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IMPORTANCE For hospitalized critically ill adults with suspected sepsis, procalcitonin (PCT)
and C-reactive protein (CRP) monitoring protocols can guide the duration of antibiotic
therapy, but the evidence of the effect and safety of these protocols remains uncertain.

OBJECTIVE To determine whether decisions based on assessment of CRP or PCT safely results
in a reduction in the duration of antibiotic therapy.

DESIGN, SETTING, AND PARTICIPANTS A multicenter, intervention-concealed randomized
clinical trial, involving 2760 adults (�18 years), in 41 UK National Health Service (NHS)
intensive care units, requiring critical care within 24 hours of initiating intravenous antibiotics
for suspected sepsis and likely to continue antibiotics for at least 72 hours.

INTERVENTION From January 1, 2018, to June 5, 2024, 918 patients were assigned to the daily
PCT-guided protocol, 924 to the daily CRP-guided protocol, and 918 assigned to standard care.

MAIN OUTCOMES AND MEASURES The primary outcomes were total duration of antibiotics
(effectiveness) and all-cause mortality (safety) to 28 days. Secondary outcomes included
critical care unit data and hospital stay data. Ninety-day all-cause mortality was also collected.

RESULTS Among the randomized patients (mean age 60.2 [SD, 15.4] years; 60.3% males),
there was a significant reduction in antibiotic duration from randomization to 28 days for
those in the daily PCT-guided protocol compared with standard care (mean duration, 10.7
[SD, 7.6] days for standard care and 9.8 [SD, 7.2] days for PCT; mean difference, 0.88 days;
95% CI, 0.19 to 1.58, P = .01). For all-cause mortality up to 28 days, the daily PCT-guided
protocol was noninferior to standard care, where the noninferiority margin was set at 5.4%
(19.4% [170 of 878] of patients receiving standard care; 20.9% [184 of 879], PCT; absolute
difference, 1.57; 95% CI, −2.18 to 5.32; P = .02). No difference was found in antibiotic duration
for standard care vs daily CRP-guided protocol (mean duration, 10.6 [7.7] days for CRP;
mean difference, 0.09; 95% CI, −0.60 to 0.79; P = .79). For all-cause mortality, the daily
CRP-guided protocol was inconclusive compared with standard care (21.1% [184 of 874]
for CRP; absolute difference, 1.69; 95% CI, −2.07 to 5.45; P = .03).

CONCLUSIONS AND RELEVANCE Care guided by measurement of PCT reduces antibiotic
duration safely compared with standard care, but CRP does not. All-cause mortality for CRP
was inconclusive.
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D elivering timely, appropriate antimicrobial therapy is
an international care standard to help provide the best
outcomes for patients with sepsis.1 The optimum du-

ration of antibiotic treatment for sepsis is uncertain, with de-
cisions to stop therapy guided by clinical progress and serum
inflammatory biomarkers such as serum C-reactive protein
(CRP) and procalcitonin (PCT).2 Optimizing antibiotics dura-
tion helps reduce overtreatment, limits unwanted effects, and
preserves antibiotic effectiveness by minimizing resistance.3

Biomarker-guided discontinuation, especially with PCT, has
shown safe reductions in antibiotic duration.4 However, the
body of clinical trial evidence has been judged to be low
quality1,5,6 leading to a weak recommendation for routine sep-
sis care adoption of PCT-guided antibiotic discontinuation1 and
with no consensus guidance for CRP.1

A 3-group multicenter, intervention-concealed random-
ized clinical trial was performed to determine whether treat-
ment protocols for monitoring CRP or PCT safely resulted in a
reduction in the duration of antibiotic therapy for critically ill
hospitalized adults with suspected sepsis. The primary aim was
to assess reduction in antibiotic duration (clinical effective-
ness) while maintaining treatment safety (noninferiority) as
measured by 28-day all-cause mortality.

