereby notes that anidulafungin and caspofungin are not (yet) 
licensed for use in children* and voriconazole is licensed only for children above 2 years of age. 
Moreover, it should be remembered that C. parapsilosis, against which the echinocandins are less 
active, occurs more frequently in neonates. Keeping these factors in mind, use of echinocandins as a 
second choice may be considered in individual cases. 
Micafungin has been licensed by the EMEA for children <16 years, but only when the administration of 
other antifungal agents is deemed inappropriate. This is based on the link with the development of 
hepatocellular tumours described from animal research. As yet, therefore, the committee sees no 
place for micafungin in antifungal therapy. 
In the literature, there is little mention of the use of fluconazole in neonatal candidiasis. Nevertheless, 
based on clinical experience, the committee considers fluconazole to be an option in this condition. As 
an alternative, an amphotericin B preparation (c-AmB or LFAB) can be used in these patients. 
 
 
Recommendation 19 For children with an uncomplicated candidemia who have not been pre-treated 

(either prophylactically or therapeutically) with an azole, fluconazole (loading 
dose 12 mg/kg, followed by 6 mg/kg/d) is preferred as the initial therapy. In 
pre-term neonates c-AmB (1.0 mg/kg/d) is eligible. 

 
Recommendation 20 Children who have recently been pre-treated with fluconazole should initially 

be treated with a broadspectrum drug such as an amphotericin B preparation 
(c-AmB 1.0 mg/kg/d in neonates <3 months or LFAB 3 mg/kg/d) or 
voriconazole (7 mg/kg bid i.v.), until the species and susceptibility are known. 

 
Recommendation 21 In unstable children with a candidemia, a broadspectrum antifungal agent 

should be the first choice until the species and its susceptibility are 
determined. Preference in this event is given to LFAB (3 mg/kg/d). In pre-term 
neonates c-AmB (1.0 mg/kg/d) is applicable.  

  
Recommendation 22 In neutropenic children who have not been pre-treated with azoles, a choice 

can be made between fluconazole (loading dose 12 mg/kg, followed by 6 
mg/kg/d) and a broadspectrum drug. The local epidemiology of Candida 
species forms an important guideline in this. 

                                                        
* Note added in proof (December 2009) – The recent approval of Caspofungin for use in children after release of 
these Guidelines may significantly affect the recommendations in this section in a subsequent revision of the 
guidelines. 
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3.2.	
  What	
  is	
  the	
  optimal	
  treatment	
  for	
  other	
  localised	
  Candida	
  
infections?	
  
 
 

a. Candida endophthalmitis 
b. Candiduria 
c. Candida oesophagitis 
d. Candida-peritonitis (in Continuous Ambulatory Peritoneal Dialysis or surgical) 
 

3.2.a.	
  Candida-­‐endophthalmitis	
  
 

Candida endophthalmitis is a major complication of candidemia. In studies conducted in patients with 
candidemia, the incidence of ocular Candida infection is 4-29% [103-107, 125]. The optimal treatment 
of Candida endophthalmitis has never been investigated in comparative studies. The only data on the 
treatment of ocular candidiasis derive from studies with c-AmB or azoles; the use of echinocandins for 
this indication has only been described sporadically. 
Where necessary, the treatment of ocular candidiasis comprises three components: administration of 
systemic antifungal therapy, intravitreal injection of antifungal agents and vitrectomy. Systemic therapy 
with amphotericin B does not penetrate well into the vitreous body; the azoles on the other hand do 
reach good concentrations there [126, 127]. Echinocandins reach only low concentrations in 
cerebrospinal fluid and in the eye and are therefore not considered to be a first choice in the treatment 
of Candida endophthalmitis or chorioretinitis [128]. 
The value of late vs. early vitrectomy was described In a series of patients with C. albicans 
endophthalmitis or chorioretinitis [129]. No complications developed in the 7 patients who underwent 
vitrectomy within 1 week. Other treatments (late vitrectomy or antifungal therapy only) almost all led to 
complications. In a large randomized trial comparing voriconazole and c-AmB followed by fluconazole, 
the patients participated in ophthalmological monitoring. Forty of the 370 patients with candidemia 
developed a probable Candida chorioretinitis or endophthalmitis. In 28/40 (70%), recovery was 
complete on systemic treatment with either voriconazole or with amphotericin B followed by 
fluconazole [107]. None of these patients underwent vitrectomy or were given intravitreal antifungal 
medication. 
 
Conclusions 3.2.a – Treatment of Candida endophthalmitis and chorioretinitis 
  

Conclusion 38  The treatment of Candida endophthalmitis is, where necessary, based on a combination of 
systemic antifungal therapy, intravitreal injection of antifungal agents and vitrectomy. 

Level 3  Brooks, 1989 [104], Parke, 1982 [103], Nolla-Salas, 1996 [125], Donahue, 1994 
[105],Rodriguez-Adrian, 2003 [106] (C) 

Conclusion 39  Early vitrectomy, within 1 week after the occurrence of Candida endophthalmitis, appears 
to improve the prognosis. 

Level 3  Martinez-Vazquez, 1998 [129] (C) 
Conclusion 40  Echinocandins do not reach adequate concentrations in the vitreous body. 
Level 3  Goldblum D, 2007 [128] (C) 
Conclusion 41  Fluconazole, voriconazole or the combination of AmB + flucytosine reach therapeutic 

concentrations in the vitreous body and have a role to play in the treatment of Candida 
endophthalmitis and chorioretinitis 

Level 3  Brooks, 1989 [104], Parke, 1982 [103], Nolla-Salas, 1996 [125], Donahue, 1994 [105], 
Rodriguez-Adrian, 2003 [106], Oude Lashof, 2005 [107] (C) 

 
 
Other considerations 
 

No studies have been conducted into the additional effect of intravitreal c-AmB following vitrectomy or 
otherwise. The risk of the development of retina necrosis as a result of intravitreal c-AmB must be 
weighed against the potential favourable antifungal effect. In the light of the rather poor penetration of 
most systemic antifungal agents, the committee considers intravitreal c-AmB as an adjuvans to 
systemic antifungal therapy to be recommended for severe Candida endophthalmitis. 

Download van SWAB.nl | 2026-06-26 15:25



SWAB Invasive Fungal infections 2008-2011	
   33	
  
 

On the basis of preclinical data, it is assumed that the combination of flucytosine and amphotericin B is 
synergistic. Flucytosine reaches high concentrations in the eye. When amphotericin B is chosen for 
therapy, the committee considers its combination with flucytosine to be recommended for severe 
Candida endophthalmitis. 
Little data is available with regard to the duration of therapy in ocular candidiasis. Based on clinical 
experience, a 2-4 week duration of treatment on resolution of fundus anomalies is usual in 
uncomplicated chorioretinitis. Depending on the clinical course of the infection, a treatment duration of 
6 weeks to 3 months is usually required in endophthalmitis. 
 
 
Recommendation 23 In view of good penetration into the vitreous body, Candida chorioretinitis or 

endophthalmitis should be treated systemically with an azole (fluconazole 
loading dose 800mg, followed by 400mg od, or voriconazole i.v. loading dose 
6 mg/kg bid, followed by 3 mg/kg bid, or 200mg bid orally). In the event of 
invasion into the vitreous body, vitrectomy should be performed in combination 
with intravitreal c-AmB. Treatment duration is generally lengthy and depends 
on the clinical course of the infection. 

 
 

3.2.b.	
  Candiduria	
  
 
Candida-positive urine cultures may be an expression of Candida colonization, of Candida cystitis, or 
of Candida pyelonephritis. During a prospective surveillance study in 530 patients with Candida-
positive urine cultures, the urinary catheter was removed from 22% of the subjects; in 49%, antifungal 
therapy was initiated whether or not the catheter was removed and in 29%, no treatment was 
undertaken [130]. The candiduria resolved in 75.5% of the untreated patients, vs. 35.3% following 
catheter removal, vs. 50.2% following antifungal therapy. Candidemia developed in only 7 patients 
(1.3%). 
 
Asymptomatic candiduria 
 

In a placebo-controlled, double-blind study in 316 patients with asymptomatic candiduria, 200 mg 
fluconazole was compared with placebo for 14 days [131]. Removal of the urinary catheter alone led 
to clearance of the Candida in 20% of the cases. After 2 weeks of treatment, 50% of the fluconazole 
group had negative cultures, vs. 29% of those in the placebo arm (p<0.001). Two weeks after end of 
treatment, however, this difference was no longer present (68% vs. 65%) [131]. This applied to both 
patients with an indwelling catheter and those without a catheter. There was no difference in mortality 
and none of the patients developed candidemia. 
Bladder irrigation with c-AmB (50-200 µg per ml) was compared with systemic antifungal therapy in a 
prospective, randomized study. Seven days after treatment there was no difference between the brief 
systemic treatment and bladder irrigations with AmB [132]. Another study compared fluconazole 
(200mg qd orally, 7 days) with c-AmB bladder washouts (50mg/l) for 1 or 7 days. There was no 
difference in response between the three groups [133]. 
 
 
Symptomatic candiduria and invasive renal candidiasis 
 

No studies have been conducted as to the incidence and treatment of symptomatic Candida cystitis 
and pyelonephritis. In a large randomized study comparing voriconazole and c-AmB followed by 
fluconazole, 5 patients (1.4%) presented with a proven Candida pyelonephritis as source of the 
candidemia [84]. In an older series in a single center, 26/249 (10.4%) of the patients with a 
candidemia also had candiduria on admission [134]. The majority of these patients suffered from an 
obstruction of the ureter and had recently undergone a urological intervention. 
 
Conclusions 3.2.b – Treatment of candiduria 
 – 

Conclusion 42 In patients with candiduria, removal of the urinary catheter or the initiation of antifungal 
therapy appears to have no measurable effect on the resolution of candiduria. 

Level 3 Kauffman, 2000 [130](C) 
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Conclusion 43 It has not been shown that fluconazole is superior to placebo for the treatment of 
asymptomatic candiduria.  

Level 3 Sobel, 2000 [131](A2) 
Conclusion 44 Bladder irrigation with c-AmB is not more effective than systemic antifungal therapy. 
Level 2 Leu, 1995[132](B); Fan-Havard, 1995 [133](B) 
Conclusion 45 Symptomatic candiduria or invasive renal candidiasis, especially in the presence of a 

urninary tract obstruction, can lead to complications and should be treated. 
Level 3 Kullberg, 2005 [84](C). 
 
 
Other considerations  
 

Asymptomatic candiduria is relatively common; it is not, however, associated with clinical 
consequences. The two prospective studies described here show that asymptomatic candiduria 
almost never leads to invasive candidiasis, that antifungal treatment is not very successful, and does 
not lead to eradication any more frequently than does removal or replacement of an indwelling 
catheter without antifungal treatment. Although there are no specific data, treatment of asymptomatic 
candiduria may be considered in patients with severe neutropenia, in kidney transplantation, in 
neonates with a low birth weight and prior to renal surgery. 
Symptomatic ascending candidiasis in the urinary tract is relatively rare, is usually associated with an 
obstruction, and its course may be complicated. No studies have been conducted with respect to the 
specific treatment of this condition. The committee has considered that the echinocandins are not 
excreted in the urine and have barely been investigated for this indication and that, in view of its renal 
adverse effects, there is no place for c-AmB for this indication. For these reasons, it is recommended 
that symptomatic, invasive renal candidiasis be treated with an azole, and that the choice between 
fluconazole en voriconazole be made on the grounds of species and susceptibility. A duration of 
treatment of 2 weeks following removal of the urinary tract obstruction would seem to be adequate; 
where there are stones or other foreign bodies or persistent obstructions, a more prolonged treatment 
is necessary. 
 
Recommendation 24 In asymptomatic candiduria removal or replacement of urinary catheters must 

be considered. There is no place for antifungal treatment, except in patients 
with severe neutropenia, in kidney transplantation, in low birth weight neonates 
and prior to renal surgery. 

 
Recommendation 25 Symptomatic candiduria or invasive renal candidiasis should be treated with 

fluconazole. 
 
 

3.2.c.	
  Candida	
  oesophagitis	
  
 

 
The treatment of Candida oesophagitis has been investigated in various double-blind randomized 
studies, in particular in HIV-positive patients [135-142]. In these studies, fluconazole was compared 
with itraconazole capsules [136], itraconazole oral solution (OS) [141], itraconazole + flucytosine [135], 
voriconazole [137], caspofungin [139] and micafungin [140]. Caspofungin and c-AmB were also 
compared with each other [138, 142]. 
 
Fluconazole (bid 100 mg orally) was compared with itraconazole (capsules bid 100 mg) in an open, 
randomized study in 2213 HIV-positive patients [135]. The endoscopic response after 2 weeks of 
treatment was 81.2% (fluconazole) vs. 65.6% (itraconazole; p<0.001). In patients with persistent 
anomalies, the endoscopic response after 5 weeks of treatment was identical (97.0% vs. 97.6%, 
p=0.91). Treatment failed in 22.3% (fluconazole) vs. 26.6% (itraconazole; 95%CI for the difference, -
7.9% to -0.7%, p=0.022). 
In a similar study, fluconazole (3 mg/kg/d) was compared (double-blind) with a combination of 
itraconazole (capsules 3 mg/kg/d) plus 5-FC (100 mg/kg/d) and with placebo for 2 weeks in 85 AIDS 
patients with a Candida oesophagitis [136]. At 2 weeks, patients from the placebo group were 
randomized to either treatment arm and underwent 2 weeks of therapy. The endoscopic response 
after 2 weeks of treatment was 68.9% (fluconazole) vs. 72.4% (itraconazole + 5-FC; p=0.77), vs. a 
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partial response of 22.7% in the placebo arm. After 4 weeks (92.5% vs. 95%) and 3 months (89.8% 
vs. 94.8%), the endoscopic response still showed no significant difference. 
Fluconazole (100 mg qd; loading dose 200 mg) was compared with itraconazole oral solution (100 mg 
qd; loading dose 200 mg) in 126 immunocompromized patients with Candida oesophagitis [141]. The 
clinical response at end of treatment (3-8 weeks) was 91% (fluconazole) vs. 94% (itraconazole; 
p=0.53). Similarly, no difference was found in the endoscopic (p=0.2) or mycological response 
(p=0.06) at end of treatment. 
 
Ally et al. compared voriconazole (400 mg qd) with fluconazole (200 mg qd; loading dose 400 mg) in a 
double-blind study in 391 immunocompromized patients with Candida oesophagitis [137]. The patients 
were treated for 2 to 6 weeks depending on severity and response to therapy. The endoscopic 
response at end of therapy was 82.0% (164/200, voriconazole) vs. 83.2% (159/191, fluconazole; 
p=0.74). The clinical response 88.0% vs. 91.1% (p=0.31). 
 
Caspofungin (50 mg i.v.) and fluconazole (200 mg i.v.) for the treatment of Candida oesophagitis were 
compared in 177 immunocompromized patients in a double-blind study [139]. The combined response 
(endoscopic and clinical) 5-7 days after end of treatment of patients who had received 5 days of 
therapy was 81% (66/81, caspofungin) vs. 85% (80/94, fluconazole; p=0.52). During 4 weeks of follow-
up relapses occurred in 28% (18/64, caspofungin) vs. 17% (12/72, fluconazole; p=011).  
In the double-blind 4-arm 'dose-finding' study, 3 different caspofungin doses were compared with c-
AmB (0.5 mg/kg/d i.v.) in patients with oropharyngeal of oesophageal candidiasis [142]. In the 88 
patients with oesophageal candidiasis, the endoscopic response 3-4 days after end of treatment was 
67% (caspofungin 35 mg qd; n=21) vs. 90% (caspofungin 50 mg qd; n=20) vs. 77% (caspofungin 70 
mg qd; n=2) vs. 61% (c-AmB; n=23). Caspofungin 50 mg qd was significantly better than c-AmB 
(p=0.03). In a double-blind 3-arm follow-up study, caspofungin (50 vs. 70 mg qd) was compared with 
c-AmB (0.5 mg/kg/d i.v.) for 14 days [138]. Combined (endoscopic and clinical) response 14 days after 
end of therapy was 74% (34/46, caspofungin 50 mg qd) vs. 89% (25/28, caspofungin 70 mg qd) vs. 
63% (34/54; c-AmB). Caspofungin 70 mg qd was significantly better than c-AmB (p=0.012). 
 
Double-blind comparison of micafungin in a variety of dosages and fluconazole was carried out in 245 
HIV-positive patients with Candida oesophagitis [140]. The endoscopic response at end of therapy 
was 68.8% (44/64, micafungin 50 mg qd) vs. 77.4% (48/62, micafungin 100 mg qd) vs. 89.8% (53/59, 
micafungin 150 mg qd) vs. 86.7% (52/60, fluconazole 200 mg qd). Micafungin 50 mg qd was 
significantly poorer than fluconazole (p=0.021) and micafungin 150 mg qd (p=0.004). Two weeks after 
discontinuation of therapy, the response was 53.1%, 71.0% 84.7% vs. 81.7% for fluconazole. During 
follow-up 9 relapses occurred in the micafungin arm, vs. none in the fluconazole-arm (p=0.07). 
Anidulafungin (50 mg qd; loading dose 100 mg) was compared double-blind with fluconazole (100 mg 
qd; loading dose 200 mg) in 601 patients with Candida oesophagitis [143]. The endoscopic response 
at end of therapy was 97.2% (242/249, anidulafungin) vs. 98.8% (252/255, fluconazole; p=0.19). Two 
weeks after withdrawal of therapy the endoscopic response was 64.4% (150/233, anidulafungin) vs. 
89.5% (205/229, fluconazole; p <0.001). 
Note: A combined analysis of the above studies by the committee suggests a significantly higher 
percentage of relapse following treatment with echinocandins compared to fluconazole (24 % vs. 10%; 
p<0.001). 
 
The optimal duration of treatment in Candida oesophagitis has not been investigated. Treatment for at 
least 2 weeks is recommended. This duration can be prolonged on the basis of the clinical and 
endoscopic picture (where available).  
 
Conclusions 3.2.c – Treatment of Candida oesophagitis 
  

Conclusion 46 Fluconazole is more effective than itraconazole capsules for the treatment of Candida 
oesophagitis in HIV-positive patients. 

Level 3 Barbaro, 1996 [135](A2) 
Conclusion 47 It has not been shown that the combination of itraconazole + 5-FC is equivalent to 

fluconazole for the treatment of Candida oesophagitis in HIV-positive patients. 
Level 3 Barbaro, 1996 [136](B) 
Conclusion 48 Itraconazole oral solution and voriconazole are as effective as fluconazole for the 

treatment of Candida oesophagitis in immunocompromized patients. 
Level 3 Wilcox, 1997 [141](A2); Ally, 2001 [137](A2) 
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Conclusion 49 Caspofungin (50-70 mg qd) is more effective than c-AmB for the treatment of Candida 
oesophagitis. 

Level 3 Villanueva, 2001 [138](B); Arathoon, 2002 [142](B) 
Conclusion 50 Caspofungin, micafungin and anidulafungin are as effective as fluconazole for the 

treatment of Candida oesophagitis in immunocompromized patients, but lead to 
relapse more often 

Level 2 Villanueva, 2002 [139](A2); de Wet, 2004 [140](A2); Ally, 2001 [137](A2); Krause, 
2004 [143](A2) 

 
 
Recommendation 26 Fluconazole (loading dose 400mg, followed by 200 mg qd) for 2 weeks is the 

preferred treatment for Candida oesophagitis 
 
Recommendation 27 For treatment of a Candida oesophagitis caused by fluconazole resistant 

Candida species, voriconazole (based on the susceptibility spectrum) is 
eligible, or, as a second choice, an echinocandin 

 
 

3.2.d.	
  Candida	
  peritonitis	
  
 
Candida peritonitis usually occurs following abdominal surgery, perforation of the gut or anastomotic 
leakage, or in patients undergoing continuous ambulant peritoneal dialysis (CAPD) [144, 145]. In a 
retrospective case control study, the mortality in Candida peritonitis was significantly higher than in 
peritonitis caused by other pathogens (48% vs. 28%, p<0.001) [146]. In a similar series of patients 
with acute necrotising pancreatitis with polymicrobial flora, mortality in the presence of Candida 
species was significantly higher (7/13 vs. 3/24, p<0.002). 
No randomized trials have been conducted in which the treatment of Candida peritonitis has been 
specifically investigated. A number of patients with a Candida peritonitis were included in a 
comparative trial of caspofungin vs. c-AmB in invasive candidiasis. The response in peritonitis was 
100% (caspofungin; 8/8) vs. 87.5% c-AmB, 7/8, not significant) and in intra-abdominal abscesses 75% 
(3/4) vs. 33.3% (3/9; not significant) [86]. 
In a comparative trial of micafungin vs. L-AmB, the response in patients with Candida peritonitis was 
73% (14/17; micafungin) vs. 82% (8/11; L-AmB; p=0.54) [88]; in the randomized study of micafungin 
vs. caspofungin 62% (8/13; micafungin) vs. 40% (2/5; caspofungin; p=0.41) [89]. In the randomized 
study of anidulafungin vs. fluconazole, the response in Candida peritonitis and intra-abdominal 
abscesses was 75% (6/8, anidulafungin) vs. 50% (7/14; fluconazole; not significant) [87].  
Important risk factors as regards the occurrence of a CAPD peritonitis caused by Candida species are 
the use of antibiotics and previously suffered peritonitis [147]. Treatment usually consists of removal of 
the CAPD catheter and i.v. administration of fluconazole or c-AmB. Comparative studies have not 
been conducted; more toxicity has been attributed to i.v. c-AmB. Amphotericin B may cause a 
chemical peritonitis and should not be administered intraperitoneally. 
 
Conclusions 3.2.d – Treatment of Candida peritonitis 
  

Conclusion 51 Candida peritonitis, both surgical and resulting from CAPD, is a potentially lethal 
condition which must be treated systemically using antifungal agents. 

Level 4 Alden, 1989 [144](D), Calandra, 1989 [145](D), Hoerauf, 1998 [148](C), Montravers, 
2006 [146](C) 

Conclusion 52 Successful treatment of Candida peritonitis has been described using fluconazole, 
caspofungin, micafungin, anidulafungin, c-AmB and L-AmB. 

Level 3 Mora-Duarte, 2002, [86](C), Kuse, 2007 [88](C), Pappas, 2007 [89](C), Reboli, 2007 
[87](C) 

 
 
Other considerations 
 

No studies with sufficient statistical power have been conducted into the optimal treatment of Candida 
peritonitis. On the basis of published data and clinical experience, the committee recommends 
treatment of peritonitis caused by fluconazole-susceptible Candida species with fluconazole. In the 
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event of resistance, an echinocandin may be chosen on the basis of the susceptibility pattern. 
Voriconazole has not been investigated for this indication, but on the basis of its efficacy in 
disseminated candidiasis [84] the committee considers the choice of voriconazole as well as L-AmB to 
be justified in specific cases. On the grounds of its adverse effects profile, the committee sees no 
place for c-AmB in this indication. 
 
Recommendation 28 Fluconazole (loading dose 800mg, followed by 400 mg qd) for at least 2 weeks 

is the treatment of preference in Candida peritonitis. Based on the 
susceptibility spectrum, an echinocandin is eligible in fluconazole resistant 
Candida species, or, as a second choice, voriconazole or L-AmB. 

 
 
 
 

3.3.	
  What	
  is	
  the	
  optimal	
  treatment	
  of	
  oropharyngeal	
  candidiasis?	
  
 
The treatment oropharyngeal candidiasis (OPC) has been investigated in several randomized trials in 
patients with cancer or HIV/AIDS. Miconazole in mucosal tablets (10 mg qd) was compared with 
ketoconazole (400 mg qd) in an open randomized study in 357 HIV-positive patients with OPC [149]. 
The clinical response after 7 days of treatment was 87% (miconazole) vs. 90% (ketoconazole; not 
significant). 
Miconazole oral gel was compared with nystatin suspension in an open randomized study in 212 
children <1 year with OPC [150]. The clinical response after 12 days of treatment was 96.2% 
(miconazole) vs. 44.9% (nystatin; p <0.01). 
Note: no prospective comparison of miconazole and nystatin has been carried out in adults or older 
children. Clinical experience in these patient groups, however, does suggest greater activity of 
miconazole. 
 
Fluconazole (50 mg qd) and ketoconazole (200 mg qd) were compared in a randomized double-blind 
study in 37 HIV-positive patients with OPC [151]. The response after 28 days of treatment was 100% 
(17/17; fluconazole) vs. 75% (12/16; ketoconazole; p=0.045). 
Fluconazole suspension (100 mg qd) was compared with nystatin suspension (500.000U qid) in 167 
HIV-positive patients with OPC in an open randomized study [152]. The clinical response after 14 days 
of treatment was 87% for fluconazole vs. 52% (p<0.01) for nystatin. Mycological eradication was 60% 
vs. 6% (p<0.001).  
In an open randomized study, fluconazole suspension (50 mg qd) was compared to amphotericin B 
oral suspension (500mg tid) for 7-14 days in 305 patients with OPC [153]. The clinical response at end 
of therapy was 81% (fluconazole) vs. 87% (AmB; p=0.13). The mycological response was 35% 
(fluconazole) vs. 46% (AmB; p=0.08). Strictly speaking, this study has does not have sufficient 
statistical power to demonstrate equivalence. 
 
Itraconazole oral solution (200 mg qd) was compared with clotrimazole (5dd 10mg) in 149 patients 
with OPC [154]. After 14 days of treatment, the combined clinical and mycological response was 53% 
(itraconazole) vs. 32% (clotrimazole; p <0.01). 
In an open randomized study, itraconazole oral solution (200 mg qd, for 7 or 14 days) was compared 
with fluconazole (capsules 100 mg qd, 14 days) in 179 HIV-positive patients with OPC [155]. The 
clinical response was 87% (fluconazole) vs. 86% (itraconazole 7 days) vs. 97% (itraconazole 14 days; 
p=0.05 vs.fluconazole). 
Itraconazole oral solution (200 mg qd for 7 days vs. 100 mg qd for 14 days) was compared with 
fluconazole (100 mg qd, 14 days) in a double-blind study in 196 HIV-positive patients with OPC [156]. 
The clinical response was 82% (51/62; itraconazole 7 days) vs. 90% (54/60; itraconazole 14 days) vs. 
90% (65/72; fluconazole; p=not significant). 
Itraconazole (capsules 200 mg qd, 15 days) was compared with fluconazole (100 mg qd, 10 days) in 
252 cancer patients with OPC in an open randomized study [157]. The clinical response was 74% 
(fluconazole) vs. 62% (itraconazole; p=0.04). The mycological response was 80% vs. 68% (p=0.03). 
In an open randomized trial, fluconazole (100 mg qd; loading dose 200 mg) was compared with 
posaconazole (100 mg qd; loading dose 200 mg) for 14 days in 350 HIV-positive patients with OPC 
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[158]. The clinical response after 14 days was 92.5% (fluconazole) vs. 91.7% (posaconazole; 95%CI, 
–6.61-5.04%). 
 
In a double-blind study, caspofungin in 3 dosages (35 mg, 50 mg and 70 mg qd) was compared with 
c-AmB (0.5 mg/kg i.v.) in 52 patients with OPC. The clinical response was 84% (11/13; caspofungin 
35mg qd) vs. 93% (13/14; caspofungin 50 mg qd) vs. 92% (12/13; caspofungin 70 mg qd) vs. 67% 
(8/12) for c-AmB [142]. 
 
 
 
Conclusions 3.3 – Treatment of oropharyngeal candidiasis (OPC) 
  

Conclusion 53 Fluconazole is more effective than nystatin suspension, miconazole oral gel, or 
ketoconazole in the treatment of OPC 

Level 3 Van Roey, 2004 [149](A2), Hoppe, 1997 [150](A2), De Wit, 1989 [151](A2), 
Pons, 1997 [152](A2) 

Conclusion 54 Miconazole oral gel is more effective than nystatin in the treatment of OPC in 
children <1 year 

Level 3 Hoppe, 1997 [150](A2) 
Conclusion 55 AmB suspension appears to be as effective as fluconazole in the treatment of 

OPC in non-immunocompromized patients 
Level 3 Taillandier, 2000 [153](A2) 
Conclusion 56  Itraconazole oral solution is more effective than clotrimazole for the treatment 

of OPC 

Level 3 Murray, 1997 [154](A2) 
Conclusion 57 Fluconazole is more effective than itraconazole capsules for the treatment of 

OPC in cancer patients.  
Level 3 Oude Lashof, 2004 [157](A2) 
Conclusion 58 Itraconazole oral solution is as effective as fluconazole in the treatment of 

OPC 
Level 1 Graybill, 1998 [155](A2), Phillips, 1998 [156](A2) 
Conclusion 59 Posaconazole is as effective as fluconazole in the treatment of OPC in HIV-

positive patients 
Level 3 Vazquez, 2006 [158](A2) 
Conclusion 60 It has not been shown that caspofungin is equivalent to or more effective than 

c-AmB i.v. in patients with OPC 
Level 3 Arathoon, 2002 [142](B) 
 
 
Other considerations 
 

Randomized studies of the treatment of OPC were to a large extent conducted among 
immunocompromized HIV-positive patients and patients with cancer. Treatment with miconazole gel 
has not been investigated in randomized studies in adults. Clinical experience, however, suggests that 
miconazole is often (initially) effective. In uncomplicated OPC, therefore, miconazole may be 
considered as a drug of first choice. Generally, initial therapy with fluconazole or itraconazole oral 
solution is preferred in severely immunocompromized patients. 
Itraconazole in oral solution (OS) is absorbed better than itraconazole capsules. Itraconazole OS has 
been shown to be as effective as fluconazole capsules. Whether or not fluconazole oral suspension is 
even more effective than fluconazole capsules has not been investigated. In suspension, it may be 
assumed that, alongside their systemic effect, the local effect of both drugs makes a major 
contribution. In the majority of the randomized studies, no distinction has been made between initial or 
recurring episodes of OPC. The committee is of the opinion that the recommendations concerning 
fluconazole and itraconazole also apply to relapses of OPC. Of note, in breakthrough infections during 
therapy or recurrent relapse, the Candida species and its susceptibility should be determined. 
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Recommendation 29 In a first episode of oropharyngeal candidiasis, local treatment with miconazole 
may be chosen 

 
Recommendation 30 Fluconazole 100 mg qd for 14 days is recommended for the treatment of 

oropharyngeal candidiasis in (severely) immunocompromized patients As an 
alternative, itraconazole oral solution 200 mg qd for 14 days may be 
considered. In breakthrough infections during therapy or in the event of 
recurrent relapse, the Candida species and its susceptibility should be 
determined. 

 
 
Maintenance treatment in resistant or recurrent oropharyngeal candidiasis 
 

In patients with recurrent oropharyngeal candidiasis, antifungal prophylaxis or maintenance treatment 
often is prescribed. There is, however, a theoretical risk that frequent use of fluconazole may lead to 
resistance. 
 
Maintenance treatment with fluconazole (200 mg once weekly) was investigated during a double-blind, 
placebo-controlled study in 323 HIV-positive women [159]. Patients in the placebo arm were treated 
briefly during episodes of OPC. After follow-up of a median of 29 months, relapse of OPC was 44% 
(fluconazole) vs. 58% (placebo; p<0.001). Fluconazole resistance of C. albicans occurred in 4.8% 
(4/83 isolates; fluconazole) vs. 3.4% (4/116; placebo; p=not significant), and of non-albicans Candida 
species in 35% (29/84) vs. 31% (22/72; p=not significant). In another placebo-controlled study of 
secondary prophylaxis of OPC with fluconazole (150 mg 1 x per week) in 138 HIV patients, relapse 
occurred in 61% (fluconazole) vs. 90% (placebo; p<0.001). Resistance (MIC >64 mg/l) or clinical 
failure on therapeutic fluconazole occurred in 8 (fluconazole) vs. 4 (placebo) patients (not significant) 
[160]. 
 
