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Abstract

Background Numerous biomarkers have been proposed for diagnosis, therapeutic, and prognosis in sepsis. Previous
evaluations of the value of biomarkers for predicting mortality due to this life-threatening condition fail to address
the complexity of this condition and the risk of bias associated with prognostic studies. We evaluate the predictive
performance of four of these biomarkers in the prognosis of mortality through a methodologically sound evaluation.

Methods We conducted a systematic review a systematic review and meta-analysis to determine, in critically ill
adults with sepsis, whether procalcitonin (PCT), C-reactive protein (CRP), interleukin-6 (IL-6), and presepsin (sCD14)
are independent prognostic factors for mortality. We searched MEDLINE, EMBASE, and the Cochrane Central Register
of Controlled Trials up to March 2023. Only Phase-2 confirmatory prognostic factor studies among critically ill septic
adults were included. Random effects meta-analyses pooled the prognostic association estimates.

Results We included 60 studies (15,681 patients) with 99 biomarker assessments. Quality of the statistical analysis
and reporting domains using the QUIPS tool showed high risk of bias in >60% assessments. The biomarker measure-
ment as a continuous variable in models adjusted by key covariates (age and severity score) for predicting mortality
at 28-30 days showed a null or near to null association for basal PCT (pooled OR=0.99, 95% Cl=0.99-1.003), CRP
(OR=1.01,95% CI=0.87t0 1.17), and IL.-6 (OR=1.02, 95% CI=1.01-1.03) and sCD14 (pooled HR=1.003, 95% Cl=1.000
to 1.006). Additional meta-analyses accounting for other prognostic covariates had similarly null findings.

Conclusion Baseline, isolated measurement of PCT, CRP, IL-6, and sCD14 has not been shown to help predict
mortality in critically ill patients with sepsis. The role of these biomarkers should be evaluated in new studies
where the patient selection would be standardized and the measurement of biomarker results.

Trial registration PROSPERO (CRD42019128790).
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Introduction

Sepsis, a life-threatening organ dysfunction resulting
from a dysregulated host response to an infection [1],
occurs in one per 1000 people worldwide and accounts
for 10% of intensive care unit (ICU) admissions [2]. Its
complications include acute renal failure, polyneuropathy,
cardiomyopathy, and multiple organ dysfunction [3, 4].
Mortality in septic shock can be >40% [1]. About 50-70%
of sepsis survivors suffer persistent physical, psychologi-
cal, mental, and social issues [5, 6]. Management of sep-
sis is challenging, and it may include early administration
of antibiotics, restoring tissue perfusion by resuscitation
with crystalloids and vasopressors, and controlling the
infection source [3, 7]. Care needs to be individualised,
with stratification of patient’s mortality risk [8, 9].

Biomarkers have been proposed as the key to tailor-
ing therapies for specific patients and monitoring their
effects [10]. Currently, more than 150 potential sepsis
biomarkers have been described [11]; however, many
of them correspond to the measurement of substances
derived from the complex process that sepsis represents,
in its microorganism-host interaction, without its clini-
cal utility being determined to date. Four of these bio-
markers: procalcitonin (PCT), C-reactive protein (CRP),
interleukin (IL)-6, and presepsin (sCD14) are commonly
assessed biomarkers, and they have been evaluated
for diagnosis and prognosis purposes [8, 12—-15]. With
respect to sepsis prognosis, single biomarkers or their
various combinations may be useful in estimating the risk
of death, re-hospitalisation, or long-term complications
as they can help detect endothelial damage, intestinal
permeability and organ failure early [15, 16]. Biomarker
results may be added to clinical scores to improve predic-
tion. The timing of measurement and the kinetics of their
clearance are key points in the prognostic investigation
[17]. However, conclusions about their value are not firm.
Although the Surviving Sepsis Campaign guidelines for
the management of sepsis consider biomarkers as an add-
on of clinical evaluation, in the Sepsis-3 definition con-
sensus their role remains still undefined [1].

Beyond the well-established role of some biomarkers for
the diagnosis and management of septic patients, a formal
assessment of the prognostic role of biomarkers in the pre-
diction of critical sepsis outcomes using a methodologi-
cally sound critical appraisal is lacking [18]. The objective
of this systematic review was to determine whether PCT,
CRP, IL-6, and sCD14 are independent prognostic factors
for predicting mortality in critically ill adults with sepsis.

