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ABSTRACT

Background: Invasive fungal diseases (IFD) pose significant challenges in paediatric oncology. Their management is compli-
cated by limited paediatric-specific evidence, lack of standardised protocols and variability in resources across centres. This
study assessed current practices and addressed the challenges in the prevention, diagnosis and treatment of IFDs in paediatric
oncology centres across Germany, Austria and Switzerland.

Methods: A questionnaire was distributed to senior paediatric oncologists in 70 paediatric oncology centres across Germany,
Austria and Switzerland, gathering data on centre infrastructure, infectious disease (ID) expertise, annual cumulative IFD in-
cidence in 2023, diagnostic tools, antifungal prophylaxis, treatment and follow-up practices for IFD. Responses were analysed
descriptively.

Results: Sixty-two centres responded, with a median of 56 (IQR 40-75) new oncological diagnoses per centre; 54.8% of centres
managed allogeneic HCT patients. IFDs were reported in 88.7% of centres, with a median cumulative IFD incidence of 4.6% (IQR
3.0%-5.9%). No significant association was found between cumulative IFD incidence and the number of transplants, antifungal
prophylaxis protocols and availability of ID consultation services. ID consultation was available in 58.1% of centres, with 24/7
support provided in 41.7% of these centres. Larger centres more frequently had paediatric ID specialists, ID consultation services
and access to therapeutic drug monitoring.

Conclusions: The observed heterogeneity in mycology expertise and IFD management strategies across centres reflects the
inherent complexity of IFDs and the diagnostic and therapeutic uncertainties amid limited evidence. Strengthening oncology-ID
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networks and implementing digital consultation platforms may promote high-quality, equitable care, particularly for those with

fewer in-house resources.

1 | Introduction

Paediatric cancer patients and allogeneic cell transplant recipi-
ents are at high risk for invasive fungal diseases (IFD). Key risk
factors include prolonged chemotherapy-induced neutropenia,
corticosteroid therapy and immunosuppression used for pro-
phylaxis or treatment of graft-versus-host disease (GVHD) in
the transplant setting. Early diagnosis of IFD based on clinical,
radiological and microbiological evaluation, including serum ga-
lactomannan screening, although its sensitivity markedly drops
in children receiving mould-active prophylaxis [1] and timely
appropriate treatment including surgery where feasible are the
cornerstones of effective management [2, 3]. Best practices for
diagnosis and management of IFDs in children are detailed in
several national and international guidelines [3-7]. However, it
remains unclear to what extent the recommendations of these
guidelines have been implemented in clinical practice within
paediatric oncology. Moreover, real-world application of EORTC/
MSG definitions, criteria that are widely used in clinical practice
to identify patients at risk for IFD, can be challenging, with over
40% of paediatric cases falling outside the probable or proven cat-
egories [8, 9]. Despite advances in the clinical management of pa-
tients at risk [10], new and improved diagnostic methods [11, 12],
and approval of new antifungal agents [11, 13], the complexity
of individual cases presents a continuous challenge hampering
standardisation of management practices.

A clear framework for healthcare professionals, outlining expected
practices in accordance with current clinical guidelines, is essen-
tial to ensure equitable prevention, diagnosis and management of
fungal infections in paediatric patients. In this context, tools like
the paed-EQUAL score, a point-based scoring system developed
to enhance guideline adherence in the management of candidae-
mia in children and neonates, represent a promising step toward
standardising clinical practices and improving antifungal stew-
ardship [14]. Current variations in regional and institutional prac-
tices are due to several factors, including lack of recommendations
based on robust evidence on antifungal prophylaxis for all patient
populations at risk, limited clinical trials conducted in paediatric
populations, differences in the availability of microbiological tests
across centres and varying levels of clinical expertise [15-17]. We
assessed current practices in prevention, diagnosis and manage-
ment of IFDs in paediatric cancer centres in Germany, Austria
and Switzerland to identify institutional and regional approaches
to provide a starting point for a strategic roadmap for development
of future paediatric antifungal stewardship programmes.

2 | Methods

A survey addressing current practices in IFD prophylaxis, diag-
nosis and treatment was compiled in two virtual calls based on
similar previous surveys in different medical settings [18, 19]. The
survey was developed using the TIVIAN (Cologne, Germany)
online survey platform and extensively pilot-tested for final mod-
ifications. Paediatric oncologists from all paediatric oncology

centres registered within the Society for Pediatric Oncology
and Hematology (Gesellschaft fiir Pddiatrische Onkologie und
Hiamatologie, GPOH) were invited via email with the link to the
survey to reply to the questionnaire in June 2024. Responses from
one, preferentially senior-level physician responsible for manag-
ing IFDs in haematological-oncological patients <18years were
allowed for each centre.

