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Observational Study
Elevated calprotectin levels are associated with mortality in patients with acute decompensation of liver cirrhosis
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Abstract
BACKGROUND
Acute decompensation (AD) of cirrhosis is related to systemic inflammation and elevated circulating cytokines. In this context, biomarkers of inflammation, such as calprotectin, may be of prognostic value.

AIM
To evaluate serum calprotectin levels in patients hospitalized for complications of cirrhosis.

METHODS
This is a prospective cohort study that included 200 subjects hospitalized for complications of cirrhosis, 20 outpatients with stable cirrhosis, and 20 healthy controls. Serum calprotectin was measured by enzyme-linked immunosorbant assay.

RESULTS
Calprotectin levels were higher among groups with cirrhosis when compared to healthy controls. Higher median calprotectin was related to Child-Pugh C, ascites, and hepatic encephalopathy. Higher calprotectin was related to acute-on-chronic liver failure (ACLF) and infection in the bivariate, but not in multivariate analysis. Calprotectin was not associated with survival among patients with ACLF; however, in patients with AD without ACLF, higher calprotectin was associated with a lower 30-d survival, even after adjustment for chronic liver failure-consortium (CLIF-C) AD score. A high-risk group (CLIF-C AD score ≥ 60 and calprotectin ≥ 580 ng/mL) was identified, which had a 30-d survival (27.3%) similar to that of patients with grade 3 ACLF (23.3%).

CONCLUSION
Serum calprotectin is associated with prognosis in patients with AD without ACLF and may be useful in clinical practice to early identify patients with a very low short-term survival.
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Core Tip: Acute decompensation (AD) of cirrhosis is associated with systemic inflammation and increased circulating cytokines. In this context, inflammatory markers, such as calprotectin, may be of prognostic value. This is a prospective cohort study that included 200 subjects hospitalized for complications of cirrhosis, 20 outpatients with stable cirrhosis, and 20 healthy controls. Serum calprotectin was associated with prognosis in patients with AD without acute-on-chronic liver failure and may be useful in clinical practice to early identify patients with a very low short-term survival.

INTRODUCTION
Cirrhosis is characterized by fibrosis and nodule formation of the liver, secondary to different mechanisms of liver injury that lead to chronic necroinflammation[1]. The natural history of cirrhosis is usually marked by a long-lasting compensated phase, followed by a decompensated stage characterized by the occurrence of complications such as ascites, hepatic encephalopathy, and gastrointestinal bleeding related to portal hypertension[2]. Parallel to worsening liver function and progression of portal hypertension, there is a derangement in the immune system denominated as cirrhosis-associated immune dysfunction (CAID). CAID is a complication associated with a dynamic coexistence of both acquired immunodeficiency, which contributes to the high rate of infection in patients with decompensated cirrhosis, and systemic inflammation, which may exacerbate the clinical manifestations of cirrhosis, such as hemodynamic changes and kidney injury[3,4].
Systemic inflammation is a consequence of persistent and inadequate stimulation of immune system cells. Advanced cirrhosis, particularly decompensated disease, is associated with increasing disorders of gut homeostasis, including changes in microbiota, reduced motility, bacterial overgrowth, and increased intestinal permeability[5]. These factors intensify the systemic exposure to pathogen-associated molecular patterns (PAMPs) from intestinal microorganisms and their products, which provides chronic stimulation of pattern recognition receptors (PRRs), expressed on innate immune cells[3,4]. In addition, systemic inflammation can occur in patients with decompensated cirrhosis and acute-on-chronic liver failure (ACLF) even in the absence of bacterial infections due to the release of damaged liver damage-associated molecular patterns (DAMPs)[6]. Knowing the characteristics of the immune system of patients with cirrhosis is important for understanding and developing new diagnostic and therapeutic tools that reduce morbidity and mortality in these patients.
Calprotectin is a heterodimeric complex composed by S100A8 and S100A9 proteins, also called MRP8 and MRP14, or calgranulin A and B, respectively[7]. Calprotectin is found in neutrophils and monocytes, accounting for 60% of the cytosolic protein content of neutrophils[8]. Due to its high stability in biological fluids, calprotectin can be used in clinical practice as a marker of neutrophil activity in several chronic inflammatory diseases, infections, and cancer[7]. Fecal concentrations of calprotectin are well established in clinical practice to differentiate irritable bowel syndrome from inflammatory bowel disease and to monitor disease activity in Crohn's disease and ulcerative colitis[8]. Circulating calprotectin levels, although less studied, were reported to be related to the presence of cirrhosis and severity of liver dysfunction[9,10]. However, these preliminary small studies focused on alcohol-induced liver disease and were mainly comprised by patients outside the context of acute decompensation (AD)[9,10]. Hence, we aimed to evaluate circulating calprotectin in patients hospitalized for AD of cirrhosis, investigating its prognostic significance. 

MATERIALS AND METHODS
Patients
This study is part of a project that aimed to follow a cohort of adult patients (≥ 18 years of age) admitted to the emergency room of a Brazilian tertiary hospital due to AD of liver cirrhosis. Details about the methodology were previously published[11] and are briefly presented below.
Consecutive subjects admitted to the emergency room for AD of cirrhosis between January 2015 and September 2018 were evaluated for inclusion. The exclusion criteria were: Hospitalization for elective procedures; hospitalization not related to complications of liver cirrhosis; hepatocellular carcinoma outside Milan criteria; severe extrahepatic disease; inflammatory bowel disease; inflammatory rheumatic disorders (such as psoriasis, rheumatoid arthritis, systemic lupus erythematosus, and ankylosing spondyloarthritis); extrahepatic malignancy; and use of immunosuppressive drugs.
The diagnosis of cirrhosis was established either histologically (when available) or by combination of clinical, imaging, and laboratory findings in patients with evidence of portal hypertension. AD was defined by acute development of hepatic encephalopathy, large ascites, gastrointestinal bleeding, bacterial infection, or any combination of these.
Twenty healthy individuals evaluated during routine laboratory tests and 20 patients with stable cirrhosis followed at our outpatient clinic served as control groups. Details about the inclusion and exclusion criteria for the control groups were previously published[12] and are available at Supplementary Material and Methods.
The study protocol complies with the ethical principles of the Declaration of Helsinki and was approved by the Ethics Committee on Human Research of the Federal University of Santa Catarina.

