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Hematological malignancies: 68%
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Epidemiology of IFI in  AML

References Populati
on

N° cases of 
IFI

Incidence Comment/Risk factors

CHEN/BMC Infectious 
Disease 2011

56 33 ND neutropenia >10 d: higher risk of 
invasive fungal sinusitis

Girmenia/Leuk Res 2014 198 34 17.2% Not mentioned

Anaissie /Blood 2003 416 samples Hospital water distribution

Bethge/Haematologica
2005

6 
(mucormycosis)

Neutropenia>10 d, age>40y

Caira/Haematologica
2015

881 214 Season, chronic liver 
failure,hunting, mucositis, 
antifungal prophiyaxis

Garcia- Vidal/2011 5 Pandemic infection A

Neofytos/Diagn
Mycrobiol and Infect 
Disease 2013

254 123 Older age, gender female, baseline  
liver or renal dysfunction

Portugal/JCO 2009 44 11 Median duration of profound
neutropenia. 

Nucci /CMI 2013 237 18,3% Neutropenia. 

SEIFEM 



Pagano et al. Haematologica 2006

18 Centri di Ematologia: 1999-2003
11.802 pazienti 



Phase of AML Treatment

The risk of IA is not constant over all the 
phases of AML treatment

140 AML patients

69%

Pagano et al, Haematologica 2009 

391 patients

GIMEMA, Haematologica 2001 



APL AML p-value
No pts 103 881
Mean age 51 55 0.01
CVC 52 (50%) 687 (78%) <0.0001
Mean duration of deep 
neutropenia (<500/mm3)

17.5 days 24 days 0.04

Antifungal prophylaxis 94 (91%) 837 (95%) 0.1
Topical antifungal 
prophylaxis only

17 (17%) 60 (7%) 0.0005

Drug in prophylaxis
 fluconazole
 itraconazole
 posaconazole
 other

33 (32%)
13 (12%)
38 (37%)

1 (1%)

168 (19%)
117 (13%)
513 (58%)

23 (3%)

0.002
0.8

<0.0001

IFIs
 all cases
 proven/probable

8 (7%)
4 (4%)

214 (24%)
77 (9%)

0.0001
0.08

molds
 all cases
 proven/probable

8 (7%)
4 (4%)

191 (22%)
55 (6%)

0.0006
0.4

yeasts 0 23 (3%) <0.0001

Antifungal treatment 11 (11%) 275 (31%) 0.0001
Overall mortality at 30 days 8 (8%) 110 (12%) 0.1
IFD-Mortality at 30 days 1 (1%) 25 (3%) 0.5

Risk of IFI in 
APL:

SEIFEM-D 
registry

Pagano et al, 

Br J Haem 2015

No myelosuppressive treatments. No prolonged 
neutropenia particularly for those receiving 

ATO-ATRA





The Overall incidence of  IFI 

1990-2005 : ± 12

2005-2013 : ± 8





580 pazienti TMO da fratello HLA-identico 
1994-2008 P value

1994-2000 2001-2008

NRM 31% 16% <0.05

Infection-related
mortality

22% 11% <0.05

BMT 2010



Entire time period
1994-2008

Period 1994-2000 Period 2001-2008

Multi P HR Multi P HR Multi P HR

Time period
1994-00 vs 2001-08

0.004 3.9 - - - -

Poor ECOG (2/3) < 0.01 2.4 0.02 3 0.02 4

Grade II-IV aGVHD < 0.01

Development an IFI < 0.01 2.5 < 0.01 2.9 0.04 2.5

CMV disease < 0.01

Summary of the results of the multivariate analyses for 2-year infection-related mortality

Multivariate P HR

Time period (1994-2000 vs 2001-08) < 0.01 3.3 (1.7-6.9)

Grade II-IV aGVHD < 0.01 2.2 (1.5-2.8)

Development an IFI < 0.01 2.1 (1.4-3.1)

CMV disease < 0.01 2.3 (1.7-3.9)

Regression model for 2-year non-relapse mortality for the entire period (1994-2008)



203 patients: 
Allo 99; itraconazole 200 mg BID  (UBC posa)
Auto 66; fluconazole 200 mg BID
Chemo 38

Diagnostic approach
Twice/weekly GM
Targeted BDG
Baseline CT scan
Tissue diagnosis if possible 

