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Summary
Background Prompt antibiotic administration for febrile neutropenia (FN) is standard of care, and targets of time to
antibiotics (TTA) <60 min are common. We sought to determine the effect of TTA ≥60 versus <60 min on adverse
outcomes (intensive care unit (ICU) admission or death) in children with cancer and FN. Effect modification by a
decision rule that predicts infection (AUS-rule) and bacteraemia were also investigated.

Methods The prospective, multi-centre (n = 8), Australian PICNICC study dataset was analysed. To control for
confounding, we used outcome regression adjusted for propensity score modelled as restricted cubic spline with
two degrees of freedom. The propensity score was estimated from a logistic regression model for the exposure on
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the confounders, identified a priori (age, sex, severely unwell, disease, chemotherapy intensity and site). TTA was
defined as time from from emergency triage to first antibiotic dose.

Findings 1685 FN episodes in 976 patients were included. Median TTA was 53 min (IQR 37–77 min, 1542 (92%)
<120 min). An adverse outcome occurred in 43 (2.6%) episodes (39 ICU; 5 deaths). The confounder-adjusted point
estimate suggested a lower risk for adverse outcome associated with TTA ≥60 min (RR 0.62, 95% CI 0.32–1.21), but
the wide 95% CI precluded definitive judgement about strength and direction of the effect (unadjusted RR 0.52; 95%
CI 0.26, 1.05). Similarly, although the point estimates were suggestive of a null association or reduced risk for adverse
outcome associated with TTA ≥60 min for all comparisons across bacteraemia or AUS-rule strata, the 95% CIs were
imprecise.

Interpretation For children with FN, there was no definite evidence that TTA ≥60 min from hospital triage (but
within 2 h), increased risk of adverse outcome or prolonged hospital admission. This study has important impli-
cations for FN TTA mandates, suggesting a more nuanced approach is required.

Funding National Health and Medical Research Council and Medical Research Future Fund.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC
license (http://creativecommons.org/licenses/by-nc/4.0/).

Keywords: Febrile neutropenia (FN); Time to antibiotics (TTA); Children with cancer

Introduction
Febrile neutropenia (FN) is a common complication of
chemotherapy-induced neutropenia in children with

cancer. While many children who present to hospital
with FN do not have an identifiable infection, the
10%–15% incidence of bacteraemia underpins the

Research in context

Evidence before this study

Time to antibiotics (TTA) has become an important quality of

care metric in the management of paediatric febrile

neutropenia (FN) and many hospitals recommend antibiotic

administration within 60 min of presentation. However, the

most compelling evidence for the benefit of early

administration of antibiotics comes from studies in

immunocompetent adults with severe sepsis. We searched

PubMed, without date restriction, using the terms: (febrile OR

fever) AND (neutropenia OR neutropenic) AND (time to

antibiotic). There are just six studies specifically exploring the

effect of TTA on outcome in children with cancer and FN.

Results of these studies are mixed; some suggest an

association between delayed TTA and poor outcomes such as

intensive care unit (ICU) admission and in-hospital mortality,

while others have found no association. A recent systematic

review and meta-analysis of paediatric FN studies found no

clear association between TTA <60 versus ≥60 min and ICU

admission (OR 1.43; 95% CI 0.57–3.60), with considerable

heterogeneity. Important limitations to our interpretation of

these data include the impact of triage bias and retrospective,

observational study design.

Added value of this study

Our study is the largest prospective study to explore the

causal effect of TTA (≥60 min versus <60 min) on adverse

outcome, defined as ICU admission or death within 30 days,

in children with cancer and outpatient onset FN. Patients

were recruited from all eight tertiary paediatric cancer centres

in Australia. The analysis of this observational study was

designed to emulate a target trial and, to our knowledge,

similar novel methodology has not been performed in this

population. The point estimate and the values within the 95%

CI ruled out major increases in risk of serious adverse event

(RR 0.62, 95% CI 0.32–1.21) or prolonged hospital admission

for antibiotic administration from hospital triage ≥60 min

(but within 2 h) compared with <60 min. There was also no

definitive evidence of effect modification by either AUS-rule

or bacteraemia. In the episodes that received antibiotics after

≥180 min from fever onset at home, the point estimate was

suggestive of an increased risk of adverse outcome, but the

wide 95% CIs again precluded the possibility of making

definitive judgments about direction and strength of the

effect.

