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Editorial on the Research Topic
 Acute-On-Chronic Liver Failure: Natural History, Mechanism, and Treatment



Acute-chronic liver failure (ACLF) is a lethal syndrome due to the acute exacerbation of underlying chronic liver diseases (CLDs), which is characterized by multi-organ failure with high short-term mortality. ACLF is one of the three leading causes of death in patients with chronic liver diseases. Although the concept of ACLF was proposed on 1995 (1), the study of ACLF has undergone explosive growth since the development of the EASL-CLIF criteria in 2013 (2). However, the controversy persists, particularly in the diagnostic criteria of ACLF, which mainly arises from the different backgrounds of underlying CLDs in the East and the West (3). In the West, alcoholic cirrhosis and bacterial infection constitute the major types of underlying CLDs and acute precipitating events in ACLF patients (4). Extrahepatic organ failures are frequent, manifesting in the first organ involved. In contrast, hepatitis B virus (HBV)-related ACLF is most common in China (5). Patients with HBV-ACLF usually have compensated liver cirrhosis or advanced CLDs. Liver and coagulation failure usually come first, followed by extrahepatic organ failure (6, 7). The proposed EASL-CLIF criteria is enlarging the interest in Eastern ACLF, leading to a plethora of publications. Therefore, the appearance of this special collection is very timely.

The first topic of the special collection is about ACLF's diagnostic criteria which is a fundamental issue and a focus of controversy in this research field. One of the critical questions is the threshold of organ failure for ACLF diagnosis, which varies among different criteria. The APASL consensus applies a serum bilirubin level ≥ 5 mg/dL and INR ≥ 1.5 to define severe liver dysfunction in patients with underlying CLDs (8). A higher threshold value of serum bilirubin ≥ 12 mg/dL and INR ≥ 2.5 is utilized by EASL-CLIF criteria to define liver and coagulation failure in patients with de-compensated cirrhosis (2). And a serum bilirubin ≥ 12 mg/dL and INR ≥ 1.5 is used to define ACLF in patients with HBV-CLDs by the COSSH criteria (6). In our special collection, two articles investigated the relationship between the continuous changes of serum bilirubin and INR, and 90-day mortality in patients with CLDs and those hospitalized for acute decompensation (AD) or acute liver injury. Qiao et al. found that a significant correlation between bilirubin and death began to be evident only when serum bilirubin exceeded 12 mg/dl in patients without cirrhosis, while any increase in bilirubin in patients with cirrhosis was associated with risk of death. Wang Y. et al. found that an INR of 1.6/1.7 was the starting point of coagulation dysfunction with a rapid increase in mortality in patients with cirrhosis or with advanced fibrosis. And a 28-day LT-free mortality of 15% was associated with an INR value of 2.1. In another study, Long et al. found that hepatic encephalopathy grades 3–4 were an independent risk factor for 28- and 90-day adverse outcomes in patients with acute-on-chronic liver diseases, and therefore could define brain failure in ACLF, regardless of the presence of cirrhosis. These three studies provide evidence for defining the threshold of organ failure for ACLF diagnosis and highlight that non-cirrhotic and cirrhotic ACLF may differ in the threshold of liver failure but share that of extrahepatic organ failure. On the other hand, in another article, Chen Y.-y. et al. extended the APASL criteria to patients with decompensated liver cirrhosis and identified a novel group of ACLF patients with short-term mortality similar to non-cirrhotic ACLF but higher long-term mortality (Xu et al.). Taken together, a basic question is raised by the four studies: do we require a unified diagnostic criteria or different criteria to identify patients with CLDs and high death risk?

ACLF is a lethal and highly dynamic disease. Liver transplantation can improve patient survival but is limited by the shortage of donor organs. The lack of other definite therapies puts the prediction of patients' prognosis in a very important position. Therefore, another Research Topic of this special collection is to develop a clinically useful tool to accurately predict the outcome of ACLF. Three articles reported their HBV-specific clinical prediction models, each was developed by multi-center data and verified by an external cohort with good discrimination and calibration (Chen J.-f. et al.; Yu et al.; Zhe-bin et al.). Importantly, a nomogram and online calculation tool was developed for the convenience of clinical use. Other articles explored the use of biomarkers, including testosterone and estradiol (Sun, Xu et al.), CD200R (Li Y. et al.), growth hormone (Wu D. et al.), neutrophil-to-lymphocyte ratio (NLR) (Liu et al.), and lymphocyte subsets (Li J. et al.), which may not only add to the performance of clinical prediction models, but also uncover some systemic features of ACLF in immunopathology and the endocrine system, and thereby provide clues for elucidating the pathophysiological mechanism. Another article developed a weighted score to predict the risk of invasive pulmonary aspergillosis (IPA), which is a lethal complication in patients with liver failure (Zhang et al.). However, all these clinical prediction scores and biomarkers should be tested further for their clinical utility in large cohorts and a real-world setting.

The third topic is to test novel therapies for this critical disease. One article reported encouraging results of a non-bioartificial liver support system (NB-ALSS) in treating patients with HBV-ACLF (Li J. et al.). The large, multi-center study enrolled 524 patients with HBV-ACLF and used paired analysis by propensity score matching to show that patients who received plasma exchange (PE)-based NB-ALSS had higher short-term and mid-term survival than those with standard medical therapy (SMT). Interestingly, further subgroup analysis revealed that PE-based NB-ALSS had the best efficacy in patients with ACLF grade 2 or a high MELD score of 30–40. The positive findings of NB-ALSS were in contrast with the futility of Western ACLF, despite of difference in devices. Another article performed a meta-analysis of the present literature on the use of granulocyte colony-stimulating factor (G-CSF) and demonstrated that G-CSF was not effective in the overall ACLF population. However, the subgroup analysis showed improved survival in Asian studies (Hou et al.). Although the findings of both articles are preliminary, a difference in pathophysiological mechanisms between Eastern and Western-defined ACLF can be speculated. For instance, there has been evidence that damage-associated molecular patterns (DAMPs) and pathogen-associated molecular patterns (PAMPs), while both involved in the development of systemic inflammation in ACLF, have differential contributions to the systemic innate immune derangement (9). Another important insight by the two articles lies in the potential presence of “efficacy threshold” and “treatment window” in treating ACLF, which indicates that risk stratification is critical in designing randomized controlled trials to test the efficacy of novel devices or drugs in the future. In addition to NB-ALSS, one article reported preliminary data of the efficacy of N-acetylcysteine in the treatment of HBV-ACLF, and its improvement of intrahepatic cholestasis and coagulation dysfunction of HBV-ACLF provides a new possibility for the treatment of HBV-ACLF (Wang M.-L. et al.). Another article studied the safety concern of the proton pump inhibitor (PPI) in ACLF (Sun, Ye et al.). The risk of PPI use in de-compensated cirrhosis has been debated, including the impact on risk of hepatic encephalopathy (HE), spontaneous bacterial peritonitis (SBP), and mortality. The article found that PPI use does not appear to increase mortality or the risk of HE and SBP in hospitalized de-compensated cirrhosis patients with and without ACLF.

The Research Topic also collected two up-to-date literature reviews. One summarizes the progress of systemic inflammation and immune cell paralysis and immunosuppression. The authors pointed out that the interaction between systemic inflammation and immunosuppression needs to be clarified. The review also provides insight into the specific precipitants of ACLF including HBV reactivation, extensive alcoholism, hepatitis E virus infection and flare-up of autoimmune hepatitis, complications including bleeding, hepatic encephalopathy (HE) and infections, and treatment options, in particular emerging stem-cell based therapies (Wu J. et al.). While the other review narrows on hepatitis E virus-related ACLF, mainly on immunological manifestations and mechanisms (Khanam and Kottilil).

Considering that ACLF is a highly complex syndrome in clinical phenotype and pathophysiological mechanisms, it is an apparent huge challenge to modify the clinical trajectory of this critical disease. Fortunately, broad interests on ACLF have been spiked both in the Eastern and Western scientific communities and many efforts have been put forward to establish diagnostic criteria, characterize natural history, and develop prediction tools and novel therapies. This Research Topic seeks to collect articles or reviews that provide either insights into the understanding of the disease or translational potential for better clinical care. Finally, we hope you enjoy reading this collection.
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Background: Conventional prognostic models do not fully reflect the severity of hepatitis B virus (HBV)-related acute-on-chronic liver failure (ACLF). This study aimed to establish an effective and convenient nomogram for patients with HBV-related ACLF.

Methods: A nomogram was developed based on a retrospective cohort of 1,353 patients treated at the Third Affiliated Hospital of Sun Yat-sen University from January 2010 to June 2016. The predictive accuracy and discriminatory ability of the nomogram were determined by a concordance index (C-index) and calibration curve, and were compared with current scoring systems. The results were validated using an independent retrospective cohort of 669 patients consecutively treated at the same institution from July 2016 to March 2018. This study is registered at ClinicalTrials.gov (NCT03992898).

Results: Multivariable analysis of the derivation cohort found that independent predictors of 90-day survival were age, white blood cell (WBC) count, hemoglobin (Hb), aspartate aminotransferase (AST), total bilirubin (TBil), international normalized ratio, serum creatinine (Cr), alpha fetoprotein (AFP), serum sodium (Na), hepatic encephalopathy (HE), pre-existing chronic liver disease(PreLD), and HBV DNA load. All factors were included in the nomogram. The nomogram calibration curve for the probability of 90-day survival indicated that nomogram-based predictions were in good agreement with actual observations. The C-index of the nomogram was 0.790, which was statistically significantly greater than those for the current scoring systems in the derivation cohort (P < 0.001). The results were confirmed in the validation cohort.

Conclusions: The proposed nomogram is more accurate in predicting the 90-day survival of patients with HBV-related ACLF than current commonly used methods.

Keywords: hepatitis B virus, acute-on-chronic liver failure, nomogram, prognosis, MELD score, CLIF-C ACLF score, COSSH score, CLIF-C OF score


INTRODUCTION

Acute-on-chronic liver failure (ACLF) is the acute deterioration of liver function in patients with chronic liver diseases, and the condition progresses rapidly with a mortality rate of more than 50% (1). Liver transplantation is the only treatment that has been proven beneficial for ACLF (2). However, the number of liver donors is limited. As such, development of a simple and accurate prognostic method is necessary to that liver transplantation can be performed on patients with the greatest needed.

Model for end-stage liver disease (MELD) score is commonly used to evaluate patients with ACLF for transplantation (3). However, MELD score only takes into account total bilirubin (TBil), international normalize ratio (INR), and serum creatinine (Cr). Other important valuables such as age, hepatic encephalopathy (HE), and indexes of infection are not included, even though these indexes had been proven to be important for predicting outcomes (4, 5). Furthermore, studies have shown that MELD score does not fully reflect the severity of liver failure (6).

In recent years, the European Association for the Study of the Liver (EASL)-Chronic Liver Failure (CLIF) Consortium Organ Failure (CLIF-C OF) score and CLIF-C ACLF score have been proposed to determine the prognosis of ACLF patients in the West (4, 7). However, the CLIF-C OF score and CLIF-C ACLF score might not be the most appropriate models for predicting the outcomes of Eastern ACLF patients. First, Eastern and Western definitions of ACLF are different. In the West, ACLF is defined as the acute deterioration of patients with cirrhosis (7), while in the East ACLF is considered to develop in both chronic hepatitis and cirrhosis patients (8). In addition, cirrhosis has been confirmed to be an independent risk factor for ACLF (9). Second, most cases of ACLF in the West are associated with alcoholic hepatitis and bacterial infection (7), while in the East most are associated with reaction of hepatitis B virus (HBV) and alcohol abuse (8, 10).

In 2017, Li et al. (5) reported a new prognostic scoring system (Chinese Group on the study of Severe Hepatitis B, COSSH ACLF score) specifically for HBV-ACLF, and the method was superior to MELD, Model for end-stage liver disease with the addition of the Na level (MELD-Na), Child-Turcotte-Pugh (CTP), CLIF-C OF, and CLIF-C ACLF scores. However, the COSSH ACLF score system only includes the INR, TBil, age, Cr, HE, mean arterial pressure, and respiratory function. It is difficult to predict the complex progress of HBV-ACLF comprehensively, meanwhile, it is not convenient to use in clinical practice because of the need for complicated calculations. Thus, it would be necessary to establish an effective and more convenient prognostic scoring system for HBV-ACLF patients.

Nomograms are graphical depictions of predictive statistical models, and have advantages over traditional scoring systems with respect to predicting outcomes (11). Nomograms have been developed and used for various diseases, including liver failure (12, 13). They have also been developed to guide treatment allocation for critical diseases (14).

Thus, the purpose of this study was to develop a nomogram using clinical and laboratory factors to predict 90-day survival in patients with HBV-ACLF, and to compare the predictive value with traditional scoring methods.



MATERIALS AND METHODS


Study Design and Participants

This was a retrospective cohort study performed at a single center in southern China. Consecutive HBV-ACLF patients treated at the Third Affiliated Hospital of Sun Yat-sen University from January 2010 to June 2016 were included for model development (derivation cohort; n = 1,353). An second, independent cohort of HBV-ACLF patients with the same inclusion and exclusion criteria treated at the same institution from July 2016 to March 2018 were included to validate the model (validation cohort; n = 669).

Inclusion criteria for the study were based on the consensus recommendations of the Asian Pacific Association for the Study of the Liver (APASL) 2014 (10), and Diagnostic and Treatment Guidelines for Liver Failure in China (15). The study inclusion criteria were: (1) ACLF, characterized by acute hepatic deterioration manifesting as jaundice (TBil ≥ 10× the upper limit of normal, in micromoles per liter) and coagulopathy (INR ≥ 1.5, or prothrombin activity < 40%), complicated within 4 weeks by ascites and/or encephalopathy in patients with previously diagnosed or undiagnosed chronic liver disease; (2) Positive serum HBV surface antigen (HBsAg) for more than 6 months; (3) Age > 18 years. Exclusion criteria were: (1) Systemic or local malignancy; (2) HIV infection or other immunodeficiency disease; (3) hepatitis C virus (HCV) infection; (4) Marked organ dysfunction (e.g., renal dysfunction) not related to liver disease (detailed definitions are presented in the Supplementary Material); (5) Pregnancy or lactation; (6) Incomplete data or lost to follow-up; (7) Hospital stay < 1 day.

All patients received comprehensive medical treatment as required, including nutritional supplementation, administration of human serum albumin (ALB), and appropriate treatment for complications such as infections (e.g., respiratory tract, urinary tract, biliary tract, digestive tract, and spontaneous peritonitis), HE, gastrointestinal bleeding (GB), and hepatorenal syndrome (HRS).

This study conformed strictly to the Ethical Guidelines of the 1975 Declaration of Helsinki. The study protocol was approved by the Ethics Committee on Clinical Trials of the Third Affiliated Hospital of Sun Yat-sen University. Due to the retrospective nature of the study, informed consent was waived. This study is registered at ClinicalTrials.gov (NCT03992898).



Follow-Up and Outcome Measures

Patients were followed up for 90 days, until death, or until liver transplantation. Survival and transplantation data were collected from medical records or by contacting the patient or their family members. The study endpoint was 90-day transplantation-free survival.



Potential Predictors

After enrollment, demographic and clinical and laboratory data were collected using the hospital information system. Data collected were patient sex and age, precipitating event(s), blood pressure (BP), and pulse oximetry data. Laboratory data included white blood cell (WBC) count, hemoglobin (Hb) level, platelet (PLT) count, serum ALB, globulin, serum sodium (Na), alanine aminotransferase (ALT), aspartate aminotransferase (AST), TBil, INR, serum Cr, alpha fetoprotein (AFP), HBsAg, HBV e antigen (HBeAg), HBV e antibody (HBeAb), and HBV DNA. Antiviral treatments for HBV (nucleoside analogs, including lamivudine, adefovir, entecavir, telbivudine, and tenofovir) within 6 months prior to and during hospitalization were recorded. Complications of ACLF examined included ascites, HE, HRS, GB, and infection. Pre-existing chronic liver diseases (PreLD), including hepatitis and cirrhosis (detailed definitions are presented in the Supplementary Material), were recorded.



Model Derivation

Continuous variables were transformed into categorical variables based on clinical, routine cutoff points. The cutoff points for AFP and HBV DNA were based on quartile and median, respectively. Survival curves were produced using the Kaplan-Meier method, and compared by the log-rank test. Risk factors associated with 90-day transplantation-free survival were examined in the derivation cohort using Cox proportional hazards models. Variables with values of P < 0.05 in the univariate Cox regression analysis included in the multivariate analysis using backward stepwise selection (Entry: 0.05, Removal: 0.1). Data were presented with hazard ratios (HR) and 95% confidence intervals (CIs).

A nomogram (HBV-ACLF nomogram) was formulated based on the results of multivariable Cox regression analyses. The performance of the HBV-ACLF nomogram was evaluated by Harrell's concordance index (C-index), and assessed by comparing nomogram-predicted vs. observed Kaplan-Meier estimates of survival probability; bootstraps with 1,000 resamples were applied to these analyses.



Model Validation

The total points of each patient in the validation cohort were calculated according to the established HBV-ACLF nomogram, and then Cox regression in this cohort was performed using the total points as a factor. Finally, the C-index and calibration curve were derived based on the regression analyses.



External Validation of Current Scoring Systems

Comparisons between the HBV-ACLF nomogram and MELD score, MELD-Na score, and CTP score were performed in the derivation and validation cohorts, and with CLIF-C OF, CLIF-C ACLF, and COSSH ACLF scores in the validation cohort. Comparisons were performed with the rcorrp.cens function in the Hmisc package in R software (16). Comparisons were tested using the C-index: a greater C-index indicates more accurate prognostic stratification.

All related programs that are part of R and were used for creating the nomogram are described in detail in the Supplementary Material. Statistical analyses to identify risk factors for 90-day transplantation-free survival were performed using SPSS version 22.0 for Windows (SPSS Inc., Chicago, IL). The HBV-ACLF nomogram was computed with the rms package in R, version 3.6.1 (http://www.r-project.org/) (17). All statistical tests were two-sided, and P-values of < 0.05 were considered to be statistically significant.




RESULTS


Profile and General Characteristics at Baseline

A total of 1,956 and 783 consecutive HBV-ACLF patients were screened as for inclusion in the derivation and validation cohorts, respectively. Of these, 603 and 114, respectively, were excluded. Thus, 1,353 patients were included in the derivation cohort, and 669 patients were included in the validation cohort (Figure 1). Patient baseline clinical and laboratory data of the derivation and validation cohorts are shown in Table 1 (Continuous data prior to transformation into categorical variables are shown in Supplementary Table 1).


[image: Figure 1]
FIGURE 1. Study profile. A total of 1,956 (from January 2010 to June 2016) and 783 (from July 2016 to March 2018) consecutive HBV-related ACLF patients were screened as for derivation and validation cohorts. Finally 1,353 and 669 patients were included. And 730 and 354 patients were follow-up for 90 days, respectively. HBV, hepatitis B virus; ACLF, acute-on-chronic liver failure; HIV, human immunodeficiency virus; HCV, hepatitis C virus.



Table 1. Patient demographics and clinical characteristics†.
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Survival Rate and Risk Factors Associated With 90-Day Transplantation-Free Survival in the Derivation Cohort

The 90-day transplantation-free survival rate of patients in the derivation cohort was 54.0%. Univariate analysis indicated that age, WBC count, Hb, PLT, AST, ALB, TBil, INR, Na, Cr, AFP, HBeAg, HBV DNA, HRS, GB, HE, infection, and PreLD were associated with 90-day transplantation-free survival (see Supplementary Table 2). Multivariable analyses demonstrated that age, WBC count, Hb, AST, TBil, INR, Cr, Na, AFP, HBV DNA, HE, and PreLD were independent risk factors for 90-day transplantation-free survival (Table 2).


Table 2. Multivariable analysis of the derivation cohort†.
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Establishing HBV-ACLF Predictive Nomogram

The HBV-ACLF nomogram to predict 90-day transplantation-free survival of patients with HBV-related ACLF was developed using the variables of age, WBC count, Hb, AST, TBil, INR, Cr, Na, AFP, HBV DNA, HE, and PreLD (Figure 2). The calibration plots for the 90-day transplantation-free survival rate showed optimal agreement between nomogram prediction and actual observation in the derivation cohort (Figure 3A).


[image: Figure 2]
FIGURE 2. Nomogram, including age, WBC count, Hb, AST, TBil, INR, Cr, AFP, Na, HBV DNA, HE, and PreLD for 90-day transplantation-free survival in HBV-related ACLF patients. The nomogram allows the user to obtain the probability of 90 days transplantation-free survival corresponding to a patient's combination of covariates. As an example, locate the patient's TBil and draw a line straight upward to the “Points” axis to determine the score associated with that TBil. Repeat the process for each variable, and sum the scores achieved for each covariate, and locate this sum on the “Total Points” axis. Draw a line straight down to determine the likelihood of 90 days transplantation-free survival. WBC, white blood cell; Hb, hemoglobin; AST, glutamic-oxaloacetic transaminase; TBil, total bilirubin; INR, international normalized ratio; Cr, serum creatinine; AFP, alpha fetal protein; Na, serum sodium; HBV, hepatitis B virus; HE, hepatic encephalopathy; PreLD, pre-existing chronic liver diseases; ACLF, acute-on-chronic liver failure.



[image: Figure 3]
FIGURE 3. The calibration curve of nomogram for predicting 90-day transplantation-free survival in the derivation cohort (A) and in the validation cohort (B). Actual probability of 90-day transplantation-free survival is plotted on the y-axis; nomogram-predicted probability of 90-day transplantation-free survival is plotted on the x-axis.




Nomogram Validation

The 90-day transplantation-free survival rate of the validation cohort was 52.9%. The C-index of the HBV-ACLF nomogram for predicting 90-day transplantation-free survival in the validation cohort was 0.793 (95% CI: 0.770–0.817). A calibration curve showed good agreement between predicted 90-day transplantation-free survival using the nomogram and observed survival based on the Kaplan-Meier method (Figure 3B).



Comparison of Predictive Accuracy Between the Nomogram and CTP, MELD, and MELD-Na Scores in the Derivation and Validation Cohorts

The predictive results for 90-day transplantation-free survival of the HBV-ACLF nomogram and CTP, MELD, and MELD-Na scores are shown in Table 3. In the derivation cohort, the C-index of HBV-ACLF nomogram was 0.790 (95% CI: 0.773–0.807), which was greater than the C-index of the CTP score (0.627; 95% CI: 0.606–0.647, P < 0.001), MELD score (0.717; 95% CI: 0.697–0.736, P < 0.001), and MELD Na score (0.709; 95% CI: 0.689–0.728, P < 0.001).


Table 3. The C-index of HBV-related ACLF-Nomogram and different scoring systems for prediction of 90 days' survival in the derivation and validation cohorts.
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In validation cohort, the C-index of HBV-ACLF nomogram was 0.793 (95% CI: 0.770–0.817). This value was greater than the C-index of the CTP score (0.629; 95% CI: 0.598–0.659, P < 0.001), MELD score (0.712; 95% CI: 0.682–0.741, P < 0.001), and MELD-Na score (0.715; 95% CI: 0.686–0.744, P < 0.001).

The C-index of the CLIF-C OF score was 0.727 (95% CI: 0.701–0.754, P < 0.001), of the CLIF-C ACLF score was 0.746 (95% CI: 0.720–0.772, P = 0.001), and of the COSSH ACLF score was 0.762 (95% CI: 0.737–0.787, P = 0.002) (Table 3). All C-index values were less than that of the HBV-ACLF nomogram.




DISCUSSION

Acute-on-chronic liver failure is a severe disease that results in multiple organ failure, and has a high short-term mortality. An accurate predictive model is necessary to make clinical decision and prioritize patients for liver transplantation. In this study we developed a nomogram to predict 90-day transplantation-free survival that included age, WBC count, and 10 other risk factors. The HBV-ACLF predictive nomogram developed exhibited better predictive accuracy than current conventional and mainstream models including CTP, MELD, MELD-Na, CLIF-C OF, CLIF-C ACLF, and COSSH ACLF scores.

In addition to common risk factors associated with survival in patients with liver disease, such as TBil, INR, Cr, Na, and HE (6, 9, 19), the nomogram developed in this study included age, AST, AFP, PreLD, HBV DNA, WBC count, and Hb. Among them, AFP is an important indicator of regeneration ability of liver cells. Patients with high AFP levels had a better prognosis than those with low levels, which is similar to the results reported by Singh et al. where a rising AFP level was considered to be associated with translation-free survival (20). Aspartate aminotransferase mainly exists in the mitochondria of cells, and an elevation of AST indirectly reflects mitochondrial damage, and may indicate more serious damage than elevation of ALT. Age was included in our model as in other models (4–6, 9), and likely reflects the risks of comorbidities which increase with age.

In our study, cirrhosis was considered a risk factor for evaluating the prognosis of HBV-ACLF patients. Patients with cirrhosis before the onset of ACLF had worse outcomes than those without cirrhosis, which is consistent with results reported by Wu et al. (9) The regeneration ability of liver cells is insufficient in patients with cirrhosis (21), and the patients with cirrhosis in our study had a greater risk of complications (e.g., HE, HRS, and infection; see Supplementary Table 3) than patients without cirrhosis. Moreover, the cirrhosis patients had worse liver function than the chronic hepatitis patients (see Supplementary Table 3), which may lead to a higher risk of a poor outcome. Therefore, the inclusion of cirrhosis as a risk factor in our model suggested that the nomogram was an appropriate model for Eastern ACLF patients.

HBV DNA load was included in the HBV-ACLF nomogram. We divided ACLF patients into two groups using the median value of the HBV DNA loads (149,000 IU/ml), and patients with loads above the median had a worse prognosis than patients with values below the median. To our knowledge, this is the first time that a scoring system included HBV DNA load. Recently, some studies have indicated that infection is an important factor that leads to the development, and promotes the progression of ACLF (22). The peripheral blood WBC count is a very important indicator of infection, and was included in the nomogram developed in this study. Other studies have indicated that WBC count is predictive of survival in patients with ACLF (4, 23).

The predictive accuracy of the HBV-ACLF nomogram was better than that of CTP, MELD, MELD-Na scores in both the derivation and validation cohort. CTP, MELD, and MELD-Na scores are primarily used to determine the prognosis of cirrhosis patients (3). However, important indexes associated with outcomes such as age, AFP, and infection are not included in these models. HBV-ACLF represents a complex condition that is different from liver cirrhosis in many aspects, such as short-term and long-term survival (24). The nomogram is more accurate than the other methods presumably because it includes more known risk factors.

The CLIF-C OF, CLIF-C ACLF, and COSSH ACLF scoring systems include evaluation of respiratory function using PaO2/FiO2 or SpO2/FiO2. However, at our center routine evaluation of respiratory function of ACLF patients with pulse oximetry or arterial blood gas analysis was not begun until July 2016. As such, CLIF-C OF, CLIF-C ACLF, and COSSH ACLF scores could only be calculated for patients in validation cohort. Based on the C-indices, the HBV-ACLF nomogram demonstrated better predictive accuracy than the other three methods. This suggests that the HBV-ACLF nomogram is more suitable for evaluating HBV-ACLF patients in Asia diagnosed by APASL and Chinese guideline criteria and reducing the risk of local bleeding due to arterial blood collecting. We can speculate the reasons for this finding. First, the main cause of ACLF in Asia is HBV infection while in the West is alcohol abuse. Disease progression and outcomes of HBV-induced liver disease and alcohol-induced liver disease are different. Second, non-cirrhosis patients are included in the Eastern diagnostic criteria, while in EASL and AASLD criteria the presence of cirrhosis is a requirement for the diagnosis of ACLF. Third, although the COSSH ACLF scoring system exhibited a good predictive ability (C-index = 0.762) for HBV-ACLF in our study, it does not include the variables of Na, AFP, HBV DNA, and the PreLD (cirrhosis or chronic hepatitis). These variables were proven to be important risk factors influencing the prognosis of patients in this study, and in prior studies (9, 10).

Five related studies had been carried out to evaluate the prognosis of ACLF patients with nomogram (13, 25–28). The relatively small number of cases in these studies led to some important risk factors not being included in the models (such as liver cirrhosis, HBV DNA load, etc.). In addition, four out of five studies only compared the nomograms with conventional models, but not with the current mainstream prognostic scoring systems, such as CLIF-C ACLF score and COSSH ACLF score (13, 25, 27, 28). The model of this study was based on the large cohort data, which could reduce the bias caused by insufficient sample size. At the same time, this study also compared the prediction model with the existing mainstream scoring systems. These are the advantages of this study.

This study had several limitations that should be considered. Firstly, specific patient comorbidities were not included in the nomogram development. Severe comorbidities can affect patient survival. Although study has demonstrated that comorbidities are correlated with the survival of cirrhosis patients (29), it is difficult to create categorized variables and to quantify risk because of the diversity of comorbidities. Secondly, this is a retrospective study and subject to all standard limitations associated with this format. For example, a total of 448 patients were lost to follow-up (without outcome data), which may cause bias for the results. Thirdly, The data were obtained exclusively from one center. Thus, the results need to be validated in other data sets.

In conclusion, we developed and validated a nomogram for predicting 90-day transplantation-free survival in patients with HBV-ACLF. The nomogram is more accurate than current predictive models, including CTP, MELD, MELD Na, CLIF-C OF, CLIF-C ACLF, and COSSH ACLF scores, and is very user-friendly. The nomogram may be useful for allocating medical resources in patients with HBV-ACLF; however, to generalize the use of this nomogram validation with data from other institutions is required.
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Different Effects of Total Bilirubin on 90-Day Mortality in Hospitalized Patients With Cirrhosis and Advanced Fibrosis: A Quantitative Analysis

Liang Qiao1,2†, Wenting Tan3†, Xiaobo Wang4†, Xin Zheng5†, Yan Huang6†, Beiling Li7†, Zhongji Meng8, Yanhang Gao9, Zhiping Qian10, Feng Liu11,12, Xiaobo Lu13, Jia Shang14, Junping Liu14, Huadong Yan15, Wenyi Gu1,2, Yan Zhang1,2, Xiaomei Xiang3, Yixin Hou4, Qun Zhang4, Yan Xiong5, Congcong Zou5, Jun Chen6, Zebing Huang6, Xiuhua Jiang7, Sen Luo8, Yuanyuan Chen8, Na Gao9, Chunyan Liu9, Wei Yuan10, Xue Mei10, Jing Li12, Tao Li12, Rongjiong Zheng13, Xinyi Zhou13, Jinjun Chen7, Guohong Deng3, Weituo Zhang16*‡ and Hai Li1,2*‡


1Department of Gastroenterology, School of Medicine, Ren Ji Hospital, Shanghai Jiao Tong University, Shanghai, China

2Key Laboratory of Gastroenterology and Hepatology, Shanghai Institute of Digestive Disease, Chinese Ministry of Health, Shanghai Jiao Tong University, Shanghai, China

3Department of Infectious Diseases, Southwest Hospital, Third Military Medical University (Army Medical University), Chongqing, China

4Center of Integrative Medicine, Beijing Ditan Hospital, Capital Medical University, Beijing, China

5Department of Infectious Diseases, Tongji Medical College, Institute of Infection and Immunology, Union Hospital, Huazhong University of Science and Technology, Wuhan, China

6Hunan Key Laboratory of Viral Hepatitis, Department of Infectious Diseases, Xiangya Hospital, Central South University, Changsha, China

7Hepatology Unit, Department of Infectious Diseases, Nanfang Hospital, Southern Medical University, Guangzhou, China

8Department of Infectious Disease, Taihe Hospital, Hubei University of Medicine, Shiyan, China

9Department of Hepatology, The First Hospital of Jilin University, Changchun, China

10Department of Liver Intensive Care Unit, Shanghai Public Health Clinical Centre, Fudan University, Shanghai, China

11Tianjin Institute of Hepatology, Nankai University Second People's Hospital, Tianjin, China

12Department of Infectious Diseases and Hepatology, The Second Hospital of Shandong University, Jinan, China

13Infectious Disease Center, The First Affiliated Hospital of Xinjiang Medical University, Urumqi, China

14Department of Infectious Diseases, Henan Provincial People's Hospital, Zhengzhou, China

15Department of Infectious Diseases, Hwamei Hospital, Ningbo No. 2 Hospital, University of Chinese Academy of Sciences, Ningbo, China

16Clinical Research Center, Shanghai Jiao Tong University School of Medicine, Shanghai, China

Edited by:
Yu-Chen Fan, Shandong University, China

Reviewed by:
Yu Shi, Zhejiang University, China
 Yubao Zheng, Third Affiliated Hospital of Sun Yat-sen University, China

*Correspondence: Hai Li, haili_17@126.com
 Weituo Zhang, weituozhang@126.com

†These authors have contributed equally to this work and share first authorship

‡These authors have contributed equally to this work

Specialty section: This article was submitted to Gastroenterology, a section of the journal Frontiers in Medicine

Received: 03 May 2021
 Accepted: 14 May 2021
 Published: 23 June 2021

Citation: Qiao L, Tan W, Wang X, Zheng X, Huang Y, Li B, Meng Z, Gao Y, Qian Z, Liu F, Lu X, Shang J, Liu J, Yan H, Gu W, Zhang Y, Xiang X, Hou Y, Zhang Q, Xiong Y, Zou C, Chen J, Huang Z, Jiang X, Luo S, Chen Y, Gao N, Liu C, Yuan W, Mei X, Li J, Li T, Zheng R, Zhou X, Chen J, Deng G, Zhang W and Li H (2021) Different Effects of Total Bilirubin on 90-Day Mortality in Hospitalized Patients With Cirrhosis and Advanced Fibrosis: A Quantitative Analysis. Front. Med. 8:704452. doi: 10.3389/fmed.2021.704452



Introduction: Total bilirubin (TB) is a major prognosis predictor representing liver failure in patients with acute on chronic liver failure (ACLF). However, the cutoff value of TB for liver failure and whether the same cutoff could be applied in both cirrhotic and non-cirrhotic patients remain controversial. There is a need to obtain the quantitative correlation between TB and short-term mortality via evidence-based methods, which is critical in establishing solid ACLF diagnostic criteria.

Methods: Patients hospitalized with cirrhosis or advanced fibrosis (FIB-4 > 1.45) were studied. TB and other variables were measured at baseline. The primary outcome was 90-day transplantation-free mortality. Multi-variable Cox proportional hazard model was used to present the independent risk of mortality due to TB. Generalized additive model and second derivate (acceleration) were used to plot the “TB-mortality correlation curves.” The mathematical (maximum acceleration) and clinical (adjusted 28-day transplantation-free mortality rate reaching 15%) TB cutoffs for liver failure were both calculated.

Results: Among the 3,532 included patients, the number of patients with cirrhosis and advanced fibrosis were 2,592 and 940, respectively, of which cumulative 90-day mortality were 16.6% (430/2592) and 7.4% (70/940), respectively. Any increase of TB was found the independent risk factor of mortality in cirrhotic patients, while only TB >12 mg/dL independently increased the risk of mortality in patients with advanced fibrosis. In cirrhotic patients, the mathematical TB cutoff for liver failure is 14.2 mg/dL, with 23.3% (605/2592) patients exceeding it, corresponding to 13.3 and 25.0% adjusted 28- and 90-day mortality rate, respectively. The clinical TB cutoff for is 18.1 mg/dL, with 18.2% (471/2592) patients exceeding it. In patients with advanced fibrosis, the mathematical TB cutoff is 12.1 mg/dL, 33.1% (311/940) patients exceeding it, corresponding to 2.9 and 8.0% adjusted 28- and 90-day mortality rate, respectively; the clinical TB cutoff was 36.0 mg/dL, 1.3% (12/940) patients above it.

Conclusion: This study clearly demonstrated the significantly different impact of TB on 90-day mortality in patients with cirrhosis and advanced fibrosis, proving that liver failure can be determined by TB alone in cirrhosis but not in advanced fibrosis. The proposed TB cutoffs for liver failure provides solid support for the establishment of ACLF diagnostic criteria.
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INTRODUCTION

The disease burden of acute on chronic liver failure (ACLF) is enormous. It affects 10–35% hospitalized patients with cirrhosis (1–4) and a considerable part of patients with non-cirrhotic chronic liver diseases (5, 6). ACLF is associated with sharply increased risk of short-term mortality (4, 6–10) and heavy financial costs (11, 12). The presence of organ failure is a prerequisite for the diagnosis of ACLF (4, 13, 14). In East Asia, where hepatitis B virus (HBV) infection is highly endemic (15, 16), liver failure is the most common type of organ failure (10, 17). Therefore, a clear definition of liver failure is essential in ACLF diagnosis in HBV high-endemic areas.

Though high total bilirubin (TB) has been confirmed to be strongly associated with poor liver preservation and high short-term mortality (7, 13, 18, 19), there are fierce controversies between the East and the West on the application of TB in the diagnosis of liver failure. The European Association for the Study of the Liver - Chronic Liver Failure (EASL-CLIF) defined liver failure using TB alone (TB > 12 mg/dL) (4, 20). While in Asia, liver failure was defined more frequently with a combination of TB and international normalized ratio (INR), such as the Asia-Pacific Association for the Study of the Liver (APASL) criteria (TB > 5 mg/dL and INR > 1.5) (21) and the Chinese Group on the Study of Severe Hepatitis B (COSSH) criteria (TB > 12 mg/dL and INR > 1.5) (6). The inequality was mainly due to whether patients with non-cirrhotic chronic liver diseases included in the respective study (2, 4, 6, 14, 22).

The key to resolving these controversies on the definition of liver failure is to clarify whether the liver failure of cirrhosis and non-cirrhotic chronic liver diseases (mainly advanced fibrosis) can be diagnosed by the same criteria. Given the absence of studies evaluating this specific issue, we aimed to describe the quantitative correlation between the baseline TB level and the 90-day mortality among hospitalized patients with cirrhosis and advanced fibrosis, respectively. The detailed and intuitive presentation of this correlation is crucial to define liver failure and establish the solid ACLF diagnostic criteria.



MATERIALS AND METHODS


Study Design, Setting, and Oversight

We combined the data from two prospective observational cohorts of the Chinese AcuTe on CHronic LIver FailurE (CATCH-LIFE) study: the CATCH-LIFE investigation cohort (NCT02457637) involving 14 hospitals throughout China, enrollment occurred from January 2015 to December 2016; and the CATCH-LIFE validation cohort (NCT03641872), involving 13 hospitals throughout China, enrollment occurred from September 2018 to March 2019. All participants were followed-up for at least 90 days. The study protocols and baseline characteristics have been described in detail elsewhere (23, 24). The medical ethics boards of Shanghai Renji Hospital (the lead center of the CATCH-LIFE study), approved the study [ethics code: (2014)148 k and (2016)142 k]. Written informed consent were obtained from every participant or his/her legal surrogates before enrollment.



Study Population

Eligible patients were required with cirrhosis or advanced fibrosis hospitalized with at least one of the following criteria: (1) with acute decompensations (ADs), including overt ascites (25), gastrointestinal bleeding, hepatic encephalopathy (HE) (26), bacterial infection, or jaundice (TB > 5 mg/dL)] within 1 month before enrollment; (2) with acute liver injury, including alanine aminotransferase (ALT), or aspartate aminotransferase (AST) >3 upper limitation of normal level or total bilirubin (TB) >2 upper limitation of normal level within recent 1 week before enrollment.

Patients with cirrhosis and advanced fibrosis were divided into two groups for comparison. Cirrhosis was diagnosed according to the signs of dysmorphia and relation to liver fibrosis and portal hypertension in the imaging examination (computerized tomography, magnetic resonance imaging or abdominal ultrasound) after enrolment. The cirrhotic patients with a history of decompensation at least 1 month ago are defined to have decompensated cirrhosis, and other cirrhotic patients without any history of decompensation (including the patients hospitalized due to the first episode of decompensation events) are defined to have compensatory cirrhosis. Non-cirrhotic patients with a fibrosis-4 (FIB-4) score (27) < 1.45 were excluded to rule-out those who with merely mild or no fibrosis.



Exposure and Outcomes

The primary exposure was TB level (mg/dL), which was measured at admission. Other clinical data were measured and collected at admission as well, including demographics (age, sex), etiology of underlying liver diseases (HBV related, alcohol related or others), complications (type of ADs), laboratory findings and severity scores [the model of end-stage liver diseases [MELD] (18), MELD-Sodium (28), and Child-Turcotte-Pugh (29)].

The primary outcome was the 90-day mortality (transplantation-free). The patients who received liver transplantation (LT) within 90 days were excluded to present the correlation between baseline TB level and patients' natural 90-day prognosis.



Statistical Analysis

Continuous variables were summarized by mean and standard deviation (SD) or median or inter-quartile range (IQR) based on their distribution. Categorical variables were summarized by frequency and proportion [with 95% confidence interval (CI)].

The correlation between TB and 90-day mortality were analyzed using a multivariable Cox proportional hazard (COXPH) model, adjusting for important risk factors and potential confounders, including age, sex, etiologies of underlying chronic liver diseases, presence or absence of overt ascites, gastrointestinal bleeding and bacterial infection, the grades of HE, the level of INR, creatinine, ALT, and serum sodium. The risk of 90-day mortality was expressed as a continuous variable with hazard ratios (HRs) calculated per mg/dL increment of TB, and as a categorical variable based on different range of TB levels as following: <2, 2–5, 5–8, 8–12, 12–16, 16–20, and >20 mg/dL; the patients with lowest TB (<2 mg/dL) were taken as the reference.

The non-lineal relationship in 90-day mortality over the range of TB level (0–50 mg/dL) was plotted as a “TB-mortality correlation curve.” The estimated mortality corresponding to the TB values in the curves was adjusted for above listed confounding factors by the generalized additive model (GAM) (30) to present the independent impact of TB on mortality. Spline (31) was taken as connection function in GAM and the smoothing parameters were chosen to optimize the Akaike Information Criterion. Second derivative (acceleration) (32) of TB to mortality was used to describe the non-lineal relationship.

Finally, based on the multivariable adjusted TB-mortality correlation curves, the TB values that correspond to the inflection points (maximum of acceleration) of the curves would be taken as the mathematical cutoff. Additionally, the TB value that correspond to adjusted 28-day transplantation-free mortality reaching 15% (the definition of EASL-CLIF) (4) would be calculated as well and taken as clinical cutoff for liver failure.

The analysis above mentioned will be performed in patients with cirrhosis and advanced fibrosis, respectively to compare the characteristics of them. The software environment R 4.0.0 and MATLAB 2016b were used for the analysis. The R package gam was used for the GAM fitting and the MATLAB tool box curve fitting was used for curve fitting and second derivative calculation. All tests were 2-sided with α = 0.05.




RESULTS


Enrollment and Baseline Characteristics

A total of 3,532 patients were included in this analysis (Figure 1). Among them, 2,592 (73.4%) patients had cirrhosis (including 1,532 compensated and 1,060 decompensated), and 940 (26.6%) patients had advanced fibrosis. Patients underwent LT within 90 days (n = 246), with non-cirrhosis chronic liver diseases and a FIB-4 score < 1.45 (n = 178), or with missing TB values (n = 5), or FIB-4 score (n = 9) were excluded. All patients included finished the 90-day follow-up. The cumulative 90-day transplantation-free mortality of the patients with cirrhosis and advanced fibrosis were 16.6% (430/2592) (Table 1) and 7.4% (70/940), respectively (Table 2). Demographic, clinical characteristics and 90-day transplantation-free mortality of patients with cirrhosis and advanced fibrosis are presented in Tables 1, 2, respectively according to different TB level. The pattern of missing data can be found in Figure 2.


[image: Figure 1]
FIGURE 1. Flowchart of the study.



Table 1. Comparison of baseline characteristics of patients with cirrhosis based on different level of total bilirubin (mg/dL) at admission.

[image: Table 1]


Table 2. Comparison of baseline characteristics of patients with advanced fibrosis based on different level of total bilirubin (mg/dL) at admission.

[image: Table 2]


[image: Figure 2]
FIGURE 2. Pattern of missing data. The red square means data missing and the blue square means data complete. The figure shows the overall number of missing data for each variable and the distribution of different missing types. Taking the “sodium” in the rightmost column as an example, a total of 48 patients have missing data of sodium, of which 24 patients (line 2) have missing data of sodium alone, 1 patient (line 4) has missing data of international standardized ratio and sodium, 17 patients (line 6) have missing data of creatinine and sodium and 6 patients (line 8) have missing data of creatinine, international normalized ratio and sodium.




Any Increase of TB Independently Increased the Mortality Risk in Cirrhosis

In patients with cirrhosis, any increase in TB, either expressed as a continuous variable or categorical variable, was the risk factor of 90-day mortality in all univariable and multivariable-adjusted analysis. The full-adjusted HR was 1.060 (95% CI, 1.051–1.069) per 1 mg/dL increase of TB (Table 3). Categorical-variable analysis showed that compared with the cirrhotic patients with normal TB (<2 mg/dL), the HRs were significantly higher in patients within any other categories of elevated TB (p<0.001 for all). Moreover, the HRs were positively correlated with the TB level of patients p (for trend = 0.002).


Table 3. The unadjusted and adjusted hazard ratios of 90-day transplantation-free mortality due to total bilirubin in patients with cirrhosis.

[image: Table 3]



The Mortality Risk Increased only if TB Is >12 mg/dL in Advanced Fibrosis

In patients with advanced fibrosis, though as a continuous variable, higher TB was also independently associated with 90-day mortality overall [adjusted HR of 1.080 per 1 mg/dL increase of TB, (95% CI, 1.049–1.112)]. Interestingly, categorical-variable analysis demonstrated that these effects were primarily driven by TB over 12 mg/dL (Table 4), any TB categories <12 mg/dL was not the independent risk factor of mortality. Besides the qualitative p-values, it can be found that compared to the HRs of the patients with TB of 2–5 mg/dL [0.802 (95% CI, 0.130–4.956), p = 0.812], 5–8 mg/dL [1.443 (95% CI, 0.237–8.803), p = 0.691], and 8–12 mg/dL [1.866 (95% CI, 0.401–8.681), p = 0.426], the HR in patients with TB of 12–16 mg/dL markedly elevated to 4.186 [(95% CI 1.070–16.371), p = 0.040], suggesting a threshold effect within the range.


Table 4. The unadjusted and adjusted hazard ratios of 90-day transplantation-free mortality due to total bilirubin in patients with advanced fibrosis.

[image: Table 4]



Liver Failure Can Be Defined by TB Alone in Cirrhosis

Through the GAM and spline, we intuitively plotted the relationship between TB and multivariable-adjusted 90-day transplantation-free mortality. Both the TB-mortality correlation curves of cirrhosis and advanced fibrosis were monotonically increasing. However, the rate of change of 90-day transplantation-free mortality per mg/dL of TB was not a constant, implying the existence of non-lineal effects.

The TB-mortality correlation curve of cirrhosis (Figure 3A) was S-shaped and can be roughly divided into three parts by two inflection points (TB of 14.2 and 24.8 mg/dL). The two points, respectively correspond to the maximum and minimum values (peak and valley in Figure 3B of the second derivative (acceleration) of the mortality relative to the change in TB. To be specific, when TB was between 0 and 14.2 mg/dL, the mortality acceleratingly increases with TB. When TB was between 14.2 and 24.8 mg/dL, the absolute mortality brought by per mg/dL increase of TB is the largest. When TB exceeds 24.8 mg/dL, the increase of mortality slows down, showing a saturation effect.


[image: Figure 3]
FIGURE 3. The TB-mortality (90-day) correlation curve of cirrhosis and the corresponding second derivative (acceleration) curve. (A) the TB-mortality correlation curve of cirrhosis; (B) the second derivative (acceleration) of TB to mortality. TB, total bilirubin.


The mathematical TB cutoff was 14.2 mg/dL, with 23.3% (605/2592) patients exceeding the cutoff. The corresponding adjusted 28- and 90-day transplantation-free mortality were 13.3 and 25.0%, respectively. Moreover, the clinical TB cutoff was 18.1 mg/dL Figure 4A, with 18.2% (471/2592) patients exceeding the cutoff. The corresponding adjusted 90-day transplantation-free mortality was 32.7%. If take the TB of 24.8 mg/dL (the valley in Figure 3B) as a cutoff, 10.3% (268/2592) patients have TB higher than the cutoff, corresponding to 19.2 and 44.8% of adjusted 28- and 90-day transplantation-free mortality, respectively.


[image: Figure 4]
FIGURE 4. The TB-mortality (28-day) correlation curves and the clinical cutoffs of cirrhosis and advanced fibrosis. (A) the TB-mortality correlation curve (28-day) of cirrhosis; (B) the TB-mortality correlation curve (28-day) of advanced fibrosis. TB, total bilirubin.


We furtherly plotted the TB-mortality correlation curves of patients with compensated cirrhosis (Figures 5A,B) and decompensated cirrhosis (Figures 5C,D). The trends of the two curves were similar, and both have two inflection points. Compared with the curve of compensated cirrhosis, the curve of decompensated cirrhosis is closer to linearity, and the TB value corresponding to the two inflection points were smaller (7.5 vs. 16.0 mg/dL, and 18.6 vs. 26.0 mg/dL).


[image: Figure 5]
FIGURE 5. The TB-mortality (90-day) correlation curves of compensated cirrhosis and decompensated cirrhosis and their corresponding second derivative (acceleration) curves. (A) the TB-mortality correlation curve of compensated cirrhosis; (B) the second derivative (acceleration) of TB to mortality *(compensated cirrhosis); (C) the TB-mortality correlation curve of decompensated cirrhosis; (D) the second derivative (acceleration) of TB to mortality (decompensated cirrhosis). TB, total bilirubin.




Liver Failure Is Insufficient to Be Defined by TB Alone in Advanced Fibrosis

The independent effects of TB on mortality in patients with advanced fibrosis (Figure 6A) are significantly different from that in cirrhotic patients, either compensated or decompensated (Figure 7). Compared with the TB-mortality correlation curve of cirrhosis, besides the lower overall mortality, there is only one inflection point (the peak in Figure 6B, 12.1 mg/dL) in the TB-mortality correlation curve of advanced fibrosis, dividing the curve into two parts. The TB-mortality correlation curve is almost horizontal when TB is below 12.1 mg/dL. While with TB exceeding 12.1 mg/dL, mortality rate is positively and linearly related to TB. It was consistent with the findings from the COXPH model presented in Table 4.


[image: Figure 6]
FIGURE 6. The TB-mortality (90-day) correlation curve of advanced fibrosis and the corresponding second derivative (acceleration) curve. (A) the TB-mortality correlation curve of advanced fibrosis; (B) the second derivative (acceleration) curve of TB to mortality. TB, total bilirubin.



[image: Figure 7]
FIGURE 7. The comparison of the TB-mortality curves between decompensated cirrhosis, compensated cirrhosis, and advanced fibrosis. TB, total bilirubin.


The mathematical TB cutoff was 12.1 mg/dL, with 33.1% (311/940) patients with advanced fibrosis exceeding the cutoff, corresponding to 2.9 and 8.0% adjusted 28- and 90-day transplantation-free mortality, respectively. The clinical TB cutoff was calculated to be 36.0 mg/dL (Figure 4B). With this cutoff, only 1.3% (12/940) patients could be stratified with a higher TB, among which 22.1% died during 90 days (Table 5).


Table 5. The multivariable adjusted 28-day and 90-day mortality based on the calculated the mathematical and clinical TB cutoffs for liver failure.

[image: Table 5]




DISCUSSION

The present prospective study with large sample size first time established the respective TB cutoffs for liver failure in cirrhosis and advanced fibrosis via calculation. Specifically, any increase of TB independently increases the risk of 90-day transplantation free mortality in patients with cirrhosis. While, for patients with advanced fibrosis, only TB >12 mg/dL increased the risk. More importantly, based on the sufficient data of large prospective cohorts and rigorous analysis, we intuitively demonstrated the different effects of TB on the mortality in patients with cirrhosis and advanced fibrosis, and calculated their mathematical and clinical cutoffs for liver failure, respectively. The findings from this study offer an essential component of evidence-based ACLF diagnostic criteria in HBV high-endemic areas.

Western researchers represented by EASL-CLIF believe that the three major conditions of ACLF are cirrhosis, ADs and organ failure (4). They did not think that ACLF will present in non-cirrhotic patients. In contrast, the Eastern researchers represented by APASL emphasize the “reversibility of ACLF” and exclude decompensated cirrhosis out of ACLF. To achieve a universally acceptable definition, the type of ACLF were suggested to be divided into three categories depending on underlying chronic liver diseases: type A (non-cirrhotic ACLF), type B (cirrhotic ACLF), and type C (decompensated cirrhotic ACLF) (13, 33, 34). However, these subjective concepts are not appropriate to serve as solid evidence.

A clear definition of liver failure has fundamental significance for the diagnosis of ACLF. From this perspective view, our findings were obtained from quantitative analysis of the data from large cohort studies, which provides the possibility to stop this controversy. At first, we revealed the different effects of TB on mortality in patients with cirrhosis and advanced fibrosis, respectively, and proved that liver failure can be diagnosed by TB alone in cirrhosis but not in advanced fibrosis. Therefore, we demonstrated our hypothesis that the controversy between the East and the West on how to use TB to diagnose liver failure was caused by differences of the study population. Then, in the comparison of the TB-mortality correlation curves of different underlying chronic liver diseases, we found that the trend of the curve of compensated cirrhosis was similar to that of decompensated cirrhosis and quite different from that of advanced fibrosis. We observed the saturation effects in both the two curves of cirrhosis, which didn't present in the curve of advanced fibrosis. On the other hand, when TB increases from 0 to 12 mg/dL, the curves of cirrhosis rises simultaneously while the curve of advanced fibrosis keeps horizontal. These findings suggest that the mechanism of liver failure in cirrhosis, whether compensated and decompensated, could be similar and the same criteria can be used for diagnosis. However, it does not support the view of APASL to exclude decompensated cirrhosis but use the same criteria to diagnose ACLF in compensated cirrhosis and non-cirrhotic chronic liver diseases.

The definition of TB cutoff for liver failure is controversial as well. Though various TB cutoffs have been proposed in relevant studies, they were all initialized from expert consensus or existing models. Actually, few studies illuminated the independent and quantitative correlation between TB level and the short-term mortality of patients. A clinically meaningful cutoff would be one particular value that correlates with a marked change in physiological response and patient outcome (35). Thus, we calculated the TB cutoffs based on the mathematical definition (maximum of acceleration) and the clinical definition (15% 28-day transplantation-free mortality), respectively. In patients with cirrhosis, the two TB cutoffs are 14.2 mg/dL (mathematical) and 18.1 mg/dL (clinical), respectively, both the diagnosis rate (about one fifth) and the corresponding adjusted 28-day mortality (about 15%) were acceptable. In patients with advanced fibrosis, the mathematical TB cutoff is 12.1 mg/dL, whose corresponding mortality (2.9%) was much lower than the clinical definition (15%). In case the TB cutoff of clinical definition (36.0 mg/dL) was applied, only 1.3% patients can be diagnosed as liver failure. Therefore, from the perspective of high short-term mortality, liver failure in advanced fibrosis cannot be diagnosed by TB alone.

This study has several strengths. First, it is the unique study in demonstrating the independent and quantitative correlation between TB and short-term mortality in hospitalized patients with cirrhosis and advanced fibrosis, respectively. Based on the findings of the study, we proved that it is unfeasible to use the same criteria to diagnose liver failure in patients with cirrhosis and advanced fibrosis, settling this protracted controversy between the ACLF consortiums from East and West. Second, the TB cutoffs for liver failure were calculated completely based on mathematical methods, provide evidence-based reference for the establishment of ACLF diagnosis criteria. Third, the study based on the data of hospitalized patients with representative characteristics of cirrhosis and advanced in China, which implied that our findings could be applicable to the 2-billion-population HBV high-epidemic area (15). Finally, the perspective multicenter design will result in low rates of loss to follow-up and missing variables, ensuring the reliability of our conclusions.

Several limitations should be acknowledged. First, we excluded the non-cirrhotic patients with a FIB-4 score <1.45. However, this strategy is implemented to rule-out the patients with merely mild or without fibrosis. The liver conditions of these patients are close to normal, whose features of liver failure (if presented) are similar to that of acute liver failure. Moreover, the 90-day mortality of these patients was only 1.1% (2/178), not the potential victims of ACLF. Second, we excluded the patients received LT within 90 days, which may have some potential inference on the results. However, taking transplant-free mortality as the primary outcome is a common practice in ACLF research to obtain the natural prognosis of patients.



CONCLUSION

This study is the first one to clearly demonstrate the different effects of TB on 90-day mortality in patients with cirrhosis and advanced fibrosis, proving that liver failure can be diagnosed by TB alone in cirrhosis but not in advanced fibrosis. We also proposed the first mathematical and clinical TB cutoffs (14.2 and 18.1 mg/dL in cirrhosis, and 12.1 and 36.0 mg/dL in advanced fibrosis) for liver failure via calculation. Our innovative work will become the foundation of the establishing evidence-based ACLF diagnostic criteria in HBV high-endemic areas.
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Background and Aims: Hepatitis B virus-related acute-on-chronic liver failure (HBV-ACLF) remains a serious entity with high mortality. Growth hormone (GH) is related to the liver metabolism and regeneration. The present study aimed to explore the changes and prognostic efficacy of GH on the outcome of HBV-ACLF.

Methods: A prospective cohort of 124 patients and a cross-sectional cohort of 142 subjects were enrolled. GH and insulin-like growth factor-1(IGF-1) were detected by ELISA. Thirty-day survival was collected and the association between GH and the 30-day mortality of HBV-ACLF was analyzed.

Results: The mean age of the whole prospective cohort was 46.61 ± 12.71 years, and 19 (15.3%) patients were female. The median (IQR) of GH levels in non-survivors were 1106.55 (674.25, 1922.4) pg/ml, which were significantly lower than in survivors (p < 0.001). In the cross-sectional cohort, GH level was significantly higher in liver cirrhosis - acute decompensation (LC-AD) group than liver cirrhosis (LC) group (p < 0.001) while IGF-1 decreased significantly in LC, LC-AD, ACLF groups than health control (HC) and chronic Hepatitis B (CHB) groups (p < 0.001). The area under the receiver operating characteristic curve (AUROC) of GH for predicting 30-day mortality was 0.793. We built a new prognostic model, namely MELD-GH, which showed better predictive efficacy than Child-Pugh, MELD, CLIF-SOFA, and CLIF-C ACLF scores.

Conclusions: Low GH predicted the poor outcome of HBV-ACLF patients. GH and IGF-1 levels were differently distributed among HC, CHB, LC, LC-AD, and ACLF patients. MELD-GH had better predictive accuracy when compared to Child-Pugh, MELD, CLIF-SOFA, and CLIF-C ACLF scores.

Keywords: growth hormone, hepatitis B, acute-on-chronic liver failure, mortality, prognostic model


INTRODUCTION

Currently in China, there are around 35 million patients with hepatitis B virus (HBV) infection, and the social burden caused by chronic hepatitis B (CHB) is still heavy (1). Moreover, the reactivation of HBV is the leading cause of acute-on-chronic liver failure (ACLF) (2, 3). ACLF is characterized as acute deterioration of liver function, organ failure and high short-term mortality in the presence of preexisting chronic liver diseases (CLDs) (4, 5), which are associated with organ failures and high short-term mortality.

So far, the pathophysiological mechanism of ACLF hasn't been elucidated clearly. Disordered immune function and liver regeneration are considered two factors to play key roles on the prognosis of ACLF patients (2). After the injury of a precipitating event, massive and sub-massive hepatic necrosis occurred (6), which caused excessive immune responses and pulled the trigger of liver regeneration. Recent studies suggested that, there might be two distinct regeneration patterns in livers with massive hepatic necrosis in patients with acute liver failure (7). Unfortunately, our knowledge on the mechanism of the regeneration is quite limited and need further study.

Growth hormone (GH), as one of the most important endocrine hormones in human body, plays an important role in promoting growth and regulating carbohydrate, lipid, protein, and mineral metabolism. It also plays a vital role on liver regeneration (8–10). Some studies have reported that there might be a correlation between GH and liver disease (11, 12). For example, in alcoholic liver disease and non-alcoholic liver disease, GH may be involved in the development of diseases and affect lipid metabolism in hepatocytes (13, 14). Some reports have also reported a reduction in GH concentrations in patients with reciprocal cirrhosis, which was associated with prognosis (15). Insulin-like-growth factor-1 (IGF-1), which is synthesized mainly in the liver, mediates most of the biological functions of GH (16) and is reported to participated in the process of liver regeneration (17). However, whether GH and IGF-1 regulate the liver regeneration and affect the prognosis of ACLF patients remains unknown.

In this study, we built a prospective cohort of HBV-ACLF patients, and identified differences in serum levels of GH and IGF-1 between survival and non-survival group and then explored their variability in a cross-sectional cohort. Furthermore, we built a prognostic model containing GH and evaluated its efficacy of for predicting short-term outcomes of HBV-ACLF patients.



METHODS


Patients

Two cohorts were enrolled in this study, and the flow chart was in Figure 1. In the first cohort, we enrolled HBV-ACLF patients who presented with a new episode of acute hepatic insult manifesting as acute jaundice, coagulopathy, ascites, upper gastrointestinal bleeding, and hepatic encephalopathy (HE) between 1 January 2018 and 1 October 2018. Patients were divided into survivor and non-survivor groups according to their survival status of 30 days after admission. Patients undergoing liver transplantation were excluded. In the second cohort, a cross-sectional investigation was performed using a cohort of 142 subjects including healthy controls (HCs), patients with CHB, liver cirrhosis (LC), liver cirrhosis-acute decompensation (LC-AD) and ACLF. All HCs, CHB and LC subjects were recruited from the outpatient clinic. Among the 38 enrolled ACLF patients, 21 survived patients were placed into ACLF-S group while the remaining 17 were placed into ACLF-D group. Patients with ACLF received a standard treatment, including nucleoside analogs for HBV DNA-positive patients; diammonium glycyrrhizinate and Ademetionine for protection of liver function; sodium restriction, diuretics and paracentesis combined with albumin infusion for ascites; lactulose and L-ornithine aspartate for HE; prophylactic antibiotics for bacterial infections and renal replacement therapy for hepato-renal syndrome. Eleven non-survivors (11/38) and 35 survivors (35/124) received plasma exchange (PE) combined with hemofiltration (HF) treatment. All subjects were enrolled or recruited in the First Affiliated Hospital of Zhejiang University. This study was conducted in compliance with the principles of the Declaration of Helsinki and was approved by the Ethics Committee of the First Affiliated Hospital of Zhejiang University. Written informed consent was obtained from all patients or their legal representatives.


[image: Figure 1]
FIGURE 1. Flow chart of enrolled cohorts. ACLF-D, acute-on-chronic liver failure-death; ACLF-S, acute-on-chronic liver failure-survival; CHB, chronic Hepatitis B; HBV-ACLF, Hepatitis B related acute-on-chronic liver failure; HC, health control; LC, liver cirrhosis; LC-AD, liver cirrhosis-acute decompensation.




Inclusion and Exclusion Criteria

ACLF was diagnosed according to the Asian Pacific Association for the Study of the Liver (APASL) criteria published in 2014 (3). According to the APASL criteria, ACLF was defined as an acute hepatic insult manifesting as jaundice (serum levels of bilirubin ≥ 5 mg/dl) and coagulopathy (international normalized ratio [INR] ≥ 1.5 or prothrombin activity <40%) within 4 weeks in a patient with previously diagnosed or undiagnosed CLD/cirrhosis. Cirrhosis patients with a history of AD who met the above criteria were also diagnosed as ACLF. The Model for End-stage Liver Disease (MELD), the chronic liver failure-sequential organ failure assessment (CLIF-SOFA), CLIF-C ACLF (18) scores were calculated to evaluate the severity of patients. The diagnosis of LC was based on previous liver biopsy, endoscopic signs, radiologic imaging, clinical symptoms and laboratory parameters. HBV reactivation was defined as a ≥ 2 log increase in the HBV DNA level from previously stable baseline level or a level ≥ 100 IU/mL in patients in whom HBV DNA had been undetectable, or ≥ 20,000 IU/mL in those negative for HBV DNA at baseline (19). The exclusion criteria included: age <18 or >80 years, liver malignancy or any other type of cancer, history of liver transplantation or bone marrow transplantation, and any severe disease in other systems.



Data Collection

Data were collected at enrollment, and included vital signs, physical examination results, histories, complications and precipitating events. The laboratory measurements collected included white blood cell (WBC) count, neutrophils, red blood cell (RBC) count, platelet (PLT) count, C-reactive protein (CRP), alpha-fetoprotein (AFP), ferritin, total protein (TP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), serum levels of albumin (ALB), cholinesterase, gamma-glutamyl transpeptidase (GGT), triglycerides, cholesterol, total bilirubin (TB) level, serum levels of sodium, potassium (K), creatinine (Cr), blood urea nitrogen (BUN), international normalized ratio (INR), pulse oximetry, HBV infection biomarker levels, and HBV-DNA levels. Image measurements, including ultrasound, CT, and MRI, were also collected. Follow-up information was collected from medical records and follow-up phone calls at 30 days.



Sample Collection and Testing

Blood samples were obtained on the day following hospitalization and were centrifuged at 3,500 rpm for 10 min to separate the serum, which were stored at −80°C. GH was measured using an enzyme-linked immunosorbent assay (ELISA) with an ELISA detection kit (ab190811, Abcam). IGF-1, IGF-2, IGF receptor-1, and IGF receptor-2 levels in prospective cohort were detected using an immunoassay (QAH-IGF-1, RayBiotech). IGF-1 level in cross-sectional cohort was detected using an ELISA detection kit (ab211651, Abcam).



Statistical Analyses

Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS, v.22.0; SPSS, Inc., Chicago, IL, USA) and MEDCALC (MedCalc Software, Belgium). Continuous data are expressed as means ± standard deviations or medians with interquartile ranges (p25, p75), while categorical data are expressed as numbers (percentages). All tests were two-tailed, and P < 0.05 were considered indicative of statistical significance. Student's t-tests or non-parametric Mann–Whitney U-tests, as appropriate, were used to compare continuous data. Categorical data and ordered categorical data were compared using chi-square tests and Spearman rank correlation tests, respectively. The area under the receiver operating characteristic curve (AUROC) of the various prognostic scoring systems was compared by Z-tests using Delong's method.




RESULTS


Characteristics of the Prospective HBV-ACLF Cohort

A total of 124 HBV-ACLF patients were enrolled in the prospective cohort. As shown in Table 1, the mean patient age was 46.61 ± 12.71 years, and 19 (15.3%) patients were female. Among the whole cohort, 69 (55.6%) patients were cirrhotic, and 25 (20.2%) had acute decompensation (AD) history. The MELD, CLIF-SOFA, CLIF-C ACLF scores were 23.09 ± 5.61, 8.15 ± 1.95, and 42.01 ± 9.79, respectively.


Table 1. Characteristics of non-survivors and survivors in the HBV-ACLF cohort.
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Based on 30-day survival, the patients were divided into non-survivor (n = 38) and survivor groups (n = 86). The mean age of survivor and non-survivor groups was 44.58 ± 12.15 and 51.21 ± 12.9, while 12.8% in survivor group were female and 21.1% in non-survivor group. Compared to the survivor group, non-survivors were older (P = 0.009) and had lower levels of cholesterol (P = 0.003) and albumin (P = 0.035). Conversely, neutrophil counts (P = 0.005), INR (P < 0.0001), TB (P = 0.001) and creatine (P = 0.005) levels, and MELD (P < 0.0001), CLIF-SOFA (P < 0.0001), and CLIF-C ACLF (P < 0.0001) scores were higher in the non-survivor group.



Distribution of GH in Prospective Cohort Patients

In the prospective cohort of HBV-ACLF patients, the median GH levels in non-survivors were 1106.55 pg/ml, which were significantly lower (P < 0.0001) than in survivors (2930.55 pg/ml) (Figure 2A). All patients were divided into four groups according the number of organ failures; patients with ≥3 organ failures had significantly lower GH levels compared to 1 (P < 0.001), and 2 (P = 0.045) organ failure groups (Figure 2B). Furthermore, patients with a MELD score > 25 had lower GH levels than those with a score between 20 and 25 (P = 0.009) (Figure 2C). However, there were no significant difference in GH levels between the MELD > 25 group and the MELD <20 group. Comparisons of GH levels between patients with and without certain kinds of organ failure are shown in Supplementary Figure 1. Interestingly, patients with encephalopathy had lower GH levels than those without. We divided patients into no HE, HE I~II, HE III~IV groups (Figure 2D), and then found that GH level in no HE group was significantly higher than HE III~IV group (P = 0.002), and showed a higher trend than HE I~II group (P = 0.056).
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FIGURE 2. Distribution of GH in HBV-ACLF cohort. (A) GH levels were higher in survivors group than in non-survivors group. (B) Patients with 3 or more organs failure had lower GH levels than patients with 2, 1, or no organ failure. (C) Patients with MELD > 25 had lower GH levels than patients with MELD between 20 and 25. (D) patients with Grade III~IV encephalopathy had lower GH levels than no HE group. * <0.05, ** <0.01.


The relationships between GH levels and other indicators are shown in Supplementary Table 1. GH levels were negatively related to neutrophil counts, CRP, and BUN, but positively related to ALB, triglycerides, cholesterol, and alkaline phosphatase. The serum levels of IGF-1, IGF-2, IGF-1R, and IGF-2R were measured, as shown in Supplementary Table 2, but there were no significant differences between survivors and non-survivors.



GH Levels in the Cross-Sectional Cohort

The characteristics of HCs and patients in the cross-sectional cohort are listed in Table 2. There were no differences in mean age or sex among groups. The median GH levels in each group were 427.66 pg/ml (HCs), 125.91 pg/ml (CHB), 362.94 pg/ml (LC), 1246.05 pg/ml (LC-AD), and 1299.8 pg/ml (ACLF). Comparisons of GH levels among the different groups are shown in Figure 3A. Compared to HC (P < 0.001), CHB (P < 0.001), and LC (P < 0.001), the ACLF group had significantly higher GH levels. Similarly, patients in the LC-AD group had higher GH levels than those in the HC (P < 0.001), CHB (P < 0.001), and LC (P < 0.001) groups. In ACLF group, ACLF-S group had higher GH level than ACLF-D group, which was shown in Supplementary Figure 2. A detailed comparison of GH levels among groups is listed in Supplementary Table 3. Correlation analysis revealed a positive correlation between GH levels and disease severity (r = 0.462, P < 0.001).


Table 2. Characteristics of the cross-sectional cohort.
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FIGURE 3. Distribution of GH in cross-sectional cohort. (A) ACLF group showed higher GH levels than HC, CHB, and LC group, but no difference from LC-AD group, and the r-value of the correlation between GH levels and severity was 0.462, p < 0.001. (B) HC group showed higher IGF-1 levels than LC, LC-AD, and ACLF group, but no difference from CHB group, and the r value of the correlation between IGF-1 levels and severity was −0.641, p < 0.001. ACLF, acute-on-chronic liver failure; CHB, chronic hepatitis B; GH, growth hormone; HC, health control; IGF-1, insulin-like growth factor-1; LC, liver cirrhosis; LC-AD, liver cirrhosis-acute decompensation. *** < 0.001.


Distribution of IGF-1 among these groups was different from GH. As shown in Figure 3B, IGF-1 levels in HC group were higher than LC (P < 0.001), LC-AD (P < 0.001) and ACLF (P < 0.001) group. Interestingly, IGF-1 levels in LC-AD group were significantly lower than in LC group (P < 0.001), but GH levels revealed much higher (P < 0.001). Consistent with the result in prospective cohort, there was no difference of IGF-1 levels between ACLF-S and ACLF-D groups. A detailed comparison of IGF-1 levels among groups is listed in Supplementary Table 4. Correlation analysis revealed a negative correlation between IGF-1 levels and disease severity (r = −0.641, P < 0.001).