In two prospective randomized studies, the differences in response and development of resistance 
were investigated in continuous or intermittent therapy with fluconazole for OPC. In the first small 
study among 44 HIV-positive patients, the patients on intermittent therapy were given fluconazole only 
on the occurrence of a new OPC episode [161]. Patients randomized to continuous therapy were 
given fluconazole (200 mg qd) for at least 3 months. Development of resistance was demonstrated in 
56% (9/16; continuous therapy) vs. 46% (13/28; intermittent therapy; p=0.75). 
In the second study, continuous treatment with fluconazole (200 mg thrice weekly) was compared with 
intermittent treatment on the occurrence of episodes of OPC in 829 HIV-positive patients [162]. The 
study was discontinued prematurely as there was no demonstrable difference after 42 months 
between the development of fluconazole-refractory episodes of OPC: (4.1%; continuous therapy) and 
intermittent group (4.3%; intermittent therapy; p=0.88).  
Note: these studies do not have sufficient statistical power to demonstrate an effect on the 
epidemiology of fluconazole resistance. 
 
Itraconazole oral solution (200 mg qd) for the treatment of fluconazole-refractory OPC was 
investigated in a prospective, open study in 36 HIV-positive patients [163]. The clinical response was 
65%. During another study in 40 HIV-positive patients with fluconazole-resistant OPC, use of 
itraconazole oral solution resulted in a clinical improvement in 80%, but elicited mycological response 
in only 12% [164]. 
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Conclusions 3.3. (continued) – Maintenance treatment of oropharyngeal candidiasis 
  

Conclusion 61 It has been demonstrated that secondary prophylaxis or maintenance therapy with 
fluconazole (150 or 200 mg twice weekly) can prevent relapse of OPC 

Level 2 Pagani, 2002 [160](B) Schuman, 1997 [159](B) 
Conclusion 62 It has not been shown that prophylaxis with fluconazole (once weekly) leads to the 

development of fluconazole resistance 
Level 2 Pagani, 2002 [160](B) Schuman, 1997 [159](B). Baily, 1994 [165](C) 
Conclusion 63 There is no difference between continuous maintenance therapy and intermittent 

therapy with fluconazole as regards the prevention of relapse or the development of 
fluconazole resistance 

Level 2 Revankar, 1998 [161](B), Goldman, 2005 [162](A2) 
Conclusion 64  The efficacy of itraconazole oral solution in patients with fluconazole-resistant OPC is 

limited 
Level 3 Phillips, 1996 [163](C) Eichel, 1996 [164](C). 
 
 
Other considerations 
 

On the basis of studies and clinical experience, fluconazole is preferred for the treatment of recurrent 
OPC. In recurrent OPC, 3 treatment strategies are applicable: intermittent treatment linked to clinical 
episodes, daily maintenance therapy, or maintenance therapy with a dosage of (1-3 times weekly). 
The assumption that maintenance therapy with fluconazole is likely to lead to an increase in 
fluconazole resistance has not been not confirmed in published studies. The large ATCG/MSG study 
in particular [162] showed no difference in the incidence of fluconazole-refractory episodes between 
the patients treated with maintenance therapy and those treated only in the event of clinically manifest 
infection. As the statistical power of the study was calculated to demonstrate a clinical difference and 
not a difference in the in-vitro susceptibility (MIC) of the isolates, a difference in MIC between both 
arms cannot be excluded. However, should such a difference in fact exist, the clinical outcomes 
suggest that its clinical relevance is negligible. 
No comparative studies have been conducted with regard to different dosing frequencies (once daily, 
thrice weekly, once weekly). On theoretical grounds, the committee prefers conservative use of 
fluconazole in recurrent OPC, i.e., the lowest appropriate dosing frequency for maintenance therapy. 
 
Recommendation 31 Unless resistance has been demonstrated, fluconazole is the drug of first 

choice in recurrent oropharyngeal candidiasis. 
 
Recommendation 32 In recurrent oropharyngeal candidiasis, intermittent treatment is preferred to 

maintenance treatment. 
 
Recommendation 33 In case of frequent relapses of oropharyngeal candidiasis, maintenance 

therapy with fluconazole 200 mg once weekly, or, if necessary, thrice weekly 
or daily may be considered. 
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Chapter	
  4	
  	
  	
  	
  	
  

Empirical	
  and	
  pre-­‐emptive	
  antifungal	
  therapy	
  
 
Introduction 
 

Prolonged neutropenia is a major risk factor for the development of invasive fungal infections 
[166, 167]. In patients undergoing intensive chemotherapy, the mortality on occurrence of such 
infections is high [168], as it is in patients in intensive care. For this reason, empirical antifungal 
therapy is often prescribed; this is defined as treatment of unexplained symptoms (fever, sepsis) in 
specific risk groups (e.g., neutropenia), where there  is no specific evidence of fungal infection. Pre-
emptive therapy is defined as treatment started on specific signs of fungal infection (e.g. a positive 
antigen test) without proven invasive infection. 
To develop an optimal recommendation for initiation of empirical antifungal treatment, the committee 
has defined the core questions posed below. 
 
4.1. What is the efficacy of empirical antifungal therapy in febrile neutropenic patients? 
4.2. What is the efficacy of pre-emptive antifungal therapy in high risk patients with signs of       
aspergillosis? 
4.3. What is the efficacy of empirical or pre-emptive antifungal therapy in non-neutropenic patients? 
 

4.1.	
  What	
  is	
  the	
  efficacy	
  of	
  empirical	
  antifungal	
  therapy	
  in	
  febrile	
  
neutropenic	
  patients?	
  
 
The administration of empirical antifungal therapy in neutropenic patients with fever despite the use of 
broadspectrum antibiotics was first suggested in 1982 [167]. 50 patients with persistent fever and 
neutropenia were randomized to: (i) withdrawal of all antibiotics (n=16), (ii) continuation of antibiotics 
(n=16) and (iii) addition of c-AmB (n=18). In the first group, an invasive mycosis occurred, in the 
second group 5 infections occurred, 4 of which were Candida infections (2 of which were mucosal), 
and in the third group there was a Scedosporium infection. In spite of the low numbers of patients 
included, it was this study suggested that empirical therapy did possibly have an effect on Candida 
infection. However, for filamentous fungal infection (one in each arm), not even a trend was 
demonstrated. In an open, randomized, non-placebo-controlled study by the EORTC, c-AmB was 
compared with no antifungal therapy in 132 patients with granulocytopenia and ≥4 days of fever in 
spite of administration of broadspectrum antibiotics [166]. There was no difference in the course of 
fever. In the c-AmB group, one candidemia occurred, vs. two candidemias, one aspergillosis and one 
zygomycosis in the untreated group (not significant).  
 
Since the publication of these studies, empirical antifungal therapy has been recommended in 
neutropenic patients with persistent fever in spite of administration of broadspectrum antibiotics. Most 
of the studies conducted since then make use of a composite endpoint as outcome measure; for 
success, all of its five components are mandatory: survival of at least seven days, defervescence 
during neutropenia, successful treatment of any baseline fungal infection, no breakthrough infections, 
and no early withdrawal of therapy. These endpoints are subject of much discussion. Firstly, it is 
unclear whether or not a diagnosed 'breakthrough' infection is in fact a baseline infection that initially 
has remained undiscovered. Secondly, achieving defervescence during neutropenia as a requirement 
of a favourable outcome may be a flawed parameter, since this definition is dependent on the duration 
of the neutropenia. Moreover, in these patients, fever may not be caused only by infections. 
 
4.1.a. Amphotericin B 
 

L-AmB has been compared with c-AmB in two studies [93, 169]. A double-blind 3 arm study compared 
c-AmB (1.0 mg/kg/d) with  L-AmB 1 mg/kg/d (L-AmB1) and 3 mg/kg/d (L-AmB3) in 338 neutropenic 
patients with fever [169]. L-AmB3 was significantly more effective than c-AmB in the composite 
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endpoint (resolution of fever and absence of breakthrough infections; p=0.03). For the individual 
endpoints, however, there were no differences: breakthrough infections (3 vs. 1 vs. 2) or mortality (1% 
vs. 1% vs. 1%). At both dosages, L-AmB had significantly fewer adverse effects than c-AmB; in 
particular, less nephrotoxicity. 
 
In the double-blind study by Walsh et al. [93] in which L-AmB (3.0 mg/kg/d) was compared with c-AmB 
(0.6 mg/kg/d), there was no difference in response between both arms for the composite (5-factor) 
endpoint (50% vs. 49%). Although the total number of possible and proven breakthrough infections 
was similar, significantly fewer proven breakthrough infect–ions were seen in the L-AmB arm (11/343 
vs. 27/344, p=0.009), in particular candidemia (3/343 vs. 12/344, p=0.03). There was no significant 
difference in mortality: 7.3% (25/343; LAmB) vs. 10.5% (36/344; c-AmB; p=0.18). 
 
The publication of a doubleblind multicenter study of ABLC vs. c-AmB in patients with persistent fever 
and neutropenia was reportedly prevented by the manufacturer of ABLC [170]. In a subgroup of 
patients in this study of which the data are known, there was no difference in efficacy or toxicity 
between the two arms [171]. Subira et al. compared a low dose of ABLC (1.0 mg/kg/d) with c-AmB 
(0.6 mg/kg/d) in a randomized trial in 96 patients with neutropenia and fever desspite broadspectrum 
antibiotics [172]. The response was 72% (ABLC) vs. 48% (c-AmB; p=0.018), largely as a result of the 
withdrawal of c-AmB due to toxicity; there was, however, no difference in breakthrough infections, 
mortality, or  infusion-related adverse effects (17%; ABLC vs. 19%; c-AmB; p=0.8). There was a 
difference in the incidence of kidney failure (8%, ABLC, vs. 32%, c-AmB; p=0.003). 
 
White et al. compared ABCD (4.0 mg/kg/d) with c-AmB (0.8mg/kg/d) in 213 patients with neutropenia 
and fever [173]. In the 196 assessable patients (at least 7 days therapy) no difference in efficacy was 
found (50% vs. 43%, p=0.31). The incidence of nephrotoxicity was lower (p<0.001), but infusion-
related toxicity in fact occurred more frequently in the ABCD-arm (82% vs. 65%, p<0.001). 
L-AmB (3 and 5 mg/kg/d) and ABLC (5mg/kg/d) were compared with each other in 244 neutropenic 
patients with fever while on broadspectrum antibiotics in a double-blind, randomized study conducted 
by Wingard et al. [174]. The statistical power of the study was calculated to show a difference in the 
incidence of infusion-related toxicity at day 1. The L-AmB arms showed fewer infusion-related chills: 
19% (L-AmB-3) vs. 24% (L-AmB-5) vs. 62% (ABLC; both p≤0.001), less fever (24% vs. 20% vs. 58%; 
p<0.001) and less nephrotoxicity (29% vs. 26% vs. 63%; p<0.01). The study was not designed to have 
sufficient statistical power to demonstrate differences in efficacy; response in the 3 treatment arms 
was 40% vs. 42% vs. 33% (not significant). 
 
The Cochrane analysis of LFAB vs. c-AmB as empirical therapy in cancer patients with  neutropenia 
reported that, with LFAB, there was less nephrotoxicity and fewer invasive fungal  infections, but that 
there was no difference in mortality between LFAB and c-AmB [175]. This analysis is difficult to 
interpret because a large number of small toxicity studies with AmB in intralipid were included, as well 
as a study in which patients with proven infection were given targeted therapy in stead of empirical 
therapy. 
 
The administration of c-AmB in 5% glucose was compared with administration in 20% intralipid in 51 
neutropenic patients with fever [176]. Administration in intralipid did not result in less nephrotoxicity or 
infusion-related toxicity than c-AmB, but was associated with more respiratory adverse effects 
(p<0.05).  
Note: the activity and efficacy of AmB in intralipid have never been investigated, and there are 
possible legal implications in view of the fact that the package insert texts of both preparations do not 
permit combination. 
 
4.1.b. Azoles 
 

In three randomised open-label studies, fluconazole (400mg qd) was compared with c-AmB (0.5-0.8 
mg/kg/d) in a total of 529 neutropenic patients with fever. No difference in response could be found 
between the 2 arms, there were no differences in breakthrough infections or mortality; c-AmB was 
associated with significantly more adverse effects [177-179]. None of the studies had sufficient 
statistical power to demonstrate equivalence. 
Boogaerts et al. compared itraconazole (i.v. followed by oral) with c-AmB in a randomized open-label 
study in 384 neutropenic patients with fever [180]. There were no significant differences in response 
as regards the composite endpoint (47% vs. 38%, 95% CI: -0.8-19.5), the course of the fever, efficacy, 
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breakthrough infections or mortality. On c-AmB, there were significantly more adverse effects 
(p=0.001), including nephrotoxicity. 
 
Besed on the composite endpoint, it was not shown that voriconazole (success rate 26.0%) was 
equivalent to L-amB (success rate 30.6%) in a randomized open-label study compatring these drugs 
[181]. This was due to the fact that the 95% confidence interval around the difference was -10.6 to 
1.6%, whilst -10% had been decided upon in advance as the lower limit of the difference to 
demonstrate equivalence [181]. There were no significant  differences in four of the five separate 
endpoints; mortality, failure of resolution of baseline infection, persistent fever during neutropenia, and 
discontinuation of therapy due to adverse effects or failure. Breakthrough infections (the fifth endpoint) 
occurred significantly less with voriconazole: 1.9% vs. 5.0% (p=0.02), especially in patients with stem 
cell transplants or relapse of leukemia; 1.4% vs. 9.2%, (p=0.003). Voriconazole was withdrawn more 
frequently due to lack of efficacy (22 vs. 5 patients, p=0.001), most ofthen due to persistent fever (14 
vs. 2, p=0.002). Voriconazole caused less infusion-related toxicity and less nephrotoxicity, but more 
visual disturbance and hallucinations. 
 
4.1.c. Echinocandins 
 

Caspofungin was compared with L-AmB in a doubleblind, randomized study in 1095 patients with 
persistent fever and neutropenia [94]. The response for the composite endpoint was the same in both 
groups (33.9% vs. 33.7%). For two of the five separate endpoints, caspofungin was more effective 
than L-AmB: in patients with a baseline fungal infection (response 51.9% vs. 25.9%, p=0.04) and in 
terms of early discontinuation of treatment. L-AmB caused significantly more nephrotoxicity and more 
infusion-related adverse effects and was more frequently associated with the early discontinuation of 
therapy. Survival 7 days after discontinuation appeared to be better in the caspofungin group (92.6% 
vs. 89.2%, p=0.05). 
 
 
Conclusions 4.1 – Empirical antifungal therapy in patients with fever and neutropenia 
  

Conclusion 1 It has not been shown that empirical antifungal therapy is effective in preventing invasive 
fungal infection in patients with persistent fever and neutropenia 

Level 2 EORTC International Antimicrobial Therapy Cooperative Group, 1989; Pizzo, 1982 [166, 167] 
(B) 

Conclusion 2 L-AmB is at least as effective as c-AmB in empirical therapy in neutropenia and fever, and 
causes fewer breakthrough infections than c-AmB 

Level 2 Prentice, 1997 [169](A2), Walsh, 1999 [93](A2) 
Conclusion 3 L-AmB causes less nephrotoxicity than c-AmB 
Level 1 Prentice, 1997 [169](A2), Walsh, 1999 [93](A2) 
Conclusion 4 It has not been shown that ABLC is equivalent to c-AmB or L-AmB as an empirical therapy in 

patients with neutropenia and fever 
Level 3 Wingard, 2000 [174](A2), Subira, 2004 [172](B), Winston, 1999 [171](B) 
Conclusion 5 In neutropenic patients with fever, L-AmB (3-5 mg/kg/dag) causes fewer infusion-related 

adverse effects and less nephrotoxicity than ABLC 5 mg/kg/d. 
Level 3 Wingard, 2000 [174](A2) 
Conclusion 6 There are no grounds for administering c-AmB in intralipid 
Level 3 Schoffski, 1998 [176](B) 
Conclusion 7 It has not been shown that fluconazole is equivalent to c-AmB for empirical therapy in 

neutropenic patients with fever. Fluconazole, however, does cause fewer adverse effects 
Level 2 Viscoli, 1996 [177](B), Malik, 1998 [178](B), Winston, 2000 [179](B) 
Conclusion 8 Itraconazole is as effective as c-AmB for empirical treatment in fever and neutropenia, but is 

associated with fewer adverse effects 
Level 3 Boogaerts, 2001 [180](A2) 
Conclusion 9 On the grounds of the chosen composite endpoint, it has not been shown that voriconazole is 

equivalent to L-AmB for empirical treatment in fever and neutropenia 
Level 3 Walsh, 2002 [181](A2) 
Conclusion 10 Caspofungin is as effective as L-AmB for the empirical treatment of neutropenia and is 

associated with fewer adverse effects; it also appears to be associated with a lower mortality 
Level 3 Walsh, 2004 [94](A2) 
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Table 4.1. Comparison of endpoints in the studies by Walsh et al. 
 
Number of patients 
(reference) 

c-AmB 
343 
[93] 

L-AmB 
344 
[93] 

Voriconazole 
415 
[181] 

L-AmB 
422 
[181] 

Caspofungin 
556 
[94] 

L-AmB 
539 
[94] 

No breakthrough 
fungal infection 

307 
89.2%  

 309 
90.1% 

407 
98.1%  

401 
95.0% 

527  
94.8% 

515  
95.5% 

Survival ≥  7 dgn after 
1start or 2end of Rx 

308 
89.5%1 

318 
92.7%1 

382  
92.0%2 

397 
94.1%2 

515  
92.6%2 

481  
89.2%2 

No premature 
discontinuation 

280 
81.4% 

294  
85.7% 

374  
90.% 

394 
93.4% 

499 
89.7% 

461  
85.5% 

Defervescence 
during neutropenia 

200 
58.1% 

199  
58.0%  

135 
32.5%  

154 
36.5% 

229 
41.2%  

223  
41.4% 

Clearance of 
baseline infection 

8/11  
72.7%  

9/11 
81.8% 

6/13  
46.2%  

4/6 
66.7% 

14/27  
51.9% 

7/27 
25.9% 

Composite endpoint 
(success) 

172 
50.1% 

170  
49.4% 

108  
26.0% 

129 
30.6% 

190 
33.9% 

181  
33.7% 

 
 
 
 
Other considerations 
 

Although the benefits of empirical therapy have not been proven, its use has become established in 
many centers. Recent randomized studies demonstrate no clinically relevant differences in the 
composite endpoints or mortality. The endpoints relating to baseline and breakthrough infection are 
difficult to interpret, as diagnosis was not standardised or state-of-the-art in all patients. Also, the 
course of fever as an outcome measure is debatable. If this criterion is left out of the considerations, 
voriconazole also complies with the endpoints.  
In a comparative study, itraconazole was no better than c-AmB, whilst fewer breakthrough infections 
occurred with L-AmB than with c-AmB. Although no comparative study of itraconazole vs. L-AmB has 
been conducted, or of itraconazole vs. c-AmB and caspofungin, the committee considers L-AmB and 
caspofungin to be more effective than the other drugs on the basis of the available data. 
The committee judges that refinement of diagnosis and use of pre-emptive therapy (described below) 
is preferable to empirical antifungal therapy in febrile neutropenia. If empirical therapy is nevertheless 
chosen, caspofungin or L-AmB are eligible on the grounds of their proven efficacy. Based on cost and 
its adverse effects profile, the committee prefers caspofungin. Based on the proven efficacy of 
voriconazole against Aspergillus, the most common pathogen among these patients, the committee 
considers that voriconazole is also eligible as empirical therapy in suspected aspergillosis. 
 
Recommendation 1 Caspofungin, L-AmB and voriconazole are eligible for empirical therapy in adult 

patients with persistent fever and neutropenia 
 
 

4.1.d.	
  Empirical	
  therapy	
  in	
  children	
  
 

Splitting up of the results between the 133 adults and 202 children in the study comparing two 
dosages of L-AmB (1 and 3 mg/kg/d) with c-AmB, showed that the response in children was 
comparable to that in adults (children 64% vs. 63% vs. 51%, p=0.22) [169]. Similarly, with regard to 
adverse effects, there was no difference between the age groups. The study had insufficient statistical 
power to demonstrate a difference between the 3 treatment arms as regards the development of 
nephrotoxicity in children (8% vs. 11% vs. 21%, p=0.1), unlike in adults (12% vs. 13% vs. 31%, 
p=0.05). The other studies comparing LFAB and c-AmB either did not report the results for children 
specifically or did not include children. 
 
Sandler et al. compared ABCD with c-AmB in children with neutropenia, fever and a high risk of 
invasive fungal infection [182]. In the ABCD arm, there was significantly less nephrotoxicity (12% vs. 
52.4%, p=0.003), but for the other parameters there was no difference between the two groups. 
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Conclusions 4.1.d – Empirical antifungal therapy in children with fever and neutropenia 
  

Conclusion 11 No studies have been conducted with azoles or 
caspofungin aimed at the empirical treatment of 
children. Studies in children with LFAB and c-AmB 
have insufficient statistical power to confirm or refute 
that the data from the studies in adults are also  
applicable to children. 

Level 3 EORTC International Antimicrobial Therapy 
Cooperative Group, 1989; Pizzo, 1982 [166, 167]. 

 
Other considerations 
 

Voriconazole is assumed to be effective in children with invasive aspergillosis, the most common 
pathogen in these patients. For this reason, the committee considers that, alongside LFAB, 
voriconazole is also eligible as empirical therapy in suspected invasive aspergillosis in children. 
 
Recommendation 2 In the absence of specific data, an LFAB preparation or voriconazole is 

recommended in children with persistent fever and neutropenia. 
 

4.2.	
  What	
  is	
  the	
  efficacy	
  of	
  pre-­‐emptive	
  antifungal	
  therapy	
  in	
  high-­‐
risk	
  patients	
  with	
  suspected	
  aspergillosis?	
  
 
Pre-emptive antifungal therapy is treatment of patients in whom there is strong evidence of invasive 
aspergillosis based on certain diagnostic tests (radiological, serological or molecular) but in whom the 
infection has not been histologically or microbiologically demonstrated. The efficacy of initiating pre-
emptive therapy in patients with a high risk of invasive aspergillosis had not been investigated in 
randomized studies before publication of these guidelines. The value of specific diagnostic tests prior 
to initiation of pre-emptive therapy, however, has been investigated. 
 
Galactomannan 
 

The diagnostic value of the circulating Aspergillus antigen galactomannan (GM) has been investigated 
in several studies. During serial monitoring twice weekly and with a cut-off value of 1.0, Maertens et al. 
found a sensitivity of 92.6% and a specificity of 95.4% for serum-GM in 186 patients with a 
hematological malignity in 243 treatment episodes [183]. The positive predictive value (PPV) was 
92.6% (25/27) and the negative predictive value (NPV) was  95.4% (42/44). In a similar study in 50 
neutropenic patients, the sensitivity was 100% (6/6) and specificity was 89% (31/35) at a cut-off value 
of 1.0 [184]. 
 
During a prospective study in 40 patients, Marr et al. found that the sensitivity of the GM-index at a 
cut-off value of 1.0 was poor [185]. Lowering the cut-off value to 0.5 raised the sensitivity from 18% to 
82%, but reduced specificity from 100% to 77%. Similarly, in a retrospective study by Maertens et al., 
lowering the cut-off value from 1.5 to 0.5 raised the sensitivity from 76% to 97%, with a reduction in 
specificity from 98% to 91% [186]. 
 
The serum GM course during treatment with caspofungin was described in 17 patients with invasive 
aspergillosis and a GM-index ≥1.0. Of these patients, 4/5 with a favourable therapeutic response had 
a negative GM following discontinuation of the therapy. In 10/12 of the non-responders, the GM 
remained elevated [187]. 
 
In an observational study, serum-GM was determined daily during 136 episodes in 88 neutropenic 
patients [188]. At a GM of ≥0.5, HR-CT scan of the thorax and bronchoscopy were performed. An HR-
CT scan was also carried out in patients with persistent fever, on discovery of clinical evidence of an 
invasive fungal infection, a new pulmonary infiltrate or isolation of fungi from respiratory materials. In 
the event of CT findings, a BAL (bronchoalveolar lavage) was carried out. In 19 episodes (13.9%) a 
positive serum-GM was noted twice; all these  patients had proven or probable invasive aspergillosis 
(EORTC/MSG criteria). In 16 of 19 cases, the positive GM was a first sign of infection. In the 
remaining 117 episodes with a negative serum-GM, no proven or probable invasive aspergillosis was 
found; 1 patient did suffer from disseminated zygomycosis. Only 9 patients were pre-emptively treated, 
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whilst, according to pre-set criteria for empirical therapy, 41 episodes would have been judged eligible; 
a reduction in antifungal therapy of 35% to 7.7% [188]. 
Notes: The value of Aspergillus GM assay has been recorded only in patients with hematological 
malignities and neutropenia; the test characteristics of the assay in other patient groups do not appear 
to be universally comparable. False positive results due to the presence of galactomannan in certain 
antibiotics, e.g. piperacillin/tazobactam should also be taken into account [189], as well as reduced 
sensitivity during antifungal therapy with agents that are active against Aspergillus species. 
 
Aspergillus PCR 
 

The value of an Aspergillus PCR in peripheral blood has been described in several studies [190, 191]. 
In a prospective study in 84 patients who had undergone allogeneic HSCT, a PCR was carried out 2-4 
times per week. In the 7 patients with an invasive aspergillosis, positive PCR preceded clinical 
diagnosis by median of 9 (2-23) days with a sensitivity and NPV of 100%. Specificity was only 65% 
and the  PPV was 15.2% [191]. 
Einsele et al. reported a positive Aspergillus PCR in BAL samples from 7/134 patients who had 
undergone allogeneic HSCT, and of whom 5 patients developed an invasive pulmonary aspergillosis, 
at a median of 64 days (13-97) after transplantation [192]. The sensitivity and specificity for the 
prediction of invasive aspergillosis was 63% (5/8) and the specificity 98%. There was a significant 
association between a positive BAL at the time of HSCT and the development of invasive pulmonary 
aspergillosis (p<0.001). 
Note: The Aspergillus PCR assay is not standardised and is, therefore, only applicable for 
experimental use. 
 
HR-CT 
 

Caillot et al. described the value of high-resolution CT-scanning of the lung in febrile neutropenic 
patients [193, 194]. Among 37 patients with proven or probable invasive aspergillosis, early HR-CT 
scanning showed a halo sign strongly suggestive of the diagnosis of invasive aspergillosis in 92%, and 
time-to-diagnosis was shortened from 7 to 2 days. 
In a retrospective study of 161 episodes in 107 patients, galactomannan (≥0.5) was not positive 
significantly earlier than the appearance of anomalies on the HR-CT scan [195]. 
Greene et al. evaluated the use of HR-CT in 235 patients with proven or probable invasive pulmonary 
aspergillosis (EORTC/MSG criteria) [196]. In 95% of these patients, a “macro nodus” was visible on 
the HR-CT scan, and in 60.9% a halo-sign. The response of patients with a halo sign (75/143, 52%) 
was significantly better than that of patients with only a macro nodus (23/79, 29%, p<0.001), as was 
the 12 week survival (71% vs. 53%, p<0.01). The main conclusion to be drawn from this was that early 
diagnosis in the stage that the transient halo sign is still visible, is favourable for the prognosis. 
 
Conclusions 4.2. – Diagnostic markers and pre-emptive therapy in neutropenic patients 
  

Conclusion 12 Determination of Aspergillus galactomannan in the serum has a major role in the early 
diagnosis of invasive aspergillosis 

Level 1 Bretagne, 1997 [184], Maertens, 1999 [183] Maertens, 2005a [187], Maertens, 2005b 
[188](A2) 

Conclusion 13 The diagnostic value of the Aspergillus serum galactomannan index is optimal at a cut-off 
value of 0.5 

Level 2 Marr, 2004 [185], Maertens, 2005 [188](A2), Maertens, 2007 [186] 
Conclusion 14 The course of the Aspergillus serum galactomannan index is a measure of response to 

therapy 
Level 3 Maertens, 2005 [187](B) 
Conclusion 15 The Aspergillus PCR assay is as yet insufficiently standardised for routine use in the diagnosis 

of aspergillosis 
Level 4  (D) 
Conclusion 16 A halo sign on an HR-CT lung scan has a high specificity for the diagnosis of early invasive 

pulmonary fungal infection 
Level 2 Caillot, 1997 [193], Weisser, 2005 [195], Greene, 2007 [196](A2) 
Conclusion 17 HR-CT scanning early in the course of the disease has an important role in the early discovery 

of invasive pulmonary aspergillosis. 
Level 1 Caillot, 1997, [193], Greene, 2007, [196](A2) 
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Recommendation 3 In neutropenic patients with hematological malignities (acute myeloid 
leukemia, myelodysplastic syndrome, HSCT), it is recommended that 
determination of serum Aspergillus galactomannan be carried out at least 
twice weekly. 

 
Recommendation 4 In neutropenic patients with hematological malignities (AML, MDS, HSCT), 

and a positive Aspergillus galactomannan index (≥0.5) or persistent 
unexplained fever, an HR-CT lung scan should be carried out. 

 
Recommendation 5 Pre-emptive therapy against Aspergillus should be considered in the event of 2 

x a positive GM >0.5 or findings consistent with invasive fungal infection on the 
HR-CT scan. 

 
 
 

4.3.	
  What	
  is	
  the	
  efficacy	
  of	
  empirical	
  or	
  pre-­‐emptive	
  therapy	
  against	
  
invasive	
  candidiasis	
  in	
  non-­‐neutropenic	
  patients?	
  
 
In view of the high mortality of candidemia, especially among severely ill patients, the option of 
empirical or pre-emptive therapy for patients in intensive care unit should be considered. In this 
context, empirical therapy is defined as antifungal therapy for patients with symptoms (fever, sepsis) in 
the absence of specific evidence of a Candida infection. Pre-emptive therapy is defined as treatment 
for patients with specific guiding signs (e.g., a positive culture from an i.v. catheter tip) in the absence 
of a proven invasive infection. 
 
Empirical therapy 
 

There is evidence that the sensitivity of a single blood culture for Candida is about 50% [197, 
198]. This suggests that empirical antifungal therapy could be of value in the event of false negative 
cultures. In two retrospective studies, the effect of empirical antifungal therapy on mortality in 
candidemia was investigated [199, 200]. Morrell et al. found that initiation of antifungal therapy later 
than 12 hours after the taking of the blood culture sample was an independent predictor of mortality in 
patients in whom Candida species were eventually cultivated [199]. The second study also found the 
treatment outcome to be correlated with the interval between the taking of the blood culture sample 
and the start of the therapy [200]. In patients started on fluconazole on day 0 the mortality was 15%, 
compared to a mortality of 24% on day 1, 37% on day 2 and 41% on day 3 or later (p=0.009 for trend). 
A third study retrospectively described the correlation between mortality and the time interval between 
the start of septic shock and the first administration of effective antimicrobial therapy in 2731 ICU 
patients [201]. There was a strong correlation between the first dose of antimicrobial therapy and 
mortality in both bacterial sepsis and candidemia, with an odds ratio van 1.119 per hour of delay 
(95%CI, 1.103-1.136; p<0.0011), which suggests an increase in the mortality risk of 11.9% per hour of 
delay. 
 
