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Summary
Background Due to the high risk of severe infection among pediatric hematology and oncology patients, antimicrobial
use is particularly high. With our study, we quantitatively and qualitatively evaluated, based on institutional standards
and national guidelines, antimicrobial usage by employing a point-prevalence survey with a multi-step, expert panel
approach. We analyzed reasons for inappropriate antimicrobial usage.

Methods This cross-sectional study was conducted at 30 pediatric hematology and oncology centers in 2020 and 2021.
Centers affiliated to the German Society for Pediatric Oncology and Hematology were invited to join, and an existing
institutional standard was a prerequisite to participate. We included hematologic/oncologic inpatients under 19 years
old, who had a systemic antimicrobial treatment on the day of the point prevalence survey. In addition to a one-day,
point-prevalence survey, external experts individually assessed the appropriateness of each therapy. This step was
followed by an expert panel adjudication based upon the participating centers’ institutional standards, as well as
upon national guidelines. We analyzed antimicrobial prevalence rate, along with the rate of appropriate,
inappropriate, and indeterminate antimicrobial therapies with regard to institutional and national guidelines. We
compared the results of academic and non-academic centers, and performed a multinomial logistic regression
using center- and patient-related data to identify variables that predict inappropriate therapy.
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Findings At the time of the study, a total of 342 patients were hospitalized at 30 hospitals, of whom 320 were included
for the calculation of the antimicrobial prevalence rate. The overall antimicrobial prevalence rate was 44.4% (142/320;
range 11.1–78.6%) with a median antimicrobial prevalence rate per center of 44.5% (95% confidence interval [CI]
35.9–49.9). Antimicrobial prevalence rate was significantly higher (p < 0.001) at academic centers (median 50.0%;
95% CI 41.2–55.2) compared to non-academic centers (median 20.0%; 95% CI 11.0–32.4). After expert panel
adjudication, 33.8% (48/142) of all therapies were labelled inappropriate based upon institutional standards, with a
higher rate (47.9% [68/142]) when national guidelines were taken into consideration. The most frequent reasons
for inappropriate therapy were incorrect dosage (26.2% [37/141]) and (de-)escalation/spectrum-related errors
(20.6% [29/141]). Multinomial, logistic regression yielded the number of antimicrobial drugs (odds ratio, OR,
3.13, 95% CI 1.76–5.54, p < 0.001), the diagnosis febrile neutropenia (OR 0.18, 95% CI 0.06–0.51, p = 0.0015),
and an existing pediatric antimicrobial stewardship program (OR 0.35, 95% CI 0.15–0.84, p = 0.019) as predictors
of inappropriate therapy. Our analysis revealed no evidence of a difference between academic and non-academic
centers regarding appropriate usage.

Interpretation Our study revealed there to be high levels of antimicrobial usage at German and Austrian pediatric
oncology and hematology centers with a significant higher number at academic centers. Incorrect dosing was shown
to be the most frequent reason for inappropriate usage. Diagnosis of febrile neutropenia and antimicrobial stew-
ardship programs were associated with a lower likelihood of inappropriate therapy. These findings suggest the
importance of febrile neutropenia guidelines and guidelines compliance, as well as the need for regular antibiotic
stewardship counselling at pediatric oncology and hematology centers.

Funding European Society of Clinical Microbiology and Infectious Diseases, Deutsche Gesellschaft für Pädiatrische
Infektiologie, Deutsche Gesellschaft für Krankenhaushygiene, Stiftung Kreissparkasse Saarbrücken.
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
Previous point-prevalence studies, audits, and studies using
case vignettes have documented high usage of broad-
spectrum antibiotics. They also have reported mixed results
regarding implementation of national guidelines on febrile
neutropenia in pediatric oncology centers. There remains a
dearth of data regarding the appropriateness of antimicrobial
therapy in this patient cohort.
The above synopsis is based upon a search of PubMed/
Medline for articles using the keywords (antibiotic* OR
antimicrobial* OR antibacterial* OR antifungal*) AND
(children [tiab] OR pediatric* [tiab]) AND (oncol* OR
hematol*) through August 8, 2022, without application of
date or language restrictions.

Added value of this study
Ours is the first multi-center, point-prevalence study in
pediatric oncology centers to use a multi-step, expert panel
process to qualitatively assess antimicrobial treatment based
upon institutional (local) standards and national guidelines. A
commissioned, expert panel facilitated the adjudication
process to determine whether or not a given therapy was

appropriate. We found that nearly half of all antimicrobial
treatments was inappropriate with respect to local standards
and/or national guidelines. Our findings indicate
insufficiencies in the implementation of local standards, as
well as discrepancies between local practice and national
guidelines. Findings were comparable between academic and
non-academic hospitals. A higher number of antimicrobials
was predictive of inappropriate therapy, while the diagnosis of
febrile neutropenia was negatively associated with
inappropriate therapy.