Methods
Patients were evaluated within 24 h of admission by one of the researchers involved in the study. They were followed during their hospital stay and 30-d mortality was evaluated by phone call in case of hospital discharge. In case of more than one hospital admission during the study period, only the most recent hospitalization was considered.
Active alcoholism was defined as an average overall consumption of 21 or more drinks per week for men and 14 or more drinks per week for women during the 4 wk before enrolment (one standard drink is equal to 12 g absolute alcohol)[13]. All patients admitted for AD of cirrhosis in our institution are actively screened for bacterial infections. A diagnostic paracentesis was performed in all patients with ascites at admission. Spontaneous bacterial peritonitis (SBP) was diagnosed when the neutrophil count in the ascitic fluid was ≥ 250 neutrophils/mm3 in the absence of intra-abdominal source of infection, regardless of negative culture[14]. Hepatic encephalopathy was graded according to West-Haven criteria[15] and, if it was present, a precipitant event was actively investigated and lactulose was initiated and the dose adjusted as needed. All subjects with acute variceal bleeding received intravenous octreotide and an antibiotic (intravenous ceftriaxone) and underwent urgent therapeutic endoscopy after stabilization. Severity of liver disease was estimated using the Child-Pugh classification system[16] and model for end-stage liver disease (MELD)[17] calculated based on laboratory tests performed at admission. ACLF, chronic liver failure (CLIF)-sequential organ failure assessment (SOFA), and CLIF-consortium (CLIF-C) AD scores were defined as proposed by the European Association for the Study of the Liver-Chronic Liver Failure Consortium[18,19].

Serum calprotectin levels
Blood samples were obtained within 24 h following hospitalization (inpatients) and after medical evaluation (outpatients). Peripheral blood samples were centrifuged at 3000 g for 10 min at room temperature within 1 h following collection. Serum samples were then aliquoted and stored at -80 °C until analysis. Serum calprotectin levels were measured using a commercial quantitative sandwich enzyme-linked immunosorbant assay kit (FineTest, REF EH4140, Wuhan, China) according to the manufacturer’s instructions. All measurements were performed in duplicates. Results were determined from a standard curve carried out from six human calprotectin standards, with a lower detection threshold of 15.625 ng/mL.

Statistical analysis
The normality of variable distribution was determined by the Kolmogorov-Smirnov test. The correlation between numerical variables was evaluated using Spearman’s correlation coefficient. Continuous variables were compared using the Student’s t-test in case of a normal distribution or Mann-Whitney test in the remaining cases. Categorical variables were evaluated by the chi-square test or Fisher's exact test, as appropriate. Multiple logistic regression analysis was used to explore factors independently associated with ACLF and infection. Univariate and multivariate Cox regression analyses were performed to investigate the relationship between variables of interest and survival. The best cutoffs of calprotectin for predicting mortality were chosen based on the receiver operating characteristics (ROC) curves. Survival curves were calculated using the Kaplan-Meier method and survival differences between groups were compared using a log-rank test. All tests were performed using SPSS software, version 17.0 (SPSS, Chicago, IL, United States). A P value of less than 0.05 was considered statistically significant.

RESULTS
Sample characteristics and assessment of calprotectin levels according to study group
Two hundred and forty patients were involved in this research: 200 subjects admitted for AD, 20 individuals with stable cirrhosis, and 20 healthy controls. Age and gender were similar across the study groups. The main characteristics of the two groups with cirrhosis are depicted in Table 1. In hospitalized patients, the mean age was 57.29 ± 11.56 years and 71.5% were male. The most frequent etiology of cirrhosis was alcohol (53.0%), followed by hepatitis C (29.0%) and non-alcoholic steatohepatitis (12.6%). Hospitalized subjects were mainly categorized as Child-Pugh C (45.5%) and the mean MELD score was 17.6 ± 7.0.
Figure 1 shows the levels of calprotectin according to the study group. No significant difference in circulating calprotectin was noted when hospitalized patients were compared to the stable cirrhosis group (477.2 ng/mL vs 369.5 ng/mL, P = 0.127). However, healthy subjects showed significantly lower calprotectin levels as compared to subjects hospitalized for AD (98.88 ng/mL vs 477.2 ng/mL, P < 0.001) and outpatients with stable cirrhosis (98.88 ng/mL vs 369.5 ng/mL, P < 0.001).

Factors associated with calprotectin levels in hospitalized cirrhotic patients
No significant correlations were observed between calprotectin levels and numerical variables studied (Supplementary Table 1).
Male patients had higher serum calprotectin levels (530.5 vs 368.2 ng/mL, P = 0.015). When calprotectin concentrations were evaluated according to the presence of specific complications, significantly higher median values were observed among patients with ACLF (577.8 vs 453.3 ng/mL, P = 0.047), infection within the first 48 h (581.3 vs 446.5 ng/mL; P = 0.012), ascites (552.7 vs 385.9 ng/mL; P = 0.004), and hepatic encephalopathy (581.3 vs 428.1 ng/mL; P = 0.026) (Figure 2A-D). On the other hand, significantly lower median values were observed among patients with upper gastrointestinal bleeding (UGIB) (401.4 vs 532.4 ng/mL; P = 0.036) (Figure 2E). Median calprotectin levels were similar regardless of the diagnosis of acute alcoholic hepatitis (475.8 vs 478.6 ng/mL; P = 0.964) or alcoholic liver disease as a cause of cirrhosis (512.7 vs 450.6 ng/mL; P = 0.118). Patients with hepatitis C virus-related cirrhosis had higher serum calprotectin concentrations (716.5 vs 427.8 ng/mL, P = 0.001) (Figure 2F). No differences were observed regarding other causes of cirrhosis.
Serum calprotectin concentrations were higher in Child-Pugh C patients compared with Child-Pugh A (586.4 ng/mL vs 313.8 ng/mL, P = 0.006) and Child-Pugh B (586.4 ng/mL vs 406.7 ng/mL, P = 0.002). There was no difference in calprotectin concentrations between Child-Pugh A and B patients (313.8 ng/mL vs 406.7 ng/mL, P = 0.163).

