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SUMMARY - Invasive fungal infections (IFI) are life-threatening complications of intensive che-
motherapy treatment, with the incidence in pediatric patients ranging from 2% to 21%. In this article,
we describe our 5-year experience of IFI in pediatric oncology patients and its clinical manifestations
with radiological findings, treatment and outcome. A retrospective and descriptive survey of IFI in
children with hematologic neoplasms was conducted at the Department of Oncology and Hematolo-
gy, Zagreb Children’s Hospital. Medical charts of children 0-17 years of age, of both sexes, treated for
leukemias and lymphomas from January 2016 to December 2020 were reviewed. In a 5-year period,
60 patients were treated for hematologic malignancy, acute lymphoblastic leukemia (ALL) being the
most prevalent diagnosis. IFI was verified in 9 (15%) children, predominantly in patients with ALL
(75%). The specific causative agent was detected in one child, whereas other infections were classified
as probable pulmonary aspergillosis. All the patients received standard prophylaxis with fluconazole
and treatment with liposomal amphotericin B and voriconazole. The majority of our patients achieved
recovery. IFI prevention, diagnosis and treatment remain a challenge. Uniform prophylaxis and ther-
apy protocols, as well as environmental control are of vital importance for the development of better

strategies in the prevention, early detection and treatment of IFI in pediatric hematology patients.
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Introduction

Invasive fungal infections (IFI) are life-threaten-
ing complications of treatment of hematologic malig-
nancies, which remain a major cause of morbidity and

Correspondence to: Domagoj Buljan, MD, Department of
Oncology and Hematology, Zagreb Children’s Hospital, Klaiceva
16, HR-10000 Zagreb, Croatia

E-mail: domagoj.buljan23@gmail.com

Received August 24,2021, accepted January 2, 2022

Acta Clin Croat, Vol. 61, No. 4, 2022

mortality. In pediatric patients, the incidence of IFI
ranges from 2% to 21% and depends on the intensi-
ty of treatment, underlying malignant condition, and
presence of comorbidity factors'*. Early diagnosis and
initiation of appropriate antifungal therapy are essen-
tial for a satisfactory clinical outcome. Unfortunately,
the diagnosis of this opportunistic infection remains a
challenge.

The issue of antifungal prophylaxis in pediatric pa-
tients is still a matter of debate. The use of most active
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agents is limited by the lack of approval in children. In-
formation on optimal dosing and schedule of prophy-
lactic administration in pediatric patients are scarce’.

In this retrospective study, we assessed our 5-year
experience with IFI in children treated for hematolog-
ic malignancies, as well as the time and type of clinical
presentation, diagnostics, etiology, and specific anti-
fungal treatment.

Patients and Methods

A retrospective and descriptive survey of IFI di-
agnosed in children with hematologic malignancies
was conducted at the Department of Oncology and
Hematology, Zagreb Children’s Hospital. Paper and
computer medical charts of children aged 0-17 years,
of both sexes, treated for leukemias and lymphomas
from the beginning of January 2016 to the end of De-
cember 2020 were reviewed. Epidemiologic data (sex
and age) and clinical information regarding malignant
diagnosis (risk group and chemotherapy protocol), as
well as IFI details (time and type of presentation, di-
agnostics, etiology, prophylaxis and specific antifungal
treatment) were extracted and entered in the designat-
ed tables. Basic descriptive statistical analysis was per-
formed. The study was carried out in accordance with
the institutional ethical standards.

Results

Throughout the observed 5-year period, 60 pa-
tients were diagnosed with hematologic malignancy at
our department. The majority of children (45%) were
treated for acute lymphoblastic leukemia (ALL). Hod-
gkin lymphoma (HL) was the second most common
diagnosis (23%), followed by non-Hodgkin lympho-
ma (18%) and acute myeloid leukemia (AML) (8%).

Invasive fungal infections were verified in 9 (15 %)
children, predominantly in patients with ALL (75%).
The first patient diagnosed with IFI in 2016 was pro-
vided for at another institution, and was therefore
excluded from further analysis. Almost two-thirds of
cases were cohorted at the end of 2018 and the be-
ginning of 2019. Three children were situated in fully
equipped rooms (HEPA filter/laminar flow/positive
pressure) when IFI diagnosis was made.