Implications of all the available evidence
Our data suggest that implementing a modified expert panel
within a point-prevalence study may be beneficial when
qualitatively assessing antimicrobial therapy on pediatric
oncology and hematology units—an approach that also may
be useful for other medical or pediatric subspecialties.
Additionally, our data indicate that better alignment between
institutional and national guidelines is required. Among
pediatric oncology centers, there is a clear need for
antimicrobial stewardship programs.
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Introduction
Pediatric cancer patients face a particularly high risk of
severe infection because of the immune deficiency
associated with their underlying disease, as well as due
to immunosuppression related to their anticancer
treatments.1 These risks, along with the wide spectrum
of opportunistic pathogens, lead to high antimicrobial
usage rates at pediatric hematology and oncology and
hematology centers (PHOC). This, in turn, drives anti-
microbial resistance.2,3 In this instance, however, high
antimicrobial usage often is triggered by fear of under-
treatment4—a concern that needs to be balanced against
overtreatment and its adverse effects.3,5

Evidence-based guidelines at national and interna-
tional levels offer guidance for clinically-relevant deci-
sion-making. These guidelines provide physicians with
information about the best care options for pediatric
cancer patients with febrile neutropenia (FN). Although
German guidelines for the diagnostic and therapeutic
management of pediatric cancer patients with febrile
neutropenia were published in 2016,6 implementation
of these guidelines in the form of a written standard for
clinical practice is not compulsory. The implementation
of a local antimicrobial stewardship (AMS) program also
is not required.7 Both interventions have the goal of
providing evidence-based, best-practice diagnostics and
treatment to patients with FN.

The effects of such interventions can be approxi-
mated indirectly by assessing antimicrobial usage in a
given setting and at a given time point, i.e., by means of
a point-prevalence survey (PPS).8 However, most PPS
describe local patterns of antimicrobial usage, but do not
additionally include a qualitative, external assessment
regarding appropriateness at the patient and antimi-
crobial substance level.9

In our cross-sectional study—a PPS across German
and Austrian PHOCs—we aimed to: (i) assess antimi-
crobial usage at both the center and the patient level;
(ii) to adjudicate the appropriateness of each treatment
by employing a modified multi-step expert panel
approach and analyze reasons for inappropriate therapy;
(iii) to determine and compare the degree of adherence
to institutional standards and national guidelines for the
management of FN, and as an exploratory approach;
(iv) to compare academic and non-academic centers.
Inpatients on systemic antimicrobials: 164

Included inpatients on systemic antimicrobials: 142

Total number of included inpatients: 320

Excluded:

CRFs missing: 2

No systemic antimicrobial: 1
Age > 19 years: 4
Only trimethoprim/sulfamethoxazole prophylaxis: 14
No hematologic/oncologic disease: 1

Total number of inpatients: 342

Fig. 1: Reasons for individual patient exclusion.
Methods
Study design
We conducted a multi-center, cross-sectional study that
made use of a point-prevalence survey to observe anti-
microbial prescribing at 30 PHOCs across Germany and
Austria in December 2020. This was followed by a
multi-step, expert panel process throughout the year
2021 to evaluate the appropriateness of treatment with
respect to institutional and national guidelines. Our
study protocol recently has been published.10 The study
www.thelancet.com Vol 28 May, 2023
is reported in adherence with the STROBE statement
(Table S1, Appendix p. 12–13).

Study population
All pediatric hematology and oncology centers within
the German Society for Pediatric Oncology and Hema-
tology (GPOH) and German Society for Pediatric
Infectious Diseases (DGPI) were invited (N = 60) and
eligible for inclusion if they employed an institutional
standard for the management of FN. We included
inpatients under 19 years old with an oncologic or
hematologic disease who had received a prescription for
systemic antimicrobials (i.e., intravenous or oral antibi-
otics and/or antifungals), at 08:00 a.m. local time on the
day of the PPS. Reasons for exclusion were: (i) patients
receiving only cotrimoxazole (TMP-SMX, trimetho-
prim/sulfamethoxazole) prophylaxis or else only taking
locally-acting antimicrobials (e.g., amphotericin B
lozenges) because the appropriateness of prescribing
TMP-SMX was not the objective of this study; (ii) pa-
tients being 19 years of age or older; and (iii) patients
who did not have an oncologic or hematologic disease
(Fig. 1).

All experts involved in the expert panel approach
were specialists in pediatric oncology/hematology and/
or pediatric infectious diseases and were members of
the Working group for Febrile Neutropenia within the
GPOH and/or the DGPI. GPOH and DGPI recruited
the experts for the study. Although an expert’s institu-
tion could contribute to the PPS, experts were excluded
from evaluating data from their own institutions. The 15
experts, of whom 14 are employed in Germany and one
in Austria, formed five panels with three adjudicators
each for the multi-step, expert panel process.11,12 The
configuration of the expert panels was randomly
selected (Appendix p. 5).

Data collection
The single-day PPS was conducted at 30 German and
Austrian hospitals on a selected weekday (in order to
match average patient activity on surveyed centers)
between November 30, 2020 and December 17, 2020.
3
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All participating centers received a standardized
form for basic hospital data and a case report form for
patient and antimicrobial data (Appendix p. 6–7). Each
participating center provided their institutional standard
for antimicrobial treatment to the study team. All
patient-related data and institutional standards were
anonymized.

