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eFigure 1. PCT Algorithm for Antibiotic Stewardship

| Procalcitonin (PCT) algorithm for stewardship of antibiotic therapy in patients with LRTI

COPD with GOLD IV
PCT < 0.25 pgfl: CAP with PS1 21V or CURB 6522,

COPD with GOLD > 1
Localised infection {abscess, empyemal, L.pneumophilia

Compromised host defense (e.g, immuno-suppressicn
other than corticosteroids)
\ Concomitant infection in need of antibiotics

o

| | | | 1
| < 0.1 g/l ] [ 0.1 - 0.25 pg/l ] >0.25 — 0.5 pg/| | =0.5 pg/l ]
I I I . I .
Bacterial etiology Bacterial etiology Bacterial etiology Bacterial etiology
very unlikely unlikely likely Very likely
4 ¥ v 4
NO antibiotics ! | no antibiotics | | Antibiotics yes | Antibiotics YES |
| | | |
¥ v -
/ Control PCT after 6-24 hours \ / Consider the course of PCT \
Initial antibiotics can be considered in case of: If antibiotics are initiated:
Respiratory or hemodynamic instability Repeated measurement of PCT ondays 3, 5, 7
Life-threatening comaorbidity Stop antibiotics using the same cut offs above
Need for ICU admission If initial PCT levels are >5-10 pg/fl, then
PCT < 0.1 pg/fl:  CAP with PSI WV or CURBGS >3, T—l stop when 80-90% decrease of peak PCT

If initial PCT remains high, consider treatment failure
(e.g. resistant strain, empyema, ARDS)

e

Qutpatients: duration of antibiotics according to the last
PCT result:

>0.25-0.5 pg/l: 3 days
- >0.5-1.0 pg/l: S days
- >1.0 pg/l 7 days /

Abbreviations: PCT procalcitonin, CAP community-acquired pneumaonia, PS| prielmaonia severity index,
COPD chronic obstructive pulmonary disease, GOLD global initiative for abstructive fung disease,
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Figure 4: Patients receiving antibiotics for days 1-28
Significantly fewer patients assigned to the procalcitonin group received antibiotics than did those assigned to the
control group (p<0-0001, generalised linear model test for repeated measwres).
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dayl 5.6%, day5 22.2%, day7 37.6%, day15 10.5%, day20 6.2% (p<0.0001)




Procalcitonin group

(n=307)

Control group (n=314) I

Primary endpoints
28-day mortaliby®
E0- dary miortality
Mumiber of dayswithowt antibictics
Secondary endpoints (days 1-28)
Relapse
Supernnfection
Mumber of dayswithowt mechanical ventilation
SOFA soore

Dyl

Doy 7

Dy 14

Diay 21

Dy 28
Length of stay im ICU from indlusion {(days)
Length of stay im hospital from inclusion (days)
Multidreg-resistant bacteriat

Diays of antibiotic exposure per 1000 inpatient days

Duration of Arst episode of antibiotic treatment (number [%]; S0y
Owverall population

Community-acquired preuvmonia
Ventilator-assocdated prevmonia
Intra-abdominal infection

Urinary tract infection

Infection with positive Blood cultwre

Data are numiber (%), difference {(95% Cl), or mean (501 unless othereise indicated. MA=not applicable. S0FA=s=guential organ- failure assessment. |CU=imtensive care wnit.
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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 Qers, Albertus Beishuizen, Piet Vos, Wytze | Vermeijden, Lenneke E Haas, Bert G Loef, Tom Dormans,
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Hans Kieft, Georg H Kluge, Veerle C van Dam, Joost van Pelt, Laura Bormans, Martine Bokelman Otten, Auke C Reidinga, Henrik Endeman,
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450744

4507 patients assessed for eligibility

29324 H

!

-

fR5%

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
L » 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 4 |
1575 enrolled y 1 5 7 5 % %
— >
1575 randomised 7 > 9\ A 1 t EIJ 1#
=

!

