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Abstract

Background: Invasive fungal disease (IFD) is a common and important complication in

children with acute myeloid leukaemia (AML). We describe the epidemiology of IFD in

a largemulticentre cohort of children with AML.

Abbreviations: AML, acutemyeloid leukaemia; COG, Children’s Oncology Group; EORTC, EuropeanOrganization for Research and Treatment of Cancer; GM, galactomannan; HSCT,

haematopoietic stem cell transplant; IFD, invasive fungal disease; IQR, interquartile range; PCR, polymerase chain reaction; TERIFIC, The Epidemiology and Risk factors for Invasive Fungal

Infections in immunocompromised Children.
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Methods: As part of the retrospective multicentre cohort TERIFIC (The Epidemiol-

ogy and Risk factors for Invasive Fungal Infections in immunocompromised Children)

study, proven/probable/possible IFD episodes occurring in children with primary or

relapsed/refractory AML from 2003 to 2014 were analysed. Crude IFD prevalence,

clinical characteristics, microbiology and treatment were assessed. Kaplan–Meier sur-

vival analysis was used to estimate 6-month survival.

Results: There were 66 IFD episodes diagnosed in 63 children with AML. The major-

ity (75.8%) of episodes occurred in the context of primary AML therapy. During pri-

mary AML therapy, the overall prevalence was 20.7% (95% CI 15.7%–26.5%) for

proven/probable/possible IFD and 10.3% (95% CI 6.7%–15.0%) for proven/probable

IFD. Of primary AML patients, 8.2% had IFD diagnosed during the first cycle of

chemotherapy. Amongst pathogens implicated in proven/probable IFD episodes,

74.4%were moulds, over a third (37.9%) of which were non-Aspergillus spp. Antifungal

prophylaxis preceded 89.4% of IFD episodes, most commonly using fluconazole (50%

of IFD episodes). All-cause mortality at 6 months from IFD diagnosis was 16.7% with

IFD-relatedmortality of 7.6% (all in cases of proven IFD).

Conclusions: IFD is a commonand serious complicationduringpaediatricAMLtherapy.

Mould infections, including non-Aspergillus spp. predominated in this cohort. A system-

atic approach to the identification of patients at risk, and a targeted prevention strat-

egy for IFD is needed.
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1 INTRODUCTION

The prognosis of children with acute myeloid leukaemia (AML) has

improved significantly over recent years with improvements in treat-

ment and supportive care, along with advances in risk stratification

according to cytogenetics and molecular markers.1–3 Despite this

progress, treatment-related morbidity and mortality, particularly in

relation to infective complications, remain a significant challenge in

children with AML.4,5 Invasive fungal disease (IFD) remains an impor-

tant complication in children with AML and is associated with signifi-

cant mortality.4–7 In a limited number of recent cohort studies, preva-

lence of IFD remains high in childrenwith AML at 20%–25%.8–10

Previous studies describing IFD in Australian children with AML

precedemoderndiagnostic andprophylactic strategies.11,12 In a4-year

single-centre study from2002 to2005, 15% (5/34) of childrenwith pri-

mary AML were diagnosed with an IFD.12 Data from a national paedi-

atric cancer registry between 1997 and 2008 found that 20% of 413

children diagnosed with AML had amicrobiologically confirmed fungal

infection during treatment; specific details on risk factors, microbiol-

ogy, treatment and outcomewere not reported.11

With ongoing advances in chemotherapeutic regimens and support-

ive care measures, it is likely that the epidemiology of fungal infection

in children with AML is evolving. Moreover, the recent shift towards

non-albicans Candida species,13–15 along with the emergence of azole-

resistant Aspergillus spp.16 and non-aspergillus moulds17–20 highlight

the importance of accurate epidemiological data to inform prophylac-

tic, diagnostic and treatment strategies.

