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Abstract

Mucormycosis is an uncommon but severe
fungal infection, typically observed in
immunocompromized patients. We report a
case of acute lymphoblastic leukemia compli-
cated by rhino-oculo-cerebral mucormycosis in
a pediatric patient. Combination lipid polyene-
echinocandin therapy, along with surgical
debridement appeared to be effective.
Nevertheless, a severe relapse occurred during
posaconazole prophylaxis; antifungal therapy,
hemimaxillectomy and suspension of
chemotherapy were performed. Although
mucormycosis is a frequently lethal infection,
prompt diagnosis and aggressive treatment
can be successful even in cases of relapse. 

Introduction 

Mucormycosis (also called Zygomycosis) is
a rare, life-threatening invasive fungal infec-
tion caused by organisms belonging to the
Mucorales order of the Zygomycetes class; after
aspergillosis it is the second most common
form of mycosis caused by filamentous fungi
in immunocompromized patients. The infec-
tion is typically considered opportunistic and
community-acquired, although the true inci-
dence of mucormycosis in hematology units is
probably underestimated because of difficul-
ties in ante-mortem diagnosis and the low
autopsy rate in cancer patients. Risk factors
include uncontrolled diabetes, cancer, organ
transplant, neutropenia and skin trauma. A
prompt diagnosis, immediate antifungal treat-
ment, together with an aggressive surgical
approach, are essential to prevent dissemina-
tion, although survival remains very poor in
immunocompromized patients. We report a
case of T-cell acute lymphoblastic leukemia
(ALL) complicated by recurrent rhino-oculo-
cerebral mucormycosis, successfully managed
by timely administration of medical and surgi-
cal intervention.

Case Report

A twelve year old girl was receiving the first
part of reinduction chemotherapy according to
AIEOP-BFM ALL 2009 protocol for high-risk T
cell ALL (dexamethasone days 1-15, vincristine
and doxorubicin days 1, 7).

On day eleven she developed fever and rap-
idly progressive multi-organ toxicity; according
to the Common Terminology Criteria for
Adverse Events Version 4.0, the toxicity was
grade four hematological (severe pancytope-
nia), grade four metabolic (insulin-resistant
diabetes, severe hypertriglyceridemia), grade
three hepatobiliary (hyperbilirubinemia 4.5
mg/dL), grade three musculoskeletal (severe
myositis with rhabdomyolysis) and grade two
neurological painful peripheral neuropathy).
Microbiological investigations detected
Epstein Barr virus (EBV) polimerase chain
reaction test and Candida antigen serum posi-
tivity; moreover, extended-spectrum beta-lac-
tamases-producing Escherichia Coli was iso-
lated in blood, urine and pharyngeal swab.
Although broad-spectrum antibiotics and lipo-
somal amphotericin B (3 mg/kg) were immedi-
ately administered (no treatment for EBV was
established), a left periorbital swelling
appeared, quickly progressing to severe rhino-
orbital cellulitis and the girl suffered a self-
limiting seizure forty-eight hours later.
Contrast-enhanced brain magnetic resonance
imaging showed multiple altered signal areas
in the right frontal and bilateral cerebellar
white matter (Figure 1); computed tomogra-
phy scan of the paranasal sinuses showed peri-
orbital soft tissues edema and left maxillary
sinusitis with concomitant bone erosion.
Despite aggressive supportive therapies, the
patient’s general conditions and local infection
rapidly worsened and the right upper mucosa
of the mouth appeared bloated. Diagnostic
rhino-endoscopy detected a huge necrotic
pansinusitis and microscopic examination
revealed massive fungal infarction in all spec-
imens. At histological confirmation of the sus-
picion of mucormycosis, the liposomal ampho-
tericin B dose was increased to 7.5 mg/kg/day,
caspofungin was introduced and serial rhino-
endoscopic surgical debridement along with
dacryocystorhinostomy were performed.
Standard tissue cultures of specimens were
disappointing (Figure 2). On the following
days, hematological parameters and clinical-
radiological findings progressively improved.
Hyperbaric oxygen therapy was proposed but
rejected in view of the pain. On day 39 the
patient complained of a sudden shooting pain
in the left parotid region. Angio magnetic res-
onance imaging showed a thrombotic pseudo-
aneurysm of the left internal maxillary artery,
that resolved during subsequent urgent selec-
tive angiography. On day sixty, cerebral and

