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Incidence	IFD	in	HO

§ AML	remission	induction	phase ≈12%

§ ALL	remission	induction	phase ≈6%

§ HSCT,	matched	unrelated	or	mismatched	 ≈8%	

§ HSCT,	matched	related ≈6%

§ Consolidation	chemotherapy <5%

§ Autologous	HSCT <2%

IA,	60%
IC,	30%

Other	
molds,	
10%

Garcia-Vidal,	et	al	Clin	Infect	Dis	2008;47:1041–50.	 Kontoyiannis,	et	al.	Clin	Infect	Dis	2010;50:1091–100.	
Pagano,	et	al.	Haematologica 2006;91:1068– 75. Rogers	et	al.	Br	J	Haem2011;153:681–97	

Strategies	for	Antifungal	Therapy	in	HO
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Morrissey	et	al.	Internal	Med	J	2014;	44:1298-1314 Maertens	et	al.	haematologica 2012;	97: 325-327

Mold-active	vs.	FLU	Prophylaxis	in	Chemotherapy	or	HSCT

Relative	Risk 95%	CI P	value

Proven/probable	IFI 0.71 0.52	to	0.98 0.03

IA 0.53 0.37–0.75 0.0004

IFI-related	mortality	 0.67 0.47–0.96 0.03

Discontinuation due	to	SE 1.95 1.24–3.07 0.004

Overall	mortality 1.0 0.88–1.13 0.96

Ethier et	al.	Br	J	Cancer	2012;	106:1626–1637	

20	RCTs,	5725	patients	- hematological	malignancy	or	HSCT

ECIL-3	(2009	update)

Maertens J,	et	al.	Bone	Marrow	Transplant.	2011;46(5):709-18.

Setting Options

Leukemia,	induction	
chemotherapy

Posaconazole	(A1)
Itraconazole	(C1)

Fluconazole	(C1)
Inhaled	L-AmB	+	fluconazole	(B1)

Allogeneic	HSCT	recipients,	
initial	neutropenic	phase

Fluconazole	(A1)
Voriconazole	(A1)
Itraconazole	(B1)

Inhaled	L-AmB	+	fluconazole	(B2)
Micafungin	(C1)
L-AmB	(C1)

Allogeneic	HSCT	recipients,	
GVHD	phase

Posaconazole	(A1)
Voriconazole	(A1) Itraconazole	(B1)

Pizzo et	al.	Am	J	Med	1982;	72:101-11

Empiric	AFT	for	PFN
EMPIRIC ANTIMICROBIAL THERAPY DURING GRANULOCYTOPENIA-PIZZO ET AL. 

weeks prior to death, and which slowly increased in size 
concomitant with restoration of his white blood cell 
count. An open biopsy of the lung had been performed 
12 days prior to death, showing only increased numbers 
of alveolar macrophages, focal intra-alveolar hemor- 
rhage and fibrin deposition over the visceral pleura. 
However, postmortem examination revealed that the 
fatal pulmonary hemorrhage was due to invasion 
through the bronchial artery by the fungus Petriellidium 
boydii, an organism resistant to amphotericin B [22]. 
Blood specimens from this patient just prior to death 
also grew P. boydii. 

In summary (Table II), nine of the 16 patients in Group 
1 had an infection and/or shock following the discon- 
tinuation of the KGC regimen, compared with six of the 
16 patients who did continue the KGC regimen (Group 
2) and two of the 18 patients who received empiric 
amphotericin B in addition to KGC (Group 3). The types 
of infectious complications varied among the three 
groups (p <0.025 by contingency chi square test). The 
incidence of infectious complications for patients who 
continued the KGC regimen plus amphotericin I3 was 
significantly less than for patients who discontinued 
antibiotic therapy (p = 0.013, by two-sided Fisher exact 
test), but did not differ significantly from the patients who 
continued the KGC regimen alone. The incidence of 
shock in six of 16 patients in Group 1 following the 
discontinuation of antibiotic therapy was significant11 
greater than for patients in Group 2 and 3 (p <0.02 for 
each comparison by two-sided Fisher exact test, p = 

N Documented Bactenal Fungal 

~_ 

alone II I I I / II 
3 KGC + 18 0 0 ;1’ 1 0 

Amphotericin 8 

Table II. infectious complications which occurred in each 
of the randomized groups following randomization. 

0.001 for simultaneous comparison of the three groups). 
Since completing this trial, 10 additional patients who 
had fever and granulocytopenia after seven days of 
antibiotics therapy were nonrandomly treated with 
amphotericin B under the exact conditions detailed for 
Group 3. All 10 patients recovered without infectious 
sequelae or complications. 

The time to initial defervescence following ran- 
domization also appeared to differ among the three 
groups of patients. As shown in Figure 3, the median 
daily peak temperature for each of the three groups of 
patients prior to randomization was similar. Following 
radomization, however, the patients in Group 3 (KGC 
plus amphotericin B) initially defervesced within a 
median of 3 to 5 days, compared with 7 to 8 days for 
Group 2 (KGC alone) and 11 to 12 days for Group 1 
(discontinued KGC). 
Noninfectious complications: The incidence of non- 
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Figure 3. The cumulative peak median temperature per day for the three ran- 
domized groups. The day of randomization is indicated by the vertical bar(R). De- 
fervescence is defined as two consective daily peak median temperatures of less 
than 380 C for the entire group (shaded area). Group 1 (@ -0) = patients ran- 
domized to discontinue the Keflin, gentamicin and carbenicillin regimen; Group 2 
(0 -0) = patients randomized to continue the Keflin, gentamicin and carbenicillin 
regimen alone; Group 3 (A -A) = patients randomized to continue the Keflin, 
gentamicin and carbenicillin regimen with the addition of empiric amphotericin B 
therapy. 
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EORTC	IATCG.	Am	J	Med	1989;	86:668-72

ANC	<500/mm3	 Fever	
(>38oC	x3	or	≥38.5oC	x1)

≥	4d	Abx

Abx only	(n	=	64) Abx +	AmB	(n	=	68)

Randomization

P	= 0.05

IFI	(6/64,	9.4%) IFI	(1/68,	1.5%)

Death	(4/64,	6.3%) Death	(0/68,	0%)

P	= 0.1

Empiric	AFT	for	PFN RCTs	of	empiric	AFT	for	PFN

Composite	end-point:

1. successful	treatment	of	any	base-line	fungal	infection

2. absence	of	any	breakthrough	fungal	infection

3. survival	for	≥7	days	after	the	completion	of	therapy

4. no	premature	discontinuation	of	study	therapy

5. resolution	of	fever	during	neutropenia

Empiric	AFT	for	PFN

Overall	response Resolution	of	fever Reference

AmB 49.4% 58.1%
Walsh	et	al.	
NEJM	1999AmBisome 50.1% 58.0%

Voriconazole 26.0% 32.5%
Walsh	et	al.	
NEJM	2002AmBisome 30.6% 36.5%

Caspofungin 33.9% 41.2%
Walsh	et	al.	
NEJM	2004AmBisome 33.7% 41.4%

Walsh	et	al.	N	Engl J	Med	1999;340:764-71	 Walsh	et	al.	N	Engl J	Med	2002;346:225-34
Walsh	et	al.	N	Engl J	Med	2004;351:1391-402

FLU	400mg	vs.	AmB-d	0.5	mg/kg	for	Cancer	Patients	
with	PFN	for	≥4	days

Satisfactory	response	=	afebrile	+	no	evidence	of	fungal	infection	+	no	termination	
due	to	lack	of	efficacy,	drug	toxicity,	or	death.

AmB-d	(n	=	159) FLU	(n	=	158) P value
Satisfactory	response	 106	(67%) 107	(68%) -
New	fungal	lesions 10	(6%)

[5	IC,	3	IA,	2	other]
13	(8%)

[8 IC,	5	IA]
-

Toxicity 128	(81%) 20	(13%) 0.001
Early termination 11	(7%) 1	(1%)	 P	=	0.005
Overall	mortality 34	(21%) 27	(17%) -
Fungus-related mortality 5	(3%) 7	(4%) -

Winston	et	al.	Am	J	Med	2000;	108(4):282-9

Problems	with	empiric	AFT

§ Excessive	AFT

§ Increased	adverse	effects

§ Increased	costs

§ Poor	response

§ Uncertainty

§ Potentially	miss	afebrile	patients	with	IFD

Freifeld	AG,	et	al.	Clin	Infect	D is	2011;52:e56-93

Approximately	22- 34% of	neutropenic	patients	
with	cancer	will	receive	an	AF	drug	by	these	
criteria,	yet	only	≈4% have	a	demonstrated	IFI”

“Empirical	antifungal	therapy	is	instituted	for	the	
treatment	of	‘‘occult’’	fungal	infection	presenting	
as	persistent	neutropenic	fever	despite	4–7	days	
of	empirical	antibiotic	therapy.	

Weekly	GM	&	PCR	screening	in	high	risk	populations

Pooled Diagnostic Performance
The results of our meta-analysis are summarized in Table 2. A
single positive GM result had an estimated sensitivity and spe-
cificity of 92% and 90%, respectively, whereas a single positive
PCR was less diagnostic, with a sensitivity and specificity of 84%
and 76%, respectively. When both studies were performed, pos-
itive GM or PCR had a sensitivity of 99% and specificity of 64%,
thus achieving an NPV for IA of 100% in high-risk populations.
On the other hand, positivity of both GM and PCR for the same
episode demonstrated a sensitivity of 68% and specificity of
98%, thus resulting in a PPV of 88% in high-risk populations
(Supplementary Figures 1 and 2).

