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Summary

Background: Epidemiology and management practices of invasive fungal diseases
(IFD) after allogeneic haematopoietic stem cell transplantation (HSCT) are a subject
of constant change. We investigated the contemporary incidence, diagnostics, anti-
fungal management and outcome at a major paediatric transplant centre in Germany.
Methods: The single-centre retrospective observational study included all paediatric
allogeneic HSCT patients (pts) transplanted between 2005 and 2015. Patient-related
data were assessed up to 365 days post-transplant. The primary endpoint was the
incidence of possible, probable and proven IFDs. Secondary endpoints included di-
agnostics and antifungal treatment; analysis of risk factors; and overall survival with
the last follow-up in January 2017.

Results: A total of 221 first (196), second (21) or third (4) procedures were performed
in 200 pts (median age: 9 years, range, 0.5-22) for leukaemia/lymphoma (149) and
non-malignant disorders (72). Prophylaxis was administered in 208 HSCT procedures
(94%; fluconazole, 116, mould-active agents, 92). At least one computed tomography
scan of the chest was performed in 146, and at least one galactomannan antigen
assay in 60 procedures. There were 15 cases of proven (candidemia, 4; aspergillosis,
4) or probable (aspergillosis, 7) IFDs, accounting for an incidence rate of 6.8%. Overall
mortality at last follow-up was 30%; the occurrence of proven/probable IFDs was
associated with a reduced survival probability (P < .001).

Conclusion: Morbidity and mortality from IFDs at our institution were consistent
with data reported from other centres. Utilisation of healthcare resources for pre-

vention, diagnosis and management of IFDs was considerable.

KEYWORDS

children, diagnostics, management, mycoses, transplantation

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2019 The Authors. Mycoses published by Blackwell Verlag GmbH

172 wileyonlinelibrary.com/journal/myc

Mycoses. 2020;63:172-180.


www.wileyonlinelibrary.com/journal/myc
mailto:﻿
https://orcid.org/0000-0003-1188-393X
http://creativecommons.org/licenses/by/4.0/
mailto:andreas.groll@ukmuenster.de

LINKE ET AL.

1 | INTRODUCTION

For more than five decades, paediatric allogeneic haematopoietic
stem cell transplantation (HSCT) is providing a curative option for
children and adolescents with a variety of diseases, including leu-
kaemia, congenital or acquired bone marrow insufficiency, severe
immunodeficiency, anaemia or inborn errors of metabolism.? While
in malignant diseases, the leading cause of death post-transplant is
relapse, allogeneic HSCT is also associated with an elevated risk of
infectious morbidity and mortality. This is the result of the patient's
compromised immune system to which many factors contribute,
such as the underlying disease, previous chemotherapies, the type
and intensity of the conditioning regimen, donor choice, stem cell
source, and occurrence of acute and chronic graft-versus-host dis-
ease (GVHD).®?

Bacterial, viral and fungal infections are frequently observed in
children and adolescents post-transplant.®”® Invasive fungal disease
(IFD) is a life-threatening condition. Early detection is crucial, but still
difficult despite recent progress in the diagnosis of IFDs in immu-
nocompromised hosts. The two most common paediatric IFDs are
invasive candidiasis and invasive aspergillosis.® However, data about
the epidemiology of IFDs in paediatric stem cell transplant recipients
and the utilisation of healthcare resources for prevention, diagnosis
and management are limited and a subject of constant change. To
assess the current status in this dynamic field, we investigated the
contemporary incidence, diagnostics, antifungal management and
outcome at a major paediatric transplant centre in Germany over an

extended period of time.

2 | METHODS

The study was a retrospective, single-centre observational cohort
study of all children, adolescents and young adults who underwent
allogenic HSCT between 2005 and 2015 at the Center for Bone
Marrow Transplantation of the Department of Pediatric Hematology
and Oncology of the University Children's Hospital Miinster. The
ethical policies of the journal, as noted on the journal's author guide-
lines page, have been adhered to: written informed consent for data
collection and analysis was obtained within the consent procedure
for cancer treatment, HSCT and specialised medical care approved
by the local institutional review board.

