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Diagram of the various risk factors affecting the 

primary host condition

Herbrecht et al. Ann. N.Y. Acad. Sci. 1272 (2012) 23–30



Risk of invasive aspergillosis based on the primary 

host factor

Herbrecht et al. Ann. N.Y. Acad. Sci. 1272 (2012) 23–30



Εκτιµώµενη ετήσια επίπτωση συστηµατικών 

µυκητιακών λοιµώξεων

Είδος µυκητίασης Περιπτώσεις/έτος Εκτιµώµενη θνητότητα

(% των προσβεβληµένων)

Cryptococcosis >1.000.000 20-70%

Candidiasis >400.000 10-75%

Invasive Aspergillosis >200.000 30-95%

CPA >1.200.000

ABPA 4.800.000

SAFS 10.000.000

Pneumocystis

pneumonia

>400.000 20-80%

Mucormycosis >11.000 30-90%



Identified main underlying conditions predisposing to 

invasive aspergillosis
Herbrecht et al. Ann. N.Y. Acad. Sci. 1272 (2012) 23–30 

Underlying conditions Incidence (%) Identified specific patient 

and treatment-related risk 

factors

Allogeneic hematopoietic

stem cells

2.7–23 Delayed neutrophil engraftment, secondary 

neutropenia, lymphocytopenia, monocytopenia, 

cord blood, T cell-depleted or CD34-selected 

stem cell products, 

unrelated or mismatched donor graft, acute or 

chronic graft versus host disease, corticosteroids, 

CMV disease, respiratory virus infections, renal 

failure, reduced-intensity conditioning regimen, 

purine analogs or monoclonal antibodies, 

history of invasive aspergillosis, iron

overload, advanced age, donor toll-like receptor 

polymorphism

Autologous hematopoietic

stem cells

0.5–6 Neutropenia, purine analogs or monoclonal 

antibodies,

lymphoproliferative malignancy as indication for 

transplantation

Transplant Lung or heart-

lung

3–26 Airways colonization, single lung transplant, 

cystic fibrosis as indication for transplantation, 

rejection and increased immunosuppression, 

obliterative bronchitis, lymphocytopenia,

corticosteroids, CMV disease, renal dysfunction,

hypogammaglobulinemia, advanced age



Identified main underlying conditions predisposing to 

invasive aspergillosis
Herbrecht et al. Ann. N.Y. Acad. Sci. 1272 (2012) 23–30

Heart 0.4–15 Airways colonization, reoperation, 

Lymphocytopenia, corticosteroids,

CMV disease, post-transplant 

hemodialysis, advanced age

Liver Transplant 0.7–10 Retransplantation, smoking, CMV 

disease, dialysis requirement,

fulminant hepatic failure as 

indication for transplantation

Pancreas 1.1–2.9 None identified

Kidney 0.2–1 Graft failure requiring prolonged 

hemodialysis, lymphocytopenia,

corticosteroids, sirolimus ±

mycophenolate mofetil, advanced 

age

Small bowell 0–11 Lymphocytopenia, corticosteroids, 

CMV disease, renal dysfunction,

advanced age



Frequency of major fungal infections in 

organ transplant recipients

Incidence of

invasive fungal    Infections due Infections due 

infections*  to Aspergillus to Candida

Renal 1.4 - 14% 0 - 10% 2.0 - 100%

Heart 5 - 21% 77 - 91% 8 - 23%

Liver 7 - 42% 9 - 34% 35 -91%

Lung and heart

-lung 15 - 35% 25 - 50% 43 - 72%

Small-bowel 40 - 59% 0 - 3.6% 80 - 100%

Pancreas 18 - 38% 0 - 3% 97 - 100%



Identified main underlying conditions predisposing 

to invasive aspergillosis
Acute myeloid leukemia 5–24 Neutropenia, monocytopenia, purine analogs or monoclonal

antibodies, advanced age, iron overload, influenza H1N1 virus

infection, lack of response to induction chemotherapy

Acute lymphoblastic

leukemia

3.8 Lymphocytopenia, corticosteroids, advanced age

Multiple myeloma 2–3 Neutropenia, corticosteroids, advanced age

Non-Hodgkin’s lymphoma 0.8 Corticosteroids, purine analogs or monoclonal antibodies, 

advanced

age

Hodgkin’s disease 0.4 None identified

Lung cancer 2.6 Stage IV disease, corticosteroids

AIDS 0–12 <50 CD4+ cells/L, neutropenia, corticosteroids

Chronic granulomatous

disease

20–40 None identified

Burns 1–7 Body surface area burn, full thickness burn, length of hospital 

stay,

older age, inhalation injuries



Identified main underlying conditions 

predisposing to invasive aspergillosis
Herbrecht et al. Ann. N.Y. Acad. Sci. 1272 (2012) 23–30