Hospital-based physicians collected general data
pertaining to the pediatric hematology/oncology unit,
including: number of total beds, number of hospitalized
patients, number of patients on source isolation (due to
colonization with a multidrug-resistant pathogen),
number of patients on protective isolation (due to very
severe immunodeficiency/immunosuppression), num-
ber of patients on antimicrobial therapy, antimicrobial
stewardship programs (yes/no), AMS member compo-
sition (infectious disease (ID) specialists, clinical
microbiologist, pharmacist, non ID physician; multiple
selection possible) type of AMS activities (regular AMS
rounds, regular AMS meetings, consultation service;
single choice), number of physicians, number of
nursing staff, and ID consultation service (pediatric ID
specialists, ID specialists, pediatrician with ID expertise;
single choice).

Likewise, data about the patients’ characteristics were
collected, including: age (months), weight (kg), height
(cm), oncologic/hematologic disease, state of disease (first
diagnosis vs. relapse), trimethoprim/sulfamethoxazole
prophylaxis (yes/no), granulocytopenia <0.5 × 109/L (yes/
no), mucositis grade III according to the World Health
Organization oral mucositis grading scale (yes/no), severe
graft-versus-host disease grade III to IV (yes/no), subcu-
taneously tunneled or implanted long-term central venous
access device (yes/no), creatinine clearance <50 mL/min
per 1.73 m2 (yes/no), high risk for fungal infections
defined as acute myeloid leukemia undergoing induction
therapy, leukemia relapse/not in remission, allogeneic
stem cell transplantation, prolonged neutropenia for ≥10
days and steroid therapy, or graft-versus-host-disease
grade III-IV (yes/no), colonization with multidrug-
resistant organisms (yes/no), and reason for antimicro-
bial treatment (i.e., type of infectious syndrome and
identified microorganisms).

Further information about each antimicrobial drug
was documented, including: name of antimicrobial,
indication (i.e., therapy, prophylaxis, surgical prophy-
laxis, indeterminate), duration of therapy until PPS,
initial/first-line vs. escalation therapy, dosage (mg, g,
IU), route of administration (intravenous/oral), thera-
peutic drug monitoring for aminoglycosides/glycopep-
tides/antifungals (yes/no, and if yes peak levels/through
levels). In the event of a suspected infection without
apparent focus, treatment was defined “empirical”; in
cases with a clinical infectious syndrome without path-
ogen detection, treatment was defined “calculated”; and
in instances of a clinical infectious syndrome with a
pathogen detection, treatment was defined “targeted”.
The multi-step, expert-panel process was conducted
throughout the year of 2021. In a first step, the experts
individually adjudicated each antimicrobial treatment in
comparison with the institutional standards. Each pa-
tient’s treatment regimen was labelled as appropriate,
inappropriate, or indeterminate. When labelled as
inappropriate, reasons were given a specific code (e.g.,
incorrect dosing, defined as over 20% deviation from the
corresponding recommendation of the institutional
standard and/or the national guideline) (Table S2,
Appendix p. 14–15). In a second step, all experts from
one panel again adjudicated the cases, unless in the first
step all three experts unanimously had considered the
therapy to be appropriate. Adjudication was conducted
via video conference among the three adjudicators of a
panel in the presence of a moderator (CP or AS). In
addition to the institutional standard, the expert panels
took national guidelines (ones valid at the time of the
study), into consideration when adjudicating therapy in
a third step. Expert panels aimed to reach consensus
when labelling a therapy as appropriate, inappropriate,
or indeterminate (i.e., due to missing information).
When no consensus could be reached, the case was
classified as “no consensus reached”. Each adjudication
was conducted on three different levels: (i) assessment
by the individual expert regarding alignment with
institutional standards; (ii) expert-panel adjudication
regarding application of institutional standards; and (iii)
expert panel adjudication regarding application of na-
tional guidelines.

Outcome measures
The focus of the study was to analyze antimicrobial
prevalence rate (defined as the number of patients
treated with systemic antimicrobial drugs and
included in the study divided by the number of all
included, hospitalized patients, overall and per center),
along with the rate of appropriate, inappropriate, and
indeterminate antimicrobial therapies with regard to
institutional standards and national guidelines. A
therapy was assessed as appropriate if it complied
with institutional standards/national guidelines.
Accordingly, a therapy was inappropriate if it did not
comply with institutional standards/national guide-
lines. Reasons for inappropriate therapies were further
assessed using the given codes. A therapy was inde-
terminate if, for example, it was not included in the
institutional standard/national guidelines or the pa-
tients’ medical history was too complex (i.e. missing
information) for the therapy to be assessed appropri-
ately. To make the adjudications before and after the
expert panel process comparable, treatments adjudi-
cated beforehand were recorded as appropriate/inap-
propriate/indeterminate when at least two out of three
experts individually made the same adjudication. If
each expert adjudicated differently, the treatment was
considered “no consensus reached”.
www.thelancet.com Vol 28 May, 2023
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Additionally, we individually analyzed each adjudi-
cation before the expert panel process. In an explorative
approach, we compared academic and non-academic
centers and the adherence to institutional standards
and national guidelines. Finally, we sought to find
predictors of inappropriate therapy using center- and
patient-related data.

