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Abstract

Background and Aims: To investigate the safety and effi-
cacy of double plasma molecular adsorption system (DPMAS)
with sequential low-dose plasma exchange (LPE) in treating
early hepatitis B virus-related acute-on-chronic liver failure
(HBV-ACLF). Methods: Clinical data of patients with HBV-
ACLF were prospectively collected, including patients in a DP-
MAS with sequential LPE (DPMAS+LPE) group and those in a
standard medical treatment (SMT) group. The primary end-
point was death or liver transplantation (LT) at 12 weeks of
follow-up. Propensity-score matching was performed to con-
trol the effects of confounding factors on prognosis between
the two groups. Results: After 2 weeks, total bilirubin, ala-
nine aminotransferase, blood urea nitrogen levels, and Chi-
nese Group on the Study of Severe Hepatitis B score, were
significantly lower in the DPMAS+LPE group than those in the
SMT group (p<0.05). After 4 weeks, laboratory parameters
of the two groups were similar. The cumulative survival rate
of the DPMAS+LPE group was significantly higher than that
of the SMT group at 4 weeks (97.9% vs. 85.4%, p=0.027),
but not at 12 weeks (85.4% vs. 83.3%, p=0.687). Cytokine
levels were significantly lower in 12-week survival group than
in the death-or-LT group (p<0.05). Functional enrichment
analysis showed that downregulated cytokines were mainly
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involved in positive regulation of proliferation and activa-
tion of lymphocytes and monocytes, regulation of immune
effect response, regulation of endotoxin response, and glial
cell proliferation. Conclusion: DPMAS+LPE significantly im-
proved the 4-week cumulative survival rate, and ameliorated
the inflammatory response in patients. DPMAS+LPE may be
a promising modality for patients with early HBV-ACLF.
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Zhang Y, et al. Double Plasma Molecular Adsorption System
with Sequential Low-dose Plasma Exchange in Patients with
Hepatitis B Virus-related Acute-on-chronic Liver Failure: A
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Introduction

Hepatitis B virus-related acute-on-chronic liver failure (HBV-
ACLF) is a common clinical critical illness with high short-
term mortality.1-3 In the early stage of liver failure, many
inflammatory mediators accumulate, resulting in secondary
immunodeficiency due to liver disease.* Artificial liver sup-
port system (ALSS), which is a common treatment regimen
for HBV-ACLF,5 removes inflammatory cytokines, blocks the
cytokine storm, alleviates liver damage, and improves the
clinical outcomes of these patients.® In recent years, ALSS
has been extensively used in clinical practice to treat pa-
tients with HBV-ACLF. Double plasma molecular adsorption
system (DPMAS) with sequential plasma exchange (PE) is
commonly used to treat HBV-ACLF.” This combined system
complements the beneficial effects of individual approaches
to effectively remove bilirubin and inflammatory mediators,
and to supplement coagulation factors and albumin.

An earlier study® showed that patients with early HBV-
ACLF treated with DPMAS with sequential low-dose plasma
exchange (DPMAS+LPE, 1,000 mL fresh frozen plasma) had
a 4-week survival rate similar to that of patients treated
with DPMAS with sequential full-dose PE (DPMAS+PE, 2,000
mL fresh frozen plasma). In addition, DPMAS+LPE reduces
plasma consumption and incidence of adverse reactions
related to blood products, and helps to avoid a delay in
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Fig. 1. Flowchart of patient selection. HBV-ACLF, hepatitis B-related acute-on-chronic liver failure; DPMAS+LPE, double plasma molecular adsorption system with
sequential low-dose plasma exchange; SMT, standard medical treatment; PSM, propensity-score matching.

treatment due to the limited supply of plasma. However,
DPMAS+LPE has mostly been evaluated in single-center ret-
rospective studies having small patient cohorts and low lev-
els of evidence. Prospective cohort studies on DPMAS+LPE
are lacking. The treatment regimen of DPMAS+LPE varied
in different studies, with differences in treatment protocols,
frequency and course of treatment, and intervention tim-
ing. In this study, we evaluated the safety and efficacy of
DPMAS+LPE in the treatment of patients with early HBV-
ACLF and examined the effects of this modality on cytokine
levels. We hope to develop a set of standardized ALSS treat-
ment regimen for patients with HBV-ACLF.

