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Abstract

Background and aims: Intestinal inflammation assessed by fecal calprotectin (F‐
CAL) in advanced chronic liver disease (ACLD) may represent an early sign of in-

testinal barrier dysfunction. We aimed to explore the usefulness of F‐CAL testing in

ACLD in the prediction of adverse outcomes (AO, death, or LT) and refinement of

prognostic stratification.

Patients and methods: We explored the RH7 cirrhosis registry comprising

consecutive hospitalized patients and a control group with data on disease

phenotype, demographics, anthropometrics, prognostic indices, and medication. The

F‐CAL was evaluated on admission and reported in multiples of the upper limit of

normal or terciles. Predictive power was tested in the Cox model for AO over

180 days. Additional risk refinement by F‐CAL was tested for both groups.

Results: We enrolled 263 cases in the study group with a median age of 57.2 years,

M/F ratio 167/96, with alcohol, metabolic dysfunction‐associated steatotic liver

disease, MetALD, and viral etiologies in 72.2%, 9.1, 8.0, 3.4%. The median F‐CAL

was 3.92 � ULN. The control group comprised 108 cases. The adjusted Cox model

confirmed F‐CAL (hazard ratio [HR] = 1.05, p < 0.001) and F‐CAL terciles

(HR = 1.413, p = 0.009) as independent predictors of AO. F‐CAL terciles had higher

predictive accuracy in CLIF‐C‐AD<50 (HR = 2.49, p = 0.013) and Child stages A and

B (HR = 1.706, p = 0.025), in whom high F‐CAL (cut‐off >11 � ULN) could identify

patients having 2–3 times higher risk of AO. This approach has been validated in the

control group.

Conclusion: Among hospitalized patients with ACLD, F‐CAL values were indepen-

dently proportional to the risk of AO, particularly in early disease stages when high

F‐CAL values could refine prognostic stratification.
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INTRODUCTION

Advanced chronic liver disease (ACLD) poses a significant burden on

healthcare systems in Europe.1 In Central Europe, a stable high

prevalence of end‐stage liver disease has a substantial share of

premature mortality.2 Alleviating this burden remains a major unmet

need of public health policies. One of the pathogenetic factors

involved in the progression of ACLD is bacterial translocation (BT). It

is defined as the passage of viable bacteria from the lumen of the

digestive tract into mesenteric lymph nodes, extraintestinal organs,

and circulation.3 There is evidence that BT increases the risk of acute

infections4 while chronic BT with activation of immunocompetent

cells gradually leads to immune system exhaustion.5 There are

several described mechanisms of BT,6 including a change in intestinal

microbiota (dysbiosis), intestinal blood congestion in portal hyper-

tension, and bacterial overgrowth, all facilitating the passage of

bacteria and their components into structures of the intestinal wall.6

The local inflammatory response serves as a gatekeeper for trans-

located elements reaching the bloodstream. Intestinal inflammation

may thus represent an early pathogenetic link between the disrup-

tion of the intestinal barrier, BT, and its downstream effects.7,8

Fecal calprotectin (F‐CAL) is a calcium‐ and zinc‐binding complex

making 45%–60% of human neutrophil granulocytes, activated

macrophages, and monocyte proteins. Fecal calprotectin is a sensitive

marker of intestinal inflammation and is used in clinical practice in

the differential diagnosis of chronic diarrhea and monitoring of in-

flammatory bowel diseases (IBD).9,10 In ACLD, there is evidence for

increased calprotectin concentrations in serum, stool, and ascites.11

It has been demonstrated that F‐CAL is increased in patients with

cirrhosis, particularly in those with hepatic encephalopathy,12 spon-

taneous bacterial peritonitis,13 or other infections.14 Several studies

have also suggested its serum component as a valid marker of short‐
to mid‐term survival.14,15 Despite the initial reports and the conve-

nience of use, F‐CAL has yet to gain sufficient attention from liver

specialists. To bring more evidence to the field, we seized the op-

portunity offered by the RH7 cirrhosis registry16 and aimed to

explore the usefulness of testing F‐CAL in the management of ACLD

patients. We aimed to prospectively analyze F‐CAL in hospitalized

patients, explore its predictive potential as a surrogate marker of

adverse outcomes, refine the definition of at‐risk patients, and vali-

date it in an independent control group.

PATIENTS AND METHODS

The RH7 cirrhosis registry was established in 2014 and is prospectively

registering all consecutive adult patients hospitalized at the Depart-

ment of Hepatology, Gastroenterology and Transplantation (HEGITO,

Center1) for acute or chronic ACLD complications or consideration of

liver transplantation.17,18 The registry data include main ACLD com-

plications leading to index hospitalization (e.g., acute alcohol‐
associated hepatitis, bleeding into the digestive tract,

encephalopathy, ascites …), and other diagnosed conditions, such as

infection. RH7 data also include basic demographics and anthropo-

metrics, blood parameters, and prognostic indices (CLIF‐C AD score,

MELD‐Na score, Child‐Pugh‐Turcotte stage). The qualified nurse

captures data into the registry from the patient's source documenta-

tion and the medical information system. Since 2019, patients from

other centers have been added to the registry. For this study, we

included patients hospitalized at the University Hospital Center

(Center 2). For all included cases, we also recorded treatment status

with a beta‐adrenergic blocker, lactulose, or rifaximin on admission

and discharge.

