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Abstract
AIM: To establish a new model for predicting survival 
in acute-on-chronic liver failure (ACLF) patients 
treated with an artificial liver support system. 

METHODS: One hundred and eighty-one ACLF patients 
who were admitted to the hospital from January 1, 
2012 to December 31, 2014 and were treated with 
an artificial liver support system were enrolled in this 
retrospective study, including a derivation cohort (n  
= 113) and a validation cohort (n  = 68). Laboratory 
parameters at baseline were analyzed and correlated 
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INTRODUCTION
Liver failure (LF) can be classified as acute LF occurring 
without any potential liver diseases, acute-on-chronic 
liver failure (ACLF), which is caused by an acute 
exacerbation of chronic liver diseases resulting from 
virus, alcohol or drugs, and chronic decompensation 
in any type of end-stage liver disease. ACLF, the 
most common type of LF, constitutes a serious 
condition with a sophisticated etiology, diversified 
manifestations and a high short-term mortality[1]. So 
far, liver transplantation is identified as the most useful 
approach for ACLF; however, few patients benefit from 
this treatment due to the extreme lack of healthy livers 
and/or the costly operation[2].

In the past five decades, a variety of different 
types of artificial liver support systems (ALSS) 
have been developed to bridge patients with LF to 
liver transplantation or to support the failing liver 
temporarily, until it is able to regenerate. Although 
ALSS cannot substitute for the whole spectrum of liver 
functions, these methods can take the place of a few 
basic hepatic functions[3-7]. It has been demonstrated 
that some types of ALSS, such as plasma exchange 
(PE) and plasma bilirubin adsorption (PBA), are able to 
remove toxic substances, improve coagulopathy, and 
prevent bleeding. Although some studies have reported 
success in prolonging survival, the survival of patients 
with LF is variable, approximately 21%-60%[8-11].

Prognostic models have been used for estimating 
disease severity and survival and are of great im
portance for doctors to make therapeutic decisions. 
The current prognosis models for ACLF were only 
analyzing ACLF caused by HBV and might not be ideal 
for clinical practice because of the diversified etiologies 
of ACLF in Asia[12-14]. Moreover, these models were 
established based on data from standard medical 
treatment (SMT) and without considering the impact 
of ALSS on the prognosis of patients. Therefore, 
a feasible prognostic model is urgently needed to 
estimate the outcomes of patients with ACLF.  

We have assessed the overall survival and the 
possible prognostic predictors in a cohort of ACLF 
patients treated with SMT together with ALSS. The aim 
of this study was to develop a novel model to supply 
reliable predictive information about these patients.

MATERIALS AND METHODS
Study design
The present study was based on a retrospective 
cohort, including 181 patients with ACLF hospitalized 
between January 1, 2012 and December 31, 2014 at 
the Department of Infectious Diseases, Union Hospital, 
Wuhan, China. The ACLF patients hospitalized from 
January 1, 2012 to December 31, 2013 were included 
in a derivation cohort (n = 113). This dataset was used 
to create the prognostic model. Then, the new model 
was validated in another 68 patients hospitalized from 
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with clinical outcome. In addition to standard medical 
therapy, ACLF patients underwent plasma exchange (PE) 
or plasma bilirubin adsorption (PBA) combined with 
plasma exchange. For the derivation cohort, Kaplan-
Meier methods were used to estimate survival curves, 
and Cox regression was used in survival analysis to 
generate a prognostic model. The performance of the 
new model was tested in the validation cohort using a 
receiver-operator curve.

RESULTS: The mean overall survival for the derivation 
cohort was 441 d (95%CI: 379-504 d), and the 
90- and 270-d survival probabilities were 70.3% 
and 58.3%, respectively. The mean survival times 
of patients treated with PBA plus PE and patients 
treated with PE were 531 d (95%CI: 455-605 d) and 
343 d (95%CI: 254-432 d), respectively, which were 
significantly different (P  = 0.012). When variables 
with bivariate significance were selected for inclusion 
into the multivariate Cox regression model, number of 
complications, age, scores of the model for end-stage 
liver disease (MELD) and type of artificial liver support 
system were defined as independent risk factors for 
survival in ACLF patients. This new prognostic model 
could accurately discriminate the outcome of patients 
with different scores in this cohort (P  < 0.001). The 
model also had the ability to assign a predicted survival 
probability for individual patients. In the validation 
cohort, the new model remained better than the MELD.