Roles of GH in Predicting the Outcome of HBV-ACLF Patients

Univariate analyses showed that age, HE, GH, WBC, neutrophil count, ALB, TB, Cr, BUN, cholesterol, and INR were significantly associated with 30-day outcomes of HBV-ACLF patients in the prospective cohort. Then, multivariate analyses revealed that HE, GH, WBC, TB, BUN, and INR were independently associated with prognosis at day 30 (Table 3).


Table 3. Univariate and multivariate logistic regression analyses of 30-day survival in the study cohort.
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Next, we analyzed the prognostic value of GH. The AUC of GH for predicting 30-day outcomes was 0.793 (Figure 4A). Then we divided patients into low-GH and high-GH groups according to the cut-off value (2,001 pg/mL). The 30-day survival rate in low-GH group was significantly lower than in the high-GH group (45.5 vs. 88.4%, P < 0.001) (Figure 4B).
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FIGURE 4. Performance of GH on predicting 30-day survival of HBV-ACLF patients. (A) The AUC of GH predicting the outcome was 0.793, and low GH (<2,001 pg/ml) group (B) showed significantly worse 30-day outcome than high GH group. (C) MELD-GH score showed highest AUC than Child-Pugh, MELD, CLIF-SOFA, and CLIF-C ACLF scores. (D) The estimation of HBV-ACLF mortality based on MELD-GH score.


Then we analyzed the prognostic efficacy among different prognostic models. The AUC of Child-Pugh, MELD, CLIF-SOFA and CLIF-C ACLF was 0.758, 0.882, 0.862, and 0.838. A new prognostic model was built based on MELD score by logistic regression analyses, namely MELD-GH, combining GH with MELD to predict 30-day outcome. The formula used to calculate MELD-GH is: 0.413*MELD-1.606*Ln (GH). The sensitivity and specificity of MELD-GH was 83.72% and 92.11%. The AUC of MELD-GH was 0.937, which was significantly superior to the Child-Pugh (P < 0.0001), MELD (P = 0.0185), CLIF-SOFA (P = 0.034), and CLIF-C ACLF (P = 0.0227) scores for predicting 30-day outcomes (Figure 4C and Table 4). When MELD-GH < −5, the mortality rate only reached 3.5%, and when MELD-GH > 0, the mortality rate increased above 90% (Figure 4D). The detailed comparison of each two prognostic models were listed in Supplementary Table 5.


Table 4. Performance of different prognostic models.
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DISCUSSION

We analyzed serum levels of GH between non-surviving and surviving HBV-ACLF patients. Low GH levels predicted poor outcomes in HBV-ACLF patients. GH is bound by the GH receptor on the cell membrane of hepatocytes, where it activates the Janus kinase 2 (JAK2)-signal transducer and activator of transcription 5 (STAT5) signaling pathway to upregulate genes such as IGF-1 and peroxisome proliferator-activated receptor γ (PPAR-γ) and thereby modulate lipid metabolism (13). IGF-1 is mainly synthesized in the liver under the regulation of GH, which further affects energy metabolism in hepatocytes. In addition, GH can promote the regeneration of hepatocytes (8, 20). In the current study, GH levels were significantly higher in the ACLF-S group than in the ACLF-D group, possibly because high concentrations of GH maintained the metabolic function or promoted the regeneration of hepatocytes.

The liver is the major source of circulating IGF-1, and its bioavailability is modified by insulin-like growth factor binding proteins (IGFBPs) (11). We measured the concentrations of IGF-1 and IGF-2, but there were no differences between the survivor and non-survivor groups. A possible explanation for this is that HBV-ACLF patients suffered GH resistance, which was defined by high levels of circulating GH and low levels of IGF (21). GH resistance is often observed in cirrhotic patients, who develop nutritional and metabolic complications such as insulin resistance, malnutrition, osteopenia, and hypogonadism, which is in part related to IGF-1 deficiency (17). In the current study, GH levels were increased in the survival group, but IGF-1 levels were not increased significantly due to GH resistance. Whether GH can upregulate the IGF-1 level remains uncertain, and how GH exerts its effects in hepatocytes remains unclear.

In the cross-sectional cohort, GH concentrations were higher in the LC-AD group than in the LC group, suggesting that elevated GH levels may be associated with acute insult of decompensation. In children with bacterial sepsis and septic shock, GH levels were elevated significantly, which is in contrast to the changes observed in IGF-1 levels (22). In addition, Wang et al. (23) demonstrated that inhibition of the GH pathway aggravates acetaminophen-induced acute mice liver injury. Therefore, when an acute insult occurs, GH secretion is increased in response to the stress. In our cross-sectional study, we observed that IGF-1 decreased as the severity of the HBV disease progressed. LC group had lower IGF-1 levels than HC and CHB groups, which is consistent with other studies (24, 25). Interestingly, in the LC-AD and ACLF groups, IGF-1 levels were much lower than LC group, which revealed that the synthesis function of hepatocytes was seriously damaged. However, IGF-1 level didn't decreased further in ACLF group than LC-AD group and was not affected by the increase of GH level.

The number of organ failures determines the mortality rate of patients with ACLF (26). Our study found that when patients had two or more organ failures, the concentration of GH dropped dramatically. This suggests that GH secretion may be closely related to the general condition of the patient. In the comparison of different organ failures, GH levels were significantly lower in the brain failure group compared to the non-brain failure group, which suggests that GH secretion is affected by encephalopathy. Liu et al. (27) found that IGF-1 and GH levels decreased as the severity of encephalopathy worsened, which is consistent with the current results. However, due to the small number of patients with encephalopathy, this result needs to be confirmed further.

In this study, we developed a new prognostic model, namely MELD-GH, which was based on the MELD score. Further analyses demonstrated a better prognostic efficacy of MELD-GH than Child-Pugh, MELD, CLIF-SOFA, and CLIF-C ACLF scores. This result suggested GH may be applied as one of the indicators for predicting the short-term outcome of HBV-ACLF patients. MELD-GH had better prognostic efficacy was significantly more convenient to calculate and apply in the clinical setting, because it only contained 4 indicators, which was less than CLIF-ACLF and CLIF-C ACLF. In our study, we used APASL criteria to diagnose ACLF and used CLIF-SOFA and CLIF-C ACLF to evaluated the severity and make a comparison with the new model. We used APASL consensus criteria to diagnose ACLF because our cohort characteristics were more similar to the Asian ACLF, which was mainly caused by HBV (3). Though CLIF-SOFA and CLIF-C-ACLF score were built according to the ACLF patients with decompensated cirrhosis, they were widely recognized and usually used for comparison with new models (28–30).

In a previous study, thyroid-related hormones also differed in patients with ACLF (31). Interestingly, thyroid-stimulating hormone can predict the prognosis of patients with ACLF. In addition, some studies have found that sex hormones (32) and adrenal hormones (33) have prognostic value in cirrhosis or liver failure. It could be speculated that endocrine organs, particularly the pituitary gland, may play an important role in the pathogenesis of ACLF. Some other studies have shown that pituitary function changes before and after liver transplantation (20, 34). and may be related to disease severity and liver regeneration.

There were some limitations to this study. First, the mechanism by which GH participates in the pathophysiology of the ACLF remains elusive. Without any change in IGF-1, the mechanism of the physiological role of GH and downstream regulatory molecules in the GH pathway remain elusive, which limits our observations regarding the GH-mediated regulation of liver regeneration and metabolism. Second, we only enrolled HBV-ACLF patients, whether these results can be applied to other causes of ACLF remains to be confirmed. Third, the prognostic efficacy of GH and MELD-GH needs to be validated in a large multicenter study.



CONCLUSIONS

In our HBV-ACLF cohort, serum levels of GH were higher in the survival group and the high-GH patients also had longer survival than who with low-GH, which suggested that low levels predicted poor outcomes in HBV-ACLF patients. Low levels predicted poor outcomes in HBV-ACLF patients. MELD-GH scores had better predictive accuracy than Child-Pugh, MELD, CLIF-SOFA, and CLIF-C ACLF scores. Pituitary function might play a role in ACLF, which needs further research.
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Background and Aims: Acute-on-chronic liver failure (ACLF) is a rare, but dramatic clinical syndrome. There is substantial evidence suggesting that immunity-mediated inflammation plays an important role in HBV-ACLF. Our aim was to characterize the proportion and cell counts of peripheral blood lymphocyte subsets in acute-on-chronic liver failure patients caused by HBV infection.

Methods: One hundred and seventeen patients were enrolled in this study, including those with HBV-related ACLF (HBV-ACLF; n = 70), and HBV related non-ACLF patients (HBV non-ACLF; n = 47). Demographics, clinical and laboratory data at hospital admission were retrospectively analyzed. The percentage and cell count of peripheral lymphocyte subsets were evaluated by flow cytometry. Comparison analysis was performed by t-test or non-parametric Mann–Whitney U-test. Actuarial probabilities of death were calculated by the Kaplan-Meier method.

Results: Both circulating lymphocyte count and lymphocyte percentage were significantly reduced in patients with HBV-ACLF (P < 0.001). The CD8+ T cell, CD4+ T cell, and CD16+CD56+ NK cell counts were significantly decreased in HBV-ACLF. Consistently, flow cytometric analysis showed that CD8+ T cell counts were significantly decreased in non-survivors, while no significant differences were found in CD4+ T cell, CD19+ B cell, or CD56+CD16+ NK cell counts. Furthermore, the group with the lower CD8+ T cell count displayed a significantly higher mortality rate compared with the group with the higher CD8+ T cell count.

Conclusions: The abnormal prevalence of lymphocyte subsets may be important in the pathogenesis of HBV-ACLF. The decrease in CD8+ T cell counts may be related to poor survival in HBV-ACLF patients.

Keywords: lymphocyte subsets, hepatitis B virus, acute-on-chronic liver failure, immune response, flow cytometry


INTRODUCTION

Acute-on-chronic liver failure (ACLF) is a rare, but dramatic clinical syndrome characterized by massive hepatocyte death leading to multiorgan failure in patients with pathological damage caused by chronic liver disease (1). The most common cause of ACLF in China is chronic hepatitis B virus (HBV) infection (2). ACLF results in an extremely high mortality rate due to its unclear pathogenesis and the lack of effective treatment approaches (3). There is substantial evidence to suggest that immunity-mediated inflammation plays an important role in HBV-ACLF. The neutrophil–lymphocyte ratio (NLR) and lymphocyte–monocyte ratio (LMR), which reflect systemic inflammation, are valuable prognostic markers in ACLF patients (4–8).

Several reports on the immune pathogenesis of chronic HBV infection have suggested that CD8+ T cells, CD4+ T cells, and NK cells as well as cytokines participate in the development of liver injury (9–13). A recent study (13) revealed that interleukin 21 (IL-21) enhanced the antiviral responses of CD8+ T cells in chronic HBV infection. Zou et al. (14) characterized lymphocyte subsets in peripheral blood and liver tissue, and reported that the abnormal distribution of circulating and liver-infiltrating immune competent cells may be an important factor for the development of HBV-related ACLF. Dong et al. (15) demonstrated that HBV-ACLF patients displayed immune disorders from the perspective of adaptive immunity, which were characterized by a reduction in the number of CD4+ T lymphocytes. Similarly, another study on peripheral lymphocytes reported the exhaustion of differentiated CD4+ T cells from the circulation in HBV-ACLF patients compared to patients without ACLF (7). Our previous study found that Natural Killer Group 2A (NKG2A) expressed on peripheral CD3−CD56+ NK cells and CD3+CD8+ T cells played a key negative regulatory role in the progress of HBV-related ACLF (16). However, there are still insufficient data to show the overall characteristics of immune cell status in HBV-related ACLF patients and their association with prognosis. Therefore, this study focused on the proportion and number of peripheral blood lymphocyte subsets in HBV-related ACLF patients to characterize changes in immune status and clarify the correlation between liver injury and its immunological characteristics.



MATERIALS AND METHODS


Study Population

The data from patients with chronic HBV infection who were admitted from July 2013 to November 2019 in the First Affiliated Hospital of Xi'an Jiaotong University, the largest general hospital in northwest China under the direct administration of the Chinese Ministry of Health, were retrospectively collected, including 70 patients with HBV-ACLF and 47 patients with HBV-non-ACLF. HBV-non-ACLF referred to patients with chronic hepatitis B, or HBV-related compensated cirrhosis, who had abnormal liver function due to chronic HBV infection, but do not meet the diagnostic criteria of ACLF. ACLF was diagnosed according to the recommendation by the Asian Pacific Association for the Study of the Liver (APASL) (17): serum bilirubin ≥5 mg/dL, an international normalized ratio (INR) ≥1.5 or prothrombin activity <40%, recent development of complications such as hepatic encephalopathy, or an abrupt and obvious increase in ascites, spontaneous bacterial peritonitis, or hepatorenal syndrome. Briefly, CHB patients were HBsAg positive for more than 6 months and may have exhibited signs or symptoms of hepatitis and abnormal liver function. Cirrhosis was diagnosed based on liver biopsy (if available), or the combination of clinical symptoms, laboratory tests, and CT/MRI scan. HBV-non-ACLF refers to patients who had alanine aminotransferase or aspartate aminotransferase levels >2 times the upper limit of normal (ULN) (40 U/L) and a total bilirubin level <5 ULN (1 mg/dL).

Patients were excluded if they had any of the following conditions: (1) malignancies, such as hepatocellular carcinoma; (2) concurrent hepatitis A, hepatitis C, hepatitis D, hepatitis E, Epstein–Barr virus, or other virus infections; (3) with one or more additional known primary or secondary causes of liver disease, other than hepatitis B. All patients received standard care and treatments as recommended by the guidelines.

This retrospective study was conducted in accordance with the Declaration of Helsinki and the protocol was approved by the Ethics Committee of the First Affiliated Hospital of Xi'an Jiaotong University.



Laboratory Examinations

Patients and controls underwent routine laboratory evaluations for liver diseases, including clinical assessments, complete blood count, liver function tests (alanine aminotransferase, total bilirubin, serum albumin), renal function (serum creatinine), electrolytes (serum sodium, potassium) and coagulation (international normalized ratio), HBV DNA load (COBAS TaqMan, lower detection limit 20 IU/mL). The tests were performed at the central laboratory in the hospital. Model for end-stage liver disease (MELD) score and MELD-Na score were used to assess disease severity and calculated as previously described (18).



Flow Cytometry for Detection of Lymphocytes Subsets

One hundred microliters of blood sample were stained with 10 μL of fluoroisothiocyanate (FITC)-conjugated CD4, PE-conjugated CD8, Per-CP-conjugated CD3, APC-conjugated CD19, and Multitest CD16+CD56 reagent (Beckman Coulter). Then incubation for 15 min in the dark and red blood cells lysis were done. After washing, the cells were resuspended in Cytomics FC 500 (Beckman Coulter) flow cytometric analysis was done with Cell Quest software. Lymphocytes were defined with their forward and side scatter characteristic. T lymphocytes were identified (CD3+), and then subdivided into CD4+ or CD8+ populations. B lymphocyte (CD3−CD19+) and natural killer cell (CD3−CD56+CD16+) numbers and percentages were also determined.



Statistical Analysis

Statistical analysis was performed using SPSS 23.0 for Windows (SPSS, Chicago, IL, USA), with graphs drawn using GraphPad Prism 8.0 (GraphPad, La Jolla, CA, USA). Quantitative data were expressed as mean ± standard deviation (SD) or median (interquartile range, IQR), and the categorical data were expressed as the number (percentage). T-test or the non-parametric Mann–Whitney U-test was used where appropriate. A Pearson's Chi-square or Fisher's exact test was performed to compare qualitative data. Actuarial probabilities of death during follow-up were calculated by the Kaplan-Meier method and compared by log-rank test. Results with a two-tailed P-value of <0.05 were considered statistically significant.




RESULTS


Demographic and Clinical Characteristics of the Study Population

The clinical and biochemical characteristics of the enrolled groups were summarized in Table 1. There were no significant differences in age, gender, creatinine, HBeAg positive ratio and HBV DNA load between the two groups. As expected, HBV-related ACLF patients displayed higher levels of ALT, AST, total bilirubin and INR, but lower levels of albumin and decreased platelet count compared with non-ACLF group. The 28-day mortality rate in the ACLF group was 30.0% (21/70), which was significantly higher than that in the non-ACLF group.


Table 1. Demographic and clinical parameters of the study population.
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Peripheral Lymphocyte Subsets in Patients With HBV-Related ACLF and Non-ACLF

Compared with patients in the HBV non-ACLF group, both circulating lymphocyte count and lymphocyte percentage were significantly reduced in patients with liver failure (P < 0.001, Figures 1A, 2A). With regard to lymphocyte subset proportion, no significant differences were observed in CD4+ T cells, CD8+ T cells and CD16+CD56+ NK cells (Figures 1C,D,F). The proportion of CD3+ T cells in HBV-ACLF patients was significantly lower than that in the non-ACLF group (P = 0.003, Figure 1B), while the percentage of CD19+ B cells was significantly higher compared with the non-ACLF group (P < 0.001, Figure 1E).


[image: Figure 1]
FIGURE 1. Comparison of the proportion of lymphocyte (A), CD3+ T cells (B), CD4+ T cells (C), CD8+ T cells (D), CD19+ B cells (E) and CD16+CD56+ NK cells (F) in patients with hepatitis B-related acute-on-chronic liver failure (ACLF) (n = 70) and non-ACLF (n = 47), where the lines indicated the mean or median. **P < 0.01, ***P < 0.001.
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FIGURE 2. Comparison of cell counts of lymphocyte (A), CD3+ T cells (B), CD4+ T cells (C), CD8+ T cells (D), CD19+ B cells (E) and CD16+CD56+ NK cells (F) in patients with hepatitis B-related acute-on-chronic liver failure (ACLF) (n = 70) and non-ACLF (n = 47), where the lines indicated the mean or median. **P < 0.01, ***P < 0.001.


Additionally, lymphocyte subset counts between the two groups were analyzed. Compared with the HBV non-ACLF group, the decrease in total lymphocyte count in ACLF patients (Figure 2A) was possibly due to a relative decrease in CD8+ T cell (Figure 2D), CD4+ T cell (Figure 2C), and CD16+CD56+ NK cell counts (Figure 2F). However, the lower number of CD19+ B cells in ACLF patients was not significant (Figure 2E).



Comparison of Peripheral Lymphocyte Subsets Between Non-Surviving and Surviving ACLF Patients

To investigate whether peripheral lymphocyte subsets are correlated with short-term prognosis in HBV-related ACLF, a comparative analysis was performed between the surviving and non-surviving patients during a 28-day follow-up period. Of 70 ACLF patients, 21 patients died (mortality rate: 30.0%). Non-surviving patients showed higher total bilirubin, creatinine and INR at hospital admission (P = 0.007, P = 0.017 and P < 0.001, respectively, Table 2). In addition, the presence of encephalopathy (42.85 vs. 18.36%) and bacterial infection (85.71 vs. 57.14%) were both significantly higher in non-survivors compared with survivors (P = 0.032, P = 0.042, respectively, Table 2). Non-survivors showed a significantly higher MELD and MELD-Na score and lower lymphocyte percentage compared with survivors (P < 0.001, Table 2).


Table 2. Demographics, clinical data, and laboratory parameters in survivors and non-survivors of patients with HBV-related ACLF.
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As shown in Figure 3A, total lymphocyte count was lower in non-survivors compared with survivors (1.01 ± 1.13 vs. 1.35 ± 0.10) although the difference was not statistically significant (P = 0.050, Table 2). Since the absolute number of lymphocytes was already small in ACLF, it is of little sense to explore the proportion of lymphocyte subgroups between survivors and non-survivors. Consequently, we analyzed the absolute counts of lymphocyte subsets. Flow cytometric analysis showed that the CD8+ T cell count was significantly decreased in non-survivors (P = 0.003, Figure 3D), while no significant differences were found in CD4+ T cell, CD19+ B cell, or CD56+CD16+ NK cell counts (Figures 3C,E,F).
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FIGURE 3. Comparison of peripheral absolute counts of lymphocyte (A), CD3+ T cells (B), CD4+ T cells (C), CD8+ T cells (D), CD19+ B cells (E) and CD16+CD56+ NK cells (F) in surviving (n = 49) and non-surviving (n = 21) patients with HBV-related ACLF. *P < 0.05, **P < 0.01.




Decreased CD8+ T Cell Count at Admission Was Correlated With Poor Prognosis in Patients With HBV-ACLF

We further divided the patients into the lowest and highest groups according to the median of absolute numbers of peripheral blood lymphocytes to compare their short-term prognosis. The group with the lower CD8+ T cell count displayed a significantly higher mortality rate compared to the group with the higher CD8+ T cell count (42.9 vs. 17.1%, P = 0.019, Table 3). Similar results were found for CD3+ T cell counts, which may have been the relative result of reduced CD8+ T cell counts. With the median of the CD8+ T cell counts as the cut-off value (277.95 cells/μl), survival probability in patients with HBV-ACLF was shown in Figure 4. These results indicated that reduced CD8+ T cell counts might be related to poor prognosis in HBV-ACLF patients.


Table 3. Comparison of mortality rate between the higher and lower group divided by median values of lymphocyte count in HBV-related ACLF patients.

[image: Table 3]


[image: Figure 4]
FIGURE 4. Survival was evaluated using Kaplan–Meier curves, and the statistics were compared by log-rank tests. Significant differences were found between the higher group (CD8+ T cell count ≥ 277.95 cells/μl) and the lower group (CD8+ T cell count <277.95 cells/μl) in 28-day (chi-square = 6.803, P = 0.009) and 90-day (chi-square = 4.015, P = 0.045) survival.





DISCUSSION

The results of the current study showed that the CD8+ T cell, CD4+ T cell, and CD16+CD56+ NK cell counts were significantly decreased in HBV-ACLF. Consistently, decreased CD8+ T cell counts was observed in non-survivors in comparison with survivors. Furthermore, the group with the lower CD8+ T cell count displayed a significantly higher mortality rate compared with the group with the higher CD8+ T cell count. The present results indicated that decreased CD8+ T cell counts might relate to the poor outcome in patients of HBV-ACLF.

It is known that chronic HBV infection lead to T cell exhaustion or dysfunction, resulting in the immunotolerance and viral persistence (19). The pathogenesis of HBV-ACLF is also a dysfunctional immune response caused by increased systemic inflammation and immune cell paralysis, which has been manifested in pre-existing liver diseases. Moreover, it was reported that immune disorders in ACLF were similar to sepsis, with abnormalities in the immune response, ranging from excessive inflammation to immune depression (20, 21). This study investigated the distribution characteristics of dominant peripheral lymphocyte subsets in patients with HBV-related ACLF. Consistent with previous findings (6, 8, 14), significant reductions were observed both in peripheral lymphocyte percentage and absolute number in ACLF patients compared with non-ACLF patients. We noted that the decrease in total lymphocyte counts in ACLF patients was possibly the result of a relative decrease in CD8+ T cell as well as CD4+ T cell and CD16+CD56+ NK cell counts (Figure 2, respectively). However, no significant difference was observed in the proportion of CD4+ T cells, CD8+ T cells and CD16+CD56+ NK cells between HBV-ACLF and non-ACLF patients. This observation could be explained by exhausted lymphocytes during liver failure. It seems that under the immunosuppressive condition of ACLF, the change in lymphocyte subset counts was more obvious than the proportion of these subsets. Notably, we found that the frequency of circulating CD19+ B cells in ACLF patients was significantly increased. A recent study demonstrated that HBV-ACLF patients had higher serum IgG, IgA, and IgM levels compared to CHB patients (22). Moreover, an overwhelming B cell response apparently centered in liver tissue was observed in patients with HBV-associated acute liver failure (23). These studies indicated that the B-cell immune response might play a role in the pathogenesis of HBV-related ACLF.

Importantly, we found that CD8+ T cell counts were significantly decreased in non-survivors compared with survivors (Figure 3D). Furthermore, the group with the lowest CD8+ T cell count displayed a significantly higher mortality rate compared to the group with the highest CD8+ T cell count, indicating that a reduction in CD8+ T cell count might be related to the poor prognosis of HBV-ACLF patients (Figure 4). Thus, circulating lymphocyte numbers could be a potential parameter for monitoring disease progression, especially CD8+ T cells. It is reasonable to believe that lower circulating lymphocytes in peripheral blood, like CD8+ T cells, increase the risk of infection and result in endotoxemia, which in turn, exacerbates inflammatory damage of liver tissue (13, 24–26). A recent study of ACLF patients reported that peripheral mononuclear myeloid-derived suppressor cell expansion suppressed T-cell proliferation and increased sensitivity to bacterial infections (27). In addition, previous studies reported that CD8+ T cells were more prone to undergoing apoptosis or clonal deletion, especially in the absence of activated CD4+ T cells (28, 29). Therefore, monitoring these circulating lymphocytes, especially CD8+ T cells, might help to predict the extent of liver damage.

There are however some limitations in our study. First, this is a retrospective review of a single-center experience. The current findings need to be confirmed in large, multicenter prospective studies. Second, we only investigated the prevalence of dominant peripheral lymphocyte subsets, and the cellular immune responses in liver tissue are unclear. Studying the histology of the liver may be interesting as changes in T cells in peripheral blood do not necessarily reflect the T cell population in liver tissue. However, for a life-threatening disease like ACLF, barriers existed to get liver biopsy for such severe diseases. Nevertheless, the overall features of peripheral lymphocyte subsets in ACLF shown in this study are valuable and could help to narrow the ranges in further studies.



CONCLUSION

The abnormal distribution of circulating lymphocytes probably associated with the progressive development of HBV-related ACLF. The decrease in CD8+ T cell counts may be related to poor prognosis in HBV-ACLF patients. Our findings will contribute to a further understanding of the immune pathogenesis of HBV-related ACLF.
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Importance: Hepatic encephalopathy is a severe complication, and its contribution to clinical adverse outcomes in patients with acute-on-chronic liver diseases from the East is unclear.

Objective: We aimed to investigate the impact of hepatic encephalopathy on clinical characteristics and adverse outcomes in prospective and multicenter cohorts of patients with acute-on-chronic liver diseases.

Design: We conducted a cohort study of two multicenter prospective cohorts.

Setting: China.

Participants: Acute-on-chronic liver disease patients with various etiologies.

Exposure: The diagnosis and severity of hepatic encephalopathy were assessed using the West Haven scale.

Main Outcome Measure: The correlation between clinical adverse outcomes and varying hepatic encephalopathy grades was analyzed in the target patients.

Results: A total of 3,949 patients were included, and 340 of them had hepatic encephalopathy. The incidence of hepatic encephalopathy was higher in patients with alcohol consumption (9.90%) than in those with hepatitis B virus infection (6.17%). The incidence of 28- and 90-day adverse outcomes increased progressively from hepatic encephalopathy grades 1–4. Logistic regression analysis revealed that hepatic encephalopathy grades 3 and 4 were independent risk factors for the 28- and 90-day adverse outcome in the fully adjusted model IV. Stratified analyses showed similar results in the different subgroups. Compared to grades 1–2 and patients without hepatic encephalopathy, those with grade 3 hepatic encephalopathy had a significant increase in clinical adverse outcomes, independent of other organ failures.

Conclusions and Relevance: Hepatic encephalopathy grades 3–4 were independent risk factors for 28- and 90-day adverse outcomes. Hepatic encephalopathy grade 3 could be used as an indicator of brain failure in patients with acute-on-chronic liver disease.

Keywords: hepatic encephalopathy, brain failure, acute on chronic liver disease, prospective, multicenter


KEY POINTS

- Question: What is the contribution of hepatic encephalopathy grades to clinical adverse outcomes in patients with acute-on-chronic liver diseases from the East.

- Findings: Logistic regression analysis revealed that hepatic encephalopathy grades 3 and 4 were independent risk factors for the 28- and 90-day adverse outcome of patients with acute-on-chronic liver diseases in the fully adjusted model IV.

- Meaning: Prevention of progression to higher grades of HE should be an important therapeutic goal. Hepatic encephalopathy grade 3 could be used as an indicator of brain failure in patients with acute-on-chronic liver disease.



INTRODUCTION

Chronic liver disease (CLD) is currently an increasing global problem and burden (1–3). Acute event is a common clinical condition in patients with CLDs, and subsequently progresses to severe liver injury or even liver failure if the condition continues to be aggravated (4). Patients with CLD and acute events are considered to have acute-on-chronic liver diseases (AoCLD) (5). Hepatic encephalopathy (HE) remains one of the most complex and worrisome complications due to severe hepatocellular dysfunction, the presence of large portal-systemic shunts, or both. It usually presents with a wide spectrum of neurological/psychiatric abnormalities, ranging from subclinical alterations, sleep disturbances, personality changes, abnormal behaviors, and coma (6, 7). A combined clinical practice guideline of the European Association for the Study of the Liver (EASL) and American Association for the Study of Liver Disease concluded that HE prevalence could increase as high as 80% in the course of follow-up, whereas overt HE will occur in 30–40% of patients with cirrhosis during their overall clinical courses (8). HE leads to considerable mortality and exerts a multidimensional burden on patients, their caregivers, and the national healthcare system (9, 10).

Considering the recent advances in treatment available for HE, the higher proportion of cognitively impaired older patients with AoCLD, and the increased significance of HE with the relative reduction in variceal bleeding, re-evaluation of HE-associated prognosis is necessary (9). The contribution of HE to clinical outcome as an independent risk factor is important for analysis in a multicenter eastern setting because the etiologies of CLDs, management strategies, and available therapeutic options for HE in the eastern region differ from those around the world (4). To define the impact of HE on characteristics and adverse outcomes, we evaluated two multicenter prospective cohorts including 3,970 patients with CLD (both cirrhotic and non-cirrhotic) with various etiologies and acute events in China.



METHODS


Study Design and Patients

Patients were recruited from two prospective multicenter cohorts with acute events of CLD, named CATCH-LIFE (NCT02457637 and NCT03641872), established by the Chinese Chronic Liver Failure Consortium composed of 15 tertiary hospitals in hepatitis B virus (HBV) endemic areas from January 2015 to December 2017 and July 2018 to January 2019, respectively (11, 12). The study was approved by the Renji Hospital Ethics Committee of Shanghai Jiaotong University School of Medicine [ethics codes: (2014)148k and (2016)142k], and all written consent was obtained from the patients.

Together, the two independent cohort studies enrolled 3,970 patients with acute events of CLD, with 2,600 and 1,370 patients in the first and second cohorts, respectively. Acute events of CLD were defined as CLD with acute decompensation (AD) or acute liver injury (ALI). CLD was defined as cirrhotic or non-cirrhotic liver disease with a history of liver dysfunction lasting >6 months. Cirrhosis was diagnosed based on computed tomography/magnetic resonance imaging findings, laboratory test results, clinical symptoms, and history of liver disease. A diagnosis of CATCH-LIFE-defined AD required individuals to have acute development of gastrointestinal (GI) hemorrhage, HE, ascites, infection (e.g., spontaneous peritonitis and pneumonia), jaundice [total bilirubin (TB) level > 5 mg/dL], or any combination of these within 1 month before enrollment (13, 14). ALI was defined when total bilirubin was >2 mg/dl or alanine aminotransferase/aspartate aminotransferase was 3 times the range within 1 week (12, 15). The exclusion criteria were hepatocellular carcinoma or other liver malignancies before or during admission, extrahepatic malignancies or severe chronic extrahepatic disease, patients younger than 18 years of age or older than 80 years of age, and pregnancy. Among the 3,970 patients, we excluded one patient with an outlier of the international normalized ratio (INR) and 20 scheduled liver transplantations; thus, the final number of patients analyzed was 3,949. A flow chart of patient recruitment is shown in Figure 1.


[image: Figure 1]
FIGURE 1. Flow chart of patient recruitment. INR, international normalized ratio; HBV, hepatitis B virus.




Data Collection and Diagnosis of HE

We collected clinical data from all enrolled patients, including clinical manifestations and laboratory measurements. HE was diagnosed based on impaired cognition, consciousness, or motor function. The diagnosis and severity of HE were assessed according to the West Haven scale (16, 17) and grouped into four levels (from grades I to IV). The day of admission was day 1. Clinical adverse outcomes were defined as patient mortality or liver transplantation.



Statistical Analysis

Continuous variables were analyzed for normality using the Kolmogorov–Smirnov test. Normally distributed variables were compared using the Student t-test and are represented as the mean ± standard deviation. Non-normally distributed variables were compared using the Mann–Whitney U test and are presented as median with interquartile range (IQR). Categorical variables were compared using the χ2 or Fisher exact test and are represented as count and percentage. Univariate logistic regression analysis was used to determine the potential correlation between HE and 28- and 90-day adverse outcomes. Stepwise regression was used to build logistic regression model I-IV. Model I was unadjusted. Model II was adjusted for age, sex, and etiology. Model III was adjusted on the basis of model II plus cirrhosis, ascites, infection, and gastrointestinal bleeding. Model IV is adjusted based on model III plus total bilirubin, international normalized ratio, and creatinine. Every Model is adjusted stepwise to further demonstrate the influence of these parameters on adverse outcome. Model IV is adjusted based on model III plus the parameters with clinical significance as indicated in other study, like TB, INR and Cr (18). The survival rates in patients with different HE grades were estimated using the Kaplan–Meier method. All statistical analyses were performed with R (version 4.0.2, http://www.r-project.org).




RESULTS


Clinical Characteristics and Adverse Outcome of Patients With Acute-on-Chronic Liver Diseases According to the HE Grades

Among 3,949 patients with AoCLD, including those with and without cirrhosis, 340 developed HE. The incidences of HE grades 1, 2, 3, and 4 were 37.35, 40.29, 16.18, and 5.88%, respectively. People with HE grades 1–4 were older than those without HE (p < 0.001), and male patients were more common than female patients in HE grades 1–4. Regarding etiology, the top three were HBV infection, alcohol consumption, and autoimmune disease. Among patients with HE grades 1–4, there was a high incidence of AD, such as infection and jaundice (Table 1).


Table 1. Association of HE grade with characteristics of AoCLD patients.
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Patients with and without HE showed significant differences in several laboratory variables. Compared to the patients without HE, those with HE grades 1–4 showed a gradual increase in leukocyte counts, more deteriorated liver parameters (bilirubin, albumin, and INR), and progressively decreased hemoglobin and platelet (PLT) values. Renal function was also significantly worse in patients with HE grades 1–4 than in those without HE (p < 0.001). Other alterations in parameters indicated a statistically significant frequency of organ failure and unstable internal environment, such as respiratory failure, renal function, and sodium ion concentration, in patients with HE grades 1–4 compared to those without HE. At inclusion, liver function assessed with the Model of End-stage Liver Disease (MELD), Chronic Liver Failure (CLIF)-Sequential Organ Failure Assessment (SOFA), SOFA score, and Child-Pugh score were significantly worse among the HE groups than among the non-HE group, especially in HE grades 1–4 (Table 1).

Next, we sought to assess the association of HE grades with 28- and 90-day adverse outcomes in patients with AoCLD. The incidence of 28- and 90-day adverse outcomes increased progressively from HE grades 1 to 4 (Table 2). The Kaplan–Meier curve also revealed that the survival rate was negatively correlated with HE grades, indicating a poorer prognosis in the HE group than in the non-HE group (Figure 2).


Table 2. Association of HE grade with 28-day outcome and 90-day outcome of AoCLD patients.
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FIGURE 2. Kaplan-Meier curve of patients with chronic liver disease and acute events in different HE grades. HE, hepatic encephalopathy.


The major etiologies contributing to HE are different in the Eastern and Western hemispheric regions. We further investigated the impact of HBV infection and alcohol consumption, the two major etiologies of CLD, on the clinical features of patients with HE. The incidence of HE was higher in patients with alcohol consumption (9.90%) than in patients with HBV infection (6.17%). Patients with alcohol-associated HE were older than those with HBV-associated HE (p = 0.008), and male patients were more common than female patients in the alcohol-associated HE group (p = 0.004). Jaundice was more common in patients with HBV-associated HE than in those with alcohol-associated HE (p = 0.017), while GI bleeding was more common in patients with alcohol-associated HE than in those with HBV-associated HE (p = 0.001). The values of TB, INR, alanine aminotransferase (ALT), aspartate aminotransferase (AST), MELD, MELD and sodium (MELD-Na), and integrated MELD (IMELD) were significantly higher in the HBV-associated HE group than in the alcohol-associated HE group (p < 0.05), suggesting worse clinical conditions with HBV-associated HE. The value of gamma-glutamyl transferase was higher, whereas that of hemoglobin was lower in patients with alcohol-associated HE than in those with HBV-associated HE. Moreover, the incidence of 28- and 90-day adverse outcomes was higher in patients with HBV-related HE than in those with alcohol-related HE (p = 0.003 and p = 0.041, respectively) (Table 3).


Table 3. Characteristics of HE patients with different etiologies.
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The incidence of HE was higher in cirrhotic patients than in non-cirrhotic patients (10.58 vs. 3.76%). Patients with cirrhosis-associated HE were older than patients with non-cirrhosis-associated HE (p < 0.001). Jaundice, ascites, and GI bleeding were more common in patients with cirrhosis-associated HE than in those with non-cirrhosis-associated (p < 0.05). The values of most laboratory tests, such as TB, INR, blood urea nitrogen, ALT, AST, white blood cell, and PLT, and clinical scores such as MELD, MELD-Na, IMELD, and CLIF-SOFA were worse in cirrhotic patients than in non-cirrhotic patients, as expected. There was no obvious difference in the incidence of 28- and 90-day adverse outcomes between patients with and without cirrhosis (Table 3).



Role of HE as an Independent Risk Factor of Adverse Outcome in Patients With Acute-on-Chronic Liver Diseases

We further assessed the role of HE as an independent risk factor for adverse outcomes in patients with AoCLD. We gradually controlled for other risk factors such as age, sex, etiology, cirrhosis, ascites, infection, GI bleeding, TB, INR, and creatinine (CR) in models I–IV. Univariate analysis using logistic regression revealed that HE grades 1–4 were all independent prognostic factors of 28-day adverse outcomes in models I–III (Table 4). Moreover, the odds ratio (OR) increased significantly as the HE grade progressed. In model IV, adjusted for model III plus values of TB, INR, and CR, HE grades 3 and 4 were significantly correlated with 90-day adverse outcomes, and the ORs were 4.03 (p < 0.0001) and 16.74 (p < 0.0001), respectively. HE grades 3 and 4 were also independent prognostic factors in the 90-day adverse outcome analysis in the fully adjusted model IV (Table 5 and Figure 3).


Table 4. Odds ratios and p-values of HE grades in the total population at day 28.
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Table 5. Odds ratios and p-values of HE grades in the total population at day 90.
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[image: Figure 3]
FIGURE 3. Risks of 90-day adverse outcomes by HE grades I–IV (fully adjusted). HE, hepatic encephalopathy; OR, odds ratio; CI, confidence interval.


To investigate whether the contribution of HE to clinical adverse outcomes is independent of non-HE organ failures, such as hepatic, renal, pulmonary, and coagulation failures, we excluded patients with a TB level > 12 mg/dL, INR > 1.5, CR level > 2 mg/dL, and need for mechanical ventilation as respiratory failure, according to the definition of organ failure in prior studies (14, 19). We found that there was a significant increase in the clinical adverse outcomes in HE grades 3 and 4, when compared with grades 1–2 and patients without HE, both at 28 and 90 days (Figure 4).


[image: Figure 4]
FIGURE 4. Twenty-eight-day and 90-day clinical adverse outcomes in HE excluding other organ failure. HE: TB level < 12 mg/dL, INR < 1.5, CR < 2 mg/dL, without respiratory failure. HE, hepatic encephalopathy; TB, total bilirubin; INR, international normalized ratio; CR, creatinine.




Stratified Analysis of 28- and 90-Day Adverse Outcomes by HE Grades

To further assess the impact of HE grades on clinical adverse outcomes, we performed stratified analysis for interaction with HE grades for the individual related risk factors, including age (>50 and <50 years), TB level (>12 and <12 mg/dL), INR (>1.5 and <1.5), and HBV (HBV-related cirrhosis and non-HBV-related cirrhosis). The stratified analyses demonstrated that HE grades 3–4 but not HE grades 1–2 were independent risk factors for 28-day (Figure 5) and 90-day (Figure 6) adverse outcomes in all subgroups after fully adjusting for age, sex, etiology, cirrhosis, ascites, infection, GI bleeding, INR, and CR.


[image: Figure 5]
FIGURE 5. Stratified analyses of 28-day adverse outcomes by HE grades. HE, hepatic encephalopathy; TB, total bilirubin; INR, international normalized ratio; CI, confidence interval.



[image: Figure 6]
FIGURE 6. Stratified analyses of 90-day adverse outcome by HE grades. HE, hepatic encephalopathy; TB, total bilirubin; INR, international normalized ratio; CI, confidence interval.


HBV was the main etiology (58.5%) in our cohort, and patients with cirrhosis constituted 71.1% of the entire group; thus, we further investigated the impact of HBV on the risk of HE in patients with cirrhosis. Multivariable logistic regression revealed that HE grades 3–4 were independent risk factors for 90-day adverse outcomes after full adjustment, both in patients with HBV-related (Table 6) and non-HBV-related cirrhosis (Table 7).


Table 6. Odds ratios and p-values of HE grades in patients with HBV-associated cirrhosis at day 90.
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Table 7. Odds ratios and p-values of HE grades in non-HBV-associated cirrhosis at day 90.

[image: Table 7]

Non-cirrhotic patients were stratified into two groups according to the INR values. Non-cirrhotic patients with an INR < 1.5 were excluded because of the limited number of patients with 90-day adverse outcomes (only 10 patients). In non-cirrhotic patients with an INR > 1.5, HE grades 3–4 were also an independent risk factor for 90-day adverse outcomes after adjusting for confounders (Table 8).


Table 8. Odds ratios and p-values of HE grades in non-cirrhosis with INR > 1.5 at day 90.
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DISCUSSION

The increasing burden of CLD with acute event worldwide should raise concerns regarding the prevention of morbidity and mortality in these patients (4). Our study's results shed light on the characteristics and impact of HE in patients with AoCLD from two large multicenter cohorts from an area highly endemic for HBV infection. Our study indicated that HE grades 3–4 are independent risk factors for 28- and 90-day adverse outcomes, and HE grade 3 could be used as an indicator of brain failure in patients with CLDs and acute events. To our knowledge, our study is currently the largest prospective cohort of patients with acute events of CLD in the East.

The incidence of HE in patients with AoCLD was 8.61%. However, the overall prevalence and cumulative incidence of HE are difficult to define, depending on symptom variability, the tools used for detection and scoring, and objective bias (7). Interestingly, the MELD, MELD-Na, IMELD, SOFA, and Child-Pugh scores showed a decrease in HE grade 4 compared to HE grade 3, indicating an increasing incidence of clinical adverse outcomes. The same results have been obtained in patients waiting for liver transplantation, revealing an independent role of HE in survival (20). The incidence of HE is also affected by different etiologies and cirrhosis status. The incidence of HE was higher in patients with alcohol consumption than in patients with HBV infection, although most other clinical indicators, MELD scores, and clinical outcomes are worse in HBV groups, suggesting that HE may be an indicator of organ failure independent of other organ failure in patients with alcohol consumption.

HE is a marker of decompensated disease and is a component of the Child-Pugh-Turcotte scoring system (21). The impact of HE on mortality among patients with cirrhosis, acute-on-chronic liver failure, and end-stage liver diseases awaiting liver transplantation has been explored in several studies (9, 22–27). In the Canonic Study by the EASL, HE appeared as an isolated syndrome or as part of acute-on-chronic liver failure, with different characteristics and high mortality. In these two large experiences of multicenter cohorts, we found that higher HE grades continue to carry a poor prognosis, as expected. The same conclusion has been drawn in subgroups such as HBV-related and non-HBV-related cirrhotic patients and non-cirrhotic patients with an INR > 1.5. Our results are consistent with those of other studies showing that HE grades are positively correlated with adverse clinical outcomes (15, 25, 28). Moreover, HE grades 3 and 4 [severe HE (20)] remained independent determinants of mortality in patients with AoCLD, independent of age, sex, etiology, ascites, infection, GI bleeding, TB, INR, and CR. Thus, we elucidated the clinical importance and prognostic significance of HE in patients with AoCLD, based on solid evidence-based proof instead of clinical experience or expert opinion.

Although there are several scoring systems for grading the severity of HE, the West Haven Criteria are most commonly used (29, 30). The potential subjectivity of HE grade identification using the West Haven Criteria has made accurate diagnosis of HE difficult in clinical settings, especially in isolating HE grade 0 from grade 1, or distinguishing grade 1 from grade 2. This is the reason HE grade 0 was not displayed in our analysis. However, the differentiation between HE grades 3–4 and 1–2 has good reliability and is routinely performed in clinical practice (31). We also chose the admission grade of HE to define HE severity, which avoided multiple grades due to individual subjectivity and reduced intra-observer variability, especially for general practitioners. However, the maximum HE grade and duration of HE in hospitalized patients significantly affect mortality and even survival rate after transplantation (9, 10, 16). Thus, it is of great importance to develop a more objective tool that will improve the accuracy and reproducibility of HE severity assessment, thereby increasing the prognostic value of HE grades in clinical settings.

Since HE can exist with and without other non-HE organ failures, we further assessed the impact of HE on clinical adverse outcomes independent of other organ failures. Common non-HE organ failures include liver failure, renal failure, coagulation dysfunction, and respiratory failure. First, we adjusted the values of TB, INR, and CR in a multivariable logistic regression model and found that HE grades 3 and 4 remained independent factors in the clinical adverse outcomes of patients with AoCLD. Moreover, we found that any grade of HE, but especially the higher grades, remained associated with high clinical adverse, irrespective of non-HE-associated organ failure. This becomes even more obvious because HE grade 3 significantly worsened the mortality prognosis regardless of non-HE-associated organ failure from 7.9 to 27.3% within 28 days. Summarizing all these results, our findings indicated that after excluding patients with other organ failure, HE grade 3 remained an indicator of brain failure in referred patients. A previous study also found that added non-HE-associated organ failures increased the mortality rate but did not affect the impact of HE severity on mortality in multivariable analysis (9). Therefore, clinicians, intensivists, and hospital medicine specialists view HE grade 3 as an important risk factor for death regardless of other non-HE-associated organ failures to accurately prognosticate the patients (32). In addition, it is important for clinicians to make every effort to prevent the development of HE or its worsening over time to affect outcomes. Prevention of progression to higher grades of HE should be an important therapeutic goal.

There are some limitations to our study. First, the severity of HE is a dynamic process that changes with progression of disease or initiation of treatment, and attention should be paid to the severity of HE at several time points in the future. Second, the grading of HE severity may vary between different medical centers due to subjective bias. Despite these limitations, we conclude that HE grades 3–4 are an important determinant of 28- and 90-day adverse outcomes in patients with AoCLD, independent of other organ failures, based on solid evidence-based proof. Counseling of patients and caregivers to seek medical attention before the development of grade 3–4 HE and prevention of in-hospital development of grades 3–4 HE should continue to be an important therapeutic goal.
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Objective: HBV-related acute-on-chronic liver failure (HBV-ACLF) has a high mortality due to severe intrahepatic cholestasis and coagulation dysfunction, thus new treatment measures are urgently needed to improve the therapeutic effect. This study aimed to observe the efficacy of N-acetylcysteine (NAC) in the treatment of HBV-ACLF.

Methods: The data of patients with HBV-ACLF admitted to West China Hospital from October 2019 to August 2020 were collected retrospectively, and they were divided into treatment group and control group according to whether they had received additional NAC treatment. The improvement of biochemistry, coagulation function and disease severity score after 14 days of hospitalization were analyzed between two groups.

Results: A total of 90 HBV-ACLF patients were included, including 42 patients in treatment group and 48 patients in control group. Compared with baseline, serum TBil, DBil, TBA, GGT and ALP in two groups both decreased significantly, while PTA increased significantly. Interesting, the decrease of serum TBil, DBil and TBA and the increase of PTA in treatment group were all significantly than these in control group. Additionally, more patients in treatment group than control group changed from CTP grade C to grade B. Subgroup analysis of CTP grade C patients showed that the decrease of serum TBil, DBil and TBA and the increase of PTA in treatment group were significantly than these in control group.

Conclusion: The NAC treatment may help to improve intrahepatic cholestasis and coagulation dysfunction of HBV-ACLF.

Keywords: N-acetylcysteine, hepatitis B, intrahepatic cholestasis, acute-on-chronic liver failure, clinical efficacy


INTRODUCTION

Acute-on-chronic liver failure (ACLF) is a common syndrome, which occurs simultaneously with organ failure and has a high mortality (1). In China, nearly 50,000 people die of liver failure every year, and more than 80% of them are caused by hepatitis B virus (HBV) chronic infection (2). Severe intrahepatic cholestasis and deterioration of coagulation function are not only important clinical features of HBV-related ACLF (HBV-ACLF), but also closely related to the prognosis of patients (1, 3). Reducing intrahepatic cholestasis and promoting the recovery of coagulation function is the key to the comprehensive treatment of HBV-ACLF (4, 5). Thus, how to promote bile excretion and quickly reduce intrahepatic cholestasis has attracted much clinical attention.

Adenosylmethionine and ursodeoxycholic acid are two important drugs in the treatment of intrahepatic cholestasis (6, 7), which can effectively improve the progress of the disease to a certain extent. However, they are not satisfactory in improving the severe intrahepatic cholestasis of HBV-ACLF, so clinicians are constantly looking for new treatments to improve this dilemma (3, 8). For example, artificial liver support therapy is used by some clinicians to try to treat severe cholestatic jaundice, but the clinical effectiveness and cost-effectiveness are not satisfactory (9). Therefore, in addition to liver transplantation and stem cell therapy (10, 11), clinicians are eager for new drugs and measures to treat intrahepatic cholestasis in HBV-ACLF patients.

Acetylcysteine (NAC) is a small single peptide molecule, which is composed of L-cysteine and acetyl group and contains sulfhydryl group. At present, it is believed that the protective and therapeutic effects of GSH on liver may be related to the maintenance and increase of GSH content in hepatocytes (12). In addition, NAC has the effects of scavenging free radicals and antioxidation, which helps to protect mitochondrial function, inhibit inflammation, and improve liver hemodynamics and microcirculation, thus promoting the repair of hepatocytes (12–14). Therefore, NAC is more and more used in the comprehensive treatment of live failure (15, 16). In this study, we will retrospectively analyze the clinical data of patients with HBV-ACLF treated with NAC to evaluate whether the addition of NAC on the basis of existing comprehensive treatment can further improve the prognosis of patients with HBV-ACLF.



PATIENTS AND METHODS


Study Design and Participants

This is a single center retrospective clinical study, which was carried out in West China Hospital of Sichuan University, with the purpose of evaluating the efficacy and safety of NAC for the treatment of patients with HBV-ACLF. The diagnostic criteria of HBV-ACLF were in accordance with consensus recommendations of the Asian Pacific association for the study of the liver (APASL) (17). This study was conformed strictly to the ethics guidelines of the 1975 Declaration of Helsinki, and approved by the ethics committee of West China Hospital of Sichuan University.

Patients with the following characteristics were deemed eligible for enrollment in this study: (a) symptoms of weak, anorexia, abdominal distension, nausea and other serious gastrointestinal symptoms; (b) laboratory evidences of serum total bilirubin (TBil) ≥10 × ULN μmol/L and international normalized ratio (INR) ≥1.5 or prothrombin activity <40%; (c) positive serum hepatitis B surface antigen (HBsAg) for more than 6 months and detectable serum HBV-DNA; (d) aged 18–65 years, regardless of gender. Patients with any of the following conditions were excluded: (a) serious complications in previous 3 months (e.g., gastrointestinal bleeding, serious infection such as sepsis); (b) other causes of active liver disease, including autoimmune liver diseases, drug-induced liver damage, alcoholic liver disease, genetic metabolic liver disease; (c) evidences of liver cancer or other malignant tumors, severe diabetes and autoimmune diseases; (d) coinfection with hepatitis A, C, D or E viruses, and/or human immunodeficiency virus; (e) important organ dysfunctions not due to liver disease; (f) pregnancy and lactation; (g) receiving artificial liver support treatment; (h) failed to receive comprehensive support treatments.

The patients in treatment group and control group were both received active comprehensive supportive treatment, including glycyrrhizic acid preparation, reduced glutathione, polyene phosphatidylcholine, adenomethionine, ursodeoxycholic acid, human albumin and plasma infusion. Patients in treatment group also received NAC treatment (produced by Hangzhou Minsheng Pharmaceutical Group Co., Ltd), with a dosage of 8 g diluted with 250 mL of 10% glucose (intravenous infusion, once a day) and the course of treatment was not <2 weeks.



Data Collection and Observation Indicators

In this study, we collected the detailed demographic data of patients (including age, gender, long course of disease, treatment before admission, etc.), and the auxiliary examination results (including blood routine, various biochemical indexes, coagulation function, blood ammonia, blood pressure, etc.) at the time of admission and during hospitalization HBV related virological indicators and various imaging examination reports, as well as adverse reactions possibly related to N-acetylcysteine reported during treatment. In this study, the blood parameter, serum biochemical and electrolyte indices were detected by automated blood cell Analyzer, automated coagulation analyzer and automatic biochemical analyzer (Olympus AU5400, Olympus Corporation, Tokyo, Japan) using the standard procedures. HBV serological markers were evaluated by electrochemiluminescence immunoassay (Elecsys; Roche Diagnostics, China).

In this study, we mainly explore whether there are significant differences between the treatment group and the control group in the indicators related to intrahepatic cholestasis (such as bilirubin, total bile acid, glutamyltranspeptidase and alkaline phosphatase), as well as prothrombin time, albumin, creatinine, MELD and CTP scores.



Statistical Analysis

Clinical and biochemical data were expressed as frequencies or median/range, as appropriate. Frequencies were compared using the Chi-square test, and the quantitative data was compared using Student's t-test (when values were normally distributed) or the nonparametric Mann-Whitney U-test. All data were processed by SPSS 18.0 software (SPSS Inc., Chicago, IL, USA) and a value of P < 0.05 was considered statistically significant.




RESULTS

A total of 90 patients with HBV-ACLF were included in this study, including 42 patients in the treatment group and 48 patients in the control group (Figure 1). In this study, all patients in the two groups had cirrhosis, which was indicated by upper abdominal ultrasound or CT. There was no significant difference in age, gender, duration of disease and antiviral treatment before admission between the two groups; There was no significant difference in HBeAg positive rate and HBV DNA level between the two groups. There was also no significant difference in serum TBil, TBA, ALP and PT between the two groups. In addition, nearly half of the patients in each group had ascites. The detailed information is shown in Table 1.


[image: Figure 1]
FIGURE 1. The patient screening and enrollment flow chart.



Table 1. Comparison of demographic characteristics and laboratory variables between treatment group and control group.
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During the 2-week observation period, the serum TBIL, DBIL, TBA, GGT and ALP levels of the two groups were significantly lower than those before treatment, which showed gradual downward trends (Figure 2). After 1 week of treatment, there was no significant difference in serum levels of TBil [304.5 (284.0–344.0]μmol/L vs. 324.0 (295.0–374.0) μmol/L, P = 0.071], DBil [222.5 (195.0–277.0) μmol/L vs. 253.0 (216.0–285.5) μmol/L, P = 0.099], TBA [178 (144–244) μmol/L vs. 211.0 (166.5–256.5) μmol/L, P = 0.072], and ALP [153 (134–177) IU/L vs. 174.5 (142.5–204.5) IU/L, P = 0.085] between the treatment group and control group; while serum GGT was significantly lower in control group than in treatment group [247.5 (188–301) IU/L vs. 220.0 (192.0–262.5) IU/L, P = 0.047]. However, after 2 weeks of treatment, the serum levels of DBil [153.5 (110.0–187.0) IU/L vs. 200.0 (166.0–241.5) IU/L, P = 0.008] and TBA [113.5 (71.0–148.0) μmol/L vs. 155.5 (123.5–195.0) μmol/L, P = 0.006] in the treatment group were significantly lower than those in the control group, although there was no significant difference in the distribution of serum TBIL, GGT and ALP levels. At the second week of treatment, the PT of the treatment group was lower than that of the control group [20.3 (18.3–22.5) second vs. 22.7 (20.5–31.1) seconds, P = 0.007] (Figure 3A), but there was no significant difference in serum albumin and creatinine between the two groups (Figures 3B,C). Although there was no significant difference in MELD score between two groups after 2 weeks of treatment (Figure 4A), more patients in the treatment group changed from CTP C-grade to B-grade than the control group (Figure 4B), and the difference was statistically significant (P = 0.003).


[image: Figure 2]
FIGURE 2. Changes of biochemical variables before treatment, 1 and 2 weeks after treatment between the treatment group and the control group. (A): Distribution of serum TBil, DBil and TBA before treatment; (B): Distribution of serum TBil, DBil and TBA after 1 week of treatment; (C): Distribution of serum TBil, DBil and TBA after 2 weeks of treatment; (D): Distribution of serum ALP and GGT before treatment; (E): Distribution of serum ALP and GGT after 1 week of treatment; (F): Distribution of serum ALP and GGT after 2 weeks of treatment.
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FIGURE 3. Changes of prothrombin time (A), albumin (B) and serum creatinine (C) after 2 weeks of treatment between the treatment group and the control group.
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FIGURE 4. Changes of MELD (A) scores and CTP grades (B) between the treatment group and the control group.


In addition, after 2 weeks of treatment, patients in the treatment group had lower blood ammonia levels than patients in the control group [44.5 (40.1–58.2) vs. 54.2 (49.6–71.9), P < 0.001]. After follow-up, it was found that the average length of hospital stay of the treatment group was significantly shorter than that of the control group [15.0 (13.0–17.0) vs. 21.5 (19.0–25.5), P < 0.001], although there was no significant difference in the short-term mortality between treatment group and control group [7.1% (3/42) vs. 10.4% (5/48) for 28-day mortality, P = 0.719; 9.5% (4/42) vs. 14.6% (7/48) for 90-day mortality, P = 0.465].

Subgroup analysis of HBV-ACLF patients with CTP C-grade showed that serum TBIL, DBIL and TB were all lower in the treatment group than those in the control group no matter in the first week or the second week after treatment, although there was no significant difference in the distribution of serum GGT and ALP between the two groups (Figure 5).


[image: Figure 5]
FIGURE 5. Changes of serum serum TBil (A), DBil (B), TBA (C), ALP (D) and GGT (E) between the treatment group and the control group.


In the treatment group, there were 8 (19.2%) cases of chest tightness, 9 (21.4%) cases of nausea and 4 (9.5%) cases of vomiting; while 10 (23.8%) patients had vascular pain on the infusion side during the first infusion of NAC, and 6 of them had transient local skin swelling. None of the patients stopped using NAC because of the possible adverse reactions mentioned above. In the control group, 4 (8.3%) patients had chest tightness, 3 (6.3%) patients had nausea and 2 (4.2%) patients had vomiting.



DISCUSSION

HBV-ACLF is one of the common types of liver failure in China. At present, the pathogenesis of HBV-ACLF has not been fully elucidated (3). In this kind of patients, a large number of liver parenchymal cells necrosis can lead to a significant decline in liver metabolic detoxification function, and then lead to a large dose of endotoxin into the blood without inactivation (18). Endotoxemia is an important pathogenic factor that causes or aggravates severe liver damage (19). The increase of serum endotoxin level can stimulate the synthesis and expression of pro-inflammatory cytokines, aggravate the damage of liver function, and finally form a vicious circle (20). At present, it is believed that the activation of inducible nitric oxide synthase (iNOS) and its catalytic production of nitric oxide (NO) play an important role in LPS induced hepatocyte damage in patients with HBV-ACLF (18, 20).

Previous studies have reported that the iNOS is mainly distributed in hepatocytes and Kupffer cells in the liver (21, 22). It can be induced and activated by LPS and a variety of cytokines, and then produce a large number of endogenous NO with cytotoxic effect (21). As a free radical, NO can react with superoxide anion to form peroxynitrite, which has strong oxidation ability to protein, lipid and DNA, and then participates in the pathological process of hepatocyte injury. In human body, the serious damage of hepatocytes not only shows the release of ALT caused by the damage of hepatocyte membrane, but also leads to the blocked secretion and excretion of bile acid and bilirubin, and even affects the important synthesis function of liver. Thus, blocking or inhibiting the inflammatory response mediated by iNOS may help to alleviate or reverse the occurrence and development of severe liver injury (21, 23).

As we all know, acetylcysteine is the precursor of reduced glutathione (GSH), which is an oxygen free radical scavenger in vivo. The mechanism of its hepatoprotective effect is not very clear. At present, it is believed that NAC can not only directly react with ROS intermediate to inactivate and maintain the integrity of antioxidant enzyme system structure and functional recovery, but also increase the concentration of intracellular GSH and induce the accumulation of GSH into cells through deacetylation, so as to promote anti-oxidation, improve the ability of intracellular detoxification and reduce the release of oxygen free radicals (24). In addition, NAC may also play a protective role in liver by improving hemodynamics and oxygen transport capacity and expanding microcirculation (12, 14). At present, NAC is well-established in the treatment of acetaminophen induced fulminant liver failure, but its efficacy and mechanism in therapy of other forms of liver failure is unclear (16). In this study, we analyzed the efficacy and safety of adding NAC to the existing standard treatment for HBV-ACLF. Our results show that increasing NAC treatment can promote the remission of intrahepatic cholestasis and the improvement of coagulation function; and for CTP C-grade patients, increasing NAC treatment can make their liver function recovery better. At present, some scholars believe that NAC, as an antioxidant, can inhibit the activation of iNOS, and its role in alleviating hepatocyte injury and improving tissue hypoxia may be realized by regulating the redox state of hepatocytes and vasodilation (25). It has also been reported recently that NAC application could alleviate macrophages aggregation and inflammatory response, and mitigating liver injury and cell apoptosis (26).

In fact, NAC is also mentioned in AASLD guidelines for the treatment of liver failure caused by HBV infection (27). Unfortunately, in the past, because of the side effects of NAC (28), it was not routinely used in the treatment of HBV-ACLF in China. However, with the deepening of NAC research and improvement of its preparation process, the probability of side effects of NAC in clinical application is significantly reduced, so NAC is expected to be used in the comprehensive treatment of HBV-ACLF. In this study, although some patients reported chest tightness, nausea and vomiting, most of these adverse reactions were transient. After symptomatic treatment, the discomfort of the vast majority of patients was quickly relieved or disappeared, and no patients stopped treatment because of these possible related adverse reactions. Our preliminary results have suggested that the current clinical use of NAC has good safety. In this study, the temporary local skin swelling at the infusion site may be related to the excessive speed of intravenous infusion. If conditions permit, it is recommended to use infusion pump for intravenous infusion of NAC, which may help to reduce the probability of this potential adverse reaction.

There are some limitations in this study. In addition to the small sample size and retrospective study design, it is impossible to know whether these patients with HBV-ACLF have endotoxemia and whether they have iNOS and ROS mediated inflammatory disorder. The latter should be helpful to explain the good clinical efficacy of NAC. Therefore, it is necessary to investigate the mechanism of NAC in the treatment of HBV-ACLF in addition to a larger sample of prospective, randomized controlled studies. For a retrospective study, propensity score method is usually used for matching control group. However, due to the sample size, we did not use this routine protocol, so there is a potential bias in the grouping of patients.
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Hepatitis E virus (HEV) is a common cause of viral hepatitis in developing countries, most commonly transmitted through the fecal-oral route. The virus is mainly of genotypes (GT) 1 and GT2 genotypes, and patients usually show symptoms of acute hepatitis. Due to the rising trend of HEV serological prevalence in global population, HEV has become an important public health problem in developed countries. Severe hepatitis caused by HEV includes acute and chronic liver failure (ACLF). ACLF frequently occurs in developed countries and is caused by overlapping chronic liver diseases of HEV with genotypes GT3 and GT4. Because the onset of hepatitis E is closely associated with immunity, it is critical to understand the immunological mechanism of hepatitis E associated with acute and chronic liver failure (HEV-ACLF). This review discusses the immunological manifestations and mechanisms of HEV-ACLF, intrahepatic immune microenvironment and treatment, and raises outstanding questions about the immunological mechanism and treatment of the disease.
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INTRODUCTION

Hepatitis E is a liver infection caused by the single-stranded RNA hepatitis E virus (HEV) and usually a self-limited disease (1). However, the disease may develop into severe hepatitis in patients with altered immune responses, such as pregnant women. Recent studies have reported that HEV infection can lead to chronic hepatitis in patients with low immunity, such as HIV infected patients, organ transplant recipients and patients suffering from malignant diseases (2–5). Currently, there are four well-characterized HEV genotypes that can infect mammals, among them, genotypes (GT) 1 and 2 cause human infection, while genotypes 3 and 4 bring about zoonotic disease (6) that can infect a wide range of hosts. HEV is mainly transmitted by the fecal-oral route. Usually, an immune-capable individual can eliminate the virus spontaneously without causing complications. However, in some cases where the immune system is unable to resist the virus, HEV infected patients will experience symptoms of acute viral hepatitis such as jaundice, hepatomegaly, vomiting, nausea, abdominal pain and fever (7). In patients with low immunity, HEV virus can cause chronic liver infection, liver failure and extrahepatic symptoms. A large number of studies have shown that the immune response, rather than the virus itself, is the key factor driving the occurrence of hepatitis E (6). As a self-limited disease, the treatment principle is supporting treatment in patients with normal immune function, while for cancer patients and patients who receive long-term immunosuppressive therapy after organ transplantation, antiviral therapy and temporary suspension of immunotherapy can alleviate the symptoms of some patients (8). HEV infection can cause acute decompensation of chronic liver disease, leading to liver failure and death of patients, known as acute chronic liver failure (ACLF). The Asia-Pacific Association for the Study of the Liver (APASL) defines ACLF as acute liver impairment characterized by jaundice and coagulation disorders, complicated by ascites or encephalopathy within 4 weeks in patients with previously diagnosed or undiagnosed chronic liver disease. ACLF is defined by the American Society of Liver Diseases as an acute worsening of preexisting chronic liver disease, usually associated with an emergency event and associated with increased mortality from multi-system and organ failure at 3 months (9). Both definitions refer to the basic characteristics of acute liver damage or acute exacerbation of chronic liver disease in patients. The superposition of HEV infection has been shown to be an important cause of liver injury in patients with chronic liver disease, who also have a higher mortality rate than patients with stable compensatory cirrhosis. Therefore, ACLF is characterized by acute deterioration of compensatory chronic liver disease in patients with stable cirrhosis, and the main clinical manifestations are hyperbilirubinemia (with clinical jaundice), hepatic encephalopathy, and decreased liver function, leading to hypoproteinemia and shortened prothrombin time (10). The genotypes of HEV causing acute and chronic liver failure in chronic liver disease are GT3 and GT4, which are different from those caused by GT1 and GT2 HEV during pregnancy. ACLF and ALF present similar clinical symptoms and signs in the acute phase and are difficult to distinguish from each other. However, the prognosis of ACLF is worse, and the mortality is also significantly higher than that of ALF (11). The early mortality of ACLF is as high as 50–90% (12–14). In recent years, a large number of clinical studies have shown that immune response plays a very important role in the occurrence and development of ACLF, but the exact pathogenesis of ACLF remains to be clarified.

In this paper, the manifestations of immune response and the regulatory mechanisms in the occurrence and development of hepatitis E associated acute and chronic liver failure (HEV-ACLF) were elaborated, and the mechanisms underlying severe hepatitis E were summarized and explored. This article will provide a new idea for clinical treatment and research of hepatitis E.



IMMUNOLOGICAL MANIFESTATIONS AND MECHANISMS OF ACUTE HEPATITIS E (AHE)

HEV usually infects susceptible populations through the fecal-oral route, and the clinical manifestations of patients vary greatly, from asymptomatic infection to uncomplicated acute viral hepatitis and severe fulminant liver failure. The reasons for the various degrees of disease severity and the pathogenesis of the disease remain unclear. However, more and more studies have found that the virus is not the driving factor of liver injury, and the main cause of liver tissue injury in AHE patients may be the host immunity (6).

Under normal conditions, the symptoms of acute hepatitis are presented after HEV infection, which are mainly manifested by the rapid increase of serum liver enzymes such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), γ-glutamyl transpeptidase (GGT), alkaline phosphatase (ALP), as well as jaundice. Several studies in developing countries such as India have shown the occurrence of toxemia in AHE patients. Reverse transcription-polymerase chain reaction (RT-PCR) was used to detect HEV RNA in serum and feces during the onset of the disease, and the results showed that the positive rate of serum HEV RNA in the 1st week of onset was about 86.7 and 6.6% in the 6th week of the disease. Meanwhile, the excretion of HEV RNA in the stool was about 70% in the 1st week. In the 4th week, it was reduced to 20%, and it turned negative around the 5th week (15). Approximately 80% of patients have detectable anti-HEV immunoglobulin IgM, and the HEV IgM appears 1 week after the onset of symptoms. In the following 6 weeks, IgM-positive cases showed a monotonic decline. It decreased to 18.3% in the 7th week (16). Based on the statistics of the above detection indicators, anti-HEV IgM, serum HEV RNA and fecal virus disappear in a few weeks, and fecal virus disappeared first, followed by HEV RNA, and then anti-HEV IgM. The longest duration of HEV viremia was 42 days, that of HEV fecal excretion was 28 days, and IgM was 49 days (15). Several studies have found that the fecal excretion rate of the viruses is significantly lower than the detection rate of serum HEV RNA. Therefore, fecal virus shedding is not an accurate and desirable diagnostic method. The positive rate of HEV RNA was higher than that of anti-HEV IgM, suggesting that detection of HEV RNA may be a good indicator of persistent HEV infection and diagnosis (15).

A study of 60 AHE patients in a tertiary care facility in Rajasthan, India showed that among the initially tested IgM-negative patients, HEV RNA could be detected in the feces or serum of 13 patients. This finding indicated that low antibody titer may not reflect the viral load (6). Another study showed that the duration of viremia exceeded the time for transaminase to return to normal, which also indicated that liver damage may be unrelated to virus replication (15). Since the HEV itself is not associated with liver damage, it is likely that the body's own immune response causes liver damage as it clears the virus.

In order to prove that virus-induced host immune response is an important mechanism leading to hepatic cytopathic injury, many studies have explored the changes of the immunity in AHE patients through both in vivo and in vitro experiments. Immunohistochemical (IHC) staining of liver tissues from patients with acute liver failure (ALF) caused by HEV showed that the levels of CD3, CD8 (cytotoxic T cells), Granzyme B (granzyme B: Activated cytotoxic T cells and NK cell markers), CD56 (natural killer cells), CD4 (helper T cells), and CD8/CD3 and CD4/CD3 ratios were higher than those in normal liver tissue. IHC staining results showed that activated CD8+ T cells and NK cells were present in liver tissues infected with HEV (1). Analysis of the peripheral blood PBMC of patients with AHE showed that the number of NK and NKT cells was significantly lower than that of the healthy control group, but the number of activated NK and NKT cells was significantly higher than that of the healthy control group, and the number and activation status of NK and NKT cells returned to normal in the recovery period of AHE (17). By studying the cells of liver and peripheral blood of AHE, it was found that CD8+ T cells and their specific adaptive immune response play an important role in the pathogenesis of hepatitis E. In addition, NK cells and NKT cells play roles in the pathogenesis of acute HEV infection. NK and NKT cells constitute the main part of liver lymphocytes among which NK cells are large granule lymphocytes, accounting for 10–15% of peripheral blood mononuclear cells (18, 19), and 30% of intrahepatic lymphocytes. The interaction of perforin-granzyme and Fas-FasL can mediate cell death and activate other cells by secreting cytokines, thereby inhibiting virus replication. NKT cells are a kind of unconventional T cells that simultaneously express the cell surface characteristics of both NK cells (CD56) and T cells (CD3) (18). During the hepatotropic virus infection, the highly expressed CD1d on the surface of liver cells will cause the activation of NKT cells, and NKT cells can produce γ-interferon (IFN-γ) and IL-4 (15, 20). Comprehensive IHC study of the liver tissue and analysis of peripheral blood cells of AHE patients showed that the total number of NK cells and NKT cells in peripheral blood decreased, but its activation increased, while NK cells and NKT cells in the liver tissue increased, indicating that the increase of the number of cells illustrates the possible acute HEV infection, because the activated NK and NKT cells might migrate from peripheral blood to infiltrate the liver, and play a role in killing viruses in the liver (17).

