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Abstract

We present the cases of three children with acute lymphoblastic leukemia (ALL) who developed disseminated invasive fungal infections
(IFIs) (Aspergillus spp.n=1, Candida spp. n=2). All were successfully treated with antifungal drugs and ancillary treatments; however, in two cases,
leukemic cells were not eradicated by chemotherapy before transplantation. It has been noted that, despite the success of novel antifungal drugs
in patients with ALL, long-lasting IFIs during chemotherapy may negatively affect leukemia prognosis. We emphasize the need for guidelines to
provide assistance in preventing, evaluating and treating IFIs in this patient group.
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Introduction

disseminated IFIs and underlying hematological problems are
critically important for patient survival. Here we describe the
clinical courses and successful treatment of three children with
ALL who had disseminated I[FIs.

Invasive fungal infection (IFI) is a major cause of morbidity
and mortality in children with leukemia. Aspergillus spp. and
Candida spp. are the main pathogens in most of these cases [1].
These infections pose major threats for immunocompromised
patients, especially those with acute myeloid leukemia and high-
risk acute lymphoblastic leukemia (ALL) who are undergoing

Case 1: A 14-year-old boy with t(9;22)-positive high-risk
ALL and asthma presented initially with persistent cough. At the

chemotherapy or hematopoietic stem cell transplantation
(HSCT) [2].

Fungal infections cause various clinical presentations
in children with leukemia, ranging from asymptomatic to
life-threatening disseminated disease. The most frequently
reported locations of IFI are the liver and lung, whereas the
central nervous system (CNS), kidney, epiglottis and muscle

are less common sites [3-10]. Early detection and treatment of
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end of the first induction treatment of the ALL-BFM 95 protocol
under fluconazole prophylaxis, he developed febrile neutropenia,
headache and visual hallucinations. The patient was treated
with broad-spectrum antibiotics (BSAs) and neutrophil recovery
was observed; however, his neurological symptoms worsened.
Cranial magnetic resonance imaging (MRI) revealed two nodular
lesions 3cm and 5cm diameter in his frontal and temporal lobes,
respectively. These were considered to be consistentwith possible
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lymphocytic sarcoma. The larger cranial lesion was removed by
neurosurgeons and tested positive for Aspergillus spp. on real-
time PCR (TibMolbiol, Berlin, Germany) , galactomannan antigen
assay, and tissue culture, thus confirming IFI according to the
definition criteria set by the European Organization for Research
and Treatment of Cancer/Invasive Fungal Infections Cooperative
Group [11]. High-resolution computerized tomography (HRCT)
and abdominal ultrasonography also showed multiple nodular
lesions in the lungs (Figure 1) and liver. As well, peripheral blood
and central catheter fungal cultures were positive for Aspergillus

Spp.

Figure 1: Computed tomography axial images of Case 1 show
nodular consolidations in the lower lobes of the bilateral lung
parenchyma(a) resolving totally after treatment (b).

The patient was treated with a combination of liposomal
amphotericin B (LAMB) and voriconazole (VRC) for 2 months.
After intensive chemotherapy with the ALL-BFM 95 protocol,
he entered complete remission. However, when the second
originally detected lesion (presumed to be fungal) in his brain
increased in size during chemotherapy, this treatment was
discontinued and the lesion was removed by surgery. After 3
months of VRC treatment alone, the patient’s pulmonary and
liver lesions showed prominent regression and he underwent
successful allogeneic (allo)-HSCT from his sibling while still
receiving VRC. He achieved complete remission for 2 years.

Case 2: An 11-year-old boy with ALL relapse was scheduled
to undergo allo-HSCT. While he was on the FLAG-IDA protocol
and 5 mg/kg fluconazole prophylaxis, he developed prolonged

neutropenic fever, altered mental status, and widespread
maculopapular eruptions across his face and body. He was
treated with BSAs while also receiving empirical LAMB 3mg/
kg, but his respiratory pattern deteriorated. Candida albicans
was cultured from all the skin lesions, and from his peripheral
blood, central catheter and cerebrospinal fluid, thus confirming
IFL. As well, real-time PCR (TibMolbiol, Berlin, Germany) was
positive for Candida spp. The patient’s central catheter could
not be removed because of vascular access problems. Early
tracheostomy was performed to address sudden inspiratory
stridor after laryngoscopic examination suggested fungal
infection of the epiglottitis. Granulocyte transfusion and
granulocyte-colony stimulating factor (G-CSF) treatment
were administered for 3 weeks until neutrophil recovery was
observed. Caspofungin was added as combination treatment
with LAMB in the first 3 months. After this period, HRCT showed
nodular lesions consistent with pulmonary aspergillosis, and
VRC and LAMB combination was used for salvage over the next
3 months. The patient was discharged from hospital without
IFI and free of leukemia. He remained well during next 2 years,
but then developed isolated bone marrow relapse and died of
persistent leukemia.

