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Abstract

Febrile neutropenia (FN) is an oncological emergency that should be timely assessed and for which
appropriate empirical antibacterial therapy should be initiated. The purpose of this systematic review was to
critically assess the correlation between time to antibiotic administration (TTA), all-cause mortality, and
specific non-fatal outcomes in children and adults with cancer. Twenty-five primary studies published
between 2011 and 2026, including observational cohorts and multicomponent quality improvement
interventions, were critically appraised, though the number of unique patients could not be safely added
together due to some studies reporting repeated FN episodes. There was a wide range of variations in the
timing of the origins, severity of the patient population, appropriateness of treatment, and the definition of
endpoints. Hazard ratios (HRs) of individual studies showed discordant associations, with an adult cohort
showing a higher HR per additional hour of delay (HR: 1.18, 95% CI: 1.10-1.26) and recent (adjusted)
paediatric studies failing to demonstrate a consistent adverse association of delays just beyond the 60-
minute threshold with composite outcomes. Previously published pooled estimates from Koenig et al. were
considered in interpreting the available evidence; these estimates were not independently recalculated in
the present review. Other peer-reviewed studies yielded different results for stable children and those with
neutropenic sepsis. Interpretation of the available evidence is constrained by clinical and methodological
heterogeneity, residual confounding, variability in outcome definitions, and incomplete documentation of
certain review procedures. However, prompt, appropriate antibiotics are still crucial, especially for serious
illness, and the data do not support the use of TTA as a causal measure of quality of care.

Categories: Hematology, Oncology
Keywords: antibiotic timing, cancer, empirical antibiotics, febrile neutropenia, mortality, neutropenic sepsis

Introduction And Background

Febrile neutropenia (FN) is defined as fever in the context of profound neutropenia, defined as an absolute

neutrophil count <0.5 x 10%/L or expected to fall below this threshold. In the patient receiving
myelosuppressive cancer therapy, fever may be the first symptom of infection in the absence of any focal
finding. Therefore, FN should be evaluated clinically at the earliest, risk assessed with microbiological
evaluation wherever possible without delay, and suitable empirical antibiotics should be administered [1,2].
For adults, the whole picture of clinical instability, organ dysfunction, and suspected sepsis will remain
much more important, although the Multinational Association for Supportive Care in Cancer (MASCC) score
could be useful for risk assessment.

Guidance is to start antibiotic therapy promptly, with some interpretation of timeframes. The ASCO/IDSA
guidelines for adults suggest that an initial empirical dose should be administered within one hour of triage
in patients with FN [1]. The 2023 update focuses on risk-based management, and paediatric guidance
includes rapid empirical treatment, particularly for those who are unstable. The Surviving Sepsis Campaign
(SSC) 2026 guidelines endorse urgent antimicrobial therapy, within one hour after recognition, for septic
shock or suspected/confirmed sepsis and categorise patients with diagnostic uncertainty for a brief and
structured evaluation [3]. These recommendations should not be taken as an excuse for withholding therapy
in high-risk or deteriorating patients.

Time to antibiotic administration (TTA) can start at the time of fever recognition, arrival at the hospital or
emergency department, time of triage, or time of documented treatment decision ("time zero"). These are
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not interchangeable exposures. There are also differences in type of cancer, in/emergency department
admission, choice of appropriate antibiotic, and all-cause mortality vs clinical deterioration between
cohorts. In an adult FN cohort, Rosa and Goldani reported that the hazard of death increased with every
hour of delay in the 28-day mortality period, while other observational studies reported null or threshold-
dependent associations [4-9]. These differences are not used to define a universal safe delay or a universal
causal 60-minute threshold [1].

One of the main threats to interpretation is "confounding by indication": that is, patients with shock or
obvious organ dysfunction are treated more rapidly, and they have a higher risk of death. This bias was noted
in the earlier systematic review by Koenig et al. [10], and the pooled estimates for mortality and ICU from
three studies were reported; those estimates are discussed as previously published findings rather than
independently recalculated results. A more recent study of individual patient data (IPD) of 4,006 paediatric
FN episodes showed paradoxically fewer composite safety events for longer TTA, which raises concern about
the possibility of residual triage confounding, and does not favour delaying antibiotics [11].

The present review critically evaluates 25 primary studies, emphasising differences in antibiotic timing
definitions, clinical severity, study design, and outcome assessment, and considers subsequently identified
publications as contextual evidence. The contribution is a cross-age, outcome-specific narrative appraisal of
later observational studies and pathway initiatives, rather than the Koenig et al. [10] appraisal, which
compared the later studies to the original study. These previous pooled estimates are excluded as study-level
extraction files, and an independently reproducible quantitative analysis was not provided for verification;
this is a systematic review and critical appraisal and not an original meta-analysis.

Review
Study design and reporting

The original review included a systematic search and an initial set of 25 primary studies. This systematic
review was reported with reference to the PRISMA 2020 statement [12], with outcome-specific narrative
synthesis informed by Synthesis Without Meta-analysis (SWiM) guidance [13]. A prospective protocol
registration number was unavailable for verification, limiting assessment of protocol pre-specification.
There is no independent quantitative meta-analysis, post hoc registration, or protocol amendment claimed.
The Population-Exposure-Comparator-Outcome (PECO) question was: In adult or paediatric patients with
cancer-related FN, is a shorter time to first systemic empirical antibacterial administration associated with
all-cause mortality and prespecified distinct secondary clinical outcomes compared to a longer time?

Literature search strategy

The original review queried the databases from inception to September 22, 2026, and also used Google
Scholar and backward citation searching, including PubMed/MEDLINE, Embase, Scopus, Web of Science, and
Cochrane Library. Its recorded yields were 214, 326, 274, 237, 31, 132, and 17 citations, respectively (total
1,231 before deduplication). The wide concepts that were documented were ("febrile neutropenia” OR
"neutropenic fever" OR "neutropenic sepsis”) AND ("cancer” OR "malignancy” OR "chemotherapy") AND
("antibiotic" OR "antimicrobial”) AND ("time to antibiotic" OR "delayed antibiotic” OR "early antibiotic" OR
"one hour" OR "60 minutes" OR "door-to-needle") AND ("mortality” OR "clinical outcomes" OR "ICU"). These
are written down key concepts, rather than confirmed platform-specific search strings. The reported
literature search identified 1,231 records; incomplete availability of database exports, search history logs,
and full-text exclusion records limit independent verification of these yields. The reviewer-identified
reports were evaluated individually as contextual evidence and did not retroactively count towards the 25
chosen studies. A supplementary literature search was carried out on electronic databases from inception to
September 22, 2026. Electronic databases searched included PubMed/MEDLINE, Embase, Scopus, Web of
Science, and the Cochrane Library; back referencing of eligible articles and relevant reviews was performed,
and Google Scholar was employed to find additional sources. Boolean operators were used to combine the
core search concepts as follows: (“febrile neutropenia” OR “neutropenic fever” OR “neutropenic sepsis”)
AND (“cancer” OR “malignancy” OR “oncology” OR “chemotherapy”) AND (“antibiotic” OR “antimicrobial
therapy”) AND (“time to antibiotics” OR “time-to-antibiotic” OR “door-to-antibiotic” OR “door-to-needle”
OR “early antibiotic administration” OR “delayed antibiotics” OR “one hour” OR “60 minutes”) AND
(“mortality” OR “death” OR “intensive care” OR “ICU” OR “clinical outcomes”). The syntax was customised
to each database, and both free text and controlled vocabulary terms were used when applicable. The search
identified 1,231 records: PubMed/MEDLINE (n=214), Embase (n=326), Scopus (n=274), Web of Science
(n=237), Cochrane Library (n=31), Google Scholar (n=132), and reference list/citation searching (n=17).
Geographic limitation has not been used. Studies that lacked adequate English language information to
assess eligibility and extract data were excluded.