The Department of Pediatric Hematology and Oncology serves
a population of five million people in the Northwest of Germany.
Each year, 140 to 160 unselected patients with the diagnosis of
new or recurrent cancer are admitted. The haematopoietic stem
cell transplant programme performs approximately 30 allogeneic
and 10 autologous HSCT procedures per year and is accredited by
the Joint Accreditation Committee of the International Society for
Cellular Therapies and the European Society for Blood and Marrow
Transplantation (JACIE).

Patients scheduled to receive allogeneic HSCT. Patients were

housedinsingle HEPA-filtered rooms until discharge postengraftment

and received penicillin, ciprofloxacin and metronidazole as antibacte-
rial prophylaxis from admission to the first episode of fever, non-ab-
sorbable polyenes and fluconazole from admission until day + 100 as

standard antifungal prophylaxis and trimethoprim/sulfamethoxazole

TABLE 1 Demographic and transplantation-related

characteristics of 221 allogeneic haematopoietic stem cell

transplantations in 200 patients

Pasrameter

Age

Sex
1st HSCT procedures
2nd or 3rd procedures
Diagnoses
Leukaemia/lymphoma
Bone marrow failure
Primary immune/metabolic disorder
Non-malignant haematological disease
Solid tumour
Donor
MUD
MSD
Mismatched donor (related/ unrelated)
Preparative regimen
Myeloablative/non-myeloablative
Stem cell source
Bone marrow
Peripheral blood stem cells
Cord blood

Neutrophil engraftment

First discharge

GvHD
Acute, grade I/ 1l
Acute, grade lll/ IV
Chronic (any)
Viral reactivation/infection
EBV
CMV
Adenovirus
Bacterial bloodstream infection
Gram-positive

Gram-negative

No. (%) of Procedures
or median value

median 9y (range,
0.5-22)

male 121, female 79
196
25

149
49
18

147
47
27 (5/ 22)

149/ 72

148
72
1

median 22 d (range
9-50d)

median 34 d (range
17-194 d)

97 (43.9%)
33 (14.9%)
39 (17.6%)

117 (52.9%)
44 (19.9%)
25 (11.3%)

44 (19.9%)
25(11.3%)

Abbreviations: CMV, cytomegalovirus; EBV, Epstein-Barr virus;
GVHD, graft-versus-host disease; HSCT, haematopoietic stem cell
transplantation; MSD, matched sibling donor; MUD, matched unrelated

donor.
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postengraftment through day + 365. Ceftazidim plus gentamicin was
used as initial regimen for empiric antibacterial therapy at the time of
the study. Interventions for persistent or recurrent fever consisted
of blood cultures, pulmonary computed tomography (CT) imaging,
galactomannan-screening in blood in the case of pulmonary lesions
and appropriate modification of antibacterial therapy. Modifications
of the initial prophylactic antifungal regimen and/or initiation of em-
pirical, pre-emptive or targeted antifungal treatment were not regu-
lated per standard operating procedure but at the discretion of the
respective attending physician.

For each patient, clinical, radiographic and microbiological data
up to day + 365 post-transplant were extracted from the medical
information system. Data collection was accomplished by a pseud-
onymised standardised case report form. The primary endpoint
was the incidence of possible, probable and proven IFDs through
day + 365 according to the 2008 revision of the criteria set forth by
the European Organization for Research and Treatment of Cancer-
Invasive Fungal Infections Cooperative Mycoses Study Group
(EORTC/MSG).? Secondary endpoints included the analysis of risk
factors potentially associated with proven/probable IFDs; the util-
isation of pulmonary computed tomography (CT) imaging, galacto-
mannan antigen testing and bronchoscopies; the use of systemic
antifungal agents for prevention and management of suspected
or proven/probable IFD; and IFD-related mortality and survival
probabilities.

Data were tabulated and analysed using descriptive statistics.
Risk factors potentially associated with proven/probable IFDs were
analysed by regression analysis and survival probabilities through
January 2017 by the Kaplan-Meier method.'° Since no back-to-back
tandem procedures were performed in this population, the number
of transplantation procedures was used as denominator throughout
with the exception of the analysis of survival probability.

3 | RESULTS

3.1 | Patient cohort and demographics

Between 2005 and 2015, 200 patients underwent 221 allo-

geneic haematopoietic stem cell transplantation procedures.