One prospective study has been conducted relating to empirical therapy in non-neutropenic patients 
with a high risk of invasive candidiasis [202]. Schuster et al. compared fluconazole (800mg od for 14 
days) with placebo in 270 ICU patients with unexplained fever for >4 days who complied with the 
following selection criteria: duration of stay in ICU >4 days, APACHE II score ≥16, broadspectrum 
antibiotics ≥4 days and presence of a central venous catheter >1 day. The primary outcome measure 
was success 4 days after end of treatment, defined as absence of documented invasive mycosis and 
resolution of fever. Discontinuation of the treatment due to adverse effects or the prescription of other 
antifungal medication was classified as failure. Empirical treatment with fluconazole had no significant 
effect on success (36%; 44/122, fluconazole, vs. 38%; 48/127, placebo; RR 0.95; 95%CI, 0.69-1.32), 
on documented invasive fungal infection (5%; 6/122, fluconazole, vs. 9%; 11/127, placebo; RR 0.57, 
95%CI, 0.22-1.49), or on mortality (24%; 29/122, fluconazole, vs. 17%; 22/127, placebo; RR 1.36; 
95%CI, 0.23-1.67) [202]. Note: The definition of the composite endpoint may have negatively affected 
the outcome, as defervescence was required to define a success, and this has been the driver of the 
majority of failures. 
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Indicators for initiation of pre-emptive therapy 
 

Pre-emptive therapy is initiated on the basis of positive markers that may indicate an invasive Candida 
infection. In a prospective cohort study, Pittet et al. investigated the colonization index as an indicator 
of invasive candidiasis [203]. Patients admitted to the ICU were included if ≥3 screening cultures (from 
the oropharynx, the trachea or the stomach) had been positive for Candida species on at least 2 
consecutive days. Of the 29 patients included, 11 developed candidemia and 3 an invasive 
candidiasis (38%). The remaining 18 patients remained colonized without any evidence of invasive 
infection. The corrected colonization index (CCI) was defined as the number of sites that were 
quantitatively highly colonized by Candida, divided by the number of sites examined. In colonized 
patients without an invasive infection, the CCI was on average 0.16, and in patients with invasive 
candidiasis 0.56 (p<0.01); all patients who were only colonized had a CCI of ≤0.35, and in all infected 
patients the CCI was ≥0.4. In this study, the CCI made a full distinction between the 2 groups and had 
a 100% positive predictive value [203]. 
Note: It is striking that only colonization of the upper alimentary and respiratory tracts were chosen for 
determination of the CCI and not colonization of urine or feces. 
Multicenter studies, however, did not show any relationship between colonization of any site and 
invasive infection [204]. 
 
In a study including 1699 patients who had been in ICU for >7 days, León et al. determined the risk 
factors for developing invasive candidiasis in a logistic regression analysis [205]. The principal risk 
factors were assigned a weight factor: colonization with Candida at multiple sites (in weekly screening 
of the upper GI tract, the trachea and in urine) (1 point), total parenteral nutrition (1 point), surgery on 
admission to the ICU (1 point) and severe sepsis (not defined by the authors) (2 points). A score of ≥3 
had a sensitivity of 81% and a specificity of 74% (PPV 16%; NPV 98%) for presence of candidemia. 
Note: In practice, this  score suggests that in patients with severe sepsis (2 points), only one of the 
other risk factors (TPN, surgical patient or multifocal colonization (1 point)) would have to be positive 
to predict the existence of a candidemia with a PPV of 16%; in the absence of these risk factors, 
candidemia is unlikely with a NPV of 98%.  
Note: The committee notes that these data have been obtained exclusively for patients with an ICU 
stay of >7 days, and that these predictive values are strongly dependent on the incidence of 
candidemia in the de patient group, which was relatively high in the population studied (97/1699, 
5.8%). The authors did not prospectively evaluate the score in another population.* 
 
Retrospectively applied to an Australian cohort of ICU patients, the PPV was only 2% (G. Playford, 
written communication). With reference to this and other single center studies, Wenzel et al. [206] 
have pointed out the important role played by the local epidemiology and argued in favour of a more 
formal, model-based approach using validated mortality figures. The committee agrees that, in 
general, currently published studies are based on local situations with a high incidence of candidemia, 
and are therefore not suited to generalisation. 
 
(1→3)-β-D-glucan (β-glucan) is a circulating fungal polysaccharide that may possibly be useful as a 
marker for invasive fungal infection. Obayashi et al. investigated β-glucan during 202 febrile episodes 
in 179 patients [207]. Sensitivity (β-glucan >20pg/ml) for invasive mycoses was reported as 31/41 
(76%) in the first specimen and 37/41 (90%) on repeated testing. In patients free of invasive mycoses, 
the test was positive in 26/138 (19%, specificity 81%). However, patients with only a positive culture 
from a catheter tip were also held to have an invasive mycosis. In small control groups with a resolved 
invasive fungal infection, fungal colonization, pulmonary cryptococcosis or allergic bronchopulmonary 
aspergillosis, specificity was reported as 100%. In this highly selected population with a 23% incidence 
of "invasive" mycoses, a positive predictive value of 59% (37/63) was recorded and a negative 
predictive value of 97% (135/139). 
Note: The committee remarks that, on the basis of these data, the positive predictive value would be 
only 5% in a population with a 1% incidence of invasive mycosis (as is the case in  ICUs in the 
Netherlands). 
 

                                                        
* Note added in proof (December 2009) – After release of these Guidelines, a prospective validation study 
conducted in Spain among 1107 patients with an ICU stay of > 7 days was published, yielding similar results 
(León et al., Crit Care Med 2009). 
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Odabasi et al. investigated β-glucan (Glucatell assay) in the serum of 30 neutropenic patients with 
proven candidemia and in 30 healthy controls [208]. At a cutoff value of 60 pg/ml, the sensitivity was 
97% and specificity was 93%. Next, β-glucan was determined in 2070 specimens from 283 patients 
with AML or MDS who were receiving chemotherapy and antifungal prophylaxis. Sixteen patients 
developed a proven invasive fungal infection, 4 a probable and 33 a possible infection. The β-glucan 
was positive median 10 days before the clinical diagnosis proven or probable fungal infection was 
made. When on collecting an average of 7 (2070/283) specimens per patient, one positive specimen 
was considered to be proof, the sensitivity was 100%, decreasing to 60% if 3 sequential positive 
specimens were required. The NPV in this population was thus 96% with an incidence of 7% proven or 
probable invasive mycoses. Specificity was 90% (positive predictive value, 43%) and increased as 
more sequential specimens were evaluated.   
 
Ostrosky-Zeichner et al. determined β-glucan (Glucatell assay, cut-off 60 pg/ml) in specimens from 
107 patients with proven candidemia or invasive candidiasis [209]. The sensitivity was 87/107 
(81.3%), and was not significantly different for the various Candida species, although there seemed to 
be a trend towards a slightly lower sensitivity to C. parapsilosis. In 170 healthy subjects and clinical 
controls the specificity was only 87%. The committee remarks that the specificity is based on a poorly 
detailed population that comprised both volunteers and clinical patients. It may be assumed that the 
specificity in a clinical population is lower, due to false positive results in postoperative patients and 
those undergoing renal replacement therapy. 
 
Conclusions 4.3. Empirical or pre-emptive therapy against invasive candidiasis 
  

Conclusion 18 Retrospective studies suggest that delay of effective antifungal therapy in candidemia leads to 
a higher mortality. 

Level 3 Morrell, 2005 [199](C); Garey, 2006 [200](C); Kumar, 2006 [201](C). 
Conclusion 19 Empirical therapy with fluconazole in patients with fever and risk factors for candidemia in the 

ICU had no significant effect on outcome or survival using a composite endpoint. 
Level 3 Schuster, 2008 [202] (A2) 
Conclusion 20 Although in several studies previous colonization had a high predictive value for the 

development of invasive candidiasis, this was not confirmed in all studies. 
Level 3 Pittet, 1994 [203](B); Blumberg, 2001 [204](B) 
Conclusion 21 Determination of β-glucan in serum offers reasonable sensitivity, its sensitivity for the 

discovery of candidemia, however, is only moderate.  
Level 2 Obayashi, 1995 [207], Odabasi, 2004 [208], Ostrosky-Zeichner, 2005 [209](B). 
Conclusion 22 In patients who have been in ICU for longer than 7 days and are not subject to such risk 

factors as colonization with Candida in several sites, total parenteral nutrition (TPN), or recent  
surgery, the chance of invasive candidiasis in severe sepsis would appear to be low. 

Level 3 León, 2006 [205](A2) 
 
 
Other considerations 
 

The value of β-glucan testing has only been properly investigated for the diagnosis of invasive 
candidiasis. For other mycoses, including invasive aspergillosis, the data are insufficient. The two, 
last-mentioned studies differ in the number of investigated specimens per patient, and suggest that the 
sensitivity is extremely high when an average of 7 specimens per patient are investigated, but lower if 
only one specimens is collected. 
The committee notes that, in clinical practice, positive and negative predictive value have to be viewed 
in the real population. In an ICU population with an incidence of candidemia of 1%, the  positive 
predictive value on the grounds of these data is 6% [209], this means that 94% of the positive tests 
would be false-positive. Even for the initiation of prophylaxis, (let alone pre-emptive therapy) a positive 
predictive value of >10% is considered desirable.  
Also, account must be taken of false-positive results in patients undergoing renal replacement therapy 
and immunoglobulin treatment, as well as in postoperative patients due to the use of gauzes 
containing β-glucan. These  populations were not investigated in the studies referred to.  
 
On the other hand, the high negative predictive value (95-100%) suggests that with a negative test, 
the diagnosis invasive candidiasis can be excluded. In the studies cited, however, these values are 
based on use of the test for screening in the entire (ICU or hematological) population. If the test is 
used as a specific diagnostic tool in a selected symptomatic patient group (e.g. in febrile neutropenia 
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or ICU patients with sepsis and receiving broadspectrum antibiotics) the a priori chance (incidence) is 
altered and the negative predictive value declines. Thus, in the last mentioned patient group with a 25-
50% a priori  chance of candidemia, 7-18% of the infections would still be missed (NPV 82-93%). The 
value of β-glucan determination, however, has not yet been investigated in the relevant clinical 
populations (febrile neutropenia, septic shock), in which its use as a marker for pre-emptive therapy 
would be desirable. Also, insufficient data are available concerning the use of this determination in 
invasive aspergillosis. 
 
There is evidence that early empirical therapy prior to receiving results of blood culture might improve 
the prognosis in non-neutropenic ICU patients. The indications for initiation of empirical therapy are 
controversial, and a recent randomized trial demonstrated no favourable effects of empirical 
fluconazole in suspected candidemia in ICU patients [202]. The committee is of the opinion that the 
initiation of empirical therapy in selected cases may be considered in ICU patients with a lengthy 
duration of stay (>7 days) and unexplained sepsis, if this is based on a combination of the following 
factors: (1) significant colonization with Candida and (2) clinical risk factors (e.g. abdominal surgery, 
anastomotic leakage, broadspectrum antibiotics, a central venous line). Currently, none of these 
criteria has been adequately investigated and the committee is aware of the dilemma surrounding the 
potential benefits of early treatment of candidemia, versus overtreatment of a large group of patients. 
Essential is that enough cultures are taken prior to the initiation of treatment and that empirical therapy 
is discontinued if blood cultures prove negative. 
 
 
Recommendation 6 Determination of β-glucan in serum is not yet sufficiently validated for use in 

the diagnosis of invasive mycoses. 
 
Recommendation 7 The indication of empirical therapy on suspicion of candidemia in non-

neutropenic patients is controversial. Empirical therapy may be considered in 
selected cases. 
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Chapter	
  5	
  
 

Antifungal	
  prophylaxis	
  
 
What is the efficacy of antifungal prophylaxis 
5.1. in patients with hemato-oncological conditions and those undergoing hematopoietic 
       stem cell transplantation (HSCT)? 
5.2. in patients who have undergone a solid organ transplantation? 
5.3. in patients in intensive care? 
5.4. in patients with a primary immune deficiency and in neonates? 
 
 

5.1.	
  Antifungal	
  prophylaxis	
  in	
  patients	
  with	
  hemato-­‐oncological	
  
conditions	
  and	
  those	
  undergoing	
  hematopoietic	
  stem	
  cell	
  
transplantation	
  (HSCT)	
  	
  
 
5.1.a. Hematological malignancies and autologous stem cell transplantation 
 

Several meta-analyses have been carried out that assessed oral or intravenous antifungal prophylaxis 
studies in neutropenic patients with hematological malignancies. A Cochrane meta-analysis included 
both prophylaxis studies and empirical antifungal therapy. As the design of prophylaxis studies and 
that of empirical therapy studies is very different, this meta-analysis cannot be used to make 
judgements on prevention of invasive fungal infection [210, 211]. A larger meta-analysis (7014 
patients) by Bow et al. in 2002, which included 38 studies with itraconazole, fluconazole, miconazole, 
ketoconazole or i.v. c-AmB, reported a significant reduction of invasive fungal infection (OR, 0.44; 95% 
CI, 0.35– 0.55) and fungal infection-related mortality (OR, 0.58; 95% CI, 0.41– 0.82), not only in stem 
cell transplant patients but also in other risk groups [212]. 
 
Placebo-controlled studies 
 

The effect of antifungal prophylaxis was investigated in a number of double-blind, placebo-controlled 
studies. A distinction has to be made here between effects on Candida colonization and superficial 
infection on the one hand, and on the incidence of invasive fungal infection on the other. 
In two studies, prophylaxis with c-AmB (1mg/kg/48hrs) in 95 patients [213] or with liposomal 
amphotericin B (3 x per week 2mg/kg) [214] in 161 patients, did not lead to any significant reduction of 
invasive fungal infection or mortality when compared to placebo. 
 
In several studies, prophylaxis with fluconazole has been compared with placebo in neutropenic 
patients [215-217]. The first double-blind, randomized study with fluconazole (400 mg qd) in 257 
patients with acute leukemia did show a significant effect on Candida colonization and the 
development of superficial candidiasis, but no significant reduction of invasive fungal infection (5/123 
(4%) vs. 10/132 (8%), p=0.23) or of mortality [215]. Similarly, in an open study in 68 patients with 
refractory acute myeloid leukemia, no significant reduction of invasive fungal infection or mortality was 
recorded [216]. 
A larger, double-blind, placebo-controlled study in 304 patients with a hematological malignity or who 
had undergone autologous stem cell transplantation, showed fewer invasive fungal infections (3/141, 
fluconazole, vs. 10/133, placebo; p=0.03) and lower mortality resulting from invasive fungal infection 
(1/15, fluconazole, vs. 6/15, placebo; p=0.04), but no   significant difference in total mortality [217]. 
 
In a double-blind placebo-controlled study with itraconazole oral solution (2 dd 2.5 mg/kg/d ) in 405 
neutropenic patients, there was no difference in the incidence of proven invasive fungal infection 
(5/201, itraconazole, vs. 9/204 placebo; p=0.28), or of invasive aspergillosis, or in the total mortality 
[218]. The authors did report a significant reduction in proven and “probable” invasive fungal infection 
(48/201 (24%) vs. 68/204 (33%); p=0.035), but, in this study, patients with fever that was not 
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responsive to broadspectrum antibiotics were also counted as having a probable fungal infection 
[218]. Similarly, in two smaller double-blind, placebo-controlled studies with itraconazole capsules, no 
significant effect was demonstrated as regards the incidence of invasive fungal infection [219, 220]: 
during a study in 92 patients in the Netherlands, 9/46 proven or probable invasive infections 
developed during treatment with itraconazole (2 dd 200mg) vs. 15/46 in the placebo-arm (p=0.15) 
[219]. Here too there was no difference as regards mortality (10/46 vs. 14/46; p=0.34). In the other 
study there was no significant difference in invasive mycoses (5 vs. 9; p=0.28), but in the subgroup of 
patients with lengthy (>7 days) and deep neutropenia (<0.1x109

 neutrophil granulocytes) significantly 
fewer invasive fungal infections developed (3/50 (6%) vs. 9/46 (19%), 95%CI; 0.3-27; p=0.04) [220]. 
 
Comparative studies 
 

In addition to placebo-controlled studies, a number of trials has been carried out in which two 
prophylaxis regimes were compared with each other. 
In studies with insufficient statistical power, fluconazole was compared with i.v. c-AmB [221], ABCD 
[222], oral AmB or nystatin [223, 224], while combinations of fluconazole and itraconazole have been 
compared with liposomal amphotericin B [225] in hemato-oncological patients. 
In an unblinded randomized study of fluconazole (400 mg qd) and c-AmB i.v. (3 x per week 0.5mg/kg) 
in 77 patients, there was no significant difference in the incidence of proven invasive mycoses (4/41 
vs. 6/36) or probable and possible pulmonary fungal infection (3 vs. 7) [221]. C-AmB was discontinued 
significantly more often (20% vs. 42%; p<0.05), especially as a result of nephrotoxicity. A double-blind, 
randomized study of fluconazole (200mg qd) and nystatin suspension (6 million IU/day) in 164 patients 
showed no difference in invasive infection (2/56 (4%) vs. 6/53 (11%); p=0.21) [223], and there was 
also no difference in invasive infection (6/256 vs. 9/255) in an unblinded study of fluconazole (100mg 
qd) and oral AmB (2g/d) or nystatin [224] or in a randomized study of fluconazole (150mg qd) and oral 
AmB (2 dd 500mg suspension) in 820 neutropenic patients: 11/420 (2.6%) vs. 8/400 (2.0%; p=0.56) 
[226]. 
In an unblinded randomized study in 137 patients, the combination fluconazole (200mg bid) and 
itraconazole capsules (200mg bid) was compared with liposomal amphotericin B (L-AmB 3mg/kg i.v. 3 
x per week) [225]. There was no difference in invasive fungal infection (3/67 vs. 3/70) or mortality (8/67 
vs. 10/70; p=0.69). The patients in the L-AmB group developed adverse effects significantly more 
often [225]. Retrospectively compared with L-AmB in the earlier study, a follow-up study with ABLC 
(2.5mg/kg/d) in 131 patients showed no difference in invasive fungal infection (6/131 (5%) vs. (3/70 
(4%)  p=0.92), nor in mortality (8% vs. 14%; p=0.37) [227]. An unblinded, randomized prophylaxis 
study of fluconazole (200mg qd) and  ABCD (2 mg/kg/d i.v.) had to be prematurely discontinued due 
to too many infusion-related adverse effects and toxicity in the ABCD group (6/12 vs. 0/12) [222]. 
In a meta-analysis of 16 randomized studies of oral fluconazole prophylaxis in a total of 3734 
neutropenic patients, fluconazole was found to be effective only in the prevention of invasive fungal 
infection in patients who had undergone a stem cell transplantation [228]. 
 
A double-blind, placebo-controlled study comparing itraconazole oral solution 2.5 mg/kg bid with AmB 
capsules (4dd 500mg) in 557 patients undergoing chemotherapy for a hematological malignity or 
autologous stem cell transplantation [229] found no difference in invasive aspergillosis (5 vs. 9; 
p=0.26), invasive fungal infection (8/281 vs. 13/276; p=0.25) or mortality (18/281 vs. 23/276; p=0.38). 
The study was designed as a superiority trial; for this reason, it cannot be concluded statistically that 
AmB is as effective as itraconazole. In an open study of itraconazole oral solution (100mg bid) and the 
combination of AmB capsules (500mg tid) and nystatin (2MU 4dd) in patients undergoing 
chemotherapy for AML or HSCT [230], no difference in invasive fungal infection was demonstrated 
(7/144 vs. 7/133; p=0.88). 
 
In 4 studies in patients undergoing chemotherapy for acute leukemia or an autologous or allogeneic 
bone marrow transplantation, itraconazole was compared with fluconazole. During a randomized 
study, itraconazole (200mg oral solution bid or 200mg i.v. qd) was compared with fluconazole (400mg 
qd) in 195 patients [231]. There was no difference in the development of invasive fungal infection (8/96 
vs. 9/99; p=0.85). A double-blind, randomized study compared itraconazole capsules (100mg bid) with 
fluconazole (50mg bid) in 213 patients [232]. There was no difference in the development of invasive 
fungal infection (4/101 vs. 4/101; p=1.0) or mortality (11/101 vs. 7/101; p=0.32). An open study [233] 
compared itraconazole oral solution (5 mg/kg/d) with fluconazole (100mg qd) in 445 patients. There 
was a trend towards fewer cases of proven invasive aspergillosis in the itraconazole arm (1/227 vs. 
6/218 (3%); p=0.06). No difference in the development of invasive fungal infection or in mortality was 
found (25/218 vs. 29/227; p=0.67) [233]. Similarly, in a fourth open randomized study, there was no 
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difference between itraconazole (2.5 mg/kg bid) or fluconazole (400mg qd) as regards the 
development of invasive fungal infection (4/248 vs. 5/246, 95%CI, -2.8-1.9; p=0.694) or mortality 
(25/248 vs. 28/246; p=0.68) [234]. 
 
In an open, randomized study comparing itraconazole (200mg qd i.v.) and caspofungin (50mg qd i.v.) 
in 192 patients undergoing chemotherapy for AML or MDS, there was no difference in the incidence of 
proven invasive fungal infection (5/86 vs. 7/106; p=0.82) [235]. 
Note: Unlike fluconazole, itraconazole and caspofungin are active in vitro against Aspergillus species, 
but none of these studies was designed with sufficient statistical power to demonstrate a difference in 
the incidence of invasive aspergillosis. 
 
A meta-analysis of 13 randomized studies with itraconazole prophylaxis (3597 neutropenic patients) 
by Glasmacher et al. demonstrated a significant reduction in invasive fungal infection (relative risk 
reduction 40% ± 13%; P=0.002) and invasive fungal infection-related mortality (reduction 35% ± 17%; 
p=0.04). Only in studies with itraconazole oral solution and not itraconazole capsules, was there a 
significant effect on the incidence of invasive aspergillosis (48% ± 21%; P=0.02) [236-238]. 
 
Posaconazole (200mg tid, n=304) was recently compared with fluconazole (400mg qd per os, -n=240) 
or itraconazole oral solution (200mg bid, n=58) in a randomized, non-blinded study during consecutive 
neutropenic episodes in patients with AML or MDS [239]. Proven or probable invasive fungal infection 
developed in 7 patients (2%) in the posaconazole arm and in 25 patients in the control arm during 
treatment (8%, 95%CI, -9.7 to -2.5; p<0.001), and in 14/304 vs. 33/298 within 100 days following 
randomization (p=0.003).  Invasive aspergillosis was proven or probable in 2/304 (1%) vs. 20/298 (7%; 
p<0.001). Mortality within 100 days following randomization was 44/304 (14%) in the posaconazole 
arm vs. 64/298 (21%) in the control arm (p=0.025). There were more serious adverse effects in the 
posaconazole arm (19 (6%) vs. 6 (2%) patients; p=0.01) [239]. In a post-hoc analysis of the subgroups 
in the control arm who had received fluconazole or itraconazole, it appeared that posaconazole was 
superior to fluconazole (invasive fungal infections 4/239 (2%) vs. 19/240 (8%), 95%CI, –12.1% to –
2.9%; p=0.001), but there was no difference in invasive fungal infection between posaconazole and 
itraconazole (3/65 (5%) vs. 6/58 (10%), 95%CI, –0.2% tot 0.04%; p=0.22). 
 
Conclusions 5.1.a. – Antifungal prophylaxis in AML/MDS or autologous HSCT 
  

Conclusion 1 It has not been shown that prophylaxis with c-AmB or L-AmB in neutropenic patients leads to 
fewer invasive fungal infections or a lower mortality. 

Level 3 Karthaus, 2000 [213](B); Kelsey, 1999 [214](A2) 
Conclusion 2 Prophylaxis with fluconazole prevents invasive fungal infection in neutropenic patients 

undergoing chemotherapy for acute leukemia or autologous stem cell transplantation. 
Level 3 Rotstein, 1999 [217](A2) 
Conclusion 3 It has not been shown that fluconazole, i.v. c-AmB, L-AmB, ABLC and nystatin are equivalent 

in the prevention of invasive fungal infection in patients undergoing chemotherapy for acute 
leukemia.  

Level 3 Bodey, 1994 [221]; Young, 1999 [223], Philpott-Howard, 1993 [224]; Mattiuzzi, 2003[225]; 
Mattiuzzi, 2004 [227](B) 

Conclusion 4  Fluconazole (150mg qd) is as effective as oral AmB suspension (500mg bid) in the prevention 
of invasive fungal infection in neutropenic patients 

Level 3 Menichetti, 1994 [226]. (A2) 
Conclusion 5 It has not been shown that oral c-AmB is equivalent to itraconazole for the prophylaxis of 

invasive fungal infection in neutropenic patients. 
Level 2 Harousseau, 2000 [229](A2); Boogaerts, 2001 [230](B) 
Conclusion 6 Itraconazole is effective in the prevention of invasive fungal infection and fungal infection-

related mortality 
Level 1 Glasmacher, 2003 [236]; Prentice, 2006 [232, 238)]; Morgenstern, 1999 [233]; Glasmacher, 

2006 [234]; Oren, 2006 [231]; Mattiuzzi, 2006 [235](A1); Harousseau, 2000 [229](A2); 
Boogaerts, 2001 [230](B) 

Conclusion 7 Itraconazole oral solution is more effective than itraconazole capsules or fluconazole as a 
prophylaxis for invasive aspergillosis 

Level 1 Glasmacher, 2003, 2005 [236, 237]; Prentice, 2006 [238](A1) 
Conclusion 8 Posaconazole is more effective than fluconazole in the prevention of invasive fungal infection 

in neutropenic patients 
Level 3 Cornelly, 2007 [239](A2) 
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5.1.b.	
  Allogeneic	
  or	
  autologous	
  bone	
  marrow	
  or	
  stem	
  cell	
  
transplantation	
  
 
In  patients undergoing myeloablative allogeneic stem cell transplantation, the incidence of  invasive 
mycoses is considerably higher than among patients undergoing autologous HSCT or chemotherapy 
[240]. For this reason, antifungal prophylaxis in patients undergoing stem cell transplantation has been 
investigated separately in these guidelines. 
 
Placebo-controlled studies 
 

In a small, double-blind, randomized study comparing L-AmB (1 mg/kg/d) and placebo in 84 HSCT 
recipients (69 allogeneic, 15 autologous), fungal colonization occurred significantly less often in the L-
AmB arm, but there was no difference in the incidence of invasive fungal infection (1/36, LamB; vs. 
3/40, placebo; p=0.36) [241]. 
 
In two large studies, fluconazole was compared with placebo in patients undergoing HSCT [242, 243]. 
In a double-blind, randomized study in 356 HSCT recipients, fluconazole prophylaxis (400mg qd given 
from the start of the conditioning regimen until granulocyte recovery (>1000/µl) reduced both 
superficial (8.4% vs. 33.3%; p<0.001) and proven invasive fungal infection (2.8% (5/179) vs. 15.8% 
(28/177; p<0.001)) as well as fungal infection-related mortality (1 vs. 10 deaths; p<0.001), but not the 
overall mortality [242]. All invasive Candida infections in patients from the fluconazole group were 
caused by C. krusei.   
In a double-blind study, Slavin et al. compared fluconazole (400mg qd) with placebo in 300 HSCT 
recipients (88% allogeneic) from the start of conditioning until the first 75 days post-transplantation 
[243]. Fluconazole reduced both superficial (77% vs. 86%; p=0.037) and proven invasive fungal 
infection (10/152, 7%, fluconazole; vs. 26/148, 18%, placebo; p=0.004) as well as overall mortality 
(20% vs. 35%; p=0.004). 
In a follow-up study, Marr et al. demonstrated that – even after 8 years of follow-up – this prolonged 
prophylaxis (up to 75 days after transplantation) still had an effect on survival (68/152, fluconazole; vs. 
41/148, placebo; p<0.002) [244]. This effect was largely caused by more invasive candidiasis in the 
placebo group (8% vs. <1%; p= 0.007). Also, the severity of gastrointestinal graft-versus-host disease 
(GVHD) in the fluconazole group was less (p=0.019), which possibly explains the lower incidence of 
candidemia. 
 
Comparative studies 
 

Fluconazole was compared with c-AmB as prophylaxis in HSCT recipients in 2 prospective, 
randomized open studies [245, 246]. Prophylaxis was given from the start of conditioning until 
granulocyte recovery > 500/µl. In the first study with fluconazole (200mg qd) vs. c-AmB i.v. (0.2 
mg/kg/d) [245], no effect was seen on the incidence of invasive fungal infection (12/100, 12%, 
fluconazole; vs. 11/86, 12.8%, c-AmB; p=0.5) or mortality due to invasive fungal infection (6% vs. 7%; 
p>0.05). In the second study [246] with fluconazole (400mg qd) vs. c-AmB (0.2mg/kg/d) in 355 HSCT 
patients, again no effect was seen as regards fungal infection (8/196, 4.1%, fluconazole; vs. 12/159, 
7.5%, c-AmB; p=0.16) or on mortality resulting from invasive fungal infection. 
 
Fluconazole 400mg qd was compared with itraconazole in patients undergoing allogeneic HSCT in 
two studies [247, 248]. In the study by Marr et al., prophylaxis with itraconazole (oral solution 2.5 
mg/kg tid, or i.v. 200mg qd) was continued until 180 days after the stem cell transplantation. There 
was a significant difference in invasive fungal infection (fluconazole 15% vs. itraconazole 7%; p=0.03), 
particularly due to a reduction in invasive aspergillosis (18/148,12%; vs. 8/151, 5%; p=0.03). There 
was no difference in mortality. Itraconazole caused more adverse effects (16% vs. 36%; p<0.001) 
[247]. 
In de study carried out by Winston et al. with itraconazole oral solution 200mg bid or i.v. 200mg qd in 
138 patients undergoing allogeneic HSCT, fewer invasive fungal infections developed with 
itraconazole (9%, 6/71, itraconazole; vs. 25%, 17/67, fluconazole; 95% CI, -29.2;-4.7; p=0.01) [248]. 
There was no significant reduction of invasive aspergillosis (4.2% vs. 11.9%; p=0.09), fungal infection-
related mortality (9% vs. 18%; p=0.13 ) or overall mortality. 
Note: There is some debate with regard to the chosen endpoints in this study. Furthermore, in 
comparison with other studies, there is a strikingly high percentage of invasive fungal infection in the 
fluconazole arm. 
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An open, randomized study in 253 patients undergoing HSCT compared two fluconazole dosage 
regimens (400mg qd vs. 200mg qd) during the neutropenic phase, and demonstrated no significant 
differences in the incidence of invasive fungal infection or mortality [249]. 
 
A double-blind, placebo-controlled randomized study compared posaconazole (suspension 200mg tid) 
with fluconazole (400mg qd) in patients with a severe graft-versus-host disease (GVHD) [250]. 
Patients undergoing allogeneic HSCT were given prophylaxis during 112 days in the event of an acute 
(grade II-IV) or an extensive chronic GVHD, or if they were undergoing intensive immunosuppressive 
therapy. The primary endpoint, incidence of invasive fungal infection within 112 days, demonstrated 
no significant difference between posaconazole and fluconazole (5.3% vs. 9.0%; 95%CI 0.3-1.07; 
p=0.07). The difference in incidence of invasive aspergillosis, however, was significant (2.3%, 
posaconazole vs. 7.0%, fluconazole; 95%CI 0.13-0.75; p=0.006) [250]. Also, the incidence of invasive 
fungal infection in the posaconazole group during the actual use of the prophylaxis (often less than 
112 days) was significantly lower (2.4% vs. 7.6%; p=0.004, including that of invasive aspergillosis, 
1.0% vs. 5.9%; p=0.046). 
 
In a double-blind study, prophylaxis with micafungin was compared with fluconazole in 882 
neutropenic HSCT recipients [251]. Micafungin 50mg qd (or 1mg/kg/d) or fluconazole 400mg qd (or 
8mg/kg/d) were given to both children and adults until 5 days after granulocyte recovery (≥ 500/µl). 
There was no significant difference in the numbers of invasive fungal infections (7/425, 1.6%, 
micafungin; vs. 11/457, 2.4%, fluconazole; p=0.48), invasive aspergillosis (1 vs. 7; p=0.07) or in 
mortality (18 vs. 26; p=0.32). 
Note: The study had insufficient statistical power due to the fact that the incidence of invasive 
fungal infection in the population studied was extremely low (1-2%). The committee points out that, in 
Europe, micafungin is only indicated for use when other antifungal agents cannot be used, in view of 
the risk of hepatocellular tumours found in animal research. Hence, the committee does not 
recommend the use of micafungin for antifungal prophylaxis. 
 
 
Conclusions 5.1.b – Antifungal prophylaxis in patients undergoing HSCT 
  

Conclusion 9 There is no proof that L-AmB is effective as prophylaxis against invasive fungal infection in 
patients with neutropenia who are undergoing HSCT. 