Eligibility criteria
Original comparative or exposure response studies evaluating adults or children with cancer-associated FN
with measurable TTA and a clinical outcome were included. Designs ranged from prospective cohort and

retrospective cohort to emergency department and inpatient studies and care pathway evaluations. There
were three criteria for the synthesis of outcomes: a well-defined time origin, an identifiable exposure
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contrast, and an outcome ascertained on a clinically relevant interval. Studies with more than one FN
episode per person were kept descriptively but not counted as independent patient level episodes. Antibiotic
timing was not considered direct evidence, and such studies of heterogeneous neutropenic sepsis
populations or guideline concordant treatment were identified as such [14,15].

The original report excluded designs were reviews/meta-analyses, editorials, case reports (no comparator
group), conference-only abstracts (outcomes not extractable), duplicate cohorts, and studies not assessing
antibiotic timing or clinically relevant outcomes. The information was all required to be in English, which
may have some language bias. The record of excluded full texts was not accessible for external checking; this
means that individual exclusion decisions and whether there may be eligible missed reports cannot be
independently validated. This limit is not an exhaustive listing, but a limitation.

Definition of FN and antibiotic timing

FN definitions and temperature thresholds were taken as reported by each primary study and not

harmonised retrospectively; ANC<0.5 x 109L (or expected decline) was reported as common, but not
universal. Major effect modifiers and confounding variables were identified to be clinical severity at
presentation, hypotension, respiratory compromise, bacteraemia, organ dysfunction, and shock. A 60-
minute threshold was not considered an alternative to the following clinical features.

TTA was the time between the onset of the first empirical systemic antibiotic administration. Studies varied
in terms of the starting point, which could be recognition of fever/FN, on arrival to hospital, in triage, in
inpatient assessment, or in treatment order. Threshold comparisons (<60 minutes, >60 minutes, <60
minutes, >60 minutes, <4 hours, >4 hours) were not considered equivalent to continuous per hour estimates.
The direction of comparison was specified, and whether or not the baseline severity was adjusted in the
primary report.

Selection process and record availability

There were 1,231 records, of which 441 were considered duplicates, and 790 unique records were obtained,
679 of which were excluded, 111 full texts were requested, 3 reports were not available, and 108 were
evaluated, 83 of which were excluded, and 25 retained. This arithmetic is consistent in-house and shown in
Figure I, and the individual exclusions and citation library were not available for audit. It cannot be claimed
that screening and full-text assessment were performed independently by two reviewers, that conflicts were
resolved, or that unavailable full texts were requested from authors. The study selection summary is based
on reported screening and eligibility counts; complete screening records and individual exclusion logs were
unavailable for independent verification.
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FIGURE 1: PRISMA 2020 flow diagram summarising the reported

identification, screening, eligibility assessment, and inclusion of 25
primary studies. Supporting search exports and individual full-text
exclusion records were unavailable for independent reconciliation.

Data extraction

The extraction framework provided includes study year and design, adult/paediatric setting, malignancy,
numbers of participants and episodes, TTA starting point and thresholds, exposure to first antibacterial,
timeframe for all-cause mortality, ICU admission, septic shock, composite adverse outcomes, length of stay,
and adjusted and unadjusted estimates with 95% confidence intervals. Unique participants were separated
from extraction of repeated episodes. Complete original extraction records and documentation of duplicate
extraction, piloting, discrepancy resolution, and investigator contact were unavailable for verification. We
have not suggested that those steps did occur.

Study-specific estimates and data reported in the primary articles cited have been retained as effect
estimates. When adjusted estimates were available, these were highlighted, but they were not aggregated
with crude estimates under a single category. Hazard ratios (HRs), risk ratios, and odds ratios (ORs) were not
used interchangeably. The original findings presented in Koenig et al. (2020) [10] are only presented as
findings of this previous review and not as a new analysis.
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Outcomes

All-cause mortality was the main outcome of interest. They were separated and not combined in-hospital,
28-day, and 30-day mortality. If the primary result measured death or survival for a specific duration of
follow-up (e.g., 180 days), then that specific follow-up duration was identified and not reported as a short-
term all-cause mortality.

Secondary endpoints included the rates of ICU admission alone, death or ICU admission as a composite, and
broader adverse composite endpoints of bacteraemia, septic shock, organ dysfunction, vasopressor use, or
mechanical ventilation, and length of stay. Where possible, the makeup of each outcome and the exact
denominator was maintained. Within a patient, several FN episodes can give rise to correlated observations,
which were assumed to be statistically independent.

Assessment of bias and evidence certainty

There were no completed rating sheets for primary studies (ROBINS-I) or duplicate assessment worksheets
with the manuscript. The review therefore does not presume to include a validated formal ROBINS-I
assessment or formal GRADE certainty ratings, in retrospect. Rather, each evidence category was
descriptively assessed for the potential for confounding by indication/triage, exposure misclassification,
outcome ascertainment, loss to follow-up, and selection of the result reported. An independently recorded,
duplicated risk of bias, and certainty assessment is therefore recommended to sufficiently meet PRISMA and
the reviewer request [10,12], and inference about a 60-minute threshold is considered limited.

Measuring some measured confounding by observational studies with multivariable adjustment, propensity
score methods, or target trial emulation cannot eliminate unmeasured acuity or indication bias. Pathway
studies are subject to “secular trends” and co-interventions, especially when they involve a “before” and
“after” comparison. These design limitations are stated next to the outcomes instead of assuming that
statistical significance equates with causal effect.

Narrative synthesis and statistical reporting

The new synthesis is presented for (i) all-cause mortality at conventional or alternate thresholds, (ii) ICU
admission and composite safety outcomes, (iii) continuous/hourly TTA, and (iv) before-after quality
improvement studies. The study, outcome, direction of the estimate, and whether adjustment was reported
are indicated for each comparison, along with the principal interpretive limitation. Direction-of-effect
synthesis was used as opposed to vote counting. An outcome-specific narrative synthesis was undertaken
because the available study level information did not support an independently reproducible quantitative
analysis. Estimates formerly labelled pooled (mortality OR: 0.78, 95% CI: 0.16-3.69; ICU OR: 1.43, 95% CI:
0.57-3.60) are explicitly attributable to Koenig et al. [10], not to this review.

In the previous review, random-effects meta-analysis was performed, and there were 13 primary studies
overall, three of which were included in the 60-minute mortality and ICU comparisons [10]. The present
manuscript tables of their estimates lack information on arm-specific event counts, comparable endpoints,
directions of effect, and variance information. It would be misleading to repeat those sums as pooled over
the years and presented under the rubric of a new meta-analysis. Rather, directly verifiable primary study
effects are reported here and the results of previous syntheses are cited as external evidence.

Subgroups and sensitivity analyses

Differences between adult and paediatric populations, clinical severity categories, malignancy types, and
treatment settings were examined descriptively; formal subgroup meta-analyses and leave-one-out analyses
were not undertaken because sufficient study-level data were unavailable. These differences are

described and referred to as clinical contrasts rather than statistically tested effect modification. Prospective
studies of septic patients and clinically stable children are informative and refer to different baseline-risk
populations [16,17].

Reporting bias and small-study effects

Formal Egger testing and funnel-plot assessment were not performed; an independent pool of at least 10
compatible studies was not reconstructed. Publication bias, selective extraction, missing full texts, and
selective endpoint reporting are all potential sources of bias. The lack of statistically significant findings
should not be interpreted as a formal certainty profile.