Methods

Study participants

This prospective cohort study included patients diagnosed
with HBV-ACLF at the Department of Infectious Diseases, the
Third Affiliated Hospital of Sun Yat-sen University (Guang-
dong Province, China) from December 1, 2020 to December
1, 2021. The patients were divided into a DPMAS+LPE group
(n=58) and a standard medical treatment (SMT) (n=48)
group based on their treatment preference. All patients were
followed up for 12 weeks. Propensity-score matching (1:1)
was performed to control the effects of confounding factors on
prognosis between the two groups (Fig. 1). Inclusion criteria
were: (1) between 18 and 65 years of age; (2) diagnosed with
chronic hepatitis B based on the Chinese Guidelines for the
Prevention and Treatment of Chronic Hepatitis B (2019 edi-
tion);? (3) diagnosis of ACLF in agreement with Chinese Group
on the Study of Severe Hepatitis B (COSSH)-ACLF I criteria;10
(4) ACLF in early stage with 30% < prothrombin activity (PTA)
< 40, or 1.5 < international normalized ratio (INR) < 2.6; (5)

platelet count (PLT) >50x109/L; (6) with > 1-day hospitaliza-
tion; and (7) having complete clinical data including demo-
graphics, laboratory parameters, adverse events, and surviv-
al. Exclusion criteria were: (1) other causes of liver disease;
(2) liver cancer and/or other types of tumors; (3) pregnant or
breastfeeding; (4) infection with human immunodeficiency vi-
rus or other immunodeficiency-related diseases; (5) autoim-
mune diseases, unstable infarction caused by cardiovascular
and/or cerebrovascular events, and a history of organ trans-
plantation and/or other organ dysfunction or failure; (6) other
serious complications such as severe infection, active bleed-
ing, disseminated intravascular coagulation, Grade III-IV he-
patic encephalopathy, or hepatorenal syndrome; (7) received
treatment using ALSS a week before admission.

Treatment methods

Standard medical treatment (SMT): Both groups of pa-
tients with HBV-ACLF were administered a high-carbohydrate,
low-fat, moderate-protein diet to maintain water and electro-
lyte balance at the Department of Internal Medicine. Patients
that tested positive for HBV-DNA were immediately admin-
istered first-line nucleoside (acid)-analog antiviral therapy.
All patients were infused with fresh plasma (average 200 mL
per day) and human albumin to improve hypoalbuminemia
and coagulation. Patients also received regimens for active
prevention and treatment of complications such as infection,
hepatic encephalopathy, and upper gastrointestinal bleeding.

ALSS protocol: In addition to SMT, patients in the
DPMAS+LPE group received three sessions of ALSS treat-
ment (DPMAS was performed before LPE). All patients were
treated in a special ALSS unit. DPMAS+LPE was administered
once every 2-3 days according to the condition of each pa-
tient. During the course of treatment, unfractionated heparin
sodium was used to achieve anticoagulation; specific dosage
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of unfractionated heparin sodium was determined based on
the coagulation function of each individual patient. During
DPMAS treatment, blood flow rate ranged from 80 to 120
mL/m, and plasma separation rate ranged from 25 to 30
mL/m; the total adsorption plasma during each treatment
was about 5,000 mL. PE volume was 1,000 mL during each
treatment, and the rates of blood flow and plasma separa-
tion were the same as those described for DPMAS. When the
plasma volume of DPMAS treatment reached 5,000 mL, DP-
MAS was stopped, and LPE treatment immediately followed
using the same blood vessels and equipment.

Follow-up and clinical data collection

All patients were followed up at baseline, before and af-
ter three sessions of ALSS treatment, and at 2-, 4-, and
12-weeks post-treatment. Demographic data, treatment-
related adverse events, changes in laboratory parameters,
and 4- and 12-week survival of patients in the two groups
were evaluated. Laboratory parameters included: (1) rou-
tine blood tests including white blood cell (WBC) count, red
blood cell count, hemoglobin (HGB) level, PLT, and neutro-
phil (NEU) percentage; (2) alanine aminotransferase (ALT),
aspartate aminotransferase (AST), albumin (ALB), gamma-
glutamyl endopeptidase (GGT), total bilirubin (TBIL), indi-
rect bilirubin (DBIL), and total bile acid (TBA) levels; (3)
prothrombin time (PT) and PT-INR; (4) blood urea nitrogen
(BUN) and creatinine (Cr) levels; (5) procalcitonin (PCT) as-
sessment; and (6) model for end-stage liver disease (MELD)
and COSSH-ACLF II scores.