The mean age at diagnosis was 7.7 (range 1-17.5)
years and the disease was equally distributed between
the sexes. All children were diagnosed with IFI during
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first-line chemotherapy regimen. A greater number
of IFT episodes (50%) was detected during the con-
solidation phase, most commonly presenting itself as
prolonged fever with respiratory symptoms during he-
matologic aplasia. The mean duration of febrile neu-
tropenia prior to the diagnosis of IFI was 37 days.

While the lungs were aftected in all IFI cases, sys-
temic involvement (lungs, skin, spleen) was verified in
one patient. A specific causative agent (Scedosporium)
was detected in only one child, whereas other infec-
tions were classified as probable pulmonary aspergillo-
sis. Fluconazole was standard prophylaxis in all eight
patients, while voriconazole proved as an effective an-
tifungal therapy leading to complete recovery in the
majority of cases. Voriconazole was subsequently ad-
ministered to 7 patients for a mean of 95 (range, 43-
178) days, while one of the patients is still receiving
the treatment.

Discussion

The incidence of IFI in children with ALL and
lymphoma is reported to range from 0.01% to 22%,
depending on the chemotherapy protocol, risk catego-
ry and prophylaxis regimen®®. The 18.5% occurrence
of IFI in our patients with ALL is, therefore, in con-
cordance with literature data. On the other hand, ep-
isodes of IFI in children diagnosed with AML vary
between 5% and 13% and are an indirect cause of
death in 5%-18% of patients’'% In our study, only one
patient diagnosed with AML developed IFI but with
severe symptoms and involvement of multiple organs.

Patient-based analysis showed the major risk fac-
tors for IFI to be profound and long-lasting neutro-
penia, highly intensive chemotherapy, allogeneic stem
cell transplantation, relapse, and AML>%. However, all
of our patients experienced an IFI episode during the
first-line treatment that did not include stem cell trans-
plant, and ALL rather than AML proved as a risk fac-
tor. Nevertheless, neutropenia prior to IFI diagnosis was
recorded in all eight patients that were treated according
to the intermediate- or high-risk chemotherapy regi-
mens. Furthermore, a greater number of IFI episodes
(57%) were observed during the consolidation phase of
treatment. Although this observation is not consistent
with recent multicenter studies conducted in Europe
and the United States, according to which IFI is most
likely to occur during the induction phase, our patients
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Table 1. Case description

Patient 1 2 3 4 5 6 7 3

Age 4yearsand 1 |12 years Syearsand 6 |1yearand4 |7yearsand4 |3 yearsand1 |11 yearsand |17 yearsand
month and 9 months months months month 2 months 17 months

months

Sex Female Male Female Female Female Male Male Male

Diagnosis | ALL B-LL ALL-Ph like | ALL ALL ALL AML B-LL

Risk group |IR HR HR IR HR SR IR IR

Time of IFT | 9/2018 9/2018 1/2019 2/2019 3/2019 2/2020 8/2020 12/2020

Proto- ALLIC- EURO ALL IC- ALLIC- ALLIC- ALL IC- Registry B-NHL

col-phase BMF 2009 LB-02 BMF 2009 |BFM 2009 [(BFM 2009 |BFM 2009 |AML-BFM |BFM 2004
Early intensi- | Consolida- | Early intensi- | Consolida- | Consolida- | Reinduction |2012 Induction
fication tion fication tion tion Consolida-

tion
Clinical Febrile neu- | Febrile Febrile Febrile Febrile Prolonged  |Prolonged | Caugh,
presentation | tropenia, neutrope- | neutropenia, |neutrope- neutropenia, |fever, febrile |fever, febrile | prolonged
and labora- |increase in nia,normal |persistence | nia,slightly |increasein | neutropenia, |neutropenia, |fever,febrile
tory find- | inflammatory |inflam- ofhighin-  |elevated inflammatory | increase in  |increasein | neutropenia,
ings parameters | matory flammatory | CRP, cough, |parameters |inflammatory |inflammatory | increase in
(CRP), parameters, | parameters | deterioration | (CRP), parameters | parameters | inflammatory
cough, cough, (CRP), of respiratory | cough, dete- |(CRP) (CRP), fur- | parameters
impaired deterio- cough, dete- | function rioration of uncle on the |(CRP)
respiratory | rationof |rioration of | (oxygen de- |respiratory left chest
function respiratory |respiratory | pendence) function
function function (ox- (oxygen de-
(oxygen de- | ygen depen- pendence)
pendence) | dence)

