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Abstract

Background: The clinical course of acutely decompensated cirrhosis (AD) is het-
erogeneous. Presepsin (PSP) is a plasmatic biomarker that reflects Toll-like receptor
activity and systemic inflammation. We conducted a prospective study to: (1)
measure PSP in AD and (2) assess whether PSP in AD can predict the development
of acute-on-chronic liver failure (ACLF).

Methods: Patients with AD were prospectively recruited at admission and under-
went determination of PSP. In study part 1, we compared PSP in AD versus controls
(stable decompensated and compensated cirrhosis). In study part 2, we prospec-
tively followed patients with AD for 1 year and evaluated predictors of ACLF.
Results: One hundred and seventy three patients with AD were included (median
MELD: 18; CLIF-C AD score: 54). Compared with controls, patients with AD had
higher levels of PSP (674 ng/L vs. 310 ng/L vs. 157 ng/L; p < 0.001). In patients with
AD, Child-Pugh C and acute kidney injury were associated with higher levels of PSP.
During the follow-up, 52 patients developed ACLF (median time from recruitment:
66 days). PSP, CLIF-C AD score, and Child-Pugh stage were independently asso-
ciated with ACLF. A predictive model combining these variables (Padua model 2.0)
accurately identified patients at higher risk of ACLF (AUROC 0.864; 95% Cl 0.780-
0.947; sensitivity 82.9%, specificity 76.7%). In patients at lower risk of ACLF based
on a CLIF-C AD <50, a PSP >674 ng/L could discriminate between two groups at
significantly different risk of ACLF. Finally, in patients who did not develop ACLF,
baseline PSP was significantly higher in those who progressed toward unstable
versus stable decompensated cirrhosis.

Conclusion: The Padua model 2.0 can be used to identify patients with AD at high
risk of ACLF. If these results are validated by external cohorts, PSP could become a

new biomarker to improve risk stratification in AD.
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INTRODUCTION

Acute decompensation (AD) of cirrhosis has been defined as the
acute development or worsening of ascites, hepatic encephalopathy,
or variceal hemorrhage, which result in hospitalization.! There is a
subgroup of patients with AD characterized by more severe systemic
inflammation and development of organ failures. These are the
hallmarks of “acute-on-chronic liver failure” (ACLF), a distinct clinical
entity that is associated with a high risk of short-term mortality.?

Patients with AD without ACLF, however, constitute a
heterogenous group of patients with a variable clinical course.®> On
the one hand, patients with “pre-ACLF,” that is, patients who will
progress from AD to ACLF and have a high risk of death. On the
other hand, patients with unstable decompensated cirrhosis (UDC),
who will experience further decompensation without developing
ACLF and have an intermediate risk of death, and patients with
stable decompensated cirrhosis (SDC), who will not experience any
further decompensation and have a lower risk of 1-year
mortality.>

Although our understanding of the pathophysiology of AD-ACLF
syndrome has improved in the recent years,* leading to the “systemic
inflammation hypothesis,”® prediction of the individual patient's tra-
jectory after AD remains challenging.®” However, better identifica-
tion of patients with AD at higher risk of progression would improve
patient management (i.e., identification of candidates for an expedite
evaluation for liver transplantation and/or disease-modifying thera-
pies currently under investigation).8-1°

The cluster of differentiation 14 (CD14) is a glycoprotein
expressed on the external membrane of monocytes and macro-
phages (ie., innate immune system cells).'! CD14 is a pattern
recognition molecule that activates a proinflammatory signaling
pathway responsible for the innate response to pathogens upon
recognition of the complexes between lipopolysaccharide (LPS) and
LPS-binding proteins.!! During the inflammatory response, plas-
matic proteases generate soluble fragments of CD14 (sCD14).*2
One of them, called sCD14 subtype (sCD14-ST), or presepsin (PSP),
has been recently identified.'* PSP is usually present in low con-
centrations in the serum of healthy individuals and its physiological
role has not been fully understood yet; however, it may be involved
in the regulation of phagocytosis and lysosomal cleavage of
microorganisms.*?