Implications of all the available evidence

Our study adds to the accumulating evidence that antibiotic

administration after 60 min from hospital triage, but within

2 h, to children with cancer and FN does not increase risk of

serious adverse event or prolong hospital admission.

Collectively, these data should challenge current standards of

care and inform a more nuanced approach to paediatric FN

management. This will enable clinicians to pause, assess and

observe patients and use the complete clinical picture to risk-

stratify and inform antibiotic choices.
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importance of early recognition and treatment.1,2 To
mitigate the consequences of serious bacterial infection,
in particular bacteraemia, international guidelines
recommend early administration of broad-spectrum
intravenous antibiotics3,4 and many hospitals have
focused their quality improvement initiatives on
reducing time to first dose antibiotic.5

Time to antibiotics (TTA) is arbitrarily defined as the
time from emergency department presentation to
administration of the first dose of antibiotics.5 It has
become an important quality of care metric in the
management of paediatric FN and many hospitals
recommend antibiotic administration within 60 min of
presentation.6,7 However, the most compelling evidence
for early administration of antibiotics comes from
studies in immunocompetent adults with severe sepsis.8

Results of studies examining the clinical impact of TTA
within 60 min in paediatric patients with cancer and FN
are mixed.9 Some studies suggest an association be-
tween delayed TTA and poor outcomes such as intensive
care unit (ICU) admission and mortality (variably
defined)10,11 while others have found no association.12,13

Current TTA guidelines and quality improvement
measures do not account for the heterogenous risk of
infection and adverse outcome in children with cancer
and FN. There are accumulating data on the role of risk
stratification in this population and a range of available
clinical decision rules (CDR) to assist clinicians in de-
cision making.14,15 The AUS-rule is a CDR derived in
Australia15 and validated internationally.16 Using three
variables (chemotherapy intensity, platelets, and white
cell count) it is designed to predict bacterial infection as
is recommended as part of a formal low-risk FN
pathway.14 How and if these rules may affect a more
nuanced TTA approach remains an important evidence
gap.

The primary objective of this study was to determine
the clinical impact of TTA (≥60 min versus <60 min) on
adverse outcome, defined as ICU admission or death
within 30 days, in children undergoing chemotherapy
for cancer with outpatient onset FN. The secondary
objective was to investigate effect modification of a FN
clinical decision rule (AUS-rule) and presence of
bacteraemia.

Methods
The analysis of this observational study was designed to
emulate a target trial.17 The process involved specifying
the protocol components of a hypothetical trial that
would have been done to address the question and
emulating these components using the observational
data. The target trial specification and emulation are
described below and summarised in Supplementary
Table S1.18

Prospectively collected data from the Australian Pre-
dicting Infectious Complications in Children with Cancer

(PICNICC) and the ‘There is No Place Like Home’
studies (Australian and New Zealand Clinical Trials
Registry ID ACTRN12616001440415) were used for the
target trial emulation. The PICNICC study was a pro-
spective, multicentre, observational study designed to
validate clinical decision rules for the prediction of
infection or adverse outcome in children with cancer and
FN.2 The ‘There is No Place Like home’ study, an
extension of the PICNICC study, was designed to
implement and evaluate a paediatric low-risk FN program
across Australia. All eight of Australia’s paediatric tertiary
hospitals participated in both studies including Royal
Children’s Hospital Melbourne, Monash Children’s
Hospital, John Hunter Children’s Hospital, Children’s
Hospital Westmead, Sydney Children’s Hospital Rand-
wick, Perth Children’s Hospital, Queensland Children’s
Hospital and Women and Children’s Hospital Adelaide.
Patients were enrolled from December 1, 2016 and
censored at December 31, 2022.

Demographic (including age, sex, diagnosis,
chemotherapy intensity, prior haematopoietic cell
transplant (HCT)), clinical (including sepsis, fluid bolus,
clinical instability, type and time of first dose antibiotic,
infection diagnosis, antibiotic duration) and outcome
(including length of stay (LOS), ICU admission, and
readmission or death within 30 days) data were collected
from patient records and entered into a REDCap data-
base by site research assistants. Outcome data,
including ICU admission and all-cause 30 day mortality,
were defined according to an international FN research
consensus statement.19 Data were collected at time of
triage, end of FN episode (defined as afebrile >48 h,
recovery of absolute neutrophil count (ANC) beyond
nadir and antibiotic cessation2) and at day 30 post-pre-
sentation.2 During the study period, TTA <60 min was
considered an important quality of care measure for
paediatric FN at each participating site and therefore
detailed data on time of first dose antibiotic and time of
fever onset at home were also collected prospectively.