Materials and methods

Search strategy and selection criteria

We conducted this systematic review and meta-anal-
ysis following recommended methods [18, 19]. The
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review was prospectively registered (PROSPERO,
CRD42019128790) and reported following the PRISMA
(Preferred Reporting Items for Systematic reviews and
Meta-Analysis) statement [20]. We searched MED-
LINE-Ovid, EMBASE-Ovid, and the Cochrane Cen-
tral Register of Controlled Trials (CENTRAL) using a
sensitive search strategy without language restrictions,
from inception date to March 24 2023 (Additional
file S1). We also hand-searched the reference lists of
included studies.

Pairs of reviewers independently screened titles,
abstracts, and then full-text articles. Disagreements
were resolved by discussion with a third reviewer. We
selected for this review phase 2 confirmatory prognostic
factor studies [21], which measure a factor’s independ-
ent prognostic effect while controlling for known covari-
ates. Studies considered phase 1 exploratory studies (i.e.,
those identifying potential associations or differences
without an adequately adjusted analysis), as well as case
series, diagnostic accuracy studies, and other studies not
focussed on prognosis were excluded.

Studies were eligible for inclusion if they (a) included
at least ten patients and at least 5 events; (b) included
adults (males and females aged>18 years) reported
as being critically ill and with a confirmed diagnosis
of sepsis following valid clinical criteria; (c) measured
at least one of the four biomarkers under assessment
within the first 24 h of sepsis diagnosis or admis-
sion to the intensive care unit, emergency depart-
ment or hospital ward; (d) reported any measure of
patient’s survival (such as mortality or survival), ide-
ally at 28-30 days following hospitalisation. If a study
reported similar patients from the same institution in
more than one publication, we included the paper with
the largest sample in our analysis to avoid spurious
precision due to duplication.

Data analysis
Pairs of reviewers independently extracted the following
data from each eligible study, using a standardised form:
study general characteristics, including number and
name of centres involved, study funding and declaration
of conflict of interests; population characteristics, includ-
ing criteria for sepsis diagnosis, age and sex, severity
scores (e.g., SOFA, APACHE, SAPS) and hospital setting
(e.g., ICU, emergency room); biomarkers characteristics,
including the timing and unit of measurement; and mor-
tality reports, including the number of survivors/deaths
and the corresponding proportions. Study authors were
contacted for clarifications when necessary.

The primary outcome of this systematic review was
mortality. This outcome included all-cause mortality,
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sepsis-related mortality, ICU or hospital mortality, ideally
measured at 28—30 days, as defined by the study authors.
For statistical analysis, we classified all measurements
performed at 28-30 days as “mortality at 28—-30 days”
(i.e., hospital mortality at 28—30 days, ICU mortality at
28-30 days, survival at 28—-30 days and sepsis-related
mortality at 28-30 days); other reports without a clear
statement about the follow-up duration (i.e., hospital
mortality, ICU mortality, survival/non-survival) were
classified as “mortality-no details”

We assessed the methodological quality of the included
studies using the Quality In Prognosis Studies (QUIPS)
tool, which contains six domains [22] that have been
tailored for this review (see Additional file S2). Clini-
cal experts participating in these reviews selected a list
of prognostic covariates to be considered in the QUIPS
assessment. These covariates were age, a severity score
(e.g., SOFA, SAPS, or APACHE), use of vasopressors,
key comorbidities (i.e., immunosuppression, pulmonary
disease, cancer, alcohol dependence, lymphocytopenia),
inappropriate empirical antibiotic regimen, late antibiotic
coverage and control of septic focus. Age and severity
score were regarded as the key covariates that predic-
tive models should include for a minimal adequacy of the
adjustment (QUIPS Domain 5). Pairs of reviewers inde-
pendently assessed the risk of bias. Clarifications were
requested from the study authors when necessary. We
made a consensus judgement for each of the 6-QUIPS
domains, using one of the three risk of bias categories
(i.e., low, moderate or high) suggested by the tool guide-
lines [18].

We extracted information regarding the predictive
value of each biomarker, including the baseline meas-
urement of survival and no-survival groups (e.g., medi-
ans and interquartile ranges, IQRs), the corresponding
effect measure derived from a multivariable model (e.g.,
adjusted odds ratio, OR, with 95% confidence interval,
CI). If the authors had categorized the underlying con-
tinuous variables of the biomarkers, we extracted the
proposed positivity threshold (i.e., the biomarker cut-off
proposed by the authors to predict mortality).