Underlying conditions Incidence (%) Identified specific patient 

and treatment-related risk 

factors

Chronic obstructive

pulmonary disease with

acute exacerbation

1.9 Systemic or inhaled corticosteroids, 

admission to the intensive-care

unit, chronic heart failure, 

antibiotic treatment received in the

three months prior to admission, 

airways colonization

Systemic lupus

erythematous

0.5–2.1 Corticosteroids, other 

immunosuppressive drugs

Liver failure* 5.4 Multiple antibiotic use, frequent 

invasive procedures

Severe combined

immunodeficiency

3.5 None identified

*Hepatitis B virus-related liver failure



Biol Blood Marrow Transplant. 2009 Oct;15(10):1143-238.

Phases of opportunistic infections among allogeneic HCT recipients



Risk factors for IFIs in AML according to Leukemia, Host, Treatment and Fungal 

Exposure





Possible dynamic risk stratification.

L. Pagano et al. / Blood Reviews 31 (2017) 17–29 



The promise of and confusion caused by

Genetic stratification of risk of IFIs



The future :

Predictive markers for Aspergillus infection?

Bochud PY et al, NEJM 2008

- TLR4 haplotypes in unrelated donors are associated with an increased

risk of IA among recipients of allogeneic hematopoietic-cell transplants

- Polymorphisms in genes encoding IL-1, IL-10, TNF r2, TLR1, TLR6…

Seo, BMT 2005; Kesh Ann N Y Acad Sci 2005; Sainz Immunol lett 2007;

Sainz Human Immunol 2007; Vaid Clin Chem Lab Med 2007; Sainz J Clin Immunol 2008 



Προφύλαξη σε ποιούς ασθενείς ?

Ποιο αντιµυκητιακό?

Χρόνος έναρξης  και για πόσο?

Πως µπορούµε να κάνουµε διαβάθµιση 

του κινδύνου?

Νέοι παράγοντες κινδύνου για 

συστηµατικές µυκητιάσεις ή 

προγνωστικοί παράγοντες επιβίωσης?

Εκτίµηση κινδύνου/οφέλους?



Εµπύρετος ουδετεροπενία, HSCT

Όταν η ανασφάλεια και ο φόβος 

κυριαρχούν….



• 20 studies including 4823 patients receiving HSCT. Overall, the risk 

for IFI while on prophylaxis was 5.1%. 

• The risk of IFI, systemic candidiasis and the need for empiric 

antifungal treatment was significantly reduced in patients receiving 

fluconazole compared with patients receiving placebo. 

• Itraconazole was more effective than fluconazole for the prevention 

of aspergillosis at the expense of more frequent withdrawals. 

Micafungin was marginally more effective than fluconazole for the 

prevention of mold infections and IA and reducing the need for 

empiric antifungal therapy. 

• Voriconazole showed marginally significant effects compared with 

fluconazole regarding IA and the need for empiric treatment. 



17 studies including 5122 patients.

The new mold-active agents, posaconazole, 

voriconazole, and micafungin have reduced the 

incidence of IFI compared to fluconazole and 

itraconazole;

in addition, posaconazole and voriconazole have 

reduced transplant-related mortality significantly. 



• Five eligible RCTs, randomizing 2147 patients in total, were included.

• Randomized controlled trials (RCTs) of fluconazole, itraconazole, 

posaconazole, and voriconazole for primary antifungal prophylaxis

• posaconazole, voriconazole reduced the risk of proven/probable IFI 

compared to fluconazole and itraconazole. 