In brief, the questionnaire covered topics such as the respondent'’s
professional role, memberships in mycology-related societies, par-
ticipation in clinical studies and publications on mycological top-
ics, centre characteristics such as the availability of microbiological
and imaging diagnostic tools for fungal infections, paediatric on-
cology diagnoses and allogeneic HCT cases in 2023, the number of
paediatric patients diagnosed with proven or probable fungal in-
fections according to the current EORTC/MSG criteria [8] in 2023,
the use of national and international guidelines for IFD manage-
ment, the availability of standard operating procedures (SOPs) for
prophylaxis, diagnosis and treatment of IFDs, and approaches to
antifungal prophylaxis and treatment for pulmonary aspergillo-
sis and candidaemia as the most common IFDs in children in the
oncological setting (survey in Table SI). A reminder to complete
the survey was sent after 2months to maximise response rates.
Responses were assessed for completeness and consistency, and
questions were resolved with the participant via email.

Statistical analysis was performed using SPSS version 29.0.0
(SPSS Inc., Chicago, IL, USA). Responses were analysed descrip-
tively using frequencies and percentages for categorical variables
and medians with interquartile ranges for continuous variables.
Mann-Whitney U Test was used to compare distribution between
groups. To assess relationships between the number of invasive
fungal infection cases in 2023, the annual number of paediatric
patients with newly diagnosed cancer, the number of patients with
HCT, established SOPs for antifungal prophylaxis and availability
of ID consultation service, linear regression analyses were per-
formed. These variables were chosen as candidate predictors for
the following reasons: first, HCT is a well-established risk factor
for IFD, owing to prolonged neutropenia, GVHD and high-dose
immunosuppression in that population; second, we assumed that
centres with formal SOPs for antifungal prophylaxis are likely to
have more consistent risk stratification and drug dosing practices
and ensure prompt prophylaxis in higher-risk patients, which may
reduce breakthrough infections; and last, routine ID consultation
allows for rapid review of emerging fevers by ID specialists, earlier
and potentially more elaborative diagnostic work-up, and timely
initiation or adaptation of antifungal therapy, all of which can in-
fluence the detection and eventually true incidence of IFD. For all
tests, a significance level p <0.05 was used to determine statistical
significance.

The Ethics Committee of the University Hospital of Cologne
and the regional Physician's Chamber (Ethik-Kommission der
Arztekammer Nordrhein-Westfalen, Diisseldorf, Germany)
were consulted, and both confirmed that no formal approval or
authorisation was required to conduct this survey.
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3 | Results

Responses were available from 62 out of 70 centres (88.6%),
including 51 of 58 invited German centres, five of six Austrian
centres and six Swiss centres (Figure 1). In 54 centres (87.1%),
respondents were department heads or senior physicians
(Table 1).

The median number of new paediatric oncology diagnoses
reported in 2023 was 56 (IQR 40-75, range 14-160), with a
median of 13 (IQR 7-28) children who underwent allogeneic
haematopoietic cell transplantation (HCT) managed in 34
(54.8%) centres.

A paediatric ID specialist was available in 58.1% (36/62) of the
centres, either board-certified (6/6 in Switzerland) or having a
certified ID training (28/51 in Germany and 2/5 in Austria).

A paediatric ID department or section was available in 35.5%
(22/62) of centres. Most centres (53/62, 85.5%) had access to an

expert in antimicrobial stewardship overseeing the paediatric
oncology department.

A paediatric ID consultation service was available in 58.1%
(36/62) of centres, with 24/7 consultation availability in 41.7%
(15/36). Centres with an ID consultation service had a signifi-
cantly higher number of new paediatric oncological diagnoses
compared to those without (median 46 vs. 68, p=0.008). In
Switzerland, the centres had a dedicated ID department, a 24/7
ID consultation service and regular multidisciplinary meetings.
In Germany and Austria, 30% of centres had comparable ser-
vices, and most operated during regular working hours from
Monday to Friday. Regular interdisciplinary ID meetings were
reported in 37.1% (23/62) of centres.

