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ABSTRACT

Antifungal treatment in the hematological patient has
reached a high complexity with the advent of new antifungals
and diagnostic tests, which have resulted in different
therapeutic strategies. The use of the most appropriate
treatment in each case is essential in infections with such a high
mortality. The availability of recommendations as those here
reported based on the best evidence and developed by a large
panel of 48 specialists aimed to answer when is indicated to
treat and which agents should be used, considering different
aspects of the patient (risk of fungal infection, clinical
manifestations, galactomanann test, chest CT scan and previous
prophylaxis) may help clinicians to improve the results.

Key words: Invasive fungal infections, hematological patients,
amphotericin B, voriconazole, posaconazole, echinocandins. 

Recomendaciones para el tratamiento de las
infecciones fúngicas invasoras causadas por
hongos filamentosos en pacientes
hematológicos

RESUMEN

El tratamiento antifúngico del paciente hematológico ha
alcanzado una gran complejidad con la llegada de nuevos
antifúngicos y pruebas diagnósticas que han dado lugar a
diferentes estrategias terapéuticas. La utilización del
tratamiento más adecuado en cada caso es fundamental en
infecciones con tanta mortalidad. La disponibilidad de
recomendaciones como éstas, realizadas con la mejor
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evidencia por un amplio panel de 48 expertos, en las que se
intenta responder a cuándo está indicado tratar y con qué
hacerlo considerando diferentes aspectos del paciente (riesgo
de infección fúngica, manifestaciones clínicas, galactomanano,
TC de tórax y profilaxis realizada), puede ayudar a los clínicos a
mejorar los resultados. 

Palabras clave: infección fúngica invasora, paciente hematológico,
anfotericina B, voriconazol, posaconazol, equinocandinas.

RATIONALE

Antifungal treatment in the hematological patient has
changed considerably in the past two decades with the advent
of new antifungal agents and diagnostic tests, which have
expanded the potential therapeutic strategies. From the
empirical, almost exclusive, use of amphotericin B
deoxycholate (AmB) in the last two decades of the XX century
has evolved at the current use, either empirically or as a
preemptive therapy, of other drugs, such as lipid formulations
of amphotericin B, candins and azoles of equal or superior
efficacy, less toxic and better tolerated.

The rationale for empirical therapy is based on two studies
of AmB carried out in the 80’s showing a reduction in the
incidence and mortality of invasive fungal infection (IFI)1,2. This
indication has been later extended to lipid formulations of
amphotericin B and caspofungin3-9. At the present time,
empirical treatment is recommended in hematological patients
with high or intermediate risk of IFI, who present fever witout an
apparent focus for more than 3 days after a broad spectrum
antibiotic treatment10-12. However, the grades of
recommendation are different in each of the guidelines
published by different scientific societies. In the ECIL-3
guideline, the grade of recommendation is BII12, in the IDSA is AI
for neutropenia lasting more than 7 days and AIII if the risk of IFI
is low11, and the SEIMC only recommends empirical therapy in
patients with high or intermediate risk of aspergilosis and
infections caused by other filamentous fungi10.

The concept of preemptive therapy (administration of
antifungals in patients with a diagnosis of probable fungal
infection based on a positive galactomannan test or the
presence of a compatible image on the chest or paranasal
sinus computed tomography [CT] scan) was developed in
200513, with the aim of reducing the number of patients who
receive empirical treatment, maintaining the same
earliness14,15. However, this objective is not always achieved16-18

due to the delay in having available laboratory results, the
relatively low sensitivity of the galactomannan antigen (AGA)
in some circumstances19-23 and the low specificity of the
radiological images24, among other reasons.

OBJETIVE

The development of these new antifungal agents, the better
knowledge of sensitivity and specificity of different diagnostic
tests and the identification of other risk factors for IFI (individual

genetic predisposition, iron overload, comorbidity, etc.) have
increased the complexity of antifungal prophylactic and
therapeutic regimens in this patient population. The objective of
the present document is intended to answer the following
questions: a) when starting treatment of IFI caused by
filamentous fungi in the hematological patient is indicated? and
b) which is the antifungal of choice in each case?

METHODS

This document has been developed under the auspices of
the Spanish Society of Chemotherapy (SEQ) and with the
participation of 33 hematologists, 10 specialists in infectious
diseases, 4 microbiologists and 1 clinical pharmacologist who
work at second- or third-level  Spanish hospitals with
experience and active clinical practice in the management of
the neutropenic patient.

