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Abstract

The natural history of cirrhosis can be divided into an
initial stage, known as compensated cirrhosis, and an
advanced stage which encompasses both decompensated
cirrhosis and acute-on-chronic liver failure (ACLF). The
latter syndrome has been recently described as an acute
deterioration of liver function in patients with cirrhosis,
which is usually triggered by a precipitating event and
results in the failure of one or more organs and high
short-term mortality rates. Each stage is characterized by
distinctive clinical manifestations and prognoses. One of
the key elements involved in cirrhosis physiopathology
is systemic inflammation, recently described as one of
the components in the cirrhosis-associated immune
dysfunction syndrome. This syndrome refers to the
combination of immune deficiency and exacerbated
inflammation that coexist during the course of cirrhosis
and relates to the appearance of clinical complications.
Since systemic inflammation is often difficult to assess
in cirrhosis patients, new objective, reproducible and
readily-available markers are needed in order to optimize
prognosis and lengthen survival. Thus, surrogate serum
markers and clinical parameters of systemic inflammation
have been sought to improve disease follow-up and
management, especially in decompensated cirrhosis and
ACLF. Leukocyte counts (evaluated as total leukocytes,
total eosinophils or neutrophil:lymphocyte ratio) and
plasma levels of procalcitonin or C-reactive protein
have been proposed as prognostic markers, each with
advantages and shortcomings. Research and prospective
randomized studies that validate these and other markers
are clearly warranted.
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chronic liver failure; Prognosis; Systemic inflammation
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Core tip: Due to the overwhelming evidence that
sustains systemic inflammation influences the natural
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history of cirrhosis, a review of its current prognostic
markers is necessary to highlight their strengths and
weaknesses and stimulate further clinical research on
this subject.
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INTRODUCTION

Liver cirrhosis is the final phase of all progressive and
chronic liver diseases. The natural history of cirrhosis
occurs in stages: an initial stage termed compensated
cirrhosis and an advanced stage that includes both
decompensated cirrhosis and acute-on-chronic liver failure
(ACLF), each aspect with distinct clinical manifestations
and prognoses™™™. The physiopathology of cirrhosis is
determined by multiple factors of varying importance,
including oxidative stress, systemic inflammation,
and organ dysfunction™, Systemic inflammation has
traditionally been evaluated by the presence of the
systemic inflammatory response syndrome (SIRS), a
state in which clinical and biochemical parameters such
as heart and respiratory rate, white cell count, and body
temperature are altered. SIRS is associated with organ
dysfunction in cirrhosis patients and with the outcome
of ACLFP®L, Cirrhosis patients often exhibit systemic
inflammation together with immune deficiency as part
of the cirrhosis-associated immune dysfunction (CAID)
syndrome™. Because systemic inflammation contributes
to the evolution of cirrhosis, several serum markers and
clinical parameters of inflammation have been evaluated
as prognostic markers for the late stages of cirrhosis. In
this article we outline the stages and physiopathology of
cirrhosis, focusing on systemic inflammation, currently-
described clinical and biochemical inflammation markers,
and their potential utility as prognostic tools.

NATURAL HISTORY OF CIRRHOSIS: THE
SLOW LANE AND THE SHORTCUT

If the natural history of cirrhosis is considered from
a clinical point of view, the disease can be divided
into sequential stages” of varying speeds (Figure 1).
The traditional clinical classification defines an initial
stage, termed compensated cirrhosis, characterized
by the absence of complications such as variceal
bleeding, ascites, and hepatic encephalopathy. Portal
hypertension may already be present (evident by
the presence of varices), though below the clinically-
relevant threshold®®*”, The initial stage has a low risk
for decompensation (7%-10%) and death (1%-3.4%)
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which is associated with a lower hepatic venous
pressure gradient (HPVG)™®'", The advanced stage of
cirrhosis can be divided according to speed and severity.
The “slow lane”, termed decompensated cirrhosis, is
represented by the multi-step occurrence of cirrhosis-
related complications'*?.. Progression to decompensated
cirrhosis occurs in 5%-7% of compensated cirrhosis
patients per year™?. Sub-classifications of this stage
have been suggested by D’Amico et al”, separating
patients with ascites with or without esophageal varices
that have never bled (associated mortality rate of 20%
per year) from those who suffered gastrointestinal
bleeding with or without ascites (associated mortality
rate of 57% per year). The identified prognostic factors
are not only associated with portal hypertension but
also with liver function deterioration; thus, these factors
include the Child Pugh score, the Model for End-Stage
Liver Disease (MELD) score, patient age, and the HPVG.
Despite the fact that hemodynamic and clinical variables
are key determinants in cirrhosis-associated mortality'”,
other events have been linked to poor prognoses. This
is the case with bacterial infections, which increase
the mortality rate four-fold independently of cirrhosis
severity™*,