Due to the biomarkers being measured in different
units across studies (e.g., mg/L, g/mL, pg/L), we trans-
formed the numerical information to the most frequent
unit reported for the biomarker, as follow: PCT: ng/ml;
CRP: mg/L; IL-6: pg/mL; and sCD14: pg/mL. Studies in
which the biomarker was transformed into a logarithmic
scale were analysed separately because a transformation
to a common unit was not possible. We cross-checked
the accuracy of the numerical findings using all the addi-
tional numerical information provided in the reports,
such as the p-values, the CIs and Wald’s test results, and
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clarifications were requested from the study authors
when necessary. In cases where the study authors did not
evaluate the biomarker in their final model but provided
information from univariable analysis (e.g., an initial uni-
variable logistic model), we extracted this information as
a proxy for the performance of the biomarker in a mul-
tivariable analysis as a last resource. In cases where only
narrative information about the biomarker was available,
we extracted the reported “statistically significance” of
the association (commonly based on p-values) and added
it narratively to our synthesis. We prioritised as main
analysis the association of the biomarker measured as
a continuous variable with “mortality at 28-30 days” in
models adjusted for the covariates age and severity score
based on the consensus of our expert panel.

We aggregated data within clinical and statistical rel-
evant groups by each biomarker using a random effects
restricted maximum likelihood (REML) meta-analysis
model, providing pooled estimates (hazard ratio or OR)
according to the Sidik-Jonkman method, along with the
corresponding Hartung-Knapp 95% CI and between-
study variance estimates. To account for the heteroge-
neity in the pooled effects, we calculated also the 95%
prediction interval. All statistical analyses were per-
formed using Stata 17.

Results

After removing duplicates, we identified 61 432 records
in electronic database searches (Fig. 1). After excluding
51,189 records at the title and abstract level, 208 full texts
were screened. Forty-nine publications were excluded
due to ineligible participant sample (undefined mix of
septic and no-septic patients), prognostic factor, out-
come, or study design (Additional file S3). Another 99
studies were excluded as they were exploratory studies,
i.e., those reporting differences between survivors and
non-survivors. Finally, 60 studies that met our inclusion
criteria and provided 99 biomarker assessments (Fig. 1)
evaluating the prognostic role of PCT (43 assessments),
CRP (27 assessments), IL-6 (22 assessments), and sCD14
(7 assessments).

Sixty studies including 15,681 critically ill septic
patients evaluated the role of at least one of our selected
biomarkers for mortality prediction [23-62]. We con-
tacted 11 study teams for additional information, and we
received replies from three [27, 33, 56]. Fifty-five (91.7%)
studies were published in the last 10 years (2012-2023),
and 30 (50.0%) were published in the previous 3 years.
Studies were primarily performed in China (28 stud-
ies), South Korea (6) and Spain (4). Most of the stud-
ies involved patients from a single centre (49 studies,
81.7%), intensive care unit (ICU) being the most frequent
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Records identified
through database searching
(n=61432)

A 4

Records after duplicates removed
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.| Records excluded by title and abstract

(n=51397)

Y

Full-text articles assessed for eligibility (n =

(n=51189)

148 full-text articles excluded
" 13 due to wrong outcome
" 10 due to wrong population

208)

A 4

60 studies, 99 assessments
* Procalcitonin: 43
* C-reactive protein: 27
* Interleukin-6: 22
*Presepsin: 7

* 23 due to wrong prognostic factor
* 90 phase-| prognostic studies
* 3 due to other no eligible study design

Fig. 1 Flow diagram of studies selection in the systematic review of prognostic value of biomarkers among critically ill adults with sepsis

hospital setting (41 studies, 68.3%). Only one study com-
prised information from two study centres (two ICUs
from Spain and France). Fifty-three studies (88.3%) were
cohorts, three analysing data from a randomised con-
trolled trial. One study team reported information about
a similar set of patients from the same institution in two
different publications [32, 63]; we included the data form
the report with the largest sample size (187 patients ver-
sus 160). Study funding was mainly public (22 studies,
36.7%), with 20 studies not reporting this information.
Authors of 44 studies (73.3%) declared no conflict of
interest (Additional file S4).