We started investigating F‐CAL at Center 2 on 1 January 2019,

and in the Center 1 (RH7 registry) on 17 August 2021. We included

patients registered until 4 April 2023, ensuring a 180‐day follow‐up.

Key summary

Summarize the established knowledge on this subject

� Fecal calprotectin (F‐CAL) is an established marker of

intestinal inflammation.

� F‐CAL is substantially increased in patients with cirrhosis

compared with healthy subjects. In some studies, it

correlated with stages of hepatic encephalopathy, and

markers of disease severity (Child‐Pugh‐Turcotte score

and MELD).

� In a recent report of 30 advanced chronic liver disease

(ACLD) patients, F‐CAL was directly proportional to liver

disease severity, significantly higher in non‐survivors,

and was associated with the onset of sepsis.

� However, F‐CAL has not gained much attention from

liver specialists due to insufficient evidence for its use-

fulness in clinical practice.

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

� From our RH7 cirrhosis registry, we explored data from

263 patients having a single F‐CAL essay at baseline and

a 180‐day follow‐up.

� We bring evidence that F‐CAL is an independent pre-

dictor of adverse outcomes (AO) defined as liver trans-

plantation or death, and the probability of AO is directly

proportional to F‐CAL values.

� The predictive power of F‐CAL was most relevant in the

subgroup of patients with early disease stage: CLIF‐C AD

<50, Child‐Pugh‐Turcotte stages A and B, MELD ≤15, or

no refractory ascites.

� In early disease stages, high F‐CAL values (>11) identi-

fied additional high‐risk patients having a window of

opportunity for upfront treatment strategies. This

approach was validated in an independent control group.
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For the control group, we included patients registered after the

completion of the study cohort starting from 5 April 2023 until 31

January 2024, ensuring a minimum of 60‐day follow‐up.

We excluded patients with missing data on calprotectin, patients

with hepatocellular carcinoma, autoimmune hepatitis, primary scle-

rosing cholangitis, primary biliary cholangitis, and those with severe

systemic disease of any organ system and life expectancy inferior to

6 months. Figure 1 displays the flowchart of patient recruitment.

Grading of ascites was defined according to the Child‐Pugh‐
Turcotte scoring system. Hepatic encephalopathy (HE) was graded

according to the West‐Haven classification. Patients with no overt

encephalopathy (HE stage 0) and a number connection test (NCT)

time≥ 120 s were also considered as having HE. We defined early

stages of liver disease using the CLIF‐C AD score cut‐off <50 from

the PREDICT study,19 MELD‐Na score ≤15,20 Child‐Pugh‐Turcotte

(CPT) score stages A and B from the Padua model,21 and by the

absence of refractory ascites.

Stool samples for calprotectin essay were collected during the

first days of hospital stay, and patients and physicians were

instructed not to take/prescribe non‐steroidal anti‐inflammatory

drugs before the sampling. The stool was collected in a Buhlman

Calex tube and sent to the laboratory as soon as possible. Stan-

dardized automated calprotectin essays of routine practice were

used in both hospitals. Center 1 used the essay Alegria® Calprotectin

by Orgentech GmbH, Mainz, Germany, while Center 2 the Calprolab

ELISA (ALP) CALPO170, by CALPRO AS, Lysaker, Norway. Different

upper limits of normal were defined for stool calprotectin in the two

centers, 50 μg/g in Center 1 and 80 μg/g in Center 2. For more

convenience, F‐CAL values in the results section are reported in

multiples of the upper limit of normal (ULN).

After the index hospitalization, patients enrolled in the registry

continued to be clinically monitored in the respective facilities or

local hospitals according to the plan at discharge. During follow‐up,

we recorded the occurrence of the first event, which could be liver

transplantation or death, or if such an event did not occur, the follow‐
up was censored at 180 days in the study cohort, and at 120 days in

the control group. Adverse outcomes were defined as death from any

cause or liver transplantation within the first 180 days (study group)

or 120 days (control group). The survival status of the registry pa-

tients was verified in the national registry of deceased inhabitants.

Liver transplantation is currently performed in a single center in

Slovakia, which is the center involved in this study (Center 1).

Statistical analysis

Parameters that did not show a normal distribution are presented

as medians and 25–75 percentiles, categorical variables as numbers,

and percentages of the total (Table 1). Numerical values of F‐CAL in

multiples of the ULN were compared by the Spearman rank cor-

relation, values between two categories by Mann‐Whitney test, and

more categories by Kruskal‐Wallis test and Jonckheere‐Terpstra

test for trend (Figure 2). The predictive potential of F‐CAL was

determined in the Cox model in a univariate model and two

multivariate models (Table 2). The former was adjusted for possible

confounding factors and the latter copied the Padua model21 with

CLIF‐C AD score, C reactive protein, and Child‐Pugh‐Turcotte

score. Adjusted survival probability curves from the former model

were plotted for F‐CAL terciles (Figure 3). We also tested the

former model on the above‐mentioned subgroups of early disease

(Table S1). In search for predictive F‐CAL cut‐offs for 90‐day and

180‐day adverse outcomes, we used the receiver operating char-

acteristic (ROC) analysis by DeLong et al. We explored the most

convenient and the pre‐defined forced specificity cut‐offs (Table 3).