CONCLUSION: A novel model was constructed to 
predict prognosis and accurately discriminate survival 
in ACLF patients treated with an artificial liver support 
system.

Key words: Acute-on-chronic liver failure; Artificial 
liver support system; Model for end-stage liver disease; 
Plasma exchange; Plasma bilirubin adsorption

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Liver failure has a high mortality. The current 
prognostic model to estimate the survival in acute-
on-chronic liver failure (ACLF) patients treated with 
an artificial liver support system (ALSS) is not fully 
characterized. The aim of this study was to establish 
a new scoring model and to test its ability to predict 
the survival of ACLF patients treated with ALSS. This 
prognostic model accurately differentiated the outcome 
of ACLF patients with different risk scores and also had 
the ability to assign a predicted survival probability for 
individual patients.
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January 1, 2014 to December 31, 2014.
Patients who met the diagnostic criteria for ACLF 

were hospitalized, and besides SMT, they were treated 
with PE or PBA combined with PE. In this study, liver 
transplantation was not available for ACLF patients 
owing to the extreme deficiency of healthy livers and/
or the costly operation. ACLF patients with persistent 
bleeding, circulatory shock, severe bacterial infection, 
pregnancy, international normalized ratio (INR) ≥ 3.0 
or platelet count ≤ 30000/μL were excluded for ALSS. 

ACLF patients were randomly divided into either a 
PBA plus PE group or a PE only group. The follow-up 
began at the date of initial treatment of ALSS. In the 
derivation cohort, patients were followed until death or 
censored at the end point of January 31, 2014. While 
in the validation cohort, patients were followed until 
the end point of January 31, 2015. Medical history, 
physical examination, and auxiliary investigations, 
such as laboratory test, abdominal ultrasound or 
computed tomography (CT) scan, were finished at 
admission. Laboratory parameters included serum 
total bilirubin (TB), aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), creatinine, and INR, 
and others. Adverse events and drugs received were 
documented during the whole study period.

The data of ACLF patients were analyzed anony
mously based on the Declaration of Helsinki. This study 
was approved by the Ethics Committee of the Union 
Hospital, Tongji Medical College, Huazhong University 
of Science and Technology, and all enrolled patients 
gave their written consent, which was collected in the 
hospital and could be used for research. 

Disease definition
According to the recommendations generated by the 
Asian Pacific Association for the Study of the Liver, 
ACLF was defined as acute liver injury emerging as 
jaundice and coagulopathy, complicated by ascites and/
or encephalopathy within 4 wk in a patient with known 
or unknown chronic liver disease[15]. The definition 
of LF in ACLF was as follows: severe jaundice (total 
serum bilirubin ≥ 5 mg/dl) and coagulopathy (INR 
≥ 1.5 or prothrombin activity < 40%), which were 
indispensable, and ascites and/or encephalopathy, 
which were diagnosed by physical examination[15].

The diagnosis of hepatitis E virus (HEV) infection 
was made according to the detection of anti-HEV 
IgM and/or HEV RNA in serum[16]. Liver cirrhosis 
(LC) was diagnosed by the medical history, physical 
examination, and laboratory tests, together with 
ultrasonography or CT[17]. Hepatic encephalopathy (HE) 
was defined as neuropsychiatric abnormalities including 
the cognitive, affective, behavior and consciousness. 
It was diagnosed by clinical manifestations and brain 
edema identified by magnetic resonance imaging 
(MRI) or CT[18]. Hepatorenal syndrome (HRS) was 
defined as a functional renal failure according to the 
criteria created by the International Ascites Club[19]. 

Spontaneous bacterial peritonitis (SBP) was diagnosed 
by the examination of ascites[20]. Upper gastrointestinal 
bleeding commonly arose from the esophagus, 
stomach, or duodenum. In some cases, blood could be 
observed in vomit or in tarry stool[21].