In patients without liver disease, the early rise in plasmatic levels
of PSP in response to bacterial infections and bacteremia, before
elevations in PCT or IL-6, makes it a potentially early sepsis
biomarker.}? In patients with decompensated cirrhosis and portal
hypertension, there is an increased intestinal permeability and bac-
terial translocation.*® In fact, levels of PSP are higher than in healthy
individuals independently of infections,** and increase in parallel with
the level of circulating LPS.'® Therefore, in decompensated cirrhosis,
PSP could be better used as a biomarker for systemic inflammation
rather than for the diagnosis of bacterial infections.'®

Per the recent “inflammatory hypothesis,” episodic worsening of

bacterial translocation and/or pro-inflammatory precipitants (mostly

Key summary

Summarize the established knowledge on this subject

e Acute decompensation of cirrhosis is associated with a
variable course and prognosis (acute-on-chronic liver
failure [ACLF] vs. unstable decompensation vs. stable
decompensation).

e Severity of systemic inflammation is key in the progres-
sion from acute decompensation to ACLF.

e Prediction of individual patient trajectory is challenging.

What are the significant and/or new findings of this study?

e Presepsin (PSP), a plasmatic biomarker that reflects Toll-
like receptor activity and systemic inflammation, is
significantly increased in patients with acutely decom-
pensated cirrhosis.

e In patients with AD, PSP, CLIF-C AD score, and Child-
Pugh stage at the time of AD are independent pre-
dictors of ACLF during a 1-year follow-up.

e The Padua model 2.0 improves the identification of pa-
tients at higher risk of ACLF.

e In patients at lower risk of ACLF based on a CLIF-C AD
score <50, a PSP >674 ng/L improved the identification
of patients at risk of ACLF.

bacterial infections) would lead to an abrupt increase in systemic
inflammation, leading to further decompensation and ACLF.'”
Therefore, it may be that the plasmatic level of PSP at the time of AD,
which would reflect the severity of episodic worsening of bacterial
translocation/systemic inflammation, could predict the risk of disease
progression.

To test this hypothesis, we conducted a prospective cohort study
to: (1) measure PSP in patients with AD and (2) assess whether PSP
could predict the trajectories of AD, and specifically the development

of ACLF during a 1-year follow-up.

PATIENTS AND METHODS
Patient selection and study design

Consecutive patients at their first episode of AD! admitted to the
Gastroenterology and Multivisceral Transplant Unit of Padova Uni-
versity Hospital between September 2018, 30 and January 2022 and
30 were prospectively screened to determine eligibility to participate
in the study.

Assessment of PSP was performed within an ongoing prospective
study investigating biomarkers of chronic gastrointestinal and liver
diseases at Padova University Hospital (HIC protocol #0034435).
This study requires baseline testing and prospective follow-up. The
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study was conducted in compliance with the Declaration of Helsinki
and all patients signed a consent to participate.

Patients with ACLF at time of screening?; patients transferred
from other hospitals or intensive care units; patients with history or
presence of hepatocellular carcinoma or extra-hepatic cancers, portal
vein thrombosis, transjugular intrahepatic portosystemic shunt,
chronic kidney disease, recent (within 30 days) surgery, and previous
organ transplantation were not eligible.

Upon admission and having determined eligibility, all patients
underwent a blood draw for the assessment of PSP. Peripheral blood
was collected via venipuncture from an antecubital vein into vacu-
tainer tubes (BD Vacutainer®, Becton, Dickinson and Company)
containing EDTA, using a 21 g needle with a light tourniquet. All
blood samples were obtained at fasting and sent to the local Labo-
ratory Medicine for analysis, as previously reported.’* The PSP
concentration was determined using the PATHFASTTM analyzer
(Mitsubishi Chemical Europe GmbH), using an analytical method
based on the chemiluminescent enzyme immunoassay technique. The
measuring range was between 20 and 20.000 ng/L; the imprecision
was obtained by measuring for 20 non-consecutive days in duplicate
four plasma samples that showed a mean value between 445 and
19.292 ng/L, with a coefficient of variation between 3.8% and 5.0%;
the reference range was from 57 to 337 ng/L. See Supporting In-
formation S1 for additional information regarding the assessment of
PSP.