A first draft was initially elaborated, which was thereafter
discussed in successive meetings with the participation of an
average of 7 hematologists and 2 specialists in infectious
diseases in each of them, up to reach a final manuscript, which
was reviewed by some experts. Finally, the document of
recommendations was approved by all authors. 

RECOMMENDATIONS

When starting antifungal treatment is indicated?

The decision to start antifungal treatment can be
established according to the following aspects:

1) Risk of IFI.

2) Severe clinical picture or suggestive of IFI.

3) Results of complementary tests: galactomanann,
β-glucan and CT scan of the chest or sinuses.

1) Risk of IFI

The most important factors in the development of IFI are
the level of depression of the cellular immune status and,
particularly, the intensity and duration of neutropenia.
According to these two parameters, patients can be classified
into three main risk groups (figure 1)10,11:

a) High-risk: in the presence of profound (absolute
neutrophil count < 100/mm3) and prolonged (> 14 days)
neutropenia or an important deficiency of cell immunity as a
consequence of chemotherapy, radiotherapy, citomegalovirus
(CMV) infection, graft-versus-host disease (GVHD) or
treatment with corticosteroids, anti-TNF-α agents or
alemtuzumab25-27. This group includes allogenic stem cell
transplantation (SCT) with umbilical cord blood or allogenic
HLA-mismatched SCT, allogenic SCT with GVHD, and acute
leukemias (myeloid or lymphocytic) and myelodysplastic
syndromes during induction, re-induction or rescue therapy.

b) Medium-risk: the duration of neutropenia is typically 7-
14 days, and this group includes HLA-matching allogenic SCT
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and acute leukemias and myelodisplastic syndromes during
consolidation or intensification chemotherapy.

c) Low-risk: is characterized by neutropenia of < 7 days as
occurs frequently in autologous SCT. 

In recent years, other risk factors for IFI related to
comorbidities, immunosuppressive therapy, the level of air
pollution and certain genetic predisposition have been
identified (table 1)28-36. In relation to genetic predisposition, it
has been shown the importance of different genetic
polymorphisms (mann-binding lectin [MBL], Toll-like receptors
[TLR4-2], dectin-1, plasminogen, interleukin-10, pulmonary
surfactant, etc.)28-32 but data are still insufficient for
establishing recommendations regarding the consideration
and systematic detection of these markers and are far from the
routine clinical practice. On the other hand, during the last
years antifungal prophylaxis protocols adjusted to the risk of
infection by molds or filamentous fungi have been
generalized10-12. However, the final inclusion of a particular
patient in one or another risk group depends not only of the
presence of main risk factors, but also of other secondary
factors (table 1) and whether or not the patient has received or
is being receiving prophyaxis against filamentous fungi. The
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assessment of each of these aspects can make us change the
initial risk group defined according to criteria of figure 1. In
relation to antifungal prophylaxis, it should be born in mind
that a considerable percentage of patients treated with oral
itraconazole, posaconazole and, to a lesser extent, voriconazole
may have subtherapeutic levels of the drug37,38.

2) Severe clinical picture or suggestive of IFI

The presence of severe clinical manifestations or highly
compatible with IFI caused by filamentous fungi, such as
persistent cough, hemoptysis, pleuritic pain or dyspnoea
should be considered at the time of starting antifungal
treatment in the high-risk hematological patient especially in
the presence of a lack of response to antibiotic treatment and
a progressive increase of C-reactive protein (CRP) or
procalcitonin39-42. The presence of respiratory failure, criteria of
severe sepsis, infection of the central nervous system or
uncontrolled immunosuppression further increases the
probability of IFI caused by filamentous fungi and, therefore,
the possible need of empirical treatment with broad-spectrum
antifungals.

3) Complementary tests

The positivity of AGA (> 0.8 ng/mL or > 0.5 ng/mL in two

Figure 1 Classification of the risk groups for IFI.

1The presence of one or more of these factors may determine an increase of the risk group; 
2See table 1. SCT: stem cell transplantation; AL: acute leukemia; GVHD: graft-versus-host disease;
M: myeloid; L: lymphocytic; MDS: myelodisplastic syndromes.



caused by A. fumigatus, which is the most prevalent species,
due to a lower quantity of galactomannan as a cell wall
component19,20; c) in patients receiving prophylaxis, in which
overall fungal burden may be decreased22; and d) in patients
with less profound neutropenia (> 100/mm3) in whom fungus
is developed more slowly and with more difficulty23.

