Comment

Procalcitonin in critically ill patients: time to change
guidelines and antibiotic use in practice

Antibiotic overuse coupled with the emergence of
multiresistant bacteria threatens public health. To
address this issue, we must focus on implementation
of antibiotic stewardship programmes to restrict use
of antibiotics to only patients who would truly benefit
from these drugs and to avoid long treatment courses.
In addition to clinical parameters, monitoring of the
blood marker procalcitonin allows individual tailoring
of antibiotic therapy to the presence and resolution
of systemic bacterial infection.’” Procalcitonin is
upregulated by microbial toxins and pro-inflammatory
mediators, and is downregulated as these substances
subside during recovery from infection.> Procalcitonin
concentrations measured at hospital admission are
strongly associated with detection of bacteraemiat
and severity of infection.> Procalcitonin kinetics have
prognostic implications with maintenance at specific
concentrations pointing towards treatment being
unsuccessful.®

Randomised trials’® that enrolled more than
6000 patients assessed clinical effects of using
procalcitonin  stewardship protocols, mainly, for
assessing the success of antibiotic treatment in
respiratory infections. In the settings of primary care,
emergency room, and hospital wards this approach
resulted in large reductions in antibiotic consumption
of 30-75%.° Additionally, use of these protocols
reduced the risk for treatment failure for patients with
community-acquired pneumonia.® Yet in the critical care
setting, safety has been questioned by some, mainly
for two reasons. First, the PRORATA trial® investigating
procalcitonin-guided antibiotic stewardship in critical
care reported a 25% reduction in antibiotic exposure
and non-inferiority for mortality at 28 days. Yet at
day 60, a non-significant absolute increase in the risk
of death of 3:8% (95% Cl -2-1 to 9-7) was noted, and
thus adverse effects after hospital discharge were
possible. Second, in the Danish PASS-trial" diagnostic
and therapeutic measures (including but not limited
to antibiotics) were escalated based on
procalcitonin concentrations greater than 1 pg/L in
patients. The Danish PASS-trial™ documented a similar
but—in the protocol-driven grou]:;—they

increasing

survival

reported more investigational procedures, increased
side-effects, and organ-related harm due to the
intensified antibiotic efforts, resulting in longer stays
in the intensive care unit (ICU) than those not in the
procalcitonin-protocol group. This trial™ was criticised
by many because the escalation algorithm was counter-
intuitive in this setting. Additionally, surgical patients
in the ICU enrolled in the PASS study™ might initially
show an unspecific procalcitonin increase, which does

not necessarily point toward post-operative infection.

Finally, communication of procalcitonin results was
often delayed as samples had to be shipped to a central
study laboratory.?

As a result for the critical care setting, the latest
Surviving Sepsis Campaign (SSC) guidelines provide
a weak recommendation (Grade 2C) for the use
of procalcitonin testing and only “suggest the
use of low procalcitonin to assist the clinician in the
discontinuation of empiric antibiotics when no evidence
of infection is found”.”? Thus a large and well done trial
is needed to provide ultimate proof that procalcitonin-
guided antibiotic stewardship does change clinicians’
behaviour and indeed reduces mortality and morbidity
when used adequately in patients who are critically ill.

In The Lancet Infectious Diseases, the Stop Antibiotics
on Procalcitonin guidance Study (SAPS)® is the largest
for procalcitonin guidance by enrolling 1546 critical
care patients with assumed or proven infection, from
three university medical centres and 12 teaching
hospitals in the Netherlands. In this landmark trial
by Evelin de Jong and colleagues,® all patients with
suspected infection were started on antibiotics on
In the procalcitonin-guided
group (761 patients) the study protocol required
the discontinuation of antibiotics if procalcitonin
had_decreased by 80% or more of its peak value or to
0:5 pg/L or more (stopping rules). In the second group
(785 patients), treatment was based on standard care
(standard-of-care group). Of note, in the Netherlands
usual care means a very prudent use of antimicrobial
therapy compared with other high-income countries.
In the procalcitonin-guided group, physicians stopped
administering antibiotics to patients within 48 h after

admission to the ICU.
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reaching the procalcitonin-guided stopping rule in
more than half of patients (297). The early stopping rule
was highly efficient and resulted in a 25% reduction in

outside ICUs.® Apparently, to think about alternative
diagnoses in allegedly infected patients with low pro-
calcitonin concentrations might improve the diagnostic

antibiotic duration from 7 days (in the standard-of-care

group) to 5 days (in the procalcitonin-guided group).
More importantly, de Jong and colleauges® also noted

a_7% survival benefit using the procalcitonin guidance
at 28-days follow-up, with only 107 deaths (20%)
of 538 patients in the procalcitonin-guided group
compared with 121 deaths (27%) of 457 patients in
the standard-of-care group, according to per-protocol
analysis (between-group absolute difference 6-6%,
95% Cl 1-3-11.9, p=0-0154). This mortality benefit
remained robust in the long-term follow-up after 1 year,
with 191 deaths (36%) in the procalcitonin-guided
group versus 196 deaths (43%) in the standard-of-care
group, in the per-protocol analysis (between-group
absolute difference 7:4%, 95% Cl 1.3-13-8, p=0-0188).
Length of stay and use of a second course of antibiotics
were similar in both groups, but ‘more second-course
antibiotics were given for re-infection regarded to be
possible relapses in the procalcitonin-guided group than
the standard-of-care group (5% vs 3%).