Two groups acted as controls for the assessment of PSP. The first
group consisted of 56 outpatients with cirrhosis decompensated by
ascites grade >2; the second group consisted of 52 outpatients with
compensated cirrhosis.*® These controls were prospectively
recruited at the outpatient clinics for the management of cirrhosis
and liver transplantation of the Gastroenterology/Multivisceral
Transplant Unit. In both groups, individuals' medical records, past
history, and laboratory data were reviewed to apply all the afore-
mentioned exclusion criteria for patients with AD.

Data collection and definition of liver-related events
during 1-year follow-up

Data collected from the medical record included causes for admis-
sion, patient demographics, laboratory data including liver and kidney
function, C-reactive protein (CRP), procalcitonin (PCT), platelet
count, international normalized ratio, presence of bacterial in-
fections'? and acute kidney injury (AKI).2°

Child-Pugh stage, Model for End-stage Liver Disease (MELD)
score, and CLIF-C AD score were calculated on the basis of clinical/
biochemical data from the day of enrollment.

Patients with AD were prospectively followed for 1 year for the
following trajectories: development of ACLF (primary outcome); re-
hospitalization due to complications of decompensated cirrhosis
without ACLF (i.e., UDC); and no further decompensation or liver-
related hospitalization (i.e., SDC). Liver transplant-free survival

rates at 12 months were collected.

Statistical analysis

The primary objective of this study was to assess, in a prospective
cohort of hospitalized patients with AD, the predictors of ACLF during
a 1-year follow-up. In particular, we evaluated whether alterations of
PSP at the time of AD could predict the development of ACLF. We
hypothesized that a more marked increase in PSP could be associated
with a higher risk of ACLF, independent of hepatic dysfunction.
Univariate and multivariate Cox regression analysis were used to
identify the independent predictors of ACLF (backward elimination
approach). The time of ACLF was calculated as the time (days)
elapsed between patient recruitment (i.e., when assessment of PSP
was performed) and development of ACLF. For the multivariate
model, among the variables significantly associated with the onset of
ACLF on univariate analysis, we selected those: (a) clinically and
pathophysiologically relevant; (b) not collinear. Hazard ratios with
95% Cls were calculated. A multivariate Cox model based on multi-
variate analysis was used to create a prognostic model for ACLF risk

stratification (see Supplementary materials for more information).

RESULTS
Baseline characteristics

One hundred seventy-three patients with AD were included
(Figure 1); the median time from admission to the patient recruit-
ment was 1 day (range: 1-2). Alcohol and chronic HCV infection were
the most common etiologies of cirrhosis (46% and 25%, respectively).
Ascites was the most common decompensating event (62%), followed
by variceal hemorrhage (17%), and ascites with variceal hemorrhage
(13%). Bacterial infections were the most common precipitant of AD
(72%) (Table 1).

The median MELD score was 18 (14-23); 44% of patients were
Child-Pugh B and 56% were Child-Pugh C. The median CLIF-C AD
score was 54 (43-60). The median level of CRP was 21 mg/L (Ta-
ble 1). Acute kidney injury was present in 23% of patients.

As controls, 56 outpatients with SDC (65% male, median age
63 years) and 52 outpatients with compensated cirrhosis (69% male,
median age 61 years) were included. Median MELD was 14 (IQR: 11-
17) and 7 (IQR: 5-9) in decompensated and compensated patients,
respectively. Among decompensated patients, 21% were Child-Pugh
A, 51% were Child-Pugh B, and 28% were Child-Pugh C; among
compensated patients, 90% were Child-Pugh A and 10% were Child-
Pugh B. Alcohol was the most common etiology of cirrhosis in both
groups.

Patients with AD had higher levels of PSP than controls with stable
decompensated and compensated cirrhosis, particularly those with a more
advanced liver dysfunction and severity of decompensation.

