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ABSTRACT
Background Febrile neutropenia (FN) is a common
complication of cancer treatment in children and young
people, and many episodes are over-treated. Procalcitonin,
may be an appropriate tool to guide the stopping of
antibiotics in those at low risk of serious bacterial infection.
Supportive care trials in this population have proven to be
difficult to undertake. This single-arm pilot study aimed
to evaluate whether a study using a procalcitonin-guided
stopping-rule for antibiotics in paediatric FN is possible.
Methods Daily procalcitonin levels were performed
during episodes of FN and clear guidance given for
antibiotic discontinuation. Episode data and quantitative
feasibility data were collected alongside interviews with
professionals and ethnographic observations. Analysis was
descriptive.
Results Of 32 patients and families approached, 28
patients consented, and 13 had febrile neutropenia. In
total, 16 episodes were included in the study. All relevant
FN episodes had data captured, with adequate data
collection. There were no significant safety events. In
4/8 (50%) of episodes without clear microbiologically
documented or clinical infection, antibiotics were reduced
in duration or in spectrum. Interviews with professionals
revealed the importance of the research, the value of key
individuals in the study team, particular challenges of this
protocol and suggestions for study improvements.
Conclusions Studies to evaluate procalcitonin-guided
approaches to stopping antibiotics in paediatric FN are
possible.

INTRODUCTION
Children and young people (CYP) being
treated for cancer are at significant risk of
developing sepsis, mainly secondary to chemotherapy. Febrile neutropenia (FN)—fever in
the presence of a low neutrophil count—is
managed by empirical intravenous antibiotic
treatment to avoid potentially life-threatening
complications.1 This approach has led to a
reduction in intensive care admission to <5%
and mortality to <1% but over-
treats most
patients.2 Only 20%–30% of all patients with

What is known about the subject?
► Febrile neutropenia is the most common compli-

cation of treatment for children with cancer, and is
currently treated with intravenous antibiotics and
hospital admission.
► Procalcitonin, an infection biomarker, has been
shown to help reduce duration of antibiotics in other
populations but has never been studied in immunocompromised patients.
► Previous trials of supportive care interventions
in paediatric oncology have struggled with poor
recruitment.

What this study adds?
► It is possible to deliver a trial of a procalcitonin-

guided antibiotic stopping rule in children and young
people with febrile neutropenia.
► Further larger studies to evaluate the safety and efficacy of such an intervention are indicated.

FN will have a serious bacterial infection.3
Current practice is to continue antibiotics at
least until blood cultures are reported negative, the patient is well and afebrile for at
least 24 hours. While service developments in
upfront risk stratification in 2020/2021 have
shortened average hospitalisation a considerable proportion (75.2%, data from National
UK febrile neutropenia service evaluation,
Jackson TJ et al, 2021) remain in hospital over
72 hours.
Identifying the subgroup of patients who
genuinely require antibiotics in this group is
challenging. A complimentary approach to
upfront risk stratification is using a biomarker
to identify the point at which intravenous
antibiotics could be stopped. The most widely
available infection biomarker currently is
C-reactive protein (CRP) but in patients with
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METHODS
This was a single arm, unblinded pilot study, to assess
the ‘proof of principle’ of serial procalcitonin guided-
management for FN with integrated qualitative assessment of the study processes undertaken in the tertiary
haematology/oncology centre at Leeds Children’s
Hospital between November 2020 to April 2021. To be
eligible for the study, a patient had to be 18 years old
or younger, be treated at the hospital with chemotherapy
likely to induce neutropenia, and consent, or their carer
consent if unable to do themselves, to inclusion. There
were no specific exclusions.
Patient assessment, investigation and antibiotics were
hospital standard of care, except for the ‘stopping rule’
for antibiotics. Briefly, this consisted of admission, if not
already in-patient, for a minimum of 8 hours and intraspectrum antibiotics (monotherapy with
venous broad-
piperacillin/tazobactam preferred) for at least one dose.
GCSF (granulocyte colony stimulating factor), for treatment or prophylaxis, was not routinely used.
2

