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Abstract

Aim of the study: Although the dual plasma molecule adsorption system combined with partial plasma ex-
change (DPMAS-PPE) has been shown to be effective in the treatment of patients with liver failure (LF), short-term
prognostic adverse events remain difficult to avoid in clinical practice. These events are often accompanied by
severe symptoms of inflammation and elevated cytokine levels. Therefore, it is important to analyze the relation-
ship between serological indicators, cytokines, and short-term prognosis in LF patients.

The aim of the study was to monitor changes in clinical serological, haematological, and cytokine indices in pa-
tients with LF before and after DPMAS-PPE treatment. Patients were grouped according to survival outcomes, and
short-term prognostic predictors were identified by analyzing relationship between routine blood parameters,
serologicals indicators, and cytokines in each group.

Material and methods: A total of 121 LF patients treated with DPMAS-PPE were included and divided into sur-
vival and death groups based on outcomes during clinical treatment or follow-up. Data on serum levels, complete
blood counts, and cytokine expression were collected and analyzed between groups before treatment, during
treatment, and during follow-up. Correlations between parameters were analyzed, and a short-term prognostic
model for LF patients was constructed using multivariable regression.

Results: Compared with the survival group, the death group showed significantly higher of neutrophil percent-
age (N), neutrophil-to-lymphocyte ratio (NLR), the total bilirubin (TBIL), and creatinine (Cr) levels, as well as lower
haemoglobin (HGB), albumin (ALB), and prothrombin activity (PTA) during treatment and follow-up (all p < 0.05).
Receiver operating characteristic (ROC) analysis showed that N, NLR, and TBIL had good predictive performance
for short-term mortality (AUC > 0.80). Elevated interleukin 6 (IL-6) expression indicated higher mortality risk
within 4 weeks, whereas decreased granulocyte-colony stimulating factor (G-CSF) and increased epidermal
growth factor (EGF) expression were associated with death within 12 weeks. Multivariate regression revealed
that advanced disease stage and abnormal expression of IL-6, G-CSF, and EGF were independent predictors of
poor short-term survival, with a C-index of 0.715 (95% confidence interval [CI]: 0.64-0.79; p < 0.05).

Conclusions: The causes of death in LF patients are often related to severe infections, coagulation dysfunction,
renal insufficiency, refractory hyponatremia, and hypoalbuminemia. During DPMA-PPE treatment, laboratory in-
dicators such as N, NLR, and TBIL can still be used as references for assessing the short-term prognosis of patients.
In addition, high expression of IL-6 is a risk factor for death within 4 weeks in LF patients, while low expression of
G-CSF and high expression of EGF are risk factors for death within 12 weeks. Finally, the multivariate regression
model constructed using indicators such as IL-6, G-CSF, and EGF has a moderate effect.

Key words: artificial liver, clinical testing, cytokines, liver failure, survival rate.

Address for correspondence:

Dr. Xiaofang Zhao, Department of Science and Technology, Ruikang Hospital affiliated to Guangxi University of Chinese
Medicine, Nanning, Guangxi, China, e-mail: 37940097@qg.com

Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0) 387



Xudong Liu, Xiaofang Zhao, Chunni Liang, Ruichao Fang, Yinying Liao, Qianjun Ren, Su Li, Yuging Chen, Xiaozu Meng, Weigin Lu

Introduction

Liver failure (LF) is a severe liver dysfunction
caused by various etiologies, resulting in significant
impairments in synthetic, detoxification, metabolic,
and biotransformation functions. Clinical manifesta-
tions primarily include jaundice, coagulation dysfunc-
tion, hepatorenal syndrome, hepatic encephalopathy,
and ascites. LF is characterized by critical conditions
with numerous complications. Due to its high mortal-
ity rate, poor prognosis, and treatment challenges, it
remains a significant focus in clinical research. The Ar-
tificial Liver Support System (ALSS) has been widely
applied clinically, with multiple studies demonstrating
its safety and efficacy in LF treatment [1-3]. Among
ALSS modalities, the dual plasma molecule adsorp-
tion system combined with partial plasma exchange
(DPMAS-PPE) has gained increasing clinical applica-
tion [4, 5].

In the process of liver disease, the body activates
cellular immunity along with a series of immune cells,
and secretes pro-inflammatory and anti-inflammatory
cytokines. Consequently, a large number of pro-in-
flammatory factors accumulate in the liver, thereby
inducing an inflammatory cascade reaction in the
body, causing secondary damage to the liver and lead-
ing to liver failure. These cytokines include hypoxia-in-
ducible factor-2a (HIF-2a) [6], granulocyte-colony
stimulating factor (G-CSF), interleukin (IL)-6, IL-33,
epidermal growth factor (EGF), stromal cell-derived
factor-la (SDF-1a) and stromal cell-derived factor-1f
(SDF-1p). Research has shown that HIF-2a is closely
related to LE. The stability of HIF-2a in liver macro-
phages can produce liver protective effects, thereby
protecting liver cells from damage [7]. G-CSF is mainly
composed of endotoxins and tumor necrosis factor a
(TNF-a) and interferon y (IFN-y). It can activate
monocytes and macrophages, and research sug-
gests that G-CSF has a good therapeutic effect on LE
The production and release of pro-inflammatory me-
diators such as IL-6 maintain a balance of pro-inflam-
matory and anti-inflammatory factors. If this mecha-
nism is disrupted, the body will release a large amount
of inflammatory factors, which will kill not only virus-
es (pathogenic microorganisms) but also a large num-
ber of normal cells.

Interleukin 6 is closely related to the occurrence
of infection and the progression of the disease. In
addition, there are endogenous cytokines such as IL-
33, which is cleaved into a cytokine functional form
and released when liver cells are damaged, acting as
a warning signal. IL-33 can also synergistically pro-
mote TNF with lipopolysaccharide a (LPS-a), IL-6,

IL-1B, amplifying pro-inflammatory activity. In ad-
dition, EGF binds to EGFR receptors to promote cell
growth, proliferation, and differentiation [8]. After liv-
er injury, extensive accumulation of extracellular ma-
trix components may ultimately lead to cirrhosis and
liver failure. SDF-1 is a class of factors that can promote
the migration of bone marrow stem cells (BMSCs) to
tissues and organs such as the liver, cardiovascular
system, and nerves. Also known as chemokine C-X-C
motif chemokine ligand 12 (CXCL12), its receptor is
CXC chemokine receptor 4 (CXCR 4). There are two
main subtypes of SDF-1: SDF-1a and SDF-1p. The abi-
lity to fully repair and regenerate after liver injury is
a unique phenomenon, with significant expression of
related chemokines and growth factors. The sensi-
tivity and specificity of these cytokines in the pro-
gression of liver disease are the focus of this study.
This research collected data from patients diagnosed
with LF at our hospital, including their serum lev-
els of HIF-2a, G-CSF, IL-6, IL-33, EGF, SDF-1a, and
SDEF-1B. Using these data, along with clinical tests
and serum biochemistry results, research assessed
the levels of HIF-2a, G-CSF, IL-6, IL-33, EGE, SDF-1aq,
and SDF-1p in LF patients before and after treatment.
We observed and analyzed the changes in these lev-
els to evaluate their relationship with the short-term
prognosis of LF patients, thereby better assessing
treatment effectiveness and prognosis.