The SAPS trial® has important implications for future
patient care. First, the trial substantiates previous work
in critically ill patients and shows that the strategy to
initially. start antibiotics in all patients with possible
infection but then to de-escalate and stop treatment
early if procalcitonin concentrations remain low
or decrease to lower than normal values is highly
efficicacious in reducing long antibiotic treatment
courses. Importantly, their results™ were reported in the
Netherlands where physicians’ prescribing of antibiotics
is quite low and where parsimonious use of antibiotics
has been a priority for many years, as evidenced by the
short antibiotic course in the standard-of-care group.
Second, the study” expands results from respiratory
infection? to a broader patient population, namely
general critically ill patients with assumed or proven
infection. Although initial use of antibiotics in these
patients is justifiable due to the high risk associated
with their condition, early stopping still resulted in
important reductions in the overall exposure. Third, this
high-powered study recorded a decrease in mortality
associated with the use of the procalcitonin protocol
compared with the standard of care, supporting data
from patients with community-acquired pneumonia

work-up, leading to more effective therapeutic
decisions. Reduction of antibiotic side-effects could
have also contributed to this finding.”

Despite the convincing results of SAPS® for critically
ill patients, future research is needed. Similar to other
critical care trials, adherence to the stopping rule was
only moderate, particularly in patients who did not
reach clinical stability. Confidence in use of procalcitonin
measurements might increase once it is established in
clinical routine. De Jong and colleagues® did not include
immunosuppressed patients and those requiring
long-term antibiotic treatments. Furthermore, future
studies should assess combination of new, fast turn-
around detection techniques for pathogens with a host-
response marker such as procalcitonin.*

The accuracy of procalcitonin monitoring is far from
perfect and sepsis is a heterogeneous and complex
syndrome.” Hence, clinical judgement and common
sense must always be an integral part of any antibiotic
stewardship algorithm. Results of the SAPS trial®
should now convince even critics about the benefits
of procalcitonin monitoring for early stopping of
antibiotics. No other biomarker or clinical algorithm
has been evaluated in a similar number of well done,
prospective, randomised trials in different settings.
The SAPS trial® closes an important gap of evidence for
critically ill patients. Additionally, in the ICU, a protocol
to stop antibiotics early by monitoring of procalcitonin
concentrations leads to an increasingly tailored antibiotic
strategy with ultimate benefit for the patient; it may
even save their life. We should begin wide-spread use of
these protocols in clinical practice as an evidence-based
first step to slow emergence of bacterial resistance and
the collapse of antibiotic research, while waiting for more
sophisticated diagnostic approaches in the long run.

*Philipp Schuetz, Beat Mueller

University of Basel, Medical University Department, Kantonsspital
Aarau, Tellstrasse, 5001 Aarau, Switzerland
schuetzph@gmail.com
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Efficacy and safety of procalcitonin guidance in reducing the
duration of antibiotic treatment in critically ill patients:
a randomised, controlled, open-label trial

Evelien de Jong, Jos A van Oers, Albertus Beishuizen, Piet Vos, Wytze | Vermeijden, Lenneke E Haas, Bert G Loef, Tom Dormans,

Gertrude Cvan Melsen, Yvette C Kluiters, Hans Kemperman, Maarten J van den Elsen, Jeroen A Schouten, J6rn O Streefkerk, Hans G Krabbe,
Hans Kieft, Georg H Kluge, Veerle C van Dam, Joost van Pelt, Laura Bormans, Martine Bokelman Otten, Auke C Reidinga, Henrik Endeman,
Jos W Twisk, Ewoudt M W van de Garde, Anne Marie G A de Smet, Jozef Kesecioglu, Armand R Girbes, Maarten W Nijsten, Dylan W de Lange

Summary

Background In critically ill patients, antibiotic therapy is of great importance but long duration of treatment is
associated with the development of antimicrobial resistance. Procalcitonin is a marker used to guide antibacterial
therapy and reduce its duration, but data about safety of this reduction are scarce. We assessed the efficacy and safety
of in patients in intensive care units (ICUs) in a health-care system with a
comparatively [ow Hse of antibiotics.

Methods We did a prospective, miulticentre, randomised, controlled, open-label intervention trial in 15 hospitals in the

Netherlands. Critically ill patients aged at least 18 years, admitted to the ICU, and who received their first dose of
antibiotics no longer than 24 h before inclusion in the study for an assumed or proven infection were eligible to
participate. Patients who received antibiotics for presumed infection were randomly assigned (1:1), using a computer-
generated list, and stratified (according to treatment centre, whether infection was acquired before or during ICU stay,
and dependent on severity of infection [ie, sepsis, severe sepsis, or septic shock]) to receive eithe
or Standard-of-are Antibiotic discontinuation. Both patients and investigators were aware of group assignment. In the
- group, a non-binding advice to antibiotics was provided if procalcitonin concentration
had of its peak value B to In the -of-care group, patients were
treated according to lo€al antibiotic Protocols. Primary endpoints were antibiotic daily defined doses and duration of
antibiotic treatment. All analyses were done by intention to treat. Mortality analyses were completed for all patients
(intention to treat) and for patients in whom antibiotics were stopped while being on the ICU (per-protocol analysis).
Safety endpoints were Feinshtution of antibiotics and Fecurrent measured b
concentrations and they were measured in the population adhering to the stopping rules (per-protocol analysis). The
study is registered with ClinicalTrials.gov, number NCT01139489, and was completed in August, 2014.

