
S
epsis results from a dysregulated inflammatory 
response to infection, culminating in multiple 
organ dysfunction and death. In England there 
are an estimated 123 000 cases of sepsis each 
year (UK Parliament, 2015), with a mortality 

rate of 30–50% (Daniels, 2011). On 26 May 2017, the 
World Health Organization designated sepsis a world 
health priority (Reinhart et al, 2017).

The Surviving Sepsis Campaign has updated 
international consensus guidance on the management of 
sepsis and septic shock (Rhodes et al, 2017). Recognizing 
the global health challenge of antimicrobial resistance, the 
guidance recommends (although based upon low quality 
evidence) that serial plasma procalcitonin measurements 
could guide clinical decision making and reduce 
prolonged, unnecessary exposure to potent broad-spectrum 
antimicrobials. 

This article examines the evidence for biomarker-guided 
antibiotic discontinuation in sepsis, identifies evidence gaps 
and highlights future innovation challenges. 

What is biomarker-guided antimicrobial 
discontinuation?
In sepsis, it has been established that the plasma 
concentration levels of C-reactive protein and procalcitonin 
rise as part of acute inflammatory cascades and fall as a 
result of appropriate treatments and illness resolution 
(Ugarte et al, 1999). Decreasing plasma concentrations of 
C-reactive protein and procalcitonin can be tracked daily 
in a patient treated for sepsis and may help determine 
when it is safe to stop antimicrobial treatment. Compared 
with C-reactive protein, procalcitonin is thought to have 
particular utility in the setting of bacterial sepsis (Meisner 
et al, 1999).

What is the evidence for biomarker-guided 
antibiotic discontinuation protocols?
C-reactive protein
C-reactive protein has been extensively examined in 
the setting of early sepsis diagnosis and prognostication 
(Vincent et al, 2011), but there is a paucity of data 
evaluating C-reactive protein in the context of 
antimicrobial discontinuation. The authors were only 
able to identify one open-label randomized controlled 
trial conducted in two Brazilian intensive care units 
with a small sample size of 94 patients with severe sepsis 
(Oliveira et al, 2013). In this study, C-reactive protein- 
and procalcitonin-based algorithms were compared to 
determine antibiotic duration – with both algorithms 
including antibiotic discontinuation rules based on relative 
declines and absolute biomarker values. Mean duration 
of antibiotic therapy was 8.1 days in the procalcitonin 
group vs 7.2 days in the C-reactive protein group (P=0.25), 
with no differences in all secondary outcomes, which 
included total antibiotic exposure, mortality and length 
of hospital stay. To the best of the authors’ knowledge, no 
other randomized controlled trials have been published 
for C-reactive protein-based antibiotic guidance in adult 
patients with sepsis. 

Within the paediatric setting, a number of trials have 
demonstrated that C-reactive protein can be used to 
guide antimicrobial therapy in neonatal sepsis (Ehl et al, 
1997; Bomela et al, 2000), and can guide the cessation of 
antimicrobials 48 hours after admission in children with 
a non-infective systemic inflammatory response (Downes 
et al, 2017). 
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ABSTRACT
Sepsis is a medical emergency, which requires the initiation of broad-
spectrum antimicrobial agents as early as possible. In the absence of positive 
microbiological cultures providing targeted antimicrobial advice, broad-
spectrum antibiotics are commonly continued until there is clinical evidence 
of infection resolution. With an absence of robust evidence to inform when 
it is safe to stop antimicrobial agents in sepsis, the duration of antimicrobial 
courses may be longer than is required. Prolonged courses of potent  
broad-spectrum antimicrobials increase the risk of adverse drug events and 
contribute to the growing emergence of multidrug resistant pathogens, which 
is a global public health emergency. The protocolised use of protein biomarkers 
to guide clinical decision making can be used to help combat excessive 
durations of antimicrobials in patients with sepsis. This article reviews the 
current evidence for biomarker-guided antimicrobial discontinuation protocols 
in sepsis, identifies related evidence gaps and examines future innovation 
challenges in this field. 
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Procalcitonin
Conversely procalcitonin has been studied widely for its 
utility in guiding antimicrobial administration. In 2015 
the National Institute for Health and Care Excellence 
published its own guidance on the clinical and cost-
effectiveness of using procalcitonin alongside standard 
clinical practice to guide antibiotic treatment in adults 
and children presenting for hospital care with confirmed 
or suspected sepsis. 