• Conclusion: As expected, mould-active azoles prevented IFIs, particularly invasive 

aspergillosis, more effectively than fluconazole in alloHCT recipients. The paucity 

of comparative efficacy data suggests that other factors such as long-term 

tolerability, availability of intravenous formulations, local IFI epidemiology, and 

drug costs may need to form the basis for selection among the mould-active azoles



Οξεία µυελογενής λευχαιµία –συστηµατικές 

µυκητιάσεις

• Πρόσφατη διαπίστωση ότι η ύπαρξη παραγόντων κινδύνου από την εισαγωγή, όπως ΧΑΠ, 
επαγγελµατική έκθεση, ενασχόληση µε χώρους µε φορτίο µυκήτων, απουσία θαλάµων HEPA, 
λοίµωξη µε H1Ν1, µη ανταπόκριση σε θεραπεία “induction” αυξάνει τον κίνδυνο για 
συστηµατικές µυκητιάσεις (1,2).

• Επιπρόσθετοι παράγοντες κινδύνου: µεγάλη ηλικία, πτωχή πρόγνωση ύφεσης νόσου για λόγους 
κυτταρογενετικής, υποτροπή κακοήθειας, παρουσία πολλαπλών baseline συννοσηροτήτων ή 
κακό “ performance status”.

• Επιδηµιολογική αλλαγή παγκόσµια µε επικράτηση υφοµυκήτων µε την εισαγωγή της 
προφύλαξης µε φλουκαναζόλη από τις αρχές του 1990. Ο Aspergillus είναι ο κυρίαρχος µύκητας 
στην Ευρώπη µε επίπτωση της διηθητικής Ασπεργίλλωσης σε ΟΜΛ σε ποσοστό 5% - 24%, 
ενώ η καντινταιµία σε 2% (3).

• Λόγω των ποσοστών συστήνονται µέτρα πρόληψης. Εκτός της αποφυγής των έργων 
οικοδοµικών ανακατασκευών και φυτών, χώµατος, πιπεριού και θαλάµων µε HEPA, η 
πρωτογενής προφύλαξη συστήνεται και θεωρείται εδραιωµένη πρακτική σε πολλά Ευρωπαϊκά 
αιµατολογικά κέντρα.

• Aν και η συγχορήγηση ανθρακυκλινών (doxorubicin, daunorubicin and idarubicin) και αζολών 
δεν αντενδείκνυται, οι αζόλες αναστέλλουν τους “efflux transporters” και µπορούν να 
µεταβάλλουν την κινητική των ανθρακυκλινών (4). Συστήνεται µία περίοδος “washout” 24 
ωρών πριν τη χορήγηση προφύλαξης µε αζόλη.

1.  Caira M, et al. Haematologica 2015; 100: 284–92.

2. Herbrecht R, et al. Ann N Y Acad Sci 2012; 1272:23–30.

3. Cornely OA, et al. Clin Infect Dis 2015; 61: 324–31.

4. Lempers VJ, et al. Antimicrob Agents Chemother 2016; 60: 3372–9.



Overall survival in patients receiving azacitidine

(n  55) or conventional care regimens (CCR; n  58)
Fenaux et al. J Clin Oncol 2010;28:562-569

Reduced GI toxicity, less severe neutropenia=fewer fungal infections?

Antifungal prophylaxis needed?



• Retrospective analysis. Incidence of IFI according to EORTC-MSG criteria 
in 121 consecutive AML/MDS patients receiving 948 azacitidine courses 
(median 5, range 1–43) between June 2007 and June 2015. Four cases of 
IFI (two possible, one probable aspergillosis and one proven candidemia) 
occurred in this series.

• The incidence rate of proven/probable IFI was 0.21% per treatment 
cycle and 1.6% per patient treated for the whole series, and 0.73% per 
treatment cycle and 4.1% per patient treated in those with severe 
neutropenia. Two patients died from IFI, leading to an IFI-attributable 
mortality rate of 1.65% per patient and 0.21% per treatment cycle. 

• The numbers needed to treat with prophylaxis to prevent one case of IFI
are 238 azacitidine cycles or 30 patients throughout their whole treatment 
course, and 137 azacitidine cycles or 24 patients among those with severe 
neutropenia.

• AML/MDS patients treated with azacitidine, including those with severe 
prolonged neutropenia, have a very low risk of IFI which does not justify 
the use of antifungal prophylaxis.