PSP was significantly increased in patients with AD (674 ng/L
[308-1700]) versus controls with SDC (310 ng/L [190-458]) and
compensated cirrhosis (157 ng/L [106-235]) (Figure 2). In AD, PSP

was comparable between male and female individuals (699 ng/L
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: 108 patients had at least 1 exclusion criteria:
« Transfer from other hospitalsor intesive care unit (n=18)

« ACLF (n=32)
« Chronic kidney disease (n=16)
« Portal vein thrombosis (n=6)

A\ 4

« Previous TIPS (n=4)

« Extra-hepatic cancer (n=6)

« History of kidney transplantation (n=2)
» Major surgery in the past 30 days (n=3)

! « History of hepatocellular carcinoma (n=20)
! 7 patients refused to participate in the study

l ,,

N=52 (29%) N=38 (22%)

ACLF Unstable decompensated cirrhosis

Stable decompensated cirrhosis
N=83 (49%)

Alive at 1 year Death/LT at 1 Alive at 1 year Death/LT at 1 Alive at 1 year Death/LT at 1
follow-up year follow-up follow-up year follow-up follow-up year follow-up
N=7 (13%) N=45 (87%) N=29 (76%) N=9 (24%) N=77 (93%) N=6 (7%)

FIGURE 1 Flow chart of the study. AD, acute decompensation; ACLF, acute-on-chronic liver failure; TIPS, transjugular intrahepatic

portosystemic shunt.

[271-1911] and 604 ng/L [310-1348], respectively; p = 0.8). The
level of PSP was significantly higher in Child-Pugh C versus Child-
Pugh B stage (1096 ng/L [360-1750]) versus 416 ng/L [246-1103];
p = 0.04) (Figure S1). Patients with AD precipitated by bacterial in-
fections had higher levels of PSP than those with AD precipitated by
other factors (1253 ng/L [524-2812] vs. 438 ng/L [253-1217];
p = 0.001). However, when comparing patients within the same
Child-Pugh stage, PSP was higher in those with bacterial infections in
Child-Pugh B (1700 ng/L [678-2860] vs. 455 ng/L [216-600] in
patients without infections; p = 0.001) but not in Child-Pugh C
(1253 ng/L [446-2400] ng/L vs. 920 ng/L [276-1553] in patients
without infections; p = 0.2).

The level of PSP was significantly higher in patients with versus
without AKI, independent of Child-Pugh stage (1481 ng/L [535-
2685] vs. 432 ng/L [248-976] in Child-Pugh B, p < 0.001; 1253 ng/L
[967-2500] vs. 557 ng/L [310-1470] in Child-Pugh C, p < 0.001).

Regarding the type of hepatic decompensation, patients with
ascites had a higher level of PSP than those with variceal hemorrhage
and hepatic encephalopathy (824 ng/L [328-2190] vs. 432 ng/L
[235-1223] vs. 650 ng/L [286-1255]); however, the difference was
not statistically significant (Figure S1). PSP was comparable between
patients with multiple decompensating events (ascites plus variceal
hemorrhage) and those with ascites as single decompensating event.

The severity of AD, as defined by a CLIF-C AD score >50,2%%2
was associated with a significantly higher level of PSP (1335 ng/L
[450-2456] vs. 400 ng/L [251-1015] in patients with a CLIF-C AD
score <50).

In AD, PSP was moderately correlated with both neutrophils and
monocytes to lymphocytes ratios (rho: 0.4, p = 0.03; and rho: 0.5,
p = 0.02), moderately correlated with CLIF-C AD score (rho = 0.4;
p = 0.001), CRP (rho = 0.3; p = 0.002) and white blood cells

(rho = 0.36; p = 0.001), and strongly correlated with procalcitonin
(rho = 0.6; p = 0.001). PSP was not correlated with platelet counts.

PSP, CLIF-C AD score, and Child-Pugh stage at the time of AD were
independent predictors of ACLF during follow-up.

Fifty-two (29%) patients developed ACLF during follow-up
(Figure 1). Median time from inclusion to ACLF was 66 days (IQR:
28-120). Bacterial infections were the most common precipitant of
ACLF (n = 30, 58%), followed by alcoholic hepatitis (n = 7, 13%), and
gastrointestinal bleeding (n = 3, 5%). In 12 patients (24%), the pre-
cipitant of ACLF was not identified. The grade of ACLF was | in 36%
of patients, Il in 41%, and Il in 23%.

