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| ABSTRACT

For paediatric patients with cancer, febrile neutropenia (FN) is the most common complication of treatment. It requires inpatient
hospitalisation and treatment with empirical broad-spectrum antibiotics. Approximately 20-30% of febrile neutropenic patients
have a documented infection, thus needing antibiotics. For the rest, it is suggested that the cause of FN could be a viral or fungal
infection, the malignancy itself, drug related or the result of a blood transfusion reaction as examples, therefore not requiring
antibiotics. With no risk-stratification tool in use in practice to distinguish between patients who are at high or low risk of bacterial
infections, recent studies have focused on identifying clinical and laboratory markers for this. This systematic review will focus on
three biomarkers, C-reactive protein (CRP), presepsin (sCD14-ST) and lactate, to find their sensitivities and specificities for
diagnosing bacterial infections and thus help determine the risk of poor outcomes for patients with FN. This review has
systematically searched for relevant primary research papers. These studies have been critically appraised using a validated critical
appraisal tool. Data from these studies were then extracted using a data extraction form, and evidence summarised. The findings
have been interpreted, and the implications to practice and research are discussed. 1051 febrile neutropenic episodes from 743
children from different countries were analysed. In the majority of studies (75%), acute lymphoblastic leukaemia was the most
frequent diagnosis. Eight of the studies in this review are looking at CRP. Two studies are looking at lactate, and five review
presepsin. Lactate is a sensitive and specific biomarker with a lactate level > 2mmol/L and >2.5mmol/L showed sensitivities of
81% and 80% and specificities of 83% and 92.1%, respectively. Presepsin and CRP had mixed results for its sensitivity and
specificity. Lactate and CRP are useful biomarkers for assessing the outcomes of children with FN and could be added to a CDR.
This review cannot confirm that presepsin is a useful biomarker for practice and, therefore, cannot justify adding it to a CDR.
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1. Introduction

Around 400,000 children and young people are diagnosed with cancer each year worldwide[Agnello et al. 2020] A diagnosis of
cancer means that healthy cells in the body have become abnormal and are dividing in an uncontrolled manner.[Akcay et al. 2021]
Cancer treatment can involve surgery, chemotherapy, and radiotherapy. [Baraka et al. 2018] The aim of anti-cancer treatment is to
kill cancer cells, but the treatment also destroys healthy blood cells, in particular white blood cells (WBC), known as neutrophils,
which assist the body in fighting infection. [Bettany-Saltikov 2012] With fewer neutrophils in the body, the ability to fight infection
is reduced. [Cancer Research UK 2021] With infection being the biggest risk of mortality to children with cancer, prompt recognition
and treatment can save lives. [Cancer Research UK 2021] Initial signs of infection can be fever. [Delebarre et al. 2015] Fever alongside
a low neutrophil count is called FN. [Dommett et al. 2009]

FN is defined as having a temperature equal to or higher than 38°C and a neutrophil count of 0.5 x 1079 per litre or lower.
[Dommett et al. 2009] In practice, FN is an oncological emergency and requires inpatient hospitalisation, urgent investigation, and
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the administration of intravenous antibiotics within one hour. [Dommett et al. 2009] With an increased risk of sepsis, defined as a
life-threatening reaction to an infection, the paediatric sepsis six tool is used by clinicians when presented with a patient with FN.
[Haeusler et al. 2020, Kitanovski et al. 2014] This prompt treatment of FN can prevent mortality due to infection. [Cancer Research
UK 2021]

Research suggests that not all febrile neutropenic patients require such intense treatment and can be risk-stratified into low or
high-risk categories for significant complications. [Klastersky et al. 2000] This risk-stratification is not seen in the United Kingdom
(UK), even with an international paediatric FN guideline suggesting that we adopt a validated risk-stratification tool to use in
practice. [Kuter et al. 2018] Adopting this could have huge implications for patients and their families, including improved quality
of life, reduced length of in-patient hospitalisation, reduced exposure to hospital acquired infections and a reduced risk of
developing antibiotic resistance. [Lehrnbecher et al. 2017] Other benefits include reduced costs to the NHS, a reduction in nursing
care hours and an increase in bed availability, which is vital in an underfunded and overstretched organisation. [Multinational
Association of Supportive Care in Cancer 2021]

However, there is no single internationally agreed reliable and validated risk-stratification tool in use for paediatrics. [National
Cancer Institute 2021] There is, however, in adult cancer patients with FN. This is called the multinational association for supportive
care in cancer (MASCC) tool, which allows clinicians to assess whether a patient is at low-risk from complications of FN. [NHS 2020]
It identifies that some adult patients can be safely treated at home. [NHS 2019] For paediatric patients to have the same
opportunity, there is a need for a reliable and validated risk-stratification tool for this population.