During the study period, children were managed
according to local FN guidelines, using piperacillin-
tazobactam or cefepime as first-line empiric therapy
and risk stratification was not routinely used in the
emergency department (ED).20 Microbiological in-
vestigations were performed according to site FN
guidelines. Across all sites this included: at least one
blood culture set (aerobic blood culture plus an anerobic
blood culture if sufficient blood available) from the
central venous catheter (all patients) and urine for cul-
ture; nasal swab for respiratory virus PCR; chest X-ray;
stool for culture, Clostridioides difficile toxin assay and
viral PCR; and skin or wound swab for culture and
viral PCR (as indicated). Each site also had local rec-
ommendations for target TTA within 1 h of arriving to
the ED and patients were typically admitted for intra-
venous antibiotics that were continued until fever
resolution and ANC recovery (as judged by the
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treating physician). Antibacterial prophylaxis with
fluoroquinolone was not routinely used.

The study had national human research ethics
committee approval by the Royal Children’s Hospital
ethics committee, as well as site specific ethics and
governance at each participating centre. Informed
consent was obtained for patients that had additional
blood samples, Medicare data or quality of life surveys
completed as part of the PICNICC and ‘There is No
Place Like Home’ studies. A waiver of consent was
applied for the remaining patients as data were
routinely available in the clinical record. The study was
conducted in accordance with the Declaration of
Helsinki.

The target trial specification
For the target trial, eligibility criteria were children un-
der 19 years old with a solid organ cancer or leukaemia,
who received chemotherapy in the preceding 30 days
and presented to a participating hospital with outpatient-
onset of fever (defined as temperature ≥38 ◦C) with
neutropenia (defined as ANC <500/mm3 or <1000/mm3

with an expected decline to <500/mm3 within the next
48 h). Children who underwent HCT within three
months or those who were already receiving antibiotics
for treatment of an infection were excluded.

The strategies to be compared were TTA ≥60 min
and TTA <60 min. The 60 min threshold was used due
to its inclusion in many treatment guidelines for FN.
TTA was defined as the date and time of triage in
emergency department or equivalent to the date and
time of administration of first dose of antibiotic.

The primary outcome was ‘adverse outcome,’ a bi-
nary composite of ICU admission or death within 30
days of triage in emergency department.19 The second-
ary outcome was hospital length of stay (LOS),
measured as the date and time from triage in emer-
gency department to the date and time of hospital
discharge.

Follow-up started at the date and time of triage in
emergency department and ended at day 30 post pre-
sentation. Complete study participant follow up after
hospital discharged was possible as all patients received
their cancer treatment at one of the eight study sites and
therefore had frequent outpatient appointments or ad-
missions for chemotherapy.

The effect of interest was the average causal effect of
TTA ≥60 versus TTA <60 min on the outcomes of in-
terest (risk ratio scale for the primary outcome and
median difference for the secondary outcome). For the
primary outcome, the effect modifiers of interest were
(i) AUS-rule score and (ii) bacteraemia. The AUS-rule
incorporates three variables (chemotherapy intensity,
platelets <50 g/L, and total white cell count <300/mm3)
with a maximum score of three. In the derivation study,
scores of 0, 1, 2 and 3 were associated with <5%, 7%,
12% and 25% rate of bacteraemia, respectively.15

Bacteraemia was defined as a recognised pathogen
(including organisms associated with mucosal barrier
injury in the setting of mucositis or neutropenia) from
one or more blood culture sets or a common
commensal from two or more blood cultures sets.19

The emulation of the target trial
The target trial was emulated as closely as possible using
data from the PICNICC and ‘There is No Place Like
Home’ studies (Supplementary Table S1). Eligibility
criteria were the same as for the target trial, although
neutropenia was pragmatically defined as ANC <1000/
mm3 to replicate routine clinical practice across
Australia. Of the total study participants (n = 1973),
those with inpatient onset FN (n = 282), those who did
not receive antibiotics (n = 4), with unknown time to
antibiotic (n = 1), and with sex recorded as other (n = 1)
were excluded from the analytic sample (n = 1685). One
further participant with missing data on hospital length
of stay was excluded from analysis for the secondary
outcome.

