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Abstract On the basis of real-world clinical data, the study aimed to explore the effect and mechanisms of the
treatment plan of “traditional Chinese medicine (TCM) regulating liver regeneration.”A total of 457 patients with
HBV-related liver failure were retrospectively collected. The patients were divided into three groups: the modern
medicine control group (MMC group), patients treated with routine medical treatment; the control group
combining traditional Chinese andWestern medicine (CTW), patients treated with routine medical treatment plus
the common TCM formula; and the treatment group of “TCM regulating liver regeneration” (RLR), patients
treated with both routine medical treatment and the special TCM formula of RLR. After 8 weeks of treatment, the
mortality of patients in the RLR group (12.31%) was significantly lower than those in the MMC (50%) and CTW
(29.11%) groups. Total bilirubin level significantly decreased and albumin increased in the RLR group when
compared with the MMC and CTW groups (P < 0.05). In addition, there were significant differences in the
expression of several cytokines related to liver regeneration in the RLR group compared with the MMC group.
RLR treatment can decrease jaundice, improve liver function, and significantly reduce the mortality in patients
with HBV-related liver failure. The mechanism may be related to the role of RLR treatment in influencing
cytokines related to liver regeneration.
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Introduction

Liver failure is a common critical disease of the digestive
system. The typical clinical manifestations include coagu-
lopathy, jaundice, hepatic encephalopathy, and ascites.
However, there are no effective drugs to treat patients with
liver failure. Patients in the late stage of liver failure often
suffer from various complications, including electrolyte
disorders, refractory ascites, and hepatic encephalopathy,
all of which contribute to high mortality [1]. Drug-

mediated hepatic toxicity or excessive alcohol consump-
tion is the main cause of liver failure in European and
American countries, while more than 80% of patients with
liver failure in China are related to hepatitis B virus (HBV)
infection [2,3]. Patients with HBV-related liver failure are
often in severe conditions and accompanied with various
complications. The pathogenesis of HBV-related liver
failure, which involves the interaction of multiple factors,
has not been fully elucidated. The interactions of the virus
and host factors are considered the main pathogenic reason
for the disease. These viral factors include genotype,
replication efficiency, and mutations. The host factors
include, but are not limited to, genetic background, the
mechanisms of pathological damage protection, and
abnormal liver regeneration [4,5]. Previous studies have
found that the treatment of “traditional Chinese medicine
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(TCM) regulating liver regeneration” (abbreviated as
RLR) promotes liver regeneration and repairs injured
hepatic parenchyma by affecting stem cells. Thus, the
effectiveness of liver regeneration and repair has become
the key determinant for the survival of patients with liver
failure [6].
The present study aimed to investigate the efficacy and

mechanism of the RLR add-on in the treatment of HBV-
related liver failure by retrospectively analyzing clinical
data. In addition, the serum hemopoietic growth factors
(HGFs) were monitored using suspension array technol-
ogy. The present results suggested that the treatment of
“TCM regulating liver regeneration” can significantly
reduce the mortality of patients with HBV-related liver
failure.
On the basis of the clinical data of real-world research,

this study aimed to investigate the efficacy of the RLR
program in the treatment of HBV-related liver failure. In
addition, the serum cytokine levels associated with liver
regeneration were monitored by suspension array technol-
ogy to explore the therapeutic mechanism of the RLR
program in reducing the mortality of patients with HBV-
related liver failure by improving the microenvironment of
liver regeneration.

Material and methods

Patients

This work is a retrospective study based on real-world
clinical data. A total of 457 medical records of patients
with HBV-related liver failure from July 2012 to May 2018
were collected by retrieving the electronic medical record
system of the Hubei Provincial Hospital of Traditional
Chinese Medicine. Patients with acute liver failure or
subacute liver failure have acute onset, rapid progression,
and high mortality in the short term. They are not suitable
for clinical observation of drugs, so this study did not
include patients with acute liver failure. Patients with liver
failure in this study were specifically referred to patients
with acute (subacute)-on-chronic liver failure (abbreviated
as ACLF or SACLF) or chronic liver failure (CLF).
According to the clinical treatment plan, all included
patients were divided into three groups: the modern
medicine control group (MMC group), the control group
combining traditional Chinese and Western medicine
(CTW group), and the group of “TCM regulating liver
regeneration” (RLR group). The study flow diagram is
shown in Fig. 1.