Material and methods

Source of research cases

This research was an observational study. This
study selected 150 LF patients who were hospitalized
in the Hepatology Department of Ruikang Hospital
Aftiliated to Guangxi University of Chinese Medicine
between January 2018 and June 2022. Liver failure is
defined according to the Diagnosis and Treatment
Guidelines for Liver Failure (2018 Edition) [9]:

o Acute liver failure (ALF): acute onset, no history of
underlying liver disease, and liver failure character-
ized by grade II or above hepatic encephalopathy
within 2 weeks;

o Subacute liver failure (SALF): acute onset, no history
of underlying liver disease, and clinical manifesta-
tions of liver failure appear at 2-26 weeks;

o Chronic-an-acute liver failure (ACLF): acute liver
decompensation and liver failure occurring in the
short term on the basis of chronic liver disease;

o Chronic liver failure (CLF): chronic liver function
decompensation characterized by recurrent ascites
and/or hepatic encephalopathy, resulting from pro-
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gressive decline in liver function on the basis of cir-
rhosis.

Inclusion criteria

o Age between 18 and 80 years, regardless of gender;

o Compliance with the 2018 Chinese Medical Asso-
ciation Infectious Disease Branch Liver Failure and
Artificial Liver Group, and the Chinese Medical As-
sociation Liver Disease Branch Severe Liver Disease
and Artificial Liver Group Liver Failure Diagnosis
and Treatment Guidelines.

Exclusion criteria

« Concurrent multiple organ dysfunction upon ad-
mission;

« Patients with other serious diseases unsuitable for
artificial liver treatment, such as uncontrolled active
bleeding or disseminated intravascular coagulation;

o Individuals highly allergic to drugs or blood prod-
ucts used in artificial liver treatment, such as plasma
or protamine;

o Pregnant or lactating women;

o Patients with a history of mental illness, poor
self-control, and long-term use of antidepressants.

Following the inclusion and exclusion criteria,

29 subjects were excluded (3 under 18 years old,

10 lost to follow-up, 10 with incomplete data, and

6 with damaged specimens), resulting in the inclusion

of 121 LF patients. Upon admission, all patients were

given bed rest, with close monitoring of vital signs.

Symptomatic supportive treatments were provided,

including antiviral therapy (for LF patients with hep-

atitis B virus), alleviation of liver inflammation, jaun-
dice management, maintenance of water and electro-
lyte balance, albumin supplementation, nutritional
support, and active prevention of complications such
as infection, hepatic encephalopathy, and hepatorenal
syndrome. On this basis, DPMAS-PPE was performed
using the Jianfan DX-10 artificial liver. The interval
between each artificial liver treatment was determined
based on patient tolerance, clinical symptoms, physical
signs, and improvements in liver and coagulation func-
tions, typically ranging from 2 to 4 days. Follow-up
was conducted via telephone using admission records
and contact information to record the survival status
of patients at post-treatment weeks 4 and 12 (Fig. 1).

Data collection

Data for all enrolled patients included gender, age,
etiology of liver failure, and clinical laboratory test-
ing. Venous blood was collected for testing before and

after artificial liver treatment. Specifically, the tests in-

cluded:

« Blood routine: white blood cells (WBC), neutro-
phil-to-lymphocyte ratio (NLR), red blood cells
(RBC), hemoglobin (HGB), platelets (PLT);

o Liver function: albumin (ALB), total bilirubin
(TBIL), direct bilirubin (DBIL), indirect bilirubin
(IBIL), alanine aminotransferase (ALT);

o Renal function: creatinine (Cr), blood urea nitrogen
(BUN);

o Coagulation function: prothrombin time (PT), pro-
thrombin activity (PTA), international normalized
ratio (INR);

« Blood ions: sodium (Na), calcium (Ca);

o Serum cytokines: HIF-2a, G-CSE, IL-6, IL-33, EGE
SDF-1a, SDE-1.

Ethical statement

This project has been reviewed by the Ethics Com-
mittee of Ruikang Hospital Affiliated to Guangxi Uni-
versity of Chinese Medicine (YJS2021-081), and the
medical record data used in the study have been ap-
proved.

Statistical analysis

Data analysis was performed using SPSS 20.0 sta-
tistical software. Normally distributed data were pre-
sented as mean * standard deviation, while non-nor-
mally distributed data were expressed as median
(25%-75% percentile). Two independent sample ¢-tests
were used for comparing two sets of data; otherwise,
independent sample non-parametric tests were used.
For comparison of data before and after artificial liv-

A total of 150 LF patients were collected

29 cases were excluded:
1.Age < 18 yearsold, n =3
2. Lost to follow-up, n = 10
3. Incomplete data, n= 10
v 4. Specimen damage, n = 6

Finally, 121 LF patients
with valid data were obtained

Follow-up for 4 weeks
Survival/death (107/14 cases)

A4

Follow-up continued to 12 weeks
Survival/death (69/52 cases)

Fig. 1. Flow chart for screening liver failure (LF) patients
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er treatment, if the difference conformed to a normal
distribution, paired sample ¢-test was used; otherwise,
two related sample non-parametric tests were used.
Count data were expressed in terms of rate, and com-
parison was made using the ¥* test. P < 0.05 indicates
a statistically significant difference. ROC analysis was
employed to evaluate the prognostic value of serum
and routine blood test indicators during treatment
and follow-up periods. The multivariate analysis of
LF prognosis was conducted using stepwise logistic
regression. Spearman rank correlation was used to
analyze the relationships between the expression lev-
els of HIF-2a, G-CSE, IL-6, IL-33, EGF, SDF-1q, and
SDF-1 and clinical test indicators. RStudio 2023.03.0
was used to integrate clinical test indicators and cyto-
kines for age, gender, disease stage, and classification
in LF patients. A column chart was constructed using
Cox regression models, and its validity was tested to
predict the short-term survival rate of LF patients.