To bring the results of our study closer to clinical practice, we

explored the rate of adverse outcomes in validated disease

F I GUR E 1 Flowchart of the included advanced chronic liver disease patients from the RH7 registry, (a) the study cohort, (b) control group.
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TAB L E 1 Summary statistics and characteristics of the study cohort and control group of advanced chronic liver disease patients.

Parameter

Study cohort Control group

N = 263 N = 108

Median [25–75P] or
N (%)

Median [25–75P] or
N (%)

Age, years 57.22 [46.52, 64.16] 55.33 [45.80, 62.84]

Sex, n (%) Male 167 (63.5) 69 (63.9)

Female 96 (36.5) 39 (36.1)

Body mass index, kg%m2 25.95 [23.39, 30.42] 27.00 [23.86, 30.48]

Tricipital skinfold, mm 14.00 [9.00, 20.00] 10.50 [6.75, 17.70]

Midarm circumference, cm 26.00 [23.00, 29.25] 26.50 [24.00, 30.00]

Handgrip, kg 23.93 [16.57, 32.50] 24.24 [17.04, 33.80]

Cirrhosis etiology, n (%) Alcohol 190 (72.2) 67 (62.6)

Cryptogenic 11 (4.2) 9 (8.4)

MASLD 24 (9.1) 6 (5.6)

MET‐ALD 21 (8.0) 17 (15.9)

Secondary biliary 8 (3.0) 2 (1.9)

Viral hepatitis 9 (3.4) 6 (5.6)

Principal cause for admission, n (%) Hepatic encephalopathy 23 (9.9) 0 (0)

Variceal bleeding 33 (14.2) 8 (7.4)

Acute alcoholic hepatitis 42 (18.1) 35 (32.4)

Elective variceal ligation 16 (6.9) 7 (6.5)

Ascites 97 (41.8) 29 (26.9)

Evaluation 21 (9.1) 29 (26.9)

Number connection test, s 85.00 [64.00, 130.00] 91.00 [72.0, 127.50]

Hepatic encephalopathy, n (%) NCT >120s, and or WH stage >0 152 (57.8) 45 (41.7)

Infection during hospital stay, n (%) 64 (24.3) 30 (27.8)

Refractory ascites, n (%) 84 (32.3) 27 (25.0)

Child‐Pugh‐Turcotte stage, n (%) A 10 (3.9) 12 (11.2)

B 114 (44.7) 45 (42.1)

C 131 (51.4) 50 (46.7)

CLIF‐C AD score 52.25 [46.97, 59.37] 53.22 [46.81, 61.20]

MELD‐Na score 21.00 [16.00, 26.00] 21.00 [14.50, 27.00]

Serum albumin, mg/L 28.90 [24.89, 32.00] 31.00 [26.75, 35.00]

White blood cells, �10.9/L 7.60 [4.79, 12.02] 7.60 [4.88, 10.35]

Neutrophil/lymphocyte ratio 4.71 [2.76, 8.55] 4.30 [2.83, 7.89]

C reactive protein, mg/L 17.76 [8.10, 42.96] 12.48 [5.78, 35.30]

Beta‐adrenergic blocker therapy (admission/discharge),

n (%)

139 (53.1)/150 (59.1)

Dose equivalent (admission/

discharge)

1.0/1.0 [0.5–1.00]

Lactulose therapy (admission/discharge), n (%) 70 (33.8)/128 (50)

Rifaximin therapy (admission/discharge), n (%) 95 (36.1)/149 (58.2)

Fecal calprotectin, multiples of ULN 3.92 [1.15, 11.78] 3.83 [1.67, 13.54]

Length of hospital stay, days 9.00 [6.00, 15.00] 9.00 [6.00, 15.00]
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stratification categories defined by the CLIF‐C AD score <50, the

CPT stages, and added a new category with a specific F‐CAL cut‐off

(Table 4). We identified two distinct risk groups according to the

180‐day mortality threshold of 15%: low‐risk and high‐risk groups.

Kaplan Meier curves for the risk groups were plotted and compared

by the log‐rank test (Figure 4).

Statistically significant differences were defined by the proba-

bility of the null hypothesis being inferior to 0.05. The analysis was

carried out using the software package MedCalc v. 20 (www.medcalc.

org), R statistics (www.r‐foundation.com), R‐commander, and EZR

package.22

Ethical considerations

This non‐interventional study was conducted according to the pro-

ceedings of the Declaration of Helsinki. The subjects signed informed

consent when registering for the registry. The protocol was approved

T A B L E 1 (Continued)

Parameter

Study cohort Control group

N = 263 N = 108

Median [25–75P] or

N (%)

Median [25–75P] or

N (%)

Mortality, n (%) In hospital 31 (11.8) 7 (6.5)

30 days 43 (16.3) 13 (12.0)

90 days 73 (27.8) 25 (23.1)

180 days 99 (37.6)

Event during follow‐up, n (%) 180 days 60–120 days

None 164 (62.4) 82 (75.9)

Liver transplantation 17 (6.5) 2 (1.9)

Death 82 (31.2) 24 (22.2)

Note: Calprotectin concentration ‐ the main topic of the paper, is highlighted and marked in bold.