Fig. 1 Trial flow diagram. ACLF, acute-on-chronic liver failure; SACLF, subacute-on-chronic liver failure; and CLF, chronic liver failure.
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Inclusion criteria

Patients with HBV-related ACLF (SACLF) or CLF were
included in this study. Liver failure was diagnosed based
on the diagnostic criteria established in the 2012 version of
the Diagnosis and Treatment Guidelines for Liver Failure
[7]. Patients who fulfilled the following criteria were
diagnosed with ACLF/SACLF: (1) patients were extre-
mely weak, with obvious symptoms of digestive tract;
(2) patients exhibited a rapid increase of jaundice, and
serum TBIL levels were greater than 10 times the upper
limit of normal or daily increase ≥ 17.1 mmol/L;
(3) patients presented with bleeding tendency (PTA ≤
40% or INR ≥ 1.5), and other causes were excluded;
(4) patients with decompensated ascites; and (5) patients
with/without hepatic encephalopathy. Patients who ful-
filled the following criteria were diagnosed with CLF:
(1) patients with significantly increased serum TBIL levels;
(2) patients with significantly reduced albumin levels;
(3) patients with bleeding tendency (PTA ≤ 40% or
INR ≥ 1.5), and other causes were excluded;
(4) patients with ascites or portal hypertension; and
(5) patients with hepatic encephalopathy. Exclusion criteria
were as follows: (1) patients with acute liver failure;
(2) patients with primary hepatic carcinoma; (3) patients
with other hepatotropic virus infections, including hepatitis
A virus, hepatitis C virus, hepatitis D virus, hepatitis E
virus, Epstein–Barr virus, and cytomegalovirus infection;
(4) patients with liver failure caused by diseases other than
chronic hepatitis B; and (5) patients who were lactating or
pregnant.

Therapeutic plans

The treatment plan of the MMC group consisted of general
basic treatment, symptomatic and supportive therapy, and
antiviral treatment. The general basic treatment included
the compound glycyrrhizin for injection (Harbin Sanlian
Pharmaceutical Co., Ltd., 80–160 mg, once a day,
intravenous drip), reduced glutathione for injection
(Shanghai Fudan Fuhua Pharmaceutical Co., Ltd., Medi-
cine Co., Ltd., 1.2 g, once a day, intravenous drip) or
acetylcysteine injection (Ruiyang Pharmaceutical Co.,
Ltd., 4.0 g, once a day, intravenous drip), and hepatocyte
growth-promoting factor for injection (Guangzhou Yipin-
hong Pharmaceutical Co., Ltd., 80–120 mg, once a day,
intravenous drip). Symptomatic and supportive therapy
can actively prevent and mitigate hepatic encephalopathy,
cerebral edema, hepatorenal syndrome, infections, gastro-
intestinal bleeding, and other complications. The antiviral
treatment includes the oral administration of nucleoside
antiviral drugs of lamivudine (100 mg, once a day) or
entecavir (Zhengda Tianqing Pharmaceutical Group Co.,
Ltd., 0.5 mg, once a day). Adefovir dipivoxil (10 mg, once

a day) or entecavir (1 mg, once a day) was prescribed to
patients who developed lamivudine resistance.
The treatment plan of the CTW group combined the

treatment plan of the MMC group with the TCM formula
based on conventional syndrome differentiation. The basic
formula in the CTW group consisted of the following: 30 g
of processed Astragalus root, 30–60 g of Polygonum
cuspidatum, 30 g of Indian buead, 30 g of Salvia
miltiorrhiza root, 30 g of motherwort herb, 20 g of Grifola,
30 g of parched white Atractylodes rhizome, 30–60 g of
virgate wormwood herb, 12 g of Cape jasmine fruit, 6 g of
Baikal skullcap, 10 g of rhubarb, and 6 g of licorice root.
The treatment plan of the RLR group combined the