On the other hand, chest CT demonstration of halo or the
reverse halo sign suggestive of aspergillosis and mucormycosis,
respectively, is not patognomonic and may be observed in
other infectious (bacterial, mycobacterial, viral or parasitic)
and non-infectious (neoplasms, vasculitis, amyloidosis,
sarcoidosis, etc.) diseases and, for this reason, assessment of
the individual clinical context is essential24.

According to all these aspects, the beginning of antifungal
treatment in the hematological patient at risk of IFI should be
considered at any time in the following conditions (table 2):

a) the AGA test is positive or CT scan of the chest or the
sinues is compatible with fungal infection (preemptive
treatment). 

b) in case of persistent fever, absence of clinical
improvement, and negative results of microbiological tests
despite the administration of antibiotic treatment for more
than 3 days (high risk patisnt) or more than 5 days (medium
risk patients)(empirical treatment). When the patient’s clinical
deterioration is significant, antifungal treatment should be
started independently of the duration of fever. The progressive
increase of PCR or procalcitonin, despite antibiotic treatment,
may be useful to make the decision of starting empirical
treatment39-42.

c) in the presence of an infection focus and evidence of
proven or probable IFI (directed treatment). 

consecutive assays) and the presence of some radiological
images, even in the absence of clinical manifestations, may be
the first signs of IFI and justify to consider starting active
antifungal treatment against Aspergillus spp. (preemptive
therapy)43-45.

In relation to AGA, it is known that in animal models of
aspergillosis, a direct relationship between serum AGA levels
and the number of colony-forming units of Aspergillus per
gram of lung tissue has been observed43. However, the
sensitivity of AGA test may be lower than the desirable
sensitivity in some cases,  such as: a) during the days prior to
the onset of fever and on the first day of fever14, b) infections
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Table 1 Other risk factors of IFI.

Comorbidity

Age > 65 years

Advanced disease

Previous invasive fungal infection

Iron overload

Metabolic acidosis

Non-controlled hyperglycemia

Cytomegalovirus infection

Infection caused by a respiratory virus

Chronic obstructive pulmonary disease (COPD)

Renal failure

Liver failure

Malnutrition

Genetic polymorphisms (MBL, TLR4-2 …)

Immunossuppressive treatment

Prolonged corticosteroid treatment

Alemtuzumab

Citarabine at high doses

Anti-TNF agents

High doses of total body irradiation

Environmental factors

Building works in the neighboring

Rooms without HEPA filters

1See risk classification in table 1.                                                                                                                                       
2In case of significant clinical deterioration, antifungal treatment
should be immediately started independently of the duration of
fever.
3Progressive increase of PCR or procalcitonin may be useful for
deciding empirical treatment.

Table 2 Indications of antifungal treatment.

Clinical situation

a) Positive galactomanann test or CT scan of the
chest or sinuses compatible with fungal infection

b) Patient with fever that persists for > 3-5 days
(high-risk)1 or > 5-7 days (medium-risk)1 after the
onset of antibiotic treatment with negative
microbiological tests2,3

c) Presence of an infection focus and evidence of
proven or probable IFI.

Type of treatment

Preemptive

Empirical

Directed



Which antifungal agent should be used?

The selection of the antifungal agent in each case depends
mainly on the result of AGA and the type of prophylaxis that the
patient has received. According to these two criteria, four groups
of patients can be identified (figure 2):

1) If the AGA test is negative or unavailable and the
patient has received prophylaxis with an extended-spectrum
azole (EEA) or a candin, the risk of aspergillosis decreases, but
the possibility of infection by other filamentous fungi
especially Mucor persists, due to the lack of activity of both
candins and voriconazole against Mucor spp. Posaconazole is
active against some Mucorals but adequate serum
concentrations are frequently not reached37,46-49 In these
circumstances, liposomal amphotericin B (L-AmB) is the
antifungal of choice because of its broadest spectrum of
activity (Candida spp., Aspergillus spp., Cryptococcus spp.,
Fusarium spp. Mucorals and endemic fungi) and is the first
option for the treatment of mucormycosis50-52. If the patient
has received prophylaxis with a candin, L-AmB or voriconazole
can be used for empirical treatment.