Abbreviations: ALD, alcohol‐associated liver disease; MASLD, metabolic dysfunction‐associated steatotic liver disease; NCT, number connection test;

West‐Haven (WH).

F I GUR E 2 Comparison of fecal calprotectin concentration in multiples of the upper limit of normal among different causes of baseline
hospital admission. AAH, acute alcoholic hepatitis; HE, overt hepatic encephalopathy; Kruskal–Wallis test, p = 0.082, Jonckheere–Terpstra
trend test, p = 0.005.
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by the local ethics committee in both participating institutions, and

RH7 is a registered trial in the clinicaltrials.gov (NCT04767945).

Ethical committees approved the data registry, data processing, data

storage, and publishing of the results under the condition of complete

anonymity of study participants. Data are available from the corre-

sponding author upon request.

RESULTS

The summary statistics and characteristics of the study cohort and

control group are displayed in Table 1. The study group comprised

263 patients with a median age of 57.2 years and a male to female

ratio of 167/96. The main ACLD etiology was alcohol‐associated

liver disease (ALD) in 72.2%, followed by metabolic dysfunction‐
associated steatotic liver disease (MASLD) in 9.1%, combined

etiology with MASLD and alcohol consumption (Met‐ALD) in 8.0%,

and viral hepatitis in 3.4%. The main cause of hospitalization was

ascites in 41.8%, followed by acute alcohol‐associated hepatitis in

18.2%, variceal bleeding in 14.2%, and hepatic encephalopathy in

9.9%. Overall, 9.1% of patients were hospitalized for pretransplant

evaluation having no such complication at baseline. On admission,

84 patients (32.3%) fulfilled the criteria for refractory ascites, 152

(57.8%) for hepatic encephalopathy (overt or covert), and 64

(24.3%) cases were diagnosed with infection during the hospital

stay. The median MELD score was 21, and the CLIF‐C AD score

52.3. The median length of hospital stay was 9 days, 17 patients

underwent liver transplantation within 180 days. During follow‐up,

adverse outcomes (death or liver transplantation) occurred in 37.6%

of cases. The median F‐CAL concentration was 3.92 � ULN. The

control group comprised 108 cases with a median F‐CAL of

3.83 � ULN.

TAB L E 2 Univariate and multivariate analysis for predictors of adverse outcomes in the study cohort over 6 months of follow‐up.

Univariate Multivariate, N = 254 The Padua model þ F‐CALb

HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value

Age, yearsa 1.015 (0.9978–1.033) 0.087

Female sex, n (%)a 1.042 (0.693–1.565) 0.844

Body mass index, kg%m2a 1.036 (1.004–1.068) 0.028

Tricipital skinfold, mma 0.989 (0.967–1.013) 0.384

Midarm circumference, cma 1.002 (0.959–1.046) 0.938

Handgrip, kga 0.955 (0.936–0.974) <0.001

Hepatic encephalopathy (NCT >120 s, WH stage

>0), n (%)a
2.771 (1.76–4.364) <0.001

Infection during hospital stay, n (%) 1.604 (1.045–2.464) 0.031

Refractory ascites, n (%)a 1.722 (1.151–2.578) 0.008

CLIF‐C AD scorea 1.085 (1.066–1.106) <0.001 1.068 (1.046–1.091) <0.001 1.071 (1.049–1.094) <0.001

MELD‐Na score 1.094 (1.062–1.127) <0.001

Child‐Pugh‐Turcotte (CPT) scorea 1.294 (1.174–1.426) <0.001 1.123 (1.007–1.254) 0.038

Serum albumin, mg/La 0.905 (0.872–0.939) <0.001 0.951 (0.912–0.991) 0.017

White blood cells, �10.9/L 1.049 (1.026–1.073) <0.001

Neutrophil/lymphocyte ratioa 1.057 (1.038–1.075) <0.001

C reactive protein, mg/La 1.007 (1.002–1.011) 0.003

Beta‐adrenergic blocker therapy on discharge,

n (%)a
0.619 (0.41–0.936) 0.023

Lactulose therapy on discharge, n (%) 2.557 (1.653–3.957) <0.001

Rifaximin therapy on discharge, n (%) 2.259 (1.427–3.578) <0.001

Fecal calprotectin, multiples of ULNa 1.05 (1.022–1.079) <0.001 1.05 (1.02–1.081) <0.001 1.041 (1.013–1.069) 0.004

Fecal calprotectin terciles 1.414 (1.105–1.811) 0.006

C‐index 0.742 (0.695–0.789) 0.739 (0.693–0.786)