Treatments
SMT: SMT was intended to support the liver and 
to prevent and treat complications of ACLF. All 
patients were administered according to the following 
recommendations: absolute bed rest, the use of 
hepatocyte growth factor and adenosylmethionine 
to regenerate liver cells, the infusion of albumin, 
maintaining electrolyte or acid-base equilibrium and 
preventing and curing complications. Oral antiviral 
drugs including lamivudine, telbivudine, or entecavir 
were ordered for the patients with activated replication 
of hepatitis B virus. 

PE
In addition to SMT, ACLF patients in this group 
underwent treatment of PE, which was performed 
with a membrane plasma filter (Plasmaflo OP-08W, 
Asahi Kasei Kuraray Medical Co., Ltd., Tokyo, Japan). 
A double-lumen catheter was inserted into the right 
femoral vein of ACLF patients, and approximately 3000 
ml of plasma was exchanged per time at a blood flow 
rate of 20 to 25 ml/min. Each patient in the derivation 
cohort received PE 1 to 4 times, and 93 times in 
total were performed in 54 patients. In the validation 
cohort, each patient received PE 1 to 4 times, and 62 
times in total were performed in 33 patients.

PBA plus PE
Blood was separated by Plasmaflo OP-08W. Then, 
the plasma was passed through an adsorbent column 
(Plasorba BR-350, Asahi Kasei Kuraray Medical Co., 
Ltd., Tokyo, Japan). Approximately 2000-2500 ml of 
plasma was separated per time at a blood flow rate of 
20 ml/min. Perfused over the adsorbent column, the 
plasma was returned to the patient after being merged 
with hemocytes coming from the plasma filter. After 
the PBA process, the patient was treated with PE using 
a total of 1500-2000 ml of fresh, frozen plasma. In 
the derivation cohort, each patient received PBA plus 
PE 1 to 4 times, and 135 times in total were performed 
in 59 patients. In the validation cohort, each patient 
received PBA plus PE 1 to 4 times, and 76 times in 
total were performed in 35 patients.

Statistical analysis
Continuous variables are shown as mean ± SD or 
median, and categorical variables are expressed by 
count. The period from the date of the initial ALSS 
to the date of death or loss to follow-up was defined 
as survival time. The comparison of the survival 
distributions in different groups of patients was 
determined by the Kaplan-Meier analysis. The model for 
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shows the demographics at baseline. The median age 
of these patients was 44.6 years, and 83% of patients 
were male. In this Asian cohort, hepatitis B virus was 
the prevailing etiology of liver disease. The average 
level of HBV DNA of patients infected with hepatitis B 
virus was (5.03 ± 2.11) log10 IU/mL. More than half 
of the patients (50.4%) had one complication, such 
as HE, SBP, HRS, upper gastrointestinal hemorrhage, 
or electrolyte disturbances, while others suffered with 
two or more complications. The median MELD score of 
these patients was 24. 

One hundred and thirteen ACLF patients were 
treated with SMT plus PBA and/or PE therapy. No 
therapy-related adverse events, including severe 
hemorrhage, shock, or hypersensitivity, occurred in the 
PBA process, but a few allergies such as rash occurred 
in cases during PE. At the end point of this study, 65 
patients were alive, 42 (37.2%) patients died, and 5 
were lost to follow-up.

For the derivation cohort, the mean overall survival 
was 441 d (95%CI: 379-504 d), and the 90- and 
270-d survival probabilities were 70.3% and 58.3%, 
respectively. The mean survival times of patients 
treated with SMT together with PBA plus PE and 
patients treated with SMT plus PE were 531 d 
(95%CI: 455-605 d) and 343 d (95%CI: 254-432 d), 
respectively, which were significantly different (P = 
0.012, Figure 1).

Predictors for survival 
Moreover, we investigated the correlation between 
survival time and clinical data, such as gender, age, 
etiology, numbers of complications, type of ALSS, and 
serum biomarkers tested at baseline, including TB, 
ALT, AST, INR and creatinine. In the bivariate analysis, 

end-stage liver disease (MELD) scores were calculated 
by the formula: 9.57 × ln[creatinine (mg/dl)] + 3.78 
× ln[total bilirubin (mg/dl)] + 11.2 × ln(INR) + 6.43 
(etiology: 0 if cholestatic or alcoholic, 1 otherwise)[22]. 

