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ABSTRACT

Aim: To evaluate whether an increase in the time to antibiotics (TTA) administration in the paediatric emergency department
worsens the clinical outcomes of well-appearing paediatric cancer patients with febrile neutropenia (FN).

Methods: We performed a subanalysis of a prospective, observational study conducted in two hospitals between November 2019
and October 2021. Multivariate analysis was performed to identify independent risk factors for poor outcomes, defined as admis-
sion to the paediatric intensive care unit, sepsis or septic shock, acute organ dysfunction, long-term sequelae, or death.

Results: We included 192 episodes in 163 patients. A total of 110 episodes (57.3%) had a TTA <60min (short TTA) and 82 (42.7%)
had a TTA >60min (long TTA). Baseline characteristics were similar in both groups, except for previous FN episodes, which
were more frequent in the short TTA group (64.5% vs. 8.5%, p<0.001). Twelve episodes (6.3%) resulted in a poor outcome, al-
though no deaths were reported. Poor outcomes were more common in patients with higher maximum temperature (odds ratio
[OR]: 2.7; 95% CI: 1.1-6.6), and elevated CRP (OR: 1.01; 95% CI 1.003-1.02). In the multivariate analysis, no variable—including
TTA—was identified as an independent risk factor for poor outcome.

Conclusions: Delayed antibiotic administration in clinically stable paediatric FN patients did not worsen outcomes, supporting
the potential feasibility of a ‘wait-and-observe focus’ approach.

1 | Introduction

Febrile neutropenia (FN) presents a significant clinical chal-
lenge in paediatric oncology [1]. FN is associated with a high
risk of severe bacterial infections; therefore, prompt empiric
broad-spectrum antibiotic administration is considered the best
therapeutic approach. Several guidelines regard time to antibi-
otic (TTA) administration as a quality-of-care indicator in the

paediatric emergency department (PED) [2], given its impor-
tance in reducing infection-related morbidity and mortality [3].
However, many febrile episodes are not caused by bacterial in-
fections [4], and although TTA protocols are well established,
recent perspectives advocate a more conservative approach
in selected situations [3]. Lehrnbecher et al. [5] proposed that
in clinically stable patients with FN without an identifiable
focus, antibiotics can be delayed until the neutrophil counts are
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Summary

« What is already known on this topic

o In the current clinical context, serious bacterial
infections and poor outcomes are relatively un-
common, particularly in patients with low-risk
neutropenia.

o Recent trends support a more conservative ap-
proach, delaying antibiotics in stable febrile neu-
tropenia patients until neutrophil count results are
available.

« What this paper adds

o Increased time to antibiotic administration in clin-
ically stable paediatric patients with febrile neutro-
penia may not necessarily worsen clinical outcomes,
suggesting the possible feasibility of a ‘wait-and-
observe focus’ approach.

o No risk factors were identified as predictors of poor
outcome; notably, time to antibiotic administration
did not emerge as a significant factor.

available [5]. Nevertheless, it remains unclear whether this strat-
egy may adversely affect prognosis.

The objective of this study was to evaluate whether increased
TTA administration in the PED, by dividing patients into two
groups (<60 and > 60min), worsens the clinical outcome of can-
cer patients with FN who had a normal Paediatric Assessment
Triangle (PAT) on arrival [6].

2 | Materials and Methods
2.1 | Study Design, Setting and Population

We performed a secondary analysis of a large, two-centre,
prospective cross-sectional registry conducted between
November 2019 and October 2021 [7]. The study was en-
dorsed by the Spanish Paediatric Emergency Research Group
(SPERG).

Children were eligible if they were aged 2-18years, had a cancer
diagnosis, presented with FN, and had a stable PAT on arrival
at the PED. Exclusion criteria were the presence of any focal in-
fection, antibiotic treatment within the previous 48h, or refusal
to participate.

Patients were followed until recovery or poor outcome. The at-
tending paediatricians adhered to local FN protocols. In both
participating PEDs, empiric intravenous anti-pseudomonal f3-
lactams were recommended for all patients and administered
as soon as possible, ideally within the first hour. Meropenem
was reserved for patients with mucositis, and vancomycin
was added if catheter-related or skin infection was suspected.
Oncological patients with fever are prioritised and assessed in
the PED within 15min. Intravenous fluids were administered
only when clinically indicated, after vital signs had been re-
corded [1].