Table 1. Disease profiles in patients with liver failure

Reference variable Number of patients (n = 121)
Gender (male), n (%) 100 (82.64)
Age (years), mean +SD 51.12 £12.51
Causes of liver failure, n (%)
Hepatitis B 99 (81.82)
Hepatitis E 5(4.13)
Alcoholic hepatitis 10 (8.26)
Drug-induced hepatitis 3(2.48)
Cholestatic hepatitis 4(3.31)
Staging of liver failure, n (%)
Earlier 14 (11.57)
Previous 44 (36.36)
Interim 29 (23.97)
Later 34 (28.10)
Classification of liver failure
ALF 2(1.65)
SALF 8(6.61)
ACLF 98 (80.99)
CLF 13(10.74)
Follow-up for 4 weeks, n (%)
Survival group 107 (88.43)
Death group 14 (11.57)
Follow-up for 12 weeks, n (%)
Survival group 69 (57.02)
Death group 52 (42.98)

The measurement data conforming to normal distribution were expressed as (X £5),
and count data were expressed as percentage.

Results

Characteristics of LF patients

During the monitoring period, the number of cas-
es used for effective analysis of LF patients was 121
(Fig. 1). The demographic characteristics of the study
population, patient dynamic survival at follow-up,
and the etiology, staging, and classification of LF pa-
tients are shown in Table 1. The mean (+SD) age of
121 patients was 51.12 years (£12.51 years). Most
patients were male (100/121). Among the cases in-
cluded in the analysis, 81.82% were caused by hepa-
titis B virus infection, 8.26% were caused by alcoholic
hepatitis, 4.13% were caused by hepatitis E virus in-
fection, 3.31% were caused by cholestasis, and 2.48%
were caused by drug-induced liver injury. According
to the guidelines, liver failure should be classified into
stages (11.57%, 36.36%, 23.97%, 28.10%, respective-
ly) and types (1.65%, 6.61%, 80.99%, and 10.74%, re-
spectively, for acute, subacute, chronic, and chronic
phases). Within 4 weeks of follow-up, the survival rate
was 88.43%, and within 12 weeks of follow-up, the
survival rate was 57.02%. Ultimately, both groups of
patients received artificial liver treatment 2 to 4 times.
The survival group underwent a total of 224 treat-
ments, while the non-survival group received 167 tre-
atments. The difference in the number of artificial liver
treatments between the two groups was not statistical-
ly significant (p = 0.623).

Detection of corresponding blood indices
before clinical treatment in both groups
of patients

These liver failure patients were followed up or
clinically treated for 3 months of treatment and divid-
ed into the survival group (n = 69) and death group
(n = 52) based on whether they survived (Table 2).
There were certain differences in blood routine, liv-
er and kidney function, coagulation function, blood
electrolytes, inflammatory cytokines, and other he-
matological tests before treatment between groups.
Compared with the survival group before the treat-
ment, the patients in the death group had significant-
ly higher levels of TBIL (p < 0.01), DBIL (p < 0.05),
IBIL (p < 0.05), INR (p < 0.01), NLR (p < 0.01), BUN
(p < 0.01), and Cr (p < 0.01). In contrast, the levels of
ALB (p <0.05), HGB (p < 0.01),and Na (p < 0.01) were
significantly lower in the death group. These observa-
tions reflect increased breakdown of harmful products
by the liver and decreased synthesis of beneficial prod-
ucts for the organism in the death group. It can be in-
ferred that before the treatment with DPMAS-PPE was
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initiated, the patients in the liver failure death group
exhibited more severe autoinflammation, electrolyte
disturbances, coagulation disorders, and impaired he-
patocyte synthesis compared with the survival group.
Additionally, no significant differences were observed
between pro-inflammatory factors and cytosolic fac-
tors prior to treatment.

Detection of corresponding indexes of blood
samples during follow-up

During the follow-up and consultation period, sig-
nificant differences were identified between the two
groups of patients in various blood parameters, includ-
ing blood routine, biochemistry, coagulation function,
electrolytes, and other indices. Specifically, the follow-
ing indices exhibited significant differences (Fig. 2):
N (Fig. 2A), N# (Fig. 2B), NLR (Fig. 2B), HGB lev-
el (Fig. 2D), TBIL level (Fig. 2E), ALB level (Fig. 2F),
PTA (Fig. 2G), and Cr level (Fig. 2H). These indices
collectively reflect the presence of severe liver inflam-
mation, anemia, hypoalbuminemia, coagulation dis-
orders, and renal insufficiency in the mortality group.
Subsequently, ROC curve analysis was conducted us-
ing these significantly different indices. Among blood
inflammation indices (Fig. 3A), the AUC for N, NLR,
and TBIL all exceeded 80%. Therefore, these indices
can be considered as sensitive short-term prognos-
tic markers in patients with liver failure. In contrast,
for the indices of HGB, ALB, PTA, and Cr (Fig. 3B),
the AUC was below 80%. Hence, these indices were
not considered as sensitive markers for short-term
prognosis in patients with liver failure at this stage.

Analysis of changes in fluctuations in cytokine
levels in patients before and after treatment

Considering that the focus of our study is on the ex-
pression levels of cytokines during the treatment process,
we conducted follow-up for 4 and 12 weeks (Table 3).
By the fourth week of follow-up, 14 out of 121 patients
died. Among the 7 cytokines studied, the expression lev-
el of IL-6 was significantly lower in the survival group
(n=107) than in the death group (n = 14) (p < 0.01). At
the 12-week follow-up, the number of deaths increased
to 52. The difference in G-CSF expression before and
after treatment was lower in the survival group than in
the death group, while the difference in EGF expres-
sion was higher in the survival group than in the death
group. These differences were statistically significant (p <
0.05 for G-CSE, p = 0.05 for EGF). From these findings,
we can infer that under the same treatment conditions,
low expression of IL-6 at week 4 may serve as a valuable
observational indicator for monitoring the efficacy of