MMC treatment plan with the special TCM formula of
“TCM regulating liver regeneration.” The basic formula of
the RLR group included 15–30 g of prepared Rehmannia
root, 30–60 g of virgate wormwood herb, 3–6 g of
turmeric, 10–15 g of Chinese Magnoliavine fruit, 9–12 g of
licorice root, 15 g of common yam rhizome, 15 g of
barbary wolfberry fruit, 15 g of common macrocarpium
fruit, 10 g of south dodder seeds, 30 g of Indian buead, 10 g
of tree peony bark, and 10 g of oriental water plantain
rhizome. The regular composition of the TCM formula was
subjected to addition or subtraction on the basis of the
differentiation of the main symptoms.
All components of TCM formulas were stewed in water,

resulting in a 260 mL lukewarm decoction, and 130 mL per
drink was given twice a day. The same formulation was
renewed daily.

Endpoints

The primary endpoint of clinical efficacy was the survival
rate. The secondary endpoint was the improvement of
biochemical indexes (alanine aminotransferase (ALT), total
bilirubin (TBIL), albumin (ALB), and prothrombin activity
(PTA)) that were tested by using a German AMAX-200
automatic coagulation analyzer with serum quality control
and the supplied reagent detection accessories and a
Toshiba 120 automatic biochemical analyzer with the
supplied reagents and detection accessories. The detection
and quality control of biochemical indicators were
completed by the Laboratory Department of Hubei
Provincial Hospital of Traditional Chinese Medicine.

Cytokine detection

The serum cytokines were detected using the Bio-plex
suspension array system. The PDGFbb, IL-2, IL-6, IL-10,
IL-13, FGF-basic, GCSF, GMCSF, interferon (IFN)-g,
TNF-α, IL-18, LIF, MIF, β-NGF, stem cell factor (SCF),
TRAIL, HGF, TGF-β1, vascular endothelial growth factor
(VEGF), and IL-12 kits and Bio-plex suspension array
system were provided by Bio-Rad Laboratories (USA).
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The serum samples in the present study were obtained
from normal controls (NCs), who were healthy individuals
that underwent annual checkups at the Physical Examina-
tion Center of Hubei Provincial Hospital of Traditional
Chinese Medicine. All serum samples were stored at
– 80 °C until analysis.

Statistical methods

Statistical analysis was performed using SPSS 19.0
software. Mean � standard deviation (x � s) was used to
describe the quantitative data, while one-way ANOVAwas
used to determine the significant differences. X2-test was
used for categorical data. P < 0.05 was considered
statistically significant.

Results

Baseline of patients

All medical records were electronically retrieved and
collected from the medical record system of Hubei
Provincial Hospital of Traditional Chinese Medicine. The
demographics and clinical diagnoses of patients in these
three groups at baseline are listed in Table 1.

Antiviral drugs and percentages of patients receiving
antiviral therapy

The antiviral drugs and percentages of patients receiving
antiviral therapy in each group (n (%)) are listed in Table 2.

There was no significant difference in the percentage of
patients receiving antiviral treatment among the three
groups (P > 0.05).

Reduction in mortality in groups treated with CTW
and RLR

After the 8-week treatment period, the mortality rate was
computed in each group, and the following values were
attained: 50% in the MMC group, 29.11% in the CTW
group, and 12.31% in the RLR group (Fig. 2). The
differences in mortality among these three groups were
significant (50% vs. 29.11% vs. 12.31%; P < 0.05),
implying that mortality in the RLR group was significantly
reduced when compared with both the CTW and MMC
groups (12.31% vs. 29.11% and 12.31% vs. 50%; P <
0.01). Notably, the mortality of the RLR group was lower
than that of the two other groups in both ACLF (SACLF)
and CLF, and the difference was statistically significant
(P < 0.01).