• In our opinion, prophylactic antifungals should be used in 
general for patients with very severe AA.

• Voriconazole or posaconazole appear to be more effective 
than fluconazole, as they have activity against Aspergillus and 
also some other mold species. 

• Antifungal prophylaxis should also be considered during the 
first months after antithymocyte globulin (ATG) therapy and 
after SCT as long as neutropenia and/or lymphopenia is 
present.

Robenshtok E, et al. Antifungal prophylaxis in cancer patients after chemotherapy or hematopoietic 
stem-cell transplantation: systematic review and meta-analysis. J Clin Oncol 2007; 25: 5471–5489.



ΟΛΛ

• ΄Έχει αναφερθεί ποσοστό συστηµατικών µυκητιάσεων στο 6.5% στην 

αναδροµική µελέτη SEIFEM-2004 µε 1173 ενήλικες ασθενείς υπό θεραπεία για 

ΟΛΛ, µε τη διηθητική ασπεργίλλωση και καντιντίαση να είναι οι συχνότερες*

(1)

• ΟΛΛ Philadelphia+ που λαµβάνουν αναστολείς της τυροσινικής κινάσης

(imatinib, dasatinib, nilotinib, and bosutinib), ως µέρος της θεραπείας γαίνεται 

να έχουν χαµηλό κίνδυνο για διηθητικές µυκητιάσεις (3–5% )

• ∆εν υπάρχει αποδεδειγµένο standard of care 

• Το European Working Group for Adult ALL (EWALL) τοποθετείται ενάντια 

στη χορήγηση νεοτέρων αζολών, λόγω της δυνητικής νευροτοξικότητας σε 

συνδυασµό µε Vinca αλκαλοειδή.

• Απουσία δεδοµένων αποτελεσµατικότητας και ασφάλειας, προσεκτική χρήση 

προφύλαξης µε fluconazole για ζυµοµύκητες µπορεί να συσταθεί (C-III).

*Pagano L, et al. Haematologica 2006; 91: 1068–75.



Risk factors in univariate analysis

associated with the development of 

EORTC/MSG defined probable or

proven invasive mold disease (n = 133)

among 1,944 adult inpatients (n = 

4,127 admissions) undergoing treatment 

for a hematological malignancy from 

2007–2016 at the Seràgnoli

Hematology Institute in Bologna, Italy.



BOSCORE distribution observed 90‐day cumulative 

incidence of IMD in the

retrospective (2005–2008) development and prospective 

(2009–2012) validation cohorts.



2018, 4, 141

Smartphone-assisted prognostic model assessments of lower-risk (a) 

and higher-risk (b) nonneutropenic patient.

M Stanzani and R E. Lewis. Fungi 2018, 4, 141



M Stanzani and R E. Lewis. Fungi 2018, 4, 141

Impact of posaconazole prophylaxis on the 60‐day cumulative incidence of IMD in 

patients with model predicted risk of IMD < 5% (a) and > 5%



Ιστορικοί σταθµοί στην ιστορία των αζολών 

1940s 1950s 1990s 2000s

1944

Πρώτη 

αναφορά σε 

αζόλη

1958

Πρώτη αζόλη 

στο εµπόριο: 

Ketoconazole

1990-92

Fluconazole & 

Itraconazole

1993-95

Αναφορά σε 2ης

γενιάς τριαζόλες 

2005

Posacon susp

2013 tabl

2014 iv

2015

Isavuconazole

po/iv 

2002

Έγκριση 

Voriconazole

(Pfizer) 

Sheehan, D. J. et al. Clin. Microbiol. Rev. 1999, 12(1), 40







Prospective study

234 pts vori, 255 itra

No difference in IFIs rate

Vori better tolerated

British Journal of Haematology 2011











. 

• The guidelines were extended to provide recommendations for other haematological diseases besides AML 

and recipients of an allogeneic HSCT).

• Posaconazole remains the drug of choice when the incidence of invasive mould diseases exceeds 8%. 

• For patients undergoing remission-induction chemotherapy for AML and myelodysplastic syndrome 

(MDS), fluconazole can still offer an alternative/part of an integrated care strategy that includes screening 

with biomarkers and imaging. 

• Similarly, aerosolized liposomal amphotericin B combined with fluconazole can be considered for patients 

at high risk of invasive mould diseases but other formulations of the polyene are discouraged.