Procalcitonin was measured at baseline (ideally with
initial blood culture samples preantibiotics, or within 8
hours of arrival), then once a day until the patient was
discharged. Antibiotics were continued for a minimum
of 36 hours.
The ‘PCT stopping rule’ recommendation was to stop
antibiotics when post-baseline PCT was <0.5 ug/L with
no growth on blood cultures (minimum 36 hours) and
no clinical evidence of severe infection requiring antibiotics, regardless of the patient’s temperature (figure 1).
The treating clinician was encouraged to document
reasons for over-ruling the recommendation. Stopping
antibiotics was not necessarily accompanied by hospital
discharge.
Episode data collected included daily blood count,
CRP, maximum temperature and clinical features of risk
stratification; start/stop date and time of intravenous
antibiotics; admission/discharge date/time; date/time
of resolution of fever; results of infection-related investigations, including blood cultures and clinical determination of any focus of infection. Critical care admissions
or death within 7 days of stopping antibiotics, or development of documented/clinically suspected bacterial infection within 72 hours of stopping antibiotics would have
led to the study being suspended.
Practicality and feasibility were assessed by evaluating: proportion of eligible patients approached
who consented to study inclusion, number of patients
enrolled in the study period, proportion of FN episodes
treated on study for all FN episodes eligible, proportion of enrolled patients who discontinued or declined
intervention, proportion of missing data on primary
‘main study’ outcome measures and the types of patients
recruited. The study also assessed safety and provided
data for baseline calculations for further studies, by evaluating the impact of PCT-guided management on antibiotic duration.
A target sample size of 10–20 patients was set, derived
from the rate of enrolment we would expect in a Phase 3
trial with 12–15 centres over a 2-year period. A Phase 3 trial
would require around 1000 patients to be randomised, or
around 125 patients across all centres over 3 months.
Analysis of quantitative data was purely descriptive,
using standard methods: continuous data as mean or
median as appropriate, and proportions for categorical
variables.
Interviews with healthcare professionals were
performed following the pilot to explore views and experiences about participating in the study, experiences of
recruitment, acceptability of the intervention, practicalities of following the protocol and the use of PCT in
decision-making. Interviews were performed in English,
using a video-
conferencing tool, and audio-
recorded.
A semi-
structured interview guide was used (online
supplemental appendix 1). All participants were offered
debriefing.
Analysis used a constant comparison approach, aiming
for a descriptive thematic level of detail, seeking to provide
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FN it discriminates poorly, with a large individual participant data meta-analysis showing it was not significantly
associated with microbiologically defined infection.4
Procalcitonin (PCT), a biomarker more specific for
bacterial infection, peaks at 6 hours and decreases
rapidly in response to antibiotic treatment with the additional benefit of being rapid and easy to analyse.5 Current
UK National Institute for Health and Care Excellence
guidance on using PCT to diagnose and monitor sepsis
concluded there was insufficient evidence to support
its routine use in the National Health Service.6 Further
research was recommended. The published studies and
all ongoing trials all exclude immunocompromised
patients. Systematic reviews support further investigation
of its utility in CYP with FN in safely reducing antibiotic
use.7 8
Although around 60% of paediatric oncology patients
are recruited onto cancer treatment clinical trials, there
have been few supportive care studies despite patients
and families emphasising improving supportive care
as vital.9 10 Many such trials have suffered from poor
recruitment rates necessitating early closure.11 12 Reasons
included lack of clinician prioritisation, lack of belief
in equipoise of the question or over-complicated eligibility criteria. One challenge in ‘reduction of treatment’
studies is the ‘just in case’ principle, for example, where
antibiotics are carried on ‘just in case’ there is an infection.13 To undertake a large study examining if the use of
a PCT-guided approach would be better for patients and
families than the current standard, we needed to assess if
clinicians and families will agree to this type of management. This single-arm, pilot study aimed to address the
question of whether studies of a PCT-guided approach
are possible, by exploring why patients and clinicians do,
or do not, chose to enter the study, and their views on the
value of PCT in altering management.