There are at least 27 different clinical decision rules (CDR) that have been created to risk-stratify complications in paediatric patients
with cancer that are febrile neutropenic. [Lehrnbecher et al. 2017] A CDR is a tool that can be used by clinicians at the patient’s
bedside to make clinical decisions. [NHS Foundation Trust 2014] Each CDR contains different variables, suggesting that there is no
consensus on which variables should be included in a paediatric CDR.

Research suggests that using biomarkers of infection and inflammation can help predict patients who are at low-risk of
complications of infection. [NHS Foundation Trust 2015] With this in mind, three biomarkers have been chosen for this systematic
review. These are CRP, presepsin and lactate.

This leads to the review question, 'What is the sensitivity and specificity of C-reactive protein (CRP), presepsin (sCD14-ST) and
lactate for assessing whether children and young people with cancer that are febrile neutropenic are at risk of poor outcomes?".
The aim of this systematic review is to find out the sensitivity and specificity of CRP, presepsin and lactate in determining the risk
of poor outcomes for children and young people with cancer who are febrile neutropenic.

Poor outcomes can be defined as serious medical complications leading to death, admission to the intensive care unit (ITU) or
other life-threatening complications due to infection. [Lehrnbecher et al 2017]

The specific objectives were to identify all relevant information on the topic area. This includes primary research papers by
systematically searching electronic databases. Searching for published and unpublished papers and studies that are found from
sources other than electronic databases (‘Grey literature’); Hand searching bibliography of key review articles and included studies.
Critically appraising the quality of all included studies. Summarising the results using an appropriate scientific methodology.
Reviewing the relevance of the findings for practice and research.

2. Methods

2.1 Search strategy and selection criteria

In order to develop a comprehensive and specific review question, the PICO (Population, Intervention, Comparison and Outcome)
format was used. [Olad et al. 2014]

A Simplified PICO Framework
Population - Children (0-19 years old) with cancer that are febrile neutropenic

Intervention -
Comparison - C-reactive protein, lactate and presepsin
Outcome - Sensitivity and Specificity

Searches were untaken on Cochrane Library, Campbell collaboration, emerald insight, the EPPI-centre, PubMed, TRIP, CORE and
BioMed Central. No systematic reviews were found on the review question. Articles were found on Academic Search Complete,
CINAHL Complete and MEDLINE using the keywords (Child* OR P? diatric* OR Teen* OR 'Young Person’ OR Adolescen* OR Minor*)
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and (Febrile* OR Fever* OR Temp* OR Pyre*) and (Neutrop*) and (crp* OR c-reactive protein OR 'c reactive protein’ OR presepsin
OR sCD14-ST OR ‘soluble CD14 subtype’ OR lact*). No grey literature was found from Zetoc, CADTH, The New York Academy of
Medicine, EThOS, the British Library, Open Grey and BDENF. Google was searched, and reference lists of included primary research
were hand searched. Only academic journals were included, and articles in all languages were included to avoid missing relevant
evidence. Articles not available in full-text were included. Articles pre 2012 were excluded to ensure evidence was up to date.
Journals not listed above were excluded as no articles were found.

2.2 Data extraction

Appropriate data was then extracted from the final chosen research papers. A data extraction form was developed to ensure all
included studies are treated equally. Data extracted from each article includes study details, level of evidence, methodology and
method, interventions, settings, participants, data analysis, key findings (Outcomes), quality, applicability to practice and
comments, including quality appraisal findings. A supervisor assisted in the data extraction of one paper and the results were
compared. The data extraction table can be seen in the supporting information table 1.

For each biomarker, data was extracted If available for sensitivity, specificity, Area under the ROC Curve (AUC), P (value) and
confidence intervals.