Findings Between Sept 18, 2009, and July 1, 2013, I875 of the 4507 patients assessed for eligibility were randomly assigned
to the procalcitonin-guided group (761) or to standard-of-care (785). In 538 patients (71%) in the procalcitonin-guided group
antibiotics were discontinued in the ICU. Median consumption of antibiotics was (IQR 4-0-12-7)
in the -guided group versus (5-0-16-6) in the Standard-of-care group (between-group
absoluite difference 2:69) 95% CI 1-26—4-12, p<0-0001). Median dufation of treatment was 5/days (3-9) in the procalcitonin-
guided group and 7'days (4-11) in the -of-care group (between-group absolute difference 1-22, 0-65-1-78,
p<0-0001). at 28'days was 149 [2088) of 761 patients in the -guided group and 196 (2586) of 785 patients
in the Standardiof-care group (between-group AbSoliiteldifference 5-498, 95% CI 1-2-9-5, p=0-0122) according to the
intention-to-treat analysis, and 107 (20%) of 538 patients in the procalcitonin-guided group versus 121 (27%) of 457 patients
in the standard-of-care group (between-group absolute difference 6-6%, 1-3-11-9, p=0-0154) in the per-protocol analysis.

Iyearmoralitylinthe perprotocolanalysisiwasion(36%) of 538 patients in the PEOGAIGIOHIR-guided and 196 (#3%) of
457 patients in the S@fAdatd-of-care groups (between-group absolute difference 7-4, 1-3-13 -8, p=0-0188).

Interpretation Pfocalcitoninl guidance stimulates feduiction of dlifation of treatment and daily defined doses in

critically ill patients with a presumed bacterial infection. This reduction was associated with a Significant decrease in
concentrations might fiélp physicians in deciding whether or not the presumed infection is
truly - leading to more adequate diagnosis and treatment, the cornerstones of antibiotic stewardship.

Funding Thermo Fisher Scientific.

Introduction
Sepsis remains a major cause of death in critically ill
patients. Rapid and adequate antibiotic therapy is of

great importance in critically ill patients, but overly
long antimicrobial treatment is undesirable because
of increasing antibiotic resistance.! However, with
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Research in context

Evidence before this study

The decision to discontinue antibiotics in patients in intensive
care units (ICUs) can be partly based on improvements offered
by a biomarker such as C-reactive protein. The biomarker
procalcitonin displays a stronger and faster modulation for
severity of bacterial infection than does C-reactive protein.
Thus a satisfactory drop in procalcitonin concentrations might
help to discontinue antibiotic use in a more timely fashion.
Despite its widespread availability, the procalcitonin assay is
sparsely used in many countries. The reluctance for early
discontinuation of antibiotics is based on doubts as to whether
this practice is safe. We searched PubMed, Embase, and
ClinicalTrials.gov for articles published between Jan 1, 1990,
and Aug 31, 2015, using the search terms “procalcitonin”,
“infection”, and “intensive care unit”. Two trials with a
stopping criterion based on procalcitonin each randomly
assigned more than 100 patients. The largest of these

two trials was the PRORATA trial, which randomly assigned
631 patients and used a stopping criterion of procalcitonin at
20% or lower of its peak value or procalcitonin at 0-5 pg/L or
lower. This trial showed a significant reduction in antibiotic
treatment duration, albeit in a context of relatively long
duration of antibiotic treatment. However, since the PRORATA
trial reported a non-significant, but higher, 60-day mortality in

critically ill patients, physicians might be reluctant to
shorten the duration of antimicrobial treatment.?
Therefore, specific markers for resolution of infection
might assist physicians in making antibiotic therapy
decisions on an individual basis. Regularly used
markers for this purpose are the leucocyte count and
C-reactive protein (CRP). However, procalcitonin has
been advocated as a marker with a better specificity and
sensitivity than CRP for follow-up of severe bacterial
infections.*™
Findings from

for with bacterial

patients
infection, but the safety of such protocols has not been

firmly established.””” Additionally, _
FileASE CaRe O IGU S bvcre done in couniics

with a . In the
NEHHerlands the antibiotic consumption per person is
quite [0W. By contrast, in terms of defined daily dosages
per 1000 patient days, antibiotic consumption in

-Greece, the @K, and the USA is_

The objective of this trial was to assess the efficacy
and safety of procalcitonin-guided antibiotic treatment
in a large heterogeneous set of ICU patients in a
health-care system with a comparatively low use
of antibiotics. Our hypothesis was that addition of
procalcitonin guidance to the standard of care could
reduce the duration of antibiotic treatment and thus

its procalcitonin arm, safety concerns were raised regarding the
reliability of procalcitonin.

Added value of this study

Th

was conceived as a pragmatic trial with fewer exclusion criteria
than previous trials, with mortality used as a safety endpoint.
SAPS used the same procalcitonin criterion as PRORATA as
non-binding advice. The SAPS trial showed that

procalcitonin monitoring coupled with a non-binding advice
to consider stopping using antibiotics reduced duration of

antibiotic treatment. Th

Implications of all available evidence
The timecourse of procalcitonin provides information on the
resolution of severe bacterial infection.

Even in the context of a comparatively
short antibiotic treatment duration this is feasible.

Addition of procalcitonin measurements to the current
diagnostic arsenal will help clinicians reduce antibiotic

treatment duration.

the amount of antibiotics given, without increasing
mortality or recurrent infections.

