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Abstract

Aim: To describe the protocol for a multi-centre randomised controlled trial to determine whether treatment protocols 

monitoring daily CRP (C-reactive protein) or PCT (procalcitonin) safely allow a reduction in duration of antibiotic 

therapy in hospitalised adult patients with sepsis.

Design: Multicentre three-arm randomised controlled trial.

Setting: UK NHS hospitals.

Target population: Hospitalised critically ill adults who have been commenced on intravenous antibiotics for sepsis.

Health technology: Three protocols for guiding antibiotic discontinuation will be compared: (a) standard care; (b) 

standard care + daily CRP monitoring; (c) standard care + daily PCT monitoring. Standard care will be based on routine 

sepsis management and antibiotic stewardship. Measurement of outcomes and costs. Outcomes will be assessed to 

28 days. The primary outcomes are total duration of antibiotics and safety outcome of all-cause mortality. Secondary 

outcomes include: escalation of care/re-admission; infection re-lapse/recurrence; antibiotic dose; length and level of 

critical care stay and length of hospital stay. Ninety-day all-cause mortality rates will also be collected. An assessment of 

cost effectiveness will be performed.

Conclusion: In the setting of routine NHS care, if this trial finds that a treatment protocol based on monitoring CRP 

or PCT safely allows a reduction in duration of antibiotic therapy, and is cost effective, then this has the potential to 
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Background and rationale

Early, appropriate antimicrobial treatment for infection is 

a crucial part of emergency interventions aimed at 

improving sepsis survivorship.1 Choosing the right anti-

microbial drugs and doses is crucial because inappropri-

ate antibiotic therapy is associated with two-to-fourfold 

increase in risk of death under these circumstances.2

Once commenced, the optimum duration of antibiotic 

treatment is less certain.3 Fixed duration antibiotic courses 

(up to 14 days in some circumstances) have been widely 

used in the NHS because clinical signs and microbiology 

culture tests are not sufficiently useful for monitoring 

treatment efficacy in order to guide the decision to stop 

the administration of antibiotics.4 Daily clinical review of 

treatment and patient progress, performed alongside 

microbiology results and advice, do provide opportunities 

to limit patient exposure to broad-spectrum antibiotics 

while tailoring effective therapy for a proven infection – 

the so-called ‘Start smart - then focus’ approach.4,5

Readily available circulating serum proteins such as 

C-reactive protein (CRP) and procalcitonin (PCT) – the 

most intensively researched biomarkers – are often raised 

in sepsis and usually fall in response to effective treat-

ments.6 This provides a potential opportunity to personal-

ise the duration of antibiotic therapy which could lead to 

reductions in population antibiotic usage, adverse effects 

for patients, improved healthcare resource utilisation and 

downstream benefits relating to antimicrobial resistance 

– an urgent priority. These biomarkers, however, are part 

of a complex inflammatory response triggered not only 

by infection but by other stimuli such as trauma and sur-

gery. Thus, unnecessarily prolonged antibiotic treatment 

may be commenced if guided solely by raised levels of 

these biomarkers as part of antibiotic initiation/escalation 

protocols.7 Alternatively, biomarker-guided antibiotic 

discontinuation protocols for critically ill patients have 

been associated with shorter treatment durations in some 

healthcare systems internationally1,8 and reduced mortal-

ity,9 but studies are at high risk of bias1,8,9 and with uncer-

tain relevance to NHS practice.10 There is thus a need for 

a multicentre randomised controlled UK trial to deter-

mine whether an antibiotic treatment protocol based on 

monitoring CRP or PCT might safely allow a reduction in 

the duration of antibiotic therapy in patients with sepsis.

Objectives

Primary objective

To determine whether treatment discontinuation protocols 

based on monitoring CRP or PCT in hospitalised adult 

patients with suspected sepsis reduces the duration of anti-

biotic therapy compared with standard care while main-

taining treatment safety as measured by mortality 28 days 

after randomisation.

