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Clinical Infectious Diseases 2007

Cases of proven and probable IA diagnosed in HCT recipients at the Fred Hutchinson Cancer 
Research Center from 1 January 1990 through 31 December 2004: Factors associated with a 
decreased risk of all-cause mortality :nonmyeloablative conditioning and  voriconazole



Caira M. European Journal of Haematology 2008

This cohort study has been conducted from January 1999 to December 2003 in hematology 
wards located throughout Italy. The study was aimed at evaluating the incidence and mortality 
for IFIs in adult AMLs and in patients submitted to all types of allo-HSCT procedures; Only 
infections that were classified as ‘proven’ or ‘probable’ were included in the data analysis. 
Overall and IFI-attributable mortality rates (IFI-AMR) were estimated. 



Konstantinos Leventakos et al. Clin Infect Dis. 

2010;50:405-415

© 2010 by the Infectious Diseases Society of America

Pie charts showing the evolving epidemiology of invasive fungal infections by their 
prevalence in autopsies of patients with leukemia at M. D. Anderson Cancer Center, 
Houston, Texas.
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Maertens JA et al.J Antimicrob Chemother 2018

aPrimary antifungal prophylaxis might be considered during intensified consolidation therapy



Maertens JA et al.J Antimicrob Chemother 2018





aspergillosi

mucormicosi



Update sulle strategie terapeutiche in 
oncoematologia: considerazioni 

Infezioni fungine in pazienti in 
profilassi

 Sopravvivenza

Inibitori TK e azolici



Update sulle strategie terapeutiche in 
oncoematologia: considerazioni 

Infezioni fungine in pazienti in 
profilassi

 Sopravvivenza

Inibitori TK e azolici



Vehreschild JJ
JAC 2010

Posa 
n. 77

Oral polyenes
n. 82

Total IFI 3,9% 19,5%

Aspergillus 2,6% 13,4%

Candida 1,3% 6,11%

0.001

AML 

Pagano L. CID 2012 Posa
n. 260

Itra
n. 93

Total IFI 18,9% 38.7%

Proven/probable molds 2.7% 10,7%

Proven yeast 1.1% 3.2%

0.001

0.02

Slavin A 
Haematologica
2012+MDS

Fluco
n.57

Itra
n.59

Vori
n.82

Posa
n.68

Total IFI *
* 27 breakthrough , 11 pts
proven/probable

25% 16% 14% 3%

Aspergillus 5, 45% 2, 8% / /

Other molds 1, 0.9% 2, 18% 1, 0.9% /

Cho S-Y, Mycoses
2015+ MSD

Fluco
n. 284

Posa*
n140

Total IFI *
*13 proven/probable/possible

15,5% 2,9%

Probable/proven 4 /

Mucormicosis 1 /

0.01



HSCT
Long-Lasting Protective Effect of Posaconazole Prophylaxis in Patients with Acute Myeloid 
Leukemia Receiving Allogeneic Hematopoietic Stem Cell Transplantation

Busca A. Biology of Blood and Marrow Transplantation 2016

P = 0.012

Itra 53%
Fluco 47%

fluconazole/itraconazole (dashed line) 
or

posaconazole (solid line)



HSCT

As expected, mould-active azoles prevented IFIs, particularly invasive aspergillosis, more effectively than
fluconazole in alloHCT recipients. Itraconazole, posaconazole and voriconazole reduced incidence of overall 
proven/probable IFI vs fluconazole .  Posaconazole and voriconazole prophylaxis reduced proven/probable invasive 
aspergillosis more than itraconazole (OR: 0.68; IQR: 0.42–1.12). All-cause mortality was similar across all mould-active 
agents

5 eligible RCTs, randomizing 2147 patients in total, were included. 

Bow et al. BMC Infectious Diseases (2015)

Treatment effect of antifungal agents on 
A) proven/probable invasive fungal 
infection (IFI) and B) proven/probable 
invasive
aspergillosis (IA) at 180 days, compared 
between the base-case mixed 
treatment comparison (MTC) and the 
sensitivity analysis MTC using an 
empirical prior, expressed in log odds



breakthrough fungine 

candidemia da C. 
glabrata

Aspergillosi 
polmonare

fusariosi 
disseminata 

mucormicosi 
polmonare

Lerolle N. Clinical Microbiology and Infection 2014

Retrospettive French study, 2007-2010,  evaluated prove/probable infection in  279 pts with
AML, GVHD following aHSCT, idiopathic aplastic anaemia or myelodysplastic syndrome, 1.4 
months median duration. 9 breakthrough cases (3.2%), 6 proven 3 probable. 