776 assigned to
procalcitonin-guided group

|
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776%

N

v

799 assigned to standard-of-care

group

SAEDRET

7994
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538 completed a
ICU and inclu
per-protocol

L[ FEToriiEE D |

776 assigned to 799 assigned to standard-of-care
procalcitonin-guided group group
15 excluded due to protocol 14 excluded due to protocol
violations violations
4 withdrew informed consent 8 needed long-term antibiotics
5 needed long-term antibiotics (>3 weeks)
(=3 weeks) 11CU stay =24 h
—p 1 had M tuberculosis infection [ 2 logistic reason
1immunocompromised 2 received antibiotics =24 h
1 logistic reason before screening
1 received antibiotics 24 h 1 other
before screening
2 other
A . A
761 included % B% 1‘3*‘4 785 included in the modified % B%% ém
intentiol 1 5 /. \9 intention-to-treat 14 AN
populati % population %
761 J | 785
223 died or were 328 died or were
— discharged from —P discharged from
ICU with antibiotics ICU with antibiotics

1t ICURE

leted antibiotics on
nd included in
rotocol analyses

22344

J

| 328% |
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Characteristics: [RZ

Procalcitonin-guided

Standard-of-care group

‘ Presumed infection site

group (I'I=?61:l {n=?85] { — 491 (65%} 503 (64%}
Age (years) 65 (54-75) 65 (57-75) 6 5 ﬁ 29 (4%) 30 (4%)
Men 464 (61%) 470 (60%) 13(2%) 23G%)
E— EH ll‘i 60% ection 8 (1%) 11 (1%)
everity of illness
Y ~J ection 108 (14%) 129 (16%)
APACHE IV score” 72-0 (52-0- 92-0) 71-0 (55-0-95-0) r— " I
Sepsis or severe sepsis 625 (82%) 634 (81%) rinafytract infection 27 (4%) 423 ;
7 (1%
Septic shock 136 (18%) 151 (19%) (
o050 APACHE IV 70 R
Respiratory 3(2-3) 3(2-3) M (o)
Cardiovascular 3(0-4) 3(0-4) Se pt I C S h OC k 20 /0 A
Renal 0(0-1) 0 (0-1) A S g sTr /JE o
Hepatic 0(0-0) 0 (0-0) kSO FA 6 ,'#\ ( I ‘~ I]'.' [&3 + ‘f IR 3) ;gtigiﬁ“g}m
Neurological 0(0-2) 0(0-1) ] ’ . i
Coagulation 0(0-0) 0(0-1) Temperature (°C) h 38-0(37-4-38-8) 380 (37-4-387)
I B - LT A R TS e
Acquisition of infection L j'l., o ¢ 8(8 }
C i ired 2 (52% 00 (51% (| ’ 75\ 0 L =t
c:-mr'nunltya.cql.ure 392 (52%) 400 (51%) j "_,\ SOA) — 86 (11%)
Hospital acquired 189 (25%) 186 (24%) j'[, < e T
ICU acquired 180 (24% 199 (25% |Z Ij:_l z 75\ 0 ’ ’
acquire (24%) (25%) J] R 15N N 25 A) 399 (52%) 421 (54%)
(

_ICURIEREAY25% ) =

ces were noted between the two groups. APACHE IV=Acute and
Chronic Health Evaluation IV score.” SOFA=5equential Organ Failure Assessment score. ICU=intensive care unit.
ENT=an infectious focus in ear-nose-throat area. NA=not applicable. *5SOFA 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
of <70 mm Hg to obtain 1 peoint for cardiovascular failure.

Table 1: Baseline characteristics of the modified intention-to-treat population




Characteristics: [RZ

Procalcitonin-guided

Standard-of-care group

Age (years)
Men
Severity of illness
APACHE IV score™
Sepsis or severe sepsis
Septic shock
SOFA score*
Respiratory
Cardiovascular
Renal
Hepatic
Neurological
Coagulation
Acquisition of infection
Community acquired
Hospital acquired

ICU acquired

Presumed infection site

group (n=761) (n=785) Pulmonary 491 (65%) 503 (64%)
65 (54-75) 65 (57-75) CN5 29 (4%) 30(4%)
64 (61% | > Skin and soft tissue 13(2% 23(3%
(0] Catheter-related infection 8(1%) 11 (1%)
2.0 (52-0— 92- Intra-abdominal infection 108 (14%) 129 (16%)
oo BB A% | T
625 (82%) (0] Urinary tract infection 27 (4%) 24(3%)
136 (18%) ToT (100 ENT 7 (1%) 7 (1%)
60 (3-0-9.0) 6-0 (4-0-9-0) Bloodstream infection 4(1%) 4 (1%)
3(2-3) 3(2-3) Unknown focus 74 (10%) 54 (7%)
3(0-4) 3 (0-4) Infection and inflammation
0(0-1) 0 (0-1) Procalcitonin (pg/L) 1.9 (0-40-14-1) NA
0 (0-0) 0 (0-0) C-reactive protein (mg/L) 202-0(99-0-306-3) 2040 (105.5-307-5)
0(0-2) 0 (0-1) Leucocytes (10° cells per L) 147 (10-6-21-3) 14-9 (10-4-21-0)
A faMa)) 01 ~ Temperature (°C) 38-0(37-4-38-8) 380 (37-4-387)
( T 56 &%% 0 \Treatmentin first 24 h
A —— I] - u 80 A) Mechanical ventilation 617 (B1%) 628 (80%)
R RT 1 O(y Renal replacement in first 24 h 72 (9%) 86 (11%)
(0 Inotropic or vasopressor support 729 (96%) 751(96%)
> >y = e py o) Selective decontamination of the digestive tract 399 (52%) 421 (54%)
Pd — ) Pd— A3
gﬁ ’LI\ % O r 5=| J:t % 9 5 /0 Corticosteroids 412 (54%) 420 (54%)