the palatal lesions and cellulitis had completely
disappeared, as well as any histological evi-
dence of fungi in rhino-endoscopic biopsies.
Liposomal amphotericin B was replaced by oral
posaconazole (400 mg/bid with target dose
>0.7 mg/L) and tapered maintenance
chemotherapy was resumed (daily 6-mercap-
topurine and weekly methotrexate). Six
months later, during continuous posaconazole
treatment, the girl exhibited a rapid reactiva-
tion of the palatal fungal localization, revealed
through spontaneous avulsion of three teeth
and wide maxillary bone exposure; computed
tomography scan showed necrosis of the whole
left upper maxilla. High-dose liposomal
amphotericin B treatment was resumed and
the girl underwent left hemimaxillectomy with
a palatal and orbital base prosthesis implant.
Chemotherapy was definitely stopped and lipo-
somal amphotericin B was continued for fifty-
eight days and then replaced by posaconazole.
At present, six months from the hemimaxillec-
tomy, the girl shows no functional deficits and
a mild cosmetic impairment, she is in com-
plete hematological remission and continues
to take posaconazole. 

Discussion

Mucormycosis is five- to ten-fold less com-
mon than other fungal infections such as
aspergillosis. Untreated or misdiagnosed
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infection in immunocompromized hosts can
have a rapidly fatal outcome and the majority
of patients still die within twelve weeks from
diagnosis. A prompt diagnosis is hampered by
nonspecific symptoms and signs (bloody nasal
discharge, eye or facial pain, conjunctival suf-
fusion, blurry vision, soft tissue swelling),
mimicking more common infectious etiolo-
gies, unreliable serologic or polymerase-chain-
reaction based tests, rarely positive blood and
infected tissues cultures, that are often incon-
sistent or contaminated. Moreover, the fre-
quent isolation of bacteria from infected tis-
sues may dissuade clinicians from suspecting
a concomitant invasive fungal infection, thus
delaying targeted therapy. Therefore, the diag-
nosis of mucormycosis requires a high grade
of suspicion and close communication
between clinicians and microbiologists;
histopathologic identification of the causative

fungus is essential. Together with an early
diagnosis, the reversal of underlying predis-
posing factors (if feasible) and a multidiscipli-
nary approach are critical for a successful out-
come; high-dose liposomal amphotericin B
therapy and aggressive debridement of necrot-
ic tissues are widely recommended.1 The cen-
tral role of iron metabolism in the pathogene-
sis of mucormycosis suggests the use of iron
chelators as adjunctive therapy and case
reports suggest that hyperbaric oxygen may be
beneficial, too. Nevertheless, data on
mucormycosis in pediatric immunocompro-
mized patients are limited. Dabritz et al.2
reported twelve pediatric cases of mucormyco-
sis collected from Germany and Austria
between January 2004 and December 2008.
Three patients with isolated soft tissues infec-
tion survived, whereas seven out of nine with
pulmonary and rhino-cerebral involvement

died.2 Similarly, a retrospective study of eleven
immunocompromized pediatric cancer
patients treated in France from 1991 to 2011
affected by mucormycosis was carried out by
Phulpin-Weibel and colleagues; eight children
survived.3 Four immunocompromized patients
with nasal sinuses mucormycosis undergoing
multiple aggressive debridement were
described by Rassi et al.; in the postoperative
course one child died of the disease, one devel-
oped persistent unilateral blindness, one was
lost to follow-up and the last one was cured
with no sequelae.4 Other single-center pedi-
atric cases have recently been described,
including a seven-year-old girl with ALL and
rhino-cerebral mucormycosis, two children
with acute leukemia and intraoral mucormyco-
sis and four children with ALL and cutaneous
mucormycosis; all patients were successfully
treated with amphotericin B and surgical
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Table 1. Summary of all published papers reporting on mucormycosis.

Author                        Patients                                   Treatment                                                       Risk factors                                    Deaths

Däbritz et al.2                           12                                         Surgical debridement +                           Glucocorticosteroids treatment/neutropenia (8),                     8
                                                                                      antifungal therapy (4); Amphotericin        insuline-dependent diabetes (2), soft tissue trauma (1),
                                                                                                      B/posaconazole (5)                                      extracorporal membrane oxygenation (1)                            
Phulpin-Weibel et al.3            11                               Amphotericin B + Caspofungin (3)                Neutropenia (6), immunosoppressive agents (3),                    3
                                                                                     Posaconazole (2) Amphotericin B (5)                        steroids-induced diabetes mellitus (2)
Rassi et al4                                 4                        A Amphotericin B and surgical debridement                             Immunosoppressive agents                                         1
Popa et al.5                                 1                        A Amphotericin B and surgical debridement             Glucocorticosteroids treatment/neutropenia                         0
Dogan et al.6                              2                 Amp Amphotericin B and and surgical debridement      Glucocorticosteroids treatment/neutropenia                         0
Cantatore-Francis et al.7        2                     Amp Amphotericin B and surgical debridement                          Immunosoppressive agents                                         0
Gupta et al.8                               2                     Amp Amphotericin B and surgical debridement          Glucocorticosteroids treatment/neutropenia                         0
Wehl et al.9                                1                                                  Amphotericin B                                                             Blood transplantation                                              0