Secondary objectives

To determine adherence to biomarker treatment protocols 

and their effects on antibiotic consumption, infection and 

antibiotic adverse events, critical care and hospital length 

of stay, acquisition cost of antibiotics, longer-term mor-

tality and cost-effectiveness in the NHS setting.

Methods

Trial design

This is a multicentre prospective, individual patient 

randomised, 3-arm, controlled, intervention-concealed 

clinical and cost effectiveness trial. The trial is man-

aged by the Warwick Clinical Trials Unit and sponsored 

by the University of Manchester. The funding is pro-

vided by the National Institute for Health Research 

(NIHR) following a commissioned call from the Health 

Technology Assessment programme (15/99/02). The 

NHS main contractor is the Northern Care Alliance 

NHS Foundation Trust. The trial is coordinated by a 

Trial Management Group (TMG) and independent 

oversight is provided by a Trial Steering Committee 

(TSC) and a Data Monitoring Committee (DMC). The 

trial has been designed and will be reported in line with 

the CONSORT (Consolidated Standards of Reporting 

Trials) statement.11 Trial conduct has been planned in 

full conformance with the principles of the Declaration 

of Helsinki and Good Clinical Practice.

Study setting

The trial was planned to take place in at least 32 acute 

care NHS hospitals with adult critical care units. Hospitals 

must provide evidence that they are able to participate in 

critical care research, have access to the relevant patient 

population, have routine clinical biochemistry services 

able to provide, or establish, daily CE-marked PCT and 

CRP quality-assured laboratory assays.

Participant inclusion criteria

•• Hospitalised adult patients at least 18 years of age

•• Up to 24 h of initiation of empiric intravenous anti-

biotic treatments for a suspicion of sepsis12

change clinical practice for critically ill patients with sepsis. Moreover, if a biomarker-guided protocol is not found to be 

effective, then it will be important to avoid its use in sepsis and prevent ineffective technology becoming widely adopted 

in clinical practice.
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•• Likely to remain hospitalised and receiving intra-

venous antibiotic treatment for at least the next 

72 h; and

•• Requirement for critical care.

A 24-h recruitment window from initiation of antibiotics 

for sepsis is required to determine baseline biomarker 

values to guide subsequent protocolised treatment dura-

tion advice.6,10

Participant exclusion criteria

•• Prolonged (greater than 21 days) antimicrobial 

therapy (e.g. for endocarditis, cerebral/hepatic 

abscess, tuberculosis, osteomyelitis);

•• Severely immunocompromised not caused by sepsis 

(e.g. neutropenia less than 500 neutrophils/µl);

•• Any patient given, or anticipated to receive an 

IL-6 receptor inhibitor drug (e.g. tocilizumab or 

sarilumab) during their acute hospital admission;

•• All treatments for suspected sepsis likely to be stop-

ped within 24 h of its initiation because of futility;

•• Consent declined; or

•• Previously enrolled into this trial.

Co-enrolment of study participants into other trials will 

be considered by the TMG using national guidance.13

Trial protocol

Blood will be drawn daily in every trial patient partici-

pant from randomisation until discontinuation of anti-

biotics for the sepsis episode or discharge from hospital. 

The clinicians responsible for managing patients will 

receive daily standardised advice from the local research 

team on either standard care or on biomarker-guided 

antibiotic discontinuation. Advice will be based on daily 

serum testing of either (a) PCT or (b) CRP or (c) ‘no test’ 

(control group). The antibiotic discontinuation protocols 

are described alongside the standardised written advice 

for each group in Figure 1.

Trial interventions

1. Procalcitonin arm. Standard care with daily serum 

PCT measurement until antibiotic discontinua tion 

or hospital discharge. Daily feedback to clinical 

team based on PCT discontinuation protocol 

(Figure 1).

2. CRP arm. Standard care with daily serum CRP 

measurement until antibiotic discontinuation or 

hospital discharge. Daily feedback to clinical team 

based on CRP discontinuation protocol (Figure 1).