2.2 | Data Collection

The recorded variables included age, sex, cancer diagnosis, im-
munosuppressive treatment, trimethoprim-sulfamethoxazole
(TMP-SMX) prophylaxis, colony-stimulating factor treatment,
duration and severity of fever, associated symptoms, physical
examination findings, laboratory test results, TTA, and final
diagnosis.

2.3 | Definition and Outcome Measures
The key definitions are presented in Table 1.

Patients undergoing active treatment for oncological diseases, as
well as those with progressive or relapsed disease involving the
bone marrow, were considered at an increased risk of develop-
ing neutropenia [9].

The main outcome variable was poor outcome, defined as ad-
mission to the paediatric intensive care unit (PICU), sepsis or
septic shock, acute organ dysfunction, long-term sequelae,
or death.

Sequelae were defined as organ or system dysfunction that inter-
feres with normal life and requires long-term follow-up.

For the purposes of this study, if a patient experienced multiple
episodes of FN but remained asymptomatic and untreated for at
least 4weeks between them, the subsequent episode was consid-
ered independent.

2.4 | Statistical Methods

Data normality was assessed by calculating skewness rela-
tive to standard error values. Normally distributed data were
expressed as meanz=standard deviation and non-normally
distributed data as median with interquartile range (IQR).
Two-tailed ¢ tests were used to compare mean values be-
tween groups for normally distributed data, and the Mann-
Whitney U test was applied for non-normally distributed data.
Categorical variables were expressed as percentages and com-
pared using the y? test. A p-value <0.05 was considered sta-
tistically significant. Data were analysed using Stata version
17.0 (StataCorp).

Baseline risk factors analysed for poor outcome included age,
sex, high-risk oncological disease, previous episodes of FN, max-
imum temperature, absolute neutrophil count (ANC), monocyte
count, C-reactive protein, procalcitonin, and TTA. Logistic re-
gression was performed for binary variables with a p-value <0.2
in univariate analysis.

TTA was evaluated using the 60-min ‘golden hour’ cutoff to as-
sess its clinical impact.

The article was drafted in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
guidelines for observational research.
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3 | Results

Between 2019 and 2021, the two institutions recorded a com-
bined total of 209 FN episodes; of these, 192 (91.9%) were in-
cluded. Seven patients were diagnosed with a focal infection and
10 declined to participate. The median age was 7.2years (IQR
4.6-13.5). A total of 110 episodes (57.3%) had a TTA <60min
(short TTA) and 82 (42.7%) had a TTA > 60min (long TTA). The
median TTA was 35min in the short TTA group (IQR 30-45)
and 100min in the long TTA group (IQR 65-120) (p <0.001).

Table 2 presents the epidemiological and clinical data of the 192
episodes. Most episodes (88.5%) involved high-risk oncological
patients, with a similar distribution across groups (p>0.05).

Ongoing non-chemotherapy treatments at the time of PED

presentation as well as fever characteristics are shown in
Table 3, stratified by study group. Baseline characteristics were

TABLE1 | Key definitions.

comparable between groups, except for previous episodes of FN:
71 (64.5%) in the short TTA group and 7 (8.5%) in the long TTA
group (p<0.001). All patients met stable PAT criteria; therefore,
vital signs were not compared between groups.

Blood test values by study group are presented in Table 4.

All episodes were treated with broad-spectrum antibiotics:
piperacillin-tazobactam (55.2%), cefepime (40.6%), or mero-
penem (3.6%). In addition, vancomycin was administered in five
(2.6%) episodes in combination with another antibiotic when
there was clinical suspicion of central venous catheter infection.

Amongst the episodes with positive blood culture (18; 9.4%),
pathogens included 15 coagulase-negative staphylococci and
one isolate each of Klebsiella pneumoniae, Escherichia coli, and
Streptococcus viridans. These are shown according to TTA in the
PED in Figure 1.

Fever: a single temperature > 38°C or two consecutive measurements > 37.5°C.
High-risk oncologic diagnosis: acute lymphoblastic leukaemia and non-Hodgkin lymphoma in induction, reinduction or

consolidation phase or relapse, and acute myeloid leukaemia in any phase.