Methods
Trial Design and Oversight
The Biomarker-Guided Duration of Antibiotic Treatment in
Hospitalised Patients With Suspected Sepsis (ADAPT-Sepsis)
trial was an investigator-initiated, randomized clinical trial
conducted in 41 National Health Service (NHS) intensive care
units in the UK. The trial protocol and amendments (Supple-
ment 1) were approved by the South-Central Oxford and Scot-
land Research Ethics Committees (17/SC/0434), and the pro-
tocol has been published.7 The statistical analysis plan was
approved by an independent data monitoring and ethics
committee (Supplement 2). The independent trial steering
and data monitoring committees oversaw the operational
processes and statistical rigor of this study. All patients or
their legal representatives provided signed informed con-
sent. Enrollment was paused during the UK lockdown
(March-August 2020) due to the SARS-CoV-2 pandemic. This
trial followed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline.

Patient Population
Patients (≥18 years) admitted to either a critical care or inten-
sive care unit (ICU) whose intravenous antibiotics for sus-
pected sepsis had been initiated within 24 hours and likely to
be continued for at least 72 hours were enrolled in the trial.
Suspected sepsis was defined as “acute organ dysfunction
associated with suspected infection.”8 We did not mandate a
definition for acute organ dysfunction, and patient informa-
tion underpinning local clinical decisions were captured,
which included the Sequential Organ Failure Assessment
(SOFA) score. A 24-hour recruitment window was required to
determine baseline biomarkers for treatment guidance.2,9

Patients were ineligible if they: (1) required prolonged antibi-
otic therapy (ie, >21 days); (2) were severely immunocompro-
mised from a cause other than sepsis (eg, neutropenia <500
neutrophils/μL); (3) were expected to receive IL-6 receptor
inhibitors (eg, tocilizumab or sarilumab) during their acute
hospital admission; (4) had sepsis treatments likely to stop
within 24 hours because of futility; (5) declined consent; or
(6) had previously enrolled into this trial. Full inclusion and
exclusion criteria are provided in Supplement 3.

Randomization
Patients were randomly assigned to standard care, PCT, or
CRP groups in a 1:1:1 ratio using a computer-generated
sequence (minimization method; Figure 1). Stratification fac-
tors were sepsis severity (shock or not),8 recruitment site,
and recent surgery (within 72 hours). Allocation was con-
cealed by a centralized 24-hour web-based system (located at
the Warwick Clinical Trials Unit), with randomization con-
ducted by site research staff.

Interventions
Blood was drawn daily from trial patients from randomiza-
tion until antibiotic discontinuation for the sepsis episode
or hospital discharge. Clinicians responsible for managing
patients received daily standardized written advice from the
local research team on either standard care or on biomarker-
guided antibiotic discontinuation. Advice was based on
daily serum testing of PCT, CRP, or no test (standard care
group). Patients received standard NHS care for sepsis and
antibiotic stewardship, which followed national care service
standards.10,11 The intervention phase consisted of daily
research blood sampling and local NHS-quality-assured
laboratory biomarker testing. Reporting of laboratory
results was via a trial-specific centralized web-based sys-
tem, leading to automated production of written treatment
advice for the local clinical research team. The intervention
phase continued until antibiotics were discontinued or the
patient died or withdrew. The follow-up phase began when
daily blood collection stopped. Research blood sampling did
not resume if antibiotics were reintroduced within 28 days.
If a patient was discharged from the hospital with a course

Key Points
Question Do critically ill adult patients hospitalized for suspected
sepsis and treated with intravenous antibiotics based on
procalcitonin (PCT) or C-reactive protein (CRP) protocols, have a safe
reduction in treatment duration compared with standard care?

Findings In this multicenter, randomized trial of 2760 patients,
the daily PCT-guided protocol reduced total antibiotic duration
and had noninferior all-cause mortality compared with standard
care. No difference was found in total antibiotic duration between
standard care and daily CRP-guided protocol, and CRP showed
inconclusive results for all-cause mortality.

Meaning In hospitalized adults, daily PCT-guided protocol
reduced antibiotic duration safely compared with standard care,
but daily CRP-guided protocol does not.
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of antibiotics for the initial sepsis episode, the trial interven-
tion ceased at the time of discharge. Phlebotomy and
samples followed local standard care practice. The antibi-
otic discontinuation protocols and advice are described in
eTable 1 in Supplement 3.