In the study of hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, it was found that cytotoxic CD8+ T cells mediate direct killing of hepatocytes, while CD4+ T cells inhibit virus replication and activates host macrophages by producing IFN-γ and tumor necrosis factor- α (TNF-α) and clear the virus with a non-cytopathic mechanism (21). In the absence of an effective HEV virus and cell co-culture system, it is difficult to determine whether the HEV virus directly affects the pathogenesis of host hepatocytes. Studies have shown that HEV particles are small, non-enveloped, 32–34 nm in diameter, and icosahedral symmetric. The viral gene is about 7.2 kb in length, is single-stranded, positive, and polyadenylated RNA containing three open reading frames (ORF): ORF1 encodes non-structural protein responsible for viral genome replication and multi-protein processing, while ORF2 encodes major capsid proteins. ORF3 encodes a phosphoprotein associated with the regulatory cytoskeleton (22). Normally, studies used HEV ORF2 protein (pORF2) and HEV ORF3 protein (pORF3) to stimulate patient-derived lymphocytes or transfect hepatoma cells, where ORF2 has been shown to have high immunogenicity and can effectively stimulate a specific T-cell response in vitro to protect primates from HEV infection (19). It was found that patients with AHE showed an acquired immune response to PORF2 and PORF3 in the form of a lymphoproliferative response. Peripheral blood mononuclear cells (PBMC) derived from patients with AHE were stimulated with pORF2 and pORF3 in vitro, and TNF-α+ CD4+ T cells and antigen-specific B cells that can produce IgG antibodies are significantly higher than healthy controls (21). Therefore, it is suggested that HEV is similar to HBV and HCV infection. After the onset of AHE, HEV-specific immune response occurred, and its level decreased with the decrease of anti-HEV lgM antibody titer and the normalization of liver function. Therefore, the immune response is considered to be a pathogenic factor in the development of hepatitis E, and also the main force to clear the virus (Table 1).


Table 1. Immune cells and cytokines in hepatitis E related diseases.
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DISTRIBUTION OF IMMUNE CELLS AND RELATED CYTOKINES IN HEV-ACLF PATIENTS

Using IHC analysis of lymphocyte subsets in liver tissue infiltration and distribution, a study found that patients with ACLF had increased intrahepatic CD4+ T cells, CD8+ T cells, and NK cells compared with the chronic hepatitis and normal control group. Meanwhile, the study also showed that patients with ACLF had intrahepatic lymphocytes count about 50 times more than normal subjects. This finding indicated that the high concentration of intrahepatic lymphocytes in ACLF patients compared with normal people is caused by the infiltration of peripheral blood lymphocytes into the liver (1, 17). The low circulating lymphocytes in the peripheral blood of ACLF patients increases opportunistic infection and cause endotoxemia, and may activate monocytes and macrophages to release high levels of TNF-α, thereby aggravating the inflammatory damage of liver tissue (26, 27). The activation of EM cells is related to the increased expression of transcription factor T-Bet, and the activation of EM cells is mediated by IFN-γ after stimulation, the level of T-Bet increased further. The expression of T-Bet is related to the increased levels of chemokines including CXCR3, Granzyme B and CD122, which can drive EM cells to migrate from peripheral blood to liver (28). In addition to the above cytokines, IL-15, IL-18, CXCL8, CXCL9, CXCL10, and CCL2 promote the chemotaxis of immune cells to liver tissue, among which CXCL8 and CCL2 can promote the recruitment of non-adaptive immune cells such as monocytes to liver (29). The infiltration of lymphocytes into liver tissue is a multi-step process mediated by the interaction between multiple adhesion molecules, chemokines and chemokine receptors released by immune cells such as lymphocytes, monocytes and macrophages (30). Since the infiltration of CD4+ T cells and CD8+ T cells from peripheral blood into liver tissue was also observed in acute hepatitis E and acute liver failure during pregnancy, it was inferred that the infiltration of CD4+ T cells and CD8+ T cells in acute and chronic hepatitis E caused by HEV might cause ALF (1, 23).

The study for the gene expression profile of liver biopsy in patients with HEV liver failure showed that compared with normal liver tissue, 1,703 genes were up-regulated and 1,674 genes were down regulated in liver tissue (31). Among them, 1,235 differential genes were related to immune system pathway, mainly related to cellular immune mechanism. such as T-cell toxic surface molecules, CTL mediated immune response, T helper cell surface molecules, costimulatory signaling in T cell activation pathway, T cell receptor signaling pathway, TCR activation signaling pathway initiated by Lck and Fyn tyrosine kinase, T cell receptor and CD3 complex signaling pathway, and IL-17 signaling pathway. qRT-PCR also showed that the mRNA levels of these genes were in good agreement with the microarray results, and the surface molecules of T cells such as Fyn and NF were found κB1, protein kinase C, and CTLA4 are over expressed in liver tissue, which indicated that activated CD8+ T cells play a role in liver injury during HEV infection.

Acute and chronic hepatitis caused by hepatitis E virus and acute liver failure are also caused by the infiltration of CD4+ T cells and CD8+ T cells (32). In fact, the transport of lymphocytes to the liver is a major immune monitoring mechanism. Intrahepatic lymphocytes are essential for virus clearance or control of viral infection. However, continuous transport of lymphocytes to the liver may lead to extensive necrosis of hepatocytes and eventually lead to liver failure.



INTRAHEPATIC IMMUNE MICROENVIRONMENT IN HEV-ACLF PATIENTS

IHC showed that there were more CD4+ T cells in the liver of AHE patients than in the healthy control group. The increase of CD4+ T cells, from the peripheral blood mononuclear cell count to the IHC analysis of the cell infiltration in the liver, was observed in patients with acute and chronic hepatitis E-induced liver failure. The amplification of CD4+ T cells that produce IFN-γ and TNF-α play important roles in limiting HEV replication and resolving HEV infection (1). CD4+ T cells produce cytokines that promote the differentiation of CD8+ T cells into cytotoxic T cells (CTL), which can directly kill infected liver cells and promote liver cell damage while helping to clear the virus. Data from liver biopsies indicate that similar infiltration of CD8+ T cells can be seen in liver tissues of ALF caused by hepatitis E and other hepatitis virus infections, and the data indicate that CD8+ cell population exceeds CD4+ cells (1). Therefore, CD8+ T cell-mediated cellular immunity, which can directly kill the hepatitis virus, plays a key role in the progression of hepatitis E.

It is well-known that adaptive immune response includes antigen presentation, activation of lymphocytes, formation of immune molecules and occurrence of immunological effects (Figure 1). In the stage of antigen recognition, T lymphocytes and B lymphocytes can accurately recognize antigen through TCR and BCR, respectively, while T lymphocytes can only complete subsequent activation and proliferation and kill target cells after antigen presentation by antigen presenting cells. Some studies have discussed the influence and mechanism of monocytes and macrophages in the pathogenesis of AHE. Previous studies on patients and chimpanzees infected with hepatitis E virus have shown that the presence and role of inflammatory macrophages in acetaminophen-induced ALF have been elucidated and understood (32). In addition, in the subsequent model of carbon tetrachloride induced liver injury, the number of CD11b+ F4/80+ or F4/80− or CD11b+ CD163+ inflammatory macrophages was significantly increased, and the infiltration of macrophages in liver tissue led to severe liver injury (24, 33–35). Monocytes and macrophages recognize pathogens through members of the Toll receptor family TLR3 and TLR8, and then secrete reactive oxygen species (ROS) to mediate phagocytosis (12). The TNF-α secreting macrophages amplified from circulating monocytes are known as activated inflammatory M1/M2 macrophages. Activated macrophages can produce enough ROS to kill pathogens and resolve infection, while its excessive production of TNF-α leads to liver inflammation, injury, and liver functional failure (36). In addition, the activation of macrophages can also produce IFN-α, IL-12, and IL-18, which can further trigger the inflammatory immune response and lead to tissue damage (37). However, the study found that although the number of macrophages in AHE patients was significantly increased compared to the healthy control individuals, the production of ROS in macrophages was low, indicating that the impaired function of macrophages led to its dysfunction and inactivation (12). The phenomenon that the number of monocytes increases while their function is impaired is caused by the secretion of TNF-α and inhibitory cytokines such as IL-10 and TGF-β by macrophages (12). A study on the damage of TLR signaling pathway during HEV infection has explained the impairment of monocyte and macrophage function in patients with acute liver failure infected with hepatitis E. Studies have shown that macrophage function activation and HEV clearance are caused by TLR3 signaling activation of MyD88-independent pathway and TLR9 signaling activation of MyD88-dependent pathway through TRIF, TRAF3, and TRAF6. However, the expression of TLR3 and 7 was reduced in AHE patients, and the MyD88-dependent pathway activated by TLR9 signaling and the downstream signaling of TLR were damaged, which resulted in reduced ROS release and impaired phagocytosis of monocytes and macrophages as well as the release of cytokines such as TNF-α and IFN-γ, leading to inefficient treatment of HEV pathogens (12).
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FIGURE 1. Immune regulatory mechanisms of hepatitis E associated acute and chronic liver failure (HEV-ACLF).


NK cells play a crucial part in the initial response to viral infection and other pathogens is a vital component of the immune system (38). In the process of defense against viral infection, NK cells induce production of IFN-α/β and other natural cytokines, thereby inhibiting viral replication and enhancing cytotoxicity to target cells (39). A large number of studies have shown that immune-activated CD8+ T cells, NK cells, and NKT cells in peripheral blood and liver can induce severe liver injury in patients infected with HEV (26, 27). NK cells are momentous in the recognition and initial response of HEV. In the battle against HEV infection, NK cells are believed to be the first attack barrier formed and can call on T and B lymphocytes, that in turn induce an adaptive immune response (40). NKT cells represent a small number of lymphocytes and exhibit characteristics of both T cells and NK cells (41). The function of NK cells is integrated and controlled by signals from various activation and inhibition receptors, that bind to pathogens and activate NK cells (42). Among them, the most effective NK cell activated receptors (NAR) are ADCC-mediated molecules, including CD16, NKG2D, NKP30, NKP44, and NKP46. NKT cells expressing NAR exhibit highly specialized effector memory phenotypes (43, 44). NK and NKT cells expressing NARs account for 13% of peripheral blood lymphocytes and 50% of liver lymphocytes. The distribution, activation, cytotoxicity and effector function of NK/NKT cells were studied in 86 patients with acute exacerbation of HEV infection and 54 healthy controls during the development of the disease. It was shown that the percentage of NK (CD56+CD3−) and NKT (CD56+CD3+) cells in peripheral blood of AHE patients is lower than that of healthy control individuals, while the NK and NKT cells expressing NARS (NKP44 and NKP46) are more than that of healthy control individuals (25). The number of NK and NKT cells was significantly increased in an IHC study of liver biopsies from HEV-infected patients with acute liver failure. These results demonstrate that activated NK/NKT cells migrate from the peripheral blood and infiltrate into the liver to fight against virus during acute or chronic HEV infection. IFN-γ is produced by various types of cells, including monocytes, dendritic cells, NK cells, and NKT cells, with NK and NKT cells as the main sources of IFN-γ in the liver. Therefore, the above studies on various immune cells during the pathogenesis of ACLF suggested that IFN-γ produced by cytotoxic CD8+ T cells and CD4+ T cells in the liver can recruit macrophages, NK cells and NKT cells during the pathogenesis of AHE patients.

Macrophages infiltrating into the liver mediate phagocytosis by releasing ROS, and NK cells play a killing role by secreting perforin. FcR on the surface of macrophages and NK cells binds to the Fc segment of antibodies binding to virus-infected cells, mediating killing of virus-infected liver cells (17). Firstly, macrophages and NK/NKT cells initially recognize and kill HEV and HEV-infected liver cells through primary immune response. Then, macrophages and NK cells present viral antigens to T and B lymphocytes in the liver. After recognizing the antigen, the lymphocytes are activated, proliferated, and differentiated to produce effector cells (such as CTL) and effector molecules (such as IFN-γ, which is the most important one in the process of HEV infection). Finally, the effector cells and effector molecules are used to eliminate the hepatitis E virus and the virus-infected hepatocytes. IFN-γ secreted by immune cells during the immune response further activates and recruits macrophages, NK cells, and NKT cells, promoting differentiation of CD8+ T cells into CTL, which kills infected liver cells and promotes liver damage while helping to clear HEV. Conversely, the immune response is weakened in organ transplant patients with immunosuppressive treatment, which might lead to a decrease in CD8+ T cells, CD4+ T cells, and the cytokines they produced. Although it protects the liver from damage, it also causes the hepatitis E virus to be unable to be removed from the body, making hepatitis E chronic. In conclusion, the immune microenvironment of the liver plays an essential role in the development of hepatitis E virus (Figure 2).
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FIGURE 2. Intrahepatic immune microenvironment in hepatitis E associated acute and chronic liver failure (HEV-ACLF) patients.




DISTRIBUTION OF OTHER IMMUNE CELLS IN HEV-ACLF PATIENTS

In addition to the above-mentioned immune cells that play a key role in the pathogenesis of HEV-ACLF, studies have shown that regulatory T cells (Treg cells) and IL-17-producing helper T cells (Th17 cells) also play a crucial role in the immune mechanism of HEV-ACLF (45). Treg cells mainly play the function of immunosuppression. Treg cells accumulate and expand in the infected site to play the immunosuppressive activity (46), and the deficiency or destruction of Treg cells will lead to autoimmune and inflammatory diseases in human and animals (47). Th17 cells are involved in the development of inflammation and autoimmune diseases by stimulating the production of a large number of inflammatory chemokines and inflammatory cytokines, and promoting the recruitment of neutrophils in tissues (48). The changes in the level of IFN-γ is similar to the trends of Th17 cells in the pathogenesis of HEV-ACLF, and high level of IFN-γ is involved in severe liver injury in patients with acute liver failure (49). The proportion of Th17 cells in peripheral blood was significantly increased in HEV-ACLF patients, suggesting that Th17 cells and IFN-γ are involved in promoting and maintaining inflammatory response and aggravating liver injury in HEV-ACLF patients. The number of Treg cell in HEV-ACLF patients showed a continuous decline and then stabilized, and the concentration of cytokine IL-10 was consistent with the dynamic changes of Treg cells. It is known that the increase of Treg cells and cytokines can inhibit the T cell response to regulate liver tissue inflammation, and the increase in their proportion may be a feedback to the increase of Th17 cells and pro-inflammatory cytokines, and suppress the immune response in the process of chronic liver failure to achieve a balance between pro-inflammatory and anti-inflammatory immunity (45).

In the pathogenesis of HEV-ACLF, pro-inflammatory immunity was significantly up-regulated, while anti-inflammatory immunity was significantly down-regulated, and the proportion of Th17 cells in peripheral blood was significantly increased. However, the number of Treg cells was decreased instead of increased, suggesting that there may be defects in the function of Treg cells. Therefore, the imbalance of Treg/Th17 is an important cause of liver function injury in patients with acute or chronic liver failure (45). The roles of T lymphocytes, regulatory T cells and helper T cells in the process of liver injury are closely related to the cytokines that they produce. It has been shown that IFN-γ and TNF-α in the liver are significantly associated with infiltration of aggregated CD4+ and CD8+ T cells in the liver, and that the expression of IFN-γ is unique to lymphocytes, whereas TNF-α is mainly produced by intrahepatic macrophages (12). The expression of IFN-γ and TNF-α in the liver of HEV-ACLF patients was significantly higher than that of normal controls, while the expression of anti-inflammatory cytokine IL-10 was not different between HEV-ACLF patients and normal controls.

Therefore, the upregulation of IFN-γ and TNF-α in the liver of HEV-ACLF patients is not offset by IL-10, and the imbalance of the expressions of pro-inflammatory cytokines and anti-inflammatory cytokines in the liver of patients is the important immune mechanism of HEV-ACLF liver injury. At the same time, the regulation of pro-inflammatory liver environment by cytokines may provide new ideas and strategies for the prevention and treatment of HEV-ACLF.



TREATMENT OF HEV-ACLF PATIENTS

In general, for patients with AHE with normal immunity, only symptomatic treatment is usually required because the duration of viremia is short. HEV infection can lead to chronic hepatitis in organ transplant patients who are treated with immunosuppressive agents. Studies have shown that about 30% of patients can clear the virus spontaneously by reducing immunosuppressive therapy. Clinically antiviral therapy is usually used when this approach is not successful, and the one currently used with the highest potency, efficacy and safety is ribavirin (50). Ribavirin is an effective antiviral drug that inhibits the synthesis of viral mRNA by inhibiting a variety of RNA and DNA, thus preventing viral replication (51).

Ribavirin is used to treat bronchiolitis and pneumonia caused by respiratory syncytial virus in infants and young children, chronic HCV, as well as a variety of viral infections such as viral upper respiratory tract infections. And ribavirin can be used to treat AHE and reduce the severity of the disease in patients with acute and chronic liver failure. It has shown good efficacy in the treatment of patients with chronic HEV infection, including patients with AIDS and leukemia with chronic hepatitis E, as well as transplant patients with chronic HEV infection and patients with rheumatic disease with immunosuppression. Therefore, ribavirin is the drug of choice for the treatment of HEV infection in most cases. Studies have shown that a course of 3 months is the optimal duration of ribavirin monotherapy, with longer treatment periods available for patients with severely compromised immune function. Prospective studies are needed to determine the optimal duration of ribavirin and the most beneficial therapeutic dose (52).

Although ribavirin is the preferred drug for the treatment of hepatitis E virus infection, there are many side effects of its single drug treatment. The most significant ones are severe anemia, the reduplication of the virus and the recurrence of the disease after discontinuation of treatment, and fetal deformity, Kamar et al. (50). A large number of studies have also provided solutions to the above side effects. For example, for patients with severe anemia caused by ribavirin treatment, combination therapy with another HEV inhibitor or direct acting antiviral drugs can be considered to reduce the amount of ribavirin (52). In addition, it was found that treatment with ribavirin was associated with increased heterogeneity in the open reading frame of the virus. Virus sequencing of the sera of a few patients who had failed treatment with ribavirin revealed the presence of G1634R mutation in viral polymerase. In vitro studies showed that G1634R mutation increased HEV replication capacity (53). Recent data suggest that mutations in G1634R, including K1382N, Y1587F, D1384G, V1479I, and K1398R, are present in patients who relapsed during ribavirin therapy, and all of these mutations increase the replication capacity of hepatitis E virus, and increase the antiviral activity of ribavirin. Although there is currently no alternative treatment for ribavirin, in vitro studies have shown that the combination of sofebuvir and ribavirin may inhibit HEV replication and increase the antiviral effect of ribavirin. Sofebuvir is a nucleotide polymerase inhibitor of HCV infection that blocks HEV replication in vitro by inhibiting viral RNA-dependent RNA polymerase. Some patients treated with sofebuvir may develop liver fibrosis, cirrhosis, and liver failure, so the potential effect of in vivo two-drug combination on HEV replication needs to be determined (53).

In addition, ribavirin is contraindicated for pregnant women because of the medication-induced fetal deformities, however, untreated HEV poses a high risk to both mother and fetus. Drug trials may therefore be helpful in these patients, and acute hepatitis E often occurs in the third trimester, when fetal organ development is complete. Previous research data did not observe a clear teratogenic effect of ribavirin in humans. Nevertheless, further research on ribavirin treatment of AHE infection during pregnancy is needed (54).

Besides ribavirin, polyethylene glycol interferon alpha (PEG-IFN-α) is another drug that can be used for hepatitis E. The mechanism of action of PEG-IFN-α is that interferon binds to the specific alpha receptor on cell surface, triggers the complex signal transduction pathway in the cell and activates gene transcription, thereby regulating a variety of biological effects, including inhibition of replication of viruses in infected cells, inhibiting cell proliferation, and playing an immune regulatory role. Studies have shown that PEG-IFN-α can be used for liver transplant recipients infected with HEV, but other solid organ transplant patients such as heart transplant, lung transplant and kidney transplant are not recommended because interferon has immune-stimulating effects and can increase the risk of acute immune rejection in organ transplant patients (55).

In addition, interferon activates the body's immune system, removing the virus while damaging infected liver cells. Moreover, similar to ribavirin, PEG-IFN-α may cause fetal deformities, so it should not be used in pregnant women. Studies in vitro have observed a slight synergistic effect of ribavirin and interferon-α combination, which can reduce the dosage of ribavirin and potentially avoid anemia and other side effects. This finding suggested that the combination regimen can be use in the clinical setting for the treatment of hepatitis E (56). Based upon, it can be seen that safe and effective treatment of hepatitis E is urgently needed. In the case of acute HEV infection, the use of effective antiviral drugs to shorten the course of the disease can prevent the disease from progressing to fulminant liver failure and effectively prevent transmission of the virus during epidemics and outbreaks. As a high-risk group of hepatitis E, pregnant women have no therapeutic drugs and methods at present. When studying therapeutic drugs, teratogenicity and major adverse consequences should be avoided as far as possible to save the lives of pregnant women and fetuses. By the above content, the changes in hormone levels in pregnant women is one of the factors that lead to HEV infection. Therefore, modulating the hormonal system may be an effective treatment option. High concentrations of progesterone have been shown to inhibit CTV replication. Supplementation of progesterone in pregnant women with hepatitis E may be considered, and more suitable models in vitro and in vivo need to be developed for antiviral studies (57).

At present, the side effects and limitations of available therapeutic drugs promote the development of new antiviral drugs, and explore novel therapeutic targets from the perspectives of both the virus and the host. Ribavirin and PEG-IFN-α affect virus and host, respectively. Ribavirin inhibits viral replication by inhibiting the synthesis of viral mRNA. PEG-IFN-α regulates a variety of biological and immunological effects of the host and plays a role in inhibiting virus replication by binding to the specific receptors on cell surface. Antiviral drugs include inhibitors that inhibit virus entry into the host body, RNA-dependent RNA polymerase inhibitors, viral methyltransferase inhibitors, HEV helicase inhibitors, and inhibitors targeting other viral proteins (58). There are studies suggested that HEV replication may be affected by sex hormones, for example, the level of progesterone in pregnant patients may cause adverse outcomes. Some studies have found that HEV infection mainly affects men over 50 years of age in developed countries, that low testosterone may promote HEV replication, and that testosterone supplementation may be beneficial for older male patients with chronic HEV infection. Similarly, drugs that affect estrogen such as estrogen receptor modulators (tamoxifen and raloxifene) may improve the treatment of menopausal women with chronic HEV infection (59). Therefore, modulating the hormonal system might be an alternative approach to the treatment of hepatitis E. However, there is no specific treatment strategy on this approach, which requires extensive study.



CONCLUSIONS AND PERSPECTIVES

Hepatitis E is an infectious disease not only affects the underdeveloped countries, but also threads the economically developed countries. The two types of intestinal hepatitis, hepatitis E and hepatitis A, are very similar in terms of acute infection time and clinical features. Therefore, the early understanding and study on hepatitis E was based on models of hepatitis A. However, with the development of technology and in-depth research on hepatitis E, it was known that hepatitis E has similarities with hepatitis A and other types of viral hepatitis, as well as its unique characteristics. This article discusses the immunological manifestations and immune regulatory mechanisms of hepatitis E and HEV-ACLF. It is obvious that the immunological response is very important for the development and progression of hepatitis E, and the immune environment in the liver is very complicated. In addition to the immune cells (T lymphocytes, regulatory T cells, NK cells, and macrophages) and immune molecules (IFN-γ and TNF-α) mentioned in the article, there may be other immune cells and immune molecules that may play important roles.

Currently, the protective measures and treatment methods for patients with AHE and HEV-ACLF are very limited. It is necessary to develop HEV-specific cell models and animal models, and establish three dimensional organoid liver cell culture system for further study on the immunological mechanism of hepatitis E. Such studies will be valuable for the eradication of hepatitis E.
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Background: Patients with cirrhosis have an increased risk of short-term mortality, however, few studies quantify the association between neutrophil-to-lymphocyte ratio (NLR) and 90-day transplant-free mortality in cirrhotic patients.

Methods: We prospectively analyzed 3,970 patients with chronic liver diseases from two multicenter cohorts in China (January 2015 to December 2016 and July 2018 to January 2019). Restricted cubic splines (RCS) were used to analyze the relation of NLR and all-causes 90-day transplant-free mortality in cirrhosis.

Results: A total of 2,583 cirrhotic patients were enrolled in our study. Restricted cubic splines showed that the odds ratio (OR) of all causes 90-day transplant-free mortality started to increase rapidly until around NLR 6.5, and then was relatively flat (p for non-linearity <0.001). The risk of 90-day transplant-free mortality in cirrhotic patients with NLR < 6.5 increased with an increment of 23% for every unit increase in NLR (p < 0.001). The patients with NLR < 4.5 had the highest risk (OR: 2.34, 95% CI 1.66–3.28). In multivariable-adjusted stratified analyses, the increase in the incidence of 90-day transplant-free mortality with NLR increasing was consistent (OR >1.0) across all major prespecified subgroups, including infection group (OR: 1.04, 95% CI 1.00–1.09) and non-infection (OR: 1.06, 95% CI 1.02–1.11) group. The trends for NLR and numbers of patients with organ failure varied synchronously and were significantly increased with time from day 7 to day 28.

Conclusions: We found a non-linear association between baseline NLR and the adjusted probability of 90-day transplant-free mortality. A certain range of NLR is closely associated with poor short-term prognosis in patients with cirrhosis.

Keywords: neutrophil-to-lymphocyte ratio, short-term mortality, cirrhosis, acute decompensation, acute-on-chronic liver failure


INTRODUCTION

Acute decompensation (AD) is characterized by a rapid deterioration in patients with cirrhosis, leading to the development of acute-on-chronic liver failure (ACLF), a syndrome distinguished by organ failure and high short-term mortality, precipitating events that cause AD in patients with cirrhosis was significantly associated with surrogates of systemic inflammation and increased 90-day mortality (1).

Systemic inflammation plays a crucial role in the pathophysiological pathways leading to the deterioration of disease (2, 3) and was shown to be associated with organ dysfunction and disease progression in patients with AD and ACLF (4–6), inhibition of inflammatory signaling pathway (e.g., LPS-TLR4 axis) ameliorates organ injury and systemic inflammation, preventing disease progression (7). Systemic inflammation was related to alterations in peripheral blood leukocytes that could be captured by simple leucocyte ratio such as neutrophil-to-lymphocyte ratio (NLR) (8). Neutrophil-to-lymphocyte ratio reflects a systemic inflammatory response and shows a significant independent correlation with advanced inflammation diseases (e.g., severe alcoholic hepatitis and non-alcoholic fatty liver diseases) (9, 10). In patients with severe end-stage liver diseases (e.g., ACLF), NLR was identified as an effective biomarker for hospital mortality prediction (11). A previous study reported that increased NLR independently predicted the short-term mortality in cirrhotic patients with AD (12). A nomogram including NLR was used for individual risk stratification and selection of therapeutic strategies (13). The prior systemic review summarized the prognostic ability of NLR in predicting outcomes of cirrhotic patients (14). However, small sample sizes and the heterogeneity of the NLR thresholds used in these studies makes the clinical utility of the NLR somewhat difficult, and the utmost significance of further work should be considered in an attempt to quantify the effect of NLR at a certain range in the clinical setting, and elucidate exact threshold of NLR as well as applicable population.

Based on these considerations, we performed prospective cohorts to analyze the relation of NLR and short-term prognosis, and seek the optimal threshold in which to apply the NLR in stratifying risk, targeting interventions, and assessing resource utilization, contributing to the management of patients with cirrhosis.



PATIENTS AND METHODS


Study Population

Total 3,970 patients with chronic liver diseases were recruited from two prospective multicenter cohorts (NCT02457637, NCT03641872), with 2,600 and 1,370 patients in the development cohorts (from January 2015 to December 2016) and validation cohorts (from July 2018 to January 2019), respectively (15). We collected the patients' demographic characteristics, clinical manifestations, and laboratory measurements from the electronic medical record system. A visualization of the missing values of our data was shown in Supplementary Figure 1. This study was approved by the Ethics Committee of Renji Hospital, Shanghai Jiaotong University School of Medicine, in China, and the ethical committees of each center.

The exclusion criteria were as follows: (1) age >80; (2) NLR value missing; (3) non-cirrhosis; (4) liver transplantation. Therefore, the current study was carried out on 2,583 patients (Figure 1).


[image: Figure 1]
FIGURE 1. Flow chart of patients enrolled in this study.




Definitions

The diagnosis of liver cirrhosis was confirmed by computed tomography (CT) and magnetic resonance imaging (MRI). Chronic liver disease was defined as liver cirrhosis or a history of liver dysfunction lasting more than 6 months. Acute liver injury was diagnosed by aspartate aminotransferase (AST) or alanine aminotransferase (ALT) >3 × upper limit of normal, or total bilirubin > 2 × upper limits of normal within 1 week before enrollment (15, 16). Acute decompensation was defined by the acute development of hepatic encephalopathy (HE), bacterial infection, overt ascites, gastrointestinal hemorrhage, or any combination of these (Supplementary Table 1), and ACLF was diagnosed according to the European Association for the Study of Liver-Chronic Liver Failure (EASL-CLIF) criteria (17). Definitions related to infections: spontaneous bacteremia, spontaneous bacterial peritonitis, pneumonia, urinary tract infection, and other infections: include cellulitis, acute gastroenteritis, and cholangitis were referred to other studies (18). The MELD score was computed from baseline laboratory parameters based on the standard formula as 3.78 × ln (bilirubin [mg/dl]) + 9.57 × ln (creatinine [mg/dl]) + 11.20 × ln (international normalized ratio) + 6.43 × (0 if cholestatic or alcoholic, 1 otherwise) (19), MELD-Na score was calculated as MELD + (140 – Na [mmol/L]) – 0.025 × MELD × (140 – Na [mmol/L]) (20), and Child-Turcotte-Pugh (CTP) CLIF-C AD, and CLIF-C ACLF scores were calculated as described previously (21–23). Neutrophil-to-lymphocyte ratio was calculated from the ratio of peripheral blood absolute neutrophil and lymphocyte counts. The primary outcome of the study was 90-day transplant-free mortality.



Statistical Analysis

Categorical variables are expressed as frequencies or percentages and significance was tested by χ2 or Fisher's exact test. Parametric quantitative variables are expressed as means ± standard deviation and a t-test was used to test the significance. Non-parametric quantitative variables are expressed as median and quartile intervals and the significance was detected by Kruskal-Wallis or Mann-Whitney U-test. Kaplan-Meier analysis was used to assess survival and survival curves were compared using the Log-Rank test.

We also used restricted cubic splines (RCS) with four knots at the 5th, 35th, 65th, and 95th centiles to flexibly model the association of NLR with 90-day transplant-free mortality. In the spline models, age, gender, etiology (HBV, Alcohol, Autoimmune), HE, infection, ascites, gastrointestinal bleeding, total bilirubin (TB), international normalized ratio (INR), and serum creatinine (Scr) were adjusted. We tested for potential non-linearity by using a likelihood ratio test comparing the model with only a linear term against the model with linear and cubic spline terms (24, 25). The diagnostic values of selected parameters were assessed by receiver operating characteristic (ROC) and the area under the ROC curve (AUC).

P-value <0.05 was considered statistically significant. SPSS statistical software (Macintosh version 26·0, IBM Corp., Armonk, NY, USA) and R package were used for statistical analysis.




RESULTS

A total of 2,583 patients with cirrhosis were enrolled in the present study. Based on the NLR quartile, the enrolled patients were divided into four groups, baseline characteristics of the four groups of the patients were listed in Table 1. The average age of the cohort patients was 51.64 ± 11.44 years old and 72.90% of them were male. The main etiology of cirrhosis was chronic infection with HBV (53.93%), followed by alcohol abuse (11.61%), autoimmune-related (9.45%), HBV coupled with alcohol abuse (8.83%), and others. Regarding the complications, ascites were the most common complication with an occurrence rate of 61.87%, while only 692 (26.79%) and 513 (19.86%) patients developed an infection and gastrointestinal bleeding, respectively. Total bilirubin, INR, white blood cells (WBC) levels increased with increasing of NLR, however, there was a significantly decreasing trend in the levels of albumin (ALB), platelet (PLT), hemoglobin, lymphocyte count. For patients with cirrhosis, we found the higher NLR was associated with the higher MELD or MELD-Na scores and 90-day transplant-free mortality.


Table 1. Baseline characteristics in all participants.

[image: Table 1]

In univariate analysis, cirrhosis, HE grades, infection, ascites, gastrointestinal bleeding, WBC, TB, INR, BUN, ALT, PLT, hemoglobin, Scr, NLR, Na, K, ALB, MELD, and MELD-Na showed a significant positive correlation with 90-day transplant-free mortality (p < 0.05) (data not shown). Multiple regression equations were constructed to further analyze potential relationships between NLR and 90-day transplant-free mortality in different models. Notably, the results revealed that NLR still showed a significant positive relationship with 90-day transplant-free mortality in patients with cirrhosis after adjusting for variables [Model II: age, gender, etiology (HBV, Alcohol, Autoimmune), HE grades, infection, ascites, gastrointestinal bleeding, TB, INR, and Scr (p < 0.001)]. To find out the association between subgroup NLR and 90-day transplant-free mortality, we modeled various forms of NLR by multiple regression equation including NLR quartile (≤1.74, >1.74, ≤2.77, >2.77, ≤4.89, >4.89). The results show that the NLR (>4.89) [unadjusted (odds ratio) OR = 7.24, 95% CI 5.05–10.37, p < 0.001] and NLR (>2.77, ≤4.89) (unadjusted OR =3.05, 95% CI 2.08–4.46, p < 0.001) were related to the incidence of 90-day transplant-free mortality in the univariate analysis compared NLR (≤1.74). It was further confirmed in the multivariate model that the NLR (>4.89) and NLR (>2.77, ≤4.89) were closely associated with 90-day transplant-free mortality adjusted for all variables in Model II (Table 2). When a baseline NLR value of 1.74, 2.77, and 4.89 was used as the cut-off values, patients with NLR >4.89 or NLR >2.77, ≤4.89 groups had a significantly lower 90-day survival probability compared to patients with NLR ≤1.74 or NLR >1.74, ≤2.77 groups (p < 0.001) (Supplementary Figure 2).


Table 2. Relationship between NLR and 90-day transplant-free mortality.
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We used RCS to flexibly model and visualize the relation of predicted NLR and with all-cause OR of 90-day transplant-free mortality in patients with cirrhosis (Figure 2). The OR-values started to increase rapidly until around 6.5 and then were relatively flat (p for non-linearity <0.001). There were 417 cases with NLR >6.5, the fraction of these patients was 16.14% (417/2,583). We next validated the different effects of NLR on OR between the NLR <6.5 and the NLR ≥6.5 groups and found that the threshold-effect in NLR <6.5 group was more obvious than that in NLR ≥6.5 group (Supplementary Figure 3). To assess the exact value-effect of NLR on the 90-day transplant-free mortality, two piece-wise linear regression models were constructed, one for the NLR <6.5 part and the other one for the NLR ≥6.5 part of the trajectory of 90-day transplant-free mortality, as divided by 6.5. Results showed that the risk of 90-day transplant-free mortality in cirrhotic patients with NLR <6.5 increased with an increment of the growth rate of 23% per unit (OR:1.23, 95% CI 1.14–1.32) (p < 0.001), similar results were also observed in patients with AD and ACLF (Table 3). To further differentiate low-range NLR populations, we dichotomized the cohort (patients with NLR <6.5) as “low” vs. “not low” using various cut points in increments of 0.5 units. This yields the remarkable result that there is a statistically significant difference in the adjusted probability of 90-day transplant-free mortality for thresholds as low as 1.5 and as high as 5.5, especially for patients with NLR <4.5 (OR:2.34, 95% CI 1.66–3.28) (Figure 3).


[image: Figure 2]
FIGURE 2. Association of adjusted odds ratio between neutrophil-to-lymphocyte ratio and 90-day transplant-free mortality. The median NLR level within the lowest NLR quartile (1.74) served as the referent value (odds = 1.0). The model was adjusted for age; gender; etiology (HBV, alcohol, autoimmune); cirrhosis; hepatic encephalopathy grades, infection, ascites, gastrointestinal bleeding; total bilirubin; international normalized ratio; serum creatinine. The solid red line represents the multivariable-adjusted odds of mortality as a function of the measured NLR level and 95% confidence intervals are indicated by shaded areas. The p-values for non-linearity were <0.001. NLR, neutrophil-to-lymphocyte ratio.



Table 3. Threshold effect analysis of neutrophil-to-lymphocyte ratio on the 90-day transplant-free mortality using two piece-wise linear regression.

[image: Table 3]


[image: Figure 3]
FIGURE 3. Wide-ranged neutrophil-to-lymphocyte ratio thresholds and adjusted odds ratios of 90-day transplant-free mortality. The cohort of patients (NLR < 6.5) whose NLR was dichotomized into “low” vs. “not low” groups using various cut points in increments of 0.5. Logistic regression was used to estimate the odds ratio of death between the two groups, adjusting for age; gender; etiology (HBV, alcohol, autoimmune); cirrhosis; hepatic encephalopathy grades, infection, ascites, gastrointestinal bleeding; total bilirubin; international normalized ratio; serum creatinine. Squares indicate estimated adjusted odds ratios, and error bars indicate 95% CIs. NLR, neutrophil-to-lymphocyte ratio; OR, Odds Ratios.


Association of the NLR with 90-day transplant-free mortality in patients with cirrhosis was analyzed using logistic regression models across different subgroups, and the results are presented in Figure 4. After adjustment for variables, the increase in the rate of 90-day transplant-free mortality with NLR increasing was consistent (OR >1.0) across all major prespecified subgroups, especially for patients with infection (OR:1.04, 95% CI 1.00–1.09) and non-infection (OR:1.06, 95% CI 1.02–1.11) (Figure 4). Furthermore, we detected no significant interaction for most of the pre-specified baseline factors (p > 0.05 for all comparisons).


[image: Figure 4]
FIGURE 4. Stratified analyses of risk of death in pre-specified and exploratory subgroups in each subgroup. The multivariable-adjusted odds ratios (95% confidence intervals) of death per unit increment in the standard deviation of NLR level is plotted for the entire cohort and according to strata of baseline covariates. The model was adjusted for age; gender; etiology (HBV, alcohol, autoimmune); cirrhosis; hepatic encephalopathy grades, infection, ascites, gastrointestinal bleeding; total bilirubin; international normalized ratio; serum creatinine. In each case, the model is not adjusted for the stratification variable. A test for interaction between NLR and strata of baseline covariates is also performed. NLR, neutrophil-to-lymphocyte ratio.


To investigate the longitudinal association between the NLR and organ failure (liver failure, kidney failure, cerebral failure, coagulation failure, circulatory failure, and respiratory failure), we analyzed the kinetic changes of NLR in patients who did not have organ failure at baseline and subsequently developed organ failure during hospitalization, results showed that the trends for NLR and numbers of patients with organ failure varied synchronously, and were significantly increased with time during day 7 to day 28 (Figure 5).


[image: Figure 5]
FIGURE 5. The longitudinal association of NLR and organ dysfunction. Patients were dichotomized into those who did not have organ failure at baseline and subsequently developed organ failure. (A) The longitudinal curves of NLR over time; (B) Kinetic analysis of the number of organ failure and NLR.


Next, we examined the possibilities of using parameters as prognostic factors for identifying 90-day transplant-free mortality in patients with AD or ACLF. Neutrophil-to-lymphocyte ratio, MELD, MLED-Na, CLIF-C AD, CLIF-C ACLF, and NLR coupled with MELD, MELD-Na, CLIF-C AD, and CLIF-C ACLF were selected as potential prognostic factors for further detailed statistical analysis. The ROC curve and AUC, which were calculated by R package “pROC,” were performed to assess the diagnostic value of these five selected and federated parameters. We used the CLIF-C AD score and CLIF-C ACLF score in patients with AD and ACLF, respectively. Results showed that MELD (0.814) and MELD-Na (0.821) showed better prediction than CLIF-C AD (0.628), and NLR + MELD-Na with a higher AUC (0.826) than NLR + MELD (0.821), MELD-Na (0.821), MELD (0.814) in patients with AD (Figure 6A), however, MELD (0.683), MELD-Na (0.689), and CLIF-C-ACLF (0.677) showed roughly equivalent prognostic power in patients with ACLF (Figure 6B). Additionally, we substituting the WBC in CLIF-C-AD and CLIF-C-ACLF with NLR (CLIF-C ADNLR and CLIF-C ACLFNLR), results showed that it didn't significantly improve score performance [CLIF-C AD vs. CLIF-C ADNLR: 0.628 vs. 0.633 (Figure 6A); CLIF-C ACLF vs. CLIF-C ACLFNLR: 0.677 vs. 0.681 (Figure 6B)].


[image: Figure 6]
FIGURE 6. Predictive ability of parameters for 90-day transplant-free mortality. ROC curve and AUC were calculated for neutrophil-to-lymphocyte ratio (NLR), MELD, MELD-Na, CLIF-C AD, CLIF-C ACLF, and and federated parameters by using the R package “pROC.” The cirrhotic patients with AD (A) and ACLF (B).




DISCUSSION

Our large, multi-center cohort study has firstly confirmed that the value of NLR 6.5 is a feasible cut-off value across clinical settings in patients with cirrhosis, patients with NLR below 6.5 were the optimal population in which to apply NLR in stratifying risk, with a 23% increment in risk of 90-day transplant-free mortality for every unit increase in NLR.

Neutrophil-to-lymphocyte ratio has been studied as a prognostic marker in cirrhotic patients on the basis that it reflects the levels of systemic inflammation driving disease progression in cirrhosis (26, 27). More recently, more and more evidence shows that NLR is a clinically relevant prognostic parameter in patients with liver cirrhosis. A propensity score matching study revealed that NLR over 8.9 may serve as a robust cutoff value for identifying cirrhotic patients at high risk of 90-day mortality (12). Rice et al. (28) revealed that 2.84-folds risk of death was demonstrated in cirrhotic patients with NLR >9 when compared to NLR <3. However, previous studies recruited a unique population, who were predisposed to infection and development of AD or ACLF, representing high mortality, it's unclear if NLR had the same prognostic value of mortality in patients with cirrhosis. In the current study, we found that NLR >4.89 was associated with more than 7-folds risk of 90-day transplant-free mortality compared with the lowest quartile (NLR ≤1.74) in patients with cirrhosis. More importantly, we found that NLR showed a positive relationship with 90-day transplant-free mortality regardless of the presence or absence of infection. These results demonstrated that NLR was an independent risk factor of mortality in hospitalized patients with cirrhosis including AD or non-AD, ACLF or non-ACLF, infection or non-infection patients, suggesting some of the same mechanisms involved in systemic inflammation and eventually resulting in various acute insults. These findings corroborate and extend previous research on the applicable population of NLR.

More recent works on cancer diseases suggested that every unit increase in NLR was associated with a 10–17% increase in 12-month mortality (29, 30). Although NLR has been suggested as an independent risk factor for transplant-free survival and overall survival in liver cirrhosis (11, 26, 28, 31, 32), however, it is still unknown whether there is a linear relationship between the NLR and the risk of death in cirrhosis. Our study provided further results and showed that when an NLR cutoff at approximate 6.5, the increasing trend of OR of 90-day transplant-free mortality with increased NLR occurred significant non-linear relationship or threshold effect, and the risk of 90-day transplant-free mortality in cirrhotic patients with NLR below 6.5 increased with an increment of the growth rate of 23% every unit increase in NLR, especially for patients with AD, ACLF, and non-ACLF. However, the effect was not obvious in NLR over 6.5 group. These results probably indicated that NLR was not enough for comprehensively reflecting the severity of diseases in cirrhotic patients with NLR over 6.5. It's reported that high NLR was not independently associated with overall survival in patients with severe diseases (e.g., advanced nasopharyngeal carcinoma) (33). Therefore, for these patients, we can choose to measure more specific diagnostic markers, such as MELD, a well-known highly specific score that is used to predict short-term survival in patients with a wide spectrum of liver disease (34). Our results also demonstrated that NLR combined with MELD or MELD-Na could improve the effectiveness of predicting mortality.

To our knowledge, MELD scores have been used to predict the mortality of cirrhotic patients awaiting liver transplantation (35), MELD-Na were shown to better predict mortality compared with the MELD score (20, 36), however, predictive significance comparisons among the NLR, MELD, and MELD-Na in cirrhotic patients with large sample size have not been reported before. Therefore, in our study, the original MELD score and the MELD-Na score were included for comparison with other scoring systems. Our results showed that the capacity of MELD-Na and MELD was good in predicting 3-month transplant-free mortality of patients with AD, although the predictive performance of NLR weakened than the other two models, compared MELD-Na and MELD alone, MELD-Na and MELD performed better prediction ability when combined with NLR. However, CLIF-C AD and CLIF-C ACLF didn't show well-predictive performance in our cohort. The heterogeneity of patients enrolled for analysis probably contributes to the difference in predictive accuracy. It's reported that the CLIF-C AD score is more accurate than other liver scores in predicting the prognosis (22) and the CLIF-C ACLF at ACLF diagnosis is superior to the MELD and MELD-Na in predicting mortality (23). However, patients enrolled in these two studies were mainly alcohol-related cirrhosis (49.0 and 54.7%), and the fraction of patients with ascites was high (63.9 and 80.2%), renal insufficiency in these patients were more prone to be observed. In our study, the main etiology of cirrhosis was chronic infection with HBV (53.9%), apart from ascites, 692 (26.79%) and 513 (19.86%) patients developed an infection and gastrointestinal bleeding, respectively. The fraction of patients with liver failure in our cohort was 27.80% (718/2,583), while only 3.2% (83/2,583) patients with renal failure were observed. These results may be indicated that CLIF-C AD or CLIF-C ACLF wasn't the best option for predicting 90-day transplant-free mortality in our cohort.

There are several limitations to our study. First, Although we found that the level of NLR and numbers of patients with organ failure increased synchronously with time during day 7 to day 28, we didn't analyze the correlation between the dynamic change of NLR and short-term mortality, future work needs to focus on providing more powerful evidence. Second, patients with cirrhosis in our multicenter cohorts received varieties of therapies involving different types, doses, and duration of drugs, it's very difficult to homogenize the potential effects of these covariates, thus, we didn't analyze the impacts of antibiotics on the lymphocyte and neutrophil counts, however, stratified analyses showed that infection was not an interaction factor for the impact of NLR on 90-day transplant-free mortality in our cohort, in other words, NLR showed a positive relationship with 90-day transplant-free mortality regardless of the presence or absence of infection, patients with infection are more likely to be treated with antibiotics, these probably indicated NLR was not significantly affected by antibiotics. Furthermore, the NLR threshold of 6.5 has been adjusted for infection.



CONCLUSION

Our study concludes that NLR is independently associated with 90-day transplant-free mortality in patients with cirrhosis. Neutrophil-to-lymphocyte ratio >6.5 may serve as a robust cut-off value, and patients with NLR below 6.5 were the optimal population in which to apply the NLR in stratifying risk.
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Background: HBV-related acute-on-chronic liver failure (HBV-ACLF) has a high short-term mortality and urgently needs an early warning system with simplicity and high accuracy. Previous studies show that sex hormones play potential roles in the progression of HBV-related liver diseases.

Aims: To explore the effect of testosterone and estradiol on the occurrence and prognosis of HBV-ACLF.

Methods: A prospective cohort of 300 chronic hepatitis B (CHB) patients was enrolled among which 108 were diagnosed with HBV-ACLF at admission and 20 developed to HBV-ACLF during hospitalization. We compared the level of serum testosterone and estradiol of patients with varied ACLF background, disease severity and cirrhosis conditions and analyzed the predictive ability of short-term prognosis. A novel prognostic model involving testosterone was developed and further validated in the HBV-ACLF group.

Results: The baseline estradiol level of HBV-ACLF group was significantly higher while testosterone was lower than that of non-ACLF group. The estradiol level increased while the testosterone level decreased as the number of organ failures increased. Testosterone had high accuracy in predicting the short-term mortality in HBV-ACLF (AUROC = 0.726) and estradiol did better in predicting the occurrence of ACLF during hospitalization (AUROC = 0.695). The novel prognostic model involving testosterone (TATIM model) was proved to have considerable prediction efficiency in HBV-ACLF cohort with or without cirrhosis.

Conclusion: Testosterone could be utilized as short-term prognostic indicator for HBV-related ACLF and estradiol can help to predict its occurrence. TATIM model is a novel prognostic model for HBV-related ACLF with simplicity and good performance irrespectively of liver cirrhosis.

Clinical Trial Registration Number: This study was based on a sub-cohort from the prospective multicenter cohort (NCT02457637).

Keywords: ACLF (acute-on-chronic liver failure), hepatitis B, mortality, prognosis, testosterone (androgen), estradiol


LAY SUMMARY

Sexual disparity exists in acute-on-chronic liver failure and the level of sexual hormones has significant difference between patients with and without liver failure. Testosterone and estradiol could be utilized as novel prognostic indicators irrespective of liver cirrhosis.



INTRODUCTION

Acute-on-chronic liver failure (ACLF) is a rapid-developing clinical syndrome with a high short-term mortality (1). Hepatitis B virus ranks the first in the etiology of ACLF in East Asia and other high-HBV-prevalence regions (2, 3). HBV-related ACLF leads to approximately 120 000 deaths every year and takes up massive medical resources. Even though it has poor outcomes, timely and aggressive clinical intervention could save a considerable proportion of patients' lives (4, 5). Therefore, early warning of ACLF is necessary and urgently needed.

Previous studies have shown that males are dominated in most chronic liver diseases and liver failure (6, 7). The level of sexual hormones has significant changes in the course of end-stage liver diseases (8, 9) and is associated with prognosis of cirrhosis (10), non-alcoholic fatty liver disease (NAFLD) (11) and hepatocellular carcinoma(HCC) (12). Further studies reveal that sexual hormones affect the HBV-related liver diseases via a comprehensive way including promoting or inhibiting the HBV replication (13), affecting the expression of sex hormone receptors or related transcription factors (14) and regulating the inflammatory or protective immune response (15–17). However, most of the existing studies focus on cirrhosis, NAFLD or HCC, it remains unclear whether sexual hormones are associated with HBV-ACLF.

As for early warning of liver failure, Child-Turcotte-Pugh score, Model for End-Stage Liver Disease (MELD) (18, 19), the integrated MELD (iMELD) and Sequential Organ Failure Assessment (SOFA) are the most common prognostic models for severe liver diseases but they lack the pertinence for ACLF. The Chronic Liver Failure Consortium ACLF score (CLIF-C ACLF) proposed by European Association for the Study of the Liver(EASL) in 2013 is proved to have superior predictive performance for short-term mortality in the Consortium Acute-On-Chronic Liver Failure in Cirrhosis (CANONIC) study (20). However, the major etiology of their cohort is differing from that of ACLF population in Asia-Pacific regions. The Chinese Group on the Study of Severe Hepatitis B (COSSH) proposed the COSSH-ACLF score in 2017, which have higher accuracy for predicting HBV-ACLF outcomes (3). Nevertheless, both CLIF-C ACLF and COSSH-C ACLF are based on complicated evaluation of organ failure and a simpler and more practicable scoring model is the most needed at present.

Based on the potential roles of sex hormone in HBV-related liver diseases and the urgent need of early-warning in HBV-related ACLF, we conducted this research to investigate whether testosterone and estradiol could be novel prognostic indicators for HBV-related ACLF. Firstly, we compared the level of serum testosterone and estradiol of patients with varied ACLF background, disease severity and cirrhosis conditions and then analyzed their predictive ability respectively. Finally, we used OPLS-DA and logistic regression to screen the candidate indicators and developed a testosterone-related prognostic model-TATIM, which was further validated and proved to be efficient.



MATERIALS AND METHODS


Definitions

In this study, Chronic liver disease (CLD) included chronic hepatitis B (CHB), chronic hepatitis C, chronic hepatitis E, alcoholic liver disease, non-alcoholic steatohepatitis, chronic drug-induced liver disease, autoimmune liver disease, schistosomiasis, metabolic liver disease and cryptogenic liver disease. Events of acute decompensation included ascite, bacterial infection, upper gastrointestinal bleeding (UGIB), hepatic encephalopathy (HE) and hepatorenal syndrome (HRS). Acute liver injury was defined as alanine aminotransferase (ALT) >3 NL, aspartate aminotransferase (AST) >3 NL or total bilirubin (TBil) ≥2 NL.

The exclusion criteria included: (1) age>80 or <15; (2) with chronic extra-hepatic dysfunction; (3) hepatocellular carcinoma (HCC) or carcinoma found in other organs; (4) applying immunosuppressive agents; (5) pregnancy.

According to the APASL 2014 consensus (4) and the updated proposals (1, 21, 22), ACLF in this study was defined as acute hepatic insult manifesting as jaundice (total bilirubin [TBil] ≥5mg/dl) and coagulopathy (international normalized ratio [INR] ≥1.5), complicated by ascites and/or HE within 4 weeks in patients with previously diagnosed or undiagnosed CLD. The cirrhosis patients with or without a history of acute decompensation who met the above criteria were diagnosed as ACLF as well.



Patients

This study is based on a sub-cohort of prospective multicenter ACLF cohort [CATCH-LIFE: NCT02457637 (23, 24), NCT03641872]. A total of 348 patients with CLD were prospectively enrolled for acute decompensation or acute liver injury from January 1, 2015 to December 31, 2016 in Southwest Hospital (Chongqing, China). Data including demographic information, clinical procedures, laboratory tests, imaging tests, hospitalization records at admission and follow-up information was collected by electronic case report form (CRF).

According to the etiological data, 300 patients were selected as CHB cohort, among which 108 patients were diagnosed with ACLF at admission while 192 were non-ACLF. Moreover, during hospitalization 20 patients progressed into ACLF while 172 did not until discharge. The flow chart of enrollment is shown in Supplementary Figure 1.



Sexual Hormone Testing

The baseline level of serum testosterone and estradiol were tested using Cobas Testosterone II kits and Cobas Estradiol III kits on the Roche Elecsys 2010 Electrochemical Luminescent immune Analyzer (Roche Diagnostics, Rotkreauz, Switzerland).



Model Calculation

The Child-Turcotte-Pugh (18), MELD, iMELD (19), SOFA, CLIF-C ACLF (20) and COSSH ACLF (3) scores were calculated using the baseline data. All the prognostic models were described in the references previously.



Statistical Analysis

In this study, statistical analysis was conducted using IBM SPSS Statistics (ver. 22.0; SPSS Inc.), MedCalc(ver.19.0; MedCal Software) and SIMCA(ver.14.1;Umetrics AB). Two-tailed P values < 0.05 were statistically significant.

Quantitative variables are presented as mean ± SD or median (IQR) and categorical variables are presented as percentage. Differences between groups were compared by Student's t test, Mann-Whitney U test or one-way ANOVA for continuous variables and χ 2-test for categorical variables. For candidate parameters, orthogonal partial least squares discriminant analysis (OPLS-DA) was conducted to compare their predictive ability of short-term prognosis in HBV-ACLF cohort (22, 25). Multivariate logistic regression was conducted to identify the independent risk factors of 28 day mortality using the backward LR method, with entry and removal probabilities of 0.05 and 0.10, respectively. The TATIM prognostic model was developed by multivariate logistic regression. The Kaplan-Meier cumulative survival curves were compared with log-rank test. The area under receiver operating characteristics curves (AUROCs) were used to evaluate the predictive utility for 28 day and 90 day mortality and DeLong's tests were utilized to compare the AUROCs of varied scoring systems.



Study Approval

This study fulfilled the principles of the 1975 Declaration of Helsinki and was approved by the Ethics Committee of our institution. Written informed consent was obtained from all patients or their legal representatives.




RESULTS


Baseline Characteristics of Cohort

The baseline characteristics of the CHB cohort are summarized in Table 1. Data of the HBV-ACLF cohort (N = 108) and non-ACLF group (N = 192) are shown in Table 2 and Supplementary Table 1, respectively.


Table 1. Baseline characteristics of CHB cohort.
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Table 2. Analysis of baseline data of HBV-ACLF cohort.
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Among patients with ACLF, 87.0% were males, 52.8% had previous liver cirrhosis (diagnosed by radiological evidence, CT images or clinical evidence) and 49.0% were HBeAg-positive. The top five precipitating events were bacterial infection (43.5%), HBV reactivation (13.9%), recent alcohol intake (8.3%), hepatotoxic drug (7.4%) and fatigue (7.4%). The average stay of ACLF and non-ACLF patients in hospital were 25.10 ± 18.07 days and 19.46 ± 11.78 days respectively. For these newly-developed ACLF patients, the median time from admission to ACLF is 4 days ranged from 4 days to 28 days.



Screening for the Best Candidate Prognostic Indicators

We performed univariate analysis, multivariate logistic regression and OPLS-DA to identify the best prognostic parameters for ACLF.

As shown in Table 2, the non-survivors within 28 days were significantly older than survivors and had higher ratio of bacterial infection (66.7 vs. 6.9%, P = 0.009) in terms of precipitating events. In regular laboratory tests, the non-survivors had significantly higher TBil and INR than survivors. In sexual hormone tests, the serum estradiol (E2) was significant higher in the non-survivor group, whereas survivor group had higher serum testosterone (TT) level.

Before the multivariate logistic regression, all the six factors above were taken into a linear regression analysis to disregarding the effect of multi-collinearity and all their variance inflation factors (VIF) were less than 10 with tolerance greater than 0.1. The multivariate logistic regression indicated that TT and INR were independent prognostic factors (P < 0.05, Table 2). Age, TBil and E2 were also suggested as potential indicator with their p values < 0.1.

For further exploration of candidate indicators, OPLS-DA was used to rank all their predictive ability. Three dimensional scatter plot showed that non-survivors were unambiguously distinguished from survivors (Figure 1A). Loading scatter plot (Figure 1B) evaluated the candidate variables and VIP plot (Figure 1C) ranked their importance of prediction. The top 12 parameters were ln (TT), ln (INR), HE, INR, TT, age, ln (age), TBil, Bacterial infection, ln (TBil), HBeAg positive, and ln (E2) (all VIPpred >1.0, Figure 1C).


[image: Figure 1]
FIGURE 1. Orthogonal partial least squares discriminant analysis to identify optimal short-term prognostic parameters for hepatitis-B-related acute-on-chronic liver failure. OPLS-DA was conducted in the ACLF group (n = 108). Three dimensional scatter plot (A) distinguished non-survivors from survivors. Loading scatter plot (B) was used to compare the impact of each parameters on survival. Values in prediction were ranked in VIP plot (C). VIPpred > 1.0 was considered to have significant contributions to the outcome.


Combing the suggestion of multivariate logistic regression and OPLS-DA, we finally selected TT, INR, age and TBil as the top four prognostic indicators.



Impact of Testosterone and Estradiol on ACLF

Given that both univariate analysis and OPLS-DA suggested TT and E2 had remarkable predictive ability for 28 day mortality in HBV-ACLF patients, we further investigated their impact on disease severity, 28 day cumulative survival rate, 90 day cumulative survival rate and cumulative occurrence rate of ACLF during hospitalization.

The baseline estradiol level of HBV-ACLF group was significantly higher while testosterone was lower than those of non-ACLF group (Figures 2A,B). As for subtypes of ACLF, there was no significant difference of sexual hormone level among type A (non-cirrhotic), type B (compensated cirrhotic) and type C (decompensated cirrhotic) (Figures 2E,F). The E2 level at admission increased while the TT level decreased as the number of organ failures increased from 0 to 2 (Figures 2C,D). The E2 level was positively correlated with MELD, SOFA and CLIF-C ACLF scores (r = 0.569, 0.593 and 0.484, all P < 0.001, Figure 2G) while the TT level was only negatively correlated with CLIF-C ACLF score (r = −0.3613, P < 0.001, Figure 2H).
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FIGURE 2. Comparison of sexual hormone levels. Comparison of sexual hormone levels were conducted in CHB cohort (n = 300) and HBV-ACLF group (n = 108). (A,B) Showed the baseline estradiol and testosterone levels in hepatitis B related acute-on-chronic liver failure (HBV-ACLF, n = 108) and non-ACLF group (n = 192). (C,D) Revealed the changes of estradiol and testosterone according to the number of organ failures. (E,F) Suggested that there was no significant difference of estradiol and testosterone levels among ACLF subtypes. (G) Showed the linear correlation between estradiol levels and traditional prognostic scores. (H) Showed the linear correlation between testosterone levels and traditional prognostic scores. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.


The AUROC of E2 for 28-day mortality was 0.664 (Figure 3A), with a sensitivity of 0.773 and specificity of 0.537 at a cut-off value of 126.4 pg/ml. The AUROC of TT for 28-day mortality was 0.726 (Figure 3D), with a sensitivity of 0.864 and specificity of 0.586 at cut-off value of 1.16 ng/ml.
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FIGURE 3. Sexual hormone's impact on prognosis and occurrence of hepatitis B related acute-on-chronic liver failure (HBV-ACLF). ROC and K-M survival analysis were conducted in the ACLF group (n = 108, A–F) and non-ACLF group (n = 192, G,H). (A,D) Showed the area under receiver operating characteristic cure (AUROC) of estradiol and testosterone for 28 day survival. (B,C) Demonstrated the differences of 28 day and 90 day cumulative survival rates according to the estradiol levels (cut-off value = 126.6 pg/ml). (E,F) Demonstrated the differences of 28 day and 90 day cumulative survival rates according to the testosterone levels (cut-off value = 1.16 ng/ml). (G) Showed the area under receiver operating characteristic cure (AUROC) of estradiol for predicting ACLF's occurrence within 28 days. (H) Demonstrated the differences of 28 day cumulative ACLF occurrence rate according to the estradiol levels (cut-off value = 69.79 pg/ml).


According to their cut-off values, patients were allocated into two series: higher E2 group vs. standard E2 group and lower TT group vs. standard TT group. The 28d and 90d cumulative survival rate of the higher E2 group was significantly lower than those of standard E2 group, respectively. (P = 0.023, P = 0.009 by log-rank test, Figures 3B,C) Also, the 28d and 90d cumulative survival rate of the lower TT group was significantly lower than those of standard TT group, respectively. (P < 0.001, P < 0.001 by log-rank test, Figures 3E,F).

We conducted ROC analysis in ACLF subtype and found that the optimal TT cut-off value for Type A and Type C was both 1.16 ng/ml (Type A: n = 51, AUROC = 0.732, p = 0.009, sensitivity = 0.80, specificity = 0.667; Type C: n = 42, AUROC = 0.658, p = 0.097, sensitivity = 0.90, specificity = 0.433),while it was 0.6 ng/ml for Type B (Type B: n = 15, AUROC = 0.885, p = 0.003, sensitivity = 1.00, specificity = 0.769).

We used the prospective data of 192 non-ACLF patients at admission to evaluate the impact of E2 and TT on occurrence rate of ACLF within hospitalization. Only E2 showed significant predictive ability for occurrence of new ACLF. (P = 0.002, Figure 3G) The AUROC of E2 for predicting ACLF's occurrence within 28 days was 0.695, with a sensitivity of 0.684 and specificity of 0.667 at a cut-off value of 69.79 pg/ml. According to the cut-off value, the patients of non-ACLF at admission were allocated into higher E2 group and standard E2 group. The 28d cumulative ACLF occurrence rate of the higher E2 group was significantly higher than that of standard E2 group. (P = 0.0032 by log-rank test, Figure 3H).

Considering the definition of sub-type is derived from ACLF patients and the sample size of newly-developed ACLF is small (n = 20), we did not conduct E2's ROC analysis in sub-groups.



TATIM Model's Establishment and Validations

Based on the top four prognostic indicators (TT, INR, age and TBil) and Gender (male =1, female = 0), we established a novel prognostic model by multivariate logistic regression:

TATIM score = 0.056*TBil + 0.057*Age-1.148*TT + 0.742*INR + 1.963*Male-7.378. The TATIM score of non-survivors was significantly higher than that of survivors (−0.428 ± 1.146 vs. −2.504 ± 1.936, P < 0.001, Figure 4A) and the TATIM score increased as the number of organ failures increased from 0 to 2 (Figure 4B).


[image: Figure 4]
FIGURE 4. TATIM model's correlation with disease severity. Correlation analysis was conducted in the ACLF group (n = 108). (A) Showed the TATIM scores in hepatitis B related acute-on-chronic liver failure (HBV-ACLF, n = 108) and non-ACLF group (n = 192). (B) Revealed the changes of TATIM scores according to the number of organ failures. (C–H) Showed the linear correlation between TATIM scores and previous prognostic scores. **p < 0.01, ***p < 0.001, and ****p < 0.0001.


The TATIM score had positive correlation with the Child-Pugh, MELD, iMELD, SOFA, CLIF-C ACLF and COSSH ACLF scores (r = 0.3022, 0.4473, 0.5424, 0.5198, 7087 and 0.7470, respectively; all P < 0.05; Figures 4C–H).

The AUROC of TATIM score for 28-day mortality was 0.828 (p < 0,001), with a sensitivity of 0.955 and a specificity of 0.610 at an optimal cut-off value of −1.855. The TATIM score showed higher predictive power for 28 day mortality in HBV-ACLF patients than the MELD, iMELD and SOFA, (AUROC = 0.661, 0.725 and 0.714 respectively) and comparable predictive power with CLIF-C ACLF and COSSH ACLF score. (AUROC = 0.797 and 0.796 respectively; Figure 5A) The sensitivity and specificity of CLIF-C ACLF were 1.00 and 0.506 while those of COSSH ACLF were 1.00 and 0.405. The detailed parameters of other models were listed in Table 3.
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FIGURE 5. Evaluation of TATIM model in predicting the short-term prognosis of ACLF. Comparison of predictive efficiency of varied prognostic models was conducted in the ACLF group (n = 108). (A) Compared the area under receiver operating characteristic cure (AUROC) of TATIM model and other prognostic scores for 28 day survival. The AUROC of TATIM was 0.828 (p < 0.001), which was higher than MELD, iMELD, SOFA, CLIF-SOFA and comparable with CLIF-C ACLF. (B,C) Demonstrated the differences of 28 day and 90 day cumulative survival rates according to the TATIM score (cut-off value = −1.855).



Table 3. Comparison of predictive efficiency of varied prognostic models.
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According to the optimal TATIM cut-off value patients were divided into high-TATIM group and low-TATIM group. The 28d and 90d cumulative survival rate of high-TATIM group were significantly lower than those of low-TATIM group, respectively (P < 0.001 by log-rank test, Figures 5B,C).



TATIM Score in ACLF Subtypes

Regardless of the ACLF subtypes, TATIM score had high prediction accuracy for the 28-day mortality. The AUROCs of type-A (n = 51), type-B (n = 15) and type-C (n = 42) were 0.829 (p < 0.001), 1.000 (p < 0.001) and 0.773 (p < 0.001), respectively (Figures 6A–C). The sensitivity and specificity of Type-A were 1.00 and 0.641 at cut-off value −1.855, those of Type-B were 1.00 and 1.00 at cut-off value −0.131 and those of Type-C were 1.00 and 0.467 at cut-off value −2.092. Compared with CLIF-C ACLF score, TATIM score performed better in predicting the 28-day outcomes for subtype-A ACLF (AUROC = 0.829 vs. 0.768) and subtype-B ACLF (AUROC = 1.000 vs. 0.958). Compared with COSSH ACLF score, TATIM score performed better in predicting the 28-day outcomes for subtype-B ACLF (AUROC = 1.000 vs. 0.958) and subtype-C ACLF (AUROC = 0.773 vs. 0.700).
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FIGURE 6. Validation of TATIM model in ACLF-subtypes. ROC analysis was conducted in three ACLF-subtypes (Total n = 108, Type-A n = 51, Type-B n = 15 and Type-C n = 42). (A–C) Compared the area under receiver operating characteristic cure (AUROC) of TATIM model and other prognostic scores for predicting 28day survival in ACLF-subtype A, B and C, respectively. (AUROC of type-A, type-B and type-C were 0.829, 1.000 and 0.773, respectively; all P < 0.001).





DISCUSSIONS

Early warning of ACLF is necessary and urgent. In clinical practice, not only the short-term mortality of ACLF patients, but also the disease progression of non-ACLF patients are supposed to be emphasized. For the patients who are diagnosed with ACLF at admission, mortality is deserved to be focused on, which guide medical staff to take aggressive and timely measures to save patients' lives. And for the baseline non-ACLF patients whose liver function have already been impaired, we need a timely judgment whether it will get worse or even develop into ACLF. This study explored in both of the two aspects and revealed the predictive ability of testosterone and estradiol respectively. Testosterone was a novel predictor of short-term mortality in HBV-ACLF irrespective of the ACLF subtypes, while estradiol did better in predicting the progression to HBV-ACLF.

A qualified prognostic model is supposed to meet three criteria. Firstly, it has a high accuracy, by which the short-term outcome can be predicted with higher sensitivity and specificity. TATIM model developed in this study has a good performance and its AUROC in predicting 28d mortality is higher than that of Child-Pugh, MELD, iMELD and SOFA and is comparable or even higher than that of CLIF-C ACLF and COSSH ACLF scores. Secondly, it is simple and practical. It is best to maximize the prediction with the least number of parameters and operations. TATIM model is simple, consisting of age, gender, TBil, INR and testosterone. This is in sharp contrast with Child-Pugh, SOFA, CLIF-SOFA, CLIF-C ACLF, COSSH-ACLF and others, which is involved in complex multi-system scoring. Thirdly, it has a wide suitability. Child-Pugh, MELD, iMELD, SOFA, CLIF-SOFA and CLIF-C ACLF were developed in the western cohort where FLD and ALD were dominated. TATIM model was designed in HBV-ACLF cohort and had good predicting performance in ACLF subtype A, B and C. The TATIM model fulfilled all the three requirements and had a promising prospect.

As for simple prognostic models, HINT model proposed in 2018 and P5 model proposed in 2020 are novel and efficient in predicting the short-term mortality of HBV-ACLF. HINT introduces thyroid-stimulating hormone (TSH) into the prognostic model for the first time. However, the reduction of TSH is a universal manifestation in patients with severe diseases (22) and the evidence of TSH's specific effect on ACLF is rare. Relevant studies suggested that the reduced thyrotropin -releasing hormone (TRH) may be a compensator response to the inflammatory cytokine induced by oxidative stress (26, 27), which is crucial in the pathogenesis of HBV-ACLF. The plasminogen mentioned in P5 score is another parameter involved in coagulation systems (25), which overlaps with INR to some extent. Likewise, it remains unclear how plasminogen interact with ACLF. The only evidence shows that plasminogen activation by the plasmin-α2-antiplasmin system plays a potential role in hepatocyte regeneration after damage (28) and decreased plasminogen levels would hamper liver's self-repairing capability (29). In spite of their high prediction accuracy in statistics, the mechanism underlying TSH and plasminogen remains further investigation.