Regarding the population under analysis, the sample
size ranged from 29 [25] to 1984 [64] septic patients, with
a median of 145 (25th—75th percentiles 89-267). The
percentage of women ranged from 23.7% to 67%. Stud-
ies that reported mean age for septic patients found the
range from 47.5 to 84.3 years (39). Diagnosis of sepsis
was primarily performed using the 2015 SCCM/ESICM
Sepsis-3 (1) (30 studies, 50.0%) and the 2001 SCCM/
ESICM/ACCP/ATS/SIS [7] (16 studies, 26.7%). In some
cases, authors used a specific definition of a septic condi-
tion (i.e., community-acquired infection) or local guide-
lines about sepsis. Sepsis origin was mixed in 71.7%
of populations (i.e., combining respiratory, urogenital,

intra-abdominal, blood and skin-soft tissues, among
others). One study excluded patients under mechanical
ventilation, [55] and two excluded patients using vaso-
pressors [32, 55]. Only three studies reported the use of
empirical antibiotics, being in both cases used in more
than 90% of patients [48, 54, 65].

Regarding the assessment of biomarkers, 41/60 stud-
ies (68.3%) evaluated a single biomarker in their analy-
sis. PCT was the most frequently assessed biomarker (40
studies and 43 assessments). Mortality rate across the
studies ranged from 7 to 65%. Eighty-two assessments
addressed the relationship between one biomarker and
the mortality at 28—30 days (87.2%), while the remaining
assessments focused on mortality without further details,
including hospital and ICU mortality (Table 1).

Across all biomarkers, the QUIPS domain most affected
by risk of bias was the statistical analysis and reporting
domain (Domain 6), with>60% of assessments at high
risk of bias, mostly due to inadequate reporting of the final
model (i.e., report of statistically significant values only),
optimal cut-off used to estimate the final effect measure
and impossibility to reproduce the confidence intervals
using the standard errors and coefficients provided in the
report. The study participation domain (Domain 1) was
judged as low risk of bias for three of the four biomarkers,
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Table 1 Descriptive summary of studies included in the
systematic review of prognostic value of biomarkers among

critically ill adults with sepsis

Study characteristics

Year of publication; n (%)
<2015
2016-2022

Number of centres involved; n (%)
Single centre
Two centres
4 or more centres

Participants'recruitment in the study; n (%)

Prospective
Retrospective
Study design; n (%)

Cohort
Case-control

Study funding (not reported =20 studies); n (%)

Public
Private/industry
Mixed

No funding

Conflict of interest. (not reported =13 studies); n (%)

No conflicts
Conflicts reported
Population characteristics

Sample size; median (25th  75th percentiles)

Age (years) (Not reported =1 study); n (%)

Means (min.—max.)
Medians (min.—max.)
Sex-female (min.—max)

Diagnosis of sepsis. (not reported = 3 studies); n (%)

ACCP/SCCM 1991
2001 SCCM/ESICM/ACCP/ATS/SIS
2015 SCCM/ESICM Sepsis-3
Other criteria

Septic shock only; n (%)

Sepsis origin (Not reported =13 studies); n (%)

Mixed
Respiratory only
Bacteraemia only

APACHE scores (not reported =25 studies)

Means (min.—max.)
Medians (min.—max.)

SOFA scores (not reported =18 studies)
Means (min.—max.)
Medians (Min. — Max.)

SAPS-II scores (not reported = 53 studies)
Means (min.—max.)
Medians (min.—max.)

Report of comorbidities; n (%)

49 (81.7)
3(5.0)
8(13.3)

54 (90.0)
6(10.0)

22 (36.7)
3(5.0)
4(6.7)
11(18.3)

44 (73.3)
3(5.0)

145; 5 (89
to 267)

40510 84.3
32t079
23.7%t0 67%

3(5.0)
16 (26.7)
30 (50.0)
6(10.0)
17 (28.3)

43 (71.7)
3(5.0)

3610323
151033

2310297
41011

22110836
41t063
30 (50.0)
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Table 1 (continued)
Hospital setting; n (%)
Emergency room 16 (26.7)
Intensive care unit 41 (68.3)
Mixed 3(5.0)
Mechanical ventilation (not reported =46 studies), 19.9% to 98.3%

(min.—max.)