The variables acquired at baseline before the initial 
ALSS with p < 0.05 in the bivariate analysis were 
introduced to create a multivariate Cox regression 
analysis with a p value < 0.1 (using the backward 
conditional stepwise regression manner). p < 0.05 was 
considered significant with a CI of 95%. The receiver-
operating characteristic (ROC) curve was used to 
describe the MELD and the Cox regression model. 
The performance of the model was determined by the 
concordance statistic (c-statistic), which was equal to 
the area under the ROC curve (AUC). A c-statistic > 
0.7 was considered useful[23]. The predictive accuracy 
of the new model was examined in the validation 
cohort by calculating the c-statistic[23]. The AUCs were 
compared by the z-test. SPSS 18.0 (SPSS, Chicago, IL, 
United States) and MedCalc 11.4 (Mariakerke, Belgium) 
software programs were used for data analyses. 

RESULTS
Model derivation cohort 
In the derivation cohort, a total of 113 ACLF patients 
were reviewed and registered into this study. Table 1 
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Table 1  Patient baseline demographics and the treatment  
n  (%)

Variable Derivation cohort Validation cohort P  value 

(n  = 113) (n  = 68)

Age (yr) 44.6 (22-81) 46.1 (20-79) 0.529
Men 94 (83) 52 (76) 0.268
Etiology of liver failure
   HBV 64 (56.6) 40 (59) 0.773
   HBV + HEV 36 (31.9) 18 (26) 0.443
   Other causes1 13 (11.5) 10 (15) 0.531
MELD score   24 (12-44) 26 (13-46) 0.659
Total bilirubin (mg/dL) 24.8 (5.9-51.8)  23.1 (5.7-50.1) 0.841
ALT (IU/mL)  262 (12-1757)   211 (23-1519) 0.169
AST (IU/mL)  232 (17-1634)   206 (20-1301) 0.326
Creatinine (mg/dL) 0.9 (0.3-6.8)  1.0 (0.3-7.1) 0.533
INR   2.4 (0.8-11.4)    2.6 (1.0-16.1) 0.285
Cirrhosis 58 (51.3) 45 (66.2) 0.051
Number of complications 
   1 57 (50.4) 39 (57.4) 0.367
   2 27 (23.9) 13 (19.1) 0.453
   3 20 (17.7) 10 (14.7) 0.600
   4 8 (7.1) 4 (5.9) 0.996
   5 1 (0.9) 2 (2.9) 0.654
Type of ALSS
   PE 54 (47.8) 33 (48.5) 0.923
   PE + PBA 59 (52.2) 35 (51.5) 0.923

1Includes alcohol combined with drugs; autoimmune combined with 
drugs; schistosome combined with alcohol. Number (proportion) or 
median (interquartile range) are shown. HBV: Hepatitis B virus; HEV: 
Hepatitis E virus; MELD: The model for end stage liver disease; ALT: 
Alanine aminotransferase; AST: Aspartate aminotransferase; INR: 
International normalized ratio; ALSS: Artificial liver support system; PE: 
Plasma exchange; PBA: Plasma bilirubin adsorption. 
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Figure 1  Comparing survival in patients with acute-on-chronic liver 
failure treated with different types of artificial liver support systems. The 
Kaplan-Meier curves were calculated to compare the overall survival probability 
between acute-on-chronic liver failure patients who underwent plasma 
exchange (PE) vs those treated with PE plus plasma bilirubin adsorption (PBA).
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some factors evaluated at baseline showed a predictive 
impact on overall survival, comprising the type of 
ALSS, age, number of complications, MELD score, TB, 
ALT, AST, and INR (Table 2).

Multivariate model
Significant variables in the bivariate analysis were 
selected into a multivariate Cox regression analysis, 
such as type of ALSS, age, number of complications 
and MELD score, to define independent predictive 
factors for survival (Table 2). According to the 
multivariate Cox regression analysis, a risk score (R) 
can be calculated by the equation: R = 0.03*(age) 
+ 0.097*(MELD score) + 0.527*(the number of 
complications) - 0.79*(the type of ALSS). 