Level 3 Tollemar, 1993 [241](A2) 
Conclusion 10 Fluconazole protects against invasive fungal infection in patients undergoing HSCT. 
Level 1 Goodman, 1992 [242](A2); Slavin 1995 [243](A2) 
Conclusion 11 Fluconazole prophylaxis up to 75 days post HSCT has a persistent benefit as regards mortality 

in patients undergoing allogeneic HSCT. 
Level 3 Marr, 2000 [244](A2) 
Conclusion 12 No difference has been demonstrated between the efficacy of fluconazole and c-AmB in the 

prevention of invasive fungal infection in HSCT patients. 
Level 1 Koh, 2002 [245](A2); Wolff, 2000 [246](A2). 
Conclusion 13  Itraconazole is superior to fluconazole for the prevention of invasive fungal infection in 

allogeneic HSCT patients but causes more toxicity than fluconazole 
Level 1 Marr, 2004 [247](A2); Winston, 2003 [248](A2). 
Conclusion 14 There is no proof that fluconazole prophylaxis using 400 mg qd is better than 200 mg qd in 

HSCT patients. 
Level 3 MacMillan, 2002 [249](A2) 
Conclusion 15 Posaconazole is equivalent to fluconazole in the prevention of invasive fungal infection and 

superior to fluconazole in the prevention of invasive aspergillosis in patients with severe graft-
versus-host disease. 

Level 3 Ullmann, 2007 [250](A2) 
Conclusion 16 There is no proof that micafungin is superior to fluconazole in the prevention of invasive fungal 

infection in HSCT patients. 
Level 3 van Burik, 2004 [251](A2) 
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Other considerations 
 

Whether or not antifungal prophylaxis is indicated in patients with hematological malignancies 
depends on the efficacy of the prophylaxis and the risk of invasive infection. The incidence of invasive 
mycoses in patients undergoing chemotherapy for hematological malignancies or autologous stem cell 
transplantation is relatively low. In patients who have undergone myeloablative allogeneic HSCT, the 
incidence of invasive mycoses is considerably higher, particularly in the group with severe GVHD 
and/or undergoing immunosuppressive therapy. 
Based on its in-vitro activity, it may be assumed that itraconazole is more effective than fluconazole in 
preventing invasive aspergillosis, but this has not been demonstrated convincingly in individual 
comparative studies. A meta-analysis suggests that, on reaching adequate serum concentrations, 
itraconazole is more favorable [236]. That  antifungal prophylaxis with posaconazole is active and 
more effective than fluconazole, is strongly suggested in two recent randomized investigations [239, 
250]. Whether or not its use as prophylaxis is also efficient, depends on the incidence in the specific 
patient group, the costs, adverse effects and interactions. The committee considers the indication to 
be strongly dependent upon the local incidence of invasive aspergillosis and patient population. 
 
Recommendation 1 In patients with neutropenia following chemotherapy for AML/MDS or HSCT, 

posaconazole (200 mg tid, until resolution of the neutropenia, or during 
treatment of severe GVHD) may be considered for antifungal prophylaxis, 
depending on the local incidence of invasive mycoses. 

 
 

5.2.	
  Antifungal	
  prophylaxis	
  in	
  solid	
  organ	
  transplantation	
  
 

Lung transplants 
 

During an open, non-comparative study with fluconazole (400mg qd) in combination with aerosolised 
c-AmB (0.6 mg/kg/d), none of the 52 lung transplant recipients developed an invasive fungal infection 
in the course of prophylaxis (1 month); during the follow-up period, however, invasive aspergillosis 
was diagnosed in 4 patients [252]. In 100 lung transplant recipients, prophylaxis with c-AmB aerosol 
(25mg qd) was randomly compared with ABLC aerosol (50mg qd) [253]. Apart from more adverse 
effects in the c-AmB group, no difference was found in failure of primary prophylaxis (pulmonary 
invasive fungal infection, 6/49, 12.2%, c-AmB; vs. 5/51, 9.8%, ABLC; p=0.7). 
 
 
Liver transplants 
 

A reduction or a trend towards reduction of invasive mycoses in liver transplant patients was shown in 
various studies. In a prospective, placebo-controlled study in 77 liver transplant patients with L-AmB (1 
mg/kg/d for 5 days), there was a significant difference in the development of  invasive fungal infection 
(0/40 vs. 6/37; 16%; p<0.01) [254]. Furthermore, an open study with ABLC (5 mg/kg/d) compared to a 
historic control group described a trend towards fewer invasive fungal infections (3/250, 1%; vs. 3/58, 
5%; p=0.08) [255]. In a double-blind, placebo-controlled study in 212 liver transplant patients, 
significantly fewer invasive fungal infections (6/108, 6%; vs. 24/104, 23%; p<0.001) occurred in the 
group randomized to fluconazole 400 mg qd up to 10 weeks after transplantation [171]. There was no 
effect on total mortality (11%, fluconazole; vs. 14%, placebo; p= 0.2) but there was a reduction in 
fungal infection-related mortality (2% vs. 13%; p=0.003).  
Note: compared with other studies, this study found a strikingly high percentage of invasive fungal 
infections in the placebo group. 
In several smaller studies, no significant difference was found between the treatment groups: 
itraconazole oral solution vs. placebo (0/25 vs. 0/37) [256], fluconazole vs. nystatin (2/76 vs. 6/67, 
p=0.12) [257], fluconazole vs. itraconazole oral solution (4/91 vs. 7/97, p=0.25) [258], fluconazole vs. 
untreated historic controls (3/45 vs. 8/72, p=0.42) [259], or sequential prophylaxis with itraconazole 
preceded by L-AmB (n=42) or fluconazole (n=43) vs. placebo (n=45) [260]. 
A meta-analysis of antifungal prophylaxis in liver transplant patients included both placebo-controlled 
studies and comparative studies with polyenes and azoles [261]. No reduction of mortality could be 
demonstrated (RR, 0.84; 95%CO 0.54-1.3). Fluconazole, however, did result in a significant reduction 
of invasive mycoses (RR, 0.28, 95%CI 0.13-0.57). 
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Factors associated with an increased risk of invasive mycoses in liver transplant patients include 
terminal kidney failure or hemodialysis, mechanical ventilation prior to surgery, re-transplantation, 
choledochojejunostomy, perioperative massive blood transfusion, or fungal colonization around the 
day of transplantation (day -2 until 3) [261]. In an observational study, the risk in this group was 5% vs. 
0.5% in the other patients [255]. However, no comparative studies have been carried out in this 
specific, high risk patient category. 
 
Pancreas transplants 
 

In a retrospective study among 445 patients undergoing pancreas transplantation, the incidence of 
invasive mycoses was 7/108 (6%) in patients given fluconazole prophylaxis (400 mg qd for 7 days), 
vs. 33/327 (10%, p=0.2) among patients without prophylaxis [262]. The 1-year donor organ survival 
was 17% in patients with an invasive fungal infection vs. 65% (p<0.01) in those infection. Prospective 
studies have not been carried out in this patient group. 
 
Heart or kidney transplants 
 

The incidence of invasive mycoses in patients undergoing kidney or heart transplantation is low [263], 
and studies of the possible effect of antifungal prophylaxis have not been conducted in these patient 
groups. 
A Cochrane review relating to prophylaxis against invasive fungal infection in patients undergoing solid 
organ transplantation [264] confirmed that fluconazole reduces the incidence of invasive fungal 
infection compared to placebo (or no prophylaxis) in patients undergoing liver transplantation (RR 
0.28; 95%CI 0.13-0.57). This could not be demonstrated for itraconazole or L-AmB. Due to the low 
incidence, no conclusion could be drawn on kidney or heart transplantation. 
 
Conclusions 5.2 – Antifungal prophylaxis in solid organ transplantation 
  

Conclusion 17 The efficacy of AmB aerosol or fluconazole as antifungal prophylaxis in lung transplantation 
has not been demonstrated. 

Level 3 Drew, 2004 [253](B); Calvo, 1999 [252](C) 
Conclusion 18 Fluconazole and L-AmB are effective in the prevention of invasive mycoses in lung transplant 

patients. 
Level 2 Winston, 1999 [171](A2); Tollemar, 1995 [254](B); Sharpe, 2003 [256](B); Lumbreras, 1996 

[257](B); Winston, 2002 [258](A2); Kung, 1995 [259](B); Biancofiore, 2002 [260](B); Playford, 
2006 [261](A1) 

Conclusion 19 Fluconazole is effective in the prevention of invasive candidiasis in patients undergoing 
pancreas transplantation. 

Level 3 Benedetti, 1996 [262](C) 
Conclusion 20 The incidence of invasive mycoses in patients undergoing kidney transplantation or heart 

transplantation is low, and a favourable effect of antifungal prophylaxis has not been 
demonstrated in these groups. 

Level 3 Grossi, 2000 [263), 264](C) 
 
 
Recommendation 2 fluconazole (400 mg qd) is recommended for use among patients undergoing 

liver transplantation and who have an elevated risk of invasive mycoses, (i.e., 
those with terminal kidney failure or hemodialysis, re-transplantation, 
choledochojejunostomy, perioperative massive blood transfusion, or proven 
perioperative colonization with Candida). In pancreas transplantation, 
prophylaxis with fluconazole (400mg up to 7 days postoperative) may be 
considered, depending on the local incidence of invasive mycoses. 

 
 

5.3.	
  Antifungal	
  prophylaxis	
  in	
  the	
  intensive	
  care	
  unit	
  
 

The practice of antifungal prophylaxis in the intensive care unit has been investigated in subgroups of 
(usually surgical) ICU patients with a high risk of invasive candidiasis. 
In a double-blind, placebo-controlled study, Pelz et al. investigated prophylaxis with flucoklm hnazole 
(400mg qd; loading dose 800mg) in surgical patients with an estimated duration of stay in the ICU of 
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at least 3 days [265]. Of the 1282 ICU patients, 260 complied with these inclusion criteria. In the 
fluconazole arm, 11/130 (8.5%) invasive Candida infections occurred, vs. 20/130 (15%) in the placebo 
group (P=0.01; RR 0.45, 95%CI 0.21-0.98), including 3 vs. 8 Candida peritonitis. The differences in 
the number of candidemias (1 vs. 3) and in mortality (11% vs. 12%) were not significant. 
Garbino et al. investigated prophylaxis with fluconazole (100mg qd) in a double-blind, placebo-
controlled study in 204 ICU patients who had been mechanically ventilated for at least 48 hours and in 
whom the expected duration of ventilation was at least another 3 days [266]. All patients underwent 
selective gut decontamination (polymyxin B, neomycin, and vancomycin). No significant difference 
was found in the incidence of invasive candidiasis (fluconazole, 4/103, 4%; vs. placebo, 10/101, 10%), 
but there was a significant difference in the incidence of candidemia (1/103, 1%; vs. 9/101, 9%; RR 
0.1; 95%CI 0.02-0.74, p=0.008). There was no significant difference in mortality (39% vs. 41%). 
 
In 109 patients with perforation of the gut, mortality was higher (8/33, 24%) in patients with positive 
perioperative Candida cultures of the abdominal fluid than in those with negative cultures (4/76, 5%; 
OR 11.5; p=0.007) [267]. The efficacy of a perioperative dose of  fluconazole (400mg) in this group 
was investigated in a double-blind placebo-controlled study. A single dose of fluconazole had no 
significant effect on mortality (4/53, fluconazole; vs. 8/56, placebo; p=0.059).  
In a placebo-controlled study, Eggimann et al. investigated the effect of fluconazole prophylaxis 
(400mg qd for an average of 15 days) in a small group of 49 patients who underwent re-laparotomy 
following anastomotic leakage or intestinal perforation [268]. Invasive candidiasis occurred in 2/23 
(9%) in the fluconazole group vs. 7/20 (35%) in the placebo group (RR 0.25;95%CI, 0.06-1.06; 
p=0.06). The difference in the incidence of Candida peritonitis (1 vs. 7) was significant (RR 0.12; 
95%CI, 0.02-0.93; p=0.02). 
Note: The incidence of Candida peritonitis in the control group (35%) suggests that there was a 
specific risk of invasive candidiasis in the department under study. 
 
Meta-analyses 
 

Four meta-analyses and a Cochrane review have been published on the subject of the practice of 
antifungal prophylaxis in severely ill, immunocompetent patients [261, 269-272]. In a meta-analysis of 
15 studies, non-absorbable antifungal prophylaxis with amphotericin B or nystatin (either as part of 
selective gut decontamination or otherwise) had no significant effect on the incidence of invasive 
mycoses [272]. 
Two meta-analyses of studies with azoles as prophylaxis in various patient categories in the intensive 
care setting suggest that prophylaxis with azoles (fluconazole in 7 of the 9 studies) is associated with a 
reduction of candidemia (fluconazole, RR 0.21, 95%CI 0.06-0.72, p=0.01), but not of mortality [269, 
270]. 
Note. The value of these meta-analyses is limited by the fact that the studies included are 
heterogeneous (some including patients with a prolonged ICU stay and protracted mechanical 
ventilation [265, 266], patients with anastomotic leakage [268], gut perforation [267] or pancreatitis 
[262]. Also, the dosage and duration of administration of fluconazole (single dose or 100 – 400 mg qd) 
varied widely. The value of the Cochrane review, too, [261] is limited, as 12 randomized studies in 
highly diverse populations were included, including 4 studies with ketoconazole, which is no longer in 
use and for which the license for these indications has been withdrawn. In this analysis, the studies 
with ketoconazole did exert a significant effect on mortality, unlike those with fluconazole which 
recorded no significant effect on mortality (RR 0.77, 95%CI 0.56-1.07, p>0.05). 
 
 
Which patients in the intensive care setting are eligible for prophylaxis? 
Prophylaxis with fluconazole is possibly efficient in a subgroup of ICU patients with a high risk of 
invasive candidiasis. Identification of this group has not yet been sufficiently investigated. 
Independent risk factors for candidemia in 4276 patients in a surgical intensive care unit were: 
presence of a central venous catheter (RR 1.42), recent surgery (RR 7.3), acute kidney failure (RR 
4.2), total parenteral nutrition (RR 3.6), or a triple lumen catheter (RR 5.4) [204]. 
Ostrosky-Zeichner et al. have proposed a number of empirically determined prediction rules with which 
patients with a high risk of candidemia can be identified in the intensive care setting [273, 274]. Using 
a prediction rule based on a combination of factors (at least 4 days in the ICU, use of antibiotics, a 
central venous line, surgery, administration of immunosuppressive drugs, pancreatitis, total parenteral 
nutrition and use of steroids), a subgroup with a 9.9% incidence of invasive candidiasis was identified 
in a retrospective series of 2890 patients.  
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Note: The Committee has noted that the rule identified only 30/117 (26%) of all patients with 
candidemia in the ICU, or 30/88 (34%) of the candidemias after day 4. Applying the prediction rule, 
therefore, will fail to identify the majority of the patients who develop candidemia in advance.  
 
In a prospective study, Piarroux et al. [275] described the effect of antifungal prophylaxis with 
fluconazole (400mg qd) in patients who were in a surgical ICU for >4 days. Prophylaxis was initiated 
as soon as ≥2 of the 5 colonization cultures (rectum, oropharynx, urine, stomach and trachea) became 
positive for Candida species. With this regimen, the incidence of candidemia was 18/478 (4%), vs. 
32/455 (7%) in a historic control group (p = 0.03). 
 
Conclusions 5.3 – Antifungal prophylaxis in patients in the intensive care setting 
  

Conclusion 21 Fluconazole prophylaxis (100-400mg qd) in a predefined category of high-risk ICU patients 
reduces the incidence of invasive candidiasis. 

Level 1 Pelz, 2001 [265](A2); Garbino, 2002 [266](A2) 
Conclusion 22 Fluconazole prophylaxis (400 mg qd) is effective in preventing intra-abdominal candidiasis in 

patients undergoing relaparotomy for anastomotic lintestinal eakage in circumstances 
characterised by a high incidence of candidiasis 

Level 2 Eggimann, 1999 [268](B) 
Conclusion 23 Fluconazole reduces the occurrence of invasive fungal infection in specific, selected 

subgroups with a high incidence of invasive candidiasis in the intensive care unit. 
Level 1 Shorr, 2005 [271](A1); Ho, 2005 [270](A1); Playford, 2006 [261](A1) 
Conclusion 24 Patient selection based on risk factors as well as on the basis of colonization with Candida 

both appear able to contribute to indication decisions as to antifungal prophylaxis in the 
intensive care. The effect of this selection approach on the incidence of candidemia, however, 
has not been investigated in prospective randomized studies. 

Level 3 Paphitou, 2005 [274](C); Ostrosky-Zeichner, 2007 [273](C); Piarroux, 2004 [275](C) 
 
 
Other considerations 
 

The committee considers prophylaxis with fluconazole to be effective in certain specific high-risk 
situations, such as those involving patients undergoing relaparotomy following anastomotic intestinal 
leakage in units with a very high incidence of invasive candidiasis. Selection criteria for other risk 
groups eligible for prophylaxis in the intensive care unit have not been adequately established. 
Strategies based on colonization require large numbers of surveillance cultures, are associated with 
high costs, and with delays resulting from the duration of culture incubation. For this reason, patient 
selection baed on epidemiological risk factors would appear to be more attractive; however, the 
sensitivity of the criteria examined up till now is very limited, and modelling of the prediction rules 
published by Ostrosky-Zeichner et al. suggests that only 13% of candidemias would be prevented in a 
Dutch ICU (unpublished data). For the time being, therefore, the committee recommends that 
fluconazole prophylaxis be reserved for strictly selected subgroups of patients in local situations with a 
proven high incidence of invasive candidiasis. 
 
Recommendation 3 Prophylaxis with fluconazole in intensive care is not recommended, except in 

specific situations in which it has been established that there is an 
unacceptably high local incidence of invasive candidiasis. 

 
 

5.4.	
  Antifungal	
  prophylaxis	
  in	
  patients	
  with	
  a	
  primary	
  immune	
  
deficiencies	
  and	
  in	
  neonates	
  
 
Antifungal prophylaxis in chronic granulomatous disease 
 

Due to a specific granulocyte defect, patients with chronic granulomatous disease (CGD) have an 
elevated risk of aspergillosis. Prophylaxis with recombinant interferon-γ (rIFNγ; 3 times weekly 
50µg/m2) was investigated in 128 patients with CGD in a randomized, double-blind placebo-controlled 
study [41]. With rIFNγ, the number of severe infections was 14/63 (22%) in 1 year vs. 30/65 (46%) with 
placebo (p<0.0001). Invasive aspergillosis occurred in 2 vs. 4 episodes (p>0.05) [41]. In an open, non-
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randomized series in the same period 1/23 (4%) of the patients treated with rIFNγ developed a proven 
invasive fungal infection vs. 9/37 (24%) of those not given prophylaxis [276]. 
In a randomized, double-blind, placebo-controlled cross-over study, prophylaxis with itraconazole 
capsules (100 to 200 mg qd) was investigated in 39 patients (≥5 years) with CGD [277]. The follow-up 
ran to a total of 113 patient years. There was a significant difference in the incidence of invasive fungal 
infection (7/63 episodes, placebo; vs. 1/61, prophylaxis; p=0.05). 
In an open, prospective study, prophylaxis with itraconazole (capsules, 10 mg/kg/d) was compared in 
30 CGD patients with 64 historic controls with CGD not given prophylaxis [278]. During a follow-up of 
median 35 months, (6-64 months) 3/30 patients (10%) developed a pulmonary aspergillosis, vs. 24/64 
(34.4%, p=0.013) in the historic control group. 
 
Antifungal prophylaxis in premature neonates with a low birth weight 
 

Prophylaxis with fluconazole was investigated during 3 placebo-controlled studies in premature 
neonates with a birth weight <1500g ('very low birth weight', VLBW) or <1000g ('extremely low birth 
weight', ELBW). The dosage schedules used varied (3-6 mg/kg) and, in the majority of the studies, the 
administration frequency rose (every 3rd dag in week 1 to every other day or daily in week 4–6). 
In 100 children with ELBW, fluconazole prophylaxis resulted in 0/50 invasive fungal infections vs. 
10/50 (20%) in the placebo group (p=0.008) [279]. In a second study in 103 neonates with VLBW, 2/53 
invasive fungal infections occurred with fluconazole vs. 2/50 in the placebo arm (p>0.05) [280]. In a 
Cochrane meta-analysis of these studies, a relative risk of invasive fungal infection of 0.20 (95%CI; 
0.07-0.64) was calculated, with a number needed to treat (NNT) of 8, and for mortality an RR of 0.44 
(95%CI; 0.21-0.91) [281]. In a more recent 3-arm multi-center study, (fluconazole 3 mg/kg, 6 mg/kg, 
vs. placebo) in 322 neonates with VLBW or ELBW, invasive fungal infection occurred in 4/104 (3.8%; 
3 mg/kg) and in 3/112 (2.7%; 6 mg/kg) with fluconazole prophylaxis vs. 14/106 (13.2%) in the placebo 
arm (p<0.02) [282]. 
 
In an open study, fluconazole prophylaxis in neonates with VLBW resulted in 0/136 invasive fungal 
infections, vs. 9/119 in a historic control group (p=0.003) [283]. In a similar study in  neonates with 
VLBW, the incidence with prophylaxis was 5/225 (2%) vs. 27/240 (11%, p<0.001) in the historic 
control group [284], and in a study among neonates with ELBW 15/206 (7%) vs. 4/240 (2%, p=0.01) in 
historic controls [285]. 
 
In a small, double-blind study with insufficient statistical power, no significant difference was shown 
between two fluconazole dosage regimens in 81 neonates with ELBW: 3 mg/kg every 3rd day in 
weeks 1 and 2, 3 mg/kg every other day in weeks 3 en 4, and 3 mg/kg/d during weeks 5 and 6; 2/41 
invasive mycoses vs. 2 x per week 3 mg/kg; 1/40 mycoses [286]. 
 
Antifungal prophylaxis in the neonatal and pediatric intensive care  
 

In a neonatal intensive care unit (NICU), oral nystatin prophylaxis was compared with no prophylaxis 
in an open, randomized study in 3991 neonates, of whom 24% had a VLBW. Prophylaxis with oral 
nystatin appeared to lead to a significant reduction of the number of  candidemias (17/1996 vs. 
131/1516) [287].  
Note: Due to its combination of VLBW and heavier neonates, its statistical methodology and non-
blinded character, this study is difficult to interpret. 
A retrospective, non-randomized study with historic controls in children who had been mechanically 
ventilated and treated in a  pediatric intensive care unit for >7 days, described a 2.7% (5/185) 
incidence of  candidemia in prophylaxis with 50 mg oral amphotericin B suspension tid  vs. 10.7% 
(21/196); p=0.004) in the historic control group [288]. 
 
Conclusions 5.4 – Antifungal prophylaxis in primary immune deficiencies and neonates 
  

Conclusion 25 Prophylaxis with recombinant IFNγ appears to lower the incidence of invasive fungal infection 
in patients with CGD. 

Level 2 International CGD Study Group, 1991 [41](A2); Gallin, 1991 [276](B) 
Conclusion 26 Itraconazole prophylaxis is effective in the prevention of invasive aspergillosis in  patients with 

CGD. 
Level 2 Gallin, 2003 [277](A2); Mouy, 1994 [278](C) 
Conclusion 27 Fluconazole prophylaxis is effective in the prevention of invasive candidiasis in children with a 

birth weight <1500g.  
Level 2 Kaufman, 2001 [279](A2); Manzoni, 2007 [282](A2), Bertini, 2005 [283](B); Healy, 2005 
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[285](B), Manzoni, 2006 [284](B) 
Conclusion 28 There is no convincing evidence from placebo-controlled studies that prophylaxis with oral 

nystatin or amphotericin B suspension lowers the incidence of candidemia in patients admitted 
to the  NICU or PICU 

Level 3 Ozturk, 2006, [287](B), Ben-Ari, 2006 [288](C) 
 
 
Recommendation 4 In patients with chronic granulomatous disease (CGD), prophylaxis with 

itraconazole (10 mg/kg/d , max. 200mg bid) is recommended. In addition, 
prophylaxis with recombinant interferon-γ (50µg/m2 3 x per week) may be 
considered. 

 
Recommendation 5 In neonates with a birth weight <1500g, fluconazole prophylaxis may be 

considered in situations in which there is a proven significant incidence of 
invasive candidiasis. 
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Chapter	
  6	
  

Cryptococcosis	
  
 
Introduction 
 

Immunocompromised patients, e.g., HIV/AIDS patients or those who have undergone organ 
transplantation, have an increased risk of cryptococcal infection. In AIDS-patients with cryptococcosis, 
75-90% present with subacute meningitis or meningoencephalitis [289]. To develop an optimal 
treatment recommendation with regard to cryptococcosis, it is necessary to formulate answers to the 
core questions below.  
 
6.1. What is the optimal treatment of  cryptococcal meningitis? 
6.2. What is the optimal treatment at other sites of cryptococcal infection? 
6.3. What is the optimal primary and secondary prophylaxis? 
 

6.1.	
  What	
  is	
  the	
  optimal	
  treatment	
  of	
  cryptococcal	
  meningitis?	
  
 
Prospective comparative studies 
 

In a prospective comparative study, c-AmB (0.4 mg/kg/d for 10 weeks) was compared with a 
combination therapy of c-AmB (0.3 mg/kg/d) with flucytosine (150 mg/kg/d) for 6 weeks in 66 patients 
with proven cryptococcal meningitis [290]. The response was 47% (15/32, monotherapy) vs. 68% 
(23/34, combination therapy; p=0.088). The time to sterilisation of the CSF was shorter in the 
combination therapy group than in the monotherapy group (p<0.001). The ultimate mortality was 
significantly lower in the combination group (47% (15/32) vs. 24% (8/34), p=0.047). 
In a double-blind, prospective study c-AmB (0.7 mg/kg/d) monotherapy was compared with c-AmB 
(0.7 mg/kg/d) plus 5-FC (100mg/kg/d) as the initial treatment (2 weeks) for cryptococcal meningitis in 
381 AIDS patients [291]. After 2 weeks of therapy, the CSF was sterile in 51% (91/179, c-AmB 
monotherapy) vs. 60% (122/202, combination therapy; p=0.06). If the response was favourable, oral 
consolidation therapy was given by further randomization between fluconazole (400 mg qd, loading 
dose 800 mg) or itraconazole capsules (600mg qd for 3 days, followed by 400mg qd for 8 weeks). 
After 8 weeks of consolidation therapy, the CSF was sterile in 72% (109/151, fluconazole) vs. 60% 
(93/155, itraconazole, p=0.024). At 10 weeks, the combined mycological and clinical response was 
42% vs. 47%. 
Multivariate analysis showed that sterilisation of the CSF within 2 weeks was significantly associated 
with combination therapy (OR 1.92, p=0.01), and sterilisation within 10 weeks with fluconazole 
consolidation therapy (OR 1.78, p=0.02) [291]. 
 
In an open randomized study, L-AmB (4mg/kg/d) was compared with c-AmB (0.7 mg/kg/d) for the 
treatment of primary cryptococcal meningitis in 28 AIDS patients [292], followed after 3 weeks by 
fluconazole (400mg qd) for 7 weeks in both arms. Clinical response after 3 weeks of treatment was 
12/15 (80%) for L-AmB vs. 11/13 (85% p=1.0) for c-AmB; after 10 weeks this was 87% vs. 83%. 
The CSF was sterile within 14 days in 10/15 (L-AmB) vs. 1/9 patients (c-AmB; p=0.01). Nephrotoxicity 
occurred more frequently in the c-AmB arm (p=0.003). Note: compared to other studies [291, 293] the 
CSF sterilisation observed in the c-AmB group at 2 weeks is very low in this study (11%). 
 
In an open dose comparison study with insufficient statistical power, no difference in response was 
demonstrated between ABLC (1.2 vs. 2.5 vs. 5.0 mg/kg/d) and c-AmB (0.7 mg/kg/d) in 55 AIDS 
patients with cryptococcal meningitis [294]. 
 
In a randomized study among 64 AIDS patients with a first episode of cryptococcal meningitis, four 
treatment strategies were compared: c-AmB (0.7mg/kg/d), c-AmB/5-FC (100mg/kg/d), c-AmB/ 
fluconazole (400mg qd) or c-AmB/5-FC/fluconazole, all for 2 weeks [295]. After 2 weeks, consolidation 
therapy followed with fluconazole 400 mg qd for 8 weeks. Patients were severely 
immunocompromised with a median CD4-count of 9 cells/µl (range, 6-32). Combination therapy 
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consisting of c-AmB with 5-FC was the most effective in sterilising the CSF compared with 
monotherapy c-AmB (p<0.001), c-AmB/fluconazole (p=0.02) and  c-AmB/5-FC/fluconazole (p=0.02). 
There was no significant difference in mortality between the 4 arms. Early mortality was associated 
with cerebral dysfunction and a high cryptococcal load in the CSF on presentation. 
 
In a randomized study, fluconazole (200mg qd, loading dose 400mg) was compared with c-AmB (at 
least 0.3 mg/kg/d) in 194 patients with AIDS-associated cryptococcal meningitis [296]. Patients were 
randomized 2:1 to fluconazole and c-AmB. After 10 weeks, the CSF was sterile in 34% (44/131; 
fluconazole) vs. 40% (25/63; c-AmB; p=0.4). The median time to negative CSF culture was 64 days 
(fluconazole) vs. 42 days (c-AmB, p=0.25). Fluconazole was significantly less toxic than c-AmB (27% 
vs. 64%, p<0.001) but discontinuation of therapy was rarely necessary (2% vs. 8%, n.s.). The mortality 
following 2 weeks of treatment tended to be higher in the fluconazole group (15% vs. 8%, p=0.25), but 
mortality at 10 weeks was similar (18% vs. 14%; p=0.48). 
 
In a small, open study in 20 AIDS patients with cryptococcal meningitis, fluconazole (400mg qd, 
loading dose 800mg) was compared with combination therapy c-AmB (0.7 mg/kg/d for 7 days, and 3 x 
per week thereafter) plus 5-FC (150 mg/kg/d) in a 2:1 ratio [293]. At week 10, 57% (8/14) failed with 
fluconazole vs. 0% (0/6) with c-AmB/5-FC (difference 57%, 95%CI 29-82%, p=0.04). The time to CSF 
sterilisation was 40.6 ± 5.4 days for  fluconazole vs. 15.6 ± 6.6 days for c-AmB/5-FC (p=0.02). The 
study was prematurely discontinued as all patients who failed turned out to be randomized to 
fluconazole. 
 
In a randomized study, itraconazole (200mg capsules bid) led to a complete response less often than 
c-AmB (0.3 mg/kg/d) plus 5-FC (150 mg/kg/d): 5/12 (42%, itraconazole) vs. 10/10 (100%, c-AmB/5-
FC; p<0.01) [297]. All patients (6/6) treated with itraconazole in whom there was only a partial 
response, showed symptoms of relapse with positive cultures in the period following 6 weeks of 
treatment. 
Combination therapy consisting of fluconazole (200mg qd, loading dose 400mg; 2 months) plus 5-FC 
(150 mg/kg/d; 2 weeks) was no more effective than fluconazole monotherapy (200mg qd, loading 
dose 400mg): the response after 2 months was 14/30 (47%, combination therapy) vs. 9/28 (32%, 
fluconazole; p=0.26). Mortality during the first 2 weeks of treatment was 13% (combination) vs. 36% 
(fluconazole, p=0.05) [298]. 
 
In an open randomized prospective study, the duration of combination therapy with c-AmB/5-FC was 
investigated in 194 patients with cryptococcal meningitis [299]. All patients were treated for 4 weeks 
with c-AmB 0.3 mg/kg/d and flucytosine 150 mg/kg/d. After 4 weeks of induction therapy, 91 non-high 
risk, stable and favourably responding patients were randomized to either discontinuation (n=45) or 
continuation of therapy until a total of 6 weeks (n=46). Treatment was successful in 76% (34/45, 4 
weeks vs. 85% (39/46, 6-weeks, n.s.). Relapse of cyptococcal meningitis occurred in 24% (11/45) vs. 
16% (7/46; n.s.). There was no difference in toxicity between the groups. 
 