Use of vasopressors (not reported =51 studies),

(min.—max.)

Patients on dialysis (not reported =56 studies),

(min.—max.)

Duration of ICU stay/days (not reported = 29 studies)

Medians (min.—max.)
Biomarkers characteristics

Number of biomarkers by study (n=60 studies); n (%)

One biomarker assessment
Two biomarkers assessments
3 or 4 biomarkers assessments

Procalcitonin (40 studies, 43 assessments); n (%)

Timing of measurement
At admission
Within 24 h of admission
At the time of diagnosis
Not reported

Unit of measurement
ng/mL
Mo/L
pg/mL
g/mL
ng/dL
mag/L
g/L
log—ng/mL
log—ug/mL

C-reactive protein (25 studies, 27 assessments); n (%)

Timing of measurement
At admission
Within 24 h of admission
At the time of diagnosis
Not reported

Unit of measurement
mag/L
mg/dL
pg/mL
log—mag/L
log—mg/dL

Interleukin-6 (22 studies, 22 assessments); n (%)

Timing of measurement
At admission
Within 24 h of admission
At the time of diagnosis
Not reported

4.5% 10 91.1%

22% to 68%

410155

15(37.5)
15(37.5)
8(20.0)
2(5.0)

10 (40.0)
10 (40.0)
4(16.0)
1(4.0)

13(52.0)
8(32.0)

1(4.0)
2(8.0)
1(4.0)

6(27.3)
11 (50.0)
3(13.6)
2(9.1)
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Table 1 (continued)
Unit of measurement
pg/mL 16 (72.7)
ng/mL 1(4.5)
ng/L 1(45)
log—pg/mL 4(183)
Presepsina (6 studies, 6 assessments); n (%)
Timing of measurement
At admission 2(333)
Within 24 h of admission 3(50.0)
Not reported 1(16.7)
Unit of measurement
pg/mL 4 (66.6)
pg/mL 1(16.7)
log—pg/mL 1(16.7)
Outcome characteristics®
Min-max mortality (%) 7.04t0 65.3
No reported/not estimable Five studies
Mortality at 28-30 days (51 assessments); n (%)°
Mortality during the first 28-30 days, no details 40 (78.4)
provided
Hospital mortality during the first 28-30 days 4(7.8)
Sepsis-related mortality measured at 28-30 days 4 (7

ICU mortality during the first 28-30 days 3(6.0)
Mortality (general, no details) (10 assessments); n (%)°

Hospital mortality (no-survival), no details pro- 6 (50.0)

vided

ICU mortality (no-survival), no details provided 5(50.0)

@ Percentages could be greater than 100% as the same assessment could have
use more than one outcome

with more than 50% of assessments considered with an
adequate participation of the eligible participants, a clear
reporting of inclusion/exclusion criteria, and in some cases,
a provision of a flow diagram. Study confounding domain
(Domain 5) was commonly affected because important key
prognostic covariates were not accounted in the analysis.
Due to the poor reporting of confounders in the included
studies, we considered only age and severity score (ie.,
SOFA, SAPS or APACHE) as the minimal set of prognostic
factors for the multivariable analysis. We found 31 assess-
ments with these prognostic factors being considered in
the final statistical models and so, they were considered at
low risk of bias (31%). The remaining domains were con-
sidered at moderate risk of bias, mostly due to unclear
reporting of missing participants (i.e., losses at follow-up),
missing information (i.e., missing biomarker information),
and unclear methods of measurement (i.e., mortality meas-
urement). Only two study providing information about
PCT, IL-6 and CRP was considered at low risk of bias in all
QUIPS-domains (Additional file S5) [62, 66].
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We found a heterogeneity in the analysis and report-
ing of the association between biomarkers and mortal-
ity from the included studies. Baseline biomarker levels
were analysed as a continuous variable in 64 assessments
(65%), 13 of them being analysed after a logarithmic
transformation. In 23 assessments, authors omitted the
report of the effect measure, mostly due the analyses
were not significant either in the univariable or the multi-
variable analysis. In the remaining assessments, the study
authors chose a threshold, mostly derived as the optimal
cut-off, and analysed the biomarker as a categorical vari-
able. We report here the findings of biomarkers as a con-
tinuous variable in prognostic models accounting for age
and severity score as confounding factors in relation to
mortality at 28—30 days. Detailed information regarding
the remaining assessments from included studies (e.g.,
categorical, log- transformed and narrative reports), as
well as the information for other mortality outcomes (i.e.,
mortality-general, no details), is shown in the Additional
files S5-S8 and Additional figs. S1-S5.