The “shortcut” in the advanced stage is represented
by ACLF. This syndrome is defined as an acute deterio-
ration of liver function in patients with cirrhosis, which
is usually triggered by a precipitating event and results
in the failure of one or more organs and high short-
term mortality rates (up to 78% in a three-month
period)®***'7] ACLF does not always appear as a late
or terminal event in cirrhosis, since it can occur in the
absence of a prior history of decompensated cirrhosis or
a few weeks after the first episode of decompensation.
Furthermore, ACLF is not a temporally-fixed syndrome;
patients may progress or improve in a dynamic fashion.
The ACLF mortality risk increases remarkably with the
number of organs that fail; hence, several independent
prognostic scores are used to better assess mortality in
these patients!* 6524,

INFLAMMATION IS A KEY FACTOR
IN THE PATHOGENESIS OF
DECOMPENSATED CIRRHOSIS AND
ACLF

Systemic inflammation and immune system dys-
regulation are now proposed to integrate the main
physiopathological pathway involved in the natural
history of cirrhosis™®?***). The recently-described
CAID syndrome refers to the combination of immune
deficiency and systemic inflammation that occurs as
a consequence of persistent immune cell activation
through infectious and non-infectious stimuli. These
two components coexist in a dynamic manner from the
initial to the final stages of cirrhosis, though in different
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Figure 1 Natural history of cirrhosis. The classical compensated and decompensated phases of cirrhosis are divided by the presence of specific complications and
marked by stable progression. A possible shortcut may occur after a decompensating event in any phase of cirrhosis, hastening the development of organ failure and

a worse prognosis; this syndrome is termed acute-on-chronic liver failure (ACLF).

magnitudes along the way****,

IMMUNE SYSTEM DAMAGE

The immune system alterations in cirrhosis are
thought to be multifactorial and occur in a multi-step
manner. The local injury takes place in the liver, where
architectural disorganization caused by sinusoidal fibrosis
impairs bacterial clearance®**, Concomitantly, there
is a diminished synthesis of innate immune system
proteins and pattern recognition receptors (i.e., Toll-like
receptors) that, together, reduce the bactericidal capacity
of the cells of the innate immune system (e.g., stellate
cells, neutrophils, natural killers, macrophages)®>?°..
As cirrhosis progresses, another key organ is affected:
the gut. The gut-associated lymphoid tissue (GALT)
is the first immunological barrier of defense against
antigens and pathogens entering the organism from the
intestine™®”, In advanced cirrhosis, the GALT is under the
constant pressure of pathological bacterial translocation
(BT) and bacterial products translocation that results
from a leaky gut, an elevated enteric bacterial load, and
changes in intestinal microbiota populations towards
pathogenic species (dysbiosis)?*?®3%, Finally, at a
systemic level, immune cell function is compromised
not only due to cytopenia, secondary to enlarged spleen
sequestration when significant portal hypertension
is present, but also affecting each cellular line indivi-
dually!®*®, In advanced cirrhosis, neutrophils have
been shown to have deranged phagocytic activity of
opsonized bacteria®®, as well as monocytes, that also
exhibit impaired phagocytosis and diminished major
histocompatibility complex class II protein expression
when located in ascitic fluid®”, B lymphocytes show
particular dysfunctions in their memory cell subset, and
T lymphocytes display specific depletions of their helper
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and cytotoxic subsets®®*, These alterations become
more significant as liver cirrhosis progresses. Eventually,
the long-lasting activation of immune cells causes their
exhaustion and reprogramming into a transient state of
unresponsiveness to further bacterial product challenge;
this phenomenon is termed “endotoxin tolerance®#%%4°1,