The PAT was used to assess the overall initial impression of the child. A stable PAT was defined as the absence of

abnormalities in any of the 3 components assessed by this tool: appearance, work of breathing, and circulation to the skin,
using specific and predefined physical, visual, and auditory findings. If any of these 3 components was abnormal, the patient
was considered unstable [6]. Pallor was not considered an alteration of circulation to the skin if it was consistent with the
patient's known baseline anaemia related to their oncological disease or treatment.

catheter, using two different samples.

Neutropenia: an ANC of <500 cells/mm? or an ANC expected to decrease to <500 cells/mm?3 over the following 48 h.
Positive blood culture: the growth of a single pathogen. Blood cultures were obtained exclusively from a central venous

Bacteraemia without a focus of infection: the isolation of a single pathogen in the blood of a well-appearing febrile child

with a normal physical examination or with minor signs in the absence of an identifiable focus of infection. In cases where
coagulase-negative staphylococci were isolated, classification as true bacteraemia or contamination was based on clinical

judgement.

« Sepsis: suspected or confirmed infection identified as a Phoenix Sepsis Score? of at least two points and septic shock defined as
sepsis with a cardiovascular subscore of at least one point of the Phoenix Sepsis Score [8].

Abbreviations: ANC, absolute neutrophil count; PAT, paediatric assessment triangle.

2Phoenix Sepsis score was calculated retrospectively.

TABLE 2 | Characteristics of the episodes included in the registry.

Total (n=192) Short TTA (n=110) Long TTA (n=382) P

Sex (male), n (%) 85 (44.3) 46 (41.8) 39 (47.6) 0.52
Age in years, median (IQR) 7.2 (4.6-13.5) 7.1 (4.5-14.2) 7.3 (4.7-13.1) 0.48
Cancer diagnosis, n (%)

Acute lymphoblastic leukaemia 84 (43.8) 60 (54.5) 24 (29.3) <0.001
Bone tumour 35(18.2) 18 (16.4) 17 (20.7) 0.56
Central nervous system tumour 28 (14.6) 11 (10) 17 (20.7) 0.06
Non-Hodgkin's lymphoma 16 (8.3) 10 (9.1) 6(7.3) 0.86
Hodgkin's lymphoma 6(3.1) 3(2.7) 33.7) 1.00
Acute myeloid leukaemia 3(1.5) — 3(3.7) 0.08
Other solid tumours? 20 (10.4) 8(7.3) 12 (14.6) 0.16

Abbreviations: %, percentage; IQR, interquartile range; n, number.

20ther solid tumours include sarcoma, neuroblastoma (abdominal), Wilms' tumour, hepatoblastoma, germ cell tumour and desmoplastic tumour.
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TABLE 3 | Risk level of the oncological disease, non-chemotherapy treatment and fever characteristics of the study patients according to study
group.
Short TTA (n=110) Long TTA (n=382) D

High-risk oncological disease, n (%) 55(50) 48 (58.5) 0.32
Previous episode of febrile neutropenia, n (%) 71 (64.5) 7 (8.5) <0.001
Other immunosuppressive drugs?, n (%) 28 (25.5) 24 (29.3) 0.67
TMP-SMX prophylaxis, n (%) 107 (97.3) 80 (97.6) 1.0
Colony-stimulating factors, n (%) 37 (33.6) 36 (43.9) 0.19
Time from fever onset (hours), median (IQR) 2(1-3) 2(2-3) 0.83
Maximum temperature at home (°C), median (IQR) 38.1(38-38.4) 38 (38-38.5) 0.91

Temperature on arrival at the emergency department (°C),
median (IQR)

37.9 (37.6-38.2) 38 (37.9-38.3) 0.86

Abbreviations: %, percentage; IQR, interquartile range; n, number of patients; n.s., not significant; TMP-SMX, trimethoprim-sulfamethoxazole; TTA, time to

antibiotics.

20ther immunosuppressive drugs include corticosteroids, monoclonal antibodies, and purine analogue antimetabolites.

TABLE 4 | Values of blood tests in both study groups.