For the randomly allocated intervention arms, patient 

research blood collection (minimum of 2 ml research sam-

ple per day) and serum biomarker laboratory testing (PCT 

or CRP) will commence within the first 24 h following 

the initiation of intravenous antibiotics for sepsis. Daily 

research blood sampling, laboratory testing and subse-

quent advice in every patient will continue until antibiotics 

for the sepsis episode have been discontinued. Research 

blood sampling will not recommence if antibiotics are 

subsequently re-introduced within the 28-day study period 

following patient randomisation. If a participant is dis-

charged from hospital on a course of antibiotics for the 

initial sepsis episode, the trial intervention will cease at the 

time of discharge. Phlebotomy and samples will be han-

dled in line with agreed local standard care practice.

Standard care

Daily blood sampling and delivery of sample to the labora-

tory. No biomarker testing of sample and feedback to clini-

cal team will be based on usual care protocol (Figure 1).

Patients recruited to both control and intervention 

arms will receive standard NHS care for sepsis and anti-

biotic stewardship will follow Public Health England 

(PHE) guidance.5 Patients will be reviewed daily by their 

medical team with documented decisions on antibiotic 

treatment guided by standard clinical assessment and 

review of microbiological culture results. Routinely 

available laboratory data, such as white blood cell counts, 

PCT protocol CRP protocol Advice for PCT and CRP 

protocols

Advice for control group

Standard care + daily serum PCT 

measurement un�l an�bio�c 

discon�nua�on

Standard care + daily serum CRP 

measurement un�l an�bio�c 

discon�nua�on

Advice to trea�ng clinician un�l 

an�bio�c discon�nua�on

Advice to trea�ng clinician un�l 

an�bio�c discon�nua�on

PCT < 0.25µg/l CRP < 25mg/l “Protocol STRONGLY SUPPORTS

stopping an�bio�cs”

“Protocol supports usual care”

PCT fall by >80% from baseline or 

PCT > 0.25 & < 0.50 µg/l

CRP fall by 50% from baseline “Protocol SUPPORTS stopping 

an�bio�cs”

“Protocol supports usual care”

PCT does not meet above criteria CRP does not meet above criteria “Protocol supports usual care” “Protocol supports usual care”

Figure 1. Trial biomarker-guided antibiotic discontinuation protocol.
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will remain part of standard care for all patients recruited 

to our proposed trial because these are part of the current 

standard of NHS care for patients with sepsis.5 Daily 

clinical review of all patients with sepsis, as a standard-

of-care, will allow incorporation of the intervention pro-

tocols for daily assessment of antibiotic discontinuation 

described in Figure 1.

Outcome measures

Primary outcome measures

•• Clinical effectiveness: Total duration (measured in 

days) of antibiotic treatment to 28 days following 

randomisation

•• Safety: 28-day all-cause mortality following 

ran domisation

Secondary outcome measures. Effectiveness and safety 

outcome measures to 28 days following randomisation:

•• Antibiotic duration (measured in days) and dose 

(measured as Defined Daily Dose) for the sepsis 

episode

•• Total antibiotic dose (measured as Defined Dailey 

Dose)

•• Unscheduled care escalation/re-admission

•• Infection relapse/recurrence requiring further 

antibiotic treatment

•• Super-infection defined as new infection at a dif-

ferent anatomical site

•• Suspected clinically relevant antibiotic adverse 

reactions

•• Time to ‘fit’ for hospital discharge

All-cause mortality will be determined at 90 days

Health care system benefit outcomes

•• Assessment of in-trial cost effectiveness (see below)

•• Critical care unit length and level of stay14

•• Hospital length of stay (days)

Safety reporting

•• Adverse event data (see Supplemental Material)

Sample size estimate. A total sample size of 2760 will be 

required to detect both a mean of 1-day (0.93 days to be 

precise) reduction in antibiotic duration (using a mean 

antibiotic duration of 7 days, a pooled standard deviation 

of 6 days, 90% power, a significance level of 5%, with a 

5% withdrawals rate) and a non-inferiority safety margin 

of 5.4% (using a 1-sided significance level of 2.5%, 90% 

power and 5% withdrawal rate) assuming 28-day mortal-

ity is 15% in both arms (see Supplemental Material).