The aimof this study is to further describe the epidemiology, diagno-

sis, management and prognosis of IFD in a cohort of childrenwithAML,

analysing data from a retrospective, multicentre cohort study of IFD in

immunocompromised children in Australia from 2003 to 201421,22

2 METHODS

2.1 Study design and population

The Epidemiology and Risk factors for Invasive Fungal Infections in

immunocompromised Children (TERIFIC) study is a retrospective

multicentre cohort study including all children treated for cancer or

undergoing haematopoietic stem cell transplant (HSCT) across four

Australian tertiary paediatric centres. IFD episodes in immunocom-

promised childrenwere retrospectively identified in Brisbane between

2004 and 2014, Melbourne between 2004 and 2014, Perth between

2003 and 2014 and Sydney between 2012 and 2013. IFD episodes

were ascertained through review of hospital oncology, pharmacy

and microbiology databases and diagnostic coding data as previously

described.21,22 Data on baseline demographics, IFD details, IFD
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management and treatment outcome to 6 months from IFD diagnosis

were collected and entered into a centralised and secure web-based

database. Human research ethics approval was granted at each study

centre prior to study commencement.

In all contributing hospitals, administration of antifungal prophy-

laxis and diagnostic investigations were physician dependent. Anti-

fungal prophylaxis was prescribed according to physician preference,

largely consistentwith previous national guidelines recommending flu-

conazole prophylaxis, with itraconazole, an echinocandin or liposomal

amphotericinB as alternatives.23 Regarding diagnosticworkup for IFD,

patients were typically investigated after 3–5 days of persistent fever

including radiological (X-ray, computed tomography and magnetic res-

onance imaging) and microbiological (fungal culture, galactomannan

[GM] and Aspergillus polymerase chain reaction [PCR]) investigations.

The GM assay was available at Brisbane and Sydney for the entire

relevant study periods at those sites and was introduced during the

study period in Melbourne (2005) and Perth (2013). Aspergillus PCR

was available at all sites throughout the study period but was infre-

quently utilised.

The total number of patients diagnosed with AML at each centre

during the study period was collected.

2.2 Inclusion and exclusion criteria

Data on children with a diagnosis of AML were extracted from the

study database. IFD episodes occurring in children with AML post-

HSCT were included in the analysis only if IFD was diagnosed in the

context of relapse of AML, with receipt of cytotoxic chemotherapy

within the last 30 days. IFD episodes occurring in the immediate post-

HSCTperiod (<30days postHSCT) or as a late complication postHSCT

in patients not receiving ongoing AML therapy were excluded.

There was likely some overlap between the cohort included in this

study and the previous report from the Australia Paediatric Cancer

Registry (1997–2008) by Foresto et al.11 There was no overlap with

the single-centre study reported by Hale et al.12 as this centre was not

a site in the TERIFIC study.

2.3 Definitions

IFD episodes were classified as proven, probable or possible accord-

ing to the European Organization for Research and Treatment of Can-

cer (EORTC)/Invasive Fungal Infections Cooperative Group criteria.24

Disseminated IFD was defined as either microbiological or radiologi-

cal findings consistent with an IFD in two ormore noncontiguous sites.

Consistent with previous analysis,25 patients in whom antifungal pro-

phylaxis had been administered for at least 7 consecutive days in the

month prior to IFI diagnosis were classified as having received antifun-

gal prophylaxis.Mortality attributed to an IFDwas determined accord-

ing to the documented opinion of the treating physician and review by

the principal investigator at the respective study centre.

2.4 Statistical analysis

Descriptive analyses were used to report demographic, clinical and

mycological characteristics using median and interquartile range (IQR)

for continuous data and frequency andpercentage for categorical data.

Chi-square test or Fisher’s exact test were used to assess the rela-

tionship between categorical variables, and Mann–Whitney U test or

Kruskal–Wallis test for continuous variables (including age and treat-

ment duration). Crude IFD prevalence with 95% confidence inter-

vals (CI) was calculated for patients at study centres with available

denominator data (Brisbane, Melbourne and Perth) by dividing the

number of children with an IFD during primary AML therapy by the

total number of patients newly diagnosed with AML during the study

period. Denominator data for relapsed AML were not available. Over-

all survival probability was estimated for those who met EORTC crite-

ria for proven/probable/possible IFD using the Kaplan–Meier method

at 6 months from IFD diagnosis. Statistical analyses were performed

using R statistical software.