Short TTA (n=110)

Long TTA (n=382) P

Last blood test before PED

ANC (cells/mm?), median (IQR) 0 (0-500) 250 (0-1500) 0.01

Monocytes (cells/mm?), median (IQR) 0 (0-100) 50 (0-150) 0.17
Blood test drawn at PED

ANC (cells/mm?3), median (IQR) 0 (0-100) 0 (0-200) 0.14

CRP (mg/L), median (IQR) 29.5 (17.2-66.0) 40 (22.6-67.8) 0.24

PCT (ng/mL), median (IQR) 0.2(0.1-0.3) 0.2 (0.1-0.3) 0.40

Note: Bold indicates statistically significant differences.

Abbreviations: %, percentage; ANC, absolute neutrophil count; CRP, C-reactive protein; IQR, interquartile range; n, number of patients; PCT, procalcitonin; PED,

paediatric emergency department; TTA, time to antibiotics.
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FIGURE1 | Isolated microorganisms in both study groups.

The final diagnoses were FN in 160 (83.3%) episodes, bacter-
aemia in 13 (6.8%), sepsis/septic shock in 5 (2.6%), upper tract
infection in 5 (2.6%), typhlitis in 3 (1.6%), catheter-related
bloodstream infection in 3 (1.6%) catheter-associated infec-
tions, urinary tract infection in 2 (1.0%), and pneumonia in
1(0.5%).

A total of 12 episodes (6.3%) were associated with a poor out-
come: 8 children (66.7%) developed sepsis, 2 (25.0%) of whom
fulfilled criteria for septic shock, and 5 (41.7%) required PICU
admission, including both shock cases. Regarding long-term
sequelae, 1 patient (8.3%) required intermittent oxygen ther-
apy after the episode. No deaths were reported. Table 5 shows
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TABLE 5 | Differences between patients with and without poor outcomes.

Patients with poor Patients without poor
outcome (n=12) outcome (n=180) P

Age (years), median (IQR) 11.3(6.9-15.1) 7.2 (4.3-13.5) 0.07
Sex (male), n (%) 6 (50) 94 (52.2) 1.0
High-risk oncological disease, n (%) 8 (66.7) 95 (52.7) 0.40
Previous episode of febrile neutropenia, n 3(25) 22(12.2) 0.19
(%)

Maximum temperature (°C), median (IQR) 38.4(38.2-39) 38 (38-38.4) 0.81
ANC (cells/mm?3), median (IQR) 0(0-257.5) 0(0-192.5) 0.67
Monocytes (cells/mm?), median (IQR) 400 (300-500) 250 (62.5-485) 0.27
CRP (mg/L), median (IRQ) 60 (22.3-95.8) 32.2 (19.8-65.5) 0.17
PCT (ng/mL), median (IRQ) 0.2 (0.1-0.3) 0.2 (0.12-0.3) 0.53
TTA (minutes), median (IRQ) 50 (33.7-60) 60 (40-100) 0.08
TTA <60min, n (%) 10 (83.3) 100 (55.6) 0.07

Abbreviations: %, percentage; CRP, C-reactive protein; IQR, interquartile range; n, number of patients; PCT, procalcitonin; TTA, time to antibiotics.

the differences between patients with and without a poor
outcome.

Table 6 presents the results of the bivariable and multivariate
analyses for risk factors associated with poor outcome.

4 | Discussion

The results of this study in children with cancer and FN indi-
cate that when the PAT is stable, prognosis does not worsen if
antibiotic treatment is delayed beyond the first hour after arrival
at the PED, in contrast to unstable patients for whom immedi-
ate therapy is essential. In the long TTA group, antibiotics were
administered later than in the short TTA group, yet this was not
associated with an increase in poor outcomes.

According to the updated systematic review and meta-analysis
by Phillips et al. [10], several validated clinical decision rules
(CDRs)—including SPOG 2003/2015, PICNICC, Klaassen, and
EsVan/EsVan2—have been developed to stratify risk in chil-
dren with FN and identify those at low risk for serious compli-
cations. These models use clinical and laboratory parameters to
select low-risk candidates for outpatient or less intensive care.
However, their performance and external validity vary across
settings, and local validation or recalibration is recommended
before routine implementation. In our cohort, all episodes were
initially managed as high risk with prompt parenteral therapy.
Although a CDR was not applied prospectively, these models
provide a pragmatic framework for future piloting of low-risk
pathways in our PED.