Random allocation to TTA (≥60 or <60 min) was
emulated by adjusting for the following confounders,
identified a priori (Supplementary Figure S1): age, sex,
severely unwell appearance on presentation to the
emergency department, disease and prior chemotherapy
intensity and study site. In all analyses age was modelled
as a restricted cubic spline with two degrees of freedom.
‘Severely unwell’ was defined as presence of any of se-
vere sepsis or septic shock,21 altered conscious state,
respiratory rate or blood pressure in the mandatory
emergency review criteria, inotrope requirement, fluid
bolus ≥40 ml/kg requirement or documented as
‘severely unwell’ or equivalent.2 Disease and chemo-
therapy intensity were grouped into (i) acute leukaemia
or lymphoma and chemotherapy more intensive than
acute lymphocytic leukaemia (ALL) maintenance-style
therapy; (ii) acute leukaemia or lymphoma and chemo-
therapy equivalent to ALL maintenance-style therapy, or
(iii) solid organ/other cancers. Previous infective epi-
sodes or ICU admissions were also identified as po-
tential confounders, but this information was not
captured in the original data-base. Due to the small
number of events at some sites, hospital sites were
combined into three state-based categories: (i) Victoria;
(ii) New South Wales and (iii) Other (Western Australia,
Queensland and South Australia).

For effect modification analysis, AUS-rule scores of
0 and 1 were combined categorically to ensure an
adequate number of events were available in each sub-
group. For this analysis, chemotherapy intensity was no
longer included in the confounder adjustment set as it
contributed to the AUS-rule score. For bacteraemia,
blood cultures collected as part of routine FN manage-
ment and prior to first dose antibiotic were used,
acknowledging this information is not routinely avail-
able for up to 48 h.
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Additional analysis
We repeated the primary analysis for FN episodes who
were known to have an ANC count <500/mm3 at pre-
sentation (n = 977). For a subset of FN episodes with
available data (n = 701), we analysed the effect of TTA
from time of fever onset at home (≥180 versus
<180 min) on the primary outcome. The 180 min
threshold was used due to this timeframe being rec-
ommended in the 2012 surviving sepsis campaign.22 For
both of the additional analyses, all other considerations
regarding the target trial specification and emulation
were the same as described above. Disease and
chemotherapy intensity was not included as a
confounder in analysis of time of fever onset at home
because there were no outcomes (i.e., ICU admission or
death) in two categories of the variable.

Statistical analysis
Patient characteristics per FN episode were described
for the overall cohort, by TTA groups, and by the pri-
mary outcome, as median and interquartile range for
continuous variables and frequency and percentage for
categorical variables.

The effect of TTA on the primary outcome was
estimated using regression on propensity score to adjust
for confounding.23 For this approach, first, the pro-
pensity score (the probability being in the TTA ≥60 or
TTA <60 min group given the identified confounders)
was estimated from a logistic regression model for the
exposure on the confounders. Then a logistic regression
model for the outcome on the exposure and the pro-
pensity score was used to predict the outcome for all
episodes under TTA ≥60 and TTA <60 min. The pro-
pensity score was modelled as a restricted cubic spline
with two degrees of freedom to allow for a more flexible
outcome model. The ratio of the average predicted
outcomes under TTA ≥60 versus TTA <60 min was
taken as the estimate of the average causal effect risk
ratio. The same procedure was followed to estimate the
average causal effect for TTA ≥60 versus TTA <60 min
for the subgroup of episodes with known ANC count
<500/mm3 and to estimate the average causal effect
comparing TTA from time of fever onset at home ≥180
versus TTA <180 min.

For the secondary outcome, multivariable quintile
regression was used to estimate the median difference
in TTA ≥60 versus TTA <60 min. No exposure-
confounder interactions were included in the model
and it was assumed that the effect of TTA ≥60 versus
TTA <60 min on each outcome was constant across
confounder strata.