Methods

Study design

The Stop Antibiotics on Procalcitonin guidance Study
[SAPS)* was a prospective, multicentre, randomised,
open-label intervention trial in patients admitted to the
ICU of three university medical centres and 12 teaching
hospitals in the Netherlands. This study was approved
for all centres by the ethics committee of the VU
University Medical Center (Amsterdam, Netherlands)
and is in full compliance with the Helsinki Declaration.
The study protocol is available online.*

Participants

Eligible patients had to be at least 18 years of age,
be admitted to the ICU, and have received their first
dose of antibiotics no longer than 24 h before inclusion
to the trial for an assumed or proven infection. Patients
were excluded in cases of systemic antibiotics as
prophylaxis only, antibiotics solely as part of selective
decontamination of the digestive tract, prolonged
therapy (eg, endocarditis), expected ICU stay of less
than 24 h, Severellimmunosuppression, severe
infections (due to viruses, parasites, or Mycobacterium
tuberculosis), and moribund patients. Patients who
received corticosteroids were not excluded. Patients
could only participate once in this trial. All patients or

www.thelancet.com/infection Vol 16 July 2016
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their legal representatives provided written informed
consent.

Randomisation and masking

Patients were randomly assigned (in a 1:1 ratio) to receive
either treatment according to procalcitonin guidance
(procalcitonin-guided group) or standard of care
(standard-of-care group). Randomisation was done
centrally by use of a computer-generated list produced by
an independent research organisation (the Julius Centre
for Human  Research, Utrecht, Netherlands).
Randomisation was stratified according to treatment
centre, whether the infection was acquired before or
during ICU stay, and severity of infection (ie, sepsis,
severe sepsis, or septic shock).” Patients and investigators
were aware of treatment assignment.

Procedures

For patients randomly assigned to the procalcitonin-
guided group, once a day measurements of procalcitonin
concentrations were taken and made available to the
attending physicians, including a baseline measurement
as close to initiation of antibiotics as possible, at
least within 24 h. Procalcitonin concentration was not
measured in the standard-of-care group. Except for the
procalcitonin measurements, all monitoring was similar
between the procalcitonin-guided and the standard-of-care

In the procalcitonin-guided group, pro-
calcitonin concentration was measured until ICU
discharge or until 3 days after systemic antibiotics were

(absolute
stopping threshold). The attending physician was free to
decide whether to continue antibiotic treatment in patients
who had reached these thresholds. Reasons for non-

adherence were recorded. Antibiotics in the standard-of-
care group were stopped according to local or national
guidelines and according to the discretion of attending
physicians. The number of antibiotic-free days in the first
28 days after study inclusion were recorded (including
antibiotic days on subsequent nursing wards). In both
groups CRP concentrations were analysed once a day until
28 days after inclusion as an additional safety measure.
Patients were followed up for 1 year after entering the
study, allowing assessment of 28-day and 1-year mortality.

Outcomes

The primary outcome was the consumption of antibiotics
(expressed as defined daily doses) and duration of
antibiotic treatment (defined as the number of 24 h

www.thelancet.com/infection Vol 16 July 2016

periods between start and end of antibiotic treatment) in
in the two groups for all randomised patients who were
not excluded (the modified intention-to-treat population).
For every participant, the total amount of antibiotics
given during the study period was assessed on the basis
of individual drug administration records.

(appendix).” The route of administration was
incorporated in the daily dose calculations. The primary
safety outcome was mortality at 28 days and 1 year,
assessed in the modified intention-to-treat population
and the per-protocol population.

Secondary outcomes were the percentage of patients
who had a recurrent infection, length of stay in hospital
and ICU, costs of antibiotics, and costs of procalcitonin
tests. Total direct costs of antibiotic treatment per patient
were calculated by multiplying the total amounts of all
antibiotics used with the lowest Dutch list price according
to the Dutch National Health Care Institute, which
reports the lowest and highest pharmacy purchase prices
including 6% tax for all registered drugs.

The SAPS trial was supervised by an independent Data
Safety Monitoring Board (consisting of an intensivist,
statistician, and a pulmonologist), which was not
involved in the study design, completion of the trial, or
recruitment of patients. The Data Safety Monitoring
Board concluded after the interim analysis (after the first
750 patients had been included; about 2 years after start
of the study) that the trial could be continued.

Statistical analysis

The goal of this trial was to establish whether the
procalcitonin-guided strategy was superior in terms of
antibiotic use and duration, length of stay in the ICU,
and cost-effectiveness and to show non-inferiority of the
procalcitonin-guided antibiotic management regarding
28-day mortality and recurrent infections. For the
superiority primary outcome, the power calculation was
based on an estimated 15% reduction in duration of
antibiotic treatment. We assumed a mean duration of
antibiotic treatment of 8 days and an SD of 6 days.” With
an a of 0-05 and a f3 of 0-1 we would need 526 patients in
each group. However, some patients would be discharged
from the ICU before reaching the stopping rules. These
patients would not be stopped according to the
procalcitonin guidelines. We assumed that 20% of
patients were going to be discharged before the stopping
rule was enacted. Hence, we needed 631 patients per
study group.

We did not want the intervention to lead to excess
mortality in the procalcitonin-guided group. In view of a
28% mortality in a previously published study,” for the
procalcitonin-guided group to be non-inferior to standard
of care in terms of safety, the non-inferiority margin
for procalcitonin-guided treatment regarding 28-day
mortality was set to 8%. This margin would lead to a
mortality of 28% in the standard-of-care group versus

See Online for appendix

For the Dutch National Health
Care Institute anitbiotic price

list see http://www.
medicijnkosten.nl

For the Netherlands national
quality standards see http://

www.cckl.nl/index.
php?pagina=35
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30% in the procalcitonin-guided group. On the basis of
these assumptions and with an a of 0-025 and a f of 0-1
we would need 663 patients in each group for 90% power
that the one-sided 97-5% CI excludes a difference in the
standard-of-care group of more than 8%. On the basis of
these two calculations the study needed at least
1326 patients.