2) If the AGA test is negative or unavailable and the
patient has not received prophylaxis with an EEA or a candin,
infection can be caused either by Candida spp. (especially C.
glabrata or C. krusei if prophylaxis with fluconazole was given)
or Aspergillus spp. In this case, L-AmB, a candin drug or
voriconazole are included in the empirical antibiotic regimens.
The three options are equally valid4-7. However, if results of the

CT scan are compatible with
IFI, it is advisable to give
priority to voriconazole or L-
AmB in detriment to
capufungin because the
antifungal spectrum of this
agent against filamentous
fungi is narrower, the in vitro
fungistatic activity and in vivo
seems to be less effective
against Aspergillus
(caspofungin 30-40% vs. L-
AmB and voriconazole 40-
50%)53-57 and for which the
development of breakthrough
aspergillosis has been
described58,59.

3) If the AGA test is
positive and the patient has
received prophylaxis with an
EEA or a candin, there is a high
probability of aspergillosis due
to failure of the agents used
for prevention therapy37,48,58,59.
In the case of prophylaxis with
an EEA, L-AmB would be the
first therapeutic option

because this fact does not seem to affect the clinical efficacy
of amphotericin60. If a candin drug has been used for
prophylaxis, voriconazole and L-AmB are the therapeutic
options.

4) If the AGA test is positive and the patient has not
received prophylaxis, the therapeutic options include
voriconazole and Anfo B-L55-57.

In relation to formulations of amphotericin B, it should be
noted that the conventional formulation is not regarded as a
therapeutic option due to its high toxicity. Therefore, there are
two formulations of amphotericin B to be considered:
liposomal formulation and the lipid complex. These two
formulations have some important differences that in practice
should be taken into account at the time of prescribing these
drugs, especially in the immunocompromised patient suffering
from a potentially serious infection. In particular, there are
evidences of the lower incidence of infusion reactions and
nephrotoxicity with the liposomal formulation, probably in
relation to the higher stability of the liposome5,61-63. This lower
incidence is due to the presence in the liposome of cholesterol
and phospholipids that are thermostable at the body
temperature. These characteristics make liposomal
amphotericin B as the amphotericin B of choice63.
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Figure 2 Selection of the antifungal agent according to galactomanann
antigen (AGA) and prophylactic antinfungal regimen.

AGA: galactomanann antigen; EEA: extended-spectrum azole (voriconazole and posaconazole)
1AGA negative or not available.
2Micafungin is the only candin with indication for prophylaxis.
3Consider using voriconazole if the patient is receiving a prophylaxis with a candin. 
4If clinical picture and/or imaging studies are compatible with IFI caused by filamentous fungi, it is re-
commended not to use candin (caspofungin is the one with indication in empiric) in monotherapy.



ACKNOWLEDGEMENTS

The authors thank Marta Pulido, MD, for editorial
assistance.

REFERENCES

1. 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; 72:101-11.

2. Empiric antifungal therapy in febrile granulocytopenic patients.
EORTC International Antimicrobial Therapy Cooperative Group.
Am J Med 1989; 86:668-72.

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

4. Walsh TJ, Finberg RW, Arndt C, Hiemenz J, Schwartz C, Boden-
steinerD 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; 340:764-71.

5. Wingard JR, White MH, Anaissie E, Raffalli J, Goodman J, Arrieta A
et al. 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;
31:1155-63.

6. 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: 225-34.

7. 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; 351:1391-402.

8. Boogaerts M, Winston DJ, Bow EJ, Garber G, Reboli AC, Schwarer
AP et al. Intravenous and oral itraconazole versus intravenous am-
photericin B deoxycholate as empirical antifungal therapy for per-
sistent fever in neutropenic patients with cancer who are recei-
ving broad-spectrum antibacterial therapy. A randomized,
controlled trial. Ann Intern Med 2001;135:412-22.

9. Vallejo C, Rovira M. Profilaxis y tratamiento de la infección
fúngica invasora en el paciente neutropénicos. Rev Esp Quimioter
2010; 23:177-183.

10. Fortún J, Carratalá J, Gavaldá J, Lizasoain M, Salavert M, de la
Cámara R et al. Recomendaciones sobre el tratamiento de la
enfermedad fúngica invasiva por Aspergillus spp. y otros hongos
filamentosos de la Sociedad Españoola de Enfermedades
Infecciosas y Microbiología Clínica (SEIMC). Actualización 2011.
Enferm Infecc Microbiol Clin. 2011; 29:435-454.