3. Results

Database searches were performed on February 20, 2022, and three hundred thirty-seven articles were identified. Of these, twelve
articles met the inclusion criteria. The Preferred Reporting Items for Systematic Reviews and Mata-Analyses (PRISMA) diagram
showing how the articles were selected is shown in Figure 1.

Academic Szarch Complate,
CINAHL Complete, MEDLINE

Google searched 337 Maon-scademic journals
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Studies l=ft
147
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to title
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Studies l=ft
63
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Cancer
iz
Studies l=ft
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T Excluded a5 ocutcomes
[ not discussed
20

Studies left for review
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Fig.1. PRISMA Flow Diagram

Page | 14



BJNS 4(1): 12-42

3.1 Study and Population Characteristics

The quality of the final 12 articles in this review was then graded using the GRADE approach. As the 12 included studies are either
observational or diagnostic in design, they all start of as low in quality. Only one study was rated down. The GRADE table can be
seen in supporting information table 2.

Of the 12 articles, three are case-control studies, six prospective observational studies, two diagnostic test studies and one
retrospective 2-centre cohort study. The number of febrile neutropenic episodes ranged from 29 in two studies to 372 episodes
in one 2-centre cohort study. Eight of the studies in this review are looking at CRP. Two studies are looking at lactate, and five
review presepsin.

Across the included studies, 1051 febrile neutropenic episodes from 743 children from different countries were analysed. The age
ranged from 0-19 years. In the majority of studies (75%), acute lymphoblastic leukaemia was the most frequent diagnosis.

The definitions of fever were compared between the studies. FN is defined as having a temperature equal to or higher than 38°C
and a neutrophil count of 0.5 x 10%/L or lower. [Dommett et al. 2009] One study uses this definition for their inclusion criteria.
[Ozdemir et al. 2019] One study included a higher threshold for fever of >38.5.°C. [Pacheco-Rosas et al. 2014] Four studies define
FN with a single oral temperature of >38.3°C or a temperature of >38.0°C over a one-four hour period. One study included children
with an axillary temperature of >37.3 °C if it persisted for more than two hours; oral temperatures were not allowed. [Phillips et al.
2020] Four studies included axillary temperatures of >38.5°C once or >38.0°C on 2 occasions over a 1-, 6- or 12-h period. [Phillips
et al. 2016, Royal College of physicians 2016, Sirinoglu et al. 2016, Stiell et al. 2007] The last study defines a fever as an axillary
temperature of >38.0°C on one occasion or >37.5 °C for at least one hour.

The definitions of neutropenia were mostly consistent, defined as a neutrophil count <500 cells/microlitre at the onset of fever in
6 studies (50%). Six studies (50%) expanded on this definition to include neutrophils <1000 cells/microlitre with the expectation to
drop <500 cells/microlitre within 48h-72 hours.

The heterogeneity in the blood sampling times of the biomarkers under review has been noted. Most studies discuss that blood
sampling for the biomarkers was taken on the first day, within 24 hours of admission and before antibiotics were commenced. In
one study, blood samples were taken on the day of admission; however, participants had a fever which started in the last 48 hours
and had a much lower fever threshold of >37.3 °C. [Phillips et al. 2020] One study evaluated presepsin at admission (TO0). It is
important to note that the timing of the fever detection, travel time to the hospital, and time to be reviewed and consented to will
all vary between participants. It is important to note that two case-control studies included ‘apparently’ healthy control participants,
with one study unable to obtain urine, stool and blood culture samples from their controls.

3.2 Summary of main findings:

C-reactive protein: CRP is an inflammatory marker that rises when there is a bacterial infection; however, this rise can be slow.
Research suggests the disadvantages of CRP are its limited specificity and delayed increase. This is because inflammation in the
body can be caused by injury or disease as well as infection.

The eight studies in this review looking at CRP had mixed results. Four of the studies found that CRP is a useful diagnostic marker
of infection with high sensitivity and specificity. Three studies found that CRP was not a useful biomarker of infection with mixed
sensitivities and specificities. One study found that CRP used in combination with presepsin would improve the sensitivity and
specificity for bacterial infection prediction.

Serum Lactate: Lactate is a biomarker of sepsis with a high lactate level associated with mortality in patients with infection. However,
it must be noted that lactate levels can rise due to the malignancy or dexamethasone.