Although oncological risk classification did not differ between
groups, we observed a higher proportion of acute lymphoblas-
tic leukaemia in the early antibiotic group. This finding is con-
sistent with previous studies reporting that patients with acute
lymphoblastic leukaemia were more likely to receive antibiotics

TABLE 6 | Bivariable and multivariate analysis to identify
independent risk factors for poor outcome.

Risk factors for poor
outcome OR CI95% 4]

Bivariable analysis

Age (years) 1.1 0.9-1.3 0.21
Sex (male) 1.0 0.3-3.0 0.95
High-risk oncological 1.8 0.5-6.3 0.35
disease

Previous episode of 2.4 0.6-9.0 0.2
febrile neutropenia

Maximum temperature 3.2 1.0-9.7 0.04
C)

ANC (cells/mm?) 1.00 0.99-1.01 0.28

Monocytes (cells/mm?) 1.00 0.998-1.003 0.31

CRP (mg/L) 1.10 1.03-1.22 0.01
PCT (ng/mL) 1.2 0.9-1.5 0.35
TTA? (minutes) 1.1 0.8-1.6 0.9

Multivariate analysis

Maximum temperature 2.1 0.8-5.8 0.13
O
CRP (mg/L) 1.09 1.00-1.21 0.07

TTA (minutes) 1.8 0.4-8.7 0.45

Abbreviations: ANC, absolute neutrophil count; CI, confidence interval; CRP,
C-reactive protein; PCT, procalcitonin; TTA, time to antibiotics.
2This variable was included in the multivariate analysis for theoretical reasons.

within 60min [11]. In our cohort, the prevalence of high-risk
oncological diseases predisposing to neutropenia was compara-
ble between groups, suggesting that differences in underlying
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disease severity did not explain variations in TTA. Instead, other
contextual or organisational factors may have influenced the
timeliness of antibiotic administration.

The only differentiating baseline characteristic between the
short and long TTA groups was the higher frequency of previous
FN episodes amongst patients who received antibiotics within
60min, possibly reflecting heightened clinical vigilance. The
literature indicates that recurrent FN episodes are associated
with increased mortality, invasive bacterial infections (IBIs),
and haemodynamic instability [4]. Scheler et al. [12] similarly
reported that previous FN episodes were associated with faster
interventions, consistent with our findings.

Contrary to previous studies [13-17], some commonly pro-
posed risk factors, such as higher temperature at presentation,
low ANC, low monocyte count, or elevated inflammatory bio-
markers including CRP and PCT, were not independently as-
sociated with worse outcomes. Although high fever has been
consistently linked to bacteraemia and sepsis in neutropenic
children [13-15], most patients in our cohort presented with
low-grade fever, and this variable did not show prognostic
value. Likewise, although elevated CRP has been associated
with an increased risk of invasive bacterial infection [17], it
did not discriminate outcomes in our population, which may
reflect the overall clinical stability of the cohort. Neutropenia
was severe in most episodes, but neither ANC nor monocyte
count was useful for predicting complications. These findings
are in line with studies suggesting that haematological param-
eters should not be used in isolation to determine risk, as their
predictive capacity depends heavily on the broader clinical
context [14-18].

In this regard, it is important to acknowledge the fundamental
differences between neutropenic and non-neutropenic path-
ways. Neutropenic patients require immediate broad-spectrum
empiric therapy due to their high risk of rapid progression to
severe infection and sepsis, often necessitating longer treatment
until neutrophil recovery, although recent evidence supports
earlier de-escalation [19]. By contrast, non-neutropenic patients
allow for more conservative and targeted antimicrobial strat-
egies, with stewardship principles more readily applied. This
distinction has major implications for antimicrobial exposure,
resistance, and stewardship, and should be considered when in-
terpreting our findings [19].

It should also be emphasized that our findings are specific to
paediatric patients evaluated in the PED and may not be gen-
eralizable to hospitalised patients. Inpatients often differ mark-
edly in terms of the intensity of clinical monitoring, underlying
disease severity, and risk of nosocomial infection. Moreover,
fever onset is detected earlier due to continuous monitoring,
making delayed antibiotic administration less justifiable in this
context. Therefore, caution is warranted when extrapolating to
inpatients.