In 2023, proven and probable IFD were reported in 88.7% (55/62)
of centres, with a median cumulative IFD incidence weighed
by number of new diagnoses of 4.6% (IQR 3.0%-5.9%). Linear
regression revealed the numbers of new paediatric oncology
diagnoses (B=0.052, 95% CI: 0.035-0.070, p<0.001) predicted
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FIGURE1 | Distribution of 62 participating paediatric oncology centres (red) in Germany (51), Austria (5) and Switzerland (6) (invited centres

without reply in grey). Source: www.google.de/maps.
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TABLE1 | Characteristics of participating paediatric experts and oncology centres.
N (%) Overall Austria Germany Switzerland
Participating paediatric oncology clinics
Participant female sex 62 (100.0) 5(8.1) 51(82.3) 6(9.7)
Professional role 19 (30.6) 1(20.0) 14 (27.5) 4(66.7)
Head physician 9 (14.5) 0(0.0) 8 (15.7) 1(16.7)
Head physician female sex 1(11.1) 0(0.0) 1(2.0) 0(0.0)
Senior physician 45 (72.6) 5(100.0) 36 (70.6) 4(66.7)
Senior physician female sex 13 (28.9) 1(20.0) 9(17.6) 3(50.0)
Specialist physician 8(12.9) 0(0.0) 7 (13.7) 1(16.7)
Specialist physician female sex 5(62.5) 0(0.0) 4(7.8) 1(16.7)
Additional ID specialisation
At children's hospital 36 (58.1) 2 (40.0) 28 (54.9) 6 (100.0)
At paediatric oncology centre 6(9.7) 0(0.0) 6(11.8) 0(0.0)
Membership in mycological societies 25 (40.3) 4(80.0) 20 (39.2) 1(16.7)
National societies 23(37.1) 3(60.0) 19 (37.3) 1(16.7)
International societies 6(9.7) 2(40.0) 3(5.9) 1(16.7)
Participation in mycological studies 10 (16.1) 2(40.0) 6(11.8) 2(33.3)
Participation in clinical trials 2(3.2) 0(0.0) 2(3.9) 0(0.0)
Publications on mycology topics 20 (32.3) 3(60.0) 15(29.4) 2(33.3)
Department of ID 22(35.5) 1(20.0) 15(29.4) 6 (100.0)
ABS expert at children's hospital 53 (85.5) 5(100.0) 43 (84.3) 5(83.3)
Paediatric ID consultation service 36 (58.1) 2 (40.0) 28 (54.9) 6 (100.0)
Available 24/7 15 (24.2) 1(20.0) 8(15.7) 6 (100.0)
Regular interdisciplinary meetings 23(37.1) 2(40.0) 17 (33.3) 4(66.7)
SOPs available, any 55(88.7) 3(60.0) 47 (92.2) 5(83.3)
SOP available for Px, Dx and Tx 36 (58.1) 3(60.0) 30 (58.8) 3(50.0)
For antifungal prophylaxis 52(83.9) 3(60.0) 44 (86.3) 5(83.3)
For fungal diagnostics 37 (59.7) 3(60.0) 31 (60.8) 3(50.0)
For antifungal treatment 47 (75.8) 3(60.0) 41 (80.4) 3(50.0)
NRZMyk known 45 (72.6) 4(80.0) 39 (76.5) 2(33.3)
NRZMyk contacted? 25 (40.3) 1(20.0) 24 (47.1) 0(0.0)

Note: All cells are reported as N (%). Percentages for groups with N <10 should be interpreted cautiously due to small denominators.

Abbreviations: Dx, diagnostics; ID, infectious disease; NRZMyk, German National Reference Center for Invasive Fungal Infections; Px, prophylaxis; SOP, standard

operating procedure for managing invasive fungal infections; Tx, treatment.

2Contacted for expert species identification, conducting susceptibility testing and result interpretation, or therapeutic advice on complicated cases.

IFD cases, while the number of HCT patients (p=0.104) and the
availability of ID consultation services (p =0.992) were not sig-
nificant predictors.

Research in clinical mycology was conducted in 16.1% (10/62) of
centres, with two centres in Germany participating in antifungal
regulatory registration trials. Twenty centres (32.5%) published

mycology-related research. Membership in ID societies was re-
ported by 35.5% (22/62) of centres, with the national German
Society for Paediatric Infectious Diseases (DGPI) representing
the group with the largest presence (20/62 centres, 32.2%). In
Germany, memberships in the German-speaking Mycological
Society (DMykG) were reported by two centres. Additionally,
memberships in international societies such as the European
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Confederation of Medical Mycology (ECMM), European Society
for Paediatric Infectious Diseases (ESPID), Infectious Diseases
Society of America (IDSA) and International Society for Human
and Animal Mycology (ISHAM) were reported in 6 out of 62
centres (9.7%).