SDD50%
. ATHBEAF55%

ata are median (IQR) or n (%). No substantial differences were noted between the two groups. APACHE IV=Acute and

hronic Health Evaluation IV score.” SOFA=5equential Organ Failure Assessment score. ICU=intensive care unit.

NT=an infectious focus in ear-nose-throat area. NA=not applicable. *SOFA contains six subscores (respiratory,

ardiovascular, 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
of <70 mm Hg to obtain 1 peoint for cardiovascular failure.

Table 1: Baseline characteristics of the modified intention-to-treat population




* ICUAZEF

o [

L = e

PCTEF TOIEZR

12557 A DV FEr
h F EEE R T-LTH D240

o [

=nlf | o BV Sy b

nIF R EZFm-LI-25,

L - e

Fr1F D ERR

H l’—kﬁd_—r_ Z%Eiﬁf: L/T:
B LA D IE :44%(243 M)

ASHERI LA D B 1k - 53%(297 A)

hiEENZEMoT=:3%(17.N)
~—2{ENSO%LLT :42%

=<0.5pg/L:52%

:II

eLT

EI’J7°a~71'$c7f)\ hot-.

177 6%

0 IE 25X T DIFFFE

L, R ZEF



Procalcitonin-guided Standard-of-care group

Between-group absolute  pvalue
group (n=761) (n=785) difference in means
(95% CI)

Antibiotic consumption (days)

Daily defined doses in first 28 days 7.5 (4-0t0 12.8) 93 (5-0t016.5) 2.69 (126 t0 412)

Duration of treatment 5.0 (3-0t0 9-0) 7-0 (4-0to 11.0) 122 (0-65t0 1.78)

Antibiotic-free days in first 28 days 7:0 (0-0to 14-5) 5-0(0to 13-0) 1-31 (0-52 to 2-09) 0-0016
Mortality (%) .

28-day mortality D D D . 7 * 5 VS 9 * 3 4% (1-2t0 9.5) 0-0122

1-year mortali . [-1% 1-2to 10-9 0-0158
Ad\.r:rse events i ’HH Fﬁﬁ ) 5 E VS 7 E | |

Reinfection PCTEi—C'ﬁ'D‘ (ﬁlm l]\ 1% (-4-1t0-0-1) 0-0492

Repeated course of antibiotics 0% (-5-1t0 3-2) 0-67

Time (days) between stop and reinstitution of antibiotics 4-0 (2-:] to 8-0) 4-0 {2-{} to 8-0) -0-22 (-1-31t0 0-88) 0-96
Costs

Total cumulative costs of antibiotics €150082 €181263 NA MNA

Median cumulative costs antibiotics per patient €107 (51t0229) €129 (66t0 273) £€33-6(2.5to0 64-8) 0-0006
Length of stay (days)

On the intensive care unit 85 (5-0to 17-0) 9-0 (4-0t017-0) -0-21 (-0-92 to 1-60) 056

In hospital 22.0 (13-0t0 39-3) 22-0(12-0to 40-0) 039 (-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




Procalcitonin-guided Standard-of-caregroup  Between-group absolute  pvalue
group (n=761) (n=785) difference in means
(95% Cl)
Antibiotic consumption (days)
Daily defined doses in first 28 days 75 (4-0t012-8) 9-3 (5-0t0 16:5) 2.69(1-26t0 4-12) <0-0001
Duration of treatment L-0(3-0to 9-0) 7-0(4-0to11-0) 1-22 (0-65to 1-78) =0-0001
Antibiotic-free days in first 28 days 7:0(0-0to 14-5) 5-0(0to13:-0) 1-31 (0-52 to 2-09) 0-0016
Mortality (%)
28-day mortality 1 19-6% 196 25-!]'}‘E-|I' 54% (1-2t0 9-5)
1-year mortality 265 (34-8%) 321 (40-9%) 6-1% (1.2 t0 10-9)