Improved biochemical indexes in groups treated with
RLR

After the 8-week treatment period, the serum ALB level
was significantly higher in the RLR group than in the two
other groups (35.09 � 6.42 vs. 32.44 � 5.90 and
33.11 � 5.43; P < 0.05). Furthermore, serum TBIL
was significantly lower in the RLR group than in the MMC
and CTW groups (155.42 � 176.17 vs. 224.96 � 198.61
and 233.25 � 226.16; P < 0.05). In addition, the serum
ALT levels in all three groups significantly decreased when

Table 1 Demographic and clinical diagnosis of the three groups

Characteristic
MMC
(n = 96)

CTW
(n = 158)

RLR
(n = 203) P value

Age (year, x � s ) 47.65�12.96 47.68�12.91 47.32�12.98 0.959

Male (n (%)) 79 (82.29) 128 (81.01) 168 (82.76) 0.91

Disease course (year, x � s ) 11.84�11.98 11.16�10.52 12.24�9.76 0.63

Acute-on-chronic (subacute) liver failure (n (%)) 55 (57.29) 84 (53.16) 103 (50.74) 0.569

Chronic liver failure (n (%)) 41 (42.71) 74 (46.84) 100 (49.26) 0.569

Table 2 Antiviral drugs and percentages of patients receiving antiviral therapy in each group (n (%))

Antiviral drug
MMC
(n = 96)

CTW
(n = 158)

RLR
(n = 203)

No antiviral drugs used 30 (31.25) 45 (28.48) 64 (31.53)

Lamivudine 23 (23.96) 40 (25.32) 32 (15.76)

Adefovir dipivoxil 0 (0.00) 11 (6.96) 17 (8.37)

Telbivudine 4 (4.16) 12 (7.59) 8 (3.94)

Entecavir 34 (35.42) 43 (27.22) 69 (33.99)

Lamivudine plus adefovir dipivoxil 3 (3.13) 4 (2.53) 7 (3.45)

Entecavir plus adefovir dipivoxil 2 (2.08) 3 (1.90) 6 (2.96)

Antiviral drugs used (total) 66 (68.75) 113 (71.52) 139 (68.47)

There was no significant difference in the percentage of patients receiving antiviral treatment among the three groups (P>0.05).
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compared with the baseline. However, no significant
difference was noted at the end of treatment among these
three groups (P = 0.194). Moreover, the PTA level in the
three groups increased at the end of treatment, and no
significant differences were noted among these three
groups (P = 0.167). The results are shown in Table 3.

Comparison of serum cytokine levels

After the 8-week treatment period, significant differences
in serum cytokine levels were found among the three
groups. Furthermore, HGF expression was upregulated in
the RLR group, while TGF-β1 expression was down-
regulated when compared with the NC group. The
expression levels of SCF, HGF, and VEGF in the RLR
group were upregulated but that of TGF-β1 was down-
regulated when compared with the MMC group. More-
over, IFN-γ was higher in the RLR group than in the CTW
group (Table 4 and Fig. 3).

Safety evaluation

No abnormal changes in blood routine and renal function
were found in the three groups after treatment. Further-
more, no significant adverse reactions related to the two

TCMmixtures used in this study were reported in previous
clinical applications. In this work, two patients reported
mild adverse reactions, in which one patient in the CTW
group had a headache, while another patient in the RLR
group had episodes of vomiting. Both symptoms dis-
appeared immediately after proper clinical treatment,
indicating that the treatment of “TCM regulating liver
regeneration” is safe and effective, with no toxic side
effects.

Discussion

Drug and alcohol abuse has been recognized as the main
cause of liver failure in European and American countries.
However, the primary cause of liver failure in China is the
hepatitis virus (mainly hepatitis B virus), followed by
drugs and hepatotoxic substances (such as ethanol,
chemical agents, etc.). Acute influencing factors in this
study included discontinuation of antiviral agents, ethanol,
and exposure to chemical poisons. Acute (subacute)-on-
chronic liver failure and chronic liver failure have been
recorded as the most common clinical symptoms. Patients
with HBV-related liver failure are often in severe
conditions, with various complications and high mortality.