Table 2. Comparison of serum index levels before treatment between the two

groups
Indicators  Survival group Death group  t/Zvalue Pvalue
(n = 69) (n=52)
TBIL 308.60 (241.90- 396.00 -2.895  0.004
422.85) (318.70-465.53)
DBIL 238.10 273.85 -2.230  0.026
(171.95-314.25)  (221.78-336.58)
BIL 74.70 95.80 -2480 0013
(50.35-114.05)  (67.40-154.55)
ALB 30.63 £5.04 28.66 £3.90 0.050  0.017
ALT 67.00 74.40 -0374 0708
(35.50-165.50)  (43.25-132.00)
PT 18.10 18.40 -0422 0673
(15.75-27.10) (15.23-23.25)
PTA 54.00 54.00 -0.173  0.863
(40.70-84.00) (37.00-71.75)
INR 1.61(1.34-1.96)  1.91(1.55-2.59) -3.642 < 0.001
WBC 751(5.149.70) 638(474-11.22) -0204 0.838
RBC 3.27 (2.66-4.21)  3.14(2.71-3.79)  -1356  0.175
HGB 102.00 91.50 -2.608  0.009
(86-119.5) (77.75-103.50)
PLT 150.00 104.00 -1.568  0.117
(68.5-220.50) (66.00-169.75)
NLR 3.64(2.28-5.08) 7.82(3.28-10.74) -3.956 < 0.001
Na 138.26 +3.48 135.94 £5.95 2689  0.008
Ca 2.17(2082.28)  2.20(207-2.28) -0730  0.844
BUN 417 (3.23-5.34) 534 (4.04-8.74) -3.807 < 0.001
Cr 67.00 77.50 -3.068  0.002
(51.00-79.00) (59.25-105.5)
HIF-20. 828.61 864.88 -1.000 0317
(464.05-1044.86) (532.29-1160.71)
G-CSF 6.04 (4.35-7.53) 6.42 -0361 0718
(4.57-7.33)
IL-6 104.01 111.04 -0.796 0426
(78.995-134.8) (90.0425-
132.655)
IL-33 348.88 313.96 -0.720 0472
(247.93-445.32)  (188.5-428.03)
EGF 48.71 4473 -0.542  0.588
(33.35-55.71) (32.67-58.07)
SDF-1a 397.15 414.85 -0.246  0.806
(308.56-502.52)  (310.16-506.42)
SDF-1B 1548.28 1481.72 -0.162  0.871

(1115.15-1928.8)

(974.82-1956.33)

The measurement data of two independent samples in the table were analyzed by t test
or Mann-Whitney U test. The measurement data in line with a normal distribution were
expressed as mean + standard deviation (x +5), and the measurement data not following
a normal distribution were expressed as median (25%, 75% quartile) [M(P25-P75)]
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Fig. 2. Visualization of hematological indicators of significant patient differences (survival group = 69, death group = 52)
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Table 3. Comparison of pre- and post-treatment differences between the two groups at various time points

Followed up Type of cytokine Survival group (n = 107) Death group (n = 14) t/Z value Pvalue
for weeks
HIF-2c (pg/ml) -30.99 +471.60 11.77 +450.70 -0.321 0.749
G-CSF (ng/ml) 0.62 £2.85 2.11 £2.08 -1.884 0.062
EGF (pg/ml) 2.45 (-7.52-12.76) 6.43 (-15.92-17.33) -0.713 0.476
SDF-Ta (pg/ml) 22.18 (-149.3-126.6) 2.51(-109.6-228.2) -0.519 0.604
SDF-1B (pg/ml) 36.08 £654.20 120.34 £990.14 -0.424 0.672
IL-6 (pg/ml) -3.85 (-14.04-5.25) 2.90 (-5.10-14.01) -2.775 0.006
IL-33 (pg/ml) 16.35 £213.05 25.22 +205.28 0.689 0.492
Followed up Survival group (n = 69) Death group (n = 52)
for 12 weeks
HIF-20c (pg/ml) -47.14 +438.95 0.356 +506.10 -0.552 0.582
G-CSF (ng/ml) 0.46 +2.91 1.62 £2.27 -2.386 0.019
EGF (pg/ml) 6.77 (-4.8-18.04) 133 (-14.56-9.61) -2.126 0.05
SDF-Ta (pg/ml) 22.18 (-167.42-137.08) 10.455 (-125.25-136.8) -0.141 0.888
SDF-1B (pg/ml) -30.28 £604.37 146.82 +797.43 1.390 0.167
IL-6 (pg/ml) -1.91 (-11.62-2.59) -1.56 (-11.5-3.53) -0.487 0.626
IL-33 (pg/ml) 11.09 £202.32 12.14 £225.66 0.027 0.979

The measurement data of two independent samples in the table were analyzed by t-test or Mann-Whitney U test, and the measurement data are presented as mean #+ standard

deviation. Correlation analysis was performed using Spearman rank analysis

DPMAS-PPE in LF patients. High levels of G-CSF and
low levels of EGF at week 12 may serve as valuable obser-
vational indicators for the same treatment in LF patients.

Analysis of the correlation between cytokines
and the corresponding indicators of serum
and routine blood tests

We found that some cytokine levels changed
during DPMAS-PPE treatment, especially during the
follow-up period of weeks 4 and 12. According to diag-
nostic criteria, TBIL, PTA, and INR are the diagnostic
core values in the blood of LF patients. Therefore, we
used Spearman rank correlation analysis to examine
the correlation between various cytokines and clinical-
ly sensitive indicators in LF patients. IL-6 was positive-
ly correlated with TBIL and DBIL (r = 0.24, p < 0.01;
r=0.25, p < 0.05), EGF was positively correlated with
PT and INR (r =0.22, p < 0.05; r = 0.23, p < 0.05), and
negatively correlated with PTA (r = -0.19, p < 0.05).
G-CSF was positively correlated with WBC and PLT
(r=0.31, p < 0.05; r=0.25, p < 0.05) (Table 4).

Development of short-term survival prediction
models through multivariate regression
analysis

Cytokine indicators with differential expression lev-
els that had been clinically tested during treatment and

follow-up were collected. Combined with six indica-
tors — including age of LF patients, LF disease stage,
and classification - they were integrated using RStudio
software, and nomograms were drawn using Cox re-
gression to predict survival (Fig. 4). The loaded data
packages included Hmisc, rms, survival, etc. As shown
in the figure, the proportion of IL-6 in the score ranks
first, followed by, in descending order, G-CSE liver
failure type, staging age, and EGF expression. This con-
firms that patients with older age, CLF or ACLE late
and early stages of the disease, higher IL-6 expression,
lower G-CSF expression, and higher EGF expression
have lower survival rates and shorter median survival
days. For example, in a 53-year-old mid-term patient
with ACLE, IL-6 is 129 pg/ml, G-CSF was 8.46 ng/ml,
and EGF was 26.41 pg/ml. The corresponding score
values are a total score of 152 points, with a 1-year
survival probability of less than 10% and a 3-year or
5-year survival probability of less than 5%. The overall
C-index of the model is 0.715, with a 95% CI: 0.64-0.79
(p < 0.05).