Among patients who did not experience ACLF, 38 (22%) were re-
hospitalized due to further complications of cirrhosis such as hepatic
encephalopathy (n = 7), ascites/oedema (n = 13), variceal hemor-
rhage (n = 2), AKI (n = 6), portal vein thrombosis (n = 5), anemia/non-
portal hypertensive bleeding (n = 3), and development of HCC
(n = 2); 83 (49%) patients were not re-admitted (Figure 1).

Liver transplant-free survival at 12 months was lower in patients
who developed ACLF than in those who were re-hospitalized for
cirrhosis decompensation with no ACLF (i.e., UDC) and those who were
not readmitted (i.e, SDC) (13% vs. 76% vs. 93%, respectively)
(Figure 1).

Severity of liver dysfunction, presence of AKI, and degree of
systemic inflammation were greater in patients who developed ACLF
during follow-up than in those who did not (Table S1).

Univariate analysis showed that the MELD score, CLIF-C AD
score, Child-Pugh stage C versus B, AKI, PSP, CRP, and procalcitonin
at the time of AD were associated with the development of ACLF
(Table 2). A multivariate model including CLIF-C AD, Child-Pugh,
PSP, and CRP showed that PSP, CLIF-C AD score, and Child-Pugh
stage were the only independent predictors of ACLF (Table 2).
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TABLE 1 Baseline characteristics in patients with AD.

Patients with AD

(n = 173)

Age, years 61 (52-68)
Male, % 68
Etiology alcohol/HCV/NASH/other, % 46/25/16/13
Child-Pugh B/C, % 44/56
MELD score 18 (14-23)
CLIF-C AD score 54 (43-60)
Decompensating event, %

Ascites grade > 2 62

Ascites grade > 2 + variceal 13

hemorrhage

Variceal hemorrhage 17

Hepatic encephalopathy 8
Precipitant, %

(Suspected) infections & AKI 72

Alcohol consumption 15

Procedures/trauma 9

DILI 4
Platelet count, 10°/L 90 (59-126)
C-reactive protein, mg/dL 21 (6-36)
Procalcitonin, ng/L 0.3 (0.2-01)

Note: Median values reported with 25th and 75th percentile values in
parenthesis.

Abbreviations: AD, acute decompensation; ACLF, acute-on-chronic liver
failure; AKI, acute kidney injury; MELD, Model for End Stage Liver
Disease; NASH, non-alcoholic steatohepatitis.

Alternative models including procalcitonin instead of CRP (Ta-
ble S2) and CLIF-C AD, PSP, and CRP (Table S3) showed comparable
results. A multivariate model including PSP, CRP, and CLIF-C-AD
scores as continuous variables is shown in Table S4.

The hazard of developing ACLF was significantly greater in pa-
tients with high versus low PSP. One-year rate of ACLF was 64% versus
23%, respectively (p < 0.0001) (Figure S2). Notably, in patients who
would be deemed at lower risk of ACLF based on a CLIF-C AD score
<50, a level of PSP >674 ng/dL could still discriminate between two

distinct populations at significantly different risk of ACLF (Figure S3).

The Padua model 2.0

Cox regression analysis identified three independent predictors of
ACLF development: CLIF-C AD score, Child-Pugh class and PSP
levels. Table 3 shows the values of the 3 regression coefficients and
the corresponding hazard ratios for each independent predictor of
ACLF. Based on the AUROC analysis (Figure 3a), the cut-off value of

the multivariate score with the highest sensitivity and specificity in

identifying patients at low and high-risk of developing ACLF was 2.47
(AUROC 0.864; 95% confidence interval [Cl] 0.780-0.947; sensitivity
82.9%, specificity 76.7%). The AUROC curve of the Padua model 2.0
was higher than that of the single independent predictors of ACLF
and the AUROC curve of the Padua model. The hazard of developing
ACLF was statistically significantly greater in patients at high (score
>2.47) compared with those at low (score <2.47) risk according to
the established multivariate score (Figure 3b).