Further, using the means of covariates for (age, 
type of ALSS, MELD and number of complications) 
all of the patients in the derivation cohort, a mean R 
value of 3.7 could be calculated based on the formula. 
Simultaneously, the survival probabilities for an 
individual with an R value of 3.7 were estimated by 
the survival table created by SPSS (Table 3). If S0(t) 
was assigned to the estimated survival probabilities 
for a patient with an R value of 3.7, we can calculate 
the survival probabilities at t days for any patient by 
using the formula: S(t) = S0(t)exp(score-3.7), which was 
previously described[24]. Particularly, based on the 

score, the expected survival probability for an individual 
patient can be calculated. For instance, the 90- and 
270-d survival probabilities for ACLF patients in the 
lowest quartile (R = 1.9) were 96.3% and 93.3%, 
respectively. However, in the highest quartile (R = 5.6), 
the survival probabilities sharply decreased to 21.9% 
and 6.0% at 90 and 270 d, respectively (Figure 2). 

The new prognostic model also illustrated that 
ACLF patients who had lower R values might have a 
better survival probability. If the outcomes of patients 
with R values less than 3.0 were assigned as “Good”, 
patients with an R value more than 5.0 were “Poor”, 
and the rest with an R value between 3.0 and 5.0 were 
defined as “Fair”. There were significant differences in 
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1Gender: 0 = male, 1 = female; 2Etiology: 0 = nonviral, 1 = viral; 3Times of ALSS: 1 = 1, 1 = 1, 2 = 2, 3 = 3, 4 = 4, 5 = 5, 6 = 6; 4Number of complications: 1 = 1, 
2 = 2, 3 = 3, 4 = 4, 5 = 5; 5Type of ALSS: 0 = PE, 1 = PE plus PBA. MELD: Model for end-stage liver disease; AST: Aspartate aminotransferase; ALT: Alanine 
aminotransferase; INR: International normalized ratio; ALSS: Artificial liver support system.

Table 2  Univariate and multivariate analyses of risk factors for survival

Variable Univariate Multivariate

HR (95%CI) P  value HR (95%CI) P  value Coefficient 

Age 1.045 (1.024-1.067) < 0.001 1.031 (1.008-1.054)    0.008  0.030
Gender1 0.704 (0.296-1.676)    0.428
Etiology2 0.736 (0.178-3.049)    0.673
MELD score 1.120 (1.080-1.161) < 0.001 1.102 (1.056-1.150) < 0.001  0.097
Total bilirubin 1.002 (1.000-1.003)    0.047   
ALT 1.001 (1.000-1.002)    0.022
AST 1.001 (1.000-1.002)    0.011
Creatinine 1.003 (1.000-1.005)    0.055
BUN 1.083 (1.015-1.157)   0.017
INR 1.369 (1.209-1.550) < 0.001
Times3 0.753 (0.549-1.034)    0.080
Complication4 2.246 (1.721-2.933) < 0.001 1.694 (1.224-2.344)    0.001  0.527
ALSS5 0.455 (0.242-0.856)    0.015 0.454 (0.232-0.889)    0.021 -0.790

Table 3  Calculation of probability of survival according to 
the risk score

Days 30 60 90 120 180 270

S0 (t) 92.50% 84.90% 79.70% 77.40% 71.80% 65.60%

S0(t) gives the estimated survival probabilities for a patient with a risk 
score of 3.7 which is the mean risk score of acute-on-chronic liver failure 
patients in the derivation cohort. To calculate the probability of survival at 
t days of a given patient use the following equation: S(t) = S0(t)exp(score-3.7).