Data analysis
Patient and hospital data collected during the PPS were
reported descriptively. We present the results with
counts and percentages. Means with standard deviations
(SD) or medians with interquartile ranges (IQR) were
provided, regardless of whether the data were normally
distributed (Shapiro-Wilk-Test performed). The 95%
confidence intervals (CI) were also calculated. Signifi-
cant differences (p value < 0.05) were compared using
either Fisher’s exact-test, t-test, Mann-Whitney-U-test or
McNemar-test, as appropriate. Missing data was speci-
fied in tables and figures. When calculating percentages,
number of missing values were excluded in the
denominator. We performed multinomial logistic
regression to identify predictors of inappropriate ther-
apy. Factors selected for multinomial logistic regression
were based on clinical relevance and most common
characteristics of centers (academic vs. non-academic,
AMS programs) and patients (age, central venous
access device, multidrug resistant organism coloniza-
tion, three most common infectious disease syndromes,
number of antimicrobials). Multinomial logistic
regression was performed in one step with all factors
mentioned above. We additionally conducted sensitivity
analysis on the statistical model based on cluster-
adjusted standard errors. Statistical analyses were per-
formed using SPSS (IBM Corp. Released 2019. IBM
SPSS Statistics for Windows, Version 26.0. Armonk,
NY) and Stata (StataCorp. 2021. Stata Statistical Soft-
ware: Release 17. College Station, TX: StataCorp LLC).

Ethics approval
The local ethics committee (Ärztekammer des Saarlandes,
number 33/20) approved this study. Patient consent was
not needed since all patient and center specific data were
pseudonymized.

Role of the funding source
The funders of the study had no role in the study design,
data collection, data analysis, data interpretation or in
the writing of the report.
Results
Study population and characteristics
Thirty hospitals—29 (96.7%) located in Germany and
one (3.3%) in Austria—with a maximum capacity of 452
inpatients, participated in the point-prevalence study. Of
these, 24 (80.0%) were academic hospitals and six
www.thelancet.com Vol 28 May, 2023
(20.0%) were non-academic hospitals (Table 1; Table S3,
Appendix p. 16). Pediatric AMS activities were per-
formed at 18 (66.7%) of all participating centers
(Table S4, Appendix p. 17). At the time of the point-
prevalence study, 164/342 (48.0%) inpatients were
receiving antimicrobial therapy. We obtained case report
forms for 162 patients, of which 142 (87.7%) were
included in the study (Fig. 1). Accordingly, the total
number of included inpatients to calculate the antimi-
crobial prevalence rate was 320.

The median age of all included patients was 6.8 (IQR
3.1–12.5) years. The most common underlying condi-
tion was acute lymphoblastic leukemia (ALL) (52/142
[36.6%]), followed by solid malignant tumors excluding
brain tumors (44/142 [31.0%]). In 29/142 (20.4%) there
was a relapse of the underlying hematologic/oncologic
disease. In addition, more than half of all patients (71/
140 [50.7%]) had granulocytopenia, 126/141 (89.4%) had
a central venous access device and 47/141 (33.3%) were
at high risk for fungal infections (Table 2). The most
commonly reported infectious disease diagnosis for
antimicrobial treatment was fever without a source
during neutropenia (febrile neutropenia, FN) (67/142
[47.2%]), followed by skin and soft tissue infection,
bloodstream infection (BSI), and fever without a source
without neutropenia (Fig. S1, Appendix p. 8; Table S5,
Appendix p. 18). In 25/142 (17.6%) of patients, patho-
gens were detected.

Antimicrobial use
The overall antimicrobial prevalence rate (APR) was
44.4% (142/320) (Table 3). The APR per center varied
between 11.1% and 78.6% (mean 44.5, IQR 26.3–56.0,
95% CI 35.9–49.9). The APR was higher in the 277
patients treated at academic centers (133/277 [48.0%])
than in the 43 patients at non-academic centers (9/43
[20.9%]; p < 0.001).

In total, 274 antimicrobials were prescribed in 142
patients included in the study. The median number of
antimicrobial drugs per patient was 2.0 (IQR 1.0–3.0).
A single antimicrobial drug was administered to 60/142
(42.3%) patients, and a combination of antimicrobial
drugs to 82/142 (57.7%) patients.

Antibiotic therapy was given to 126/142 (88.7%) of
patients. Indication for antibiotic therapy was thera-
peutic for 114/142 (80.3%) of patients, medical pro-
phylactic for 9/142 (6.3%) of patients and surgical
prophylactic for 7/142 (4.9%) of patients. In 68 of 126
(54.0%) antibiotic treatment regimens, a combination
therapy was applied (Table S6, Appendix p. 18).
A dual antibiotic treatment regimen was given to 55/
126 (43.7%) of patients. In 13/126 (10.3%) of patients,
three or more antibiotics were given in combination.
Meropenem plus a glycopeptide (16/54 [29.6%]) and
piperacillin/tazobactam plus a glycopeptide (13/54
[24.1%]) were the most frequent dual treatment
regimens.
5
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Characteristics Total N Academic centers Non-academic centers p-value

Hospitals, n (%) 30 24 (80.0) 6 (20.0)