 
Retrospective comparative studies 
 

In a retrospective descriptive analysis of 106 AIDS patients with cryptococcosis, combination therapy 
c-AmB (approx. 0.5 mg/kg/d) plus 5-FC (75-100 mg/kg/d) was compared with c-AmB monotherapy 
(approx. 0.5 mg/kg/d). In the 89 patients with cryptococcal meningitis, median survival was 186 days 
(combination) vs. 144 days (monotherapy; p=0.21) [300]. 
In a retrospective analysis c-AmB, (n=43) was compared with fluconazole (n=40) for the treatment of 
cryptococcosis in HIV-negative patients [301]. In patients with meningitis, the response was 74% 
(26/35) for c-AmB vs. 68% (17/25; p=0.59) for fluconazole. As the dosages varied, no judgement can 
be made with respect to difference in efficacy. Another retrospective study described 44 HIV-negative 
patients with cryptococcosis who were treated with fluconazole (200-400 mg qd) [302]. Among the 19 
patients with cryptococcal meningitis, treatment was successful in 58% (11/19). 
 
Immunotherapy 
 

There is evidence that endogenous interferon-γ (IFN-γ) production is associated with the rate of 
clearance of cryptococci from CSF [303, 304]. Immunotherapy with recombinant IFN-γ was therefore 
investigated in a double-blind, placebo-controlled study of adjuvant rIFN-γ (100µg vs. 200µg vs. 
placebo; 3 x per week, for 10 weeks) in 70 AIDS patients with cryptococcal meningitis receiving 
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standard therapy (c-AmB 0.7 mg/kg/d + 5-FC 4dd 25 mg/kg/d) [305]. After 2 weeks, the CSF cultures 
were sterile in 13% (placebo) vs. 36% (rIFN-γ, 100 µg, p=0.072) and 32% (rIFN-γ, 200 µg, p=0.14). 
There were no significant differences in the clinical outcomes. 
 
Intraventricular therapy 
 

In a very small, retrospective series, the intraventricular administration of c-AmB added to systemic 
antifungal therapy (c-AmB, 1mg/kg/d plus 5-FC, 100mg/kg/d) was compared with systemic therapy 
only in 13 patients with cryptococcal meningitis [306]. Sterilisation of the CSF was achieved in 6/6 
(combination) vs. 3/7 patients. Mortality during therapy was 1/6 vs. 6/7 (p=0.025). The two groups 
were not properly comparable; the patients given combination therapy were younger and had been 
symptomatic for a longer period of time. 
 
Elevation of intracranial pressure in cryptococcal meningitis 
 

Elevated intracranial pressure in patients with cryptococcal meningitis is associated with a less 
favourable prognosis [307]. In the Van der Horst study, [291] a high opening pressure was associated 
with headache, loss of hearing, meningism, altered states of consciousness and the level of 
cryptococcal antigen in the CSF [308]. Mortality in patients with an opening pressure >250mm H2O 
was 33% (39/119) vs. 21% (21/102, at pressure <250mm; p=0.04), clinical failure after 2 weeks was 
20% vs. 2% (p<0.001), and mycological response after 2 weeks was 45% vs. 67% (p=0.002) [308]. 
Lowering the pressure by means of repeated CSF drainage improved the prognosis. 
Administration of steroids in patients with high opening pressures (>350 mm H2O) turned out to be 
associated with a poorer outcome (mortality 4/13, 31%, steroids) vs. 1/39 (3%, without steroids; 
p=0.003) [308]. 
A double-blind, placebo-controlled study investigate acetazolamide (4dd 250mg) for the treatment of 
elevated intracranial pressure (≥200 mm H2O) in 22 patients with cryptococcal meningitis [309]. The 
study had to be prematurely discontinued due to adverse effects occurring in the treatment arm. 
 
Non-comparative studies 
 

Monotherapy with c-AmB (0.7 mg/kg/d, for at least 2 weeks) followed by maintenance therapy with an 
azole was described in 106 AIDS patients with cryptococcal meningitis [310]. Of these patients, only 
38% had negative CSF cultures after 2 weeks of therapy, and 56% after 4 weeks. In an open, 
prospective study with L-AmB (3.0 mg/kg/d, for at least 6 weeks), the response in 19 AIDS patients 
with cryptococcal meningitis was 74% (14/19) and the mortality was 16% (3/19) [311]. In a 
retrospective analysis of 78 patients with cryptococcal meningitis and treated with ABLC, the response 
was 65% (51/78) [312]. 
 
In an open study with high-dose fluconazole (800-1000mg qd) in 14 AIDS patients with cryptococcal 
meningitis, the response after 10 weeks of treatment was 55% (6/11), at end of therapy it was 73% 
(8/11) [313]. Time to negative CSF cultures appeared to depend on the MIC for fluconazole (MIC 4 
µg/ml, 56 days; MIC <4 µg/ml, 16 days). 
An open, non-comparative study investigated the combination of fluconazole (400mg qd) plus 5-FC 
(150 mg/kg/d) in 32 AIDS patients with cryptococcal meningitis [314]. The response after 10 weeks of 
therapy was 63%. Itraconazole (200mg bid) was studied in 20 immunocompromised patients with 
cryptococcal meningitis; the response was 65% (13/20) [315]. 
 
Conclusions 6.1 – Treatment of cryptococcal meningitis 
  

Conclusion 1 Combination therapy with c-AmB plus 5-FC leads to more rapid sterilisation of CSF and  better 
survival than monotherapy with low dose c-AmB (0.3 mg/kg/d). 

Level 1 Bennett, 1979 [290](A2); van der Horst, 1997 [291](A2) 
Conclusion 2 In the initial treatment of cryptococcal meningitis, there is no difference in clinical outcome 

between monotherapy with c-AmB (0.7mg/kg/d) and combination therapy consisting of c-AmB 
plus 5-FC  

Level 3 van der Horst, 1997 [291](A2)  
Conclusion 3 It has not been shown that L-AmB and ABLC are equivalent to c-AmB for the treatment of 

cryptococcal meningitis. L-AmB does sterilise the CSF more rapidly than c-AmB in the 
treatment of cryptococcal meningitis. 

Level 2 Sharkey, 1996 [294](B); Leenders, 1997 [292](B); Coker, 1993 [311](C); Baddour, 2005 
[312](C) 

Conclusion 4 Fluconazole is as effective as amphotericin B monotherapy in the treatment of cryptococcal 
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meningitis. However, fluconazole was associated with a trend towards  higher mortality during 
the first 2 weeks of treatment. 

Level 3 Saag, 1992 [296](A2) 
Conclusion 5 Combination therapy with c-AmB plus 5-FC is more effective than fluconazole or itraconazole 

monotherapy for the treatment of cryptococcal meningitis. 
Level 2 Larsen, 1990 [293](B); de Gans, 1992 [297](B); Denning, 1989 [315](C) 
Conclusion 6 Combination therapy with c-AmB/5-FC sterilises the CSF more rapidly than c-AmB alone, c-

AmB/fluconazole, or c-AmB/fluconazole/5-FC in cryptococcal meningitis. 
Level 3 Brouwer, 2004 [295](A2) 
Conclusion 7 Initial combination therapy with fluconazole/5-FC is more effective than monotherapy with 

fluconazole for the treatment of cryptococcal meningitis. 
Level 3 Mayanja-Kizza, 1998 [298](A2) 
Conclusion 8 It has not been proven that a high dose of fluconazole (800mg qd) sterilises the CSF more 

rapidly than 400mg qd. 
Level 3 Menichetti, 1996 [313](C) 
Conclusion 9 It has not been proven that consolidation therapy with fluconazole is more effective than 

itraconazole in the treatment of AIDS-associated cryptococcal meningitis. 
Level 3 van der Horst, 1997 [291](A2) 
Conclusion 10 It has not been proven that the combination of c-AmB plus rIFN-γ is more effective than 

conventional treatment of cryptococcal meningitis. However, addition of rIFN-γ does lead to 
more rapid sterilisation of CSF. 

Level 3 Pappas, 2004 [305](A2) 
Conclusion 11 The value of additional intraventricular administration of c-AmB in the treatment of 

cryptococcal meningitis has not been demonstrated. 
Level 3 Polsky, 1986 [306](C) 
Conclusion 12 Elevated intracranial pressure is associated with a less favourable prognosis in cryptococcal 

meningitis. Steroids or acetazolamide do not improve the prognosis; lowering of the pressure 
by means of CSF drainage does. 

Level 3 Graybill, 2000 [308](A2); Newton, 2002 [309](C) 
 
 
Other considerations 
 

Older studies of the treatment of cryptococcosis and cryptococcal meningitis by Bennett [290], Chuck 
[300], Dismukes [299], Saag [296] and De Gans [297] have utilised a very low dose of c- AmB (0.3-0.4 
mg/kg/d). For this reason, the results of these studies are difficult to extrapolate to current practice. In 
later studies [291, 293] higher doses of c-AmB were used (0.7 mg/kg/d) which better outcomes. The 
small study by Larsen et al., in 20 AIDS patients, suggested that the combination c-AmB/5-FC is more 
effective than fluconazole for the initial treatment of cryptococcal meningitis. This is in agreement with 
the finding that the combination c-AmB/5-FC leads to more rapid CSF sterilisation [295]. The study by 
Saag et al. [296], which showed no significant difference between monotherapy with c-AmB and 
fluconazole, has, due to a (non-significant) difference in mortality during the first 2 weeks of treatment 
(15% vs. 8%), led to a preference for c-AmB as the basis for the initial treatment of cryptococcal 
meningitis. On the grounds of the study by Larsen et al. [293], the committee considers that the 
combination c-AmB/5-FC is generally preferable to fluconazole for the treatment of cryptococcal 
meningitis. 
No studies of the treatment of cryptococcal meningitis have been carried out in children. In the 
absence of such data, the committee recommends that the treatment of cryptococcal meningitis in 
children should be based on the treatment guidelines for adults. 
 
Recommendation 1 Cryptococcal meningitis should be treated with c-AmB (0.7 mg/kg/d) plus 5-FC 

(100 mg/kg/d) for at least 2 weeks. Thereafter, the treatment of stable and 
favourably responding patients may be continued with fluconazole (loading 
dose 800mg, followed by 400 mg qd; in children, a loading dose of 12 mg/kg, 
followed by 6 mg/kg/d), for a total of at least 10 weeks. 
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6.2.	
  What	
  is	
  the	
  optimal	
  treatment	
  at	
  other	
  sites	
  of	
  cryptococcal	
  
infection?	
  
 
Extrameningeal cryptococcal infection occurs mainly in patients not infected with HIV [316, 317]. In a 
retrospective analysis, c-AmB (n=43) was compared with fluconazole (n=40) for the treatment of 
cryptococcosis in HIV-negative patients [301]. In patients with extrameningeal cryptococcosis, the 
response was 75% (6/8, c-AmB) vs. 93% (14/15, fluconazole; p=0.21). As the dosage of the antifungal 
therapy per patient per dag was not uniform, it is not possible to make any judgement on the efficacy 
of either drug. 
In a retrospective descriptive study in 106 AIDS patients with cryptococcosis who had been treated 
with c-AmB or c-AmB/5-FC, 14 patients had an extrameningeal infection; the median survival was 187 
days, and relapse occurred in 20% [300]. Other descriptive studies reported results in patients with 
extrameningeal cryptococcosis treated with ABLC (response 16/23, 70%) [312], fluconazole (response 
11/14, 79%) [318] or itraconazole (response 9/9; 100%, of which 2/9 relapsed after discontinuation of 
therapy) [315]. 
In a cohort study, 83 transplant patients with cryptococcosis were prospectively followed [319]. The 
choice of therapy was LFAB (39/83, 47%), c-AmB (17), fluconazole (24) or itraconazole (3). 
Furthermore, 31/84 (37%) patients were given 5-FC, mainly in combination with AmB. Amphotericin B 
was given more often to patients with a proven CNS localisation, a disseminated cryptococcosis, or 
cryptococcemia. Fluconazole was given more often to patients with pulmonary infections. There was 
no difference in 6-months' mortality in patients with extrameningeal cryptococcosis who had been 
treated with AmB (2/18, 11%) vs. fluconazole (2/21, 10%) [319]. Virtually all patients were then given 
maintenance therapy with fluconazole (51/54, 94%). Relapse occurred in only 1 patient. 
 
Children 
 

The incidence of cryptococcosis in children infected with HIV was described in a retrospective study 
[320]. 473 patients, of whom 4 developed cryptococcosis (0.85%), were prospectively followed for 8 
years; an annual incidence of 0.1%. All 4 patients had a low CD4-count (median, 15 cells/µl, range 6-
66) despite antiretroviral therapy. 
 
 
Conclusion 6.2 – Treatment of extrameningeal cryptococcosis 
  

Conclusion 13 The sparse data available suggest that there is no significant difference in outcome between c-
AmB, c-AmB/5-FC, ABLC, and fluconazole for the treatment of extrameningeal 
cryptococcosis. However, it has not been proven that c-AmB and fluconazole are equivalent 
for the treatment of extrameningeal cryptococcosis. 

Level 3 Aberg, 1999 [317](B); Chuck, 1989 [300](C); Baddour, 2005 [312](C); Meyohas, 1996 
[318](C); Singh, 2005 [319](C); Dromer, 1996 [301](B). 

 
Other considerations 
 

No studies of sufficient quality have been conducted in patients with extrameningeal cryptococcosis. 
The sparse data available from prospective studies usually relate to HIV-positive patients. In HIV-
negative patients, extrameningeal cryptococcosis accounts for a far greater percentage of all 
cryptococcal infections. In patients with extrameningeal cryptococcosis, it is important to exclude 
cryptococcal meningitis and cryptococcemia by means of a lumbar puncture and blood cultures [321]. 
In the absence of specific studies, the committee bases its recommendations on studies of 
cryptococcal meningitis. The duration of antifungal therapy in non-meningeal cryptococcosis has not 
been investigated, but lengthy treatment is assumed to be necessary.  
 
 
Recommendation 2 In patients with extrameningeal cryptococcosis, a cryptococcal meningitis 

should be excluded by means of lumbar puncture. 
 
Recommendation 3 Treatment of extrameningeal cryptococcosis depends on the severity of the 

illness. In severely ill patients, initial therapy with c-AmB/5-FC is 
recommended. For patients with mild  symptoms, fluconazole (400mg qd, in 
children 6 mg/kg/d) may be prescribed. 
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6.3.a.	
  Prophylaxis	
  of	
  cryptococcosis	
  
 
 
Primary prophylaxis 
 
 
Comparative studies 
 

In a Cochrane analysis of the primary prophylaxis of cryptococcosis in adults with HIV, 5 studies were 
included [322]. In 2 studies, fluconazole was given and in the remaining 3, itraconazole. Prevention of 
cryptococcosis was the primary objective in only one study, in the others, the objective was the 
prevention of histoplasmosis or of all invasive fungal infections. Furthermore, there were more 
differences between the studies, including limits of CD4 count (<100 up to <300), the use of HAART, 
and the duration of follow-up. 
Both fluconazole and itraconazole were found to be effective in the primary prophylaxis of 
cryptococcosis in patients in an advanced stage of HIV infection (relative risk compared to placebo 
0.21; 95%CI 0.09-0.46). In this meta-analysis, however, no effect on mortality was demonstrated 
[322]. 
 
In a placebo-controlled study, itraconazole (capsules, 200mg qd) as primary prevention of invasive 
fungal infection was investigated in 129 HIV patients with a CD4 count < 200 cells/µl [323]. In the 
interim analysis, the study was prematurely discontinued due to a significant difference between the 2 
arms. Invasive fungal infection was demonstrated in 1/63 (1.6%, itraconazole) vs. 11/66 (17%, 
placebo, p=0.003). The incidence of cryptococcosis was 0/63 vs. 7/66 (p<0.001). There was no 
difference in mortality. 
In another double-blind, placebo-controlled study, itraconazole (capsules, 200mg qd) was investigated 
in 295 HIV-positive patients with a CD4 count <150 cells/µl (without HAART) as a prophylaxis against 
fungal infection [324]. Cryptococcosis occurred in 1 patient (0.7%, itraconazole) vs. 8 patients (5.5%, 
placebo; p<0.001). There was no significant difference in mortality (32, itraconazole vs. 21, placebo, 
p= 0.11). 
A double-blind placebo-controlled study investigated fluconazole prophylaxis (400mg/week) in 90 HIV 
patients with a CD4 count <100 cells/µl [325]. Cryptococcosis occurred in 3/44 (6.8%, fluconazole) vs. 
7/46 (15.2%, placebo; p=0.32), and there was a difference in mortality in favour of fluconazole (2 vs. 9, 
p=0.029). 
In a multicenter, double-blind, randomized study (CCTG-trial), fluconazole 200mg qd was compared 
with fluconazole once weekly 400mg in 636 HIV patients with <100 CD4-cells/µl [326]. There was no 
difference in the incidence of cryptococcosis (2/318, 0.6%, 200mg qd) vs. 5/318 (1.6%, 400mg/week; 
95%CI of the difference, -0.7%–2.6%, p=0.25). 
An open prospective, randomized study (ACTG-trial) compared fluconazole (200mg qd) with 
clotrimazole (5dd 10mg; not licensed in the Netherlands) in 428 HIV patients [327]. Cryptococcosis 
occurred in 2/217 (0.9%, fluconazole) vs. 15/211 (7.1%, clotrimazole, p=0.004). The estimated 
cumulative 2-years risk of cryptococcosis in patients with a CD4 count of ≤50 was 1.6% (fluconazole) 
vs. 9.9% (clotrimazol; p=0.02). 
A retrospective analysis compared fluconazole prophylaxis (100mg qd) in 329 HIV patients with CD4 
<68 cells/µl with a historic control group (n=337) without prophylaxis [328]. One patient (fluconazole, 
0.7/100 patient years) vs. 16 patients (placebo, 10.2/100 patient years) developed cryptococcosis. 
 
 
Non-comparative studies 
 

In an open, non-randomized study, fluconazole (200 mg, 3 x weekly) was prescribed as primary  
prophylaxis in 218 HIV patients with a CD4 count ≤100 cells/µl (without HAART) [329]. Cryptococcal 
meningitis developed in 1/218 (0.4%) patients with a median follow-up of 12.1 months (0.5-30 
months). 
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Conclusions 6.3.a – Primary antifungal prophylaxis of cryptococcosis 
  

Conclusion 14 Both fluconazole (200mg qd) and itraconazole (capsules, 200mg qd) are effective in the 
prevention of cryptococcosis in HIV-positive patients. 

Level 1 Chang, 2005 [322](A1); Chariyalertsak, 2002 [323](A2); McKinsey, 1999 [324](A2); 
Nightingale, 1992 [328] 

Conclusion 15 No difference in efficacy has been demonstrated between fluconazole 200mg qd or 400mg 
weekly for the prevention of cryptococcosis. 

Level 3 Havlir, 1998 [326](A2) 
Conclusion 16 Fluconazole (200mg qd) is more effective than clotrimazole (10mg 5 times qd) as prophylaxis 

against cryptococcosis. 
Level 3 Powderly, 1995 [327](A2). 
 
 
Secondary prophylaxis 
 

A double-blind placebo-controlled study investigated secondary fluconazole prophylaxis in 61 HIV-
positive patients who had suffered a cryptococcal meningitis [330]. At interim-analysis, the percentage 
of relapses was 3% (1/34, fluconazole) vs. 37% (10/27, placebo; 95%CI 15-53, p<0.001). Following 
this interim-analysis, the study was discontinued. 
In an open, randomized study, fluconazole (200 mg qd) was compared with c-AmB (1 mg/kg/week i.v.) 
for the prevention of cryptococcal meningitis relapse in 189 HIV-positive patients [331]. The incidence 
of cryptococcosis relapses at the last follow-up (median, 286 days) was 2/111 (fluconazole) vs. 14/78 
(c-AmB; p<0.001). 
A double-blind, randomized study compared fluconazole (200mg qd) with itraconazole (200mg qd) as 
secondary prophylaxis in patients with HIV-positive [332]. The percentage of patients with relapsing 
cryptococcal meningitis was 4% (2/51; fluconazole) vs. 23% (13/57; itraconazole; difference 19%, 
95%CI 8-29%). Due to this significant difference, the study was discontinued at the interim analysis. 
 
Discontinuation of secondary prophylaxis during HAART 
 

A prospective, randomized trial investigated the discontinuation of secondary cryptococcal prophylaxis 
(fluconazole 200mg qd) in 60 patients with a CD4 count of >100/µl and an HIV RNA that remained 
undetectable for 3 months during HAART [333]. Patients were randomized to either continuation or 
discontinuation of antifungal prophylaxis. After  48 weeks there was no cryptococcal meningitis relapse 
in either group. 
Three small prospective, descriptive reports each descrribed 6 HIV-positive patients with a CD4 count 
of >100/µl, who discontinued secondary prophylaxis during HAART. During the 12-24 month follow-up, 
none of the patients relapsed [334-336]. 
In a retrospective multicenter study in 100 HIV-positive patients, a cryptococcal meningitis relapse 
occurred in 2 patients, and extrameningeal cryptococcosis in 2 others, at a median of 28 months 
(range 6.4-64.5) after discontinuation of secondary prophylaxis (incidence, 1.53 / 100 patient years; 
95%CI 0.42-3.92) [337]. 
 
Conclusions 6.3.b – Secondary prophylaxis of cryptococcosis 
  

Conclusion 17 Fluconazole (200 mg qd) is effective in the prevention of cryptococcosis relapse in HIV-
positive patients. 

Level 1 Bozzette, 1991 [330](A2); Powderly, 1992 [331](A2); Saag, 1999 [332](A2) 
Conclusion 18 Fluconazole (200 mg qd) is more effective than c-AmB (1mg/kg/week) in the prevention of 

cryptococcosis relapse. 
Level 3 Powderly, 1992 [331](A2) 
Conclusion 19 Fluconazole is more effective than itraconazole in the prevention of relapse of cryptococcal 

meningitis. 
Level 3 Saag, 1999 [332](A2) 
Conclusion 20 It is safe to discontinue secondary antifungal prophylaxis in patients having had cryptococcal 

meningitis,who have a favourable immunological and virological response to HAART (CD4 
>100 cells/µl and HIV load < 50 copies/ml, for at least 3 months). 

Level 3 Vibhagool, 2003 [333](A2); Aberg, 2002 [334](C); Martinez, 2000 [335](C); Rollot, 2001 
[336](C); Mussini, 2004 [337](C). 
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Other considerations 
 

The incidence of cryptococcosis in HIV-positive patients in the Netherlands is relatively low. Although 
many patients with <200 CD4-cells/µl use fluconazole for mucosal candidiasis, primary prophylaxis of 
cryptococcosis is not routinely given to these patients in the Netherlands [338], despite the favourable 
results of randomized studies. 
Discontinuation of prophylaxis on achieving a CD4 count of >100/µl following cryptococcosis has been 
investigated in various studies. In practice, however, a limit of 200 CD4-cells/µl is held to for the 
discontinuation of secondary prophylaxis; this is analogous to the criteria for discontinuation of 
prophylaxis against P. jiroveci, T. gondii, and CMV [338].  
 
 
Recommendation 4 In HIV-positive patients with a CD4 count of <100 cells/µl, fluconazole 

prophylaxis (200mg qd) against primary cryptococcosis may be considered. 
 
Recommendation 5 In HIV-positive patients who have suffered cryptococcosis, fluconazole 

maintenance therapy (200mg qd) is recommended. 
 
Recommendation 6 In HIV-positive patients with a favourable immunological response to HAART 

(CD4 count >200 cells/µl, for ≥3 months) discontinuation of fluconazole 
prophylaxis may be considered. 
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Chapter	
  7	
  
 

Zygomycosis	
  
 
Introduction 
 

Zygomycosis, also known as mucormycosis, is a severe and often fatal infection caused by fungi 
belonging to the order of the zygomycetes. The most common sites of zygomycosis are the paranasal 
sinuses and adjacent areas (rhinocerebral, sino-orbital and sinopulmonary zygomycosis), the lungs, 
the skin, and the brain [339, 340]. In children, zygomycosis may occur in the gastro-intestinal tract 
[341]. 
The incidence of invasive zygomycosis appears to be rising (from 0.09% to 0.17%) in recent years, 
especially in hematological patients [342, 343]. Some investigators relate this rising incidence to the 
increasing use of voriconazole [344].  
The conduct of prospective, randomized studies of the treatment of zygomycosis is not possible due to 
its low incidence. Data on the treatment of zygomycosis are therefore based on clinical experience 
and retrospective analyses.  
 

7.1.	
  What	
  is	
  the	
  optimal	
  treatment	
  for	
  invasive	
  zygomycosis?	
  
 
Most experience in the treatment of invasive zygomycosis has been gained with c-AmB [345]. The 
treatment results with this drug have not been systematically collected and published. 
In a retrospective analysis of 64 patients with zygomycosis treated with ABLC (approx. 5 mg/kg), 52% 
had a complete (13%) or partial (39%) response after median 16 days of therapy (range 5-180) [346, 
347]. 
ABLC (5 mg/kg/d) was investigated in a large open-label salvage study in 556 patients who had a 
proven or probable (per EORTC/MSG criteria) invasive fungal infection, refractory to or intolerant of 
the first-line antifungal therapy, and who met the assessment criteria (treatment for at least 4 days with 
ABLC and sufficient follow-up) [27]. The response in the subgroup of 24 patients with invasive 
zygomycosis was 71% (17/24), of whom 38% (9/24) had complete response.  
Note: The response in the subgroups receiving salvage therapy due to toxicity or as a result of failure 
of earlier therapy was not recorded and neither were the results of the full intent-to-treat (ITT) 
population. 
In a retrospective series of 6 kidney transplant patients with invasive zygomycosis treated with ABLC 
(> 5mg/kg/d), the mortality was 50% (3/6). These patients died within 30 days after the diagnosis had 
been made [348]. 
Herbrecht et al. described 21 patients with zygomycosis who were treated with ABCD [349]. Primary 
therapy with ABCD (approx. 5 mg/kg/d) was initiated because of pre-existing kidney failure. Salvage 
therapy with ABCD was initiated because of failure or the development of kidney failure on use of c-
AmB. In 13 patients, the therapy was combined with surgery. The response (complete or partial) was 
12/20 (60%). In combination with surgery the response was 8/13 (62%), of whom 7/13 (54%) had 
complete response. Without surgery, a complete response was seen in only 1/7 patients [349]. A 
retrospective analysis of 16 patients with invasive zygomycosis and treated with c-AmB or LFAB 
revealed an overall mortality of 25%  (4/16) [350]. 
 
Posaconazole (800mg qd) as salvage therapy was investigated retrospectively in 91 patients with 
proven or probable invasive zygomycosis [351]. Patients were intolerant (n=10) of or had infections 
that were refractory (n=81) to other antifungal therapies. 77/91 (85%) had been pre-treated with LFAB, 
24/91 (26%) had been treated with c-AmB. The response at 12 weeks was 60% (14% complete, 46% 
partial). There was no difference in response between patients treated either with (39/64; 61%) or 
without surgical debridation (16/26; 62%). Mortality at 1 month of follow-up was 35/91 (38%) [351]. 
Another retrospective salvage study with posaconazole (800mg qd) in 24 patients with invasive 
zygomycosis described a response of 79% (19/24) [352]. There was no difference in response 
between patients with refractory infections (79%) and intolerance to standard therapy 80% (4/5). 
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Children 
 

Wiley et al. described 4 pediatric patients treated with ABLC for an invasive zygomycosis, with a 
response of 2/4 (complete and partial response) [24]. 
 
Other considerations 
 

The absence of randomized comparative studies on the treatment of invasive zygomycosis has 
resulted in the choice of therapy being based on retrospective analyses and expert opinion. It is 
assumed that the relatively poor response to c-AmB is at least partially due to the small amounts of 
AmB that can be safely administered. It is generally assumed, therefore, that a lipid formulation of 
amphotericin B in a daily dosage of at least 5 mg/kg is to be preferred. 
There is still little experience with posaconazole; this drug has only been investigated in patients with 
refractory infections and appears to have reasonable efficacy in these circumstances. 
In view of the poor prognosis of invasive zygomycosis despite antifungal and surgical treatment, it is 
assumed that correction of underlying risk factors (e.g. immunosuppression, ketoacidosis) is of great 
importance. 
 
Conclusions 7 – Treatment of invasive zygomycosis 
  

Conclusion 1 Lipid formulations of amphotericin B are effective for the treatment of invasive zygomycosis 
Level 3 Larkin, 2003 [346](C); Perfect, 2005 [347](C); Forrest, 2007 [348](C); Herbrecht, 2001 

[349](C); Sims, 2007 [350](C) 
Conclusion 2 Antifungal treatment of invasive zygomycosis combined with surgical debridement leads to a 

better response than antifungal therapy only. 
Level 3 Herbrecht, 2001 [349](C) 
Conclusion 3 Posaconazole appears to be effective as a salvage therapy in refractory invasive zygomycosis 
Level 3 van Burik, 2006 [351](C); Greenberg, 2006 [352](C) 
 
 
Recommendation 1 Invasive zygomycosis should be treated with a lipid formulation of 

amphotericin B in a dosage of at least 5 mg/kg/day. 
 
Recommendation 2 Where possible, the antifungal treatment of invasive zygomycosis should be 

combined with surgical debridement and correction of underlying risk factors. 
 
Recommendation 3 For salvage treatment of invasive zygomycosis on failure or intolerance of 

LFAB, administration of posaconazole may be considered. 
 
 

Download van SWAB.nl | 2026-06-26 15:25



72 SWAB Invasive Fungal infections 2008-2011  	
  
 

 

Potential	
  conflicts	
  of	
  interest	
  
 
The SWAB employs strict guidelines with regard to potential conflicts of interests as described in the SWAB 
Format for Guideline Development (www.swab.nl). Members of the preparatory committee reported the following 
potential conflicts of interest: 
Drs A.M.L. Oude Lashof: no conflicts of interest reported. 
Prof Dr B.J. Kullberg: received support for conference attendance from Pfizer and participated in CME courses 
with unrestricted support from Astellas, Janssen-Cilag, MSD and Pfizer; his department received contributions for 
consultancy services from Basilea, Novartis, Pfizer and Schering-Plough. 
Dr J.J.W.M. Janssen: received support for conference attendance from Amgen, Novartis and Roche, and 
speakers’ fees from Novartis; he also provided consultancy services for Schering-Plough. 
Dr J.F.G. Meis: participated in CME courses with support from Janssen-Cilag, received support for conference 
attendance from Gilead and Pfizer and speakers’ fees from Pfizer and Schering-Plough; he also provided 
consultancy services for Basilea and MSD and his department received contributions for scientific research from 
Basilea, Cephalon, MSD and Schering-Plough. 
Dr S. Natsch: no conflicts of interest reported. 
Prof Dr P.E. Verweij: received support for conference attendance from Gilead and Merck, speakers’ and 
consultancy fees from Gilead, Merck, Pfizer and Schering-Plough, and his department received contributions for 
scientific research from Basilea, Gilead, Merck, Pfizer and Schering-Plough. 
Dr A. Warris: organised CME with support from Gilead and Pfizer, received support for conference attendance 
from Pfizer and provided consultancy services for Pfizer and Schering-Plough. 
Dr J.W. van 't Wout: participated in CME with support from Janssen-Cilag 
Dr A. van Zanten: received support for conference attendance from MSD and Pfizer and speakers’ fees from 
Pfizer; he also provided consultancy services for Neutec, MSD and Pfizer.  
 
 

Download van SWAB.nl | 2026-06-26 15:25



SWAB Invasive Fungal infections 2008-2011	
   73	
  
 

References 
 
1. van't Wout JW, Novakova I, Verhagen CA, Fibbe WE, de Pauw BE, van der Meer JW. The efficacy of itraconazole 

against systemic fungal infections in neutropenic patients: a randomised comparative study with amphotericin B. J 
Infect 1991;22(1):45-52. 

2. Leenders AC, Daenen S, Jansen RL, Hop WC, Lowenberg B, Wijermans PW, et al. Liposomal amphotericin B 
compared with amphotericin B deoxycholate in the treatment of documented and suspected neutropenia-associated 
invasive fungal infections. Br J Haematol 1998;103(1):205-12. 

3. Ellis M, Spence D, de Pauw B, Meunier F, Marinus A, Collette L, et al. An EORTC international multicenter 
randomized trial (EORTC number 19923) comparing two dosages of liposomal amphotericin B for treatment of 
invasive aspergillosis. Clin Infect Dis 1998;27(6):1406-12. 