Synthesis scope and contextual evidence

The systematic data set includes the original 25 primary reports. Following the reviewers' feedback, more
relevant published studies and evidence syntheses were identified [3,11-19]. Due to the lack of an
authenticated re-run of the original search and/or database-screening export, these publications have been
included as a contextual update and were not included as an addition to the denominator (25-study PRISMA
diagram). A documented search update is necessary to render the report complete as to the final study count
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and revised screening totals.

Eligibility of borderline evidence

The broad neutropenic sepsis audit by Wells et al. [14] and the neutropenic sepsis audit focusing on receipt
of guideline-recommended treatment by Gulleen et al. [15] provide only contextual process information.
Independent timing exposure cohorts are not combined with Salstrom [20] and other quality improvement
interventions. Butts [6] examined both a threshold and continuous TTA and also presents the overall
composite, not just mortality. Ko [5] evaluated various cutoffs for composite poor outcomes, not mortality

No. Study

Pakakasama et

al., 2011 [21]

2 Gavidia et al.,
2012 [22]

7 Lynn et al., 2013
[23]

4 Fletcher et al.,
2013 [24]

q Perron et al.,
2014 [25]

6 Rosa and
Goldani, 2014 [4]

- Keng et al., 2015
[26]

8 De la Maza et
al., 2015 [27]

9 Salstrom et al.,

2015 [20]

10  Koetal, 2015[5]

Wells et al., 2015
[14]

Butts et al., 2017
[6]

itself.

Results

Study Characteristics

The original search and screening counts are presented in Figure I and described in the Methods. The newly
identified reports were not added to the historical 25-study flow, as the underlying screening library has not

been retrieved. This is not because the newer reports were not eligible but because of transparency.

The original evidence set consists of 25 reports from 2011 to 2026, as shown in Table 1. The evidence
synthesis reflects the originally documented 25-study dataset; subsequently identified publications were
considered separately and were not incorporated into the original selection counts. Some studies report

multiple episodes, and the episode denominators were not added as if they referred to different individuals.
The extraction provided is not complete, or the original study timing start points vary. Two further directly

relevant studies identified during review (Kim et al. [16] and Vergara Munoz et al. [17]) are discussed as a
verified contextual update without altering the original search flow.

Time zero/exposure

Population/design Sample TTA assessment .
origin
L . 170 post-guideline febrile L o
Paediatric oncology; retrospective i . Door-to-antibiotic; principally i
L episodes plus historical . ED arrival
guideline/Ql cohort <120 min
controls
Paediatric leukaemia; prospective 251 children; 269 outpatient Fever-to-assessment and Fever

cohort

Adult chemotherapy-induced FN;
retrospective cohort

Paediatric cancer; retrospective
cohort

Adult cancer FN; retrospective
cohort

Adult cancer FN; prospective cohort

Adult oncology; prospective QI
pathway

Paediatric cancer; prospective
multicentre

Paediatric oncology; before-after/Ql
study

Adult chemotherapy-induced FN;
registry cohort

Neutropenic sepsis service audit
(indirect FN timing evidence)

Adult haematological malignancy;
retrospective

2026 Sami et al. Cureus 18(11): e119216. DOI 10.7759/cureus.119216

febrile episodes analysed

81 FN episodes/78 patients

1,628 admissions/653
patients

105 patients

307 episodes/169 patients

276 pathway FN episodes
plus historical/direct
admission cohorts

388 episodes/226 children

Paediatric FN episodes

1,001 episodes

Three audit periods

244 FN events

antibiotic delay

Antibiotic latency as
continuous exposure

<60 min, 61-120 min and
longer intervals

Continuous TTA; median
25h

Continuous TTA and <30 vs
31-60 min

Pathway target <90 min

<60 vs >60 min

<60 vs >60 min

1-, 2-, 3-, 4-hour cutoffs;
unfavourable outcome
composite

<1-h door-to-needle target

Continuous TTA and <60 vs
260 min for composite
outcome

recognition/assessment

Not specified in source
summary

Hospital arrival

ED arrival

ED presentation

ED arrival

Hospital admission

ED arrival

Not specified in source

summary

Door/arrival

Not specified in source

summary
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Johannesmeyer

13 and Seifert, 2019
[28]

Daniels et al.,

14
2019 (7]

Peyrony et al.,

15 by
2020 [29]
Gulleen et al.,

16
2021 [15]
Koenig et al.,

17
2022 [30]
Villars et al.,

18
2023 [8]

19 De Castro et al.,
2024 [31]
Haeusler et al.,

20
2024 [32]

Igbal et al., 2024

21
[33]

Colunga-

22 Pedrazaetal,
2024 [34]

Attas et al., 2025

23
[35]

Malvestiti et al.,

24
2025 [36]

Van de Louw et

25

al., 2026 9]

Adult FN; retrospective

Adult FN; retrospective cohort

Adult cancer FN; prospective ED
cohort

Acute leukaemia; guideline-
concordant antibiotic receipt
(indirect TTA evidence)

Paediatric cancer; prospective
multicentre

Adult inpatient haematological
malignancy

Paediatric oncology; two-centre
cohort

Paediatric cancer; multicentre target
trial emulation

Adult oncology; prospective study

Paediatric haematology-oncology;
QI cohort

Adult oncology ED; retrospective

Paediatric cancer; comparative
SOP cohort

Adult haematological malignancy;
propensity score analysis

93 patients

3,219 cases

249 patients

49 FN events/39 patients

266 episodes/140 patients

187 FN cases

2,349 episodes

1,685 episodes/976 patients

79 patients

291 patients

149 patients

265 FN episodes

1,089 patients

Time to first antibiotic dose

Graded hourly TTA
categories

Continuous ED TTA

Time to initial and guideline-

recommended antibiotics

Continuous/categorical TTA

<1,1-2,2-3,3-4,and >4 h

<60 vs 260 min and
continuous TTA

<60 vs 260 min

<1vs>1h

Pre/post Golden Hour

intervention

<60 vs >60 min
<30, <60 min and longer
intervals

Continuous TTA and <4 vs
>4 h

Not specified in source
summary

Fever recognition

ED arrival

Initial order vs
recommended
antibiotic

Fever recognition incl.
prehospital

Inpatient fever

Not verified in source
summary

Not verified in source
summary

Door/arrival

ED/arrival

ED arrival

Not verified in source
summary

Not specified in source
summary

TABLE 1: Population, design, sample, and timing definition of the 25 studies in the original review

dataset

Country and exact time zero require verification against the complete primary reports where not stated; episode counts should not be interpreted as

independent patients.

FN, febrile neutropenia; Ql, quality improvement; TTA, time to antibiotic administration.

In multiple studies, recurrent FN episodes in the same patient were counted. In pooled data, it was not
possible to determine the number of unique patients from the data provided; associations should be read
with the understanding that there may be correlation within patients. Figure 2 shows the distribution of the
original 25 studies over time, rather than the contextual reports being discovered through peer review.
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Pakakasamaetal. [1]14{ €@
Gavidia et al. [2] A [ |
Lynn et al. [3] [ ]
Fletcher et al. [4] - n
Perron et al. [5] [
Rosa and Goldani [6] [ ]
Keng et al. [7] q A
De la Maza et al. [8] n
Salstrom et al. [9] 4 <
Ko et al. [10] [}
Wells et al. [11] A
Butts et al. [12] - [ J
Johannesmeyer and Seifert [13]
Daniels et al. [14] [
Peyrony et al. [15] [ ]
Gulleen et al. [16] [ ]
Koenig et al. [17] |
Villars et al. [18] [
De Castro et al. [19] - ]
Haeusler et al. [20] n
Igbal et al. [21] A [ ]
Colunga-Pedraza et al. [22]

Attas et al. [23] [ ]

Study population/design
Adult

Pediatric
Adult/Ql
Pediatric/QI

o o
P
O

Malvestiti et al. [24]

Van de Louw et al. [25] 4

|orme

AR O S D DD
SO R S R A
O M M S S

%2,
4

Publication year

FIGURE 2: Chronological distribution of the 25 primary studies in the
original evidence synthesis, categorised according to study population
and research design

Ql, quality improvement.