Because some patients included in the dataset
contributed multiple FN episodes, for both outcomes,
the 95% confidence intervals (CIs) were obtained using
clustered normal-interval bootstrapping (2000 bootstrap
samples) to account for correlation between repeated
episodes per patient.24

For effect modification analysis, risk ratios for each
stratum of AUS-rule score or presence of bacteraemia
were estimated from outcome models on the exposure
and the propensity score (modelled as a restricted cubic
spline with two degrees of freedom as described above)
that additionally included an interaction term between
the exposure and the effect modifier. All participants
included in the analytic sample had complete data.
Analyses were performed in Stata version 18.25

Role of funding source
The study was funded by a National Health and Med-
ical Research Council (NHMRC) and Medical Research
Future Fund (MRFF) grant. The funders did not in-
fluence study design, analysis or interpretation of
results.

Results
The analytic sample comprised 1685 FN episodes from
976 patients (one episode in 570 patients, two in 462
patients, three in 294 patients and ≥ four in 359 pa-
tients). The median TTA was 53 min (interquartile
range (IQR) 37–77 min) with 969 (58%) receiving anti-
biotics <60 min and 1542 (92%) <120 min. The median
TTA from onset of fever at home was 135 min (IQR
98–208 min) in the 701 (42%) FN episodes with these
data available.

Demographic characteristics, cause of fever and
outcome data are presented in Table 1 (overall and by
TTA) and in Supplementary Table S2 (by adverse
outcome). Baseline characteristics were broadly similar
between the two exposure groups. The median age of
patients was 6 years (IQR 3–11 years) and 937 (56%) had
acute leukaemia or lymphoma. Only 82 (5%) episodes
were considered ‘severely unwell’ at presentation to
hospital, and a bacteraemia was documented in 171
(10%) episodes (25 (31%) that were severely unwell and
146 (9%) that were not severely unwell). There were 43
(3%) episodes that were admitted to ICU and 5 (0.4%)
patients died within 30 days of FN episode. The median
time from triage to ICU admission was 0.4 days (IQR
0.2–5.6 days) and to death was 7.2 days (IQR 6.4–11.4
days). No deaths were directly attributed to infection.
The median hospital length of stay (LOS) was five days
(IQR 3–8 days).

The median age of patients with adverse outcome
(ICU admission or death) was 12 years (IQR 6–15
years). Of the 43 FN episodes with adverse outcome, 31
(72% of the total episodes with adverse outcome) were
in the TTA <60 min group (compared with 938 (57%) of
the 1642 episodes without adverse outcome), 23 (54%)
were considered ‘severely unwell’ at presentation
(versus 3.6% (n = 59) of those without adverse outcome),
and 34 (79%) received intense chemotherapy for
leukaemia or lymphoma (versus 43% (n= 700) of those
without adverse outcome).
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Time to antibiotic

<60 min ≥60 min Total

N 969 (57.5%) 716 (42.5%) 1685 (100%)

Time to antibiotic (mins), median (IQR) 39 (27–49) 84 (69–109) 53 (37–77)

Time to antibiotic from fever onset at home, n (%)

<60 min 32 (3.3%) 0 (0.0%) 32 (1.9%)

≥60 min–<180 274 (28.3%) 164 (22.9%) 438 (26.0%)

≥180 min 90 (9.3%) 141 (19.7%) 231 (13.7%)

Missing 573 (59.1%) 411 (57.4%) 984 (58.4%)

Time to antibiotic from fever onset at home (mins), median (IQR) 110 (80–165) 170 (128–236) 135 (98–208)

Age (years), median (IQR) 6 (3–11) 6 (4–11) 6 (3–11)

Sex, n (%)

Female 463 (47.8%) 319 (44.6%) 782 (46.4%)

Male 506 (52.2%) 397 (55.4%) 903 (53.6%)

Absolute Neutrophil Count at presentation

<1000 but not <500 cells/mm3 237 (24.5%) 159 (22.2%) 396 (23.5%)

<500 cells/mm3 560 (57.8%) 417 (58.2%) 977 (58.0%)

<1000 but unknown if 500 cells/mm3 172 (17.8%) 140 (19.6%) 312 (18.5%)

Chemo intensity, n (%)

Intense (leukaemia/lymphoma) 431 (44.5%) 303 (42.3%) 734 (43.6%)

Non-intense (leukaemia/lymphoma) 100 (10.3%) 103 (14.4%) 203 (12.0%)

Solid organ/other 438 (45.2%) 310 (43.3%) 748 (44.4%)

Severely unwell appearance,a n (%)

No 915 (94.4%) 688 (96.1%) 1603 (95.1%)

Yes 54 (5.6%) 28 (3.9%) 82 (4.9%)

Previous stem cell transplant, n (%)