Figure 2 illustrates the ROC curves for all screening ap-
proaches that were evaluated and Table 3 shows the statistical
comparisons between various approaches. As shown in Figure 2,
the approaches that combine PCR and GM testing can achieve
higher sensitivity and specificity than the use of single-test ap-
proaches. This was also supported by our meta-regression anal-
ysis (Table 3). Our findings are summarized in graphic form in
Figure 3.

Heterogeneity and Subgrouping
Significant heterogeneity was identified in the meta-analysis of
baseline performance estimates for both the “GM or PCR”

Table 1. Characteristics of Included Trials

Study Setting Design

Mean
Samples
per Patient

PCR
Sample

GM
Cutoff

Total
No. Criteria

Incidence of
Proven/

Probable IA

Costa et al, 2002 [23] Adult hematology Retrospective case-
control

6.7 Serum 1.5 30 2002 66.7%

Scotter et al, 2005 [24] Adult hematology Retrospective cohort 10.5 WB 1.5 25 2002 20%
Florent et al, 2006 [25] Adult hematology Prospective cohort 7.2 Serum 0.5 167 2002 19.8%
Cesaro et al, 2008 [27] Pediatric hematology Prospective cohort 8.6 WB 0.8 62 2002 12.9%
Suarez et al, 2008 [26] Adult hematology Prospective cohort 10 Serum 0.5 138 2002 10.9%
Cuenca-Estrella et al,
2009 [28]

Adult hematology Prospective cohort 27 Both NR 83 2008 12%

Springer et al, 2011 [29] Adult hematology Retrospective cohort 11.6 WB 0.5 46 2008 6.5%
White et al, 2013 [32] Adult hematology Retrospective case-

control
4.8 WB 0.5 103 2008 21.4%

Rogers et al, 2013 [31] Adult hematology Prospective cohort 12.5 WB 0.5 146 2008 10.3%
Rogers et al, 2013 [31] Adult hematology Prospective cohort 15.3 WB 0.5 132 2008 22.7%
Springer et al, 2013 [30] Adult hematology Retrospective case-

control
10.4 WB 0.5 78 2008 60.3%

Barnes et al, 2013 [9] Adult hematology Prospective cohort 11.2 WB 0.5 549 2008 9.7%
da Silva et al, 2014 [33] Adult hematology Retrospective cohort 5.3 WB 0.5 12 2008 8.3%
Aslan et al, 2015 [34] Adult hematology Prospective cohort 2.3 Serum 0.5 99 2008 11.2%

Abbreviations: GM, galactomannan; IA, invasive aspergillosis; NR, not reported; PCR, polymerase chain reaction; WB, whole blood.

Table 2. Results of Basic Analysis

Test
Sensitivity,
% (95% CI)

Specificity,
% (95% CI)

Positive LR
(95% CI)

Negative
LR (95% CI)

DOR
(95% CI)

AUROC
(95% CI)

PPV, %
(95% CI)a

NPV, %
(95% CI)a PubBias

PCR 84 (71–92) 76 (64–85) 3.5 (2.3–5.4) 0.21 (.11–.39) 17 (7–38) 0.87 (.84–.90) 38 96 4.50 (P= .55)
2 PCRs 57 (40–72) 93 (87–97) 8.4 (4.2–17.1) 0.46 (.32–.67) 18 (7–45) 0.87 (.84–.90) 59 92 3.7 (P= .76)
GM 92 (83–96) 90 (81–95) 9.3 (4.6–18.7) 0.09 (.04–.19) 104 (37–295) 0.96 (.94–.98) 61 98 5.5 (P= .53)
2 GMs 62 (48–74) 95 (91–97) 12.1 (6.3–23.3) 0.40 (.29–.57) 30 (13–70) 0.94 (.92–.96) 67 93 7.00 (P= .46)
GM or PCR 99 (96–100) 64 (49–77) 2.8 (1.9–4.1) 0.02 (.01–.06) 128 (37–442) 0.99 (.97–.99) 33 10 0.24 (P= .97)
GM and PCR 68 (54–80) 98 (94–100) 43.2 (12.6–149) 0.32 (.21–.49) 135 (38–475) 0.93 (.91–.95) 88 95 5.34 (P= .51)

Abbreviations: AUROC, area under the receiver operating characteristic curve; CI, confidence interval; DOR, diagnostic odds ratio; GM, galactomannan; IA, invasive
aspergillosis; LR, likelihood ratio; NPV, negative predictive value; PCR, polymerase chain reaction; PPV, positive predictive value; PubBias, publication bias.
a Unconditional PPVs and NPVswere calculated based on the assumption that the incidence of IA varies between 10% and 20% (as shown by large cohort studies in
high-risk populations).
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ECIL recommendations for the use of biological markers for the
diagnosis of invasive fungal diseases in leukemic patients and
hematopoietic SCT recipients

O Marchetti1,6, F Lamoth1,6, M Mikulska2, C Viscoli2, P Verweij3 and S Bretagne4,5 and the European
Conference on Infections in Leukemia (ECIL) Laboratory Working Groups7

1Infectious Diseases Service, Department of Medicine, Centre Hospitalier Universitaire Vaudois and University of Lausanne,
Lausanne, Switzerland; 2Division of Infectious Diseases, San Martino University Hospital, Genoa, Italy; 3Department of Medical
Microbiology, Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands; 4Groupe Hospitalier Chenevier-Mondor,
APHP, Laboratoire de Parasitologie-Mycologie, Créteil, France and 5Institut Pasteur, Unité de Mycologie Moléculaire,
Centre National de Référence de Mycologie et des Antifongiques, Paris, France

As culture-based methods for the diagnosis of invasive
fungal diseases (IFD) in leukemia and hematopoietic SCT
patients have limited performance, non-culture methods
are increasingly being used. The third European Con-
ference on Infections in Leukemia (ECIL-3) meeting
aimed at establishing evidence-based recommendations
for the use of biological tests in adult patients, based on
the grading system of the Infectious Diseases Society of
America. The following biomarkers were investigated as
screening tests: galactomannan (GM) for invasive asper-
gillosis (IA); b-glucan (BG) for invasive candidiasis (IC)
and IA; Cryptococcus Ag for cryptococcosis; mannan
(Mn) Ag/anti-mannan (A-Mn) Ab for IC, and PCR for
IA. Testing for GM, Cryptococcus Ag and BG are
included in the revised EORTC/MSG (European Orga-
nization for Research and Treatment of Cancer/Mycoses
Study Group) consensus definitions for IFD. Strong
evidence supports the use of GM in serum (A II), and
Cryptococcus Ag in serum and cerebrospinal fluid (CSF)
(A II). Evidence is moderate for BG detection in serum (B
II), and the combined Mn/A-Mn testing in serum for
hepatosplenic candidiasis (B III) and candidemia (C II).
No recommendations were formulated for the use of PCR
owing to a lack of standardization and clinical validation.
Clinical utility of these markers for the early management
of IFD should be further assessed in prospective
randomized interventional studies.
Bone Marrow Transplantation (2012) 47, 846–854;
doi:10.1038/bmt.2011.178; published online 19 September 2011

Keywords: galactomannan; b-glucan; Cryptococcus Ag;
mannan; anti-mannan; Aspergillus PCR; invasive fungal
diseases

Introduction

The diagnosis of invasive fungal diseases (IFD) based on
clinical, radiological and microbiological findings is not
reliable and is often delayed, which may result in increased
morbidity and mortality. As cultures lack sensitivity and/or
specificity, non-culture-based methods are increasingly
used in the management of patients at risk of IFD. Among
the available biomarkers, fungal Ags and molecular tests
have been investigated as an aid to early diagnosis.
In patients with hematological malignancies, biomarkers
are mainly used as screening tests to prompt antifungal
treatment. The revised version of the EORTC/MSG
(European Organization for Research and Treatment of
Cancer/Mycoses Study Group) consensus definitions1

includes some biological markers (galactomannan (GM),
b-glucan (BG), Cryptococcus Ag). Reliable and reproduci-
ble diagnostic performance, standardized inter-laboratory
procedures, easy application, rapid availability of results
and cost-effectiveness are the main features required for the
use of a diagnostic test in routine clinical practice.

So far, consensus guidelines have focused on evidence-
based treatment choices, without specific recommendations
for the use of diagnostic tests or procedures. The third
European Conference on Infections in Leukemia (ECIL-3)
was held in September 2009, with the aim of attaining a
consensus and providing recommendations for improved
diagnosis of IFD. Four working groups were dedicated to
the evidence-based assessment of the following non-
invasive diagnostic procedures: GM for invasive aspergil-
losis (IA); BG for invasive candidiasis (IC) and IA;
Cryptococcus Ag for cryptococcosis; mannan Ag (Mn)/
anti-mannan (A-Mn) Ab for IC, and PCR for IA.