4507 patients assessed for eligibility

2932 excluded
99 did not consent or did not want to participate
49 no next-of-kin to ask for deferred consent
142 expected stay on ICU <24 h
597 received antibiotics >24 h before screening
1220 had antibiotics prescribed prophylactically or
only perioperatively (duration <48 h)
200 needed long-term antibiotics (>3 weeks)
20 pre-existing infection due to virus, parasite, or
Mycobacterium tuberculosis
200 severely immunocompromised
89 were moribund
286 missed due to logistic reasons
30 other

A
| 1575 enrolled |

v

| 1575 randomised |

v

|
v

776 assigned to
procalcitonin-guided group

799 assigned to standard-of-care
group

1immu

2 other

15 excluded due to protocol

violations violations
4 withdrew informed consent 8 needed long-term antibiotics
5 needed long-term antibiotics (>3 weeks)

(>3 weeks)
1 had M tuberculosis infection

1 logistic reason
1 received antibiotics >24 h
before screening

14 excluded due to protocol

11CU stay >24h

2 logistic reason

2 received antibiotics >24 h
before screening

1other

nocompromised

A 4

A 4

761 included in the modified
intention-to-treat

785 included in the modified
intention-to-treat

population population
223 died or were 328 died or were
> discharged from — discharged from
ICU with antibiotics ICU with antibiotics

A 4

A 4

538 completed antibiotics on
ICU and included in
per-protocol analyses

457 completed antibiotics on
ICU and included in
per-protocol analyses

Figure 1: Trial profile
ICU=intensive care unit
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We compared baseline characteristics and outcomes
with a ¢ test or Mann-Whitney U test for continuous
outcomes, ¥2 test for nominal outcomes, and a log-rank
test to compare Kaplan-Meier survival curves. We
calculated a cumulative event estimate by a hazard ratio
(HR; 95% CI). All tests were two-sided, with p values of
0-05 deemed statistically significant. All analyses were
completed using SPSS, version 20 (IBM software). The
study is registered with ClinicalTrials.gov, NCT01139489.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to
all the data in the study and had final responsibility for
the decision to submit for publication.

Results

From Sept 18, 2009, to July 1, 2013, 4507 patients were
screened in the 15 participating ICUs. Of these,
575 patients (35%) were enrolled including 29 patients
who (after being randomly assigned to a group) withdrew
from the study or had major protocol violations, resulting
in the modified intention-to-treat population of
1546 patients (761 in the procalcitonin-guided group and
785 in the standard-of-care group; figure 1). 223

Although these patients did not discontinue their
antibiotic treatment, they were included in the analyses as
part of the procalcitonin-guided group (intention-to-treat
principle). 761 patients in the procalcitonin-guided group
and 785 patients in the standard-of-care group were
included in the modified intention-to-treat analyses.
Baseline characteristics of the 1546 patients were similar
between the two groups (table 1).

In the study population of 1546 patients, median
consumption of antibiotics was 7-5 defined daily doses
(IQR 4-0-12-8) in the procalcitonin-guided group versus
9-3 defined daily doses (5-0-16-5) in the standard-of-
care group (between-group absolute difference 2-69,
95% CI 1-26-4-12, p<0-0001). Median duration of
treatment in the first 28 days was 5-0 days (IQR 3-0-9-0)
in the procalcitonin-guided group versus 7-0 days
(4-0-11-0) in the standard-of-care group (between-group
absolute difference 1-22, 0-65-1-78, p<0-0001). Median
antibiotic-free days within the first 28 days after being
randomly assigned to a treatment group was 7-0
(IQR 0-0-14-5) in the procalcitonin-guided group versus
5-0 days (0-0-13-0) in the standard-of-care group
(between-group absolute difference 1-31, 0-52-2-09,
p=0-0016).

At B8IdagS after randomisation, 149 (2088) of 761 patients
had died in the procalcitoninl-guided group versus

196 (259) of 785 patients in the Stafidatd-of-care group.
The between-group absolute difference was 5-4% (95% CI

1-2-9-5, p=0.012). 1 year after randomisation this
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difference remained with 265 deaths (35%) of 761 patients
in the procalcitonin-guided group versus 321 deaths (41%)
of 785 patients in the standard-of-care group (log-rank test
p=0-0070). The between-group absolute difference was
6-1% (1-2-10-9, p<0-0158; HR 1-26, 1-07-1-49, p=0-0060)
in the intention-to-treat analysis. The Kaplan-Meier
survival curves of both groups are shown in figure 2.

The remaining 538 (71%) of 761 patients in the
procalcitonin-guided and 457 (58%) of 785 patients in
the standard-of-care group completed their antibiotic
treatment in the ICU; these two groups were compared
as per-protocol analysis. 28-day mortality in this analysis
was 107 (20%) of 538 patients in the procalcitonin-guided
group versus 121 (27%) of 457 patients in the standard-of-
care group (between-group absolute difference 6-6%,
95% CI 1-3-11-9, p=0-0154

of 538 patients in the
procalcitonin-guided group and 196 (#89) of 457 patients
in the -of-care group (between-group absolute
difference 7-4%, 1-3-13-8, p=0-0188). The differences in
various other subgroups are shown in the appendix.