3 RESULTS

Amongst 348 IFD episodes in 331 children, there were a total 66

separate IFD episodes diagnosed in 63 individual patients with AML

(Table 1). A total of 23 episodes of proven IFD, 13 episodes of proba-

ble IFD and 30 episodes of possible IFD were diagnosed. There were

50 IFD (75.8%) episodes diagnosed during primary AML therapy in

49 patients. The most common study protocols for AML therapy in

children diagnosed with IFD were Children’s Oncology Group (COG)

AAML0531 (53.1%) and COG AAML1031 (16.3%).26,27 Of the IFD

episodes during primary AML therapy, 38.0% (n = 19/50) were diag-

nosed during the first cycle of chemotherapy at a median of 21 days

following AML diagnosis (IQR 17.5–24.5). Of patients with IFD in the

setting of treatment for relapsed/refractoryAML, 37.5% (n=6/16) had

previously undergone HSCT; IFD was diagnosed at a median 354 days

post-HSCT (IQR 198–652).

3.1 Prevalence

IFD prevalence was calculated for episodes occurring in from Mel-

bourne, Brisbane and Perth. There were a total of 232 children diag-

nosedwith primaryAMLduring the study period at these centres (Mel-

bourne n = 108, Brisbane n = 62 and Perth n = 62). There were 65

IFD episodes in 62 patients at these sites (Table 2). IFD prevalence dur-

ing primary AML therapy was 20.7% (95% CI 15.7%–26.5%) overall,

and was similar between sites (Table 2). IFD prevalence during the first

cycle of primary AML therapy was 8.2% (n = 19/232). For proven and

probable IFD, prevalenceduring primaryAML therapywas10.3% (95%

CI6.7%–15.0%)overall, 9.3% (95%CI4.5%–16.4%) inMelbourne, 9.7%

(95% CI 3.6%–19.9%) in Brisbane and 12.9% (95% CI 5.7%–23.9%) in

Perth.
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TABLE 1 Patient characteristics per IFD episode

Total number of IFD

episodes n= 66

Median age, years (IQR) 11.7

(5.8–14.6)

Gender (F) 38 (57.6%)

Disease stage, n (%)

- Primary 50 (75.8%)

- Nonprimary

(relapse/refractory)

16 (24.2%)

Cycle of therapy at diagnosis: primary disease (n= 50)

- 1 19 (38.0%)a

- 2 5 (10.0%)

- 3 8 (16.0%)

- 4 or greater 18 (36.0%)

previous HSCT (n= 6)

Median days post HSCT

(IQR)

354

(198–652)

Donor type: matched sibling 3 (50.0%)

Donor type: matched

unrelated donor

3 (50.0%)

- Umbilical cord 2 (33.3%)

Graft-versus-host disease

within last month

2 (33.3%)

Fungal prophylaxis, n (%)

Any prophylaxis 59 (89.4%)

Fluconazole 33 (50.0%)

Mould active 26 (39.4%)

- Posaconazole 5 (7.6%)

- Voriconazole 3 (4.5%)

- Itraconazole 15 (22.7%)

- Liposomal amphotericin 3 (4.5%)

Other IFD risk factors

Central venous access device

in situ

63 (95.5%)

Steroids in last 3months 11 (16.7%)

- Median duration, days

(IQR)

7 (5–8)

Neutropenia (<0.5 µmol/L)

within 30 days, n (%)
65 (98.5%)

- Median duration, days

(IQR)

21 (13–24)

Abbreviation: IFD, invasive fungal disease.
aMedian day of diagnosis: day 18 (range 7–25).