Regarding basal PCT (ng/ml), forty out of 94 assess-
ments focused on baseline PCT levels and its prognos-
tic value for mortality, mortality at 28—30 days being the
outcome most reported (35/43, 81.4%). Analysis focus on
studies accounting by age and a severity score as a con-
founding factors, showed a null association between basal
PCT and mortality at 28—30 days (pooled OR=0.99, 95%
CI=0.99 to 1.00, 95% prediction interval=0.97 to 1.03;
P=4.9%; 3 studies, 1129 patients) (Fig. 2, Additional
Table S6, Additional Fig. S1). Only one study accounted
by age and a severity in a multivariable cox regression
model, and it showed a significant association (HR=1.04,
95% CI=1.01 to 1.07, 1 study, 2015). Additional pooled
analysis without this minimal adjustment showed simi-
lar findings, either using OR (pooled OR=1.02, 95%
CI=0.85 to 1.24, 95% prediction interval=0.60 to 1.73;
2=99.9%; 11 studies, 3565 patients) or HR measures of
effect (pooled HR=1.16, 95% CI=0.95 to 1.40, 95% pre-
diction interval =0.99 to 1.01; ?=99.9%; 9 studies, > 2344
patients) (Fig. 2, Additional Table S6, Additional Fig. S1).
Most of the remaining assessments derived from cat-
egorical, log-transformed variables and narrative reports
showed no role for PCT in the prognosis of mortality
(Additional file S6).

Regarding Basal CRP (mg/L), twenty-five out of 94
assessments focused on baseline CRP levels and its associa-
tion with mortality, mortality at 28—30 days being the most
frequent outcome (21/25, 84.0%). Analysis focus on studies
accounting for age and a severity score as a confounding
factors, showed a null association between basal CRP and
mortality at 28-30 days in multivariable logistic and Cox
regression models (pooled OR=1.01, 95% CI=0.87 to 1.17,
P=61.8%, 2 studies, 303 patients; pooled HR=1.01, 95%
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Models adjusted by age & severity N. Studies (events/N) Measure of effect (95% CI)
Procalcitonin (PCT)

OR pooled 3(409/1129) OR 1.00 (0.99, 1.00)
With estimated 95% prediction interval (0.97; 1.03)
I-squared = 4.88%, p=0.730

HR - single study 1(57/2015) — HR 1.04 (1.01,1.07)

C-reactive protein (CRP)

OR pooled 2(102/303) — OR  1.005(0.87, 1.165)
I-squared = 61.76%, p = 0.096

HR pooled 2 (188/631) e HR  1.009 (0.921, 1.105)
I-squared = 57.74%, p = 0.116

Interleukin-6 (IL6)
OR- singie study 1(78/264) + OR 1.017 (1.006, 1.029)
T T T T
0.8 1.0 12 15
Models adjusted by other covariates N. Studies (events/N) Measure of effect (95% Cl)
Procalcitonin (PCT)

OR podiea 11 (927/3565) — OR 1.025(0.850, 1.236)
With estimated 95% prediction interval = (0.604,1.732)
I-squared = 99.94%, p < 0.001

HR pooled 9 (> 665/2344) — ':::;‘_‘_::i-_—— HR  1.155(0.950, 1.404)
With estimated 95% prediction interval (0.993, 1.009)
I-squared = 99.94%, p < 0.001

C-reactive protein (CRP)

OR poolea 5 (513/2287) <> OR  1.008 (0.987, 1.028)
With estimated 95% prediction interval (0.954, 1.064)
|-squared = 95.65%, p = 0.018

HR pooled 6 (> 505/1740) e e HR  1.028 (0.960, 1.100)
With estimated 95% prediction interval (0.989, 1.022)
I-squared = 98.77%, p = 0.238

Interieukin-6 (IL6)

OR podiea 7 (> 224/963) O OR 1.002 (0.995, 1.009)
With estimated 95% prediction interval (0.979, 1.025)
|-squared = 99.52%, p = 0.270

HR —single study 1(NR/97) I HR 1.001(1.000, 1.002)

Presepina (sCD14, PSP)

