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Abstract

Purpose Prompt antibiotic therapy is standard of care for patients with fever and neutropenia (FN) during chemotherapy for
cancer. We systematically reviewed the association between time to antibiotics (TTA) and clinical outcomes.

Methods The search covered seven databases; confounding biases and study quality were assessed with the ROBINS-I tool.
Safety (death, intensive care unit (ICU) admission, sepsis) and treatment adequacy (relapse of infection, persistence or recurrence
of fever) were assessed as primary outcomes.

Results Of 6296 articles identified, 13 observational studies were included. Findings regarding safety were inconsistent. Three
studies controlling for triage bias showed a possible association between longer TTA and impaired safety. Meta-analysis for TTA
<60 min versus > 60 min was feasible on four studies, with three studies each reporting on death (OR 0.78, 95%CI 0.16-3.69)
and on ICU admission (OR 1.43, 95%CI 0.57-3.60). No study reported data on treatment adequacy. Triage bias, i.e. faster
treatment of patients with worse clinical condition, was identified as a relevant confounding factor.

Conclusion There seems to be an association between longer TTA and impaired safety. More knowledge about TTA effects on
safety are important to optimise treatment guidelines for FN. Controlling for triage and other biases is necessary to gain further
evidence.

Trial registration Registration: PROSPERO [http://www.crd.york.ac.uk/PROSPERO/display record.php?ID=CRD42018092948].
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Background cancer [1]. The risk of life threatening bacterial infection in-

creases when the absolute neutrophil count (ANC) drops be-
Fever in chemotherapy-induced neutropenia (FN) is the most ~ low 0.5 x 10%/1 [2]. Time to antibiotics (TTA) usually refers to
frequent potentially lethal complication of chemotherapy for ~ the amount of time passed from arrival at the hospital to start
of intravenous antibiotic administration [3—5]. Sometimes,
different definitions are used, for example, time from the first
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in survival in patients with severe sepsis [11, 12] and menin-
gitis [13, 14]. In contrast to patients receiving chemotherapy,
the patients examined in these sepsis studies were immuno-
competent and already significantly ill at presentation. In pa-
tients with FN, fever is often the only clinical sign. The impact
of chemotherapy, e.g. damage to the gastrointestinal mucosa,
therapy-induced thrombopenia, anaemia or liver dysfunction,
complicate detection of infections and potentially their out-
comes in patients with cancer. Therefore, direct comparisons
may be inaccurate.

Some organizations have defined TTA < 60 min as a mea-
sure of quality of care [3], and several centres have used con-
siderable resources to reduce in hospital TTA [4, 15, 16]. To
make recommendations for targeted TTA, it is important to
know whether the chosen timespan is safe and whether earlier
antibiotic treatment can reduce complications of infections. If
TTA is of low value, focus on a more rigorous diagnostic
could improve quality of treatment and clinical outcome.
Other influences than TTA, e.g. travel time to the hospital,
illiteracy and poverty, have been identified to be associated
with sepsis and infectious death [17].

In summary, there is a lack of evidence for the impact of
TTA on clinical outcomes. Therefore, we performed a system-
atic review to synthesise the available data on the association
between TTA and clinical outcomes in patients with FN being
treated with chemotherapy for cancer. We also aimed to ex-
plore the effect of important covariates on modifying
outcomes.

Methods

The protocol for this review was registered on PROSPERO
(CRD42018092948) prior to commencing the work and pub-
lished in Systematic Reviews [6]. Simultaneously with this
review, we collected information on interventions performed
to reduce TTA, their effect and the potential benefits of these
approaches. This will be reported elsewhere.

Electronic searches of MEDLINE, MEDLINE In-Process
and Other Non-Indexed Citations, EMBASE, CINAHL,
CDSR, CENTRAL and LILACS were performed on May 9,
2018. The search was updated on April 9th, 2019. The search
strategy included the Medical Subject Heading terms and text
words to identify fever and neutropenia and the intervention of
treatment with antibiotics. Antibiotics were also searched by
groups and names of antibiotic drugs (e.g. penicillins, beta-
lactams, quinolones).