Importantly, TTA was not identified as a significant determi-
nant of poor outcome in our analysis, even when included in the
multivariate model. Although early antibiotic administration
remains a cornerstone of FN management, our findings suggest
that, in clinically stable patients, short delays in TTA may not

increase risk, supporting the consideration of individualised
decision-making rather than rigidly time-based benchmarks.

In our study, the incidence of microbiologically confirmed bac-
teraemia was low, approximately 10%, with coagulase-negative
staphylococci as the most common pathogen. This is consistent
with previous reports indicating that paediatric patients with
FN lack microbiologically defined infections in nearly 80% of
cases [4]. Molecular studies have identified pathogens, partic-
ularly respiratory viruses, in many FN episodes, highlighting
their potential significance. Other causes include fungal infec-
tions, drug reactions, transfusions, or mucositis [4].

Traditionally, the prompt administration of broad-spectrum an-
tibiotics has been emphasized, and rapid action remains crucial
in unstable patients. However, in stable situations, such as those
observed in our cohort, a more conservative ‘wait-and-observe
focus’ approach may be feasible without increasing adverse
outcomes [20]. Although all patients in our study ultimately re-
ceived intravenous antibiotics, the absence of worse outcomes
with delayed administration in clinically stable patients raises
the possibility that selected low-risk cases might safely avoid im-
mediate empiric therapy.

Nonetheless, we acknowledge that current clinical practise fa-
vours prompt empiric antibiotic administration followed by
ongoing risk reassessment, and that delaying antibiotics could
be dangerous in the small subset of patients with unrecognised
bacterial infections. Additionally, the interval between fever
onset at home and presentation to the PED may act as an in-
formal observation period, potentially contributing to the safety
of delayed antibiotic initiation in stable patients. Future studies
should further explore this pre-hospital interval to clarify its in-
fluence on outcomes.

Our analysis showed no significant differences in outcomes
between early and late antibiotics administration groups,
with both experiencing a similar ~#10% rate of poor outcomes.
These findings are consistent with previously published studies
[12,21, 22]. Scheler et al. [1] reported that variations in the initial
management of FN, including TTA and antibiotic selection, did
not significantly affect overall patient outcomes. Esbenshade
et al. [21] studied febrile paediatric cancer patients without
severe neutropenia, using a risk prediction model (EsVan) to
guide antibiotic administration; they found that delaying anti-
biotics in low-risk patients did not increase adverse outcomes.
The FN working group of the German Societies for Paediatric
Oncology and Haematology and Paediatric Infectious Diseases
has also discussed best practises for the timing of antibacterial
therapy, acknowledging methodological limitations and biases
in supporting studies [22]. Together, these findings suggest that
structured evaluation in PED is essential, and that many FN ep-
isodes in clinically stable patients may not require immediate
antibiotics [12, 21, 23, 24].

The concordance of our findings with previous studies high-
lights the need for tailored treatment protocols that prioritise
patient stability over rigid timeframes. Ongoing refinement of
FN management strategies, incorporating risk prediction mod-
els and individualised patient assessments, will be crucial in en-
hancing patient care and outcomes [5].
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5 | Limitations

This study has several limitations. First, it was not specifically
designed to address the impact of TTA, as it represents a sec-
ondary analysis of a registry that included only patients older
than 2years—an inclusion criterion of the original study.
Additionally, platelet counts were not collected, as they were not
considered relevant to the registry's primary objective, despite
their known association with poor outcomes. Second, TTA was
determined by the clinical judgement of the attending physician
rather than predefined criteria, introducing potential variabil-
ity. Third, the number of poor outcomes in our cohort was low,
limiting the statistical power and warranting caution when in-
terpreting the findings. Furthermore, no formal sample size or
power calculation was performed, and the wide confidence in-
tervals in our analyses suggest that the study may have been un-
derpowered to detect clinically meaningful differences related
to TTA. Finally, although most patients in our cohort had high-
risk oncological diagnoses, the generalizability of our findings
to low-risk FN populations remains uncertain. The low event
rate precluded subgroup analysis. Further research is needed to
clarify the impact of TTA across different risk groups to inform
individualised treatment strategies.