Discussion

Once liver failure occurs, the condition is extremely
dangerous, and the short-term survival rate of patients
is extremely low. Although liver transplantation treat-
ment after liver failure is an effective intervention, its
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Table 4. Correlation analysis between cytokines and clinical laboratory indicators

Cytokine TBIL DBIL IBIL ALB ALT PT INR PTA PLT WBC
IL-6 0.24b 0.25a 0.1 0.08 0.08 0.00 0.02 -0.04 - -
IL-33 -0.07 -0.11 0.03 -0.1 0.01 -0.05 -0.05 0.02 - -
EGF -0.08 -0.1 -0.01 0.07 -0.05 0.22a 0.23a -0.19a - -
SDF-1at 0.01 0.04 -0.06 0.1 0.19a -0.15 -0.16 0.08 - -
SDF-1B -0.14 -0.12 -0.11 -0.09 -0.07 0.05 0.05 -0.09 - -
G-CSF 0.05 0.01 0.1 0.07 0.02 -0.12 -0.12 0.07 0.25b 0.31b
HIF-2a 0.09 0.06 0.13 0.13 0.05 0.14 0.15 -0.14 0.03 0.18
?p value < 0.05,° p value < 0.01, - not compared
0 20 40 60 80 100
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Fig. 4. The nomogram was used to predict the probability of survival at 1, 3, and 5 years in liver failure (LF) patients

widespread application is limited by factors such as do-
nor and organ availability, transplantation timing, and
high costs. Even if successful, there is still an extremely
low survival rate. Benitez et al. retrospectively studied
the data on 1-year survival after liver transplantation
and found that the 1-year survival rate of ACLF pa-
tients after liver transplantation was only 74.7%, indi-
cating that liver failure patients still have a high risk of
death even after liver transplantation [10]. Bernal et al.
believe that chronic acute liver failure is a unique clin-
ical and pathophysiological syndrome with clear diag-
nostic and prognostic criteria. Regardless of the stage

of liver failure, there is a high risk of death that is dif-
ficult to control [11]. Reuben et al. conducted a cohort
study over two 8-year periods (1998-2005, 2006-2013)
and found that the survival rate of acute liver failure
increased from 67.1% in the first 8 years to 75.3% in
the second 8 years, while among acute liver failure pa-
tients who did not undergo liver transplantation treat-
ment it only increased from 45.1% to 56.2% [12]. These
non-liver transplant treatments include antiviral ther-
apy, antimicrobial therapy, and supportive treatments
such as plasma and human serum albumin. However,
our data suggest that the combination of DPMAS-PPE
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under ALSS conditions can control the 4-week and
12-week survival rates of LF patients at 88.43% and
57.02%, indicating that our treatment improves short-
term survival rates for patients. The findings revealed
that the differences in the corresponding test indica-
tors (e.g., TBIL, DBIL, IBIL, INR, NLR, BUN, Cr, ALB,
HGB, Na) between the survival group and the death
group before treatment were statistically significant
(p < 0.05). These indicators suggest that patients in
the death group had severe hepatic necrosis, infection,
and renal dysfunction prior to treatment, along with
severe coagulation disorders, hypoproteinemia, and
hyponatremia.

In terms of cytokine expression, when we followed
up to week 4, we compared the difference in cytokine
expression between the first and last treatments, and
found that only cytokine IL-6 showed significant dif-
ferences between the two groups (p < 0.01). The differ-
ence in IL-6 before and after treatment in the survival
group was negative, while the difference in IL-6 before
and after treatment in the death group was positive.
We infer that IL-6 in the survival group tended to im-
prove after treatment, while the improvement trend in
IL-6 in the death group was not significant. Apart from
changes in cytokine levels, significant correlations
were observed between cytokines and clinical labo-
ratory indicators (Table 4). The positive correlations
(p < 0.05) between IL-6 and both TBIL and DBIL sug-
gest that IL-6 could serve as an important indicator for
liver function evaluation. When liver failure occurs, its
value will gradually increase, and the higher the value,
the more severe the damage to liver cells. The increase
in its value also indicates an increased risk of death
(Fig. 4). In the population of liver failure patients in
China, the main cause is chronic or acute liver failure
caused by hepatitis virus infection, followed by some
drugs and liver toxic substances (alcohol, chemical
agents, etc.) [9], with a mortality rate of up to 60%
[13]. Zhou et al. found that the serum IL-6 level of pa-
tients with ACLF of hepatitis B was correlated with the
mortality rate [14]. The baseline IL-6 level of patients
who died within 4 weeks was significantly higher than
that of patients who survived, and the mortality rate
of patients with high IL-6 levels at both baseline and
4 weeks was 16.7%. With the dynamic changes in IL-6
levels, the mortality rate shows an upward trend. Xiao
et al. found that IL-6 in liver failure patients was an in-
dependent risk factor for 28-, 90-, and 180-day mortal-
ity in LF patients, and the column chart showed good
calibration and discrimination, with an AUC of 0.927
[15]. In addition to virus-induced liver failure, there
have also been studies investigating IL-6 in alcoholic
liver failure. Murakami et al. measured serum inflam-

matory cytokines — IL-1, IL-6, IL-8, IL-10, IL-12p70,
and TNF-a - in Japanese patients with chronic alco-
holic exacerbation of acute liver failure [16]. The anal-
ysis showed that the serum IL-6 levels of patients in
the liver transplant group and those who died within
6 months after admission were significantly higher
than those in the survival group [16]. Serum IL-6 lev-
els and the 4th day model for end-stage liver disease
(MELD) score are prognostic factors for alcohol-relat-
ed ACLE In addition, Maeda et al. evaluated the post-
operative liver cell regeneration ability by measuring
the concentration of IL-6 in the bile after liver lobec-
tomy [17]. The results showed an association between
the concentration of IL-6 in the bile and postoperative
liver failure, and a negative correlation with serum
bilirubin concentration. This is similar to our current
study, so the serum cytokine IL-6 may serve as a good
predictive indicator for 4-week survival in patients
with liver failure.