Received 23 March 2011; revised 16 June 2011; accepted 23 July 2011;
published online 19 September 2011
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British Society for Medical Mycology best practice 
recommendations for the diagnosis of serious fungal 
diseases
Silke Schelenz, Rosemary A Barnes, Richard C Barton, Joanne R Cleverley, Sebastian B Lucas, Christopher C Kibbler, David W Denning, 
on behalf of the British Society for Medical Mycology

Invasive fungal diseases are an important cause of morbidity and mortality in a wide range of patients, and early 
diagnosis and management are a challenge. We therefore did a review of the scientifi c literature to generate a series 
of key recommendations for the appropriate use of microbiological, histological, and radiological diagnostic 
methods for diagnosis of invasive fungal diseases. The recommendations emphasise the role of microscopy in 
rapid diagnosis and identifi cation of clinically signifi cant isolates to species level, and the need for susceptibility 
testing of all Aspergillus spp, if treatment is to be given. In this Review, we provide information to improve 
understanding of the importance of antigen detection for cryptococcal disease and invasive aspergillosis, the use of 
molecular (PCR) diagnostics for aspergillosis, and the crucial role of antibody detection for chronic and allergic 
aspergillosis. Furthermore, we consider the importance of histopathology reporting with a panel of special stains, 
and emphasise the need for urgent (<48 hours) and optimised imaging for patients with suspected invasive fungal 
infection. All 43 recommendations are auditable and should be used to ensure best diagnostic practice and 
improved outcomes for patients.

Introduction
Invasive fungal diseases are a worldwide health problem, 
not only in immunocompromised patients and those 
undergoing intensive-care treatment, but also increasingly 
in patients with chronic disorders such as chronic lung 
diseases.1–5 Despite the discovery of new antifungal agents 
and formulations, the morbidity and mortality of invasive 
fungal diseases is high.1,6,7 Therefore, early recognition 
and diagnosis of mycoses have become a major focus for 
improvement of the management and outcome of these 
infections.5,8,9

In 2003, a working group of the British Society of 
Medical Mycology (BSMM) proposed quality-of-care 
standards for patients with invasive fungal infections.10 
These standards attempted to provide guidance for 
microbiology and histopathology laboratories and 
radiology and clinical specialists for improved use of 
available diagnostic tests for the management of invasive 
fungal diseases. Subsequent audits of these standards 
identifi ed areas for improvement.11,12

Inclusion of antigen testing and radiology within the 
consensus defi nitions for invasive fungal infections by the 
European Organization for Research and Treatment of 
Cancer (EORTC) and Mycoses Study Group (MSG) lead 
us to include best practice guidance for the use of antigen 
and molecular testing, and more detailed radiology 
diagnostics, in this document.9,13 The European guidelines 
for diagnosis and management of candida diseases were 
likewise considered, whereas guidance for antifungal 
treatment was omitted since clinical guidelines have been 
published.14 We defi ne best practice recommendations for 
the microbiological (panel 1), histopathological (panel 2), 
and radiological (panel 3) diagnostic investigation for 
diagnosis of serious fungal diseases, including serology, 
molecular diagnostics, and susceptibility testing.

Microbiology best practice
Direct microscopy, for many sample types, provides an 
important diagnostic benefi t that is greater than culture 
alone. Another advantage of microscopy is the rapid 
availability of results—often within 2–4 h of a specimen’s 
arrival in the laboratory.15 Rapid processing and reporting 
is important, because delayed diagnosis of an invasive 
fungal infection can be lethal.

Microscopy can distinguish whether an infection is 
caused by a septate mould (Aspergillus spp) or non-septate 
mould of the order Mucorales (members of the families 
Mucoraceae, Cunninghamellaceae, Saksenaeaceae, 
Mortierellaceae, and Syncephalastraceae), which aff ects 
the choice of antifungal treatment. Direct microscopy is 
especially important for diagnosis of non-septate fungi, 
because these fungi are poorly recovered by culture, 
partly as a result of damage during refrigeration or 
homogenisation of tissues. Many other distinctive fungi 
can be provisionally identifi ed by direct microscopy 
(capsule of Cryptococcus spp, spherules of Coccidioides spp, 
or small intracellular yeasts of Histoplasma capsulatum or 
Talaromyces [Penicillium] marneff ei). Direct visualisation 
of fungi in diagnostic sterile fl uids or tissues likewise 
aids confi rmation of cases of invasive fungal disease 
when a fungal growth alone could be a result of culture 
contamination.9 Centrifugation and staining (Gram 
stain, India ink, or optical brighteners) of liquid 
specimens concentrates fungal elements and increases 
the probability of detection. Microscopy can be useful for 
several specimens, which are discussed below.

First, blood cultures should be done in all cases in 
which systemic fungal infections are suspected, with a 
large volume of blood and recommended commercial 
systems and media.16,17 Gram stain of routine blood 
cultures is suitable for detection of the most prevalent 
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GM	and	CT	- feasibility	study

Maertens	et	al.	Clin	Infect	Dis	2005;	41:1242–50

Preemptive Antifungal Therapy • CID 2005:41 (1 November) • 1243

Figure 1. Diagnostic and treatment algorithm of the study. Thin arrows represent the diagnostic flow chart that was used to assess the presence
or absence of fungal disease in high-risk patients. The treatment algorithm is shown by dark dotted arrows: only seropositive patients (i.e., those
with 2 consecutive galactomannan (GM) EIA assays with an optical density [OD] of !0.5) or patients with positive microbiologic test results (culture
or microscopy) plus supportive radiological findings received antifungal treatment. BAL, bronchoalveolar lavage; +, present; ", absent; !, with or
without.

course of the disease, because early initiation of therapy seems
to improve the survival rate [9–15]. As a result, as many as
40%–50% of the high-risk neutropenic population may receive
empirical antifungal therapy, whereas the true incidence of IFI
appears to be 10%–15% [16].

Overtreatment, as well as the negative effect of delaying ther-
apy until disease is proven, could be overcome by a preemptive
approach. Such a strategy targets the population in which there
is sufficient evidence of pathogen invasion but no manifest
symptomatic disease. Progress could come from the incorpo-
ration of non–culture-based microbiological techniques, in-
cluding screening for circulating Aspergillus galactomannan
with an EIA and the early use of high-resolution thoracic CT
scanning (HRCT). Both tools have a high diagnostic accuracy
in neutropenic adults [17–23]. The aim of our prospective study
was to assess the feasibility of a combined EIA/HRCT-based
preemptive strategy (while avoiding administration of empirical
antifungal therapy) in patients with cancer and prolonged
neutropenia.

MATERIALS AND METHODS

Study population. From 1 January 2003 to 31 January 2004,
consecutive adult patients (age, 116 years) admitted to the
Leukemia and Transplantation Unit of the University Hospital
of Leuven (Leuven, Belgium) were included in the study. Pa-
tients were eligible for the study if they had received chemo-
therapy for acute leukemia or myelodysplastic syndrome while
having an expected absolute neutrophil count of ! 90.5 ! 10
cells/L for at least 10 days or if they underwent myeloablative

allogeneic hematopoietic stem cell transplantation. Patients
who had aplastic anemia or who underwent autologous or
nonmyeloablative allogeneic hematopoietic stem cell trans-
plantation were excluded. The study protocol was approved by
the institutional review board of the hospital; informed consent
was obtained from all patients.

Study procedures. Patients were hospitalized in single
rooms with high-efficiency particulate air filters from the start
of therapy until neutrophil recovery (absolute neutrophil count,
! cells/L). Antimicrobial prophylaxis consisted of flu-90.5 ! 10
conazole (400 mg daily) and levofloxacin (250 mg daily). Pa-
tients were surveyed for the development of fever (a temper-
ature of 138"C recorded twice or 138.5"C recorded once) and
for the presence of signs and symptoms of IFI. Surveillance
cultures for bacterial and fungal growth from stool and urine
samples and oral washes were performed weekly; standard chest
radiographs were obtained at hospital admission and once to
twice weekly (with a portable machine) thereafter in the room.
Neutropenic fever was treated with broad-spectrum antibiotics
(i.e., cefepime or meropenem), in accordance with published
guidelines [7]. Additional blood cultures, sputum cultures, and
cultures of samples from infected sites were performed as clin-
ically indicated. One set of blood cultures was performed daily
for patients who received steroids, irrespective of the presence
of fever. Vancomycin was added to the treatment regimen for
patients who were colonized with methicillin-resistant Staph-
ylococcus aureus, who had clinically infected catheter entry-sites,
or whose blood cultures yielded gram-positive bacteria. Per-
sistent neutropenic fever was not an indication for the use of
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Total	 88pt/
136	episodes

Median	age	(R) 44	(16–75)

AML 37	(42%)

ALL 17	(19.3%)

Relapsed	AL/MDS 23	(26.1%)

Remission	
induction 43	(31.6%)

Allo-HSCT 32	(23.5%)

GM	and	CT	- feasibility	study
§ 117 episodes of neutropenic fever

§ 41 episodes (35%) satisfied existing criteria for EAT

§ AFT used for in only 7.7% (78% reduction)

§ Early initiation of AFT 10 episodes (7.3%) that were
clinically not suspected of being IFI

