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n INTRODUCTION

I
nvasive fungal infections (IFI) are frequent
life-threatening complications in patients
with hematologic malignancies [1-6]. The in-

cidence of IFI has increased in recent years as a
result of severe and long-lasting immunosup-
pression and neutropenia which such patients
undergo, due to the use of high-dose
chemotherapy, allogeneic (allo) and autologous
hematopoietic stem cell transplantation
(HSCT), ablative radiation therapy as well as
the use of new and more potent immunosup-
pressant drugs [8-14].
Candida and Aspergillus spp. are the most com-
mon agents responsible for IFIs among patients
with acute myeloid and lymphoblastic
leukemia (AML, ALL) as well as in HSCT re-
cipients [1-8, 14]. 
Other opportunistic fungal pathogens, such as
Fusarium spp. and Zygomycetes, have also re-
cently emerged, whereas the other fungal infec-
tions remain still rare [1-6, 7, 15]. 
Mucormycosis is a rare but still fatal IFI caused
by various members of the filamentous fungi
class Zygomycetes, especially Mucoraceae. The
most commonly seen genera in mucormycosis
cases are Absidia, Rhizopus and Mucor [16-18].
The presence of neutropenia, with an absolute
neutrophil count of less than 1000/µl for 1
week, has been reported as the major risk for

pulmonary mucormycosis which represents,
together with rhinocerebral and sinus maxillo-
facial location, the most frequent clinical form
observed in AML and HSCT recipients [1-6, 16-
19]. In the pulmonary or sinus form, exposure
occurs by inhaling aerosolized mucor spores
from the environment. 
Gastrointestinal mucormycosis, resulting from
ingestion of spore-contaminated food, and cu-
taneous mucormycosis, due to direct skin im-
plantation of fungal spores, only occasionally
have been reported in acute leukemia and
transplanted patients [16-19]. Mucor hyphae
have a characteristic tendency to invade blood
vessels resulting in vascular thrombosis of
small to medium arteries, intraparenchymal
bleeding and tissue necrosis. Generally, pul-
monary mucormycosis is rapidly progressive,
usually spreading to contiguous structures
and occasionally complicated by haematoge-
nous dissemination leading to multiorgan in-
volvement with a devastating clinical course
[14-19].
Here, we report a case of 32-year-old AML pa-
tient who developed, early after the onset of
neutropenia in the first induction phase of
chemotherapy, a rapidly progressive pul-
monary mucormycosis, successfully treated
with liposomal Amphotericin-B (LAmB) com-
bined with surgical intervention, before under-
going consolidation therapy and allo HSCT.
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n CASE REPORT

A 32-year-old man with intermediate risk AML
(M4), developed non productive cough, fever
(>39°C) and chest pain during neutropenia
(neutrophils <500/ml for 10 days), 19 days after
the initiation of first remission induction
chemotherapy with cytarabine, etoposide and
high-dose cytarabine, according to the treat-
ment trial of EORTC/GIMEMA AML12. 
At this time, the patient was receiving standard
antibacterial and antifungal prophylaxis with
fluoroquinolone and itraconazole and routine
laboratory investigations showed an elevated
C-reactive protein (CRP), while the chest radi-
ograph documented a slight right sided pleural
effusion. 
Five days later, since the fever was not re-
sponding to five days broad spectrum antibac-
terial therapy, the patient performed high reso-
lution computerized tomography (HRCT) re-
vealing in the lower lobe of the right lung a 3.5
cm peripheral pleural-based nodule with sur-
rounding ground-glass halo associated with a
slight pleural effusion, suggesting invasive
mold infection. 
We did not detected neither an HRCT finding
highly suggestive for mucormycosis, such as
the reversed halo (circular focus of ground-
glass density within a ring of dense consolida-
tion) or the air crescent sign, more common in
invasive aspergillosis (IA). 
During febrile neutropenia, Aspergillus galac-
tomannan (GM) antigen, tested in serum speci-
mens twice a week (Platelia®, Aspergillus, Bio-
Rad), gave negative results [20, 21]. Empirical
treatment with liposomal amphotericin B at
dose of 3 mg/kg/day for 21 days and granulo-
cyte-colony stimulating factor (G-CSF) was
started; three days later, fever disappeared con-
comitantly with the complete hematological re-
covery, further confirmed by marrow examina-
tion showing complete disease remission (CR).
Pulmonary HCRT scans sequentially per-
formed 30, 37, and 45 days after starting induc-
tion chemotherapy showed at beginning an in-
crease of nodular lesion (4,5 cm) and then a pro-
gressive infiltrate regression with CRP values
normalization. 
At this time, a CT-guided fine needle biopsy of
the pulmonary lesion and bronchoalveolar
lavage (BAL) specimens, tested for Aspergillus
GM antigen, failed to document any fungal in-
fection [22-25]. As HRCT scan 45 days after 1st