When we followed up to week 12, the number of
deaths increased to 52 and 69 survived. The difference
in cytokines between the two groups before and after
treatment was compared again. The results showed
a significant difference (p < 0.05) between the sur-
vival group and the death group in terms of cytokine
G-CSE and the degree of reduction in the surviv-
al group was more significant than that in the death
group. Analyzed from a time perspective, the trend is
even more apparent: the value of cytokine G-CSF in
the survival group continuously decreased from week
4 to week 12, and the same is true for the death group.
We speculate that G-CSF is a continuously decreasing
process in the pathogenesis of liver failure. We also
found a positive correlation (p < 0.05) between G-CSF
and PLT as well as WBC, and significant differences
in expression levels among different groups. Cytokine
G-CSF is a growth factor secreted by various cells. An-
imal studies have shown that G-CSF accelerates liver
regeneration by inducing bone marrow-derived pro-
genitor cells in rats to migrate to the liver and increas-
ing the endogenous oval cell response [18]. Wan et al.
found in patients with chronic acute liver failure that
an increase in endogenous G-CSF content promoted
liver cell regeneration and reduced liver damage [19].
Liu et al. established a damaged liver cell model and
found for the first time that G-CSF can directly affect
damaged liver cells through the AKT and ERK signal-
ing pathways, thereby promoting damaged liver vi-
tality and angiogenesis [20]. Saha et al. found during
a 90-day follow-up period of antiviral combined with
G-CSF treatment in HBV-ACLF patients that its effi-
cacy was positive [21]. It is believed that G-CSF treat-
ment can improve the survival rate and clinical recov-
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ery of HBV-ACLF patients, and can also prevent renal
failure and hyponatremia. It is strongly recommended
to add G-CSF treatment to standard drug treatment.
Khanam et al. found that treating ACLF patients with
G-CSF can increase the frequency of dendritic cells,
reduce the frequency of CD8 T cells secreting IFN-c,
and improve clinical severity indicators [22]. It is be-
lieved that G-CSF can serve as the basis for immune
modulators in patients with liver failure. Engelmann
et al. established an ACLF model in mice and found
that the combination of TAS-242 and G-CSF inhibited
the inflammatory response, promoted liver regenera-
tion, and reduced mortality in the ACLF model [23].
They suggested that this combination may be a poten-
tial therapeutic option for ACLE. There are also studies
suggesting that the combined use of G-CSF can inhib-
it the secretion of inflammatory cells in ALE. For ex-
ample, Chen et al. found that human umbilical cord
blood mesenchymal stem cells (hUCB MSCs) com-
bined with G-CSF treatment can improve rat ALF by
inhibiting liver function damage, pro-inflammatory
cytokine production, oxidative stress, and hepatocyte
apoptosis [24]. In terms of research and development
of productivity in patients with G-CSF and LF, Zhu et
al. compared post-treatment plasma exchange, simple
plasma exchange, and G-CSF + plasma exchange + pe-
ripheral blood stem cell collection + hepatic artery in-
jection with other treatments [25]. The results showed
that the 90-day survival rates of each group were 50%
plasma exchange, 65% G-CSF group, and 85% periph-
eral blood stem cell collection (p = 0.034). Similarly,
De et al. reported that the 1-year survival rate of ACLF
patients was evaluated after multiple cycles of G-CSF
treatment, and the 3-month standard administration +
G-CSF 5d group showed increases in the number and
survival rate of hematopoietic stem cells [26]. Kab-
bani et al. conducted a study on 246 subjects (121 in
the G-CSF group and 125 in the control group), and
found that G-CSF treatment for ACLF may be benefi-
cial and effective, but the study was limited by sample
size and limited to Asian countries [27]. Similar me-
ta-analyses, such as Shi et al., showed that G-CSF sig-
nificantly improved the 12-month survival rate [28].
Although Colli et al. refuted the conclusion of sys-
tematic evaluation of the therapeutic effect of G-CSF
[29], Martin-Mateos et al. found through a systematic
review and meta-analysis that G-CSF administration
did not significantly improve overall survival in ACLF
patients [30]. The beneficial effects observed in Asian
studies were opposite to those in the European region.
This suggests that further evidence is needed to sup-
port the prediction of survival rate based on the ex-
pression of G-CSE.

In addition, this study found no significant differ-
ences in the expression levels of some cytokines be-
tween the survival and death groups (Table 3). There
was no significant difference in their levels before
treatment (Table 2). At the fourth week of follow-up,
we found that the difference in EGF between the
survival group and the death group before and after
treatment was 2.45 pg/ml and 6.43 pg/ml, respectively
(p > 0.05). When we followed up to week 12, the pre-
and post-treatment levels of the survival group and
death group were 6.77 pg/ml and 1.33 pg/ml, respec-
tively (p = 0.05). However, in terms of their respective
pre- and post-treatment times, the overall level of the
survival group increased compared to before, while
the death group decreased compared to before. We
can infer that EGF has an impact on the survival of LF
patients, and Table 4 confirms our viewpoint: EGF is
positively correlated with PT and INR (p < 0.05), while
EGF is negatively correlated with PTA (p < 0.05). Given
that SDF-1a and SDF-1p are both indicators of liver re-
generation ability after liver injury, their levels show no
significant differences, whether in the temporal com-
parison before and after treatment, or the horizontal
comparison between the two groups (p > 0.05). Yuan
et al. demonstrated that the expression level of SDF-1a
was associated with the improvement of liver inflam-
mation. However, in our current study, we found no
significant correlation between this factor and survival
or death [31]. Sun et al. found a correlation between
SDF-1 and hepatocyte growth factor in liver tissue in
their study involving treating LF through four BMSC
transplantation methods, confirming an improvement
in liver tissue damage [32]. Returning to the previous
point, EGF, which is also a growth factor, has differ-
ent expression levels, which is partially consistent with
Barreiros’s view that EGF is significantly elevated in
patients with active viral infections, suggesting that
the survival microenvironment generated by liver re-
generation factor activation may be a risk factor for
establishing viral tolerance [33].

This study revealed the relationship between chang-
es in cytokines and short-term prognosis in patients
with liver failure. According to the 4-week outcome,
the cytokine IL-6 in the survival group decreased by
3.85 (-4.39) pg/ml after treatment, while in the death
group, the cytokine IL-6 increased by 2.90 (-9.55)
pg/ml after treatment. There was a significant dif-
ference in the changes of IL-6 level between the two
groups of patients before and after treatment in the
fourth week of follow-up, and its expression level can
serve as a reference indicator for predicting the prog-
nosis over a period of four weeks. As a pro-inflam-
matory cytokine and a potent inducer of acute phase
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response proteins, IL-6 is mainly increased by serum
amyloid A and C-reactive protein, and its elevation oc-
curs earlier than that of the latter in inflammatory con-
ditions, with a longer duration. Therefore, IL-6 can be
used to evaluate infection levels. Our study found that
patients with decreased IL-6 had a superior 4-week
prognosis, which may be related to the better infec-
tion control in the survival group after artificial liver
treatment compared to the death group. At 12 weeks of
follow-up, both the survival group and the death group
showed a decrease in serum G-CSF expression levels
compared to before, and the degree of decrease in the
death group was more significant than that in the sur-
vival group, showing a significant difference. This is
a good prognostic indicator for predicting the survival
of LF patients for 12 weeks. Piscaglia et al. found that
plasma exchange and G-CSF can promote the regen-
eration of liver cells in patients with advanced LF [34].
The reasons for this are that plasma exchange clears
harmful factors in the circulation, while G-CSF pro-
motes the repair and regeneration of liver cells. This
indicates that low expression of serum cytokine G-CSF
levels may be related to immune dysfunction, with
higher levels indicating a poor prognosis at 12 weeks.
Research shows that in the late stage of liver failure,
the application of G-CSF treatment can improve the
survival rate of patients [35].