One-year ACLF development rates were 15.4% in patients with
multivariate score <2.47 and 74.4% in patients with a multivariate
score >2.47 (p < 0.0001). The fit between expected and observed
probabilities of ACLF development was measured using the Hosmer-
Lemeshow C test at a p value of 0.47.

In patients who did not experience ACLF, the level of PSP was higher
in those who developed UDC than SDC.

In patients who did not experience ACLF during follow-up
(n = 121), the baseline PSP was higher in those who progressed to-
ward UDC (n = 38) than in those who did not experience further
episodes of decompensation (767 ng/L [440-1228] vs. 328 ng/L
[1238-499]; p < 0.001) (Figure 4). A level of PSP <680 ng/L accu-
rately identified all the patients who did not progress toward UDC.
However, 16/38 patients (42%) progressed to UDC despite having a
baseline PSP <680 ng/L. Interestingly, we found that these patients
had a more severe hepatic decompensation and a higher level of
other markers of systemic inflammation than those who developed
SDC (Table S5).

DISCUSSION

Predicting the course of AD, and particularly the development of
ACLF, is challenging® Given the recent advances in disease-
modifying therapies of decompensated cirrhosis, refinements in risk
stratification are increasingly important.?® Furthermore, since pro-
gression to ACLF typically occurs early after AD,? early evaluation for
liver transplantation may be indicated in selected patients at higher
risk of progression.

Our prospective study shows that: (1) PSP is significantly higher
in patients with AD than in controls with stable decompensated and
compensated cirrhosis; (2) PSP, CLIF-C AD score, and Child-Pugh at
the time of AD are independent predictors of ACLF; (3) a predictive
model combining these variables (Padua model 2.0) can identify 2
distinct groups of patients at high versus low risk of ACLF; (4) in
patients at lower risk based on a CLIF-C AD score <50, a PSP
>674 ng/mL improves the identification of patients at risk of ACLF.
Therefore, if our findings will be validated by external cohorts, PSP
could become an easy-to-use biomarker for improving risk stratifi-
cation in patients with AD.

PSP is a 13 kDa N-terminal fragment, produced after the formation
and subsequent proteolysis of the complex between LPS and its
binding protein.2* Previous studies from our'* and other groups?>~2”
demonstrated that PSP is higher in patients with cirrhosis than in

healthy subjects and increases in parallel with disease severity.'* The
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p<0.001
p<0.001
PSP 4000 p<0.001
°
- Acute decompensation:
674 ng/L (308-1700).
3000
Stable decompensation:
310 ng/L (190-458).
= Compensated:
?:1)2000— 157 ng/L (106-235).
1000
#
0
Acute Stable Compensated
decompensation decompensation (n=52)
(n=173) (n=56)

FIGURE 2 PSP was significantly increased in AD versus controls with stable decompensated cirrhosis and compensated cirrhosis. Dotted
line indicates Kruskal-Wallis test. AD, acute decompensation; PSP, presepsin.

increased level of PSP in patients with decompensated cirrhosis would
reflect the severity of bacterial translocation due to clinically signifi-
cant portal hypertension; in fact, we found that PSP was higher in
decompensated versus compensated cirrhosis. Here, we further show
that patients with AD have a higher level of PSP than those with SDC,
reflecting the episodic worsening of bacterial translocation and sys-
temic inflammation due to acute precipitants.®

Patients with AD precipitated by bacterial infections had higher
levels of PSP than those with AD precipitated by other factors;
however, when the analysis was adjusted according to the underlying
severity of cirrhosis, this effect was evident in Child-Pugh B and not
in Child -Pugh C stage. This might reflect the positive association
between the severity of portal hypertension and bacterial trans-
location/levels of circulating LPS,*> which would mask the effect of
infections on PSP levels in most advanced patients.?®

1429 \we confirm that AKI, a

In agreement with previous studies,
common complication of AD,%%! is associated with a higher level of
PSP. Therefore, AKI and renal function should be considered when
evaluating the level of PSP in AD.