induction did not shown fully regression of

lung nodule (2 cm), 7 days later, the patient un-
derwent a limited toracothomy, leading to a
complete surgical removal of the lung infiltrate.
Fungal culture of lung specimens remained
negative, but histological examination revealed
non-septate fungal hyphae with branches oc-
curring at right angles suggestive for mu-
cormycosis. 
Three weeks after surgery, being pulmonary
HRCT scans completely negative for fungal in-
fection, the patient performed consolidation
chemotherapy with daunorubicin and stan-
dard-dose cytarabine. 
Ninety-eight days after 1st induction therapy, in
CR for AML disease, the patient received a
myeloablative (BUCY2 regimen) allo HSCT
from a sibling HLA-matched related donor, us-
ing graft-versus-host disease (GVHD) prophy-
laxis with cyclosporine A and short course
methotrexate.
During both consolidation chemotherapy and
allo HSCT, secondary prophylaxis with LAmB
was applied for additional 21 days, until hemo-
poietic recovery. 
The patient well tolerated the long course of
LAmB. During the antifungal therapy the crea-
tinine values remained within the normal range
with a transient increase of bilirubin and alka-
line phosphatase (two times over the upper
normal limit), and their normalization when
LAmB treatment was stopped. Although the
patient experienced, after HSCT, a grade II
acute GVHD, successfully treated with im-
munosuppressive therapy, any IFI recurrence
was not seen.

n DISCUSSION

Patients with hematologic malignancies are at
high risk of IFI, more often caused by molds
than by yeasts, and the incidence of IFI is high-
est among patients with AML and after allo
HSCT, due to deep and prolonged neutropenia
and to the breakdown of immune defenses
which they undergo during high-dose
chemotherapy and immunosuppressive treat-
ment [1-14]. 
Clinical, radiological and microbiological crite-
ria for an IFI diagnosis have been categorized
by IFIs Cooperative Group of European Clini-
cal, Organization for Research and Treatment
of Cancer (EORTC) and the Mycoses Study
Group (MSG) of the National Institute of Aller-
gy and Infectious Diseases (NIAD) [26, 27]. Ac-
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cording to the consensus criteria proposed by
the EORTC/MSD, IFI is defined as “possible”
in the presence of clinical criteria for an IFI,
“probable” when radiological findings sugges-
tive for an IFI are also associated, and “proven”
with the addition of positive microbiological
sample obtained from the site of disease, plus
positive histopathologic examination of infect-
ed tissues [1-6, 22]. 
Here we report a case of 32-year-old AML who
developed ten days after the onset of neutrope-
nia during 1st induction therapy, clinical and ra-
diological findings of a possible IFI, such as a
non productive cough, broad spectrum antibi-
otic resistant fever, prolonged neutropenia as-
sociated to a rapidly progressive peripheral
pleural-based nodule with surrounding
ground-glass halo and a slight pleural effusion. 
Approximately half of nodular infiltrates in
AML therapy and HSCT recipients are the re-
sult of pulmonary invasive aspergillosis (IA),
with the halo signs most likely detected early in
infection and air-crescent signs much later, typ-
ically found at time of neutrophil recovery. In
our AML patient, the biweekly serum GM
monitoring together with BAL GM testing,
which have been reported to be highly sensitive
and specific for IA, gave negative results as well
as fungal blood cultures. 
Although IA is the most likely cause of halo le-
sions in AML and HSCT recipients, it is impor-
tant to note that the halo sign is not be specific
for IA: other pathogens, such as Pseudomonas
aeruginosa and other less common molds, can
also give rise to halo infiltrates such as the
agents of mucormycosis [1-6, 14-19, 22, 26]. We
did not detected neither an HRCT finding high-
ly suggestive for mucormycosis, such as the re-
versed halo (circular focus of ground-glass den-
sity within a ring of dense consolidation) or the
air crescent sign, more common in IA.
In hematological malignancies, the most fre-
quently involved site in mucormycosis is the
lung. Neutropenic patients are at a high risk of
developing a disseminated mucormycosis.
Since rapidly progressive dissemination occurs
in up to 40% of mucormycosis in patients with
hematologic malignancies, and the mortality
exceeds 50%, early diagnosis and initiation of
effective antifungal therapy is mandatory for a
successful outcome [16, 19, 26]. 