Abbreviations: HR, hazard ratio; NCT, number connection test; ULN, upper limit of normal; West‐Haven (WH).
aVariables included in the multivariate model.
bF‐CAL, fecal calprotectin in multiples of the ULN.
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F‐CAL and disease phenotype

Patients hospitalized for overt hepatic encephalopathy, bleeding, and

acute alcoholic hepatitis had the highest F‐CAL values with medians

exceeding 5 � ULN. The lowest F‐CAL values were observed among

patients hospitalized for pre‐transplant evaluation or ascites

(Figure 2). There was a statistically significant downward trend in the

F‐CAL values among the groups, but differences between the groups

were not statistically significant (p = 0.08). F‐CAL values were lower

in patients with refractory ascites (2.92, 25–75P 1.05–6.19 vs. 5.1,

1.22–13.85, p = 0.029) and higher in patients with diagnosed infec-

tion during hospitalization (7.93, 25–75P 3.28–17.75 vs. 3.01, 0.91–

7.76, p < 0.001). F‐CAL values correlated with serum CRP

(rho = 0.154, p = 0.012), MELD (rho = 0.141, p = 0.022), but not with

white blood cell count (rho = 0.113, p = 0.068), neutrophil to

lymphocyte ratio (rho = 0.078, p = 0.207), CLIF‐C AD score

(rho = 0.091, p = 0.14), or the CPT score (rho = 0.044, p = 0.489).

F‐CAL and prediction of adverse outcomes

Results of the univariate analyses for relevant covariates from the

Cox model are displayed in Table 2. The first stepwise multivariate

model yielded three independent covariates: CLIF‐C AD score (haz-

ard ratio [HR] = 1.068 95% CI 1.046–1.091), serum albumin

(HR = 0.951, 0.912–1.991), and numerical F‐CAL (1.05, 1.02–1.081).

Results of the same model with F‐CAL terciles (Figure 3) yielded

three independent covariates: CLIF‐C AD score (HR = 1.075 95% CI

1.053–1.097), hepatic encephalopathy (HR = 1.79, 1.119–2.885), and

F‐CAL terciles (1.413, 1.09–1.832). We also tested the Padua model

including CLIF‐C AD score, CPT score, CRP, and F‐CAL yielding three

independent covariates: CLIF‐C AD score (HR = 1.071 95% CI

1.049–1.094), CPT score (HR = 1.123, 1.007–1.254), and numerical

F‐CAL (1.041, 1.013–1.069). All parameters of the multivariate

models and survival probability plots for F‐CAL terciles are displayed

in Table 2 and Figure 3.

In the control group, the model yielded two independent cova-

riates: third F‐CAL tercile HR = 2.257 (95% CI 1.04–4.899, p = 0.04),

and CLIF‐C AD score (HR = 1.021, 95% CI 1.003–1.041, p ≤ 0.027).

The survival probability plot for F‐CAL terciles (1 and 2 vs. 3) is

displayed in Figure S1.

F‐CALprediction of adverse outcomes at 90and180 days from the

ROC analysis showed the area under the receiver operating curve

(AUROC) = 0.607 (95% CI 0.545–0.666) and 0.601 (0.539–0.661). Cut‐
offs for 90 days and 180 days were >18.3 and 3.2 � ULN, with sensi-

tivity, specificity, positive and negative predictive values at 26, 93.7,

61.3, 76.7 (90‐days) and 64.7, 54.3, 46, and 71.8 (180‐days) (Table 3).

F‐CAL as an early marker

To explore F‐CAL as an early prognostic marker, we used the former

Cox model in several subgroups. F‐CAL terciles were independent

predictors of adverse outcomes in subgroups with CLIF‐C AD score

F I GUR E 3 Probability of adverse outcomes plotted by terciles of baseline fecal calprotectin derived from the Cox model in the study
group (N = 263). For F‐CAL terciles HR = 1.413 (95% CI 1.09–1.832, p = 0.009). The final model was adjusted for CLIF‐C AD score
(HR = 1.075, 95% CI 1.053–1.097, p < 0.001), and hepatic encephalopathy (HR = 1.79, 95% CI 1.119–2.885, p = 0.015). Harrell's C‐
index = 0.736 (95% CI 0.687–0.786). F‐CAL, fecal calprotectin. hazard ratio (HR)
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TAB L E 3 Prognostic performance of fecal calprotectin among 263 advanced chronic liver disease patients and subgroups.a