Case 3: An 8-year-old girl presented to the outpatient clinic
with fever and cough, and was treated with an oral antibiotic.
In the subsequent 2 weeks, she was diagnosed with medium-
risk precursor B ALL. Chemotherapy was initiated according to
the ALL BFM-95 protocol. The patient developed mucositis and
severe neutropenic fever at the end of the induction treatment,
and BSAs were started on Day 1. However, her fever did not
respond to this therapy, and empirical antifungal treatment with
caspofungin was added seven days later. Peripheral blood and
central catheter fungal cultures grew Candida tropicalis. The
patient developed hematuria and difficulty walking on Day 10.
Radiological imaging showed nodular lesions in the spleen and
renal abscess, all suggesting fungal infection. Pelvic MRI revealed
multifocal lesions in the gluteal muscles bilaterally and in the left
proximal muscles, suggesting abscesses consistent with Candida
pyomyositis.Caspofungin combined with LAMB was continued
for at least 5 days, but LAMB was switched to VRC on Day 15
because of persistent fever. Although the patient’s neutrophil
count gradually increased over the next 3 days, her condition
suddenly deteriorated with dyspnea, tachypnea and hypoxia
as well as increased C-reactive protein level, which together
suggested immune reconstitution inflammatory syndrome
(IRIS). The patient was treated with steroid 2mg/kg for 2 weeks,
and clinical and laboratory assessments revealed dramatic
response. The combined antifungal treatment was continued for
28 days, and she received VRC treatment during chemotherapy.
The patient entered complete remission on day 33. At the time
of writing, she remained well and had had no signs of fungal
disease recurrence on radiological imaging during 10 months of
follow-up.
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Discussion

Limited data are available about the frequency, clinical
features, and optimal treatment schedule for disseminated IFIs
and their prognosis in children with ALL [1,2,12]. A previous
comprehensive study of 2,021 children who were treated with
the ALL-BFM protocol suggested that, in nine cases, prolonged
neutropenia, long-lasting steroid use, and presence of organ
dysfunction were important risk factors for developing IFI [1].
Aspergillus spp. was the most common cause of IFI in that study,
and accounted for 21% of infection-related deaths [1]. Another
investigation from Turkey revealed 10.2% incidence of IFI in
pediatric ALL patients receiving fluconazole prophylaxis [13].
Steroid medications was found to be significantly associated with
development of IFI in 81.8% of patients with ALL and, Candida
spp. were the most common cause of IFI in that study [13]. Our
results are consistent with these data. Comprehensive studies
have recommended primary antifungal prophylaxis for patients
with high-risk ALL, whereas smaller series or case reports have
noted that assessment of IFIs in patients with non-high risk ALL
is greatly restricted by the secondary prophylactic and empirical
use of several antifungal drugs [1,2,14].

Candida spp. frequently colonize the liver and spleen,
whereas Aspergillus spp. tend to localize in the sinuses and
lungs [13]. Invasive fungal infections may also occur in other
organs, including the kidneys, CNS, epiglottis, skin and muscle
[3-10]. Simultaneous occurrence in these organs, as observed
in our cases, has been previously reported in smaller series and
case reports [3-12,15]. Cerebral involvement usually occurs
secondary to hematogenous dissemination of an IFI throughout
the systemic circulation, and is associated with high mortality
[3-5]. Treatment of IFI in the CNS remains challenging due to
low penetration by novel antifungal drugs that do not readily
cross the blood-brain barrier. Although it is well established that
VRC passes into the CSF, appropriate levels can only be reached
by monitoring drug concentration levels [16-18]. Since it is
not technically possible to measure blood levels of VRC at our
clinic, we used VRC in combination with LAMB to address CNS
involvement. To date, no standard antifungal drug combinations
have been reported for treating IFI. Based on the limited number
of reported cases, we suggest that antifungal drug combinations
may be used as salvage treatment for patients with disseminated
[FlIs. Alternatively, as was the situation in our Patient 1, surgery
might be considered as a life-saving option for select patients
with well-defined fungal lesions, and can be supported further
by G-CSF or granulocyte infusion for neutropenia [3-5].

A literature search for Candida infection of the epiglottitis
and disseminated skin lesions in children with ALL revealed
only one reported pediatric patient with simultaneous locations
of IFI and ALL, as we observed in our Patient 2 [6]. Concomitant
Varicella and Candida infections were important causes of
acute inspiratory stridor and skin eruptions in that case. The
clinical picture was also similar to that observed in our second

case; however, fungal cultures of our patient’s skin biopsy
and blood and CNS revealed C.albicans and he had multiple
papular lesions scattered over his head, neck and trunk, which
is a rare presentation of Candida. It is important to emphasize
that diagnosis of a patient with IFI in such locations may be
delayed because many physicians are not familiar with this
clinical picture. Despite the broad spectrum of new antifungal
drugs available, there have been challenges reaching adequate
concentrations in various tissues, including the CNS, skin and
epiglottis [16-18]. We successfully treated disseminated IFI in
children with ALL using a combination of LAMB and caspofungin
or VRC.

Concomitant kidney and muscle IFI associated with ALL has
been described in only one child with ALL to date [8]. Patients
with fungal myositis have been diagnosed either on postmortem
examination or during induction for adult leukemia [8-10]. In
parallel with these findings, kidney and muscle involvement of
C. tropicalis were detected at the end of induction treatment
for leukemia in our Patient 3. In this case, we administered
antifungal drug combinations for 4 weeks, after which clinical
and laboratory assessments revealed a dramatic response.
Induction chemotherapy with VRC treatment was continued
without complications. However, her condition then suddenly
deteriorated, with dyspnea, tachypnea and hypoxia, increased
neutrophil count and elevated C-reactive protein level, all
suggesting IRIS syndrome during disseminated candidemia.
Life-threatening pulmonary symptoms are uncommon in
Candida infection but they may be observed during periods of
IFI, presumably as a part of a hyper inflammatory syndrome.
[19,20]. The literature contains a few cases of IRIS syndrome
secondary to Candida caused by exaggerated
inflammatory response during resolution of neutropenia [19,20].
The appropriate diagnosis and identification of IFI in patients
with acute leukemia are of great clinical importance because
IRIS syndrome is reversible with steroid administration, as we
observed with our Patient 3.

infection

Our experience reinforce the finding in previous reports that
long term medical treatment of disseminated IFI with combined
antifungal treatment can be lifesaving in cases with leukemia.
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