§ No undetected cases of IA

§ 12-week survival rate for patients with IFI was 63.6%

Maertens	et	al.	Clin	Infect	Dis	2005;	41:1242–50

DD-AFT	vs.	EAFT

§ ≥	18y

§ Chemotherapy	for	hematological	cancer	or	autologous	HSCT

§ Expected	ANC<500/mm3 for	≥10d

§ Excluded allo-HSCT,	suspected	IFI,	previous	AmB	toxicity,	

Karnofsky	score	<30%	and	HIV

Cordonnier C	et	al.	Clin	Infect	Dis	2009;48:1042-1051

Baseline	Characteristics
Empiric	AFT
(n =	150)

DD-AFT
(n	=	143)

Age (mean	± SD) 52.0	13.5	y 52.1	14.1	y

AML 99	(66%) 98	(68.5%)

ALL 8	(5.3%)

Lymphoma 39	(26.0%) 36	(25.2%)

Induction 70	(46.7%) 67	(46.9%)

Any	prophylaxis 63	(42.0%) 69	(48.3%)

AmB	prophylaxis 47	(31.3%) 51	(35.7%)

Neutropenic	≥10d 127/146	(87%) 124/141	(87.9%)

Cordonnier C	et	al.	Clin	Infect	Dis	2009;48:1042-1051
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Efficacy	End	Points	in	the	ITT	Population	(n	293)

Cordonnier C	et	al.	Clin	Infect	Dis	2009;48:1042-1051 Cordonnier C	et	al.	Clin	Infect	Dis	2009;48:1042-1051

Cumulative	incidence	of	AFT	and	IFI	during	neutropenia

AFT	– EAFT	arm

AFT	– DD-AFT	arm

IFI	– EAFT	arm

IFI	– DD-AFT	arm

Morrissey	et	al.	Lancet	Infect	Dis	2013;	13:	519–28
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developed criteria (appendix) by adapting those of the 
European Organisation for Research and Treatment of 
Cancer and the Mycoses Study Group (EORTC/MSG)16 
and by using other published data.4,11 Briefl y, we assigned 
the same weight to PCR that was assigned to 
galactomannan by the EORTC/MSG criteria; adopted 
stricter criteria for possible invasive aspergillosis, which 
required mycological evidence in addition to clinical 
factors; interpreted intermittently positive results as 
recommended by Halliday and colleagues;4 and classifi ed 
a single positive result with no clinical features as not 
indicative of invasive aspergillosis. Antifungal treatment 
was recommended when the criteria for probable or 
possible invasive aspergillosis based on these results 
were met (appendix). Because we recognised that 
situations might occur in which the treating clinician 
wished to use antifungal treatment for a patient assigned 
to the biomarker diagnosis group (eg, suspicion of non-
aspergillus mould infection), the protocol specifi ed that 
treatment could be started after discussion with the 
principal investigators, while results of the investigations 
were awaited.13

Antifungal treatment in both groups was given as per 
the Australian antifungal guidelines.17 Withdrawal from 
the biomarker diagnosis group was mandated if proven 
or probable invasive aspergillosis was diagnosed by 
culture or histological methods, but serial galactomannan 
and PCR results were negative.

The primary endpoint was the proportion of patients 
who received at least one course of empirical antifungal 
treatment during the 26 weeks after randomisation. 
Secondary endpoints included all-cause mortality; 
mortality related to invasive aspergillosis; mortality 
related to other invasive fungal disease; incidence of 
proven, probable, and possible invasive aspergillosis or 
other invasive fungal disease; frequency of hepatotoxic 
eff ects (defi ned as a three-times increase in the results of 
baseline liver function tests) and nephrotoxic eff ects 
(defi ned as a two-times increase in baseline serum 
creatinine concentration); and number of courses of 
empirical antifungal treatment given.

To maintain masking, the data review committee 
assessed all courses of antifungal treatment on two 
occasions: fi rst without, and second with, the 
galactomannan and PCR results. For patients in the 
standard diagnosis group, the results of the fi rst 
assessment were used in the analysis; for those in the 
biomarker diagnosis groups, the results of second 
assessment were used. For the standard diagnosis group, 
the EORTC/MSG criteria16 were used—any systemic 
antifungal therapy that was not classifi ed as prophylaxis 
or treatment of proven, probable, or possible invasive 
aspergillosis or other invasive fungal disease was regarded 
as empirical antifungal treatment. For the second 
assessment, empirical antifungal treatment was defi ned 
as any antifungal treatment given on the basis of 
persistent fever alone, or any one of a single positive 

galactomannan result, a single positive PCR result, or 
non-characteristic high-resolution CT abnor malities 
(appendix). Death was judged to be related to invasive 
aspergillosis or other invasive fungal disease if the 
primary cause of death was invasive aspergillosis or 
another invasive fungal disease, or if the patient died of 
another cause but had stable or progressive invasive 
aspergillosis or other invasive fungal disease at time of 
death.18 Cost-eff ectiveness results and predictive 
multivariate analyses will be reported elsewhere.

Statistical analysis
We estimated from audits of relevant populations of 
patients in the participating hospitals that 40% of the 
standard diagnosis group would receive empirical 
antifungal treatment. Using data from a decision 
analysis, we estimated that use of galactomannan and 
PCR in the biomarker diagnosis group would decrease 
the proportion of empirical antifungal treatments given 
by at least 12 percentage points.19 On the basis of these 
measures, we calculated that 260 patients were needed 
per group for 80% power and a two-sided signifi cance of 
5%. After the trial had started, data were reported that 
suggested the eff ect size of the biomarker-based 
diagnostic strategy was larger (27·3–37·0%),4,5 and use of 
empirical antifungal treatment fell to 25% as a result of 
increasing use of voriconazole and posaconazole as 
prophylaxis at the participating hospitals. Thus, we 

Figure 1: Diagnostic and treatment algorithm for the biomarker-based diagnostic strategy
*Frequency of testing depended on whether the patient was treated as an inpatient or an outpatient. †Irrespective 
of persistent neutropenic fever. ‡Despite use of broad-spectrum antibiotics and with no other cause identifi ed. 
§Defi ned as dense, well-circumscribed lesion or lesions (larger than 1 cm diameter) with or without a halo sign, 
air-crescent sign, or cavity.16

Characteristic abnormalities present 
on high-resolution CT§

No characteristic abnormalities 
present on high-resolution CT

Treat for possible invasive 
aspergillosis

No antifungal treatment and 
investigate for other infections  

Persistent neutropenic fever‡ Afebrile

High-resolution CT of chest No high-resolution CT and no 
antifungal treatment

Single positive galactomannan or PCR result Serially negative galactomannan and
PCR results

Galactomannan and PCR testing once or 
twice per week*

High-resolution CT of chest

Antifungal treatment if criteria for probable 
or possible invasive aspergillosis are met†

See Online for appendix

GM	+	PCR	DDT	vs	Empiric	AFT

Morrissey	et	al.	Lancet	Infect	Dis	2013;	13:	519–28

Baseline	Characteristics
Empiric	AFT	(n	=	122) DD-AFT	(n	=	118)

Age	(median	(IQR) 49	(36–57) 48	(35–54)
Allo-HSCT 92	(75%) 99	(84%)
AML 53	(43%) 46	(39%)
HLA-matched,	unrelated 31	(25%) 26	(22%)
HLA-mismatch,	related 4	(3%) 8	(7%)
Graft, Peripheral	blood 82	(67%) 80	(68%)
ITR	prophylaxis 41	(34%) 46	(39%)
VOR/POS Prophylaxis 13	(11%) 16	(13%)
FLU	prophylaxis 33	(27%) 34	(29%)
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possible invasive aspergillosis a median of 7 days (6–35) 
earlier. The incidences of probable and possible invasive 
aspergillosis would not have diff ered signifi cantly from 
those in the biomarker diagnosis group had 
galactomannan and PCR been applied in the standard 
diagnosis group (probable: 11 [9%] in the standard 

diagnosis group vs 16 [14%] in the biomarker diagnosis 
group; p=0·36; possible: 5 [4%] vs 6 [5%]; p=0·96). 64% 
(25/39) of patients in the standard diagnosis group who 
were treated empirically with antifungal drugs had 
repeatedly negative galactomannan and PCR results.

Discussion
The practice of giving empirical antifungal therapy in 
haematology patients with persistent febrile neutropenia 
of unknown cause is under challenge. We have shown 
that clinical management of this high-risk group of 
patients can be guided by the use of galactomannan and 
PCR results in combination, and that such an approach 
was eff ective in reducing use of empirical antifungal 
treatment by 52% (for the biomarker-based diagnostic 
strategy, a single positive galactomannan or PCR result 
was deemed insuffi  cient to confi rm invasive aspergillosis, 
so treatment in this context was classifi ed as empirical; 
appendix; table 2). Reductions of 68–78% have been 
reported from previous open-label and other non-
randomised clinical studies.6,7,9,12 Notably, no cases of 
invasive aspergillosis were missed by the biomarker-
based diagnostic strategy in our study, and mortality 
related to invasive aspergillosis was low (3%) in the 
biomarker diagnosis group during the extended follow-
up period of 26 weeks.7 Since untreated invasive 
aspergillosis has a mortality of 100%, mortality would 
have been higher than it was if invasive aspergillosis had 
been missed by our biomarker-based diagnostic strategy.6 
This fi nding suggests that the biomarker-based strategy 
could be used in routine clinical practice to improve 
diff erentiation be tween patients with and without 
invasive aspergillosis and so to improve therapeutic 
decision making (panel).