Calprotectin levels according to the presence of ACLF or infection in patients admitted for complications of cirrhosis
Variables related to ACLF are exhibited in Supplementary Table 2. ACLF at admission was associated with higher calprotectin levels in the bivariate analysis (577.75 vs 453.05 ng/mL, P = 0.047). The logistic regression analysis was performed to evaluate variables independently associated with ACLF. The following covariates were included: Gender, ascites, leukocyte count, sodium, C-reactive protein (CRP), and calprotectin. Other covariates with statistical significance in the bivariate analysis, such as hepatic encephalopathy, creatinine, INR, Child-Pugh, and MELD, were not incorporated in this analysis because they are closely related to the CLIF-SOFA score and ACLF definition. In the logistic regression analysis, ACLF was independently related to male gender (odds ratio [OR] = 2.782, 95% confidence interval [CI]: 1.277-6.867, P = 0.026), ascites (OR = 2.793, 95%CI: 1.270-6.143, P = 0.011), and leukocyte count (OR = 1.087, 95%CI: 1.003-1.178, P = 0.041). Serum calprotectin concentrations were not associated to the presence of ACLF in the logistic regression analysis.
Factors associated with bacterial infection were also analyzed and are depicted in Supplementary Table 3. As previously mentioned, in the bivariate analysis, higher calprotectin was observed among patients with bacterial infection detected in the first 48 h of hospitalization (581.30 vs 446.50 ng/mL, P = 0.012). A multiple logistic regression analysis was performed including the following variables: Active alcoholism, UGIB, Child-Pugh C, MELD, CRP, and calprotectin. Other variables with statistical significance in the bivariate analysis were not included in the regression analysis because they have already been included. In this analysis, infection was independently associated with high CRP values (OR = 1.027, 95%CI: 1.015-1.040, P < 0.001) and inversely related to hospitalization for UGIB (OR = 0.157, 95%CI: 0.061–0.401, P < 0.001).

Circulating calprotectin and survival in hospitalized patients with cirrhosis
During the first 30 d, 39 patients died (20%). Four patients were excluded from the survival analysis due to loss of follow-up. Survival analysis was performed considering the whole group and separately accordingly to the presence or absence of ACLF at admission. Calprotectin was not associated with 30-d survival in univariate Cox regression analysis when all patients were included (hazard ratio [HR] = 1.012, 95%CI: 0.996-1.028, P = 0.134) and when evaluating only those with ACLF at admission (HR = 0.982, 95%CI: 0.932-1.034, P = 0.491). However, when considering only subjects without ACLF, calprotectin levels were associated with 30-d mortality (HR = 1.018, 95%CI: 1.002-1.034, P = 0.024). A complete survival analysis among patients without ACLF is presented in Table 2. 
Due to the relatively low number of events observed in the subgroup without ACLF, we chose to include in a multivariate Cox regression analysis only calprotectin and CLIF-C AD score, the recommended prognostic model in this context[19]. In this analysis, both serum calprotectin (HR = 1.021, 95%CI: 1.003-1.040, P = 0.023) and CLIF-C AD score (HR = 1.178, 95%CI: 1.00-1.262, P < 0.001) were independently associated with 30-d survival.
The area under the ROC curve for calprotectin to predict 30-d mortality was 0.773 ± 0.058 in patients without ACLF. Figure 3A shows the Kaplan-Meier curve for calprotectin concentrations dichotomized at a cutoff of 580 ng/mL. The Kaplan-Meier survival probability was 96.5% in patients with calprotectin levels < 580 ng/mL and 72.7% for subjects with results ≥ 580 ng/mL (P < 0.001). At this cutoff point, calprotectin levels showed a sensitivity of 83.3%, speciﬁcity of 67.5%, positive predictive value of 27.3%, and negative predictive value of 96.5% for predicting 30-d mortality. The positive likelihood ratio was 2.563 and the negative likelihood ratio was 0.247.
The Kaplan-Meier survival probability was also calculated according CLIF-C AD score categorized at a cutoff of 60[19]. The Kaplan-Meier survival probability was 93.3% in individuals with a CLIF-C AD score < 60 and 54.5% in those with a value ≥ 60 (P < 0.001) (Figure 3B). At this cut-off point, CLIF-C AD score showed a sensitivity of 55.6%, specificity of 90.2%, positive predictive value of 45.5% and negative predictive value of 93.3% to predict 30-d mortality. The positive likelihood ratio was 5.694 and the negative likelihood ratio was 0.492.
A subsequent analysis associating both variables was performed. The Kaplan-Meier survival probability was 98.7% in subjects with a CLIF-C AD score < 60 and calprotectin concentration < 580 ng/mL, 84.1% in subjects with a CLIF-C AD score ≥ 60 and calprotectin concentration < 580 ng/mL, 81.4% in subjects with a CLIF-C AD score < 60 and calprotectin concentration ≥ 580 ng/mL, and 27.3% in subjects with a CLIF-C AD score ≥ 60 and calprotectin concentration ≥ 580 ng/mL (Figure 3C).
Since the second and third groups had very similar survival rates, 84.1% and 81.4%, both were grouped. Thus, three groups were obtained according to the presence of factors CLIF-C AD score ≥ 60 or calprotectin ≥ 580 ng/mL. The Kaplan-Meier analysis showed a survival probability of 98.7% in patients without any of the factors (CLIF-C AD score < 60 and calprotectin < 580 ng/mL), 83.6% in the presence of one factor (CLIF-C AD score ≥ 60 or calprotectin ≥ 580 ng/mL), and 27.3% in the case of two factors (CLIF-C AD score ≥ 60 and calprotectin ≥ 580 ng/mL). The P value was 0.002 when the first and second groups were compared, and P < 0.001 for comparison between the first and third groups, and also for comparison between the second and third groups (Figure 3D). Based on this new classification, CLIF-C AD score ≥ 60 combined with calprotectin ≥ 580 ng/mL showed a sensitivity of 44.4%, specificity of 97.6%, positive predictive value of 72.7%, and negative predictive value of 92.6% to predict 30-d mortality. The positive likelihood ratio was 18.222 and the negative likelihood ratio was 0.569.

