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Alternative therapies 

DIRECTED AGAINST FUNGAL TARGETS 

Surgery 
Iron chelation therapy (Starvation therapy) 

Hyperbaric Oxigen Therapy  

Proangiogenic growth factors 
Statins 



Hyperbaric Oxygen Therapy 

 HBO inhibits fungal growth in vitro 
 
 HBO Promotes the oxidative action of AmB 

 
 increases the levels of growth factors which 
promote angiogenesis and healing 
 
 elevates tissue oxygen levels, increasing 
the rate of tissue healing 

 



Hyperbaric Oxygen Therapy 

Chamilos & Kontojiannis Clin Microbiol Infect 2005 

No. patients N°28 
Mean age 31 (0.5-74) 
Underlying diseases 
•Diabetes 
•Trauma 
• Hematol. Malig. 
•Others 

 
17 
5 
3 
3 

Principal site: CNS 21 
AmB 26/28 
Overall Survival 

Diabetes 
Hematol Malig 

86% 
94% 
33% 

Median No. of HBO sessions 22 
Cut-off 9 sessions p=0.003 



CMI 2011 

Odds Ratio p 
age 1.0 0.005 

Soft tissue 0.13 0.019 
AmB±Posa 0.09 0.003 

Surgery 0.21 <0.001 

Factors related to outcome on multivariate analysis 





Global success: alive, clinically stable, radiographically improved 



 
characteristics 

 
L-AmB+ 

DFX 

 
L-AmB 

+placebo 

No. patients 11 9 

Active 
malignancy 

7 (74%) 3 (33%) 

Concomitant 
antifungal Tx 

6 (55%) 7 (78%) 









Invasive pulmonary aspergillosis is characterized by direct invasion 
and occlusion of pulmonary vasculature by Aspergillus hyphae 
leading to tissue hypoxia 
 
For the host, angiogenesis represents a critical adaptive response to 
tissue hypoxia, however It has been shown that the homeostatic 
angiogenic response is attenuated by A. fumigatus and its 
metabolites, leading to worsening tissue hypoxia and sequestration 
of infected tissue. Suppression of angiogenesis may represent a 
barrier to effective treatment of invasive pulmonary aspergillosis, as 
it limits the migration of immune effector cells and penetration of 
antifungal drugs into the site of infection. JID 2013 



Two mediators of angiogenesis, basic fibroblast growth 
factor (bFGF) and vascular endothelial growth factor 
(VEGF) administered alone or in combination with AmB 

bFGF+AmB: 63% survival 



Statins 
Inhibition of target enzyme: HMG-CoA reductase 

(hydroxylmethylglutaril coenzyme A: key enzyme of the acetate 
mevalonate pathway) 

 

Class I enzyme expressed in fungi 
Class II enzyme expressed in bacteria 
 

Formation of mevalonic acid is necessary for the 
biosynthesis of sterols 
 

ANTIFUNGAL ACTIVITY:    non pathogenic yeast 
                                              Candida 
                                              Cryptococcus neoformans 
                                               Aspergillus, Mucorales 



Bergman PW, Expert Rev 2013 
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INNATE IMMUNITY 
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Increase in neutrophil number and phagocyte function 



Alternative therapies 

HASTEN HOST IMMUNITY 

Increase in neutrophil number and phagocyte function 

Colony-stimulating factors (CSF) 



 ESCMID Aspergillosis Guidelines 2014 

Use of G-CSF C III 

Use of CSF to prevent febrile neutropenia after chemotherapy 
Adult AML,   induction: C I 
                      consolidation: C II 



Alternative therapies 

HASTEN HOST IMMUNITY 

Increase in neutrophil number and phagocyte function 

Colony-stimulating factors (CSF) 

Granulocyte Transfusions 



The concept of GTX was introduced in the 1960s 
Freireich EJ et al. Ann NY Acad Sci 1964 

Severe pulmonary reaction 

Healthy donors do not have sufficient numbers of circulating  
Neutrophils to provide large enough doses for transfusions 