No 956 (98.7%) 703 (98.2%) 1659 (98.5%)

Yes 13 (1.3%) 13 (1.8%) 26 (1.5%)

Study site (state), n (%)

VIC 459 (47.4%) 367 (51.3%) 826 (49.0%)

NSW 148 (15.3%) 63 (8.8%) 211 (12.5%)

Other 362 (37.4%) 286 (39.9%) 648 (38.5%)

Cancer diagnosis, n (%)

ALL/AML 457 (47.2%) 348 (48.6%) 805 (47.8%)

Lymphoma 70 (7.2%) 58 (8.1%) 128 (7.6%)

Other leukaemia 4 (0.4%) 0 (0.0%) 4 (0.2%)

Solid organ tumour 434 (44.8%) 302 (42.2%) 736 (43.7%)

Other 4 (0.4%) 8 (1.1%) 12 (0.7%)

AUS-rule score, n (%)

0 (very low risk) or 1 (low risk) 443 (45.7%) 349 (48.7%) 792 (47.0%)

2 (moderate risk) 292 (30.1%) 207 (28.9%) 499 (29.6%)

3 (higher risk) 234 (24.1%) 160 (22.3%) 394 (23.4%)

Cause of fever, n (%)

MDI–bacteraemia 118 (12.2%) 53 (7.4%) 171 (10.1%)

MDI—non-bacteraemia infection 188 (19.4%) 172 (24.0%) 360 (21.4%)

Clinically documented infection 64 (6.6%) 63 (8.8%) 127 (7.5%)

Fever of unknown cause 599 (61.8%) 428 (59.8%) 1027 (60.9%)

ICU admission, n (%)

No 941 (97.1%) 705 (98.5%) 1646 (97.7%)

Yes 28 (2.9%) 11 (1.5%) 39 (2.3%)

Death, n (%)

No 965 (99.6%) 714 (99.7%) 1679 (99.6%)

Yes 4 (0.4%) 1 (0.1%) 5 (0.3%)

(Table 1 continues on next page)
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After adjusting for age, sex, study site, disease and
chemotherapy intensity, and clinically unwell appear-
ance at presentation, FN episodes with TTA ≥60 min
had 0.62 times lower risk of ICU admission or death
compared with those with TTA <60 min. However, the
95% CI was wide, and inclusive of values that were
compatible with a reduced risk as low as 0.32 or an
increased risk as high as 1.21 (Fig. 1). The results were
consistent when analyses were limited to the subgroup
of FN episodes (n = 977) with known ANC <500/mm3 at
presentation (Fig. 1). For completeness, and in keeping
with the STROBE guidelines, unadjusted RRs and cor-
responding 95% CIs for the assoication between TTA

and primary outcome are also reported in Fig. 1; but we
note that these are not the target trial emulation
estimates.

Across all AUS-rule categories and for FN episodes
with or without a documented bacteraemia, the point
estimates were suggestive of a null effect or reduced risk
of ICU admission or death for TTA ≥60 versus <60 min,
although the 95% CIs remained wide (Fig. 1).

Taking into consideration the time from fever
onset at home, and adjusting for confounders, FN
episodes with TTA ≥180 min had 1.39 times higher
risk of ICU admission or death compared with those
with TTA <180 min, but as for the primary analysis

Time to antibiotic

<60 min ≥60 min Total

(Continued from previous page)

ICU admission or death, n (%)

No 938 (96.8%) 704 (98.3%) 1642 (97.4%)

Yes 31 (3.2%) 12 (1.7%) 43 (2.6%)

Hospital length of stay (days), median (IQR) 5 (3–9) 4 (3–8) 5 (3–8)

Missing 0 (0.0%) 1 (0.1%) 1 (0.1%)

IQR, interquartile range; ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; MDI, microbiologically defined infection. aYes if any of Glasgow Coma Scale

(GCS) < 15 (not secondary to sleep), Alert, Voice, Pain, Unresponsive (AVPU)=V, P or U (not secondary to sleep), documented as ‘severely unwell’, severe sepsis/septic shock

or blood pressure (BP) or respiratory rate (RR) in Medical Emergency Team (MET) criteria or fluid bolus >40 ml/kg.

Table 1: Descriptive statistics for characteristics and clinical outcomes of the eligible study participants by time to antibiotic (<60 min and ≥60 min)

and overall.