3.1 | Diagnostic Capabilities

SOPs for diagnosing IFDs were available in 59.7% of centres
(Table 1), with culture, direct microscopy and histopathology
performed in 91.9% (51/62). Galactomannan testing in any ma-
terial was available in 93.5% of centres. Access to PCR (85.5%),
next-generation sequencing (NGS) (43.5%), 3-D-Glucan testing
(53.2%) and in vitro susceptibility testing (72.6%) varied across
centres (Figure 2). All centres with an ID consultation service
(36/36) versus 84.6% of centres without such a service (22/26)
performed galactomannan testing (p=0.027). Of those cen-
tres that had susceptibility testing capabilities, 71.1% (32/45)
assessed minimum inhibitory concentration (MIC) in every
IFD case where culture was available, and 28.9% (13/45) as-
sessed MICs only for certain pathogens or when resistance is
suspected. In centres without in-house susceptibility testing re-
sources, 47.1% (8/17) never performed MIC testing, 29.4% (5/17)
tested all cases and 23.5% (4/17) in certain cases.

In all centres, imaging studies including ultrasound, X-ray,
computed tomography (CT) and magnetic resonance imaging
(MRI) were available, and in the vast majority also positron
emission tomography (PET)-CT or PET-MRI and bronchoscopy
(Figure 2). Fifty-seven centres (57/62, 91.9%) provided informa-
tion on image-guided biopsy capacity; of these, 93.0% (53/57;
85.5%, 53/62) reported the ability to perform CT- or sonographic-
guided biopsies locally. CT imaging was available 24h a day in
97% of centres, and MRI imaging in 80.6%.

3.2 | Antifungal Prophylaxis and Treatment
Practices

Antifungal prophylaxis and treatment followed the national
paediatric AWMF guideline, and the two current interna-
tional guidelines for paediatric cancer patients in all centres
[3, 20, 21]. Other guidelines for IFD management, such as the
global ECMM/ISHAM [22-26] or the IDSA clinical practice
guidelines [6, 27] were used by nine and six centres, respectively.

SOPs for antifungal prophylaxis and treatment existed in 83.9%
(52/62) and 75.8% (47/62) of the centres, respectively. Variability
of antifungal prophylaxis and treatment strategies was noted
across centres. Antifungal prophylaxis was used in all centres,
with liposomal amphotericin B (L-AMB) either daily or inter-
mittently being the most commonly used modality across dif-
ferent risk groups (Figure 3). In patients with acute myeloid
leukaemia (AML), high-risk acute lymphoblastic leukaemia
(ALL) and relapsed acute leukaemia, posaconazole was the
second most frequently used modality, and in allogeneic HCT
patients, voriconazole. In GVHD and augmented immunosup-
pression, centres used L-AMB, posaconazole, or voriconazole
for prophylaxis in a comparable frequency.

Antifungal treatment variability was noted. Empiric therapy
was the predominant approach in 74.2% (46/62) of centres, ini-
tiated in cases of fever and neutropenia, whereas pre-emptive
strategies, relying on biomarkers and imaging results, were se-
lected to be the preferred in the remaining.

In patients with candidaemia, the preferred first-line antifungal
therapy was L-AMB in 45.1% and one of the echinocandins in
41.9% of the centres, with fluconazole being the first-line agent
in 12.9% (Figure 4A). Four centres selected more than one pre-
ferred first-line agent and 16 centres more than one alternative
agent. The first-line echinocandin for candidaemia was pro-
portionally higher in centres with paediatric ID consultation
services compared to centres without an established ID service
(52.8% vs. 26.8%, p=0.067). In 24 (38.7%) centres, the treatment
duration was at least 14days after the first negative blood cul-
ture, while in the others, the treatment length was based on in-
dividual decision making.

For invasive pulmonary aspergillosis, L-AMB was the preferred
first-line agent in 71.0% of centres, followed by voriconazole
(37.1%) (Figure 4B). Fourteen centres reported more than one
preferred first-line agent, and 24 centres more than one alterna-
tive agent. Combination antifungal therapy was chosen as the
preferred first-line option only in centres with established SOPs
for antifungal treatment (19.1% vs. 0.0% in centres without anti-
fungal treatment SOPs; p=0.098).

In-house therapeutic drug monitoring (TDM) of voriconazole
was available in 51.6% of the centres but was less frequently
available for posaconazole (38.7%) and isavuconazole (19.4%).

The German National Reference Center for Invasive Fungal
Infections, affiliated with the Leibniz Institute for Natural Product
Research and Infection Biology, Hans Kndll Institute (Leibniz-
HKI) in Jena, was known to 72.6% of centres, with centres from
Austria (1/5) and Germany (24/39, 61.5%) utilising it, mostly for
expert species identification and in vitro susceptibility testing.