SYSTEMIC INFLAMMATION: THE GUILTY
PARTY

Damage to the immune system is only one half of the
problem. Systemic inflammation is mediated through
the activation of all innate and adaptive immune cells,
resulting in an increased production of pro-inflammatory
cytokines and upregulated expression of cell activation
markers>*>*%?l In compensated cirrhosis, ligands
released from necrotic hepatocytes, known as damage-
associated molecular patterns (DAMPs), may activate
the immune system and cause sterile systemic inflam-
mation. In decompensated cirrhosis, other ligands
also appear. Systemic inflammation is thought to be
primarily triggered by BT or bacterial products (e.g.,
lipopolysaccharide, methylated DNA) translocated from
the intestinal lumen into the circulation. In this case,
the culprits are termed pathogen-associated molecular
patterns (PAMPs)P>%'** At the decompensated stage,
due to portal hypertension and the leaky gut, persistent
BT further activates the immune system. In response
to the continuous influx of PAMPs, the levels of pro-
inflammatory cytokines and leukocyte activation
antigens significantly increase™**”). Numerous cytokines
and activation antigens are involved in this initial “pro-
inflammatory” phenotype, such as tumor necrosis
factor-a, interleukine-1 beta (IL-1B), IL-6, interferon-y,
IL-17, IL-18, ICAM-1, and VCAM-1. Concomitantly,
the levels of anti-inflammatory cytokines (e.g., IL-10,
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Table 1 Proposed inflammation-related prognostic markers in advanced cirrhosis

Marker Ref. Prognostic implications Study population Limitations
SIRS [52,53-55] Portal hypertension-related =~ Decompensated cirrhosis patients admitted Baseline elevated heart rate, respiratory
complications and death for acute decompensating events frequency, and decreased PMN count in
cirrhosis
Total leukocyte [16,48,56,57] Development of ACLF, ACLF ACLF Hypersplenism possible cause of PMN
count progression, ACLF related- count reduction, lack of clinically
mortality validated cut-off point
Absolute [58] Short-term mortality Decompensated cirrhosis patients admitted No external validation
eosinophil count for acute decompensating events
Neutrophil: [59] Short-term mortality End-stage cirrhosis patients listed for liver No external validation
lymphocyte ratio transplant
PCT [62,63] Infection, short-term mortality Decompensated cirrhosis patients admitted = Lack of studies in non-infected cohorts
for acute decompensating events
CRP [62-68] Infection, short-term mortality, Decompensated cirrhosis patients admitted ~ Utility in organ allocation and HCC

HCC-related mortality

for acute decompensating events

prognostic scores still to be validated

SIRS: Systemic inflammatory response syndrome; PMN: Polymorphonuclear leukocyte; ACLF: Acute-on-chronic liver failure; PCT: Procalcitonin; CRP:

C-reactive protein; HCC: Hepatocellular carcinoma.

transforming growth factor-p) are decreased™®*+**,
In the more advanced stages of cirrhosis, the immune
system is exhausted and unable to mount functional
innate and adaptive immune responses, resembling
an endotoxin tolerance scenario. At this point, an
“immunodeficient” phenotype is observed, characterized
by increased levels of anti-inflammatory cytokines and
leukocyte inhibitory antigens and deteriorated immune
cell function®®?****!, An extreme version of this scenario
has been suggested to be the underlying mechanism in
ACLF, in which an immune-paresis state similar to sepsis
occurs™™,