Fig. 1: Estimated average causal effect on primary outcome (ICU admission or death) for time to antibiotics (≥60 versus <60 min)

overall, for the subset with known absolute neutrophil count, and by AUS-rule score or presence of bacteraemia, and for time to

antibiotics since fever onset at home (≥180 versus <180 min) for the subset with available data. FN, febrile neutropenia; TTA, time to

antibiotics; RR, risk ratio; CI, confidence interval.
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the 95% confidence interval was wide (0.46, 4.25)
(Fig. 1).

The median hospital LOS, estimated from adjusted
analysis was 0.27 days fewer with TTA ≥60 versus TTA
<60 min. The 95% CI was inclusive of values that were
compatible with both fewer (up to 0.72 days) and more
(up to 0.17 days) days of hospital stay (unadjusted
difference in median hospital LOS −0.46; 95%
CI −0.96, 0.04). Similarly, for the 977 FN episodes with
known ANC <500/mm,3 the adjusted median differ-
ence in hospital LOS was −0.21 days (95% CI −0.82,
0.40 days; unadjusted median difference −1.05; 95%
CI −1.69, 0.40).

Discussion
In our analysis of a large, prospectively collected data-
base of consecutive episodes of outpatient onset FN,
whereby a small proportion of patients (n = 43, 2.6%)
experienced adverse outcomes, the point estimate and
the values within the 95% CI ruled out major increases
in risk of serious adverse event or prolonged hospital
admission for antibiotic administration ≥60 min (but
within 2 h) compared with <60 min. There was also no
definitive evidence of effect modification by either AUS-
rule or bacteraemia. In the episodes that received anti-
biotics after ≥180 min from fever onset at home, the
point estimate was suggestive of an increased risk of
adverse outcome, but the wide 95% CIs again precluded
the possibility of making definitive judgments about
direction and strength of the effect.

Our findings are in keeping with the key results of
two recent paediatric FN studies.12,13 In a prospectively
collected dataset of inpatient and outpatient onset FN
(n = 266), TTA ≥60 min was found to be unrelated to
‘safety related events’ (death, admission to ICU, severe
sepsis and bacteraemia) (OR 0.6, 95% CI 0.29–1.22).
This study was notable for the calculation of TTA from
onset of fever at home, rather than triage time, and had
an overall median TTA of 120 min. Likewise, in a
retrospective study of inpatient and outpatient onset FN
(n = 2335), there was no evidence of an association be-
tween TTA (≥60 min) and ‘major complications’
(infection-related mortality, ICU admission, vasopressor
support or endotracheal intubation) within 6 h, 24 h, or
7 days from triage time (7 days: adjusted OR 0.96, 95%
CI, 0.49–1.89).13 Similar to our study, the mean TTA in
this cohort was 56 min (IQR, 37–90). Across both
studies, there was also no evidence of an association
between TTA and length of hospital stay.

To date, only two paediatric FN studies have shown
an adverse outcome associated with TTA greater than
60 min. In a retrospective, single site study (n = 1628) a
TTA interval of 61–120 min compared with less than
60 min was associated with an adverse outcome (in-
hospital mortality, ICU admission or fluid bolus
requirement ≥40 ml/kg) within the first 24 h (OR 1.81,

95% CI 1.01–3.26).11 Unlike other TTA studies, this
study included fluid bolus requirement as part of the
primary composite outcome and, when considered
separately, TTA was not associated with ICU admission
alone, or prolonged hospital LOS. A smaller quality
improvement study from the USA (n = 220) noted a
significant reduction in need for ICU-level care in pa-
tients with FN who received antibiotics within 60 min
(13% versus 30%), although these ICU admission rates
were substantially higher than in our study (2.3%).10

A subsequent meta-analysis of these and two other
paediatric studies similarly did not find evidence of an
association between TTA ≥60 min and ICU admission
(OR 1.43, 95% CI 0.57–3.60).9

It is conceivable that the patient population most
likely to benefit from early TTA are those with a bacterial
infection. Any bacterial infection has previously been
documented in up to 25% of all FN episodes,2 with
bacterial bloodstream infections documented in be-
tween 10 and 15%.2,13 In our study, we did not find ev-
idence for a causal effect of TTA on adverse outcome
when stratified by either AUS-rule,15 designed to predict
bacterial infection, or the subsequent confirmation of
bacteraemia.