Procalcitonin and C-Reactive Protein
For those assigned to 1 of the intervention arms, blood collec-
tion and serum biomarker laboratory testing (PCT or CRP) com-
menced within the first 24 hours of initiating intravenous an-
tibiotics for sepsis. Based on evidence from national pretrial
surveys of standard critical care in the UK, described in our trial
protocol,7 CRP, but not PCT, could be measured outside of the
study protocol if deemed necessary by the clinician but could
not be used for protocolized antibiotic duration guidance. Daily

patient reviews by the treating clinical team included docu-
mented decisions on antibiotic treatment guided by standard
clinical assessment and review of microbiological culture re-
sults. Daily clinical reviews of patients also allowed incorpo-
ration of the intervention protocols for daily assessment of an-
tibiotic discontinuation described in eTable 1 in Supplement 3.

Standard Care Group
For the standard care group, daily research blood samples were
collected and transported to the laboratory. No CRP or PCT bio-
marker testing was performed, but there was standardized
computer-generated treatment advice for the local clinical re-
search team (eTable 1 in Supplement 3), time-delayed by the
centralized web-based system to ensure maintenance of group
concealment.

Figure 1. Recruitment, Randomization and Follow-Up in the ADAPT-Sepsis Trial

16 109 Hospitalized adult patients receiving IV
antibiotics for sepsis screened for eligibility

892 Included in the effectiveness analysis
874 Included in the safety analysis

898 Included in the effectiveness analysis
879 Included in the safety analysis

Status at 28 d
32 Excluded from effectiveness analysis b
50 Excluded from safety analysis

49 Withdrawn completely
1 Lost to follow-up

Status at 28 d
20 Excluded from effectiveness analysis b
39 Excluded from safety analysis

38 Withdrawn completely
1 Lost to follow-up

Status at 28 d
13 Excluded from effectiveness analysis b
40 Excluded from safety analysis

(withdrawn completely)

905 Included in the effectiveness analysis
878 Included in the safety analysis

11 503 Excluded (ineligible) 

1845 Excluded (eligible)
1239 Declined consent (patient, family, or consultee)

396 No reason given
148 Treating medical team declined

62 Communication barriers

8046 Already receiving IV antibiotic treatment for sepsis for >24 h
908 Severely immunocompromised
671 Antimicrobial therapy mandated for >21 d
565 Treatments due to stop in next 24 h for futility
355 Unlikely to receive IV antibiotics for next 72 h
294 Did not require critical care 
293 Anticipated to receive IL-6 receptor inhibitor 

45 Previously enrolled in this trial
326 Others

1 Patient randomized in error a

2761 Randomized

924 Randomized to daily CRP-guided protocol
924 Received daily CRP-guided protocol

as randomized

Three different advices:
Strong stop: CRP <25 mg/L
Supports stop: CRP fall by >50% from baseline
Usual care: does not meet above criteria

918 Randomized to daily PCT-guided protocol
918 Received daily PCT-guided protocol

as randomized

Three different advices:
Strong stop: PCT <0.25 μg/L
Supports stop: PCT fall by >80% from baseline
or 0.25 μg/L <PCT <0.50 μg/L
Usual care: does not meet above criteria

918 Randomized to standard care
918 Received standard care as randomized

Always usual care advice

aNo data were collected for this patient.
bEleven patients withdrew completely from the trial by day 28 and requested
removal of their data. In addition, data were missing and unobtainable from
54 patients.

CRP indicates C-reactive protein; IV, intravenous; and PCT, procalcitonin.
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Routinely available laboratory data, such as white blood
cell counts, remained part of standard care for each group.10

Intervention Concealment
Group assignment was available to the local laboratory ser-
vice only through the trial-specific web-based system, con-
cealed from patients, their relatives, clinical teams, and re-
search staff. Research blood samples were allocated a unique
research study number and were transported to the local hos-
pital laboratory, until the antibiotics were discontinued. The
research number did not reveal the identity of the patient, and
biomarker measurement results were not recorded in the pa-
tient’s care record form or shared with the clinical team.