More cases of invasive aspergillosis were identifi ed with 
the biomarker-based diagnostic strategy than with the 
standard diagnostic strategy. Such fi ndings have 
previously been interpreted by other research groups as 
being due to an increased risk for the development of 
invasive aspergillosis. As a result, they have recom mended 
that a biomarker-based strategy should not be used.9,20 
However, since the post-hoc inclusion of the results of 
galactomannan and PCR for patients in the standard 
diagnosis group in our study yielded a similar incidence 
of invasive aspergillosis to that in the biomarker diagnosis 
group, invasive aspergillosis was underdiagnosed by the 
standard diagnostic strategy. Moreover, testing and 
empirical treatment in the standard diagnostic strategy is 
triggered by persistent fever, whereas 55% of cases of 
invasive aspergillosis diagnosed by the biomarker-based 
approach had no persistent fever. Maertens and colleagues6 
reported similar results with galactomannan testing 
alone. Since the risk of developing invasive aspergillosis 
was not diff erent between the two groups in our study, we 
conclude that the diff erence in the incidence of invasive 
aspergillosis between the two groups is related to the 
diff erence in the sensitivity of the tests used in each group.

Standard 
diagnosis 
group 
(n=122)

Biomarker 
diagnosis 
group 
(n=118)

% diff erence 
between groups 
(95% CI)

p value

Received empirical treatment with 
antifungal drugs

39 (32%) 18 (15%) 17% (4 to 26) 0·002

Mortality

All-cause 18 (15%) 12 (10%) 5% (–4 to 14) 0·31

Invasive aspergillosis-related 6 (5%) 3 (3%) 2% (–2·5 to 7·3) 0·5

Other invasive fungal disease-related* 0 2 (2%) ·· 0·24

Incidence of invasive aspergillosis

Proven 1 (1%) 1 (1%) ·· 1·0

Probable 0 16 (14%) –14% (–20 to –7) <0·0001

Possible 0 6 (5%) –5% (–9 to –1) 0·013 

Incidence of other invasive fungal disease†

Proven 4 (3%) 5 (4%) ·· 0·75

Probable 0 1 (1%) ·· 0·49

Data are n (%). Results for possible other invasive fungal disease are not shown because cases were not individually 
identifi ed by microscopic or culture methods. *Scedosporium prolifi cans fungaemia (n=1), disseminated mucormycosis 
(Rhizopus sp; n=1). †Candida guilliermondii (n=1), Candida glabrata (n=3), Candida krusei (n=1), Candida parapsilosis (n=1), 
Rhizopus sp (n=1), Rhizopus microsporus (n=1), S prolifi cans (n=1), Exserohilum sp (n=1).

Table 2: Empirical treatment with antifungal drugs, mortality , and incidence of invasive fungal 
infections through 26 weeks of follow-up

Standard 
diagnosis group

Biomarker 
diagnosis group

p value

Fluconazole or itraconazole prophylaxis 32/94 (34%) 15/95 (16%) 0·004

Voriconazole or posaconazole prophylaxis 5/22 (23%) 3/19 (16%) 0·70

Fluconazole prophylaxis 17/45 (38%) 4/40 (10%) 0·005

Itraconazole, voriconazole, or posaconazole prophylaxis 20/71 (28%) 14/74 (19%) 0·19

Allogeneic stem-cell transplantation 25/92 (27%) 13/99 (13%) 0·015

Acute leukaemia 14/30 (47%) 5/19 (26%) 0·15

Data are n/N (%).

Table 3: Empirical treatment with antifungal drugs by subgroup in the intention-to-treat population

Standard 
diagnosis group

Biomarker 
diagnosis group

p value

Fluconazole or itraconazole prophylaxis 1/94 (1%) 16/95 (17%) <0·0001

Voriconazole or posaconazole prophylaxis 0/22 1/19 (5%) 0·67

Fluconazole prophylaxis 0/45 5/40 (13%) 0·02

Itraconazole, voriconazole, or posaconazole prophylaxis 1/71 (1%) 12/74 (16%) 0·002

Allogeneic stem-cell transplantation 0/92 16/99 (16%) <0·0001

Acute leukaemia 1/30 (3%) 1/19 (5%) 1·0

Data are n/N (%).

Table 4: Incidence of proven and probable invasive aspergillosis by subgroup in the intention-to-treat 
population

Morrissey	et	al.	Lancet	Infect	Dis	2013;	13:	519–28
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Fever	was	absent in	55%	of	probable	and	possible	IA	in	the	biomarker	group

DD-AFT	in	Seville

peutic approach recommended by the Andalusian Society of
Infectious Diseases12 was applied in order to select patients for
antifungal therapy.

Diagnostic and therapeutic approach to episodes 
of persistent febrile neutropenia 

The first step was to evaluate the severity of the episode (severe
sepsis or septic shock) and the second step was to identify any
clinical infectious foci of possible fungal etiology. 

For patients who did not have either severe signs or infectious
foci, antifungal therapy was not initially indicated and further
diagnostic evaluations were performed, including serial serum GM
tests twice a week (with an index >0.5 considered positive), tho-
racic thin-section computed tomography (TSCT), abdominal
ultrasonography, repeated blood cultures and other ancillary tests
until an etiological or syndromic diagnosis was reached or the
fever disappeared (Online Supplementary Table S1).

For the rest of the patients, antifungal therapy was indicated
with the most appropriate antifungal agent for the most likely eti-
ology of the IFI8-9 according to the following clinical criteria: (i) in
patients with signs of severe sepsis or septic shock, caspofungin
(70 mg/day and 50 mg/day on the following days) was indicated
as primary therapy or liposomal amphotericin (3-5 mg/kg/day) as
alternative therapy; (ii) in patients without severe sepsis or septic
shock and with any infectious foci suspected of being of fungal eti-
ology: pulmonary, central nervous system and sinus, voriconazole
(6 mg/kg/day and 4 mg/kg/day on the following days) was used
as primary therapy and liposomal amphotericin (3-5 mg/kg/day)
or caspofungin (70 mg/day and 50 mg/day on the following days)
as an alternative therapy, while in the case of an abdominal or skin
focus, caspofungin (70 mg/day and 50 mg/day on the following
days) was indicated as primary therapy and liposomal ampho-
tericin (3-5 mg/kg/day) or fluconazole (50-800 mg/day) as an alter-
native therapy; (iii) in patients with GM detected in the serum
(index ≥0.5), voriconazole (6 mg/kg/day and 4 mg/kg/day on the
following day) was initiated (Online Supplementary Table S1). 

The diagnostic work-up established by the study approach

entailed serum GM tests performed routinely in all patients twice
a week and whenever respiratory symptoms or signs appeared;
thoracic TSCT in every patient between the 5th and 7th day of fever
and/or if respiratory symptoms or signs developed. Bronchoscopy
with bronchoalveolar lavage led by thoracic TSCT was performed
when clinically possible in patients with pulmonary infiltrates, for
microbiological investigation of bacteria, fungi, Pneumocystis
jirovecii and mycobacteria stains and cultures, shell vial and viral
culture for cytomegalovirus and a rapid test (immunofluorescence)
for respiratory viruses (syncytial respiratory virus and influenza
virus). In patients with an abdominal focus (painful hepatomegaly
and/or elevated serum phosphatase alkaline in which hepato -
splenic candidiasis was suspected, or a suspicion of necrotizing
enterocolitis without response to supportive management and
antibacterial therapy) abdominal ultrasound and/or abdominal
computer tomography were performed. Other imaging tech-
niques, invasive procedures such as endoscopy or biopsy and
additional cultures of infected sites were performed as clinically
indicated (Figure 1).

Statistical analysis
A descriptive analysis was made of the clinical syndrome at

presentation, final diagnosis and outcome of every episode of per-
sistent febrile neutropenia, the global incidence of proven and
probable IFI and the etiology. 

A comparative analysis was performed of the incidence of
proven or probable IFI and IFI-related mortality according to
whether antifungal therapy was indicated or not. The number of
days between fever onset and the start of antifungal therapy in
patients with IFI was also analyzed in order to determine whether
a delay in antifungal therapy after the 5th-7th day from fever onset
(in comparison with the standard IDSA approach) could have
affected IFI-related mortality. A sub-analysis of the incidence of
proven and probable IFI and IFI-related mortality in IFI high-risk
patients was also performed.

The sensitivity, specificity and negative predictive value of the
diagnostic and therapeutic approach were analyzed in order to

M.Aguilar-Guisado, A. Martin-Peña et al.

466 haematologica | 2012; 97(3)

Figure 1. Diagnostic and thera-
peutic approach in persistent
febrile neutropenic patients with
hematologic malignancies or
hematopoietic stem cell trans-
plant recipients. TSCT: thin-sec-
tion computed tomography; BAL:
bronchoalveolar lavage; GM:
serum galactomannan antigen
test; CNS: central nervous sys-
tem; US: ultrasound; L-Amb: lipo-
somal amphotericin; *Liposomal
amphotericin is the antifungal
therapy of choice if mucormyco-
sis is suspected.; **Voriconazole
and/or liposomal amphotericin
is the antifungal therapy of
choice if Aspergillus spp.,
Scedosporium spp. or Fusarium
spp. is suspected.