AMS programsa, n (%) 18 (66.7) 15 (62.5) 3 (50.0) 0.66

Bed, n (%) 452 375 77

Per center, median (IQR) 15 (11.8–19.0) 15 (12.3–19.0) 12.5 (5.8–19.8) 0.38

Physiciansb,c, n (%) 146.8 120.2 26.6

Per center, median (IQR) 4.0 (3.5–6.4) 4.0 (3.5–6.5) 4.0 (2.7–8.7) 0.76

Nursing staffb,c, n (%) 525.8 439.3 86.5

Per center, median (IQR) 16.9 (15.0–21.0) 17.0 (15.0–21.0) 15.0 (13.3–22.5) 0.49

Hospitalized patients, n (%) 342 297 45

Per center, median (IQR) 11.5 (7.0–15.0) 12 (9.3–15.8) 7.5 (5.0–9.0) 0.027

Patients on source isolation, n (%) 38 36 2

Per center, median (IQR) 1.0 (0.0–2.0) 1.0 (0.0–2.0) 0.0 (0.0–1.0) 0.082

Patients on protective isolation, n (%) 24 23 1

Per center, median (IQR) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–0.3) 0.23

Patients on antimicrobial therapy, n (%) 164 153 11

Per center, median (IQR) 5.0 (2.0–9.0) 6.0 (3.0–9.0) 1.0 (1.0–3.3) 0.0013

Patients included, n (%) 142 133 9

Per center, median (IQR) 4.5 (2.0–7.0) 6.0 (2.3–7.8) 1.0 (1.0–2.3) <0.001

Bold values indicate statistically significant p-values. aAntimicrobial stewardship in pediatric centers. bInformation about two centers missing. cNumber of full-time
employees.

Table 1: Characteristics of centers participating in the point-prevalence survey.
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Of all 142 patients, 59 (41.5%) received an antifungal
therapy. Indication for antifungal therapy was thera-
peutic for 18/142 (12.7%) of patients and medical pro-
phylactic in 40/142 (28.2%) of patients. A combination
of two antifungals was used in 4/59 (6.8%) of antifungal
treatment regimens, while a combination of three anti-
fungals was used in one instance (Table S7, Appendix p.
19–20).

Antibacterial agents (antibiotics) accounted for 209
(76.3%), and antifungal agents for 65 (23.7%) of all 274
antimicrobial prescriptions. The most frequently used
antibacterial class was broad-spectrum penicillins (65/
209 [31.1%]), followed by glycopeptides (45/209 [21.5%])
and carbapenems (36/209 [17.2%]) (Fig. S2, Appendix,
p. 9; Table S8, Appendix p. 21–22). Half of all thera-
peutic antibiotics (96/192 [50.0%]) were labelled as
escalation therapy, the other half (96/192 [50.0%]) as
initial therapy. When given with a therapeutic indica-
tion, duration of therapy up to the time point of the PPS
varied between 1 and 23 days (median 3, IQR 1.0–7.0).
Therapeutic drug monitoring (TDM) was performed
in 17/21 prescribed aminoglycosides (81.0%) and in 16/
19 vancomycin treatments (84.2%). In both situations,
only trough levels were used (Table S7, Appendix
p. 19–20).

Regarding systemic antifungal agents, liposomal
amphotericin B was used in 37/65 (56.9%) instances,
followed by voriconazole (8/65 [12.3%]) and caspofungin
(8/65 [12.3%]) (Fig. S3, Appendix p. 9; Table S9,
Appendix p. 23). Medical prophylaxis accounted for 40
(63.5%) prescriptions, and therapy for 23 (36.5%) (two
cases had an unknown indication). Antifungal treatment
was employed as targeted therapy against a confirmed
fungal Infection in 9/23 (39.1%) of the therapeutic uti-
lizations of antifungal agents. Therapeutic antifungal
agents were labelled as first-line therapy in 8/23 (34.8%)
of therapeutic antifungals up to the time point of the
PPS, duration of antifungal prophylaxis was between
one and 254 days (median 10.5, IQR 3–33.5) (Table S7,
Appendix p. 19–20).

Multi-step adjudication process
In total, we obtained three adjudication processes from
each expert panel (Figs. 2 and 3). The first step (i.e.,
individual expert adjudication) yielded 426 adjudications
(3 adjudications × 142 patients) with respect to institu-
tional standards. Of all antimicrobial therapies appro-
priate therapy accounted for 207/426 (48.6%),
inappropriate therapy accounted for 138/426 (32.4%),
and indeterminate therapy for 81/426 (19.0%).
Regarding majority vote (i.e., two or more experts in the
first adjudication voting congruently), 72 (50.7%) of all
142 therapies were labelled as appropriate, 38 (26.8%) as
inappropriate, and 20 (14.1%) as indeterminate. In 12
(8.5%) of all 142 therapies, experts were unable to reach
consensus.

In the second adjudication step, the expert panels
provided assessments with respect to institutional
standards. For the third adjudication step, the expert
panels took national guidelines into account. These
steps resulted in 142 adjudications each.