11. Freifeld AG, Bow EJ,  Sepkowitz KA, Boeckh MJ, Ito JI, Mullen CA et
al. Clinical Practice Guideline for the use of antimicrobial agents in
neutropenic patients with Cancer: 2010 Update by the Infectious
Diseases Society of America. Clin Infect Dis 2011; 52:e56–e93

12. Maertens J, Marchetti O, Herbrecht R, Cornely OA, Fluckiger U,
Frere P et al. European guidelines for antifungal management in
leukemia and hemato- poietic stem cell transplant recipients:
summary of the ECIL 3-2009 Update. Bone Marrow Transplant.
2011; 46:709-18.

13. 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; 41:1242-50.

14. Penack O, Rempf P, Graf B, Blau IW, Thiel E. Aspergillus galac-
tomannan testing in patients with long-term neutropenia: im-
plications for clinical management. Ann Oncol. 2008; 19:984-9.

15. Girmenia C, Micozzi A, Gentile G, Santilli S, Arleo E, Cardarelli L
et al. Clinically driven diagnostic antifungal approach in neu-
tropenic patients: a prospective feasibility study. J Clin Oncol.
2010; 28:667-74. 

16. Hebart H, Klingspor L, Klingebiel T, Loeffler J, Tollemar J, Ljung-
man P et al. A prospective randomized controlled trial compar-
ing PCR-based and empirical treatment with liposomal ampho-
tericin B in patients after allo-SCT. Bone Marrow Transplant.
2009; 43:553-61.

17. Cordonnier C, Pautas C, Maury S, Vekhoff A, Farhat H, Suarez F
et al. Empirical versus preemptive antifungal therapy for high-
risk, febrile, neutropenic patients: a randomized, controlled trial.
Clin Infect Dis 2009; 48:1042-51.

18. Pagano L, Caira M, Nosari A, Cattaneo C, Fanci R, Bonini A et al.
The use and efficacy of empirical versus pre-emptive therapy in
the management of fungal infections: the HEMA e-Chart Pro-
ject. Haematologica. 2011; 96:1366-70.

19. Penack O, Rempf P, Graf B, Blau IW, Thiel E. Aspergillus galac-
tomannan testing in patients with long-term neutropenia: im-
plications for clinical management. Ann Oncol. 2008; 19:984-9.

20. Hachem RY, Kontoyiannis DP, Chemaly RF, Jiang Y, Reitzel R,
Raad I. Utility of galactomannan enzyme immunoassay and (1,3)
beta-D-glucan in diagnosis of invasive fungal infections: low
sensitivity for Aspergillus fumigatus infection in hematologic
malignancy patients. J Clin Microbiol. 2009; 47:129-33.

21. Weber DJ, Peppercorn A, Miller MB, Sickbert-Benett E, Rutala
WA. Preventing healthcare-associated Aspergillus infections: re-
view of recent CDC/HICPAC recommendations. Med Mycol.
2009; 47 Suppl 1:S199-209.

22. Marr KA, Laverdiere M, Gugel A, Leisenring W. Antifungal thera-
py decreases sensitivity of the Aspergillus galactomannan en-
zyme immunoassay. Clin Infect Dis. 2005; 40:1762-9.

23. Cordonnier C, Botterel F, Ben Amor R, Pautas C, Maury S, Kuentz
M et al. Correlation between galactomannan antigen levels in
serum and neutrophil counts in haematological patients with in-
vasive aspergillosis. Clin Microbiol Infect. 2009; 15:81-6.

24. Georgiadou SP, Sipsas NV, Marom EM, Kontoyiannis DP. The diag-
nostic value of halo and reversed halo signs for invasive mold in-
fections in compromised hosts. Clin Infect Dis. 2011; 52:1144-55.

25. García-Vidal C, Upton A, Kirby KA, Marr KA. Epidemiology of
invasive mold infections in allogeneic stem-cell transplant
recipients: biological risk factors for infection according to time
after transplantation. Clin Infect Dis 2008; 47:1041-50.

Recommendations for the treatment of invasive fungal infection caused by filamentous fungi in the
hematological patient

J. Barberán, et al.

268 108Rev Esp Quimioter 2011;24 (4): 263-270



26. Pagano L, Caira M, Candoni A, Offidani M, Fianchi L, Martino B et
al. The epidemiology of fungal infections in patients with
hematologic malignancies: the SEIFEM-2004 study.
Haematologica. 2006; 91:1068-75.