Procedure
The schedule of delivery and data collection are detailed in
Supplement 3. Data were collected daily using a local paper clini-
cal record form and a web-based data capture system. Ninety-
day all-cause mortality status was collected from sites and vali-
dated against available linked NHS England mortality data. For
patients discharged to another hospital or the community be-
fore day 28, the local site research team ensured data
completeness.7 Disease severity was collected using the ICNARC
(Intensive Care National Audit and Research Centre) Case Mix
Program (England, Northern Ireland, and Wales) and Scottish
equivalent (Scottish Intensive Care Society Audit Group).

Outcomes
The primary clinical effectiveness outcome was the total an-
tibiotic duration (days), from randomization to 28 days. The
primary safety outcome was the 28-day all-cause mortality.

Several secondary outcomes were evaluated: (1) antibi-
otic duration for initial sepsis period; (2) total antibiotic dose
(defined daily dose); (3) antibiotic dose for initial sepsis pe-
riod; (4) unscheduled escalation care or readmission; (5) in-
fection relapse or recurrence requiring further antibiotic treat-
ment; (6) superinfection defined as new infection at a different
anatomical site; (7) suspected antibiotic adverse reactions; (8)
time to fit for hospital discharge; (9) critical care unit length
of stay; (10) hospital length of stay; and (11) all-cause mortal-
ity at 90 days. Adverse events (see Supplement 3) and trial pro-
cess data were also obtained. Clinical effectiveness outcomes
are reported herein; health economics and process evalua-
tion will be detailed in subsequent articles.

Statistical Analysis
This study, using a sample size of 2760 patients, aimed to de-
tect a 1-day reduction in total antibiotic duration (standard care
mean: 7 [SD, 6] days, 90% power, 5% significance level, 5%
withdrawal rate). The primary outcome focused on effective-
ness, but safety was equally critical. For this reason, this study
aimed to show noninferiority with a 5.4% safety margin (1-sided
significance level, 2.5%12,13) assuming 28-day all-cause mor-
tality of 15% in both treatment arms (Supplement 1 details the
justification of the choice in these parameter estimates). Analy-
ses followed an intention-to-treat approach.14 Each interven-
tion arm was compared with standard care and no adjust-
ments were made for multiple comparisons for the primary

effectiveness outcome. All statistical analyses were con-
ducted in Stata SE version 18.0 (StataCorp).15

The statistical analysis plan is provided in Supplement 2.
For the primary outcome, linear mixed-effect regression mod-
els were fitted, adjusted for age, sex, and stratification factors
(where recruiting site was a random effect). Several sensitivity
analyses were carried out: (1) a per-protocol analysis, for which
major protocol violations were excluded from the sample; (2)
a complier average causal effect (CACE) analysis,16 adjusted for
patients who withdrew from the intervention phase but re-
mained in the study for follow-up; (3) imputation analysis, which
accommodated for missing antibiotic treatment duration
(Supplement 2); and (4) the Pocock win ratio test17 used to as-
sess the competing risks of death, with death as the first event
and duration of antibiotics as the second event, in the hierar-
chy of outcomes. Total duration of antibiotic therapy was dis-
played using Kaplan-Meier curves, and bayesian probabilities
were also reported using an uninformative prior distribution.

The primary safety outcome was assessed using a mixed-
effect logistic regression model. From this model, 95% CIs in
proportions between the treatments were obtained. For the ad-
justed models, the standard error was obtained using boot-
strapping methods.18,19 As per guidance for noninferiority
trials,20 inferiority was declared if P < .025 and the lower bound
of the 95% CI exceeded the margin.12,13 A post hoc per-
protocol analysis was also conducted (for which per protocol
was defined as for the primary analysis).

Secondary outcomes were analyzed using mixed-effects
linear and logistic regression models, with additional analy-
ses for SARS-CoV-2 impact and serious adverse events. For the
categorical outcomes, for which absolute and relative differ-
ences were reported, bootstrapping methods18,19 were used to
obtain the standard errors for the CIs. Prespecified subgroup
analyses included community-acquired pneumonia (yes/no),
hospital-acquired pneumonia (yes/no), urinary tract infec-
tion (yes/no), intra-abdominal infection (yes/no), positive blood
culture infection (yes/no), community-acquired and hospital-
acquired infections and SARS-CoV-2 (yes/no); sepsis and sep-
tic shock; ward and critical care unit (intervention stopped);
and surgery and nonsurgery previous 72 hours. These sub-
groups were carried out using the duration of antibiotics up
to 28 days and the initial sepsis period (post hoc analysis). Sub-
group analyses were conducted using linear regression mod-
els with interaction terms and 99% CIs.