Duration of |40 11 60 19 25 23 86 30

FN in days

prior to the

diagnosis of

IF1

Imaging Thorax CT  |Lungx-ray |Lungx-ray |Lungx-ray |Lungx-ray |Thorax CT |Thorax,ab- |Lungx-ray

Thorax CT | Thorax CT | Thorax CT | Thorax CT domen and | Thorax CT
pelvis CT

Bronchos- | Yes No Yes Yes No No No No

copy

Etiology |- - - - - - Scedospo- |-

rium

Prophylaxis | Yes Yes Yes Yes Yes Yes Yes Yes

(fluco-

nazole)

Treatment | Voriconazole, | Liposomal | Voriconazole, | Voriconazole, | Voriconazole, | Voriconazole, | Voriconazole, | Voriconazole,
Liposomal amphoteri- | Liposomal | Liposomal Liposomal | Liposomal |Liposomal |Liposomal
amphoteri- |cin B amphoteri- | amphoteri- |amphoteri- |amphoteri- |amphoteri- | amphoteri-
cin B cin b cin B cin B cin B cin B cin B

Clinical Incomplete | Complete | Complete Complete Complete Complete Residual Complete

outcome regression of | regression | regression of |regression of |regression of |regression of |disease regression of
changes of changes | changes after | changes changes after | changes changes

reactivation reactivation
of fungal of fungal
infection infection

ALL = acute lymphoblastic leukemia; AML = acute myeloid leukemia; ALL IC-BFM 2009 = Randomized Trial of the International Ber-
lin-Frankfurt-Minster Study Group for the Management of Childhood non-B Acute Lymphoblastic Leukemia; B-LL = B lymphoblastic
lymphoma; B-NHL BFM 2004 = Randomized Trial of the International Berlin-Frankfurt-Minster Study Group for the Management of
Childhood non-Hodgkin lymphoma; CRP = C-reactive protein; CT = computed tomography; EURO LB-02 = Treatment Protocol for
Lymphoblastic Lymphoma; FN = febrile neutropenia; HR = high risk; IR = intermediate risk; Registry AML- BFM 2012 clinical registry
of children and adolescents with acute myeloid leukemia; SR = standard risk.
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still received high doses of chemotherapy based on the  adolescent and young adult population with results sim-
risk stratification throughout the consolidation phase ilar to ours, showing that children older than 10 years

that could increase the risk of developing opportunistic ~ had higher rates of fungal infection following intensive
17,18

infection. Subsequently, we found another study of the  consolidation or transplantation

Fig. 1. Spiculated subpleural lesion in the anterior part of  Fig. 2. Small nodular infiltration of the lower lung bases,
the left upper lung lobe with ground glass’ opacification  pronounced within the right lung base of partially conflu-
(patient 8). ent appearance (patient 2).

Fig. 3. Multiple, different-sized round infiltrates bilater-  Fig. 4. Multiple confluent lesions bilaterally in the pulmo-
ally in the pulmonary parenchyma with ground glass’in-  nary parenchyma and pulmonary hila (patient 4).
terstitial pattern (patient 3).
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Moreover, several studies have implicated that en-
vironmental factors have a direct influence on fungal
spore concentration in the air in conventional patient
rooms (contamination), as well as air filtration systems
in air conditioners, thus increasing the risk of develop-
ing IFT¥. During March 2019, we quantitatively eval-
uated the presence of fungi and bacteria in the indoor
air at our department. According to the Portuguese
model, Diario da Republica n.°235/2013, 1° Suple-
mento, Serie I de 2013-12-04, the overall quantity of
fungi and bacteria did not cross the reference value
(the overall concentration of bacteria in the indoor air
must be lower than the concentration outdoors +350
cfu/m3, while the overall concentration of molds in the
indoor air must be lower than outdoors). The manda-
tory conditions to ensure adequate air quality include
HEPA filters, positive air pressure (>15 Pa) in rooms
with an air change of >20 volumes, as recommended
by the consensus conference?®*..