DISCUSSION
In the present study, no differences in serum calprotectin levels were observed when patients with stable cirrhosis were compared with individuals hospitalized for AD. However, healthy subjects had lower calprotectin concentrations than both groups of patients with cirrhosis. Plasma calprotectin levels were previously studied in patients with alcohol-induced cirrhosis. In that study including 84 patients and 16 healthy controls, no differences in calprotectin levels were found between healthy controls and subjects with compensated or decompensated alcoholic cirrhosis[9]. Higher circulating calprotectin in patients with cirrhosis included in the present study probably reflects specific characteristics of our cohort, but also may be a consequence of the relatively small sample size of that preliminary study. Conversely, other studies have shown that faecal calprotectin concentrations are higher in patients with liver cirrhosis compared to healthy patients[20,21] and in acute decompensation when compared to stable cirrhosis[22].
Significantly higher serum calprotectin levels were observed in patients with ascites, those with hepatic encephalopathy, and Child-Pugh C patients. Data on circulating calprotectin concentrations in cirrhosis are scarce. An early study by Homann and colleagues observed no relationships between plasma calprotectin and variables related to liver disease severity, such as albumin and total bilirubin[9]. On the other hand, another paper from the same group reported a weak positive correlation between calprotectin plasma levels and the Child-Pugh score, but without significant difference between Child-Pugh classes[10]. In the present study, higher calprotectin levels were associated with the presence of ACLF and bacterial infection in the bivariate exploration, but not in the logistic regression analysis. Although no previous studies addressed this biomarker and ACLF, higher plasma calprotectin was associated with bacterial infection in patients with alcohol-related cirrhosis in a small study[9]. In addition, ascitic fluid calprotectin has been recently reported to be increased in SBP and might represent a practical alternative to the traditional ascitic polymorphonuclear cell count[23]. Outside the context of liver cirrhosis, elevated circulating calprotectin was reported in other conditions characterized by a robust inflammatory response such as tuberculosis[24], sepsis[25,26], COVID-19[27], and several rheumatic diseases[28].
When we evaluated the group of patients hospitalized for complications of cirrhosis as a whole, serum calprotectin concentrations were not associated with prognosis. On the other hand, when we addressed only those with AD without ACLF, circulating calprotectin was related to 30-d mortality even after adjustment for CLIF-C AD score. In a previous study including patients with alcoholic cirrhosis, plasma calprotectin levels was related to a shorter survival, exhibiting higher prognostic value than other classical markers in these patients, such as albumin, bilirubin, and ascites[9]. Later, the same research group studied plasma and ascitic fluid calprotectin concentrations in patients with various etiologies of liver cirrhosis[10]. In both studies, plasma calprotectin was a significant marker of poor survival in alcohol-induced cirrhosis, but had no prognostic value in other etiologies[9,10]. It is noteworthy that this finding of a possible selective regulation of calprotectin in alcoholic liver disease was not confirmed in a longitudinal study of active drinkers, in which patients and controls had similar fecal calprotectin values[29]. These studies predated the establishment of the ACLF concept and, unlike our study, did not consider the categorization of patients in AD or ACLF. Patients with cirrhosis requiring hospitalization for AD episodes are known to have a widely variable prognosis, depending on whether or not they have ACLF[18]. ACLF impacts not only the natural history of cirrhosis, but also the progression of cirrhosis-associated immune dysfunction that migrates to a predominantly immunodeficient phenotype similar to that found in sepsis[30]. Thus, an influence of ACLF on circulating inflammatory markers is expected and further studies are still needed to explain the difference in the prognostic value of calprotectin in patients with AD and ACLF.
CLIF-C AD score was devised as a prognostic parameter in patients hospitalized for AD of cirrhosis without ACLF. In the original study, it was established that patients with a score ≥ 60 should be classified as having a high risk for 90-d mortality, with rates above 30%[19]. In the present study, patients were grouped into three categories according to the observed prognostic factors (CLIF-C AD score and calprotectin level). The Kaplan-Meier survival probability was 98.7% in subjects with none of the factors (CLIF-C AD score < 60 and serum calprotectin < 580 ng/mL), 83.6% in subjects with either factor (CLIF-C AD score ≥ 60 or serum calprotectin ≥ 580 ng/mL), and 27.3% in subjects with both factors (CLIF-C AD score ≥ 60 and serum calprotectin ≥ 580 ng/mL). A similar cutoff point of calprotectin (524 ng/mL) was previously suggested to assess survival in alcohol-induced cirrhosis[10]. Thus, the combination of the two factors may be useful in identifying patients with a very low 30-d mortality rate, allowing for better individualization of care and eventually establishing criteria for early hospital discharge, thus reducing complications of prolonged hospitalization[19]. On the other hand, a high-risk group (CLIF-C AD score ≥ 60 and serum calprotectin ≥ 580 ng/mL) was also identified, which have a 30-d survival (27.3%) similar to patients with grade 3 ACLF (23.3%)[18]. Those patients at the high category might be candidates for early interventions that could improve survival, including evaluation for liver transplantation.

CONCLUSION
In conclusion, serum calprotectin levels are increased in patients with cirrhosis and correlated with variables associated with the severity of liver disease. Higher circulating calprotectin is associated with a worse 30-d survival in those hospitalized for AD without ACLF, but not among ACLF patients. The combination of serum calprotectin and CLIF-C AD score is able to better stratify the prognosis and may be particularly useful in clinical practice to early identify patients with AD of cirrhosis and a very low short-term survival, even in the absence of ACLF at admission.

ARTICLE HIGHLIGHTS
Research background
Systemic inflammation is a hallmark of advanced cirrhosis. Calprotectin is a biomarker of neutrophil activity with high stability in biological fluids. Circulating levels of calprotectin may be an interesting biomarker of systemic inflammation in cirrhosis.