Many new antifungal drugs such as voricona-
zole and caspofungin, which are useful in treat-
ment of IA, have no role in treatment of mu-
cormycosis [1-6]. Clinical experience with
posaconazole, documented effective in in vitro
and in vivo studies against mucor, is limited in
pulmonary mucormycosis; it is still used as a
second line therapy [28]. 
The only effective antifungal agent for treat-
ment of mucormycosis is amphotericin B [3-6,
16-18, 29]. 
In our patient, LamB therapy was applied at
standard dose of 3 mg/kg/day for 21 days dur-
ing 1st induction therapy. 
As another important factor for successful treat-
ment of mucormycosis is the resolution of pre-
disposing neutropenia, LamB was combined
with G-CSF, resulting in rapid hematologic re-
covery and progressive regression of lung infil-
trate at HRCT scans. 
Since it was still needed to establish species de-
finition of patient’s IFI and full regression of
pulmonary infiltrate was not achieved after
LAmB, the patient underwent limited open
toracothomy biopsy, completely removing the
lung nodule. 
LamB was then successfully used as a sec-
ondary prophylaxis treatment for IFI, during
both consolidation chemotherapy and mye-
loablative allo HSCT, for additional 21 days [30-
31]. Although the patient experienced, after
HSCT, a grade II acute GVHD and a limited
chronic GVHD, successfully treated with im-
munosuppressive therapy [32], any IFI recur-
rence was not seen.
Our case report further provide evidence that
the combined surgical and antimicrobial thera-
py with liposomal amphotericin B is an effec-
tive and safe choice in haematological immuno-
compromised patients both for clearly estab-
lishing IFI diagnosis and for the management of
a potentially letal mould infection such as pul-
monary mucormycosis. 

Keywords: Mucormycosis, allogeneic stem cell
transplant, fungal prophylaxis.
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Mucormycosis is an increasingly recognized inva-
sive fungal infection (IFI) in patients with acute
myeloid leukemia (AML) and after allogeneic (al-
lo) stem cell transplantation (HSCT); it is mainly
due to the severe and prolonged neutropenia re-
lated to high-dose chemotherapy. In such patients,
the lung is the most frequently involved site in
mucormycosis. 
Since rapidly progressive dissemination may oc-
cur after pulmonary mucormycosis in hematolog-
ic malignancies, early diagnosis and prompt initia-
tion of an effective antifungal therapy is mandato-
ry for a successful outcome.
We report the case of a young AML patient who
developed, early after the onset of neutropenia in
the first induction phase of chemotherapy, a rapid-

ly progressive pulmonary IFI, successfully treated
with liposomal Amphotericin-B (LAmB) and then
with a limited open toracothomy biopsy, clearly
establishing diagnosis of mucormycosis and re-
moving lung infiltrate. Secondary prophylaxis
with LamB, applied during both consolidation
therapy and myeloablative sibling allogeneic
HSCT, was effective to prevent IFI recurrence de-
spite the development of grade I acute graft-ver-
sus-host disease (GVHD) and limited chronic
GVHD requiring immunosuppressive treatment.
Our case report further provide evidence that the
combined surgical and LAmB therapy is an effec-
tive and safe choice for the management of pul-
monary mucormycosis in hematological immuno-
compromised patients.

SUMMARY

La mucormicosi è una emergente infezione fungina in-
vasiva (IFI) nei pazienti con Leucemia Mieloide Acuta
(LMA) e dopo trapianto di cellule staminali emopoieti-
che (TCSE). La severa e prolungata neutropenia secon-
daria a chemioterapia ad alte dosi è il più importante fat-
tore di rischio di una IFI. 
In tali pazienti, la più frequente sede coinvolta è quella
polmonare. Noi riportiamo il caso di un giovane di 32
anni con una LMA che sviluppò, precocemente dopo
l’inizio di una neutropenia durante il primo ciclo di in-
duzione, una mucormicosi polmonare, trattata con suc-
cesso con Amfotericina B liposomiale (LAmB) e poi con

una toracotomia limitata in grado di rimuovere comple-
tamente l’infiltrato polmonare. 
La profilassi secondaria con LAmB, instaurata sia nel
corso del primo ciclo di consolidamento che durante il
TCSE allogenico, è stata efficace nel prevenire qualsiasi
altra IFI, nonostante lo sviluppo di malattia da trapian-
to (GVHD) contro l’ospite acuta di grado II e una limi-
tata GVHD cronica, responsiva al trattamento immu-
nosoppressivo. Il nostro caso documenta che la terapia
chirurgica combinata alla terapia con LAmB è una si-
cura e efficace scelta terapeutica nella mucormicosi pol-
monare.
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