Study endpoints

The primary endpoint was the clinical adverse events at 12-
week follow-up, including death or liver transplantation (LT).
Secondary endpoints were changes in TBIL, PT, ALB, and
MELD and COSSH-ACLF II scores of the patients from base-
line to post-treatment using ALSS, and at 2- and 4-weeks.

Detection of cytokine levels

Study participants and specimen collection: Ten pa-
tients from the DPMAS+LPE group were subdivided into a
survival group (n=5) and a death or LT group (n=5) based on
their survival at the 12-week follow-up. None of the patients
had used any immune suppressants. Whole blood samples
obtained from patients in the DPMAS+LPE group were col-
lected 2 hours before and 2 hours after the three treatments
using DPMAS+LPE.

Measurement of serum cytokine levels: Previous
studies focused primarily on common pro-inflammatory
factors and anti-inflammatory factors such as interleukin
(IL)-6, IL10, and tumor necrosis factor alpha (TNF-a).
However, we wanted to evaluate cytokines (e.g., growth
factors, chemokines) that have not been reported in earlier
studies on DPMAS+LPE therapy. Measurement of the levels
of 44 cytokines in serum samples obtained from study par-
ticipants was performed using the HCYTA-60K MILLIPLEX
Human Cytokine/Chemokine/Growth Factor Panel A (Mer-
ck Serono, Germany). The five types of cytokines include
chemokines, interferons (IFNs), ILs, TNFs, and growth
factors (Supplementary Table 1). The obtained data were
analyzed using the supporting MILLIPLEX Analyst 5.1 soft-
ware (EMD Millipore, Billerica, MA). Gene ontology (GO)
functional enrichment analysis was performed using Clus-
ter Profiler package in R (v 4.0.1) to explore the biological
functions of cytokines present at significantly different lev-
els in the two groups. A significant biological process was
selected according to the adjusted p<0.05.

Statistical analysis

Matchit package in R (v4.0.1) was used to perform propen-
sity-score matching (PSM), and nearest-neighbor matching
was used to match the two groups of patients with a 1:1
ratio. This matching method takes the SMT group as the
standard and finds individuals with the slightest difference
in propensity-score from the DPMAS+LPE group. Patients
who did not meet the matching criteria were removed from
the DPMAS+LPE group, and the SMT group kept the original
number of cases. The matching factors included: age, cir-
rhosis ratio, PT, and MELD and COSSH-ACLF II scores. The
standardized difference between the two groups was 10%.
SPSS 25.0 (IBM, Armonk, NY, USA) was used for data analy-
sis. Continuous variables were reported as mean % standard
deviation and medians (upper and lower quartile). Differenc-
es between groups were compared using independent sam-
ple t-tests, paired sample t-tests, or Mann-Whitney U tests.
Categorical variables were reported as frequency and per-
centage, and differences between groups were compared us-
ing chi-square or Fisher’s tests. Risk factors for adverse out-
comes at the 4- and 12-week follow-up were screened using
multivariate logistic regression analysis. All clinical variables
were logarithmically transformed before logistic regression
analysis. Forward stepwise selection was used to construct
the final models with the same significance level (p<0.05)
for including or excluding variables. The cumulative survival
rate was evaluated by the Kaplan-Meier method and log-rank
test. P-values <0.05 were considered statistically significant.

Results

Analysis of clinical baseline data obtained in the co-
hort before and after PSM

Before PSM, 106 patients met the inclusion criteria, includ-
ing the DPMAS+LPE group (n=58) and SMT group (n=48,
Supplementary Table 2). Patients in the SMT group were
significantly older than the patients in DPMAS+LPE group
(p<0.05), and the levels of ALT and HBV-DNA were sig-
nificantly higher in the DPMAS+LPE group than in the SMT
group (p<0.05). To reduce the impact of confounding factors
(e.g., age) on prognosis of the two groups, PSM and nearest-
neighbor matching were used to control for bias. After PSM,
the cohort included the DPMAS+LPE group (n=48) and SMT
group (n=48, Table 1). No significant differences in age, sex,
presence of cirrhosis, infection rate, laboratory parameters,
or the scores of liver disease severity were found between
the two groups (p>0.05).