In EMBASE search, ‘time’ was added as a required search
factor to narrow the results. Studies from 1997 onward were
eligible; no language restrictions were applied. Pilot searching
took place before the actual search and found all five previ-
ously identified studies [4, 5, 18-20]. The search strategy is
provided with the protocol publication [6]. Manual searches of
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references and forward citation searching of included articles
were conducted. Authors of relevant studies and experts with-
in the field were contacted to seek further studies.

Study selection

Inclusion and exclusion criteria were defined a priori.
Inclusion criteria were the following:
Patients:

» Patients (adults and children) with fever and neutropenia
during chemotherapy for cancer or after haematopoietic
stem cell transplantation

Intervention:

* Measured time to antibiotics (mostly defined as arrival at
the hospital to first dose of antibiotics administration)

Predefined
Outcomes (any of primary or secondary outcomes)
Primary outcomes:

» Safety—death, admission to ICU, severe sepsis, including
septic shock

» Treatment adequacy—relapse of primary infection, persis-
tence of fever or recurrence of fever without a new
infection

Secondary outcomes:

* Control outcomes: microbiologically defined infections,
new infections, modification of antibiotics
* Duration of illness: length of fever, length of hospital stay

Study design:
» All kinds of study designs, except case reports.

The study-specific composite outcome was recorded and
analysed if predefined outcomes were implemented. Time
point of outcome assessment was not predefined; they could
be assessed during FN episode or later.

Studies were excluded if (1) they were not specific to can-
cer or did not report on this subgroup separately, (mixed pop-
ulations were permitted if > 50% population were diagnosed
with cancer or had haematopoietic stem cell transplantation
(HSCT)), (2) they did not report any of the predefined primary
or secondary outcomes in association with TTA or (3) they
were only abstract or posters.

One reviewer (CK) screened title and abstract of all studies
for inclusion. A second reviewer (CS) independently screened
60% of the titles and abstracts. The kappa statistic for
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agreement was calculated and showed good agreement be-
tween reviewers (k=0.91, 95% confidence interval (CI)
0.87 to 0.94). Full text was obtained for all potential articles
of interest. All full texts were assessed for eligibility by two
reviewers (CK and CS; £=0.79, 95%CI 0.69 to 0.89).
Fourteen studies were referred to a third reviewer (RSP),
where 11 were excluded.

Data extraction and risk of bias assessment

Data extraction and risk of bias assessment were done by one
reviewer (CK) and independently checked by a second
(RAA). Discrepancies were resolved by consensus. Risk of
bias was assessed using the Risk Of Bias In Non-
randomised Studies—of interventions (ROBINS-I) tool [21]
at the level of the individual study and includes all assessed
outcomes from that study. All articles were included in the
review irrespective of the risk of bias.

Statistical methods

Where appropriate, meta-analysis was undertaken with a
random-effects model using DerSimonian and Laird estimator
using the metafor library [22] within the R programming en-
vironment [23]. Statistical heterogeneity was quantified using
X tests, the /7 and tau” statistic. Where heterogeneity of out-
comes and definitions did not permit meta-analysis, narrative
synthesis was undertaken. Subgroup analysis was planned for
adult versus paediatric patients, different risk status,
localisation of presentation, admission time, severe neutrope-
nia versus non-severe neutropenia, patients with versus with-
out comorbidities, antibiotic prophylaxis versus no prophylax-
is, inpatient versus outpatient and income level of countries.

Results
Overview

Titles and abstracts from 6296 studies were assessed and 177
full-text articles retrieved. A flow diagram of study selection is
provided in Fig. 1.