27. Philippe B, Ibrahim-Granet O, Prévost MC, Gougerot-Pocidalo
MA, Sanchez Perez M, Van der Meeren A et al. Phagocytosis and
intracellular fate of Aspergillus fumigatus conidia in alveolar
macrophages. Infect Immun. 2003;71:891-903.

28. Granell M, Urbano-Ispizua A, Suarez B, Rovira M, Fernández-
Avilés F, Martínez C et al. Mannan-binding lectin pathway
deficiencies and invasive fungal infections following allogeneic
stem cell transplantation. Experimental Hematology 2006; 34:
1435–1441.

29. van de Veerdonk FL, Kullberg BJ, van der Meer JW, Gow NA,
Netea MG.Host–microbe interactions: innate pattern recogni-
tion of fungal pathogens. Curr Opin Microbiol 2008; 11:305–
312.

30. Dennehy KM, Ferwerda G, Faro-Trindade I, Pyz E, Willment JA,
Taylor PR et al. Syk kinase is required for collaborative cytokine
production induced through Dectin-1 and Toll-like receptors.
Eur J Immunol. 2008; 38:500-6.

31. Ferwerda B, Ferwerda G, Plantinga TS, Willment JA, van Spriel
AB, Venselaar H et al. Human Dectin-1 Deficiency and Mucocu-
taneous Fungal Infections. N Engl J Med. 2009; 361:1760-7.

32. Bochud PY, Chien JW, Marr KA, Leisenring WM, Upton A, Janer
M et al. Toll-like receptor 4 polymorphisms and aspergillosis in
stem-cell transplantation. New Engl J Med 2008; 359:1766-77.

33. Kontoyiannis DP, Chamilos G, Lewis RE, Giralt S, Cortes J, Raad II
et al. Increased bone marrow iron stores is an independent risk
factor for Invasive aspergillosis in patients with high-risk
hematologic malignancies and recipients of allogeneic
hematopoietic stem cell transplantation. Cancer 2007; 110:
1303–6.

34. Marr KA, Carter RA, Boeckh M, Martin P, Corey L. Invasive
aspergillosis in allogeneic  stem-cell transplant recipients:
changes in epidemiology and risk factors. Blood 2002;
100:4358-66.

35. Cordonnier C, Maury S, Pautas C, Bastié 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; 33:943-8.

36. Wald A, Leisering M, Van Burik JA, Bowden RA. Epidemiology of
aspergillus infections in a large cohort of patients underling
bone marrow transplantation. J Infect Dis 1997; 175:1459-66. 

37. Krishna G, Martinho M, Chandrasekar P, Ullmann AJ, Patino H.
Pharmacokinetics of oral posaconazole in allogeneic
hematopoietic stem cell transplant recipients with graft-versus-
host disease. Pharmacotherapy 2007; 27:1627–1636.

38. Andes D, Pascual A, Marchetti O. Antifungal therapeutic drug
monitoring: established and emerging indications. Antimicrob
Agents Chemother. 2009; 53:24–34.

39. Ortega M, Rovira M, Almela M, de la Bellacasa JP, Carreras E and
Mensa J. Measurement of C-reactive protein in adults with
febrile neutropenia alter hematopoietic cell transplantation.
Bone Marrow Transplant 2004; 33:741–744.

40. Moon JM, Chun BJ. Predicting the complicated neutropenic
fever in the emergency department. Emerg Med J 2009;
26:802–806.

41. Prat C, Sancho JM, Domínguez J, Xicoy B, Giménez M, Ferra C,
et al. Evaluation of procalcitonin, neopterin, C-reactive protein,
IL-6 and IL-8 as a diagnostic marker of infection in patients
with febrile neutropenia. Leuk Lymphoma 2008; 49:1752-61.

42. Sakr Y, Spoholz C, Tuche F, Brunkhorst F, Reinhart K. The role of
procalcitonin in febrile neutropenic patients: review of the
literature. Infection 2008; 36:396-407.

43. 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: vari-
ables that affect performance. J Infect Dis 2004; 190:641-9.

44. Odabasi Z, Mattiuzzi G, Estey E, Kantarjian H, Saeki F, Ridge RD
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; 39:199–205.

45. 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; 44:373–9

46. Chamilos G, Marom EM, Lewis RE, Lionakis MS, Kontoyiannis DP.
Predictors of pulmonary zygomycosis versus invasive pulmonary
aspergillosis in patients with cancer. Clin Infect Dis 2005;41:60-
66.