Research motivation
There is a need for inflammatory biomarkers for practical and objective use in cirrhosis. Serum calprotectin has gained relevance in recent years in several other diseases characterized by systemic inflammation.

Research objectives
To investigate factors associated with serum calprotectin levels in acute decompensation of cirrhosis, and to evaluate circulating calprotectin as a prognostic biomarker in patients with complications of cirrhosis.

Research methods
This is a prospective cohort study that included three study groups: 200 subjects hospitalized for complications of cirrhosis, 20 outpatients with stable cirrhosis, and 20 healthy controls. Serum calprotectin was collected at hospital admission in the group with acute decompensation. Hospitalized patients were followed for 30 d for survival analysis

Research results
Higher calprotectin was associated with variables related to more advanced liver disease, acute-on-chronic liver failure (ACLF), and infection. Calprotectin was not associated with survival among patients with ACLF. In patients with acute decompensation without ACLF, higher calprotectin was inversely associated with 30-d survival. The combination of calprotectin with the CLIF-C AD score offered a better prognostic discrimination than the variables alone.

Research conclusions
Serum calprotectin are increased in liver cirrhosis and correlated with variables associated with the severity of liver disease. Higher circulating calprotectin is associated with a worse 30-d survival in those hospitalized for complications of cirrhosis without ACLF. The combination of serum calprotectin and CLIF-C AD score is able to better stratify the prognosis than any of the factors alone.

Research perspectives
The routine incorporation of the calprotectin test is a reality. Serum calprotectin may allow early identification of patients with a very low short-term survival, even in the absence of ACLF at admission. Larger, multicentric future studies are recommended to validate these results.