As typical androgen and estrogen, testosterone and estradiol involving in this study have drawn extensive attention. Numerous studies show that gender disparity exist in many liver diseases such as NAFLD, alcoholic liver disease (ALD), CHB, autoimmune hepatitis (AIH) and HCC. In 1985, Nagasue observed serum levels of testosterone and estrogens in cirrhotic men with or without HCC and found the estrogen-testosterone ratio was significantly higher in HCC group (6), which raised the research trend of estrogen-carcinogenesis mechanism in liver. Grossman's research firstly showed the low testosterone levels were associated with poor prognosis in chronic liver diseases in 2012 (10) and 2016 (9) and Klair revealed that estrogen deficiency could increase fibrosis risk among postmenopausal women with NAFLD in 2016 (30). As for the underlying mechanism, Lee et al. and Kim et al. clarified that estrogen and estrogen-related receptor γ(ERRγ) affected the progression of ALD respectively via hepatic IκB (31) and CB1R-CYP2E1-mediated oxidative stress (15). Li et al. proved that Foxa1/a2 played essential roles in sexual dimorphism of HCC in 2012 (32) and Zhang et al. suggested that overexpression of nuclear androgen receptor driven by PI3K-AKT- mTOR pathway was associated with progression and prognosis of HCC in 2018 (33). For HBV-related HCC, additional evidence was found by Chiu et al. in 2007 and Yu et al. in 2014. Chiu et al. identified two conserved androgen response elements (ARE) with the enhancer I of HBV and suggested an AR-mediated stimulation of HBV transcription (13). Yu et al. found that cell cycle-related kinase (CCRK) mediated the HBx-AR signaling in viral-host oncogenic circuitry which induced hepatocellular proliferation and transformation (34). However, evidence of sex hormone's effects on HBV-related ACLF is rare and so is the research about mechanism.

It is the first time that the level of serum testosterone and estradiol were compared in patients with varied ACLF background, disease severity and cirrhosis conditions. Patients with severe clinical conditions tendered to have lower testosterone and higher estradiol levels irrespective of the history of liver cirrhosis or decompensation. Given the current understanding that sexual hormones are closely related with pro- and anti-inflammatory pathophysiological processes, further studies would spring up in the future.

This study had several limitations. Firstly, it lacks some longitudinal observations of sex hormone levels to evaluate the prognostic ability adequately. Secondly, multi-centered data are needed to make the new model more convincing. The specificity of TATIM model is 0.601, which is low and a verification data should be stronger and robust for the model. Thirdly, whether sex hormones can be prognostic predictor of ACLF caused by other etiologies still needs further investigations.

In conclusion, this study firstly highlighted the predictive ability of androgen and estrogen in the progression and prognosis of HBV-related ACLF. Moreover we developed a novel and simple prognostic model-TATIM, which had a high accuracy irrespective of the HBV-ACLF subtypes. We hope that the new findings will facilitate the clinical management of HBV-ACLF and enlighten researchers to explore the underlying mechanism.
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Background and Aims: Acute-on-chronic liver failure (ACLF) is an acute deterioration of chronic liver disease with high short-term mortality. The inclusion or exclusion of previously decompensated cirrhosis (DC) in the diagnostic criteria of ACLF defined by the Asian Pacific Association for the Study of the Liver (APASL-ACLF) has not been conclusive. We aimed to evaluate the prognostic impact of decompensated cirrhosis in ACLF.

Methods: We retrospectively collected a cohort of patients with a diagnosis of APASL-ACLF (with or without DC) hospitalized from 2012 to 2020 at three liver units in tertiary hospitals. Baseline characteristics and survival data at 28, 90, 180, 360, 540, and 720 days were collected.

Results: Of the patients assessed using APASL-ACLF criteria without the diagnostic indicator of chronic liver disease, 689 patients were diagnosed with ACLF, of whom 435 had no decompensated cirrhosis (non-DC-ACLF) and 254 had previously decompensated cirrhosis (DC-ACLF). The 28-, 90-, 180-, 360-, 540-, and 720-day mortality were 24.8, 42.9, 48.7, 57.3, 63.4, and 68.1%, respectively, in DC-ACLF patients, which were significantly higher than in non-DC-ACLF patients (p < 0.05). DC was independently associated with long-term (180/360/540/720 days) but not short-term (28/90 days) mortality in patients with ACLF. Age, total bilirubin, international normalized ratio, and hepatic encephalopathy were independent risk factors for short- and long-term mortality risk in ACLF patients (p < 0.05).

Conclusions: Patients with DC-ACLF have a higher mortality rate, especially long-term mortality, compared to non-DC-ACLF patients. Therefore, DC should be included in the diagnostic criteria of APASL-ACLF and treated according to the ACLF management process.

Keywords: Asian Pacific Association for the Study of the Liver (APASL), acute-on-chronic liver failure (ACLF), diagnostic indicator, mortality, decompensated cirrhosis


INTRODUCTION

Acute-on-chronic liver failure (ACLF) is an acute deterioration of chronic liver disease (CLD) with high short-term mortality (1). The current widely accepted diagnostic criteria for ACLF is derived from the Asia-Pacific Association for the Study of the Liver (APASL) (2) and the European Association for the Study of the Liver (EASL) (3), which have different definitions of chronic liver disease in addition to differences in the indicators of organ dysfunction or failure. APASL-ACLF includes non-cirrhotic chronic liver disease but not decompensated cirrhosis as representing “chronic” whereas EASL-ACLF includes only cirrhosis, either compensated or decompensated to define the chronic liver disease.

Since the etiology of chronic liver disease in the Chronic Liver Failure (CLIF) ACLF in Cirrhosis (CANONIC) (3) study defining EASL-ACLF was mostly non Hepatitis B virus (HBV) infection, Chinese scholars (4) conducted a prospective multicenter study in which they proposed that patients with high short-term mortality in the non-cirrhotic HBV population should be diagnosed with ACLF in addition to developed diagnostic criteria for HBV-related ACLF. To further improve the definition of ACLF, the World Gastroenterology Organization (WGO) (5) suggests that ACLF may be divided into 3 categories: type-A for patients without cirrhosis, type-B for well-compensated cirrhosis, and type-C for previous decompensated cirrhosis (DC). The application value of WGO type in HBV-related ACLF patients diagnosed by EASL-ACLF diagnostic criteria has been preliminarily verified, which can distinguish the precipitating events, organ failure, and short-term prognosis (6). However, whether DC (type C) should be included in the APASL-ACLF diagnostic criteria has not been conclusive. It was proposed in the consensus recommendations of the APASL for ACLF that CLD should not include decompensated cirrhosis, but the evidence grade for this recommendation is C (Low or very low quality), stating that the opinion requires confirmation by further studies (7).

With this large, retrospective, and multi-center cohort, we aimed to compare the clinical characteristics and prognosis of patients with DC and non-DC-ACLF defined by APASL, to provide an evidence-based basis for whether DC should be included in the diagnostic criteria of APASL-ACLF.



METHODS


Study Design

We performed a retrospective cohort study using data from liver units in three university hospitals. Each liver unit had a regular ward, an intensive care unit, and a liver transplantation center. The same liver transplantation allocation policy was used at all study hospitals (8). Patients were screened from November 2012 to June 2019 in the Tianjin Third Central Hospital and the Fifth Medical Center of PLA General Hospital, and from January 2015 to June 2020 in Beijing You'an Hospital Affiliated with Capital Medical University. The study protocol was approved by the Clinical Research Ethics Committee of Beijing You'an Hospital Affiliated with Capital Medical University, the Tianjin Third Central Hospital, and the Fifth Medical Center of PLA General Hospital. Informed consent was waived due to the retrospective nature of this study.



Patients

We screened patients hospitalized for at least 1 day with an acute hepatic insult (2) that occurs in patients with chronic liver disease (CLD) of all etiologies, manifested by jaundice [serum total bilirubin (TB) ≥ 5 mg/dl] and coagulation dysfunction [international normalized ratio (INR) ≥ 1.5], and complicated within 4 weeks by ascites and/or encephalopathy. The enrolment criteria were the fulfillment of the above indications, and the CLD included non-cirrhotic chronic liver disease, well-compensated cirrhosis, and previous decompensated cirrhosis (5). Cirrhosis was diagnosed based on previous liver biopsy results, or findings provided by laboratory test results, endoscopy, and radiologic imaging. The previous decompensation of cirrhosis was defined by the acute development of large ascites, hepatic encephalopathy, gastrointestinal hemorrhage, bacterial infection, or any combination of these, and presented at 6 months before the present episode.

The exclusion criteria were as follows: liver cancer or other malignant tumors, severe chronic extra-hepatic disease, pregnancy or lactation, and coinfection with HIV. All patient data were retrieved from electronic medical records. All treatments, mainly including etiological and comprehensive treatment, that were performed comply with the guidelines for ACLF which is accredited by the Chinese Medical Association (9).



Data Collection

We collected data from all enrolled patients on medical history, detailed demographics, laboratory measurements, radiology results, and precipitating events of ACLF at the time of enrollment. Potential precipitating events included hepatitis B viral infection (HBV) reactivation (10), active alcoholism (3) (more than 14 drinks per week in women and more than 21 drinks per week in men within the previous 3 months), bacterial infection, and drug-induced liver injury. Information on liver transplantation and death were also collected from all enrolled patients and transplant-free survival/mortality was estimated for all enrolled patients at 28-, 90-, 180-, 360-, 540-, and 720-day after enrollment or ACLF diagnosis.



Procedures

The APASL-ACLF criteria (2), with the exception of the diagnostic indicator of chronic liver disease, were used to assess and identify two groups: patients with ACLF with decompensated cirrhosis (DC-ACLF) and patients with ACLF with non-cirrhotic chronic liver disease or compensated cirrhosis (non-DC-ACLF). The clinical and laboratory characteristics of patients with ACLF were compared among the above two groups. The 28/90/180/360/540/720-day mortality (patients who received a liver transplant were considered dead) was profiled in two groups. Then, multivariate Cox PH regression analysis, including decompensation cirrhosis (DC) and other clinical measurements as candidate risk factors, was conducted to select the factors associated with short-term (28/90-day) and long-term (180/360/540/720-day) mortality.



Statistical Analysis

Continuous variables were presented as Mean ± SD and median [interquartile range (IQR)], and categorical variables as n (%). Wilcoxon rank-sum and chi-squared tests were performed for continuous and categorical variables, respectively. Kaplan-Meier survival curves were plotted and compared with log-rank tests. Multivariate Cox proportional hazards (PH) models were fitted with a stepwise method using significant baseline factors (candidate variables included DC, complications, and laboratory measurements, p < 0.05) that had been pre-filtered in univariate PH models to identify the independent relationship between DC and mortality of patients with ACLF. Transplant patients were included in the mortality analysis. A two-sided p < 0.05 was considered statistically significant. All statistical analyses were performed with R × 64 4.0.3 (http://www.r-project.org/).




RESULTS


Patients

A total of 689 patients were enrolled in the study. Table 1 shows the characteristics of the enrollment of the whole group. In total, 407 patients (59.1%) had an HBV etiology with a diagnosed history of CHB with the most frequent complications was bacterial infection (83.9%), followed by ascites (72.3%), hepatic encephalopathy (19.2%), and gastrointestinal hemorrhage (8.3%). Of the patients assessed using APASL-ACLF criteria without the diagnostic indicator of chronic liver disease, 435 (63.1%) patients without decompensation cirrhosis were diagnosed with ACLF (non-DC-ACLF), and 254 (36.9%) had the previous decompensation of cirrhosis (DC-ACLF). Overall, the 28-, 90-, 180-, 360-, 540-, and 720-day transplant-free survival rate in this study was 78.8, 61.3, 55.7, 48.9, 42.7, and 38.2%, respectively.


Table 1. Baseline characteristics of the study patients.
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Clinical Characteristics of ACLF Patients Stratified by Chronic Liver Disease

Demographics, laboratory data, scores (MELD scores and MELD-Na scores), and complications were compared between patients with non-DC-ACLF and DC-ACLF (Table 2). Compared with patients with non-DC-ACLF, those with DC-ACLF were more likely to be complicated with ascites (p < 0.05), gastrointestinal hemorrhage (p < 0.05). They had more severe disease as indicated by their significantly higher MELD scores [24.2 (IQR 19.5–27.2) vs. 22.7 (IQR 18.1–26.3)] and MELD-Na scores [26.9 (IQR 22.4–34.4) vs. 24.3 (IQR 20.0–29.5)] (both p < 0.05), and more severe kidney dysfunction as indicated by their significantly higher serum creatinine (mg/dl) [0.97 (IQR 0.73–1.15) vs. 0.76 (IQR 0.59–0.99)] and lower serum sodium [134 (IQR 129–137) vs. 135.3 (IQR 132.2–137.9)] (both p < 0.05). Coagulopathy (INR), liver (TB) dysfunction and precipitating events were not statistically different between the two groups (p > 0.05).


Table 2. Characteristics of acute-on-chronic liver failure (ACLF) patients with and without decompensated cirrhosis (DC).
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Clinical Outcomes

In DC-ACLF group, 1.6, 3.7, 4.2, 4.9, 5.1, and 5.3% patients who received a liver transplant by 28-, 90-, 180-, 360-, 540-, and 720-day, respectively, whereas a total of 24.8, 42.9, 48.7, 57.3, 63.4, and 68.1% patients died without receiving a liver transplant for the same corresponding periods (Figure 1). The transplant-free survival was significantly lower in patients with DC-ACLF than in those without DC (non-DC-ACLF), irrespective of the diagnostic criteria (Figure 2), especially in terms of long-term transplant free survival, which was significantly different between the two groups with longer follow-up (720-day).


[image: Figure 1]
FIGURE 1. Acute-on-chronic liver failure (ACLF) with different underlying chronic liver diseases and associated outcomes since admission.



[image: Figure 2]
FIGURE 2. Incidence of transplant-free survival in ACLF patients with and without decompensated cirrhosis (DC).


Kaplan-Meier curves showing the transplant-free survival of ACLF patients with or without DC according to the APASL-ACLF are provided in Figure 3. At up to 720 days of follow-up, transplant free survival at all time periods (28, 90, 180, 360, 540, and 720 days) was significantly lower for patients in the DC group than for patients in the non-DC group (p < 0.05 by log-rank test).


[image: Figure 3]
FIGURE 3. The survival analysis of patients with ACLF between DC group and non-DC group during 28, 90, 180, 360, 540, and 720 days.




Decompensated Cirrhosis and Short- and Long-Term Mortality in Patients With ACLF

To clarify the independent relationship between DC and short and long-term outcomes in patients with ACLF, we performed univariate and multivariate Cox regression analyses of patients at various time periods of follow-up (Table 3). After adjusting for the factors that were statistically significant in the univariate regression analysis (p < 0.05), the results of multivariate analysis showed that patients without DC had a similar risk of death as those with DC on 28 days [aHR (95% CI) 0.717 (0.505–1.019), p > 0.05], and 90 days [aHR (95% CI) 0.753 (0.553–1.025), p > 0.05], implying that DC was not an independent risk factor for short-term mortality in ACLF patients.


Table 3. Adjusted HRs and 95% CI of decompensated cirrhosis (DC) for acute-on-chronic liver failure (ACLF) mortality by Cox proportional hazards model.
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However, at time periods beyond 180 days of follow-up, patients in the non-DC group had a lower risk of death compared with those in the DC group (p < 0.05), with an adjusted HR (95%CI) of 0.712 (0.524–0.967), 0.686 (0.512–0.920), 0.701 (0.526–0.935), and 0.694 (0.523–0.922) by 180, 360, 540, and 720 days of follow-up, respectively. From this, DC increases the long-term risk of death in ACLF patients.

The results of univariate and multivariate Cox regression analyses of factors associated with mortality risk in ACLF at each follow-up time are detailed in Supplementary Tables 1–6, and it is important to note that age, TB, INR, and hepatic encephalopathy were independent risk factors associated with both short and long-term mortality risk in patients with ACLF (p < 0.05).

We separately analyzed the independent risk factors for short-term outcome in DC-ACLF and non-DC-ACLF patients and found that age, TB, and INR were the common short-term mortality risk factors in both groups (Supplementary Table 7). In addition, hepatic encephalopathy was a risk factor for short-term mortality in DC-ACLF patients.




DISCUSSION

When patients were diagnosed with ACLF according to EASL, the definition of CLD should include non-cirrhotic, compensated cirrhosis, and decompensated cirrhosis, an idea that has been confirmed in patients with HBV-related ACLF (4). Nevertheless, according to APASL, patients with a history of decompensated cirrhosis cannot be diagnosed with ACLF (2). In this retrospective study based on the enrolment standards of the APASL consortium definition of ACLF, most patients had HBV-related chronic liver disease (59.1%). When the APASL-ACLF criteria without non-DC were used, 245 additional patients with DC were diagnosed with ACLF. Baseline characteristics and short and long-term mortality were observed in populations with DC-ACLF. Compared with patients with non-DC-ACLF (fulfilling the APASL-ACLF criteria), those with DC-ACLF were more likely to be complicated with ascites, gastrointestinal hemorrhage, and had the more severe disease as indicated by their significantly higher MELD scores and MELD-Na scores, and more severe kidney dysfunction. The transplant free mortality rates of patients with DC-ACLF at 28, 90, 180, 360, 540, and 720 days were 24.8, 42.9, 48.7, 57.3, 63.4, and 68.1%, respectively, which were significantly higher than those of patients with non-DC-ACLF. Obviously, the 28 day mortality rate for patients with DC-ACLF is higher than the 15% used to develop the diagnostic criteria for ACLF (3, 4), and their 90 day mortality rate is higher than that of acute decompensation (23–29%) reported by APASL (2), indicating that patients with high short-term mortality in DC populations should be diagnosed with ACLF. The APASL guidelines emphasize that ACLF is a reversible syndrome, classifying acute liver injury occurring in patients with decompensated cirrhosis as chronic liver failure (CLIF), which also implies entry on the liver transplant waiting list. But it is noteworthy that the 1-year survival rate of patients with DC-ACLF in this study was 37.8% and this subset of patients is potentially reversible and does not urgently require liver transplantation. Therefore, managing DC-ACLF patients according to the ACLF management process facilitates organ allocation. Furthermore, the inclusion of DC in the APASL-ACLF definition expanded the application of ACLF definition (11) and was consistent with the WGO consensus (5).

Previous studies (12, 13) suggest that patients with previous DC had higher 90-day mortality than those without previous DC, and the prognostic model including DC showed excellent predictive value for 90-day mortality. This result was quite different from the results of the CANONIC study (3), in which the 90-day mortality of ACLF was higher in patients without previous acute decompensation (AD) than in patients with previous DC. Moreau (14) proposed that this can be explained by an inappropriate inflammatory response and a lack of tolerance to inflammation in patients without previous AD. The results presented in this study show that DC is not an independent risk factor for short-term mortality (28/90 days) but rather, a risk factor affecting the long-term outcome of patients (beyond 180 days). The controversial impact of decompensated cirrhosis on short-term outcomes may be explained by the different diagnostic criteria and etiologies of ACLF in different studies, but the results of DC on long-term mortality in ACLF are consistent. Some scholars (15, 16) prospectively followed up the long-term outcomes of ACLF patients and found that a prior history of AD is the most important factor affecting long-term mortality following an ACLF episode regardless of Model for End-stage Liver Disease score, considering that decreased hepatic reserve would be the predominant factor over inappropriate inflammatory response or ACLF severity with regard to the long-term outcome of patients who have survived ACLF.

In addition, our study found that age, TB, INR, and hepatic encephalopathy were independent risk factors associated with both short and long-term mortality in patients with ACLF. Among them, total bilirubin, INR, and hepatic encephalopathy were included in the APASL ACLF Research Consortium (AARC) score (17) used to manage APASL-ACLF, confirming again the prognostic importance of the above indicators.

This retrospective study with insufficient information does have its limitations in the nature of the study design. First, we did not observe changes in the dynamic clinical indicators of the patients, and it is possible that some potential influencing factors were ignored when analyzing the influencing factors on the long-term prognosis of ACLF patients. Second, a bacterial infection is judged according to the use of antibiotics, which is often related to the diagnosis and treatment experience of clinicians, leading to an overestimation of the bacterial infection rate in our patients. Finally, indeterminate precipitating events in our study denoted the absence of all previously described precipitating events. Since this study is a multicenter retrospective study, it is difficult to determine the precipitating events, especially as one of the centers did not give information about predisposing factors, which is also another limitation of our study. But this is a deletion from a single center and for the overall study population, it is not considered to be subject to deletion bias.

Future prospective studies of multicenter design are needed to verify the necessity of including DC in the diagnostic criteria of APASL. Additionally, it has been shown (18) that submassive hepatic necrosis could differentiate ACLF from AD. Thus, it is expected that DC-ACLF may be clarified by liver pathology in future studies.



CONCLUSIONS

In conclusion, our study shows that patients with DC-ACLF have a higher mortality rate, especially long-term mortality, compared to non-DC-ACLF patients. Therefore, DC should be included in the diagnostic criteria of APASL-ACLF and treated according to the ACLF management process, which is clinically helpful for early diagnosis, management, and prognosis.
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Background: Patients with chronic hepatitis B (CHB) with severe acute exacerbation (SAE) are at a progression stage of acute-on-chronic liver failure (ACLF) but uniform models for predicting ACLF occurrence are lacking. We aimed to present a risk prediction model to early identify the patients at a high risk of ACLF and predict the survival of the patient.

Methods: We selected the best variable combination using a novel recursive feature elimination algorithm to develop and validate a classification regression model and also an online application on a cloud server from the training cohort with a total of 342 patients with CHB with SAE and two external cohorts with a sample size of 96 and 65 patients, respectively.

Findings: An excellent prediction model called the PATA model including four predictors, prothrombin time (PT), age, total bilirubin (Tbil), and alanine aminotransferase (ALT) could achieve an area under the receiver operating characteristic curve (AUC) of 0.959 (95% CI 0.941–0.977) in the development set, and AUC of 0.932 (95% CI 0.876–0.987) and 0.905 (95% CI 0.826–0.984) in the two external validation cohorts, respectively. The calibration curve for risk prediction probability of ACLF showed optimal agreement between prediction by PATA model and actual observation. After predictive stratification into different risk groups, the C-index of predictive 90-days mortality was 0.720 (0.675–0.765) for the PATA model, 0.549 (0.506–0.592) for the end-stage liver disease score model, and 0.648 (0.581–0.715) for Child–Turcotte–Pugh scoring system.

Interpretation: The highlypredictive risk model and easy-to-use online application can accurately predict the risk of ACLF with a poor prognosis. They may facilitate risk communication and guidetherapeutic options.

Keywords: prediction model, machine learning, recursive feature elimination algorithm, chronic hepatitis B, acute exacerbation, acute-on-chronic liver failure (ACLF)


INTRODUCTION

Chronichepatitis B virus (HBV) infection poses a global health challenge (1). Hepatitis activity with alanine aminotransferase (ALT) elevation, also called acute exacerbation or hepatitis flare, may occur spontaneously either over the natural course of the disease or following therapy among chronic HBV infection (2, 3). Up to 30% of patients with chronic hepatitis B (CHB) experience hepatitis reactivation every year (4), and some patients will experience severe acute exacerbation (SAE), accompanied by jaundice and hepatic decompensation (5–7). Indeed, compelling evidence shows that SAE has been proposed following the prewarning signs of HBV-related acute-on-chronic liver failure (ACLF) and has been considered a progressive stage in the development of ACLF (5–9). ACLF is a common acute deterioration of hepatic function syndrome, and the short-term in-hospital mortality rate is over 70% if emergency liver transplantation is not available (9). Although liver transplantation is the only effective treatment for ACLF, due to the high cost and shortage of liver source, only a small number of patients undergo liver transplantation (10). In this situation, it is believed that early identification of the high risk of ACLF is of vital importance so that physicians can focus and intervene in advance to slow down or stop the progression of SAE to ACLF (9, 11, 12) and improve the prognosis of the patient.

However, uniform criteria for predicting ACLF occurrence are lacking and patients who are truly at the risk of ACLF are still ill-defined. There are currently several models to evaluate the severity and prognosis of patients with severe liver disease, including the Child–Turcotte–Pugh (CTP) scoring system, the model for end-stage liver disease (MELD), the sequential organ failure assessment score (SOFA), and other predictive models, but none of them have been universally accepted for predict accurate incidence of ACLF (13–15). First, majority scoring systems were originally applied for the evaluation of liver disease severity to predict the outcome of patients. Second, most of these existing models were established among European and American populations. The etiology of ACLF varies with geographic location (16). The leading cause of ACLF among European and American patients is alcohol consumption, whereas among Asian patients is the infection of HBV (12, 16). Risk equations and risk functions are widely applied in patient management, clinical diagnosis, risk stratification, treatment selection, and prognosis prediction (17, 18). However, for new mathematical prediction models for ACLF, there is no model for external multicenter validation. These questions reflect high-priority areas for an accurate prediction model of HBV-ACLF.

Recursive feature elimination (RFE) algorithm (19) is an innovative machine learning algorithm and a backward selection procedure to determine if predictors would be advantageous and select the best predictors (according to the coefficient) to establish the model. To date, this method had not been used in the risk assessment of ACLF patients. In this study, in order to help physicians early identify high-risk patients with CHB of HBV-ACLF, we developed and validated a simple model in three independent cohorts by utilizing RFE analysis. Furthermore, for assessing the prognosis of patients, we compared the performance of the model in predicting 90-days mortality with MELD score and CTP score. The results of this study may further guide and optimize therapeutic strategies for SAE patients with CHB. To the best of our knowledge, our study is the first report of a polycentric risk prediction model in patients with CHB with SAE.



MATERIALS AND METHODS

The methods described in this article are in accordance with the Transparent reporting of a multivariable prediction model for individual prognosis or diagnosis (TRIPOD) statement (20).


Study Design and Population

We performed a multicenter retrospective cohort study. Data were collected in three independent hospitals. A total of 342 SAE patients with CHB were enrolled in the study as the development cohort from the Third Affiliated Hospital of Sun Yat-sen University in Guangzhou, China between 2011 and 2019. The preliminary screening identified 550 CHB hospitalized patients with ALT levels elevated. Patients who did not meet the research standards were excluded (n = 208). The flow chart of the training group selection process is presented in Figure 1. Patients in the validation cohorts were from two different geographic hospitals, namely Yuedong Hospital of the Third Affiliated Hospital of Sun Yat-sen University in Meizhou, China, between 2016 and 2020 and Jieyang People's Hospital in Jieyang, China, between 2014 and 2019, with a sample size of 96 and 65 patients, respectively, using the same inclusion and exclusion criteria as the development cohort.


[image: Figure 1]
FIGURE 1. The flow chart of the study group selection process.HBsAg, hepatitis B surface antigen; ALT, alanine aminotransferase; ACLF, acute-on-chronic liver failure; PTA, prothrombin activity; TBil, total bilirubin; ULN, upper limit of normal.




Ethics Statement

This study was approved by the Ethics Committee of the Third Affiliated Hospital of Sun Yat-sen University [(2018)02-384-01]. This study was conducted according to the Declaration of Helsinki. All adult participants provided written informed consent.



Diagnostic Criteria

The inclusion criteria for SAE of CHB in both the development cohort and validation cohorts were based on those proposed by Tsubota et al. (21) and Wong et al. (22). The inclusion criteria were as follows: (1) presence of hepatitis B surface antigen and HBV DNA for >6 months before hospitalization; (2) ALT >10 × the upper limit of normal (ULN); (3) total bilirubin (Tbil) ≥3 × ULN; (4) 40% < prothrombin time activity (PTA) <60%. The exclusion criteria were coinfections with hepatitis A, C, D, or E viruses, or other viruses including HIV, cytomegalovirus, and Epstein-Barr virus; coexistence of other liver diseases, such as autoimmune liver disease, alcoholic hepatitis, drug-induced liver injury (DILI), and non-alcoholic steatohepatitis (NASH); concurrent diseases resulting in bilirubin elevation, such as hemolytic jaundice, non-hemolytic jaundice, and obstructive jaundice; metabolic liver diseases, including Wilson's disease and hemochromatosis; malignant tumors; and serious extrahepatic diseases. Those patients who had hepatic encephalopathy, ascites, abnormal renal function test at baseline, or did not have follow-up data were also excluded.

Acute-on-chronic liver failure was defined as jaundice (serum bilirubin >5 mg/dL) and coagulopathy (INR >1.5 or prothrombin activity <40%), complicated with ascites and/or encephalopathy as determined by a physical examination in 4 weeks based on the consensus recommendations of the Asian Pacific Association for the study of the liver (APASL 2019) (23). The MELD score was calculated according to the following formula: MELD score = 3.78 × ln[TBil (mg/dL)] +11.2 × ln [INR]+9.57 × ln [Cr(mg/dL)] + 6.43 × (constant for liver disease etiology = 0 if cholestatic or alcoholic, otherwise = 1). The modified CTP score included five parameters: TBil level, albumin level, PT, and the presence and severity of ascites and encephalopathy (24). Liver cirrhosis was defined as coarse liver echotexture with nodularity and small liver size and the presence of features of portal hypertension (e.g., ascites, splenomegaly, and varices) by ultrasound (22).



Patient Management

All patients were managed by the attending physicians according to international and local guidelines and received conservative therapy. The therapy included bed rest, antiviral therapy, liver-protective treatment, nutritional and energy supplements, intravenous plasma and albumin infusions, water-electrolyte and acid-base equilibrium maintenance, and the prevention and treatment of complications.

Patients in the development cohort were all monitored regularly and followed until death, liver transplantation, or at least for 90 days. The patients who received liver transplantation within 90 days were considered dead and more than 90 days as survival (25, 26). Unfortunately, survival records in validation cohorts were not obtained.



Predictors

Predictors were collected using an online electronic case report form, and their integrity was systematically checked before being entered into the model. We selected the predictors from the electronic health records based on published literature (27–29) and our clinical experience. Baseline data were the data obtained at the first diagnosis of SAE of CHB from the computerized and paper medical records. We collected the data from patients with complete clinical, laboratory, and follow-up data. Data collection included demographics, basic diseases, precipitating factors, viral tests, liver function, etc. Laboratory variables included aspartate transaminase (AST), ALT, Tbil, albumin (ALB), prothrombin time (PT), fibrinogen (Fib), white blood cell count (WBC), hemoglobin (HGB), platelet (PLT), creatinine (Cr), quantitative determination of hepatitis Bsantigen (HBsAg), hepatitis B e antigen (HBeAg), and HBV DNA levels.



Data Preprocessing

Missing data were imputed with the mean of continuous variables and the mode of categorical variables. Missing data fill rates in the development set and the two external validation queues are 7, 6, and 5%, respectively (Supplementary Figure 1). Prior to modeling, the Yeo-Johnson (30) transformation was first applied to the raw data, followed by centralization and normalization (Supplementary Table 1).



Variable Selection

To explore the predictive power of individual variables, we first developed a univariate logistic model for each variable. Since the receiver operator characteristic (ROC) curves are not affected by monotonic transformations of predictors, the area under the receiver operating characteristic curve (AUC) is used as the measure of the strength of the association between predictors and outcomes. A better model was indicated with a higher AUC value, and a perfect model was indicated with an AUC value of 1. The AUC for each model was compared with the null model. Each variable with a p-value below 0.05 in the univariate analysis was entered into the model. Next, a quadratic term was applied to continuous variables to evaluate the non-linearity assumption. Subsequently, we used RFE algorithms described in Supplementary Methods for model variable and interaction selection (19). To reduce the risk of overfitting, a resampling algorithm with five repeats of 10-fold cross-validation were performed.



Model Development, Evaluation, and External Validation

We developed a logistic regression model for the optimal combination of variables ultimately selected by the RFE algorithm and evaluated model performance using AUC, precision-recall (PR) curves, sensitivity, specificity, accuracy, positive predictive values (PPV), negative predictive values (NPV), and brier scores (31). Hosmer-Lemeshow (32) tests were used to assess goodness-of-fit. We plotted the calibration curves by calculating the predicted and true probabilities. The closer the calibration curve is to the 45° diagonal, the better the model performs. We selected a threshold for the balance of sensitivity and specificity on the development set and used this threshold for the geographical external validation at two different hospitals. In addition, the methodology of the model updating to external validation is exhibited in Supplementary Methods.



Online Application

Nomograms are a graphical representation of predictive statistical models for individual patients (33). Nomogram scoring system based on the results of optimal combination using the RMS package in R version 3.6.2 (34) and web page calculator by using package Shiny for R statistical software (35) were created. Then, we developed an online app to facilitate the use of the data and results from the study. It consists of a website interface to make the results flexible and easily accessible. This application can be accessed and used by physicians.



Statistical Analysis

For continuous variables, data were described as mean (SD) or median (interquartile spacing), whereas categorical variables were presented as frequencies. Data preprocessing were constructed by R package recipes (36). RFE algorithm was performed using the RFE function in the caret (37) package. The brier score (38) was calculated using the Brier score function in the DescTools (39). We used the survminer (40) package to draw the Kaplan–Meier survival curves (41), calculated the log-rank p-value, and used the concordance index (C-index) (41), and also 95% CI as the evaluation index of comparing survival probability. All statistical analyses were performed using the R version 3.6.2 software (Institute for Statistics and Mathematics, Vienna, Austria; http://www.r-project.org) (42). All results were considered statistically significant at P < 0.05.




RESULTS


Characteristics of Patients

The clinicopathological baseline characteristics of the patients in each cohort are listed in Table 1. A total of 503 patients were enrolled in the study, including 446 (88.7%) men and 57 (11.3%) women. There were 196 (39.0%) patients with HBeAg positive and 130 (38.0%), 25 (26.0%), 12 (18.5%) patients had liver cirrhosis in the development cohort and two validation cohorts, respectively. In the development cohorts, precipitating event of 242 (67.2%) cases was a spontaneous hepatitis B flare-up. The other precipitating events of HBV reactivation were infection in 19.5% of the patients, inappropriate withdrawal of nucleos(t)ide analogs in 5.2% of cases, history of alcohol intake before hospitalization in 5.8% of cases, and the use of hepatotoxic herbal medications in 2.3% of cases. There were 482 patients who received antiviral therapy including entecavir, lamivudine, or telbivudine within 3 days of admission according to their HBV replication levels and willingness, while 21 patients refused to receive antiviral therapy, and 12 patients received artificial liver support system therapy. The mean number of days between hospital admission and the development of ACLF was 7.9 days (range, 2–28days). We observed 188 (55%), 33 (34.4%), 13 (20%) ACLF events within 4 weeks in the development cohort and two in the validation cohorts, respectively. The mean follow-up time was 118.1 weeks (range 12–196 weeks) for the primary cohort. The survival rate of all patients at 90 days was 292 (85.38%). There were 16 patients in the training cohort who received liver transplantation, and 34 patients died within 3 months.


Table 1. Clinical characteristics of study participants.

[image: Table 1]



Variable Selection

Univariate analysis showed that AST, creatinine, and Gender with p > 0.05 were eliminated (Supplementary Table 2). There was no evidence for non-linear relationships for any continuous predictors and no significant interaction effects for the model. To ensure the stability of the model, we also removed Fib that had the absolute correlation coefficient value >0.6 with PT. Finally, according to the results of the RFE algorithm, we selected the best combination from the remaining 12 candidate variables which were PT, age, TBil, and ALT (Supplementary Table 3 and Supplementary Figure 3).



Model Performance and Validation for Predicting ACLF Development

The variables PT, age, TBil, and ALT were used to construct the logistic regression model called the PATA model. The prediction risk probability of ACLF can be calculated by the following model: linear predictor = 0.341 + 3.111*PT + 0.595*age + 0.626*TBil + (-0.295) *ALT. Predicted risk probability = 1 / (1 + e ∧ linear predictor). The cut-off value for the high-risk and low-risk groups was 0.614 based on a balance of sensitivity and specificity (Table 2). The AUC of the model on the development set was 0.959 (0.941, 0.977). For two external validation cohorts, the AUC achieved 0.932 (0.876–0.987) and 0.905 (0.826–0.984) (Table 2 and Figure 2), which means that the PATA model has a high predictive effect for liver failure. The calibration curves have good linearity with the brier scores of 0.083, 0.159, and 0.279, respectively (Figure 3). The calibration of the model was assessed via the Hosmer–Lemeshow goodness-of-fit test (P = 0.147). We also performed a model update on the external validation set using a closed likelihood ratio test in Supplementary Methods and Supplementary Figure 4. The related results after updating were shown in Supplementary Tables 4, 5, Supplementary Figure 5, and Figures 3C,E.


Table 2 Performance of prediction model.
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FIGURE 2. The Area Under the receiver operating characteristic Curve (AUC) and Precision-Recall (PR) curves of different models. The AUC curves of (A) development set; (B) validation cohort 1; (C) validation cohort 2. The PR curve of (D) development set; (E) validation cohort 1; (F) validation cohort 2.



[image: Figure 3]
FIGURE 3. The calibration curve of different models. (A) development set; (B) validation cohort 1; (C) validation cohort 1 after model updating; (D) validation cohort 2; (E) validation cohort 2 after model updating.




Nomogram and Online Tools

We developed a nomogram scoring system and also a web page calculator to help physicians with quantitative scoring (Figure 4). The web interface created for clinicians allows the visualization of key information for risk prediction on cloud sever. This online application can be accessed by phone or computer but requires an internet connection for both private and public use (https://mia9510.shinyapps.io/MIA_LF/).


[image: Figure 4]
FIGURE 4. Nomogram for development set.prothrombin time (PT), Tbil, alanine aminotransferase (ALT).




Predictive Power for 90 Days Mortality Compared With MELD Score and CTP Score

To explore the prognostic differences in the model risk stratified population, we compare our mortality prediction to the MELD score and CTP score in the development set. Patients were divided into a low-risk group (MELD score ≤ 30) and a high-risk group (MELD score > 30) for further analysis. Accordingly, patients were also divided into three groups based on CTPstage as follows: low-risk group (CTP-A), medium-risk group (CTP-B), and high-risk group (CTP-C). The stratification into different risk subgroups allowed significant distinction between Kaplan–Meier curves for survival outcomes (log p < 0.05). As shown in Figure 5, the PATA model outperformed the other models in 90 days of prognostic stratification for patients.The C-index was 0.720 (0.675–0.765) for our PATA model, 0.549 (0.506–0.592) for MELD score, and 0.648 (0.581–0.715) for CTP score.


[image: Figure 5]
FIGURE 5. Kaplan–Meier curves of mortality curves according to the different risks of liver failure. (A) PATA model; (B) model for end-stage liver disease (MELD) score; (C) Child–Turcotte–Pugh (CTP) scoring system.





DISCUSSION

Owing to the unpredictable outcome of rapidly progressing liver failure, early identification of ACLF is fundamental to implement appropriate preventive strategies in SAE patients with CHB. In recent years, several prognostic models have been developed for risk stratification of liver failure, but no predictive model has been widely accepted. In the current study of 503 patients with CHB with SAE from three medical centers, by using the RFE algorithm, we developed and validated a novel risk prediction model for ACLF using PT, age, TBil, and ALT. The predictive model demonstrated reasonably good discrimination and calibration. The AUC values of our PATA model were 95.9, 93.2, and 90.5% in the development cohort and two validation cohorts, respectively. The use of the PATA model may provide improved ability to early identify patients who are truly at increased risk of ACLF. We also compared the mortality predictive performance of the PATA model to that of the MELD score and CTP score. The results indicated that the PATA model showed better discrimination. The stratification of risk by the PATA model significantly improved on prediction and prognosis of ACLF for patients with CHB with SAE. It means that after screening high-risk groups by using the model, these patients not only have a higher incidence of liver failure but also a poor prognosis. Through this accurate prediction, the scoring system may be effective for guiding and optimizing therapeutic strategy. On the one hand, it can reduce the incidence of liver failure by early drug or artificial liver treatment, and on the other hand, it can make clear the prognosis of patients and prepare for liver transplantation.

Our PATA model with the best combination filtered by the RFE algorithm, including PT, age, TBil, and ALT. Older age has been identified as a risk factor in some studies (43, 44). So far, how the liver is affected by increasing age has not been fully elucidated. PT and TBil are commonly recognized as reliable markers of liver dysfunction (45–47). In this study and as well as previous studies (27, 29, 48), PT and TBil were significant independent risk factors for ACLF. Interestingly, low ALT level was an independent risk factor for progression to ACLF which was consistent with Yuan et al. (28) ALT level reflects the degree of hepatocyte necrosis resulting from acute injury and high levels of ALT persisted for several weeks after control of HBV and clearance of HBsAg from the circulation (49). Since a large number of liver cell necrosis occurs during liver failure, ALT in the blood decreases gradually, but bilirubin increases gradually, by the bilirubin-enzyme separation phenomenon (50), which is often the risk factor for the prognosis of patients with HBV-ACLF. Therefore, we assumed that early bilirubin-enzyme separation indicated a poor prognosis of SAE.

Our study has several strengths. First, we would like to emphasize that all variables were simple, readily available laboratory indices, and can be measured in the real-world clinical setting. When our model was applied to a new cohort, the cutoff recommended was the same as obtained from this study. The model can be updated as shown in Supplementary Methods (50–54) for improving transportability to other individuals if the new center has an expanded set of variables. Second, the prediction model does not require clinicians to perform complex calculations but simple, practical, and feasible calculations to be applied. Our online system supports mobile access, allowing physicians to assess in real-time and assist in decision making based on the results of the assessment. The model enables clinicians to more easily engage with the patient with CHB in a discussion of risk and thus enhance risk communication. Having a substantially high risk of ACLF could serve as a trigger to initiate more frequent clinical visits and more aggressive treatment. Third, by having two external validation sets, a fixed model was generated in the development set and then validated in another two hospitals.

We also acknowledge limitations to this work. First, more than a dozen definitions have emerged to describe ACLF. Our model was based on APASL 2019 using a population that was all Asian. We have not yet validated the performance of the model from other populations. Second, since the diversity existed between the training cohort and two external validation cohorts in this study, the performance of the model may be affected, especially PPV. We found that the incidence of liver failure in the training set was significantly higher indicating that liver injury severity in our patients was more aggressive. The Third Affiliated Hospital of Sun Yat-sen University hospital is a tertiary fixed-point hospital for hepatitis, almost all severe patients with liver diseases in Guangdong Province will come to see a doctor, so selection bias might exist in the recruitment of participants. Third, the at-risk patient populations may differ at baseline and several months after follow-up. Present models were generated using baseline data. Whether the model is suitable to use after situations of patients are changed during follow-up is questionable and needs further perspective experiment validation.

In summary, using data derived from a multicenter cohort, we constructed a novel prediction model that uses simple, readily available variables to predict ACLF and patient survival in patients with CHB with SAE. This model will empower clinicians and patients with more accurate, patient-specific information regarding the risk of ACLF. Identification of high-risk individuals may facilitate appropriate preventative options to reduce the occurrence of ACLF. Future studies are needed to confirm the applicability of our model in the clinical setting and to determine the effect of our model.
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Objective: To evaluate the clinical utility of a Chinese scoring system for hepatitis B liver failure in a prospective and multicenter study.

Methods: Clinical data for 1,143 patients with hepatitis B liver failure who had been followed up for a minimum of 6 months were collected from seven liver disease centers across China. The disease severity and prognosis for the patients were predicted using the Chinese scoring system and compared to those predicted with the model for end-stage liver disease (MELD) score, MELD-Na score, and Child-Turcotte-Pugh (CTP) score.

Results: The Chinese scoring system was more effective at predicting the outcomes of survival and mortality than the MELD score. In the peak disease stage, the area under the receiver operating characteristic curve for the Chinese scoring system was 0.954, significantly higher than that (0.896) for the MELD scoring system (P < 0.001). The positive prediction at 30, 90, and 180 days with the Chinese scoring system was 0.764 (95% CI: 0.714–0.808), 0.731 (95% CI: 0.694–0.769), and 0.724 (95% CI: 0.679–0.765), also significantly higher than that with the MELD, MELD-Na, and CTP scores (P < 0.001). In addition, the Chinese scoring system was superior to the MELD, MELD-Na, and CTP scores (P < 0.001) at predicting the prognosis of patients with hepatitis B liver failure at both 30 and 180 days.

Conclusion: The Chinese scoring system demonstrated superior performance to the three established scoring systems in assessing the severity and outcomes of hepatitis B liver failure in this cohort.

Keywords: hepatitis B, liver failure, scoring system, end-stage liver disease model, assessing


INTRODUCTION

Liver failure is a severe complication in which the liver fails to perform basic functions due to severe or massive liver injury, which also disrupts the vital functions of other organs and systems. It typically manifests as jaundice, hepatic encephalopathy, and coagulopathy (1, 2). The mortality rate of liver failure may be as high as 70% (3). Hepatologists must be able to assess and predict the outcomes of liver failure accurately and early in patients, especially to determine if and when liver transplantation is required. Dynamic changes in the conditions of a patient should also be closely monitored and followed, as timely prevention and treatment of complications significantly impact the clinical outcomes. The models for end-stage liver disease (MELD), MELD-Na, and Child-Turcotte-Pugh (CTP) scores are three established systems used to numerally grade the severity of liver failure in patients, which can reveal the probability for favorable or non-favorable outcomes (4, 5). All three model systems were established by assessing patients with liver failure mainly caused by hepatitis C virus (HCV) infection and alcoholic liver disease. However, liver failure caused by hepatitis B virus (HBV) infection is characterized by acute onset, severe liver injury, and high mortality, with distinct pathogenesis and clinical characteristics from those caused by HCV and alcohol. The three model systems can be expanded or modified to better grade HBV liver failure. We previously established a new scoring system known as the Chinese scoring system and its performance and utility were evaluated for patients with hepatitis B liver failure in a retrospective study (6–9). To further investigate the utility of this new scoring system in grading the severity of hepatitis B liver failure and predicting outcomes, we conducted this prospective study at seven liver disease centers across China.



MATERIALS AND METHODS


Patients
 
Enrollment

We selected seven liver disease centers across China (infection department of the Third Affiliated Hospital of Sun Yat-sen University, infection department of the First Affiliated Hospital of Zhejiang University, Shanghai Ruijin Hospital, Xiangya Hospital of Central South University, Qilu Hospital of Shandong University, Shandong Provincial Hospital, and Xuzhou Medical College) with a high reputation in the country, high diagnosis and treatment capabilities in the field of liver disease, and more than 40 beds as the enrollment unit. The sample size was determined using a single population proportion formula by considering a 5% margin of error, 95% confidence level, 50% case fatality rate of liver failure in previous studies, 5% non-response rate, and 1.5 design effect. The resulting total sample size was 1,078. To account for potential dropouts, the total sample size was fixed to 1,200 and proportioned to the selected participating hospitals based on their clients' size: infection department of the Third Affiliated Hospital of Sun Yat-sen University (n = 400), infection department of the First Affiliated Hospital of Zhejiang University (n = 200), Shanghai Ruijin Hospital (n = 200), Xiangya Hospital of Central South University (n = 100), Qilu Hospital of Shandong University (n = 100), Shandong Provincial Hospital (n = 100), and Xuzhou Medical College (n = 100).

Between October 2013 and June 2016, a total of 1,143 chronic hepatitis B inpatients with liver failure (acute-on-chronic liver failure, ACLF) were enrolled from seven liver disease centers. Among them, 936 were men, 207 were women, and the average age was 43.4 ± 12.6 (ranged from 18 to 65). The patients were followed up for >6 months, during which 464 died and 680 survived. This study was registered in the Clinical Trials Registry (registration number: NCT01961440, https://clinicaltrials.gov/).

HBV-related ACLF diagnosis for all patients followed the criteria established by the 18th Asia-Pacific Association of Liver Research consensus on chronic-acute liver failure (10). The criteria include a history of chronic hepatitis B and an acute flare-up of liver injury with clinical manifestations of jaundice (total bilirubin ≥ 85 μmol/l) and coagulation disorder (prothrombin time international standardized ratio ≥ 1.5), ascites, and/or hepatic encephalopathy within 4 weeks.



Inclusion Criteria

Male or female patients aged 18–60; HBsAg-positive history > 6 months, HBV DNA-positive (≥20 IU/ml); HBeAg-positive or negative; persistent hepatitis symptoms of fatigue, anorexia, abdominal distention, or yellow urine; gradual aggravation of jaundice over a short period; total serum bilirubin ≥85 μmol/l or daily elevation ≥17.1 μmol/l; abnormal coagulation function; and the international standardized ratio of prothrombin time ≥1.5 were included.



Exclusion Criteria

Patients were excluded if they: (1) had other hepatitis virus infection; (2) had HIV infection, biliary, alcoholic liver, or autoimmune liver diseases; drug poisoning, liver tumors, or were undergoing liver transplantation, renal insufficiency, or long-term anticoagulant therapy related to renal diseases.




Observations and Follow-Up Endpoints

Clinical information and test findings for all patients at and after admission were collected weekly. The clinical information mainly consisted of the stages of hepatic encephalopathy. Laboratory findings included serum total bilirubin, albumin, creatinine, prothrombin time, prothrombin time international normalized ratio (INR), serum sodium ion concentration, liver size (B-mode ultrasound measurement), ascites, and pleural effusion (B-ultrasound measurement), and also infection (peripheral white blood cell count, neutrophil ratio, and chest inflammation images). The endpoint of 180 days of follow-up was used to determine the survival rate. The death count included patients that rejected rescue treatment and were discharged from the hospital and patients that died during the hospital stay or within 180 days of follow-up.



Score Calculation
 
MELD Score

Since all subjects had hepatitis B-related liver failure, the MELD score was calculated as 3.8 × loge (serum bilirubin μmol/l × 0.058) + 1.2 × loge (prothrombin time INR) + 9.6 × loge (serum creatinine μmol/l × 0.011) + 6.4 (6).



MELD-Na

This score was calculated as MELD + 1.59 × (135-Na+), wherein serum Na+ levels ≥ 135 mmol/l were treated as 135, ≤ 120 as 120 mmol/l, and between 120 and 135 mmol/l as the specific value (7).



CTP Score

This score was calculated using the scoring standards for five indexes, i.e., grade of hepatic encephalopathy, ascites, total bilirubin, albumin, and prolonged prothrombin time. A score of 1, 2, or 3 was assigned to each index to reflect the severity of each condition, and the CTP score was the sum of the five indexes (8).



Chinese Scoring System

This system consists of seven clinical indicators: prothrombin activity (PTA), serum creatinine, hepatic encephalopathy, serum total bilirubin, and liver size (B-ultrasonic measurement: oblique diameter of the right lobe of the liver: The standard measurement section is the oblique section of the right subcostal liver where the right hepatic vein and the middle hepatic vein merge into the inferior vena cava. The measurement points are placed at the liver envelope on the anterior and posterior edges of the right lobe to measure the maximum vertical distance; thickness of the right liver lobe: The largest section of the right lobe of the liver in the fifth or sixth intercostal space is the standard measurement section. The measurement points are placed at the liver envelope on the anterior and posterior edges of the right lobe to measure the maximum vertical distance), ascites/pleural fluid (B-ultrasonic measurement: When lying supine, measure the depth of the anterior liver, liver and kidney recesses, splenic fossa, right abdomen, and pelvic ascites, and take the largest value for score), volume, and infection (peripheral blood leukocyte count, neutrophil ratio, and chest inflammation image). A score of 1, 2, 3, or 4 was assigned to each indicator to reflect the severity, and the sum of the seven indicator scores was used to assess the severity of the overall condition (see Table 1 for details). Unified operation method of ultrasound.


Table 1. Assigned scores of the Chinese scoring system.

[image: Table 1]




Statistical Analysis

(1) All numeral data were expressed as mean ± SD (±s) and the difference was computed using the f-test. (2) The count data were expressed as a percentage (%), and the difference was assessed with the χ2 test. (3) Assessments of the short-term and long-term prognoses for patients with hepatitis B liver failure using the Chinese scoring system, MELD score, MELD-Na score, and CTP score were compared using receiver operating characteristic (ROC) curves and the ROC area under the curve (AUC). AUC > 0.7 was deemed to be of clinical utility and >0.8 to be of good prediction accuracy. The AUC values were compared using normal Z-tests and the ROC curve sensitivity and specificity were used to determine the best cut-off values for the score and the Youden's index. SPSS l8.0 statistical software (IBM SPSS Inc., Chicago, USA) was used for all analyses. P <0.05 was considered statistically significant.




RESULTS


Demographic Features and Groups

A total of 1,143 patients with hepatitis B liver failure were enrolled in this study. Among them, 936 were men and 207 were women, and the mean age was 43.4 ± 12.6 years old (ranged between 18 and 65). A total of 463 patients died while the remaining 680 survived (Table 2).


Table 2. Baseline characteristics of included patients at admission.
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The Cutoff Value and Distribution Range for the Chinese Scoring System and the MELD Score to Separate the Patients That Survived From Those That Did Not

The cutoff value of 12.14 with the Chinese scoring system separated 83.65% of patients in the survival and death groups, i.e., 83.65% of patients in the survival group scored between 3.68 and 12.14 points, while 83.65% of patients in the death group scored between 12.14 and 22.13 points. With the MELD score, the cutoff value was 31.78; 64.52% of patients in the survival group scored between 20.37 and 31.78 points, and 64.52% of patients in the death group scored between 31.78 and 49.88 points (see Figures 1, 2, P < 0.01).


[image: Figure 1]
FIGURE 1. The cutoff value and distribution range for the Chinese scoring system to separate the patients that survived from those that did not.



[image: Figure 2]
FIGURE 2. The cutoff value and distribution range for the MELD score to separate the patients that survived from those that did not. MELD, model for end-stage liver disease.




Comparison of the Performance to Grade the Severity at Peak Disease With the Chinese Scoring System and MELD Scoring System

The ROC curve was plotted using the total scores. The area under the ROC curve for the Chinese scoring system was 0.954 (95% CI: 0.943–0.971) and the standard error was 0.013, with P < 0.001, suggesting good prediction performance. The area under the ROC curve for the MELD score was 0.896 (95% CI: 0.881–0.924), indicating less effectiveness than the Chinese score system (see Figure 3 and Table 3).


[image: Figure 3]
FIGURE 3. The ROC curve of the Chinese scoring system and MELD scoring system at the peak disease. MELD, model for end-stage liver disease; ROC, receiver operating characteristic.



Table 3. Comparison of the performance to grade the severity at the peak disease by Chinese scoring system and MELD scoring system.
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The Ability to Predict and Differentiate Disease Outcomes at Different Times With Different Scoring Systems

The predictive values for the outcomes on days 30, 90, and 180 after discharge using the Chinese scoring system were 0.764 (95% CI: 0.714–0.808), 0.731 (95% CI: 0.694–0.769), and 0.724 (95% CI: 0.679–0.765), respectively, which were significantly higher than those for the other three scoring systems (see Table 4, P < 0.001).


Table 4. The ability to predict and differentiate disease outcomes at different times with different scoring systems.
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Comparison of the Performance Predicting Short-Term (30 Days) Prognosis for Patients With Hepatitis B Liver Failure Using the Chinese Scoring System, MELD Score, MELD-Na Score, and CTP Score

The area under the ROC curve with the total score from the Chinese scoring system was 0.783 (95% CI: 0.732–0.865) and the standard error was 0.026, with P < 0.001, suggesting good predictive performance. The areas under the ROC curves for the MELD score, MELD-Na score, and CTP score were 0.706 (95% CI: 0.623–0.778), 0.716 (95% CI: 0.644–0.779), and 0.686 (95% CI: 0.623–0.767), respectively, which were significantly lower than that for the Chinese scoring system (see Figure 4 and Table 5).


[image: Figure 4]
FIGURE 4. The ROC curve of predicting short-term (30 days) prognosis of patients with hepatitis B liver failure among the Chinese scoring system, MELD score, MELD-Na scoring, and CTP scoring. CTP, Child-Turcotte-Pugh; MELD, model for end-stage liver disease; ROC, receiver operating characteristic.



Table 5. Comparison of the area under the ROC curve of predicting short-term (30 days) prognosis of patients with hepatitis B liver failure among Chinese scoring system, MELD score, MELD-Na scoring, and CTP scoring.
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Comparison of the Performance Predicting Long-Term (180 Days) Prognosis for Patients With Hepatitis B Liver Failure Using the Chinese Scoring System, MELD Score, MELD-Na Score, and CTP Score

The area under the ROC curve with the total score from the Chinese scoring system was 0.748 (95% CI: 0.692–0.837) and the standard error was 0.022, with P < 0.001, suggesting good predictive performance. The areas under the ROC curves for the MELD score, MELD-Na score, and CTP score were 0.657 (95% CI: 0.588–0.725), 0.676 (95% CI: 0.605–0.743), and 0.682 (95% CI: 0.621–0.752), respectively, which were significantly lower than that for the Chinese scoring system (see Figure 5 and Table 6).


[image: Figure 5]
FIGURE 5. The ROC curve of predicting long-term (180 days) prognosis of patients with hepatitis B liver failure among the Chinese scoring system, MELD score, MELD-Na scoring, and CTP scoring. CTP, Child-Turcotte-Pugh; MELD, model for end-stage liver disease; ROC, receiver operating characteristic.



Table 6. Comparison of the area under the ROC curve of predicting long-term (180 days) prognosis of patients with hepatitis B liver failure among Chinese scoring system, MELD score, MELD-Na scoring, and CTP scoring.
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DISCUSSION

MELD, MELD-Na, and CTP scores have been established to address the need to accurately identify patients with liver failure who require liver transplants. All three systems are widely accepted in the clinical setting. However, these models were constructed using clinical data largely from patients with liver failure in Europe and the United States where the major etiologies for liver failure are alcohol, drugs, hepatitis C, and cholestasis. In contrast, hepatitis B represents the dominant etiology for liver failure in China and is responsible for 85% of liver failure cases in the country (11). Therefore, these three models (12, 13) may not completely fit Chinese patients with liver failure. As noted by Lin Xianfeng et al. (14), the MELD score failed to accurately predict the prognosis of 327 Chinese patients with hepatitis B liver failure. One factor that may have affected this result is that patients with HBV liver failure do not respond well to comprehensive treatment and often need an artificial liver, liver transplant, or other treatment urgently. The other factor is that chronic HBV infection may exhaust the immunity of patients, leading to severe complications. A new system that considers these factors is required (15).

Child-Turcotte-Pugh (CTP) score has been widely employed in managing patients with liver diseases because of its simplicity and ease of calculation. However, it is often hindered by a lack of consistency as CTP is mainly based on albumin level and prothrombin time, both of which can be masked if exogenous albumin and plasma products are infused. In addition, hepatic encephalopathy and ascites measurement can be subjective and variable. CTP only consists of three grades with a narrow score range of 5–15, which limits the ability to differentiate. Patients with the same score may differ greatly in the severity of the liver disease.

Although the MELD and MELD-Na scoring systems are recognized as easy to use, reproducible, and accurate in clinical applications, they bear an inherent limitation because they only include bilirubin, coagulation function, renal function, and etiology, while excluding the complications of liver failure (infection, hemorrhage, hepatic encephalopathy, brain edema, or ascites). The Na concentration in the MELD-Na scoring system can be easily affected by insufficient intake, diuretics, or sodium pump failure (12, 16–20). A study conducted in China (21) showed that the AUC of MELD and MELD-Na scores for the 12-week outcomes of patients with hepatitis B-related liver failure was only 0.731, 0.735, and 0.773, respectively, and the sensitivity was below 0.7.

This prospective study conducted at seven large liver disease centers across China showed that the Chinese scoring system better distinguished patients that survived from those who did not, in comparison to MELD (P < 0.001). The area under the ROC curve for the Chinese scoring system was 0.954 in the peak disease stage, suggesting a stronger ability to grade the severity of the liver failure. The AUC for the MELD scoring system was 0.896, which was relatively high, but significantly lower than that for the new scoring system (P < 0.001). We also found that the efficiency in predicting outcomes on the 30th, 90th, and 180th days after discharge with the Chinese scoring system was significantly higher than that with MELD, MELD-Na, and CTP (P < 0.001).

Massive or submassive liver injury following a flare-up of HBV replication or HBV reactivation compromises synthetic, metabolic, and detoxification functions in the liver, leading to reduced albumin levels and ascites, hyperbilirubinemia, decreased PTA, increased international standard ratio of prothrombin (INR), and hepatic encephalopathy. In addition, a severely injured liver may also hurt Kupffer cell function and reduce complement levels that may limit the anti-infective capacity. The accumulation of toxins and a decrease in renal blood flow may facilitate hyperbilirubinemia, renal function insufficiency, or even renal failure. In theory, the severity of liver failure among different individuals can be indicated by biomarkers that reflect critical alterations in the pathophysiology of liver failure. Thus, we formulated this new scoring system to improve severity grading and outcome prediction. A total of seven clinical indicators of hepatitis B liver failure are included in the Chinese scoring system, consisting of not only objective indicators such as Cr, total bilirubin, PTA, and liver size but also the complications of hepatic encephalopathy, ascites with pleural effusion, and pulmonary infection, which reflect the pathophysiological changes resulting from hepatitis B liver failure. The score boundary point was confirmed using the interactive chi-squared test, guided by the principle that emphasizes simplicity and clarity. Each index is graded between 0 and 4 points, allowing a high degree of differentiation that increases prediction accuracy. This new scoring system utilizes common clinical indicators, which can be routinely ordered to allow easy and wide applications.

This new scoring system demonstrated superior performance in grading the severity and predicting the outcomes of HBV liver failure in this cohort compared to the three established scoring systems, representing progress in improving the management of HBV liver failure. However, our findings will need further verification in larger cohorts that include not only patients with HBV liver failure but also those with liver failure with other etiologies.
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Acute-on-chronic liver failure (ACLF) is a multifaceted condition with poor treatment options and high short-term mortality. ACLF can develop in patients with or without liver cirrhosis, where patients with decompensated cirrhosis display a higher risk of short-term mortality. Pathophysiological mechanisms include systemic inflammation due to bacterial and fungal infections and acute hepatic insult with drug, alcohol, and viral hepatitis. Cryptogenic factors also contribute to the development of ACLF. The clinical outcome of patients with ACLF gets further complicated by the occurrence of variceal hemorrhage, hepatorenal syndrome, hepatic encephalopathy, and systemic immune dysfunction. Regardless of the better understanding of pathophysiological mechanisms, no specific and definitive treatment is available except for liver transplantation. The recent approach of regenerative medicine using mesenchymal stem cells (MSCs) could be advantageous for the treatment of ACLF as these cells can downregulate inflammatory response by inducing antiinflammatory events and prevent hepatic damage and fibrosis by inhibiting hepatic stellate cell activation and collagen synthesis. Moreover, MSCs are involved in tissue repair by the process of liver regeneration. Considering the broad therapeutic potential of MSCs, it can serve as an alternative treatment to liver transplant in the near future, if promising results are achieved.
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INTRODUCTION

Acute-on-chronic liver failure (ACLF) is a serious condition which develops in patients with chronic liver disease (CLD) with compensated and decompensated cirrhosis. ACLF is defined as acute hepatic decompensation, development of multiorgan failure, and high risk of short-term mortality (1–3). Based on different diagnostic criteria, various international consortiums around the world projected distinct definitions for this syndrome. Until now more than 13 different definitions of ACLF have been proposed, but the definitions of the Asian Pacific Association for the Study of the Liver (APASL) ACLF Research Consortium and the European Association for the Study of the Liver-Chronic Liver Failure (EASL-CLIF) Consortium are widely acknowledged (1, 2). There is heterogeneity present between different definitions related to the underlying CLD, precipitating events, and multi-organ failure, though, different definitions provide their consensus over high short-term mortality. Later, it was suggested that the differences in definitions are associated with discrete epidemiology of liver diseases in the Eastern and Western Hemispheres. Recently, North America Consortium for the Study of End-Stage Liver Disease (NACSELD) introduced another definition of ACLF, which defines ACLF as a condition that develops in CLD patients with or without cirrhosis. NACSELD definition also agreed that with high short-term mortality in these patients in the absence of the proper management of underlying liver disease, liver support, and liver transplantation (4) studies are focusing on the further validation of the current definition of ACLF. Management of the underlying cause of CLD with suitable therapies, including antivirals for hepatitis B (HBV)- and hepatitis C virus (HCV)-related liver disease, alcohol abstinence in alcoholic liver disease (ALD), and immunosuppressive therapies in autoimmune liver disease may avoid or reverse the development of cirrhosis (5–7). Contrarily, if the underlying cause is left untreated or it persists in patients with compensated cirrhosis, extended hepatic necrosis can destroy hepatic architecture, increase intrahepatic resistance, portal hypertension, damage liver parenchymal cells, and subsequently cause acute decompensation of the disease (8–10). Since, ACLF may establish at any phase of the disease from CLD to compensated to early or late decompensated cirrhosis, it is not considered as a terminal incidence of long-standing decompensated cirrhosis (11), although the risk of mortality is significantly higher in patients with compensated and decompensated cirrhosis in comparison with the general population (12) (Figure 1). In the present review, we will focus on the discrete pathophysiological mechanisms, complications, and management of patients with ACLF.
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FIGURE 1. Development of ACLF in different stages of liver disease. ACLF can develop directly in patients with chronic liver disease (CLD), compensated and decompensated cirrhosis or it may progress slowly from CLD to compensated and decompensated cirrhosis and eventually develop into ACLF. However, development of ACLF in patients with compensated and decompensated cirrhosis inflict higher risk of mortality.




PATHOPHYSIOLOGICAL MECHANISMS IN ACLF


Systemic Inflammation

Current advancements in the understanding of the pathophysiological basis suggest that hyperreactive systemic inflammatory response is a critical driver of tissue damage and organ injury in patients with acutely decompensated cirrhosis leading to the development of ACLF (13). Extensive production of inflammatory mediators including cytokines, chemokines, growth factors, bioactive lipid mediators, and expression of chemokine receptors by different immune cells induce systemic inflammation, immune-mediated tissue damage, and subsequently liver failure (14–19). Activated immune cells release other mediators such as proteases, reactive oxygen species (ROS), prostaglandins, and leukotrienes that further aggravate tissue damage (16, 20).

Systemic inflammation may occur in the presence and absence of identifiable and non-identifiable triggers. Identifiable triggers may include bacterial infections, excessive alcohol consumption, and relapse of chronic viral hepatitis, whereas non-identifiable triggers do not have any clinically identifiable cause (21–23). The mechanism of inflammation is not very well-characterized. It is believed that bacterial products and endogenous molecules are potential inducers of inflammation. Patients with acute decompensated cirrhosis and ACLF may develop systemic inflammation even in the absence of bacterial infections and their translocation through the release of damage-associated molecular patterns (DAMPs) from injured tissues and organs (24, 25). Various components of injured or dying cells including cytosol, mitochondria, and nucleus release DAMPs by the process of necrotic, pyroapoptotic, and necroapoptotic cell death which contribute to inflammation (26, 27). Cell death mechanisms including apoptotic pathways influence the recovery of HBV-related ACLF (28). Recently, it has been identified that caspase-cleaved keratin-18 (ck18) can predict the progression of acute decompensation to ACLF (29). Biomarkers including caspase-cleaved neoepitope of cytokeratin-18 and intact cytokeratin-18 variant recognized as M30 and M65, respectively have been investigated in ACLF. A higher ratio of M30:M65 in patients with ACLF can serve as a good indicator of apoptosis severity (30).

Host immune and genetic factors exaggerate systemic inflammation. Different immune cells including monocytes, macrophages, neutrophils, natural killer cells (NK cells), myeloid-derived suppressor cells (MDSCs), CD4, CD8, and Th17 cells immensely contribute to cytokine and chemokine production (16, 31–36) leading to cytokine storm, systemic inflammation, and cell death (Figure 2). In fact, various immune surface molecules comprising chemokine receptors and coinhibitory molecules derive inflammatory responses leading to necrotic and apoptotic cell death and further aggravate hepatic damage (16, 37, 38). Similarly, host genetic factors, for instance, single nucleotide variants might modulate the release of inflammatory mediators by innate immune cells and can change the expression of pattern recognition receptors (PRRs). Genetic variations in genes coding for innate immune receptors including nucleotide-binding oligomerization domain (NOD)-2, mannan-binding lectin (MBL), and MBL-associated serine protease (MASP)-2 are associated with increased short-term mortality in ACLF and patients with acute decompensation (39). In addition, single nucleotide polymorphism with IL-1 gene clusters plays a protective role in patients with acute decompensated cirrhosis by controlling systemic inflammation and reducing the development of ACLF (40).
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FIGURE 2. Immune dysregulation is a critical factor in the pathophysiology of ACLF. Excessive immune activation drives systemic and intrahepatic cytokine storms in patients with ACLF leading to inflammation. Enormous cytokine secretion in the liver results in the infiltration of circulating immune cells that further induce hepatic damage. Subsequently, an antiinflammatory response is generated to control excessive inflammation. However, excessive antiinflammatory response by regulatory cells impairs the function of other immune cells by inhibiting their antimicrobial and phagocytic activities, cytokine secretion, and T cell proliferation. The overall immune dysregulation increases the risk of infection and sepsis development. In addition, it induces distinct cell death related pathways in the liver, causing multiorgan dysfunction leading to high mortality. MØ, macrophage; NK cells, natural killer cells; MIP-3, macrophage inflammatory protein; TNF-α, tumor necrosis factor- α; IFN-γ, interferon-γ; ROS, reactive oxygen species; GM-CSF, granulocyte macrophage colony stimulating factor; Arg1, arginase-1; PGE2, prostaglandin E2; MDSC, myeloid derived suppressor cells; Tregs, regulatory T cells; TGF-β, transforming growth factor-β.




Immune Cell Paralysis and Immunosuppression

Immunosuppression also acts as a potential contributor to the pathogenesis of ACLF mainly through the amplification of immune paresis that further increases the risk of bacterial infections (41). MER receptor tyrosine kinase (MERTK) expression on monocytes and macrophages are known to suppress innate immune cells. MERTK expressing monocytes and macrophages were increased in the circulation, liver, and lymph nodes of patients with ACLF and correlated with severity of hepatic and extrahepatic systemic inflammatory response and disease (42). MERTK expressing monocytes exhibited decreased response toward lipopolysaccharide (LPS), and its blockade with UNC569 restored monocytes function (42). Patients with ACLF do not only have a hyperactive inflammatory response, but also hyper antiinflammatory response and dysfunctional immune response exist in parallel. Interestingly, hyperinflammatory and immunosuppressive conditions both coexist in the same individual. However, the prevalence of one or the other depends on sequential and longitudinal aspects. Circulating and intrahepatic immune cells may act differently. Circulating immune cells might display inflammatory phenotype whereas hepatic immune cells may exhibit antiinflammatory phenotype since the liver is an immunotolerogenic organ (38, 43).

An intense antiinflammatory response along with immune dysregulation and exhaustion are associated with immune cell paralysis (44). Inhibitory pathways also exist to maintain immune homeostasis and avoid the overactivation of immune cells; however, hyper-reactive inhibitory pathways cause immune exhaustion and paresis. High expression of programmed death-1 (PD-1) and T-cell immunoglobulin and mucin domain 3 (TIM3) play a crucial role in the immune paresis in patients with alcoholic hepatitis (45). Immunosuppression in alcoholic hepatitis is associated with the pathogenesis of ACLF. Patients with ACLF show a similar degree of cellular immune depression as in severe sepsis that contributes to increased infectious morbidity in these patients (46). Also, patients with ACLF display highly compromised tumor necrosis factor-α (TNF-α) production and HLA-DR expression under ex vivo conditions (46). Moreover, immune dysfunction in ACLF is independent of the underlying etiology of liver cirrhosis and is common in all patients. Increased level of prostaglandin E2 (PGE2), an immunosuppressive lipid mediator, inhibits TLR4 expression. PGE2 also inhibits macrophage proinflammatory cytokines in response to LPS; thus, it decreases macrophage bacterial killing in ACLF (47). Expansion of CD14+HLA-DR- MDSCs in the circulation of ACLF decreases T cell proliferation, TNF-α production following TLR stimulation, and has reduced phagocytic potential against E. Coli (48). Since MDSCs can impair both innate and adaptive responses to microbial products, it enhances the risk of infections and displays great pathological significance. Immunosuppression also contributes to acquire nosocomial infection in ACLF (49). Generally, it is speculated that immunosuppression is a regulatory mechanism to control the exaggerated inflammatory response; however, there is no proof of the concept, and future studies are required to determine whether the development of systemic inflammation and immunosuppression associate with each other during ACLF.