3.2 Microbiology and site of infection

There were 39 fungal pathogens identified in 36 proven and proba-

ble IFD episodes on microbiological or histopathological examination

(Table 3) (two episodes had twomould pathogens and one episode had

two yeast pathogens identified). Invasive mould infection (IMI) pre-

dominated in both primary AML (80.8% (n = 21/26) of IFD isolates)

and relapsed/refractory AML (61.5% [n = 8/13] of IFD isolates). Non-

aspergillus moulds comprised 37.9% (n = 11/29) of IMI isolates over-

all; Lomentospora prolificans (formerly Scedosporium prolificans) was the

most common species, comprising 63.6% [n = 7/11] of non-aspergillus

mould isolates. All yeast infections were caused by Candida spp. (as

classified at time of diagnosis) including one Candida albicans and nine

non-albicans Candida infections (including four due to Pichia kudriavze-

vii [formerly referred to as Candida krusei]).28

There was no significant difference in age between children with

yeast and mould infections IFD (median age 7.5 years vs. 11.3 years;

p = .289) (Table 4). There was no significant change in the propor-

tion of mould infections comparing the first and second halves of the

study period (65.2% vs. 92.3%; p = .114). Similarly, the number of

mould infections as a proportion of proven/probable IFD episodes was

similar comparing IFD episodes diagnosed during primary AML ther-

apy and episodes occurring during relapsed/refractory AML therapy

(p= .409). Non-aspergillusmouldswere implicated in 20% (n=5/25) of

proven/probable IFD episodes during primary AML therapy and 36.3%

(n= 4/11) of episodes during relapsed/refractory AML therapy.

The site of infection for proven and probable IFD episodes varied

according to causative organism (Figure 1). For mould IFD, the lung

was the primary site in 81.5% (n = 22/27) of episodes. For yeast IFD,

blood was primary site in 88.9% (n = 8/9) of episodes. Disseminated

IFDoccurred in 37.0% (n=10/27) of patientswithmould infection, and

66.7% (n = 6/9) of those with yeast infections. In 96.7% (n = 29/30) of

possible IFDepisodes, the primary sitewas the lung, based on radiolog-

ical findings meeting the EORTC definition.

3.3 Impact of prophylaxis

Overall, 89.4% (n = 59/66) of IFD episodes occurred in patients

who had received antifungal prophylaxis for at least 7 consecu-

tive days in the month prior to diagnosis of IFD, including 97.2%

(n = 35/36) of proven/probable IFD episodes. There was varia-

tion between centres in antifungal prophylactic agent preceding

breakthrough-proven/probable IFD episodes with most occurring in

patients on fluconazole inBrisbane (70.0%, n=7/10) andPerth (64.3%,

n = 9/14), whilst itraconazole was the most common agent used prior

to breakthrough IFD inMelbourne (66.7%, n= 8/12).

A mould was implicated as the causative organism in 77.8% of

proven/probable IFD episodes in patients receiving fluconazole pro-

phylaxis compared to 76.5% in those receiving a mould-active prophy-

lactic agent (p = 1.0) (Table 4). Amongst patients with breakthrough-

proven/probable IFD on mould active prophylaxis (n = 17), the
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TABLE 2 IFD episodes by disease status and study site

Study site Melbourne Brisbane Perth Total

Total primary AML diagnoses 108 62 62 232

IFD episodes

Proven IFD Primary AML (prevalence) 6 (5.6%) 4 (6.5%) 6 (8.1%a) 16 (6.5%a)

Nonprimary AML 0 2 5 7

total 6 6 11 23

Probable IFD Primary AML (prevalence) 4 (3.7%) 2 (3.2%) 3 (4.8%) 9 (3.9%)

Nonprimary AML 2 2 0 4

total 6 4 3 13

Possible IFD Primary AML (prevalence) 10 (9.3%) 7 (11.3%) 7 (11.3%) 24 (10.3%)