Outcomes in the Original Study Dataset

The all-cause mortality signal with the shortest duration (28 days) had the clearest report from Rosa and
Goldani [4]: 29 deaths occurred over 307 FN episodes, with a modelled per-hour HR of 1.18 (95% CI: 1.10-
1.26). The model is based on a per-hour functional relationship, not on the notion that risk rises linearly for
each individual patient or that there is a cut-off at 60 minutes. There were 169 individuals in their cohort
who experienced repeated episodes and whose independence assumptions were limited. An alternative
question was evaluated by Fletcher et al. [24], who reported worse composite adverse outcomes at 61-120 vs
<60 minutes (OR: 1.81, 95% CI: 1.01-3.26), where the endpoint was not just death, and where
hypotensive/severe presentations were not excluded.

Several studies did not find a negative association for death at short cutoffs. Ko et al. [5] assessed 1,001 FN
episodes with a composite of adverse outcomes with 1-, 2-, 3-, and 4-hour thresholds; such a result cannot

be termed a pure assessment of all-cause mortality. Butts et al. [6] found an inpatient FN event rate of 244
and no significant correlation to a death/ICU/vasopressor composite. Daniels et al. [7] identified a non-
monotonic relationship between adjusted 30-day mortality and treatment time within 2 hours: ORs were
0.87 at 2-3 hours, 1.57 at 3-6 hours, 1.37 at 6-24 hours, and 2.08 at >24 hours (the latter group being the least
favourable) (Table 2). Different cutoffs, illness severity, and outcomes preclude direct numerical

comparison.

Study Main outcome Key result
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Pakakasama
2011 [21]

Gavidia 2012
[22]

Lynn 2013 [23]

Fletcher 2013
[24]

Perron 2014
[25]

Rosa 2014 [4]
Keng 2015 [26]

De la Maza
2015 [27]

Salstrom 2015
[20]

Ko 2015 [5]
Wells 2015 [14]

Butts 2017 [6]

Johannesmeyer
2019 [28]

Daniels 2019
[7]

Peyrony 2020
[29]

Gulleen 2021
[15]

Koenig 2022
(30]

Villars 2023 [8]
De Castro 2024

[31]

Haeusler 2024
[32]

Igbal 2024 [33]

Colunga-
Pedraza 2024
[34]

Septic shock, ICU,
infection-related death

Sepsis/infectious death

Serious
complications/death

Composite:
mortality/PICU/fluid
resuscitation (not mortality
alone)

ICU/death and LOS

28-day mortality

TTA, LOS, ICU

Hypotension, ICU, sepsis,
mortality

ICU use; before-after
quality improvement

Composite unfavourable
outcome (including serious
complications/death)

Neutropenic sepsis
outcomes

Death/ICU/vasopressor
composite

Hospital length of stay;
death/ICU (secondary)

ICU/30-day mortality

Composite ICU admission
or death

Guideline-recommended
treatment receipt and in-
hospital mortality

Death/ICU/severe
sepsis/bacteraemia

180-day survival

Major complications

ICU admission/death

Mortality, ICU, LOS

Clinical deterioration/PICU

Septic shock and ICU admission decreased after guideline implementation; no infection-
related deaths occurred in the post-guideline cohort.

Delayed assessment and treatment were associated with adverse infectious outcomes;
socioeconomic and access factors were important determinants of delay.

25/81 episodes developed serious complications; antibiotic latency was an independent
predictor of complications.

61-120 vs <60 min: OR: 1.81 (95% ClI: 1.01-3.26) for a composite outcome; patients with
systolic hypotension at presentation were excluded.

Five patients died or required ICU monitoring; TTA did not independently predict
mortality/ICU use, but each additional hour was associated with longer hospitalisation.

HR: 1.18 (95% CI: 1.10-1.26) for each additional hour of TTA.

FN pathway markedly reduced TTA and hospital stay; pathway intervention involved
several simultaneous care process changes.

Median TTA was 132 min; administration after 60 min was not associated with worse
outcomes.

Quality improvement intervention; association of earlier delivery and fewer ICU
admissions does not isolate a mortality effect of TTA.

Across 1-, 2-, 3-, and 4-hour cutoffs, adjusted analyses found no consistent effect on the
unfavourable outcome composite; these were not separate mortality-only analyses.

Before-after mortality 14/36 (39%) vs 0/79 (0%) across audited service periods; multiple
care changes and a broadly defined neutropenic sepsis population.

35/244 events had an unfavourable composite outcome. <60 vs 260 min: OR: 0.98 (95%
Cl: 0.44-2.12) for the composite (as summarised in Koenig et al. [10]); not an all-cause
mortality OR.

TTA did not independently predict hospitalisation length and was not shown to predict
mortality or ICU admission.

Adjusted 30-day mortality ORs relative to <2 h: 0.87 (2-3 h), 1.57 (3-6 h), 1.37 (6-24 h)
and 2.08 (>24 h); non-monotonic pattern, rather than a uniform increase per hour.

TTA was not independently associated with the ICU/death composite; non-guideline
concordant initial therapy was associated with the composite (OR: 3.50, 95% CI: 1.49-
8.28).

Process of receiving appropriate antibiotics, not an isolated door-to-first dose time
comparison; interpret as indirect evidence.

Fever recognition to antibiotic interval included prehospital time (median about 120 min);
propensity methods only partially addressed triage bias.

TTA categories were not significantly associated with overall survival (p=0.420).

<60 vs 260 min was not associated with major complications: adjusted OR: 0.99 (95% ClI:
0.62-1.59).

260 vs <60 min adjusted RR: 0.62 (95% CI: 0.32-1.21) for ICU/death, based on 43
composite events; direction favoured later therapy, illustrating likely confounding, not
benefit from delay.

Only two deaths among 79 patients; mortality comparisons are underpowered even if ICU
admission or LOS differed.

Median TTA declined from 269.4 to 50.54 min; clinical deterioration/PICU admission
declined from 6.6% to 2.3% (p=0.03).

No statistically significant association with mortality (p=0.611), ICU admission (p=0.682),
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Attas 2025 [35]  Mortality/ICU/LOS

or LOS (p=0.959) in 149 adult patients.

Malvestiti 2025 Median TTA declined from 93 to 44 min, but adverse event rates did not significantly
Adverse events/TTA

[36] change.

Retrospective single-centre propensity-matched study: hospital mortality 8.0% (<4 h) vs
11.9% (>4 h); matched OR: 0.55 (95% CI: 0.31-0.96). Hourly and sepsis/bacteraemia
subgroup analyses were not independently significant.

Van de Louw

Hospital mortality
2026 [9]

TABLE 2: Outcome-specific results and limitations in the original 25-report evidence set

Cl, confidence interval; FN, febrile neutropenia; HR, hazard ratio; ICU, intensive care unit; LOS, length of stay; OR, odds ratio; PICU, paediatric intensive
care unit; Ql, quality improvement; RR, risk ratio; TTA, time to antibiotic administration.

Previously Published 60-Minute Meta-Analysis

Koenig et al. published a systematic review in 2020 with three studies contributing to their 60-minute all-
cause mortality synthesis and three to ICU admission [10]. They reported pooled effects of OR: 0.78 (95% CI:
0.16-3.69) for mortality and OR: 1.43 (95% CI: 0.57-3.60) for ICU admission, with large uncertainty and
considerable susceptibility to triage bias. The submitted manuscript mistakenly included these numbers as
new pooled analyses, and they are presented here with the investigators explicitly named as 2020. They do

Evidence group

not demonstrate equivalence, no harm, or the safety of delaying antibiotic treatment (Table 3).