Almost two-thirds of our cases were cohorted at
the end of 2018 and the beginning of 2019. Our find-
ings are consistent with the results reported by Bel-
langer ez al., whose multivariate analysis showed that
winter was especially associated with a higher risk of
fungal aero-contamination, probably due to an active
heating system®. However, a significant number of IFI
cases in this period were not affected solely by the win-
ter season but by construction work in proximity.

According to the latest internationally accepted
EORTC/MSG criteria, IFI are defined as proven
(histopathological evidence for fungal elements in the
affected tissue, with or without proven fungus by cul-
ture), probable (a combination of host factors, clinical
and radiological features and mycologic evidence), and
possible (clinical and imaging findings and host factors
consistent with IFI but without mycologic support)*.In
our study, a specific causative agent (Scedosporium) was
detected in one patient only through the skin furun-
cle biopsy on the left side of the thorax. Furthermore,
small nodules surrounded by a halo (ground-glass
opacification) were detected on computed tomography
(CT) scan of the lungs (Fig. 1, patient 8 in Table 1).
In addition, abdominal CT verified a hypodense in-
homogeneous lesion in the spleen with post-contrast
imbibition. Based on the above mentioned criteria, a
proven systemic IFI with involvement of the lungs,
skin and spleen was diagnosed. According to earlier
studies, other non-Aspergillus molds are increasingly
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identified in cases of documented IFI, as observed in
our patient. In the study by Mor ez al., ten cases of As-
pergillus infection and two Zygomycetes infections were
detected, in addition to the infection with Fusarium
spp. Their findings probably represent diverse etiolo-
gies of invasive mold infections and the current emer-
gence of non-Aspergillus mold infections?.

Respiratory symptoms, predominantly cough,
were the most prominent ones diagnosed in all pa-
tients alongside prolonged fever during hematologic
aplasia (febrile neutropenia). Patient characteristics
and IFI clinical course, diagnostics and treatment are
shown in Table 1. The most remarkable imaging re-
sults are shown in Figures 1-4. All of the patients in
our study had elevated C-reactive protein with normal
or slightly elevated procalcitonin, and cough as one of
the main symptoms. Thus, thorax CT was performed
with findings of typical ground-glass opacification in
some patients. CT of the lungs should be performed
in high-risk patients with persistent fever for more
than 96 hours who are unresponsive to broad-spec-
trum antibiotic therapy?**. Furthermore, endoscopically
obtained bronchoalveolar lavage (BAL) for microbi-
ological diagnosis can be performed in order to make
more accurate and causative diagnosis of IFI*®. How-
ever, the diagnostic yield of BAL ranges between 25%
and 50%, and depends on the causative organism, the
risk profile of the patient analyzed, and the quality of
the sample®?. Moreover, the feasibility of perform-
ing bronchoscopy and obtaining large enough sample
volumes is more challenging in neutropenic cancer
children with lung infiltrates accompanied with dete-
rioration of respiratory function. Bronchoscopy with
BAL was performed in three of our patients and stan-
dard pathogen tests for identifying fungi in addition to
common bacteria, mycoplasma, and tuberculosis were
negative. The reasons for failure to identify the caus-
ative fungus in our patients could have been due to
previous antifungal prophylaxis, the numbers of spec-
imens obtained, the technique and time schedule for
work-up of samples, and the interpretation of results®.
However, based on the clinical course, long-term fe-
brile neutropenia unresponsive to standard treatment
and radiological findings, all children were diagnosed
as having IFI.