R1 = 1.9

R2 = 3.7

R3 = 5.6

1.000

0.800

0.600

0.400

0.200

0.000
0               60              120             180            240           300
                                           t /d

Su
rv

iv
al

Figure 2  Prospective survival probabilities of three assumed acute-
on-chronic liver failure patients. According to the equation in Table 3, the 
prospective survival probabilities can be computed in individual acute-on-
chronic liver failure patients with scores of 1.9, 3.7, and 5.6, respectively.
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the survival probabilities of patients with “Good”, “Fair”, 
and “Poor” prognoses (P < 0.001, Figure 3A), and the 
mean survival times of these patients were 684, 344 
and 120 d, respectively (P < 0.001).

Model validation
The predictive accuracy of the new model was 
validated in another cohort of 68 ACLF patients. The 
clinical characteristics of the patients in the validation 
cohort are shown in Table 1. For the validation cohort, 
the c-statistic for the new prognostic model was 0.879 
(95%CI: 0.799-0.959) (Figure 3B).

The classification of the outcome of patients in the 
derivation cohort based on the R value resulted in the 
assignment of 31.9% of the patients to the “Good” 
group (R < 3.0), 48.7% to the “Fair” group (3.0 ≤ R 
≤ 5.0), and 19.4% to the “Poor” group (R > 5.0) (Table 
4). Similar results were also found in the validation 
cohort: 30.9% of the patients were in the “Good” 
group, 47.1% in the “Fair” group, and 22.0% in the 
“Poor” group.

Comparison with MELD model
We further evaluated the predictive values of MELD 
scores and the new Cox model. The results showed 
that the c-statistics were 0.799 (95%CI: 0.711-0.887) 
and 0.882 (95%CI: 0.818-0.945), respectively, for 

these two scoring systems used in the derivation 
cohort. Furthermore, the AUC was obviously greater in 
the new prognostic model than in the MELD (z = 2.330, 
P = 0.0198) (Figure 4A). In the validation cohort, the 
c-statistics were 0.752 (95%CI: 0.636-0.867) and 
0.879 (95%CI: 0.799-0.959), respectively, and the 
AUC was also greater than in the MELD (z = 2.794, P 
= 0.0052) (Figure 4B).

DISCUSSION
ACLF is distinguished by the acute exacerbation of 
liver function in patients with pre-existing chronic liver 
disease that occurs due to acute episodes, including 
both infectious and noninfectious causes. Alcohol and 
drugs make up the main acute events in the West; 
however, infectious causes are common in Asia. The 
reactivation of HBV infection is the major etiology of 
ACLF in Asia[25,26]. Another significant infectious cause 
of the acute episode is superinfection with HEV[27,28]. 
Because there are still no effective therapies available, 
except liver transplantation, ACLF is correlated with a 
poor prognosis[29]. Thus, ALSS had been developed to 
bridge patients with LF to liver transplantation. Early 
estimation of outcome is significant for differentiating 
ACLF patients who need liver transplantation from 
patients who would survive followed by ALSS. Current 
prognostic models based on parameters of clinical 
characteristics and the degree of liver dysfunction had 
been generated to evaluate the short-term survival 
probability of ACLF patients[12-14]. However, these 
models were usually created on the basis of the data 
at baseline from patients without ALSS treatment. 
Specifically, in the present study, we had screened the 
prognostic factors in a cohort of ACLF patients treated 
with ALSS besides SMT and established a scoring 
model that could accurately predict the prognosis in 
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Figure 3  Survival probabilities of acute-on-chronic liver failure patients with different prognoses. The Kaplan-Meier curves were drawn to contrast survival 
probabilities among acute-on-chronic liver failure patients whose prognoses were estimated to be good, fair, and poor, according to the risk scores calculated by the 
new model in the derivation cohort (A) and validation cohort (B).

Table 4  Prognosis in the derivation and validation cohorts 
according to risk score  n  (%)

Prognosis Derivation cohort Validation cohort P  value

(n  = 113) (n  = 68)

Good 36 (31.9) 21 (30.9) 0.891
Fair 55 (48.7) 32 (47.1) 0.833
Poor 22 (19.4) 15 (22.0) 0.676