In the first 28 days after being assigned to a group,
175 (28%8) of 761 patients in the -guided
group received an @Hdditional course of systemic

antibiotics versus 173 (229) of 785 patients in the

-of-care group (intention-to-treat p=0-67).
These additional antibiotics were given a median
interval of ANOMEEYS (IQR 2-0-8-0) in [BOHA the
procalcitonin-guided and standard-of-care groups
(p=0-96). In 38 (5%) of 761 patients in the procalcitonin-
guided group versus 23 (3%) of 785 patients in the
standard-of-care group (p=0-0492), a second course of
antibiotic treatment was given for a re-infection that
was proven by culture to be the same pathogen and the
same organ as the original infection.

non-inferiority analysis for the reinstitution of
antibiotics in the per-protocol population was 151 (28%)
of 538 in the procalcitonin-guided group versus 117
(26%) of 457 in the standard-of-care group (between-
group absolute difference -2-5%, 95% CI -7-9 to 3-1,
p=0-39).

A stopping criterion was reached in 557 patients in
the procalcitonin-guided group during their ICU stay.
Adherence to this advice was for 243 patients
(#8%%) who had their aNtIbIOtE treatments Siopped within
24 and 297 patients [§3%) treatments were stopped

after reaching the SiOpping [hreshold.
17 patients (398) did BB have their antibiotics Siopped. Of
the reasons why intensivists decided to continue
antibiotics in patients who reached the stopping rule,
various non-specific concerns about stopping antibiotics
were mentioned (appendix).

In 38 (7%) of 557 patients, antibiotics were already
discontinued before reaching either stopping rule. Of

www.thelancet.com/infection Vol 16 July 2016

the patients in whom physicians adhered to one of the
stopping rules, 126 (#288) of 297 patients were stopped
because of a

, 154 (529%) of 297 patients
were stopped as the procalcitonin concentration was

OMSHEg/LorIowet, and 17 (6%) of 297 patients reached

both these stopping rules simultaneously. Thus both

Procalcitonin-guided
group (n=761)

Standard-of-care group
(n=785)

Age (years) 65 (54-75)
Men 464 (61%)
Severity of illness
APACHE IV score” 38 (520- 92.0)
Sepsis or severe sepsis 625 (82%)
Septic shock 136 (18%)
SOFA score* 6-0 (3-0-9-0)
Respiratory 3(2-3)
Cardiovascular 3(0-4)
Renal 0(0-1)
Hepatic 0 (0-0)
Neurological 0(0-2)
Coagulation 0 (0-0)
Acquisition of infection
Community acquired 392 (52%)
-acquired 189 (25%)
.acquired 180 (24%)
Presumed infection site
Pulmonary 491 (B8)
CNS 29 (4%)
Skin and soft tissue 13 (2%)
Catheter-related infection 8 (1%)
Intra—- infection 108 (.%)
Urinary tract infection 27 (4%)
ENT 7 (%)
Bloodstream infection 4 (1%)
Unknown focus 74 (10%)
Infection and inflammation
Procalcitonin (pg/L) . (0-40—-)

C-reactive protein (mg/L) 2020 (99-0-306-3)
147 (10-6-21-3)

380 (37-4-38-8)

Leucocytes (10° cells per L)
Temperature (°C)

Treatment in first 24 h

Mechanical JEREIation 617 @%)
Renal Fepiseament in first 24 h 72 (6%)

Inotropic or vasopressor support 729 (96%)
Belective Aecontamination of the Higestive tract 399 (53%)
Corticosteroids 412 (54%)

of <70 mm Hg to obtain 1 point for cardiovascular failure.

65 (57-75)
470 (60%)

8 (55.0-95.0)

634 (81%)
151 (19%)

6-0 (4-0—9~0)

3(23)

3(0-4)

0(0-1)

0(0-0)

0(0-1)

0(0-1)

400 (51%)
186 (24%)
199 (25%)

NA
204-0 (105:5-307-5)
14.9 (10-4-21.0)
38:0(37-4-387)

628 (§8%)

86 (@)
751 (96%)
421 (B8%)
420 (54%)

Data are median (IQR) or n (%). No substantial differences were noted between the two groups. APACHE IV=Acute and
Chronic Health Evaluation IV score.”” SOFA=Sequential Organ Failure Assessment score. ICU=intensive care unit.
ENT=an infectious focus in ear-nose-throat area. NA=not applicable. *SOFA contains six subscores (respiratory,
cardiovascular, renal, hepatic [liver], neurological, and coagulation), each subscore can be attributed 0-4 points
depending on the extent of organ dysfunction; the original SOFA score was used, including the mean arterial pressure

Table 1: Baseline characteristics of the modified intention-to-treat population
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Survival (%)

40 —

20 —

—— Procalcitonin-guided group
—— Standard-of-care group

Hazard ratio standard-of-care group
1-26, 95% Cl1 1-07-1-49 (p=0-0060)

Number at risk
Procalcitonin-guided group 761
Standard-of-care group 785

T T T T T T T 1
300 350 400

50 100 150 200 250
Time since randomisation (days)
554 525 503 496
512 490 473 464

Figure 2: Kaplan-Meier plot for probability of - from random assignment to -, in the modified

intention-to-treat population
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Figure 3: Serial measurements of _ inboth

study groups

The mean values and SEs during the first 28 days after random assignment are
shown. Patients discharged from the intensive care unit before day 28 were
included as long as they were still admitted to the hospital.

components of the stopping rule seem to be of
stud

relevance.For roups the

figure 3), even
without Bonferroni correction for multiple testing.*

Median engthilofiStay on the G0 was B3 days
(IQR 5-0-17-0) in the procalditonin-guided group
versus DHONAAYS (IQR 4-0-17-0) in the Standard-of-care
group (p=0-56; table 2). Median length of stay in the
hospital was the §affle for both groups at 22 days
(IQR 13-0-39-3 procalcitonin-guided vs 12-0-40-0
standard-of-care; p=0-77; table 2).