The National Institute for Health and Care Excellence 
guidance was informed by a commissioned independent 
systematic clinical and cost-effectiveness review funded 
by the National Institute of Health Research Health 
Technology Assessment programme (Westwood et 
al, 2015). This review included eight randomized 
controlled trials that were performed in adult critical care 
environments. Within this setting, four studies (Nobre et 
al, 2008; Bouadma et al, 2010; Qu et al, 2012; Liu et 
al, 2013) provided data that allowed the calculation of 
mean antibiotic duration, with three of these (Bouadma 
et al, 2010; Qu et al, 2012; Liu et al, 2013) showing 
that the addition of procalcitonin to standard practice 
produced a statistically significant reduction in mean 
antibiotic duration (between 1.2 and 5.2 days). The other 
study (Nobre et al, 2008) showed a non-significant trend 
towards a decrease in duration of antibiotic treatment. 
Once these four studies were combined in a meta-analysis, 
the summary effect estimate indicated that the addition of 
procalcitonin to standard practice produced a significant 
reduction in antibiotic treatment duration (weighted 
mean difference -3.19 days, 95% confidence interval 
-5.44 to - 0.95). The specific details of the procalcitonin 
algorithm varied between studies, but all discontinuation 
protocols included a component that advised antimicrobial 
cessation when procalcitonin levels were below 0.5 ng/ml, 
and strongly encouraged antimicrobial cessation when 
procalcitonin levels were below 0.25 ng/ml.

Data from these four trials also allowed the calculation 
of the mean duration of hospital stay overall. With the 
studies combined, the summary effect estimate showed that 
addition of procalcitonin to standard practice produced a 
statistically significant reduction in length of hospital stay 
(weighted mean difference -3.85 days, 95% confidence 
interval -6.78 to -0.92). In addition the independent 
review team assessed the methodological quality of these 
four studies by using the Cochrane risk of bias tool, and 
found that while three of the studies had an unclear risk of 
bias because of unclear blinding (Bouadma et al, 2010; Qu 
et al, 2012; Liu et al, 2013), unclear allocation concealment 
(Qu et al, 2012; Liu et al, 2013) and unclear randomization 
(Qu et al, 2012), one study (Nobre et al, 2008) was at high 
risk of bias as a result of incomplete reporting of outcome 
data. Consequently the independent review concluded 
that there was a lack of high quality evidence to support 
procalcitonin-guided antimicrobial cessation.

The four trials detailed above were published between 
2008 and 2013, from centres outside the UK, and with 

few details about standard care. It is therefore difficult 
to compare the antimicrobial stewardship practices in a 
‘standard-of-care’ arm with those in the UK. Furthermore 
the management of sepsis in the UK is continually 
improved via updated clinical guidance from the National 
Institute for Health and Care Excellence (2017), thus it 
is uncertain if the benefit shown in these trials of adding 
procalcitonin to standard sepsis management would be 
realized in a contemporary UK health-care setting.

In terms of safety, the independent review found five 
studies (Nobre et al, 2008; Stolz et al, 2009; Bouadma et 
al, 2010; Qu et al, 2012; Liu et al, 2013) that reported 
28-day all-cause mortality and showed no difference in 
mortality between groups (summary relative risk 0.98, 95% 
confidence interval 0.76–1.27). One study (Bouadma et al, 
2010) included mortality at 60 days, and again showed no 
significant difference in outcome (relative risk 1.15, 95% 
confidence interval 0.89–1.48). The review also identified 
no difference in the incidence of adverse events between 
groups; however, as none of the studies were adequately 
powered for safety, one can only conclude that there is no 
evidence of a lack of safety.

The Stop Antibiotics on Procalcitonin guidance Study 
(SAPS) (de Jong et al, 2016) from the Netherlands – a 
health-care system with comparatively low consumption 
of antimicrobials internationally (Van De Sande-Bruinsma 
et al, 2008) – was identified by the National Institute for 
Health and Care Excellence (2015) but reported after 
production of their diagnostic guidance. The study was an 
open label randomized controlled trial comparing duration 
of antimicrobial treatment guided by procalcitonin vs 
standard care. A cut-off point of 0.5 ng/ml was used, 
consistent with previous studies (Bouadma et al, 2010; 
Qu et al, 2012). The trial demonstrated a significant 
reduction in the duration of antimicrobial treatment 
(median duration 5 days (interquartile range 3–9 days) 
in the procalcitonin group vs 7 days (interquartile range 
4–11 days) in the standard-of-care group; between-group 
absolute difference 1·22, 95% confidence interval 0·65–
1·78, P<0·0001), as well as a surprising improvement in 
28-day and 1-year mortality for patients randomized to the 
procalcitonin arm which could not be readily explained by 
the authors. The median cumulative costs of antimicrobial 
treatment per patient were €18 cheaper in the procalcitonin 
arm compared to the standard care arm (€107 vs €125 
respectively, P=0.0006), indicating a potentially substantial 
health-care saving across a population. 