4. Herbrecht R, Denning DW, Patterson TF, Bennett JE, Greene RE, Oestmann JW, et al. Voriconazole versus 
amphotericin B for primary therapy of invasive aspergillosis. N Engl J Med 2002;347(6):408-15. 

5. Bowden R, Chandrasekar P, White MH, Li X, Pietrelli L, Gurwith M, et al. A double-blind, randomized, controlled 
trial of amphotericin B colloidal dispersion versus amphotericin B for treatment of invasive aspergillosis in 
immunocompromised patients. Clin Infect Dis 2002;35(4):359-66. 

6. Cornely OA, Maertens J, Bresnik M, Ebrahimi R, Ullmann AJ, Bouza E, et al. Liposomal amphotericin B as initial 
therapy for invasive mold infection: a randomized trial comparing a high-loading dose regimen with standard dosing 
(AmBiLoad trial). Clin Infect Dis 2007;44(10):1289-97. 

7. Verweij PE, Donnelly JP, Kullberg BJ, Meis JF, De Pauw BE. Amphotericin B versus amphotericin B plus 5-
flucytosine: poor results in the treatment of proven systemic mycoses in neutropenic patients. Infection 1994;22(2):81-
5. 

8. Ascioglu S, Rex JH, de Pauw B, Bennett JE, Bille J, Crokaert F, et al. Defining opportunistic invasive fungal infections 
in immunocompromised patients with cancer and hematopoietic stem cell transplants: an international consensus. Clin 
Infect Dis 2002;34(1):7-14. 

9. Denning DW, Ribaud P, Milpied N, Caillot D, Herbrecht R, Thiel E, et al. Efficacy and safety of voriconazole in the 
treatment of acute invasive aspergillosis. Clin Infect Dis 2002;34(5):563-71. 

10. Patterson TF, Boucher HW, Herbrecht R, Denning DW, Lortholary O, Ribaud P, et al. Strategy of following 
voriconazole versus amphotericin B therapy with other licensed antifungal therapy for primary treatment of invasive 
aspergillosis: impact of other therapies on outcome. Clin Infect Dis 2005;41(10):1448-52. 

11. Linden PK, Coley K, Fontes P, Fung JJ, Kusne S. Invasive aspergillosis in liver transplant recipients: outcome 
comparison of therapy with amphotericin B lipid complex and a historical cohort treated with conventional 
amphotericin B. Clin Infect Dis 2003;37(1):17-25. 

12. White MH, Anaissie EJ, Kusne S, Wingard JR, Hiemenz JW, Cantor A, et al. Amphotericin B colloidal dispersion vs. 
amphotericin B as therapy for invasive aspergillosis. Clin Infect Dis 1997;24(4):635-42. 

13. Singh N, Limaye AP, Forrest G, Safdar N, Munoz P, Pursell K, et al. Combination of voriconazole and caspofungin as 
primary therapy for invasive aspergillosis in solid organ transplant recipients: a prospective, multicenter, observational 
study. Transplantation 2006;81(3):320-6. 

14. Kontoyiannis DP, Boktour M, Hanna H, Torres HA, Hachem R, Raad, II. Itraconazole added to a lipid formulation of 
amphotericin B does not improve outcome of primary treatment of invasive aspergillosis. Cancer 2005;103(11):2334-7. 

15. Chandrasekar PH, Gatny CM. The effect of fluconazole prophylaxis on fungal colonization in neutropenic cancer 
patients. Bone Marrow Transplantation Team. J Antimicrob Chemother 1994;33(2):309-18. 

16. Ng TT, Denning DW. Liposomal amphotericin B (AmBisome) therapy in invasive fungal infections. Evaluation of 
United Kingdom compassionate use data. Arch Intern Med 1995;155(10):1093-8. 

17. Betts R, Glasmacher A, Maertens J, Maschmeyer G, Vazquez JA, Teppler H, et al. Efficacy of caspofungin against 
invasive Candida or invasive Aspergillus infections in neutropenic patients. Cancer 2006;106(2):466-73. 

18. Kontoyiannis DP, Hachem R, Lewis RE, Rivero GA, Torres HA, Thornby J, et al. Efficacy and toxicity of caspofungin 
in combination with liposomal amphotericin B as primary or salvage treatment of invasive aspergillosis in patients with 
hematologic malignancies. Cancer 2003;98(2):292-9. 

19. Walsh TJ, Seibel NL, Arndt C, Harris RE, Dinubile MJ, Reboli A, et al. Amphotericin B lipid complex in pediatric 
patients with invasive fungal infections. Pediatr Infect Dis J 1999;18(8):702-8. 

20. Herbrecht R, Auvrignon A, Andres E, Guillemain R, Suc A, Eyer D, et al. Efficacy of amphotericin B lipid complex in 
the treatment of invasive fungal infections in immunosuppressed paediatric patients. Eur J Clin Microbiol Infect Dis 
2001;20(2):77-82. 

21. Walsh TJ, Lutsar I, Driscoll T, Dupont B, Roden M, Ghahramani P, et al. Voriconazole in the treatment of 
aspergillosis, scedosporiosis and other invasive fungal infections in children. Pediatr Infect Dis J 2002;21(3):240-8. 

22. Cesaro S, Strugo L, Alaggio R, Cecchetto G, Rigobello L, Pillon M, et al. Voriconazole for invasive aspergillosis in 
oncohematological patients: a single-center pediatric experience. Support Care Cancer 2003;11(11):722-7. 

Download van SWAB.nl | 2026-06-26 15:25



74 SWAB Invasive Fungal infections 2008-2011  	
  
 

23. Cesaro S, Toffolutti T, Messina C, Calore E, Alaggio R, Cusinato R, et al. Safety and efficacy of caspofungin and 
liposomal amphotericin B, followed by voriconazole in young patients affected by refractory invasive mycosis. Eur J 
Haematol 2004;73(1):50-5. 

24. Wiley JM, Seibel NL, Walsh TJ. Efficacy and safety of amphotericin B lipid complex in 548 children and adolescents 
with invasive fungal infections. Pediatr Infect Dis J 2005;24(2):167-74. 

25. Chandrasekar PH, Ito JI. Amphotericin B lipid complex in the management of invasive aspergillosis in 
immunocompromised patients. Clin Infect Dis 2005;40 Suppl 6:S392-400. 

26. Walsh TJ, Raad I, Patterson TF, Chandrasekar P, Donowitz GR, Graybill R, et al. Treatment of invasive aspergillosis 
with posaconazole in patients who are refractory to or intolerant of conventional therapy: an externally controlled trial. 
Clin Infect Dis 2007;44(1):2-12. 

27. Walsh TJ, Hiemenz JW, Seibel NL, Perfect JR, Horwith G, Lee L, et al. Amphotericin B lipid complex for invasive 
fungal infections: analysis of safety and efficacy in 556 cases. Clin Infect Dis 1998;26(6):1383-96. 

28. Anaissie EJ, Mattiuzzi GN, Miller CB, Noskin GA, Gurwith MJ, Mamelok RD, et al. Treatment of invasive fungal 
infections in renally impaired patients with amphotericin B colloidal dispersion. Antimicrob Agents Chemother 
1998;42(3):606-11. 

29. Offner F, Krcmery V, Boogaerts M, Doyen C, Engelhard D, Ribaud P, et al. Liposomal nystatin in patients with 
invasive aspergillosis refractory to or intolerant of amphotericin B. Antimicrob Agents Chemother 2004;48(12):4808-
12. 

30. Caillot D. Intravenous itraconazole followed by oral itraconazole for the treatment of amphotericin-B-refractory 
invasive pulmonary aspergillosis. Acta Haematol 2003;109(3):111-8. 

31. Perfect JR, Marr KA, Walsh TJ, Greenberg RN, DuPont B, de la Torre-Cisneros J, et al. Voriconazole treatment for 
less-common, emerging, or refractory fungal infections. Clin Infect Dis 2003;36(9):1122-31. 

32. Maertens J, Raad I, Petrikkos G, Boogaerts M, Selleslag D, Petersen FB, et al. Efficacy and safety of caspofungin for 
treatment of invasive aspergillosis in patients refractory to or intolerant of conventional antifungal therapy. Clin Infect 
Dis 2004;39(11):1563-71. 

33. Kartsonis NA, Saah AJ, Joy Lipka C, Taylor AF, Sable CA. Salvage therapy with caspofungin for invasive 
aspergillosis: results from the caspofungin compassionate use study. J Infect 2005;50(3):196-205. 

34. Mills W, Chopra R, Linch DC, Goldstone AH. Liposomal amphotericin B in the treatment of fungal infections in 
neutropenic patients: a single-centre experience of 133 episodes in 116 patients. Br J Haematol 1994;86(4):754-60. 

35. Stevens DA, Lee JY. Analysis of compassionate use itraconazole therapy for invasive aspergillosis by the NIAID 
Mycoses Study Group criteria. Arch Intern Med 1997;157(16):1857-62. 

36. Marr KA, Boeckh M, Carter RA, Kim HW, Corey L. Combination antifungal therapy for invasive aspergillosis. Clin 
Infect Dis 2004;39(6):797-802. 

37. Aliff TB, Maslak PG, Jurcic JG, Heaney ML, Cathcart KN, Sepkowitz KA, et al. Refractory Aspergillus pneumonia in 
patients with acute leukemia: successful therapy with combination caspofungin and liposomal amphotericin. Cancer 
2003;97(4):1025-32. 

38. Steinbach WJ, Benjamin DK, Jr., Kontoyiannis DP, Perfect JR, Lutsar I, Marr KA, et al. Infections due to Aspergillus 
terreus: a multicenter retrospective analysis of 83 cases. Clin Infect Dis 2004;39(2):192-8. 

39. Lass-Florl C, Griff K, Mayr A, Petzer A, Gastl G, Bonatti H, et al. Epidemiology and outcome of infections due to 
Aspergillus terreus: 10-year single centre experience. Br J Haematol 2005;131(2):201-7. 

40. Verweij PE, Mellado E, Melchers WJ. Multiple-triazole-resistant aspergillosis. N Engl J Med 2007;356(14):1481-3. 
41. A controlled trial of interferon gamma to prevent infection in chronic granulomatous disease. The International Chronic 

Granulomatous Disease Cooperative Study Group. N Engl J Med 1991;324(8):509-16. 
42. Safdar A, Rodriguez G, Ohmagari N, Kontoyiannis DP, Rolston KV, Raad, II, et al. The safety of interferon-gamma-1b 

therapy for invasive fungal infections after hematopoietic stem cell transplantation. Cancer 2005;103(4):731-9. 
43. Caillot D, Mannone L, Cuisenier B, Couaillier JF. Role of early diagnosis and aggressive surgery in the management of 

invasive pulmonary aspergillosis in neutropenic patients. Clin Microbiol Infect 2001;7 Suppl 2:54-61. 
44. Reichenberger F, Habicht J, Kaim A, Dalquen P, Bernet F, Schlapfer R, et al. Lung resection for invasive pulmonary 

aspergillosis in neutropenic patients with hematologic diseases. Am J Respir Crit Care Med 1998;158(3):885-90. 
45. Robinson LA, Reed EC, Galbraith TA, Alonso A, Moulton AL, Fleming WH. Pulmonary resection for invasive 

Aspergillus infections in immunocompromised patients. J Thorac Cardiovasc Surg 1995;109(6):1182-96; discussion 
1196-7. 

46. Singh N. Treatment of opportunistic mycoses: how long is long enough? Lancet Infect Dis 2003;3(11):703-8. 
47. Offner F, Cordonnier C, Ljungman P, Prentice HG, Engelhard D, De Bacquer D, et al. Impact of previous aspergillosis 

on the outcome of bone marrow transplantation. Clin Infect Dis 1998;26(5):1098-103. 
48. Cordonnier C, Maury S, Pautas C, Bastie JN, Chehata S, Castaigne S, et al. Secondary antifungal prophylaxis with 

voriconazole to adhere to scheduled treatment in leukemic patients and stem cell transplant recipients. Bone Marrow 
Transplant 2004;33(9):943-8. 

Download van SWAB.nl | 2026-06-26 15:25



SWAB Invasive Fungal infections 2008-2011	
   75	
  
 

49. deShazo RD, Chapin K, Swain RE. Fungal sinusitis. N Engl J Med 1997;337(4):254-9. 
50. Iwen PC, Rupp ME, Hinrichs SH. Invasive mold sinusitis: 17 cases in immunocompromised patients and review of the 

literature. Clin Infect Dis 1997;24(6):1178-84. 
51. Viollier AF, Peterson DE, De Jongh CA, Newman KA, Gray WC, Sutherland JC, et al. Aspergillus sinusitis in cancer 

patients. Cancer 1986;58(2):366-71. 
52. Denning DW, Stevens DA. Antifungal and surgical treatment of invasive aspergillosis: review of 2,121 published 

cases. Rev Infect Dis 1990;12(6):1147-201. 
53. Stevens DA, Kan VL, Judson MA, Morrison VA, Dummer S, Denning DW, et al. Practice guidelines for diseases 

caused by Aspergillus. Infectious Diseases Society of America. Clin Infect Dis 2000;30(4):696-709. 
54. Bodey G, Bueltmann B, Duguid W, Gibbs D, Hanak H, Hotchi M, et al. Fungal infections in cancer patients: an 

international autopsy survey. Eur J Clin Microbiol Infect Dis 1992;11(2):99-109. 
55. Jantunen E, Anttila VJ, Ruutu T. Aspergillus infections in allogeneic stem cell transplant recipients: have we made any 

progress? Bone Marrow Transplant 2002;30(12):925-9. 
56. Patterson TF, Kirkpatrick WR, White M, Hiemenz JW, Wingard JR, Dupont B, et al. Invasive aspergillosis. Disease 

spectrum, treatment practices, and outcomes. I3 Aspergillus Study Group. Medicine (Baltimore) 2000;79(4):250-60. 
57. Schwartz S, Ruhnke M, Ribaud P, Corey L, Driscoll T, Cornely OA, et al. Improved outcome in central nervous 

system aspergillosis, using voriconazole treatment. Blood 2005;106(8):2641-5. 
58. Denning DW, Riniotis K, Dobrashian R, Sambatakou H. Chronic cavitary and fibrosing pulmonary and pleural 

aspergillosis: case series, proposed nomenclature change, and review. Clin Infect Dis 2003;37 Suppl 3:S265-80. 
59. Sambatakou H, Dupont B, Lode H, Denning DW. Voriconazole treatment for subacute invasive and chronic pulmonary 

aspergillosis. Am J Med 2006;119(6):527 e17-24. 
60. Kauffman CA. Quandary about treatment of aspergillomas persists. Lancet 1996;347(9016):1640. 
61. Jewkes J, Kay PH, Paneth M, Citron KM. Pulmonary aspergilloma: analysis of prognosis in relation to haemoptysis 

and survey of treatment. Thorax 1983;38(8):572-8. 
62. Gebitekin C, Sami Bayram A, Akin S. Complex pulmonary aspergilloma treated with single stage cavernostomy and 

myoplasty. Eur J Cardiothorac Surg 2005;27(5):737-40. 
63. Okubo K, Kobayashi M, Morikawa H, Hayatsu E, Ueno Y. Favorable acute and long-term outcomes after the resection 

of pulmonary aspergillomas. Thorac Cardiovasc Surg 2007;55(2):108-11. 
64. Pratap H, Dewan RK, Singh L, Gill S, Vaddadi S. Surgical treatment of pulmonary aspergilloma: a series of 72 cases. 

Indian J Chest Dis Allied Sci 2007;49(1):23-7. 
65. Demir A, Gunluoglu MZ, Turna A, Kara HV, Dincer SI. Analysis of surgical treatment for pulmonary aspergilloma. 

Asian Cardiovasc Thorac Ann 2006;14(5):407-11. 
66. Uflacker R, Kaemmerer A, Neves C, Picon PD. Management of massive hemoptysis by bronchial artery embolization. 

Radiology 1983;146(3):627-34. 
67. Giron J, Poey C, Fajadet P, Sans N, Fourcade D, Senac JP, et al. CT-guided percutaneous treatment of inoperable 

pulmonary aspergillomas: a study of 40 cases. Eur J Radiol 1998;28(3):235-42. 
68. Rumbak M, Kohler G, Eastrige C, Winer-Muram H, Gavant M. Topical treatment of life threatening haemoptysis from 

aspergillomas. Thorax 1996;51(3):253-5. 
69. Edwards JE, Jr., Bodey GP, Bowden RA, Buchner T, de Pauw BE, Filler SG, et al. International Conference for the 

Development of a Consensus on the Management and Prevention of Severe Candidal Infections. Clin Infect Dis 
1997;25(1):43-59. 

70. Gudlaugsson O, Gillespie S, Lee K, Vande Berg J, Hu J, Messer S, et al. Attributable mortality of nosocomial 
candidemia, revisited. Clin Infect Dis 2003;37(9):1172-7. 

71. Lecciones JA, Lee JW, Navarro EE, Witebsky FG, Marshall D, Steinberg SM, et al. Vascular catheter-associated 
fungemia in patients with cancer: analysis of 155 episodes. Clin Infect Dis 1992;14(4):875-83. 

72. Kullberg BJ, Rex JH, Ruhnke M, Sobel J, Pappas P. Candidaemia secondary to intravascular catheter colonisation? - 
Authors' reply. Lancet 2006;367(9512):729. 

73. Trick WE, Fridkin SK, Edwards JR, Hajjeh RA, Gaynes RP. Secular trend of hospital-acquired candidemia among 
intensive care unit patients in the United States during 1989-1999. Clin Infect Dis 2002;35(5):627-30. 

74. Verduyn Lunel F, Koeleman JG, Spanjaard L, Vandenbroucke-Grauls C, Schultz C, Verbrugh HA, et al. Trends in 
fungaemia and antifungal susceptibility in the Netherlands. Neth J Med 2006;64(7):236-42. 

75. Voss A, le Noble JL, Verduyn Lunel FM, Foudraine NA, Meis JF. Candidemia in intensive care unit patients: risk 
factors for mortality. Infection 1997;25(1):8-11. 

76. Voss A, Kluytmans JA, Koeleman JG, Spanjaard L, Vandenbroucke-Grauls CM, Verbrugh HA, et al. Occurrence of 
yeast bloodstream infections between 1987 and 1995 in five Dutch university hospitals. Eur J Clin Microbiol Infect Dis 
1996;15(12):909-12. 

77. Ostrosky-Zeichner L, Rex JH, Pappas PG, Hamill RJ, Larsen RA, Horowitz HW, et al. Antifungal susceptibility survey 
of 2,000 bloodstream Candida isolates in the United States. Antimicrob Agents Chemother 2003;47(10):3149-54. 

Download van SWAB.nl | 2026-06-26 15:25



76 SWAB Invasive Fungal infections 2008-2011  	
  
 

78. Pfaller MA, Diekema DJ, Jones RN, Sader HS, Fluit AC, Hollis RJ, et al. International surveillance of bloodstream 
infections due to Candida species: frequency of occurrence and in vitro susceptibilities to fluconazole, ravuconazole, 
and voriconazole of isolates collected from 1997 through 1999 in the SENTRY antimicrobial surveillance program. J 
Clin Microbiol 2001;39(9):3254-9. 

79. Rex JH, Bennett JE, Sugar AM, Pappas PG, van der Horst CM, Edwards JE, et al. A randomized trial comparing 
fluconazole with amphotericin B for the treatment of candidemia in patients without neutropenia. Candidemia Study 
Group and the National Institute. N Engl J Med 1994;331(20):1325-30. 

80. Phillips P, Shafran S, Garber G, Rotstein C, Smaill F, Fong I, et al. Multicenter randomized trial of fluconazole versus 
amphotericin B for treatment of candidemia in non-neutropenic patients. Canadian Candidemia Study Group. Eur J 
Clin Microbiol Infect Dis 1997;16(5):337-45. 

81. Anaissie EJ, Darouiche RO, Abi-Said D, Uzun O, Mera J, Gentry LO, et al. Management of invasive candidal 
infections: results of a prospective, randomized, multicenter study of fluconazole versus amphotericin B and review of 
the literature. Clin Infect Dis 1996;23(5):964-72. 

82. Abele-Horn M, Kopp A, Sternberg U, Ohly A, Dauber A, Russwurm W, et al. A randomized study comparing 
fluconazole with amphotericin B/5-flucytosine for the treatment of systemic Candida infections in intensive care 
patients. Infection 1996;24(6):426-32. 

83. Rex JH, Pappas PG, Karchmer AW, Sobel J, Edwards JE, Hadley S, et al. A randomized and blinded multicenter trial 
of high-dose fluconazole plus placebo versus fluconazole plus amphotericin B as therapy for candidemia and its 
consequences in nonneutropenic subjects. Clin Infect Dis 2003;36(10):1221-8. 

84. Kullberg BJ, Sobel JD, Ruhnke M, Pappas PG, Viscoli C, Rex JH, et al. Voriconazole versus a regimen of 
amphotericin B followed by fluconazole for candidaemia in non-neutropenic patients: a randomised non-inferiority 
trial. Lancet 2005;366(9495):1435-42. 

85. Tuil O, Cohen Y. An open comparatieve multicenter study ofe intravenous (IV) itraconazole versus IV fluconazol in 
the treatment of candidemia in non-neutropenic patients. Crit Care 2003;7((suppl 2)):S63-64. 

86. Mora-Duarte J, Betts R, Rotstein C, Colombo AL, Thompson-Moya L, Smietana J, et al. Comparison of caspofungin 
and amphotericin B for invasive candidiasis. N Engl J Med 2002;347(25):2020-9. 

87. Reboli AC, Rotstein C, Pappas PG, Chapman SW, Kett DH, Kumar D, et al. Anidulafungin versus fluconazole for 
invasive candidiasis. N Engl J Med 2007;356(24):2472-82. 

88. Kuse ER, Chetchotisakd P, da Cunha CA, Ruhnke M, Barrios C, Raghunadharao D, et al. Micafungin versus liposomal 
amphotericin B for candidaemia and invasive candidosis: a phase III randomised double-blind trial. Lancet 
2007;369(9572):1519-27. 

89. Pappas PG, Rotstein CM, Betts RF, Nucci M, Talwar D, De Waele JJ, et al. Micafungin versus caspofungin for 
treatment of candidemia and other forms of invasive candidiasis. Clin Infect Dis 2007;45(7):883-93. 

90. Anaissie EJ, Vartivarian SE, Abi-Said D, Uzun O, Pinczowski H, Kontoyiannis DP, et al. Fluconazole versus 
amphotericin B in the treatment of hematogenous candidiasis: a matched cohort study. Am J Med 1996;101(2):170-6. 

91. Nguyen MH, Peacock JE, Jr., Tanner DC, Morris AJ, Nguyen ML, Snydman DR, et al. Therapeutic approaches in 
patients with candidemia. Evaluation in a multicenter, prospective, observational study. Arch Intern Med 
1995;155(22):2429-35. 

92. Noskin GA, Pietrelli L, Coffey G, Gurwith M, Liang LJ. Amphotericin B colloidal dispersion for treatment of 
candidemia in immunocompromised patients. Clin Infect Dis 1998;26(2):461-7. 

93. Walsh TJ, Finberg RW, Arndt C, Hiemenz J, Schwartz C, Bodensteiner D, et al. Liposomal amphotericin B for 
empirical therapy in patients with persistent fever and neutropenia. National Institute of Allergy and Infectious 
Diseases Mycoses Study Group. N Engl J Med 1999;340(10):764-71. 

94. Walsh TJ, Teppler H, Donowitz GR, Maertens JA, Baden LR, Dmoszynska A, et al. Caspofungin versus liposomal 
amphotericin B for empirical antifungal therapy in patients with persistent fever and neutropenia. N Engl J Med 
2004;351(14):1391-402. 

95. Reboli A, Rotstein C, Pappas P, Schranz J, Krause DS, Walsh TJ, et al. Anidulafungin vs. Fluconazole for Treatment of 
Candidemia and Invasive Candidiasis (C/IC). In: Program and Abstracts of the 45th Interscience Conference on 
Antimicrobial Agents and Chemotherapy; 2005; Washington DC.: American Society for Microbiology; 2005. p. M-
718. 

96. Pfaller MA, Diekema DJ, Gibbs DL, Newell VA, Meis JF, Gould IM, et al. Results from the ARTEMIS DISK Global 
Antifungal Surveillance Study, 1997 to 2005: an 8.5-Year Analysis of Susceptibilities of Candida Species and Other 
Yeast Species to Fluconazole and Voriconazole Determined by CLSI Standardized Disk Diffusion Testing. J Clin 
Microbiol 2007;45(6):1735-45. 

97. Pfaller MA, Diekema DJ, Rex JH, Espinel-Ingroff A, Johnson EM, Andes D, et al. Correlation of MIC with outcome 
for Candida species tested against voriconazole: analysis and proposal for interpretive breakpoints. J Clin Microbiol 
2006;44(3):819-26. 

98. Pappas PG, Rex JH, Sobel JD, Filler SG, Dismukes WE, Walsh TJ, et al. Guidelines for treatment of candidiasis. Clin 

Download van SWAB.nl | 2026-06-26 15:25



SWAB Invasive Fungal infections 2008-2011	
   77	
  
 

Infect Dis 2004;38(2):161-89. 
99. Oude Lashof AM, Donnelly JP, Meis JF, van der Meer JW, Kullberg BJ. Duration of antifungal treatment and 

development of delayed complications in patients with candidaemia. Eur J Clin Microbiol Infect Dis 2003;22(1):43-8. 
100. Nucci M, Anaissie E. Revisiting the source of candidemia: skin or gut? Clin Infect Dis 2001;33(12):1959-67. 
101. Rex JH, Bennett JE, Sugar AM, Pappas PG, Serody J, Edwards JE, et al. Intravascular catheter exchange and duration 

of candidemia. NIAID Mycoses Study Group and the Candidemia Study Group. Clin Infect Dis 1995;21(4):994-6. 
102. Nucci M, Anaissie E. Should vascular catheters be removed from all patients with candidemia? An evidence-based 

review. Clin Infect Dis 2002;34(5):591-9. 
103. Parke DW, 2nd, Jones DB, Gentry LO. Endogenous endophthalmitis among patients with candidemia. Ophthalmology 

1982;89(7):789-96. 
104. Brooks RG. Prospective study of Candida endophthalmitis in hospitalized patients with candidemia. Arch Intern Med 

1989;149(10):2226-8. 
105. Donahue SP, Greven CM, Zuravleff JJ, Eller AW, Nguyen MH, Peacock JE, Jr., et al. Intraocular candidiasis in 

patients with candidemia. Clinical implications derived from a prospective multicenter study. Ophthalmology 
1994;101(7):1302-9. 

106. Rodriguez-Adrian LJ, King RT, Tamayo-Derat LG, Miller JW, Garcia CA, Rex JH. Retinal lesions as clues to 
disseminated bacterial and candidal infections: frequency, natural history, and etiology. Medicine (Baltimore) 
2003;82(3):187-202. 

107. Oude Lashof AML, Sobel JD, Ruhnke M, Pappas P, Viscoli C, Schlamm HT, et al. A prospective study of the ocular 
manifestations of candidemia - Results from the Voriconazole Global Comparative Candidemia Study. In: 2nd Trends 
in Medical Mycology; 2005; Berlin; 2005. 

108. Gathe JC, Jr., Harris RL, Garland B, Bradshaw MW, Williams TW, Jr. Candida osteomyelitis. Report of five cases and 
review of the literature. Am J Med 1987;82(5):927-37. 

109. Bleeker-Rovers CP, Warris A, Drenth JP, Corstens FH, Oyen WJ, Kullberg BJ. Diagnosis of Candida lung abscesses 
by 18F-fluorodeoxyglucose positron emission tomography. Clin Microbiol Infect 2005;11(6):493-5. 

110. Bryant K, Maxfield C, Rabalais G. Renal candidiasis in neonates with candiduria. Pediatr Infect Dis J 
1999;18(11):959-63. 

111. Zaoutis TE, Greves HM, Lautenbach E, Bilker WB, Coffin SE. Risk factors for disseminated candidiasis in children 
with candidemia. Pediatr Infect Dis J 2004;23(7):635-41. 

112. Ostrosky-Zeichner L, Oude Lashof AM, Kullberg BJ, Rex JH. Voriconazole salvage treatment of invasive candidiasis. 
Eur J Clin Microbiol Infect Dis 2003;22(11):651-5. 

113. Kartsonis NA, Saah A, Lipka CJ, Taylor A, Sable CA. Second-line therapy with caspofungin for mucosal or invasive 
candidiasis: results from the caspofungin compassionate-use study. J Antimicrob Chemother 2004;53(5):878-81. 

114. Ostrosky-Zeichner L, Kontoyiannis D, Raffalli J, Mullane KM, Vazquez J, Anaissie EJ, et al. International, open-label, 
noncomparative, clinical trial of micafungin alone and in combination for treatment of newly diagnosed and refractory 
candidemia. Eur J Clin Microbiol Infect Dis 2005;24(10):654-61. 

115. Kullberg BJ, Vandewoude K, Herbrecht R, Jacobs F, Aoun M, Kujath P. A double-blind, randomized, placebo-
controlled phase II study of filgrastim (recombinant granulocyte colony-stimulating factor) in combination with 
fluconazole for treatment of invasive candidiasis and 

candidemia in nonneutropenic patients. In: Program 
and abstracts of the 38th Interscience Conference on Antimicrobial 
Agents and Chemotherapy.; 1998; San Diego: American Society for Microbiology; 1998. p. abstract J-100. 
116. Pachl J, Svoboda P, Jacobs F, Vandewoude K, van der Hoven B, Spronk P, et al. A randomized, blinded, multicenter 

trial of lipid-associated amphotericin B alone versus in combination with an antibody-based inhibitor of heat shock 
protein 90 in patients with invasive candidiasis. Clin Infect Dis 2006;42(10):1404-13. 

117. Arrieta AC, Telles Filho F, Berezin E, Freire A, Diekmann-Berndt H. A Randomized, Double-blind Trial Comparing 
Micafungin (MCFG) and Liposomal Amphotericin B (L-AMB) in Pediatric Patients with Invasive Candidiasis (IC). In: 
Program and Abstracts of the 46th Interscience Conference on Antimicrobial Agents and Chemotherapy; 2006 
September 27-30, 2006; San Francisco, California: American Society for Microbiology; 2006. p. Abstract M-1308b. 

118. Driessen M, Ellis JB, Muwazi F, De Villiers FP. The treatment of systemic candidiasis in neonates with oral 
fluconazole. Ann Trop Paediatr 1997;17(3):263-71. 

119. Mondal RK, Singhi SC, Chakrabarti A, M J. Randomized comparison between fluconazole and itraconazole for the 
treatment of candidemia in a pediatric intensive care unit: a preliminary study. Pediatr Crit Care Med 2004;5(6):561-5. 

120. Linder N, Klinger G, Shalit I, Levy I, Ashkenazi S, Haski G, et al. Treatment of candidaemia in premature infants: 
comparison of three amphotericin B preparations. J Antimicrob Chemother 2003;52(4):663-7. 

121. Benjamin DK, Jr., Stoll BJ, Fanaroff AA, McDonald SA, Oh W, Higgins RD, et al. Neonatal candidiasis among 
extremely low birth weight infants: risk factors, mortality rates, and neurodevelopmental outcomes at 18 to 22 months. 
Pediatrics 2006;117(1):84-92. 

Download van SWAB.nl | 2026-06-26 15:25



78 SWAB Invasive Fungal infections 2008-2011  	
  
 

122. Juster-Reicher A, Leibovitz E, Linder N, Amitay M, Flidel-Rimon O, Even-Tov S, et al. Liposomal amphotericin B 
(AmBisome) in the treatment of neonatal candidiasis in very low birth weight infants. Infection 2000;28(4):223-6. 

123. Juster-Reicher A, Flidel-Rimon O, Amitay M, Even-Tov S, Shinwell E, Leibovitz E. High-dose liposomal 
amphotericin B in the therapy of systemic candidiasis in neonates. Eur J Clin Microbiol Infect Dis 2003;22(10):603-7. 