The most commonly recommended agent for an-
tifungal prophylaxis is fluconazole, although it is not
sufficiently active against Aspergillus spp., the second
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most common cause of IFI*. Extended-spectrum
azoles (voriconazole, posaconazole) possess anti-mold
activity, whereas echinocandins (caspofungin) exhib-
it fungicidal activity against Candida spp. However,
in our research, we did not detect invasive candidia-
sis; a shift towards mold infection might be the ef-
fect of fluconazole prophylaxis which lacks the activity
against molds®32. According to the new guidelines
from May 2020, the recommended antifungal pro-
phylaxis in patients diagnosed with AML, relapsed
ALL at a high risk of IFI, patients undergoing alloge-
neic hematopoietic stem cell transplant (HSCT) and
those receiving systemic immunosuppression for the
treatment of graft-versus-host disease includes echi-
nocandins or mold-active azoles®*. Our retrospective
research included only one patient diagnosed with
ALL during 2020, but stratified as standard risk lym-
phoblastic leukemia. Therefore, in our 5-year study,
all of the patients received standard prophylaxis (flu-
conazole). All of them were treated with liposomal
amphotericin B as the first-line treatment according
to the guidelines for febrile neutropenia®. In the
majority of patients, following a thorax CT scan, an-
tifungal therapy was changed to voriconazole due to
persistent and prolonged fever and a high suspicion of
Aspergillus infection. Therapeutic drug monitoring of
voriconazole was performed every two weeks”. Fur-
thermore, voriconazole was the first choice of treat-
ment for the patient with verified hyalohyphomyco-
sis that constitutes a heterogeneous group of fungi
including Scedosporium. According to the literature,
the mortality associated with IFI has been decreasing
in recent years with early detection but remains quite
significant. A recent French study in HSCT centers
showed a 12-week mortality of 18% in patients with
probable/proven aspergillosis, while in an Italian study
the mortality was 27% in patients with AML and as-
pergillosis, and 1-year mortality of approximately 70%
was recorded in US patients undergoing HSCT and
developing IFT**.

Despite all of the above mentioned antifungal
agents and environmental control, IFI prevention, di-
agnosis and treatment still remain a challenge. Larger
prospective, multicenter studies using uniform pro-
phylaxis and treatment protocols are of vital impor-
tance for the development of better strategies for the
prevention, early detection and treatment of IFI in pe-
diatric hematology patients.
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Sazetak

INVAZIVNE GLJIVICNE INFEKCIJE U DJECE LI]ECENE ZBOG HEMATOLOSKIH MALIGNIH
BOLESTI - PETOGODISNJE ISKUSTVO

D. Buljan, 1. Kranjéec, I. Pavic, P Krnjaic, S. Salz'g, G. Jakovljevici J. Stepan Giljevic

Invazivne gljivi¢ne infekcije (IFI) Zivotno su ugrozavajuce komplikacije lije¢enja hematoonkoloskih bolesnika, uéestalost
kojih je od 2% do 21%. Ovaj ¢lanak prikazuje nase petogodisnje iskustvo s IFI u pedijatrijskih onkoloskih bolesnika, njihove
klinicke prezentacije te ishoda lijecenja. U Zavodu za onkologiju i hematologiju Klinike za dje¢je bolesti Zagreb provedeno
je retrospektivno i deskriptivno istrazivanje ucestalosti IFI u djece u dobi od 0-17 godina oboljele od hematoloskih malignih
bolesti. Pretrazeni su medicinski podaci djece oba spola koja su lijecena u Zavodu zbog leukemije i limfoma u razdoblju od
sijecnja 2016. do prosinca 2020. godine. U petogodisnjem razdoblju hematoloska bolest dijagnosticirana je u 60 bolesnika, a
prevladavala je dijagnoza akutne limfoblasti¢ne leukemije (ALL). IFI je dijagnosticirana kod 9 bolesnika, preteZito kod onih
oboljelih od ALL. Specifi¢ni uzro¢nik dokazan je u samo jednog bolesnika. Svi bolesnici primili su standardnu profilaksu flu-
konazolom te terapiju liposomnim amfotericinom B i vorikonazolom. U vedine bolesnika postignut je oporavak. Poboljsanje
prevencije i lije¢enja IFI moglo bi se posti¢i postojanjem ujednalenih protokola za profilaksu i lije¢enje kao i bolje kontrole
koncentracije gljivi¢nih spora u bolesnickim sobama.

Kljuéne rijeci: Antifungalni lijekovi; Hematoloske bolesti; Invazivne gljivicne infekcije
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