47. Sujobert P, Boissel N, Bergeron A, Ribaud P, Dombret H, Lortho-
lary O et al. Breakthrough zygomycosis following empirical
caspofungin treatment: Report of two patients with leukemia
and literature review. Open J Hematol 2010; 1-3.

48. Trifilio S, Singhal S, Williams S, Frankfurt O, Gordon L, Evens A
et al. Breakthrough fungal infections after allogeneic
hematopoietic stem cell transplantation in patients on prophy-
lactic voriconazole. Bone Marrow Transplant 2007; 40:451–6.

49. 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;
191:1350-1360.

50. Leventakos K, Lewis RE, Kontoyiannis DP. Fungal infections in
leukemia patients: how do we prevent and treat them? Clin
Infect Dis 2010; 50:405-15.

51. Cuenca-Estrella M. Antifúngicos en el tratamiento de las
infecciones sistémicas: importancia del mecanismo de acción,
espectro de actividad y resistencias. Rev Esp Quimioter 2010;
23:169-76.

52. Kontoyiannis DP, Lewis RE. How I treat mucormycosis. Blood
2011; 118:1216-24.

53. Viscoli C, Herbrecht R, Akan H, Baila L, Sonet A, Gallamini A, et
al. An EORTC Phase II study of caspofungin as first-line therapy
of invasive aspergillosis in haematological patients. J
Antimicrob Chemother 2009;64:1274–81.

54. Herbrecht R, Maertens J, Baila L, Aoun M, Heinz W, Martino R,
et al. Caspofungin first-line therapy for invasive aspergillosis in
allogeneic hematopoietic stem cell transplant patients: an 

Recommendations for the treatment of invasive fungal infection caused by filamentous fungi in the
hematological patient

J. Barberán, et al.

109 269Rev Esp Quimioter 2011;24 (4): 263-270



European Organisation for Research and Treatment of Cancer
study. Bone Marrow Transplant. 2010;45:1227–33.

55. 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 ran- domized trial comparing a high-
loading dose regimen with standard dosing (AmBiLoad trial).
Clin Infect Dis 2007;44:1289–97.

56. Cornely OA, Maertens J, Bresnik M, Ebrahimi R, Dellow E, Her-
brecht R et al. Efficacy outcomes in a randomised trial of lipo-
somal amphotericin B based on revised EORTC/MSG 2008 defin-
itions of invasive mould disease. Mycoses 2011; 54:e449-55.

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

58. Madureira A, Bergeron A, Lacroix C, Robin M, Rocha V, de La-
tour RP et al. Breakthrough invasive aspergillosis in allogeneic
haematopoietic stem cell transplant recipients treated with
caspofungin. Int J Antimicrob Agents 2007; 30:551-4.

59. Lafaurie M, Lapalu J, Raffoux E, Breton B, Lacroix C, Socié G et
al. High rate of breakthrough invasive aspergillosis among pa-
tients receiving caspofungin for persistent fever and neutrope-
nia. Clin Microbiol Infect 2010; 16:1191-6.

60. Cornely OA, Maertens J, Bresnik M, Ullmann AJ, Ebrahimi R,
Herbrecht R. Treatment outcome of invasive mould disease af-
ter sequential exposure to azoles and liposomal amphotericin B.
J Antimicrob Chemother 2010; 65:114-7.

61. Fleming RV, Kantarjian HM, Husni R, Rolston K, Lim J, Raad I et
al. Comparison of amphotericin B lipid complex (ABLC) vs. Am-
Bisome in the treatment of suspected or documented fungal in-
fections in patients with leucemia. Leukemia and lymphome
2001; 40:511-20.

62. Ullmann AJ, Sanz MA, Tramarin A, Barnes RA, Wu W, Gerlach BA
et al.  Prospective Study of Amphotericin B Formulations in Im-
munocompromised Patients in 4 European Countries. Clin Infect
Dis 2006; 43:e29–38.

63. Adler-Moore J, Proffitt RT. AmBisome: liposomal formulation,
structure, mechanism of action and pre-clinical experience. J
Antimicrob Chemother. 2002; 49 (suppl. 1): 21-30.

Recommendations for the treatment of invasive fungal infection caused by filamentous fungi in the
hematological patient

J. Barberán, et al.

270 110Rev Esp Quimioter 2011;24 (4): 263-270