Thirteen studies were included, nine in adult [18, 24-31]
and four in paediatric [5, 17, 19, 20] patients with cancer,
including a total of 5186 and 2461 FN episodes, respectively.
The authors of two additional studies were contacted, because
of insufficient primary data. Due lack of response, neither of
these studies was included in this review. The included studies
were conducted in eight different countries. One paediatric
study [19] included five centres; all others were single-centre
studies. No randomised or quasi-randomised trials were iden-
tified. All studies were observational, either prospective (n =
4), retrospective (n=38) or mixed (n=1). Characteristics of

included studies are given in Table 1. Fever was defined with-
in a temperature range of >38.0 to >38.5 °C. Eleven studies
defined neutropenia as an absolute neutrophil count (ANC) <
0.5 x 10%/1; in seven studies, patients with an ANC expected to
decrease to < 0.5 x 10”/1 were included. Two studies defined
neutropenia as ANC < 1.0 x 10%/1. One study [17] also includ-
ed non-neutropenic patients, but 51% of the included patients
had an ANC <0.5 x 10%/1. TTA was measured from triage or
arrival at the hospital to first dose of antibiotics in seven stud-
ies[5,17,19,27,28, 30, 31], two studies started measurement
at time of fever detection [18, 24] and three studies started
time measurement either at the check-in for outpatients or at
time of first fever for clinic patients [20, 25, 26]. One study
gave no definition for TTA [29]. These different definitions
should be kept in mind when comparing the included studies.
The study-specific definitions are available as
Online Resource 1.

Risk of bias

Study quality and risk of bias assessment identified a moder-
ate or serious risk for bias in all but two of the included studies
(Table 2). Baseline confounding was the major domain for
bias; the other domains were never judged more than at mod-
erate risk for bias, keeping in mind that sometimes, judgement
was impossible due to lack of reporting [28].

Risk status of patients, initial illness severity and time of
presentation were identified as possible confounders in almost
all studies. Further identified covariates potentially influenc-
ing clinical outcomes were as follows: type of infection and
antibiotic prophylaxis before FN. The duration of fever before
arrival at the hospital was identified as limitation of the assess-
ment of TTA and outcome by one study [27].

Intervention

TTA was analysed as a continuous variable in nine studies [5,
17, 18, 24, 26, 28-31]. The time intervals compared and out-
comes assessed varied; they are shown in Table 3. Primary
outcomes defined in the protocol were reported inconsistently:

Primary outcomes: safety

The number of deaths was reported by all 13 studies. Its prev-
alence was 0.7 [5] to 3.4% [20] in paediatric patients and 2.3
[27] to 13.6% [29] in adult patients. In one study [31] (n = 32),
no deaths occurred. Two studies [18, 25] found a direct, sta-
tistically significant association between TTA and death in
adult patients. Rosa et al. [18] found that all-cause mortality
28 days after FN onset was lower in patients with a TTA <
30 min (3.0%) compared to patients with a TTA 31-60 min
(18.1%) and TTA was longer (median 1.66 h; IQR 5.17) in
patients who died, compared to patient who survived (median
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Records excluded
(n=6119)

Full-text articles excluded,
with reasons
(n= 164)

e Not studies (12)

e No cancer/no neutropenia (4)

e Not about TTA (18)

e Qutcomes not reported (18)

e No accurate comparator group (5)

e Abstract only (78)
e TTA as outcome, included into
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Fig. 1 PRISMA flow diagram of identification and selection of eligible studies

0.33 h; IQR 1.0) (HR, 1.18; 95% ClI, 1.10 to 1.26). Each
increase of 1 h in TTA raised the risk for death by 18%.
Daniels et al. [25] found a higher 30-day mortality in patients
with TTA of 3 to 6 h (OR 1.57) and 24 to 48 h (OR 2.08,
mortality 13%) when compared to TTA 0 to 2 h (mortality
5%). This effect was not seen when TTA was only moderately
delayed (2 to 3 h; OR 0.87) and not statistically significant for
the group treated from 6 to 24 h (OR 1.37).