Randomisation, stratification and allocation 

concealment

Patient participants will be allocated at random to PCT, 

CRP and usual care groups in a 1:1:1 ratio using a 

computer-generated randomisation sequence produced by 

the minimisation method. Stratification factors will be (i) 

sepsis severity (sepsis or septic shock12), (ii) recruitment 

centre and (iii) surgery within the last 72 h or not. 

Allocation concealment will be provided by a centralised 

24-h web-based randomisation system located at Warwick 

Clinical Trials Unit.

Intervention concealment

Following patient recruitment, randomisation will be ini-

tiated by the local investigator team using a 24-h trial 

web-based system. Group assignment will be available to 

the laboratory service only through this web-based sys-

tem and will be concealed from the patient and their rela-

tives, the treating clinical teams and the local research 

staff. A research blood sample will be collected from each 

recruited patient, including standard care only (control 

group) and standard care plus biomarker-guidance (CRP 

and PCT intervention groups), to maintain group conceal-

ment. Research blood samples will be allocated a unique 

research study number and will be transported to the labo-

ratory. The research number will not reveal the identity of 

the patient to laboratory staff. A sample will be collected 

and transported to the laboratory each day for every 

recruited patient (control and intervention groups) until 

antibiotics are discontinued by the clinical team responsi-

ble for patient care.

The trial website will be the route for routine report-

ing of research laboratory results and web-based auto-

mated advice will be generated for the clinical research 

teams daily for each patient. Automated, real-time, web-

based, centre-specific, time-adaptive phasing factors 

will be used to maintain group concealment based on the 

speed of assays (CRP or PCT interventions) or no assay 

(control) for advice delivery. The clinical research team 

will deliver the daily written standardised advice to the 

clinicians responsible for patient care as described in 

Figure 1.

Study biomarker values will not be reported back to 

routine clinical service or patient care records.

Protocol compliance

Screening; recruitment; reasons for exclusion and inter-

vention adherence will be audited throughout the study by 

using data recorded in screening logs, Case Report Forms 

(CRFs) and during site visits. Intervention adherence will 

be captured using specific data recorded in the CRFs of 

adherence to biomarker-guided advice on antibiotic dis-

continuation – and reasons for non-adherence will be 

documented if it occurs.

A particular challenge for trials incorporating bio-

marker-guided antibiotic discontinuation protocols in 

sepsis is the variable but common use of CRP monitoring 

in this patient group, as identified by two independent 

national surveys of (a.) NHS hospitals and (b.) NHS clin-

ical biochemistry service laboratories.15 These surveys 

indicated that CRP monitoring has not been used in the 

NHS as part of any defined antibiotic discontinuation 
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protocols and there is considerable variation in CRP use 

in this setting. In addition, routine daily PCT measure-

ment has not been widely adopted across the NHS to 

guide antibiotic duration decisions for sepsis, although 

the availability of PCT assays in the NHS has increased 

recently.16 Therefore, while we expect study centres to 

adopt a position of equipoise during the trial in terms of 

both protocolised CRP and PCT guided decisions on 

antibiotic duration, we accept that CRP may be measured 

outside of the study protocol if the treating clinician 

believes that this is an important part of a patient’s care. 

Any non-trial use of CRP in standard care that could 

impact on antibiotic treatment duration decisions will be 

recorded in the CRF and will be monitored at each site by 

the research team.

The non-trial use of PCT presents a particular chal-

lenge because it has the potential to influence antibiotic 

treatment duration decisions. For non-trial use, study 

centres with access to routine PCT are likely to use iden-

tical PCT-guided antibiotic stopping rules to those in the 

trial protocol and that are recognised internationally.15 

Therefore, maintaining equipoise for the purposes of this 

trial involves avoiding PCT use in recruited patients. 

Any non-trial use of PCT to 28-days post randomisation 

will be reported as a protocol deviation and will be moni-

tored at each site by the research team.