Regarding the prognostic role of PSP in patients with cirrhosis,
three retrospective studies found that PSP is independently associ-
ated with the risk of death.?>”2” However, these studies included
heterogenous cohorts with variable durations of follow-up and out-

1** confirmed the

comes. One prospective cohort by Ferrarese et a
independent association between PSP and 28-day mortality in hos-

pitalized patients with cirrhosis. However, this study mixed patients

with AD and ACLF. Here, we included only patients with AD ac-
cording to pre-defined exclusion criteria chosen to mitigate the ef-
fects of potential confounding factors.

We found that the increased level of PSP in patients with AD was
associated with the development of ACLF during follow-up, inde-
pendent of AKI, Child-Pugh, CRP, and CLIF-C AD score. A PSP
>674 ng/L identified two distinct groups of patients with a signifi-
cantly different risk of ACLF early after the AD (20% vs. 5% at 30 days,
34% vs. 8% at 60 days, and 55% vs. 13% at 90 days). This is clinically
relevant as the development of ACLF mostly occurs within 3 months
after AD.®

We previously developed a simple predictive model combining
CRP, CLIF-C AD score, and Child-Pugh (i.e., Padua model) that can be
used to identify patients with AD at risk of ACLF.® Interestingly, the
predictive ability of the Padua model in this independent cohort was
good (AUROC: 0.81 [CI: 0.72-0.89]), thus confirming its potential
value in clinical practice. Based on our previous results and the
current finding that PSP is also an independent predictor of ACLF, we
propose a new predictive model that combines the severity of he-
patic decompensation (CLIF-C score and Child-Pugh) and systemic
inflammation (PSP) and would further improve the identification of
patients at risk of ACLF (sensitivity 82.9% and specificity 76.7%).
Notably, the predictive ability of the Padua model 2.0 was slightly
higher than that of the Padua model (AUROC: 0.864 vs. 0.815,
respectively), suggesting that the inclusion of PSP instead of CRP

may improve prognostic stratification in AD of cirrhosis.
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TABLE 2 Parameters associated with the development of
ACLF at univariate and multivariate analyses.

Variables aHR (95% Cl) p
Univariate
MELD score (>18) 3.1 (1.5-6.0) 0.002
CLIF-C AD score (>54) 4.8 (2.3-10.1) <0.001
Child-Pugh stage C versus B 5.7 (2.4-13.7) <0.001
AKI (YES vs. NO) 3.9 (2.1-7.8) <0.001
Infection (YES vs. NO) 1.8 (0.93-3.45) 0.08
Presepsin, ng/L (>674) 3.9 (1.9-8.5) <0.001
C-reactive protein, mg/dL (>21) 3.4 (1.6-7.1) 0.001
Procalcitonin, ng/mL (>0.5) 2 (1.1-3.9) 0.03
Multivariate
Presepsin, ng/L
<674 1 @
>674 3.28 (1.52-7.06) 0.002
CLIF-C AD score
<50 1 =
>50 4.20 (1.73-10.18) 0.001
Child-Pugh stage
B 1 @
C 3.18 (1.23-8.28) 0.02

Note: The model included PSP, C-reactive protein, CLIF-C AD score, and
Child-Pugh stage. C-reactive protein was not associated with ACLF in
phase 1 (aHR [95% Cl]: 1.51 [0.68-3.31]; p = 0.3), and was therefore
eliminated (backward eliminating procedure).

Abbreviations: ACLF, acute-on-chronic liver failure; AKI, acute kidney
injury; Cl, confidence interval; HR, hazard ratio; MELD, model for
end-stage liver disease; PSP, presepsin.

TABLE 3 The Padua model 2.0: independent predictors of
ACLF based on multivariate analysis.

Variable B coefficient HR (95% CI) p value
Presepsin

<674 0 1 -

>674 1.186 3.28 (1.52-7.06) 0.002
Child-Pugh

B 0 1 =

C 1.435 4.20 (1.73-10.18) 0.001
CLIF-C AD score

<50 0 1 -

>50 1.158 3.18 (1.23-8.28) 0.02

Note: The cumulative score is calculated by adding the B coefficient
obtained for each variable. A cut-off value of 2.47 differentiates
between individuals at high versus low risk of ACLF.

Abbreviation: ACLF, acute-on-chronic liver failure.