• Fluconazole is still recommended as primary prophylaxis for patients at low risk of invasive mould diseases

during the pre-engraftment phase of allogeneic HSCT whereas only a moderate recommendation could be

made for itraconazole, posaconazole and voriconazole for patients at high risk. 

• Posaconazole is strongly recommended for preventing invasive mould disease post-engraftment but only 

when graft-versus-host disease (GvHD) was accompanied by other risk factors such as its severity, use of 

an alternative donor or when unresponsive to standard corticosteroid therapy. 

• The need for primary prophylaxis for other patient groups was less clear and should be defined by the 

estimated risk of invasive fungal disease (IFD).



Από το 2009 στο 2013

Αλλαγές στις συστάσεις για  

ECIL Recommendations on primary antifungal prophylaxis ( JAC 2018)
in adult patients with AML/MDS undergoing intensive remission-induction

chemotherapy

Antifungal AGENT Grading Comments

Fluconazole
400mg q24

BI Only recommended if the incidence of mould is 

low.

Fluconazole may be part of an integrated care 

strategy together with a mould-directed diagnostic 

approach

Itraconazole
oral solution

2.5mg/Kg q12h

BI Recommended if baseline incidence of mould

infections is high

May be limited by drug–drug interactions or patient 

tolerability.

It is recommended to monitor serum drug 

concentrations

Posaconazole
oral sol 200mg q8h

tb 300mg q24h 

loading dose 300mg q12h

AI Recommended if baseline incidence of mould

infection is high

Given the increased absorption of tablets, it is likely 

that the need for therapeutic drug monitoring will 

become restricted to specific populations

(e.g. severe mucositis).



ECIL Recommendations on primary antifungal prophylaxis ( JAC 2018)

in adult patients with AML/MDS undergoing intensive remission-induction

chemotherapy

Antifungal agent Grading Comments

All Echinocandins CII Insufficient data on efficacy and tolerability

Liposomal

Amphotericin B

CII Insufficient data on efficacy and tolerability

Lipid associated 

Amphotericin B

CII Insufficient data on dose, frequency and duration 

as well as on efficacy and tolerability

Aerosolized liposomal 

Amphotericin B(10 mg 

twice weekly)

BI Only when combined with oral fluconazole

Amphotericin B 

deoxycholate

AII against

Aerosolized amphotericin 

B deoxycholate

AII against





Primary prophylaxis

• Patients known to be at high risk for IA may receive primary prophylaxis, 

especially patients with profound and prolonged neutropenia or with active 

graft-versus-host disease (GvHD)

• In patients treated for haematological diseases, prolonged severe 

neutropenia is the most important risk factor for the development of IA. T-

cell-depleted grafts, glucocorticosteroids and other immune suppressive 

drugs have been identified as further risk factors for IA in the later 

course after haematopoietic stem cell transplantation (HSCT), even in non-

neutropenic patients. In fact, up to two-thirds of patients with IA 

diagnosed after allogeneic HSCT are not neutropenic, and the med time 

of diagnosis of IA after allogeneic HSCT is 82 days (range, 3-6542 days)





Παγκόσµια κατανοµή A. fumigatus sp

ανθεκτικών σε αζόλες





“Swabs of bulbs imported from the Netherlands and 

bought from a garden centre in Dublin found that the 

majority were cultured resistant to Voriconazole”

PressReader - Irish Examiner



New antifungal agents in late stage of development



Phase III Studies for Rezafungin

A Phase 3, Multicenter, Randomized, Double-

blind, Study of the Efficacy and Safety of 

Rezafungin for Injection Versus the Standard 

Antimicrobial Regimen to Prevent Invasive 

Fungal Infections in Adults Undergoing 

Allogeneic Hematopoietic Stem Cell 

Transplantation

A Phase 3, Multicenter, Randomized, Double-

blind Study of the Efficacy and Safety of 

Rezafungin for Injection versus Intravenous 

Caspofungin Followed By Optional Oral 

Fluconazole Step-down in the Treatment of 

Subjects with Candidemia and/or Invasive 

Candidiasis

Prophylaxis Phase 3

Treatment Phase 3



Antifungal Prophylaxis

Cost-Benefit Assessment 




