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Advances against Mucormycosis  

 



direct inoculation inhalation 

Fungus acquisition  



Pathogenesis and classes of “high risk” 
patients for Mucormycosis 

 
 

 Substratum with high acidity (Ketoacidosis)  
 Macrophage inhibition in controlling spores 

germination (steroids = Autoimmune diseases) 
 Altered neutrophils chemotaxis (Diabetes) 
 Ferrioxamine transformation in ferrirhizoferrin (IRC 

and Trasfusion overload recipients) 
 Immunodepressant therapy (graft =  HSCT and SOT) 
 NEUTROPENIA (hematological malignancy=  ↑↑AML) 



Chamilos et al, Haematologica 2006 91: 986-9 

Spectrum of  Invasive Mold Infections at 
autopsy 

MD Anderson Hospital 



Lehrnbecher et al. J Infect 2010 



GR SPA FRA FRA BEL CH ITA EU 
Mono Multi Multi Multi Mono Mono Multi Multi 

24 6 531 101 31 19 60 230 
Petrikkos et al. CMI 2014 

Case-series collected 
between 1993-2007 



Proportion of HMs in IM case-series: 
developed vs developing countries   

Years All cases % HMs 
cases 

Roden et al, 2005  Global 1940-2003 929  21% 

Bitar et al, 2009 France 1997-2006 531 17.3% 

Ruping et al, 2010 Global 2006-2009 41  63.4% 

Saegeman et al, 2010 Belgium 2000-2009 31 77% 

Kara et al, 2009 Turkey 2001-2005 20 60% 

Skiada et al, 2011  Europe 2004-2007 212 54% 

Chakrabarti et al, 2009  India 2006-07 178 1.1% 



Incidence of Zygomycoses in HMs 
treated with conventional approaches 

Years Population Cases % 

Pagano et al, Br J Haematol 
1997;99: 331-6 (GIMEMA) 1987-1995 

3148 acute 
leukemia 37 1 

Nosari et al, Haematologica 2000; 
85:1068-71 1987-1999 

653 acute 
leukemia 13 1.6 

Kontoyiannis et al, CID 2000; 
30:851-6 1989-1998 

624 autopsy in 
HMs 12 1.9 

Kontoyiannis et al, CID 2000; 
30:851-6 

1989–1993 
1994–1998 

88207 cancer 
82490 cancer 

7 
17 

0.008 
0.02 

Pagano et al, Haematologica 2006; 
91:1068 (SEIFEM) 1999-2003 

11802 HM 
14 0.1 



Invasive Non-Aspergillus Mold Infections in 
HSCT Recipients, United States, 2001-2006 

     
 

15,820 HSCT 
77 with Mucorales/983 IFDs 

(0.08%) 
Overall 12-month cumulative 

incidence: 0.3% 

0.85% 

Park et al, Emerg Infect Dis 2011 



Strasfeld et al. Clin Lymph Myeloma & Leuk 2013 



Petrikkos et al. CMI 2014 



Laboratory diagnostics 

 Colonization by Zygomycetes 
seems definitely rare (it’s easier 
to isolate a Rhizopus as a 
contaminating agent than a 
Mucor) 

 Culture studies show a low 
sensitivity (more than 75% of 
cases with histologically 
diagnosed zygomycetes 
pneumonia don’t develop fungi 
at cultures) 

 Reduced growth in culture 



Radiological Pictures 

Halo-Sign 
 

Air-Crescent-Sign 
 

Zygomycetes Aspergillus 

No radiological differences 



Radiological Pictures 

Halo-Sign 
 

Air-Crescent-Sign 
 

Zygomycetes Aspergillus 

No radiological differences 

But “reversed halo sign” may be suggestive 
Legouge et al, CID 2014 
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“RHS should be considered a relatively non specific sign”  



The role of PCR 

Hammond et al, JCM 2011  

This is a useful tool that can improve tissue diagnosis of mucormycosis and  
characterization of culture-negative IMD, thus facilitating targeted antifungal 
therapy, but performed on formalin-fixed paraffin-embedded tissue samples 



 
Mucorales-specific T cells as surrogate 
diagnostic marker in high-risk patients  

 3 proven Mucormycosis  
 Mucorales-specific T cells, produced predominantly IL-4, IFN-γ, IL-10, may be 
detected only in patients with IM 
 These cells  specific were able to directly induce damage of Mucorales  
 Specific T cells contribute to human immune responses against Mucorales and 
could be evaluated as a surrogate diagnostic marker of IM 