Follow-up in cases of candidaemia included routine blood cul-
tures at all centres, and abdominal sonography in 87.1% (54/62)
to assess organ involvement (Figure 5). Echocardiography and
ophthalmoscopy were performed in 54.8% and 61.3% of centres,
respectively. The use of ophthalmoscopy and echocardiography
during follow-up of candidaemia was not significantly associ-
ated with the number of diagnoses per year, the availability of
ID consultation services, and ID expertise.

Follow-up CT of the chest for invasive pulmonary aspergillosis
was performed in all but one centre that preferred thorax MRI
over CT. Cranial MRI or CT was employed in 58.1% of centres to
evaluate for central nervous system involvement. Additionally,
galactomannan testing was used in the follow-up setting of as-
pergilloses by 75.8% of the centres.

3.3 | Challenges in IFD Management

Twenty-five (40.3%) centres identified challenges in the man-
agement of IFDs. These centres reported limitations in IFD
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tics. Crypto AG, Cryptococcus antigen; GM, galactomannan; Histo, histopathology; Micro, microscopy; NGS, next generation sequencing; Suscept,
susceptibility testing. Colour code: % percentage (orange), N: number of cases (blue shades). (B) Diagnostic imaging and procedures. Bronch, bron-

choscopy; CT, computed tomography; IGB, image-guided biopsy; MRI, magnetic resonance imaging; PET, PET-CT/PET-MRI; Sono, sonography;

Xray, radiography. $IGB responses are available from 57/62 centres (47/51 Germany, 5/5 Austria, 5/6 Switzerland).

awareness, difficulties in managing drug-drug interactions be-
tween antifungal agents and chemotherapeutics, delays and com-
plexity in interpreting fungal biomarkers (often due to reliance on
external laboratories), and prolonged turnaround times for TDM.
Box 1 provides an overview of these limitations and outlines tar-
geted strategies to address them, including enhanced training

programmes, the development of decision-making tools and stan-
dardised guidelines, and practical recommendations for manag-
ing drug interactions. In addition, regular joint clinical rounds
and case discussions can strengthen interdisciplinary collabora-
tion between oncology and ID specialists, ultimately improving
both the diagnosis and therapeutic outcomes of IFD.
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AML 59.7

High-risk ALL

Relapsed acute leukemia

allogeneic HCT 29.0

GvHD and augmented
immunosuppression

24.2 8.1 3.23.2

75.8 97 3.2 4.8
3.2
75.8 97 .5 4.8

9 3.2
32 113 483, 403

21.0 17.7

145 32,9 37.1

B AMB mPOSA mVRC EFLU ®HITRA EMCFG B CASP m No prophylaxis = NA

FIGURE 3 | Preferred antifungal prophylaxis in different patient populations in 62 paediatric cancer centres (percent). ALL, acute lymphocytic
leukaemia; AMB, liposomal amphotericin B; AML, acute myeloid leukaemia; CASP, caspofungin; FLU, fluconazole; GVHD, graft-versus-host disease;
HCT, haematopoietic cell transplantation; ITRA, itraconazole; MCFG, micafungin; NA, not applicable; POSA, posaconazole; VRC, voriconazole.

4 | Discussion

This study, which is the first comprehensive analysis of how
paediatric oncology centres in German-speaking countries are
logistically equipped, and how they prevent, diagnose and man-
age IFDs, demonstrates differences in antifungal prophylaxis,
diagnostic capabilities and treatment strategies. Most centres
have antimicrobial stewardship programmes and ID experts,
and more than half have dedicated paediatric ID consultation
services. In Germany and Austria, paediatric ID has not been
recognised as an independent specialty yet.

Membership in national and less frequently in international
ID societies was reported by one-third of the centres, reflect-
ing an interest in the latest developments and guidelines in ID,
which is crucial for patient management and effective antifun-
gal stewardship. National societies often have a more localised
focus and can be more accessible for individuals and organisa-
tions within a specific country; therefore, it is not surprising
that membership in national ID societies was more common
than in international societies. Antifungal stewardship and ID
experts play a critical role in providing structured guidance on
antifungal therapy and training physicians. The added value of
close collaboration between ID specialists and oncology teams
for patient care, especially in complex fungal infection cases,
is well known [28]. Therefore, the involvement of both paedi-
atric oncologists and ID specialists is crucial for the optimal
management of immunocompromised patients. Furthermore,
integrated training programmes that combine both disciplines
may prove beneficial in the future.