Aguilar-Guisado	M	et	al.	Haematologica 2012;97(3):464-71

Total	 72	patients

ANC	<100 84	(98.8%)

AML 5	(34.7%)

ALL 4	(5.5%)

MDS 4	(5.5%)

Allo-HSCT 15	(17.6%)

PFN	>	5	days
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Abstract

Background
Invasive fungal disease (IFD) causes significant morbidity and mortality in hematologic
malignancy patients with high-risk febrile neutropenia (FN). These patients therefore often
receive empirical antifungal therapy. Diagnostic test-guided pre-emptive antifungal therapy
has been evaluated as an alternative treatment strategy in these patients.

Methods
We conducted an electronic search for literature comparing empirical versus pre-emptive
antifungal strategies in FN among adult hematologic malignancy patients. We systemati-
cally reviewed 9 studies, including randomized-controlled trials, cohort studies, and feasibil-
ity studies. Random and fixed-effect models were used to generate pooled relative risk
estimates of IFD detection, IFD-related mortality, overall mortality, and rates and duration of
antifungal therapy. Heterogeneity was measured via Cochran’s Q test, I2 statistic, and
between study τ2. Incorporating these parameters and direct costs of drugs and diagnostic
testing, we constructed a comparative costing model for the two strategies. We conducted
probabilistic sensitivity analysis on pooled estimates and one-way sensitivity analyses on
other key parameters with uncertain estimates.

PLOS ONE | DOI:10.1371/journal.pone.0140930 November 10, 2015 1 / 19
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DD	vs	FD	AFT	studies	in	HO
Table 1. Summary of studies comparing empirical versus pre-emptive antifungal therapy in high-risk febrile neutropenic patients.

Study Design Population Study
Period

Empirical
Protocol

Pre-emptive
Protocol

Diagnostic
Testing

Antifungal Primary
Endpoint

Morrissey
2013 [31]

Open-label
randomized
controlled trial

AUSTRALIA
(n = 240) Patients
!18 years
undergoing
allogeneic HSCT
or intensive
chemotherapy for
AML or ALL

9/
2005-
11/
2009

Antifungal
drug started
after
persistent
fever for !3
consecutive
days

Antifungal drug
started after a
single positive
GM, single
positive PCR
result, or serially
negative results in
patients with
characteristic
chest CT findings

GM 2x/week;
Nested
Aspergillus
PCR 2x/week;
Chest CT after
positive GM or
PCR

AmB, L-AmB,
Voriconazole
per Australian
consensus
guidelines

Antifungal
treatment
within 26
weeks of
enrollment

Cordonnier
2009 [26]

Open-label
randomized
non-inferiority
trial

FRANCE
(n = 293) Patients
!18 years with
hematological
malignancy
scheduled for
chemotherapy or
autologous HSCT
expected to have
prolonged
neutropenia

4/
2003–
2/2006

Antifungal
drug started
after 4 days of
persistent
fever or
recurrent fever
after 4 days

Antifungal drug
started after 4
days of persistent
fever with clinical/
imaging-
documented
pneumonia or
acute sinusitis,
mucositis, septic
shock, skin lesion
suggesting IFD,
unexplained CNS
symptoms,
periorbital
inflammation,
splenic or hepatic
abscess, severe
diarrhea,
Aspergillus
colonization or
positive serum GM

GM 2x/week;
Chest X-ray
followed by
Chest CT

AmB, L-AmB,
Caspofungin,
Voriconazole

Difference in
mortality 14
days after
recovery of
neutropenia or
after 60 days of
study inclusion

Hebart
2009 [29]

Open-label
randomized
controlled trial

EUROPE
(n = 403) Patients
undergoing
allogeneic HSCT
without
amphotericin
allergy or existing
IFD

7/
1998-
6/2001

Antifungal
drug started
after ! 5 days
of febrile
neutropenia or
detection of
pulmonary
infiltrate

Antifungal drug
started after 1
positive PCR
result or detection
of pulmonary
infiltrate

Non-nested
Aspergillus and
Candida PCR;
Chest CT;
Abdominal CT;
Blood cultures

L-AmB IFD Detection
100 days after
transplant

Blennow
2010 [34]

Open-label
randomized
trial

SWEDEN (n = 99)
Patients
undergoing
RIC-HSCT without
hypersensitivity to
AmB

4/
2002-
11/
2006

No
intervention

Positive PCR
randomized to
AmB, patients with
persistent fever
regardless of PCR
result

Non-nested
Aspergillus and
Candida whole
blood PCR

L-AmB 100 day
survival; 1 year
IFD detection;
IFD risk factors

Tan 2011
[35]

Open-label
randomized
trial

SINGAPORE
(n = 47, NE = 52)
Patients ! 12
years with
hematologic
malignancy
undergoing
intensive
consolidative
chemotherapy or
HSCT

6/
2006-
10/
2007

Standard of
care
according to
institutional
guidelines,
empirical
antibiotics
allowed if
indicated

Antifungals started
after two positive
GM x2 and/or
chest CT
suggestive of IFD

GM 2x/week;
Chest CT after
positive GM

Caspofungin,
L-AmB, AmB,
Voriconazole

Proven/
probable IFD

(Continued)

Empirical versus Preemptive Antifungals in High-Risk Neutropenic Fever
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with decreased mortality with the pre-emptive strategy (RR 0.16, 95%CI 0.04–0.71)[36], there
was no difference in the pooled RR of overall mortality between the two groups (M-H RR 0.99,
95%CI 0.70–1.40; D-L RR 0.95, 95%CI 0.46–1.99) (Fig 7). Of note, there was significant hetero-
geneity in overall mortality rates (Cochran’s Q p = 0.05; I2 = 61.9%; τ2 = 0.328).

Five of seven studies assessing antifungal use found a significant decrease in antifungal use
in the pre-emptive therapy group (Table 3, Fig 8) [25,26,28–30]. For example, in the Cordon-
nier trial, 61.3% of patients on the empirical strategy arm received antifungals compared to
39.2% of patients on the pre-emptive strategy arm. Furthermore, among patients who did
receive antifungals, the duration of antifungal use was shorter in the pre-emptive group [26],

Table 1. (Continued)

Study Design Population Study
Period

Empirical
Protocol

Pre-emptive
Protocol

Diagnostic
Testing

Antifungal Primary
Endpoint

Aguilar-
Guisado
2010 [36]

Prospective
interventional
study

SPAIN (n = 66)
Patients ! 16
years post-
chemotherapy or
post-HSCT

11/
2002-
2/2005

Antifungal
drug started in
patients with
sepsis, or
identified foci
of infection, or
per clinical
discretion in
high-risk
patients

If no identified foci
of infection, chest
CT, abdominal
ultrasound, and
blood cultures with
initiation of
antifungal therapy
if diagnostic work-
up positive

Chest X-ray;
Blood cultures;
Chest CT in
those with
abnormal Chest
X-ray;
Abdominal
ultrasound

AmB,
Voriconazole,
Caspofungin

IFD detection;
IFD-related
mortality

Oshima
2007 [30]

Retrospective
chart review

JAPAN (n = 124)
Adult patients who
underwent
allogeneic HSCT
at a university
hospital

9/
2002–
12/
2005

At the
discretion of
the attending

Antifungal drug
started after ! 7
days of persistent
or recurrent febrile
neutropenia,
positive GM, and/
or infiltrates or
nodules on chest
X-ray or CT

GM; Beta-D
glucan

AmB,
Micafungin,
Itraconazole,
Voriconazole

Development
of proven/
probable early
invasive
aspergillosis

Girmenia
2010 [28]

Prospective
feasibility
study

ITALY (n = 146,
NE = 220)
Patients ! 18
years with
hematologic
malignancy who
underwent
chemotherapy or
autologous HSCT
and developed
neutropenia !7
days

3/
2006–
2/2007

— Antifungal drug
started after
positive blood
culture, GM, and/
or characteristic
chest CT findings

3 blood
cultures; GM
for 3
consecutive
days; Chest
CT; Other
microbiologic or
clinical
examinations
as indicated

Voriconazole,
AmB, L-AmB,
Caspofungin,
Fluconazole

Rate of
patients
receiving
antifungal
therapy

Maertens
2005 [37]

Prospective
feasibility
study

BELGIUM (n = 88,
NE = 136)
Patients !16
years receiving
chemotherapy for
acute leukemia/
MDS or
undergoing
myeloablative
allogenic HSCT

1/
2003-
1/2004

— Antifungal
treatment after 2
+ consecutive
positive
galactomannan or
with CT findings
suggestive of IFD

GM; Chest X-
ray 1-2x/week;
Blood, sputum,
urine, stool
cultures

L-AmB Rate of
antifungal use;
IFD cases

AML: Acute myelogenous leukemia, ALL: Acute lymphocytic leukemia, NE: Febrile neutropenic episodes, IFD: invasive fungal disease, HSCT:
Hematopoietic stem-cell transplantation, RIC: reduced intensity conditioning, GM: Aspergillus galactomannan, CT: Computed tomography scan, PCR:
Polymerase chain reaction, AmB: amphotericin B deoxycholate, L-AmB: liposomal amphotericin B

doi:10.1371/journal.pone.0140930.t001
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IFD-related	outcomes	in	FD	vs	DD	AFT	in	high-risk	neutropenic	patients
Table 2. Comparison of IFD-related outcomes in empiric versus pre-emptive antifungal therapy in high-risk neutropenic patients.