TABLE 2 Incidence of possible,
probable, and proven invasive fungal
disease (IFDs) among 221 allogeneic
hematopoietic stem cell transplantations
in 200 patients prior to and following
allogeneic hematopoietic stem cell
transplantation IFD category
Possible
Probable
Proven

Total

probable + proven

Patient-specific demographic characteristics, transplant-related
data, and occurrence of systemic viral reactivations and bacterial
bloodstream infections are summarised in Table 1. The median age
at the time of transplantation was nine years, and there was a slight
preponderance of male patients (60.5%). Most patients had a hae-
matological malignancy, had a matched unrelated donor and had
received bone marrow transplants following a myeloablative pre-
parative regimen. The median time to neutrophil engraftment was
22 days, and the median time to first discharge from the hospital was
34 days, respectively. Grade Il and IV acute GVHD was diagnosed
in 14.9% of the episodes, and chronic GVHD developed in 11.3%.
Reflecting the overall degree of immunosuppression, reactivation of
systemic viral infections occurred after the majority of episodes and
Gram-positive or Gram-negative bloodstream infections in 19.9 and
11.3%, respectively (Table 1).

3.2 | Prevalence and incidence of invasive
fungal diseases

Table 2 illustrates the prevalence and incidence of possible, prob-
able and proven invasive fungal disease in relation to defined periods
before and after transplant. Prior to admission for transplantation,
eight probable (6; invasive pulmonary aspergillosis) or proven (2; can-
didemia due to Candida albicans and C kefyr, respectively) IFDs had
occurred in 7 patients (cumulative incidence rate, 3,6%). One patient
with probable aspergillosis died with active disease shortly after en-
graftment, while a second patient with probable aspergillosis died
with controlled disease from unrelated causes on day + 246. A third
patient with probable aspergillosis developed a second episode of
probable invasive pulmonary aspergillosis beyond day + 180 but ulti-
mately survived (Tables 2 and 3). Following admission and transplan-
tation, within the first 365 days, 15 cases of proven/probable IFDs
were diagnosed in a total of 221 transplantations, accounting for an
incidence rate of 6.8% post-transplant. The cases were evenly distrib-
uted over the time periods from transplantation until neutrophil en-
graftment (2.8%), from neutrophil engraftment until day + 180 (1.8%)
and after day + 180 (3.7%). Proven IFDs included four cases of inva-
sive aspergillosis (Aspergillus fumigatus and Aspergillus spp in two cases

each) and 4 cases of Candida bloodstream infections (C dubliensis, 2;

IFDs
between IFDs between
IFDs before  transplantation  neutrophil IFDs Total IFDs
transplanta- and neutrophil engraftment  beyond after trans-
tion engraftment and day + 180 day +180 plantation
n % n % n % n % n %
18 8.1 23 104 6 2.7 0O O 29 13.1
2.7 2 0,9 0 0 5 23 7 3.2
0.9 3 1.4 2 0.9 3 14 8 3.6
26 11.8 28 12,6 8 3.6 8 3.6 44 19,9
8 3.6 5 2,3 2 0.9 8 3.6 15 6.8
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C lusitaniae,1; and C dubliensis plus C parapsilosis, 1). The latter were
due to pan-susceptible organisms and were breakthrough infections
on posaconazole suspension (1), low-dose liposomal amphotericin B
(1 mg/kg;1) and therapeutic doses of caspofungin (2) Probable IFDs
included 7 cases of invasive aspergillosis (three based on a positive
culture (A fumigatus, 2; Aspergillus flavus, 1) and four on positive
serum galactomannan, accounting for an incidence rate of proven/
probable invasive aspergillosis and candidemia of 5 and 1.8%, respec-
tively (Table 2). Univariate analysis of patient demographics, trans-
plant characteristics and transplant-related complications revealed
the presence of chronic GVHD and Adenovirus replication in blood as
being significantly associated with the development of proven/prob-
able IFDs (Table S1). The detailed clinical characteristics of all patients
with probable and proven IFD are summarised in Table 3 (Table 3).