Representative original studies

Outcome type

Interpretive limitation

All-cause Original primary literature with suitable Cannot independently calculate a new
mortality, <60 vs  counts only; original pooled counts Mortality by stated time frame  pooled OR; earlier review results belong
>60 min unavailable to [10]

Composite events

at <60 min

Mortality at longer

thresholds

Continuous/hourly

timing exposure

Multicomponent
quality initiatives

Fletcher [24], Butts [6], De Castro[31],
Haeusler [32]

Daniels [7], Villars [8], Van de Louw 9]

Rosa [4]; selected other cohort analyses

Pakakasama [21], Keng [26], Salstrom
[20], Wells [14], Colunga-Pedraza [34],
Malvestiti [36]

Unfavourable outcome/ICU or
death/major complications

30-day mortality, 180-day
survival, hospital mortality

28-day mortality hazard or
non-fatal outcomes

Treatment interval, ICU use,
and other process/outcome
metrics

Not interchangeable with all-cause
mortality; adjustment and reference
direction differ

Different time zero and endpoints; no
common meta-analytic effect

Assumed per-hour functional form;
episode clustering and residual
confounding

Before-after secular trends and co-
interventions prevent attributing benefits
to TTA alone

Indirect or Treatment access, guideline .
. - i i May not measure the same first-dose
borderline Gavidia [22], Gulleen[15] concordance, and infection )
o TTA, keep as contextual evidence
eligibility outcomes

TABLE 3: Evidence categories, eligible outcomes, and limitations for interpretation

As there were no original per-arm event counts, study weights, model specification, statistical code, or
forest plots for a potential independent pooled analysis from the source manuscript, no new meta-analytic
estimate is asserted. Substantive conclusions below depend on the direction and design of individual
original studies, the previous published synthesis, and separately labelled contextual evidence.

Adult Evidence: Mortality and Alternative Thresholds

Rosa and Goldani [4] found a hazard for mortality within 28 days that was significant per hour but did not
specifically test for linearity in the association. A different endpoint was short-term mortality; likewise,
Villars et al. [8] observed 180-day survival and found no relationship among the different categories of TTA
inpatient grading (p=0.420). However, if length of stay is assessed, Johannesmeyer and Seifert [28] did not
demonstrate a reliable independent association of TTA with mortality or admission to the intensive care
unit. Neither should be considered to be a positive or negative 60-minute mortality study.
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Antibiotic within two hours of fever (in predominantly an inpatient population) was the reference in Daniels
et al. [7]. There was no monotonic association between the 30-day mortality odds for the various timing
categories, and this suggests that a simple linear delay model is not supported. By contrast, Van de Louw et
al. [9] found a mortality of 8.0% in TTA <4 hours vs 11.9% in TTA >4 hours (propensity-matched OR: 0.55
(0.31-0.96) for earlier vs later TTA). Causal generalisation is limited by its single-centre retrospective design,
2005-2020 timeframe, median TTA of approximately 132 min, and limited evidence of a subgroup effect in
sepsis/bacteraemia.

Paediatric Evidence: Composite Outcomes and Severity

Fletcher et al. [24] found an increased risk of a composite endpoint among children treated with antibiotics
within 61-120 minutes of presentation but did not exclude those with systolic hypotension. Salstrom et al.
[20] conducted a before-after quality improvement study and should not be treated as a separate
conventional mortality cohort. De la Maza et al. [27] reported 388 FN episodes in 226 children and a median
arrival-to-antibiotic interval of 132 minutes; administration after 60 minutes was not associated with worse
reported outcomes. The differing start points and exclusions affect comparisons.

De Castro et al. [31] assessed 2,349 episodes and found no association of <60 vs >60 minutes with major
complications (adjusted OR: 0.99, 95% CI: 0.62-1.59). Haeusler et al. [32], in 1,685 episodes, reported an
adjusted risk ratio of 0.62 (95% CI: 0.32-1.21) for >60 vs <60 minutes on an ICU-admission/death composite,
with 43 outcome events (39 ICU admissions and five deaths, with overlap possible). Its direction does not
support a causal claim of safety from waiting: sicker children were often treated earlier. Koenig et al. [30]
measured time from fever recognition, including prehospital time; their analyses could only partially
address triage bias.

Quality Improvement and Before-After Designs

Multicomponent FN pathways reduced measured delays but cannot isolate the treatment-timing effect from
changes in recognition, triage, prescribing, staffing, monitoring, or supportive care. In Pakakasama et al.
[21], reported ICU admission decreased from 9.4% to 2.9% and septic shock from 10.9% to 3.5%, while
infection-related mortality changed from 6.5% (9/138) to 0% (0/170). These are pre/post comparisons and do
not establish that TTA reduction alone produced the outcome changes.

Wells et al. [14] reported mortality of 39% (14/36) before versus 0% (0/79) after service development, but the
audited population and accompanying care changes limit attribution to the one-hour target. Colunga-
Pedraza et al. [34] reported median TTA declining from 269.4 to 50.54 minutes and deterioration/paediatric
intensive care unit admission from 6.6% to 2.3% (p=0.03); the pathway changed several processes
simultaneously. Malvestiti et al. [36] shortened median TTA from 93 to 44 minutes without statistically
significant improvement in adverse event rates (Table ).
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Study and comparison

Rosa and Goldani 2014
[4]

Fletcher 2013 [24]
Butts 2017 [6]
Daniels 2019 [7]

De Castro 2024 [31]
Haeusler 2024 [32]
Attas 2025 [35]

Van de Louw 2026 [9]

Kim 2026 [16] --
contextual update

Vergara Mufioz 2025 [17]
-- contextual update

Denominator

307 FN
episodes/169
patients

1,628 admissions

244 FN events

3,219 cases

2,349 FN
episodes

1,685
episodes/976
children

149 patients

1,089
haematology
patients

942 patients, 20
hospitals

192 episodes/163
stable children

Published effect (95% CI if
reported)

HR: 1.18 (95% CI: 1.10-1.26) per
additional hour

OR: 1.81 (95% CI: 1.01-3.26), 61-
120 vs <60 min

OR: 0.98 (95% CI: 0.44-2.12), <60
vs 260 min

30-day mortality OR: 2.08 (>24 h vs
<2 h)

aOR: 0.99 (95% ClI: 0.62-1.59), <60
vs 260 min

Adjusted RR: 0.62 (95% CI: 0.32-
1.21), 260 vs <60 min

Mortality comparison (p=0.611)

Propensity-matched OR: 0.55 (95%
Cl: 0.31-0.96), <4 vs >4 h

IPTW OR: 1.26 (1-3 h vs <1 h); OR:
1.50 (23 h vs <1 h)

No independent TTA association
with poor outcome composite

TABLE 4: Individual published effect estimates

aOR, adjusted odds ratio; Cl, confidence interval; FN, febrile neutropenia; HR, hazard ratio; ICU, intensive care unit; OR, odds ratio; RR, risk ratio; TTA,

time to antibiotic administration.

Specific outcome/limitation

28-day all-cause mortality; per-hour modelled
association, observational

Composite adverse events; hypotensive children
excluded

Broad composite; historical estimate described by
prior review [10]

Adjusted; other intermediate timing categories
were non-monotonic

Major complications, not all-cause mortality

ICU admission/death composite; 43 events

No significant reported difference; two-group
mortality counts require source extraction

Hospital mortality; longer threshold, single centre

In-hospital mortality in neutropenic sepsis; not
original 25 study cohort

12 composite events and no deaths; not original
25 study cohort

2026 Sami et al. Cureus 18(11): e119216. DOI 10.7759/cureus.119216

Interpretation of the 60-Minute Target

The original study reports and the existing quantitative synthesis [10] do not establish that the 60-minute
threshold is a universal causal boundary for mortality. This does not mean that it is safe to wait longer than
one hour. These are still vital to consider when interpreting the quality of care, treatment appropriateness,
presentation severity, and standardised measurement of time zero.