REFERENCES
1 Tsochatzis EA, Bosch J, Burroughs AK. Liver cirrhosis. Lancet 2014; 383: 1749-1761 [PMID: 24480518 DOI: 10.1016/S0140-6736(14)60121-5]
2 D'Amico G, Morabito A, D'Amico M, Pasta L, Malizia G, Rebora P, Valsecchi MG. New concepts on the clinical course and stratification of compensated and decompensated cirrhosis. Hepatol Int 2018; 12: 34-43 [PMID: 28681347 DOI: 10.1007/s12072-017-9808-z]
3 Albillos A, Lario M, Álvarez-Mon M. Cirrhosis-associated immune dysfunction: distinctive features and clinical relevance. J Hepatol 2014; 61: 1385-1396 [PMID: 25135860 DOI: 10.1016/j.jhep.2014.08.010]
4 Irvine KM, Ratnasekera I, Powell EE, Hume DA. Causes and Consequences of Innate Immune Dysfunction in Cirrhosis. Front Immunol 2019; 10: 293 [PMID: 30873165 DOI: 10.3389/fimmu.2019.00293]
5 Wiest R, Lawson M, Geuking M. Pathological bacterial translocation in liver cirrhosis. J Hepatol 2014; 60: 197-209 [PMID: 23993913 DOI: 10.1016/j.jhep.2013.07.044]
6 Chen GY, Nuñez G. Sterile inflammation: sensing and reacting to damage. Nat Rev Immunol 2010; 10: 826-837 [PMID: 21088683 DOI: 10.1038/nri2873]
7 Pruenster M, Vogl T, Roth J, Sperandio M. S100A8/A9: From basic science to clinical application. Pharmacol Ther 2016; 167: 120-131 [PMID: 27492899 DOI: 10.1016/j.pharmthera.2016.07.015]
8 Menees SB, Powell C, Kurlander J, Goel A, Chey WD. A meta-analysis of the utility of C-reactive protein, erythrocyte sedimentation rate, fecal calprotectin, and fecal lactoferrin to exclude inflammatory bowel disease in adults with IBS. Am J Gastroenterol 2015; 110: 444-454 [PMID: 25732419 DOI: 10.1038/ajg.2015.6]
9 Homann C, Garred P, Graudal N, Hasselqvist P, Christiansen M, Fagerhol MK, Thomsen AC. Plasma calprotectin: a new prognostic marker of survival in alcohol-induced cirrhosis. Hepatology 1995; 21: 979-985 [PMID: 7705809]
10 Homann C, Christensen E, Schlichting P, Philipsen EK, Graudal NA, Garred P. Ascites fluid and plasma calprotectin concentrations in liver disease. Scand J Gastroenterol 2003; 38: 415-420 [PMID: 12739714 DOI: 10.1080/00365520310000870]
11 Silva PE, Fayad L, Lazzarotto C, Ronsoni MF, Bazzo ML, Colombo BS, Dantas-Correa EB, Narciso-Schiavon JL, Schiavon LL. Single-centre validation of the EASL-CLIF consortium definition of acute-on-chronic liver failure and CLIF-SOFA for prediction of mortality in cirrhosis. Liver Int 2015; 35: 1516-1523 [PMID: 24840673 DOI: 10.1111/liv.12597]
12 da Silva TE, Costa-Silva M, Correa CG, Denardin G, Alencar MLA, Coelho MSPH, Muraro-Wildner L, Luiza-Bazzo M, González-Chica DA, Dantas-Correa EB, Narciso-Schiavon JL, Schiavon LL. Clinical Significance of Serum Adiponectin and Resistin Levels in Liver Cirrhosis. Ann Hepatol 2018; 17: 286-299 [PMID: 29469045 DOI: 10.5604/01.3001.0010.8659]
13 Addolorato G, Leggio L, Ferrulli A, Cardone S, Vonghia L, Mirijello A, Abenavoli L, D'Angelo C, Caputo F, Zambon A, Haber PS, Gasbarrini G. Effectiveness and safety of baclofen for maintenance of alcohol abstinence in alcohol-dependent patients with liver cirrhosis: randomised, double-blind controlled study. Lancet 2007; 370: 1915-1922 [PMID: 18068515 DOI: 10.1016/S0140-6736(07)61814-5]
14 Runyon BA; AASLD Practice Guidelines Committee. Management of adult patients with ascites due to cirrhosis: an update. Hepatology 2009; 49: 2087-2107 [PMID: 19475696 DOI: 10.1002/hep.22853]
15 Bajaj JS. Review article: the modern management of hepatic encephalopathy. Aliment Pharmacol Ther 2010; 31: 537-547 [PMID: 20002027 DOI: 10.1111/j.1365-2036.2009.04211.x]
16 Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R. Transection of the oesophagus for bleeding oesophageal varices. Br J Surg 1973; 60: 646-649 [PMID: 4541913 DOI: 10.1002/bjs.1800600817]
17 Wiesner R, Edwards E, Freeman R, Harper A, Kim R, Kamath P, Kremers W, Lake J, Howard T, Merion RM, Wolfe RA, Krom R; United Network for Organ Sharing Liver Disease Severity Score Committee. Model for end-stage liver disease (MELD) and allocation of donor livers. Gastroenterology 2003; 124: 91-96 [PMID: 12512033 DOI: 10.1053/gast.2003.50016]
18 Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J, Durand F, Gustot T, Saliba F, Domenicali M, Gerbes A, Wendon J, Alessandria C, Laleman W, Zeuzem S, Trebicka J, Bernardi M, Arroyo V; CANONIC Study Investigators of the EASL–CLIF Consortium. Acute-on-chronic liver failure is a distinct syndrome that develops in patients with acute decompensation of cirrhosis. Gastroenterology 2013; 144: 1426-1437, 1437.e1-1437.e9 [PMID: 23474284 DOI: 10.1053/j.gastro.2013.02.042]
19 Jalan R, Pavesi M, Saliba F, Amorós A, Fernandez J, Holland-Fischer P, Sawhney R, Mookerjee R, Caraceni P, Moreau R, Ginès P, Durand F, Angeli P, Alessandria C, Laleman W, Trebicka J, Samuel D, Zeuzem S, Gustot T, Gerbes AL, Wendon J, Bernardi M, Arroyo V; CANONIC Study Investigators; EASL-CLIF Consortium. The CLIF Consortium Acute Decompensation score (CLIF-C ADs) for prognosis of hospitalised cirrhotic patients without acute-on-chronic liver failure. J Hepatol 2015; 62: 831-840 [PMID: 25463539 DOI: 10.1016/j.jhep.2014.11.012]
20 Gundling F, Schmidtler F, Hapfelmeier A, Schulte B, Schmidt T, Pehl C, Schepp W, Seidl H. Fecal calprotectin is a useful screening parameter for hepatic encephalopathy and spontaneous bacterial peritonitis in cirrhosis. Liver Int 2011; 31: 1406-1415 [PMID: 22093455 DOI: 10.1111/j.1478-3231.2011.02577.x]
21 Alempijević T, Štulić M, Popovic D, Culafic D, Dragasevic S, Milosavljevic T. The role of fecal calprotectin in assessment of hepatic encephalopathy in patients with liver cirrhosis. Acta Gastroenterol Belg 2014; 77: 302-305 [PMID: 25509200]
22 Riva A, Gray EH, Azarian S, Zamalloa A, McPhail MJW, Vincent RP, Williams R, Chokshi S, Patel VC, Edwards LA. Faecal cytokine profiling as a marker of intestinal inflammation in acutely decompensated cirrhosis. JHEP Rep 2020; 2: 100151 [PMID: 32838247 DOI: 10.1016/j.jhepr.2020.100151]
23 Hadjivasilis A, Tzanis A, Ioakim KJ, Poupoutsi I, Agouridis AP, Kouis P. The diagnostic accuracy of ascitic calprotectin for the early diagnosis of spontaneous bacterial peritonitis: systematic review and meta-analysis. Eur J Gastroenterol Hepatol 2021; 33: 312-318 [PMID: 32541235 DOI: 10.1097/MEG.0000000000001813]
24 Gopal R, Monin L, Torres D, Slight S, Mehra S, McKenna KC, Fallert Junecko BA, Reinhart TA, Kolls J, Báez-Saldaña R, Cruz-Lagunas A, Rodríguez-Reyna TS, Kumar NP, Tessier P, Roth J, Selman M, Becerril-Villanueva E, Baquera-Heredia J, Cumming B, Kasprowicz VO, Steyn AJ, Babu S, Kaushal D, Zúñiga J, Vogl T, Rangel-Moreno J, Khader SA. S100A8/A9 proteins mediate neutrophilic inflammation and lung pathology during tuberculosis. Am J Respir Crit Care Med 2013; 188: 1137-1146 [PMID: 24047412 DOI: 10.1164/rccm.201304-0803OC]
25 Huang L, Li J, Han Y, Zhao S, Zheng Y, Sui F, Xin X, Ma W, Jiang Y, Yao Y, Li W. Serum Calprotectin Expression as a Diagnostic Marker for Sepsis in Postoperative Intensive Care Unit Patients. J Interferon Cytokine Res 2016; 36: 607-616 [PMID: 27610929 DOI: 10.1089/jir.2016.0037]
26 Gao S, Yang Y, Fu Y, Guo W, Liu G. Diagnostic and prognostic value of myeloid-related protein complex 8/14 for sepsis. Am J Emerg Med 2015; 33: 1278-1282 [PMID: 26206243 DOI: 10.1016/j.ajem.2015.06.025]
27 Mahler M, Meroni PL, Infantino M, Buhler KA, Fritzler MJ. Circulating Calprotectin as a Biomarker of COVID-19 Severity. Expert Rev Clin Immunol 2021; 17: 431-443 [PMID: 33750254 DOI: 10.1080/1744666X.2021.1905526]
28 Ometto F, Friso L, Astorri D, Botsios C, Raffeiner B, Punzi L, Doria A. Calprotectin in rheumatic diseases. Exp Biol Med (Maywood) 2017; 242: 859-873 [PMID: 27895095 DOI: 10.1177/1535370216681551]
29 Montalto M, Gallo A, Ferrulli A, Visca D, Campobasso E, Cardone S, D'Onofrio F, Santoro L, Covino M, Mirijello A, Leggio L, Gasbarrini G, Addolorato G. Fecal calprotectin concentrations in alcoholic patients: a longitudinal study. Eur J Gastroenterol Hepatol 2011; 23: 76-80 [PMID: 21030869 DOI: 10.1097/MEG.0b013e32834101f9]
30 Wasmuth HE, Kunz D, Yagmur E, Timmer-Stranghöner A, Vidacek D, Siewert E, Bach J, Geier A, Purucker EA, Gressner AM, Matern S, Lammert F. Patients with acute on chronic liver failure display "sepsis-like" immune paralysis. J Hepatol 2005; 42: 195-201 [PMID: 15664244 DOI: 10.1016/j.jhep.2004.10.019]

Footnotes
Institutional review board statement: The study protocol complies with the ethical principles of the Declaration of Helsinki and was approved by the Ethics Committee on Human Research of the Federal University of Santa Catarina.