Results
Patient Characteristics
From January 1, 2018, to June 5, 2024, a total of 16 109 pa-
tients were screened for eligibility for the trial in 41 UK criti-
cal care units. Of these, 2761 patients (17.1%) were enrolled into
the study; 1 patient was removed due to an error in random-
ization. Of the remaining, 918 (33.3%) were assigned to stan-
dard care, 918 (33.3%) to the daily PCT-guided protocol, and
924 (33.4%) to the daily CRP-guided protocol. One hundred
twenty-seven patients (4.6%) completely withdrew from the
study prior to 28 days, and these were similar across the in-
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terventions (Figure 1; eTables 9 and 12 in Supplement 3). In
total, 364 patients (13.2%) withdrew from the intervention
phase but remained in the study for follow-up (eTable 12 in
Supplement 3).

Patients in the 3 groups had similar demographic and base-
line characteristics (Table 1). The overall mean age was 60.2

[SD, 15.4] years, with 1657 (60.3%) males. The mean Acute
Physiology and Chronic Health Evaluation II (APACHE II) score
was 17.3 [SD, 6.5], and virtually all the patients would have met
the Sepsis-3 criteria for the diagnosis of sepsis (SOFA score, 7
[IQR 5-9]).8 There were 1397 patients (50.8%) with sepsis and
1352 (49.2%) with septic shock.

Table 1. Demographics and Clinical Characteristics of the Randomized Patientsa

Characteristics
Daily PCT-guided protocol
(n = 918)

Daily CRP-guided protocol
(n = 924)

Standard care
(n = 918)

Age, mean (SD), y [No.] 60.6 (15.2) [914] 60.3 (15.6) [918] 59.8 (15.3) [915]

Sex, No. (%) 915 918 915

Female 354 (38.7) 366 (39.9) 371 (40.6)

Male 561 (61.3) 552 (60.1) 544 (59.5)

Critical admission care category, No. (%) 908 912 913

Medical 563 (62.0) 558 (61.2) 552 (60.5)

Emergency surgical 245 (27.0) 251 (27.5) 253 (27.7)

Elective surgical 73 (8.0) 73 (8.0) 73 (8.0)

Other 27 (3.0) 30 (3.3) 35 (3.8)

Origin, No. (%) 907 911 913

Emergency department 542 (59.8) 525 (57.6) 556 (60.9)

Surgical ward 106 (11.7) 110 (12.1) 97 (10.6)

Medical ward 99 (10.9) 92 (10.1) 83 (9.1)

Operating department 66 (7.3) 78 (8.6) 77 (8.4)

Emergency assessment unitb 21 (2.3) 39 (4.3) 35 (3.8)

Another critical care unit 30 (3.3) 27 (3.0) 28 (3.1)

Otherc 43 (4.7) 40 (4.4) 37 (4.1)

Place of acquired infection causing sepsis, No. (%) 904 904 907

Community acquired 612 (67.7) 616 (68.1) 618 (68.1)

Hospital acquired 292 (32.3) 288 (31.9) 289 (31.9)

Presumed site of infection causing sepsis, No. (%)d

Respiratory tract 437 (48.3) 447 (49.5) 451 (49.6)

Intra-abdominal 230 (25.5) 208 (23.0) 198 (21.8)

Urinary tract 124 (13.7) 109 (12.1) 118 (13.0)

Unknown focus 98 (10.9) 104 (11.5) 96 (10.6)

Bloodstream 84 (9.3) 90 (10.0) 84 (9.3)

Skin and soft tissue 69 (7.6) 73 (8.1) 88 (9.7)

Central nervous system 31 (3.4) 32 (3.5) 20 (2.2)

Ear, nose, and throat 19 (2.1) 19 (2.1) 29 (3.2)

Central-line–related infection 15 (1.7) 9 (1.0) 15 (1.7)

Not categorized 42 (4.7) 45 (5.0) 42 (4.6)