The prognosis of LF patients is also related to many
factors, such as age, the presence or absence of cirrho-
sis, different stages of liver failure, and the number of
failed organs. Numerous studies have shown that dy-
namic observation combined with multiple factors is
the scientific means to determine the prognosis of LF
that is in line with clinical practice [36]. Due to the
multifaceted factors influencing disease progression,
according to the nomogram (Fig. 4), the factors af-
fecting LF mortality are divided into three categories.
The first is infection. This study showed that NLR
(which can be considered as the ratio between inflam-
mation severity and immune function, with small-
er values indicating a more favorable disease state),
as well as IL-6 and TBIL, all increased. This is a risk
factor for the degree of inflammation in LF patients.
The second is the physiological synthesis of liver func-
tion. Table 4 shows a negative correlation between
albumin levels and disease risk. Similarly, there are
indicators such as HGB and G-CSF, which are not
only factors that need to be maintained under nor-
mal conditions, but also factors that need to be pro-
duced under LF patient conditions. The increase in
their values indicates an improvement or recovery
in liver cell regeneration ability. Similarly, INR is as-
sociated with coagulation factors synthesized by liver

cells, and its continued increase above normal levels
indicates a negative trend in LE with the highest pro-
portion in this nomogram score, making it a key in-
dicator for predicting survival. The third factor is the
overall metabolic (excretory) capacity of the body.
The improvement of indicators such as TBIL, IL-6, Cr,
and EGF contributes to the improvement of the con-
dition in patients with LE. In the survival group, these
indicators tend to stabilize.

In summary, prior to DPMA-PPE treatment, pa-
tients in the death group had significantly higher
levels of TBIL, DBIL, IBIL, INR, NLR, BUN, and Cr,
while levels of ALB, HGB, and Na were significant-
ly lower compared with the survival group. During
treatment and follow-up, the death group maintained
higher levels of N, N#, NLR, TBIL, and Cr, whereas
HGB, ALB, and PTA levels remained lower, with sig-
nificant differences observed. ROC analysis showed
that the AUC values for N, NLR, and TBIL exceeded
80%. At the 4-week follow-up, elevated IL-6 expression
was a marker for mortality risk in LF patients, while
at the 12-week follow-up, low G-CSF expression and
high EGF expression were markers for mortality risk.
Correlation analysis indicated that IL-6 was positive-
ly correlated with TBIL and DBIL, EGF was positively
correlated with PT and INR but negatively correlated
with PTA, and G-CSF was positively correlated with
WBC and PLT counts. Multivariate regression analysis
revealed that older patients, those with ACLE, individ-
uals with advanced or early disease stage, and patients
with high IL-6 expression, low G-CSF expression, and
high EGF expression had lower survival rates and
shorter median survival times. The C-index value of
the model, 0.715, falls within the range of moderate
accuracy.

Conclusions

The causes of death in LF patients are often relat-
ed to severe infections, coagulation dysfunction, renal
insufficiency, refractory hyponatremia, and hypoalbu-
minemia. During DPMA-PPE treatment, laboratory
indicators such as N, NLR, and TBIL can still be used
as references for assessing the short-term prognosis of
patients. In addition, high expression of IL-6 is a risk
factor for death within 4 weeks in LF patients, while
low expression of G-CSF and high expression of EGF
are risk factors for death within 12 weeks. Additionally,
the multivariate model constructed with IL-6, G-CSE
EGE, and other factors has moderate value in assessing
the short-term prognosis of patients with LE Finally,
given that the current study involved a relatively small
sample size with potential heterogeneity, further vali-
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dation from multiple institutions with larger cohorts is
required to support the reliability of our findings.

Acknowledgements

The authors sincerely thank the funding commit-
tee for supporting this project. Special appreciation is
extended to Dr. Rong Liu, Associate Chief Physician
of the Hepatology Department at Ruikang Hospital,
Guangxi University of Chinese Medicine, and all med-
ical staff for their valuable assistance. The authors also
thank all participating patients.

Disclosures

Funding for this research was provided by the State
Administration of Chinese Medicine, the Fifth Group
of National Talents of Chinese Medicine Clinical Re-
search Project (the Chinese Medicine Teaching Letter
[2022] No. 1).

Institutional review board statement: Not appli-
cable.

The authors declare no conflict of interest.

References

—_

. Li P, Liang X, Xu S, et al. A non-bioartificial liver support sys-
tem combined with transplantation in HBV-related acute-on-
chronic liver failure. Sci Rep 2021; 11: 2975.

2. Karvellas CJ, Subramanian RM. Current evidence for extracor-
poreal liver support systems in acute liver failure and acute-on-
chronic liver failure. Crit Care Clin 2016; 32: 439-451.

3. Lu XB, Xiao L, Zhang YX, et al. Evaluation of efficacy and safe-
ty of using molecular adsorbent recirculating system in the
treatment of patients with chronic liver failure. Zhongguo Wei
Zhong Bing Ji Jiu Yi Xue 2007; 19: 44-46.

4. Rosa-Diez GJ, Joannes-Boyau O. The use of adsorption in extra-
corporeal liver support: The Double Plasma Molecular Adsorp-
tion System (DPMAS). Contrib Nephrol 2023; 200: 210-217.

5. Romero CM, Redman APH, Terry SA, et al. Molecular specia-
tion and aromaticity of biochar-manure: Insights from elemen-
tal, stable isotope and solid-state DPMAS 13C NMR analyses.
J Environ Manage 2021; 280: 111705.

6. Sarin SK, Kedarisetty CK, Abbas Z, et al. Acute-on-chronic liver
failure: consensus recommendations of the Asian Pacific Asso-
ciation for the Study of the Liver (APASL) 2014. Hepatol Int
2014; 8: 453-471.

7. Gao RY, Wang M, Liu Q, et al. Hypoxia-inducible factor-2a re-
programs liver macrophages to protect against acute liver injury
through the production of interleukin-6. Hepatology 2020; 71:
2105-2117.

8. Yuan SE Liu ZY, Ayi Y, et al. Effects of bone marrow mesen-
chymal stem cell transplantation on the expression of stromal
cell-derived factor-1a and vascular endothelial growth factor in
rats with acute hepatic failure. Zhonghua Gan Zang Bing Za Zhi
2018; 26: 750-755.