6 | Conclusions

In summary, longer TTA in stable paediatric FN patients may
not compromise clinical outcomes, supporting the feasibility of a
‘wait-and-observe focus’ approach. Such an approach could help
reduce unnecessary antibiotic exposure, limit the development
of antibiotic resistance, and optimise resource use in PEDs.

Ethics Statement

This study's ethical approval was provided by the Hospital Infantil
Universitario Nifio Jesus's ethics committee, Madrid, Spain (number:
R-0003/19).

Consent

Informed consent was obtained from the older children, parents, or
guardians of all patients.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available on request
from the corresponding author. The data are not publicly available due
to privacy or ethical restrictions.

References

1. E. Boeriu, A. Borda, D. D. Vulcanescu, et al., “Diagnosis and Manage-
ment of Febrile Neutropenia in Pediatric Oncology Patients—A System-
atic Review,” Diagnostics 12 (2022): 1800.

2. M. L. Gonzalez, P. Aristizabal, A. Loera-Reyna, et al., “The Golden
Hour: Sustainability and Clinical Outcomes of Adequate Time to
Antibiotic Administration in Children With Cancer and Febrile

Neutropenia in Northwestern Mexico,” JCO Global Oncology 7 (2021):
659-670.

3. C. Koenig, C. E. Kuehni, N. Bodmer, et al., “Time to Antibiotics Is
Unrelated to Outcome in Pediatric Patients With Fever in Neutropenia
Presenting Without Severe Disease During Chemotherapy for Cancer,”
Scientific Reports 12 (2022): 14028.

4. F. Cennamo, R. Masetti, P. Largo, et al., “Update on Febrile Neutro-
penia in Pediatric Oncological Patients Undergoing Chemotherapy,”
Children 25 (2021): 1086.

5. T. Lehrnbecher, P. D. Robinson, R. A. Ammann, et al., “Guideline for
the Management of Fever and Neutropenia in Pediatric Patients With
Cancer and Hematopoietic Cell Transplantation Recipients: 2023 Up-
date,” Journal of Clinical Oncology 41 (2023): 1774-1785.

6. R. A. Dieckmann, D. Brownstein, and M. Gausche-Hill, “The Pediat-
ric Assessment Triangle: a Novel Approach for the Rapid Evaluation of
Children,” Pediatric Emergency Care 26 (2010): 312-315.

7.J. A. Alonso-Cadenas, M. Sancosmed Ron, B. Herrero, et al., “Role
of Urine Culture in Paediatric Patients With Cancer With Fever and
Neutropenia: a Prospective Observational Study,” Archives of Disease in
Childhood 108 (2023): 982-986.

8. L.J. Schlapbach, R. S. Watson, L. R. Sorce, et al., “International Con-
sensus Criteria for Pediatric Sepsis and Septic Shock,” JAMA 331 (2024):
665-674.

9.S. W. Alexander, K. C. Wade, P. L. Hibberd, and S. K. Parsons, “Eval-
uation of Risk Prediction Criteria for Episodes of Febrile Neutropenia in
Children With Cancer,” Journal of Pediatric Hematology/Oncology 24
(2002): 38-42.

10. R. S. Phillips, T. Lehrnbecher, S. Alexander, and L. Sung, “Updated
Systematic Review and Meta-Analysis of the Performance of Risk Predic-
tion Rules in Children and Young People With Febrile Neutropenia,” PLoS
One 7,no. 5(2012): 38300, https://doi.org/10.1371/journal.pone.0038300.

11. V. De la Maza, D. Simian, M. Castro, et al., “Administration Time
for the First Dose of Antimicrobials in Episodes of Fever and Neutro-
penia in Children With Cancer,” Pediatric Infectious Disease Journal 34
(2015): 1069-1073.

12. M. Scheler, T. Lehrnbecher, A. H. Groll, et al., “Management of Chil-
dren With Fever and Neutropenia: Results of a Survey in 51 Pediatric
Cancer Centers in Germany, Austria, and Switzerland,” Infection 48
(2020): 607-618.

13. R. Tamburro, “Pediatric Cancer Patients in Clinical Trials of Sepsis:
Factors That Predispose to Sepsis and Stratify Outcome,” Pediatric Crit-
ical Care Medicine 6 (2015): S87-S91.