Comparison of changes in laboratory parameters
from baseline at 2 weeks of follow-up

At 2 weeks of follow-up, decreases in the levels of TBIL, ALT,
and BUN, and the COSSH-ACLF II scores from baseline were
significantly higher in the DPMAS+LPE group than in the
SMT group (p<0.05). There were no significant differences
in other biochemical measurements of decline from baseline
between the two groups (p>0.05, Table 2).

Comparison of changes in laboratory parameters
from baseline at 4 weeks of follow-up

At 4 weeks of follow-up, decreases in ALT, Cr, and BUN levels
from baseline were significantly higher in the DPMAS+LPE
group than in the SMT group (p<0.05, Supplementary Ta-
ble 3). However, decreases in the MELD and COSSH-ACLF II
scores from baseline were not significantly different between
the two groups (p>0.05).
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Table 1. Clinical baseline characteristics in our cohort after PSM

Parameter DPMAS+LPE, n=48 SMT, n=48 p-value
Age (years) 46%+10 49+10 0.082
Sex, male (%) 44 (91.7) 46 (95.8) 0.399
Cirrhosis (%) 29 (60.4) 31 (64.6) 0.673
Etiology 0.651
Without antiviral therapy (%) 39 (81.3) 36 (76.6)
Withdrawal of NA (%) 7 (14.6) 10 (21.3)
Other (%) 2 (4.1) 1(2.1)
Infection (%) 15 (31.3) 22 (45.8) 0.142
TBIL (pmol/L) 372+116 375+139 0.908
DBIL (umol/L) 199+66 212480 0.394
AST (U/L) 212 (94, 530) 157 (103, 301) 0.328
ALT (U/L) 253 (167, 692) 169 (80, 393) 0.051
ALB (g/L) 34+4 34+5 0.968
GGT (U/L) 101 (71, 153) 74 (62, 137) 0.939
TBA (umol/L) 275+100 255+96 0.301
PT (sec) 21.6+3.2 22.24+2.9 0.331
PT-INR 1.9+0.3 2.0+0.3 0.310
BUN (mmol/L) 3.9+1.4 4.2+1.6 0.316
Cr (Mmol/L) 71+16 70+14 0.623
eGFR 107£16 107+£24 0.847
K (mmol/L) 3.7+0.5 3.8+0.5 0.642
Na (mmol/L) 13615 137+4.0 0.697
WBC (10°/L) 7.6+£2.5 7.3£3.3 0.651
NEU (%) 0.69+0.08 0.67+0.11 0.477
LY (%) 0.18+0.07 0.19+0.08 0.593
MO (%) 0.11+0.03 0.11+0.04 0.796
HGB (g/L) 123+16 118421 0.156
PLT (10°/L) 133+58 120+47 0.226
PCT 0.73+0.34 0.85+0.57 0.274
IgHBV-DNA 5.1+1.9 4.6x1.7 0.210
MELD score 22.6+3.2 22.7£3.8 0.828
COSSH-ACLF II score 6.7£0.5 6.9+0.6 0.095

Independent sample t-test and Mann-Whitney U test were used to compare between-group differences in continuous variables. Data are mean * standard deviation,
medians (interquartile range); categorical variables are frequency (percentage) and were compared by the chi-square tests. NA, nucleotide analog; TBIL, total bilirubin;
DBIL, indirect bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; GGT, gamma-glutamyl endopeptidase; TBA, total bile acid; PT,
prothrombin time; INR, international normalized ratio; BUN, blood urea nitrogen; Cr, creatinine; eGFR, estimated glomerular filtration rate; K, serum kalium; Na, serum
sodium; WBC, white blood cell; NEU, neutrophil; HGB, hemoglobin; platelet, PLT; PCT, procalcitonin; MELD, model for end-stage liver disease; COSSH-ACLF, Chinese

Group on the Study of Severe Hepatitis B-Acute-on-Chronic Liver Failure.