3.3 | Utilisation of imaging studies and
microbiological diagnostics

Figure 1 depicts the number of imaging studies during the transplant
period. At least one chest CT was performed in 146 of 221 trans-
plant procedures (66%); findings compatible with pulmonary mould
infection were found in one-third of the imaging studies. Imaging of
the brain, the abdomen (by MRT) and the paranasal sinuses was or-
dered in < 10% of transplantations (Figure 1). Invasive fungal disease
involving the central nervous system was documented by MRl in two
cases, both in the period of long-term follow-up after discharge from
the paediatric BMT unit.

At least one galactomannan assay in blood was performed in 60
of 221 transplant procedures (27%). The assay was less frequently
applied in bronchoalveolar lavage fluid (9), pleural fluid (1) and ce-
rebrospinal fluid (1). A bronchoscopy was documented in 20 cases
(9%); in five cases, one or more microbiological criteria of invasive
aspergillosis were detected. Blood cultures grew Candida in 6 cases

(2.7%; two pretransplant); moulds were not detected.

3.4 | Antifungal prophylaxis and treatment

Figure 2 illustrates the flow of utilisation of antifungal prophylaxis
and treatment. Prophylaxis was administered in 208 HSCT proce-
dures (94%,; fluconazole, n = 116, mould-active agents, n = 92 (posa-
or voriconazole, 19; liposomal amphotericin B, 72; micafungin, 1).
In 113 procedures, mould-active therapy mostly (>90%) in form of
liposomal amphotericin B was initiated due to persistent fever and/
or further IFD criteria (monotherapy, n = 88; modified monotherapy,

n = 8; combination therapy, n = 18) (Figure 2).

3.5 | Overall mortality

Overall mortality in the 200 patients at the last follow-up, one year

after the inclusion of the last patient, was 30%; in 7 instances, death

was attributable to IFD (IFD-related overall mortality: 3,5%; IFD-
related case fatality rate: 46.7%). The diagnosis of proven/probable
IFD post-transplant was associated with a significantly reduced sur-
vival probability in comparison with patients without IFD (31.3% vs
70.1%; P = .001) (Figure 3) and in comparison with patients fulfilling
criteria of possible IFDs (31.3% vs 67.6%; P = .007) (Figure 3).

4 | DISCUSSION

Allogeneic haematopoietic stem cell transplantation (HSCT) carries
risks for an array of relevant and life-threatening infections. In this
retrospective single-centre study, we analysed the incidence and the
outcome of invasive fungal diseases (IFDs) in paediatric patients un-
dergoing allogeneic HSCT in a large European stem cell transplant
programme. The diagnosis of possible, probable and proven IFDs
was based on the criteria elaborated by the European Organization
for Research and Treatment of Cancer-Invasive Fungal Infections
Cooperative Mycoses Study Group (EORTC/MSG) for the purpose
of clinical research studies.? In the 11-year period between 2005 and
2015, 200 patients underwent 221 transplant procedures; all cases
of IFDs from the beginning of the preparative regimen until the last
follow-up in January 2017 were included in the analysis. The total in-
cidence of possible, probable and proven IFDs was 19.9% post-trans-
plant; probable and proven IFDs accounted for 6.8%. We did not find
a difference in the numbers of probable and proven IFDs which is in
contrast to a study published recently.!* This difference may be due
to the fact that the relatively higher frequency of probable IFDs was
observed in the population of unselected paediatric haemato-onco-
logical patients and not exclusively in allogeneic HSCT recipients.
Candida and Aspergillus species were the predominant fungal or-
ganisms, and the lower respiratory tract and the bloodstream were
the main sites of infection. These data are similar to those published
from other centres.}?15 Most cases of IFDs were identified in the
period beyond day + 180 post-transplant. Considering the eight
cases of IFDs in the treatment phase before admission for allogeneic
HSCT, a total of 23 cases of probable and proven IFDs were diag-
nosed in 20 patients until last follow-up post-transplant. Of note,
more than half of the 15 cases diagnosed post-transplant occurred
after day + 180, and univariate analysis revealed the presence of
chronic GvHD as the only statistically significant predictor for prob-
able or proven IFDs (P = .004). Similar findings were also reported
by a contemporary paediatric study where chronic GvHD was iden-
tified as a major risk factor for IFDs after day + 100 postallogeneic
HSCT.* The cumulative overall mortality of the entire cohort at the
last follow-up was 30% with a significant difference in the survival
probability between patients with probable and proven IFDs relative
to patients with possible IFDs (P = .026) and no IFDs (P = .001). In
seven of the 12 patients who died with a diagnosis of probable and
proven IFDs, death was directly attributable to fungal disease (3.5%).
Systemic antifungal prophylaxis is strongly recommended by
current paediatric guidelines for patients undergoing allogeneic