Nonprimary AML 4 1 0 5

total 14 8 7 29b

IFD total Primary AML (prevalence) [95%CI] 20 (18.5%)

[11.7%–27.1%]

13 (21.0%)

[11.7%–33.2%]

16 (24.2%a)

[14.2%–36.7%]

49 (20.7%aa)

[15.7%–26.5%]

Nonprimary AML 6 5 5 16

Total episodes 26 18 21 65b

Abbreviation: IFD, invasive fungal disease.
aOne patient had two proven IFD during primary AML therapy.
bExcluding Sydney (one case of possible IFD).

proportion of mould infections was similar between agents (Table 4).

The majority of the proven/probable breakthrough IFD in the mould-

active triazole group occurred in patients on itraconazole prophylaxis

(61.5%, n = 8/13) only one of whom had had a level measured, which

was sub-therapeutic (<0.5mg/L).

3.4 Treatment and survival

The median duration of antifungal treatment was 107 days (IQR 37–

179 days) for IFD episodes: 103 days (IQR 28–180.5) for proven IFD,

151 days (IQR 59–186) for probable IFD and 107 days (IQR 47–154.8)

for possible IFD (p= .68). Of the 14 patients with invasive aspergillosis,

five (35.7%) received initial treatmentwith voriconazolemonotherapy,

four (28.6%) with voriconazole in combination with liposomal ampho-

tericin B (>7 days), four (28.6%) with liposomal amphotericin B fol-

lowed by voriconazole and one (7.1%) with caspofungin monotherapy.

Of the nine patients with invasive candidiasis, eight (88.9%) received

initial treatmentwith liposomal amphotericin B (followed by caspofun-

gin in two and fluconazole in one) and one (11.1%) received caspofun-

gin initially. Of the seven patients with Lomentospora prolificans, three

received combination therapy with voriconazole and terbinafine, one

was treated with posaconazole, one with voriconazole and two passed

away before initiation of directed therapy.

Eleven deaths occurred within 6 months of IFD diagnosis, with

an overall all-cause mortality of 16.7% (Figure 2A). Five deaths

(7.6% IFD-related mortality) were attributed to IFD, all in patients

with proven IFD: four with Lomentospora prolificans infection and

one with candidaemia (C. glabrata). There were six deaths not

attributed to IFD including in three patients with possible IFD,

two with probable IFD (Aspergillus spp.) and one with proven IFD

(C. guilliermondii).

Overall 6-month mortality was not significantly different between

proven/probable IFD episodes (22.2% [95% CI 8.6%–35.8%]) and

possible IFD episodes (10.0% [95% CI 0.0%–20.7%]) (Figure 2B).

Pathogen-specific mortality was highest for Lomentospora prolificans

IFD at 57.1% (n = 4/7), followed by Candida spp. 20.0% (n = 2/10) and

Aspergillus spp. 14.3% (n= 2/14).

4 DISCUSSION

Our multicentre study is one of the largest cohort studies examining

IFD in children with AML. We found a high prevalence of IFD in chil-

dren with AML, despite the majority of patients receiving antifungal

prophylaxis prior to IFDdiagnosis. The overall IFDprevalence of 20.7%

and prevalence of 10.3% for proven/probable IFD during primary AML

therapy inour studyare comparable to recentdata fromAsia,8,10 North

America29 and Europe.9,30,31 The proportion of patients on antifun-

gal prophylaxis varied in these previous studies, with only 5% receiv-

ing prophylaxis in one study,8 whilst in other studies, the majority

of patients received prophylaxis.9,10,30 Similarly the choice of anti-

fungal agent for prophylaxis was heterogenous amongst studies, with

fluconazole29,31 and mould active triazoles10,30 the most common

agents used. Theoverall prevalenceof proven/probable/possible IFD in

our study was also similar to the groups receiving caspofungin (18.9%)

and fluconazole (19.9%) prophylaxis in the recently published trial in

children and young adults with AML by Fisher et al.32 In contrast to

several previous reports,8,29,30 we found a predominance of moulds

amongst causative pathogens, including a significant proportion of
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TABLE 3 Causative pathogens—proven and probable IFD episodes