Three studies reported death in patients with TTA <60 min
versus > 60 min [19, 20, 27], including a total of 675 FN
episodes. The pooled odds ratio for death was 0.78 (95% CI
0.1 to 3.69), with substantial statistical heterogeneity (I* =
56.1%, tau” = 1.05; Fig. 2a). Ko et al. [27] only reported
deaths within patients with severe sepsis/septic shock and pa-
tients with bacteraemia. Only one other study [17] reported
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death as single outcome. This study found no association of
death and TTA in the analysed subgroup of paediatric outpa-
tient episodes (OR 1.02; 95% CI, 0.80 to 1.28).

Six studies [5, 24, 27-30] included death into their com-
posite outcome, whereof four studies in adult patients [24, 27,
28, 30] found no association between prolonged TTA and the
investigated composite outcome (Table 3). In contrast, one
paediatric study [5] reports a decreased likelihood of adverse
events (AE), including in-hospital mortality, admission to the
paediatric intensive care unit and/or receipt of > 40 ml/kg of
fluid resuscitation within 24 h of presentation in patients treat-
ed within 60 min (5.2% versus 14.2% in patients with TTA
61-120 min; OR, 2.88; 95% CI, 1.70 to 4.89). When analysing
TTA as a continuous variable, patients with AE only had a
slightly longer median TTA (119 min versus 113 min;). The
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Table 2  Risk of bias assessment with ROBINS-I tool

Author and Baseline Selection of  Classification of Deviation from Missing  Measurement  Selection of Overall
citation (year pub) confounding  participants  intervention intended intervention data of outcomes  reported results risk of bias
Adult patients
Butts al.>* Serious Low Low NI NI Low-moderate Moderate Serious
(2017)
Daniels et al.®  Low-moderate Low Low NI Low Low Low Low
(2019)
Johannesmeyer  Serious Low Low NI Low Moderate Low Serious
et al.? (2019)
Ko etal.?’ Moderate Low Moderate NI Low Low Low Moderate
(2015)
Lee et al.?® Moderate Low Low NI NI Low Low Moderate
(2018)
Lynn et al.?® Moderate Moderate Moderate NI Low Moderate Low Moderate
(2013)
Perron et al.>®  Moderate Low Low NI Low Low Moderate Moderate
(2014)
Rosa et al.'® Low Low Low NI Low Low Low Low
(2014)
Sammut et al.>!  Moderate Low Low NI NI Moderate Low Moderate
(2012)
Paediatric patients
De la Maza Moderate Low Moderate NI Moderate Low Low Moderate
etal.’” (2015)
Fletcher etal.”>  Moderate Low Low NI Low Low Moderate Moderate
(2013)
Gavidia et al.'”  Moderate Low Moderate NI Low Low Low Moderate
(2012)
Salstrom et al.?® Moderate Low Low Low Low Moderate Moderate Moderate
(2015)

NI no information, pub published

sixth study [29] found a longer TTA in 25 (31%) adult patients
with serious complications. Eleven (44%) of these 25 patients
with serious complications died. The difference of median
TTA 122 min versus 97 min was significant in Fisher’s exact
test (p =0.014), but not in multivariable logistic regression
analysis (OR 1.008; 95% CI, 0.999 to 1.017; p =0.070).

ICU admission in TTA <60 min versus > 60 min was re-
ported by the three paediatric studies [5, 19, 20], with a total of
2236 FN episodes and meta-analysis showed no clear associ-
ation with TTA (OR 1.43; 95% CI, 0.57 to 3.60), with con-
siderable statistical heterogeneity (I2 =83.5%, tau’=0.56;
Fig. 2b).

ICU admission was collected and included in the analysed
composite outcome by four adult studies [24, 27, 28, 30].
These did not find an association between prolonged TTA
and the investigated composite outcome.