N Prevalence

Youden

index AUROC 95% CI

Cut‐
off Sensitivity Specificity PPV NPV

Fixed

specificity Sensitivity

Cut‐
off

All patients 263

Mortality

90 days

27.80% 0.197 0.607 0.545–0.666 >18.3 26 93.7 61.3 76.7 80 32.900 >12.5

Mortality

180 days

37.60% 0.189 0.601 0.539–0.661 >3.2 64.7 54.3 46 71.8 80 33.330 >11.7

MELD ≤15 60

Mortality

90 days

15.00% 0.418 0.735 0.605–0.841 >8.9 55.6 83.3 41.7 91.7 80 55.600 >7.8

Mortality

180 days

25.00% 0.467 0.773 0.646–0.871 >8.0 60 86.7 60 86.7 80 60.000 >6.8

CLIF‐C AD

score <50

104

Mortality

90 days

7.69% 0.487 0.758 0.664–0.836 >14.3 62.5 86.46 27.8 96.5 80 62.500 >12.3

Mortality

180 days

17.30% 0.517 0.755 0.661–0.834 >3.2 88.9 62.8 33.3 96.4 80 50.000 >11.1

CLIF‐C AD

score ≥50

159

Mortality

90 days

40.90% 0.167 0.586 0.506–0.664 >17.6 23.1 93.6 71.4 63.8 80 26.150 >13.6

Mortality

180 days

50.90% 0.152 0.553 0.472–0.631 >8.6 38.3 76.9 63.3 54.5 80 28.400 >12.2

Child ≤9 124

Mortality

90 days

16.90% 0.336 0.676 0.586–0.757 >5.3 71.4 62.1 27.8 91.4 80 52.400 >9.6

Mortality

180 days

28.20% 0.239 0.635 0.544–0.720 >7.8 48.57 75.3 43.6 78.8 80 40.000 >9.6

No refractory

ascites

179

Mortality

90 days

24.00% 0.353 0.709 0.636–0.774 >3 86.1 49.3 34.9 91.8 80 41.860 >13.6

Mortality

180 days

32.40% 0.33 0.691 0.608–0.774 >3.2 79.3 53.7 45.1 84.4 80 39.660 >13.1

Note: The best cut‐off value of fecal calprotectin used later in analyses and suggested for clinical practice, is highlighted in bold.

Abbreviations: AUROC, area under the receiver operating curve; NPV, negative predictive value; PPV, positive predictive value.
aROC function according to DeLong et al.

TAB L E 4 Probability of adverse outcomes (%) over 180‐day of follow‐up, green fields: low risk, orange fields: high risk.

Child‐Pugh‐Turcotte A Child‐Pugh‐Turcotte B Child‐Pugh‐Turcotte C

F‐CAL ≤11 F‐CAL >11 F‐CAL ≤11 F‐CAL >11 F‐CAL ≤11 F‐CAL >11

(A) Study cohort, N = 263

CLIF‐C AD <50 9.1 13.6 43.75 9.1 18.2

CLIF‐C AD ≥50 35 43.8 52 75

(B) Control group, N = 108

CLIF‐C AD <50 0 0 13.3 20 0 50

CLIF‐C AD ≥50 50 31.6 33.3 19.23 46.7

Note: F‐CAL, fecal calprotectin in multiples of the upper limit of normal. Percentages lower than 15% are marked as low risk of adverse events (green),

and those above 15% as high risk (red).
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<50 (F‐CAL terciles HR = 2.485 95% CI 1.214–5.086, p = 0.013), and

MELD score≤15 (F‐CAL terciles HR = 2.789, 1.262–6.164,

p = 0.011). In contrast, F‐CAL terciles did not predict the outcomes in

cases with CLIF‐C AD≥50 and MELD score >15. F‐CAL terciles were

also independent predictors of adverse outcomes in subgroups with

CPT ≤9 (F‐CAL terciles HR = 1.706, 1.069–2.721, p = 0.025), and

without refractory ascites (F‐CAL terciles HR = 1.763, 1.218–2.552,

p = 0.003). In contrast, F‐CAL terciles did not predict the outcomes in

cases with CPT score >9 or refractory ascites. Details of the models

are displayed in Table S1.

F‐CAL prediction of adverse outcomes from the ROC analysis in

the subgroups is displayed in Table 3. Generally, the predictive power

of F‐CAL was higher in the subgroups: MELD ≤15 (AUROC = 0.773,

95% CI 646–0.871), CLIF‐C AD score <50 (AUROC = 0.755, 95% CI

0.661–0.834), and no refractory ascites (AUROC = 0.691, 95%

0.608–0.774) compared with the entire cohort (AUROC = 0.601,

95% CI 0.539–0.661).

F‐CAL in clinical practice

Finally, we explored the rates of adverse outcomes by prognostic

stratification categories validated in clinical practice: CLIF‐C AD

score (<50, ≥50), and CPT stages (A, B, C). To these, we added a new

category of a specific F‐CAL cut‐off >11 � ULN derived from Table 3.

Results for 12 theoretical categories are displayed in Table 4A. The

risk of adverse outcomes lower than 15% was considered low‐risk,

and the remaining was considered high‐risk. The pattern was

compared to the control group (Table 4B). Overall, 77 (29.3%) pa-

tients in the study group and 31 (28.7%) in the control group were

identified as being low‐risk. Kaplan–Meier curves for the overall

probability of survival without adverse outcomes are compared be-

tween high‐risk and low‐risk groups in Figure 4. The differences

between the groups were statistically significant (A. Study group,

HR = 3.21, 95% CI 2.125–4.859, p < 0.0001; and B. Control group,

HR = 3.146, 95% CI 1.383–7.155, p = 0.006).