Also published after the National Institute for Health 
and Care Excellence review was the ProGUARD study 
(Shehabi et al, 2014) from the ANZICS trials group, 
which was a single centre randomized controlled trial 
that was designed to investigate the effectiveness of a low 
cut-off point for procalcitonin in reducing antimicrobial 
prescribing. The trial used a much lower cut-off value 
of 0.1 ng/ml compared to other trials, and there was no 
significant difference in the duration of antimicrobial 
treatment, ventilator-free days, intensive care unit length 
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of stay or hospital length of stay. There was also no 
significant difference in hospital mortality or in 90-day 
all-cause mortality. However, the authors recognized that 
a different choice of algorithm for procalcitonin, aligned 
to other studies internationally, could have impacted on 
antimicrobial free days (Shehabi et al, 2014). 

Given the concerns around the potential impact of a 
risk of bias in the research performed internationally, and 
the lack of evidence of translation of findings to the NHS, 
the National Institute for Health and Care Excellence 
recommended that future research into procalcitonin 
should include identifying when antibiotic treatment can 
be stopped safely for adults and children with confirmed or 
highly suspected sepsis in the intensive care unit. There have 
been no studies conducted into the use of procalcitonin to 
guide antimicrobial discontinuation in children. Clinical 
experts advised the National Institute for Health and Care 
Excellence committee that the majority of septic children 
in paediatric intensive care units are under the age of 1 year, 
and thus will have different care and resource needs to 
adults. Consequently the committee concluded that results 
from adult trials should not be extrapolated to children 
(National Institute for Health and Care Excellence, 2015). 
While there is evidence to support the use of C-reactive 
protein monitoring in the paediatric setting, results from 
trials performed two decades ago (Ehl et al, 1997; Bomela 
et al, 2000) may not be realized in a modern setting. In 
the adult literature, there appears only one previous trial of 
C-reactive protein-guided antimicrobial discontinuation, 
thus there is a clear evidence gap for C-reactive protein 
monitoring to guide antibiotic duration in this setting.

Challenges to progressing the evidence base 
for biomarker-guided antimicrobial duration in 
sepsis in the UK 
Is there equipoise in the UK for a trial?
To start to establish if there is equipoise and interest in 
performing a new trial in the UK, between November 
and December 2015 the authors surveyed health-care 
professionals who regularly care for patients with sepsis, 
with support from the Intensive Care Society and the 

Association of Surgeons of Great Britain and Ireland. The 
results are summarized in Table 1. As expected measurement 
of C-reactive protein levels is widely used in NHS trusts 
as part of routine care in sepsis, but there is little evidence 
that this is used systematically. Procalcitonin measurement 
is less widely used, but procalcitonin measurement is more 
likely to be used within a locally agreed protocol.

Simultaneously and independently a survey of NHS 
laboratories was also conducted in order to understand 
the current availability of procalcitonin analysis, results of 
which are included in Table 2. C-reactive protein testing is 
widely available, but far fewer trusts offer routine analysis 
for procalcitonin. 

The survey results show that within the UK there is 
no evidence of the widespread use of biomarker-guided 
discontinuation protocols using either C-reactive protein or 
procalcitonin, and therefore there is sufficient equipoise to 
conduct a trial in this area. Additionally, there is enthusiasm 
within the community as 76.5% of those who responded to 
the Intensive Care Society and the Association of Surgeons 
of Great Britain and Ireland survey expressed an interest in 
being involved in a future trial evaluating the effectiveness 
of C-reactive protein and procalcitonin to guide antibiotic 
discontinuation in adult patients with sepsis.

Performance bias in trials of protocolised biomarkers
One issue raised in the independent review of procalcitonin 
(Westwood et al, 2015), and as a direct consequence of 
individual patient randomization within the same centre, 
was the inherent risk of performance bias in the trials 
analysed, which were all open label. The patients in the 
intervention arms would have been obvious to the treating 
teams, and were at particular risk of increased interventions 

Table 1. Responses to Intensive Care Society/Association of Surgeons of Great Britain and Ireland 
survey (n=380 responses) 

C-reactive protein Procalcitonin

As part of your routine 
practice for sepsis, do you 
measure C-reactive protein or 
procalcitonin? (% of responders)