Discussion

The present synthesis provides an outcome-specific clinical and methodological appraisal of heterogeneous
observational and quality improvement evidence rather than an independently reproduced meta-analysis.
This review extends the clinical interpretation of previously published evidence by considering subsequent
studies and differences in patient severity, treatment timing, and outcomes; no independent pooled effect
estimates were calculated [10]. The 2026 IPD meta-analysis of paediatric data [11] further underlines the
importance of residual triage bias: a total of 4,006 episodes of FN in 2,073 children resulted in paradoxical
inverse associations between longer TTA and adverse composites, with no evidence that treatment delay
should be selected for therapeutic benefit.

Kim et al. [16] importantly conducted a prospective study on 942 neutropenic sepsis patients in 20 South
Korean hospitals using inverse probability of treatment weighting. Relative to treatment within one hour,
adjusted in-hospital mortality odds were higher with treatment at 1-3 hours (OR: 1.26, 95% CI: 1.04-1.53)
and at >3 hours (OR: 1.50, 95% CI: 1.22-1.85). This severity-selected adult population directly calls into
question an unqualified statement that delays of less than an hour are of no importance. Vergara Munoz et
al. [17], however, did not identify any independent association of TTA >60 minutes with an adverse
composite in 192 episodes in clinically stable children, as no deaths occurred and only 12 (6.3%) episodes
experienced the composite. The results pertain to various severity strata and not necessarily to each other;
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that is, they are not mutually contradictory.

Careful interpretation of null associations in the paediatric population also needs to be applied in the
context of time zero and repeated episodes and study overlap. The studies of Koenig et al. [30], De Castro et
al. [31], Haeusler et al. [32] applied different endpoints, which may have included a significant prehospital
interval after fever recognition. Some of the participants in earlier paediatric cohorts may be included in the
later IPD meta-analysis [11], and the total number of participants should not be counted as evidence for the
earlier studies. The observed "protective" relationship of longer TTA is consistent with confounders of
severity and differential triage.

Observational associations may be weakened, or even lost or reversed, due to triage bias. Antibiotics tend to
be administered earlier to patients who have shock, hypotension, or altered mental status and are at higher
risk for death at the time of presentation. Multivariable and propensity score analyses might not account for
how bad or when the initial evaluation is. Thus, the SSC 2026 [3] distinguishes between septic shock (and
higher confidence sepsis) and diagnostically uncertain presentations. Similarly, Gupta et al. [18] (in a more
general suspected sepsis cohort, not a cancer-FN-only cohort) identified that short delays were correlated
with higher mortality mainly in septic shock. These results validate the importance of severity-based
urgency and do not replace the standard of care for antimicrobials.

The quality of antibiotic treatment and the choice of antibiotic should not be confused with timing. Peyrony
et al. [29] classified inadequate empirical antibiotic treatment as the lack of adherence to the guideline-
recommended treatment, and its primary adverse endpoint was the composite of death or admission to the
ICU. Non-guideline concordant treatment was reported to have an independent association with the
composite (OR: 3.50, 95% CI: 1.49-8.28), but TTA was not associated with the composite after adjustment.
This highlights the need for immediate appropriate empirical selection based on local susceptibility patterns
and previous colonisation and patient's clinical status.

Before-after quality improvement studies, which are the most convincing, report reduced treatment
intervals, although other changes such as triage protocols, antimicrobial use, and teams and follow-up were
frequently implemented at the same time as TTA. Thus, the previous companion systematic review on TTA
reduction interventions [37] is a valuable comparison to the purely exposure response cohorts. In case of
process achievement and causal mortality benefit, these benefits must be reported separately.

An absolute threshold of exactly 60 minutes cannot be used to describe all clinically relevant delay. In longer
delays, van de Louw et al. [9] reported that the mortality rates were still higher at 36-48 hours and did not
reach a levelling-off effect at more than 48 hours, whereas Kim et al. [16] reported excess mortality at 1-3
hours in clinically significant neutropenic sepsis and Daniels et al. [7] reported a non-monotonic pattern.
Thus, the results in stable, low-risk patients cannot be extrapolated to unstable or septic patients. It also
needs to be considered in the context of the broader review of sepsis and neutropenic fever timing by
Gretland et al. [19].

Limitations in this review must be separated from limitations of the original studies. Timing of origin,
baseline severity and FN definitions, appropriateness of antibiotic regimen, repeated episodes, and
timeframes for the outcomes were variable across the primary studies, and some were small or used
composites with few deaths. Important methodological limitations include incomplete availability of
protocol documentation, detailed electronic search histories, study-level risk-of-bias assessments, original
full-text exclusion records, and data needed to independently reproduce previous pooled estimates.
Comprehensiveness is further restricted by language and abstract exclusions and incompletely assessed
overlap with IPD cohorts of children. Before strong comparative certainty claims can be made, a
reproducible updated search and a prospectively documented ROBINS-I/GRADE assessment is needed.

Conclusions

Good empirical broad-spectrum antibacterial therapy continues to be a mainstay of FN care. There is no
universal causal mortality cutoff at 60 minutes, as originally assembled observational literature suggests.
But that lack of proof should not be taken as proof of safety for antibiotic delay: there are now new
multicentre data showing increased adjusted mortality for delays of 1-3 hours and more of antibiotic therapy
in neutropenic sepsis. These severity-specific findings support the paradigm of prioritising rapid treatment
in clinically unstable/high-risk patients, in accordance with existing guidelines.

Future studies should use prospective multicentre cohorts, target trial emulation, or IPD studies;
standardise time zero (when fever is recognised, when triage occurs, or when patients arrive at hospital);
report only all-cause mortality; and report antibiotic appropriateness and illness severity. An updated
systematic search replicating the outcomes and a formal, reproducible risk-of-bias assessment are required
to assess whether timing thresholds differ by treatment setting, age, and/or severity.

Additional Information

2026 Sami et al. Cureus 18(11): e119216. DOI 10.7759/cureus.119216 13 0of 15


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Hassan Saeed, Basharat Sami, Hafiz Abdul Waris, Adnan Imran, Sikander Khan
Tanoli, Muhammad T. Raza

Acquisition, analysis, or interpretation of data: Hassan Saeed, Basharat Sami, Hafiz Abdul Waris, Adnan
Imran, Sikander Khan Tanoli, Muhammad T. Raza

Drafting of the manuscript: Hassan Saeed, Basharat Sami, Hafiz Abdul Waris, Adnan Imran, Sikander
Khan Tanoli, Muhammad T. Raza

Critical review of the manuscript for important intellectual content: Hassan Saeed, Basharat Sami,
Hafiz Abdul Waris, Adnan Imran, Sikander Khan Tanoli, Muhammad T. Raza

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Taplitz RA, Kennedy EB, Bow EJ, et al.: Outpatient management of fever and neutropenia in adults treated
for malignancy: American Society of Clinical Oncology and Infectious Diseases Society of America Clinical
Practice Guideline Update. J Clin Oncol. 2018, 36:1443-53. 10.1200/]C0O.2017.77.6211

2. Lehrnbecher T, Robinson PD, Ammann RA, et al.: Guideline for the management of fever and neutropenia
in pediatric patients with cancer and hematopoietic cell transplantation recipients: 2023 update. J Clin
Oncol. 2023, 41:1774-85. 10.1200/]C0.22.022.24