Informed consent statement: All study participants, or their legal guardian, provided informed written consent prior to study enrollment.

Conflict-of-interest statement: There is no conflict of interest regarding this manuscript.

Data sharing statement: Technical appendix, statistical code, and dataset available from the corresponding author upon request at leo-jf@uol.com.br. Participants gave informed consent for data sharing.

[bookmark: OLE_LINK507][bookmark: OLE_LINK506][bookmark: OLE_LINK496][bookmark: OLE_LINK479]STROBE statement: The authors have read the STROBE Statement—checklist of items, and the manuscript was prepared and revised according to the STROBE Statement—checklist of items.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Provenance and peer review: Invited article; Externally peer reviewed.
Peer-review model: Single blind

Peer-review started: October 2, 2022
First decision: October 11, 2022
Article in press: November 2, 2022


Specialty type: Gastroenterology and hepatology
Country/Territory of origin: Brazil
Peer-review report’s scientific quality classification
Grade A (Excellent): A
Grade B (Very good): B
Grade C (Good): 0
Grade D (Fair): 0
Grade E (Poor): 0

P-Reviewer: Liu LP, China; Metawea MI, Egypt S-Editor: Liu JH L-Editor: Wang TQ P-Editor: Liu JH 
 28 / 29

Figure Legends
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Figure 1 Box plot of serum calprotectin levels among healthy controls, stable cirrhostics, and hospitalized cirrhotics with acute decompensation. The line across the box indicates the median value; the box contains the 25% to 75% interquartile range; and the whiskers represent the highest and the lower values. There were no differences in calprotectin levels between patients with acute decompensation and stable cirrhosis patients (P = 0.127). Significantly lower calprotectin levels were observed among healthy controls compared to stable cirrhosis (P < 0.001) and patients with acute decompensation (P < 0.001).
 [image: ]
Figure 2 Box plot of serum calprotectin levels in patients with acute decompensation of cirrhosis according to the presence of specific complications. The line across the box indicates the median value; the box contains the 25% to 75% interquartile range; and the whiskers represent the highest and the lower values. A-D: Significantly higher calprotectin levels were observed among patients with (A) acute-on-chronic liver failure (P = 0.047), (B) infection (P = 0.012), (C) ascites (P = 0.004), and (D) hepatic encephalopathy (HE) (P = 0.026); E: Lower levels of calprotectin were observed among patients with upper gastrointestinal bleeding (UGIB) (P = 0.036); F: Higher levels in patients with hepatitis C virus infection (HCV) (P = 0.001).
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Figure 3 Cumulative 30-d survival of patients hospitalized with acute decompensation of cirrhosis without acute-on-chronic liver failure according to calprotectin levels categorized at 580 ng/mL and CLIF-C acute decompensation score at 60. A: The Kaplan-Meier survival probability was 96.5% in subjects with a calprotectin level < 580 ng/mL and 72.7% in those with a value ≥ 580 ng/mL (P < 0.001); B: The Kaplan-Meier survival probability was 93.3% in individuals with a CLIF-C acute decompensation (AD) score < 60 and 54.5% in those with a value ≥ 60 (P < 0.001); C: The Kaplan-Meier survival probability was 98.7% in subjects with a CLIF-C AD score < 60 and calprotectin concentration < 580 ng/mL, 84.1% in subjects with a CLIF-C AD score ≥ 60 and calprotectin concentration < 580 ng/mL, 81.4% in subjects with a CLIF-C AD score < 60 and calprotectin concentration ≥ 580 ng/mL, and 27.3% in subjects with a CLIF-C AD score ≥ 60 and calprotectin concentration ≥ 580 ng/mL; D: The Kaplan-Meier survival probability was 98.7% in subjects with none of the factors (CLIF-C AD score < 60 and calprotectin concentration < 580 ng/mL), 83.6% in subjects with one of the factors (CLIF-C AD score ≥ 60 and calprotectin < 580 ng/mL or CLIF-C AD score < 60 and calprotectin ≥ 580 ng/mL), and 27.3% in subjects with both factors (CLIF-C AD score ≥ 60 and calprotectin ≥ 580 ng/mL), in which P = 0.002 between the first and second groups, and P < 0.001 between the first and third, and between the second and third groups.

Table 1 Characteristics of included patients 
	Parameter
	Stable cirrhosis (n = 20)
	Acute decompensation (n = 200)
	P value

	Age (yr), mean ± SD
	51.35 ± 12.68
	57.29 ± 11.56
	0.056

	Male gender, n (%)
	15 (75.0)
	143 (71.5)
	0.740

	Etiology of cirrhosis1, n (%)
	
	
	

	Alcohol
	12 (60.0)
	106 (53.0)
	0.549

	Hepatitis C
	6 (30.0)
	58 (29.0)
	0.925

	Hepatitis B 
	3 (15.0)
	10 (5.0)
	0.102

	Cryptogenic
autoimmune
	2 (10.0)
	8 (4.0)
	0.229

	Autoimmune
	0 (0.0)
	11 (5.5)
	0.605

	NASH
	0 (0.0)
	25 (12,6)
	0.139

	Other2
	2 (10.0)
	11 (5.5)
	0.335

	Active alcoholism, n (%)
	0 (0.0)
	34 (17.0)
	0.049


	Prior decompensation, n (%)
	15 (75.0)
	173 (86.5)
	0.182

	Laboratory data
	
	
	