HSCT, and in the absence of factors indicating a high risk for
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TABLE 3 Clinical characteristics of patients with probable and proven invasive fungal diseases (IFDs)

Year of EORTC
No. mf Age SCT Diagnosis class. Period
1 f 22 2008 HD, 2nd probable before SCT
relapse
2 m 6 2010 ALL probable before SCT
3 3 2010 AML probable Tx-engraftment
4 f 13 2011 MDS probable Tx-engraftment
5 m 15 2011 CML probable LTFU7
6 f 15 2011 AML probable before SCT
7 f 15 2013 AML, probable LTFU
relapse
8 m 17 2014 ALL probable before SCT
9 1 2015 ALL probable LTFU
10 m 3 2015 AML 2 episodes, 1) before SCT 2)
probable LTFU
11 m 5 2006 ALL, proven Tx-engraftment
relapse
12 m 14 2010 MDS proven engraftment-
day + 180
13 m 10 2010 MDS proven engraftment-
day + 180
14 m 16 2011 NHL proven LTFU
15 15 2013 VSAA proven Tx-engraftment
16 w 18 2014 FA proven Tx-engraftment
17 m 5 2015 AML proven before SCT
18 17 2015 ALL proven LTFU
19 m 4 2015 XLP 1) probable 1) LTFU 2) LTFU
2) proven
20 m 13 2015 VSAA 1) probable 1) before SCT 2)
2) proven before SCT

Fungus Localisation Imaging/endoscopy
Asperg. fumigatus lung CT thorax

- lung CT thorax

- lung CT thorax

Asperg. flavus lung CT thorax bronchosc.

Lung meninges

CT thorax MRI head

bronchosc.
- lung CT thorax
Asperg. fumigatus lung bronchosc. x-ray thorax
- Lung CNS CT thorax bronchoscopy
MRI head
- lung CT thorax
- lung CT thorax
Asperg. fumigatus Broviac -
catheter
Asperg. ssp Lung CNS CT thorax CT head
Asperg. fumigatus diss. CT thorax bronchosc.
Asperg. ssp lung CT thorax
Cand. dubliensis diss. ultrasound spleen
gastroscopy
Cand. dubliensis blood =
Cand. albicans blood -
Cand. lusitaniae blood -
1) Asperg. Fumigatus 1) lung 2) blood CT thorax

2) Cand. dubliensis,

Cand. Parapsilosis

1) Asperg. spp. 2)
Cand. Kefyr

1) CT thorax 2)
blood, spleen

CT thorax ultrasound,
MRI abdomen

Abbreviations: ALL, acute lymphoblastic leukaemia; AML, acute myeloic leukaemia; Asperg, Aspergillus; bronchosc, bronchoscopy; Cand, Candida;
CT, computed tomography; diss, disseminated; FA, Fanconi anaemia; galactom or GM, galactomannan; GM, galactomannan antigen; HD, Hodgkin
disease; LAmB, liposomal amphotericin B; LTFU, long-term follow-up; m f, male female; MDS, myelodysplastic syndrome; NHL, Non-Hodgkin-
Lymphoma; PCR, polymerase chain reaction; TMP/SMX, trimethoprim + sulfamethoxazole; VSAA, very severe aplastic anaemia; XLP, X-linked

lymphoproliferative disease.

invasive mould disease, fluconazole remains an evidence-based
option.r? In the patient cohort analysed in this study, fluco-
nazole was the primary choice in 52.4% of all HSCT procedures;

a mould-active systemic antifungal compound was administered

for prophylaxis in 41.5%, and in 5.8% transplant procedures,
mould-active therapy was already started before the admission
for transplantation. The fluconazole dose administered at our cen-