Potenza et al, Blood 2011 



Mortality in HM patients  

RR: 4.10 (IC 95% 1.44-11.92, p-value 0.002) 

69% 64% 40% 

Italian experience 
 1987-2006 

Pagano et al,  J  Chemother 2009 
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Hammond et al, Antimicrob Ag Chemother 2011 

p-value 0.04 

p-value 0.002 



Lanternier  et al. Clin Infect Dis 2012 

Attributable mortality rate is near 70-75% 



Mucormycosis in allo-HSCT: A French 
Multicentre Cohort Study  

Between 2003-08 
27 centres -  6.810 allo-HSCT 
29 Mucormycosis (15 proven/14 probable) 
Prevalence 0.4% 

   

59% 

Xhaard et al, CMI 2012 



Multiple risk factors in hematological 
malignancy 

Hematological 
malignancy 

(50 patients) 
% 

+HSCT 24 
+GVHD 10 
+Diabetes mellitus 18 
+Corticosteroids 26 

+Neutropenia 80 

90-day survival vs. no. of risk factors 

Lanternier et al. Clin Infect Dis 2012 



A previous antifungal prophylaxis play 
 a role?  

(Rüping et al  JAC 2010;65,296-302- Pagano et al Haematologica 2004;89,207–14- Pagano et  
al J Chemother 2009;21,322–9- Ambrosioni et al Int J Infect Dis 2010;14 Suppl 3, e100-3)  

  

Caira et al, Exp Rev Infect Dis 2011 

Of 179 cases reported in 4 different series,  
69 (38%) were breakthrough infections 

Drug N° breakthrough 
Voriconazole 8 (12%)  
Posaconazole 3 (4%) 
Fluconazole 30 (43%) 
Itraconazole 23 (33%) 
Vori + Caspo 2 (3%) 
Vori + Caspo + L-AmB  1 (2%) 
Ketoconazole 2 (3%) 

TOTAL 69 (100%)  



ALGORITMO NEL PAZIENTE EMATOLOGICO 

Pagano et al., Br J Haematol 2009; 146(6):597-606  



 Ability to grow under varying conditions  
 Production of several virulence factors 

(proteases, subtilase)  
 Ability to accelerated synthesis and remodeling 

of membrane and cell wall – 
 Assimilative capacity of the iron from Hb’ host 

   Angio-invasive growth in humans  

   Adaptability in hostile conditions  

   Resistance to systemic antifungal therapies 



Drugs active against Mucorales 
(   > 75% susceptible,      ≤ 50%,      < 5% no susceptible 

AmB 5-FC KTC ITC FTC VCR POS Caspo 
Rhizopus sp. 
R. arrhizus 
R. microsporus 
R. microsporus var. 
Mucor sp 
M. circinelloides 
Rhizomucor 
Absidia sp. 
Absidia coymbifera 
Cunninghamella sp. 
Apophysomyces  

Almyroudis et al, AAC 2007 

      



AmB IN FORMULAZIONI LIPIDICHE Antifungal 
Treatment 

References Year No. of 
patients 

Underlying 
conditions 

Favourable 
outcome 

Overall 
response 

(%) 

ABCD 
Oppenheim et al 1995 4 n.r. 4  

16/24 
(67%) Herbrecht et al 2001 20 7 HSCT,  

5 HM  
12 

ABLC 
Walsh et al 1998 24 n.r. 17  

63/88 
(71%) Larkin et al 2003 64 17 HM,  

8 HSCT 
46 

L-AmB 

Walsh et al 2001 5 n.r. 4  
 
 
 
 
 
 

52/67 
(78%) 

Pagano et al 2004 12 HM 7 

Cordonnier et al 2007 6 
HM  

(including 
HSCT) 

5 

Cornely et al 2007 5 HM  3 

Sun et al 2010 12 Solid organ 
transplant 

8 

Ruping et al 2010 17 Mixed: HM and 
not 

16 

Lanternier et al  2010 20 HM, diabetes 
and SOT 

9 



How is the better dose of L-AmB ? 