Zhou PQ et al . Prognostic analysis of patients with ACLF



different groups of these patients.
It was reported that some types of ALSS such 

as PE or PBA could supply a beneficial internal 
environment for liver cells to restore liver functions in 
ACLF patients[30-33]. PE can separate and discard the 
plasma of LF patients to get rid of toxic substances 
and replenish it with normal plasma to supply several 
essential substances, such as coagulation factors and 
immunoglobulin[34,35]. However, PE requires exchanging 
plenty of fresh plasma and bears the risk of some 
potential infections. PBA could absorb conjugated and 
albumin-bound bilirubin from the plasma and had 
proved to be an effective treatment for LF patients[36,37]. 
PE and PBA have similar effects in lowering bilirubin and 
inflammatory cytokines, but PBA has the advantages 
of no risk of blood-transmissible diseases and rare side 
effects[32,33]. Recently, due to a shortage of plasma, the 
combination therapy of PBA plus PE, which needs less 
plasma than PE, is only widely used for ACLF patients 
in China. Our results showed that ACLF patients treated 
with PBA plus PE had better outcomes than patients 
treated with PE alone.

In this study, the MELD score served as an inde
pendent predictor of survival in accordance with 
previous reports[12,13]. In addition to MELD, we 
encompassed the clinical and biochemical variables 
into a Cox regression analysis to identify which were 
potential predictors of survival. As previously described, 
age was significantly associated with 3-mo mortality in 
ACLF patients[12,13]. Here, older age had an unfavorable 
prognostic relevance. Complications such as HE[12] 
and HRS[12,13] were also determined to be significantly 
associated with mortality in ACLF patients. The 
multivariate analysis in the present study showed that 
age, number of complications, MELD score and type 
of ALSS independently determined the outcomes of 

patients suffering with ACLF. Then, a predictive scoring 
system was created based on the above variables. As 
a successive score, the scoring model could precisely 
distinguish the prognosis of ACLF patients with different 
scores. Furthermore, high-score patients who are 
estimated to have a poor outcome probability could 
be recognized at baseline and considered for early 
alternative treatments, such as liver transplantation. 
Specifically, the model could estimate a forecasted 
survival probability for each individual by calculating 
the risk score based on the model.  

As the prognostic ability of the MELD scoring system 
had been reported in many studies[38], we further 
verified the validity of MELD in patients with ACLF. 
The results showed that MELD did well in categorizing 
patients based on their risk scores. The c-statistic 
was 0.799, indicating that the MELD scoring system 
was useful in forecasting survival in ACLF patients. 
However, the c-statistic in the new model created in 
our study was 0.882. By statistical analysis, we found 
that the new scoring model had a higher predictive 
capability than MELD. MELD scoring system was 
originally developed to determine the priority of liver 
transplantation objectively and was built with only 
subjective parameters. Therefore, this new prognostic 
model including some other clinical variables besides 
MELD had a better performance than MELD scoring 
system.

However, there are several limitations in this study. 
First, it was a retrospective study, and the patients 
only came from a single medical center. Second, the 
clinical characteristics of the derivation cohort may 
limit the new model to be applied in other populations, 
such as patients in Western countries, where alcohol 
and drugs are the main cause of ACLF. Studies of more 
heterogeneous groups of patients from geographically 
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Figure 4  Comparison of the predictive accuracy for survival between the new model and the model for end-stage liver disease. The area under the 
receiver-operating characteristic curve (AUC) with 95%CI of the new model and model for end-stage liver disease was 0.882 (0.818-0.945) and 0.799 (0.711-0.887), 
respectively, in the derivation cohort (A) and 0.879 (0.799-0.959) and 0.752 (0.636-0.867), respectively, in the validation cohort (B).
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diverse areas are needed. Third, several widely 
accepted prognostic models for LF were not selected, 
and only MELD was compared in this study. ALSS 
is not actually proven to be effective in prolonging 
the patient’s survival by a well-designed randomized 
controlled trial. Though the new model could predict 
the patient’s survival better than MELD, it can only be 
applied to ACLF patients who undergo ALSS besides 
SMT.

In summary, based on a cohort of patients with 
ACLF, we have established and validated a new 
prognostic model for ACLF patients. It was the first 
to explore an approach to estimate the prognosis of 
patients treated with ALSS in Asia, and the feasibility 
of this novel scoring system should be validated by 
additional larger prospective studies.
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