Centres that manage more paediatric oncological patients per
year were more likely to have in-house access to advanced di-
agnostic tools, had established paediatric ID consultation ser-
vices, and held regular interdisciplinary meetings to discuss
patients. This aligns with findings from previous studies sug-
gesting larger institutions are comprehensively equipped due to
higher patient volumes and better medical infrastructure [29].
Centres with fewer patients often relied on external laborato-
ries, with potentially longer turn-around times until results
become available that may or may not lead to suboptimal

treatment decisions. Early diagnosis and tailored treatment
strategies are associated with better outcomes in patients with
IFDs; thus, a high level of suspicion for IFDs in addition to suf-
ficient infrastructure is important to direct diagnostics and an-
tifungal treatment effectively [30].

Standard diagnostic methods, such as microscopy, culture and
histopathology, were available in almost all centres, whereas
more advanced diagnostic tools like NGS, galactomannan
and B-D-glucan testing were less commonly available. A re-
cent Austrian survey also demonstrated considerable inter-
institutional variation in access to molecular and antigen assays,
even among tertiary centres [31]. Centres with established ID
consultation services were more likely to utilise galactoman-
nan testing, potentially indicating the critical interplay between
clinical expertise and diagnostic capabilities. Interpreting galac-
tomannan indices requires careful consideration of local epide-
miology, clinical history and symptoms, necessitating advanced
expertise and preferably an interdisciplinary team to guide
treatment decisions [32-34].

Diagnostic infrastructure in paediatric cancer centres faces
several limitations. Radiologists, preferentially with a special-
ised training in paediatric patients and paediatric oncologists
must have high expertise in diagnosing and managing paediat-
ric IFD to minimise misdiagnosis. Additionally, although MRI
is theoretically available around the clock, the need for seda-
tion in paediatric patients may restrict access due to potential
limited availability of anaesthesiologists. Such restrictions can
lead to delays in diagnosis but also in treatment decisions being
made without sufficient imaging information, increasing the
risk for undertreatment in these vulnerable patients.

The reported median cumulative IFD incidence of 4.6% is rela-
tively high, and most likely reflects the high percentage of leu-
kaemia patients with and without HCT who are at an increased
risk for IFD but might still be underestimated. Prospective data
from six hospitals in Chile, including 777 high-risk febrile neu-
tropenia episodes in children with cancer, revealed varying IFD
frequencies across different cancer types and an overall rise over
time. Among the 257 persistent high-risk febrile neutropenia
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A 50
M First-line First-line alternative
40
£ 30
3
= 20
N
; mm | HE D
L-AMB Echino Combi
Overall B 28(45.2%) 26 (41.9%) 8(12.9%) 3 (4.8%) 4(6.5%)
N=62 25 (40.3%) 11 (17.7%) 12 (19.4%) 24 (38.7%) 5(8.1%)
Austria [ ] 1(20%) 4 (80%) 0(0%) 0(0%) 0 (0%)
N=5 2 (40%) 1(20%) 0(0%) 2 (40%) 1(20%)
Germany W 26(50.9%) 19 (37.3%) 7 (13.7%) 2 (3.9%) 4(7.8%)
N=51 19 (37.3%) 9(17.6%) 10 (19.6%) 20 (39.2%) 3(5.9%)
Switzerland H 1(17%) 3 (50%) 1(17%) 1(17%) 0 (0%)
N=6 4(67%) 1(17%) 2 (33%) 2(33%) 1(17%)
B 80
M First-line First-line alternative
70
60
__ 50
T
g 40
]
X 30
20
0 I I
L-AMB POSA Echino ISAV Combi
Overall B 44(71.0%) 23 (37.1%) 4 (6.5%) 1(1.6%) 1(1.6%) 9 (14.5%)
N=62 14 (22.6%) 24 (38.7%) 19 (30.6%) 14 (22.6%) 9 (14.5%) 12 (19.4%)
Austria [ | 2 (40%) 3 (60%) 1 (20%) 0 (0%) 1 (20%) 0 (0%)
N=5 2 (40%) 2 (40%) 1 (20%) 2 (40%) 0 (0%) 1 (20%)
Germany I 38(74.5%) 19 (37.3%) 3 (5.9%) 1 (2.0%) 0 (0.0%) 8 (15.7%)
N=51 10 (19.6%) 18 (35.3%) 16 (31.4%) 11 (21.6%) 7 (13.7%) 10 (19.6%)
Switzerland H 4 (67%) 1(17%) 0 (0%) 0 (0%) 0 (0%) 1(17%)
N=6 2 (33%) 4 (67%) 2 (33%) 1(17%) 2 (33%) 1(17%)