	Leukocyte count (×109), median
	4.96
	6.54
	0.008

	Sodium (mEq/L), mean ± SD
	138.05 ± 1.50
	136.24 ± 5.21
	< 0.001

	Creatinine (mg/dL), median
	0.8
	1.11
	< 0.001

	INR, median
	1.15
	1.46
	< 0.001

	Albumin (g/dL), mean ± SD
	3.54 ± 0.34
	2.63 ± 0.68
	< 0.001

	CRP (mg/L), median
	3.0
	18.2
	< 0.001

	Total bilirubin (mg/dL), median
	1.10
	2.20
	< 0.001

	Calprotectin (ng/dL), median
	396.5
	477.2
	0.127

	Child-Pugh score, mean ± SD
	6.40 ± 1.60
	9.24 ± 1.92
	< 0.001

	Child-Pugh A, n (%)
	13 (65.0)
	12 (6.0)
	< 0.001

	Child-Pugh B, n (%)
	6 (30.0)
	97 (48.5)
	0.114

	Child-Pugh C, n (%)
	1 (5.0)
	91 (45.5)
	< 0.001

	MELD score, mean ± SD
	9.4 ± 1.8
	17.6 ± 7.0
	< 0.001

	Complication at evaluation, n (%)
	
	
	

	Ascites
	2 (10.0)
	125 (62.5)
	< 0.001

	Hepatic encephalopathy
	3 (15.0)
	99 (48.5)
	< 0.001

	Gastrointestinal bleeding
	-
	66 (33.0)
	


	Bacterial infection
	-
	70 (35.0)
	



	Alcoholic hepatitis
	-
	11 (5.5)
	

	CLIF-SOFA, median
	-
	7.00
	

	ACLF, n (%)
	-
	56 (28.0)
38 (18,5)
9 (4,4)
3 (1,5)
	

	ACLF grade, n (%)
	
	
	

	Grade 1
	-
	37 (18.5)
	

	Grade 2
	-
	11 (5.5)
	

	Grade 3
	-
	8 (4.0)
	



1More than one etiologic factor could be present in specific cases. 
2Other etiologic factors included primary biliary cirrhosis, sclerosing cholangitis. 
NASH: Non-alcoholic steatohepatitis; SD: Standard deviation; INR: International normalized ratio; CRP: C-reactive protein; MELD: Model for end-stage liver disease; CLIF-SOFA: Chronic liver failure - sequential organ failure assessment; ACFL: Acute-on-chronic liver failure.


Table 2 Univariate Cox-regression analysis of factors associated with 30-d mortality among patients hospitalized for acute decompensation of cirrhosis without acute-on-chronic liver failure
	Parameter
	Survivors (n = 123)
	Non-survivors (n = 18)
	Univariate analysis

	
	
	
	HR (95%CI)
	P value

	Age (yr), mean ± SD
	55.80 ± 11.67
	60.67 ± 9.36
	1.039 (0.994–1.085)
	0.087

	Male gender, n (%)
	77 (62.6)
	15 (83.3)
	2.743 (0.794–9.754)
	0.111

	Active alcoholism, n (%)
	21 (17.1)
	2 (11.1)
	0.610 (0.140–2.654)
	0.510

	PPI, n (%)
	60 (49.6)
	11 (64.7)
	1.755 (0.649–4.745)
	0.268

	Beta-blockers, n (%)
	55 (45.5)
	7 (41.2)
	0.853 (0.325–2.241)
	0.747

	Prior decompensation, n (%)
	104 (84.6)
	16 (88.9)
	1.409 (0.324–6.129)
	0.647

	Complication at admission, n (%)
	
	
	
	

	Ascites
	60 (48.8)
	18 (100.0)
	8.588 (2.644–27.898)

	0.035

	Hepatic encephalopathy
	43 (35.0)
	13 (72.2)
	4.231 (1.508–11.869)
	0.006

	UGIB
	47 (38.2)
	5 (27.8)
	0.660 (0.235–1.851)
	0.429

	Bacterial infection
	43 (35.0)
	11 (61.1)
	2.678 (1.038–6.910)
	0.042

	Laboratory data
	
	
	
	

	Leukocyte count (x109), median
	5.51
	8.21
	1.096 (1.012–1.186)
	0.024

	Sodium (mEq/L), mean ± SD
	137.05 ± 4.45
	136.17 ± 6.38
	0.962 (0.872–1.060)
	0.432

	Creatinine (mg/dL), median
	1.00
	1.02
	1.940 (0.525–7.167)
	0.320

	INR, median
	1.39
	1.78
	2.931 (1.840–4.668)
	< 0.001

	Albumin (g/dL), mean ± SD
	2.65 ± 0.53
	2.29 ± 0.92
	0.328 (0.140–0.770)
	0.010

	CRP (mg/L), median
	13.15
	30.05
	1.014 (1.004–1.024)
	0.004

	Total bilirubin (mg/dL), median
	2.00
	3.90
	1.259 (1.137–1.394)
	< 0.001

	Calprotectin (ng/mL), median
	372.7
	838.3
	1.018 (1.002–1.034)
	0.024

	MELD score, mean ± SD
	14.10 ± 3.98
	20.52 ± 3.85
	1.276 (1.168–1.393)
	< 0.001

	Child-Pugh C, n (%)
	38 (30.9)
	17 (94.4)
	31.205 (4.151–234.60)
	< 0.001

	CLIF-SOFA, median
	6.00
	8.00
	1.835 (1.419–2.373)
	< 0.001

	CLIF-C ADs, median
	49.07
	60.29
	1.173 (1.097-1.254)
	< 0.001


HR: Hazard ratio; CI: Confidence interval; PPI: Proton-pump inhibitor; UGIB: Upper gastrointestinal bleeding, INR: International normalized ratio; CRP: C-reactive protein; ACFL: Acute-on-chronic liver failure; MELD: Model for end-stage liver disease; CLIF-SOFA: Chronic liver failure - sequential organ failure assessment; CLIF-C ADs: Chronic liver failure consortium acute decompensation score.
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