The independent association between an increased level of PSP at
the time of AD and the risk of ACLF during follow-up is further proof
that systemic inflammation is a major, independent driver for pro-
gression from AD to ACLF.2 Interestingly, we found that CRP was not
independently associated with ACLF when PSP was included in the
same model. PSP is directly released by the innate immune system cells
upon stimulation by LPS and bacterial products,'* whereas CRP is
mostly an acute phase reactant synthesized by the hepatocytes in
response to interleukins 1 and 6. Therefore, in hospitalized patients
with AD, PSP could be arelatively more direct and sensitive biomarker
for the worsening degree of systemic inflammation than CRP. Larger
studies assessing the relationship between PSP and CRP in AD/ACLF
are needed to test this hypothesis and confirm our results.

We also found that PSP may be used as a single independent
biomarker to identify, among the subgroups of patients with a CLIF-C
AD score <50, those at higher risk of ACLF. It could be that PSP as a
single biomarker could be beneficial in patients with AD without a
strong inflammatory response/severe hepatic decompensation, as
assessed by the Padua score or plasmatic level of CRP (which is the
most important determinant of the Padua score), in whom none-
theless the increased bacterial translocation/circulation driven by
acute precipitants would ultimately result in innate immune activa-
tion, worsening of systemic inflammation, and development of ACLF.
However, this was a single-center study and the first to assess the
potential prognostic value of PSP in patients with AD. Thus, larger
external cohorts are required to validate our findings and better
understand how the integration of clinical and laboratory data
reflecting the underlying pathophysiology of AD/ACLF can be used to
improve the clinical management of these patients.

In patients who did not develop ACLF during follow-up, 1-year
liver transplant-free survival was lower in those who progressed to
UDC versus SDC (76% vs. 93%). Thus, we retrospectively evaluated
whether PSP could improve discrimination between these two tra-
jectories. We found that patients who progressed to UDC had
significantly higher levels of PSP than those who did not, and that a
PSP <680 ng/L also accurately identified the patients who developed
SDC. However, 42% of patients who progressed to UDC had baseline
PSP <680 ng/L, which indicates that a single determination of PSP at
time of AD cannot discriminate between these two trajectories.
Interestingly, severity of AD and systemic inflammation in patients
who progressed to UDC despite having a lower level of PSP were
significantly higher than in those who developed SDC. Therefore, we
suggest that further studies should evaluated whether the combi-
nation of PSP, CLIF-C AD score, and levels of CRP or procalcitonin
may improve risk stratification in AD.

Our study has some limitations. Firstly, this is a single center study
and our results require external validation. The threshold of PSP
associated with ACLF, however, was comparable to the ones proposed

by previous independent investigators,?>~2”

which suggests that a PSP
>600-700 ng/mL should be considered with caution in hospitalized
patients with decompensated cirrhosis. Secondly, decompensated
cirrhosis is a highly dynamic condition; therefore, a serial assessment of

(dynamics) of PSP in response to treatments would likely provide a
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FIGURE 3 AUROC curves (left) and cumulative hazard of ACLF according to the Padua model 2.0 (right). ACLF, acute-on-chronic liver
failure; AD, acute decompensation.

more thorough assessment, reflecting response to therapies and con- and viral-related cirrhosis, in whom AD was precipitated by bacterial
trols of precipitants, and may have a greater prognostic value than a infections. Therefore, the use of PSP in different categories of patients
single determination. Thirdly, we mostly included patients with alcohol requires further investigation.
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FIGURE 4 In patients who did not experience ACLF, the baseline PSP was higher in those who developed unstable versus stable
decompensated cirrhosis. ACLF, acute-on-chronic liver failure; AD, acute decompensation; PSP, presepsin.

In conclusion, hospitalized patients with AD of cirrhosis have a
significantly increased level of PSP. Increased PSP, CLIF-C AD score,
and Child-Pugh at the time of AD are independently associated with
the development of ACLF. The Padua model 2.0, which combines
these variables, can identify patients with AD at risk of ACLF. If our
findings will be confirmed, PSP could become an independent, easy-
to-use biomarker to improve prognostic stratification in patients
with AD.
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