Extensive Alcoholism

A high percentage of ACLF cases develop due to excessive alcohol consumption leading to severe alcoholic hepatitis (sAH) and further development of ACLF (50). CANONIC study reported that 25% of ACLF cases occur due to sAH (1). Alcohol not only impairs immune responses but also enables gut bacterial translocation that initiates inflammation (51). One of the most compelling direct effects of alcohol is that it affects the structure and integrity of the gastrointestinal (GI) system as this is the first point of contact for alcohol. Alcohol alters the numbers and relative plethora of gut microbiome affecting the normal gut function, maturation, and function of the immune system, further disturbing the crosstalk between gut organisms and immune system (52). Moreover, alcohol ingestion destructs epithelial cells, activates neutrophils, and T cells, upsetting gut barrier function, resulting in the leakage of microbes into the circulation (50). Disturbance of gut barrier function has critical consequences beyond the intestinal system. Leakage of bacterial products such as LPS from the gut activates the innate immune system in the liver, prompting inflammation and eventually causing liver cirrhosis and cancer (53). Irrespective of whether the bacteria from leaky gut causes infection or not, they release pattern-associated molecular patterns (PAMPs) including LPS that reach the liver and get recognized by toll-like receptors (TLRs) present on hepatic Kupffer cells (KCs), and encourage the production of proinflammatory cytokines and chemokines that chemoattract neutrophils (54). It is well-documented that acetaldehyde metabolism induces ROS. Abundance of ROS causes mitochondrial DNA stress that generates inflammatory response and subsequently contributes to liver failure (55). Moreover, sAH hampers liver regeneration despite the presence of activated hepatic progenitor cells (HPCs) that fail to differentiate into hepatocytes and hence, no replacement of damaged hepatocytes occurs (56). In addition, cumulative effects of alcohol on both innate and adaptive immunity tremendously weaken the host defense, which in turn increases the susceptibility of chronic drinkers toward various infections that further exaggerate systemic inflammation. In fact, it has been reported that alcohol exposure restricts the development of the immune system in the fetus, shown by in utero exposure of alcohol. This exposure escalates the risk of a newborn of getting an infection (57). Also, the harmful effects of alcohol on the development of the immune system last into adulthood. Collectively, these findings propose that sAH might be the result of both impaired hepatocyte regeneration and immunopathology.



Viral Infections
 

HBV Reactivation

Development of ACLF is attributed to both viral and host factors. HBV viral factors include its genotypes, hepatitis B e antigen (HBeAg) status, and mutations in the HBV precore and core promoter regions (58). High viral replication of certain variants has been associated with a more hostile disease course. A strong correlation between HBV DNA level and the development of cirrhosis and HCC has been reported in patients infected with chronic HBV (59).

Hepatitis B virus reactivation is one of the most common precipitating events associated with acute decompensation or ACLF in patients with HBV related cirrhosis (60). HBV reactivation is a well-characterized condition, marked by an abrupt reappearance or rise of HBV DNA in patients with previously inactive or resolved HBV infection. Reactivation is often spontaneous, but can also be triggered by immune suppression or alterations in immune function and after cancer chemotherapy (61). However, the main challenge in diagnosing reactivation of CHB is to differentiate it from acute hepatitis B due to the lack of pathological evidence. A low titer of anti-HBc IgM and high HBV DNA are useful in identifying severe acute reactivation of HBV from acute HBV (62). Also, the presence of basal core promoter mutation and precore stop codon mutations can differentiate severe acute exacerbations of chronic HBV from acute HBV infection (63). Moreover, submissive hepatic necrosis helps in distinguishing HBV-related ACLF from cirrhotic patients with acute decompensation (64). Patients with submissive hepatic necrosis display severely compromised hepatic function, high occurrence of multiorgan failure, and a smaller interval between acute decompensation and liver transplantation. Patients with ACLF with hepatic precipitants, such as HBV reactivation, have short-term mortality similar to patients with extrahepatic precipitant, suggesting that short-term mortality is not related to the presence and type of precipitating events (65). Rather it is the number of organ failures that are related to high mortality and not the etiology of cirrhosis or precipitating events.

Recently, plasminogen, an inactive precursor of plasmin, a potent serine protease that is involved in the dissolution of fibrin blood clots, served as a promising prognostic biomarker for HBV-related ACLF (66). The study reported that P5 is a high-performance prognostic score for HBV-related ACLF and it causes a decrease in plasminogen level at admission associated with mortality. Longitudinal analysis reveals a gradual increase in plasminogen in HBV-related ACLF survivors, but a steady decline in non-survivors. The changes in plasminogen levels imitated the course of improvement, fluctuation, and deterioration. Of note, plasminogen levels were negatively associated with the number of failed organs and were lower in patients with cerebral and coagulation failure, suggesting plasminogen as an independent prognostic factor.



Hepatitis E Virus Infection

Hepatitis E virus (HEV) infection is one of the commonest causes of acute viral hepatitis (AVH) around the globe, especially in Asia and Africa, where it causes the epidemic of AVH (67). HEV infection is mostly transmitted through the feco-oral route, and the clinical manifestations differ between patients ranging from asymptomatic infection to uncomplicated AVH and severe fulminant liver failure. Generally, AVH, owing to HEV infection, is an acute and self-limiting illness; however, when it occurs in CLD patients, it may progress rapidly to ACLF resulting in high mortality. Several studies reported HEV infection as one of the main causes for decompensation of cirrhosis in Asia and Africa, where HEV is an endemic. In almost 21% cases of ACLF, HEV infection was the precipitating cause for liver decompensation accounting for 0–67% mortality (67). Though it differs strikingly from the Western countries where HEV infection is hardly the main cause of acute decompensation in ACLF, a Chinese study reported that out of 188 patients with CHB, 136 encountered superinfections with HEV and only 52 patients had hepatitis A virus (HAV) superinfection. Also, complications, liver failure, and mortality were frequent in HEV infected groups, indicating HEV superinfection causes more severe liver disease and poor prognosis than those with HAV superinfection (68). Another study from India reported that 61% of ACLF cases had HEV infection as the main precipitant event, 33% had HAV, and 6% had both the infections (69). Since there is no recommended vaccine against HEV, appropriate precautions such as ingestion of boiled water and well-cooked food in the HEV-endemic regions are required to avoid HEV superinfection. Moreover, ribavirin can be used for the treatment of acute and chronic hepatitis E (70) and can decrease the severity of the disease in patients with acute and chronic liver failure. Though the optimization of the dose and duration is critical as treatment failure may occur, a course of 3 months is the optimal duration for the ribavirin monotherapy, and longer treatment periods are available for the patients with severely compromised immune function (71).




Autoimmune Hepatitis

Autoimmune hepatitis (AIH) in an infrequent condition but associated with liver disease-related morbidity and mortality. AIH is an immune-mediated, inflammatory condition of the liver, which occurs when the host immune system turns against the liver cells. It is characterized by the presence of circulating autoantibodies, hypergammaglobulinemia, and discrete features on liver biopsy (72) that mainly present necroinflammatory liver disease. It may also include discrete disease subtypes ranging from benign chronic hepatitis and indolent disease to fulminant hepatic failure. Nearly, 20% of patients with AIH present severe jaundice, coagulopathy, and encephalopathy with or without ascites coinciding with the features of ALF or ACLF (73). Clinically it is difficult to distinguish autoimmune-ALF from ACLF (74); though histological features are distinct (74, 75). In AIH-related ACLF, advanced fibrosis, ductular reactions, and huge parenchymal collapse with lymphoplasmacytic inflammation are common, whereas lymphoid aggregates and perivenulitis are less frequent (74). Since AIH is considered uncommon in the Asian Pacific region, AIH flare as a cause of ACLF is frequently disregarded leading to disease severity, delay in treatment, and poor outcome. Treatment options for AIH-related ACLF includes the use of corticosteroids, which demonstrated survival benefits compared with those who did not receive it; although, patients with high MELD score >27 and HE in advanced fibrosis (>−F3) displayed poor corticosteroid response, serving them as predictors of an unfavorable response (74). As AIH is a rare disorder, data is quite limited in this field requiring further investigations.




COMPLICATIONS IN ACLF


Bleeding

Acute variceal bleeding is a serious complication of liver cirrhosis resulting from portal hypertension. Variceal bleeding is often associated with ACLF and accounts for 70% of all upper gastrointestinal bleeding episodes in cirrhosis (76). Patients with ACLF display an imbalance in systemic and hepatic hemodynamics with severe portal hypertension and worsening of systemic vasodilation (77). The increased portal pressure arises as a consequence of hepatic and systemic inflammation, reduced hepatic perfusion, and high intrahepatic resistance. As patients with ACLF have high baseline hepatic venous pressure gradient and lower hepatic blood flow, the chances of variceal bleeding are also high (78). Although a significant progress has been made in the treatment of acute variceal bleeding comprising transjugular intrahepatic portosystemic shunt (TIPS) (79), endoscopic treatment, and drug therapy, 10–20% of the patients experience treatment failure that associate with a high short-term risk of further liver decompensation and death (80). Recently, a study reported the prevalence of ACLF in patients with acute variceal bleeding and found its association with rebleeding and mortality (79). ACLF nearly doubled the risk of rebleeding and emerged as an independent risk factor for rebleeding and mortality in acute variceal bleeding patients. Patients with ACLF with variceal bleeding may benefit from the placement of TIPS. In fact, the insertion of TIPS improves the 42-day and the 1-year survival in patients with ACLF (79). Also, preemptive placement of TIPS is helpful in patients with ACLF with acute variceal rebleeding.



Hepatic Encephalopathy

Hepatic encephalopathy (HE) is another frequent manifestation of ACLF. Localized and systemic alterations on the background of cirrhosis are accountable for the pathogenesis of encephalopathy. However, the exact pathophysiological mechanism of HE is not well-defined. Patients with HE manifest a range of neuropsychiatric symptoms including sensory abnormalities, psychomotor dysfunction, and impaired memory (81). Hyperammonemia, systemic inflammation including sepsis, bacterial translocation, insulin resistance, and oxidative stress remain as key factors in the development of HE, driving cerebral edema and inflammation (82). Since, patients with chronic liver failure frequently undergo immunoparesis, an association between ammonia and inflammation has been anticipated. During liver failure, reduced usage of ammonia as a substrate in the ammonia detoxification pathway (urea cycle) and portosystemic shunting increases ammonia accumulation in the systemic circulation (83). Also, impaired hepatic metabolism leads to decreased elimination of nitrogen-based waste products such as ammonia which crosses the blood–brain barrier, where it combines with glutamate to form glutamine (84). Cerebral accumulation of glutamine employs an osmotic effect that leads to increased retention of water in the brain, resulting in swelling and cytotoxic edema. HE in a hospitalized cirrhotic patient is related to high mortality that further increases in case of patients with ACLF (82). The effect of the systemic inflammatory response on ammonia-induced neurological dysfunction has been defined in cirrhotic patients hospitalized with an infection. In fact, systemic inflammation in patients with progressive HE is associated with mortality (85). Existence of severe HE in cirrhotic patients requires management in the ICU, and patients frequently require tracheal intubation for airway protection (86). Careful sedation is also needed. For the precise management of HE, the early step is to identify and reverse any precipitating event such as infection or bleeding (87). Therapies lowering ammonia are commonly used. Moreover, lactulose, a non-absorbable disaccharide that converts into short-chain fatty acids by the colonic microbiome generates an acidic environment, leading to the inactivation of ammonia-producing colonic bacteria, and the conversion of ammonia to non-absorbable ammonium (88). Antibiotics are also recommended (89), generally in combination with lactulose that is helpful in reducing mortality and the length of hospital stay in comparison with lactulose alone (90). As ammonia is considered a key participant in the pathogenesis of HE, antibiotics that reduce the ammonia-producing enteric bacteria including vancomycin, neomycin, paromomycin, and metronidazole are used in combination with or without lactulose (89). These antibiotics serve as second-line agents; though, few of the antibiotics are not acclaimed for long-term use due to nephrotoxicity, ototoxicity, and neurotoxicity. For instance, neomycin is ototoxic and nephrotoxic, whereas metronidazole has neurotoxic effects. Another antibiotic Rifaximin, a nominally absorbed oral antimicrobial agent, is highly efficacious in treating HE through eliminating ammonia-producing colonic bacteria, resulting in reduced ammonia concentration. Rifaximin is poorly absorbed and has minimal systemic bioavailability which favors its long-term use than the other antibiotics (91).



Concomitant Infection
 

Bacterial Infection

Patients with ACLF are prone to develop infection. Bacterial infections play an essential role in the development and further progression of ACLF, and participate either as a key precipitating event or as a complication (92). At the time of ACLF diagnosis, approximately 37% of the patients exhibit bacterial infections, whereas 46% of the remaining patients with ACLF develop bacterial infections during the 4 weeks follow-up (93). Both Gram-positive and Gram-negative bacteria contribute to the infection (21). The incidence of Gram-positive bacterial infections mainly Staphylococcus are increasing than the Gram-negative bacterial infections. The common Gram-positive bacteria includes Staphylococcus aureus and Enterococcus (94). S. aureus causes respiratory tract and also skin infection, whereas Enterococcus frequently causes urinary tract infection. Besides, due to the improper use of antibiotics, antimicrobial resistance including methicillin-resistant S. aureus (MRSA) and Vancomycin-resistance Enterococcus (VRE) is also increasing in patients with cirrhosis (95, 96). The common Gram-negative bacteria causing infections include Escherichia coli and Klebsiella pneumoniae (97). E. coli instigate spontaneous bacterial peritonitis (SBP), whereas Klebsiella pneumoniae is a common cause of pneumonia. Another Gram-negative bacteria Acinetobacter causes respiratory tract infection. In ACLF, urinary tract, and also skin infections, pneumonia, and SBP are predominant and complicate the condition of these patients (98). In fact, the severity of ACLF measured by the prevalence of organ failure and mortality was higher in patients where ACLF was caused by an infection in comparison to those with non-infectious etiologies (99).

Patients with bacterial infections exhibited a higher grade of systemic inflammation, worse clinical course, and lower probability of 90-day survival than those without infection (100). Cirrhotic patients, especially the decompensated ones, are extremely susceptible to develop bacterial infection due to impaired gastrointestinal barriers and increased gut permeability that allows bacterial translocation to the surrounding tissues and end up in the blood stream leading to systemic inflammation, sepsis, and ACLF development (101). Continuous translocation of bacteria and its products stimulate the immune cells after identification by pathogen-recognition receptors, typically TLRs, causing overwhelming inflammatory response via producing inflammatory cytokines (25). High levels of circulatory proinflammatory cytokines induce systemic inflammation and increase disease severity. Further, systemic inflammatory responses encourage organ damage through oxidative stress, endothelial dysfunction, and reduced organ perfusion. Also, pathogen and pathogen-derived endotoxins are efficient in promoting direct tissue damage (49). In general, hepatocytes are moderately protected against LPS-induced tissue damage via the induction of NF-κB pathway; however, this mechanism is impaired in cirrhotic patients causing direct tissue damage (102, 103). Moreover, translocation of bacteria or their PAMPs impair the contractility of mesenteric vessels that supply blood to the small and large intestines and increase portal hypertension in cirrhotic patients, which further affect the microbiota and increase bacterial translocation (104). Studies believe that liver, intestinal barrier and microbiota, and immune response preserve equilibrium through complex interactions, and perturbation in this balance leads to increased gut permeability, although the precise mechanism is not clear.

Early diagnosis and appropriate antibiotic use on time are critical factors to improve the prognosis of patients with bacterial infections. Also, biomarkers of infection may aid in the early diagnosis of infection. Acute-phase proteins including C-reactive protein (CRP) and procalcitonin (PCT) are early markers of infection that are frequently used to diagnose the infection (49). A study described that a value of CRP >12.15 mg/L is a good indicator of bacterial infection in patients with ACLF (105). Unfortunately, due to the increased use of antimicrobial agents, antimicrobial resistance has increased over the years. In fact, a study advocated against the use of antibiotics except in distinct conditions such as gastrointestinal bleeding, history of SBP, and ascites fluid protein concentration <1.5 g/dL (95). However, that cannot be considered in patients with septic shock, as each hour delay in antibiotic treatment following identified hypotension can decrease patient's survival up to 7.6% for the first 6 h (106). Due to the prolonged wait time in getting bacterial culture results, we lose vital time to treat the patient with antibiotics; however, antibiotic treatment without identifying the infection will put unwarranted stress on the liver; therefore, techniques that could identify the infections in short span of time are highly needed.



Fungal Infection

Persistent impaired immune response and hepatocyte damage reduce the efficiency of inhibiting and clearing the pathogen in ACLF. A study reported the occurrence of invasive fungal disease in 43% of patients with ACLF and observed higher mortality in these patients than those without the invasive fungal disease (107). Candida as well as Aspergillus species are the common infections in ACLF and primarily infect urinary and respiratory tracts (108, 109). Like a bacterial infection, a fungal infection could act as the main precipitating event in ACLF; however, the mechanism is not well-recognized. It is believed that the exacerbation of ACLF induces immune paralysis, which can lead to invasive fungal infection (108). In addition, the invasive fungal disease is also responsible for increased inflammatory cytokine response that further augments organ failure (107). To identify the fungal infection, specific tests including fungal culture, serologies, and fungal tissue staining are required (108). The invasive fungal infection is diagnosed by 1,3-β-D-glucan and galactomannan index (110). Recently, it has been shown that bacterial and fungal infections are associated with poor clinical course and high 28 and 90-day mortality (111). Fungal infections not only increase short-term (28 days) and medium term (90 days) mortality, but also enhance the risk of 1-year mortality. This finding allows identifying patients with ACLF who survive an infection but are intended for a poor long-term prognosis; hence, close monitoring and specific management is demanding in these patients. The identification of an infection at the initial stage is the most challenging. The current approach is to culture the patient's sample, which is a time-consuming process and inclined to crosscontamination. Therefore, it is critical to identify the infection based on the other clinical markers. Currently, the most common indicators of infection are systemic inflammatory response syndrome (SIRS), PCT, serum lactate, and few others (95, 112). Although few studies support the relation between SIRS and infection in liver disease patients without sepsis, others question the sensitivity of SIRS in critically ill and cirrhotic patients.





STRATEGIES FOR THE MANAGEMENT OF ACLF

At present, there is no specific treatment accessible for patients with ACLF. The management of ACLF includes etiology-based treatment, controlling and treating complications, providing artificial liver support system, and liver transplantation, summarized in Figure 3 and further detailed below. Admission of patients with ACLF should be considered preferably in transplant centers. Organ functions need to be monitored closely and organ-specific treatment is required to restrict the development of multiorgan failures.
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FIGURE 3. Schematic diagram indicating therapeutic strategies for the management of ACLF. The figure demonstrates different treatment options for patients with ACLF based on their etiology, precipitating events, complications and the requirement of liver transplantation. Several clinical trials are investigating the efficacy of stem cell therapy as one of the potential therapeutic approach for the treatment of ACLF. G-CSF: granulocyte macrophage colony stimulating factor.



Antivirals for the Treatment of HBV-Related ACLF

The primary aim to use antiviral for the treatment of HBV-related ACLF is to substantially decrease the viral load, thereby inhibiting hepatocyte cell death and improving survival outcomes by constraining the decompensation-related multiorgan complications. Low HBV DNA level at baseline and a further reduction in viral load improve the outcomes in HBV-related ACLF, suggesting that early implementation of antiviral therapy could improve the prognosis of HBV-related patients with ACLF (113). A two log reduction in HBV DNA at 2 weeks improves survival benefits in HBV-related ACLF (114). Antiviral therapy also increases the chances of stabilization to liver transplant time and expands the transplant outcomes. Antivirals including Lamivudine and Entecavir (ETV) displayed short-term survival benefits in HBV-related patients with ACLF, despite the prevalence of drug resistance with Lamivudine (115). Recently, a study demonstrated the role of Tenofovir Disoproxil Fumarate (TDF) and ETV for the treatment of HBV-related ACLF and reported that the short-term efficacy of TDF is greater than ETV (115). Furthermore, TDF showed a higher reduction in HBV DNA level and undetected HBV-DNA in 2 weeks and lowered the model of end stage liver disease (MELD) as well as Child-Turcotte-Pugh (CTP) scores that are potential markers of disease severity. Importantly, the survival rate was higher in patients who received TDF than those who were treated with ETV. HBV-related patients with ACLF treated with Tenofovir Alafenamide (TAF), TDF, and ETV have comparable 48-weeks liver transplant-free survival (116). TAF have similar efficacy in HBV DNA reduction and liver biochemical responses as observed in TDF and ETV group. TAF, TDF, and ETV possess equal safety and efficacy in short as well as long-term treatment of HBV-related ACLF. Several studies demonstrated that ETV had comparable short-term efficacy with LAM; however, more promising in long-term (117). Due to the high incidence of drug resistance, clinical guidelines do not recommend the use LAM, whereas ETV has lower rates of resistance; therefore, widely used in clinical practice. In fact, antiviral treatment using ETV, TDF, and Telbivudine (LDT) is being given to pregnant females who encounter ACLF. These antivirals showed >2 log reduction in HBV DNA levels. A study by Yang et al. suggested that initial combinatorial use of antiviral is efficient in reducing short-term fatality in HBV-related ACLF (118).

The Asian Pacific Association for the Study of Liver Disease guidelines defines the importance of early administration of antiviral therapy in HBV-related ACLF and suggests that those patients with CHB, who need to undergo chemotherapy or immunosuppression procedures, require immediate antiviral treatment to prevent the consequences associated with HBV reactivation (119). While EASL and AASLD guidelines suggest that antiviral with a higher barrier to resistance are needed for patients in whom long-term antiviral prophylaxis is required, predominantly in patients who have higher HBV DNA levels before immunosuppressive therapy (120, 121).



Treatment for Alcohol-Related ACLF
 

Corticosteroids to Treat Alcohol-Related ACLF

Active alcoholism and sAH are the most common precipitating events in ACLF in the Western world that contribute to alcohol-related ACLF (122). Unfortunately, alcoholic hepatitis often advances into multiorgan failure, leading to high mortality. To treat sAH, corticosteroids remain the first line of treatment; however, they might not be effective in all patients due to non-response to corticosteroids (123). Therefore, it is critically important to calculate the efficacy of steroids by Lille score after 4 or 7 days of treatment, which is based on age, total bilirubin levels, baseline creatinine, albumin levels, prothrombin time, and repeat total bilirubin levels (124, 125). Based on the Lille scores, patients can be categorized into a full responder, partial responder, and non-responder having a Lille score of ≤0.16, 0.16–0.56, and >0.56, respectively. Therefore, Lille score is vital to decide whether corticosteroid therapy needs to be continued or stopped. However, the prospect of response to corticosteroids confide in the existence and non-existence of ACLF. Undoubtedly, the corticosteroid response is lower in patients with ACLF than those without ACLF, and further decreases with ACLF grades (126), which could be due to the fact that corticosteroids are more effective in patients at the preliver failure stage. Patients who have the Lille score <0.45 designate poor response to corticosteroids and poor survival rate at 6 months (125). On the other hand, corticosteroid responders get survival benefits, but due to the risk of bacterial infection, careful evaluation considering the risk to benefit ratio should be investigated prior to the introduction of corticosteroids in ACLF and sAH patients. Incidence of bacterial infection is higher in corticosteroid non-responder than in the responder. Prednisolone, a corticosteroid with antiinflammatory action is widely recommended at a dose of 40 mg/day to treat sAH patients (127). Although short-term use of corticosteroids has promising results, showing a reduced risk of 1-month mortality, long-term use does not appear useful and does not improve survival beyond 1 month (128). Since, infections are common in alcoholic hepatitis patients and corticosteroids suppress the immune system, by reducing the proinflammatory cytokines such as tumor necrosis factor-α, and increases antiinflammatory cytokines, including IL-10 to reduce inflammation, immune suppression mediated by corticosteroids will further increase the incidence of bacterial infection in these patients; therefore, long-term use of corticosteroids should be avoided to lessen the risk of bacterial infection. Furthermore, application of corticosteroid therapy imposes the risk of sepsis development; therefore, selection of patients for corticosteroid treatment is critical.



Pentoxifylline for the Treatment of Alcohol-Related ACLF

In addition to corticosteroids, Pentoxifylline (PTX) is also considered for the treatment of alcoholic hepatitis (127). PTX is a non-phosphodiesterase inhibitor that possesses antiinflammatory properties, inhibits TNF-α production, and has anti-fibrogenic properties (129). The useful effects of PTX are also related to the downregulation of IL-1, IL-6, transforming growth factor-beta (TGF-β), interferon gamma (IFN-γ), inhibition of stellate cell activation, and procollagen I messenger ribonucleic acid expression in rats (130). Moreover, it can efficiently decrease the risk of Hepatorenal Syndrome (HRS) (131). Serum TNF-α levels are elevated in ALD, especially in alcoholic hepatitis, and the use of infliximab and etanercept, TNF-α inhibitors, increased mortality in these patients; therefore, PTX appeared useful in preventing HRS in sAH patients.

Both Prednisolone and PTX are beneficial in treating sAH; however, PTX is possibly superior to prednisolone in the cases where contradictions exist for the use of corticosteroids. Studies also investigated the use of combination therapy of Prednisolone and PTX to treat sAH patients; however, the results did not show any additional benefits in terms of morbidity and mortality (132). While treatment of patients with sAH with PTX provides promising results, it is not recommended as a first line of treatment due to the lack of evidence for its efficacy in comparison to the standard treatment with corticosteroids. However, the American Association for the Study of Liver Disease guidelines recommended the use of PTX for sAH, particularly, when contradictions exist for the use of corticosteroids (133). Also, the European Association for the Study of Liver guidelines recommended the use of PTX for the cases where the presence of sepsis inhibits the use of corticosteroids (134).



N-Acetylcysteine for the Treatment of sAH

The underlying molecular mechanisms of alcoholic liver disease pathogenesis are multifaceted and have not been completely elucidated. However, oxidative stress has been shown to play a critical role in mediating the inflammatory response and causing liver damage (55). Therefore, a therapeutic strategy that could control or prevent oxidative stress might be helpful in patients with ALD. N-acetylcysteine (NAC) is an antioxidant that neutralizes free radicals by increasing the intracellular glutathione and counteracting oxidative stress and inflammation protecting cells from damage (135). In case of the liver, NAC protects against liver injury by restoring hepatic glutathione supplies (136). Hence, NAC might serve as an option for the treatment of sAH patients. Several studies investigated the efficacy of NAC for the treatment of ALD and inconsistent findings were revealed. A study by Nguyen-Khac et al. discovered that intravenous administration of NAC in combination with prednisolone may be beneficial for the patients with alcoholic hepatitis. The study reported that the combination of NAC + prednisolone improved 1-month survival in comparison with those patients who only received prednisolone. However, the combination of NAC + prednisolone did not improve 6-month survival (137). Also, recent studies confirmed no 90-day survival benefit of the combination use NAC + prednisolone over prednisolone alone (138) and combination of G-CSF + NAC and G-CSF alone (139). In fact, a high dose of intravenous NAC for 14 days along with enough nutritional support neither delivered any survival benefits nor early biological improvement in sAH. MELD score and bilirubin level also did not improve at 7 and 30 days and the trials were terminated due to futility (140).




Antimicrobial Therapies for the Treatment of Bacterial and Fungal Infections

A high percentage of patients with ACLF encounter infections either as a main precipitating event or as one of the complications in ACLF. In fact, one-third of the ACLF cases are infected with multidrug resistance (MDR) pathogens; however, that varies according to the region (100, 141). A broad spectrum of antibiotics is required if the infection is severe or MDR pathogens are present (49). Since a majority of the patients with ACLF reveal infection sooner or later, complete screening of infections is beneficial for early detection and quick antibiotic treatment. If CRP or PCT, predictors of infection, are positive, treatment should be given immediately. The selection of preliminary treatment is extremely important as it governs the patient's outcome. In the absence of suitable antibiotics, the risk of mortality increases to 74% (49). Also, therapeutic interventions primarily depend on the type, severity, and site of infection. Infections in ACLF could be community-acquired, healthcare-acquired, or nosocomial. If the infection is acquired through the community, third-generation cephalosporins are beneficial. In case of nosocomial infections, the selection of antibiotics with a broader antibacterial spectrum such as carbapenems is recommended. However, there is no standardized therapy for cirrhotic patients with nosocomial infection, as the local resistance spectrum needs to be considered. A randomized study for hospital-acquired SBP infection investigated the effect of Ceftazidime with Meropenem plus Daptomycin treatment and found that Meropenem plus Daptomycin enhanced the response to 86%, which was initially 25% (142). Further, it increased the probability of survival by 94% compared with 50% non-responders. Guidelines acclaim the use of Piperacillin/Compactum or Meropenem plus glycopeptides in nosocomial infections (143). Patients infected with SBP also require albumin replacement therapy to prevent HRS and improve outcomes (49, 144). Also, the presence of Gram-positive bacteria in cellulitis and soft tissue infections reveal the requirement of adding Oxacillin or glycopeptides. Regardless of suitable antibiotic treatment, bacterial infections display poor outcomes leading to worse clinical courses, high admissions in ICU, and short-term mortality in ACLF. Non-response to antibiotics might be due to either bacterial resistance or fungal infection requiring further investigations for advancement in the treatment strategies. Although the main cause of infection in cirrhotic patients remains bacterial infection, a fungal infection also accounts for 2–4% of the patients and causes serious complications and mortality increased by up to 70% (112). In the case of fungal infection, antimycotic therapy needs to be administered (145). Currently, there is no evidence suggesting the association of fungal infection with acute deterioration of previously compensated or decompensated cirrhosis. Patients with fungal infection are expected to have anemia, elevated bilirubin, and alkaline phosphatase in comparison with Gram positive and negative bacterial infections (112). Elevated MELD score closely associates with fungal infection. Patients with fungal infection require longer hospitalization, frequent readmissions, and are at higher risk of death.

Fungal infections particularly, invasive pulmonary aspergillosis (IPA), are detected in patients with sAH, decompensated cirrhosis, liver failure, and ACLF (146). IPA infection is prevalent in patients with ACLF and reported in 5–8.3% of HBV-related patients with ACLF and reaching ~14% in patients with sAH (147, 148). The short-term mortality is extremely high 73.5–100% (149, 150), although, at present, there are no criteria available to identify the patients with poor prognosis. Prescription drugs for the treatment of IPA include voriconazole, liposomal amphotericin B, and echinocandins, of which voriconazole is recommended as the first-line option for primary treatment of IPA (151); though due to the hepatotoxic nature of voriconazole and absence of pharmacokinetics or pharmacodynamics its use is limited in patients with ACLF (152); therefore the optimization of the voriconazole treatment regimen is strongly needed. A study tried to establish an optimal voriconazole regimen in patients with ACLF using a therapeutic drug monitoring method (153). Based on plasma voriconazole concentration measurement, an optimal voriconazole regimen including loading doses: 0.2 g twice daily and maintenance doses 0.1 g once daily was established. It was found that the voriconazole regimen was able to maintain stable and rational therapeutic trough concentrations ranging from 1 to 5 μg/mL, and patients treated with optimal voriconazole regimen displayed good clinical outcomes and higher 90-day survival i.e., 75% who also correspond to early IPA diagnosis as designated by lower CLIF-SOFA lung score (<2) in all patients preceding optimal regimen prescription. CLIF-SOFA lung score >1 was able to identify patients with ACLF complicated with IPA, encountering a much higher 28-day mortality. Also, the optimal voriconazole regimen appeared to be safe and did not display any adverse events.



Stem-Cell-Based Therapies

Stem cell technology has provided hope to identify new expandable sources that can induce liver regeneration. Recently stem cell-based therapies are getting enough attention for the treatment of patients with ACLF (154–157). MSCs have massive expansion potential in the culture system and play a crucial role in tissue repair and regeneration by differentiating into several cell types and replacing the injured tissues (158). The homing potential of MSCs to the site of injury extended the spectrum of therapeutic application including the models of hepatic injury (159). After homing into the liver MSCs transdifferentiate into hepatocytes in the local microenvironment and improve hepatocyte damage and promote liver regeneration. There are ongoing phase II clinical trials (NCT04229901, NCT02946554) investigating the efficacy of HepaStem cells, a highly advanced cell therapy platform comprising human-liver-derived MSCs obtained from healthy donors and expanded in the lab. After intravenous administration, HepaStem cells migrate to the liver through circulation where they perform various functions including the downregulation of proinflammatory response, inhibition of hepatic stellate cell (HSC) activation, and reduction of collagen secretion, ultimately reducing fibrosis. An imbalanced extracellular matrix synthesis and degradation mediated by portal fibroblasts, bone marrow-derived fibroblasts, and activated hepatic stellate cells initiate hepatic fibrosis in ACLF. Immunomodulatory as well as antifibrotic function of HepaStem cell might be beneficial for treating patients with ACLF (156). MSCs mediate their antifibrotic function by downregulating myofibroblasts, which leads to antifibrotic activity (160). MSCs secrete several growth factors which stimulate resident cells and induce matrix remodeling to promote the differentiation of native progenitor cells and initiate the recovery of injured cells (160). In addition, they also possess antioxidant properties and cytoprotective effects by inducing antioxidant response elements in CCL4 and thioacetamide-induced liver injury (161, 162). Umbilical-cord-derived MSCs and also allogenic ABCB5-positive MSCs that improve liver fibrosis enhance regeneration, suppress inflammation, and downregulate Notch and Stat1/Stat3 signaling in rats (163) are under clinical trials (NCT04822922, NCT03860155) for the treatment of patients with ACLF. Although the mechanisms of MSCs have been well-described in CLDs, the mechanistic approach of MSCs in the treatment of ACLF is not well-documented since it was recently introduced as a therapeutic intervention for ACLF and clinical trials are ongoing. It is believed that immunomodulatory and antiinflammatory function of MSCs relieve hepatic inflammation, improve liver function, decrease the incidence of infection, and enhance survival rate as shown in a prospective randomized controlled clinical trial which investigated the safety, efficacy, and outcome of MSCs in HBV-related ACLF after intravenous infusion (164). The study reported that there were no infusion-related side effects except more frequent fever than patients who received standard medical therapy. Clinical laboratory measurements including total bilirubin and model for end-stage liver disease scores were improved and the incidence of severe infections was decreased (164). In fact, multiorgan failure and severe infection-related mortality were significantly lower in the MSC group. Importantly, the 24-weeks survival rate of the MSC group was higher (73.2%) than the standard medical treatment patients' group (55.6%). Another study also examined the long-term efficacy of autologous bone marrow mononuclear cells (BM-MNCs) transplantation through the hepatic artery and checked the improvement in terms of hepatic functions and decreasing complications in patients with decompensated cirrhosis (165). The study reported that the efficacy of BM-MNCs transplantation persisted for 3–12 months in comparison with the control group. Serious complications including HE and SBP were declined significantly; however, these improvements vanished after 24 months of transplantation. Few other clinical trials also demonstrated the beneficial role of MSCs in cirrhosis and patients with ACLF; therefore, regenerative medicine using stem cell technology appears promising to treat patients with ACLF and may help in reducing the requirement of liver transplantation (Figure 4).
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FIGURE 4. Targeting stem cell therapy for the treatment of ACLF. Use of mesenchymal stem cells is under consideration and is being investigated in clinical trials for the treatment of ACLF. Mesenchymal stem cells possess different functions including the suppression of hyperactive inflammatory response, inhibition of hepatic stellate cell activation and collagen synthesis, reducing fibrosis and inducing liver regeneration. The diverse role of mesenchymal stem cells may benefit patients with ACLF and emerge as a potential therapeutic option for these patients. HSC: hepatic stellate cells. Some parts of this figure (Human structure) were prepared with the help of BioRender.




Granulocyte-Colony Stimulating Factor Therapy

Granulocyte colony stimulating factor (G-CSF) is a glycoprotein, which stimulates the bone marrow production of stem cells and granulocytes and releases them into the circulation. Several clinical trials studied the efficacy of G-CSF for the treatment of patients with ACLF. In fact, our previous studies identified the role of G-CSF therapy in patients with ACLF. One week of G-CSF treatment increased leukocyte as well as neutrophil count and reduced disease severity indices in patients with ACLF. G-CSF therapy also prevented the development of sepsis, HRS and HE, and improved survival of these patients (166). CD34 expressing cells are generally considered to be hematopoietic stem cells that differentiate into all hepatic cell types and recover hepatic damage by inducing liver regeneration. We observed an increase in the mobilization of CD34+ stem cells after G-CSF treatment. Moreover, G-CSF has immunomodulatory effects shown by an increase in myeloid dendritic cells and a decrease in IFN-γ producing T cells after G-CSF therapy in patients with ACLF, which is beneficial in terms of reducing IFN-γ mediated inflammation and hepatic damage in these patients (32). G-CSF therapy may also benefit patients with alcoholic hepatitis, considering that these patients are at increased risk of developing bacterial infections. Our group has previously shown that G-CSF in combination with erythropoietin can decrease the risk of septic shock in patients with decompensated cirrhosis (167). On the contrary, a recent European multicenter clinical trial reveals that G-CSF does not have any superior benefits than the standard medical treatment. The findings unveil that G-CSF is ineffective in improving patient survival and other clinical endpoints including MELD score, CLIF-C organ failure score, and the occurrence of infection, recommending G-SCF not be used as a standard treatment for ACLF (168).



Liver Transplantation

Liver transplantation remains the ultimate therapy for patients with ACLF who face unsuccessful medical treatment (169). However, it is not feasible in all patients because of its high cost and lack of liver donors. Since, liver transplantation may be a lifesaving treatment, critical evaluation of final indication of liver transplant such as high MELD score, complications due to cirrhosis such including ascites, variceal hemorrhage, and HE should be considered (170). Patients with high MELD score have quick access to liver transplant; though, the requirement of suitable organ donors impose a major limitation (171). Liver transplant in severely ill patients with cirrhosis and organ failures is fetching attention and performed more frequently. Patients with ACLF with grade 1 and 2 display a similar posttransplant survival rate as those without ACLF (172). One-year post transplant survival rate of patients with ACLF with grade 3 varies between 44 and 83%. Since ACLF patient has poor short-term prognosis, a liver transplant might be a suitable therapeutic strategy for these patients; though the prioritization for liver transplant in these patients is quite challenging. It is important to consider if the patient has enough reserve to survive the preoperative and operative period and will have significant survival and quality of life from the liver transplant. Another major issue with the liver transplant is to choose the timing. Some recommend prioritizing the liver transplant of patients with ACLF in the waiting list after an initial stabilization. However, liver transplant in alcoholic hepatitis remains controversial as these patients drink often until or right before their presentation (173). Alcohol abstinence for 6 months is the universal requirement for the evaluation of liver transplant in these patients (174). Moreover, the shortage of liver donors along with the concerns for relapse, as it is a self-indulgent disease, enforce constant challenges to consider liver transplant as a therapeutic option for patients with sAH. The rule for 6-month alcohol abstinence is to allow the liver to get enough time to improve and regenerate. If this period does not improve liver function and/or decrease episodes of decompensation, a liver transplant can be considered. However, the concept of 6-month alcohol abstinence was challenged by a study where patients with sAH underwent liver transplant due to the steroid non-response (175, 176). Six-month survival of these patients was greatly improved as compared with those who did not receive a liver transplant, suggesting the requirement of early liver transplantation in patients with sAH (177, 178). Table 1 illustrates different ongoing clinical trials for the treatment of patients with ACLF.


Table 1. Clinical trials for the treatment of ACLF.
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CONCLUSION

Acute-on-chronic liver failure is a distinct entity that differs from decompensated cirrhosis in terms of clinical presentation, pathophysiology, and prognosis. Despite the progress in the understanding of pathophysiological mechanisms in ACLF, there is no specific treatment available for these patients. Also, ACLF develops as a consequence of underlying CLD, compensated, and decompensated cirrhosis; hence, it is difficult for the clinicians to identify this syndrome at the initial stage, limiting the chances of recovery. Patients with ACLF have numerous complications that require separate diagnosis and treatment. Moreover, heterogeneity in the definition of ACLF in the Eastern and Western world restricts from exact characterization and universally accepted definition, which may also lead to differences in therapeutic approaches. Liver transplantation is unanimously accepted and the only definitive therapy for these patients in the Eastern and Western world, irrespective of different ACLF definitions and regional disparity.

Recently, stem cell technology has provided new hope to identify expandable sources that can induce liver regeneration in patients with ACLF. Ongoing clinical trials are investigating the efficacy of MSCs for the treatment of ACLF as they can reduce the inflammatory response, HSC activation, collagen secretion, and fibrosis, thereby improving liver regeneration. If the approach of regenerative medicine succeeds in the field of ACLF, it will be a milestone in providing new treatment options. Since, systemic inflammation is a major contributory factor in the worsening of ACLF condition, therapeutic approaches specifically targeting excessive inflammation are also warranted for better outcomes.
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Background: The aim of this study was to investigate the impact of proton pump inhibitor (PPI) therapy on complications and prognosis in cirrhosis patients with and without acute-on-chronic liver failure (ACLF).

Materials and Methods: Cirrhosis patients with acute decompensation (AD) (n = 489) admitted in our center were enrolled in this prospective observational cohort study. According to treatment received, patients were identified as users or nonusers of PPI. Clinical and laboratory data, complications during hospitalization, and overall survival were recorded in all the patients.

Results: Of the 489 patients, 299 (61.1%) patients received PPI therapy. The logistic regression analysis showed that age, albumin, history of previous hepatic encephalopathy (HE), and the chronic liver failure-sequential organ failure assessment (CLIF-SOFA) score were independent risk factors for HE in patients with decompensated cirrhosis [odds ratio (OR) = 1.07, 95% CI: 1.03–1.12, p = 0.001; OR = 1.13, 95% CI: 1.04–1.24, p = 0.006; OR = 242.52, 95% CI: 40.17–1464.11, p < 0.001; and OR = 2.89, 95% CI: 2.11–3.96, p < 0.001, respectively]. Previous severe liver injury and previous bacterial infections were independent risk factors for spontaneous bacterial peritonitis (SBP) in patients with decompensated cirrhosis (OR = 3.43, 95% CI: 1.16–10.17, p = 0.026 and OR = 6.47, 95% CI: 2.29–18.29, p < 0.001, respectively). The multivariate Cox proportional hazards regression model showed that the type and dose of the PPI used were not related to 28-day and 90-day mortality in cirrhosis patients with AD or ACLF.

Conclusion: PPI use does not appear to increase mortality or the risk of HE and SBP in the hospitalized cirrhosis patients with and without ACLF.

Keywords: proton pump inhibitor, acute decompensated cirrhosis, acute-on-chronic liver failure, prognosis, complications


INTRODUCTION

Proton pump inhibitors (PPIs) are commonly used in cirrhosis patients to treat gastrointestinal disorders, especially gastrointestinal bleeding (1–3). Gastrointestinal hemorrhage may be due to bleeding varices or ulcers or portal hypertensive gastropathy and is one of the most serious complications seen in acute-on-chronic liver failure (ACLF) (4–6). While PPI is useful in these cases, the drug may alter the composition of the gut microbiota and increase the risk of spontaneous bacterial peritonitis (SBP), hepatic encephalopathy (HE), Clostridium difficile infection, and mortality (7–14). Although some recent studies have indicated that PPI therapy does not increase the risk of SBP or mortality in cirrhosis, these studies did not include patients with ACLF (15–18). The aim of this study was to assess whether PPI therapy increases the incidence of SBP and HE and decreases survival in cirrhosis patients with and without ACLF.



MATERIALS AND METHODS


Patients

Patients diagnosed as cirrhosis with acute decompensation (AD) and hospitalized in the Department of Infectious Diseases at the First Affiliated Hospital, School of Medicine, Zhejiang University, Zhejiang, China, between February 2014 and March 2015 were eligible for inclusion in this study. Patients were excluded if they: (1) were <18 years old; (2) were pregnant; (3) had evidence of infection with human immunodeficiency virus, Epstein-Barr virus, or human cytomegalovirus; (4) had aplastic anemia, myelodysplastic syndrome, thrombocytopenia, hemophilia, or disseminated intravascular coagulation; (5) were currently using immunosuppressant medications or adrenocortical hormones; (6) had hepatocellular carcinoma or other malignant tumors; (7) had chronic renal disease or other serious comorbidity; or (8) had history of liver transplantation (19, 20). The diagnosis of liver cirrhosis was based on clinical evidence, endoscopic or radiologic examination, and liver biopsy (6, 21). Cirrhosis patients were diagnosed with AD if they had more than one of the following major complications: ascites, encephalopathy, gastrointestinal hemorrhage, severe liver injury, and infection (20). Severe liver injury was diagnosed if alanine aminotransferase (ALT) was ≥ five times the normal upper limit or more than twice the baseline value along with elevation of serum bilirubin to ≥ 85 μmol/l and international normalized ratio (INR) to ≥ 1.5 at any time during the preceding 1 month (21). The chronic liver failure-sequential organ failure assessment (CLIF-SOFA) score was used to diagnose organ failure (6). The diagnosis of ACLF was based on the criteria proposed by the Chinese Group on the Study of Severe Hepatitis B (COSSH) (22). The diagnosis of gastrointestinal bleeding and bacterial infections was made as previously described (1, 23, 24). PPI treatment was generally used in patients with gastrointestinal bleeding and gastric ulcer, but was extended in patients receiving endoscopic variceal ligation and those manifesting gastrointestinal disturbances such as hiccups, epigastric pain, nausea, or vomiting. For this study, “PPI use” was defined as intravenous administration of any PPI for at least 6 days with daily dose higher than that recommended by the WHO (13). Patients receiving lower doses were considered to be nonusers. PPI doses are classified according to the cumulative defined daily dose (cDDD) (25).

Informed consent for participation in this study was obtained from each participant or his or her legal surrogate. This study was approved by the Ethics Committee of the First Affiliated Hospital, School of Medicine, Zhejiang University, Zhejiang, China and all the procedures were in accordance with the latest version of the Declaration of Helsinki.



Data Collection

Demographic data, clinical history, reason for admission, physical examination findings, laboratory results, cirrhosis complications, events of organ failure, and prognosis were recorded. Potential precipitating factors for SBP and HE were noted. Survival at 28 days and 90 days following enrollment was recorded. Survival information was obtained by telephonic interview.



Statistical Analysis

The Statistical Package for the Social Sciences (SPSS) version 26.0 (IBM Corporation, Armonk, New York, USA) was used for the data analysis. Categorical variables were summarized as numbers and percentages and compared by using the chi-squared test. Continuous variables were summarized as means ± SDs or medians (and interquartile ranges) and compared by using the Student's t-test or the Mann–Whitney U test. Variables found to be associated with SBP and HE on the univariate analysis (p < 0.10) were entered into the multivariate logistic regression analysis to identify the independent risk factors for SBP or HE. Baseline characteristics were compared between patients receiving and not receiving PPI therapy before and after propensity score matching (PSM). We performed PSM to adjust differences in baseline characteristics of decompensated cirrhosis and ACLF including gender, age, leukocyte count, platelet count, hemoglobin, serum bilirubin, albumin, aspartate aminotransferase (AST), ALT, INR, creatinine, serum sodium, the CLIF-SOFA score, and the model for end-stage liver disease (MELD) score by matching non-PPI users with comparable patients with PPI users in a ratio of 1:1 with a caliper of 0.1 of the SD. A standardized difference < 0.1 indicated a good balance between PPI and non-PPI groups. The multivariate Cox proportional hazards regression model was used to analyze the risk factors for 28-day and 90-day mortality. For the multivariate analysis, the probability for stepwise entry was at p = 0.05 and for removal at p = 0.10; only variables with p < 0.05 were retained in the final model. Statistical significance was at p ≤ 0.05.




RESULTS


Basic Characteristics of PPI Users and Non-users

A total of 489 acute decompensated patients with liver cirrhosis were selected in this study (Figure 1). Among these 489 patients (409 patients without ACLF and 80 patients with ACLF), PPI therapy was used in 299 (61.1%) patients: 256/409 (62.6%) patients without ACLF and 43/80 (53.8%) patients with ACLF (Figure 1; Table 1). The PPIs included omeprazole (n = 98; daily dose 40–80 mg), pantoprazole (n = 132; daily dose 40–80 mg), and lansoprazole (n = 69; daily dose 30–60 mg).


[image: Figure 1]
FIGURE 1. Flowchart showing patient selection for the study. A total of 489 acute decompensated patients with liver cirrhosis were selected and then propensity score matched with 1:1. PPI, proton pump inhibitor; ACLF, acute-on-chronic liver failure.



Table 1. Baseline characteristics of the enrolled patients receiving and not receiving proton pump inhibitor (PPI) therapy.
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Proton pump inhibitor non-users (n = 190) and users (n = 299) did not differ significantly with respect to the baseline features (hepatitis B, 56.8 vs. 62.9%); (alcohol abuse, 20.0 vs. 16.7%); age (55.47 ± 13.21 vs. 53.60 ± 11.52 years); gender composition (male, 74.2 vs. 79.9%); prevalence of hypertension (20.0 vs. 15.7%); and history of HE (6.3 vs. 3.3%), bacterial infections (9.5 vs. 6.4%), or severe liver injury (12.1 vs. 8.0%) in the preceding 3 months. Gastrointestinal bleeding in the 3 months prior to admission was significantly more common in PPI users than in nonusers (24.4 vs. 15.3%, p = 0.015), while ascites in the 3 months prior to admission was significantly less common in PPI users (36.1 vs. 46.8%, p = 0.019). The incidence of HE (8.7 vs. 12.6%) and SBP (4.0 vs. 4.7%) during hospitalization was not differ significantly between PPI users and nonusers (Table 1). PPI users had significantly lower hemoglobin, serum bilirubin, ALT, INR, and the MELD score (p = 0, p = 0.041, p = 0.026, p = 0.007, and p = 0.017, respectively) (Table 1).

Then, we matched 489 patients with acute decompensated cirrhosis with 1:1. After PSM, there are 182 patients in PPI user group and non-user group, respectively (Table 1). Compared with the decompensated cirrhosis patients before PSM, some baseline characteristics have changed. PPI users were younger than nonusers (52.26 ± 11.17 vs. 55.48 ± 13.21 years, p = 0.020) included more male individuals (86.3 vs. 74.2%, p = 0.004) and fewer hypertension patients (11.5 vs. 20.3%, p = 0.022). Among PPI users, decompensated cirrhosis was more commonly caused by hepatitis B virus alone compared to PPI non-users (69.2 vs. 57.1%, p = 0.005) other than by other causes (14.3 vs. 22.5%, p = 0.043). In addition, PPI users had remarkably higher serum sodium level (p = 0.000), lower AST level, and the CLIF-SOFA score (p = 0.002 and p = 0.017). Other baseline characteristics did not change significantly.

We also analyzed 80 patients with ACLF in detail and matched them by the same method as above (Table 2). Among patients with ACLF, there were no significant differences between PPI users and non-users in mean age, gender composition, prevalence of hypertension, etiology of cirrhosis, incidence of previous decompensation, complications of cirrhosis during hospital stay, laboratory data, and scores of the MELD and the CLIF-SOFA. Similarly, PPI users and non-users had comparable 28-day mortality (27.8 vs. 45.9%, 0.482) and 90-day mortality rates (47.2 vs. 56.8%, 0.887). After PSM, other features did not change significantly, except for the lower prevalence of hypertension in PPI users (25.0 vs. 5.6%, p = 0.023).


Table 2. Baseline characteristics of ACLF patients receiving and not receiving PPI therapy.
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Proton Pump Inhibitor Therapy and the Complications of Cirrhosis During Hospitalization

The proportion of patients developing HE during hospitalization was comparable between PPI users and nonusers before and after PSM (8.7 vs. 12.6%, p = 0.162; 8.8 vs. 11.0%, p = 0.483) (Table 1). This was true even when patients with ACLF (14.0 vs. 16.2%, p = 0.779; 16.7 vs. 13.9%, p = 0.745) (Table 2). On the multivariate analysis, age [odds ratio (OR) = 1.07, 95% CI: 1.03–1.12, p = 0.001], albumin (OR = 1.13, 95% CI: 1.04–1.24, p = 0.006), history of previous HE (OR = 242.52, 95% CI: 40.17–1464.11, p < 0.001) and the CLIF-SOFA score (OR =2.89, 95% CI: 2.11–3.96, p < 0.001) were significantly associated with the risk of developing HE in decompensated cirrhosis patients during hospitalization (Table 3).


Table 3. Risk factors associated with HE and SBP in decompensated cirrhosis patients.
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The proportion of patients developing SBP during hospitalization was comparable between PPI users and nonusers (4.0 vs. 4.7%, p = 0.701; 4.9 vs. 4.9%, p = 1) (Table 1). This was true even when patients with ACLF were considered separately (4.0 vs. 2.7%, p = 0.649; 5.6 vs. 2.8%, p = 0.558) (Table 2). On the multivariate analysis, history of previous severe liver injury (OR = 3.43, 95% CI: 1.16–10.17, p = 0.026) and previous bacterial infections (OR = 6.47, 95% CI: 2.29–18.29, p < 0.001) were independent risk factors for SBP in patients with decompensated cirrhosis (Table 3).

The cDDD of PPI in patients with decompensated cirrhosis and ACLF is summarized in Figure 2. The cDDDs of PPI in patients with decompensated cirrhosis and ACLF were divided into four groups: 1–7, 8–14, 15–30, and >30 patients. Among all the patients with decompensated cirrhosis, 25.15% were not treated with PPI. Especially, among all the patients with ACLF, 26.25% were not treated with PPI. Before and after PSM, the group of cDDD 15–30 patients accounted for the highest proportion of PPI users in both the decompensated cirrhosis group and ACLF group. But, the proportion of patients with cDDD > 30 patients was the smallest.


[image: Figure 2]
FIGURE 2. Proportion of patients with different doses and without PPI treatment during hospitalization. (A) Proportion of patients with different doses and without PPI treatment in acute decompensated cirrhosis before PSM; (B) Proportion of patients with different doses and without PPI treatment in ACLF before PSM; (C) Proportion of patients with different doses and without PPI treatment in acute decompensated cirrhosis after PSM; (D) Proportion of patients with different doses and without PPI treatment in ACLF after PSM. cDDD, cumulative defined daily dose; PPI, proton pump inhibitor; ACLF, acute-on-chronic liver failure; PSM, propensity score matching.


Then, we further discussed the relationship between the patients with HE and SBP during hospitalization and the cDDD of PPI (Figure 3). Before PSM, cDDD of 32% patients with HE and cDDD of 29% patients with SBP in decompensated cirrhosis were 15–30 patients, which had the highest proportion. The PPI non-user and cDDD 15–30 patients complicated with HE accounted for a high proportion of 33% in ACLF. After PSM of patients with decompensated cirrhosis, the PPI non-users and cDDD 15–30 patients complicated with HE accounted for a high proportion of 31%, while cDDD 1–7 patients and cDDD 15–30 patients with SBP accounted for a high proportion of 28%. ACLF patients with SBP had the same proportion in the three cDDD groups (1–7, 8–14, and 15–30 patients). Meanwhile, the type and dose of the PPI used were not related to the risk of developing HE or SBP (Table 3).


[image: Figure 3]
FIGURE 3. Proportion of patients with different doses and without PPI treatment who suffer from complications during hospitalization. (A) Proportion of patients with different doses and without PPI treatment before PSM; (B) Proportion of patients with different doses and without PPI treatment after PSM. cDDD, cumulative defined daily dose; PPI, proton pump inhibitor; ACLF, acute-on-chronic liver failure.




Risk Factors for Survival

After median follow-up of 23 months (IQR 6–26 months), the 28-day and 90-day mortality rates were 11.7% (57/489) and 19.4% (95/489), respectively (Table 1; Figure 1).

The multivariate Cox proportional hazards regression model did not show significant association between the type and dose of the PPI and 28-day and 90-day mortality (Table 4; Figures 4, 5). The p-value of the cumulative incidence of mortality death between patients with decompensated liver cirrhosis and the dose of the PPI was 0.018 before PSM, but after PSM, there was no statistical significance. However, age, leukocyte count, and the high MELD score were independent predictors of 28-day and 90-day mortality in cirrhosis patients with AD (Table 4). In addition, previous severe liver injury was an independent predictor of 28-day mortality (Table 4).


Table 4. Risk factors associated with mortality in decompensated cirrhosis patients.
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FIGURE 4. The relationship between the type and dose of the PPI therapy and 28-day and 90-day mortality (A) The relationship between the type and dose of the PPI therapy and 28-day mortality before PSM; (B) The relationship between the type and dose of the PPI therapy and 90-day mortality before PSM; (C) The relationship between the type and dose of the PPI therapy and 28-day mortality after PSM; (D) The relationship between the type and dose of the PPI therapy and 90-day mortality after PSM. cDDD, cumulative defined daily dose; PPI, proton pump inhibitor; ACLF, acute-on-chronic liver failure.
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FIGURE 5. The 28-day or 90-day cumulative incidence of death of patients with and without ACLF with different doses or without PPI treatment during hospitalization. (A) The 28-day cumulative incidence of death of patients with decompensated cirrhosis with different doses or without PPI treatment before PSM; (B) The 90-day cumulative incidence of death of patients with decompensated cirrhosis with different doses or without PPI treatment before PSM; (C) The 28-day cumulative incidence of death of patients with ACLF with different doses or without PPI treatment before PSM; (D) The 90-day cumulative incidence of death of patients with ACLF with different doses or without PPI treatment before PSM; (E) The 28-day cumulative incidence of death of patients with decompensated cirrhosis with different doses or without PPI treatment after PSM; (F) The 90-day cumulative incidence of death of patients with decompensated cirrhosis with different doses or without PPI treatment after PSM; (G) The 28-day cumulative incidence of death of patients with ACLF with different doses or without PPI treatment after PSM; (H) The 90-day cumulative incidence of death of patients with ACLF with different doses or without PPI treatment after PSM. cDDD, cumulative defined daily dose; PPI, proton pump inhibitor; ACLF, acute-on-chronic liver failure.





DISCUSSION

This study aimed to investigate the impact of PPI therapy on complications and prognosis in cirrhosis patients with and without ACLF. PPI therapy is used in as much as 46–78% of cirrhosis patients (7). In this study, PPI was used in 61.1% of cirrhosis patients including 62.6% of patients without ACLF and 53.8% of patients with ACLF. Thus, consistent with previous studies, our results also demonstrate that PPI use is common in cirrhosis patients with and without ACLF (2). The proportions of patients with history of previous gastrointestinal bleeding and low hemoglobin were higher among PPI users than among non-users. This is not surprising because PPIs are commonly used in cirrhosis patients with gastrointestinal bleeding (2, 26).

The type of PPI and the dose were not associated with the risk of HE and SBP. Previous reports have indicated that treatment with acid-suppressing drugs increase the incidence of SBP and HE (7, 11, 14). The explanation offered was that PPIs might promote small intestinal bacterial overgrowth with subsequent bacterial translocation (7, 27). Another explanation was that PPIs may inhibit the functions of neutrophils and natural killer cells (28). However, the association between PPI and SBP has not been consistently demonstrated (15, 21, 29). In one prospective multicenter study of many cirrhosis patients with AD, PPI use did not increase the risk of SBP (17). Our result is in accordance with the conclusion of an earlier meta-analysis that did not support the association between PPI use and SBP or HE (18).

In this study, age, albumin, history of previous HE, and the CLIF-SOFA score were significantly associated with HE during hospitalization. In addition, previous severe liver injury and previous bacterial infections were shown to be independent risk factors for SBP in cirrhosis patients. A previous study has also shown that history of HE is associated with increased incidence of HE during hospitalization (30).

This study found that older age, high leukocyte count, and the high MELD score independently predicted the 28-day and 90-day mortality in cirrhosis patients with AD. Previous studies have also found that age, leukocyte count, and the MELD score have to be independently associated with the risk of death in cirrhosis (31, 32). In this study, PPI therapy was not associated with the 28-day and 90-day mortality in cirrhosis patients with AD or ACLF. Others have also reported that PPI use does not increase the mortality rate in cirrhosis patients with or without ACLF (16, 18).

In conclusion, PPI therapy does not appear to increase the risk of HE or SBP or to shorten survival in cirrhosis patients with or without ACLF. Further prospective multicenter studies with large samples are necessary to confirm our findings and to clarify how PPI therapy is related to complications and disease progression in cirrhosis.
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Background and Aims: Granulocyte colony-stimulating factor (G-CSF) has been proposed as a therapeutic option for patients with acute-on-chronic liver failure (ACLF). However, its clinical efficacy remains debatable. This study aimed to synthesize available evidence on the efficacy of G-CSF in ALCF.

Methods: The Cochrane Library, CNKI, MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), and ClinicalTrials.gov were searched from inception until September 2021. After qualitative evaluation of the included literature, the included studies were analyzed.

Results: Seven studies were included in this meta-analysis. Overall, G-CSF therapy was not associated with a reduced risk of death (30-day survival, OR = 1.55, 95% CI: 1.00, 2.38, P = 0.05; 60-day survival, OR = 1.50, 95% CI: 0.95, 2.36, P = 0.08; 90-day survival, OR = 1.61, 95% CI: 0.99, 2.62, P = 0.05) or complication including occurrence of infections infection (OR = 0.66, 95% CI: 0.41, 1.05, P = 0.08), bleeding (OR = 1.50, 95% CI: 0.58, 3.89, P = 0.41), and hepatorenal syndrome (OR = 0.56, 95% CI: 0.25, 1.24, P = 0.15). Moreover, it had no obvious beneficial effects on the model of end-stage liver disease score (30-day SMD = −3.31, 95%CI: −7.42, 0.81, P = 0.12; 60-day SMD = −1.23, 95% CI: −5.21, 2.75, P = 0.54; 90-day SMD = −2.29, 95%CI: −4.94, 0.37, P = 0.09). Sensitivity analyses showed that patients in Asia had improved survival (30-day OR = 2.76, 95%CI: 1.43, 5.35, P = 0.003; 60-day OR = 2.83, 95% CI: 1.39, 5.73, P = 0.004; 90-day OR = 2.92, 95% CI: 1.34, 6.36, P = 0.007).

Conclusions: Our findings suggest that, currently, G-CSF cannot be recommended for the treatment of ACLF.

Keywords: granulocyte colony-stimulating factor, acute-on-chronic liver failure, end stage liver disease, hepatic insufficiency, randomized controlled trial


INTRODUCTION

Acute-on-chronic liver failure (ACLF) is a kind of short-term liver damage due to acute causes of chronic liver disease; it is accompanied by the failure of one or more extrahepatic organs, and the short-term risk of death is high (1). Currently, there is no specific treatment for ACLF, and liver transplantation is the definitive treatment for ACLF. However, many patients cannot benefit from liver transplantation because of limited organ availability, high cost, transplant-related complications, and lifetime immunity-related side effects (2, 3). Therefore, alternative treatment strategies for liver transplantation are being sought.

Granulocyte colony-stimulating factor (G-CSF) is a glycoprotein that can mobilize immune cells, stimulate bone marrow and stem cell production, and it has immune regulation and regeneration capabilities. Previous studies have been reported encouraging results on the use of G-CSF in animal models. G-CSF is found to mobilize hematopoietic stem cells, induce liver regeneration, and improve survival. However, Engelmann et al. (4) found that G-CSF increased Toll-like receptor-mediated inflammation, which led to an increase in mortality. In human studies, a few small randomized clinical trials have demonstrated not only improvement in liver function with G-CSF but also significant survival benefit compared with standard medical therapy for ACLF (5–7). On the contrary, other clinical trials reported that the use of G-CSF in ACLF patients did not result in survival benefits (4, 8), which has caused widespread concern. Therefore, in this study, we conducted a meta-analysis of randomized controlled trials (RCTs) to compare the risk of death and infection between ACLF patients treated with G-CSF and ACLF patients who did not receive G-CSF.



METHODS


Literature Search

We searched for RCTs involving ACLF patients treated with G-CSF from electronic medical databases, including the Cochrane Library, CNKI, MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), and ClinicalTrials.gov, from inception to September 14, 2021. Key search terms were “granulocyte colony-stimulating factor,” “acute-on-chronic liver failure,” “hepatic insufficiency,” “end stage liver disease,” and “randomized controlled trial.” MeSH terms and free-text terms, as well as variations of root words, were combined within each database. No language restrictions were applied during the search. The reference lists of eligible articles and relevant review articles were also checked to identify additional studies. The detailed search strategies are outlined in Figure 1.


[image: Figure 1]
FIGURE 1. Flow chart of the selection of studies for inclusion in the meta-analysis. RCT, randomized controlled trial.




Study Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) RCTs, (2) patients diagnosed with ACLF, (3) patients in the experimental group received G-CSF therapy, and patients in the control group received conventional treatment, and (4) availability of clinical outcomes. The primary outcomes were short-term survival rate. The secondary outcomes included the scores of Model for End-Stage Liver Disease (MELD), risk of bleeding, occurrence of infections and hepatorenal syndrome. The exclusion criteria were (1) animal-based review articles or case reports, and (2) research in which valid data could not be extracted from the full text.



Data Extraction and Quality Score

Data extraction was performed independently by two authors using standardized data collection forms, and disagreements were resolved through discussion with another author. The following details were extracted from the included studies using a predefined data form: study first author, year of publication, country, and the number of participants in the experimental and control groups, the specific etiology of liver failure, the dose, administration, and duration of G-CSF treatment. Each trial was assessed using the Cochrane risk of bias tool. The standard criteria included the following domains: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting and other bias.



Statistical Analysis

Review Manager (version 5.4) software was used for the data merging and processing. For categorical variables in the study, the standardized mean difference (SMD) and odds ratio (OR) was used as the effect index to calculate the combined value and 95% confidence interval (CI). The Mantel-Haenszel test was used to test the heterogeneity of the included studies. If I2 ≤ 50% (P ≥ 0.05), indicating that the differences in the studies were not statistically significant, the fixed-effects model was used for analysis. If I2 > 50% (P < 0.05), indicating that there was significant heterogeneity, the random-effects model was used. Obvious clinical heterogeneity was evaluated by removing a single study and repeating the meta-analysis. Statistical significance was set as P < 0.05. Publication bias was evaluated with a funnel plot.




RESULTS


Selection of Eligible Studies

Following the search strategy described in Figure 1, 267 studies were initially identified based on the assessment of the titles and abstracts. We excluded 260 studies considering the predefined criteria. Seven eligible studies were finally included in the meta-analysis (5, 6, 8–12).



Characteristics of the Included Studies

Seven studies involving 479 ACLF patients included G-CSF treatment (n = 240) and control (n = 239) groups. The baseline characteristics, including the study design, treatment methods for each group, sample sizes of each group (Table 1).


Table 1. Basic characteristics of included literature.

[image: Table 1]



Quality Assessment of the Included Studies

The details of the risk of bias tool are shown in Figure 2.


[image: Figure 2]
FIGURE 2. Assessment of risk of bias.




Survival Rate

Seven studies were included in the analysis of survival rate, compared with conventional treatment, G-CSF therapy was not associated with a reduced risk of death (30-day survival, OR = 1.55, 95% CI: 1.00, 2.38, P = 0.05; 60-day survival, OR = 1.50, 95% CI: 0.95, 2.36, P = 0.08; 90-day survival, OR = 1.61, 95% CI: 0.99, 2.62, P = 0.05) (Figure 3).


[image: Figure 3]
FIGURE 3. Survival rate between patients with ACLF. Treated by G-CSF and controls.




Clinical Severity Indices

The scores of Model for End-Stage Liver Disease (MELD) in ACLF patients for meta-analysis were available from three studies (Figure 4). Before and after treatment, no significant difference was observed between the experimental and control groups (Before treatment: SMD = −1.36, 95% CI: −3.05, 0.32, P = 0.11; After treatment: 30-day SMD = −3.31, 95%CI: −7.42, 0.81, P = 0.12; 60-day SMD = −1.23, 95% CI: −5.21,2.75, P = 0.54;90-day SMD = −2.29, 95%CI: −4.94,0.37, P = 0.09).


[image: Figure 4]
FIGURE 4. Improvement in clinical severity indices between patients with ACLF. Treated by G-CSF and controls.




Occurrence of Infections

Secondary infections were reported in 5 studies involving 416 ACLF patients, 209 were in the G-CSF treatment group and 207 were in the control group. Owing to the low heterogeneity (I2 = 33%), a fixed-effects model was adopted. The meta-analysis showed that patients receiving G-CSF did not have a significantly reduced risk of infections compared with traditional treatment (OR = 0.66, 95% CI: 0.41, 1.05, P = 0.08) (Figure 5).


[image: Figure 5]
FIGURE 5. Pooled estimate rate for infection between patients with ACLF. Treated by G-CSF and controls.




Occurrence of Bleeding

Bleeding was reported in 4 studies involving 162 ACLF patients, 83 were in the G-CSF treatment group and 79 were in the control group. Owing to the low heterogeneity (I2 = 9%), a fixed-effects model was adopted. The meta-analysis showed that compared with traditional treatment, patients receiving G-CSF did not have a significantly reduced risk of bleeding (OR = 1.50, 95% CI: 0.58, 3.89, P = 0.41) (Figure 6).


[image: Figure 6]
FIGURE 6. Pooled estimate rate for bleeding between patients with ACLF. Treated by G-CSF and controls.




Occurrence of Hepatorenal Syndrome

Hepatorenal syndrome (HRS) were reported in 4 studies involving 214 ACLF patients, 109 were in the G-CSF treatment group and 105 were in the control group. Owing to the low heterogeneity (I2 = 0%), a fixed-effects model was adopted. The meta-analysis showed that compared with traditional treatment, patients receiving G-CSF did not have a significantly reduced risk of HRS (OR = 0.56, 95% CI: 0.25, 1.24, P = 0.15) (Figure 7).


[image: Figure 7]
FIGURE 7. Pooled estimate rate for Hepatorenal syndrome between patients with ACLF. Treated by G-CSF and controls.




Sensitivity Analyses

The sensitivity analysis showed that after excluding European studies, 4 Asian studies remained with low heterogeneity (30-day and 60-day I2 = 0%; 90-day I2 = 9%); considering these Asian studies, the patients' survival rate improved after the injection of G-CSF (30-day OR = 2.76, 95%CI: 1.43, 5.35, P = 0.003;60-day OR = 2.83, 95% CI: 1.39, 5.73, P = 0.004) (Figures 8A–C).


[image: Figure 8]
FIGURE 8. Sensitivity analysis. Treated by G-CSF and controls. (A) 30-day; (B) 60-day; (C) 90-day.




Risk of Publication Bias

Funnel plots of survival rate meta-analyses demonstrated asymmetry and suggested the presence of publication bias (Figures 9A–C).


[image: Figure 9]
FIGURE 9. Funnel plot of meta-analyses for survival rate in ACLF patients. (A) 30-day; (B) 60-day; (C) 90-day.





DISCUSSION

ACLF is characterized by organ failure and high short-term mortality. Currently, there are no specific therapies for ACLF. Liver transplantation is the ultimate treatment for those who are acceptable candidates, but is limited by organ shortage and high frequency of contraindications in this group of patients (2, 3). Previous studies have shown that G-CSF can reduce the short-term mortality of ACFL patients (13). Yet the newly published clinical trial does not seem to support this conclusion (8). In this study, we conducted a comprehensive meta-analysis of 7 RCTs to evaluate the efficacy and safety of G-CSF in the treatment of ACLF patients. We failed to find a significant beneficial effect of G-CSF for patients with ACLF, unlike noted in a previous meta-analysis (14). Through sensitivity analysis of sources of heterogeneity, we found that etiologies of ACLF differ by region, with reactivation of hepatitis B more common in Asia, whereas alcoholic hepatitis are reportedly more common in European. We speculate the ultimate treatment outcome of patient may depend on the etiology of ACLF. In addition, different ACLF diagnostic criteria have led to considerable regional differences in ACLF recognition, onset and treatment timing, and final prognosis. In this meta-analysis, the admission criteria for ACLF patients in the Asian study were in accordance with APASL, and the admission criteria for patients in the European study were in accordance with the EASL-CLIF criteria. An intriguing and important finding of this study was significantly different disease progression among patients with ACLF at enrollment defined by APASL or EASL-CLIF Consortium. This may also affect the therapeutic effect of G-CSF on different ACLF patients.