Comparison of cumulative survival rates at 4 and 12
weeks in the entire cohort

In the entire cohort, at 4 weeks of follow-up, one patient
in the DPMAS+LPE group and seven in the SMT group had
died. By the 12-week follow-up, thee patients died and three
patients received LTs in the DPMAS+LPE group, and eight
patients in the SMT group died (Supplementary Table 4). The
4-week cumulative survival rate was 98.3% in those treated
with DPMAS+LPE vs. 85.4% for the SMT group [hazard ratio

(HR) 0.112, 95% CI: (0.042 to 0.682), p=0.013)]. There was
no significant difference in the 12-week cumulative survival
rate between the PE group and DPMAS+PE group (87.9% vs.
83.3%, p=0.453, Supplementary Fig. 1).

Comparison of cumulative survival rates at 4 and 12
weeks in the PSM cohort

In the PSM cohort, one patient in the DPMAS+LPE group
and seven in the SMT group had died at 4 weeks. Two pa-
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Table 2. Comparison of changes in laboratory parameters from baseline to the week-2 follow-up

Parameter DPMAS+LPE, n=48 SMT, n=48 p-value
ATBIL (2W) 130 (24, 199) 61 (17, 93) 0.002
AALT (2W) 208 (73, 616) 99 (11, 291) 0.035
AALB (2W) -2 (6, 0) -2 (-6, 3) 0.474
ATBA (2W) 67 (—22, 150) 23 (35, 105) 0.204
AGGT (2W) 35 (8, 82) 23 (3, 53) 0.154
APT (2W) —-0.4 (-3.7, 30) -0.8 (-2.2, 1.9) 0.772
APT-INR 0.05 (-0.42, 0.37) —0.07 (-0.26, 0.20) 0.652
ABUN (2W) 0.7 (0.1, 2.1) 0.4 (-0.9, 1.1) 0.080
ACr (2W) 2(-6,7) -0.5 (-5, 8) 0.752
AWBC (2W) 1.4 (0.1, 3.5) 1.2 (-0.4, 2.4) 0.375
ANEU% (2W) 0.09 (0.03,0.14) 0.06 (0.02, 0.12) 0.065
AHGB (2W) 16 (10, 23) 15 (3, 25) 0.375
APLT (2W) 37 (7, 56) 23 (1, 43) 0.145
AMELD score (2W) 2.6 (1.1, 5.5) 0.7 (-1.1, 3.0) 0.056
ACOSSH-ACLF II score (2W) 0.5(-0.1, 1.2) 0.2 (-0.1, 0.5) 0.034

Continuous variables are medians (interquartile range) and were compared with Mann-Whitney U tests. TBIL, total bilirubin; ALT, alanine aminotransferase; ALB, albu-
min; GGT, gamma-glutamyl endopeptidase; TBA, total bile acid; PT, prothrombin time; INR, international normalized ratio; BUN, blood urea nitrogen; Cr, creatinine;
WBC, white blood cell; NEU, neutrophil; HGB, hemoglobin; platelet, PLT; PCT, procalcitonin; MELD, model for end-stage liver disease; COSSH-ACLF, Chinese Group on

the Study of Severe Hepatitis B-Acute-on-Chronic Liver Failure.

tients in the DPMAS+LPE group died and three received LTs.
Eight patients in the SMT group had died at 12 weeks (Sup-
plementary Table 5). Organ failures of patients who died or
underwent LT in both groups are shown in Supplementary
Table 6. Patients in the DPMAS+LPE group had a significantly
higher 4-week cumulative survival rate than patients in the
SMT group (97.9% vs. 85.4%, HR: 0.135, 95% CI: (0.052
to 0.838), p=0.027). The 12-week cumulative survival rate
of DPMAS+LPE group also was higher than that in the SMT
group (85.4% vs. 83.3%, p=0.687, Fig. 2).

Analysis of risk factors for 4- and 12-week prognosis

Results of multivariate logistic regression analysis showed
that ANEU% (2W) was independent risk factors affecting pa-
tient prognosis by 4-week follow-up (P<0.05, Supplemen-
tary Table 7). We found co-infection and AMELD score (2W)
to be significantly associated with patient prognosis as of 12-
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week follow-up (P<0.05, Supplementary Table 8).