 3 mg/kg ? (Pagano et al, Haematologica 2004) 

 

 3 → 5 mg/kg ? (Petrikkos et al, Eur J Clin Micr Infect Dis 2003) 

 

 7.5 →15 mg/kg ? (Walsh et al, AAC 2001) 

 
 

Probably  6-7 mg/kg must be considered the better 
dosage 



Pilot Prospective Study of High Dose (10 mg/kg/d) 
Liposomal Amphotericin B (L-AmB) for the Initial 

Treatment of Zygomycosis: AMBIZYGO Trial 

 27 pts were included (21 evaluables) 
 M/F 1:1, median age was 53 years [0-75]  
 Underlying diseases were:  

 Hematological malignancy:  43%,  
 diabetes mellitus:   38%  
 solid organ transplantation: 14% 

 Response rate at W 4 or at the end of treatment was 35% (3 
CR, 4 PR, 5 stable, 8 failures) 

 Severe side effects 38%: 30% doubled baseline creatinine 
level and 22% hypokaliemia < 3 mmol/l. 

 Overall mortality was 20% at wk 12 and 47% at wk 24.  
 

Lanternier et al. ICAAC 2010 M-1046 



Posaconazole in the treatment of 
proven/probable Mucormycosis 

Van Burik et al, CID 2006 Greenberg et al, AAC 2006 

Patients: 24 Recovered: 19 

79% 

All refractory or resistant 
11 rhino-CNS infection, 4 pneumonia 
POS 800 mg/d (200 mg x4 o 400 mg x2) 
Duration therapy ranged from 8 to 1004 d 

Patients: 91 Recovered: 55 

60% 

All refractory or resistant 
22 rhino-CNS infection, 37 pneumonia 
POS 800 mg/d (200 mg x4 o 400 mg x2) 
Duration therapy ranged from 6 to 1005 d 



Posaconazole in the treatment of 
proven/probable Mucormycosis 

Van Burik et al, CID 2006 Greenberg et al, AAC 2006 

Patients: 24 Recovered: 19 

79% 

All refractory or resistant 
11 rhino-CNS infection, 4 pneumonia 
POS 800 mg/d (200 mg x4 o 400 mg x2) 
Duration therapy ranged from 8 to 1004 d 

Patients: 91 Recovered: 55 

60% 

All refractory or resistant 
22 rhino-CNS infection, 37 pneumonia 
POS 800 mg/d (200 mg x4 o 400 mg x2) 
Duration therapy ranged from 6 to 1005 d 

 Two separate, but overlapping series of patients 
receiving posaconazole within compassionate use 

protocols of the manufacturer have been published 



Vehreschild et al, CMI 2011 

 Different underlying disease 
 Different phase of treatment 
 Frequently combinations (!?) 



WHY? 

WHAT? 

The mortality rate of mucormycosis with 
monotherapy remains unacceptable 

The proposed strategy should have shown: 
1) Markedly improved survival in relevant 

animal models of IM. 
2) Available retrospective or observational 

clinical data, concordant with preclinical 
models 

3) Involvement of agents already approved 
for the use in humans 



Echinocandins: 
Caspofungin 

After the primary damage due to the others drug, penetrates into 
the cell and block the glucan synthesis  

 

Azoles:  
Itraconazole  

Posaconazole 
Voriconazole 

 Antagonist of 
ergosterol biosynthesis 

 

Polyenes: 
Amphotericin B 

Lipid AmB   
Nystatin 

 Act on cell membrane 
integrity 

Combination Therapy in mucormycosis: 
Mechanism of interaction 



 12 Year Retrospective Review (37cases) 
 Rhino-orbito-cerebral zygomycosis 
 Monotherapy with AmB formulation (31 patients) versus a combination 
of caspofungin and ABLC or L-AmB (6 patients) 

Pts receiving COMBO had 
a significantly higher 

response rate and survival  

LIMITS: LOW NUMBER  
most of pts had diabetes 
rhinocerebral forms only 

  all had surgery 

Combination Polyene-Echinocandin in Rhino-
Cerebral Zygomycosis    Reed et al.  Clin Infect Dis 2008 



32 patients, 8 of them allo-HSCT (25%), not responsive to 
monotherapy and with an advanced disease 

Pagano et al, Haematologica 2013 



Surgery and Mucormycosis 

Surgery Yes 
Death/treated 

No 
Death/treated 

Morrison et al,  
BMT  1993 

1/3 9/10 

Tedder et al, 
Leuk & Lymph 1994 

4/36 38/56 

Pagano et al, 
Br J Haematol 1997 

0/5 17/21 

Petrikkos et al, Eur J Micr Infect 
Dis 2003 

6/17 7/7 

Sims et al, Arch Med Res 2006 2/12 2/4 

Total 13/73 
(17%) 