Data collection and management

Data will be collected using a local paper CRF and web-

based secure remote data capture system. Clinical data 

will be collected up to 28 days after randomisation as out-

lined in the study schematic (Figure 2) and detailed in 

Table 1. Participant identification in both the CRF and 

web-based system will be through a unique study number. 

Data will be collected daily from the time the patient is 

considered for entry into the trial through to their dis-

charge from hospital. If a participant is transferred to 

another hospital, the site research team will liaise with the 

receiving hospital to ensure complete data collection. If a 

participant is discharged into the community prior to day 

28, the site research team will access routine electronic 

healthcare records, family doctors or the patient and/or 

relative in order to complete collection of the day 28 fol-

low up data.

Patient data on disease severity will be collected using 

the Case Mix Programme (England, Northern Ireland and 

Wales) and its equivalent in Scotland (Scottish Intensive 

Assessed for Eligibility 

Hospitalised pa�ents on IV 

an�bio�cs for sepsis 

Allocated to 

'Standard Care'

No of pa�ents = 920

Receive standard care for 

sepsis and an�bio�c 

stewardship

- 28 days follow up and 

outcome measurements

- 90 day follow up all cause 

mortality

Primary Outcomes: Analysed

Dura�on of an�bio�cs during 

28 days and safety outcome

Allocated to 'PCT-guided 

an�bio�c discon�nua�on 

protocol'

No of pa�ent = 920

Receive standard care for 

sepsis and an�bio�c 

stewardship and serum 

laboratory measured PCT

- 28 days follow up and 

outcome measurements

- 90 day follow up all cause 

mortality

Primary Outcomes: Analysed

Dura�on of an�bio�cs during 

28 days and safety outcome

Allocated to 'CRP-guided 

an�bio�c discon�nua�on 

protocol'

No of pa�ent = 920

Receive standard care for 

sepsis and an�bio�c 

stewardship and serum 

laboratory measured CRP

- 28 days follow up and 

outcome measurements

- 90 day follow up all cause 

mortality

Primary Outcomes: Analysed

Dura�on of an�bio�cs during 

28 days and safety outcome

Randomised (No of pa�ents = 2760)
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Figure 2. Trial flow diagram.
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Table 1. Schedule of delivery of trial interventions and data collection.

Visit day 1 2 3 4 5 6 7 8–28

Screening   

Informed Consent (Patient consent/ 
Consultee /Guardian/Welfare Attorney/ 
Retrospective Patient Information & consent)

Patient / Consultee (Guardian/Welfare Attorney) Opinion/consent will be obtained initially. Retrospective patient consent will be 
obtained when/if the patient has recovered mental capacity during acute hospital care.

Medical history and baseline characteristics   

Inclusion/exclusion criteria   

Randomisation   

Baseline research blood sample   

Intervention Biomarker-guided antibiotic discontinuation

SOFA score     

Adverse events       

Follow-up  

Daily collection of clinical information, infection 
status, antibiotic use and care environment

       

Final visit If the patient is discharged to another hospital or to the community within 28 days following randomisation, the local research team will 

contact the patient and their treating health care professional (hospital physician or General Practitioner) to collect outstanding information 

about the stated primary and secondary outcomes.

All-cause mortality rates at 90 days will be collected using NHS Digital and the Intensive Care National Audit and Research Centre.
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Care Society Audit Group). All-cause mortality rates at 

90 days will be collected using NHS Digital and equiva-

lents in Northern Ireland and Scotland.

Statistical and health economic analysis plan 

(see Supplemental Material)

Regulatory and ethical approval. The Medicines and Health-

care products Regulatory Agency (MHRA) confirmed that 

their approval for the trial is not required because clinical 

decisions about antibiotic initiation and drug choice are 

not the object of this study and will be at the clinical judge-

ment of the treating clinicians.

Ethical approval was from South Central – Oxford C 

Research Ethics Committee (REC) on 20th October 2017, 

Integrated Research Application System (IRAS) UK 

209815 REC Ref: 17/SC/0434, and IRAS (Scotland) 

234179, REC Ref: 17/SS/0125.