Primary AML Non-primary AML

Pathogen Proven Probable Proven Probable Total

Moulds 12 9 3 5 29e

Aspergillus spp. 3 8 0 3 14

- A. fumigatus 1 2 2 5

- A. flavus 1 1

- A. niger 1 1

- Aspergillus spp. 1a 5b 0 1c 7

Non-Aspergillusmoulds 6 – 3 2 11

- Mucormycete 2 2

- Lomentospora prolificans 3 3 1 7

- Penicillium spp. 1 1 2

Othermould (not specified)d 3 1 4

Yeasts 5 – 5 – 10e

Candida spp.

- C. albicans 1 1

- C. parapsilosis 1 1 2

- Pichia kudriavzevii 3 1 4

- C. guillermondii 1 1

- C. glabrata 1 1

- Other Candida spp. 1 1

Abbreviation: IFD, invasive fungal disease.
aLung biopsy+ve on histo, culture –ve, serumGM+ve.
bGM+ve 5/6, aspergillus DNA+ve BAL 1/6.
cSerumGM+ve only.
dHistopathology demonstrating fungal hyphae, microbiology negative.
e36 Episodes of proven/probable IFI—39 causative pathogens.

non-Aspergillus spp. Together with the paucity of C. albicans infections,

this data may represent an extension of previously observed trends

towards increases in non-aspergillus moulds and non-albicans Candida

infections in childrenwith cancer6 andmore broadly.13,17

A notable finding in our study was the high proportion of IFD occur-

ringwithin amonth of AML diagnosis; 8.2% of all patients with primary

AML had IFD diagnosed during the first cycle of chemotherapy. The

early onset of IFD observed in our study is in keeping with recent adult

data demonstrating high prevalence of IFD early in AML therapy, con-

sistent with the inherent immunodeficiency associated with the AML

disease process.33 A role for baseline computerised tomography (CT)

imaging for early detection of IFD in adult patients with de novo AML

has been proposed33; however, early imaging is not considered stan-

dard practice at present at adult centres.34 Our findings of high preva-

lence of IFD in the period immediately following AML diagnosis sug-

gest a broad systems based approach is required to identify patients at

highest risk of IFD, implement prophylaxis from the start of treatment

and facilitate timely diagnostic testing to minimise time to initiation of

appropriate antifungal therapy.

Almost 90% of patients in our study received antifungal prophy-

laxis prior to diagnosis of IFD, highlighting the potential limitations

of fluconazole and itraconazole prophylaxis. Fluconazole, which was

the prophylactic agent used in half of IFD cases in our study, may

have insufficient spectrum for the purpose of IFD prophylaxis in this

setting, considering the predominance of moulds and non-albicans

Candida spp.13 It is also possible that use of fluconazole prophylaxis

may have led to selection of more resistant organisms35 although

fluconazole prophylaxis in children with AML has been associated

with a survival benefit, suggesting an overall beneficial impact.36 Itra-

conazole prophylaxis preceded almost one quarter of IFD episodes

in our study. Although itraconazole has a broader spectrum than

fluconazole, including anti-mould activity, efficacy may have been
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TABLE 4 Proven and probable IFD episodes—yeasts versus moulds by age and prophylactic agent

Moulds

Pathogen Yeasts Aspergillus Non-Aspergillus Total moulds

Proven/probable

IFD

Median age, years (IQR) 7.5 (3.5–12.5) 11.3 (8.8–16.1) 9.7 (3.8–12.8) 11.4 (7.3–14.3) 11.1 (5.6–13.6)

Primary AML, n (%) 5 (20%) 11 5 20a (80%) 25

Non-primary AML, n (%) 4 (36.4%) 3 4 7 (63.6%) 11

Timing of diagnosis

2003–2008, n (%) 8 (34.8%) 8 4 15a (65.2%) 23

2009–2014, n (%) 1 (7.7%) 6 5 12a (92.3%) 13

Fungal prophylaxis, n (%)