After the final expert panel conference, the rate of
indeterminate therapy with respect to institutional
standards was 4.9% lower (20/142 [14.1%]) than the
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Patients, N = 142 Patients at academic
hospitals, n = 133

Patients at non-academic
hospitals, n = 9

p-value

Demographics, median (IQR)

Age (years) 6.8 (3.1–12.5) 6.2 (3.0–12.3) 8.3 (5.6–14.3) 0.16

Weight (kg) 22.1 (24.5–42.3) 22.0 (13.9–42.5) 24.3 (19.8–46.8) 0.25

Height (cm)a 120.0 (96.0–154.5) 120.0 (95.2–154.6) 130.0 (112.8–162.0) 0.26

Oncologic/hematologic disease, n/N (%)

ALL 52/142 (36.6) 49/133 (36.8) 3/9 (33.3) 1.00

AML 18/142 (12.7) 16/133 (12.0) 2/9 (22.2) 0.32

Hodgkin’s lymphoma 1/142 (0.7) 1/133 (0.8) 0/9 (0.0) 1.00

MDS/aplastic anemia 2/142 (1.4) 2/133 (1.5) 0/9 (0.0) 1.00

Non-Hodgkin lymphoma 12/142 (8.5) 12/133 (9.0) 0/9 (0.0) 1.00

Solid malignant tumor outside brain 44/142 (31.0) 42/133 (31.6) 2/9 (22.2) 0.72

Malignant brain tumor 7/142 (4.9) 6/133 (4.5) 1/9 (11.1) 0.37

Other 6/142 (4.2) 5/133 (3.8) 1/9 (11.1) 0.33

State of disease, n/N (%)

First diagnosis 113/142 (79.6) 106/133 (79.7) 7/9 (77.8) 1.00

Relapse 29/142 (20.4) 27/133 (20.3) 2/9 (22.2) 1.00

Additional data of interest, n/N (%)

Neutropeniab 71/140 (50.7) 68/131 (51.9) 3/9 (33.3) 0.32

Mucositis grade IIIc 16/141 (11.3) 16/132 (12.1) 0/9 (0) 0.60

Severe graft-versus-host diseasec 1/141 (0.7) 0/132 (0) 1/9 (11.1) 0.064

Central venous access devicec 126/141 (89.4) 119/132 (90.2) 7/9 (77.8) 0.25

High-risk for fungal infectionc 47/141 (33.3) 46/132 (34.8) 1/9 (11.1) 0.27

TMP/SMX prophylaxisc 127/141 (90.1) 120/132 (90.9) 7/9 (77.8) 0.22

Colonization with multidrug-resistant organism, n/N (%)

MRSA 1/142 (0.7) 1 (0.8) 0/9 (0) 1.00

VRE 1/142 (0.7) 0 (0.0) 1/9 (11.1) 0.063

Multi-drug resistant gram-negative organisms 11/142 (7.7) 11 (8.3) 0/9 (0.0) 1.00

ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia; IQR: interquartile range; MDS: myelodysplastic syndrome; MRSA: methicillin-resistant Staphylococcus
aureus; TMP/SMX: trimethoprim/sulfamethoxazole; VRE: vancomycin-resistant enterococci. a3 cases unknown. b2 cases unknown. c1 case unknown; determinators were the
total number of patients, when patients value was missing the patient was excluded for that value.

Table 2: Patient demographics and characteristics.
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individual adjudication before the final expert panel (81/
426 [19.0%]).

When referring to national guidelines, the rate of
inappropriate therapy significantly increased—from 48/
142 (33.8%) to 68/142 (47.9%; +14.1%, p = 0.0003).
Correspondingly, the rate of appropriate therapy
significantly decreased—from 52.1% to 40.9% (−11.5%,
p = 0.0015) (Fig. 2). No statistically significant differ-
ences in appropriateness between academic and non-
academic centers was observed (Fig. 4; Fig. S4,
Fig. S5, Appendix p. 10–11).

Multinomial logistic regression across all centers
yielded the number of antimicrobial drugs (odds ratio,
OR, 3.13, 95% CI 1.76–5.54, p < 0.001), the diagnosis
category for febrile neutropenia (OR 0.18, 95% CI
0.06–0.51, p = 0.0015) and an existing pediatric AMS
program (OR 0.35, 95% CI 0.15–0.84, p = 0.019) as
predictors of inappropriate therapy (Table S10,
Appendix p. 23).

Sensitivity analysis confirmed the two former vari-
ables, number of antimicrobial drugs and the diagnosis
www.thelancet.com Vol 28 May, 2023
category for febrile neutropenia as significantly associ-
ated with inappropriate therapy, in addition to fever
without neutropenia, while the existence of a pediatric
AMS program slightly missed statistical significance
(OR 0.35, 95% CI 0.12–1.09, p = 0.07) (Table S11,
Appendix p. 24).

Regarding national guidelines, 141 reasons for
inappropriate therapy were recorded. The most frequent
reasons for inappropriate therapy with regard to na-
tional guidelines were incorrect dosing (37/141 [26.2%])
and (de-)escalation/spectrum-related errors (29/141
[20.6%]). The latter included unreasonable use of broad-
spectrum therapy, no de-escalation (narrowing according
to a detected pathogen), and premature as well as delayed
escalation (Tables S2–S8, Appendix p. 8–9, p. 15). Other
common reasons for inappropriate therapy were double
coverage (10/141 [7.1%]), unreasonable first-line carbape-
nem use (10/141 [7.1%]), unnecessary empirical combi-
nation therapy (8/141 [5.7%]), unnecessary antifungal
prophylaxis (8/141 [5.7%]), and unnecessary therapy over-
all (8/141 [5.7%]) (Fig. 4; Table S12, Appendix p. 24).
7
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Total N (%) Academic centers Non-academic centers p-values