The two studies looking at lactate both suggest that this is a good marker for sepsis, producing high sensitivities and specificities.
A lactate level > 2mmol/L and >2.5mmol/L showed sensitivities of 81% and 80% and specificities of 83% and 92.1%, respectively.

Presepsin: Presepsin, also known as the soluble CD14 subtype, is a biomarker that is released early in infection, and the levels rise
within 2 hours of inflammation. A recent systematic review and meta-analysis found that presepsin is more accurate and has a
higher sensitivity than CRP in detecting sepsis in children.

The five studies looking at Presepsin have shown mixed results. Three studies indicate that presepsin levels correlate with the
severity of infection. With one study with a cut-off value >1014 has a sensitivity of 100% and specificity of 85.7% for presepsin.
However, two studies show that presepsin has low diagnostic accuracy in predicting bacterial infection.

Outcome: In practice, CRP is a useful biomarker of infection with low levels suggestive of a viral infection. As CRP levels rise slowly
it could mean that CRP would not help with making decisions about de-escalating treatment. This suggests that CRP does not
belong in a CDR. However, it is important not to forget that CRP is noted as important in the diagnosis of sepsis in the sepsis 6
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tool. If CRP levels are within normal range or are very low upon admission, this could still be a predictor of a patient at low-risk of
FN.

The importance of lactate is clearly highlighted in the sepsis 6 tool, as a Lactate >2mmol/l is a red flag for sepsis. With all this in
mind and, the fact that lactate level is quick and easy to obtain, is an indicator that this biomarker would be useful in a CDR to
assess the risk of FN patients.

Presepsin is a biomarker that is not currently used in practice, and due to the mixed results and heterogeneity between all the
studies, it is difficult to determine how useful presepsin is in the diagnosis of bacterial infections in the population under review.

Confidence intervals were undertaken in five studies. Confidence intervals indicate how precise the study results are. The study
with the narrowest confidence interval levels of 0.935-1.000% was for CRP. The two studies looking at lactate had fairly narrow
intervals with 0.725-0.977 and 0.81-0.98, respectively. The study with the widest intervals of 0.676-1.00% was for presepsin and
0.353-0.925 for CRP, suggesting there is more uncertainty in these results. In one study, the results suggested that CRP was not
correlated with bacteremia/sepsis; however, as the confidence intervals are wide, there is uncertainty in these results, meaning
that, in fact, there could be a correlation, but it is not shown in this study. What is interesting is that two studies looking at CRP
both have the smallest sample sizes of the 12 studies included and have produced contrasting results.

The P-value in research is the probability that the results obtained in a study are due to chance. All but one study uses P-values.
Seven studies have P-values of <0.05, suggesting statistically significant results for the specified biomarkers. It has been suggested
that P-values are arbitrary, and in fact, a non-significant P-value could demonstrate that the sample size was too small to show an
effect. The results from the 12 studies can be seen in Table 1.

3.2.1 TABLE 1: Results table

Sensitivity Specificity AUC P (value) 95% Results
Confidence
Intervals
Suwanpakdee et 80% 92.1% 0.90 <.001 0.81-0.98 Lactate level
al. (2021) >2.5mmol/Lis a

predictor for
developing septic
shock
Akcay et al. 100% 14% X 0.981 X CRP cut off of
(2021) 10mg/L

CRP could not
distinguish
between an

infectious and a

non-infectious

inflammatory

response
Agnello et al. X X 0.58 0.09 X Presepsin has a low
(2020) diagnostic

accuracy and
cannot predict
blood culture

positivity.
Ozdemir et al. 84.6 (CRP) 55.9 0.758 FN group X CRP Cut-off
(2019) (CRP) (CRP) versus 2.5mg/dl
X Presepsin control:
X Presepsin X CRP <0.001 CRP is a useful
Presepsin Presepsin marker for
<0.05 predicting
Culture bloodstream
positive: infections
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CRP <0.01
Presepsin
>0.05
Sepsis:
CRP>0.05
Presepsin
>0.05

Presepsin had low
significance.

Baraka and
Zakaria (2018)

Presepsin
100%

CRP 77.8%

Presepsin
85.7%

CRP 66.7%

Presepsin
0.95

CRP
0.75

<0.001

0.01

Cut-off presepsin
> 1014
Presepsin can be
used as a
discriminator of
infectious and non-
infectious origin of
fever

CRP cut-off > 105
Combination of
CRP and presepsin
may improve the
sensitivity and
specificity for
bacterial infection
prediction.