Discussion

The ADAPT-Sepsis trial aims to determine whether a 

treat ment protocol based on monitoring CRP or PCT 

safely allows a reduction in duration of antibiotic ther-

apy in adult patients with sepsis and to assess cost 

effectiveness. This will be the largest randomised trial 

evaluating biomarker-guided antibiotic discontinuation 

in sepsis to date.3

The evidence-base for biomarker-guided antibiotic 

duration in sepsis was considered in a recent NIHR HTA 

commissioned systematic review.8 Based on this review, 

subsequent NICE guidance10 concluded that there is cur-

rently insufficient evidence to recommend routine adop-

tion of PCT in the NHS. Furthermore, NICE recommended 

that research should be performed within the NHS for 

guiding decisions to stop antibiotic treatment in people 

with confirmed or highly suspected sepsis. NICE guid-

ance also recognised that CRP is very likely to be moni-

tored in the NHS during sepsis care, but there is a paucity 

of prospectively tested CRP-based algorithms and inter-

ventional data regarding efficacy and safety for guiding 

antibiotic duration.10 Therefore, the ADAPT-Sepsis trial 

has been designed to respond to these evidence gaps 

identified by NICE and has been funded by NIHR HTA 

following a specific commissioning brief call (15/99).

The health technologies being assessed are routinely 

available laboratory measured PCT and CRP-guided anti-

biotic discontinuation protocols aimed at safe reductions in 

antibiotic treatment duration. Antibiotic discontinuation 

protocol design was informed by the best available evi-

dence. For PCT, a systematic review8 of intervention trials 

in sepsis revealed that PCT algorithms are based on multi-

ple decision thresholds to guide antibiotic treatment in trial 

intervention arms, with final treatment decisions always 

remaining at the discretion of the treating clinician.10 

Detailed PCT algorithms varied between studies; however, 

all discontinuation algorithms included a component that 

encouraged or strongly encouraged discontinuation of anti-

biotics when the PCT level was <0.25 µg/l and/or 

encouraged discontinuation of antibiotics when the PCT 

level was <0.5 µg/l. A fall in PCT from baseline by ⩾80% 

was incorporated into some algorithms to encourage anti-

biotic discontinuation.

To the best of our knowledge, there is only one ran-

domised trial using CRP-guided antibiotic treatment dis-

continuation in sepsis.17 A CRP-based algorithm was 

compared with a PCT-guided algorithm in determining 

antibiotic duration – with both algorithms including anti-

biotic discontinuation rules based on relative declines and 

absolute biomarker thresholds. The CRP protocol had an 

absolute treatment discontinuation threshold at ⩽ 25 mg/l 

and relative discontinuation threshold when CRP fell by 

at least 50% from baseline. We could find no other pro-

spectively tested CRP-based algorithm reporting inter-

ventional data regarding efficacy and safety for guiding 

antibiotic discontinuation.

The trial will adopt two threshold levels for both PCT 

and CRP antibiotic discontinuation guidance to embrace 

the best evidence identified by NICE and to align treat-

ment advice that facilitates a biomarker intervention con-

cealment strategy (Figure 1). Randomised controlled 

trials for biomarker-guided antibiotic treatment protocols 

for sepsis to date have been open-label and, therefore, at 

risk of bias (e.g. performance bias) – an acknowledged 

challenge.1,8–10 ADAPT-Sepsis is the first trial interna-

tionally to incorporate an intervention concealment strat-

egy aimed at reducing the risk of bias, improving trial 

quality and delivering the best evidence for patient care.

In conclusion, if this trial finds that a treatment proto-

col based on monitoring CRP or PCT safely allows a 

reduction in duration of antibiotic therapy, and is cost 

effective, then this has the potential to change clinical 

practice in terms of how patients with sepsis are managed. 

Moreover, if a biomarker-guided protocol is not found to 

be effective, then it will be important to avoid its use in 

sepsis and prevent ineffective technologies becoming 

widely adopted in clinical practice.
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