IFD Detection IFD-related Mortality Overall Mortality

Study RR (95%CI) Empiric
(%)

Pre-emptive
(%)

RR (95%CI) Empiric
(%)

Pre-emptive
(%)

RR (95%
CI)

Empiric
(%)

Pre-emptive
(%)

Morrissey 2013 [31] 4.76 (1.87–
12.10)

4.1 (5/
122)

19.5 (23/
118)

0.86 (0.27–
2.75)

4.9 (6/
122)

4.2 (5/118) 1.55 (0.66–
3.66)

6.6 (8/122) 10.2 (12/
118)

Cordonnier 2009
[26]

3.41 (1.14–
10.21)

2.7 (4/
150)

9.1 (13/143) 7.34 (0.38–
140.86)

0.0 (0/
150)

2.1 (3/143) 1.84 (0.55–
6.14)

2.7 (4/150) 4.9 (7/143)

Hebart 2009 [29] 0.99 (0.52–
1.91)

8.1 (17/
207)

8.2 (16/196) 0.82 (0.36–
1.87)

4.8 (10/
207)

3.6 (7/196) 0.99 (0.64–
1.55)

16.4 (34/
207)

16.3 (32/
196)

Blennow 2010 [34] — 0.0 (0/8) 7.7 (1/13) — — — — — —

Tan 2011 [35] 0.62 (0.11–
3.39)

12.0 (3/
25)

7.4 (2/27) — — — — — —

Aguilar-Guisado
2010 [36]

0.09 (0.01–
1.75)

11.5 (3/
26)

0.0 (0/40) 0.13 (0.01–
2.64)

8.0 (2/26) 0.0 (0/40) 0.16 (0.04–
0.71)

30.7 (8/26) 5.0 (2/40)

Oshima 2007 [30] — 0.0 (0/13) 3.3 (2/60) — 0.0 (0/13) 0.0 (0/60) — — —

Girmenia 2010 [28] — — — — — — — — —

Maertens 2005 [37] — — — — — — — — —

M-H RR (95%CI) 1.70 (1.12–2.57) 0.85 (0.45–1.62) 0.99 (0.70–1.40)

D-L RR (95%CI) 1.47 (0.55–3.96) 0.82 (0.36–1.87) 0.95 (0.46–1.99)

Q = 13.90 (df = 4), p = 0.01 Q = 3.62 (df = 3), p = 0.31 Q = 7.88 (df = 3), p = 0.05

Heterogeneity I2 = 71.3% I2 = 17.0% I2 = 61.9%

Between study τ2 = 0.81 Between study τ2 = 0.13 Between study τ2 = 0.33

RR: relative risk, CI: confidence interval, IFD: invasive fungal disease, RR: relative risk, CI: confidence interval, M-H: Mantel-Haenszel fixed effects model,
D-L: Dersimonian-Laird random effects models,—data unavailable and cannot be derived from this study

doi:10.1371/journal.pone.0140930.t002

Table 3. Comparison of antifungal use in empiric versus pre-emptive antifungal therapy in high-risk neutropenic patients.

Antifungal Use Antifungal Duration (mean)

Study RR (95%CI) Empiric (%) Pre-emptive (%) Empiric (%) Pre-emptive (%) p

Morrissey 2013 [31] 0.48 (0.29–0.79) 30.3 (39/122) 23.7 (18/118) — — —

Cordonnier 2009 [26] 0.64 (0.50–0.81) 61.3 (92/150) 39.2 (56/143) 7.0 days 4.5 days <0.01
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M-H RR (95%CI) 0.72 (0.63–0.81) —

D-L RR (95%CI) 0.48 (0.27–0.85) —

Q = 91.01 (df = 6), p !0.01

Heterogeneity I2 = 93.4% —

Between study τ2 = 0.503

RR: relative risk, CI: confidence interval, IFD: invasive fungal disease, RR: relative risk, CI: confidence interval, M-H: Mantel-Haenszel fixed effects model,
D-L: Dersimonian-Laird random effects models,—data unavailable and cannot be derived from this study

doi:10.1371/journal.pone.0140930.t003
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§ AFT	may	be	withheld	in	patients	who	remain	febrile	>4-7	days	if:

o Clinically	stable

o No	clinical	or	chest	and	sinus	CT signs	of	fungal	infection

o Negative	serological assay results	for	evidence	of	IFI,	and	

o No	positive	cultures	for	fungi	from	any	body	site	

Freifeld AG	et	al.	Clin	Infect	Dis	2011;52(4):e56–e93
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Abstract

Invasive fungal disease (IFD) causes significant morbidity and mortality in patients
undergoing allogeneic haemopoietic stem cell transplantation or chemotherapy for
haematological malignancy. Much of these adverse outcomes are due to the limited ability
of traditional diagnostic tests (i.e. culture and histology) to make an early and accurate
diagnosis. As persistent or recurrent fevers of unknown origin (PFUO) in neutropenic
patients despite broad-spectrum antibiotics have been associated with the development of
IFD, most centres have traditionally administered empiric antifungal therapy (EAFT) to
patients with PFUO. However, use of an EAFT strategy has not been shown to have an
overall survival benefit and is associated with excessive antifungal therapy use. As a
result, the focus has shifted to developing more sensitive and specific diagnostic tests for
early and more targeted antifungal treatment. These tests, including the galactomannan
enzyme-linked immunosorbent assay and Aspergillus polymerase chain reaction (PCR),
have enabled the development of diagnostic-driven antifungal treatment (DDAT) strat-
egies, which have been shown to be safe and feasible, reducing antifungal usage. In
addition, the development of effective antifungal prophylactic strategies has changed the
landscape in terms of the incidence and types of IFD that clinicians have encountered. In
this review, we examine the current role of EAFT and provide up-to-date data on the
newer diagnostic tests and algorithms available for use in EAFT and DDAT strategies,
within the context of patient risk and type of antifungal prophylaxis used.

Funding: This work was not funded.
Conflicts of interest: The following authors are consultants or advisory committee members or receive honoraria, fees for service, or
travel assistance from, or have research or other associations with the organisations listed: Michelle Ananda-Rajah – Gilead, Merck
Sharp & Dohme, Schering Plough; Sharon Chen – Gilead, Merck Sharp & Dohme, Pfizer; Nicole Gilroy – Gilead, Merck Sharp &
Dohme, Pfizer, Schering Plough; Thomas Gottlieb – Pfizer; Andrew Grigg – Gilead, Merck Sharp & Dohme; Christopher H. Heath –
Gilead, Merck Sharp & Dohme, Pfizer; C. Orla Morrissey – Gilead, Merck Sharp & Dohme, Pfizer; Monica Slavin – Gilead, Merck Sharp
& Dohme, Pfizer, Schering Plough.

bs_bs_banner

Internal Medicine Journal 44 (2014)

© 2014 The Authors
Internal Medicine Journal © 2014 Royal Australasian College of Physicians1298

Essentials
• Ready	access	to	GM	± PCR	testing.

• Ready	access	to	HRCT	+	reports.

• The	team	

o Interest

o Expertise

oAvailability

Morrissey	et	al.	Int	Med	J	2014;	44:1298-1314
Agrawal	S	et	al.	J	Antimicrob	Chemother	2011;66:i45-i53

GM,	galactomannan
HRCT,	high	resolution	CT

hematologist

ID	Physician

Microbiologist

Pulmonologist

Radiologist

Pharmacist

Setting	1:	No	Access	to	GM/PCR

tests to enable earlier, and more targeted, antifungal
therapy. These have been variably called ‘pre-emptive’,
‘bio-marker driven’ or ‘diagnostic-driven’ strategies. We
recommend and use the term ‘diagnostic-driven antifun-
gal treatment’ (DDAT) (level III evidence; grade C
recommendation) because the terms ‘pre-emptive’ and
‘bio-marker driven’ are not wholly precise. A ‘pre-
emptive’ strategy for IFD is not pathogenically analogous
to the ‘pre-emptive’ strategy used to detect cytomegalo-
virus viraemia and end-organ disease,26 and a ‘bio-
marker’ strategy excludes chest HRCT scans that are