Kuter et al.
(2018)

Presepsin
0.861

CRP
0.639

Presepsin
0.027

CRP
0.395

Presepsin
0.676-1.00%

CRP
0.353-0.925

Presepsin is an
indicator of
positive
hemoculture

CRP not correlated
to bacteremia/
sepsis

Sirinoglu et al.
(2016)

93.10%

92.00%

0.972

.001

0.935-1.000%

CRP cut-off 28.03
CRP good
diagnostic marker
of infection

Delebarre et al.
(2015)

14%

97%

0.61

<0.010

Sensitivity 7-
25%
Specificity 94-
98%

CRP 2> 90mg/L at
risk of severe
infection

Olad et al. (2014)

0.663

<0.05

X

Increasing levels of
presepsin
correlates with
severity of
infection

Levels higher in
culture positives in
the absence of
clinically
detectable source
of infection

Pacheco-Rosas et
al. (2014)

81%

83%

0.851

0.725-0.977

A lactate level >
2mmol/L is
consistent with
severe sepsis
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Kitanovski et al. Day 1 Day 1 Sepsis Day 1 Day 1 0.01 X CRP has a low to
(2014) Sepsis 87.3% 0.695 Day 2 intermediate
50% Day 1 Severe Day 2 0.00 diagnostic
Day 1 sepsis 0.828 accuracy for sepsis
Severe 93.8%
sepsis
37.5% Day 2 sepsis
100%
Day 2 Day 2 severe
Sepsis sepsis
77.8% 79.7%
Day 2
severe
sepsis 100%
Penagos- 94% 94% X <0.001 X CRP cut- off
Paniague et al. 60mg/L
(2012) CRP is a useful test
for the diagnosis of
bacterial infections

The four case-control studies do not explain how the control groups were chosen. In one study, the control group consisted of
participants without any infection; however, blood, urine and stool cultures were not obtained, unlike in the cohort group. The
results of the biomarkers from the control group could be elevated due to an unknown infection.

Heterogeneity between the inclusion and exclusion criteria of each of the studies has been noted. Two Studies do not have
inclusion and exclusion criteria documented. Three studies do not have exclusion criteria stated.

Participant Outcomes: As seen, there is no consensus on how to take a temperature. Three studies measure temperatures orally,
whilst five studies measure temperature by axillary. In practice, treatment should be commenced with a fever by any measurement.
What is worrying about some of these definitions is the waiting time to start antibiotics. This can be seen in one study with a fever
>38.0°C on multiple occasions during a 12 hour period. Antibiotics should be commenced within one hour of a documented fever;
the longer the wait, the higher the risk of death. In one study, 3 participants died. Another 8 of the participants died, that being
20.5% of the total participants. Lastly, in another study, 4 participants died. It could be suggested that waiting and monitoring
patient’s temperatures, as seen by some of these definitions could be contributing to the outcome of these patients. This highlights
that there are many variables which can impact the outcome of febrile neutropenic patients, the variables under review will not
alone suffice in the assessment. Hence, the a need for a validated and reliable CDR.

4. Discussion

The population of interest in this review is unique and specific, which makes it hard for the results from this review to be
generalisable to other populations. All 12 studies include children under 19 years old, both males and females with cancer. Due to
the rarity of the disease in children, not all types of childhood cancers have been investigated in these studies, making it difficult
to generalise these results to all childhood cancers. This is a difficult point to make as this review is not only looking for sensitive
and specific biomarkers to assess the outcomes of FN in all childhood cancers, it is also looking to see if these biomarkers under
review can fit into a CDR. If this review suggested that the biomarkers under review could fit into a CDR, the CDR could only be
used for the types of cancers that have been investigated.