Currently, it has been shown that G-CSF stimulates liver regeneration. G-CSF can stimulate bone marrow to release stem cells (CD34+), which could migrate to liver and differentiate into mature hepatocytes. It can also reduce the production of interferon-gamma, improve the local microenvironment of liver, promote liver repair, and improve liver injury. This translates into improved liver function, decreased risk of complications of liver disease, reduced risk of infections, and improved survival (15). The effect of G-CSF on liver regeneration may explain the survival benefit which was observed in Asian studies. The role of G-CSF in the latter stages of ACLF is limited due to the exhausted and destructed state of bone marrow ecology. In the Asian regional study included in this meta-analysis, G-CSF was generally used in the early stages of ACLF. In the included European RCTs trial, we found that ~70% of patients had cardiopulmonary failure and severe sepsis at the time of enrollment (8), which means they were in the end-stage of ACLF. Whether this condition affects our final results needs further exploration. In addition, studies have found that G-CSF requires a non-inflammatory environment to exert its protective effects on the liver. ACLF is characterized by increased white blood cell counts and plasma C-reactive protein levels. Patients often have a strong systemic inflammatory response (8, 16), and we speculate that G-CSF does not play a beneficial role in ACLF patients. Moreover, there were fewer studies in the European region in this study. Thus, more European clinical trials are needed to determine whether current results from the included European region trials were non-comprehensive. There were no clear conclusions concerning the usefulness of G-CSF in those with ACLF, although survival benefits were observed in Asian patients compared to European patients. The conflicting results between Asian and European studies led to a high degree of overall heterogeneity in the analysis, and it is unclear whether this difference can be explained by ethnic differences or patient selection. Based on our results, we do not recommend G-CSF as a definitive treatment for patients with ACLF.

The Model for End-Stage Liver Disease (MELD) has been established as a reliable indicator of short-term survival in patients with end-stage liver disease. In this meta-analysis, we comprehensively analyzed the clinical severity indices of ACLF. The results suggested that G-CSF therapy may not improve MELD scores, unlike what is noted in a previous meta-analysis (17). Also, patients with G-CSF therapy did not achieve significantly lower bleeding risk and the occurrence of HRS compared with standard medical treatment. ACLF has marked pathophysiological features, namely, susceptibility to infection. Moreover, bacterial infection is a major challenge for its treatment (18, 19). G-CSF is an immunomodulatory glycoprotein that exerts anti-inflammatory and immunomodulatory effects in the body, thereby reducing the occurrence of bacteremia and infection. This benefit of G-CSF may be particularly important in patients with ACLF. Nonetheless, in this meta-analysis, there was no significant difference in the risk of infection among patients receiving treatment. We found that in the study of Engelmann et al. almost 40% of patients had bacterial infection at enrollment (8). The role of G-CSF for ACLF patients with severe bacterial infection is debatable. G-CSF is helpful to prevent development of bacterial infection, but is not beneficial to treat it. It is important to clarify whether this affected the final results.

Several limitations of this meta-analysis should be mentioned. First of all, the high heterogeneity in some aggregate estimation results may have hindered the establishment of reliable conclusions and recommendations. Sensitivity analyses indicated that regions and different types of liver disease may be the main cause of heterogeneity. However, it is unclear whether other factors would lead to the results of the study, such as the degree of ACLF progress, differences between studies, and the dose and duration of G-CSF injections. Moreover, some data cannot be obtained from each study, resulting in limited strength of evidence for the results obtained. Secondly, the total sample size is small, which may affect the reliability of the analysis results to a certain extent, and has limited significance for clinical guidance. Lastly, different trials use different outcome parameters at different measurement time points to evaluate the treatment effect, making it difficult to use a limited statistical sample size at a specific time point to summarize reliable results.

No clear conclusion could be drawn regarding the usefulness of G-CSF in ACLF, although survival benefits were observed in Asian patients. The conflicting results between regions and different etiology of liver disease lead to a high degree of overall heterogeneity in the analysis. It is unclear whether these differences can be explained by ethnic differences or different liver failure causes. Moreover, different diagnostic criteria for ACLF caused different patient prognosis (20). We need more RCTs and high-quality literature are required to clarify the usefulness of G-CSF for ACLF treatment. In conclusion, based on our results, we do not recommend G-CSF as a definitive treatment for patients with ACLF.
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Background and aims: Hepatitis B virus-associated acute-on-chronic liver failure (HBV-ACLF) is a complicated syndrome with extremely high short-term mortality. Whether plasma exchange (PE) improves HBV-ACLF outcomes remains controversial. Here, PE-based non-bioartificial liver support system (NB-ALSS) effects on short-term HBV-ACLF patient outcomes were investigated.

Materials and methods: HBV-ACLF patients from Chinese Acute-on-chronic Liver Failure (CATCH-LIFE) cohort receiving standard medical therapy (SMT) alone or PE-based NB-ALSS in addition to SMT were allocated to SMT and SMT+PE groups, respectively; propensity score matching (PSM) was used to eliminate confounding bias. Short-term (28/90-day and 1-year) survival rates were calculated (Kaplan-Meier).

Results: In total, 524 patients with HBV-ACLF were enrolled in this study; 358 received SMT alone (SMT group), and the remaining 166 received PE-based NB-ALSS in addition to SMT (SMT+PE group). PSM generated 166 pairs of cases. In the SMT+PE group, 28-day, 90-day, and 1-year survival rates were 11.90, 8.00, and 10.90%, respectively, higher than those in the SMT group. Subgroup analysis revealed that PE-based NB-ALSS had the best efficacy in patients with ACLF grade 2 or MELD scores of 30–40 (MELD grade 3). In MELD grade 3 patients who received SMT+PE, 28-day, 90-day, and 1-year survival rates were improved by 18.60, 14.20, and 20.10%, respectively. According to multivariate Cox regression analysis, PE-based NB-ALSS was the only independent protective factor for HBV-ACLF patient prognosis at 28 days, 90 days, and 1 year (28 days, HR = 0.516, p = 0.001; 90 days, HR = 0.663, p = 0.010; 1 year, HR = 0.610, p = 0.051). For those who received SMT+PE therapy, PE-based NB-ALSS therapy frequency was the only independent protective factor for short-term prognosis (28-day, HR = 0.597, p = 0.001; 90-day, HR = 0.772, p = 0.018).

Conclusions: This multicenter prospective study showed that the addition of PE-based NB-ALSS to SMT improves short-term (28/90 days and 1-year) outcomes in patients with HBV-ACLF, especially in MELD grade 3 patients. Optimization of PE-based NB-ALSS may improve prognosis or even save lives among HBV-ACLF patients.

Keywords: acute-on-chronic liver failure, hepatitis B virus, plasma exchange, survival rate, propensity score matching


INTRODUCTION

Acute-on-chronic liver failure (ACLF) is a clinical syndrome that occurs on the basis of chronic liver disease and is characterized by rapidly progressing organ failure and high short-term mortality (1). China is a high endemic area of hepatitis B virus (HBV). Indeed, there are 78 million HBV carriers and 28 million chronic hepatitis B (CHB) patients in China (2), and HBV-associated acute-on-chronic liver failure (HBV-ACLF) is the most common type of liver failure. A study by Xie et al. showed that 96.5% of ACLF patients in Southwest China were HBV-ACLF (3); in contrast, alcoholism and hepatitis C virus (HCV) infection are the most common causes of ACLF in Western developed countries (4, 5). The 28-day mortality is >15% in all ACLF patients and 40% in HBV-ACLF patients (6, 7).

Shi et al.'s study showed that HBV reactivation is the most common inducement of HBV-ACLF (8). The occurrence of drug resistance to nucleos(t)ide analogs (NAs) and NAs withdrawal without authorization are the main causes of HBV reactivation (9). Li et al. found that the immune metabolic disorder caused by HBV was the core axis of the occurrence and progression of HBV-ACLF (10). Bacterial infection is another common inducement of HBV-ACLF. Innate immune disorders and subsequent systemic inflammatory response syndrome (SIRS) not only drive the occurrence and progression of HBV-ACLF (11–13), but also lead to multiple organ failure in HBV-ACLF patients (14), and eventually damage the defense system of host immune cells and impair immune function, rendering HBV-ACLF patients more prone to secondary infection, which will further aggravate organ dysfunction and cause a sudden rise in the mortality of these patients (15–17).

Liver transplantation (LT) is currently the most effective therapy for ACLF. However, the shortage of donors and the high cost limit its clinical application (18, 19). Although NAs effectively inhibit HBV replication in CHB patients and reduce the 90-day mortality of HBV-ACLF patients, they are effective only in patients with a MELD score of 20–30 (20, 21). Various non-bioartificial liver support systems (NB-ALSSs) have since the late 1950's been utilized to treat liver failure, and plasma exchange (PE) is the most commonly applied mode of NB-ALSS in China. PE removes HBV-ACLF patient plasma rich in toxic metabolites and pro-inflammatory cytokines and compensates with the same volume of fresh frozen plasma supplemented with coagulation factors, albumin, immunoglobulin and other essential components to improve the liver microenvironment and to facilitate liver regeneration and functional recovery (22–24). A number of studies have shown that NB-ALSS, especially PE, is able to prolong the survival of patients with acute liver failure (ALF) or ACLF and improve their short-term outcomes (22, 25, 26). Case-control studies have shown that PE prolongs the survival of patients with ACLF and thus plays a role in bridging LT but that it does not improve short-term outcomes in patients with ACLF (27–29). There were also studies showing that PE improves the laboratory parameters and clinical symptoms of ACLF patients, without reporting whether PE improve outcomes (30, 31). Klementina et al. conducted a network meta-analysis and found that only PE therapy significantly improved 90-day outcomes in ACLF patients (32). Therefore, it remains controversial whether PE-based NB-ALSS therapy improves the outcomes of patients with HBV-ACLF.

Based on the two large prospective multicenter cohorts of the Chinese acute-on-chronic liver failure (CATCH-LIFE) study (33, 34), the present study focused on whether PE-based NB-ALSS therapy improves short-term (28/90 days and 1-year) outcomes of patients with HBV-ACLF and examined factors influencing the efficacy of PE-based NB-ALSS therapy for these patients.



MATERIALS AND METHODS


Patients

The HBV-ACLF patients enrolled in this study were all from the CATCH-LIFE study. The CATCH-LIFE study currently includes two prospective multicenter cohorts (Development Cohort NCT02457637 and Validation Cohort NCT03641872) of patients with acute exacerbation of chronic liver disease (33, 34). Patients in both cohorts were followed up for more than 1 year. The ethics committee of Renji Hospital and Shiyan Taihe Hospital approved this study.



Inclusion and Exclusion Criteria

The inclusion criteria were as follows:

(1) HBV infection (HBV surface antigen positive ≥ 6 months), a history of abnormal liver function, with or without cirrhosis;

(2) Meeting the EASL-ACLF diagnostic criteria (7):

No ACLF: (1) patients with no organ failure; (2) patients with single “non-kidney” organ failure (i.e., single failure of the liver, coagulation, circulation or respiration) and serum creatinine (Cr) < 1.5 mg/dl and no hepatic encephalopathy (HE); and (3) patients with single cerebral failure and serum Cr < 1.5 mg/dl.

ACLF grade 1: (1) patients with single kidney failure; (2) patients with single failure of the liver, coagulation, circulation or respiration and serum Cr ranging from 1.5 to 1.9 mg/dl and/or HE grade 1 or grade 2; and (3) patients with single cerebral failure and serum Cr ranging from 1.5 to 1.9 mg/dl.

ACLF grade 2: patients with two organ failures of any combination.

ACLF grade 3: patients with three or more organ failures of any combination.

The exclusion criteria were as follows:

(1) Hepatocellular carcinoma or other liver malignancies before or during admission.

(2) Extrahepatic malignancies or severe chronic extrahepatic disease.

(3) Age younger than 18 or older than 80 years.

(4) Pregnancy.

(5) HIV infection.



Data Retrieval

All clinical data for the enrolled patients were extracted from the CATCH-LIFE study database, including demographic data (age, gender) and the patient's cirrhosis status. Laboratory data of the patients at the time of diagnosis of ACLF and on days 4, 7, 14, 21, and 28 included the following: alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (Tbil), international normalized ratio (INR), and serum Cr levels; HBV-DNA load; HE grade; ascites; coinfection; and 28-day, 90-day, and 1-year outcomes (death was the outcome event). The frequency, combination pattern, and plasma volume per use of PE-based NB-ALSS therapy were recorded. Clinical data at the time of ACLF diagnosis were used as baseline data. The MELD score of each patient was calculated according to the formula: MELD score = [9.57 × ln(Cr mg/dl) + 3.78 × ln(Tbil mg/dl) + 11.20 × ln(INR) + 6.43 (except for cholestatic and alcoholic liver disease, 6.43 should be added)] (35). The HBV-ACLF patients were divided into four grades according to the correlation between the MELD score and the risk of death (4): MELD grade 1, MELD scores < 20; MELD grade 2, MELD scores of 20 to < 30; MELD grade 3, MELD scores of 30 to < 40; and MELD grade 4, MELD scores ≥ 40. The HBV-ACLF patients were also classified into three types based on cirrhotic status: Type A, HBV-ACLF patients without cirrhosis; Type B, HBV-ACLF patients based on compensatory cirrhosis; and Type C, HBV-ACLF patients based on decompensated cirrhosis (36). In addition, SIRS scores were calculated according to the consensus of the American College of Chest Physicians/Society of Critical Care Medicine Consensus Conference Committee (37).



Research Grouping
 
The Standard Medical Therapy (SMT) Group

Patients who received SMT alone during hospitalization were enrolled in the SMT group. SMT includes the following: a high-calorie diet; enteral nutrition is recommended; correction of hypoproteinemia; correction of water-electrolyte and acid-base balance; NAs for HBV-DNA-positive patients; anti-infective therapy for infection; a restricted protein diet; lactulose, L-ornithine aspartate for HE; diuretics and tolvaptan for ascites; vasoactive drugs; maintenance of arterial blood pressure and water restriction for hepatorenal syndrome; and oxygen therapy for hepatopulmonary syndrome.



The SMT+PE Group

Patients who received at least one PE-based NB-ALSS therapy in addition to SMT during hospitalization were enrolled in the SMT+PE group. PE-based NB-ALSS includes PE alone or in combination with hemofiltration (HF), a double plasma molecular adsorption system (DPMAS), plasma diafiltration (PDF), plasma bilirubin adsorption (PBA), continuous renal replacement therapy (CRRT), or plasma perfusion (PP).




Statistical Analysis

Normally and non-normally distributed continuous variables are presented as means ± standard deviations (SDs) and medians (interquartile ranges, IQRs), respectively. Categorical variables are shown as n (%). To compare differences between two groups, t-tests, chi-square tests and Mann-Whitney U-tests were used. Propensity score matching analysis was employed to eliminate confounding bias between two groups. The propensity score was calculated according to age, sex, ACLF type, ACLF grade, HE grade, Tbil, serum sodium (Na+), Cr, INR, infection, ascites, respiratory failure, and circulatory failure, and the nearest neighbor 1:1 matching scheme was adopted. The 28-day, 90-day, and 1-year survival rates of HBV-ACLF patients were calculated using Kaplan-Meier survival curves. The log-rank test was used to compare survival rates between groups and univariate and multivariate Cox regression analyses were used to determine independent prognostic factors for HBV-ACLF patients and the factors affecting PE-based NB-ALSS efficacy. SPSS software, version 24.0 (SPSS, Inc., Chicago, IL, USA) was used for the data analysis. Figures were produced using GraphPad Prism software, version 6.0 (GraphPad, LLC, San Diego, USA). A two-tailed p-value < 0.05 was considered statistically significant.




RESULTS


Patient Characteristics

A total of 3,970 patients with chronic liver disease admitted for acute decompensation or acute liver injury were screened for this study. Of them, 740 patients met the EASL-ACLF diagnostic criteria, 216 patients without HBV infection were excluded, and 524 HBV-ACLF patients were ultimately enrolled. Of these, 339 patients were diagnosed with ACLF on admission, and the remaining 185 developed ACLF during hospitalization (Figure 1). Among the 524 HBV-ACLF patients, 440 (83.97%) were male. A total of 115 (21.95%) patients exhibited no evidence of liver cirrhosis (Type A); in contrast, 299 (57.06%) had compensated cirrhosis (Type B), and 110 (20.99%) had decompensated cirrhosis (Type C). Of these, 62 (11.83%), 403 (76.91%), and 59 (11.26%) cases were classified as ACLF grade 1, 2, and 3, respectively. The numbers of patients with MELD grades 1, 2, 3, and 4 were 14 (2.67%), 166 (31.68%), 306 (58.40%), and 38 (7.25%), respectively. A total of 358 patients with HBV-ACLF received SMT alone (SMT group), whereas 166 received PE-based NB-ALSS in addition to SMT (SMT+PE group). The 166 HBV-ACLF patients in the SMT+PE group received a total of 422 PE-based NB-ALSS therapies during hospitalization at least once and up to nine times, with a median of two times. The modes of NB-ALSS therapies included PE alone 294 (69.67%) times, PE + HF 65 (15.40%) times, PE + DPMAS 45 (10.67%) times, and PE + PBA 18 (4.27%) times. A median volume of 2,000 mL fresh frozen plasma (FFP) was used for single PE-based NB-ALSS therapy, and the median time of initiation of PE-based NB-ALSS treatment was 5 days after admission (Table 1).


[image: Figure 1]
FIGURE 1. Flow chart of the study. HBV, hepatitis B virus; ACLF, acute-on-chronic liver failure; SMT, standard medical therapy; PE, plasma exchange; PSM, propensity score match; HE, hepatic encephalopathy; Tbil, total bilirubin; Na+, serum sodium; Cr, serum creatinine; INR, international normalized ratio; EASL, European Association for The Study of Liver Diseases.



Table 1. Baseline characteristics of HBV-ACLF patients who received SMT alone or SMT+PE.
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Overall, there were significant differences in baseline characteristics between the patients treated with SMT+PE and SMT alone, such as ACLF type, ACLF grade, alpha fetal protein (AFP), ALT, and AST. For PSM-matched 166 pairs of HBV-ACLF patients, there was no significant difference in baseline data between the SMT+PE group and SMT group, except that longer PT and higher HBV-DNA load were observed in patients in the former compared with the latter (PT, 28.60 vs. 27.20, p = 0.008; HBV-DNA, 4.85 log. vs. 4.31 log., p = 0.030) (Table 1).



PE-Based NB-ALSS Significantly Improves the Short-Term Survival Rates of ACLF Patients, Especially in MELD Grade 3 Patients

According to Kaplan-Meier survival analysis, among the enrolled HBV-ACLF patients, the 28-day and 1-year survival rates of patients in the SMT+PE group were significantly higher than those in the SMT group (28-day, 69.50% vs. 60.90%, p = 0.025; 1-year, 42.20% vs. 34.10%, p = 0.047) (Figures 2A,C). The 90-day survival rate was also higher in patients in the SMT+PE group than in the SMT group, though without a significant difference (48.70% vs. 42.80%, p = 0.076) (Figure 2B). Subgroup analysis revealed no significant difference in the survival rate of HBV-ACLF patients between the two groups at ACLF grade 1 and ACLF grade 3 (Supplementary Figures 1G–I). However, for ACLF grade 2 patients, 28-day, 90-day, and 1-year survival rates in the SMT+PE group were higher than those in the SMT group (Figures 2D–F), but the difference was not significant (28-day, 70.10 vs. 62.90%, p = 0.073; 90-day, 47.80 vs. 41.60%, p = 0.111; 1-year, 42.50 vs. 34.00%, p = 0.069). Subgroup analysis according to MELD grade revealed no significant difference in the survival rates of HBV-ACLF patients between the two groups at MELD grade 1, MELD grade 2, and MELD grade 4 (Supplementary Figures 1A–F); for MELD grade 3 patients, 28-day, 90-day, and 1-year survival rates were significantly higher in patients in the SMT+PE group than in the SMT group (28-day, 68.90 vs. 54.10%, p = 0.005; 90-day, 50.00 vs. 33.80%, p = 0.002; 1-year, 42.20 vs. 23.50%, p = 0.001) (Figures 2G–I).
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FIGURE 2. Survival curves for patients with HBV-ACLF who received SMT alone or SMT+PE. (A–C) 28-day (A), 90-day (B), and 1-year (C) survival curves for patients with HBV-ACLF. (D–F) 28-day (D), 90-day (E), and 1-year (F) survival curves for HBV-ACLF patients with ACLF grade 2. (G–I) 28-day (G), 90-day (H), and 1-year (I) survival curves for HBV-ACLF patients with MELD scores of 30–40. SMT, standard medical therapy; PE, plasma exchange; HBV-ACLF, hepatitis B virus-associated acute-on-chronic liver failure.


Importantly, in 166 pairs of PSM-matched HBV-ACLF patients, 28-day, 90-day, and 1-year survival rates were all significantly higher in the SMT+PE group than in the SMT group (28-day, 69.50 vs. 57.60%, p = 0.006; 90-day, 48.70 vs. 40.70%, p = 0.031; 1-year, 42.20 vs. 31.30%, p = 0.014) (Figures 3A–C). Moreover, subgroup analysis based on ACLF and MELD grades showed significantly higher 28-day, 90-day, and 1-year survival rates for the SMT+PE group among patients with ACLF grade 2 (Figures 3D–F) and MELD grade 3 (Figures 3G–I), especially for the latter. In addition, 28-day, 90-day, and 1-year survival rates in patients in the SMT+PE group were 18.60, 14.20, and 20.10% higher than those in the SMT group, respectively (Table 2). However, no significant difference was found in the short-term survival rate between the SMT group and SMT+PE group of HBV-ACLF patients with ACLF grade 1, ACLF grade 3, MELD grade 2, and MELD grade 4 (Supplementary Figure 2).


[image: Figure 3]
FIGURE 3. Survival curves for 166 pairs of matched patients with HBV-ACLF who received SMT alone or SMT+PE. (A–C) 28-day (A), 90-day (B), and 1-year (C) survival curves for patients with HBV-ACLF. (D–F) 28-day (D), 90-day (E), and 1-year (F) survival curves for HBV-ACLF patients with ACLF grade 2. (G–I) 28-day (G), 90-day (H), and 1-year (I) survival curves for HBV-ACLF patients with MELD scores of 30 to 40. PE, plasma exchange; SMT, standard medical therapy; HBV-ACLF, hepatitis B virus-associated acute-on-chronic liver failure.



Table 2. Cumulative survival rates of HBV-ACLF patients who received SMT alone or combination therapy with SMT and PE.
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PE-Based NB-ALSS Does Not Lead to Continuous Improvement in the Laboratory Parameters of HBV-ACLF Patients Within 28 Days

Among 166 pairs of PSM-matched HBV-ACLF patients, significant reductions in Tbil, GGT, and PT were observed only on day 7 in those treated with SMT+PE compared with those treated with SMT (Table 3). Although ALT, AST, and GGT levels in the SMT+PE group were lower in patients treated with SMT+PE on days 4, 7, 14, 21, and 28, and thereafter, the difference was not significant (Figure 4). The alkaline phosphatase (AKP) level of HBV-ACLF patients in the SMT+PE group showed a continuous decline but fluctuated in patients in the SMT group. However, Alb displayed a gradually increasing trend in both groups, and Alb was significantly higher in the SMT+PE group than in the SMT group on day 14. There were no significant differences in Cr, blood urea nitrogen (BUN), Na+, serum potassium (K+), or hemoglobin (HGB) levels at each time point. Although the WBC count was significantly lower in the SMT+PE group than in the SMT group on day 4 and 7, the PLT count was significantly lower in the former on days 7, 14 and 21 (Figure 4). Further analysis in SIRS scores showed that SIRS scores were significantly lower in the SMT+PE group than those in the SMT group on day 7 (0.62 vs. 1.03, p = 0.002) and day 14 (0.64 vs. 1.01, p = 0.035) (Supplementary Figure 3).


Table 3. Changes in laboratory parameters in patients with HBV-ACLF who received SMT alone or combination therapy with SMT and PE-based NB-ALSS.
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FIGURE 4. Changes in laboratory parameters in HBV-ACLF patients in the SMT group and SMT+PE group. SMT, standard medical therapy; PE, plasma exchange; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ-glutamyltransferase; AKP, alkaline phosphatase; Tbil, total bilirubin; Alb, albumin; Na+, serum sodium; K+, serum potassium; Cr, serum creatinine; BUN, blood urea nitrogen; PT, prothrombin time; INR, international normalized ratio; WBC, white blood cell; HGB, hemoglobin; PLT, platelet; *P value < 0.05; **P value < 0.01.




PE-Based NB-ALSS Is the Only Independent Protective Factor for Short-Term Prognosis in Patients With HBV-ACLF

Based on multivariate Cox regression analysis, PE-based NB-ALSS was the only independent protective factor for the survival of HBV-ACLF patients at 28 days, 90 days, and 1 year (28 days, HR = 0.516, p = 0.001; 90 days, HR = 0.663, p = 0.010; 1 year, HR = 0.610, p = 0.051). Advanced age, combined with cerebral failure (HE ≥ 3), respiratory failure and high MELD score were independent risk factors for survival at 28 days (Table 4). The independent risk factors for 90-day and 1-year survival of HBV-ACLF patients are shown in Table 4. The results of univariate Cox regression analysis are shown in Supplementary Table 1.


Table 4. Prognostic factors at 28 days, 90 days, and 1 year in HBV-ACLF patients treated with SMT alone or in combination with SMT and PE-based NB-ALSS.
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Frequency Is an Important Factor Affecting the Efficacy of PE-Based NB-ALSS

Multivariate Cox regression analysis showed that for HBV-ACLF patients treated with PE-based NB-ALSS, the frequency of the therapy was the only independent protective factor for 28-day and 90-day survival (28-day, HR = 0.597, p = 0.001; 90-day, HR = 0.772, p = 0.018). Respiratory failure and high INR were independent risk factors for 28-day survival, and advanced age, respiratory failure, high BUN and high INR were independent risk factors for 90-day prognosis (Table 5). The results of univariate Cox regression analysis are shown in Supplementary Table 2.


Table 5. Prognostic factors in HBV-ACLF patients treated with PE-based NB-ALSS.
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DISCUSSION

In this study, PE-based NB-ALSS significantly improved 28-day and 90-day outcomes, as well as 1-year outcomes, in HBV-ACLF patients. Nevertheless, subgroup analysis showed that not all patients with HBV-ACLF benefited from PE-based NB-ALSS. Indeed, PE-based NB-ALSS had significant efficacy only in those with ACLF grade 2 or MELD grade 3, but did not lead to continuous improvement in the laboratory parameters, such as Tbil, PT, GGT, AST, and ALT, of HBV-ACLF patients within 28 days. However, multivariate Cox regression analysis indicated that PE-based NB-ALSS was the only independent protective factor for 28-day and 90-day prognosis in HBV-ACLF patients and that advanced age, cerebral failure, respiratory failure, and high MELD score were independent risk factors for 28-day prognosis. Additionally, advanced age, cerebral failure, respiratory failure, hyponatremia, and elevated INR were independent risk factors for 90-day prognosis, which is consistent with the results of previous studies (22, 25, 26, 38). PE-based NB-ALSS therapy was also found to be an independent protective factor for the 1-year prognosis of HBV-ACLF patients in this study.

Studies in Europe have shown that the molecular adsorbent recirculating system (MARS) can improve the short-term survival rate of patients with ACLF grades 2-3 (39). Ning Qin et al. reported that plasma perfusion (PP) combined with PE therapy significantly improves the short-term outcomes of HBV-ACLF patients, with the best efficacy for those with ACLF grades 2-3 (38). In this study, however, PE-based NB-ALSS therapy only exhibited significant efficacy for ACLF grade 2 patients, which may not only be due to the different therapeutic mechanisms of MARS and PE but also to the different disease characteristics of ACLF patients in the East and West. In fact, alcoholism and HCV infection are the most common causes of ACLF in Western countries, and renal function damage is very common in these ACLF patients, whereas HBV infection is the most common cause of ACLF in China (1, 3, 5, 40). Overall, HBV-ACLF patients are more prone to liver failure and coagulation failure but less prone to renal failure and cerebral failure (5, 6, 38). Of the 332 HBV-ACLF patients enrolled in the matched analysis in this study, 278 (83.73%) had ACLF grade 2; among them, 243 (87.41%) patients had liver failure combined with coagulation failure, 26 (7.83%) had ACLF grade 1, and 28 (8.43%) had ACLF grade 3. Patients with ACLF grade 1 mostly experience renal failure or cerebral failure with renal dysfunction. FFP is rich in coagulation factors, albumin, immunoglobulin and other essential substances and can partially replace the synthesis and detoxification functions of the liver, thereby improving liver and coagulation function in HBV-ACLF patients. Hence, PE-based NB-ALSS has a significant therapeutic effect on patients with EASL-ACLF grade 2. Although PE therapy is effective in clearing albumin-bound toxins, it cannot effectively remove water-soluble toxins of small and medium sizes. Therefore, PE therapy is not ideal for improving renal function in HBV-ACLF patients. In this study, PE-based NB-ALSS therapy showed no significant effect in ACLF grade 1 patients, which may be related to the small number of ACLF grade 1 patients and the weak effect of PE on renal failure. For patients with ACLF grade 1, CRRT or DPMAS in addition to SMT is recommended, as is the combination of PE with CRRT or DPMAS. Patients with ACLF grade 3 underwent at least 3 organ failures, and their 28-day mortality can be as high as 78.6% without LT (7). Although studies have shown that PE can control the occurrence and development of multiple organ failure in ACLF patients, PE therapy may be ineffective for those who have already experienced multiple organ failure. Instead, it will increase the risk of infection, hemodynamic instability and HE (22, 38). In the present study, PE-based NB-ALSS therapy did not improve the outcomes of ACLF grade 3 patients, and it is recommended that such patients receive LT as soon as possible.

Among HBV-ACLF patients with MELD scores between 30 and 40, 28-day, 90-day, and 1-year survival rates increased by 14–20% in patients who received SMT+PE therapy compared with those who received SMT alone. However, in HBV-ACLF patients with MELD scores >40, SMT+PE therapy failed to improve short-term survival rates, similar to the result of Yu et al. (26). Because the MELD scores of the ACLF patients enrolled in Yu et al.'s study were all >30, their study did not investigate the effect of PE therapy in those with MELD scores <30. Among the HBV-ACLF patients included in the matching analysis in the present study, there were only 3 with MELD scores <20, which is too small for a statistical analysis. Our study cohort comprised 45 patients in the SMT group and 58 in the SMT+PE group with MELD scores between 20 and 30, and PE-based NB-ALSS therapy did not improve the short-term survival rate of these patients. However, Xia et al.'s study showed that PE-based NB-ALSS can significantly improve the short-term outcomes of HBV-ACLF patients with a MELD score ≤ 30. In particular, the 12-week survival rate of patients with MELD score ≤ 20 increased by 21%; for patients with MELD score >30, the 4–48 weeks survival rate was significantly lower in those receiving PE therapy than in those receiving SMT (41). Although the sample size (787 cases) was sufficient, Xia et al.'s study was a single-center retrospective study without PSM analysis, and the study by Yu et al. was a prospective randomized controlled study with a higher level of evidence. Therefore, PE-based NB-ALSS therapy can improve short-term outcomes in patients with HBV-ACLF but is likely to have significant efficacy in only a subset of patients. A large, prospective, multicenter randomized controlled study is needed to further define the subgroup of patients who will potentially benefit from PE-based NB-ALSS therapy.

In the study of Chen et al., PE therapy was found to significantly reduce Tbil and INR in ACLF patients (42). Yao et al. also reported that the ALT, AST, Tbil, and INR of HBV-ACLF patients were significantly reduced after PE therapy (43). In our study, there was an instantaneous and significant decrease in Tbil after PE-based NB-ALSS therapy (data not shown), but Tbil and other laboratory parameters rebounded to high levels in the absence of subsequent PE-based NB-ALSS therapy. Indeed, significantly reductions in Tbil, GGT, and PT were only detected on day 7 in PSM-matched HBV-ACLF patients who received PE-based NB-ALSS therapy. According to the consensus of the Asian Pacific Association for the Study of the Liver (APASL), patients with ACLF who develop SIRS within 7 days after disease onset will subsequently develop multiple organ failure (MOF) and are deemed to have a very poor prognosis. Therefore, the development of SIRS within 1 week is an important determinant of prognosis in patients with ACLF (44). PE therapy can significantly reduce levels of pro-inflammatory cytokines in ACLF patients, thereby preventing overactivation of the immune system (22–24, 38, 45). In this study, the WBC count showed a slight decline in the SMT+PE group and an increase in the SMT group. The WBC count in the SMT+PE group was significantly lower than that in the SMT group on day 4 and 7, and the SIRS scores were also significantly lower in the SMT+PE group than in the SMT group on day 7 and 14. Thus, PE-based NB-ALSS therapy reduces the inflammatory response degree in HBV-ACLF patients, which may reduce the occurrence of SIRS and MOF. This finding may explain why in this study, PE-based NB-ALSS therapy improved the prognosis of HBV-ACLF patients without continuous improvement in laboratory parameters. In addition, the disease course of ACLF patients who survive for 28 days usually exceeds 60 days, and most patients begin to recover after 28 days. Nonetheless, the laboratory parameters of HBV-ACLF patients were only recorded for 28 days in this study. Overall, extending the observation period may reveal the effect of PE-based NB-ALSS therapy in improving the laboratory parameters of HBV-ACLF patients.

The platelet count of HBV-ACLF patients receiving PE-based NB-ALSS therapy continued to decrease and was significantly lower than that of patients in the SMT group. This phenomenon may be related to thrombocytopenia caused by the use of heparin (46, 47). Therefore, platelet changes and the coagulation function of ACLF patients receiving PE-based NB-ALSS therapy should be closely observed in the clinic. It is suggested that HBV-ACLF patients with platelet counts <50 × 109/L should be given low molecular weight heparin or citrate as an anticoagulant during the PE-based NB-ALSS process to avoid heparin-induced thrombocytopenia.

In this study, the median PE-based NB-ALSS therapy frequency was 2, and multivariate Cox regression analysis showed that the frequency of the therapy was the only independent protective factor for 28-day and 90-day prognosis in HBV-ACLF patients treated with this modality. This result suggests that the more PE-based NB-ALSS therapy is administered, the better is the prognosis of HBV-ACLF patients. Surprisingly, the timing of PE-based NB-ALSS therapy in HBV-ACLF patients and the volume of FFP used per session were not significantly associated with prognosis. As most of the patients in this study received PE-based NB-ALSS therapy within 1 week after admission and the FFP volume used for each session was ~2 L for the vast majority of patients, we were unable to evaluate the impact of the timing and FFP volume on the efficacy of the therapy. In a multicenter prospective study by Larsen FS et al., high-volume (8–12 L) PE therapy once daily for 3 consecutive days significantly improved outcomes in patients with ALF (22), and Stahl et al.'s showed that low-volume (2–3 L) PE per day was as effective as high-volume PE for ALF patients (48). These results suggest that frequent PE therapy can improve the outcomes of those with liver failure when the FFP volume is no <2 L. In this study, the frequency of PE-based NB-ALSS therapy, rather than the FFP volume, exhibited a significant impact on the therapeutic effect of the therapy, which again confirmed the results of Stahl et al.'s study. Therefore, frequent low-volume PE-based NB-ALSS therapy is recommended for HBV-ACLF patients, potentially reducing both the amount of FFP and the risk of complications such as internal environment disorder and hemodynamic instability.

The CATCH-LIFE study consisted of two prospective multicenter cohorts of acute exacerbations of chronic liver disease established by 15 tertiary hospitals. The locations of these 15 tertiary hospitals cover 95% of the population distribution in China. The HBV-ACLF patients enrolled in this study were all from CATCH-LIFE, effectively reducing selection bias and rendering the research results reliable. Nevertheless, this study has some limitations. First, this was an observational study; the timing, frequency and FFP volume of PE therapy were not carried out uniformly, and the sample size was not large enough. The optimal timing, frequency and FFP volume of PE therapy still need to be determined through a multicenter randomized controlled study. Second, only HBV-ACLF patients were enrolled, and whether the results are applicable to ACLF patients with other etiologies needs further investigation. Third, as this study found that PE-based NB-ALSS therapy could not continuously improve the laboratory parameters of HBV-ACLF patients during the 28-day observation period, the clinical observation period should be extended to further clarify the improvement effect. Finally, this study did not detect levels of inflammatory cytokines before and after PE-based NB-ALSS treatment, and thus the mechanism of PE-based NB-ALSS was not examined. Fortunately, proteomics and metabolomics studies are being conducted using blood samples from this cohort, and the results may clarify the mechanism of PE-based NB-ALSS as ACLF therapy.

In conclusion, this study showed that PE-based NB-ALSS therapy significantly improves the short-term (28/90-day and 1-year) outcomes of patients with HBV-ACLF, and that patients with EASL-ACLF grade 2 or MELD scores of 30–40 are more likely to benefit, thereby reducing their dependence on LT. Moreover, increasing the frequency of PE therapy may provide greater benefits to patients with HBV-ACLF.
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Increased INR Values Predict Accelerating Deterioration and High Short-Term Mortality Among Patients Hospitalized With Cirrhosis or Advanced Fibrosis
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Background and Objective: An increase in the international normalized ratio (INR) is associated with increased mortality in patients with cirrhosis and other chronic liver diseases, while little is known about the quantitative relationship. This study aimed to investigate the quantitative relationship between the INR and short-term prognosis among patients hospitalized with cirrhosis or advanced fibrosis and to evaluate the role of the INR as a risk factor for short-term liver transplant (LT)-free mortality in these patients.

Patients and Methods: This study prospectively analyzed multicenter cohorts established by the Chinese Acute-on-Chronic Liver Failure (CATCH-LIFE) study. Cox regression was used to describe the relationship between the INR and independent risk factors for short-term LT-free mortality. Forest plots were used in the subgroup analysis. Generalized additive models (GAMs) and splines were used to illustrate the quantitative curve relationship between the INR and the outcome and inflection point on the curve.

Results: A total of 2,567 patients with cirrhosis and 924 patients with advanced fibrosis were included in the study. The 90-day LT-free mortality of patients with cirrhosis and advanced fibrosis was 16.7% (428/2,567) and 7.5% (69/924), respectively. In the multivariable Cox regression analysis, the increase in the INR was independently associated with the risk of 90-day LT-free mortality both in patients with cirrhosis (HR, 1.06; 95% CI, 1.04–1.07, p < 0.001) and in patients with advanced fibrosis (HR, 1.09; 95% CI, 1.06–1.12, p < 0.001). An INR of 1.6/1.7 was found to be the starting point of coagulation dysfunction with a rapid increase in mortality in patients with cirrhosis or in patients with advanced fibrosis, respectively. A 28-day LT-free mortality of 15% was associated with an INR value of 2.1 in both cirrhosis and advanced fibrosis patients.

Conclusions: This study was the first to quantitatively describe the relationship between the INR and short-term LT-free mortality in patients with cirrhosis or advanced fibrosis. The starting points of INR indicating the rapid increase in mortality and the unified cutoff value of coagulation failure in cirrhosis and advanced fibrosis, will help clinicians accurately recognize early disease deterioration.

Keywords: acute on chronic liver failure (ACLF), cirrhosis, advanced fibrosis, international normalized ratio (INR), short-term prognosis


INTRODUCTION

Cirrhosis and other chronic liver diseases are the main causes of death, affecting 1.5 billion people worldwide (1, 2) and accounting for 1.3 million deaths every year (3). Most chronic liver disease patients will remain in a stable state, while upon acute liver injury (ALI), they may progress to acute decompensation or even organ failure; the latter is defined as acute-on-chronic liver failure (ACLF) and is characterized by a high short-term mortality rate of over 50% (4, 5).

Most patients with liver cirrhosis or other chronic liver diseases hospitalized with ALI have coagulation disorders, which are associated with significantly prolonged prothrombin time (PT) and an increased international normalized ratio (INR) (6). As an indicator of severe liver injury, the INR has been included in the diagnostic criteria of ACLF by the European Association for The Study of the Liver (EASL) and the Asian-Pacific Association for the Study of the Liver (APASL) (7–9). The INR has also been incorporated in scoring systems such as the model for end-stage liver disease (MELD), MELD-Na, and chronic liver failure-sequential organ failure assessment (CLIF-SOFA) for assessing the severity of cirrhosis and liver failure (10–12).

However, the cutoff value of the INR for the diagnosis of ACLF has long been controversial in the East and the West (13). The APASL considers that an INR ≥ 1.5 and a total bilirubin (TB) ≥ 5 mg/dL in patients with cirrhosis and noncirrhotic chronic liver disease were important indicators for the diagnosis of ACLF. The INR cutoff value used by the APASL in the diagnostic criteria of ACLF is based on the definition of acute liver failure (9, 14–16). The EASL considers an INR ≥2.5 in patients with cirrhosis as the cutoff value for coagulation failure in the diagnostic criteria of ACLF (7). It is unclear whether coagulation failure in cirrhosis and advanced fibrosis can share the same cutoff value for the INR. Therefore, it is pivotal to explore the evidence-based cutoff values of the INR for coagulation failure in patients with cirrhosis and advanced fibrosis, and this is important to unify the thresholds of coagulation failure among the East and West.

This study was based on a large, multicenter, prospective cohort of patients in areas where hepatitis B virus (HBV) is highly endemic, and this study included both patients with cirrhosis and patients with advanced fibrosis (17, 18). This study aimed to investigate the quantitative relationship between the INR and the short-term (28 /90-day) LT-free mortality in patients with cirrhosis and advanced fibrosis separately and to provide evidence for establishing a reliable INR cutoff value for the diagnosis of coagulation failure.



PATIENTS AND METHODS


Patients

Patients with cirrhosis and other chronic liver diseases (3) hospitalized for acute decompensation (AD) (7) or acute liver injury (ALI) were enrolled in the Chinese Acute-on Chronic Liver Failure (CATCH-LIFE) study cohorts (NCT02457637 and NCT03641872) from 16 Chinese tertiary hospitals during the periods of January 2015–December 2016 and January 2018–December 2019 (17–19). Detailed inclusion and exclusion criteria have been published elsewhere (17–19). This study was approved by the Ethics Committee of Renji Hospital (the leading center of the CATCH-LIFE study), School of Medicine, Shanghai Jiao Tong University, Shanghai, China. Signed informed consent was obtained from all patients.

Cirrhosis was diagnosed based on computed tomography/magnetic resonance imaging, laboratory examination, and clinical symptoms (20). Cirrhosis without prior AD was defined as cirrhotic patients who developed AD for the first time (7). Those with a prior history of AD were defined as cirrhotic patients with prior (one or more episodes) AD (7). Advanced fibrosis was defined as noncirrhotic patients who had a chronic liver disease history of at least 6 months and had FIB-4 scores over 1.45 (21).

Among the cirrhotic patients and the patients with advanced fibrosis, those who received liver transplant within 90 days, those with INR values missing values on admission, patients with FIB-4 ≤ 1.45 and patients with missing FIB-4 values in noncirrhotic patients were not included in the analysis (Figure 1; Supplementary Figure 1).


[image: Figure 1]
FIGURE 1. Study participants. FIB-4, fibrosis-4 index; INR, international normalized ratio; LT, liver transplantation.




Data Collection

The following demographic and clinical information was collected on admission: age, sex, etiology of the liver disease, acute decompensated events, laboratory parameters, clinical symptoms involved in Child-Turcotte-Pugh [CTP] (22), and CLIF-SOFA scores. Details about the data collected in this study can be found elsewhere (17, 18).



Outcomes

The primary and secondary endpoints of the study were 90 and 28-day liver transplant (LT)-free mortality, respectively.



Statistical Analysis

Data are presented as medians and the first and third quartiles for continuous variables and as frequencies (%) for categorical variables at baseline. A multivariate Cox proportional hazard (COXPH) model was used to analyze the correlation between the INR and 90-day LT-free mortality. Important risk factors and potential confounding factors were adjusted, and these included age, sex, and etiology of underlying chronic liver disease, overt ascites, gastrointestinal bleeding, bacterial infection, hepatic encephalopathy (HE) grades, TB and creatinine. The risk of 90-day LT-free mortality was expressed by continuous variables as the risk ratio (HR), which was calculated by each unit of the INR. In patients with cirrhosis, the INR was categorized into fine levels (<1.2, 1.2–1.5, 1.5–2.0, 2–2.5, and ≥2.5), and patients with an INR <1.2 were used as a reference. In advanced fibrosis, the INR was categorized into 4 levels (<1.5, 1.5–2.0, 2.0–2.5, and >2.5), and patients with an INR <1.5 were used as a reference. Forest plots were used for subgroup analysis.

The nonlinear relationship between the INR and 90-day mortality was plotted as an “INR-mortality correlation curve”. The estimated mortality rates corresponding to the INR values in the curves and the independent effect of INR on mortality were shown by the confounding factors adjusted generalized additive model (GAM) (23). Spline (24) was used as a connecting function to select the GAM and smoothing parameters to optimize the Akaike information criterion. The second derivative of the INR to mortality was used to describe the nonlinear relationship (to obtain the maximum acceleration peak). The maximum acceleration point on the GAM curve was defined as the starting point of the INR for disease deterioration. Meanwhile, the INR value corresponding to 15% LT-free mortality within 28 days was considered the clinical cutoff value for coagulation failure (the definition from the CANONIC study) (7). Statistical analyses were performed using R version 3.1.2 (R Foundation for Statistical Computing, Vienna, Austria) and MATLAB 2016b. A two-sided p < 0.05 was considered statistically significant.




RESULTS


Characteristics of the Patients

As shown in Figure 1, 2,567 patients with cirrhosis and 924 patients with advanced fibrosis were ultimately included in the analysis. The 90-day LT-free mortality of cirrhosis and advanced fibrosis were 16.7% (428/2,567) and 7.5% (69/924), respectively. In Figure 2, we depict the uncorrected INR in relation to the 28/90-day LT-free mortality using GAM. In cirrhotic patients and advanced fibrosis, as the INR increased, the disease severity (MELD score, CLIF-SOFA score, and Child Pugh score) and the corresponding short-term LT-free mortality increased (Tables 1, 2).


[image: Figure 2]
FIGURE 2. Unadjusted probability of LT-free mortality by baseline INR in cirrhosis and advanced fibrosis. (A,B) 28-day (A) and 90-day (B) LT-free mortality by baseline INR in cirrhosis, (C,D) 28-day (C) and 90-day (D) LT-free mortality by baseline INR in advanced fibrosis.



Table 1. Baseline characteristics of patients with cirrhosis based on different INR groups at admission.

[image: Table 1]


Table 2. Baseline characteristics of patients with advanced fibrosis based on different INR groups at admission.
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INR Is an Independent Risk Factor for 90-Day LT-Free Mortality

As shown in Table 3, when the INR was used as a continuous variable, it was an independent risk factor for 90-day LT-free mortality in both cirrhotic and advanced fibrosis patients (Table 3). The analysis of the categorical variables showed that when the INR > 1.5, the elevated INR had a significantly greater impact on mortality than patients with an INR <1.5 in both cirrhosis and advanced fibrosis patients. The INR was an independent risk factor for 90-day LT-free mortality without the interaction of most indicators except hepatic encephalopathy 3~4, a phenomenon existed that was consistent in patients with cirrhosis and advanced fibrosis (Figures 3, 4). The results of the 28-day univariate and multivariable analyses are also shown in Supplementary Table 1.


Table 3. The unadjusted and adjusted hazard ratios of INR for 90-day transplantation-free mortality in patients with cirrhosis and advanced fibrosis.
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FIGURE 3. Stratified analyses of adjusted risk of 90-day LT-free mortality in cirrhosis patients according to strata of baseline covariates INR. HBV, hepatitis B virus; HE, hepatic encephalopathy; GI bleeding, gastrointestinal bleeding; TB, total bilirubin; Cr, creatinine; INR, international normalized ratio.
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FIGURE 4. Stratified analyses of adjusted risk of 90-day LT-free mortality in advanced fibrosis patients according to strata of baseline covariates INR. HBV, hepatitis B virus; HE, hepatic encephalopathy; GI bleeding, gastrointestinal bleeding; TB, total bilirubin; Cr, creatinine; INR, international normalized ratio.




INR = 1.6 and 1.7 Are the Starting Points of INR for Acute Disease Deterioration in Cirrhosis and Advanced Fibrosis, Respectively

Through the peak of the second derivative, we found that the maximum acceleration point of the INR (INR = 1.6) corresponded to the most rapid increase in mortality on the GAM curve, which independently reflected the relationship between the INR and 90-day LT-free mortality (Figures 5C,D). The valley of the second derivative was when the INR = 2.6, which showed an INR of 1.6~2.6 is the period with the most rapid increase in mortality. This suggests that an INR = 1.6 is the starting point of the INR for disease deterioration in cirrhosis. We further analyzed the relationship between the INR and 90-day LT-free mortality in patients with cirrhosis without prior AD and patients with cirrhosis with any prior AD. The trends of the two curves were similar, with starting points of INR = 1.7 and 1.5 for disease deterioration, respectively, which were similar to the values in patients with cirrhosis (Figures 5E–H).


[image: Figure 5]
FIGURE 5. The INR-mortality (90-day) correlation curves and their corresponding second derivative (acceleration) curves. (A) The INR-mortality (90-day) correlation curve of advanced fibrosis, (B) the second derivative (acceleration) of INR to mortality in advanced fibrosis, (C) the INR-mortality (90-day) correlation curve of cirrhosis, (D) the second derivative (acceleration) of INR to mortality in cirrhosis, (E) the INR-mortality (90-day) correlation curve of cirrhosis without prior AD, (F) the second derivative (acceleration) of INR to mortality in cirrhosis without prior AD, (G) the INR-mortality (90-day) correlation curve of cirrhosis with prior AD, and (H) the second derivative (acceleration) of INR to mortality in cirrhosis with prior AD.


In patients with advanced fibrosis, the peak INR value of the second derivative was 1.7, and the valley INR value was 2.7, which indicates that mortality rises the fastest when the INR is between 1.7 and 2.7. Therefore, an INR value of 1.7 can be used as the starting point of INR for disease deterioration (Figures 5A,B).



INR = 2.1 Was Associated With 28-Day LT-Free Mortality of 15% Both in Patients With Cirrhosis and in Patients With Advanced Fibrosis

EASL defines organ failure as a 28-day LT-free mortality of 15%; therefore, the quantitative analysis found that an INR = 2.1 corresponded to an LT-free mortality of 15% within 28 days after admission in cirrhotic patients (Figure 6). An INR = 2.1 can be used as the clinical cutoff value for coagulation failure in patients with liver cirrhosis, with the corresponding multivariable adjusted 28/90-day LT-free mortality of 15 and 25.1%, respectively (Table 4), and 447 (17.4%) patients in our study exceeded this clinical cutoff of INR for coagulation failure. Similarly, in patients with advanced fibrosis, an INR = 2.1 was also found to correspond to a 28-day LT-free mortality of 15%, and 116 (12.6%) patients in our study exceeded this threshold, with corresponding 28/90-day LT-free mortality of 15 and 26.3%, respectively. Therefore, these values can be used as the clinical cutoff values of INR for coagulation failure.


[image: Figure 6]
FIGURE 6. Adjusted probability of INR-mortality (28-day) correlation curves. (A) adjusted (age, gender, etiology, HE grades, ascites, infection, TB, and Cr) probability of the INR-mortality (28-day) correlation curve in advanced fibrosis, (B–D) adjusted (age, gender, etiology, HE grades, ascites, infection, gastrointestinal bleeding, TB, and Cr) probability of the INR-mortality (28-day) correlation curve in cirrhosis (B), in cirrhosis without prior AD (C), and in cirrhosis with prior AD (D).



Table 4. Multivariable adjusted 28- and 90-day LT-free mortality based on the starting point of INR for disease deterioration and clinical INR cutoffs in cirrhosis and advanced fibrosis.

[image: Table 4]

The short-term LT-free mortality in patients with INR values between the starting point for disease deterioration and cutoff for coagulation failure was further analyzed. An INR of 1.6~2.1 in the patients with cirrhosis was corresponded to 28/90-day LT-free mortality of 7.8 and 17.4%, respectively. Similarly, the INR value of 1.7~2.1 in patients with advanced fibrosis was associated with a 28/90-day LT-free mortality of 3.3 and 7.8%, respectively (Table 4).




DISCUSSION

This study quantitatively described in detail the relationship between INR values and short-term LT-free mortality for the first time in patients with cirrhosis or advanced fibrosis through a multicenter, prospective cohort study. First, the results showed that the INR value was an independent risk factor for both 28- and 90-day LT-free mortality in patients with either cirrhosis or advanced liver fibrosis. In both patients with cirrhosis and in patients with advanced fibrosis, an INR > 1.5 had a more significant impact on 90-day LT-free mortality than an INR <1.5. Second, we found for the first time the starting point of the INR that indicates acute disease deterioration (coagulation dysfunction) in a highly endemic area of HBV. Finally, when the INR = 2.1, the 28-day LT-free mortality reached 15% in both patients with cirrhosis and patients with advanced fibrosis. Therefore, an INR > 2.0 could be used as the cutoff of INR for the diagnosis of coagulation failure in either patients with cirrhosis or advanced fibrosis.

In the diagnostic criteria of ACLF, the study population of the APASL included patients with cirrhosis and noncirrhotic chronic liver diseases, while the study population of the EASL included patients with cirrhosis only (7, 9, 25). To resolve this controversy, the World Gastroenterology Organization (WGO) proposed that significant hepatic fibrosis can be considered chronic hepatitis to help distinguish ACLF from acute liver failure (26–28). An FIB-4 > 1.45 was used to screen advanced fibrosis in noncirrhotic chronic liver diseases (21). In the present study, in patients with advanced fibrosis, the INR corresponding to a 28-day LT-free mortality of 15% was also 2.1, and this result suggested that coagulation failure in patients with advanced fibrosis shares the same INR cutoff value, which is also consistent with patients with cirrhosis. Furthermore, in patients with cirrhosis and advanced fibrosis who presented coagulation dysfunction before coagulation failure (INR = 16–2.1), the 28-day LT-free mortality was much lower than 15%, providing more evidence that INR > 2.0 could be used as the cutoff of INR for the diagnosis of coagulation failure in either patients with cirrhosis or advanced fibrosis.

In this study, the INR was not an independent risk factor for 90-day LT-free mortality in subgroups HE3–4. HE is one of the common complications of ALI or AD in patients with cirrhosis and other chronic liver diseases (29–31). The North American Liver Failure Alliance (NACSELD) identified HE grades 3–4 as an independent predictor of 30-day mortality in hospitalized patients with cirrhosis, with 30-day mortality for HE grades 3–4 as high as 38% (32, 33). Our previous study also demonstrated that the 28-day LT-free mortality rates were 34.5 and 55% for HE grades 3 and 4, respectively, among patients with cirrhosis and other chronic liver diseases (34). The results from the above studies and the results from our study demonstrated that grade 3–4 HE plays a more important role than the INR in the short-term outcomes of patients with cirrhosis.

Our research has the following strengths. First, the data come from a high-quality large-scale prospective cohort in a high-endemic area of HBV (17, 18, 20). Second, we obtained for the first time the evidence-based starting point of the INR value that indicates acute disease deterioration both in patients with cirrhosis and in patients with advanced fibrosis, and this can be used as a warning sign of a rapid increase in mortality. The starting point of the INR is important for clinicians to timely identify the rapid increase in mortality caused by coagulation damage. Finally, the unified clinical cutoff of the INR for coagulation failure was found in patients with cirrhosis and advanced fibrosis.

This study had several limitations. First, the data in this study came from HBV high-endemic areas that were not representative of the global characteristics of patients with cirrhosis and other chronic liver diseases, but HBV accounts for 70% of the cases of cirrhosis and other chronic liver diseases and is the highlight of our cohort study. Second, our study only included LT-free mortality as the outcome and did not include liver transplantation as a bad outcome. In most major studies, LT-free mortality was used as the only end point, which is consistent with our study (7, 35, 36). Finally, this was an observational study that did not investigate the effects of special treatments (such as artificial liver support systems, glucocorticoids, etc.) on the short-term adverse outcomes of patients with cirrhosis and advanced fibrosis. To date, no treatment except liver transplantation has been shown to significantly change the outcome of ACLF.

This was the first study to quantitatively describe the relationship between the INR and short-term LT-free mortality in patients with cirrhosis and advanced fibrosis. For the first time, we obtained the starting point of the INR that indicated a rapid increase in mortality. Patients with either cirrhosis or advanced fibrosis share the same clinical cutoff INR value for the diagnosis of coagulation failure.
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Purpose: The mortality of invasive pulmonary aspergillosis (IPA) in patients with liver failure was high. However, the prophylactic treatment in those patients with a high-risk factor in IPA has not been researched.

Patients and methods: A multicenter, retrospective study was conducted in patients with liver failure. The study cohort of liver failure was randomly split into a training set for model development and the other served as the testing set for model verification. Multivariate analysis was performed to identify the risk factors of IPA. A weighted risk score for IPA was established. Anti-fungal treatment was prophylactically used in patients with medium and high IPA risk to evaluate the effect.

Results: In total, 1,722 patients with liver failure were enrolled. Fifty-seven patients who received prophylactic treatment were excluded from the risk factor system study. About 1,665 patients were randomly split at a ratio of 2:1 into two datasets. Diabetes, glucocorticoids, plasma exchange, and hepatorenal syndrome (HRS) were risk factors in IPA in patients with liver failure, with weighted risk scores of 4, 7, 2, and 3, respectively. In the validation set and test set, the patients with risk scores of ≤ 3 presented low incidences of IPA at 4 and 2.7%. Patients with risk scores of 4–5 had an IPA incidence of 7.6% and 10.1%, and could be considered as a medium-risk group (p < 0.01 vs. the group with scores of ≤ 3), whereas those with risk scores of >5 manifested a significantly higher IPA incidence of 21.2 and 12.7%, who were considered a high-risk group (p < 0.01 vs. the groups with scores of 4–5 and >5, respectively). The IPA risk scores in the training set and the testing set were also analyzed by the ROC with an area under the ROC of 0.7152 and 0.6912. In this study, 57 patients received antifungal prophylaxis; the incidence of IPA was 1.8%, which was significantly lower after prophylactic antifungal therapy (p < 0.001).

Conclusions: A weighted risk score for patients with liver failure, complicated with IPA, was established and confirmed in the testing cohort. Voriconazole prophylactic treatment to patients with liver failure with medium and high IPA risk can effectively prevent Aspergillus infection.

Keywords: liver failure, invasive pulmonary aspergillosis, prophylaxis, voriconazole, risk score


INTRODUCTION

Invasive pulmonary aspergillosis (IPA) is a devastating infectious disease in patients with liver failure; the mortality rate exceeds 80% (1, 2). Early diagnosis and treatment of IPA are particularly important. However, clinical diagnosis of IPA in liver failure is a huge challenge. The traditional G test and the GM test can diagnose IPA early in patients with allogeneic hematopoietic stem cell transplantation, but they lack sensitivity in patients with liver failure (3). Invasive diagnostic procedures are often not feasible due to prolonged prothrombin time and thrombocytopenia. So, at present, the clinical diagnosis of liver failure complicated with IPA infection depends more on symptom-triggered pulmonary CT screening. However, due to the lack of specificity in clinical symptoms and imaging of liver failure complicated with IPA infection, the study found that the positive predictive value of this method was 61% and the negative predictive value was 92% (4). Moreover, previous studies have shown that patients with IPA were diagnosed when the CLIF-SOFA lung score is >1 and had the worst prognosis, poor antifungal treatment effect, and the highest mortality (5). These studies demonstrated that early diagnosis and early treatment are the key factors to improve the prognosis of patients with liver failure, complicated with IPA infection, but it was difficult to achieve.

In view of the disastrous consequences of IPA in patients with liver failure, the risk factor in IPA has been researched extensively, such as hemodialysis and prior antibiotics use (3), prolonged and high-dose corticosteroid therapy (6, 7), and recent history of neutropenia (8, 9). The prophylactic antifungal treatment, which was based on the risk factors, had been evaluated in multiple clinical trials in different diseases. Rijnders et al. showed that prophylactic inhalation of liposomal amphotericin B significantly reduced the incidence of IPA in patients during prolonged neutropenia (10). The China Assessment of Antifungal Therapy in Hematological Diseases (CAESAR) study showed antifungal prophylaxis was beneficial in patients with hematological malignancies with an intermediate and high risk of invasive fungal disease (11). A clinical trial at Mayo Clinic (12) researched lung transplant recipients who receive prolonged and mostly lifelong azole antifungal prophylaxis; none of the patients developed disseminated invasive aspergillosis. However, the prophylactic treatment in patients with liver failure with a risk factor for IPA has not been researched.

In this study, we established a weighted risk score for IPA that accurately discriminated a cohort of patients with liver failure with low, intermediate, and high risks of IPA. Then, the efficacy of antifungal prophylaxis with voriconazole or caspofungin was evaluated in patients with different IPA risks in order to reduce mortality in this population.



MATERIALS AND METHODS


Study Design

A multicenter, retrospective observational study was carried out in patients with liver failure admitted to two tertiary hospitals in Zhejiang province from December 2008 to July 2021: one is Shulan Hangzhou Hospital; the other is the First Affiliated Hospital, School of Medicine, Zhejiang University. The collected data included baseline characteristics, type of liver failure, clinical features, underlying disease, complication, antifungal treatment, treatment-related potential risk factors of IPA, and the prognosis. Because the study was retrospective and the data were analyzed anonymously, the need for consent was waived.



Enrollment Criteria

Liver failure was defined according to the Diagnosis and Treatment Guideline for Liver Failure in China (2018) (13). The definition of IPA was used by the European Organization for Research and Treatment of Cancer (EORTC) consensus (14), which was diagnosed if the following two criteria were fulfilled: (1) positive culture of Aspergillus spp. from sputum; (2) presence of one of the following three signs on computed tomography: dense, well-circumscribed lesions with or without a halo sign, air-crescent sign, or cavity.



Statistical Analysis

The study cohort of liver failure was randomly split at a ratio of 2:1 into two sets, of which one served as the training set for model development and the other served as the testing set for model verification. The characteristics of patients were compared between two datasets using Student's t-tests or Kruskal-Wallis tests for continuous variables where appropriate and χ2 or Fisher exact tests for categorical variables. We first, by using univariate analysis with p < 0.10, identified the risk factors that were individually complicated with probable IPA. The factors that demonstrated an individual association were demonstrated the multivariate logistic regression with the stepwise criteria of 0.05. Points were assigned for the variables and were weighted approximately by the corresponding regression β-coefficients. Receiver operator curves (ROC) were calculated to assess the discrimination capacity of the risk score. Once the model was determined, it was tested in the test set to confirm its performance in predicting the IPA incidence. All statistical analyses were performed using SPSS version 18.0 (SPSS, Chicago, IL, USA).




RESULTS


Study Populations and Incidence of IPA

In this study, 1,722 patients with liver failure were enrolled. Fifty-seven patients who received voriconazole or caspofungin prophylactic treatment were excluded from the risk factor system study. Of the remaining 1,665 patients, the patients with IPA were 111, the overall incidence of IPA was 6.7%, and the mortality of IPA was 85.6%. Acute (subacute) liver failure, acute-on-chronic (subacute-on-chronic) liver failure, and chronic liver failure were 198, 902, and 565 cases, and the IPA incidences were 7.1, 7.1, and 5.9%, respectively. There was no significant difference between any two groups for IPA incidence.

About 1,665 liver failure patients were randomly split at a ratio of 2:1 into two datasets, 1,155 patients were enrolled in the training set, and 510 patients were in the testing set.

The characteristics of patients in training and testing datasets were similar in all aspects, as shown in Table 1.


Table 1. Characteristics of patients with liver failure in the training and testing sets.

[image: Table 1]



Risk Scores Associated With IPA in the Training Dataset

The variables of the training set that was associated with IPA incidence, including diabetes, corticosteroid, plasma exchange treatment, and INR, were significant in the multivariate logistic regression, and weighted points were assigned (Table 2).


Table 2. Multivariate logistic regression analysis of risk factors associated with invasive pulmonary aspergillosis (IPA) development in the training dataset.

[image: Table 2]

Based on the multivariate logistic regression analysis, IPA risk scores ranged from 0 to 16 (Table 3) and were calculated in the training set. The distribution of the risk scores and the cumulative incidence of IPA in liver failure patients were shown in Table 4. The patients with risk scores of ≤ 3 presented low incidences of IPA at 4%. Patients with risk scores of 4–5 had an IPA incidence of 7% and could be considered as a medium-risk group (p < 0.01 vs. the group with scores of ≤ 3), whereas those with risk scores of >5 manifested a significantly higher IPA incidence of 21.2%, who were considered as a high-risk group (p < 0.01 vs. the groups with scores of 4–5 and >5, respectively).


Table 3. Risk scores for IPA.
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Table 4. Distribution of risk scores vs. the cumulative incidence of IPA in the training and testing datasets.

[image: Table 4]

The ROC curve was used to identify the ability of the IPA risk scores, and the area under the curve was 0.6912, which is shown in Figure 1.


[image: Figure 1]
FIGURE 1. Receiver-operator curve (ROC) analysis of the risk scores in the training datasets. The area under the curve was 0.6912.




Risk Scores Associated With IPA in the Testing Dataset

The IPA risk score was used to assess the patients with liver failure in the testing dataset. The incidence of IPA was 2.7% when the risk scores of IPA were less than or equal to 3. As the risk scores reached 4–5, the IPA incidence increased to 7% (p < 0.01 vs. the group with scores of ≤ 3), whereas the IPA incidence was 12.7% in the patients with risk scores of >5 (p < 0.01 vs. the groups with scores of 4–5 and >5, respectively).

The IPA risk scores in the testing set were also analyzed by the ROC with an area under the ROC of 0.7152, as shown in Figure 2.


[image: Figure 2]
FIGURE 2. Receiver-operator curve (ROC) analysis of the risk scores in the testing datasets. The area under the curve was 0.7152.




Impact of Antifungal Prophylaxis in Patients With Different Risk Scores

In this study, 57 patients received antifungal prophylaxis, who had significantly more seriously impaired liver function than patients without prophylaxis (p < 0.001). Meanwhile, the risk scores were significantly higher in the population with antifungal prophylaxis (p < 0.001) (Table 5). However, the incidence of IPA was 1.8%, which was significantly lower after prophylactic antifungal therapy (p < 0.001).


Table 5. The characteristics of patients with or without antifungal prophylaxis and impact of antifungal prophylaxis in patients with different risk scores.

[image: Table 5]




DISCUSSION

Patients with end-stage liver diseases are now considered additional risk factors of IPA, along with allogeneic bone marrow transplantation (15). The prevalence of IPA in HBV-related ACLF patients has been reported to be 5–8.3%. The short-term mortality observed in these patients ranged from 73.5 to 100% (1, 5, 7). In our study, the incidence of IPA was 6.7%, and the mortality was 85.6%, which was consistent with previous reports. It is not difficult to find that the IPA rate in patients with liver failure is not high, but, once it occurs, the mortality is very high. Hence, numerous studies have reported lots of IPA risk factors of liver failure (1, 2, 7, 16, 17) in order to provide a way for clinical early diagnosis and early treatment.

The previous study showed antibiotic use was an independent factor associated with the occurrence of IPA in patients with liver failure (2), and the patients were prone to many types of infections caused by opportunistic pathogens, including Aspergillus spp. after antibiotics use. However, our results showed there was no significant difference in antibiotic use between the patients with IPA and those without. Instead, diabetes, INR, plasma exchange, and steroid use were proved to be significant risk factors for IPA. Diabetes and steroid use indirectly reflect the immune status, which was easier to understand that they are the risk factors of IPA in patients with liver failure. But, in this study, we, for the first time, confirmed that the plasma exchange therapy was the risk factor of IPA in liver failure; this risk score is 2, which belongs to the low-level risk factor. This means that patients with severe liver failure treated with plasma exchange received steroid treatment or had diabetes at the same time, which will increase the risk of IPA.

Over the past three decades, plasma exchange has been employed to treat liver failure. Due to the lack of randomized controlled studies, the effect of plasma exchange on liver failure has always been controversial (18). Until Larsen et al. (19) published the first randomized control trial of plasma exchange in patients with acute liver failure in 2016, then, plasmapheresis was added to the European guidelines (20) as Level I, Grade 1 recommendation in management of acute liver failure. Its proposed mechanism is the removal of plasma cytokines and drivers of systemic inflammatory cascade by plasma exchange. But why does plasma exchange increase the risk of Aspergillus infection? We speculate whether plasma exchange removes some cytokines at the same time, which mediate the inflow of macrophage and might limit the degree of local tissue destruction of Aspergillus infection (21).

Despite so many studies on risk factors, there is no study that has considered an early prophylactic treatment for high-risk patients. There may be two reasons that hinder the measures to be taken for clinical prophylactic treatment. First, the risk factors found in different studies are inconsistent, there is no further verification of these risk factors, and there is no distinction between low-risk, medium-risk, and high-risk factors. So, it is difficult for clinical doctors to judge all of these risk factors and take steps. In fact, almost all liver failure will have 1–2 risk factors above mentioned, but it is not impossible to give prophylactic antifungal therapy to all the patients with liver failure; second, it is difficult to determine which prophylactic method has to be taken. If voriconazole prophylactic treatment is taken in line with HSCT (11), how much dosage of voriconazole needs to be used in patients with liver failure, because of the hepatotoxicity of voriconazole, whether its prophylactic use will be harmful to the liver of patients with liver failure. Different from creatinine clearance, the pharmacokinetics of drugs metabolized from the liver with different disease severities is not a simple linear relationship, and there are too many concerns about voriconazole metabolism and human CYP2C19 gene polymorphism at the same time (22, 23).

In this study, we conducted a multicenter-based study to build up a risk score system for IPA in patients with liver failure. We confirmed the discriminative performance of the IPA risk score system in both the training and testing sets. The effective concentration range of voriconazole is between 1 and 5 ug/ml. As long as the concentration is monitored, the risk can be avoided. Prevention failed in one patient among 27 low-risk patients, who were prevented with caspofungin. However, what we need to further study is the difference between caspofungin and voriconazole in the prevention of Aspergillus infection.

There are several limitations to our study. First, we can only, according to the results of sputum culture and pulmonary CT, diagnose IPA in patients with liver failure due to their coagulation function and platelet status, which will not lead to a precise diagnosis; second, this study is a retrospective analysis, which could lead to the unbalanced distribution of confounding factors when we evaluate the efficacy of the prophylactic treatment. Some factors may affect the results, such as the duration of the disease, the severity of the disease, or the dosage of the prophylactic antifungal drug. Third, we included liver failure caused by different causes, and they have different pathogenesis, which will affect the incidence rate of IPA. Finally, the sample size was insufficient to compare different prophylactic treatment effects in different subgroups.



CONCLUSION

To the best of our knowledge, this is the first report for developing an IPA risk score system based on a large patient population with liver failure. We established a weighted risk score for IPA that could reliably discriminate the incidence of IPA. The precise risk assessment of IPA may provide a chance for risk based antifungal treatment in patients with liver failure. For the first time, we tried to give voriconazole prophylactic treatment to patients with liver failure with medium and high IPA risk and found that it can effectively prevent Aspergillus infection. Furthermore, we need to expand the sample size and design a multicenter prospective study to further verify the effect of preventive antifungal therapy in high-risk groups and explore the best dose of preventive therapy in patients with liver failure.
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Background: Survival of acute-on-chronic liver failure (ACLF) cannot be properly predicted based on clinical characteristics.

Aims: This study aimed to develop a predictive model to evaluating the prognosis for hepatitis B virus-related ACLF (HBV-ACLF) based on specific laboratory and immune indicators.

Methods: Baseline laboratory results were obtained and immune indicators were detected by flow cytometry. A predictive model, which estimates the prognosis at 90-day follow-up, was developed using data from a prospective study on 45 patients hospitalized of HBV-ACLF from June 2016 to April 2018 at the Beijing Ditan Hospital, Capital Medical University. The prognostic values of the predictive factors were determined by the area under the receiver operating characteristic (AUROC) curves.