124. Huttova M, Hartmanova I, Kralinsky K, Filka J, Uher J, Kurak J, et al. Candida fungemia in neonates treated with 
fluconazole: report of forty cases, including eight with meningitis. Pediatr Infect Dis J 1998;17(11):1012-5. 

125. Nolla-Salas J, Sitges-Serra A, Leon C, de la Torre MV, Sancho H. Candida endophthalmitis in non-neutropenic 
critically ill patients. Eur J Clin Microbiol Infect Dis 1996;15(6):503-6. 

126. Savani DV, Perfect JR, Cobo LM, Durack DT. Penetration of new azole compounds into the eye and efficacy in 
experimental Candida endophthalmitis. Antimicrob Agents Chemother 1987;31(1):6-10. 

127. O'Day DM, Foulds G, Williams TE, Robinson RD, Allen RH, Head WS. Ocular uptake of fluconazole following oral 
administration. Arch Ophthalmol 1990;108(7):1006-8. 

128. Goldblum D, Fausch K, Frueh BE, Theurillat R, Thormann W, Zimmerli S. Ocular penetration of caspofungin in a 
rabbit uveitis model. Graefes Arch Clin Exp Ophthalmol 2007;245(6):825-33. 

129. Martinez-Vazquez C, Fernandez-Ulloa J, Bordon J, Sopena B, de la Fuente J, Ocampo A, et al. Candida albicans 
endophthalmitis in brown heroin addicts: response to early vitrectomy preceded and followed by antifungal therapy. 
Clin Infect Dis 1998;27(5):1130-3. 

130. Kauffman CA, Vazquez JA, Sobel JD, Gallis HA, McKinsey DS, Karchmer AW, et al. Prospective multicenter 
surveillance study of funguria in hospitalized patients. The National Institute for Allergy and Infectious Diseases 
(NIAID) Mycoses Study Group. Clin Infect Dis 2000;30(1):14-8. 

131. Sobel JD, Kauffman CA, McKinsey D, Zervos M, Vazquez JA, Karchmer AW, et al. Candiduria: a randomized, 
double-blind study of treatment with fluconazole and placebo. The National Institute of Allergy and Infectious 
Diseases (NIAID) Mycoses Study Group. Clin Infect Dis 2000;30(1):19-24. 

132. Leu HS, Huang CT. Clearance of funguria with short-course antifungal regimens: a prospective, randomized, 
controlled study. Clin Infect Dis 1995;20(5):1152-7. 

133. Fan-Havard P, O'Donovan C, Smith SM, Oh J, Bamberger M, Eng RH. Oral fluconazole versus amphotericin B 
bladder irrigation for treatment of candidal funguria. Clin Infect Dis 1995;21(4):960-5. 

134. Ang BS, Telenti A, King B, Steckelberg JM, Wilson WR. Candidemia from a urinary tract source: microbiological 
aspects and clinical significance. Clin Infect Dis 1993;17(4):662-6. 

135. Barbaro G, Barbarini G, Calderon W, Grisorio B, Alcini P, Di Lorenzo G. Fluconazole versus itraconazole for candida 
esophagitis in acquired immunodeficiency syndrome. Candida Esophagitis. Gastroenterology 1996;111(5):1169-77. 

136. Barbaro G, Barbarini G, Di Lorenzo G. Fluconazole vs itraconazole-flucytosine association in the treatment of 
esophageal candidiasis in AIDS patients. A double-blind, multicenter placebo-controlled study. The Candida 
Esophagitis Multicenter Italian Study (CEMIS) Group. Chest 1996;110(6):1507-14. 

137. Ally R, Schurmann D, Kreisel W, Carosi G, Aguirrebengoa K, Dupont B, et al. A randomized, double-blind, double-
dummy, multicenter trial of voriconazole and fluconazole in the treatment of esophageal candidiasis in 
immunocompromised patients. Clin Infect Dis 2001;33(9):1447-54. 

138. Villanueva A, Arathoon EG, Gotuzzo E, Berman RS, DiNubile MJ, Sable CA. A randomized double-blind study of 
caspofungin versus amphotericin for the treatment of candidal esophagitis. Clin Infect Dis 2001;33(9):1529-35. 

139. Villanueva A, Gotuzzo E, Arathoon EG, Noriega LM, Kartsonis NA, Lupinacci RJ, et al. A randomized double-blind 
study of caspofungin versus fluconazole for the treatment of esophageal candidiasis. Am J Med 2002;113(4):294-9. 

140. de Wet N, Llanos-Cuentas A, Suleiman J, Baraldi E, Krantz EF, Della Negra M, et al. A randomized, double-blind, 
parallel-group, dose-response study of micafungin compared with fluconazole for the treatment of esophageal 
candidiasis in HIV-positive patients. Clin Infect Dis 2004;39(6):842-9. 

141. Wilcox CM, Darouiche RO, Laine L, Moskovitz BL, Mallegol I, Wu J. A randomized, double-blind comparison of 
itraconazole oral solution and fluconazole tablets in the treatment of esophageal candidiasis. J Infect Dis 
1997;176(1):227-32. 

142. Arathoon EG, Gotuzzo E, Noriega LM, Berman RS, DiNubile MJ, Sable CA. Randomized, double-blind, multicenter 
study of caspofungin versus amphotericin B for treatment of oropharyngeal and esophageal candidiases. Antimicrob 
Agents Chemother 2002;46(2):451-7. 

143. Krause DS, Reinhardt J, Vazquez JA, Reboli A, Goldstein BP, Wible M, et al. Phase 2, randomized, dose-ranging 
study evaluating the safety and efficacy of anidulafungin in invasive candidiasis and candidemia. Antimicrob Agents 
Chemother 2004;48(6):2021-4. 

144. Alden SM, Frank E, Flancbaum L. Abdominal candidiasis in surgical patients. Am Surg 1989;55(1):45-9. 
145. Calandra T, Bille J, Schneider R, Mosimann F, Francioli P. Clinical significance of Candida isolated from peritoneum 

in surgical patients. Lancet 1989;2(8677):1437-40. 
146. Montravers P, Dupont H, Gauzit R, Veber B, Auboyer C, Blin P, et al. Candida as a risk factor for mortality in 

peritonitis. Crit Care Med 2006;34(3):646-52. 

Download van SWAB.nl | 2026-06-26 15:25



SWAB Invasive Fungal infections 2008-2011	
   79	
  
 

147. Goldie SJ, Kiernan-Tridle L, Torres C, Gorban-Brennan N, Dunne D, Kliger AS, et al. Fungal peritonitis in a large 
chronic peritoneal dialysis population: a report of 55 episodes. Am J Kidney Dis 1996;28(1):86-91. 

148. Hoerauf A, Hammer S, Muller-Myhsok B, Rupprecht H. Intra-abdominal Candida infection during acute necrotizing 
pancreatitis has a high prevalence and is associated with increased mortality. Crit Care Med 1998;26(12):2010-5. 

149. Van Roey J, Haxaire M, Kamya M, Lwanga I, Katabira E. Comparative efficacy of topical therapy with a slow-release 
mucoadhesive buccal tablet containing miconazole nitrate versus systemic therapy with ketoconazole in HIV-positive 
patients with oropharyngeal candidiasis. J Acquir Immune Defic Syndr 2004;35(2):144-50. 

150. Hoppe JE. Treatment of oropharyngeal candidiasis in immunocompetent infants: a randomized multicenter study of 
miconazole gel vs. nystatin suspension. The Antifungals Study Group. Pediatr Infect Dis J 1997;16(3):288-93. 

151. De Wit S, Weerts D, Goossens H, Clumeck N. Comparison of fluconazole and ketoconazole for oropharyngeal 
candidiasis in AIDS. Lancet 1989;1(8641):746-8. 

152. Pons V, Greenspan D, Lozada-Nur F, McPhail L, Gallant JE, Tunkel A, et al. Oropharyngeal candidiasis in patients 
with AIDS: randomized comparison of fluconazole versus nystatin oral suspensions. Clin Infect Dis 1997;24(6):1204-
7. 

153. Taillandier J, Esnault Y, Alemanni M. A comparison of fluconazole oral suspension and amphotericin B oral 
suspension in older patients with oropharyngeal candidosis. Multicentre Study Group. Age Ageing 2000;29(2):117-23. 

154. Murray PA, Koletar SL, Mallegol I, Wu J, Moskovitz BL. Itraconazole oral solution versus clotrimazole troches for the 
treatment of oropharyngeal candidiasis in immunocompromised patients. Clin Ther 1997;19(3):471-80. 

155. Graybill JR, Vazquez J, Darouiche RO, Morhart R, Greenspan D, Tuazon C, et al. Randomized trial of itraconazole 
oral solution for oropharyngeal candidiasis in HIV/AIDS patients. Am J Med 1998;104(1):33-9. 

156. Phillips P, De Beule K, Frechette G, Tchamouroff S, Vandercam B, Weitner L, et al. A double-blind comparison of 
itraconazole oral solution and fluconazole capsules for the treatment of oropharyngeal candidiasis in patients with 
AIDS. Clin Infect Dis 1998;26(6):1368-73. 

157. Oude Lashof AM, De Bock R, Herbrecht R, de Pauw BE, Krcmery V, Aoun M, et al. An open multicentre comparative 
study of the efficacy, safety and tolerance of fluconazole and itraconazole in the treatment of cancer patients with 
oropharyngeal candidiasis. Eur J Cancer 2004;40(9):1314-9. 

158. Vazquez JA, Skiest DJ, Nieto L, Northland R, Sanne I, Gogate J, et al. A multicenter randomized trial evaluating 
posaconazole versus fluconazole for the treatment of oropharyngeal candidiasis in subjects with HIV/AIDS. Clin Infect 
Dis 2006;42(8):1179-86. 

159. Schuman P, Capps L, Peng G, Vazquez J, el-Sadr W, Goldman AI, et al. Weekly fluconazole for the prevention of 
mucosal candidiasis in women with HIV infection. A randomized, double-blind, placebo-controlled trial. Terry Beirn 
Community Programs for Clinical Research on AIDS. Ann Intern Med 1997;126(9):689-96. 

160. Pagani JL, Chave JP, Casjka C, Glauser MP, Bille J. Efficacy, tolerability and development of resistance in HIV-
positive patients treated with fluconazole for secondary prevention of oropharyngeal candidiasis: a randomized, 
double-blind, placebo-controlled trial. J Antimicrob Chemother 2002;50(2):231-40. 

161. Revankar SG, Kirkpatrick WR, McAtee RK, Dib OP, Fothergill AW, Redding SW, et al. A randomized trial of 
continuous or intermittent therapy with fluconazole for oropharyngeal candidiasis in HIV-infected patients: clinical 
outcomes and development of fluconazole resistance. Am J Med 1998;105(1):7-11. 

162. Goldman M, Cloud GA, Wade KD, Reboli AC, Fichtenbaum CJ, Hafner R, et al. A randomized study of the use of 
fluconazole in continuous versus episodic therapy in patients with advanced HIV infection and a history of 
oropharyngeal candidiasis: AIDS Clinical Trials Group Study 323/Mycoses Study Group Study 40. Clin Infect Dis 
2005;41(10):1473-80. 

163. Phillips P, Zemcov J, Mahmood W, Montaner JS, Craib K, Clarke AM. Itraconazole cyclodextrin solution for 
fluconazole-refractory oropharyngeal candidiasis in AIDS: correlation of clinical response with in vitro susceptibility. 
Aids 1996;10(12):1369-76. 

164. Eichel M, Just-Nubling G, Helm EB, Stille W. [Itraconazole suspension in the treatment of HIV-infected patients with 
fluconazole-resistant oropharyngeal candidiasis and esophagitis]. Mycoses 1996;39 Suppl 1:102-6. 

165. Baily G. Weekly fluconazole for preventing mucosal candidiasis in HIV infection. Ann Intern Med 1997;127(12):1131. 
166. Empiric antifungal therapy in febrile granulocytopenic patients. EORTC International Antimicrobial Therapy 

Cooperative Group. Am J Med 1989;86(6 Pt 1):668-72. 
167. Pizzo PA, Robichaud KJ, Gill FA, Witebsky FG. Empiric antibiotic and antifungal therapy for cancer patients with 

prolonged fever and granulocytopenia. Am J Med 1982;72(1):101-11. 
168. Bow EJ. Invasive fungal infections in patients receiving intensive cytotoxic therapy for cancer. Br J Haematol 

1998;101 Suppl 1:1-4. 
169. Prentice HG, Hann IM, Herbrecht R, Aoun M, Kvaloy S, Catovsky D, et al. A randomized comparison of liposomal 

versus conventional amphotericin B for the treatment of pyrexia of unknown origin in neutropenic patients. Br J 
Haematol 1997;98:711-718. 

170. Winston DJ, Schiller GJ, Territo MC. Liposomal amphotericin B for fever and neutropenia. N Engl J Med 

Download van SWAB.nl | 2026-06-26 15:25



80 SWAB Invasive Fungal infections 2008-2011  	
  
 

1999;341(15):1154-5. 
171. Winston DJ, Pakrasi A, Busuttil RW. Prophylactic fluconazole in liver transplant recipients. A randomized, double-

blind, placebo-controlled trial. Ann Intern Med 1999;131(10):729-37. 
172. Subira M, Martino R, Gomez L, Marti JM, Estany C, Sierra J. Low-dose amphotericin B lipid complex vs. 

conventional amphotericin B for empirical antifungal therapy of neutropenic fever in patients with hematologic 
malignancies--a randomized, controlled trial. Eur J Haematol 2004;72(5):342-7. 

173. White MH, Bowden RA, Sandler ES, Graham ML, Noskin GA, Wingard JR, et al. Randomized, double-blind clinical 
trial of amphotericin B colloidal dispersion vs. amphotericin B in the empirical treatment of fever and neutropenia. Clin 
Infect Dis 1998;27(2):296-302. 

174. Wingard JR, White MH, Anaissie E, Raffalli J, Goodman J, Arrieta A. A randomized, double-blind comparative trial 
evaluating the safety of liposomal amphotericin B versus amphotericin B lipid complex in the empirical treatment of 
febrile neutropenia. L Amph/ABLC Collaborative Study Group. Clin Infect Dis 2000;31(5):1155-63. 

175. Johansen HK, Gotzsche PC. Amphotericin B lipid soluble formulations vs amphotericin B in cancer patients with 
neutropenia. Cochrane Database Syst Rev 2000(3):CD000969. 

176. Schoffski P, Freund M, Wunder R, Petersen D, Kohne CH, Hecker H, et al. Safety and toxicity of amphotericin B in 
glucose 5% or intralipid 20% in neutropenic patients with pneumonia or fever of unknown origin: randomised study. 
Bmj 1998;317(7155):379-84. 

177. Viscoli C, Castagnola E, Van Lint MT, Moroni C, Garaventa A, Rossi MR, et al. Fluconazole versus amphotericin B as 
empirical antifungal therapy of unexplained fever in granulocytopenic cancer patients: a pragmatic, multicentre, 
prospective and randomised clinical trial. Eur J Cancer 1996;32A(5):814-20. 

178. Malik IA, Moid I, Aziz Z, Khan S, Suleman M. A randomized comparison of fluconazole with amphotericin B as 
empiric anti-fungal agents in cancer patients with prolonged fever and neutropenia. Am J Med 1998;105(6):478-83. 

179. Winston DJ, Hathorn JW, Schuster MG, Schiller GJ, Territo MC. A multicenter, randomized trial of fluconazole versus 
amphotericin B for empiric antifungal therapy of febrile neutropenic patients with cancer. Am J Med 2000;108(4):282-
9. 

180. Boogaerts M, Winston DJ, Bow EJ, Garber G, Reboli AC, Schwarer AP, et al. Intravenous and oral itraconazole versus 
intravenous amphotericin B deoxycholate as empirical antifungal therapy for persistent fever in neutropenic patients 
with cancer who are receiving broad-spectrum antibacterial therapy. A randomized, controlled trial. Ann Intern Med 
2001;135(6):412-22. 

181. Walsh TJ, Pappas P, Winston DJ, Lazarus HM, Petersen F, Raffalli J, et al. Voriconazole compared with liposomal 
amphotericin B for empirical antifungal therapy in patients with neutropenia and persistent fever. N Engl J Med 
2002;346(4):225-34. 

182. Sandler ES, Mustafa MM, Tkaczewski I, Graham ML, Morrison VA, Green M, et al. Use of amphotericin B colloidal 
dispersion in children. J Pediatr Hematol Oncol 2000;22(3):242-6. 

183. Maertens J, Verhaegen J, Demuynck H, Brock P, Verhoef G, Vandenberghe P, et al. Autopsy-controlled prospective 
evaluation of serial screening for circulating galactomannan by a sandwich enzyme-linked immunosorbent assay for 
hematological patients at risk for invasive Aspergillosis. J Clin Microbiol 1999;37(10):3223-8. 

184. Bretagne S, Marmorat-Khuong A, Kuentz M, Latge JP, Bart-Delabesse E, Cordonnier C. Serum Aspergillus 
galactomannan antigen testing by sandwich ELISA: practical use in neutropenic patients. J Infect 1997;35(1):7-15. 

185. Marr KA, Balajee SA, McLaughlin L, Tabouret M, Bentsen C, Walsh TJ. Detection of galactomannan antigenemia by 
enzyme immunoassay for the diagnosis of invasive aspergillosis: variables that affect performance. J Infect Dis 
2004;190(3):641-9. 

186. Maertens JA, Klont R, Masson C, Theunissen K, Meersseman W, Lagrou K, et al. Optimization of the cutoff value for 
the Aspergillus double-sandwich enzyme immunoassay. Clin Infect Dis 2007;44(10):1329-36. 

187. Maertens J, Glasmacher A, Selleslag D, Ngai A, Ryan D, Layton M, et al. Evaluation of serum sandwich enzyme-
linked immunosorbent assay for circulating galactomannan during caspofungin therapy: results from the caspofungin 
invasive aspergillosis study. Clin Infect Dis 2005;41(1):e9-14. 

188. Maertens J, Theunissen K, Verhoef G, Verschakelen J, Lagrou K, Verbeken E, et al. Galactomannan and computed 
tomography-based preemptive antifungal therapy in neutropenic patients at high risk for invasive fungal infection: a 
prospective feasibility study. Clin Infect Dis 2005;41(9):1242-50. 

189. Viscoli C, Machetti M, Cappellano P, Bucci B, Bruzzi P, Van Lint MT, et al. False-positive galactomannan platelia 
Aspergillus test results for patients receiving piperacillin-tazobactam. Clin Infect Dis 2004;38(6):913-6. 

190. Bretagne S, Costa JM, Bart-Delabesse E, Dhedin N, Rieux C, Cordonnier C. Comparison of serum galactomannan 
antigen detection and competitive polymerase chain reaction for diagnosing invasive aspergillosis. Clin Infect Dis 
1998;26(6):1407-12. 

191. Hebart H, Loffler J, Meisner C, Serey F, Schmidt D, Bohme A, et al. Early detection of aspergillus infection after 
allogeneic stem cell transplantation by polymerase chain reaction screening. J Infect Dis 2000;181(5):1713-9. 

192. Einsele H, Quabeck K, Muller KD, Hebart H, Rothenhofer I, Loffler J, et al. Prediction of invasive pulmonary 

Download van SWAB.nl | 2026-06-26 15:25



SWAB Invasive Fungal infections 2008-2011	
   81	
  
 

aspergillosis from colonisation of lower respiratory tract before marrow transplantation. Lancet 1998;352(9138):1443. 
193. Caillot D, Casasnovas O, Bernard A, Couaillier JF, Durand C, Cuisenier B, et al. Improved management of invasive 

pulmonary aspergillosis in neutropenic patients using early thoracic computed tomographic scan and surgery. J Clin 
Oncol 1997;15(1):139-47. 

194. Caillot D, Couaillier JF, Bernard A, Casasnovas O, Denning DW, Mannone L, et al. Increasing volume and changing 
characteristics of invasive pulmonary aspergillosis on sequential thoracic computed tomography scans in patients with 
neutropenia. J Clin Oncol 2001;19(1):253-9. 

195. Weisser M, Rausch C, Droll A, Simcock M, Sendi P, Steffen I, et al. Galactomannan does not precede major signs on a 
pulmonary computerized tomographic scan suggestive of invasive aspergillosis in patients with hematological 
malignancies. Clin Infect Dis 2005;41(8):1143-9. 

196. Greene RE, Schlamm HT, Oestmann JW, Stark P, Durand C, Lortholary O, et al. Imaging findings in acute invasive 
pulmonary aspergillosis: clinical significance of the halo sign. Clin Infect Dis 2007;44(3):373-9. 

197. Borst A, Leverstein-Van Hall MA, Verhoef J, Fluit AC. Detection of Candida spp. in blood cultures using nucleic acid 
sequence-based amplification (NASBA). Diagn Microbiol Infect Dis 2001;39(3):155-60. 

198. Fuller DD, Davis TE, Jr., Denys GA, York MK. Evaluation of BACTEC MYCO/F Lytic medium for recovery of 
mycobacteria, fungi, and bacteria from blood. J Clin Microbiol 2001;39(8):2933-6. 

199. Morrell M, Fraser VJ, Kollef MH. Delaying the empiric treatment of candida bloodstream infection until positive blood 
culture results are obtained: a potential risk factor for hospital mortality. Antimicrob Agents Chemother 
2005;49(9):3640-5. 

200. Garey KW, Rege M, Pai MP, Mingo DE, Suda KJ, Turpin RS, et al. Time to initiation of fluconazole therapy impacts 
mortality in patients with candidemia: a multi-institutional study. Clin Infect Dis 2006;43(1):25-31. 

201. Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, et al. Duration of hypotension before initiation of 
effective antimicrobial therapy is the critical determinant of survival in human septic shock. Crit Care Med 
2006;34(6):1589-96. 

202. Schuster MG, Edwards JE, Jr., Sobel JD, Darouiche RO, Karchmer AW, Hadley S, et al. Empirical fluconazole versus 
placebo for intensive care unit patients: a randomized trial. Ann Intern Med 2008;149(2):83-90. 

203. Pittet D, Monod M, Suter PM, Frenk E, Auckenthaler R. Candida colonization and subsequent infections in critically ill 
surgical patients. Ann Surg 1994;220(6):751-8. 

204. Blumberg HM, Jarvis WR, Soucie JM, Edwards JE, Patterson JE, Pfaller MA, et al. Risk factors for candidal 
bloodstream infections in surgical intensive care unit patients: the NEMIS prospective multicenter study. The National 
Epidemiology of Mycosis Survey. Clin Infect Dis 2001;33(2):177-86. 

205. Leon C, Ruiz-Santana S, Saavedra P, Almirante B, Nolla-Salas J, Alvarez-Lerma F, et al. A bedside scoring system 
("Candida score") for early antifungal treatment in nonneutropenic critically ill patients with Candida colonization. Crit 
Care Med 2006;34(3):730-7. 

206. Wenzel RP, Gennings C. Bloodstream infections due to Candida species in the intensive care unit: identifying 
especially high-risk patients to determine prevention strategies. Clin Infect Dis 2005;41 Suppl 6:S389-93. 

207. Obayashi T, Yoshida M, Mori T, Goto H, Yasuoka A, Iwasaki H, et al. Plasma (1-->3)-beta-D-glucan measurement in 
diagnosis of invasive deep mycosis and fungal febrile episodes. Lancet 1995;345(8941):17-20. 

208. Odabasi Z, Mattiuzzi G, Estey E, Kantarjian H, Saeki F, Ridge RJ, et al. Beta-D-glucan as a diagnostic adjunct for 
invasive fungal infections: validation, cutoff development, and performance in patients with acute myelogenous 
leukemia and myelodysplastic syndrome. Clin Infect Dis 2004;39(2):199-205. 

209. Ostrosky-Zeichner L, Alexander BD, Kett DH, Vazquez J, Pappas PG, Saeki F, et al. Multicenter clinical evaluation of 
the (1-->3) beta-D-glucan assay as an aid to diagnosis of fungal infections in humans. Clin Infect Dis 2005;41(5):654-
9. 

210. Gotzsche PC, Johansen HK. Meta-analysis of prophylactic or empirical antifungal treatment versus placebo or no 
treatment in patients with cancer complicated by neutropenia. Bmj 1997;314(7089):1238-44. 

211. Gotzsche PC, Johansen HK. Routine versus selective antifungal administration for control of fungal infections in 
patients with cancer. Cochrane Database Syst Rev 2000(4):CD000026. 

212. Bow EJ, Laverdiere M, Lussier N, Rotstein C, Cheang MS, Ioannou S. Antifungal prophylaxis for severely neutropenic 
chemotherapy recipients: a meta analysis of randomized-controlled clinical trials. Cancer 2002;94(12):3230-46. 

213. Karthaus M, Doellmann T, Klimasch T, Elser C, Rosenthal C, Ganser A, et al. Intensive intravenous amphotericin B 
for prophylaxis of systemic fungal infections. Results of a prospective controlled pilot study in acute leukemia patients. 
Chemotherapy 2000;46(4):293-302. 

214. Kelsey SM, Goldman JM, McCann S, Newland AC, Scarffe JH, Oppenheim BA, et al. Liposomal amphotericin 
(AmBisome) in the prophylaxis of fungal infections in neutropenic patients: a randomised, double-blind, placebo-
controlled study. Bone Marrow Transplant 1999;23(2):163-8. 

215. Winston DJ, Chandrasekar PH, Lazarus HM, Goodman JL, Silber JL, Horowitz H, et al. Fluconazole prophylaxis of 
fungal infections in patients with acute leukemia. Results of a randomized placebo-controlled, double-blind, 

Download van SWAB.nl | 2026-06-26 15:25



82 SWAB Invasive Fungal infections 2008-2011  	
  
 

multicenter trial. Ann Intern Med 1993;118(7):495-503. 
216. Kern W, Behre G, Rudolf T, Kerkhoff A, Grote-Metke A, Eimermacher H, et al. Failure of fluconazole prophylaxis to 

reduce mortality or the requirement of systemic amphotericin B therapy during treatment for refractory acute myeloid 
leukemia: results of a prospective randomized phase III study. German AML Cooperative Group. Cancer 
1998;83(2):291-301. 

217. Rotstein C, Bow EJ, Laverdiere M, Ioannou S, Carr D, Moghaddam N. Randomized placebo-controlled trial of 
fluconazole prophylaxis for neutropenic cancer patients: benefit based on purpose and intensity of cytotoxic therapy. 
The Canadian Fluconazole Prophylaxis Study Group. Clin Infect Dis 1999;28(2):331-40. 

218. Menichetti F, Del Favero A, Martino P, Bucaneve G, Micozzi A, Girmenia C, et al. Itraconazole oral solution as 
prophylaxis for fungal infections in neutropenic patients with hematologic malignancies: a randomized, placebo-
controlled, double-blind, multicenter trial. GIMEMA Infection Program. Gruppo Italiano Malattie Ematologiche dell' 
Adulto. Clin Infect Dis 1999;28(2):250-5. 

219. Vreugdenhil G, Van Dijke BJ, Donnelly JP, Novakova IR, Raemaekers JM, Hoogkamp-Korstanje MA, et al. Efficacy 
of itraconazole in the prevention of fungal infections among neutropenic patients with hematologic malignancies and 
intensive chemotherapy. A double blind, placebo controlled study. Leuk Lymphoma 1993;11(5-6):353-8. 

220. Nucci M, Biasoli I, Akiti T, Silveira F, Solza C, Barreiros G, et al. A double-blind, randomized, placebo-controlled trial 
of itraconazole capsules as antifungal prophylaxis for neutropenic patients. Clin Infect Dis 2000;30(2):300-5. 

221. Bodey GP, Anaissie EJ, Elting LS, Estey E, O'Brien S, Kantarjian H. Antifungal prophylaxis during remission 
induction therapy for acute leukemia fluconazole versus intravenous amphotericin B. Cancer 1994;73(8):2099-106. 

222. Timmers GJ, Zweegman S, Simoons-Smit AM, van Loenen AC, Touw D, Huijgens PC. Amphotericin B colloidal 
dispersion (Amphocil) vs fluconazole for the prevention of fungal infections in neutropenic patients: data of a 
prematurely stopped clinical trial. Bone Marrow Transplant 2000;25(8):879-84. 

223. Young GA, Bosly A, Gibbs DL, Durrant S. A double-blind comparison of fluconazole and nystatin in the prevention of 
candidiasis in patients with leukaemia. Antifungal Prophylaxis Study Group. Eur J Cancer 1999;35(8):1208-13. 

224. Philpott-Howard JN, Wade JJ, Mufti GJ, Brammer KW, Ehninger G. Randomized comparison of oral fluconazole 
versus oral polyenes for the prevention of fungal infection in patients at risk of neutropenia. Multicentre Study Group. J 
Antimicrob Chemother 1993;31(6):973-84. 

225. Mattiuzzi GN, Estey E, Raad I, Giles F, Cortes J, Shen Y, et al. Liposomal amphotericin B versus the combination of 
fluconazole and itraconazole as prophylaxis for invasive fungal infections during induction chemotherapy for patients 
with acute myelogenous leukemia and myelodysplastic syndrome. Cancer 2003;97(2):450-6. 

226. Menichetti F, Del Favero A, Martino P, Bucaneve G, Micozzi A, D'Antonio D, et al. Preventing Fungal Infection in 
Neutropenic Patients with Acute Leukemia: Fluconazole Compared with Oral Amphotericin B. Ann Intern Med 
1994;120(11):913-918. 

227. Mattiuzzi GN, Kantarjian H, Faderl S, Lim J, Kontoyiannis D, Thomas D, et al. Amphotericin B lipid complex as 
prophylaxis of invasive fungal infections in patients with acute myelogenous leukemia and myelodysplastic syndrome 
undergoing induction chemotherapy. Cancer 2004;100(3):581-9. 

228. Kanda Y, Yamamoto R, Chizuka A, Hamaki T, Suguro M, Arai C, et al. Prophylactic action of oral fluconazole against 
fungal infection in neutropenic patients. A meta-analysis of 16 randomized, controlled trials. Cancer 2000;89(7):1611-
25. 

229. Harousseau JL, Dekker AW, Stamatoullas-Bastard A, Fassas A, Linkesch W, Gouveia J, et al. Itraconazole oral 
solution for primary prophylaxis of fungal infections in patients with hematological malignancy and profound 
neutropenia: a randomized, double-blind, double-placebo, multicenter trial comparing itraconazole and amphotericin B. 
Antimicrob Agents Chemother 2000;44(7):1887-93. 

230. Boogaerts M, Maertens J, van Hoof A, de Bock R, Fillet G, Peetermans M, et al. Itraconazole versus amphotericin B 
plus nystatin in the prophylaxis of fungal infections in neutropenic cancer patients. J Antimicrob Chemother 
2001;48(1):97-103. 

231. Oren I, Rowe JM, Sprecher H, Tamir A, Benyamini N, Akria L, et al. A prospective randomized trial of itraconazole vs 
fluconazole for the prevention of fungal infections in patients with acute leukemia and hematopoietic stem cell 
transplant recipients. Bone Marrow Transplant 2006;38(2):127-34. 

232. Huijgens PC, Simoons-Smit AM, van Loenen AC, Prooy E, van Tinteren H, Ossenkoppele GJ, et al. Fluconazole 
versus itraconazole for the prevention of fungal infections in haemato-oncology. J Clin Pathol 1999;52(5):376-80. 

233. Morgenstern GR, Prentice AG, Prentice HG, Ropner JE, Schey SA, Warnock DW. A randomized controlled trial of 
itraconazole versus fluconazole for the prevention of fungal infections in patients with haematological malignancies. 
U.K. Multicentre Antifungal Prophylaxis Study Group. Br J Haematol 1999;105(4):901-11. 

234. Glasmacher A, Cornely O, Ullmann AJ, Wedding U, Bodenstein H, Wandt H, et al. An open-label randomized trial 
comparing itraconazole oral solution with fluconazole oral solution for primary prophylaxis of fungal infections in 
patients with haematological malignancy and profound neutropenia. J Antimicrob Chemother 2006;57(2):317-25. 