DISCUSSION

The principal findings

Among 263 hospitalized ACLD patients from two centers, we

confirmed intestinal inflammation by an increased F‐CAL of 3.9 times

the ULN. The highest F‐CAL values were observed in patients with

hepatic encephalopathy, bleeding, and alcoholic hepatitis. During

follow‐up, the risk of adverse outcomes was independently and

directly proportional to F‐CAL values or terciles. Notably, F‐CAL

more accurately predicted the outcomes in early disease stages

defined by low CLIF‐C AD, MELD, CPT, or no refractory ascites. Thus,

high F‐CAL values with the identified cut‐off could serve in clinical

practice for refinement of their risk stratification. This approach was

validated in a control group.

Serum calprotectin in ACLD

Calprotectin testing in cirrhosis has been proposed as a marker of

neutrophil activation. Plasma calprotectin was first reported as a

prognostic marker independent of the severity of liver disease in

patients with alcohol‐induced cirrhosis by Homann et al.14 The same

group reported that its prognostic significance was only relevant for

alcohol‐induced cirrhosis but not for other etiologies (2003).23 In a

recent report by Matiollo et al.,15 serum calprotectin predicted sur-

vival among 200 hospitalized decompensated patients with a cut‐off

>580 ng/mL, a value more than 5,8 times higher than that reported in

F I GUR E 4 Comparison of Kaplan–Meier curves for the probability of LT‐free survival between high‐ and low‐risk groups of advanced
chronic liver disease patients. (a) The study cohort, chi‐squared = 30.618, p < 0.0001, HR = 3.2133 (95% CI 2.125–4.859), (b) control group,
chi‐squared = 7.476, p = 0.006, HR = 3.1462 (95% CI = 1.383–7.155). HR, hazard ratio.
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the controls (98 ng/mL). In the subgroup of patients with very severe

disease, such as acute‐on‐chronic liver failure, the predictive power

of calprotectin was lost. However, it appears that serum calprotectin

is a less specific marker of intestinal inflammation compared to F‐
CAL.11,24

F‐CAL in hepatic encephalopathy

Fecal calprotectin was first explored as a diagnostic marker of he-

patic encephalopathy by Gundling et al. who investigated 61 patients

with cirrhosis and 42 controls.25 In cases with a mean MELD score of

14 (compared to 21 in our study), authors reported higher F‐CAL in

patients with cirrhosis compared to controls with a mean value of

65.8 mg/kg (1.4 � ULN). They found significant correlations between

F‐CAL and stages of HE according to West‐Haven and critical flicker

frequency, MELD or Child‐Pugh‐Turcotte score, and plasma

ammonia. The authors also identified an F‐CAL cut‐off at 164 mg/kg

having a high specificity and sensitivity in differentiating HE grade 0–

1 from 2 to 3. Considering the reported threshold for “explicitly

elevated” F‐CAL of 48 mg/kg, the cut‐off was 3.41 � ULN, compa-

rable to the median of 3.9 � ULN in our study. Similar results were

reported by Alempijevic et al.26 in a cohort of 60 patients with

mainly alcoholic cirrhosis with a mean MELD score of 14.7. The

upper limit of normal was 50 μg/g and the median was 121 μg/g

(2.4 � ULN). Here, the authors observed a significant difference

between HE stages 0 and 2 or 1 and 2. The authors did not find

significant correlations between F‐CAL and MELD, Child‐Pugh‐
Turcotte stages, ammonium ion, or the number connection test. In

our study, patients admitted to the hospital for overt hepatic en-

cephalopathy had a trend for the highest F‐CAL values, but the

difference from other causes was not statistically significant. We also

found a weak but significant correlation between F‐CAL and MELD

but not with CLIF‐C AD or CPT scores. Although F‐CAL has been

suggested as a clinically convenient marker of HE, the latest sys-

tematic review concludes that its role in diagnosing HE remains

unclear.11

F‐CAL and systemic infection

Intestinal inflammation is believed to represent a frontline between

the intestinal barrier and immune system activation. In compensated

cirrhosis, there is evidence of a biological equilibrium between the

intestinal barrier and immune system activation.27 In contrast, it

appears that in the decompensated stage the equilibrium is shifted

toward immune system activation.27 In the study investigating stool

cytokines in ACLD, F‐CAL reflected nonspecific immune system

activation in comparison with other stool cytokines. A recent study

exploring F‐CAL in 5 healthy controls and 30 patients with liver

cirrhosis (10 compensated, 10 end‐stage, and 10 ACLF) reported a

progressive increase in F‐CAL with disease severity. The F‐CAL≥200

μg/g was associated with incident sepsis and non‐survivors had

significantly higher mean F‐CAL (494 μg/g) than survivors (200 μg/g).

The authors concluded that F‐CAL might be a marker of imminent

sepsis, but larger studies are needed for validation.28,29 Our study

adds evidence in support of the hypothesis that F‐CAL is a marker of

BT and imminent systemic infection. First, we observed the highest

values of F‐CAL in cases hospitalized for hepatic encephalopathy,

bleeding, or alcoholic hepatitis, which are conditions known to be

associated with BT. In a recent study, overt hepatic encephalopathy

was directly linked to bacterial DNA translocation and 6‐month

mortality among 294 patients with cirrhosis.30 Second, we found a

positive correlation of F‐CAL with CRP. The absence of a significant

correlation with white blood cells or neutrophil to lymphocyte ratio

could be explained by lower specificity for bacterial infection and the

possible impact of non‐infectious related inflammatory response in

alcoholic hepatitis. Third, patients diagnosed with infection during

the initial hospital stay had F‐CAL values significantly higher than

patients without infection.