tre at the time of the study was 6 mg/kg body weight and day and
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Culture galactom./PCR Other Therapy Outcome
tracheal secretion - - LAmB Voriconazole Caspofungin dead
- GM serum - LAmB dead
- GM serum - LAmB Caspofungin granulocyte dead
transfusions
- GM/PCR bronchial LAmB Voriconazole Caspofungin  alive
secretion
- GM bronchial - LAmB Voriconazole dead
secretion
- GM serum - Voriconazole LAmB Caspofungin  alive
tracheal secretion/  GM serum and - LAmB Caspofungin dead
bronchial brush bronchoalveo-
lar fluid/pleural
secretion
= GM serum/ bron- - Voriconazole LAMB alive
choalveolar fluid
- - 3-D-Glucan TMP/SMX alive
- GM serum LAmB Voriconazole alive
intra-operative direct Voriconazole Caspofungin alive
smear, catheter tip microscopy
- GM serum autopsy LAmB Caspofungin Posaconazole dead
- GM serum direct mi- LAmB dead
croscopy
bronchial
secretion,
autopsy
- - biopsy lung  Voriconazole Caspofungin LAmB  dead
blood - eye ex- Caspofungin LAmB Dead
amination.
biopsy
stomach
blood - - Caspofungin dead
central venous - - LAmB alive
catheter
blood - - LAmB Caspofungin dead
tracheal secretion - - LAmB Caspofungin Voriconazole dead
(Cand., Asperg.),
blood (Cand.)
blood, central GM serum - LAmB Caspofungin Voriconazole alive

venous catheter
(Cand.)

at the lower end of the recommended dosage range (Fluconazole
SPC EMA). In a study of 113 adult patients receiving stem cell
transplants from matched sibling donors, a reduced dose of flu-

conazole with 100 mg per day did not result in an increased rate

IFD-associated death

yes

no

yes

no

no

no

yes

no

no

no

no

yes

yes

no

yes

no

no

no

yes

no

WILEY-7

Survival
(days)
46

246
13

2134

1430

1958
272

788

536
441

3744

176

61

678
66

19
465

272
285

636

of invasive fungal infections.?® While clinical research studies in
adults investigating newer antifungal substances including mi-
cafungin, voriconazole or low-dose liposomal amphotericin B

have not yet demonstrated a clear advantage over fluconazole
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in situations with a low frequency of probable and proven mould
infections?:2%; however, posaconazole has been shown to signifi-
cantly reduce the rate of invasive aspergillosis and IFD-related
mortality in adult patients with severe GvHD.?*

In the majority of patients with suspected IFDs, establishing
the diagnosis relies on a combination of clinical and diagnostic mo-
dalities, including the consideration of host factors, clinical and ra-
diological criteria, and microbiological information from cultures,
nucleic acid detection, microscopy and fungus-specific biomarkers
in blood or affected tissues.” As sensitivities and specificities of the
available tools are limited and IFDs may run a rapidly fatal course,
antifungal therapy is often started on an empirical or pre-emptive
basis.?> Given this background of diagnostic and therapeutic un-
certainty, we were also interested in analysing the utilisation of
resources for prevention, diagnosis and management of IFD in our

patient cohort. While the diagnosis of invasive Candida infections

@ Findings considered
typical of IFD

B Unspecific findings

B No pathological findings

Chest Head Sinus Head Abdomen
CT CT CT MRI MRI

FIGURE 1 Utilisation of imaging studies and principal findings
in 221 allogeneic haematopoietic stem cell transplantations in 200
patients. CT, computed tomography; MRI, magnetic resonance
imaging

Prophylaxis with
Fluconazole
n=116 (52.4%)

Switch to
low-dose LAmB
n=66(29.9%)
n=30
(13.5%)

n=20
(9%)

n=>50
(22.6%)