Yes, daily for all patients 53.1 1.9

Yes, occasionally for all patients 9.2 1.1

Yes, daily for selected patients 17.8 5.8

Yes, occasionally for selected patients 10.8 17.4

Rarely or never 9.2 73.8

If yes, do you use an agreed 
protocol? (%)

Yes 2.5 17.6

No 97.5 82.4

Table 2. Responses to NHS laboratory survey (n=55 responses)

C-reactive protein Procalcitonin

Do you routinely offer C-reactive 
protein or procalcitonin analysis in 
your laboratory? (% of responses)

Yes 98.2 18.2

No 1.8 81.8

British Journal of Hospital Medicine, March 2018, Vol 79, No 3� 139

Symposium on Intensive Care
©

 2
01

8 
M

A 
H

ea
lth

ca
re

 L
td



and clinical surveillance (Stolz et al, 2007; Nobre et al, 
2008; Deliberato et al, 2013). This could have contributed 
to more optimal antimicrobial use and improved patient 
outcomes compared with standard care. 

Given the risk that the positive results seen in some of the 
trials could in part have been the result of performance bias, 
it is important that a future trial addresses this challenge. In 
the setting of individual patient randomization, this could 
be achieved by developing a blinding strategy by providing 
standardized protocolised advice to clinicians rather than 
assay results. Furthermore, careful documentation of 
care received by all patients in a trial through process 
evaluations would also contribute to monitoring the risk 
of performance bias and its potential impact.

Study interventions 
An appropriate trial design could be to compare C-reactive 
protein- and procalcitonin-guided treatment protocols with 
standard care in a three-arm randomized controlled trial. It 
would be important to include a protocolised C-reactive 
protein intervention arm, as there is a paucity of evidence of 
its effectiveness in guiding antimicrobial discontinuation, 
and it is already available in all UK hospitals. 

The design of the biomarker-guided protocols will need 
to be based upon appropriate evidence of thresholds to stop 
antimicrobial treatment. The only previous randomized 
controlled trial in adults that involved the protocolised 
use of C-reactive protein to guide antimicrobial cessation 
(Oliveira et al, 2013) used an absolute discontinuation 
threshold of ≤25 mg/litre and a relative discontinuation 
threshold if C-reactive protein levels fell by 50% or more 
from baseline: the best available international evidence for 
C-reactive protein.

There is greater evidence for procalcitonin-guided 
antibiotic discontinuation protocols in sepsis (Westwood 
et al, 2015). From all studies reviewed, there was a 
consistent strong recommendation to stop antimicrobials 
for procalcitonin levels <0.25 ng/litre, and/or an advisory 
recommendation if procalcitonin levels were <0.5 ng/litre. 
In some studies (Bouadma et al, 2010; Shehabi et al, 2014) 
a fall in procalcitonin levels by ≥80% was used to advise 
antimicrobial cessation. 

In a pragmatic study, a control group should reflect 
current standard clinical care. Within the NHS, standard 
clinical care is based upon guidelines from Public Health 

England, which recommends antimicrobial courses 
to not exceed 7 days unless specified by local policy or 
microbiological advice (Public Health England, 2015). 
While there is no available high quality published evidence 
of the UK mean duration of antimicrobials in sepsis and its 
variation, participants in the control groups of the studies 
included in the independent review had a pooled mean 
duration of 12.3 days (5–16.06 days) (Westwood et al, 
2015), whereas participants in the control group in the 
SAPS trial had a median antimicrobial duration of 7 days 
(4–11 days) (de Jong et al, 2016). 

Conclusions
The increasing prevalence of antimicrobial-resistant 
organisms is a significant public health challenge. 
Biomarker-guided antimicrobial discontinuation protocols 
are a potential method of providing clinicians with evidence 
of when to stop treatment and thus limit the duration of 
powerful broad-spectrum antimicrobial agents, reducing 
the opportunity for resistant organisms to develop. 

To progress the evidence base within the UK, two 
new trials have been awarded funding through the 
National Institute of Health Research Health Technology 
Assessment programme; the ‘Biomarker-guided duration of 
antibiotic treatment in hospitalised patients with moderate 
to severe sepsis (ADAPT-Sepsis) trial (trial registry number: 
ISRCTN 47473244) and the ‘Biomarker-guided duration 
of Antibiotic Treatment in Children Hospitalised with 
confirmed or suspected bacterial infection’ (BATCH) trial 
(trial registry number: ISRCTN 11369832)

By recognizing the strengths and limitations of 
previous trials within this sphere, these new studies are 
ideally positioned to provide evidence of the clinical and 
cost-effectiveness of biomarker-guided antimicrobial 
discontinuation protocols in sepsis.  BJHM
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