FIGURE 4 | First-line antifungal of choice and alternative for (A) candidaemia and (B) invasive pulmonary aspergillosis in 62 paediatric cancer
centres. Combi, antifungal-combination therapy; Echino, echinocandin; FLU, fluconazole; ISAV, isavuconazole; L-AMB, liposomal amphotericin
B; POSA, posaconazole; VRC, voriconazole. (A) Candidaemia (centres with multiple preferred first-line (N=4) or alternative agents (N=16) were
included based on their respective choices). (B) Invasive pulmonary aspergillosis (centres with multiple preferred first-line (N=14) or alternative
treatments (IN=24) were included based on their respective choices).
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Overall, N=62 62 (100%) 54 (87.1%) 34 (54.8%)  38(61.3%)
Austria, N=5 5 (100%) 5 (100%) 4 (80%) 4 (80%)
Germany, N=51 51 (100%) 44 (86.3%) 26 (51%) 29 (56.9%)
Switzerland, N=6 6 (100%) 5 (83%) 4 (67%) 5 (83%)
B 100
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T 60
()
>
~ 0
< 4
20
0
CT Chest cMRI, cCT Xray Chest
Overall, N=62 61 (98.4%) 36 (58.1%) 24 (38.7%) 47 (75.8%)
Austria, N=5 5 (100%) 3 (60%) 4 (80%) 1(20%)
Germany, N=51  50(98%)  29(56.9%) 18(35.3%) 41 (80.4%)
Switzerland, N=6 6 (100%) 4 (67%) 2 (33%) 5(83%)

FIGURE 5 | Follow-up strategies for candidaemia and invasive pulmonary aspergillosis in 62 paediatric cancer centres. (A) Candidaemia. BC,
blood culture; Echocard, echocardiography; Ophthal, ophthalmoscopy, Sono, sonography abdomen. (B) Invasive pulmonary aspergillosis. cCT, cra-
nial computed tomography, GM, galactomannan, MRI, magnetic resonance imaging.

episodes, IFD incidence increased from 8.5% (95% CI: 5.2-13.5;
8.7 per 1000 neutropenia-days) in 2004-2006 to 14.6% (95% CI:
10.5-19.9; 13.6 per 1000 neutropenia-days) in 2016-2020 [35].
Evaluating how specific resources impact IFD incidence is chal-
lenging because of multiple confounding factors, including the
local epidemiology, patient demographics, antifungal prophy-
laxis use, heterogeneity in diagnostic practices, expertise and
awareness levels, infrastructure quality, personnel workload,
and potentially also recall and reporting bias.

Our survey identified heterogeneous approaches to antifungal
prophylaxis and treatment across centres. L-AMB (BII recom-
mendation [3]) was the most commonly used prophylactic an-
tifungal, likely favoured for its broad-spectrum activity and
absence of a relevant drug-drug interaction profile compared to
azoles. However, the need for slow intravenous administration
and the lack of legal authorisation for this indication are dis-
advantages. Azoles, while effective against moulds, should be

used with caution, as they can lead to significant drug-drug in-
teractions with chemotherapeutic drugs like vincristine, cyclo-
phosphamide and methotrexate, which may be associated with
significantly more side effects [36, 37]. In a recent cohort study
among patients with ALL, posaconazole as prophylaxis was
linked to a 93% lower risk of adverse events (HR: 0.07, p <0.001)
compared with L-AmB, while maintaining comparable rates
of breakthrough fungal infections in both high- and low-risk
groups [38]. Evidence on the optimal antifungal prophylaxis
for distinct patient subgroups, including non-high-risk ALL pa-
tients, is limited, resulting in varied clinical practices and a lack
of universal standardised prophylaxis guidelines [39].

For candidaemia, centres predominantly preferred L-AMB (AII
recommendation [3]) and echinocandins (AII [3]) as first-line
therapies, despite the comparable efficacy of both drug classes
but a superior safety profile of echinocandins [40]. It is import-
ant to note that the paed-EQUAL Score for candidaemia was not
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BOX1 | Challengesin Managing Fungal Infections in Paediatric Cancer Centres and Targeted Strategies for Improvement.