Mold-active therapy due to fever despite antibacterial

therapy and/or further IFD criterion

n =100 (45.2%

largely relies on the results of blood cultures; unfortunately, this
simple and useful diagnostic tool is not reliable for the detection
of most mould infections.”?° This is reflected by the high number
of imaging studies and additional diagnostic procedures in the pa-
tients analysed in our study. In 221 transplant procedures, 116 CT
scans of the lungs (66%), the most common site for invasive mould
infections, were performed. In almost 50% of these imaging studies,
pulmonary findings compatible with invasive mould infection (30%)
or unspecific abnormal findings (16%) were reported. In addition to
pulmonary imaging, 30 CT scans of the brain and the paranasal si-
nuses and MRI scans of the brain and the abdomen were initiated. In
patients with suspicious findings in the imaging studies, there were
considerable efforts for their further evaluation. These included 20
diagnostic bronchoscopies with bronchoalveolar lavage for micros-
copy, culture, galactomannan and, in few cases, nucleic acid detec-
tion. Aspergillus isolates were identified in tracheal secretions (direct
microscopy or nucleic acid detection by polymerase chain reaction
(PCR)), at the tip of an explanted Broviac catheter, in a lung biopsy
specimen, or at autopsy. Despite the obvious difficulties in obtaining
a definite diagnosis in invasive mould disease, these data confirm the
necessity to evaluate all suspicious findings. Of note, in only 32.6%
of all HSCT procedures, the primary antifungal prophylactic regimen
was maintained throughout immunoreconstitution. The majority of
patients were switched to a different regimen of systemic antifungal
therapy, either on an empiric basis or based on the results of further
diagnostic investigations in pre-emptive or targeted intention.
Taken together, an adequate work-up for suspected IFDs in-
cludes imaging studies, microscopy and cultures of blood and tis-
sue, galactomannan antigen testing in blood and bronchoalveolar
lavage fluid, and nucleic acid based techniques as PCR. Establishing
the correct diagnosis in paediatric allogeneic HSCT recipients with

Prophylaxis with
mould-active agent
n =92 (41.6%)

No further
therapy
n =108 (48.8%)

No prophylaxis, mold-

active therapy started
before SCT
n=13 (6%)

FIGURE 2 Antifungal prophylaxis and treatment in 221 allogeneic haematopoietic stem cell transplantations in 200 patients. Please note
that all percentages provided in the figure refer to the total of 221 transplantation procedures. Fluconazole was given at 8 to 12 mg/kg body
weight once daily; mould-active prophylaxis was used at the discretion of the respective attending physician and consisted of posaconazole
suspension 12 to 18 mg/kg body weight daily in two or three divided doses (n = 7); voriconazole at the dose approved at the time of
administration (n = 12); liposomal amphotericin B 1 mg/kg body weight once daily (n = 42), 1 mg/kg body weight every other day (n = 11), or
2.5 mg/kg body weight twice weekly (n = 19); and micafungin 1 mg/kg body weight once daily. Low-dose liposomal amphotericin B consisted
of 1 mg/kg body weight once daily (n = 63), or 2.5 mg/kg body weight twice weekly (n = 13). Initial mould-active therapy consisted mostly
(92.9%; n = 105; monotherapy 89, combination therapy 16) of liposomal amphotericin B at a dose of 3 mg/kg once daily (pl. see text). LAmB,
liposomal amphotericin B; IFD, invasive fungal disease; SCT, stem cell Transplantation
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(A) 1,0 —no IFD (B) 1,0 —-no IFD
- possible IFD - possible IFD
—1probable IFD 1 probable /
~proven IFD proven IFD
0,8 0,8
[ | [} 1
= =
© ©
= 0,6 = 06
© ©
2 . 2 1 -
> >
5 3 +
n 0,4 N 0,4
] . ++ +
0,2 t 0,2
0,0 T T T T T T 0,0 T T T T T T
0 24 48 72 96 120 144 0 24 48 72 96 120 144

Time [months]

NoIF vs. proven IFD P=.001
Possible vs. proven IFD P =.003

Time [months]

pP=.001
P =.007

NoIFD vs. proven/probable IFD
Possible vs. proven/probable IFD

FIGURE 3 Survival probabilities among 200 patients undergoing 221 allogeneic haematopoietic stem cell transplantations. A,
Comparison of patients with possible, probable, and proven invasive fungal disease relative to patients without invasive fungal diseases
B, Comparison of patients with proven/probable invasive fungal diseases relative to those with possible invasive fungal diseases and no

invasive fungal diseases. IFD, invasive fungal disease

prolonged fever and suspected IFDs is crucial for the overall man-
agement of these patients and justifies the considerable utilisation
of resources for diagnosis and antifungal chemotherapy. Despite the
existence of three classes of antifungal agents with potent activity
against the majority of the relevant fungal pathogens, probable and
proven IFDs continue to be a relevant cause for morbidity and have
a significant impact on overall survival of paediatric allogeneic HSCT
recipients.
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