45%

87% 87%

52%

Mansour Ceesay M et al. BJH 2014





Survival of allo SCT patients according to IFD development

IFD

No IFD

Commissione Infezioni

HR 3.89, 95% CI 3.14 – 4.79, p<.0001

Death attributed to IFD : 31/164 cases, 19%



Commissione Infezioni

Days Estimate IFD 95% Confidence Limits IFD

30 4.74 4.73 4.74

60 5.81 5.81 5.82

100 6.73 6.72 6.73

365 8.83 8.82 8.84

Cumulative incidence of 
proven-probable IFDs

57.3% of IFDs were diagnosed during the first 40 days from transplant 

8.8%

Proven–probable IFDs
Aspergillosis
Candidosis
Zigomycosis
Fusariosis
Others

164
133
18
6
3
4

8.8%
7.2%
1.0%
0.3%



Pizzi M et al Leukemia 2016



CMI 2011

Chronic
Lymphoproliferative
disorders



A Double-Blind, Multicentre, Randomised, Placebo-Controlled Study to Assess
the Efficacy, Safety and Tolerability of Prophylactic Liposomal Amphotericin B

(AmBisome®) for the Prevention of Invasive Fungal Infections in Subjects Receiving
Remission-Induction Chemotherapy for Acute Lymphoblastic Leukaemia

(AmBiGuard trial)  - Cornely O et al. ASH 2014

355 pazienti – 83 Centri – 13 Paesi

237 pazienti L-AmB (5 mg/Kg 2volte/sett): 228 valutabili

118 pazienti placebo: 111 valutabili
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2%
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Posa

Azoli

Cornely O et al
NEJM 2007

P 0.24

Acute Myeloid Leukemia



Falantes JF, et al. Clinical Lymphoma Myeloma and 

Leukemia 2014, 80 - 86

Merkel D, et al.American Journal of Hematology, 2013, 

88, 130-134,

Higher risk during the first 2-3 cycles of  
AZA therapy



Assessment of risk for IFI in patients with AML or ALL
Nucci and Anaissie Blood 2014

1) HIGH RISK

Prior aspergillosis

Relapse/refractory disease

Newly diagnosed patients + neutropenia at baseline

low CR probability

age > 65 y

pulmonary dysfunction

high TRM-score

3) LOW RISK    Age < 45 y
Remission induction or consolidation 

2) INTERMEDIATE RISK  Patients not included in high/low risk





Risk factors of IFI in HSCT recipients 
SEIFEM 

PRE-HSCT

Age

Diagnosis:    AML
Lymphomas

Disease status

Type of HSCT

Iron overload

Genetic

Environment

Prognostic score

Previous IFI

HSCT

POST-HSCT

GVHD

Immunosuppressive Tx

Viral infections

Immune reconstitution



Genetic
TLR-4,Dectin-1, PTX3

HSCT MUD-CB

GVHD & 
immunosuppressive Tx

ATG, Alemtuzumab, 
Anti CD25 

Risk Factors
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Iron overload

Impaired immune response

Decreased phagocityc function
Decreased chemotactic function of GN
impaired NK and macrophage function

Active disease

Steroids

CMV & antiviral TX
ganciclovir

Prolonged neutropenia
Delayed immune recovery

Prolonged neutropenia
Delayed immune recovery

Prolonged neutropenia
Inhibitory effect on lympho proliferation

Lymphopenia, monocytopenia
Impaired NK cytotoxicity-phagocytosis-

oxidative killing
Decreased IL-2,TNF-alpha, IFN-gamma

Defect of immune response
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In patients with invasive aspergillosis (IA) 

Reactive oxygen species (ROS) producton is 

lower compared to patients without IA

Stuehler C JID 2015



Blood 2016



Van der Velden W et al. BJH 2014

1013 Human cells 1014 microbial cells





CID 2012



Key Risk Factors for IFI



Risk factors for IFI in patients with 
acute leukemia

an individualized approach
a dynamic assessment

1) Immunosuppression

- Diagnosis-related





Chabrol et al. Haematologica 2010



Key Risk Factors for IFI

1) Immunosuppression

- Diagnosis-related

- Treatment-related



Breakthrough invasive fungal diseases during echinocandin 
treatment in high-risk hospitalized hematologic patients

Chan T. et al. Ann Hematol 2013

534 patients treated with echinocandins

7 (1.5%) breakthrough IFIs: 6/7 received purine analogue
Clofarabine

Infections in relapsed or refractory acute myeloid leukemia  
patients given clofarabine+cytarabine
Knoebel RW et al. Leuk. Research 2011