9. Liver Failure and Artificial Liver Group, Chinese Society of In-

fectious Diseases, Chinese Medical Association; Severe Liver

Disease and Artificial Liver Group, Chinese Society of Hepatol-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

ogy, Chinese Medical Association. Guideline for diagnosis and
treatment of liver failure (2018). J Clin Hepatol 2019; 35: 38-44.
Benitez C, Arnold J, Cambindo V, et al. Effect of acute on chron-
ic liver failure over post-transplant survival. Ann Hepatol 2023;
28:101128.

Bernal W, Jalan R, Quaglia A, et al. Acute-on-chronic liver fail-
ure. Lancet 2015; 386: 1576-1587.

Reuben A, Tillman H, Fontana R]J, et al. Outcomes in adults
with acute liver failure between 1998 and 2013: An observation-
al cohort study. Ann Intern Med 2016; 164: 724-732.

Tingting D, Li L, Ying G, et al. Research progress of evaluating
prognosis of HBV-associated chronic and acute liver failure by
inflammatory markers. ] Clin Hepatobiliary Dis 2022; 38: 2346-
2351.

Zhou C, Zhang N, He TT, et al. High levels of serum interleu-
kin-6 increase mortality of hepatitis B virus-associated acute-
on-chronic liver failure. World J Gastroenterol 2020; 26: 4479-
4488.

Xiao N, Liu L, Zhang Y, et al. A practical nomogram based on
serum interleukin-6 for the prognosis of liver failure. Front Med
(Lausanne) 2022; 9: 1035699.

Murakami S, Imamura M, Uchida T, et al. Serum interleukin-6
level predicts the prognosis for patients with alcohol-related
acute-on-chronic liver failure. Hepatol Int 2023; 17: 1225-1232.
Maeda A, Nagino M, Takeuchi E, et al. Interleukin 6 in bile as
an indicator of liver function after hepatectomy in patients with
biliary tract carcinoma. Br J Surg 1999; 86: 458-464.

Rahi V, Jamwal S, Kumar P. Neuroprotection through G-CSF:
recent advances and future viewpoints. Pharmacol Rep 2021;
73:372-385.

Wan Z, You S, Rong Y, et al. CD34+ hematopoietic stem cells
mobilization, paralleled with multiple cytokines elevated in pa-
tients with HBV-related acute-on-chronic liver failure. Dig Dis
Sci 2013; 58: 448-457.

Liu Z, Zhang G, Chen J, et al. G-CSF promotes the viability and
angiogenesis of injured liver via direct effects on the liver cells.
Mol Biol Rep 2022; 49: 8715-8725.

. Saha BK, Mahtab MA, Akbar SMEF, et al. Therapeutic implica-

tions of granulocyte colony stimulating factor in patients with
acute-on-chronic liver failure: increased survival and contain-
ment of liver damage. Hepatol Int 2017; 11: 540-546.

Khanam A, Trehanpati N, Garg V, et al. Altered frequencies of
dendritic cells and IFN-gamma-secreting T cells with granu-
locyte colony-stimulating factor (G-CSF) therapy in acute-on-
chronic liver failure. Liver Int 2014; 34: 505-513.

Engelmann C, Habtesion A, Hassan M, et al. Combination of
G-CSF and a TLR4 inhibitor reduce inflammation and promote
regeneration in a mouse model of ACLE. ] Hepatol 2022; 77:
1325-1338.

Chen H, Tang S, Liao J, et al. Therapeutic effect of human umbil-
ical cord blood mesenchymal stem cells combined with G-CSF
on rats with acute liver failure. Biochem Biophys Res Commun
2019; 517: 670-676.

Zhu B, You S, Rong Y, et al. A novel stem cell therapy for hep-
atitis B virus-related acute-on-chronic liver failure. Braz ] Med
Biol Res 2020; 53: €9728.

De A, Kumari S, Singh A, et al. Multiple cycles of granulocyte
colony-stimulating factor increase survival times of patients
with decompensated cirrhosis in a randomized trial. Clin Gas-
troenterol Hepatol 2021; 19: 375-383.

Kabbani AR, Tergast TL, Manns MP, et al. Behandlungsstrat-
egien des akut-auf-chronischen Leberversagens [Treatment

398

Clinical and Experimental Hepatology 4/2025



Effect and prognostic factors of the DPMAS-PPE in patients with liver failure

28.

29.

30.

31.

32.

33.

34.

35.

36.

strategies for acute-on-chronic liver failure]. Med Klin Inten-
sivmed Notfmed 2021; 116: 3-16.

Shi P, Zhang J, Wu M, et al. The effects of granulocyte-colony
stimulating factor on chronic liver disease: a meta-analysis.
] Infect Dev Ctries 2022; 16: 537-546.

Colli A, Fraquelli M, Prati D, et al. Granulocyte colony-stimu-
lating factor with or without stem or progenitor cell or growth
factors infusion for people with compensated or decompensat-
ed advanced chronic liver disease. Cochrane Database Syst Rev
2023; 6: CD013532.

Martin-Mateos R, Gonzalez-Alonso R, Alvarez-Diaz N, et al.
Granulocyte-colony stimulating factor in acute-on-chronic liv-
er failure: Systematic review and meta-analysis of randomized
controlled trials. Gastroenterol Hepatol 2023; 46: 350-359.
Yuan S, Qian Y, Tan D, et al. Therapeutic plasma exchange:
A prospective randomized trial to evaluate 2 strategies in pa-
tients with liver failure. Transfus Apher Sci 2018; 57: 253-258.
Sun L, Fan X, Zhang L, et al. Bone mesenchymal stem cell trans-
plantation via four routes for the treatment of acute liver failure
in rats. Int ] Mol Med 2014; 34: 987-996.

Barreiros AP, Sprinzl M, Rosset S, et al. EGF and HGF levels
are increased during active HBV infection and enhance survival
signaling through extracellular matrix interactions in primary
human hepatocytes. Int ] Cancer 2009; 124: 120-129.

Piscaglia AC, Arena V, Passalacqua S, et al. A case of granulo-
cyte-colony stimulating factor/plasmapheresis-induced activa-
tion of granulocyte-colony stimulating factor-positive hepatic
progenitors in acute-on-chronic liver failure. Hepatology 2015;
62: 649-652.

Hou X, LiY, Yuan H, et al. Therapeutic effect and safety of gran-
ulocyte colony-stimulating factor therapy for acute-on-chronic
liver failure: A systematic review and meta-analysis of random-
ized controlled trials. Front Med (Lausanne) 2021; 8: 784240.
Xun YH, Shi JP, Li CQ, et al. Prognostic performance of a series
of model for end-stage liver disease and respective scores in pa-
tients with hepatitis B acute-on-chronic liver failure. Mol Med
Rep 2014; 9: 1559-1568.

Clinical and Experimental Hepatology 4/2025

399