DPMAS+LPE-related adverse events

Seven treatment-related adverse events were recorded in
the DLMAS+LPE group (Table 3) and included decreased
blood pressure (n=3), decreased heart rate (n=1), internal
jugular vein thrombosis (n=2), and bleeding at the internal
jugular vein puncture site (n=1). The HGB and PLT levels in
patients were significantly reduced after DLMAS+LPE treat-
ment (p<0.05). A week after completing ALSS treatment,
the HGB level decreased significantly compared with baseline
(p<0.05), and the PLT level increased compared with that at
baseline (p>0.05, Supplementary Fig. 2).

Detection of cytokine levels in study participants

Analysis of baseline clinical data of patients in the
survival and death-or-LT groups: Baseline clinical data,

S L —— |p-0687
2 80+
3
(]
£
g 60+ - DPMAS+LPE
o - SMT
40 L] L) 1
0 30 60 90
Follow-time(d)

Fig. 2. Kaplan-Meier survival curves of SMT and DPMAS+LPE patients in the propensity-score-matched cohort (A) at 4 weeks and (B) at 12 weeks.
DPMAS+LPE, double plasma molecular adsorption system with sequential low-dose plasma exchange; SMT, standard medical treatment.
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Adverse event

Entire cohort,

Propensity-score-matched

case (%) cohort, case (%)
Decreased blood pressure 1(1.7) 1(2.1)
Decreased heart rate 2 (3.4) 2 (4.2)
Internal jugular vein thrombosis 1(1.7) 1(2.1)
Bleeding of the internal jugular vein puncture site 3 (5.2) 3(5.2)

DPMAS, double plasma molecular adsorption system; DPMAS+LPE, DPMAS with sequential LPE.

especially indicators of infection (e.g., PCT, and IL6), were
assayed in the survival and death-or-LT groups at 12 weeks.
Through case-control matching, five pairs of patients in the
DPMAS+LPE group and five pairs of patients in the SMT group
were identified. No significant differences in age, sex, pro-
portions of cirrhosis and infections, or cause of disease were
found between the survival and death-or-LT groups. Baseline
laboratory parameters and scores of liver disease severity
were comparable for the two groups of patients (p>0.05,
Supplementary Table 9).

Comparison of cytokine levels before and after first,
second, and third treatment using ALSS: After the first
ALSS treatment (Supplementary Table 10), the levels of the
majority of pro-inflammatory cytokines and anti-inflam-
matory cytokines such as IL8, monocyte chemoattractant
protein (MCP)-1, IL6, TNFa, and IL9) in the survival group
were lower than at baseline (p>0.05). After the second ALSS
treatment (Supplementary Table 11), most cytokines in both
groups decreased from baseline levels (p>0.05). After the
third treatment using ALSS (Table 4), the levels of several
pro-inflammatory cytokines in the survival group were sig-
nificantly decreased compared with their baseline levels
(p<0.05); however, only a few pro-inflammatory cytokines
in the death-or-LT group had significantly decreased levels
(p<0.05).

Comparison of cytokine levels after the third treat-
ment using ALSS in the two groups of patients: After
the third ALSS treatment (Fig. 3), the levels of MCP1, MCP3,
IL1B, IL5, IL6, IL27, TNF-a, IL13, fms-like tyrosine kinase
3 ligand (FLT3L), macrophage colony stimulating factor (M-
CSF), and transforming growth factor alpha (TGFa) were sig-
nificantly lower than their baseline levels (p<0.05). However,
there was no significant decrease in cytokines in the death-
or-LT group. Of note, the level of IL12 (p40) in the death-
or-LT group was significantly decreased compared with its
baseline level (p<0.05).

GO functional enrichment analysis of cytokines pre-
sent at significantly different levels in the two groups:
By GO enrichment analysis, 12 cytokines present at signifi-
cantly different levels between the two groups were involved
in 70 biological pathways. We focused on the top 10 path-
ways with the lowest adjusted p-values (Supplementary Fig.
3). Downregulated cytokines were mainly involved in these
biological processes: cytokine-mediated signaling pathway,
positive regulation of monocyte proliferation, receptor sign-
aling pathway via JAK-STAT, positive regulation of peptide-
tyrosine phosphorylation, positive regulation of lymphocyte
proliferation and activation, positive regulation of immune
effector response, response to lipopolysaccharides, and posi-
tive regulation of glial cell activation.