Causative microorganism identified for the infection
causing sepsis, No./total (%)

422/901 (46.8) 411/901 (45.6) 428/904 (47.4)

Baseline core body temperature, mean (SD), °C [No.] 37.2 (1.4) [904] 37.2 (1.4) [904] 37.2 (1.4) [906]

Baseline white blood cell count, mean (SD), ×109/L [No.] 15.7 (9.3) [907] 15.9 (9.8) [909] 15.7 (9.8) [911]

Sepsis severity, No. (%) 915 918 916

Sepsis 465 (50.8) 466 (50.8) 466 (50.9)

Septic shock 450 (49.2) 452 (49.2) 450 (49.1)

Surgery within last 72 h, No./total (%) 256/915 (28.0) 258/918 (28.1) 256/916 (28.0)

SOFA score (5 items), median (IQR) [No.]e 7.0 (5.0-9.0) [836] 7.0 (5.0-9.0) [839] 7.0 (5.0-9.0) [841]

APACHE II, mean (SD) [No.]e 17.5 (6.5) [811] 17.3 (6.4) [825] 17.2 (6.5) [810]

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation;
CRP, C-reactive protein; PCT, procalcitonin; SOFA, Sequential Organ Failure
Assessment.
a The column percentage sums may not sum to 100 because of rounding.
b Provides short-stay hospital care for up to 72 hours to allow for early

assessment and treatment to adult patients, who are referred by their family
physician directly from the community or by an emergency physician from the
emergency department.

c Others includes transfer from another hospital (n = 49), hospital ward
(n = 49), ambulatory care clinic (n = 8), and interventional radiology (n = 14).

d Multiple response per patient, so the sum is more than 100%.
e The SOFA score range, 0 (best) to 20 (worst); APACHE outcomes score range,

0 (best) to 71 (worst). A SOFA score of 7 and/or APACHE II score of 17 indicates
severe organ dysfunction and a high mortality risk, with potential respiratory
failure, cardiovascular instability, acute kidney injury, liver dysfunction, altered
consciousness, and severe coagulopathy.
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Implementation of Intervention Protocols
Site monitoring revealed very low use of open PCT measure-
ments (eTable 27 in Supplement 3), and there was no evi-
dence of open protocolized daily CRP-guided antibiotic dura-
tion decisions in this intervention-concealed trial. The daily
PCT and CRP protocols were implemented into routine sepsis
care, with concealed nonmandated advice on standard care and
antibiotic discontinuation produced as summarized in Figure 2
(with additional data in eTables 29 and 30 and eFigure 6 in
Supplement 3). No stop or strong stop advice was produced
for the standard care group. Stop advice production was simi-
lar for both biomarker intervention groups. However, strong
stop advice was more common and produced earlier for the
PCT-protocol compared with the CRP-protocol.

Primary and Secondary Efficacy Outcomes
Primary outcome data were available on 898 patients (97.8%)
for the daily PCT-guided protocol, 892 (96.5%) for the daily
CRP-guided protocol, and 905 (98.6%) for standard care
groups. Compared with standard care, there was a significant
reduction in the total duration of antibiotic treatment from ran-
domization to 28 days for the daily PCT-guided protocol
(mean total duration, 10.7 [7.6]) days for standard care and 9.8
[SD, 7.2] days for daily PCT-guided protocol; mean differ-
ence, 0.88 days; 95% CI, 0.19 to 1.58; P = .01). No difference
was seen between standard care and daily CRP-guided proto-
col (mean total duration, 10.6 [SD, 7.7] days for daily CRP-
guided protocol; mean difference, 0.09 days; 95% CI, −0.60
to 0.79; P = .79; Table 2 and Figure 3A). Results were similar
in the adjusted analyses (eTable 18 in Supplement 3) and
for all sensitivity analyses, including accounting for those who
died within 28 days (Table 2). The bayesian analyses illus-
trated that the probability of a mean difference in favor of the
daily PCT-guided protocol of more than 0.5 days was 0.85 and
for daily CRP-guided protocol being more than 0.5 days was
0.13, respectively (eTables 19 and 20 in Supplement 3 for fur-
ther estimates).