Antimicrobial prevalence rate overall, n/N (%)

Antimicrobial 142/320 (44.4) 133/277 (48.0) 9/43 (20.9) <0.001

Antibiotic 126/320 (39.4) 119/277 (43.0) 7/43 (16.3) <0.001

Antifungal 59/320 (18.4) 54/277 (19.5) 5/43 (11.6) 0.291

Antimicrobial prevalence rate per center (%), median (95%-CI)

Antimicrobial 44.5 (35.9–49.9) 50.0 (41.2–55.2) 20.0 (11.0–32.4) <0.001

Antibiotic 40.0 (31.8–45.0) 48.5 (36.6–49.9) 16.3 (7.0–30.8) 0.0013

Antifungal 17.9 (12.1–22.8) 17.9 (12.9–25.3) 10.0 (−1.8–23.4) 0.38

Prescribed antimicrobial per patient, median (IQR) 2.0 (1.0–3.0) 2.0 (1.0–3.0) 1.0 (1.0–2.5) 0.42

Antibiotics 1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (0.5–2.0) 0.19

Antifungals 0.0 (0.0–1.0) 0.0 (0.0–1.0) 1.0 (0.0–1.0) 0.61

Indication, n/N (%)

Antibiotics 126/142 (88.7) 119/133 (89.5) 7/9 (77.8) 0.243

Therapy 114/142 (80.3) 108/133 (81.2) 6/9 (66.7) 0.380

Medical prophylaxis 9/142 (6.3) 7/133 (5.3) 2/9 (22.2) 0.102

Surgical prophylaxis 7/142 (4.9) 7/133 (5.3) 0/9 (0.0) 1.000

Antifungals 59/142 (41.5) 54/133 (40.6) 5/9 (55.6) 0.490

Therapy 18/142 (12.7) 17/133 (12.8) 1/9 (11.1) 1.000

Medical prophylaxis 40/142 (28.2) 36/133 (27.1) 4/9 (44.4) 0.270

Unknown 1/124 (0.0) 0/133 (0.0) 1/9 (11.1)

Point of therapy, n/N (%)

First-line 49/142 (34.5) 46/133 (34.6) 3/9 (33.3) 1.00

Escalation 93/142 (65.5) 87/133 (65.4) 6/9 (66.7) 1.00

Therapy regimen, n/N (%)

Monotherapy 60/142 (42.3) 55/133 (41.4) 5/9 (55.6) 0.49

Antibiotic 58/126 (46.0) 54/119 (45.4) 4/7 (57.1) 0.70

Antifungal 54/59 (91.5) 49/54 (90.7) 5/5 (100.0) 1.00

Combination 82/142 (57.7) 78/133 (58.6) 4/9 (44.4) 0.49

Antibiotic 68/126 (54.0) 65/119 (54.6) 3/7 (42.9) 0.70

≥3 antibiotics 13/68 (19.1) 13/65 (20.0) 0/3 (0.0) 1.00

Antifungal 5/59 (8.5) 5/54 (9.3) 0/5 (0.0) 1.00

Bold values indicate statistically significant p-values.

Table 3: Data on antimicrobials reported in the point-prevalence survey illustrated on patient level.
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Discussion
In this cross-sectional, point-prevalence survey
including 30 PHOCs from Germany and Austria, the
overall antimicrobial prevalence rate was 44.4%—a level
lower than the 63.5% previously reported by the
Worldwide Antibiotic Resistance and Prescribing in
European Children (ARPEC) point-prevalence survey.2

Importantly, however, our study showed an inappro-
priate therapy rate that ranged from 33.8% to 47.9%,
depending upon whether institutional standards or na-
tional guidelines were employed as reference. This
finding indicates a strong discrepancy between the
institutional standards of the PHOCs participating in
our PPS and the German national guidelines pertaining
to the management of febrile neutropenia in pediatric
oncology and hematology patients.6

Among the most frequent reasons for inappropriate
therapy, incorrect dosing ranked first, followed by
premature escalation during empiric treatment, lack
of de-escalation,13 and unnecessary use of antibiotic
combinations for empirical therapy.14 In accordance
with other single center studies,15,16 we found a high
proportion of empirical carbapenem use (approximately
19%),12 although a substantial proportion of carbapenem
treatments were deemed inappropriate by expert panel
adjudication. The higher prevalence of severe infections
in pediatric oncology and hematology may explain this
finding, as may carbapenem use in escalation therapy
and/or high local resistance patterns (data not collected).
Of note, prevalence of carbapenem-resistant organisms
has been on the rise Europe, although prevalence in
Germany still is comparatively lower than in other Eu-
ropean countries.17 For this reason, German guidelines
do not recommend the first-line use of carbapenem in
febrile neutropenia.6

Our study found aminoglycosides were prescribed in
just one-tenth of empirical treatments. This laudable
finding indicates a partial adherence to the national
guidelines, which recommend monotherapy in
clinically-stable children with febrile neutropenia.14
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Nevertheless, to improve patient safety in light of ami-
noglycosides’ adverse effects, a restrictive prescribing
pattern should be additionally encouraged.18–20