Discussion

The results of this prospective cohort study indicate that
DPMAS+LPE was a safe treatment modality. Decreased blood

pressure was the most common adverse event after therapy,
and it resolved after administering symptomatic treatment
with vasopressors. There were no serious adverse events
during DPMAS+LPE therapy. The PLT levels of participants
were significantly decreased after DPMAS+LPE treatment,
which may have been related to mechanical destruction of
the plasma filter and blood vessels and the administration
of heparin.!! Still, the PLT levels returned to baseline a week
after ALSS treatment, indicating that the PLT destruction by
ALSS was temporary.2 In addition, we found that the level
of HGB decreased after DPMAS+LPE treatment. The possible
reasons are that ALSS therapy inevitably involves the me-
chanical destruction of red blood cells by the plasma separa-
tor, resulting in decreased hemoglobin. The poor nutritional
status of patients with ACLF also leads to insufficient raw
materials for hemoglobin synthesis, and using such drugs
as proton pump inhibitors, and antibiotics can aggravate
anemia. These results suggest that clinicians should pay in-
creased attention to the changes in blood cells before and
after ALSS therapy.

DPMAS+LPE therapy significantly reduced the level of
TBIL, while the effect of DPMAS+LPE on TBA clearance was
unclear, which differs from a previous study.8 DPMAS+LPE did
not significantly improve coagulation in patients with HBV-
ACLF. Compared with SMT alone, DPMAS+LPE significantly
increased the cumulative survival rate at 4 weeks (p=0.027),
but not at 12 weeks, although a trend toward an improved
cumulative survival rate was seen. The best timing of inter-
vention using DPMAS+LP remains debatable. Zhong et al.8
proposed that the efficacy of DPMAS+LPE was significantly
higher than that of PE alone in patients with early HBV-ACLF
(83.7% vs. 55.6%, p<0.05). In contrast to the results ob-
tained in this study, Yao et al.l3 showed that DPMAS+LPE
effectively improved the 4-week survival rate of patients
with moderate to advanced HBV-ACLF. This study differs
from earlier studies in several ways. First, in our prospec-
tive cohort study, we used a unified ALSS treatment regimen
(i.e. combination mode of ALSS, frequency of administration,
and timing of intervention). Second, most previous studies
used PE therapy as controls. However, the lack of randomized
controlled studies on PE in the treatment of HBV-ACLF, and
the controversial efficacy of PE, should be considered. Con-
versely, this study used SMT as a control. Third, in this study,
patients in the DPMAS+LPE group had a higher 4-week cu-
mulative survival rate compared with that reported in earlier
studies.813 This discrepancy may be related to our enroll-
ment of patients with early HBV-ACLF. consequently, our pa-
tients had relatively mild disease and fewer complications
compared with those described in other studies.

Our results indicate that co-infection at disease onset was
an independent risk factor affecting the 12-week prognosis
of HBV-ACLF patients, which agrees with findings obtained in
earlier studies.1415 Second, in addition to the baseline indi-
cators of patients, the dynamic changes in these indicators,
such as AMELD score (2W) and ANEU% (2W), should also
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Table 4. (continued)

5

After third ALSS

3. (1, 11)

Death-or-LT group, n

Before first ALSS

29 (5, 54)

5

After third ALSS

5 (2, 432)

Survival group, n

Before first ALSS
21 (8, 2,361)

Cytokines (pg/mL)

IL-10
IL-13
Growth factors

64 (32, 93)

169 (78, 207)

42 (19, 147)*

193 (117, 690)

45 (35, 85) 35 (17, 99)

74 (40, 336)
37 (29, 68)

3(L,4)"

134 (87, 456)
58 (43, 236)
11 (5, 25)

EGF

44 (33, 137)

6 (4, 11)

100 (72, 364)
14 (6, 19)

FGF2

FLT3L
GCSF

16 (6, 20)

24 (8, 81)

9 (4, 14)

38 (14, 87)

104 (39, 176)* 257 (120, 390) 65 (34, 227)

475 (258, 682)

MCSF

2,337 (1,596.5, 6,143) 3,853 (1,971, 5,785) 2,313 (2,012, 3,454)

4,087 (3,304, 8,370)

PDGF-AA

17,694 (15,440, 20,015)

6 (3, 14)

20,224 (12,286, 30,659)

12 (7, 32)