F‐CAL and ascites

Patients with refractory ascites are expected to have higher stages of

portal hypertension, so our observation of decreased F‐CAL values

might come as a surprise. Although we do not have an explanation for

the findings or evidence from the literature, we may speculate that

calprotectin from the stool may translocate to ascites. There is evi-

dence of increased calprotectin levels in ascites with an identified

diagnostic threshold for spontaneous bacterial peritonitis13 but no

data on the correlation of F‐CAL in stool and ascites.

F‐CAL in clinical practice

The advantage of F‐CAL could lie in the established availability of use

and higher specificity in early stages with otherwise negative estab-

lished prognostic markers. We confirmed that its prognostic power

was particularly relevant among patients with lower CLIF‐C AD, a

subgroup of seemingly stable patients. In patients with low‐risk CLIF‐
C AD <50 and CPT stage B, 16 of 60 patients (26.6%) and CPT stage

C, 11 of 33 (33.3%) had high F‐CAL and the risk of adverse outcomes

was 2 to 3 times higher compared with patients in the same risk

category and low F‐CAL. Adding a new risk category (F‐CAL

>11 � ULN) allowed us to refine the clinical risk stratification by re‐
assigning low‐risk patients with high F‐CAL to high‐risk. This

approach may offer a window of opportunity for studying targeted

interventions such as microbiome manipulation, intestinal barrier

restoration, and improvement of portal hypertension or intestinal

motility. When ACLD complications are already present, that is, a

systemic infection, severe liver dysfunction, or refractory ascites, the

prognosis is driven by the complications and liver dysfunction, and

the window of opportunity appears closed.
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Limitations

Our study has several limitations. First, for the study purposes, we only

used a single F‐CAL measurement. There is evidence from the IBD

literature that F‐CAL concentrations change dynamically over time.31

Our F‐CAL values demonstrated a substantial variance with a median

value of 3.9 � ULN but 25th and 75th percentiles at 1.15 and 11.78

(Figure 2), making it more difficult to observe statistically significant

differences. Second, our RH7 registry works as a real‐life mixed cohort

with some cases not having F‐CAL measurement. To explore a possible

bias, we conducted an additional analysis of the 157 patients from

Center 1 with missing F‐CAL data. It showed that 90‐day LT‐free

survival was identical to 296 patients having the F‐CAL essays (76.4

vs. 73.3, p = 0.343). The registry operates with the two predefined

endpoints and unlike major studies in the field,19,21 it is not designed to

evaluate prospective occurrence of ACLF, sepsis, or hepatic decom-

pensation. Our registry data do not record the exact cause of death and

a more precise deciphering between sepsis‐related, liver‐related, or

other causes was not available. Limited data from the Center 2 indicate

that all observed deaths were related to liver or systemic infection.

Third, we included the control group of patients with a limited size and

follow‐up, allowing for a limited statistical power to validate the

findings observed for the study group. However, it allowed us to test

the proof of concept that F‐CAL values independently predict adverse

outcomes and could refine the risk stratification. Fourth, our registry

data do not allow a mechanistic explanation of our observations and

we need more evidence on the correlation of F‐CAL with histological

signs of intestinal inflammation, its phenotype, the state of the intes-

tinal barrier, or a synchronous detection of BT. Although we corrected

our model for the treatment with beta‐adrenergic blockers, we did not

have the means of measuring their real effect on portal hypertension.

We acknowledge that it remains an unmet need and future studies

should aim to decipher the mechanisms of calprotectin release and

assess the effect of various strategies for improving intestinal

inflammation on portal hypertension and the risk of adverse outcomes.

Our study has several strengths. We explored the usefulness of

F‐CAL in the routine clinical practice of two centers using different

essays. Its values in multiples of the ULN enabled us to analyze them

in one cohort. Our study also has sufficient statistical power allowing

the assessment of F‐CAL as an early marker of disease outcomes in

different disease stages and phenotypes. The results of our study

have been confirmed in an independent control group.

CONCLUSION

Our study of 263 patients confirms that hospitalized ACLD patients

have evidence of intestinal inflammation by the increased levels of F‐
CAL, with the highest values in patients with overt hepatic enceph-

alopathy, bleeding, and alcoholic hepatitis. Adverse outcomes

occurring within 180 days were independently and directly propor-

tional to F‐CAL values. In early disease stages with CLIF‐C AD <50,

high F‐CAL refines the prognostic stratification in identifying roughly

one‐third of cases with 2 to 3 times the likelihood of adverse out-

comes. This approach was validated in an independent control group

of 108 patients. The results of our study provide more evidence for

the use of F‐CAL in clinical care for ACLD patients. However,

external validation is warranted and the exact mechanisms of cal-

protectin release and its association with BT are yet to be

deciphered.
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