In the early 1990s it was established that large numbers 
of neutrophils could be harvested by leukapheresis from 
normal donors treated with G-CSF 
Caspar CB et al. Blood 1993 

Subsequent studies established that addition of 
dexamethasone to G-CSF enhanced the harvest almost 
another two-fold 
Liles WC et al. Transfusion 2000 



GTX 

Potential role of GTX 

Additional therapy for patients with  
Neutropenia and established infections 

Prophylaxis to prevent life-threatening  
 infections 



Mousset S et al. Ann Hematol 2005  



Selected studies of GTX as an adjunct to antifungal 
therapy in patients with hematological disorders  

 
References 

No.  
Patients & 
diagnosis 

Fungal 
infection 

Granulocyte 
 dose 

(10e10)  

Favorable 
response 

Adverse 
reactions 

Dignani et al 
Leukemia 

1997 

15 
Leukemia 

Lymphoma 
Chronic leukemia 

 
Mold 11 
Yeast 4 

 
4.1 

 
 

8/11 (73%) 

 
 

30% 

Mousset et al 
Ann Hematol 

2005 

44 
Leukemia 

CML 
lymphoma 

 
Mold 23 
Yeast 8 

 
4.3 

 
78% 

 
- 

Quillen et al 
Haematologic

a 2009 

18 
SAA 

Mold 
Yeast 

 
6.8 

 
50% 

 
16% 

(Pulmonary toxicity) 

Raad et al 
Ann Oncol 

2013 

N=53 GTX 
Leukemia,Lympho

ma, myeloma 
 

N=75 NO-GTX 

 
Aspergillosis 

(proven-
probable) 

 
- 

 
15% GTX 

31% non-GTX 

 
 

53% 
(Pulmonary toxicity) 



BMT 2008 

No effect of GTX on survival until day 100 
 could be detected in patients  with fungal 
(n=55), bacterial or unknown infection (n=17) 



• 57% bacterial; 45% IFI; 14% viral  
• GTX-related toxicity was observed in 11% of cases 

 

• Giving GTX prior to patients’ becoming critically ill was 
associtaed with an improved outcome 
 

• Patients with the following factors are less likely to 
benefit from GTX: 

• - Persisting neutropenia without myeloid recovery 
• - those in whom steroids cannot be discontinued 
• - serious comorbidities: renal failure or liver dysfunction 

Acta Haematol 2014 



Massey et  al. 2012 



Clear benefit of GTX in invasive mycoses has not 
been doubtlessly clarified. However, it might be 

considered as a treatment option in selected 
patients   (CIII) 

Annal Hematol 2014 Annal Hematol 2014 

 ESCMID Aspergillosis Guidelines 2014: 
 use of GTX CIII 
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HASTEN HOST IMMUNITY 

Increase in neutrophil number and phagocyte function 

Restoration of humoral immunity  

Restoration of cellular immunity  



IFN-ɤ and IFI 
- IFN enhances antigen presentation 

 
- IFN augments fungicidal activity of tissue                            
         macrophages and neutrophils 
 
- IFN is the signature cytokine of type 1 helper  
         T cells (Th1) and Th1-dependent adaptive  
          immunity has been recognized as an  
          important contributor to elimination of  
          invading fungal pathogens 
 



IFN as an adjuvant immune modulator along with 
systemic antifungal therapy 

Safdar A et al Cancer 2005 

No. patients 32 
autologous 6 (19%) 
allogeneic 26 (81%) 

IFI No. Patients alive 
Presumed Aspergillosis 5/10 (50%) 
Probable Aspergillosis 3/9 (33%) 
Definite Aspergillosis 1/2 (50%) 

Disseminated Aspergillosis 3/5 (60%) 



PTX3 is an innate recognition protein that binds to selected microbial agents including  
Pseudomonas ae and Aspergillus 



Terapie antifungine adiuvanti 
Key messages 

 Farmaci – Procedure terapeutiche 
 
 TARGET:  fungo 
                      ospite 

 terapie sperimentali/consolidate 
 
 Pazienti alto rischio 
 in combinazione a terapia antifungina 
 fallimento/terapia di salvataggio 



Thanks! 
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