These clinical stages may have a gradual (decom-
pensated cirrhosis) or abrupt (ACLF) onset and a
dynamic evolution™. The excessive activation of the
immune system may contribute to the symptoms of
cirrhosis because systemic inflammation and oxidative
stress, modulated by glutaminase gene alterations,
have been described as the underlying mechanisms for
hepatic encephalopathy™ Y, A similar scenario has been
proposed for ascites, since pro-inflammatory cytokines are
responsible for the local release of nitric oxide and other
vasodilators; this leads to the hyperdynamic circulatory
state found in decompensated cirrhosis, effective
hypovolemia, activation of the renin angiotensin system,
and ultimately ascites formation®*’). In the absence of
an acute superimposed injury, these events and the
progressive impairment of left ventricular function™**
eventually lead to circulatory and renal dysfunction.
Several studies have described renal damage to be
mediated specifically by pro-inflammatory cytokines,
PAMPs, and DAMPs, which reduce the glomerular filtration
rate and damage tubular epithelial cells™****, In ACLF
the extreme manifestations of CAID are observed. The
associated prognosis is directly related to the severity
of systemic inflammation and the number of organ
failurest*¢ 81,
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CLINICAL IMPLICATIONS OF SYSTEMIC
INFLAMMATION IN CIRRHOSIS:
IDENTIFICATION OF PROGNOSTIC
FACTORS

Due to the overwhelming evidence implicating systemic
inflammation in the natural history of cirrhosis, several
easily available serum markers and clinical parameters
have been proposed as prognostic tools to improve
follow-up and management, especially in decompensated
cirrhosis and ACLF. These markers are summarized in
Table 1 and described further.

SIRS

SIRS is defined by the presence of at least two of the
following criteria: altered body temperature (> 38 °C or
< 36 C), elevated respiratory rate or hyperventilation
(20 breaths/min or PaCO: < 32 mmHg), tachycardia
(heart rate > 90 beats/min), and altered leukocyte count
(> 12000/mm>, < 4000/mm?, or > 10% immature
forms)™ . The presence of SIRS has been associated
with worse outcomes in the setting of decompensated
cirrhosis. In a study evaluating a cohort of cirrhosis
patients admitted for acute renal failure, the presence of
SIRS was found to be a major independent prognostic
factor, independent of infection™. The presence of SIRS
was also found to predict the development of portal
hypertension-related complications and death in cirrhosis
patients having an episode of acute decompensation®®,
In two similar studies with larger cohorts, SIRS was found
to be an independent predictor of poor outcome®**"),
Hence, SIRS could be considered an additional prognostic
factor for the severity of liver disease. Unfortunately,
this syndrome can be difficult to assess in cirrhosis
patients. Hypersplenism, hyperventilation associated
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with encephalopathy, hyperkinetic circulatory syndrome,
or the use of beta blockers may modify the clinical or
biochemical parameters of SIRS™*?. New markers of SIRS
that are less subject to heterogeneous findings would
thus be particularly useful in cirrhosis.

LEUKOCYTE COUNT

Leukocyte count is an isolated element of SIRS frequently
identified as a surrogate marker of this syndrome. In
a large prospective observational study performed by
the Chronic Liver Failure Consortium that aimed to
describe the clinical features and prognostic factors of
ACLF, leukocyte count was found to be an independent
predictor of the development of ACLF, its severity, and its
associated mortality™®*®. In a large collaborative study
in infected ACLF patients, leukocyte count was found to
be an independent predictor of short-term mortality™?.
This finding has also been reported in ACLF patients
without infectious decompensating events. In a study
evaluating the relationship between portal hypertension
and systemic inflammation in alcohol-related ACLF,
disturbances in systemic and hepatic hemodynamics
were associated with dysregulated inflammation,
revealed by higher levels of leukocytes, C-reactive
protein (CRP), and pro-inflammatory cytokines. These
elevations, together with multi-organ failure and a
marked activation of the sympathetic nervous system,
were found to be predictors of higher mortality rates®".
Leukocyte subsets and ratios have also been suggested
as prognostic tools. In a study by Kotecha et af®”, that
evaluated the role of absolute eosinophil count and
procalcitonin (PCT) in predicting in-hospital mortality
of admitted cirrhotic patients with SIRS, the baseline
absolute eosinophil count of less than 104 cells/mm’
accurately predicted in-hospital mortality in critically-ill
cirrhosis patients with SIRS, independent of the MELD
score or serum sodium levels. In addition, the neutrophil:
lymphocyte ratio was described as an independent risk
factor for death in a cohort of end-stage cirrhosis patients
listed for liver transplantation®™. Despite the fact that
leukocyte count has been consistently defined as a risk
factor for mortality in severely-ill cirrhosis patients, there
are some drawbacks to this marker. One is the lack of
a cut-off point for individual patient evaluation (i.e., the
specific mortality expected in an ACLF patient with a
leukocyte count of 11000/mm? is unknown), diminishing
its utility in everyday practice; such a cut-off point has
only been determined for eosinophil count, without
further external validation. In addition, the majority of
these studies were conducted completely or partially in
infected or alcohol-related ACLF patients, two etiologies
associated with higher leukocyte counts per se, with
only subgroup results available for the uninfected ACLF
cohorts.