There was also a significant reduction in the duration of
antibiotics for the initial sepsis period, with the difference fa-
voring the biomarker protocols as opposed to standard care
(daily PCT-guided protocol: mean difference, 1.13 days;
95% CI, 0.58 to 1.68 and daily CRP-guided protocol: mean dif-
ference, 0.71 days; 95% CI, 0.16 to 1.26). For the other second-
ary outcomes, there was no statistical evidence in interven-
tion effects when compared with standard care. Regarding
additional analyses, the summary statistics for patients re-
cruited before and after SARS-CoV-2 are presented in eTables 22
and 23 in Supplement 3. It is worth noting that there were only
19 trial patients included with a SARS-CoV-2 virus infection dur-
ing the study.

Safety Outcomes
The 28-day all-cause mortality for the daily PCT-guided pro-
tocol was noninferior to standard care (mortality, 19.4% [170
of 878] for standard care, 20.9% [184 of 879] for PCT; abso-
lute difference, 1.57; 95% CI, −2.18 to 5.32; P = .02; compari-
sons are made with P = .025). However, the treatment differ-
ence for the daily CRP-guided protocol was inconclusive with

regards to noninferiority (mortality, 19.4% [170 of 878] for stan-
dard care, 21.1% [184of 874] for CRP; absolute difference, 1.69;
95% CI, −2.07 to 5.45; P = .03); Table 2 and eFigure 1 in Supple-
ment 3). Results were supported by the per-protocol (Table 2)
and the adjusted analyses (eTable 18 and eFigure 1 in Supple-
ment 3). There were 9 serious adverse events equally distrib-
uted across the treatment and standard care arms (eTables 25
and 26 in Supplement 3). There were no differences in all-
cause mortality at 90 days when comparing each interven-
tion group with the control group (Table 2).

Kaplan-Meier survival curves show no differences when
comparing each intervention group with standard care for all-
cause mortality to day 28 (Figure 3B) and to day 90 (eFigure 7
in Supplement 3).

Prespecified Subgroup Analyses
The effect of the 2 protocols on the duration of antibiotic treat-
ment was not significantly modified by any of the baseline char-
acteristics defining the prespecified subgroups (eFigures 2 and
3 in Supplement 3) and for the initial sepsis period (eFigures
4 and 5 in Supplement 3). Similar results were produced for
unadjusted and adjusted subgroup analyses.

Discussion
In hospitalized critically ill adult patients with suspected sep-
sis, a daily PCT biomarker-guided antibiotic discontinuation pro-
tocol, but not CRP-guided protocol, resulted in safe reductions
in total antibiotic duration when compared with standard care.
Noninferiority for 28-day all-cause mortality, the primary safety
outcome, was met for the daily PCT-guided protocol.

Secondary outcomes suggest that antibiotic duration for
the initial sepsis period was significantly reduced by both daily
PCT-guided and daily CRP-guided protocols, with greater re-
ductions for PCT. According to our primary outcomes, these
initial antibiotic duration reductions are not present by the end
of the trial period (28 days from randomization) for the daily
CRP-guided protocol group, but there remain significant total
antibiotic duration reductions for the daily PCT-guided pro-
tocol group, when compared with standard care. Supported
by data on the implementation of these protocols, it is likely
that the differential clinical effectiveness findings for daily
PCT-guided and daily CRP-guided protocols are explained by
the differences in the utility of these biomarkers to track in-
flammation caused by bacterial infection in the setting of criti-
cal illness, where PCT concentrations are known to increase
earlier and normalize more rapidly than CRP in response to
treatment.21