The median costs for the first course of antibiotics
were €10J (IQR 51-229) in the procalcitonin-guided
group versusf€129 (66—273) in the standard-of-care group

(p=0-0006; table 2). The CUMUIAVE estimated €08t for

the first course of antibiotics in the procalcitonin-guided
group was EI50082 versus €I81263 in the Standard-of-
care group. These cost savings should be balanced
against the costs of
taken in the intervention group.

Discussion

we noted a

discontinuation of antibiotics was ot associated with
more subsequent ABIOHE prescriptions or higher CRE

concentrations in the procalcitonin-guided patients.
Furthermore, this reduction was non-inferior in terms of
28-day mortality and was even accompanied by a

than

in the standard-of-care group (25%098).
Additionally, the reduction in antibiotic treatment
duration achieved with procalcitonin guidance con-

stitutes a relevant decreas“
- on ICUs from in the
standard-of-care group tofZ+5 daily defined doses in the
procalcitonin-guided group. This decrease corresponded
with a
- The close of the
also suggests that the earlier discontinuation in the
procalcitonin-guided group did li6f result in a higher rate
of Fé- .

The total FeducHion in ANtDIOLC EOSE using pro-
calcitonin guidance was a mean of E34iper patient In our
study about a mean of seven procalcitonin measurements
were taken per patient. Therefore, the FEQUCHON in
antibiotic costs will only GlitWeigh the G988 of additional

measurements
. In other settings

this value might differ, but procalcitonin monitoring

Hhan only
teduction of antibiotic Costs.

in 28-day mortality and 1-year [HOTtality
associated with the procalcitonin strategy was
as this study was aiming for non-inferiority. If physicians
suspect that a patient has a bacterial infection they will
(pre-emptively) start antibiotics. If procalcitonin con-
centration is high, as expected, then these physicians are
reassured about their initial diagnosis. However, if
procalcitonin concentrations are low, it makes severe
bacterial infection improbable and the initial diagnosis is
questioned. Physicians then need to reconsider their
diagnosis at an earlier stage. Therefore, knowledge of
concentrations might lead to earlier and
and treatments, reducing
mortality. Furthermore, antibiotics that are unnecessary
might lead to adverse effects without benefits (eg,
antibiotic FESiStance, selection of resilient pathogens such
as Clostridium, and @flg Feactions). Such adverse effects
of antibiotic treatment have been previously noted.** In
° in ICU patients with severe sepsis

and septic shock, the o ere feduiced in
patients in whom aiiibiotics were §topped or specifically
aimed at the pathogens. The authors® proposed that the
might have

reduction of toxic_effects of antibiotics
contributed to the SUtvival benefit—eg, low HephArotoxicity

of some classes of antibiotics. The percentages of patients
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Procalcitonin-guided Standard-of-caregroup ~ Between-group absolute  p value
group (n=761) (n=785) difference in means
(95%Cl)
Antibiotic consumption (days)
Daily defined doses in first 28 days 7-5(4-0t012-8) 93 (5-0t0165) 2:69 (126 to 4-12) <0-0001
Duration of treatment 5-0 (3-0t0 9-0) 7-0 (4-0to 11-0) 1-22 (0-65t0 1.78) <0-0001
Antibiotic-free days in first 28 days 7:0 (0-0 to 14-5) 5.0 (0t 13-0) 1:31(0-52 t0 2:09) 0-0016
Mortality (%)
28-day mortality 149 (19-6%) 196 (25-0%) 5-4% (1-2t0 9-5) 0-0122
1-year mortality 265 (34-8%) 321(40-9%) 61% (1-2t0 10-9) 0.0158
Adverse events
Reinfection 38 (5-0) 23 (2:9) -2:1% (-4-1t0 -0-1) 0-0492
Repeated course of antibiotics 175 (23-0) 173 (22:0) -1.0% (-5-1t0 3-2) 0-67
Time (days) between stop and reinstitution of antibiotics 4-0 (2:0to 8-0) 4-0 (2:0to 8-0) -0-22 (-1:31t0 0-88) 0-96
Costs
Total cumulative costs of antibiotics €150082 €181263 NA NA
Median cumulative costs antibiotics per patient €107 (51t0 229) €129 (66 to 273) €336 (2:5t0 64-8) 0-0006
Length of stay (days)
On the intensive care unit 8.5 (5-0to 17-0) 9.0 (4-0to 17-0) -0-21(-0-92 to 1-60) 0-56
In hospital 22:0 (13-0t0 39-3) 22:0 (12:0t0 40.0) 0-39 (-2-69 to 3-46) 077
Data are median (IQR), n (%), or mean (95% Cl). Between-group absolute differences were calculated using the mean values, percentage differences, and 95% Cls.
NA=not applicable.
Table 2: Primary and secondary outcome measures

who received a fépeated course of ANTIBIONES were Similar

between the groups (28% in the procalcitonin guided vs
.% in the standard of care; table 2). However, the cases
considered to be by physicians were much
lower in the standard-of-care group (3%) than in the
procalcitonin-guided group (§%8; table 2). Although the
difference in re-infections was significant (table 2), the
numbers suggest under-reporting, given the much higher
reinstitution rate of antibiotics. Additionally, physicians
might have been Bi@8ed to considering re-infection earlier
in patients in whom procalcitonin guidance contributed
to the decision to discontinue antibiotics. The adequacy
of the antibiotics, a more timely recognition of alternative
diagnoses, and lower toxicity of antibiotics might all
account for the lower mortality in our procalcitonin-
guided study group than in the standard-of-care group.”
However, this remains speculative and bias or a type
I error might still play a part.