235. Mattiuzzi GN, Alvarado G, Giles FJ, Ostrosky-Zeichner L, Cortes J, O'Brien S, et al. Open-label, randomized 

Download van SWAB.nl | 2026-06-26 15:25



SWAB Invasive Fungal infections 2008-2011	
   83	
  
 

comparison of itraconazole versus caspofungin for prophylaxis in patients with hematologic malignancies. Antimicrob 
Agents Chemother 2006;50(1):143-7. 

236. Glasmacher A, Prentice A, Gorschluter M, Engelhart S, Hahn C, Djulbegovic B, et al. Itraconazole prevents invasive 
fungal infections in neutropenic patients treated for hematologic malignancies: evidence from a meta-analysis of 3,597 
patients. J Clin Oncol 2003;21(24):4615-26. 

237. Glasmacher A, Prentice AG. Evidence-based review of antifungal prophylaxis in neutropenic patients with 
haematological malignancies. J Antimicrob Chemother 2005;56 Suppl 1:i23-i32. 

238. Prentice AG, Glasmacher A, Djulbegovic B. In meta-analysis itraconazole is superior to fluconazole for prophylaxis of 
systemic fungal infection in the treatment of haematological malignancy. Br J Haematol 2006;132(5):656-8; author 
reply 658-9. 

239. Cornely OA, Maertens J, Winston DJ, Perfect J, Ullmann AJ, Walsh TJ, et al. Posaconazole vs. fluconazole or 
itraconazole prophylaxis in patients with neutropenia. N Engl J Med 2007;356(4):348-59. 

240. Goodrich JM, Reed EC, Mori M, Fisher LD, Skerrett S, Dandliker PS, et al. Clinical features and analysis of risk 
factors for invasive candidal infection after marrow transplantation. J Infect Dis 1991;164(4):731-40. 

241. Tollemar J, Ringden O, Andersson S, Sundberg B, Ljungman P, Tyden G. Randomized double-blind study of 
liposomal amphotericin B (Ambisome) prophylaxis of invasive fungal infections in bone marrow transplant recipients. 
Bone Marrow Transplant 1993;12(6):577-82. 

242. Goodman JL, Winston DJ, Greenfield RA, Chandrasekar PH, Fox B, Kaizer H, et al. A controlled trial of fluconazole 
to prevent fungal infections in patients undergoing bone marrow transplantation. N Engl J Med 1992;326(13):845-51. 

243. Slavin MA, Osborne B, Adams R, Levenstein MJ, Schoch HG, Feldman AR, et al. Efficacy and safety of fluconazole 
prophylaxis for fungal infections after marrow transplantation--a prospective, randomized, double-blind study. J Infect 
Dis 1995;171(6):1545-52. 

244. Marr KA, Seidel K, Slavin MA, Bowden RA, Schoch HG, Flowers ME, et al. Prolonged fluconazole prophylaxis is 
associated with persistent protection against candidiasis-related death in allogeneic marrow transplant recipients: long-
term follow-up of a randomized, placebo-controlled trial. Blood 2000;96(6):2055-61. 

245. Koh LP, Kurup A, Goh YT, Fook-Chong SM, Tan PH. Randomized trial of fluconazole versus low-dose amphotericin 
B in prophylaxis against fungal infections in patients undergoing hematopoietic stem cell transplantation. Am J 
Hematol 2002;71(4):260-7. 

246. Wolff SN, Fay J, Stevens D, Herzig RH, Pohlman B, Bolwell B, et al. Fluconazole vs low-dose amphotericin B for the 
prevention of fungal infections in patients undergoing bone marrow transplantation: a study of the North American 
Marrow Transplant Group. Bone Marrow Transplant 2000;25(8):853-9. 

247. Marr KA, Crippa F, Leisenring W, Hoyle M, Boeckh M, Balajee SA, et al. Itraconazole versus fluconazole for 
prevention of fungal infections in patients receiving allogeneic stem cell transplants. Blood 2004;103(4):1527-33. 

248. Winston DJ, Maziarz RT, Chandrasekar PH, Lazarus HM, Goldman M, Blumer JL, et al. Intravenous and oral 
itraconazole versus intravenous and oral fluconazole for long-term antifungal prophylaxis in allogeneic hematopoietic 
stem-cell transplant recipients. A multicenter, randomized trial. Ann Intern Med 2003;138(9):705-13. 

249. MacMillan ML, Goodman JL, DeFor TE, Weisdorf DJ. Fluconazole to prevent yeast infections in bone marrow 
transplantation patients: a randomized trial of high versus reduced dose, and determination of the value of maintenance 
therapy. Am J Med 2002;112(5):369-79. 

250. Ullmann AJ, Lipton JH, Vesole DH, Chandrasekar P, Langston A, Tarantolo SR, et al. Posaconazole or fluconazole for 
prophylaxis in severe graft-versus-host disease. N Engl J Med 2007;356(4):335-47. 

251. van Burik JA, Ratanatharathorn V, Stepan DE, Miller CB, Lipton JH, Vesole DH, et al. Micafungin versus fluconazole 
for prophylaxis against invasive fungal infections during neutropenia in patients undergoing hematopoietic stem cell 
transplantation. Clin Infect Dis 2004;39(10):1407-16. 

252. Calvo V, Borro JM, Morales P, Morcillo A, Vicente R, Tarrazona V, et al. Antifungal prophylaxis during the early 
postoperative period of lung transplantation. Valencia Lung Transplant Group. Chest 1999;115(5):1301-4. 

253. Drew RH, Dodds Ashley E, Benjamin DK, Jr., Duane Davis R, Palmer SM, Perfect JR. Comparative safety of 
amphotericin B lipid complex and amphotericin B deoxycholate as aerosolized antifungal prophylaxis in lung-
transplant recipients. Transplantation 2004;77(2):232-7. 

254. Tollemar J, Hockerstedt K, Ericzon BG, Jalanko H, Ringden O. Liposomal amphotericin B prevents invasive fungal 
infections in liver transplant recipients. A randomized, placebo-controlled study. Transplantation 1995;59(1):45-50. 

255. Hellinger WC, Bonatti H, Yao JD, Alvarez S, Brumble LM, Keating MR, et al. Risk stratification and targeted 
antifungal prophylaxis for prevention of aspergillosis and other invasive mold infections after liver transplantation. 
Liver Transpl 2005;11(6):656-62. 

256. Sharpe MD, Ghent C, Grant D, Horbay GL, McDougal J, David Colby W. Efficacy and safety of itraconazole 
prophylaxis for fungal infections after orthotopic liver transplantation: a prospective, randomized, double-blind study. 
Transplantation 2003;76(6):977-83. 

257. Lumbreras C, Cuervas-Mons V, Jara P, del Palacio A, Turrion VS, Barrios C, et al. Randomized trial of fluconazole 

Download van SWAB.nl | 2026-06-26 15:25



84 SWAB Invasive Fungal infections 2008-2011  	
  
 

versus nystatin for the prophylaxis of Candida infection following liver transplantation. J Infect Dis 1996;174(3):583-8. 
258. Winston DJ, Busuttil RW. Randomized controlled trial of oral itraconazole solution versus intravenous/oral fluconazole 

for prevention of fungal infections in liver transplant recipients. Transplantation 2002;74(5):688-95. 
259. Kung N, Fisher N, Gunson B, Hastings M, Mutimer D. Fluconazole prophylaxis for high-risk liver transplant 

recipients. Lancet 1995;345(8959):1234-5. 
260. Biancofiore G, Bindi ML, Baldassarri R, Romanelli AM, Catalano G, Filipponi F, et al. Antifungal prophylaxis in liver 

transplant recipients: a randomized placebo-controlled study. Transpl Int 2002;15(7):341-7. 
261. Playford EG, Webster AC, Sorrell TC, Craig JC. Systematic review and meta-analysis of antifungal agents for 

preventing fungal infections in liver transplant recipients. Eur J Clin Microbiol Infect Dis 2006;25(9):549-61. 
262. Benedetti E, Gruessner AC, Troppmann C, Papalois BE, Sutherland DE, Dunn DL, et al. Intra-abdominal fungal 

infections after pancreatic transplantation: incidence, treatment, and outcome. J Am Coll Surg 1996;183(4):307-16. 
263. Grossi P, Farina C, Fiocchi R, Dalla Gasperina D. Prevalence and outcome of invasive fungal infections in 1,963 

thoracic organ transplant recipients: a multicenter retrospective study. Italian Study Group of Fungal Infections in 
Thoracic Organ Transplant Recipients. Transplantation 2000;70(1):112-6. 

264. Playford EG, Webster AC, Sorell TC, Craig JC. Antifungal agents for preventing fungal infections in solid organ 
transplant recipients. Cochrane Database Syst Rev 2004(3):CD004291. 

265. Pelz RK, Hendrix CW, Swoboda SM, Diener-West M, Merz WG, Hammond J, et al. Double-blind placebo-controlled 
trial of fluconazole to prevent candidal infections in critically ill surgical patients. Ann Surg 2001;233(4):542-8. 

266. Garbino J, Lew DP, Romand JA, Hugonnet S, Auckenthaler R, Pittet D. Prevention of severe Candida infections in 
nonneutropenic, high-risk, critically ill patients: a randomized, double-blind, placebo-controlled trial in patients treated 
by selective digestive decontamination. Intensive Care Med 2002;28(12):1708-17. 

267. Sandven P, Qvist H, Skovlund E, Giercksky KE. Significance of Candida recovered from intraoperative specimens in 
patients with intra-abdominal perforations. Crit Care Med 2002;30(3):541-7. 

268. Eggimann P, Francioli P, Bille J, Schneider R, Wu MM, Chapuis G, et al. Fluconazole prophylaxis prevents intra-
abdominal candidiasis in high-risk surgical patients. Crit Care Med 1999;27(6):1066-72. 

269. Vardakas KZ, Samonis G, Michalopoulos A, Soteriades ES, Falagas ME. Antifungal prophylaxis with azoles in high-
risk, surgical intensive care unit patients: a meta-analysis of randomized, placebo-controlled trials. Crit Care Med 
2006;34(4):1216-24. 

270. Ho KM, Lipman J, Dobb GJ, Webb SA. The use of prophylactic fluconazole in immunocompetent high-risk surgical 
patients: a meta-analysis. Crit Care 2005;9(6):R710-7. 

271. Shorr AF, Chung K, Jackson WL, Waterman PE, Kollef MH. Fluconazole prophylaxis in critically ill surgical patients: 
a meta-analysis. Crit Care Med 2005;33(9):1928-35; quiz 1936. 

272. Ho KM, Rochford SA, John G. The use of topical nonabsorbable gastrointestinal antifungal prophylaxis to prevent 
fungal infections in critically ill immunocompetent patients: a meta-analysis. Crit Care Med 2005;33(10):2383-92. 

273. Ostrosky-Zeichner L, Sable C, Sobel J, Alexander BD, Donowitz G, Kan V, et al. Multicenter retrospective 
development and validation of a clinical prediction rule for nosocomial invasive candidiasis in the intensive care 
setting. Eur J Clin Microbiol Infect Dis 2007;26(4):271-6. 

274. Paphitou NI, Ostrosky-Zeichner L, Rex JH. Rules for identifying patients at increased risk for candidal infections in the 
surgical intensive care unit: approach to developing practical criteria for systematic use in antifungal prophylaxis trials. 
Med Mycol 2005;43(3):235-43. 

275. Piarroux R, Grenouillet F, Balvay P, Tran V, Blasco G, Millon L, et al. Assessment of preemptive treatment to prevent 
severe candidiasis in critically ill surgical patients. Crit Care Med 2004;32(12):2443-9. 

276. Gallin JI. Interferon-gamma in the management of chronic granulomatous disease. Rev Infect Dis 1991;13(5):973-8. 
277. Gallin JI, Alling DW, Malech HL, Wesley R, Koziol D, Marciano B, et al. Itraconazole to prevent fungal infections in 

chronic granulomatous disease. N Engl J Med 2003;348(24):2416-22. 
278. Mouy R, Veber F, Blanche S, Donadieu J, Brauner R, Levron JC, et al. Long-term itraconazole prophylaxis against 

Aspergillus infections in thirty-two patients with chronic granulomatous disease. J Pediatr 1994;125(6 Pt 1):998-1003. 
279. Kaufman D, Boyle R, Hazen KC, Patrie JT, Robinson M, Donowitz LG. Fluconazole prophylaxis against fungal 

colonization and infection in preterm infants. N Engl J Med 2001;345(23):1660-6. 
280. Kicklighter SD, Springer SC, Cox T, Hulsey TC, Turner RB. Fluconazole for prophylaxis against candidal rectal 

colonization in the very low birth weight infant. Pediatrics 2001;107(2):293-8. 
281. McGuire W, Clerihew L, Austin N. Prophylactic intravenous antifungal agents to prevent mortality and morbidity in 

very low birth weight infants. Cochrane Database Syst Rev 2004(1):CD003850. 
282. Manzoni P, Stolfi I, Pugni L, Decembrino L, Magnani C, Vetrano G, et al. A multicenter, randomized trial of 

prophylactic fluconazole in preterm neonates. N Engl J Med 2007;356(24):2483-95. 
283. Bertini G, Perugi S, Dani C, Filippi L, Pratesi S, Rubaltelli FF. Fluconazole prophylaxis prevents invasive fungal 

infection in high-risk, very low birth weight infants. J Pediatr 2005;147(2):162-5. 
284. Manzoni P, Arisio R, Mostert M, Leonessa M, Farina D, Latino MA, et al. Prophylactic fluconazole is effective in 

Download van SWAB.nl | 2026-06-26 15:25



SWAB Invasive Fungal infections 2008-2011	
   85	
  
 

preventing fungal colonization and fungal systemic infections in preterm neonates: a single-center, 6-year, retrospective 
cohort study. Pediatrics 2006;117(1):e22-32. 

285. Healy CM, Baker CJ, Zaccaria E, Campbell JR. Impact of fluconazole prophylaxis on incidence and outcome of 
invasive candidiasis in a neonatal intensive care unit. J Pediatr 2005;147(2):166-71. 

286. Kaufman D, Boyle R, Hazen KC, Patrie JT, Robinson M, Grossman LB. Twice weekly fluconazole prophylaxis for 
prevention of invasive Candida infection in high-risk infants of <1000 grams birth weight. J Pediatr 2005;147(2):172-9. 

287. Ozturk MA, Gunes T, Koklu E, Cetin N, Koc N. Oral nystatin prophylaxis to prevent invasive candidiasis in Neonatal 
Intensive Care Unit. Mycoses 2006;49(6):484-92. 

288. Ben-Ari J, Samra Z, Nahum E, Levy I, Ashkenazi S, Schonfeld TM. Oral amphotericin B for the prevention of Candida 
bloodstream infection in critically ill children. Pediatr Crit Care Med 2006;7(2):115-8. 

289. Powderly WG. Cryptococcal meningitis and AIDS. Clin Infect Dis 1993;17(5):837-42. 
290. Bennett JE, Dismukes WE, Duma RJ, Medoff G, Sande MA, Gallis H, et al. A comparison of amphotericin B alone 

and combined with flucytosine in the treatment of cryptoccal meningitis. N Engl J Med 1979;301(3):126-31. 
291. van der Horst CM, Saag MS, Cloud GA, Hamill RJ, Graybill JR, Sobel JD, et al. Treatment of cryptococcal meningitis 

associated with the acquired immunodeficiency syndrome. National Institute of Allergy and Infectious Diseases 
Mycoses Study Group and AIDS Clinical Trials Group. N Engl J Med 1997;337(1):15-21. 

292. Leenders AC, Reiss P, Portegies P, Clezy K, Hop WC, Hoy J, et al. Liposomal amphotericin B (AmBisome) compared 
with amphotericin B both followed by oral fluconazole in the treatment of AIDS-associated cryptococcal meningitis. 
Aids 1997;11(12):1463-71. 

293. Larsen RA, Leal MA, Chan LS. Fluconazole compared with amphotericin B plus flucytosine for cryptococcal 
meningitis in AIDS. A randomized trial. Ann Intern Med 1990;113(3):183-7. 

294. Sharkey PK, Graybill JR, Johnson ES, Hausrath SG, Pollard RB, Kolokathis A, et al. Amphotericin B lipid complex 
compared with amphotericin B in the treatment of cryptococcal meningitis in patients with AIDS. Clin Infect Dis 
1996;22(2):315-21. 

295. Brouwer AE, Rajanuwong A, Chierakul W, Griffin GE, Larsen RA, White NJ, et al. Combination antifungal therapies 
for HIV-associated cryptococcal meningitis: a randomised trial. Lancet 2004;363(9423):1764-7. 

296. Saag MS, Powderly WG, Cloud GA, Robinson P, Grieco MH, Sharkey PK, et al. Comparison of amphotericin B with 
fluconazole in the treatment of acute AIDS-associated cryptococcal meningitis. The NIAID Mycoses Study Group and 
the AIDS Clinical Trials Group. N Engl J Med 1992;326(2):83-9. 

297. de Gans J, Portegies P, Tiessens G, Eeftinck Schattenkerk JK, van Boxtel CJ, van Ketel RJ, et al. Itraconazole 
compared with amphotericin B plus flucytosine in AIDS patients with cryptococcal meningitis. Aids 1992;6(2):185-90. 

298. Mayanja-Kizza H, Oishi K, Mitarai S, Yamashita H, Nalongo K, Watanabe K, et al. Combination therapy with 
fluconazole and flucytosine for cryptococcal meningitis in Ugandan patients with AIDS. Clin Infect Dis 
1998;26(6):1362-6. 

299. Dismukes WE, Cloud G, Gallis HA, Kerkering TM, Medoff G, Craven PC, et al. Treatment of cryptococcal meningitis 
with combination amphotericin B and flucytosine for four as compared with six weeks. N Engl J Med 
1987;317(6):334-41. 

300. Chuck SL, Sande MA. Infections with Cryptococcus neoformans in the acquired immunodeficiency syndrome. N Engl 
J Med 1989;321(12):794-9. 

301. Dromer F, Mathoulin S, Dupont B, Brugiere O, Letenneur L. Comparison of the efficacy of amphotericin B and 
fluconazole in the treatment of cryptococcosis in human immunodeficiency virus-negative patients: retrospective 
analysis of 83 cases. French Cryptococcosis Study Group. Clin Infect Dis 1996;22 Suppl 2:S154-60. 

302. Yamaguchi H, Ikemoto H, Watanabe K, Ito A, Hara K, Kohno S. Fluconazole monotherapy for cryptococcosis in non-
AIDS patients. Eur J Clin Microbiol Infect Dis 1996;15(10):787-92. 

303. Siddiqui AA, Brouwer AE, Wuthiekanun V, Jaffar S, Shattock R, Irving D, et al. IFN-gamma at the site of infection 
determines rate of clearance of infection in cryptococcal meningitis. J Immunol 2005;174(3):1746-50. 

304. Netea MG, Brouwer AE, Hoogendoorn EH, Van der Meer JW, Koolen M, Verweij PE, et al. Two patients with 
cryptococcal meningitis and idiopathic CD4 lymphopenia: defective cytokine production and reversal by recombinant 
interferon- gamma therapy. Clin Infect Dis 2004;39(9):e83-7. 

305. Pappas PG, Bustamante B, Ticona E, Hamill RJ, Johnson PC, Reboli A, et al. Recombinant interferon- gamma 1b as 
adjunctive therapy for AIDS-related acute cryptococcal meningitis. J Infect Dis 2004;189(12):2185-91. 

306. Polsky B, Depman MR, Gold JW, Galicich JH, Armstrong D. Intraventricular therapy of cryptococcal meningitis via a 
subcutaneous reservoir. Am J Med 1986;81(1):24-8. 

307. Denning DW, Armstrong RW, Lewis BH, Stevens DA. Elevated cerebrospinal fluid pressures in patients with 
cryptococcal meningitis and acquired immunodeficiency syndrome. Am J Med 1991;91(3):267-72. 

308. Graybill JR, Sobel J, Saag M, van Der Horst C, Powderly W, Cloud G, et al. Diagnosis and management of increased 
intracranial pressure in patients with AIDS and cryptococcal meningitis. The NIAID Mycoses Study Group and AIDS 
Cooperative Treatment Groups. Clin Infect Dis 2000;30(1):47-54. 

Download van SWAB.nl | 2026-06-26 15:25



86 SWAB Invasive Fungal infections 2008-2011  	
  
 

309. Newton PN, Thai le H, Tip NQ, Short JM, Chierakul W, Rajanuwong A, et al. A randomized, double-blind, placebo-
controlled trial of acetazolamide for the treatment of elevated intracranial pressure in cryptococcal meningitis. Clin 
Infect Dis 2002;35(6):769-72. 

310. Pitisuttithum P, Tansuphasawadikul S, Simpson AJ, Howe PA, White NJ. A prospective study of AIDS-associated 
cryptococcal meningitis in Thailand treated with high-dose amphotericin B. J Infect 2001;43(4):226-33. 

311. Coker RJ, Viviani M, Gazzard BG, Du Pont B, Pohle HD, Murphy SM, et al. Treatment of cryptococcosis with 
liposomal amphotericin B (AmBisome) in 23 patients with AIDS. Aids 1993;7(6):829-35. 

312. Baddour LM, Perfect JR, Ostrosky-Zeichner L. Successful use of amphotericin B lipid complex in the treatment of 
cryptococcosis. Clin Infect Dis 2005;40 Suppl 6:S409-13. 

313. Menichetti F, Fiorio M, Tosti A, Gatti G, Bruna Pasticci M, Miletich F, et al. High-dose fluconazole therapy for 
cryptococcal meningitis in patients with AIDS. Clin Infect Dis 1996;22(5):838-40. 

314. Larsen RA, Bozzette SA, Jones BE, Haghighat D, Leal MA, Forthal D, et al. Fluconazole combined with flucytosine 
for treatment of cryptococcal meningitis in patients with AIDS. Clin Infect Dis 1994;19(4):741-5. 

315. Denning DW, Tucker RM, Hanson LH, Hamilton JR, Stevens DA. Itraconazole therapy for cryptococcal meningitis 
and cryptococcosis. Arch Intern Med 1989;149(10):2301-8. 

316. Pappas PG, Perfect JR, Cloud GA, Larsen RA, Pankey GA, Lancaster DJ, et al. Cryptococcosis in human 
immunodeficiency virus-negative patients in the era of effective azole therapy. Clin Infect Dis 2001;33(5):690-9. 

317. Aberg JA, Mundy LM, Powderly WG. Pulmonary cryptococcosis in patients without HIV infection. Chest 
1999;115(3):734-40. 

318. Meyohas MC, Meynard JL, Bollens D, Roux P, Deluol AM, Poirot JL, et al. Treatment of non-meningeal 
cryptococcosis in patients with AIDS. Centre d'Informations et de Soins de l'Immunodeficience Humaine de l'Est 
Parisien. J Infect 1996;33(1):7-10. 

319. Singh N, Lortholary O, Alexander BD, Gupta KL, John GT, Pursell KJ, et al. Antifungal management practices and 
evolution of infection in organ transplant recipients with cryptococcus neoformans infection. Transplantation 
2005;80(8):1033-9. 

320. Gonzalez CE, Shetty D, Lewis LL, Mueller BU, Pizzo PA, Walsh TJ. Cryptococcosis in human immunodeficiency 
virus-infected children. Pediatr Infect Dis J 1996;15(9):796-800. 

321. Saag MS, Graybill RJ, Larsen RA, Pappas PG, Perfect JR, Powderly WG, et al. Practice guidelines for the management 
of cryptococcal disease. Infectious Diseases Society of America. Clin Infect Dis 2000;30(4):710-8. 

322. Chang LW, Phipps WT, Kennedy GE, Rutherford GW. Antifungal interventions for the primary prevention of 
cryptococcal disease in adults with HIV. Cochrane Database Syst Rev 2005(3):CD004773. 

323. Chariyalertsak S, Supparatpinyo K, Sirisanthana T, Nelson KE. A controlled trial of itraconazole as primary 
prophylaxis for systemic fungal infections in patients with advanced human immunodeficiency virus infection in 
Thailand. Clin Infect Dis 2002;34(2):277-84. 

324. McKinsey DS, Wheat LJ, Cloud GA, Pierce M, Black JR, Bamberger DM, et al. Itraconazole prophylaxis for fungal 
infections in patients with advanced human immunodeficiency virus infection: randomized, placebo-controlled, double-
blind study. National Institute of Allergy and Infectious Diseases Mycoses Study Group. Clin Infect Dis 
1999;28(5):1049-56. 

325. Chetchotisakd P, Sungkanuparph S, Thinkhamrop B, Mootsikapun P, Boonyaprawit P. A multicentre, randomized, 
double-blind, placebo-controlled trial of primary cryptococcal meningitis prophylaxis in HIV-infected patients with 
severe immune deficiency. HIV Med 2004;5(3):140-3. 

326. Havlir DV, Dube MP, McCutchan JA, Forthal DN, Kemper CA, Dunne MW, et al. Prophylaxis with weekly versus 
daily fluconazole for fungal infections in patients with AIDS. Clin Infect Dis 1998;27(6):1369-75. 

327. Powderly WG, Finkelstein D, Feinberg J, Frame P, He W, van der Horst C, et al. A randomized trial comparing 
fluconazole with clotrimazole troches for the prevention of fungal infections in patients with advanced human 
immunodeficiency virus infection. NIAID AIDS Clinical Trials Group. N Engl J Med 1995;332(11):700-5. 

328. Nightingale SD, Cal SX, Peterson DM, Loss SD, Gamble BA, Watson DA, et al. Primary prophylaxis with fluconazole 
against systemic fungal infections in HIV-positive patients. Aids 1992;6(2):191-4. 

329. Singh N, Barnish MJ, Berman S, Bender B, Wagener MM, Rinaldi MG, et al. Low-dose fluconazole as primary 
prophylaxis for cryptococcal infection in AIDS patients with CD4 cell counts of < or = 100/mm3: demonstration of 
efficacy in a positive, multicenter trial. Clin Infect Dis 1996;23(6):1282-6. 

330. Bozzette SA, Larsen RA, Chiu J, Leal MA, Jacobsen J, Rothman P, et al. A placebo-controlled trial of maintenance 
therapy with fluconazole after treatment of cryptococcal meningitis in the acquired immunodeficiency syndrome. 
California Collaborative Treatment Group. N Engl J Med 1991;324(9):580-4. 

331. Powderly WG, Saag MS, Cloud GA, Robinson P, Meyer RD, Jacobson JM, et al. A controlled trial of fluconazole or 
amphotericin B to prevent relapse of cryptococcal meningitis in patients with the acquired immunodeficiency 
syndrome. The NIAID AIDS Clinical Trials Group and Mycoses Study Group. N Engl J Med 1992;326(12):793-8. 

332. Saag MS, Cloud GA, Graybill JR, Sobel JD, Tuazon CU, Johnson PC, et al. A comparison of itraconazole versus 

Download van SWAB.nl | 2026-06-26 15:25



SWAB Invasive Fungal infections 2008-2011	
   87	
  
 

fluconazole as maintenance therapy for AIDS-associated cryptococcal meningitis. National Institute of Allergy and 
Infectious Diseases Mycoses Study Group. Clin Infect Dis 1999;28(2):291-6. 

333. Vibhagool A, Sungkanuparph S, Mootsikapun P, Chetchotisakd P, Tansuphaswaswadikul S, Bowonwatanuwong C, et 
al. Discontinuation of secondary prophylaxis for cryptococcal meningitis in human immunodeficiency virus-infected 
patients treated with highly active antiretroviral therapy: a prospective, multicenter, randomized study. Clin Infect Dis 
2003;36(10):1329-31. 

334. Aberg JA, Price RW, Heeren DM, Bredt B. A pilot study of the discontinuation of antifungal therapy for disseminated 
cryptococcal disease in patients with acquired immunodeficiency syndrome, following immunologic response to 
antiretroviral therapy. J Infect Dis 2002;185(8):1179-82. 

335. Martinez E, Garcia-Viejo MA, Marcos MA, Perez-Cuevas JB, Blanco JL, Mallolas J, et al. Discontinuation of 
secondary prophylaxis for cryptococcal meningitis in HIV-infected patients responding to highly active antiretroviral 
therapy. Aids 2000;14(16):2615-7. 

336. Rollot F, Bossi P, Tubiana R, Caumes E, Zeller V, Katlama C, et al. Discontinuation of secondary prophylaxis against 
cryptococcosis in patients with AIDS receiving highly active antiretroviral therapy. Aids 2001;15(11):1448-9. 

337. Mussini C, Pezzotti P, Miro JM, Martinez E, de Quiros JC, Cinque P, et al. Discontinuation of maintenance therapy for 
cryptococcal meningitis in patients with AIDS treated with highly active antiretroviral therapy: an international 
observational study. Clin Infect Dis 2004;38(4):565-71. 

338. NVAB NVvAB. Richtlijn Antiretrovirale behandeling. 2006. 
339. Roden MM, Zaoutis TE, Buchanan WL, Knudsen TA, Sarkisova TA, Schaufele RL, et al. Epidemiology and outcome 

of zygomycosis: a review of 929 reported cases. Clin Infect Dis 2005;41(5):634-53. 
340. Verweij PE, van der Velden WJ, Donnelly JP, Blijlevens NM, Warris A. [Invasive zygomycosis in patients treated for 

haematological malignancies]. Ned Tijdschr Geneeskd 2007;151(47):2597-602. 
341. Zaoutis TE, Roilides E, Chiou CC, Buchanan WL, Knudsen TA, Sarkisova TA, et al. Zygomycosis in children: a 

systematic review and analysis of reported cases. Pediatr Infect Dis J 2007;26(8):723-7. 
342. Kontoyiannis DP, Lionakis MS, Lewis RE, Chamilos G, Healy M, Perego C, et al. Zygomycosis in a tertiary-care 

cancer center in the era of Aspergillus-active antifungal therapy: a case-control observational study of 27 recent cases. J 
Infect Dis 2005;191(8):1350-60. 

343. Marr KA, Carter RA, Crippa F, Wald A, Corey L. Epidemiology and outcome of mould infections in hematopoietic 
stem cell transplant recipients. Clin Infect Dis 2002;34(7):909-17. 

344. Park BJ, Kontoyiannis DP, Pappas P, Wannemuehler KA, Anaissie EJ, Fridkin SK, et al. Comparison of zygomycosis 
and fusariosis to in vasive aspergillosis among transplant recipients reporting to TRANSNET. In: Program and 
abstracts of the 44th Inter science Conference on Antimicrobial Agents and Chemotherapy. Washington: American 
Society for Microbiology; 2004. 

345. Chayakulkeeree M, Ghannoum MA, Perfect JR. Zygomycosis: the re-emerging fungal infection. Eur J Clin Microbiol 
Infect Dis 2006;25(4):215-29. 

346. Larkin JA, Montero JA. Efficacy and safety of amphotericin B lipid complex for zygomycosis. Infect Med 
2003;20(4):201-206. 

347. Perfect JR. Treatment of non-Aspergillus moulds in immunocompromised patients, with amphotericin B lipid complex. 
Clin Infect Dis 2005;40 Suppl 6:S401-8. 

348. Forrest GN, Mankes K. Outcomes of invasive zygomycosis infections in renal transplant recipients. Transpl Infect Dis 
2007;9(2):161-4. 

349. Herbrecht R, Letscher-Bru V, Bowden RA, Kusne S, Anaissie EJ, Graybill JR, et al. Treatment of 21 cases of invasive 
mucormycosis with amphotericin B colloidal dispersion. Eur J Clin Microbiol Infect Dis 2001;20(7):460-6. 

350. Sims CR, Ostrosky-Zeichner L. Contemporary treatment and outcomes of zygomycosis in a non-oncologic tertiary care 
center. Arch Med Res 2007;38(1):90-3. 

351. van Burik JA, Hare RS, Solomon HF, Corrado ML, Kontoyiannis DP. Posaconazole is effective as salvage therapy in 
zygomycosis: a retrospective summary of 91 cases. Clin Infect Dis 2006;42(7):e61-5. 

352. Greenberg RN, Mullane K, van Burik JA, Raad I, Abzug MJ, Anstead G, et al. Posaconazole as salvage therapy for 
zygomycosis. Antimicrob Agents Chemother 2006;50(1):126-33. 

 
 

Download van SWAB.nl | 2026-06-26 15:25