HR pooled 2(>74/278) 0 HR 1.003 (1.000, 1.006)

I-squared = 0.434%, p = 0.757 ' . r '
08 1.0 2 15

Fig. 2 Relation of baseline biomarkers measures with mortality at 28-30 days: selected biomarker performance assessments

CI=0.92 to 1.11, *=57.7%, 2 studies, 631 patients) (Fig. 2,
Additional Fig. S2, Additional Table S7). Pooled analysis
without this minimal adjustment showed similar findings,
either using OR (pooled OR=1.01, 95% CI=0.99 to 1.03,
95% prediction interval=0.95 to 1.06, ?=95.7%; 5 studies,
2287 patients) or HR measures of effect (pooled HR=1.03,
95% CI=0.96 t01.10, 95% prediction interval=0.99 to1.02;
’=98.8%; 6 studies,>1741 patients) (Fig. 2, Additional
Fig. S2). Most of the remaining assessments derived from
categorical, log-transformed variables and narrative reports
showed no role for CRP in the prognosis of mortality
(Additional Table S7).

Regarding basal IL-6 (pg/ml), 22 out of 94 assessments
were focused on baseline IL-6 levels and its association
with mortality, mortality at 28—30 days being the most fre-
quent outcome (20/22, 90.9%). Only one study accounted
by age and a severity score as a confounding factors, and it
showed a near to null association between basal IL-6 and
mortality at 28-30 days (OR=1.02, 95% CI=1.01 to1.03)
(Fig. 2, Additional Fig. S3, Additional Table S8). Pooled

analysis without this minimal adjustment showed simi-
lar findings (pooled OR=1.00, 95% CI=0.99 to 1.01, 95%
prediction interval=0.98 to 1.02; I-square=99.5%; 7 stud-
ies, >963 patients; HR=1.00, 95% CI=1.00 to 1.00, 1 study,
97 patients) (Fig. 2, Additional Fig. S3). Most of the remain-
ing assessments derived from categorical, log-transformed
variables and narrative reports showed no role for IL-6 in
the prognosis of mortality (Additional Table S8).

Regarding basal sCD14 (pg/ml), only six assessment
focused on baseline sCD14 levels and prediction of mortal-
ity (Additional Table S9). Only two assessments account-
ing by key prognostic factors and analysing the biomarker
as a continuous variable without minimal adjustment. This
analysis shows a significant relationship between sCD14
levels, although the effect size is small (pooled HR=1.00,
95% CI=1.00 to 1.01; ?=0.4%; 2 studies,>278 patients.
Information from categorical and log-transformed analy-
sis is contradictory for the association between sCD14 and
mortality, including 28—-30 days (Additional Table S9).
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A sensitivity analysis combining information of mortality
categories only affect selected pooled estimations of PCT
and CRP levels. However, the measures of effect estimated
combining these assessments, as well as the corresponding
95% confidence intervals, did not show an increased risk of
mortality with any of these biomarkers, similar to the find-
ings using separate mortality categories.

Discussion

This systematic review, comprising of studies mostly
published in the last decade (2011-2023), found a lack
of association between the baseline values of PCT, CRP,
IL-6, and sCD14 and the risk of mortality, especially at
28-30 days, in critically ill septic patients diagnosed
using current criteria. This evidence covered informa-
tion from several countries and teams worldwide and
recruited a large number of septic patients. Quality of
the evidence was affected by several sources of bias; the
QUIPS domain most affected being the statistical analy-
sis and reporting (Domain 6) across all biomarkers. This
deficiency limited the strength of the inferences drawn.

In general, the number of assessments showing no asso-
ciation between the baseline biomarker values and mortal-
ity was greater than those showing a positive association.
When we focussed on assessments of the biomarker as a
continuous variable and adjusted by key covariates for the
optimal prognostic evaluation, we found a null associa-
tion of basal PCT and CRP with mortality at 28—30 days
(For PCT=pooled OR=0.99, 95% CI=0.99-1.003, 95%
prediction interval (PI)=0.97-1.03; *=4.9%; 3 studies,
1129 patients. For CRP=pooled OR=1.01, 95% CI=0.87
to 1.17, P=61.8%, 2 studies, 303 patients). For IL-6, we
only found individual assessment accounting for these key
covariates and showed also null or close to null association
for mortality 28-30 days prediction (For IL-6: OR=1.02,
95% CI=1.01-1.03). However, additional pooled analysis
accounting for other prognostic covariates are in agree-
ment with these findings (see Additional Tables S6-S9).
Regarding SCD14 assessment, we only found information
derived from six assessments with contradictory findings.
These assessments are mostly from log-transformed data,
which prevented their aggregation with other untrans-
formed estimates to avoid compromising the clinical inter-
pretability of the pooled estimates [67].