Open access

Flowsheet to support clinician decision-making. abx, antibiotics; h, hours; PCT, procalcitonin; -ve, negative.

explanatory information surrounding the delivery of the
feasibility study. Regular consultation within the study
team allowed for assessment of coding accuracy and
consideration of the future research directions.
Initial plans had also included interviews with families
participating in the study, but these were precluded by
practicalities, including due to the COVID-19 pandemic.
Ethnographic observations were made of the healthcare team by one of the two researcher–clinicians during
daily clinical practice, where antimicrobials were under
discussion. Records were written as contemporaneously
as possible. Staff were made aware of the study through
posters and presentations, and an opt-
out consent
approach used.

Patient and public involvement
Patients and parents were involved in the design of the
overarching ‘PAnTher’ study, for which this study is a
pilot. This PPI work has been published.9
RESULTS
Quantitative results
Of 32 patients and families approached, 28 patients
consented to be part of the study. In total, 16 episodes
of FN were included in 13 unique patients (range 1–2).
No episode was missed in patients who consented to be
part of the study, and none declined. Admission data was
collected in full in 12 cases (75%), and subsequent daily
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Figure 1
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Tumour/treatment group

Number of patients

Stem cell transplant

2

Solid tumour

6

Brain tumour

1

Leukaemia

2

Lymphoma

2

data completeness was: day 2 11/13 (84%), day 3 8/11
(73%), day 4 7/7 (100%) and day 5 2/5 (40%). Patients
were recruited from all major tumour/treatment groups
(table 1) including haematological malignancies and
stem cell transplant (6/13), all had central lines. The
median age was 6 years 5 months (range 8 months to 18
years) and 31% (4/13) were female. The AUS (Australia-
UK-Swiss) score ranged from 0 to 3, median 1.14
Eight of the 16 episodes had a clinically (2) or microbiologically proven (6) infection. One patient required
critical care, within the first day of treatment and while
on broad spectrum antibiotics.
In 4/8 (50%) of the cases without clear microbiologically documented or clinical infection, antibiotics were
reduced in duration (3 cases, median reduction 2 days,
range 1–5) or in spectrum (1 case, switch to co-amoxiclav). The use of procalcitonin may also have supported
a change to reduced intensity (oral antibiotic from broad
spectrum intravenous therapy) in two patients with clinical lower respiratory tract infection.
PCT levels stayed low or reduced over time in most
patients as infections were confirmed absent or brought
under control (figure 2). A low PCT (under 0.5 ng/L)
alone did not rule out documented infection, emphasising the need to incorporate with clinical features and
other investigation results.

Qualitative results
Four healthcare professionals were interviewed: two
medical and two nursing, with a range of professional
experiences and roles within the study. Interviews lasted
25–30 min. All interviewees were known to the interviewer (JEM). Interviews revealed six key themes:
The importance of this research
Participants spontaneously, and unprompted by the interviewer, commented on the importance of this research
programme:
I just think it’s a really good idea, really exciting bit of
work that you’re doing, to improve… well… patients
being at home is ultimately what we want to achieve
isn’t it but catching the ones that need to actually be
in hospital to be safe. (Professional 4)
Participants reflected positively on the potential benefits to antimicrobial stewardship, and on various practical
aspects of the study, including patient materials. The
study was widely adopted:
I think the study was taken up well by the whole team.
On ward rounds, it was usually a different doctor or
ANP who first said, “what is the procalcitonin?” “can
we stop?” (ethnographic observation)
Professional experiences of the protocol
Professionals talked about the challenges of reducing
antibiotics in this population, including fear and established practice:
To let someone go home who is febrile and neutropenic is a bit more frightening. (Professional 1)