The total number of patients with sepsis was reported by
three studies [17, 19, 27]; two of them [17, 19] analysed the
association of sepsis and TTA in paediatric patients and both
found a shorter TTA in patients with sepsis. The first study
[17] reports an OR of 0.79 (95%CI 0.63 to 0.99) for TTA and
sepsis in outpatients. The second study [19] found an

@ Springer

increased frequency of sepsis in patients with TTA <60 min
(24% versus 14%), significant in univariable, but not in mul-
tivariable analysis. This was also the only study that assessed
all individual components of safety (death, ICU admission
and sepsis), but without including them into a composite out-
come. This study found no association between TTA > 60 min
and death or ICU admission.

Primary outcomes: treatment adequacy

No study reported relapses of primary infection, persistence of
fever for more than 5 days or recurrence of fever without a
new infection.

Secondary outcomes: control outcomes

The same heterogeneity in reporting as for the primary out-
comes was seen for the secondary outcomes. The studies were
searched for analysis of microbiologically defined infection,
new infections and modification of antibiotics with TTA. One
study [20] found no significant difference between paediatric
patients with TTA <60 min (25% with bacteraemia) and >
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Fig. 2 a Meta-analysis on the as- a
sqcn}tlon of TTA w1t}} death, pae- TTA <=60min >60min
diatric and adult studies. b Meta- Author (year), included episodes death alive death alive 0dds ratio [95% CI]
analysis on the association of
TTA with ICU admission, all
paediatric studies Ko (2015), episodes with bacteremia 3 6 10 45 - 0.44 [0.09, 2.09]
De la Maza (2015), all FN episodes 3 95 3 287 —m— 0.33[0.07, 1.67]
Salstrom (2015), all FN episodes 1 142 3 74 f——>——-1 5.76[0.59, 56.31]
RE Model (Q =4.42, df =2, p = 0.11; I = 56.1%) o e —— 0.78 [0.16, 3.69]
r T T T T 1
0.05 1 5 25 125
QOdds Ratio (log scale)
TTA <=60min >60min
Author (year), included episodes ICU nolICU ICU no ICU Odds ratio [95% CI]
De la Maza (2015), all FN episodes 21 77 41 249 Hil= 0.60 [0.34, 1.08]
Fletcher (2013), all FN episodes 10 316 67 1235 ey 1.71[0.87, 3.37]
Salstrom (2015), all FN episodes 18 125 23 54 = 2.96 [1.48, 5.92]
RE Model (Q = 12.63, df = 2, p = 0.00; I = 83.5%) - | 1.43[0.57, 3.60]
‘
0.05 1 5 25

60 min (11.8% with bacteraemia). No other study reported on
association of these outcomes with TTA.

Secondary outcomes: duration of illness

Finally, the studies were screened for two additional out-
comes: duration of fever and length of hospital stay (LOS).
Average duration of fever for all included episodes (12 h; IQR,
4 to 24 h) was reported by one study [27]. The study reporting
bacteraemia [20] also reported days of fever and likewise
found no difference in days of fever in paediatric patients with
TTA <60 min (median 1.0 days) and > 60 min (median
2.0 days). Eight studies had data about length of hospital stay
(LOS) [5, 19, 20, 25, 26, 29-31]. One study reported median
LOS of all included patients; the seven other studies looked
for an association between TTA and LOS. The two studies in
paediatric patients [5, 20] found no association between LOS
and TTA, as did the two of the adult studies [25, 26]. In
contrast, Perron et al. [30] found a statistically significant
Pearson correlation of 0.26 between TTA and LOS and 1 h
delay resulted in approximately 8 h increase in LOS. Sammut
et al. [31] plotted LOS against TTA and showed a positive
linear correlation between both variables (R = 0.84, R =0.7).
The eighth study [19] found an increased LOS (median 9 days
(IQR, 7 to 15)) in patients with TTA <60 min compared to
TTA > 60 min (median 8 days (IQR, 6 to 12)), but only in
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univariable, but not in multivariable analysis. Due to the clin-
ical and statistical heterogeneity, meta-analysis was not con-
sidered appropriate for the secondary outcomes.