3. Prescott HC, Antonelli M, Alhazzani W, et al.: Surviving Sepsis Campaign: international guidelines for
management of sepsis and septic shock 2026. Intensive Care Med. 2026, 52:863-936. 10.1007/s00134-026-
08361-1

4. RosaRG, Goldani LZ: Cohort study of the impact of time to antibiotic administration on mortality in
patients with febrile neutropenia. Antimicrob Agents Chemother. 2014, 58:3799-803. 10.1128/AAC.02561-
14

5. Ko BS, Ahn S, Lee YS, Kim WY, Lim KS, Lee JL: Impact of time to antibiotics on outcomes of chemotherapy-
induced febrile neutropenia. Support Care Cancer. 2015, 23:2799-804. 10.1007/s00520-015-2645-5

6. Butts AR, Bachmeier CC, Dressler EV, Liu M, Cowden A, Talbert ], Adams VR: Association of time to
antibiotics and clinical outcomes in adult hematologic malignancy patients with febrile neutropenia. ] Oncol
Pharm Pract. 2017, 23:278-83. 10.1177/1078155216687150

7. Daniels LM, Durani U, Barreto JN, O'Horo JC, Siddiqui MA, Park JG, Tosh PK: Impact of time to antibiotic on
hospital stay, intensive care unit admission, and mortality in febrile neutropenia. Support Care Cancer.
2019, 27:4171-7. 10.1007/s00520-019-04701-8

8. Villars ], Gardner CA, Zhan T, Binder AF: Delay in time to antibiotics for de novo inpatient neutropenic
fever may not impact overall survival for patients with a cancer diagnosis. Am | Med Qual. 2023, 38:9-16.
10.1097/1MQ.0000000000000093

9. Vande Louw A, Kang M, Guck D, Nickolich M: Impact of time-to-antibiotics on hospital mortality in
patients with hematological malignancies and febrile neutropenia: a single center propensity score
matching analysis. Leuk Lymphoma. 2026, 67:1886-92. 10.1080/10428194.2026.2666849

10. Koenig C, Schneider C, Morgan JE, Ammann RA, Sung L, Phillips B: Association of time to antibiotics and
clinical outcomes in patients with fever and neutropenia during chemotherapy for cancer: a systematic
review. Support Care Cancer. 2020, 28:1369-83. 10.1007/s00520-019-04961-4

11. Salomon AL, Ammann RA, Aftandilian C, et al.: Association of time to antibiotics with outcome in pediatric
patients receiving chemotherapy for cancer with fever in neutropenia-an international individual patient
data meta-analysis. Cancer Med. 2026, 15:€71512. 10.1002/cam4.71512

12.  Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021, 372:n71. 10.1136/bmj.n71

13.  Campbell M, McKenzie JE, Sowden A, et al.: Synthesis without meta-analysis (SWiM) in systematic reviews:
reporting guideline. BMJ. 2020, 368:16890. 10.1136/bmj.16890

14.  Wells T, Thomas C, Watt D, Fountain V, Tomlinson M, Hilman S: Improvements in the management of
neutropenic sepsis: lessons learned from a district general hospital. Clin Med. 2015, 15:526-30.
10.7861/clinmedicine.15-6-526

15.  Gulleen EA, Adams SV, Chang BH, et al.: Factors and outcomes related to the use of guideline-
recommended antibiotics in patients with neutropenic fever at the Uganda Cancer Institute. Open Forum
Infect Dis. 2021, 8:0fab307. 10.1093/ofid/ofab307

16. Kim D, Kim Y], Ryoo SM, Kim WY: Impact of time to antibiotics on in-hospital mortality in neutropenic
sepsis: a prospective multicenter cohort study. Crit Care Med. 2026, 54:1849-58.

2026 Sami et al. Cureus 18(11): e119216. DOI 10.7759/cureus.119216 14 of 15


https://dx.doi.org/10.1200/JCO.2017.77.6211
https://dx.doi.org/10.1200/JCO.2017.77.6211
https://dx.doi.org/10.1200/JCO.22.02224
https://dx.doi.org/10.1200/JCO.22.02224
https://dx.doi.org/10.1007/s00134-026-08361-1
https://dx.doi.org/10.1007/s00134-026-08361-1
https://dx.doi.org/10.1128/AAC.02561-14
https://dx.doi.org/10.1128/AAC.02561-14
https://dx.doi.org/10.1007/s00520-015-2645-5
https://dx.doi.org/10.1007/s00520-015-2645-5
https://dx.doi.org/10.1177/1078155216687150
https://dx.doi.org/10.1177/1078155216687150
https://dx.doi.org/10.1007/s00520-019-04701-8
https://dx.doi.org/10.1007/s00520-019-04701-8
https://dx.doi.org/10.1097/JMQ.0000000000000093
https://dx.doi.org/10.1097/JMQ.0000000000000093
https://dx.doi.org/10.1080/10428194.2026.2666849
https://dx.doi.org/10.1080/10428194.2026.2666849
https://dx.doi.org/10.1007/s00520-019-04961-4
https://dx.doi.org/10.1007/s00520-019-04961-4
https://dx.doi.org/10.1002/cam4.71512
https://dx.doi.org/10.1002/cam4.71512
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1136/bmj.l6890
https://dx.doi.org/10.1136/bmj.l6890
https://dx.doi.org/10.7861/clinmedicine.15-6-526
https://dx.doi.org/10.7861/clinmedicine.15-6-526
https://dx.doi.org/10.1093/ofid/ofab307
https://dx.doi.org/10.1093/ofid/ofab307
https://dx.doi.org/10.1097/CCM.0000000000007184

Cureus

Part of SPRINGER NATURE

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

10.1097/CCM.0000000000007184

Vergara Munoz B, Sancosmed Ron M, Suarez-Bustamante Huélamo M, Lera Carballo E, Rodriguez Jiménez A,
Rodrigo R, Alonso-Cadenas JA: Outcomes in stable paediatric patients with cancer with fever and
neutropenia according to time to antibiotic administration: a prospective observational study. ] Paediatr
Child Health. 2025, 61:1886-93. 10.1111/jpc.70222

Gupta S, Klompas M, McKenna CS, Agan AA, DelloStritto L, Kalil AC, Rhee C: Time to antibiotics and
mortality in immunocompromised versus non-immunocompromised patients with suspected sepsis. Clin
Infect Dis. 2026, 83:447-55. 10.1093/cid/ciag401

Gretland ], Sjemeeling S, Mosevoll KA, Reikvam H: Timing of antibiotic initiation in sepsis and neutropenic
fever. Front Med. 2025, 12:1597047. 10.3389/fmed.2025.1597047

Salstrom JL, Coughlin RL, Pool K, et al.: Pediatric patients who receive antibiotics for fever and neutropenia
in less than 60 min have decreased intensive care needs. Pediatr Blood Cancer. 2015, 62:807-15.
10.1002/pbc.25435

Pakakasama S, Surayuthpreecha K, Pandee U, et al.: Clinical practice guidelines for children with cancer
presenting with fever to the emergency room. Pediatr Int. 2011, 53:902-5. 10.1111/j.1442-
200X.2011.03363.x

Gavidia R, Fuentes SL, Vasquez R, et al.: Low socioeconomic status is associated with prolonged times to
assessment and treatment, sepsis and infectious death in pediatric fever in El Salvador. PLoS One. 2012,
7:€43639. 10.1371/journal.pone.0043639

Lynn JJ, Chen KF, Weng YM, Chiu TF: Risk factors associated with complications in patients with
chemotherapy-induced febrile neutropenia in emergency department. Hematol Oncol. 2013, 31:189-96.
10.1002/hon.2040

Fletcher M, Hodgkiss H, Zhang S, et al.: Prompt administration of antibiotics is associated with improved
outcomes in febrile neutropenia in children with cancer. Pediatr Blood Cancer. 2013, 60:1299-306.
10.1002/pbc.24485