Results: Six factors exhibited statistical differences between the survival and non-survival groups: proportions of CD4+TN, CD4+TEM, CD8+TN, CD8+TEM, CD200R+CD4+T cells and neutrophil-lymphocyte ratio (NLR). CD200R combined with the NLR had an AUROC of 0.916, which was significantly higher than the AUROC values of CD200R+CD4+T cells (0.868), NLR (0.761), model for end-stage liver disease (MELD) (0.840), MELD-Na (0.870), Child-Turcotte-Pugh (CTP) (0.580), or chronic liver failure-consortium ACLF (CLIF-C ACLF) score(0.840). At the cut-off point of−3.87, matching the maximum Youden index determined by ROC analysis, the positive predictive and negative predictive values for the mortality were 0.86 and 0.97, respectively.

Conclusions: The 90-day prediction model based on baseline levels of CD200R+CD4+T cells and NLR offers potential predictive value for the mortality of HBV-ACLF.

Keywords: ACLF, CD200R, HBV, prognosis, T cell, NLR


INTRODUCTION

Acute-on-chronic liver failure (ACLF) is an acute deterioration of pre-existing chronic liver diseases, manifesting as jaundice, coagulopathy and complicated within 4 weeks by ascites and/or hepatic encephalopathy, ultimately resulting in high short-term mortality (1–3). In particular, hepatitis B virus (HBV) infections account for most cases in the Asia-Pacific region because of their high prevalence (1).

In patients with chronic hepatitis B (CHB), persistent exposure to antigens often leads to depressed T cell function, characterized by the multiple expression of coinhibitory molecules (4–6). The upregulation of inhibitory receptors, such as programmed cell death protein-1 (PD-1), cytotoxic T-lymphocyte associated protein-4 (CTLA-4), and 2B4 (CD244) (7–9), has been confirmed to be related to the dysfunction of HBV-specific CD8+ T cells in chronic infection. Hepatitis B virus-related ACLF (HBV-ACLF) is a more complicated disease with excessive inflammation and immune dysfunction. Multiple factors, particularly host immunity, are involved in the pathogenesis of HBV-ACLF (10–12). T cell dysfunction and increased expression of coinhibitory molecules are also involved in the pathogenesis of HBV-ACLF.

CD200 is a cell surface glycoprotein that functions by engaging the CD200 receptor on cells of the myeloid and lymphoid lineages to transmit signals affecting responses in multiple physiological systems (13, 14). CD200 expression has been reported to affect cancer growth, autoimmune and allergic disorders, infection, transplantation, bone development and homeostasis, and reproductive biology (15–17). However, its role in the pathogenesis of HBV-ACLF remains to be explored. Neutrophil-lymphocyte ratio (NLR) has been confirmed as a potential short-term prognostic indicator for patients with HBV-ACLF (18). In this study, we investigated the correlation between CD200R along with NLR and the prognosis of HBV-ACLF and whether CD200R combined NLR could be used to predict prognosis. These findings may contribute to a better understanding of the pathogenesis of HBV-ACLF, which could be helpful in clinical decision-making and the development of novel therapeutic methods.



PATIENTS AND METHODS


Patients

A total of 45 patients with HBV-ACLF and 169 patients with CHB were enrolled between June 2016 and April 2018 at the Beijing Ditan Hospital, Capital Medical University. The inclusion criteria for CHB was set according to the Chinese guideline of prevention and treatment for CHB (2015 version) (19): (1) 18 years or older, (2) HBsAg positive status for at least 6 months. The inclusion criteria for HBV-ACLF patients were set according to the consensus recommendations of the Asian Pacific Association for the Study of the Liver (APASL) for ACLF (2014) (20): (1) age 18 years or older, (2) HBsAg positive status for at least 6 months, (3) serum bilirubin ≥ 5 mg/dL (85 μmol/L) and coagulopathy (international normalized ratio (INR) ≥ 1.5 or prothrombin activity (PTA) <40%) complicated within 4 weeks by clinical ascites and/or encephalopathy. The key exclusion criteria included pregnancy, mental illness, decompensated liver cirrhosis, hepatocellular carcinoma, liver transplants, immune regulatory treatment within 6 months, co-infection with hepatitis A, C, D, E, or liver diseases caused by other reasons. In addition, patients with CHB who meet the criteria of serum bilirubin ≥ 5 mg/dL (85 μmol/L) and coagulopathy (INR ≥ 1.5 or PTA <40%) was excluded from CHB group. Patients with HBV-ACLF were followed up for 90 days. Fifty healthy control (HC) subjects were also recruited for the study. The present study was approved by the Ethics Committee of the Beijing Ditan Hospital, Capital Medical University, China. Written informed consent was obtained from all the patients before their participation.



Isolation of Peripheral Blood Mononuclear Cells (PBMCs)

Peripheral blood samples were collected from all the subjects. PBMCs were isolated by Ficoll-Paque PLUS (GE Healthcare Biosciences AB, Uppsala, Sweden) density gradient centrifugation.



Cell Surface Staining

PBMCs were incubated with directly conjugated antibodies for 30 min at 4°C. The cells were washed before flow cytometric analysis. The antibodies used were anti-human CD3-BV786, CD4-APC-Fire750, CD8-BV510, CD45RA-AF700 (Becton, Dickinson, and Company [BD], Franklin Lakes, NJ, USA), and CD200R APC and CCR7-BV421 (BioLegend, San Diego, CA, USA). Additionally, 7-AAD (BD, Franklin Lakes, NJ, USA) was used to exclude non-viable cells.



Multiparameter Flow Cytometry

Cells stained with fluorescent antibodies were acquired with an LSR Fortessa flow cytometer (BD Biosciences) and analyzed with FlowJo software (Tree Star, Ashland, OR, USA).



Statistical Analysis

Statistical analysis was performed using GraphPad 6 (GraphPad Software, La Jolla, CA, USA) or SPSS 23.0 (IBM Corporation, New York, NY, USA). Clinical and demographic characteristics were summarized as the mean ± standard deviation, median and 25th and 75th percentiles for continuous variables, and frequency and percentage for categorical variables. The Kolmogorov–Smirnov test was used to assess the normality of the sample data distribution. Fisher's exact test or χ2 test was used to compare the categorical variables. A one-way ANOVA test or Kruskal–Wallis test was performed to compare two more independent samples. The accuracy of prognosis was evaluated using the receiver operating characteristic (ROC) curve, and the area under the ROC (AUROC) curve was calculated. For all analyses, a p value of < 0.05 was considered statistically significant.




RESULTS


Patient Characteristics and Baselines

The demographics and characteristics of the subjects are shown in Table 1. The HBV-ACLF group displayed expected differences in liver function and coagulation function parameters compared with the CHB and HC groups. Higher levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TBIL), NLR and INR were observed in patients with HBV-ACLF. Notably, the increase in NLR was mainly caused by a decrease in lymphocyte count. Additionally, PTA and albumin levels were significantly lower (p < 0.001) than those in patients with CHB.


Table 1. Characteristics of the subjects included in the study.

[image: Table 1]

In total, 41 patients were included for the analysis, 4 out of 45 patients were excluded for liver transplantation. The differences between the survival and non-survival groups are shown in Table 2. Higher levels of neutrophil count and INR and lower level of PTA were observed in the non-survival group, indicating that infection and worse coagulation function may contribute to the adverse outcomes.


Table 2. Characteristics of the survival and non-survival groups in patients with HBV-ACLF.
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Peripheral Frequencies of T Cell Subsets in Patients With HBV-ACLF

First, we investigated the differentiation status of peripheral T cells in patients with HBV-ACLF, including naïve T cells (TN, CCR7+CD45RA+), central memory T cells (TCM, CCR7+CD45RA−), effector memory T cells (TEM, CCR7−CD45RA−), and terminally differentiated effector cells (TEMRA, CCR7−CD45RA+) (Figure 1A). As shown in Figure 1B, in CD4+ T cell subsets, the proportion of TN and TCM cells in patients with HBV-ACLF was significantly lower than that in the HC group, and the proportion of TEMRA cells was significantly higher than that in the HC group. Similar results were observed in CD8+ TCM cells and CD8+ TEMRA cells (Figure 1C). However, the number of CD8+ TEM cells did not increase as in CD4+T cells. Additionally, no differences were observed between patients with HBV-ACLF and CHB in these subsets.


[image: Figure 1]
FIGURE 1. Differentiation of circulating T cells. Representative flow data gated on CD4+ and CD8+ T cells (A) and scatter dot plots of the percentage of TN, TCM, TEM, and TEMRA subsets gated on CD4+ (B) and CD8+T cells (C) in different groups. A one-way ANOVA or Kruskal–Wallis test was used to analyze statistical differences. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.


The proportions of CD200R+T cells in both CD4+ (Figure 2A) and CD8+ (Figure 2B) T cells were increased in patients with HBV-ACLF and CHB compared to the HC group. Moreover, the proportion of CD200R+CD8+T cells in patients with HBV-ACLF was significantly higher than that in patients with CHB.


[image: Figure 2]
FIGURE 2. CD200R+T cells in patients with ACLF and CHB. Representative dot plots of CD200R+CD4+ (A) and CD200R+CD8+ (B) T cell frequency for each group. A Kruskal–Wallis test was used to analyze statistical differences. **p < 0.01, ****p < 0.0001.




CD200R Expression Levels on Different Subsets of Circulating T Cells

To further determine the upregulation of CD200R in patients with HBV-ACLF, we investigated whether CD200R was differentially expressed on each differentiation subset of T cells. As shown in Figure 3A, CD200R expression on each differentiation subset was dramatically increased in patients with HBV-ACLF compared with that in HCs on CD4+ T cells, along with a more significant increase in the proportions of CD8+ TCM and CD8+ TEM cells (Figure 3B). This indicated that elevated CD200R+ frequency was caused not only by variation in the proportion of T cell subsets, but also the expression on each differentiation subset.


[image: Figure 3]
FIGURE 3. CD200R is significantly upregulated on TCM and TEM cells in patients with ACLF. Scatter dot plots of CD200R expression in each group among four subsets (TN, TCM, TEM, and TEMRA) gated on CD4+T cells (A) and CD8+T cells (B). A one-way ANOVA or Kruskal–Wallis test was used to analyze statistical differences. **p < 0.01, ****p < 0.0001.




Decreased Frequency of Circulating CD200R+CD4+T Cells Was Associated With a Poor Survival Rate for HBV-ACLF

To further investigate the correlation between the indicators and prognosis of HBV-ACLF, we compared the frequencies of the subsets in each group. A lower percentage of CD200R+CD4+T cells was observed in the non-survival group than in the survival group (p = 0.0013) (Figure 4A). Consistent with the findings of our previous study, the NLR was significantly higher in the non-survival group than in the survival group (p = 0.0309) (Figure 4B). Additionally, the proportion of CD4+ and CD8+ TN cells increased significantly in the non-survival group, accompanied by a decreased proportion of CD4+ and CD8+ TEM subsets (Supplementary Figure 1). Thus, it is suggested that the dysfunction of TEM subsets may not only play a role in the pathogenesis of ACLF but also affect adverse outcomes of ACLF.


[image: Figure 4]
FIGURE 4. Analysis of prognostic factors in patients with ACLF. (A) Comparison of the proportions of CD200R+CD4+T cells in ACLF survival and non-survival groups. (B) Comparison of NLR levels between survival and non-survival groups with ACLF. A Mann–Whitney test was used to analyze statistical differences.




CD200R Combined With the NLR Could Predict HBV-ACLF Prognosis

The relationship between baseline CD200R+CD4+T cell frequency and prognosis for patients with HBV-ACLF was determined at the 90d follow-up. As shown in Figure 5, the baseline level of CD200R+CD4+T cells yielded an area under the receiver operating characteristic [AUROC (95% CI)] [0.868 (0.733–1.000)] curve that predicted 90 d mortality rate vs. that of NLR, model for end-stage liver disease (MELD), MELD-Na, Child-Turcotte-Pugh (CTP), and chronic liver failure-consortium ACLF (CLIF-C ACLF) score [0.761 (0.538–0.983), 0.840 (0.672–1.000), 0.870 (0.702–1.000), 0.580 (0.322–0.838), and 0.840 (0.684–0.996), respectively]. A combination of CD200R+CD4+T cells and NLR was used to predict mortality in patients with HBV-ACLF. It was observed that the combination (AUROC [95% CI] [0.916 (0.782–1.000)] predicted 90 d mortality better than that of CD200R+CD4+T cells alone. At the cut-off point of−3.87, which matched the maximum Youden index determined by ROC analysis, the positive predictive and negative predictive values for mortality were 0.86 and 0.97, respectively.


[image: Figure 5]
FIGURE 5. ROC curve of each factor and areas under ROC curves. Proportions of baseline CD200R+CD4+T cells, NLR, CD200R/NLR, MELD, MELD-Na, CTP and CLIF-C scores in predicting 90 d mortality in patients with HBV-ACLF.




Discussion

In the present study, we investigated the frequencies of CD200R+ and the differentiation status of T cells in patients with HBV-ACLF and their possible role in predicting prognosis. With chronic HBV infection, the T lymphocyte response plays an important role in host immunity. Elevated expression of coinhibitory receptors on T cells was also found in patients with CHB and acute liver injury and was correlated with disease progression in HBV infection (21, 22). Although increased CD200R expression was found in both CD4+ and CD8+T cells in patients with HBV-ACLF and CHB, only the percentage of CD200R+CD8+T cells was further upregulated in patients with HBV-ACLF. Further analysis revealed that upregulation of CD200R occurred in each differentiation subset. Moreover, although the percentage of CD8+TCM cells was decreased as that of CD4+TCM cells, the level of CD8+TEM cells was not upregulated, as in CD4+T cells. This suggests that further dysfunction of T cells, especially defective CD8+T cell function, may contribute to the pathogenesis of HBV-ACLF.

Interestingly, in contrast to the increase in peripheral frequencies of CD200R+T cells in patients with HBV-ACLF and CHB compared with HCs, CD200R+CD4+T cells in the non-survival HBV-ACLF group were decreased. The 90 d prognosis analysis of patients with HBV-ACLF but without liver transplantation showed that the proportion of CD200R+CD4+T cells in the HBV-ACLF non-survival group was lower than that in the survival group. Notably, the opposite tendencies were observed in TN cells, demonstrating statistical differences between the survival and non-survival groups. Compared with the healthy control group, the proportion of CD4+TN cells in patients with HBV-ACLF decreased and differentiated into effector T cells, whereas the proportion of effector memory CD8+T cells did not change significantly. In summary, the above results suggest that T cells might play different roles in the pathogenesis and prognosis of HBV-ACLF.

Previous studies have found that CD200 and CD200R can provide negative regulatory signals, change the response threshold of myeloid cells to stimulation signals, reduce the activity of myeloid cells, and maintain immune homeostasis (23–25). Multiple effects on T cells have been reported in interactions between CD200/CD200R, including the shift from a Th1 cytokine profile to a Th2 cytokine profile (26) and the inhibition of the CTL response (27). Ren Y et al. (28) revealed that the CD200/CD200R interaction could reduce the differentiation of CD4+T cells into Th17 cells in rheumatoid arthritis, downregulate Th17 chemotaxis mediated by chemokine receptor 6, and reduce the inflammatory response. Additionally, the CD200/CD200R interaction could indirectly regulate T cell function through macrophages or dendritic cells (29, 30). Therefore, the decrease in the proportion of CD200R+CD4+T cells could possibly promote the inflammatory response and aggravate tissue damage, affecting the prognosis of patients with HBV-ACLF. To further verify this hypothesis, additional functional experiments must be conducted, and the identification of the interaction between CD200R and other coinhibitory molecules should be the focus of future studies.

Our study findings also showed that the baseline percentage of CD200R+CD4+T cells was a potential predictive marker for 90 d mortality in patients with HBV-ACLF. NLR has been proved to be a predictor of the prognosis in patients with HBV-ACLF (18). A combination of CD200R and NLR provided a better prediction of 90 d mortality than CD200R alone. This further illustrates the potential importance of CD200R in the prognosis of HBV-ACLF.

In summary, during the development of HBV-ACLF, the role of T cells in promoting or suppressing inflammation may shift with variations in regulatory factors. CD200R, as a potential predictor and possible mechanism of HBV-ACLF pathogenesis, is worthy of further study. However, there were some limitations to our study. The number of cases was limited, and subjects were recruited from a single center; thus, further validation and mechanistic research need to be performed in the future.




CONCLUSION

Overall, CD200R combined NLR offers potential predictive value regarding the mortality of HBV-ACLF, and the findings could contribute to the elucidation of the pathogenesis of HBV-ACLF.
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Variables

Age (y), median (IQR)

Meale sex, n (%)

Underlying chronic liver disease, n (%)
Compensated cirthosis and non-cirthosis
Decompensated cirthosis
Etiology of liver disease, n (%)
HBY

HoV

Alcohol

HBV + Alcohol

AH

Others

Precipitating events, n (%)
HBV reactivation

Bacterial infection

Alcohol

Drug

Unknown

Laboratory data at admission, median (IQR)
ALT (UL)

AST (UL)

ALB (g/1)

TB (mg/dL)

INR

OR (mg/dL)

Na (mmol/L)

WBC (x 109/L)

PLT (x10°/1)

HGB (g/L)

Scores at admission, median (IQR)
MELD score

MELD-Na score

Complications, n (%)

Ascites

Bacterial infection
Gastrointestinal hemorrhage
Hepatic encephalopathy
Transplant-free survival, n (%)
28-day

90-day

180-day

360-day

540-day

720-day

N

89

49 (41-57)
545 (79.1)

435 (63.1)
254(36.9)

407 (59.1)
10(1.5)
136 (19.7)
63(9.1)
33(4.8)
40(5.8)

70 (10.1)
89(12.9)
1(16)
31(45)

488 (70.8)

134 (47.2-440.0)
156.5 (85.2-398.8)
28.9 (25.2-32.2)
16.4 (11.3-23.4)
2.1(1.8-2.6)
083 (0.64-1.04)
134.9 (181.2-137.6)
6.8(5.0-9.4)

92 (62.5-132)
119 (103-136)

23.1(18.7-26.8)
25.4(205-312)

498 (72.9)
578 (83.9)
57(8.9)
182 (19.2)

543 (78.8)
402 (61.3)
341 (65.7)
280 (48.9)
229 (42.7)
194 (38.2)
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Variables

Clinical characteristics
Age (year)

Male, n (%)

HBV reactivation (%)
Alcohol intaking, n (%)
Heptoxic drug, n (%)
Fatigue, n (%)

UGIB, n (%)

Girthosis, n (%)

Ascite, n (%)

HE, n (%)

HBeAg +,n (%)
Treatment data
Average Stay time (days)
Telipressin therapy, n (%)
Artificial liver support, n (%)
NH3 reduction therapy, n (%)
Diuretics therapy, n (%)
Laboratory parameters
WBC (10A9/L)
Neutrophil (10A9/L)
Leukomonocyte (10A9/L)
T8 (mg/dlL)

ALT (UAL)

ASTIUL)

AKP(UL)

Alb (1)

INR

Sodium (mmol/L)

Kalium (mmol/L)

Greatine (mg/dL)

Log HBV-DNA(IU/mi)
Sexual hormones

E2 (pg/m)

TT (ng/m)

Scoring systems.
Child-Pugh

MELD

iMELD

SOFA

GLIF-C AGLF

COSSH ACLF

Total (n = 300)

450+ 12.0
2565 (85.0)
65(21.7)
24(8.0)
17(6.7)
14(4.7)
6(2.0)
153 (51.0)
102 (34.0)
20.7)
147 (49.0)

21.49 £ 14.59
4013
31(10.9)
24(8.0)
85(28.9)

58+4.0
4.19£4.05
056 £2.13
1091 £9.02
568.83 + 749.02
419.34 + 502.22
136.42 + 52.49
325+89
1.68 +£0.68
137.07 £ 8.90
4.02 £0.57
0.80 £0.44
414 £275

98.81 % 82.11
3.33£3.31

8.86 & 1.92
1433+7.76
2.80 +£0.96
4.90 £2.26
32.22 +£8.92
5.08 +0.97

ACLF (n = 108)

46.18 £ 11.89
94(87.0)
15 (13.9)

983
8(7.4)
8(7.4)
328
57(52.8)
37(343)
2(1.9)
43(42.2)

25.10 + 1807
4@7)
23(21.3)
21(19.4)
32(206)

747 £5.19
5.36 £ 4.47
0.90 +3.48
1833 +7.94
631.39 + 835.16
475.67 + 584.46
141.12 + 55.69
30.38 + 5.08
218+0.53
135.99 + 6.16
4.06 £ 0.62
0.84 £0.57
394 £2.76

144.22 + 76.82
1.59 £1.69

10.51 £ 0.98
21.30+ 591
3.59 £0.86
722 £0.98
38.38 + 8.49
5.99+0.88

non-ACLF (n = 192)

44.40 £ 11.99
161 (83.9)
50(26.0)

15(7.8)
9(4.7)
6(3.1)
3(1.6)
96 (50.0)
65(33.9)
00
104 (54.2)

19.46 £ 11.78
00
8(4.2)
3(1.6
53(27.6)

5.08 £2.82
3.54 £3.65
0.38 £0.46
6.72 £ 6.57
518.02 + 694.90
387.96 + 448.53
134.26 + 50.97
33.62 + 10.32
124+£023
137.67 £ 10.08
472£981
0.77 £0.34
426 £2.75

78.15 + 73.60
432 +£3.58

7.93 + 1.69
10.27 + 5.45
2.35+0.69
358+1.63
2876 +£7.12
455 +0.52

p value

0217
0.459
0014
0.873
0328
0.091
0.470
0.644
0.943
0.059
0.455

<0.001
0.016
<0.001
<0.001
0.709

<0.001
<0.001
0.122
<0.001
0.209
0.148
0.322
0.003
<0.001
0.119
0.419
0.303
0.348

<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

AKP, phosphatase alkaline; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CLIF-C ACLF, European Association for the Study of Chronic Liver Faiure; COSSH ACLF,
ACLF model of Chinese Group on the Study of Severe Hepatits B; E2estradiol; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; HE, hepatic encephalopathy; INF, international
normalized ratio; MELD, Modl for End-stage Liver Disease; SOFA, sequentiel organ failure assessment; TT, testosterone; UGIB, upper gastrointestinal hemorthage; WBC, white

blood count.





OPS/images/fmed-08-729030/fmed-08-729030-t002.jpg
Variables Total (n = 108) 28day Non-survivors 28day Survivors Univariate analysis Multivariate analysis

(n=24) (n=284)
OR (95% Cl) p value OR (95% Cl) p value

Clinical characteristics

Age (year) 46.18 = 11.89 5217 £ 10.81 44.46 £ 11.68 1.060 (1.016-1.105) 0.005 12.48 (0.932-166.9) 0.068

Male, n (%) 9487.0) 23(95.8) 71(84.5) 4211 (0.522-33.966) 0.146

Bacteria infection, n (%) 47 (43.5) 16 (66.7) 31(6.9) 3.419 (1.313-8.907) 0.009 2.165 (0.722-6.491) 0.130

HBV reactivation, 1 (%) 15(139) 283 13(15.5) 0.497 (0.104-2.371) 0372

Alcohol intaking, n (%) 9(8.3) 1@4.2) 8(8.5) 0.413 (0.049-3.478) 0.680

Heptoxic drug, 1 (%) 8(7.4) 3(12.5) 5(6.0) 2.267 (0.499-10.218) 0280

Fatigue, n (%) 8(7.4) 283 6(7.1) 1.182 (0.223-6.270) 0.844

UGIB, n (%) 328 00 3(36) 1.000

Cirthosis, n (%) 57 (52.8) 13 (54.2) 44 (52.4) 1.074 (0.432-2.669) 0877

Ascite, n (%) 37(34.9) 5(20.8) 32(38.1) 0.428 (0.145-1.258) 0116

HE, n (%) 2(19 2(19 00 0.048

HBeAg +, n (%) 43(42.2) 7(29.2) 36(46.2) 2,001 (0.244-17.886) 0.492

Treatment characteristics

Telipressin therapy, n (%) 4@.7) 3(12.5) 11.2) 0.034

Avtificial ver support, n (%) 23(21.3) 6(25.0) 17 (202) 0615

NHS reduction therapy, 1 (%) 21(19.4) 10 (@41.7) 11(13.1) 0.002

Diuretics therapy, n (%) 32(206) 5(20.8) 27 32.1) 0285

Laboratory parameters

WBC (10A9/L) 747 £5.19 806+ 876 6.92.+552 1.037 (0.959-1.121) 0346

Neutrophil (10A9/L) 536+ 4.47 6.06+3.44 516473 1.040 (0.950-1.139) 0383

Leukomonocyte (10A9/L) 090 +3.48 0724087 095 +3.93 0.975 (0.820-1.160) 0774

TBil (mg/dL) 18.33 +£7.94 22.78 £ 8.47 17.06 £ 7.34 1.099 (1.033-1.170) 0.002 3.105 (0.545-17.70) 0.091

ALT (U 631.39 + 835.16 466,16 + 711.37 678.60 + 865.33 1.000 (0.999-1.000) 0274

AST (UL 475.67 + 584.46 427.74 £ 587.11 488.79 + 586.57 1.000 (0.999-1.001) 0.659

AKP (UL) 141.12 £ 65.69 118.75 + 46.50 146.39 + 56.66 0.989 (0.977-1.001) 0.074

Alb (g/L) 30.38+508 2873553 30.86 + 4.87 0.918 (0.837-1.008) 0,070

INR 218053 238+ 0.46 2.12£054 2.444 (1.053-6.672) 0.083 8791 (0.706-109.4) 0023

Sodium (mmol/L) 135,99 + 6.16 133,61 % 9.20 136.68 % 4.78 0.927 (0.861-0.998) 0.127

Kalium (mmol/L) 4.06 %062 4145077 408+ 057 0.987 (0.918-1.061) 0.160

Creatine (mg/dL) 084 %057 112093 076 +0.38 2,695 (1.110-+6.543) 0077

Log HBV-DNA (1U/mi) 394+276 382+2.83 397 £275 0.981 (0.824-1.169) 0.833

Sexual hormones

£2 (pg/m) 144.22 + 76,82 182.08 + 99.21 134.06 % 66.78 1.007 (1.001-1.018) 0.041 1.188 (0.260-5.435) 00908

TT (ng/mi) 1.69 + 1.69 0.80 £ 0.51 1.80 £ 1.83 0.317 (0.134-0.751) <0.001 0.492 (0.214-1.133) 0.004

Prognostic scoring systems

Child-Pugh 10.51 +0.98 10.71 £ 091 10.45 £ 1.00 1.313 (0.817-2.108) 0.262

MELD 21.30 £5.91 2420+7.48 2043 +5.10 1.129 (1.034-1.239) 0.004

iMELD 359086 4243104 841071 3.929 (1.921-8.035) <0001

SOFA 7.22:098 7964 1.20 7.01:£080 2.933 (1.633-5.265) <0.001

CLIF-C ACLF 38.38 +£8.49 44.71 £561 3657 +8.32 1.193 (1.090-1.306) <0.001

COSSH-ACLF 599088 6.83+0.82 577078 4.615 (2.326-9.158) <0.001

AKP, phosphatase alkaline; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CLIF-C ACLF, European Association for the Study of Chronic Liver Failure; COSSH ACLE, ACLF model of Chinese Group on the Study of Severe
Hepatits B; E2,estradiol; HBeAg, hepatitis B e antigen; HB, hepatitis B virus; HE, hepatic encephalopathy; INR, intemational normalized ratio; MELD, Model for End-stage Liver Disease; SOFA, sequential organ failure assessment; TT,
testosterone; UGIB, upper gastrointestinal hemorrhage; WBC, white blood count.
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Models 28 day prediction

AUROC 95%Cl Z value P value Sensitivity Specificity Cut-off
TATIM 0.828 0.738-0.892 7.620 <0.001 95.5 60.1 —1.855
CLIF-C ACLF 0.797 0.706-0.870 6.441 <0.001 100.0 50.6 36
COSSH ACLF 0.796 0.705-0.869 7.293 <0.001 100.0 405 5
SOFA 0.729 0.635-0.811 4.001 <0.001 58.33 783 7
iMELD 0.725 0.628-0.809 4113 <0.001 62.5 798 4
MELD 0.661 0.561-0.752 2645 <0.001 54.2 84.2 25
Child-Pugh 0547 0.446-0.646 1.280 0.201 66.7 53.6 10

CLIF-C ACLF, ACLF model of European Association for the Study of Chronic Liver Failure; SOFA, chronic liver failure-sequential organ failure assessment; MELD, Model for End-stage
Liver Disease; SOFA, sequential organ failure assessment; COSSH ACLF, ACLF model of Chinese Group on the Study of Severe Hepatitis B.
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Characteristics

No. of Patient, N (%)
Age (year), median [Q1, Q3]
Gender, N (%)

Male

Female
BMI, median [1, Q3]
ALB (g/L), median [Q1, Q3)
ALT (UAL), median [Q1, Q8]
AST (UAL), median [Q1, Q3]
PT (5), median [Q1, Q8]
TB (umol/L), median [Q1, Q3]

Fibrinogen (g/L), median [Q1,
o]

HGB (g/L), median [Q1, Q3]
PLT (10°L), median [Q1, Q8]
WBC (10°/L), median [Q1, Q3]
Cr (umol/L), median [Q1, Q3)
HBsAg (IU/mL), median [Q1,
Qg

HBeAg positive, N (%)

HBeAg negative, N (%)

Log (HBV-DNA), median [Q1,
Q3

Development Cohort

(n=342)

Liver failure  Non-liver failure
188 (55.0%) 154 (45.0%)
460[38.0-530]  88.0(33.0-45.8)
170 (90.4%) 139 (90.3%)
18 (9.57%) 15 (9.74%)
23.1[21.5-25.4]  22.2[20.0-24.8)
34.1[30.6-369]  38.3[34.5-40.8)
683(251-1440] 874 [483-1560]
496(164-1,004] 511 [268-929]
21.4[19.4-27.1] 165 (14.4-17.4)
304 [215-388) 106 [49.8-180]
1.79(1.48-2.24)  226[1.98-261]
130 [114-142] 141 [128-151)
124 (95.0-168) 170(188-211)
6.94(5.56-9.18]  6.06 [4.84-751)
700(622-810]  73.0(66.0-81.6]
7.65(5.76-0.06)  8.35[7.16-8.99)
590 (31.4%) 84 (54.5%)
129 (68.6%) 70(45.5%)
13.4(994-17.0]  16.0[12.9-17.7)

Validation Cohort 1
(n=96)

Liver failure

33 (34.4%)
45.0[37.0-66.0)

28(84.8%)
5 (15.29%)
252 [21.7-27.6)
34.7 [305-37.6)
1,401 [997-2268]
569 [343-1,110]
20.4 [18.0-26.7)
139 [79.9-235)
1.66 [1.27-1.85)

130 [128-151)
136 [124-177)
6.72 [5.72-9.00]
61.8(56.4-75.6]
599 (5.52-5.99)

10 (30.3%)
23(69.7%)
12.4[8.77-17.2)

Non-liver failure

63 (65.6%)
39.0 (33.0-48.0]

53(84.1%)
10 (15.9%)
23.1 [200-24.7)
385 [35.3-42.0)
1,228 [969-1,714)
497 [285-858]
13.2 [11.9-14.9)
67.8 [38.1-154]
1.98 [1.62-2.38)

141 [134-152)
174 [144-208)
6.00 5.28-8.62)
66.7 [58.9-75.0)
5.9 [5.58-5.99)

25 (30.7%)
38 (60.3%)
14.5[11.2-16.3)

Validation Cohort 2

(n=65)

Liver failure Non-liver failure
13 (20.0%) 52 (80.0%)
58.0(51.0-65.0] 37.5(27.8-49.0)
13 (100%) 43 (82.7%)
0(0.00%) 9(17.3%)
32.0(30.3-37.6] 38.7(35.9-41.0)

1,181 (847-1,517)
859 [591-1,398]
19.0(17.8-19.6)

237 [154-348]
1.54 [1.40-1.69)

143 [121-150]
135 (89.0-189)
687 [5.97-9.81]
68.0(52.0-79.0]
7.82(7.82-7.82)

4(30.8%)
9(69.2%)
12.1(11.9-12.3)

1,840 (997-1,886)
706 [473-1,333]
14.2(12.6-16.5]

100 [51.9-195]
1.92 [1.68-2.23)

140 [126-150)
140 [122-186)
6.17 [5.38-8.52)
66.0 (60.8-73.5]
7.82(6.42-7.82)

14 (26.9%)
38 (73.1%)
13.4[10.2-16.4)





OPS/images/fmed-08-748915/fmed-08-748915-t002.jpg
Variable Development Validation Validation

cohort cohort 1 cohort 2

AUC (95% CI) 0959 0.932(0.876,0987) 0.905 (0.826, 0.984)

(0941,
0977)

Cutoff 0.614* 0614 0614
Sensitivity 0.894 0.909 0.923
Specificity 0896 0762 0595
Accuracy 0895 0813 0.662

Positive predictive 0913 0667 0364

value

Negative predictive 0873 0941 0969

value

*We chose cutoff based on a balance of sensitivity and specificity.
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Variables DC-ACLF (N = 254) Non-DC-ACLF (N = 435) P-value

Age (y), median (IQR) 49 (44-57) 48 (40-57) 0.065
Meale sex, n (%) 206 (81.1) 339 (77.9) 0323
Precipitating events, n (%) 0.203
Intrahepatic insuts 35(13.8) 79(18.2)

Extrahepatic insults 38(15.0) 51(11.7)

Unknown 181(71.3) 305 (70.1)

Laboratory data, median (IQR)

ALT (U 111 (62-233.2) 176.7 (61.8-550.3) 0,000
AST (U 58.5 (53.3-64.4) 186 (99.9-482) 0.000
ALB (g/L) 27.4(23.6-308) 29.5(25.7-82.7) 0.000
TB (mg/dL) 16.02 (10.4-22.9) 16.6 (11.6-23.7) 0.201
INR 214 (1.86-2.59) 217 (1.83-2.62) 0,686
CR (mg/dL) 0.97 (0.73-1.15) 0.76 (0.59-0.99) 0.000
Na (mmol/L) 134 (120-137) 135.3 (182.2-137.9) 0,000
WBC (x 10°/L) 69(5.1-9.9) 67 (4.9-8.9) 0259
PLT (x 10°4) 73 (47.5-112.5) 103 (71.3-141.8) 0,000
HGB (g/L) 113 (95-131) 121 (106.1-139.0) 0.000
Scores, median (IQR)

MELD score 24.2(19.5-27.2) 227 (18.1-263) 0,032
MELD-Na score 269 (22.4-34.4) 24.3(20.0-29.5) 0.000
Complications, n (%)

Ascites 203 (79.9) 295 (67.8) 0,001
Bacterial infection 220 (86.6) 358 (82.3) 0.137
Gastrointestinal hemorrhage 30(11.8) 27(6.2) 0,010
Hepatic encephalopathy 55 (21.7) 77(17.7) 0.203

Intrahepatic insults include hepatitis B virus (HBV) reactivation, alcohol, hepatotoxic drugs.
Extrahepatic insults include bacterial infection.





OPS/images/fmed-08-750061/fmed-08-750061-t003.jpg
Univariate analysis Multivariate analysis

Non-DC vs. DC HR (95% CI) P-value aHR (95% CI) P-value
28-day 0.649 (0.469-0.899) 0.009 0717 (0.505-1.019" 0.064
90-day 0673 (0.525-0.862) 0002 0.753 (0.553-1.025)° 0052
180-day 0672 (0.530-0.854) 0,001 0712 (0.524-0.967)° 0.029
360-day 0,638 (0.507-0.803) 0.000 0,686 (0.512-0.920F 0011
540-day 0.651 (0.520-0.814) 0.000 0.701 (0.526-0.935)° 0.016
720-day 0651 (0.522-0.813) 0.000 0694 (0523-0.922)¢ 0012

The multivariate logistic regression model was fitted with a stepwise selection method using cliically and statistically beseline fectors that had been screened in univariate analysis.
*Adjusted for age, TB, INR, Na, Cr, MELD, MELD-Na, Bacteria, and HE.

bAdjusted for age, T8, INR, Na, Cr; PLT, MELD, MELD-Ne, Bacteria, GIB, HE, and ascites.

“Adjusted for age, TB, INR, N, Cr, ALT, PLT, HGB, MELD, MELD-Na, Bacteria, GIB, HE, and ascites.

9dAdusted for age, TB, INR, Na, Cr, ALT, PLT, WBC, HGB, MELD, MELD-Na, Bacteria, HE, and ascites.
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References

Prabhu et al. (1)

Srivastava et al. (17)

Jiani et al. (23)

Moller et al. (24)
Wu etal. (12)

Das etal. (25)

Country

India

India
India

us
India

India

Immune cells and cytokines

CD8* T cells

NK and NKT; cells

CD4 cells;

CD8 cells

CD163+; macrophages
Mono-macs; dendiitic cell;
Macrophages

NK cells;
IFN-y;
TNFa

Cases

37 patients with acute liver failure (ALF) because of HEV infection;

Acute hepatitis A (0 = 1);
Acttte hepatitis B (1 = 6);
Acute hepatitis G (n

41 patients with acute hepatitis €
Pregnant FHF (n = 50);

Non-pregnant FHF (1 = 50)

ALF (n = 100)

AVH-E (0 = 44);

Pregnant females with AVH-E (0 = 12);
ALF-NE (0 = 5)

Patients in the acute phase of hepatitis E infection (n = 86);

HEV recovered individuals (n = 101)
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Age (median, IQR), year
Meale gender (n, %)
Duration of disease before admission (median, IQR), day
Antiviral therapy before adrmission
Untreated/ Discontinue treatment (n, %)
Drug withdrawal time” (median, IQR), month
Serum HBVDNA (median, IQR), lg10 IU/mL
Serum HBeAg positivity (1, %)
Serum HBsAg (median, IQR), Ig10 IU/mL.
Alanine aminotransferase (median, IQR), IU/L
Total bilirubin (median, IQR), pmol/L
Direct bilirubin (median,IQR), pmolL
Total bile aci (median, IQR), pmol/L
Albumin (median, IQR)
Alkaline phosphatase
v-glutamyltranspeptidase
Blood ammonia
Serum creatinine
Alpha fetoprotein
Prothrombin time
International Normalized Ratio
Blood sodium
Hepatic encephalopathy (1, %)
Spontaneous Bacterial Peritontts (1, %)
Ascites (, %)
Hepatorenal syndrome (n, %)
MELD score (median, IQR)
Child-Turcotte-Pugh classification: A/B/C (1, %)

Control (N = 48)

46 (36-59)
27 (56.3)
10.0 (8.0-14.5)

27 (56.2)/21 (43.8)
17.0 (12.0-22.0)
4.97 (4.16-6.65)

22(45.8)
35(32-39)
999.0 (878.5-1787.5)
398.0 (365.0-438.0)
301.0 (279.0-357.5)
2655 (216.0-304.5)
33.4(30.5-34.7)
193.0 (164.5-237.5)
253.0 (205.5-299.5)
803 (61.8-94.4)
84.0(75.5-93.5)
375 (18.7-72.0)
305 (28.7-36.4)
2.6(2.4-3.1)
140.0 (136.5-142.5)
6(12.5)

18 (37.5)
23(47.9)
3(63)

28.0 (26.0-31.0)
0(0.0/9 (18.8/39 (81.3)

Treatment (N = 42)

44 (38-62)
24 (57.1)
12,0 (9.0-15.0)

21 (50.0)/21 (60.0)
16.0(18.0-19.0)
482 (4.00-5.81)

18 (42.9)
35(33-39)
1,128 (947-2,027)
397.5 (364.0-456.0)
298.0 (276.0-324.0)
237.5 (192.0-307.0)
32.0(30.1-35.3)
185.0 (145.0-221.0)
295.0(287.0-355.0)
63.9(45.3-89.5)
83.0(66.0-102.0)
287 (15.8-46.2)
32.3(28.9-37.4)
27(24-32)
138.5 (135.0-142.0)
5(11.9)
14.(33.9)
20(47.6)
5(11.9
29.0(26.0-32.0)

0(0.0/13 (31.0/29 (69.0)

p-value

0.962
0.932
0.234
0.563
0.659
0.125
0777
0.836
0.194
0372
0.562
0.170
0.635
0.385
0.009
0.033
0.534
0.251
0.275
0.232
0.135
0.931
0.680
0.978
0.465
0.586
0.179

Note: The symbol ¥ represents the time when the patient has stopped taking antiviral drugs.
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Variables

Gender (male, %)
Age (year)
Etiology (%)
HBV

Alcohol
Autoimmune
HBV and Alcohol
HBV and HEV
Others

HE grade (%)

1

2

3

4

Infection (%)
Ascites (%)

Gl Bleeding (%)
8 (mg/d)

INR

CR (mg/d))

BUN (umol/t)
ALB (/L)

ALT (UAL)

AST (UL)

PLT (G/1)

AKP (umol/L)
¥-GT (UL

White blood cell (/L)
Hemoglobin (g/L)
Neutrophil count (G/L)
Lymphocyte count (G/L)
K (mmol/L)

Na (mmol/L)
MELD

MELD-Na
Child-pugh
CLIF-C AD

1,883 (72.90%)
51.64 (11.44)

1,393 (63.93)
300 (11.61)
244 (9.45)
228(8.89)
37 (1.43)
381 (14.75)

105 (4.07)
118 (4.57)
40 (1.66)
15 (0.58)

692 (26.79)
1,598 (61.87)
513 (19.86)
3.83 (154-13.10)
1.48 (1.25-1.86)
0.78 (0.64-0.97)
5.00 (3.72-7.28)
30.66 (6.05)
53.00 (26.00-155.00)
75.00 (39.00-173.93)
76.00 (50.00-116.00)
123,00 (86.00-170.00)
64.00 (31.00-126.00)
4.74/(3.31-6.92)
107.15 (26.81)
2.99 (1.90-4.85)
1.06 (0.71-1.53)
3.82(3.50-4.17)
137.19(5.18)
17.00(8.25)
19.00 (10.33)
9.00(1.78)
19.00 3.51)

>4.89
n =652

505 (77.45)
52,65 (11.27)

331 (50.77)
101 (15.49)
446.75)
63 (9.66)
10 (1.63)
102 (15.64)

30 (4.60)
50 (7.67)
21(3.22)
8(1.28)

267 (40.95)
458 (70.25)
151 (23.16)
884 (2.06-22.68)
1,63 (1.39-2.15)
086 (0.68-1.21)
7.00 (4.60-11.10)
29.70 (5.69)

48.00 (24.00-144.25)

75.00 (34.90-176.30)

77.00 (49.00-117.50)

118,00 (78.97-168.00)

58.30 (27.00-113.00)

7.29(5.16-10.74)
104.49 (27.64)
5.84 (4.01-9.05)
0.73(0.49-1.09)
3.95(0.75)
134.95 (6.12)
21,00 (0.63)
25.00 (12.51)
9.00(1.73)
20.00 (3.46)

(2.77,4.89]
n=638

465 (72.88)
5152 (11.26)

345 (54.08)
81(12.70)
60(9.40)
59(9.25)
8(1.25)
86(13.48)

23(361)
32(5.02)
10 (1.67)
6(0.94)
181 (28.37)
414 (64.89)
145 (22.73)
4.95 (1.66-17.92)
1.48 (1.25-1.89)
0.78 (0.64-0.99)
5.10 (3.74-7.31)
31.07 (6.34)
52.05 (25.77-156.50)
78.15 (37.00-179.00)
76.00 (50.00-113.75)
120,50 (84.00-170.25)
62.00 (31.00-118.40)
4.90 (3.50-6.81)
104.57 (27.90)
347 (2.42-4.82)
0.96 (0.70-1.30)
382 (0.59)
136.70 (5.12)
18.00 (8.28)
20,00 (10.13)
9.00(1.75)
19.00 (3.43)

(174277
n=648

472 (72.84)
51.08(11.79)

360 (65.56)
59 (9.10)
61(9.41)
60 (9.26)
13 (2.01)

95 (14.66)

27 (4.17)
20(3.09)
5(0.77)
1(0.15)
136 (20.99)
371 (57.25)
121 (18.67)

3.67 (1.49-11.61)
1.44 (1.24-1.79)
0.75 (0.63-0.90)
4.60 (3.50-6.19)

31.16 (5.81)
59.60 (28.00-186.40)
75.90 (39.20-179.30)
77.00 (52.00-116.25)
130.00 (89.00-176.00)
70.70 (33.00-147.72)

4.21(2.98-5.90)
109.10(26.77)

258 (1.79-3.63)
1.18(0.83-1.64)

3.81(053)
138.08 (4.32)
17.00(7.19)
18.00(8.23)
9.00 (1.71)
18.00 (3.46)

©0,1.74]
n=645

441 (68.37)
5131 (11.44)

357 (65.35)
59 (9.15)
79 (12.26)
46 (7.13)
6(0.99)
98(15.19)

25(3.88)
16 (2.48)
4(0.62)
0(0.00)

108 (16.74)

355 (55.04)

96(14.88)
2.44 (1.34-5.14)
1.38(1.20-1.63)
0.75 (0.62-0.88)
4.40 (3.40-6.70)

30.70 (6.27)

50.00 (27.00-131.00)

71.00 (43.22-159.07)

75.00 (50.00-116.00)

123.00 (90.75-163.00)

63.00 (32.75-126.00)

374 (2.70-4.94)
11043 (24.31)
1.72 (1.19-2.36)
1.46 (1.09-2.04)
3.83(0.53)
139.04 (3.92)
14.00 (5.93)
15.00 (6.93)
8.00(1.77)
18.00 (3.41)

P-value

0.065

0.279
<0.001

0.368
0.415
0.720
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0013

0.442

0.666

0.010

0.004
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

HE, hepatic encephalopathy; GI bleeding, gastrointestinal bleeding; T, total biliubin; INR, international normalized ratio; CR, serum creatinine; BUN, blood urea nitrogen; ALB, albumin;
ALT, alanine aminotransferase; AST, aspartate aminotransferase; PLT, platelet; AKP, alkaline phosphatase; y-GT, y-glutamyltransferase; K, blood potassium; Na, serum sodium.
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Exposure No. of 90-day mortality (%) Model | (Unadjusted) Model Il (Fully Adjusted)

OR (95% Cl) P-value OR (95% Cl) P-value
NLR continuous 423 (16.38) 1.14(1.11, 1.16) <0.001 1.05 (1.02, 1.08) <0.001
NLR quartiles
<174 40 (6.20) 1.0 (Reference) 1.0 (Reference)
>1.74,22.77 65(10.09) 1.69 (1.12, 2.54) 0013 1.14 (0.7, 1.78) 0551
>2.77,<4.89 107 (16.77) 3.05 (2,08, 4.46) <0.001 1.35 (0.88, 2.08) 0.172
>4.89 211 (32.36) 7.24/(5.05, 10.37) <0.001 246 (1.62,3.72) <0.001

OR, odds ratio; Cl, confidence interval; Model I, unadjusted; Model Il, adjust age, gender, etiology (HBV, alcohol, autoimmune), hepatic encephalopathy grades, infection, ascites,
gastrointestinal bleeding, total bilirubin, international normalized ratio, serum creatinine.
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Neutrophil-to- Crude OR (95% Adjusted OR (95%

lymphocyte ratio Confidence interval)  Confidence interval)*

(NLR) p-value p-value

All patients

NLR <65 1.47 (138, 1.57) 1.23(1.14,1.32)
<0001 <0001

NLR>65 099(0.95,1.03)0.648  0.98(0.93,1.02) 0.321

AD patients

NLR <65 1.44.(1.35,1.54) 1.23(1.13,
<0001 1.33)<0.001

NLR =65 099(0.96,1.03)0.742  0.97 (098, 1.02) 0.275

Non-AD patients

NLR <65 1.63(1.33, 1.98) 1.31(0.99, 1.73) 0.058
<0001

NLR>65 093(0.74,1.16)0.497  1.01(0.78,1.31)0.924

ACLF patients

NLR <65 1.30(1.14,1.490.001  1.23(1.06, 1.44) 0.007

NLR>65 098(0.92,1.05)0.565  0.95(0.89, 1.02) 0.195

Non-ACLF patients

NLR <65 1.36 (1.26, 1.47) 1.19 (1.08, 1.30)
<0001 <0001

NLR=65 098(0.92,1.03)0.433  1.00(0.94, 1.07) 0.940

*Adjusting for age, gender, etiology (HBV, alcohol, autoimmune), hepatic encephalopathy
grades, infection, ascites, gastrointestinal bieeding, totel bliubin, intemnetional normalized
ratio, serum creatinine.
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AAUROC (95% Cl) p-value vs. CSS-LFB

CSS-LFB 0.954 (0.943-0.971)
MELDs 0.896 (0.881-0.924) <0.001
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Parameters

Age (year)

Males (%)

WBC (x109/L)

ALT (UL)

Albumin (g/L)

T8 (mol/L)

PTA (%)

INR

BUN/(mmolrL)
CR/(umolrL)

HBV DNA, median (range), Log10 IU/ml
Without cirrhosis, n(%)
Encephalopathy (%)
HRS (%)

SBP (%)

Ascites (%)

MELD

MELD-Na

CTP

Chinese scoring system

Death group
(n=463)

4538+ 11.73
364/99
7.82+3.64
568.47 & 376.94
31.64 £3.56
428.765 + 284.63
20.86 + 11.58
3.41+£0.68
5.84 £3.68
82.37 + 54.16
6.89 (4.30-8.86)
296(63.93)
16.58
828
54.32
67.43
40.52 £ 6.83
44.76 +£7.83
11.87 £1.68
17.53 £ 3.92

Survival group
(n=680)

40.06  10.47
572/108
698872
629.76 £ 504.57
32.85 +4.02
353.96 + 249.66
3438+ 1085
2834062
522376
67.47 +44.85
6.62(5.02-8.64)
258(37.94)
973
5.13
31.06
48.14
2684 +6.18
2862 +5.93
10.56 + 1.47
846+ 328

¥/x2 value

1.84
1.99
126
1.56
0.98
3.45
4.78
4.27
1.96
1.92
1.89
8.94
10.76
2.95
6.83
3.12
16.83
19.06
2.01
2218

0.12
0.06
0.38
0.28
0.47
<0.001
<0.001
<0.001
0.08
0.09
0.16
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.04
<0.001
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Scoring
(score)

Hepatic
encephalopathy
(stage)®

{E: ® ULN: Upper limit of normal.

Total bilirubin
(mol/L)

210~20ULN®

>20~30ULN

>30~40ULN

>40ULN

The maximum
depth of
ascites (mm)®
>0~40

>40~80

>80

>80 + one or both
side pleural fluid

Activity of
PT (%)

30~ <40

20~ <30

10~ <20

<10

Right hepatic
oblique diameter/
thickness (mm)®

Oblique diameter > 120
or Thickness > 110
Oblique diameter 110
~ <120 or Thickness
100~ <110

Oblique diameter100~
<110 or Thickness
90~ <100

Oblique diameter <100
or Thickness <90

@ Score of ascites: Regardiess of the amount of ascites, the presence of unilateral or bilateral pleural flid is counted as 4 points.
® Liver size scoring: If the right liver oblique diameter and thickness are measured at the same time on the ultrasound image, the high-scoring scoring results are taken.

® Infection score: The standard of 4 points is the imaging changes of pulmonery inflammation, regardiess of the white blood cells and neutrophil counted as 4 points.

® HE grade 1: Trivial and mild ciinical signs, such as mild cognitive impairment, decreased attention, sleep disorders (insomnia and sieep inversion), euphoria, or depression; Grade 2:
Marked personalty or behavioral changes, lethargy or apathy, slight orientation abnormality (time and orientation), decreased mathematical abilty, diyskinesia, or unclear speech; Grade

3: Marked dysfunction (time and spatial orientation), abnormal behavic

Creatinine
(mol/L)

>1.0~1.1ULN

>1.1~1.2ULN

>1.2~1.3ULN

>1.3ULN

Infection
(depend on WBC
109/)®

WBC>10~15
Or N>70%~80%
‘WBC>15~20
Or N>80%~90%

WBC>20
Or N>90%

Inflammation
manifestation of lung

‘semi-coma to coma, but responsive; Grade 4: Coma (no response to speech and external stimulj).
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30-day mortality
p-value vs. CSS
90-day mortality
p-value vs. CSS
180-day mortality
p-value vs. CSS

CSS-LFB
C-index (95% CI)

0.764 (0.714-0.808)

0.731 (0.694-0.769)

0.724 (0.679-0.765)

MELD
C-index (95% CI)

0684 (0.632-0.743)
<0.001

0657 (0.612-0.713)
<0.001

0.648 (0.604-0.698)
<0.001

MELD-Na
C-index (95% CI)

0.685 (0.634-0.738)
<0.001

0662 (0.616-0.712)
<0.001

0.655 (0.607-0.699)
<0.001

Child-Pugh
C-index (95% CI)

0664 (0.612-0.725)
<0.001
0.656(0.607-0.704)
<0.001
0.642 (0.593-0.691)
<0001
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Variables HR 95%Cl Pvalue
28-day

Age 1.04 1.01-1.07 0007
Leucocyte count 1.07 1.00-1.16 0.042
Previous severe liver injury® 207 1.17-3.64 0012
MELD 141 1.07-1.16 <0001
90-day

Age 1.04 1.01-1.06 0002
Leucocyte count 113 1.05-1.21 <0001
MELD 1.11 1.07-1.15 <0.001

Statisticel analysis was performed by using the Cox proportional hazards regression
model. For mortalty, variables entered into the multivariate Cox proportional hazards
regression model were gender, age, previous ascites, previous upper gastrointestinal
bleeding, previous HE, previous bacterialinfections, previous severe liver injury, the MELD
score, leukocyte count, platelet count, hemoglobin, serum bilrubin, albumin, AST, ALT,
INR, creatinine, serum sodium, the CLIF-SOFA score, and PPI use. *Within the prior
3 months before the hospitel admission related to the study. ACLF, acute-on-chronic
liver faiure; HR, hazard ratio; MELD score, modiel for end-stage liver disease score; INR,

international normalized ratio.
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Variables OR 95%Cl P value

Risk of HE
Age 1.07 1.08-1.12 0,001
Alburnin 113 1.04-1.24 0,008
Previous HE* 24252 40.17-1464.11 <0.001
CLIF-SOFA 2.89 2.11-3.96 <0.001
Risk of SBP

Previous severe liver injury® 3.43 1.16-10.47 0.026
Previous bacterial infections® 647 2.29-18.29 <0.001

Statistical analysis was performed by using the logstic regression analysis. For HE and
SBR the variables entered into the multivariate analysis were gender, age, previous
ascites, previous upper gastrointestinal bleeding, previous hepatic encephalopathy (HE),
previous bacterialnfections, previous severe fiver injury, the MELD score, leukocyte count,
platelet count, hemoglobin, serum biliubin, albumin, AST, ALT, INR, creatinine, serum
‘sodium, the CLIF-SOFA score, and PP use. *Within the prior 3 months before the hospital
‘admission related to the study. OR, odds ratio; SBF, spontaneous bacterial peritonitis.
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Before PSM After PSM

Variables Non-PPl group (1=37)  PPlgroup (1=43) Pvalue  Non-PPlgroup (n=36) PPl group (1=36) P value
Age (years) 5119+ 11,87 51.07 + 12,67 0896 51,19+ 1187 5258 + 1259 0673
Sex (male%) 31(83.8%) 36 (83.7%) 0994 30(83.3%) 31(86.1%) 0.745
Hypertension (%) 9(24.3%) 5(11.6%) 0.139 9(25.0%) 2(5.6%) 0023
Etiology of cirrhosis

HBY 27 (73.0%) 30 (69.8%) 0754 26 (72.2%) 25 (60.4%) 0.797
Alcohol 38.1%) 6(14.0%) 0412 3(8.3%) 6 (16.7%) 0288
HBV plus alcohol 0 o 1.000 0 0 1.000
Others 7(18.9%) 7(16.3%) 0.758 7 (19.4%) 5(13.9%) 0.530
Previous de-compensation events® (%)

Ascites® 17 (45.9%) 23(53.5%) 0504 16 (44.4%) 20 (55.6%) 0349
Upper gastrointestinal bleeding® 3(8.1%) 1(2.3%) 0.240 2 (5.6%) 1(2.8%) 0.558
Hepatic encephalopathy® 3(8.1%) 1(2.3%) 0240 3(8.3%) 1(28% 0307
Bacterial infections® 2(6.4%) 3(7.0%) 0774 1(28%) 3(8:3%) 0307
Severe liver injury® 14.(37.8%) 12 (27.9%) 0347 14(38.9%) 10 (27.8%) 0321
Complications of cirrhosis during hospital (%)

Hepatic encephalopathy 6(16.2%) 6(14.0%) 0779 5(13.9%) 6(16.7%) 0.745
sBP 1(2.7%) 2(4.7%) 0649 1(2.8%) 2(5.6%) 0558
MELD score 2532 £5.79 25,86+ 6.58 0945 2532 +5.79 2548628 0964
Laboratory data

Leukocyte count (10%/L) 6.5 (4.7-9.4) 6.9(38-10.8) 0.753 6.5 (4.7-9.4) 6.5(3.9-9.7) 0.685
Platelet count (10%/L) 82 (52-124) 62 (43-100) 0.208 82 (52-124) 62 (42-108) 0.235
Hemoglobin (g/L) 117 (97-142) 109 (98-128) 0.194 117 (97-141) 108 (91-127) 0112
Serum bilirubin (umol/L) 391 (275-485) 396 (294-495) 0579 301 (279-485) 396 (201-497) 0.744
Alburnin (/L) 31.9 (285-33.9) 300(264-339) 0320 31.9(285-33.3) 29.4(25.6-33.3) 0087
AST (UAL) 139 (91-275) 118 (64-219) 0316 139 (91-275) 178 (66-217) 0202
ALT (U 105 (66-306) 71 (27-204) 0075 105 (66-306) 78 (26-184) 0066
INR 20(1.7-2.4) 22(1.6-2.6) 0954 2(1.7-2.4) 2.0(1.625) 0.665
Creatinine (wmol/L) 65 (57-95) 70 (57-103) 0810 65 (57-95) 73 (56-115) 0510
Serum sodium (mmol/L) 137 (184-140) 136 (132-139) 0539 137 (134-140) 187 (182-139) 0923
CLIF-SOFA score 833+ 1.39 890 1.97 0.400 833 1.39 9.08+2.05 0.121
28-day mortality 17 (45.9%) 12 (27.9%) 0.482 17 (45.9%) 10 (27.8%) 0.091
90-day mortality 21 (56.8%) 19 (44.2%) 0.887 21(56.8%) 17 (47.2%) 0348

Data are expressed as mean + SD, median (Q1-Q3), or number (vercentage). Gomparisons between the groups were performed by using the Student’s t-test, the Mann-Whitney U
test, or the chi-squared test. *Within the prior 3 months before the hospitel admission related to the study. ACLF, acute-on-chronic lver feilure; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; CLIF-SOAF score, chronic lver failure-sequential organ failure assessment score; HBV, hepatitis B virus; INR, interational normlized ratio; MELD score,
model for end-stage liver disease score.
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Before PSM After PSM
Variables Non-PPI group (1 =190) PPl group (n=299) Pvalue Non-PPlgroup (n=182) PPlgroup (1=182) P value
Age (years) 55.47 % 1321 5360+ 11.52 0081 55.48 £ 13.21 5226+ 1117 0020
Sex (male%) 141 (74.29%) 239 (79.9%) 0.139 135 (74.29%) 157 (86.3%) 0.004
Hypertension (%) 38 (20.0%) 47 (15.7%) 0224 37 (203%) 21(115%) 0022
Etiology of cirrhosis
HBYV 108 (56.8%) 188 (62.9%) 0.184 104 (67.1%) 126 (69.2%) 0017
Alcohol 38(20.0%) 50 (16.7%) 0.358 36(19.8%) 28(15.4%) 0271
HBV plus alcohol 1(0.5%) 3(1.0%) 0568 1(05%) 2(1.1%) 0563
Others 43 (22.6%) 58(19.4%) 0.389 41(22.5%) 26(14.3%) 0043
Previous de-compensation events® (%)
Ascites® 89 (46.8%) 108 (36.1%) 0019 87 (47.8%) 52 (28.6%) 0.000
Upper gastrointestinal bleeding® 29(15.3%) 73 (24.4%) 0015 25(13.7%) 57(31.3%) 0.000
Hepatic encephalopathy® 12 (6.3%) 10 (3.3%) 0.123 11 (6.0%) 6(3.3%) 0.215
Bacterial infections® 18 (9.5%) 19.(6.4%) 0.204 15 (8.2%) 12 (6.6%) 0549
Severe Iiver injury® 23(12.1%) 24.(8.0%) 0.136 22(12.1%) 12 (6.6%) 0072
Complications of cirrhosis during hospital (%)
Hepatic encephalopathy 24 (12.6%) 26(8.7%) 0.162 20 (11.0%) 16 (8.8%) 0.483
sBP 9(4.7%) 12 (4.0%) 0.701 9(4.9%) 9(4.9%) 1.000
MELD score 14.81£834 18,10 +£8.22 0017 14.81£834 11.42 £820 0,000
Laboratory data
Leukocyte count (10°/L) 4.42.7-6.6) 47 (2:8-7.9) 0693 4.4(2.7-6.6) 48(2.6-8.2) 0652
Platelet count (10°/1) 68 (41-103) 71 (45-108) 0372 68 (41-103) 73 (47-116) 0.150
Hemoglobin (/L) 105 (90-122) 94 (74-113) 0.000 105 (90-122) 80 (68-99) 0,000
Serum bilirubin (smol/L) 48 (22-185) 35 (19-138) 0.041 48 (22-185) 28(17-117) 0.000
Albumin (/L) 29.1(25.8-32.5) 293(256-830)  0.650 29.1(25.8-32.5) 302(269-334) 0114
AST (UL) 59 (33-101) 47 (29-91) 0075 59 (33-101) 40 (27-73) 0.002
ALT (U) 35 (19-66) 26 (17-51) 0.026 35 (19-66) 24 (15-46) 0006
INR 14(1.2-1.7) 1.3(1.2-1.6) 0.007 1.4 (1.2-1.7) 1.3(1.2-1.6) 0.000
Creatinine (jmol/L) 71 (59-93) 73 (59-92) 0753 71(59-93) 73 (58-88) 0778
Serum sodium (mmol/L) 139 (136-141) 139 (136-142) 0.069 139 (136-141) 140 (136-142) 0.000
CLIF-SOFA score 5.08 £2.60 485271 0224 500255 4.60+2.89 0017
28-day mortality 25 (13.29%) 32(10.7%) 0.902 23(12.6%) 17 93%) 0681
90-day mortality 36 (18.9%) 59(19.7%) 0.439 34(18.7%) 32(17.6%) 0836

Data are expressed as mean = SD, median (Q1-Q3), or number (percentage). Comparisons between the groups were performed by the Student’s t-test, the Mann-Whitney U test, or
the chi-squared test. *Within the prior 3 months before the hospital admission related to the study. AST, aspartate aminotransferase; ALT, alanine aminotransferase; HBV, hepetitis B
virus; INR, international normalized ratio; MELD score, mode! for end-stage liver disease score; SBR, spontaneous bacterial peritonitis.
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Drug/Therapy

HepaStem

HepaStem
Umbilical cord derived MSCs

Allogenic ABCBS-positive MSCs
Combination of Simvastatin plus Rifaximin

Ribavirin

PEG3350

Branched Chain Amino Acids

Thymosin-oct

RL-1 Novel Human-derived bio artificial liver treatment
Albumin Plus Midodrine vs. Albumin

Glucocorticoids

Target

Inhibits HSC activation, reduce collagen secretion and downregulation of
proinflammatory environment.

Mentioned above
Improves liver fibrosis and regeneration
Suppress inflammation and improve wound healing

Simvastatin reduce HSC activation and proliferation, increase liver sinusoidal
function and decrease inflammation, Rifaximin prevent hepatic
encephalopathy

Hepeatitis E virus infection

Hepatic encephalopathy

Hepatic encephalopathy

Treats immune suppression

Improves hepatic function

Reduces incidence of paracentesis induced circulatory dysfunctions.
Inhibits inflammation

HSC, Hepatic stellate cells; MSCs, Mesenchymal stem celis; N/A, Not applicable.

Trial number

NCT04229901

NCT02946554
NCT04822922
NCT03860155
NCT03780673

NCT01698723
NCT03987893
NCT04238416
NCT03082885
NCT04195282
NCT04474262
NCT01344174





OPS/images/fmed-08-752875/fmed-08-752875-g004.gif





OPS/images/fmed-08-752875/fmed-08-752875-g003.gif
Ly

enav. | (o | |
et

bt | e o
pr—

[T





OPS/images/fmed-08-752875/fmed-08-752875-g002.gif





OPS/images/fmed-08-752875/fmed-08-752875-g001.gif
precipitants

*Akonol Chvonc verDisesie
o «immune dpregustion

- Covptogenic tcors |  Hepore Soress

occompensaed irtosis

«Bsceri nfection 3nd
raiocaton
= Vares leding






OPS/images/fmed-08-752875/crossmark.jpg
©

2

i

|





OPS/images/fmed-08-751807/fmed-08-751807-t006.jpg
CSS-LFB
MELDs
MELD-Nas
CPs

AUROC (95% Cl)

0.748 (0.692-0.837)
0657 (0.588-0.725)
0676 (0.605-0.743)
0682 (0.621-0.752)

p-value vs. CSS-LFB

0.0014
0.0082
0.0012
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CSSs-LFB
MELDs
MELD-Nas
CPs

AAUROC (95% CI)

0.783 (0.732-0.865)
0.706 (0.623-0.778)
0.716 (0.644-0.779)
0.686 (0.623-0.767)

p-value vs. CSS-LFB

0.0089
0.0097
0.0075
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Variable

Demographics
Age, mean (SD)
Gender, No. (%)
Etiology, No. (%)
HBY
Alcoholic
Others
Complications, No. (%)
Ascites
Gastrointestinal bleeding
Bacterial infection
Hepatic encephalopathy
Not overt
Grade 2
Grade 3
Grade 4
Laboratory results, median (IQR)
Hemoglobin, g/L.

White blood cell, 109/L.
Platelet, 10°/L

International normalized ratio
Creatinine, mg/dL
Albumin, g/L

Alanine transaminase, IU/L
Aspartate transaminase, IU/L.
Sodium, mmol/L.