2

3

2

2

IFD is rare in patients on PSC 
prophylaxis in real-life conditions, but 
is associated with a poor outcome.
A high frequency of PSC-resistant 

fungi amongst breakthrough IFDs is 
suggested by our results. In our study, 
a PPC below 0.3 mg/L was associated 
with a significant increased risk of IFD, 
supporting the usefulness of 
therapeutic drug monitoring.



Corzo-Leon DE et al. Mycoses 2015

we reviewed all European Organization for Research and Treatment of Cancer-Mycoses Study Group proven and probable 
IFIs in adults transplanted from 2002 to 2011. all patients in prophylaxis , 53 (14%) of 378 allogeneic HSCT recipients 
developed an IFI. There were 62 IFI episodes, of w hich 50%aspergillosis , 24%candidaemia 26% were caused by other 
fungi, including Mucorales 10% and the following uncommon pathogens: Trichosporon asahii, Arthrographis sp., 
Cladosporium sp., Geosmithia argillacea and Hormographiella aspergillata.

Despite antifungal prophylaxis, IFIs remain common after 
allogeneic HSCT and previously uncommon pathogens 
are emerging.



Abstract number ECCMD-2656

Poster Session VI: Invasive fungal infections in 

immunocompromised patients. Date 28 April 2015

Breakthrough of fungal infections in Allogenic Stem Cell Transplanted patients 

in antifungal  prophylaxis

233 HSCTs
2008-13

181 primary
antifungal

prohylaxis:
 99 (55%) HLA-IS
 20 (11%) MUD
 55 (30%) HAPLO
 7 pts ( 4%) SCO

52 secondary 
anti fungal prophylaxis

112 pts  receiving fluconazole

50  pts  receiving posaconazole

19 pts  receiving other regimen

14 IFD:

 6 proven

 8 probable

5 IFD:

 2 proven

 3 probable

5 IFD:

 2 proven

 3 probable

probable
13(54%)

Aspergillus
Fumigatus

1 (9%)

Aspergillus
niger

1 (4%)

Fusarium
solanii
2 (8%)

Rhodotorula
glutinis
1 (4%)

Saccharomyces
cerevisiae

2(8%)

Candida 
tropicalis

1 (4%)

Scopularopsios
brevicularis

1 (4%)

Criptooccus
spp

1 (4%)

All 13%





Epstein JB, 2003





Isavuconazolo, voriconazolo e 
posaconazolo e.v.

• La formulazione venosa del voriconazolo contiene cyclodextrina

(un carrier che ne facilita la solubilità) che si accumula in caso di 

insufficienza renale con possibile tossicità

• Ugualmente il posaconazolo è poco solubile e associato al 

sulfobutyl-ether-β-cyclodextrin (SBECD) nella formulazione 

venosa (non in commercio in Italia) con possibile tossicità renale

• Isavuconazolo ha un’alta solubilità in acqua pertanto non 

richiede veicoli e un assorbimento orale del 98% (non alterato 

dall’assunzione di cibo)
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Dahlen T et al  2015

A retrospective cohort study including consecutive patients with AML/MDS treated with 
intensive induction chemotherapy; 176 fluconazole prophylaxis 2008–2011 and 107 patients 
received posaconazole prophylaxis 2011–2013. Only proven and probable IFD according
to the revised EORTC/MSG criteria were included in the analysis

Day 100 Fluco Posa 

IFD 10.8% 0.9%

Candida 4% 0

Aspergillus 5.7 0

P< 0.05

P< 0.01

Kaplan–Meier estimates of overall survival. There was no difference in overall survival between the groups 

using the log-rank test. The table below graph shows the number of patients at risk.