Adverse events
Reinfection

Repeated course of antibiotics

28H 5L

—3%-19.6% vs 25.0%

Time (days) between stop and reinstitution of antibio} 1£E§E-J—$ 34.8% VS 40.9%

Costs

Total cumulative costs of antibiotics

Median cumulative costs antibiotics per patient
Length of stay (days)

On the intensive care unit

In hospital

Data are median (IQR), n (%), or mean (95% Cl). Between-g

NA=not applicable.
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per-protocolfE#r THLHEEIZELY
28HFETTER:20% vs 27% (p=0.0154)
1T 36% vs. 43% (p=0.0188)
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Table 2: Primary and secondary outcome measures




— Standard-of-care group

100 — — Procalcitonin-guided group
80 _\a —

20 - Hazard ratio standard-of-care group
1.26, 95% C1 1.07-1-49 (p=0-0060)

0 | | | | | |
0 Lo 100 150 200 250 300
Number at rick Time since randomisation (days)
Procalcitonin-guided group 761 554 525 503
Standard-of-care group 785 012 490 473

[ I
350 400
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Figure 2: Kaplan-Meier plot for probability of survival from random assignment to day 365, in the modified

intention-to-treat population




Procalcitonin-guided Standard-of-caregroup  Between-group absolute  pvalue

group (n=761) (n=785) difference in means
e B (R CHES (CRIC AR 4 B ASER MBI 12 SEBR) (%

Daily defined doses |

PCTEi’C’ﬁ =[Z%LY 5.0%vs 2.9%
e MEA RIS BRAEIIFEZE 23.0% vs 22.0%

28-day mortality

yearmonsity | A BT EH Faﬁblcuim'i eSS

Adverse events

Reinfection 38 (5-0) l 23(2-9) -21% (-4-1to-0-1) [I-ﬂ];é}'_ l

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 MNA

Median cumulative costs antibiotics per patient €107 (51t0229) €129 (66t0 273) £€33-6(2.5to0 64-8) 0-0006
Length of stay (days)

On the intensive care unit 85 (5-0to 17-0) 9-0 (4-0t017-0) -0-21 (-0-92 to 1-60) 056

In hospital 22.0 (13-0t0 39-3) 22-0(12-0to 40-0) 039 (-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




Procalcitonin-guided Standard-of-caregroup  Between-group absolute  pvalue
group (n=761) (n=785) difference in means
(95% Cl)
Antibiotic consumption (days)
Daily defined doses in first 28 days 75 (4-0t012-8) 9-3(5-0t016-5) 2.69(1-26to 4-12) <0-0001
Duration of treatment 5-0(3-0to 9-0) 7:0(4-0t011.0) 122 (0-65t0 1-78) <0-0001
Antibiotic-free days in first 28 days 7-0(0-0to 14-5) 5-0(0t013-0) 1-31 (0-52 to 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%) 6-1% (1-2 t0 10-9) 0-0158
Adverse events
Reinfection 38 (5-0) 23(2:9) ~21% (-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 (-1-31to0 0-88) 0-96
Costs
Total cumulative costs of antibiotics €150082 €181263 NA NA
Median cumulative costs antibiotics per patient €107 (51to 229]] €129 (66t0 273) £€33-6(2.5t0 64-8) 0-0006

Length of stay (days)

On the intensive care unit

In hospital

e =

FEDIARMMIBEIAHI-VUE34]F

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
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Type of Infectious Diseases

Recommended duration
of antimicrobial treatment

CAP
HAP, VAP, and HCAP
Bacteria other than NFGNE
NFGMNB
Bacterial Meningitis
Neisseria meningitides
Haemophilus influenza
Streptococcus pneumaonia
Streptococcus agalactiae
(Gram-negative bacilli
Listeria monocytogenes
CRESI
Coagulase-negative Staphylococcus spp.
Staphylococcus aureus
Staphylococcus lugdunensis
Enterococcus spp.
Gramr-negative bacilli
Candida spp.
Mative valve endocarditis
Viridans Group and 5. bovis (MIC: =12, =0.5pg/mL)
Viridans Group and 5. bovis (MIC: =.12pg/ml)
MSSA {uncomplicated right-sided)
MRSA
Prosthetic valve endocarditis
Viridans Group and S. bovis (MIC: =.12pg/mL)
MSSA and MRSA
Complicated intra-abdominal infection
Pyelonephritis

= 5 days

7 days
14 days

7 days

7 days
10-14 days
21 days

21 days

21 days

5-7 days

4-6 weeks®

4-6 weeks®

7-14 days

7-14 days

14 days after the first negative BC

4 weeks
14 days
14 days
6 weeks

6 weeks
=6 weeks
4-7 days
14 days
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