IFIs: 15/53 (28%) patients



Key Risk Factors for IFI

1) Immunosuppression

- Diagnosis-related

- Treatment-related

- Host-related



Key Risk Factors for IFI

1) Immunosuppression

2) Organ dysfunction





1. Performance Score
2. Age
3. Platelets
4. WBC

5. Albumin
6. secondary AML
7. % blasts in pb
8. creatinine



Key Risk Factors for IFI

1) Immunosuppression

2) Organ dysfunction

3) Exposure to opportunistic fungi



Risk factors of IFI in HSCT recipients 
SEIFEM 

PRE-HSCT

Age

Diagnosis:    AML
Lymphomas

Disease status

Type of HSCT

Iron overload

Genetic

Environment

Prognostic score

Previous IFI

POST-HSCT

GVHD

Immunosuppressive Tx

Viral infections

Immune reconstitution

HSCT



Risk factors of IFI in HSCT recipients 
SEIFEM 

PRE-HSCT

Age

POST-HSCT

HSCT



Risk factors of IFI in HSCT recipients 
SEIFEM 

PRE-HSCT

Age

Diagnosis:    AML
Lymphomas

POST-HSCT

HSCT



Risk factors of IFI in HSCT recipients 
SEIFEM 

PRE-HSCT

Age

Diagnosis:    AML
Lymphomas

Disease status

POST-HSCT

HSCT





Risk factors of IFI in HSCT recipients 
SEIFEM 

PRE-HSCT

Age

Diagnosis:    AML
Lymphomas

Disease status

Type of HSCT

POST-HSCT

HSCT



Risk factors of IFI in HSCT recipients 
SEIFEM 

PRE-HSCT

Age

Diagnosis:    AML
Lymphomas

Disease status

Type of HSCT

Iron overload

POST-HSCT

HSCT





Risk factors of IFI in HSCT recipients 
SEIFEM 

PRE-HSCT

Age

Diagnosis:    AML
Lymphomas

Disease status

Type of HSCT

Iron overload

Genetic

POST-HSCT

HSCT



Genetics and IA

• Plasminogen alleles (1)

Computational haplotype-based genetic analysis

Followed by association study in allogeneic HSCT

Cohort: polymorphism in plasminogen gene in

HSCT recipients associated with IA risk

• TLR4 haplotype and CMV 

Seropositivy in HSCT donor

Influence risks in recipients (2)

• IL1 gene cluster polymorphism

Associated with risk for IA (3)

(1) Zaas AK et al, PLoS Genet 2008;  (2) Bochud PY et al, NEJM 2008;  Sainz J et al, J Clin Imm 2008





Risk factors of IFI in HSCT recipients 
SEIFEM 

PRE-HSCT

Age

Diagnosis:    AML
Lymphomas

Disease status

Type of HSCT

Iron overload

Genetic

Environment  and 
geoclimatic factors

POST-HSCT

HSCT



Risk factors of IFI in HSCT recipients 
SEIFEM 

PRE-HSCT

Age

Diagnosis:    AML
Lymphomas

Disease status

Type of HSCT

Iron overload

Genetic

Environment

Prognostic score

POST-HSCT

HSCT



EBMT risk score: age, disease status, donor, interval diagnosis-HSCT,
gender  combo



HIGH RISK: SCORE ≥6



Risk factors of IFI in HSCT recipients 
SEIFEM 

PRE-HSCT

Age

Diagnosis:    AML
Lymphomas

Disease status

Type of HSCT

Iron overload

Genetic

Environment

Prognostic score

Previous IFI

POST-HSCT

HSCT



Risk factors of IFI in HSCT recipients 
SEIFEM 

PRE-HSCT

Age

Diagnosis:    AML
Lymphomas

Disease status

Type of HSCT

Iron overload

Genetic

Environment

Prognostic score

Previous IFI

POST-HSCT

GVHD

Immunosuppressive Tx

HSCT





Ref. Patients Dose of steroids Risk of IA

O’Donnell MR
JCO 1994

Allogeneic HSCT 0.5-1 mg/Kg
Vs

0.25 mg/Kg
6 fold

Wald A.
J Infect Dis 1997 Allogeneic HSCT > 1 mg/Kg 3 fold

Marr KA
Blood 2002 Allogeneic HSCT

1.9 mg/Kg
2-3 mg/Kg
>3 mg/Kg

5%
10%
14%

Lancet 2003



Risk factors of IFI in HSCT recipients 
SEIFEM 

PRE-HSCT

Age

Diagnosis:    AML
Lymphomas

Disease status

Type of HSCT

Iron overload

Genetic

Environment

Prognostic score

Previous IFI

POST-HSCT

GVHD

Immunosuppressive Tx

Viral infections

HSCT

POST-HSCT

GVHD

Immunosuppressive Tx

Viral infections



CITOPENIA Ref comments

NEUTROPENIA

Sun BBMT 2015 <500 Neutrophils > 14 d

Garcia-Vidal CID 2008 IMI

Atalla TID 2015

Mikulska BMT 2008 IA

Stanzani Plos One 2013 <500 Neutrophils > 10 gg

Neutrophils function Stuehler JID 2015 Reduced ROS production

MONOCYTOPENIA

Garcia-Vidal CID 2008 <10/mmc

LYMPHOCYTOPENIA Garcia-Vidal CID 2008 <300/mmc

Mikulska BMT 2009 early IFI

Stanzani Plos One 2013 CD4+ < 50



Blood 2002



BBMT 2016