No prophylaxis 1 (100%) 0 0 0 1

Fluconazole 4 (22.2%) 7 4 14a (77.8%) 18

Mould active 4 (23.5%) 7 5 13a (76.5%) 17

- Posaconazole – 1 2 3 (100%) 3

- Voriconazole 1 (33.3%) – 2 2 (66.7%) 3

- Itraconazole 1 (12.5%) 6 1 7 (87.5%) 8

- Liposomal amphotericin 2 (66.7%) – – 1a (33.3%) 3

Total 9 (25%) 14 9 27a (75%) 36

aIncluding patients with histopathology demonstrating hyphae and negativemicrobiology (total n= 4).

limited in these patients due to a lack of appropriate therapeutic

drug monitoring and the use of older formulations with poor oral

bioavailability.37

Notably, whilst previous regional guidelines from North America38

and Australia23 recommended fluconazole prophylaxis for children

with primary AML, recent European39 and international40 consen-

sus guidelines recommend the use of a mould-active agent in this

population. Newer mould-active antifungal agents and formulations

are now available, presenting a number of options for prophylaxis in

children with AML; the body of data demonstrating safety and effi-

cacy of these agents in children is growing. Posaconazole has been

shown to be superior to itraconazole or fluconazole in preventing

proven/probable IFD in patients ≥13 years of age with AML or

myelodysplasia41 yet is not licensed for use in children less than

13 years of age. Furthermore, attainment of target serum levels is

poor with the available liquid posaconazole formulation.42 There are

promising emerging paediatric data including in children less than

13 years of age suggesting posaconazole delayed-release tablets may

be a suitable option for prophylaxis in childrenwith AMLwith superior

attainmentof target trough levels.43 Similarly, a superior bioavailability

formulation of itraconazole (SUBA-itraconazole) has shown promise

in adult IFD prophylaxis,44,45 with emerging safety and dosing data

in children.46 Echinocandins are another potential option for prophy-

laxis in paediatric AML, as demonstrated in the recent randomised trial

by Fisher et al. showing significant reduction in proven/probable IFD

with caspofungin compared with fluconazole prophylaxis.32 Intermit-

tent liposomal amphotericinB is another approachused in clinical prac-

tice that circumvents the drug interactions associated with triazoles

and the daily intravenous infusion required for echinocandin prophy-

laxis, although efficacy data in children are relatively limited.47 Longer

extended dosing intervals for both amphotericin B and echinocan-

din prophylaxis have been explored, yet efficacy data to support

widespread paediatric use remain limited.48 Additional comparative

data, ideally from prospective paediatric-specific studies are required

to informanoptimal IFDprophylaxis strategy in paediatric AML. Based

on data from the TERIFIC study demonstrating a high proportion of

mould IFD in children with AML, and in line with recent international

guidelines,39,40 the updated national Australian guidelines for anti-

fungal prophylaxis recommend prophylaxis with a mould-active anti-

fungal agent for children with AML.49 Ensuring implementation of

these updated recommendations across paediatric centres is a prior-

ity together with efforts to optimise antifungal prescribing, including

improving consistencyof therapeutic drugmonitoring formould-active

triazoles. Furthermore, with ongoing advances in chemotherapeutic

regimens and supportive care measures, together with the changing

epidemiology of fungal pathogens, it is likely that the epidemiology

of IFD in children with leukaemia will continue to evolve. Real-time

surveillance of IFD epidemiology in oncology patients will be impor-

tant to assess impact of changes in antifungal prophylaxis prescribing

and to inform future prophylactic strategies. Promisingly, recent tech-

nological advances including natural language processing of radiology

reports have shown potential in facilitating prospective surveillance in

adult patients,50 yet there are limited paediatric data examining this

approach to date.
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F IGURE 1 Site of infection: proven and probable invasive fungal disease