18,185 (13,942.5, 35,291)

4 (3, 28)"
9 (7, 38)"

34,730 (22,888, 43,003.5)

58 (20, 188)

PDGF-ABBB

TGF-a

15 (11, 29)#

125 (31, 383)

285 (40, 685)

VEGF-A

Non-normally distributed continuous variables are medians (interquartile range) and between-group differences were compared with Mann-Whitney U tests. *p<0.05, significant difference relative to the survival

group before the first treatment using ALSS; #p<0.05, significant difference relative to the death-or-LT group before the first treatment using ALSS. LT, liver transplantation; ALSS, artificial liver support system; IL,

interleukin; MCP, monocyte chemoattractant protein; FLT3L, fms-like tyrosine kinase 3 ligand; M-CSF, macrophage colony stimulating factor; TNF-a, tumor necrosis factor alpha; CXCL9, chemokine (C-X-C motif) li-

gand 9; IP, interferon gamma-induced protein; MDC, macrophage-derived chemokine; MIP, macrophage inflammatory protein; RANTES, regulated upon activation, normal T cell expressed and presumably secreted;
EGF; epidermal growth factor; FGF, fibroblast growth factor; GCSF, colony-stimulating factor; PDGF, platelet-derived growth factor; TGF-a, transforming growth factor alpha; VEGF, vascular endothelial growth factor.
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be closely monitored as the disease progresses to adopt ap-
propriate treatment regimens. In the early stages of ACLF,
cytokine levels reflect the inflammatory state of the body
and are closely related to the short-term prognosis of the
patients.16-18 The results of this study show that DPMAS+LPE
decreased several pro-inflammatory cytokines and growth
factors (e.g., MCP1, MCP3, and MCSF) in patients, which has
not been reported in earlier studies. In addition, the ALSS
treatment-mediated cytokine clearance rate was closely re-
lated to the sessions of DPMAS+LPE therapy. Decreases in
cytokine levels were more significant after the third ALSS
treatment than those observed after the first and second
treatments. Notably, the levels of pro-inflammatory cytokines
and growth factors decreased more significantly in the sur-
vival group than in the death or LT group. Through the GO
enrichment analysis of differential cytokines, we found that
DPMAS+LPE therapy inhibited the activation and proliferation
of lymphocytes and monocytes and reduced the inflammato-
ry response, which is consistent with the findings of Rakhi et
al.1® Previous studies2® have shown endotoxemia was closely
related to the occurrence and development of liver failure.
Our results showed that DPMAS+LPE treatment downregu-
lated endotoxin-mediated immune responses, improving
endotoxemia and reducing disease progression in patients.
In general, DPMAS+LPE therapy effectively ameliorated the
inflammatory response and improved clinical outcomes by
decreasing cytokine production.

The study had several limitations. First, it was a single-

center study with a small sample size, and the findings
should be verified by a large multicenter cohort study. Also,
more rigorous statistical methods should obtain desirable re-
sults. Second, the SMT group served as a control group in
the present study. DPMAS+LPE treatment should be com-
pared with other ALSS models to explore the effectiveness of
DPMAS+LPE in patients with HBV-ACLF. Third, the relation-
ship between cytokine levels and the prognosis of patients
with ACLF needs further investigation further in future stud-
ies.
This study found DPMAS+LPE to be a safe and effective
modality in the treatment of patients with HBV-ACLF. In this
group of patients, DPMAS+LPE treatment improved the short-
term survival rate. DPMAS+LPE also effectively promoted
cytokine clearance and reduced the inflammatory response.
The study provides preliminary evidence that DPMAS+LPE
(1,000 mL plasma, administered once every 2-3 days, for
three times) was a beneficial ALSS type in treating patients
with early HBV-ACLF.
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Fig. 3. Comparison of cytokine levels in the survival and the death or liver transplantation groups. (A) Pro-inflammatory and anti-inflammatory cytokine
levels; (B) Growth factor levels. IL, interleukin; MCP, monocyte chemoattractant protein; FLT3L, fms-like tyrosine kinase 3 ligand; M-CSF, macrophage colony stimulat-
ing factor; TGFa, transforming growth factor alpha; TNF-a, tumor necrosis factor alpha; LT, liver transplantation; ALSS, artificial liver support system.
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