Kurosawa M et al Int J Hematol (2012)

 The incidence and treatment outcomes of proven and probable IFI in 22 institutions 
between 2006 and 2008 following the recent EORTC/ MSG consensus criteria were 
evaluated: 2,821 patients with hematological malignancies, including 597 HSCT were
analyzed

The incidence of IFI was 5.4 % in allogeneic HSCT patients, 0.4 % in autologous HSCT 
patients, and 0.8 % in patients receiving chemotherapy alone

The overall IFI-attributable mortality rate was 36.8 % (14/38). The IFI-attributable 
mortality rate was higher in HSCT patients (50.0 %) than in patients receiving 
chemotherapy alone (22.2 %) but there was no statistically significant difference 
between the two groups

 The development of new, more effective antifungal agents has reduced 
attributable mortality rates for aspergillosis and candidiasis, but these rates remain 
high in allogeneic HSCT patients. These data suggest that HSCT, especially allogeneic
HSCT, is associated with a high-IFI-attributable mortality rate



STUDIO PROSPETTICO DELL’IMPATTO DI PREGRESSA INFEZIONE FUNGINA SULL’ELEGGIBILITÀ 
E L’OUTCOME DI PAZIENTI SOTTOPOSTI A TRAPIANTO ALLOGENICO DI CELLULE STAMINALI 
EMATOPOIETICHE. Lunedì 3 dicembre 2018,  12.10-12.20, C.O. 35

De Simone G, Malagnino V, Maffongelli G, Cerva C, Barreca F, Cudillo L, Mariotti B, Ceresoli E, Cerretti R, Picardi A, 
Andreoni M, Arcese W, ,Sarmati L. Unità di Malattie Infettive, Unità di Trapianto Cellule Staminali, Dipartimento di 
Ematologia, Università degli Studi di Roma Tor Vergata, Roma

Studio prospettico su 111 di 155 pazienti ematologici elegibili per HSCT: 57 HSCT 
effettuati
l’infezione fungina non risulta essere causa di non eleggibilità (p=0,46) e non determina 
un prolungamento dei tempi di attesa (0,76) o una mortalità più elevata nei trapiantati 
(0,67)

p=0,67
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36

9
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In the absence of ligand, receptor TKs are unphosphorylated and monomeric, and the 
conformation of their kinase domains is inactive. Receptor TKs become activated when ligand
binds to the extracellular domain (Fig. 1). These changes reorient critical amino acid residues, 
thereby increasing the catalytic activity of the enzyme. After activation, autophosphorylation
generates binding sites for signaling proteins, recruiting them to the membrane and activating 
multiple signaling pathways



Tyrosine kinase and mTOR inhibitors

L’ attività enzimatica tirosin-chinasica (catalizzazione del trasferimento di 
gruppi fosfato dall’ATP a substrati proteici, fosforilando residui di tirosina) 
è alla base dei meccanismi deputati del ciclo replicativo cellulare, mediata 
da recettori proteici e dalla loro interazione con fattori di crescita

Proteina Bcr-Abl = prodotto 
del gene ibrido secondariodel
cromosoma Philadelphia 
(traslocazione del gene Abl
sul cromosoma 9 e di bcr sul 
cromosoma 22) tirosin chinasi 
anomala continua e refrattaria 
ai meccanismi di controllo



Agent Pathway
affected

Approved indication Fungal infection

Imatinib, dasatinib, 
nilotinib, bosutinib, 
ponatinib

BCR-ABL CML Ph+, ALL, 
MDS/MPD

HBV reactivation, CMV, 
IFI (modest risk)

Ibrutinib, acalabrutinib Bruton
Tyrosine
Kinase

CLL, WM, mantle.cell
/marginal Lymphoma

PJP, IFI, PML (modest
risk)

Idelalisib, buparlisib,
rigosertib, duvelisib

Ras/PI3K/Akt/
mTOR

CLL, follicular
lymphoma

PJP, CMV, IFI (major risk)

Venetoclax Bcl-2 del(17p) CLL no

Midostaurin multi-targeted
protein kinase
inhibitor

AML induction and 
consolidation

Antifugal prophylaxis
required

ESCMID CMI 2018
HBV screenig/prophylaxis
PjP prophylaxis
CMV monitoring
No IFI prophylaxis

Tyrosine kinase and mTOR inhibitors
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Newly Approved Drugs for AML: How to Use Them in Practice

Friday, February 2, 2018 

At the 2017 ASH Annual Meeting, experts convened for the “ASH-FDA Joint Symposium on 
New Drug Approvals in Acute Myeloid Leukemia” to offer clinical and regulatory perspectives 
on:
•midostaurin – approved August 28, 2017, for the adultswith FLT3 mutation-positive AML



Eris Tollkuci on 11 September 2018.



2010; 65: 410–416

Serum drug concentration monitoring
…………………………..