To note, none of the studies were undertaken in the UK so this could be considered a limitation. Although the studies were
undertaken in paediatric oncology or haematology hospital settings, there will be cultural, socioeconomic and environmental
differences which could impact the results of the study. For example, children in the UK are nursed in cubicles to protect them
from infection. In other countries, due to limited funds, children are cared for in bays, increasing their chance of getting a hospital
acquired infection. This shows the inequality in care for children with cancer between low and middle-income countries and high-
income countries. This highlights the importance of this review because if some children who are febrile neutropenic can be at
home on oral antibiotics, this treatment is cheaper and will prevent children from being in the hospital, where they can pick up
further infections.
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The sample size in all 12 studies is small. Cancer in children is rare, and therefore, it is inevitable that sample sizes will be small
when undertaking research in rare diseases. One way to overcome this problem is for studies to undertake a power calculation.
Only one study undertook a power calculation to determine the minimum sample size required.

The strengths of this review include the clear and thorough search which was undertaken to find all the relevant research for this
review. Library sessions were had to ensure accurate and quality searching. This reduced bias in this review and reduced the threat
to the validity and reliability of the data. Two critical appraisal tools were used to ensure a thorough analysis. To prevent data
extraction bias, a supervisor assisted in the data extraction of one paper and the results were compared. A transparent and
reproducible review has been produced. Limitations in this review include the date restrictions of the included articles; bias has
been introduced here. Another limitation is that the library could not gain full-text access to one possibly included article. The
grading of the quality of included studies was under taken by a single-reviewer, and due to its subjective nature, there is a risk of
bias. A second reviewer here would have reduced this risk.

Four studies recommend further studies with larger sample sizes. As all 12 studies have small sample sizes due to the rarity of the
disease, this recommendation could be difficult to achieve and time consuming. Other studies suggest using a combination of
biomarkers to increase the sensitivity and specificity for predicting bacterial infections. In order for this to be used widely, including
low-income countries, these tests need to be done at low cost. The added benefits need to be weighed up against the cost.

5. To conclude, this review has found that lactate has good sensitivity and specificity for assessing whether children and young
people with cancer who are febrile neutropenic are at risk of poor outcomes. Although only two papers were found in the last 10
years, showing that more research is required, the fairly narrow confidence intervals provide confidence in the results. CRP has
shown mixed results for sensitivity and specificity in this review; however, the papers with positive findings had narrow confidence
intervals, whereas the papers that suggested no correlation had wide confidence intervals, suggesting that there could be a
correlation, but it is not shown in that study. Lactate and CRP are used in practice, and the results in this review highlight that they
are still useful biomarkers in practice. They are still applicable. Presepsin had mixed results for its sensitivity and specificity for the
assessment of outcomes for children with FN. Only one of the five studies calculated confidence intervals, and the results were
fairly wide. The small sample sizes and heterogeneity between all the studies makes it difficult to confirm that presepsin is a useful
biomarker for clinical practice.

In regards to poor outcomes, it can be seen from the heterogeneity between the studies that there are many factors which can
influence the outcomes of febrile neutropenic children. The definition of FN being one, as this influences the timing and
commencement of antibiotics treatment. It is well known that the longer it takes to commence antibiotic treatment, the higher the
risk of poor outcomes in this patient population. Secondly, the risk of poor outcomes is higher in lower and middle income
countries, showing inequality in care. This review has highlighted the many benefits that could come from finding reliable
biomarkers to use in practice and, thus, the production of a CDR to help risk stratify this patient population. Although this remains
important, this review has found that there are other changes that need to be made. In many of these studies, children died.
Therefore, there is a need for one simple universal definition for FN. The timing and commencement of antibiotics need to be
immediate. And there needs to be a reduction in the gap between care in lower income countries and high income countries.

Producing a validated CDR that can be used worldwide could help close the gap between outcomes in lower and higher income
countries. If children can be risk-stratified as low-risk, they could go home on oral antibiotics. This treatment is cheaper, easier to
administrate, and requires less training and fewer resources than intravenous antibiotics.

Recommendations for practice include the need for a large prospective multicentre UK study looking at the sensitivity and
specificity of CRP, presepsin and lactate for assessing whether children and young people with cancer who are febrile neutropenic
are at risk of poor outcomes. Alongside this, other variables which are deemed important can be reviewed in order to create a
CDR.
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Figure 1: PRISMA (2020) Flow Diagram. This diagram shows the number of papers found during the systematic search and how

this was reduced down to the 12 included studies.
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Supporting table 2: GRADE. Values were given to each paper to highlight their quality, i.e., good, or poor quality. This tool was
chosen because it is a transparent framework with a systematic approach.
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