The overall mortality of 16.7% in our study is lower com-

pared to some previous reports,8,10,31 possibly due to differences

in period of follow-up, availability of antifungal agents and underly-

ing disease-related risk factors. In contrast, mortality attributable to

proven/probable IFD of 7.6% in our study is higher than reported

in other series.9,29 Lomentospora prolificans, a pathogen with intrin-

sic antifungal resistance associated with a high mortality, was the

causative agent in 80% of proven/probable IFD-attributable deaths in

our study, highlighting the challenges in managing infections caused

by this pathogen.51,52 The relatively high number of Lomentaspora pro-

lificans infections in this cohort compared with international studies

in children with AML may be due to the epidemiological niche of this

organism, which has been predominantly isolated in regions with arid

climates including Australia.53

Therewere several limitations of this study. The retrospective study

design may have led to incomplete ascertainment of IFD episodes. The

impact of this is expected to be small given use ofmultiple data sources

including hospital coding, pharmacy and microbiology databases to

identify IFD episodes, a robust approach that has been demonstrated

to be superior to use of administrative coding data alone, whichmisses

40% of IFD episodes in paediatric cancer patients.54 Data on antifun-

gal prophylaxis in the denominator population was not available, lim-

iting the ability to draw conclusions about efficacy of different pro-

phylactic strategies. Although it is likely that the majority of children

with AML who did not develop IFD received antifungal prophylaxis in

keeping with local and international guidelines,23,40 recommendations

regarding optimal choice of agent differs between guidelines,55 which

is reflected by variations in prescribing in clinical practice.56,57 A

broader understanding of antifungal prophylaxis prescribing is there-

fore required to determine effectiveness of prophylactic strate-

gies. Similarly, we were unable to determine denominator data for

relapsed/refractoryAML, henceprevalencewasonly calculated for pri-

mary AML. The number of IFD episodes occurring outside of primary

AML therapy was not insignificant, highlighting the ongoing risk of IFD

in patients who are receiving therapy for relapsed/refractory AML and

the need for continuing prophylaxis in these patients. Finally, we chose

to include possible IFD in determining prevalence, a groupwhere there

is, by definition, diagnostic uncertainty. The rationale for inclusion of

possible IFD was to allow comparison with previous cohort studies

and also to account for expected heterogeneity in diagnostic approach

between centres. To account for the limitations of including possible

IFD, we also analysed prevalence, impact of prophylaxis, site of infec-

tion and survival separately for proven/probable IFD. The high propor-

tion of possible IFD in this cohort highlights the challenges in diagnos-

ing IFD in children, for whom CT imaging findings lack specificity58,59

and microbiological sampling is often contraindicated, impractical or

inconclusive60; improving consistency of diagnostic approach using

existing tools and further exploration of novel diagnostic strategies

should be prioritised.

In conclusion, this study demonstrates the high burden of IFD

in a cohort of Australian children with AML, including early in pri-

mary chemotherapy, despite widespread use of antifungal prophylaxis,

mostly with fluconazole or itraconazole. The predominance of mould

infections, including a significant proportion of non-Aspergillus species,

is reflective of the changing epidemiology of IFD in immunosuppressed

patients more broadly, highlighting the importance of prospective IFD

surveillance to inform future preventative strategies. Our findings also

support recent consensus recommendations for mould-active prophy-

laxis in children with primary AML.39,40 A systematic approach incor-

porating epidemiological data together with comparative efficacy data
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F IGURE 2 Kaplan–Meier estimates for overall survival for
patients with acutemyeloblastic leukaemia and invasive fungal
disease (A) overall (B) according to EuropeanOrganization for
Research and Treatment of Cancer (EORTC)-MSG classification
comparing proven/probable and possible cases

on antifungal prophylactic approaches is required to identify patients

at highest risk and inform targeted IFD prophylactic and diagnostic

strategies for childrenwith AML.
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