Subgroup analysis

For predefined subgroup analyses, the following results were
available:

Paediatric and adult studies did show the same heterogene-
ity within the different outcomes as did the combined analysis.
No further splitting was undertaken due to the small number
of studies. The same confounders were identified for paediat-
ric and adult patients.

To distinguish high risk versus low risk patients, one
study [31] calculated an early warning score (EWS) for
each adult patient and found a correlation between TTA
and EWS (R2 Ward =0.69, R?> ED =0.57); the sicker the
patient appeared, the more promptly antibiotics were de-
livered. Likewise, a second study [19] found that children
with high-risk FN were more likely to receive the first dose
of antibiotics in < 60 min (85% versus 74%). High-risk FN
was defined as FN episode with one of the following fac-
tors at admission: relapse of leukaemia as cancer type,
hypotension or CRP >90 mg/l or <8 days between end
of last chemotherapy together with a platelet count <
50 x 10%/1. Five adult studies reported the risk status of
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patients with the Multinational Association for Supportive
Care in Cancer (MASCC) risk index score [18, 25-27, 30]
and one with the quick sepsis-related organ failure assess-
ment (QSOFA) score [28], but none analysed TTA accord-
ing to the risk status. In one of them [30], higher risk status
was correlated with longer LOS but not with death and
ICU admission. In the other five [18, 25-28], higher risk
status was associated with impaired safety, whereof one
[26] additionally found a correlation with longer LOS.

The localisation of presentation was evaluated in three
studies [5, 19, 31], and all three showed that TTA was longer
in patients presenting at the ED compared to oncology ward or
outpatient clinic. Additionally, in one of those studies [31], ED
patients tended to have longer LOS, than those admitted di-
rectly to the ward, and in one study [5], significantly more
adverse events occurred in patients presenting at the ED.

Admission time did not influence TTA in two studies; there
was no difference in TTA between working and nonworking
hours [19] and between weekend and weekday presentations
[5].

No study gave enough data to distinguish between patients
with severe versus non-severe neutropenia, with versus with-
out comorbidities and with versus without antibiotic prophy-
laxis or inpatient versus outpatient FN.

One study [17] was undertaken in a lower-middle country
and one study [18] in an upper-middle income country, both in
Latin America. One of them had shown an association of
longer TTA with increased mortality, the other did not and both
of these studies had a shorter TTA in patients with sepsis. All
other studies were undertaken in high-income countries [32].

Additionally, in the protocol, no predefined subgroup anal-
ysis of patients with bacteraemia or severe sepsis/septic shock
was found in three studies. One study [27] found no significant
relationship between TTA and mortality in both of these sub-
group analyses, accordingly to their overall results. Likewise,
another study [24] confirmed their overall results of no clear
association between TTA and negative clinical outcome in a
subgroup with proven bacteraemia. Contradicting this, Rosa
et al. [18] found a lower mortality rate in patients treated within
30 min in subgroup analysis of patients with bacteraemia.

Discussion

When controlling for triage bias was undertaken, studies
showed an association between safety and TTA [5, 18, 25],
but there is still no clear data on a ‘safe’ TTA or an unequiv-
ocal direct association between TTA and death, admission to
ICU or severe sepsis/septic shock. No data is available for the
association of TTA and treatment adequacy. The results for the
association of TTA and LOS were inconsistent, and due to
lack of reporting, we cannot draw a conclusion for other sec-
ondary outcomes either. The assessment of outcomes and

TTA is difficult due to various confounding factors, bias and
inconsistent reporting among the published articles. Triage
bias was identified to have a particularly strong influence.