There are several important strengths to this study. This
multicenter trial was designed to inform international
guidance1 for both daily PCT- and CRP-guided antibiotic dis-
continuation protocols for sepsis. The intervention conceal-
ment strategy was successfully delivered to minimize risk of
bias, rigorously testing biomarker-guided protocols within
standard sepsis care and antibiotic stewardship. The vast ma-
jority of enrolled study patients would have met the Sepsis-3
criteria for the diagnosis of sepsis.8 This trial addressed 2
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Figure 2. Indicative Maps of Patient Care Pathways
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Trial patients were drawn at random (100 per group) and shown to indicate their
care pathways from randomization to day 28 in each group. When antibiotics were
stopped and protocol advice ended, the patient entered the follow-up phase or

was discharged from the hospital. Any antibiotics administered during the
follow-up phase are shown by black X’s. Patients in each panel are ordered by
length of total antibiotics from randomization to day 28.
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important areas: (1) the use of total antibiotic duration from
randomization to day 28 to embrace the possibility that bio-
marker-guided reductions in initial antibiotic duration for sep-
sis may result in later antibiotic use; and (2) the use of pri-
mary outcomes that embraced total antibiotic duration
(effectiveness) and all-cause mortality (safety). The design of
the biomarker protocols was informed by the best available
evidence published in advance of the trial.7

The daily PCT-guided protocol’s safe reductions in antibi-
otic duration, though seemingly modest, are equivalent to the
current synthesized evidence for PCT-guided duration effects
from open-label clinical trials using PCT.4 The duration reduc-
tion is of the order of 10% in antibiotic use for sepsis, which could
provide significant cost and labor savings, and might also re-
duce the development of antimicrobial resistance.

Limitations
The trial protocol and concealed interventions provided high-
quality evidence required to confidently assess biomarker-
guided antibiotic protocols in standard sepsis care. However,
there are a number of potential limitations to the study de-
sign. First, it is possible that the concealment strategy could
have led clinicians to stop antibiotics later in the standard care
group while awaiting the return of stop advice. Reassuringly,
the measured standard care antibiotic duration for the initial
sepsis period was less than the synthesized standard care mean
reported from current open-label biomarker-guided trials.4 Sec-
ond, patient-level randomization in this study could have led
to contamination because treatment protocols and standard
care were carried out in a shared environment. The complete
elimination of these effects would be challenging and not prag-
matic in this care setting. A cluster-randomized trial design was
considered initially, which resulted in a much larger sample
size and other care process challenges, making the study in-
feasible; therefore, this was not adopted. It is anticipated that,
in this trial, a strategy to conceal group assignment and daily

biomarker results, and the use of remote centralized hospital
laboratories at each site, has gone a long way to eliminate the
bias created by a potential for contamination. Third, it re-
mains unclear whether allowing clinicians to monitor CRP as
part of standard care, outside of the trial concealed daily bio-
marker protocols, impacted trial results. Any effects would have
been mitigated by the intervention-concealed nature of the trial
and across all 3 randomized groups. Further analysis of this
potential limitation is planned as part of a subsequent trial pro-
cess evaluation. Fourth, for the pairwise comparisons, where
treatment arms were compared to standard care, no statisti-
cal adjustments were applied to the results for multiple com-
parisons. Had the correction been applied retrospectively,
where each pairwise comparison was based on a P value of .025
(using a Bonferroni correction, for 2 tests), the conclusions of
the study would not have altered.

The ADAPT-Sepsis trial strengthens substantially interna-
tional recommendations for the routine use of protocolized
daily PCT-guided antibiotic discontinuation in critically ill
adults with sepsis.1 and no evidence was found to recom-
mend protocolized daily CRP-guided antibiotic discontinua-
tion. Critically ill patients recruited to this trial had already com-
menced antibiotics for sepsis, so this study does not provide
evidence for biomarker use in initiating antibiotic therapy. In
addition, this clinical research evidence was generated within
a high-income country; therefore, it is unclear if this evi-
dence is generalizable to low-resource settings.

Conclusions
In critically ill hospitalized adults with sepsis, there is a sig-
nificant safe reduction in the total antibiotic days when a daily
PCT-guided protocol is administered compared with stan-
dard care. A daily CRP-guided protocol does not reduce the total
duration of antibiotics.

Figure 3. Kaplan-Meier Curves for Probability of Antibiotic Duration and Mortality to 28 Days
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The medians of the total antibiotic treatment duration up to 28 days for each of the 3 groups are 7.8 (IQR, 4.5-13.6) days for the daily procalcitonin (PCT)–guided
protocol, 8.9 (IQR, 4.5-14.9) days for the daily C-reactive protein (CRP)–guided protocol, and 9.0 (IQR, 4.7-14.6) days for standard care.
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