Perron T, Emara M, Ahmed S: Time to antibiotics and outcomes in cancer patients with febrile neutropenia .
BMC Health Serv Res. 2014, 14:162. 10.1186/1472-6963-14-162

Keng MK, Thallner EA, Elson P, et al.: Reducing time to antibiotic administration for febrile neutropenia in
the emergency department. ] Oncol Pract. 2015, 11:450-5. 10.1200/JOP.2014.002733

De la Maza V, Simian D, Castro M, et al.: Administration time for the first dose of antimicrobials in episodes
of fever and neutropenia in children with cancer. Pediatr Infect Dis J. 2015, 34:1069-73.
10.1097/INF.0000000000000820

Johannesmeyer HJ, Seifert CF: A retrospective analysis of clinical acuity markers on hospital length of stay
in patients with febrile neutropenia. ] Oncol Pharm Pract. 2019, 25:535-43. 10.1177/1078155217744379
Peyrony O, Gerlier C, Barla I, et al.: Antibiotic prescribing and outcomes in cancer patients with febrile
neutropenia in the emergency department. PLoS One. 2020, 15:e0229828. 10.1371/journal.pone.022982.8
Koenig C, Kuehni CE, Bodmer N, et al.: Time to antibiotics is unrelated to outcome in pediatric patients
with fever in neutropenia presenting without severe disease during chemotherapy for cancer. Sci Rep. 2022,
12:14028. 10.1038/s41598-022-18168-x

De Castro GC, Slatnick LR, Shannon M, et al.: Impact of time-to-antibiotic delivery in pediatric patients with
cancer presenting with febrile neutropenia. JCO Oncol Pract. 2024, 20:228-38. 10.1200/0P.23.00583
Haeusler GM, Dashti SG, James F, et al.: Impact of time to antibiotics on clinical outcome in paediatric
febrile neutropenia: a target trial emulation of 1685 episodes. Lancet Reg Health West Pac. 2024, 53:101226.
10.1016/j.lanwpc.2024.101226

Igbal H, Hassanzai FK, Shaukat F, Qadir A, Farooqi AR: Impact of door to needle time of antibiotics
administration on outcome in cancer patients with febrile neutropenia. | Postgrad Med Inst. 2024, 38:242-6.
10.54079/jpmi.38.4.3406

Colunga-Pedraza JE, Lopez-Reyna IG, Vaquera-Aparicio DN, et al.: Overcoming challenges to reduce time to
antibiotic therapy in febrile neutropenic children: insights from a Mexican center. Hematol Transfus Cell
Ther. 2024, 46:5193-201. 10.1016/j.htct.2024.04.123

Attas MA, Zaki LS, Radey RN, et al.: The effect of antibiotic administration timing on the outcomes of
patients with febrile neutropenia at King Abdullah Medical City. Int ] Med Dev Ctries. 2025, 9:3206-11.
10.24911/1JMDC.51-1764259603

Malvestiti S, Strahm B, Flotho C, Hufnagel M, Feuchtinger T, Puzik A: Reducing the time-to-antibiotic by
adapting a standard of procedure for the treatment of pediatric cancer patients presenting with febrile
neutropenia-a comparative analysis of two patient cohorts. Cancers. 2025, 17:3280.
10.3390/cancers17203280

Koenig C, Schneider C, Morgan JE, Ammann RA, Sung L, Phillips B: Interventions aiming to reduce time to
antibiotics (TTA) in patients with fever and neutropenia during chemotherapy for cancer (FN), a systematic
review. Support Care Cancer. 2020, 28:2369-80. 10.1007/s00520-019-05056-w

2026 Sami et al. Cureus 18(11): e119216. DOI 10.7759/cureus.119216

150f 15


https://dx.doi.org/10.1097/CCM.0000000000007184
https://dx.doi.org/10.1111/jpc.70222
https://dx.doi.org/10.1111/jpc.70222
https://dx.doi.org/10.1093/cid/ciag401
https://dx.doi.org/10.1093/cid/ciag401
https://dx.doi.org/10.3389/fmed.2025.1597047
https://dx.doi.org/10.3389/fmed.2025.1597047
https://dx.doi.org/10.1002/pbc.25435
https://dx.doi.org/10.1002/pbc.25435
https://dx.doi.org/10.1111/j.1442-200X.2011.03363.x
https://dx.doi.org/10.1111/j.1442-200X.2011.03363.x
https://dx.doi.org/10.1371/journal.pone.0043639
https://dx.doi.org/10.1371/journal.pone.0043639
https://dx.doi.org/10.1002/hon.2040
https://dx.doi.org/10.1002/hon.2040
https://dx.doi.org/10.1002/pbc.24485
https://dx.doi.org/10.1002/pbc.24485
https://dx.doi.org/10.1186/1472-6963-14-162
https://dx.doi.org/10.1186/1472-6963-14-162
https://dx.doi.org/10.1200/JOP.2014.002733
https://dx.doi.org/10.1200/JOP.2014.002733
https://dx.doi.org/10.1097/INF.0000000000000820
https://dx.doi.org/10.1097/INF.0000000000000820
https://dx.doi.org/10.1177/1078155217744379
https://dx.doi.org/10.1177/1078155217744379
https://dx.doi.org/10.1371/journal.pone.0229828
https://dx.doi.org/10.1371/journal.pone.0229828
https://dx.doi.org/10.1038/s41598-022-18168-x
https://dx.doi.org/10.1038/s41598-022-18168-x
https://dx.doi.org/10.1200/OP.23.00583
https://dx.doi.org/10.1200/OP.23.00583
https://dx.doi.org/10.1016/j.lanwpc.2024.101226
https://dx.doi.org/10.1016/j.lanwpc.2024.101226
https://dx.doi.org/10.54079/jpmi.38.4.3406
https://dx.doi.org/10.54079/jpmi.38.4.3406
https://dx.doi.org/10.1016/j.htct.2024.04.123
https://dx.doi.org/10.1016/j.htct.2024.04.123
https://dx.doi.org/10.24911/IJMDC.51-1764259603
https://dx.doi.org/10.24911/IJMDC.51-1764259603
https://dx.doi.org/10.3390/cancers17203280
https://dx.doi.org/10.3390/cancers17203280
https://dx.doi.org/10.1007/s00520-019-05056-w
https://dx.doi.org/10.1007/s00520-019-05056-w

	Association Between Antibiotic Timing and Clinical Outcomes in Patients With Cancer-Related Febrile Neutropenia: A Systematic Review and Critical Appraisal of Meta-Analytic Evidence
	Abstract
	Introduction And Background
	Review
	Study design and reporting
	Literature search strategy
	Eligibility criteria
	Definition of FN and antibiotic timing
	Selection process and record availability
	FIGURE 1: PRISMA 2020 flow diagram summarising the reported identification, screening, eligibility assessment, and inclusion of 25 primary studies. Supporting search exports and individual full-text exclusion records were unavailable for independent reconciliation.

	Data extraction
	Outcomes
	Assessment of bias and evidence certainty
	Narrative synthesis and statistical reporting
	Subgroups and sensitivity analyses
	Reporting bias and small-study effects
	Synthesis scope and contextual evidence
	Eligibility of borderline evidence
	Results
	TABLE 1: Population, design, sample, and timing definition of the 25 studies in the original review dataset
	FIGURE 2: Chronological distribution of the 25 primary studies in the original evidence synthesis, categorised according to study population and research design
	TABLE 2: Outcome-specific results and limitations in the original 25-report evidence set
	TABLE 3: Evidence categories, eligible outcomes, and limitations for interpretation
	TABLE 4: Individual published effect estimates

	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