Fletcher et al. [5] suggests that there are three patient pop-
ulations with FN: (1) those who present with severe sepsis and
are very likely to have poor outcomes in spite of short TTA, (2)
those who present with mild FN in whom TTA will not influ-
ence the likelihood of poor outcome and (3) those who present
with FN and other risk factors for poor outcome in whom TTA
may meaningfully contribute to outcome. While these popu-
lations are theoretically distinct, they may overlap clinically.

If this theoretical model is true, the results of studies which
investigate TTA by analysing the whole FN population do not
show an association of longer TTA and safety outcomes.
Inclusion of the first population creates triage bias, because
healthcare professionals may be aware of patients at higher
risk for poor outcome or complications. This influences the
speed of assessment and may shorten TTA. Accordingly, pa-
tients from the second population may receive treatment later
but still show a good outcome. The signal from the third pop-
ulation, where modification of TTA may lead to modified
outcomes, is swamped by the other patients.

The authors of three studies at moderate risk for bias [17,
19, 30] stated in their articles that patients with high-risk FN
received the first dose of antibiotics sooner than those with
lower risk, creating exactly these biases. This may explain the
result of one of those studies [19] in which sepsis was more
common in patients with TTA <60 min. Three studies tried to
control for triage bias by excluding sepsis patients [5] or ex-
cluding patients with reason for outpatient treatment [18] and
with low risk score [25]. Those were the studies who found an
association between impaired safety and longer TTA. Two
studies judged at moderate risk for bias [20, 29] report an
association between safety and TTA but had methodological
weaknesses. The result of a longer TTA in patients with seri-
ous medical complications, in the study of Lynn et al. [29],
was reported as statistically significant by the Fisher’s exact
test, and the other study [20] describes extending the study
period when the results were not significant, without describ-
ing the number of nature of the interim analyses.

The key strength of this manuscript lies in its thorough
application of systematic review methodology. It thus pro-
vides the first in-depth assessment of the evidence base sur-
rounding TTA and clinical outcomes in FN, across both adult
and paediatric populations.

There were several challenges to summarizing the primary
data sources. Analysis of treatment adequacy was planned to
see whether a shorter TTA stops dissemination and protraction
of an infection and therefore produces better treatment effi-
ciency. The lack of data on treatment adequacy means we
cannot judge if the potential benefits of investing in shortening
TTA may improve overall outcomes compared with time-
consuming further diagnostic tests that could reveal that some
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patients do not need treatment at all. Although some studies
tried to control for confounders by identification of risk status
[19, 27, 30] or exclusion of specific patients [5, 18], we were
unable to investigate most of the expected confounders.
Subgroup analysis would be essential for further knowledge
but were rarely possible. The different definitions of TTA and
FN affect the comparability of the included studies, as do the
differences within included patients. The studies were under-
taken in different countries, and their results must be
interpreted in the context of different healthcare provisions.
Our review emphasises the heterogeneity of studies examin-
ing TTA. Further research should include the suggested core set
of minimal collected and reported outcomes [33] when investi-
gating TTA to ensure consistency and comparability between
studies in FN. Presentation at ED was identified as reason of
longer TTA [19, 31] and even more frequent adverse events [5].
High workload due to high patient volumes or lack of training in
care for oncology patients may explain this. This finding sug-
gests oncology centres improve management of FN patients by
making an effort to reduce TTA in patients presenting to the ED
or providing direct-to-oncology access pathways. It has been
shown that TTA can be effectively reduced by very different
interventions, such as nurse-led administration of first-dose of
antibiotics [34] or the implementation of guidelines [35].

Conclusion

There is a strong influence of triage bias and confounding
factors, when investigating TTA. Controlling for these is pos-
sible and necessary to gain further evidence. Despite inconsis-
tent evidence and acknowledged difficulty in achieving
prompt TTA, experts and guidelines insist that timely and
appropriate antibiotic administration is essential for adequate
patient care [7-9] and we equally recommend to continue an
administration of antibiotics as soon as possible in patients
with FN during chemotherapy for cancer, as the question
how antibiotics should be prioritised remains unanswered.
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