14. K. Madsen, M. Rosenman, S. Hui, et al., “Value of Electronic Data
for Model Validation and Refinement: Bacteremia Risk in Children
With Fever and Neutropenia,” Journal of Pediatric Hematology/Oncol-
ogy 24 (2022): 256-262.

15. D. C. West, J. P. Marcin, R. Mawis, J. He, A. Nagle, and R. Dimand,
“Children With Cancer, Fever, and Treatment-Induced Neutropenia:
Risk Factors Associated With Illness Requiring the Administration of
Critical Care Therapies,” Pediatric Emergency Care 20 (2004): 79-84.

16. P. 1. Rondinelli, K. C. Ribeiro, and B. de Camargo, “A Proposed
Score for Predicting Severe Infection Complications in Children With
Chemotherapy-Induced Febrile Neutropenia,” Journal of Pediatric He-
matology/Oncology 28 (2006): 665-670.

17. C. J. Regazzoni, M. Khoury, C. Irrazabal, et al., “Neutropenia and
the Development of the Systemic Inflammatory Response Syndrome,”
Intensive Care Medicine 29 (2003): 135-138.

18. M. E. Santolaya, A. M. Alvarez, A. Becker, et al., “Prospective, Mul-
ticenter Evaluation of Risk Factors Associated With Invasive Bacterial
Infection in Children With Cancer, Neutropenia, and Fever,” Journal of
Clinical Oncology 15 (2001): 3415-3421.

Journal of Paediatrics and Child Health, 2025


https://doi.org/10.1371/journal.pone.0038300

19. A. P. Douglas, E. Stohs, and M. Mikulska, “The Role of Antibacterial
Prophylaxis in High-Risk Neutropenia: Benefits, Risks, and Current
Perspectives,” Current Opinion in Infectious Diseases 38, no. 4 (2025):
281-289, https://doi.org/10.1097/QCO.0000000000001114.

20. S. L. Weiss, M. J. Peters, W. Alhazzani, et al., “Surviving Sepsis Cam-
paign International Guidelines for the Management of Septic Shock and
Sepsis-Associated Organ Dysfunction in Children,” Pediatric Critical
Care Medicine 21 (2020): e52-€106.

21. A. J. Esbenshade, Z. Zhao, A. Baird, et al., “Prospective Implemen-
tation of a Risk Prediction Model for Bloodstream Infection Safely Re-
duces Antibiotic Usage in Febrile Pediatric Cancer Patients Without
Severe Neutropenia,” Journal of Clinical Oncology 20 (2020): 3150-3160.

22. A. Simon, T. Lehrnbecher, Y. Baltaci, et al., “Time to Antibiotics
(TTA)—Uberlegungen der Arbeitsgruppe Fieber Bei Granulozytope-
nie Im Kindes-Und Jugendalter (GPOH/DGPI) zu Einer Neubewertung
[Time to Antibiotics (TTA)—Reassessment From the German Working
Group for Fever and Neutropenia in Children and Adolescents (DGPI/
GPOH)|,” Klinische Padiatrie 235 (2023): 331-341.

23. A. S. Dessie, M. Lanning, T. Nichols, E. M. Delgado, L. S. Hart, and
A. K. Agrawal, “Patient Outcomes With Febrile Neutropenia Based on
Time to Antibiotics in the Emergency Department,” Pediatric Emer-
gency Care 38 (2022): e259-e263.

24. G. C. De Castro, L. R. Slatnick, M. Shannon, et al., “Impact of Time-
To-Antibiotic Delivery in Pediatric Patients With Cancer Presenting
With Febrile Neutropenia,” JCO Oncology Practice 20 (2024): 228-238.

Journal of Paediatrics and Child Health, 2025


https://doi.org/10.1097/QCO.0000000000001114

	Outcomes in Stable Paediatric Patients With Cancer With Fever and Neutropenia According to Time to Antibiotic Administration: A Prospective Observational Study
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Study Design, Setting and Population
	2.2   |   Data Collection
	2.3   |   Definition and Outcome Measures
	2.4   |   Statistical Methods

	3   |   Results
	4   |   Discussion
	5   |   Limitations
	6   |   Conclusions
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement
	References