Previous studies*® have addressed the possibility to
stop antibiotic treatment based on a procalcitonin-guided
strategy in critically ill patients. A small proof-of-principle
study reported that a procalcitonin strategy was able to
decrease antibiotic treatment for severe sepsis and septic
shock.* This strategy was supported in two small
ICU studies, but neither were powered for mortality.*
The French " however, was larger and
aimed to show efficacy and safety. In that study”

procalcitonin guidance led to a Feduction of 23% in

expostife and
Unfortunately, the was

highef in the procalGitonin-guided group than in the

www.thelancet.com/infection Vol 16 July 2016

control group.” Therefore, some debate remains whether
procalcitonin guidance can safely reduce antibiotic
duration in critically ill patients. This debate was fuelled
by the 2014 study,® which showed .
in dUFARON of treatment, antibiotic-
free days, or overall antibiotic exposure between a
standard-of-care group versus a procalcitonin-guided
group. However, this trial® used an

stopping M€ and a BHiGl procalcitonin fFeshold of
0" pg/E. Our results show that BOtH the absoluite (ie,
procalcitoninZ0MSHBJE) and the Felative (ie, procalcitonin
20% of its peak

value) stopping rules assisted in
antibiotic discontinuation. Furthermore, the study® was
designed with a size to detect—a rather ambitious—
reduction of duration of treatment of at least 3-75 days.
Although a reduction of 2 days was noted, it was not
significant.

in critically ill patients. Lowering of the
antibiotic exposure might have a Delieficial effect on
emergence of . However, prophylactic use of
antibiotics was not assessed in this study and such
patients were not eligible, which is of importance
because

tract.
Antibiotics given as part of this decontamination strategy
were only counted if the patient was considered to have
an_infection.
who had, or were of having,

an nfection were A0t BIGIBIE for this study (appendix).
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Several studies show that a well considered reduction
of antibiotics, although not necessarily equal to early
discontinuation, is associated with decreased mortality.”
In patients with

In an individual patient meta-analysis,® studying
42 patients, the HOMAItY in the PROCAICIONIN-guided
group was SH6%8 versus 68396 in the Eomitrol group.

Although this difference was not significant, it
corroborates our reduced mortality. Our study was
conceived to include a [ieterogeneons 1 CU-patient popu-
lation in a reallife setting, focusing only on the
additional value of procalcitonin tests in responsible
discontinuation of antibiotic treatment. To our
knowledge

with more than
1500 patients included. To emphasise the importance of
safety, our study set the
and estimated the sample size with a power of 90%
instead of 80%. Ideally, a lower non-inferiority margin,
such as 4%, would be desirable, but this margin would
have required more than 5500 patients. An

unexpected
finding was the mortality in the procalcitonin-
guided group. We postulated that fediiced mortality in
the -guided group was the result of an
ealier focus on an if procalcitonin
concentrations were [oW. Alternatively, petsistently high
procaléitoninl concentrations might suggest the fieed to
critically FeView
Several limitations of our study should be mentioned.
First, about B@88Nof patients randomly assigned to the
procalcitonin-guided strategy were discharged from the
ICU pefore the to §tep antibiotic
treatment. This figure was higher than the 20% we had
anticipated when designing this study. Further reduction
of antibiotics might have been achieved if procalcitonin
guidance had been continued on the wards. However,
this study was designed for patients during ICU stay and
continuation of the protocol on the ward was not deemed
possible for logistical reasons.

Second, physiciang did Hotladiicie to the Sfopping
HAviee in fore than KAlF of the patients. The patients in

whom antibiotic treatment was continued did diffef in
some from those who actually
stopped antibiotics (appendix). Apparently,
{iS6 procalcitonin concentrations to show that Antibiotics
can be safely Siopped in Stablé patients. They are,
however, - to stop use I - are yet
B@BIE. Clearly, use of procalcitonin concentrations
cannot convince them in such cases.” Whether
discontinuation of antibiotics in these subjectively
unstable patients would have led to increased mortality
cannot be established by this study. Procalcitonin
measurements can be used to support decision making
in stable patients, but does not abolish proper clinical
reasoning. Despite this limitation overall antibiotic
consumption was reduced, indicating that especially

Third, specific patients who were imniunocompromised
or treated for [llfiesses needing lomg durations of

antibiotic treatment were @Xclided. These exclusions
were chosen for safety and pragmatic reasons. Advice to
stop antibiotic use in these patients was often ignored
and therefore regarded as not useful. However, we are

albeit over longer timescales or with
other thresholds. Particularly in these patient groups,
early termination of antibiotic treatment might affect the
overall consumption of antibiotics.
Fourth, clinicians were aware of the study group
assignments and not all co-interventions that might have
been affected by this knowledge could be assessed.

Fifth, we did not collect data for antibiotic resistance
and, therefore, we are

. Additionally, in
many patients Gulflirtes were negativeé or contained
bacteria or fungi that were not thought of as true
pathogens (eg, candida colonisation in sputum
cultures). The patients who did not reach a stopping
rule might be the patients for whom the initial therapy
was inappropriate or inadequate. Such patients might
be detected earlier in the procalcitonin-guided group
than in the standard-of-care group, leading to an earlier
antibiotic switch.

In conclusion, this large and pragmatic study shows
that a reduction in antibiotic treatment duration and
consumption can be achieved with the addition of a
procalcitonin-guided algorithm to aid clinical judgment.
This reduction of antibiotic duration was achieved in a
setting with an already low background consumption of
antibiotics without an increase in mortality.
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