Challenges

Targeted strategies

Limited awareness and training due to low incidence of
IFDs and limited experience

Drug-drug interactions between antifungal agents and
chemotherapeutics, impacting efficacy and increasing the
risk for breakthrough IFD

Delays and complexity in interpreting fungal biomarkers,
especially with external laboratories

Delays in TDM, often requiring external laboratories

« Provide education and training programs
+ Develop decision-making tools and standardised
guidelines

» Create practical guidelines for managing such interactions
« Promote use of antifungal agents that have fewer
interactions

Utilise in-house expertise from pharmacists

« Standardise testing protocols to avoid excessive or
unnecessary tests

» Improve in-house diagnostic capacity

+ Train medical staff in interpreting fungal biomarkers

Use point-of-care tests

Establish in-house TDM capabilities for key antifungal
agents
Adopt rapid testing platforms

Abbreviations: IFD, invasive fungal disease; TDM, therapeutic drug monitoring.

evaluated in this study, as its development was conducted in par-
allel with our investigation [14].

Invasive aspergillosis was primarily managed using L-AMB
(BII recommendation [3]), followed by voriconazole (AII), de-
spite the unfavourable drug-drug interactions between azoles
and chemotherapeutics [36, 37].

Many centres have to rely on external services for TDM, for
example, commonly for isavuconazole and posaconazole, that
may lead to delay in treatment adjustments required for opti-
mising trough levels for activity or to avoid toxicity [41]. TDM is
particularly important for voriconazole due to the compound's
high intra- and interindividual pharmacokinetic variability, and
exposure-dependent toxicities [42]. Faster turnaround times can
be achieved with more in-house capabilities and standardised
approaches, especially where on-site tools are limited.

Participation in mycology-related research and clinical trials was
limited, particularly among smaller centres. This may reflect the
challenges of conducting paediatric trials with particularly strin-
gent regulations for children, the complexity of IFDs involving
various pathogens and indications, and the already small popula-
tion of paediatric patients affected by IFDs. Strengthening collab-
oration between centres and standardising data collection could
facilitate multicentre studies. Further investment in continuous
training in the ID supportive care and IFD management in pae-
diatric patients and fostering interregional collaboration among
experts could address gaps in knowledge and practice, ultimately
improving patient outcomes.

Several limitations of this fixed-response survey must be ac-
knowledged. Centre-level self-reporting may have introduced
a reporting bias as we did not verify against patient-level data.
Thus, intra-centre variability or actual adherence to reported
strategies could not be accounted for. Key terms likely varied in

interpretation across centres, for example, ID consultation ser-
vice that may span everything from informal phone advice to
formal multidisciplinary rounds, and availability of SOPs which
can range from detailed, regularly updated guidelines to general
checklists, which make comparisons between infrastructure and
actual clinical behaviour complicated. We acknowledge that the
absence of a detectable association between the reported cumu-
lative IFD incidence and availability of SOPs for antifungal pro-
phylaxis or availability of ID consultation service in our data may
not reflect a true lack of protective effect of the latter but may
be considered artefacts of reporting and diagnostic complexity
in paediatric oncology. Furthermore, SOP implementation and
established ID consultation services may drive more rigorous
case finding due to screening and potentially lower diagnostic
thresholds, which could paradoxically lead to more IFD cases in
respective centres despite benefiting clinically from prophylaxis
and expert review. On the contrary, centres with fewer resources
may under-detect IFD which would in turn mask any positive
effect of prophylaxis protocols or additional involvement of ID
specialists. The pre-defined options for prophylaxis, diagnostics,
and treatment pathways focused on pulmonary aspergillosis and
candidaemia as the most frequent paediatric IFDs, so we could
not assess approaches to less common IFDs like mucormycosis
or fusariosis. Due to the clinical complexity of paediatric IFD
and the broader scope of our questionnaire, in-depth analyses in
specific patient populations remain an important goal for future
studies. Collecting patient-level data in future studies would also
then allow for linking centre-level capabilities to clinical end-
points such as time to diagnosis or IFD-related mortality.

To the best of our knowledge, this is the first study aiming at
systematically mapping current practices in the prevention, di-
agnosis and management of IFDs in paediatric cancer centres
across German-speaking countries. With the high response rate,
we were able to provide a representative picture on institutional
and regional approaches in Germany, Austria and Switzerland.
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Our work highlights critical gaps, for example, in diagnostic
availability and antifungal drug monitoring, where harmonisa-
tion across centres could significantly reduce variability in care
and improve outcomes. Addressing these gaps will require sig-
nificant investment in infrastructure, training and personnel,
as well as strengthening interregional collaborations between
experts. Furthermore, investing in robust digital infrastructure
and fostering networks between healthcare providers and spe-
cialists would deliver the expertise directly to patients regardless
of their location, ensuring standardised and optimised patient
management. This overview may serve as a starting point for the
development of a strategic roadmap toward future paediatric an-
tifungal stewardship programmes.
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