Our study has several strengths. Firstly, our system-
atic review involved a comprehensive search of the litera-
ture, with more than 60,000 hits identified from electronic
searches. We identified more evidence regarding the predic-
tion of mortality at 28—30 days, which is a clinically impor-
tant outcome for managing patients adequately according
to their levels of basal risk. We made extra efforts to con-
firm the accuracy of the numerical data and standardised
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the units of measurement to able a pooled data analysis.
Although we made efforts to unify the information to syn-
thesize the data, the variability of reporting was the main
constraint. In addition, our review follows the current rec-
ommended methodology to conduct systematic reviews
to evaluate prognostic factors, selecting information from
phase 2 confirmatory prognostic studies using multivari-
able models and adjustment for confounding [18, 68]. Other
non-systematic reviews regarding the prognosis of mortal-
ity in sepsis have focused on exploratory data with no con-
trol for confounding (i.e., the merely compute differences
in means between survivors and non-survivors) and claim
these biomarkers’ role in the clinical setting without a dis-
cussion about the limitations [15, 16].

Limitations of our findings include the risk of bias affect-
ing the included studies, primarily due to the lack of report
of critical statistical and clinical information (e.g., the full
results of the multivariable model). Although we asked
for clarifications from the study authors, this information
was dismissed without proper registration in some cases.
We also noticed that control of confounding was not opti-
mal in several analyses, and models failed to incorporate
the key set of prognostic confounders, such as age and a
severity score. The sample size of the studies was also a
concern, as in some studies it led to unreliable estimates
from the multivariable models. Future studies, to be con-
sidered confirmatory (i.e., phase 2) should include a mini-
mal set of covariates while assessing the prognostic value
of factors in the sepsis scenario. Regrettably, the limited
availability of valid information for analysis hindered our
ability to thoroughly evaluate the influence of the clinical
setting and mortality definitions on the results. Finally,
we believe that the publication of non-significant findings
might been affected by reporting biases. Studies that found
no association between the biomarker values and mortal-
ity probably have fewer chances to be published in indexed
journals or in other publicly available sources [69]. Besides,
we could not analyse the results of several publications due
to their incomplete reporting of results, which increases
the risk of selective outcome reporting. Researchers and
journals in this field are encouraged to publish studies with
null results and carefully report properly their results, as
this information is crucial for the assessment of the actual
value of any biomarker to guide the management of criti-
cally ill patients. Our study has not assessed the added
predictive value of the biomarkers. Future investigations
should specifically evaluate the biomarkers” added predic-
tive value in the context of other prognostic information.

Conclusion

The use of resources and related costs for treating sepsis
are considerable, so all additional information proposed to
guide clinicians in the adequate treatment for each patient
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need to be supported with the maximum level of evidence
to be helpful in the daily clinical setting [2, 8, 70-74]. Bio-
markers have the potential to predict or detect sepsis com-
plications, as well as improve prognostication and therefore
support clinical management decisions. However, the results
of this review showed that unique basal and isolated meas-
urement of PCT, CRP, IL-6, and sCD14 biomarkers are not
useful for determining the mortality prognosis among criti-
cally ill sepsis patients during their hospital stay. Biomark-
ers are valuable tools for understanding the biology of sepsis
and can guide clinical care by identifying different molecular
phenotypes involved in critical illness precision medicine.
Before using a biomarker to determine prognosis in clinical
practice, we should consider better standardization of clini-
cal studies, which include a group of patients with a specific
sepsis phenotype, as well as uniformity in the measurement
methods of these biomarkers. Future assessments that inte-
grate these biomarkers with clinical severity scores, indi-
vidual patient variables, and complex sepsis pathways such
as inflammation, clotting or endothelial damage improved
patient selection in clinical trials, allowing for the recruit-
ment of more homogenous patient cohorts in objectively
predicting adverse outcomes in septic patients [16].
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