Figure 2 Serial PCT measurements in individual patients. Red: Cases with documented infection. Blue-grey: Cases with no
documented infection. PCT, procalcitonin.
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Table 1 Oncological grouping of patients
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Perceptions of parental experiences
Participants reported that PAnTherCub was generally
well received by families:
‘I think they thought it was great… (Professional 1)
The ‘key individual’ factor
Participants clearly associated PAnTherCub with core
members of the study team, reflecting on seeing them
deliver the study, considering study team approaches in
their decision-making, and speaking with the study team
about FN:
In our daily rounds we saw Dr Phillips and you [JEM]
consenting patients about the study… you people
were asking our opinions about the study. (Professional 2)
In one meeting, a professional referred to the influence of a key professional on the success of the research
as ‘the Bob Phillips factor’ (ethnographic observation).
Future implementation of a large study at multiple sites
would need to consider the identification of such ‘key
individuals’ and how they play a role in the success of
study delivery.
Particular challenges of the study
Recruitment
Participants spoke of some challenges to recruitment,
including finding the time to speak with families about
PAnTherCub, and the relatively brief recruitment period
before the pilot closed.
Timing
The commencement of PAnTherCub coincided with
19
other changes in FN policy related to the COVID-
pandemic, where location of patient care, up-front risk
stratification and timing of discharge for low-risk patients
were amended. During the interviews, it became clear
that some participants struggled to separate the different
changes:
There was a lot of changes all happening all at once.
(Professional 4)
This is unlikely to be a particular challenge in a future
larger study, but maintaining stability in local FN policy
may help study sites when delivering this research.
Identification of enrolled patients
One challenge recognised by professionals was in identifying patients as PAnTherCub participants and therefore
remembering to perform PCT tests. This was helped by
parental prompting ‘I do remember some parents saying
we’re on the PAnTherCub study as like a reminder’
(Professional 4) and participants stated this would
become a less significant issue in a larger trial as professionals became more familiar with study processes.

Though they anticipated some parents may have
concerns about reducing antibiotics:
I think the families saw that using antibiotics is something reassuring them, maybe patient is febrile and
he is on broad spectrum antibiotics this is a good
thing and about the study, to stop antibiotics even if
the patient is febrile is something create anxiety for
the families but I think we need to alleviate the anxiety by reassuring… (Professional 2)

Suggestions for study improvements
Participants suggested the following key developments
moving forwards:
► Increased promotion and awareness within professional teams, particularly for nursing and junior
medical staff, familiarising them with the protocol
and possible roles within the study (eg, recruitment)
► Clarification of elements of the protocol relating
to children undergoing stem cell transplantation,
including both eligibility and analysis.
► Consideration of site-
specific practices to increase
recruitment, for example, targeting certain clinics or
prior to planned prolonged admissions.
► Identifying site-
specific techniques for identifying
enrolled patients at presentation with FN, including
markers on patients’ paper notes, flags on electronic
systems, ‘prescribing’ blood tests, addition of PCT to
standard order sets and posters close to initial blood
taking equipment.
DISCUSSION
PAnTherCub has demonstrated that studies to evaluate
a PCT-guided approach to paediatric FN are possible,
and welcomed by the paediatric haematology/oncology
community. There were no concerning safety events.
Preliminary outcome data and qualitative data relating
to implementation have been provided to inform future
study designs.
No previous studies in this setting have evaluated
biomarker-
driven stopping rules for FN. However,
previous studies in paediatric supportive care have struggled with recruitment.11 12 PAnTherCub appears to have
successfully overcome these challenges. The recruitment of key individuals to study teams and a site-specific
approach to implementation are likely to be key elements
in supporting larger studies of stopping-rule trials.
PAnTherCub’s strengths included the engagement of
professionals and families in the delivery of the intervention, and in the high quality of data collected. This
was facilitated by the single centre design focusing on
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I’d like to think I would do things rationally but I
think the scenario might be that if they’re still spiking its just kind of engrained that you keep going…
(Professional 3)
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one team. Future work will need to evaluate the ability
to translate this to other centres. Furthermore, the
brief duration of the PAnTherCub study means we have
been unable to establish whether these successes could
be sustained over a longer period and potentially lead
to further improvements as a study became embedded
in a unit’s practice. In addition, we have not yet tested
whether patients are happy to be randomised between
this intervention and standard care, though the acceptability of the intervention in PAnTherCub suggests this
is likely.
As a single-arm pilot study, PAnTherCub is the first step
in developing research to evaluate the use of PCT-guided
FN management in paediatric haematology/oncology.
The next phase of research will include a feasibility study
exploring issues relating to multiple study sites, patient
randomisation (to a control group) and confirming
required sample sizes for a definitive study. The final
stage will be a larger randomised controlled trial to assess
the use of procalcitonin-guided approaches.
PAnTherCub has shown that it is possible to deliver
a trial of a procalcitonin-
guided febrile neutropenia
management intervention in paediatric haematology/
oncology. Further larger studies to evaluate the safety and
efficacy of such an intervention are indicated.