Score, mean (SD)
MELD
MELD-Na
crp

Transplantation-free mortality
28-day, No. (%)
90-day, No. (%)

0<TB=<2
N =839

54.4(11.4)
553 (65.9)

486 (57.9)
101 (12.0)
252 (30.0)

481 (57.3)
342 (40.8)
184 (16.0)

805 (95.9)
25(3.0)
708
2(02)

97.0 (75,0,
118.0)

39(26,55)

76.0(51.0,
122.0)

13(11,1.4)
08(0.7,1.0)

31.9(27.6,
36.0)

280 (17.7,
51.5)

37.0 (248,
62.9)

139.7 (137.0,
141.8)

9.7 (4.0)
10.5(5.1)
7.3(1.4)

17 2.0)
35(4.2)

2<TB=<5
N =601

522 (11.0)
439 (73.0)

366 (60.9)
78(13.0)
157 (26.1)

369 (61.4)
99 (16.5)
128(21.3)

564 (93.6)
26(4.3)
6(1.0)
5(0.8)

113.0 ©5.0,
128.0)

4.1(30,60)

64.0 (42.9,
98.0)

15(13,1.6)
0.8(06,0.9)

202(25.2,
33.1)

453 (27.0,
89.6)

65.0 (42,0,
116.6)

1386 (135.8,
141.0)

14.43.9)
16.7 (5.1)
9.4(15)

26 (4.3)
51(85)

5<TB=<8
N=215

51.1(11.4)
149 (69.3)

131 (60.9)
29(13.5)
55(25.6)

131 (60.9)
26 (12.1)
58(27.0)

197 91.6)
10 (4.7)
8(37)
0(0.0)

105.0 (835,
122.0)

48(3.4,64)

71.0 (46,0,
106.5)

1.6(1.4,19)
0.7(0.6,09)

283 (245,
34.0)

581310,
151.4)

923 (510,
179.0)

187.4 (1349,
140.0)

18.2(5.0)
19.6 (6.6)
102 (1.6)

14(65)
25 (11.6)

8<TB=12
N =220

50.8(11.4)
161(73.2)

123 (65.9)
36(16.4)
61(27.7)

138 (62.7)
13(6.9)
75 (34.1)

205 (93.2)
9(4.1)
4018
2009

1102 (89.0,
181.9)

53(3.7,7.0)

76.0(48.9,
118.5)

1.7 (1.4,2.1)
07(06,1.0)

207 (263,
33.4)

1006 (33.2,
391.9)

1263 (62.9,
330.0)

137.3(133.4,
139.5)

20.8(4.6)
226(4.8)
103 (1.7)

19.8.6)
36(16.4)

12<TB=<16
N=172

49.0(11.1)
124 (72.1)

118 (68.6)
16(9.3)
38(22.1)

104 (60.5)
10(5.8)
58(33.7)

161(93.6)
10(5.8)
0(0.0)
106)

115.5(96.8,
129.0)

57(4.1,7.8)

80.5(54.0,
123.2)

19(15,2.4)
0.8(06,1.0)

20.8(26.6,
33.0)

102.4 (4535,
372.6)

145.4 (773,
291.5)

137.3(1333,
139.8)

23.0(4.8)
245(5.5)
10.5(1.8)

22(12.8)
38 (22.1)

16<TB=<20
N=139

48.1(10.4)
112 (80.6)

96 (69.1)
12(86)
31 (223)

98 (70.5)
429
24(31.7)

136 (97.8)
2(1.4)
107
0(00)

1180 (107.2,
132.0)

6.1(4.7,81)

92.0 (635,
128.0)

1.9 (1.5,2.4)
08(0.6,1.0)

206(26.2,
33.0)

206.3(85.3,
566.6)

191.8(110.1,
4293)

136.9(133.9,
138.9)

251 (6.1)
26.6(4.9)
10.6(1.7)

26 (18.7)
24(31.7)

20<TB
N =406

483 (11.3)
351 (86.5)

307 (75.6)
276.7)
72(17.7)

285 (70.2)
20(4.9)
196 (48.3)

350 (86.2)
37(0.9)
14 (3.4)
5(1.2)

119.0 (1030,
133.4)

7.1(50,10.1)

85.0(58.0,
121.0)

241(16,2.7)
09(07,1.2)

31.0(27.9,
34.0)

1593 (61.5,
385.9)

177.9(1008,
332.8)

135.0 (1310,
138.0)

2866.7)
300(5.3)
10.8(1.7)

117 (28.8)
201 (49.5)

SD, standard deviation; HBY, hepatitis B virus; IQR, interquartie range; MELD, the model of end-stage liver disease; MELD-Sodium, the model of end-stage liver disease with sodium;

CTP, Child-Turcotte-Pugh.
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Variable 0<TB=<2

N =239
Demographics
Age, mean (SD) 44.8(12.7)
Gender, No. (%) 159 (66.5)
Etiology, No. (%)
HBY 160 (66.9)
Alcoholic 9(38)
Others 70(29.3)
Complications, No. (%)
Ascites 6(2.5)
Baoterial infection 10 (4.2)
Hepatic encephalopathy
Not overt 239 (100.0)
Grade 2 0(00)
Grade 3 0(00)
Grade 4 0(00)
Laboratory results, median (IQR)
Hemoglobin, g/L 141.0 (127.0,
152.0)
White blood cell, 10°/L 4.6(4.0,5.4)
Platelet, 10%/L 147.0 (1130,
187.2)
International nomalized ratio  1.1(1.0, 1.2)
Creatinine, mg/dL 07(06,09)
Albumin, /L 40.1 (368,
435)
Aanine transaminase, IU/L 408.0(184.0,
751.5)
Aspartate transaminase, IU/L  248.0 (144.0,
431.2)
Sodium, mmol/L 140.4 (138.0,
142.0)
Score, mean (SD)
MELD 82(28)
MELD-Na 8.1(40)
ctP 53(08)
Transplantation-free mortality
28-day, No. (%) 0(00)
90-day, No. (%) 3(1.9)

2<TB=<5
N =188

42.1(11.3)
146 (77.7)

183 (70.7)
5(27)
50(26.6)

6(32)
8(4.3)

188 (100.0)
0(0.0)
0(0.0)
0(0.0)

138.0(128.8,
153.0)

47(39,59)

1395 (103.2,
177.5)

12(10,1.9)
08(0.7,09)

383(34.2,
42.0)
790.0 (383.5,
1137.0)

4289 (2200,
750.2)

1400 (138.0,
141.4)

12.4 (3.3)
12.7 3.9)
69(1.0)

1(08)
2(1.1)

5<TB=8

41.4(125)
76(79.2)

71(74.0)
3@3.1)
22(22.9)

9(9.4)
703

96 (100.0)
0(0.0)
0(0.0)
0(0.0)

136.0 (121.5,
145.2)

52(4.1,63)

128.0 (102.0,
168.5)

1.3(1.1,16)
07(06,08)

35.9 (330,
395)

832.0 (3105,
1360.0)

5355 (223.1,
1007.2)

139.0 (136.5,
140.8)

16.6 (3.0)
17.535)
7.8(1.0)

0(0.0)
201

8<TB=12
N =104

438(12.0)
72(69.2)

77 (74.0)
2(1.9
25 (24.0)

15 (14.4)
98.7)

104 (100.0)
0(0.0
0(0.0
0(0.0)

1360 (117.2,
147.0

52(4.2,6.6)

1365 (94.8,
171.2)

14(1.1,17)
07(06,09)

345318,
379
653.0(301.1,
1331.2)

508.4(267.7,
908.2)

139.0(136.2,
140.8)

19.1 (3.9)
20,1 (4.0)
83(13)

1(1.0)
548

12<TB=<16
N =103

425(11.2)
79 (76.7)

86(83.5)
2(1.9
15 (14.6)

19(18.4)
16(15.5)

99(96.1)
2(1.9
1(1.0)
101.0)

136.0(1245,
151.0)

62(5.0,7.6)

132.0(98.0,
160.0)

16(13,2.1)
07(06,08)

33.2(300,
37.4)

639.4 (2732,
1275.5)

4330 (1970,
949.7)

138.0(136.0,
140.0)

215 (4.2)
22.4(4.3)
87(1.6)

768
10(9.7)

16< TB=<20
N=74

438(11.6)
60 (81.1)

47 (635)
227)
25(338)

14 (189)
16 (21.6)

72(97.3)
0(0.0)
227)
0(0.0)

130.0 (114.8,
142.0)

66(62,7.9)

1290980,
173.5)

156(1.2,2.0)
08(07,09)

32.7 (203,
362)

5009 (1472,
952.0)

284.6 (1537,
680.0)

137.0(185.0,
139.0)

23.1(4.8)
243(4.8)
89(1.7)

46.4)
11(14.9)

20<TB
N =136

433 (12.5)
114 €3.8)

113 (83.1)
2(15)
21 (15.4)

51(37.5)
41(30.1)

122 (89.7)
8(59)
429
2(15)

1280 (1150,
144.0)

7.2(67,98)

122.0(90.2,
166.0)

1.8(1.6,25)
08(06,1.0)

322209,
35.6)

302.4 (145.0,
818.1)

207.1 (1448,
571.2)

1372 (1350,
140.0)

2686.7)
27.7(6.6)
96(1.9)

27 (19.9)
37 (27.2)

SD, standard deviation; HBV, hepatitis 8 virus; IQR, interquartile range; MELD, the model of end-stage liver disease; MELD-Sodium, the model of end-stage liver disease with sodium;

CTP Child-Turcotte-Pugh.
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Total bilirubin Number of Number of Hazard ratio of transplantation-free mortality (95% CI), p-value
(mg/dL) patients death (%)

Unadjusted Adjusted*
As a continuous variable 2502 430 (15.3) 1.077 (1.070-1.084), <0.001 1.060 (1.051-1.069), <0.001
As a categorical 02 839 35(3.9) 1 (Reference) 1 (Reference)
vareble 25 601 51() 2.081 (1.354-3.200), 0.001 2.120 (1.364-3.295), 0.001
58 215 25(10.9) 2.915 (1.745-4.870), <0.001 2520 (1.467-4.331), 0.001
812 220 36(15.7) 4470 (2.619-6.640), <0.001 3527 (2.154-5.776), <0.001
1216 172 38(205) 5,858 (3.701-9.273), <0.001 4.808 (2.934-7.878), <0.001
16-20 139 44(28.8) 8.988 (5.765-14.012), <0.001 7.927 (4.861-12.928), <0.001
Over 20 406 201 (42.8) 16.171 (11.289-23.166), <0.001 10.422 (6.874-15.802), <0.001
P-value for trend 0.004 <0001

“Adjusted for age, gender, etiology, hepatic encephalopathy grade, infection, ascites, gastrointestinal bleeding, international normalized ratio, creatinine, serum sodium and
alanine transaminase.
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Multivariate

Parameters

PE times.
Respiratory failure
INR

PE times

Age

Respiratory failure
BUN

INR

Respiratory failure
cRP

PT

p-value

0.001
0.001
0.007
0.018
0.003
0.022
0.035
0.002
0.067
0.001
<0.001

HR

0597
4.497
1216
0.772
1.083
2.829
1.037
1.225
3510
1.024
1.039

95% CI HR

Lower bound Upper bound

0.436
1.843
1.056
0.623
1.011
1.159
1.003
1.075
0.965
1.010
1.018

0.816
10973
1.400
0.957
1.055
6.905
1.072
1.396
12,773
1.039
1.081

Time point

28 days

90 days

1year

PE, plasma exchange; HE, hepatic encephalopathy; INR, intemational normalized ratio;
BUN, blood urea nitrogen; CRP, c-reactive protein; PT, prothrombin time; HR, hazard ratio.
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Multivariate p value

Parameter
PE 0.001
Age <0.001
HE(z8) <0.001
Respiratory failure  <0.001
MELD score <0.001
PE 0.006
Age <0.001
HE(=3) <0001
Respiratory failure 0,001
Na* 0.002
INR <0.001
PE 0.051
Age <0.001
HE(z3) 0.006
INR <0.001
CcRP 0004

HR

0516
1.05
3.774
3.645
1.09
0.647
1.049
3.945
2633
0.949
1.325
0610
1.038
3.221
1.289
1.017

95% CIHR

Lower bound Upper bound

0.353
1.082
2.208
1.956
1.058
0.473
1.035
2349
1.508
0.919
1.214
0372
1.016
1.392
1.134
1.005

0.755
1.068
6.452
6.798
1.122
0.884
1.064
6.625
4.596
0.98

1.446
1.002
1.059
7.450
1.466
1.028

Time point

28 days

90 days

1 year

HBV-ACLF, hepatitis B vius-associated acute-on-chronic lver feiure; PE, plasma
exchange; HE, hepatic encephalopathy; Meld score, Model for end-stage liver disease
score; Na*, serum sodium; INR, international normalized ratio; CRP, c-reactive protein;

HR, hazard ratio.
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Parameter  Group
ATBI SMT
SMT+PE
AGGT SMT
SMT-+PE
APT SMT
SMT+PE

A, the difference in the value between day 7 and the baseline.

Mean

21.38
-22.19
20.22
-26.12
8.09
0.48

SE

17.12
13.20
2284
7.07
1.98
0.97

t-value

2.039

2266

3.795

GGT, y-glutamyltransferase; Thil, total bilrubin; PT, prothrombin time.

p-value

0.043

0.025

<0.001
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Time. Survival rate X2 value p-value Survival rate difference

SMT+PE SMT

Unstratified Al patients 28 days 69.50% 60.90% 5.005 0.025 8.60%
90 days 48.70% 42.80% 3.149 0.076 5.90%

1 year 42.20% 34.10% 3.944 0.047 8.10%

Matched patients 28 days 69.50% 57.60% 7.508 0.006 11.90%

90 days 48.70% 40.70% 4.633 0.031 8.00%

1 year 42.20% 31.30% 5.991 0.014 10.90%

ACLF grade 2 All patients 28 days 70.10% 62.90% 3219 0.073 7.20%
90 days 47.80% 41.60% 2.587 0111 6.20%

1 year 42.50% 34.00% 3312 0.069 8.50%
Matched patients 28 days 70.10% 57.30% 6.637 0.010 12.80%

90 days 47.80% 40.00% 3.873 0.049 7.80%
1 year 42.50% 29.20% 5.940 0.015 13.30%
Meld grade 3 All patients 28 days 68.90% 54.10% 7914 0.0056 14.80%
90 days 50.00% 33.80% 9.253 0.002 16.20%
1 year 42.20% 23.50% 11.349 0.001 18.70%
Matched patients 28 days 68.90% 50.30% 10.562 0.001 18.60%
90 days 50.00% 36.80% 6.637 0.004 14.20%
1 year 42.20% 22.10% 11.229 0.001 20.10%

HBV-ACLF, hepatits B virus-associated acute-on-chronic liver failure; ACLF, acute-on-chronic liver faiure; PE, plasma exchange; SMT, standerd medical therapy; Meld score, Model
for end-stage lver disease score.
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Parameters

PE times

Mean plasma dose
Therapy timing
Modes of ALSS
PE

PE + HF

PE + DPMAS

PE +PBA

Age (year)

Sex (male)

HE (=)
Respiratory failure
Girculatory failure
Infection (yes)
Ascites (yes)
ACLF type (A/B/C)
ACLF grade (1/2/3)
MELD grade (1/2/3/4)
Meld score
Meld-Na score
SIRS score

NH3 (umol/L)
CRP (ng/l)

PCT (ug/l)

AFP (no/l)
CA199 (pg/L)
Log (HBV-DNA)
ALT (UA)

AST (UL)

GGT (UL)

AKP (UL)

Toil (umol)

Alb (g/L)

Na* (mmol/L)

K+ (mmolL)

Cr (pmoll)

BUN (mmolL)
PT(s)

INR

WBC (x10%/L)
HGB (g/L)

PLT (x10°/L)

SMT-+PE (n = 166)

2.00 (1,00, 3.00)
2,000 (1,600, 2,800)
5.00 (3.00, 8.00)

294 (69.67%)

65 (15.40%)

45 (10.67%)

18 (4.27%)
47.47 £11.40

145 (87.35%)
8 (4.82%)
10 (6.02%)
2(1.20%)

56 (33.73%)

68 (40.96%)
49/98/19
10/146/10
1/58/97/10

31.73 £5.37

3223 +4.97

0.81 0,09

62.00 (34.60, 83.50)
12.56 (7.78, 17.70)
0.40 (0.00, 0.93)
5669 (20.09, 185.30)
54.64 (15.65, 223.70)
485+ 2,09
188.00 (70.65, 607.50)
192.70 (99.50, 469.00)
69.00 (46.25, 101.00)
144.65 (111.25, 199.50)
437.48 £ 162.20
3179570
135.76 £5.48
3.91+064
83.90 (60.95, 106.18)
4.44(2.99,8.02)
2860 (21.00, 33.50)
2.76 (2.53,3.26)
800 4.17
117.22 £21.69
8250 (54.00, 117.00)

Entire patients

SMT (n = 358)

4831 % 11.17

295 (82.40%)

37 (10.34%)
28(7.82%)

16 (4.47%)

147 (41.06%)

143 (39.94%)
66/201/91
52/257/49

13/108/200/28

3112560

3196 +5.41

0994 0,07

48.20 (27.90, 80.50)
11.95 (6.49, 22.06)
034 (0.00,0.79)
30.80 (6.89, 108.90)
56.70 (21.62, 150.59)
439215
122.50 (46.98, 385.75)
151.65 (73.75,309.58)
58,00 (36.00, 88.00)
128.50 (98.00, 170.25)
380.17 + 188.88

3095 +6.18

134.14 £ 6.87

396074

80.95 (60.00, 149.33)
6.00(3.63, 11.96)
24.70 (16.30, 31.60)
275 (2.39, 3.28)
826+ 4.83
109.55 = 26.10
78.50 (50.00, 120.00)

p-value

0.428
0.151
0.036
0.461
0.056
0.109
0.825
<0.001
<0.001
0.167
0.241
0.589
0.122
0.173
0.644
0.965
0.001
0.793
0.034
0.002
0.003
0.001
0.002
0.001
0.138
0.003
0.481
0.321
0.001
<0.001
0.378
0.662
0.001
0.607

Propensity score-matched patients

SMT+PE (n = 166)

2.00(1.00,3.00)
2,000 (1,600, 2,800)
5.00 (3.00, 8.00)

294 (69.67%)

65 (15.40%)

45 (10.67%)

18 (4.27%)
4747 +11.40

145 (87.35%)
8 (4.82%)
10 (6.02%)
2(1.20%)

56 (33.73%)

68 (40.96%)
49/98/19
10/146/10
1/58/97/10

31783 +537

32.23+4.97

0.81+0.09
62.00 (34.60, 83.50)
12.55 (7.78, 17.70)
0.40 (0.00, 0.93)
5669 (20.09, 185.30)
54.64 (15.65, 223.70)
485209
188,00 (70.65, 607.50)
192.70 (99.50, 469.00)
69.00 (46.25, 101.00)
144,65 (111.25, 199.50)
437.48 + 162.20
31.79£56.70
135.76 + 5.48
3.91+0.64
83.90 (60.95, 106.18)
4.4 (2.99,8.02)
28,60 (21.00, 33.50)
276 (2.53,3.26)
800 +4.47
117.22 £21.69
8250 (54.00, 117.00)

SMT (n = 166)

47.30 % 11.35

22 (8.00%)

17 (10.24%)

11 (6.63%)
1(0.60%)

56 (33.73%)

64 (38.55%)
45/106/15
16/132/18

2/45/108/11

3166+ 4.65

3223+ 4.56

095010

48,00 (28.90, 80.50)
12,50 (6.49, 19.90)
0.67 (0.44,1.17)
36.10(10.96, 135.30)
57.44 (26.10, 170.79)
431205
186.60 (76.15, 521.00)
179,00 (104.23, 418.50)
61.00 (41.00, 94.00)
135,50 (108.00, 170.00)
431.35 + 162.76
31584523
135.37 £ 4.89
395072
71.10 (56.75, 104.43)
4.88(3.30, 7.90)
27.20 (16.35, 31.60)
278 (2.55, 3.41)
824365
116.40 & 24.75
87.00 (61.70, 131.00)

p-value

0.889
0.87
0.061
0.813
0.562
1.00
0.654
0.620
0.112
0.456
0.896
0.991
0318
0.332
0.638
0.333
0.087
0.93
0.030
0.742
0519
0.123
0.056
0.731
0.723
0.498
0.666
0.079
0.475
0.008
0.485
0676
0.750
0.064

HBV-ACLF, hepatitis B virus-associated acute-chronic lver faiure; ACLF type: A, non-cirhosis; B, compensatory cirthosis; C, decompensated cirhosis; NHS3, blood ammonia; CRP.
c-reactive protein; PCT, procalcitonin; AFP, alpha fetal protein; CA199, cancerantigen199; DNA, deoxyribonucieic acid; SMT, standard medical therapy; PE, plasma exchange; HE,
hemofitration; DPMAS, a double plasma molecular adsorption system; PBA, plasma bilrubin adsorption; HE, hepatic encephalopathy; Meld score, Model for end-stage liver disease
score; Meld-Na score, Model for end-stage liver disease with the incorporation of serum sodium score; SIRS, systemic inflammatory response syndrome; ALT, alanine aminotransferase;

AST, aspartate aminotransferase; GGT, y-glutamyltransferase; AKR, alkaline phosphatase; Tbil, total bilrubin; Alb, albumin;

creatinine; BUN, blood urea nitrogen; PT, prothrombin time; INR, interational normalized ratio; WBC, white blood cell; HGB, hemoglobin; PLT, platelet.

Na*, serum sodium; K*, serum potassium; Cr, serum
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C-index
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(0689,0.728)
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(0.606,0.647)

P-value’
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Validation cohort

C-index
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0762
(0.787,0.787)

P-
value®

<0.001

<0.001

<0.001

<0.001

0.001

0.002

Cindex, concordance index; HBV, hepatitis B virus; ACLF, acute on chronic liver faiure;
Cl, confidence interval; MELD, model for end-stage liver disease; MELD-Na, model for
end-stage liver disease with the addition of the Na level; CTF, child-Turcotte-Pugh; CLIF-

C OF, CLIF-consortium organ failure score; CLIF-C ACLF, CLIF-consortium acute-o

chronic lver failure score; COSSH ACLF, Chinese group on the study of severe hepatitis
B acute-on-chronc lver feilre score.
1P-values are calculated based on normal approximation using function rcomp.cens in

Hmisc package.
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TABLE 1 | Patient demographics and clinical characteristics'.

Characteristic Derivation cohort  Validation cohort P-value
(n=1,353) (No. %) (1 = 669) (No. %)

Age, years <0.001
18-29 132(0.8) 52(7.8)

30-89 365(27.0) 141(21.1)

40-49 399(29.5) 191(28.6)

50-59 283(20.9) 161(24.1)

260 174(12.9) 124(18.5)

Sex 0.009
Male 1,221(90.2) 578(86.4)

Female 132(9.8) 91(13.6)

WBG, 10°/L 0587
<4 94(6.9) 55(8.2)

410 950(70.2) 464(69.4)

>10 309(22.8) 150(22.4)

Ho, /L 0235
Male: <120, Female: <110 569(42.1) 308(46.0)
Male:120-160, 764(56.5) 352(52.6)
Female:110-150

Meale: >160, Female: >150 20(1.5) 9(13)

PLT, 1091 0.002
<100 521(38.5) 294(43.9)

100-300 820(60.6) 360(53.8)

>300 120.9) 152.2)

ALT, UL 0520
<200 522(38.6) 269(40.2)

200-799 452(33.4) 229(34.2)

2800 379(28.0) 171(25.6)

AST, UL 0.856
<200 607(44.9) 205(44.1)

200-799 537(39.7) 274(41.0)

=800 209(15.4) 100(14.9)

ALB, g/lL 0.003
<28 200(14.8) 77(11.5)

28-349 799(59.1) 371(55.5)

>35 354(26.2) 221(33.0)

B, pmol/L 0.003
171-256.5 256(18.9) 147(22.0)

256.6-342.0 287(21.2) 171(25.6)
342.1-427.5 281(20.8) 149(22.3)

427.6-513.0 242(17.9) 93(13.9)

>5130 287(21.2) 109(16.3)

INR 0.365
15-1.99 372(27.5) 188(28.1)

20-2.49 365(27.0) 194(29.0)

25-2.99 233(17.2) 122(18.2)

280 383(28.3) 165(24.7)

Na, mmolL 0.002
<135 416(30.7) 170(25.4)

135-145 929(68.7) 487(72.8)

>145 80.6) 12(1.8)

Cr, pmol/L. 0.805
<1ULN 1,248(92.2) 611913

1-1.49ULN 67(5.0) 346.1)

1.5-1.99ULN 20(1.5) 12(1.8)

>20ULN 18(1.3) 12(1.8)

AFP, ng/ml 0.237
<1519 338(25.0) 157(23.5)

15.19-50.12 338(25.0) 180(26.9)
50.13-149.83 339(26.1) 186(27.8)

>149.83 338(25.0) 146(21.8)

HBeAg 0193
Positive 437(32.3) 197(29.4)

Negative 916(67.7) 472(70.6)

HBY DNA, IU/ml 0.289
<149,000 678(50.1) 352(52.6)

>149,000 675(49.9) 317(47.4)

Pre-existing chronic liver 0011
diseases

Chronic hepatitis 575(42.5) 245(36.6)

Girthosis 778(57.5) 424(63.4)

Alcohoiic liver disease 0.992
Yes 105(7.8) 52(7.8)

No 1,248(92.2) 617(92.2)

Potential precipitating <0.001
events

Bacterial infection 533.9) 385.7)

Re-activation o flare of HBV ~ 653(48.3) 394(58.9)
Super-infection of hepatitis 90(6.7) 43(6.4)

E virus

Hyperthyroidism 27(2.0) 913)

Hepatotoxic drugs 66(4.9) 416.1)

Alcohol 73(5.4) 34(5.1)

Unknown 391(289) 110(16.4)

Hepatorenal syndrome 0217
Yes 51(3.8) 33(4.9)

No 1,302(96.2) 636(95.1)

Hepatic encephalopathy 0182
None 1,076(79.5) 555(83.0)

Grade 1-2 234(17.3) 97(14.5)

Grade 3-4 433.2) 17(2.5)
Gastrointestinal bleeding 0176
Yes 16(1.2) 13(1.9)

No 1,337(98.8) 656(98.1)

Infection 0.456
Yes 986(72.9) 4770713

No 367(27.1) 192(28.7)

MELD score 0.054
<20 97(7.2) 68(10.2)

20-30 928(68.6) 452(67.6)

>30 328(24.2) 148(22.1)

MELD-Na score 0.023
<20 816.0) 56(8.4)

20-30 818(60.5) 421(62.9)

>30 454(33.6) 192(28.7)

CTP score 0.021
56 00) 0(0)

7-9 245(18.1) 150(22.4)

10-15 1,108(81.9) 519(77.6)

Antivirus drug <0.001
None 125(9.2) 39(5.8)

LAM 59(4.4) 406)

ADV 705) 00.0)

ETV 1,062(77.8) 556(83.1)

TOF 26(1.9) 46(6.9)

Ldt 27(2.0) 30.4)

Combination therapy 57(4.2) 213.1)

*Clinical and biochemical data were expressed as No. (%).

#Alcohol liver disease is defined according to the guideline of prevention and treatment
for alcoholic liver disease (2018, China) (15).

WBC, white blood cell; Hb, hemoglobin; PLT, platelet; ALT, alanine aminotransferase; AST,
glutamic-oxaloacetic transaminase; AL, albumin; T8Il total biliubin; INR, intemational
normalized ratio; Na, serum sodiun; Cr; serum creatinine; AFF, alpha fetel protein; HBeAg,
hepatiis B e antigen; HBY, hepatitis B virus; MELD, model for end-stage liver disease;
MELD-Na, Model for End-Stage Liver Disease with the adtion of the N level; CTR, Chid-
Turcotte-Pugh; LAM, lamivucine; ADV, adefovir dipivoxi; ETV, entecavir; TOF, tenofovir;
Lat, telbivudine.
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90 Days’ survi

Variable HR 95%Cl Pvalue
Age, years <0001
18-29 Reference

30-39 1.60 1.04-2.45 0081
40-49 172 1.33-2.24 <0.001
50-59 1.81 1.44-2.28 <0001
260 258 2.05-3.25 <0001
WBC, 10°/L 0.007
<4 Reference

410 078 057-1.08 0.134
>10 1.18 093-1.50 0.174
Hb, gL 0.007
Male: <120, Female: <110 Reference

Meale:120-160, 1.81 1.08-159 0.008
Female:110-150

Male: >160, Female: > 150 174 093-8.25 0.081
AST, UL <0001
<200 Reference

200-799 1.36 1.11-1.67 0.003
>800 1.75 1.38-2.22 <0001
TBil, pmol/L. <0.001
171-256.5 Reference

256.6-342 1.35 1.01-181 0,046
342.1-427.5 1.44 1.13-1.83 0.003
4276-513 1.88 1.50-2.36 <0001
>513 1.70 1.39-2.07 <0.001
INR <0001
15-1.99 Reference

2.0-2.49 1.15 088-151 0316
25-2.99 1.97 1.57-2.48 <0.001
=30 2.41 2.02-2.89 <0001
Na, mmol/L 0052
<135 Reference

135-145 081 0.68-0.98 0.026
>145 1.44 066-8.15 0360
Cr, pmolL <0.001
<1ULN Reference

1-1.49ULN 0.98 0.87-1.65 0.899
1.6-1.99ULN 1.84 1.32-3.63 0.027
>20ULN 465 2.00-6.72 <0001
AFP, ng/ml <0001
<15.19 Reference

15.19-50.12 087 0.70-1.08 0.198
50.13-149.83 068 055-0.83 <0001
>149.83 0.48 0.38-0.62 <0001
HBV DNA, IU/ml 0.005
<149,000 Reference

149,000 1.2 1.09-1.60 0.005
Pre-existing chronic liver 0001
diseases

Chronic hepaits Reference

Cirrhosis 1.38 1.13-1.69 0.001
Hepatic encephalopathy <0.001
None Reference

Grade 1-2 188 1.29-1.95 <0001
Grade 3-4 282 1.90-4.18 <0001

G, confidence interval; HR, hazard ratio; WBC, white blood cell; Hb, hemoglobin; AST,
glutamic-oxaloacetic transaminase; T8Il total bilrubin; INR, international normalizedratio;
Na, serum sodiun; Cr, serum creatinine; AFF, alpha fetal protein; HBV, hepatits B virus.
"Hazerd ratios estimated by Cox proportional hazards regression. All statistical tests
)
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Authors Country Etiology Sample  Groupof  G-CSF Age Sex ratio MELD ctp Number Number Number Number Number Number

size patients/  doses (years, (No.of  scoreat  scoreat  ofpeople  of people  of people of of HRS of
(Exp/Con)  study range) %) baseline  baseline  surviving  surviving  surviving infections bleeding
design 30days  60days  90days
Gargetal  India Asa  AHand 23 G-CSF 5 40 2067%) 29 12 - 16 - 3 - 2
) HBY wokg/day  (30-65" @40 (1-1ay
days)
and every
3 days (1
month);
subcutaneously
2 Placebo+ 40 2187%) 315 12 - 7 - 10 - 2
ST (19-59° @407 (10-14y
Duanetal.  China, HBY 27 G Sugkgdays; 43529-  22(815%) 2511 1247 % - - 13 3 2 5
© Asia CSF4SMT 6 days; 63" 330" 1477
suboutaneously
2 sMT 45902 22(86%  2630%  1225% - - 5 7 6 3
65" 412+ 120"
Xangetal.  Chia, HBY 49 G 300 M7k 40838%  2878% - 45 - - 12 4 -
(1) Asia CSF4SMT  ug/days 1041+ 368"
subcutaneously
50 ST ase2x  a2@4%)  2062% - 32 - - 16 4 -
1036™ 445"
Sehaetal  India Asia  HBV 16 e 5 s 16(100%) 25 12 - 14 14 - 1 o
© CSF4SMT  pgkgday  (22-62° @-32r (1014
6 days);
subcutaneously
16 ST 39 12075%) 25 12 - 18 8 - 3 2
(18-55° @85 (1019
Sharma India, Asia HEVand 15 G 5 758 746.6%) - 124147 10 8 - - - -
etal. (10) HAY CSF4SMT  moghgday 8.7
6 days);
suboutaneously
16 ST 631 1205%) - 1275 6 6 - - - -
4 085"
Haque Japan, HBY 2 G 5 4264+ 19B64%)  2764% - 14 11 8 1 5 4
eta.(12  Asa CSF+EPO  pgkg/day® 1039 46"
days);
suboutaneously
17 ST a218%  12706%) 2047+ - 10 5 5 3 5 o
18.06™ 55"
Engeimamn  Multicentric,  AH 8 G 5 544%  S0(668%) 244+ - a2 2 27 7 - -
otal. (8 Europe CSF4SMT  ugkg/day 1027 63"
(6 days)
and every
3days (1
month);
suboutaneously
8 ST S7.1%  61(603%)  245% - a3 31 2 6 - -
o 6.1

Con, control group; Exp, experimental group; G-CSF, granulocyte colony-stimulating factor; SMT, standard treatment; EPO, erythropoetin; AH, Alcoholic hepatits; HBV, Hepatits B virus; HEV, hepatits E virus; AVH, acute viral hepatits.
“Expressed as median.
‘Expressed as mean + SD.
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Characteristics

Corticosteroid

Diabetes

No prophylaxis
n %

Male 1269 76.9%

Female 382  23.1%

<50 845  51.2%
>50 806  48.8%

No 1,831 92.7%
Yes 120 7.3%

No 1,477 89.5%
Yes 174 10.5%

Plasma exchange treatment

INR?

Risk scores (means  sd)
and IPA incidence (%)

1PA®

No 749 45.4%
Yes 902  54.6%

<26 829  50.2%

226 822  49.8%
3.6+2.8

=8 945 3.6%

4-5 469 11.4%

>5 237  18.3%

No 1,540  93.3%
Yes 111 67%

Prophylaxis

n

45
12

24
33

54

49

27
30

14
43
42+26
27
22

56
1

%

78.9%
21.1%

42.1%
57.9%

94.7%
5.3%

86.0%
14.0%

47.4%
52.6%

24.6%
75.4%

3.7%
0
o

98.2%
18%

AINR, international normalized ratio; IPA, invasive pulmonary aspergillosis.

P value

0.8357

0.2252

0.7943

0.5335

0.8704

<0.001

<0.001

<0.001
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Riskscores  Patients (1)  IPAepisodes(n)  IPA incidence (%)

Training set
<3 649 26 4.0%
45" 330 2 76%
>5" 137 29 21.2%
Testing set
=3 206 8 27%
4-5* 139 14 10.1%
>5" ksl 9 12.7%

'p < 0.01 vs. the group with scores of < 3; *'p < 0.01 vs. the groups with scores of 4-5
and >5, respectively; *p < 0.01 vs. the group with scores of < 3; "p < 0.01 vs. the
groups with scores of 4-5 and >5, respectively.
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Factor Variables Weight of score

Diabetes No 0
YES 4
Corticosteroid No 0
YES 7
Plasma exchange No 0
YES 2
INR No 0
YES 3
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Variable

Gender
Age category

Diabetes

Cancer

Antibiotic

Corticosteroid
Granulocytopenia
Avtifital liver treatment
Gastrointestinal bieeding
HRS

HE

Thil

INR

Etiology

Coefficients  Standard error
0.3531 0.3031
0.2551 0.2329
0.5945 0.3203

-0.4315 0.4061
0.4198 0.2815
1.4576 0.2897

—0.5996 1.027
0.4629 0.2423
0.3733 0.3000

0.635 0.3576

0.06876 0.23377
0.6228 0.3405
0.7214 0.2442
0.2851 0.2361

Univariate logistic regression

Walds

1.165
1.095
1.856
1.063
1.491
5.032
0.584
191
1.245
3.123
0.294
3.589
2.964
1.208

p-value

0244
0278
00634
0.288
0.136
p <001
0559
00561
0213
0.10176
0.769
01012
0.00314
0227

Coefficients

0.8256

1.5561

0.4286

0.7128

Multivariate logistic regression

Weight of score

Standard error

0.3309

0.2974

0.249

Walds

2.495

5.232

1.722

2.847

p-value

0.01258

p<0.01

0.03513

0.00441

HRS, hepatorenal syndrome; HE, hepatic encephalopathy; Tbil (= 430 vs. < 430) , total bilirubin; INR (= 2.6 vs. < 2.6), international normalized ratio, etiology (HBV vs. others).
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Characteristic

Sex

Age
Diagnosis

Etieology

underlaying diseases

Complications

Liver function

Treatment

Prognosis

IPA

Male
Female

Mean (..

ALF

SALF®

ACLF®

CLF

Hepatitis B

Hepatitis E

Alcohol

Drug

Autoimmunity
Hepatolenticular degeneration
Schistosome

Cryptogenic

Malignancy

Two or more factors

Other

Diabetes

Mealignancy
Neutropenia
Gastrointestinal bleeding
HE®

HRS'

B

INR"

Antibiotic usage'

Steroid exposurel
Plasma exchange

Liver transplantion
Recovery

Demise

Transfer to another hospital
Give up treatment

Yes
No
Yes
No
Yes

Yes
No
Yes
No
Yes
No

Median
Min, Max
Median
Min, Max

Yes
No
Yes
No

No

Yes
No

Training set
(n=1,155)

887 (76.8%)
268 (23.2%)
49.96 (13.61)
98 (8.5%)
35 (3.0%)
649 (56.2%)
370 (32.0%)
774 (67.0%)
9(0.8%)
67 (5.8%)
77 (6.7%)
27 (2.3%)
8(0.7%)
7(0.6%)
58 (5.0%)
52 (4.5%)
53 (4.6%)
19(1.6%)
119 (10.3%)
1,036 (89.7%)
151 (13.1%)
1,004 (86.9%)
22 (1.9%)
1,133 (98.1%)
160 (13.9%)
995 (86.1%)
504 (43.6%)
651 (66.4%)
187 (16.2%)
968 (83.8%)
41900

170.00, 3,015.00

258
1.50,12.30
822 (71.2%)
333 (28.8%)
88 (7.6%)
1,087 (92.4%)
631 (54.6%)
524 (45.4%)
196 (17.0%)
318 (27.5%)
220 (19.0%)
58 (5.0%)
363 (31.4%)
81 (7.0%)
1,074 (92.9%)

Testing set
(n=510)

391 (76.7%)
119 (22.3%)
50.63(13.22)
44 (8.6%)
20(3.9%)
252 (49.4%)
193 (37.8%)
323 (63.3%)
6(1.2%)
34(6.7%)
30(5.9%)
15 (2.9%)
2(0.4%)
4(08%)
39 (7.6%)
22 (4.3%)
27 (5.3%)
5(1.0%)
56 (11.0%)
454 (89.0%)
63 (13.3%)
447 (87.6%)
142.7%)
496 (97.3%)
84(16.5%)
426 (83.5%)
221 (43.3%)
289 (56.7%)
85(16.7%)
425 (83.3%)
436,00

171.00,990.00

264
151,662
372 (72.9%)
138 (27.1%)
35(6.9%)
475/(98.1%)
274 (58.7%)
236 (46.3%)
89(17.5%)
189 (27.3%)
107 (21.0%)
26 (5.1%)
149 (29.2%)
30 (5.9%)
480 (94.1%)

P value

0.9499

0.2606
0.0604

0.4003

0.7423

0.7447

0.3660

0.1878

0.9511

0.8647

0.1583

0.8341

0.4958

0.6583

0.7726

0.8617

0.6222

BALF, acute liver failure; PSALF, subacute liver failure; ACLF; acute-on-chronic liver failure; “CLF; chronic liver failre; °HE, hepatic encephalopathy; 'HRS, hepatorenal syndrome; 9TB,
total biliubin; "INR, international normalized ratio; ‘antibiotic usage, antimicrobial agent use for >5 days; Isteroid exposure, steroid treatment for >7 days, maximum dosage (equivalent

methylprednisolone) 40 mg/day.
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Characteristics

Demographic
Age

Gender (male)
Etiology

HBY

Alcohol
Autoimmune
Hov

HEV

NAFLD
Schistosomiasis
Cryptogenic
irrhosis status

Non_cirrhosis
Cirthosis
Compensated
Decompensated
Acute decompensation
Infection
Jaundice
Ascites
GI_Bleeding
Laboratory tests
8

INR

CR

BUN

ALB

ALT

AST

wBe

PLT

FIO,

MAP

AKP

¥GT
NL_ratio
Hemoglobin
Neutrophil
Lymphocyte
K

Na

Scores
MELD
MELD_Na
IMELD
CLIF_SOFA
SOFA
CHILD_PUGH

NO HE (N = 3,610)

48.00 (3981, 57.25)
2,633 (73.1)

2,600 (72.0)
628 (17.4)
363 (10.1)

129(3.6)
79(22)
146 (4.0
48(1.3)
171 (4.7)

1,101 (30.5)
2,509 (69.5)
224.(6.2)
2,285 (63.3)

740 (20.5)
1,662 (46.1)
1,692 (46.9)

530 (14.7)

4.3 (152, 13.38)
1.40 (1.17,1.76)
0.77 (064, 0.99)
4.49 (3.40, 6.29)

32.30 (28.20, 37.00)

100.3 (34.4, 436.0)
113.0 (49.0, 292.0)
4.95 (3.60, 6.86)
96.0 (59.0, 148.0)
4762 (466.7, 476.2)
89.00 (83.00, 94.67)
127.0 91,0, 172.0)

82,00 (40.05, 155.88)

2.46 (1.64, 4.24)
118.0 (97.0, 136.0)
2.99 (1.99, 4.55)
1.22 (081, 1.75)
3.87 (3.52, 4.20)
1383 (135.7, 141.0)

15.50 (10.00, 22.00)

17.00 (11.00, 24.00)

34.00 (27.00, 41.00)
5.00 (3.00,6.00)
8.00(7.00,9.00)
8.00 (7.00, 10.00)

HE1 (N =127)

5301 (45.18, 61.08)
101 (79.5)

74(58.9)
35(27.6)
10(7.9)
7(65)
3(2.4)
4@.1)
4(3.1)
907.1)

17 (13.4)
110(86.6)
0(0.0)
110(86.6)

29(22.8)
57(44.9)
57 (44.9)
16 (12.6)

3.71(2.18,16.02)
1.58 (1.41, 2.22)
078 (0.62, 0.96)
5.05 (3.53,8.02)
31.00 (27.00, 34.60)
45.2 (23.0, 147.0)
75.9(35.3, 181.1)
4.91 (360, 6.91)
780 (50.4, 118.5)
471.4 (461.9,476.2)
89.00 (80.66, 96.67)
1160 (94.0, 163.4)
60.00 (25.50, 115.00)
3.08(1.81,5.43)
113.0(92.5, 128.5)
3.10(2.17,5.12)
1.09(0.76, 1.46)
3.81(3.50, 4.12)
137.9(135.0,140.9)

16.00 (12.00, 27.00)
19.00 (13.00, 29.00)
37,00 (30.00, 45.00)
6.00 (5.00, 8.00)
9.00(8.00, 10.00)
10.00 (8.00, 11.75)

HE 2 (N =137)

52.51 (44.08, 60.00)
112(81.8)

87 (63.5)
38(27.7)
8(5.8)
6(4.4)
5(3.6)
0(0.0)
2(1.5)
9(6.6)

13(95)
124 (90.5)
0(0.0)
124 (90.5)

49 (35.8)
85 (62.0)
67 (48.9)
20(14.6)

10.36 (2.40, 26.21)
1.84 (1.40, 2.79)
0.84 (0.66, 1.11)
5.99 (4.25, 8.26)

30.20 (26.80, 34.30)

45.0(25.7, 140.6)
76.5(38.4, 159.8)
6.36 (4.09,9.99)
69.0(48.0, 119.0)

476.2 (466.7, 476.2)

87.00 (82.00, 94.00)

121.7 (83.7, 162.1)
48,00 (25.23, 93.40)
4.33(2.64,7.74)
108.0 (84.0, 129.0)
457 (2.46,7.76)
1.00 (0.68, 1.50)
3.82 (3.41, 4.28)
136.0(133.0, 141.0)

2150 (13.75,30.26)
24.00 (15.00, 32.00)
4100 (34.00, 50.50)
9.00 (6.75, 9.00)
10.00 (9.00, 11.00)
11.00 (9.00, 12.00)

HE 3 (N = 55)

49.74 (40.45, 61.91)
4480.0)

26(47.9)
19 (34.5)
7(12.7)
101.8)
0(0.0)
101.8)
1(1.8)
5(9.1)

8(14.5)
47 85.5)
0(0.0)
47 85.5)

17 (30.9)
39709
24.(43.6)
9(16.4)

10.07 (3.86, 26.52)
1.98(1.48, 2.98)
088064, 1.32)
7.11(3.82, 15.09)

28.30(26.70, 32.10)
57.0 (262, 152.2)
89.0(46.4, 181.2)
6.905.19, 12.01)
79.0(56.5, 128.5)

471.4 (4333, 476.2)

90.00 (76.84, 96.34)

117.2(83.4, 161.2)

44.00 (30.60, 92.60)
5.61(3.23,7.89)
98.0(78.6, 120.5)
5.39(3.15,9.03)
1.19(0.70, 1.83)
4.00 (3.70, 4.39)

135.2 (131.3, 139.0)

24.50 (18,00, 33.75)
27.00 (16.00, 35.00)
47.00(35.00, 56.00)
10.00 (8.00, 11.75)
10.00 9.00, 11.00)
12.00 (11.00, 13.00)

HE 4 (N = 20)

51.16 (42.20, 55.66)
15 (75.0)

11(65.0)
4(20.0)
3(15.0)
0(0.0)
1(6.0)
0(0.0)
0(0.0)
2(10.0)

4(20.0)
16 (80.0)
0(0.0)
16 (80.0)

6(30.0)
13 (65.0)
10 (50.0)
3(15.0)

13.11(3.44, 23.41)
2.13(1.75,3.01)
0.78 (066, 1.08)
7.36 (4.55, 10.74)

31.70 (26.45, 35.39)

102.3 (39.0, 399.3)

1339 (70.0, 251.5)
9.44 (6.36, 13.07)
84.5(43.6, 112.2)

466.7 (4103, 476.2)
94.50 (87.83, 101.75)
113.0(80.0, 158.5)
54.90 (33.50, 69.50)

9.08(4.43, 11.72)
109.7 (97.2, 130.7)
7.18 (4.25, 10.88)
096(0.71,1.12)
3.75(3.14, 4.16)

1387 (1350, 1415)

23,00 (17.00, 31.00)
22,00 (16.00, 33.00)
42.00 (3450, 47.50)
11.00(9.00, 12.00)
9,00 (8.00, 11.50)
11.50 (11.00, 13.00)
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Outcome NO HE (N = 3,610) HE1 (N =127) HE2 (V = 137) HE3 (N = 55) HE4 (N = 20)

28-day adverse outcome 351(0.7) 23(18.1) 35 (25.5) 26 (47.3) 13(65.0)
28-day LT 147 (4.) 5@39) 429 7(12.7) 2(10.0)
28-day die 204(5.7) 18(14.2) 31 (22.6) 19(34.5) 11(55.0)

90-day adverse outcome 594 (16.5) 36(28.3) 52(38.0) 32(68.2) 14(70.0)
90-dlay LT 204(5.7) 7(65) 6(4.4) 7(12.7) 2(10.0)

90-day die 390 (10.8) 29 (22.8) 46 (33.6) 25 (45.5) 12 (60.0)





OPS/images/fmed-08-709884/fmed-08-709884-t003.jpg
Characteristics

Demographic
Age

Gender (male)
HE_GRADE
HE 1

HE2

HE3

HE4

AD

Infection
Jaundice
Ascites
Gl-Bleeding
Laboratory tests
8

INR

CR

BUN

AB

AT

AST

wBe

PLT

FIO_2

MAP

AKP

¥GT
NL_ratio
Hemogiobin
Neutrophil
Lymphocyte
K

Na

Scores
MELD
MELD_Na
IMELD
CLIF_SOFA
SOFA
CHILD_PUGH
Outcome
028

090

Alcohol (1 = 69)

54.3(48.0, 59.0)
68 (98.6)

23(33.3)

27 30.1)

16 (23.2)
3(4.3)

19 27.5)
33(47.8
37 (53.6)
19 27.5)

4.77 (2.16, 10.36)
1.61(1.35,2.09)
0.81(0.65, 1.05)
6.31(4.60, 11.76)

30.0(27.40, 33.00)

30,0 (18.00, 58.00)

516 (32,00, 102.22)
5.98 (4.30, 8.90)

68.0(46.40, 99.40)

471.4 (457 .1, 476.2)

91.0(76.67, 96.00)
105.0 (74.5,152.7)
86.8(34.4, 190.3)
5.13(3.11,7.62)
88.0(76.2, 115.2)
4.20 (2.96, 7.08)
0.86(0.71, 1.31)
3.87 (3.48, 4.34)

136.7 (132.9, 140.5)

15.0 (8.8, 19.3)
16.0 (100, 23.5)
36,0 (27.0, 41.5)
7.0(6.0,9.9)
100 (8.0, 11.0)
11.0(9.0, 12.0)

9(13.0)
19 27.5)

HE
HBV (0 =171)

50.5 (39.7, 56.8)
144 (84.2)

62(36.3)
76 (44.4)
23(13.5)
10(58)

50(20.2)

112 (65.5)
78 (45.6)
1709

14.00 (2.83, 26.68)
2.14(1.52,2.91)
081(0.63, 1.04)
5.21(3.80, 7.67)

30.8(27.00, 34.75)

81.0(27.30, 426.35)

101.1 (48.50, 239.85)
6.10(3.77, 10.09)

82.0(51.20, 121.00)

471.4 (4619, 476.2)

89.0(82.66, 96.84)
125.5 (98.0, 162.7)
46.2(26.3,81.9)
3.82(2.26,7.03)
116.0(98.0, 135.0)
4.23 (2.24,8.00)
1.10(0.73, 1.52)
3.88(3.58, 4.27)
137.0(133.2, 141.0)

25.5(16.0,31.0
27.0(16.0,33.0)
43.0(35.5,51.0
90(7.0,100)
10.0(20, 11.0)
11090, 12.0)

56 (32.7)
73(42.7)

P-value

0.008
0.004
0319

0915
0.017
0.326
0.001

<0.001
<0.001
0.63
0012
0.554
<0.001
<0.001
0.695
0.18
0.362
0219
0.024
<0.001
0.054
<0.001
0.481
0.05
0.987
0.702

<0.001

<0.001

<0.001
0.09
0.165
0.249

0.003
0.041

Non-cirrhosis (n = 42)

39.5(33.5,46.9)
32(76.2)

17 (40.5)
13(31.0)
8(19.0
4(95)

13(31.0)

38(00.5)

12 (286)
0(0.0)

21.96 (14.61, 28.94)
262 (1.87,3.19)
087 (0.67, 1.00)
3.90 (2.47, 6.38)

32.15 (20.10, 35.66)
287.5(106.7, 1,183.8)
187.9 (122.3, 535.3)
8.81(5.63,11.22)
121.0(91.8, 190.0)
476.2 (466.7, 476.2)
89.0(83.0,99.8)
134.5 (97.7, 168.1)
68.9 (43.8,91.6)
4.62 (2.83,7.71)
128.0 (105.8, 145.3)
6.16 (3.88, 8.99)
1.27 (097, 1.61)
3.82(3.63, 4.17)
137.8 (136.1, 140.9)

29.0 24.0,32.0)
30.0(27.0,33.0)
43.0(38.0,50.0)
90(80,11.0)
10.0 90, 11.0)
11.0 (10.0, 13.0)

18 (42.9)
2047.6)

HE

Cirthosis (n = 297)

53.3(46.7, 61.1)
240 (80.8)

110 (37.0)

124 (41.8)
47(15.8)
16 (5.4)

83(206)
156 (52.5)
146 (49.2)
48(16.2)

5.49 (2.18,22.58)
1.70(1.40, 2.41)
0.79(0.64, 1.10)

5.94(4.13, 10.20)

29.90 (26.60, 33.50)
42.0(230,111.7)

65.0(35.6, 146.0)
5.89 (3.76, 9.20)

71.0 (45.4,112.0)

471.4 (4619, 476.2)

89.0 (81.0,96.0)

117.0(83.0, 158.0)
48.6 (24.0,99.0)
3.90(2.31,7.10)

106.0 (84.0, 125.0)
3.87 (2.27, 6.36)
1.00(0.69, 1.45)
3.83(3.46, 4.24)

136.9(133.0, 141.0)

19.0 (13.0, 29.0)

21.00 (135, 20.0)

39.033.0,50.0)
80(6.0,90)
10.0(90, 11.0)
11.0(9.0, 12.0)

79(266)
114.(38.4)

P-value

<0.001
0.62
0.479

<0.001
0.019
0.01

<0.001
<0.001
0518
<0.001
0.005
<0.001
<0.001
0.001
<0.001
0.407
0.361
0.159
0.035
0176
<0.001
0.001
0.043
0.777
0.06

<0.001
<0.001
0.049
0.003
0.846
0.117

0.048
0.328
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HE_GRADE

NOHE

Model I, unadjusted.

Model Il, adjusted for age, sex, and etiology.

Num of 28-day
adverse
outcome (%)

351(9.7)
23(18.1)

35(25.5)

26 (47.3)

13 (65.0)

Model |

1.0
2,05 (1.26, 3.20)
0.0024
3.18 (2.1, 4.70)
<0.0001
832 (4.82, 14.30)
<0.0001
17.24(7.01, 46.15)
<0.0001

Model Il

1.0

1.99(1.21,3.13)
0.003

3.10 (2,04, 4.60)
<0.0001

876 (5.02, 15.21)
<0.0001

18.76 (7.57, 50.58)
<0.0001

Model ll, adjusted for model Il plus cirrhosis, ascites, infection, and gastrointestinal bleeding.
Model IV, adjusted for model Ill plus total bilirubin, international normalized ratio, and creatinine.

Model il

1.0

1.95(1.18,3.10)
0.005

2.77(1.82, 4.15)
<0.0001

8.80(4.97, 15.54)
<0.0001

19.04 (7.51, 52.44)
<0.0001

Model IV

1.0
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HBV, hepatitis B virus; AlH, autoimmune hepatitis; HE, hepatic encephalopathy; Gi bleeding, gastrointestinal bleeding; TB, total bilirubin; INR, international normalized ratio; C, creatinine;
MELD, model for end-stage Iiver disease; CLIF-SOFA, chronic liver failure-sequential organ failure assessment; LT, liver transplantation.
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MELD, model for end-stage Iiver disease; CLIF-SOFA, chronic liver failure-sequential organ failure assessment; LT, liver transplantation.
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HC (n = 26) CHB (n = 26) LC (n=26) LC-AD (n = 26) ACLF group
Overall (n =38) ACLF-S (n=21) ACLF-D(n=17)

Age 42.42 1288 43.08 + 12.94 48.81+8.07 5262 + 13.12 491 £ 133 51.81 £ 1347 45.65 £ 12.57
Sex (M/F) 11/15 16/10 20/6 20/6 32/6 17/4 15/2
WBC (x 10%/L) 585(4.98,7.08)  525(3.73,6.29) 4(3.1,8) 35(2.13,4.9 7.2(68,8.6) 6.1(4.9,7.9) 7.8(68,9.9)
RBC (x109/) 4.65(4.35,4.83)  433(4.14,464) 4.64(4.12,522)  3.43(2.66,3.79) 4.2(36,4.5) 4.06(3563,4.33)  4.41(4.01,4.68)
Platelets (x10°) 2435 (203.25,300) 1905 (132.25, 108(65,160)  525(40,92.75) 1005 (735, 1455 93(72,1385)  123(69, 146.5)
245.5)
TP (GL) 737 (70.25,76.13) 685(628,762)  70.4(64,76.35) 57.3(53.08,61.88) 57.8(54,62.7) 585 (54.5,65.75) 558 (63.15,61.65)
Alburnin (/L) 47354528,  416(39.4,445)  41.3(36.4,46)  289(24.1,84.1) 29.9(278,835) 298(27.15,3355) 30.9(27.9,33.35)
49.93)
ALT (U 135(10,28)  47.5(2825,80) 285(225,53.75) 27.5(165,90.5)  2045(1583,  248(144,4045) 375 (213.5,766)
508.5)
AST (UIL) 17(14,205) 36(215,50)  205(2375,425) 495(24.75,96)  294.5(1648, 287 (127,486) 306 (209.5, 376.5)
409.8)
Total biirubin 1158, 14) 125(8.75,185)  12(11,17.25) 405(31.5,76)  3555(226,407) 292 (1885,384) 391 (301, 452.5)
(mmolL)
Creatinine (mmol/l) ~ 67.5(66.75,80)  73(65,855)  74.5(64.5,82.75 79(65.75,91.25) 66 (555,763 6862, 75) 58 (525, 83)
BUN (mmol/L) 515(4.25,62)  5(385,645)  5.67(4.55636)  56(4.02,7.78) 38(28,52) 38(3.15,425  85(215,57)
INR ND ND 144(107,1.22)  1.45(1.84,158)  24(19,28) 21(186,287)  2.78(247,4)
GH (pg/mi) 427666427,  12591(38.46,  36294(69.27,  1246.05(723.66,  12008(5282, 161662 (843.18,  680.71(398.71,
1162.01) 373.35) 700.34) 3397.5) 2302.3) 3101.43) 1451.91)

Continuous date are expressed as meens = SD or medians with interquartie ranges (b. 25, p. 75), and categorical data are expressed as numbers (percentages). ALT, alanine
aminotransferase; AST, aspartate aminotransferass; BUN, blood urea nitrogen; CHB, chronic Hepatitis B; GH, growth hormone; INR, interational normalized ratio; LG, liver cirrhosis;
LC-AD, liver cirhosis-acute decompensation; ND, not detected: RBC, red blood count; TR, total protein; WBC, white blood count.
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Variables Univariate logistic regression Multivariate logistic regression

HR 95%Cl p-value HR 95%Cl p-value
Age 0.958 0.928,0.989] 0.009
Sex 1.818 0,666, 4.964) 0243
MAP 0.998 0.968, 1.028] 0883
Cirthosis. 1.889 (0.873, 4.088) 0.106
Previous decompensation 2746 0.872, 8.646] 0.084
Alcoholism 0.064 [0.108, 1.067] 0.064
Bacterial infection 0.664 0.295, 1.492) 0321
Acites 0810 0369, 1.778) 0.600
uGiB 0.994 0.286, 3.450] 0992
HE 0,050 0.013,0.186] <0.0001 003 0.003, 0.275] 0.002
Growth hormone (mg/dL) 1.436 [1.122, 1.838) 0.004 1.708 [1.113, 2.619) 0014
WBC(x 100/L) 0.885 0.800, 0.979) 0018 1.345 [1.053, 1.718) 0017
Neutrophil (x 10°/L) 0.861 0.769, 0.964) 0010
RBC (x 109/1) 1.080 0.897, 1.181) 0.678
Platelets (x 10°/1) 1.002 0.994, 1.010] 0644
Fertitin (ng/mi) 0942 0825, 1.076] 0378
Alpha-fetoprotein (ng/mi) 1.001 0.999, 1.002) 0333
CRP (mg/L) 0.983 0.949, 1.018] 0337
Total protein (g/L) 0.99 0.951, 1.043) 0878
Albumin (/L) 1.108 [1.006, 1.220] 0,033
ALT (UL 1.000 0.999, 1.001) 0619
AST (UIL) 0999 0.998, 1.000] 0.163
ALP (UL) 0998 [0.989, 1.008] 0.703
Cholinesterase (U/L) 0.169 0.919, 1.620] 0.169
Total bilirubin (mmoV/L) 0.995 [0.991, 0.998] 0.001 0.987 [0.979, 0.996] 0.002
Cr (mmolrL) 0.968 0.949,0.987) 0.001
BUN (mmol/L) 0761 0647, 0.807) 0.001 0.566 0.415,0.772) 0.0002
Triglycerides (mmol/L) 2.385 0.996,5.709) 0051
Cholesterol (mmol/L) 2.163 1182, 3.957) 0012
Potassium (mmol/L) 0543 0276, 1.069) 0077
Sodium (mmol/L) 1.024 0.924, 1.136] 0648
Blood glucose (mmolL) 0.208 0.823, 1.043) 0927
INR 0.136 0.060, 0.306] <0.0001 0037 0.007, 0.214) <0.0001

ALR phosphatase alkaline; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea itrogen; AP C-reactive protein; GGT, gamma-glutamyl transpeptidase;
HE, hepatic encephalopathy; INR, interational normalized ratio; MAR, mean arterial pressure; REC, red blood count; UGIB, upper gastrointestinal hemorthage; WBC, white blood count.
The bold value mean the p < 0.05.
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Total (n = 124) Non-survivor (n = 38) Survivor (n = 86) p-value
(non-survivor vs. survivor)

Female, n(%) 19(15.3) 821.1) 11(12.8) 0.239
Age (y) 46.61+12.71 5121 +£129 44.58 £ 1215 0.009
MAP (mm Hg) 89.86 + 12.77 90.11 £ 17.16 89.75 + 10.38 0.903
Alcoholism 13(10.5) 7(18.4) 6(7.0) 0.055
Cirthosis. 69(55.6) 17 (44.7) 52(60.5) 0.104
Previous decompensation 25(20.2) 4(10.5) 21(24.4) 0,075
GiB 13(105) 4(10.5) 9(10.5) 0,608
Infection 38(30.6) 14.(36.8) 24(27.9) 032
Ascites 74(59.7) 24(63.2) 50(58.2) 0,59
HE 19(15.3) 16 (42.1) 3(35) <0.0001
HBeAg-positive 50 (40.3) 14.(36.8) 36(41.9) 0,59
LgDNA 537 £2.02 527225 5.41%1.93 0.724
WBC (x10°/L) 7.05(5.4,9.88) 8.45 (5.75, 11.55) 67 (4.98,89) 0011
NEU (x109/1) 5.1(3.43, 6.98) 6.4(4.23,102) 4.65 (3.28, 6.15) 0.005
RBC (x109/) 4.15 (3.68, 4.69) 4.19(3.69, 4.65) 4.13(3.68,4.6) 0.856
PLT (x 109L) 113.4 £ 49.92 110.29 + 48.22 114.77 £ 50.87 0.647
GH (pg/mi) 2,232 (1176.9, 4300.88) 1106.55 (674.25, 1922.4) 2930.55 (1778.85, 4799.33) <0.0001
Fenitin (ng/mi) 2567.95 (1170.2, 4166.35) 2459.45 (1021.25, 5021.18) 2567.95 (1262.83, 3766.18) 0.704
Alpha-fetoprotein (ng/mi) 117.9 (40.48, 204.48) 111.85 (39.63, 277.6) 124.1 (40.48, 320.28) 0615
CRP (mg/L) 11.15 (8.28, 15.45) 11.75 0.3,15.78) 1065 (8.1, 15.5) 0.191
TP L) 58.15 (53.53, 62.38) 58.2(54.03, 61.35) 58.1(53.3, 62.55) 0.901
ALT (UL 268 (107.5, 596.25) 281 (140.75, 430.5) 257.5 (84, 700.75) 067
AST (UL 162.5 (86.5, 367) 1785 (111, 401.75) 162 (85, 336.26) 0.265
ALB (/) 31.27 4.6 30,06 + 4.55 3181 £4.03 0,035
ALP (UIL) 146.02 + 39.74 148.05 + 40.01 145.12 + 39.82 0.706
Cholinesterase (U/L) 3721.79 & 143838 3453.11 & 1469.41 384051 & 1416.85 0.168
GGT (UL) 102.25 + 589 93.03 £+ 56.19 106.33 £ 59.93 0.248
Total Bilirubin (mmol/L) 299,65 (232.03, 405.3) 354.5(288.73, 454.1) 278.15 (213.75, 381.78) 0,001
Creatine (mmol/L) 6457, 73.75) 72(57, 115.25) 63 (57, 69.25) 0.005
BUN (mmol/L) 4.06 (3.11,6.16) 5.28(3.64,7.74) 375 (3.05,5.52) 0,003
Triglycerides (mmol/L) 1.28(1.02, 1.66) 1.17(0.98, 1.41) 1.35 (1,03, 1.79) 0.039
Cholesterol (mmol/L) 2.22(1.69, 2.76) 1.7(1.48, 2.62) 2.38(1.84,2.79) 0,003
Potassium (mmol/L) 4.22(3.9,4.78) 4.39(3.94, 4.95) 4.16(3.87,4.6) 0.08
Sodium (mmoliL) 138 (136.25, 139) 137.5 (134.75, 139.25) 138 (136, 139) 0.703
Blood glucose (mmol/L) 4.053.21,5.1) 3.85(2.96,5.67) 4.12(3.25,4.92) 0612
INR 1.99 (1.64, 2.53) 269 (2.32,3.28) 1.86 (1.59, 2.19) <0.0001
MELD 23,00 +5.61 28.44 £ 574 20.73 8,57 <0.0001
CLIF-SOFA 8.15+1.95 10+£2.41 733+ 1.14 <0.0001
CLIF-C ACLF 42.01£9.79 50.49 + 9,60 3827 £7.18 <0.0001

Continuous data are expressed as means + SD or medians with interquartile ranges (p. 25, p. 75), and categorical data are expressed as numbers (percentages). ALP, phosphatase
alkaline; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CLIF-C ACLF, European Association for the Study of Chronic Liver Failure; COSSH-
ACLF, Chinese Group on the Study of Severe Hepatitis B; CRR, C-reactive protein; GGT, gamma-glutamy! transpeptidase; HBV, hepatitis B virus; HE, hepatic encephalopathy; INR,
international normalized ratio; MAP, mean arterial pressure; MELD, Model for End-stage Liver Disease; RBC, red blood count; GIB, gastrointestinal hemorrhage; WBC, white blood count.
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Total bil
(mg/dL)

As a continuous variable
As a categorical 0-2
variable 25
58
812
12-16
16-20
Over 20
P-value for trend

Number of
patients

940
239
188
96
104
108
74
136

Number of
death (%)

70(7.3)
3(19
2(1.1)
2@.1)
5(4.7)
10(9.5)

11(14.5)

37(25.9)

Hazard ratio of transplantation-free mortality (95% Cl), p-value

Unadjusted

1.109 (1.087-1.131), <0.001
1 (Reference)
0845 (0.141-5.056), 0.854
1.653 (0.276-9.895), 0.582
3.887 (0.929-16.267), 0.063
8.131 (2.288-29.545), 0.001
12.606 (3.517-45.188), <0.001
25.624 (7.899-83.118), <0.001
0.008

Adjusted*

1.080 (1.049-1.112), <0.001
1 (Reference)
0802 (0.130-4.956), 0.812
1.443 (0.237-8.803), 0.691
1.866 (0.401-8.681), 0.426
4.186 (1.070-16.371), 0.040
5.829 (1.476-23.026), 0012
8.455 (2.358-30.312), 0.001
0.002

*Adjusted for age, gender, etiology, hepatic encephalopathy grade, infection, ascites, international normalized ratio, creatinine, serum sodium, and alanine transaminase.
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Meaning of the TB cutoff Value of Percentage of Corresponding adjusted
the cutoff patients with TB transplantation-free mortality
exceeding the cutoff

28 days 90 days
Cirthosis Peak of acceleration curve 14.2 mg/dL 23.3% (605/2592) 13.3% 25.0%
(mathematical cutof)
Valley of acceleration curve 24.8 mg/dL 10.3% (268/2592) 19.1% 44.8%
Reaching 15% 28-day transplantation-free 18.1 mg/dL 18.2% (471/2592) 15.0% 32.7%
mortality
(clinical cutoff)
Advanced Peak of acceleration curve 12.1 mg/dL 33.1% (311/940) 2.9% 80%
fibrosis (mathematical cutoff)
Reaching 15% 28-day transplantation-free 36.0 mg/dL 1.8% (12/940) 15.0% 22.1%
mortality
(clinical cutoff)

TB, total bilirubin.
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Variables Survival Non-survival  p-value
n=34 n=7
Demographics
Age (year) 44.0 (30.8,58.5) 47.0(460500) 0859
Male/Female, % 25/9 710 0315
Laboratory data
WBC (10°71) 47(3965) 5.4(62,13.1) 0079
NG (10°7L) 3113 6.4£45 <0.001
LG (10°71) 14£06 12£04 0352
NLR 23(1.4,2.7) 5233 0.031
PLT (10°) 79.0(61.6,109.4) 125.7 + 632 0077
ALT (UL) 344.2(127.5,784.5) 739.6 +839.1 0.905
AST (UIL) 217.6(87.2472.4)  364.7 £276.4 0552
ALB (/1) 32646 382448 0748
GLO (@) 280638 250%75 0312
TBIL (mol/L) 2389+ 1196  2510(204.2,2050)  0.444
Cr (umolrL) 64.0% 186 63.3(530,780) 0832
Na (mmol/L) 135.0(135.0,1350) 1350 (135.0,1350) 0,690
PTA (%) 38896 26.4 8.1 0.003
INR 20(1.823) 31£13 0.003
IogHBVDNA log (U/mL) 50£15 69(357.3) 0.158

CHB, chronic hepatitis B; ACLF, acute-on-chronic liver faiure; WBC, white blood coll
LG, lymphocyte count; NC, neutrophi count; NLR, neutrophi-ymphocytes ratio; PLT,
platelet; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, alburnin;
GLO, globuii; TBIL, total biliubin; Cr, creatinine; Na, sodium; PTA, prothrombin activity;
INR, international normalized ratio; p values were calculated by x? or Fisher exact test for
categorical variables and unpaired t test or Mann-Whitney test for continuous variables.
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Variables HC CHB ACLF p-value

n=50 n=169 n=45
Demographics
Age (year) 34.5(20.043.0) 33.0(28.0,42.0) 445+128 <0001
Male/Female,% 27/23 99/70 36/9 0040
Laboratory data
WBC (10°1) 61+12 54%13 49(4.06.7) 0.004
NC (1091) 36+1.0 30+10 30(1.9,4.2) 0.006
LG (10°1) 20+05 18(1.52.2) 1.4£06 <0001
NLR 1907 1.6(1.2,2.0) 2.4(1.63.6) <0001
ALT (UIL) 135 (10.0,25) 31.1(23.0,200.6) 356.5(130.8,832.9) <0001
AST (UL) 17.1 (15.3,21.4) 24.0(18.9,94.7) 217.9(94.9,453.0) <0.001
ALB (@) 479 (46.7,49.9) 47.0(42.9,49.1) 329+48 <0001
GLO (g/L) 22.3(21.1,26.0) 26.7 (24.2,29.4) 27.7+6.7 <0.001
TBIL (umol/L) 11.6(0.4,12.9) 13.8(10.321.2) 2327 (148.9,325.8) <0001
PTA (%) / 943132 359+ 105 <0001
INR / 1.4(1.0,1.9) 2.1(1.825) <0001
IogHBVDNA log (U/m) / 6.1(3.48.1) 52+17 0.160

HC, healthy control; CHB, chronic hepatitis B; ACLF, acute-on-chronic liver failure; WBC, white blood cell; LC, lymphocyte count; NC, neutrophil count; NLR, neutrophil-lymphocytes
ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; GLO, globuiin; TBIL, total bilrubin; PTA, prothrombin activity; INR, international normalized ratio; p
values were calculated by 2 for categorical variables and Kruskal-Wallis test or unpaired t test for continuous variables.
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Parameters

Age (years)
Gender (m/f)
ALT (UAL)

AST (UIL)
TBIL (umolL)
Albumin (/L)
Creatinine
(wmol/L)
PT(s)

INR

HBeAg
positive
IgHBsAg (Il
1U/mL)

IgHBV DNA (g
1W/mL)

WBGC (x10%)
PLT (x10°/1)
Lymphocyte
count (x109/L)
Lymphooytes
percentage (%)
Mortality, n (%)

HBV ACLF
(n=70)

38 (28-49)
57/18
193.00 (88.66-689.80)
189.00 (90.08-782.50)
229,60 (154.47-372.10)
3286+ 105
56.40 (49.70-64.60)

22,10 (19.45-27.45)
1.83(1.54-2.34)
34 (48.57)

268+0.17

5.10(3.87-6.03)

5.37 (4.48-7.29)
92,98 4:8.05
1.2340.08

22.56 + 1.87

21(30.0)

HBV non-ACLF
(n=47)

39 (20-51)
34/18
128.15 (41.28-670.73)
58.75 (44.70-413.83)
16,80 (10.20-37.96)
3670+ 1.62
60.35 (45.55-67.75)

18,65 (13.18-14.90)
142 (1.04-1.28)
18 (38.30)

3.13+025
4.21(3.06-6.18)
5.15(3.83-5.85)
145.94 + 17.66
1.70 £0.16

33.50 +£2.21

0(0)

P-value

0.885
0.246
0.018
<0.001
<0.001
<0.001
0.748

<0.001
<0.001
0278

0.108

0.237

0.027

<0.001

<0.001

<0.001

<0.001

Data are expressed as mean = standard deviation (SD), number (percentege), or median
(interquartie range). ACLF, acute-on-chronic liver failure; ALT, alanine aminotransferase;
AST, aspartate Aminotransferase; TBIL, total bilrubin; INR, intemational normalized ratio;
HBY, hepatitis B virus, HBsAg, HBY surface antigen WBC, white blood cell count; PLT,

platelet count.
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Parameters Survivors (n = 49) Non-survivors (n = 21) P-value

Age (years) 35.60 + 1.83 5278+ 6.41 0.009
Gender (m/) 4217 15/6 0.159
ALT (U) 297.00 (105.83-746.33) 107.00 (82.50-450.90) 0878
AST (U 201.50 (88.25-809.00) 189,00 (101.75-755.05) 059
Cholesterol (mmol/L) 2.31+0.10 1.76 £ 0.26 <0.001
TBIL (umolL) 244,88+ 26.15 379.75 + 62.51 0.007
Alburnin (/L) 31.95 (29.20-38.93) 29.24 (27.85-33.05) 0,039
Creatinine (wmol/L) 55.25 (48.05-60.15) 69.30 (55.20-83.36) 0017
Sodium (mmol/L) 187.55 (135.00-139.00) 185.00 (129.50-137.75) o0.119
PT(s) 2060 (17.85-23.85) 27.60 (24.90-39.25) <0001
INR 1.74 (1.46-1.95) 2.36 (2.06-3.50) <0.001
HBeAg positive 23 (46.99) 11(52.38) 0676
IgHBsAg (Iig IU/mL) 2.50+0.20 3.20+0.32 0.000
IgHBV DNA (ig IU/m) 4654031 613065 0014

WBC (x10%) 5.22 (4.12-7.13) 7.37 (5.47-10.98) 0.006
PLT (x 10°1) 99.90  10.02 82.11 % 11.90 0018
Lymphocyte count (x10%/L) 1.36 +0.10 1.01+1.13 0.050
Lymphooytes percentage (%) 2370 (16.95-32.72) 872 (5.05-21.85) <0001
Ascites, n (%) 20 (40.82) 13(61.90) 0.105

Encephalopathy, n (%) 9(18.36) 9 (42.85) 0,082

Bacterial infection, 1 (%) 28(57.14) 18 (85.71) 0,042

PE/DPMAS, n (%) 18 (36.79) 9 (42.85) 0,630

Use of antibiotic, n (%) 28(57.14) 18(85.71) 0.042

MELD score 23.40 +0.99 20.44 = 2.65 <0001
MELD-Na score 22.90+1.04 25,67 2.04 0.001

Data are expressed as mean  standard deviation (SD), number (percentege) or median (interquartie renge). AL, alanine aminotransferase; AST, aspartete Aminotransferase; TBIL,
total bilrubin; INR, international normalized ratio; WBC, white blood cell count; PLT, platelet count; PE, plasme exchange; DPMAS, double plasme molecular absorption system; MELD,
model for end-stage liver disease.
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Mortality (1, %)

CDB* T cells (cells/ul)
CD4* T cells (cells/ul)

CD8* T cells (cells/ul)

CD19* B cells (celis/pl)
CD56*CD16+ NK cells (cells/i)

Lower group

15 (42.9)
14 (40.0)
15 (42.9)
13 37.1)
12 (34.3)

Higher group

6(17.1)
7(20.0)
6(17.1)
8(22.9)
9(25.7)

P-value

0.019
0.068
0.019
0.192
0.434
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Variables Sensitivity (%) Specificity (%) Auc SE 95% CI p-value (vs. MELD-GH)
MELD-GH 8372 92.41 0987 0,026 0.878-0973

Child-pugh 63.95 84.21 0758 0045 0.673-0.830 <0.0001

MELD 8958 7895 0882 0037 0812-0.933 00185
CLIF-SOFA 86.09 71.05 0862 0035 0.788-0917 0.0344

CLIF-C ACLF 8958 68.42 0838 0042 0.761-0.898 00227

CLIF-C ACLF, European Association for the Study of Chronic Liver Failure; CLIF-SOFA, chronic liver failure-sequential organ failure assessment; COSSH-ACLF, Chinese Group on the
Study of Severe Hepatitis B; MELD, Model for End-stage Liver Disease.