To our knowledge a similar target trial emulation
analysis has not been performed in this population. The
specification of the hypothetical randomised trial to
address the question of interest, and its explicit emula-
tion using the large prospectively collected data, assisted
with improving the quality of the causal inference using
these data.17,26 Another strength of our study was that it
used data from a prospective FN study involving all
eight tertiary cancer centres in Australia and therefore
results are applicable at a national level. We also
explored the impact of a tighter definition of neu-
tropenia (ANC <500/mm3 at presentation) by excluding
episodes with ANC between 500 and 1000/mm3 where a
decline to <500/mm3 within 48 h was unknown. This
increases the applicability of our data to centres that use
this definition, rather than the more pragmatic ANC
<1000/mm3.

Our estimates of the effect of TTA on adverse out-
comes relied on no unmeasured confounding, no
measurement bias, and no selection bias assumptions.
To address confounding, accounting for triage bias in
studies investigating the effect of TTA is critically
important. With increased focus on sepsis recognition,
and almost universal TTA <60 min recommendations,
patients who are severely unwell on presentation to
hospital are more likely to receive antibiotics early but
may already have a trajectory requiring ICU-level sup-
port. To limit the impact of this, ‘severely unwell’ was
identified a priori as a confounder and adjusted for
accordingly in our analyses. While our definition was
broad, it is plausible that other factors (e.g., clinician
gestalt) were unable to be accounted for and this, in part,
may have explained why a higher proportion of episodes
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with documented bacteraemia received antibiotics
within 60 min (12% versus 7%). Data on compliance
with other components of FN or sepsis management,
including volume and timing of fluid boluses and lactate
levels, were unavailable in >50% of episodes. These
factors may have also impacted patient outcome, but it is
unlikely that they would have led to confounding as
their use occurs alongside of, or after receiving, antibi-
otics. Risk of selection bias was low in our study as all
children admitted to participating hospitals with FN
during the study period were included. Measurement
bias was also minimised by having trained research staff
collect data on TTA and other analysis variables. Despite
the large sample size, we cannot rule out sparse data
bias in our estimates due to the rarity of the primary
outcome. To account for this we used regression
adjustment with nonlinear splines for propensity scores
to estimate the RRs, which has been shown to perform
well in terms of bias in the presence of rare outcomes.23

However despite this method of analysis, the small
number of adverse outcomes (n = 43, 2.6%) is an
important limitation of our study and therefore our es-
timates and their corresponding 95% CIs need to be
interpreted with caution.

Although our data support re-evaluation of current
TTA mandates, it must be interpreted in the context of
an overall median TTA of just 53 min and upper quartile
of 77 min. This is an important limitation of our study
as it is possible that adverse outcomes were infrequent
as the majority of the patients (92%) received antibiotics
within 2 h. This may explain the suggestion for an
increased risk of adverse outcome when dichotomised
at 180 min in the episodes where data for time of fever
onset at home was available. This is in keeping with an
adult FN study (n = 3219) that found delays of between
three and 6 h, as compared to less than 2 h, increased
the risk of ICU admission and 30-day mortality.27 Our
analysis was also restricted to outpatient-onset FN and
therefore may not be applicable to higher-risk patients,
such as those with acute myeloid leukaemia, who are
more likely to be admitted at time of fever onset. Finally,
as we did not collect detailed information about type of
non-bacteraemia MDI (bacterial or viral) we were unable
to further stratify our analysis into any-bacterial versus
non-bacterial infection.

Unintended consequences of TTA targets of 60 min
are reflected in the increased exposure of anti-
pseudomonal FN antibiotics to non-neutropenic cancer
patients.28 Many centres across Australia and interna-
tionally recommend administration of FN antibiotics
prior to availability of ANC results to meet these targets.
Winding back on this approach will require multi-
disciplinary involvement, senior clinician engagement
and safety-net criteria to ensure that paediatric cancer
patients with sepsis or clinical instability remain priori-
tised in the emergency department and outpatient areas.

Our study adds to the accumulating evidence that
antibiotic administration after 60 min from hospital
triage, but within 2 h, to children with cancer and FN
does not increase risk of serious adverse event or
prolong hospital admission. These data should chal-
lenge current standards of care and inform a more
nuanced approach to FN management locally and
abroad. This will enable clinicians to pause, assess and
observe patients and use the complete clinical picture
to risk-stratify and inform antibiotic choices.
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