73/98 
(74%) 



Surgery and Mucormycosis 

Mortality in ECMM Study 
230 cases 

Surgical treatment related to decreased mortality (Odds 
ratio 0.21, 95% CI 0.09-0.48, p=0.001)  

Skiada et al, CMI 2011  

 



Efficacy of growth factors or granulocyte 
transfusion  in Mucormycoses 

Deaths  Improved p-value 
Pagano et al, Br 
J Haematol 
1997 

7 2 n.s. 
 

Kontoyiannis et 
al, Clin Infect 
Dis 2000 

5 7 n.s. 

Roden et al * 
CID 2005 

3 15 n.r. 

Pagano et al, 
Haematologica 
2004 

9 9 n.s. 

Kara et al,  
Int J Clin Pract 
2007 

2 3 n.s. 

ECMM-Italy 
2008 

4 4 n.s. 

Deaths  Improved 

Kontoyiannis et al, *  
Clin Infect Dis 2000 

4 4 

Gleisser et al, § 
Leuk & Lymph 2004 

0 1 

Mousset et al,** 
Ann Hematol 2005 

2 4 

Roden et al, § 
CID 2005 

5 2 

Total 11 11 

GTX G-CSF 



Saoulidis et al, CMI 2014 



Proposed mechanisms of iron uptake by Mucorales 



11 pts in L-AmB + deferasirox Vs. 9 L-AmB + placebo 
Better results in diabetic patients 



Grade of 
Recommenda
tion 

Definition 

Grade A ESCMID (EFISG) and 
ECMM strongly  
support a recommendation for use 

Grade B ESCMID (EFISG) and 
ECMM moderately 
support a recommendation for use 

Grade C ESCMID (EFISG) and 
ECMM marginally 
support a recommendation for use 

Grade D ESCMID (EFISG) and 
ECMM support a recommendation 
against use 

Level of 
Evidence 

Definition 

Level I Evidence from at least 1 properly designed randomized, controlled trial 

Level II Evidence from at least 1 well-designed clinical trial, without randomization; 
from cohort or case-controlled analytic studies (preferably from >1 centre); 
from multiple time series; or from dramatic results of uncontrolled 
experiments 

Level III Evidence from opinions of respected authorities, based on clinical 
experience, descriptive case studies, or reports of expert committees 

Strength of Recommendations 

Grade ECIL-5 

A Good evidence to support a 
recommendation for use 

B Moderate evidence to support 
a recommendation for use 

C Poor evidence to support a 
recommendation for use 

ECIL-5 EFISG -2014 



ECIL 5 EFISG 
Surgery A II A IIU 

 
Control underlying 
conditions 

A II A IIU 
 

Prophylaxis 
 Posaconazole 
 Other azoles 
 Surgical resection 

n.i.  
C III 
D II 
A III 

 
Timely treatment n.i.  A IIU 

 

Legend: n.i. = no indication; u= uncontrolled trials  



ECIL 5 EFISG 
Front-line Treatment 
 L-AmB 
 ABLC 
 ABCD 
 d-AmB 
 Posaconazole 
 Combination 

 
B II 
B II 
C II 
C II 
C III 
C III 

 
*A IIU  
B IIU 
n.i. 
D I 

B IIU 
C III 

Salvage 
 Posaconazole 
 L- AmB 
 ABLC 
 Combo lipid AmB + Caspo 
 Combo lipid + Posa 

 
B II 
n.i. 
n.i. 
B III 
B III 

 
A IIU 
B IIU 
B IIU 
C III 
B IIU 

 

Legend: n.i. = no indication; u= uncontrolled trials ; * (5 mg/kg) 
 



ECIL 5 EFISG 
G-CSF n.i. A IIU 

 
Granulocyte 
transfusion 
 

n.i. C IIU 
 

Hyperbaric oxygen C III C IIU 
 

Maintenance 
 Posaconazole 

 
B II 

  
n.i. 

Deferasirox 
 Hematological 
 No Hematological 

 
A II (against) 

 
D II 
C III 

Legend: n.i. = no indication; u= uncontrolled trials  
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