Figure 1. Brain magnetic resonance imag-
ing: multiple contrast-enhanced cerebral
lesions. Figure 2. Tissue specimens for histological examination. 
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debridement.5-8 Further case reports describe a
child with acute leukemia and isolated muscu-
lar mucormycosis, one with ALL and fatal gas-
trointestinal mucormycosis, a nine-year-old
boy with ALL and isolated hepatic mucormyco-
sis requiring surgical excision and combined
liposomal amphotericin B and posaconazole
therapy. Wehl et al. reported a boy with ALL
relapse experiencing rhino-cerebral-mucormy-
cosis who could not receive surgical debride-
ment because of extensive involvement; his
long-term survival of fifteen months was
attributed to the long-term administration of
liposomal amphotericin B, early neutrophil
recovery and slow leukemia progression.9 All
papers highlight that patients with mucormy-
cosis have a high mortality rate, especially in
cases of multi-organ involvement and delayed
diagnosis; standard treatment is a medical-
surgical approach (Table 1). In our case, the
histopathologic diagnosis was rapid but our
patient exhibited many risk factors and comor-
bidities. Mainly, she was heavily pre-treated
for high-risk ALL and received fluconazole
antifungal prophylaxis (6 mg/kg) in Induction
during neutropenia (absolute neutrophil count
<500 mm-3).

Concomitantly, she experienced iatrogenic dia-
betes that was barely controlled despite insulin
dosages of up to 1.8 U/kg per day and corticos-
teroid tapering. Granulocyte stimulating-factor
was introduced to shorten the anticipated pro-
longed and profound neutropenia but Epstein
Barr virus reactivation and beta-lactamases-pro-
ducing Escherichia Coli colonization contributed
to the deterioration of her general performance
status. Liposomal amphotericin B was initially
introduced as empiric antifungal therapy but then
increased to 7.5 mg/kg per day when Mucor was
identified; the liposomal amphotericin B formula-
tion was chosen versus standard amphotericin B
because of its predictable pharmacokinetics,
superior central nervous system penetration and
better toxicity profile. Even if Echinocandins
demonstrate a modest in vitro activity against
Mucorales, Reed et al. highlighted a survival
advantage in diabetic patients with rhino-oculo-
cerebral mucormycosis receiving this combina-
tion treatment (liposomal amphotericin B plus

caspofungin).10 We decided to combine the two
agents, predicting a severe course of the infec-
tion, and no relevant side effect was noted. The
initial surgical approach was immediate but con-
servative endoscopic serial debridement aimed at
removing as much necrotic matter as possible but
sparing the deep orbital structures and visual
function. Long-term posaconazole secondary
therapy was chosen for its known activity against
the fungus; therapeutic drug monitoring was
instituted to prevent breakthrough relapse associ-
ated with inadequate blood concentrations. It is
widely recognized that a fine balance between
antifungal and antileukemic therapy is a critical
issue. In our case, the planned high-dose
chemotherapy schedule was abandoned in favor
of a tailored antileukemic maintenance therapy
prudentially instituted to minimize the risk of ALL
relapse. An unexpected life-threatening fungal
reactivation occurred despite continuous second-
ary prophylaxis and the mild immunosuppression
allowed a more aggressive intervention (hemi-
maxillectomy); chemotherapy was definitely
stopped to permit a full immunological recovery. 

Conclusions

Despite being a very rare infection,
mucormycosis should be included in differen-
tial diagnosis when dealing with pediatric
immunocompromized patients. Our case
demonstrates that an early diagnosis, integrat-
ed care across several medical-surgical disci-
plines and a tailored and complex decision-
making sequence can be life-saving.
Nevertheless, these efforts do not totally pro-
tect against the risk of relapse, that can occur
despite high grade surveillance, continuous
secondary prophylaxis and de-escalated
chemotherapy. Nevertheless, a reactivation of
the infection does not rule out the chance for
healing, although a complete suspension of
chemotherapy is revealed as essential for a
long term successful outcome in such cases.
More extensive studies are needed to clarify
the contribution of Echinocandins combina-
tion therapy.
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