Due to the immunodeficiency inherent to our patient
cohort, along with their high risk for invasive fungal
infections, the proportion of prophylactic antibacterial
and antifungal prescribing was higher in our study than
in other pediatric cohorts.21 This may be explained by
the fact that invasive fungal diseases (IFD) strongly
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Fig. 3: Rate of appropriate, inappropriate, and indeterminable therapies a
institutional standards as reference, and expert panel adjudication with na
*y-axis runs between 0 and 3 since 3 independent adjudications are sho

www.thelancet.com Vol 28 May, 2023
impact morbidity and mortality in immunocompro-
mised patients.22,23

We found antimicrobial dosage errors to be the most
frequent reason for inappropriate therapy. This con-
trasts sharply with a large pediatric PPS from the United
States in which bug-drug mismatch ranked first among
reasons for inappropriateness, whereas dosage errors
represented only a minor proportion.24 Appropriate
dosing of antibiotics—one taking into account specific
AC G N M Y F

Rate of inappropriate antimicrobial therapies regarding
institutional standard (INDIVIDUAL)
Rate of inappropriate antimicrobial therapies regarding
national guideline (EXPERT PANEL)
Rate of inappropriate antimicrobial therapies regarding
institutional standard (EXPERT PANEL)
Rate of indeterminate antimicrobial therapies regarding
institutional standard (INDIVIDUAL)
Rate of indeterminate antimicrobial therapies regarding
national guideline (EXPERT PANEL)
Rate of indeterminate antimicrobial therapies regarding
institutional standard (EXPERT PANEL)
Rate of appropriate antimicrobial therapies regarding
institutional standard (INDIVIDUAL)
Rate of appropriate antimicrobial therapies regarding national
guideline (EXPERT PANEL)
Rate of appropriate antimicrobial therapies regarding
institutional standard (EXPERT PANEL)

ccording to individual adjudication, expert panel adjudications with
tional guideline as reference. Each letter code ID indicates one center.
wn which all sum up to 100% (i.e., 1).
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characteristics of pharmacokinetics in the FN patient
group and treatment situation—is necessary in order to
optimize clinical efficacy. Inadequate dosing may impair
efficacy and foster the selection of resistant pathogens.22

The same applies to the lack of de-escalation and pre-
mature escalation, an issue our study frequently
encountered. Although some pediatric oncologists may
be reluctant to implement local antimicrobial steward-
ship programs,25 these are urgently needed in order to
improve antimicrobial prescribing at PHOCs.26,27 Regu-
lar participation in national, point-prevalence surveys
including external expert panels, as shown in our study,
may pave the way for sustained improvements in clin-
ical practice.

Although patient characteristics in academic and
non-academic settings were similar, antimicrobials
more frequently were prescribed in academic centers
than in non-academic centers. In our regression ana-
lyses, we found that the higher the number of antimi-
crobials, the higher the probability of inappropriate
therapy. In addition, a febrile neutropenia diagnosis and
AMS activities, defined as regular AMS rounds, meet-
ings, or consultation services, were associated with a
lower rate of inappropriate therapy. However, sensitivity
analysis yielded a weakened explanatory role of AMS
activities when taking into account cluster effects at the
center level, i.e., altering the model assumption that
observations are independent within centers. Guide-
lines for febrile neutropenia, which, when adhered to,
serve to inform clinicians of best practices for diagnosis
and therapy, were in place prior to our study. By
contrast, however, other clinical syndromes reported in
our PPS, had no specific, preexisting guidelines. This
may have led to clinicians making more individualized
—and therefore less evidence-based treatment—de-
cisions in some cases.

Our study has several strengths that deserve
mention. First, the multi-center set-up yielded gener-
alizability on a national level. Second, we employed an
extended expert panel approach which allowed for an
in-depth assessment of each patient and each antimi-
crobial treatment, thereby generating high-quality,
robust data. Third, we scrutinized local standards
with regard to alignment with national guidelines on
febrile neutropenia in pediatric oncology (unpub-
lished data on file)—an approach enabling us to
inform participating centers about possible quality
improvements.

Limitations of the study include the exclusive in-
vitations for centers affiliated to the GPOH (60 centers
from Germany, seven centers from Austria, and nine
centers from Switzerland), and the prerequisite that
hospitals have institutional standards on FN (which may
have introduced a selection bias). In addition, we did not
collect or obtain information on local antimicrobial
invasive pathogen and resistance patterns. However, we
anticipate that differences between centers would be
small, reflecting the national average. Another limitation
www.thelancet.com Vol 28 May, 2023
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is the lack of data on non-use cases, which would have
been necessary to explore factors associated with potential
undertreatment. This important aspect was beyond the
scope of this work, but should be studied in future pro-
jects. Furthermore, our data, which stem from two cen-
tral European, high-income countries, may not be
applicable to settings where access to certain antibiotics is
limited and/or where prescribing patterns differ.28

In summary, the high antimicrobial prescription rate
and the high rate of inappropriate therapies shown by
our study indicate the importance of AMS programs in
PHOCs. Likewise, our findings indicate that up-to-date,
local standards of care based on national guidelines—
along with adherence to them—are paramount to
improving antimicrobial use in pediatric oncology and
hematology. Future studies should aim to analyze the
facilitators and barriers to guideline adherence, as well
as to implementing AMS in pediatric oncology and he-
matology units, and should include qualitative and
mixed-methods approaches.29,30
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