Figure 1 Empiric antifungal therapy strategy (EAFT). IFD, invasive fungal disease; GM-ELISA, galactomannan enzyme-linked immunosorbent assay;
DDAT, diagnostic antifungal treatment; TDM, therapeutic drug monitoring; HRCT, high-resolution computed tomography scan. †Refractory fevers –
persistent (daily for 3–5 days) or recurrent (after an afebrile period of 48 hours) fevers despite broad-spectrum antibiotics and negative microbiological
investigations; ‡Neutropenia = neutrophil count <0.5 × 109/L; §Timely access to results – results available consistently on-site or from an off-site laboratory
within 3–5 days of sampling; ¶Clinical symptoms/signs of IFD – cough, chest pain, haemoptysis, dyspnoea, pleural effusion or rub, rhinorrhoea, epistaxis,
ulceration or eschar of nasal septum or hard palate, maxillary pain, periorbital swelling, focal neurological signs or symptoms, skin lesions consistent with
fungal infection (e.g. nodules, ulceration, satellitism); ††The procedure of choice is dependent on-site and type of lesion, type of antifungal prophylaxis,
patient’s clinical status, local experience with each test and patient’s capacity to tolerate any complications22 (see Table 2 for indications for
bronchoscopy as first-line investigation vis-à-vis lung biopsy). All bronchoscopies and biopsies should be performed within 72 hours of EAFT commence-
ment for maximum yield. BAL should be sent for microscopy, culture, GM-ELISA, fungal PCR testing (Aspergillus or panfungal depending on degree of
suspicion of a non-Aspergillus mould) and cytology. Biopsy tissue (lung and other sites) should be sent for all the same tests with the addition of histology
but with the exception of GM-ELISA. Ensure that the cardiothoracic surgeons and/or radiologists take a fresh specimen in addition to a specimen in
formalin to maximise microbiological diagnosis;‡‡Sub-therapeutic itraconazole levels – ensure drug is taken as oral solution on empty stomach (1 hour
before or 1 hour after meals); voriconazole levels – ensure drug is taken on empty stomach (1 hour before or 1 hour after meals), add omeprazole;
sub-therapeutic posaconazole levels – ensure drug is taken with a high-fat (meal containing >20 g of dietary fat), and/or commercially available nutritional
supplement (180–240 mL), ascorbic acid (500 mg), acidic drink (120–180 mL of coke, ginger ale, orange juice); §§Target therapeutic range for: itraconazole
prophylaxis = 0.5 to 2 mg/L; voriconazole prophylaxis = >1.0 to <5.5 mg/L; posaconazole prophylaxis >0.7 mg/L with no upper limit.

Table 2 Indications for performing a bronchoscopy or lung biopsy as
first-line investigation of an abnormal high-resolution computed tomog-
raphy scan (HRCT)

Bronchoscopy as first-line (vs lung biopsy)
Centrally located lesion
Diffuse infiltrates
Lung biopsy† as first-line (vs bronchoscopy)
Peripherally located lesion
Focal/nodular lesion

†Open lung biopsy (either thoracotomy or video-assisted) is the preferred
diagnostic procedure, as its yield is greater due to the ability to get a
larger volume of tissue. As a result, we recommend an open-lung biopsy
over a CT-guided biopsy as the preferred investigation.22
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Paediatric at-risk populations While CT scans in children
carry a risk of causing cancer, the mortality risk from
IA is higher. Therefore, the benefits of routine HRCT
scanning outweigh the risks and should be performed for
the early diagnosis of possible IA. Non-specific signs (e.g.
diffuse opacities) are more commonly seen, particularly
in those 0–5 years of age. Nodules are observed in only
59% of children with confirmed pulmonary aspergillosis
but only in 39% of children 0–5 years of age. Halo and
air-crescent signs are rarely seen in children.48

Aspergillus GM-ELISA assay

GM is a polysaccharide found in the cell wall of most
Aspergillus species. It is released from growing hyphae. Its
presence in blood or body fluids is indicative of active
infection. A commercial kit by Bio-Rad (Marnes-la-
Coquette, Paris, France) is available (Platelia Aspergillus
GM EIA). The current recommended cut-off value in

serum for a positive result is an optical density index
(ODI) of ≥0.5.49,50

The GM-ELISA assay has been extensively examined
for sensitivity and specificity in patients undergoing
allogeneic HSCT or chemotherapy for acute leukaemia.
The sensitivity in serum samples has varied between
studies from 33% to 100%,49 likely related to differences
in study design. A meta-analysis has reported an overall
sensitivity of 71% and a specificity of 89% in serum.51 The
positive predictive value is low at 26–53% but the assay
has an excellent negative predictive value (NPV) at
95–98%, indicating that it is most useful as a screening
tool to exclude IA. Studies have reported that GM can be
detected a median of 5–8 days before culture positivity
and that the ODI values over time correlate with treat-
ment outcomes.52–54 Consequently, GM-ELISA has been
included as a microbiological criterion in the revised Euro-
pean Organization for Research and Treatment of Cancer
(EORTC)/Mycoses Study Group (MSG) definitions.33

Figure 2 Surveillance-driven diagnostic antifungal treatment strategy†. GM-ELISA, galactomannan enzyme-linked immunosorbent assay; HRCT, high-
resolution computed tomography scan; IFD, invasive fungal disease. †Use a surveillance-driven strategy only if GM-ELISA and PCR testing are consistently
available on-site or from an off-site laboratory within 3–5 days of sampling; ‡Testing begins at start of cycle 1 of chemotherapy and continues until no
longer at high risk. If the patient enters another high-risk period, then the surveillance strategy is recommenced and continued for the entire duration of
the subsequent high-risk period; §Refractory fevers – persistent (daily for 3–5 days) or recurrent (after an afebrile period of 48 hours) fevers despite
broad-spectrum antibiotics and negative microbiological investigations; ¶Neutropenia = neutrophil count <0.5 × 109/L; ††Clinical symptoms/signs of IFD –
cough, chest pain, haemoptysis, dyspnoea, pleural effusion or rub, rhinorrhoea, epistaxis, ulceration or eschar of nasal septum or hard palate, maxillary
pain, periorbital swelling, focal neurological signs or symptoms, skin lesions consistent with fungal infection (e.g. nodules, ulceration, satellitism);
‡‡Irrespective of the presence or absence of refractory fevers; §§Any lesion includes characteristic and non-characteristic lesions; ¶¶Characteristic lesions
include dense, well-circumscribed lesion(s) (>1 cm) with or without a halo sign; air-crescent sign; cavity; †††As clinically indicated, perform the appropriate
investigations to diagnose/exclude other infections, including bacterial (e.g. Legionella, Mycobacterium, Clostridium difficile (bronchoscopy specimens,
faecal specimen, urine for Legionella urinary antigen etc.)), viral (e.g. cytomegalovirus, respiratory viruses (PCR testing of plasma or bronchoalveolar
lavage fluid etc.)) or non-infectious causes (e.g. GVHD (colonoscopy with biopsies)) or appropriate biopsies if not responding to directed antifungal
therapy; ‡‡‡Non-characteristic lesions include any other radiological abnormality except for dense, well-circumscribed lesion(s) (>1 cm) with or without a
halo sign; air-crescent sign; cavity (e.g. consolidation, patchy ground glass opacification).

Empiric antifungal guidelines 2014

© 2014 The Authors
Internal Medicine Journal © 2014 Royal Australasian College of Physicians 1303

EAFT,	empiric	antifungal	therapy
IFD,	invasive	fungal	disease

Setting	2:	Access	to	GM/PCR

Morrissey	et	al.	Internal	Medicine	Journal	2014;	44:	1298-1314

SoR QoE

Echinocandin as	initial	therapy Strong Moderate

L-AmB is	is	an	effective	but	less	attractive	
alternative	because	of	the	potential	for	toxicity	

Strong Moderate

Fluconazole is an	alternative	for	non-critically	ill	
patients	and	no	prior	azole	exposure

Weak Low

Voriconazole can	be	used	in	situations	in	which	
additional	mold	coverage	is	desired

Weak Low

SoR,	strength	of	recommendation;	QoE,	quality	of	evidence;	L-AmB,	liposomal	amphotericin

Pappas	et	al.	Clin	Infect	Dis	2016;	62(4):e1-e50

IDSA 2016 Guidelines: Candidemia in Neutropenic Patients
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2002;	347:408-415

Overall	survival	according	to	1st-line	therapy
(289	cases	over	9	years,	France)	

Nivoix Y	et	al.	Clin	Infect	Dis	2008;47:	1176-84

IA	salvage	therapy

§ Lipid	formulations	of	Amphotericin	B

§ Caspofungin

§ Posaconazole

§ Micafungin

§ Combinations

Limper	et	al.	Am J	Respir Crit Care	Med	2011;	183:96-128

Isavuconazole	vs.	Voriconazole	for	Invasive	Mold	Infections	
(SECURE)

Maertens	et	al.	Lancet	2016;387:760–769	

Follow	up	28	days	(±7)	
after	EOT

Randomization	
1:1

Isavuconazole	Arm	
(n	=	258)			

Voriconazole	Arm	
(n	=	258)

IV	200mg	TID

IV	6mg/kg	BID
IV	4mg/kg	BID

IV	or	PO	200mg	QD

IV	4mg/kg	or	PO	
200mg	BID

1 2 3 8442

1 2 3 8442

1o	endpoint:	ACM	at	day	42	(ITT)
2o endpoint:	Overall	response	at	EOT	(mITT)

Conclusion
§ Antifungal prophylaxis strategy should be tailored to risk of IFI

in specific patient groups

§ Empiric (fever-driven) AFT is associated with:

o unnecessary AFT,

o increased toxicity,

o inflated costs, and

o risk of missing IFI

§ Diagnostic-driven strategies are associated with:

o improved diagnosis of IA,

o reduced unnecessary AFT, and

o NO increased mortality.

Conclusion
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§ Voriconazole is the primary treatment of choice for IA

§ Isavuconazole is a promising new azole for IMI

§ Combination antifungal therapy only in carefully

selected patients with IA

Conclusion

Thank	you