CRP AND PROCALCITONIN

Both serum proteins are tightly associated with SIRS.

Raishidenge ~ WJH | www.wjgnet.com

CRP, the prototype human acute phase protein, is a well-
known marker of inflammation and is one of the most
frequently-quantified molecules in clinical medicine®.
CRP is synthesized mainly in the liver. CRP and PCT, a
prohormone used as a marker of bacterial infections,
is produced by most parenchymal tissues throughout
the body during the acute phase of infection by these
microorganisms'®. Assays for CRP and PCT are readily-
available, inexpensive, and more accurate than clinical
parameters of SIRS for the identification of systemic
inflammation. Both proteins have been evaluated as
prognostic markers for short-term mortality in cirrhosis
patients, usually in the context of infection®®*®*, How-
ever, CRP has also been suggested to be a useful tool
independent of infection. In the prospective study by
Cervoni et al®® where the utility of CRP as a mortality
risk factor in cirrhosis inpatients was evaluated, CRP
levels = 29 mg/L were found to be independent
predictors of short-term mortality in cirrhosis patients
with Child-Pugh scores = B8, independent of age, MELD
score, and co-morbidities; in this regard, CRP performed
better than the presence of infection or SIRS. Di Martino
et al*” included CRP variation over 15 d as an additional
element in the MELD score to better assess short-
term mortality in decompensated cirrhosis patients.
The inclusion of CRP improved MELD score accuracy
in severely-ill cirrhosis patients admitted for acute
decompensating events, but not in cirrhosis patients
with planned admissions due to endoscopic procedures,
etd®”, Although CRP may be a useful addition to the
MELD score in the setting of decompensated cirrhosis,
several factors (e.g., the usage of different CRP cut-off
values according to the severity of cirrhosis and the need
for two measurements of CRP in samples obtained 15
d apart) have reduced the utility of using CRP in organ
allocation™®.

The use of CRP as a surrogate marker of survival has
been studied in the setting of hepatocellular carcinoma
(HCC). The presence of CRP levels > 6.3 mg/L, together
with a neutrophil:lymphocyte ratio > 2.3, was identified
as an independent risk factor for lower survival in HCC
patients. Similar findings were attained when CRP
levels were compared to the levels of serum albumin: a
CRP:albumin ratio of = 0.037 was found to be an inde-
pendent survival factor in HCC patients and correlated
with tumor progression and reduced liver functional
reservel’”, Furthermore, it has been proposed that
the addition of CRP to the currently-validated staging
systems for HCC (e.g., the Cancer Liver Italian Program,
Japan Integrated Staging, Barcelona Clinic Liver Cancer
classification system, Tokyo score, and tumor node
metastasis classification) could improve their prognostic
abilities™™,

FUTURE DIRECTIONS

The crucial role of systemic inflammation in the patho-
physiology and prognosis of cirrhosis patients has been
thoroughly described. Since SIRS is often difficult to
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assess in cirrhosis patients, new objective, reproducible
and readily-available surrogate markers are needed
in order to optimize prognosis and lengthen survival.
Leukocyte count, neutrophil:lymphocyte ratio, and
absolute eosinophil count have been proposed, though
with no clear cut-off points or extensive validation so far.
PCT has also been suggested, yet its utility appears to
apply exclusively to infected patients. CRP is useful as a
prognostic marker in decompensated cirrhosis patients
and ACLF despite the presence of infection, as well as
in HCC. However, the value of adding CRP to current
prognostic scores remains to be confirmed. Further
basic research and prospective randomized studies that
validate these and other markers are clearly warranted.
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