Fig. 2 Mortality rates of patients with HBV-related liver failure in the three groups. (A) The fatality rate in the RLR group was significantly lower
than those in the MMC group (12.31% vs. 50.00%, P = 0.000) and CTW group (12.31% vs. 29.11%, P = 0.005) after 8 weeks of treatment.
(B) Survival rates were recorded and analyzed by log-rank (Mantel–Cox) test.

Table 3 Comparison of biochemical indexes among the three groups before and after treatment (x � s)
Group Time n PTA (%) n TBIL (mmol/L) n ALB (g/L) n ALT (IU/L)

MMC Before 93 30.62�12.89 95 299.95�185.45 93 31.32�6.46 95 299.34�393.30

After 54 41.73�21.82 57 224.96�198.61 57 32.44�5.90 57 77.98�186.39

CTW Before 154 33.72�14.20 158 291.78�165.72 158 30.45�5.27 158 304.56�475.07

After 129 44.35�22.80 137 233.25�226.16 137 33.11�5.43 137 67.29�123.70

RLR Before 203 36.56�15.90 203 273.13�177.27 202 32.86�16.90 203 356.51�532.83

After 181 47.71�22.39 181 155.42�176.17 181 35.09�6.42 181 49.87�73.39

Normal reference range: PTA, 80%–120%; TBIL, 3.4–20.5 mmol/L; ALB, 35–55 g/L; ALT, 0–46 IU/L.
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To date, no effective modern medicine therapeutic plan has
been developed, and a symptomatic supportive treatment
plan is generally used for this serious disease. As recently
reported, the combinational therapy of presently approved
antiviral drugs with TCM has reduced the mortality of
HBV-related liver failure to approximately 30%–50% [8].
Many of these combined treatment plans, which improve
the clinical efficacy of liver failure, have resulted in
confirmed effectiveness and advancement in reducing
mortality and complications and improving life quality by
regulating the mechanism of liver damage and regenera-
tion imbalance [9]. The protocol for a multi-center,
randomized, and controlled clinical study was adopted to
evaluate the efficacy of the combination of antivirals with
TCM in treating patients with HBV-related liver failure
through the national major and special projects during the
Eleventh Five-Year Plan Period. The reported 48-week
mortality with combinational therapy was 36.49%, which
suggested that the integrated Chinese and Western
medicine treatment was significantly effective in reducing
the mortality of patients with HBV-related liver failure
[10,11]. A previous clinical study (ChiCTR-TRC-
12002961) indicated that the integrated traditional Chinese
and Western medicine treatment plan of “TCM regulating
liver regeneration” can significantly reduce mortality by up
to 16.67% in patients with HBV-related liver failure; this
percentage was significantly lower than that in the control
group (16.67% vs. 51.61%; P < 0.05). Furthermore, the

serum ALB level was significantly higher in the group
treated with “TCM regulating liver regeneration” than in
the MMC group (30.72 � 2.89 vs. 28.07 � 4.56; P <
0.05) [12]. The results of the present study revealed that the
mortality of 12.31% after the 8-week treatment was
significantly lower in the RLR group than in the MMC
group (50%) and CTW group (29.11%). Furthermore, the
TBIL level was significantly lower in the RLR group
(155.42 � 176.17 mmol/L) than in the MMC group
(224 .96 � 198 .61 mmol /L ) and CTW group
(233.25 � 226.16 mmol/L; P < 0.05). The serum ALB
level was significantly higher in the RLR group (35.09 �
6.42 g/L) than in the MMC group (32.44 � 5.90 g/L) and
CTW group (33.11 � 5.43 g/L; P < 0.05). Moreover,
significant differences in serum cytokine levels associated
with liver regeneration were detected among the different
groups. The expression of SCF, HGF, and VEGF in the
RLR group was upregulated, but the expression of TGFβ1
was downregulated compared with that in the MMC group.
The IFN-γ level was upregulated in the RLR group
compared with that in the CTW group. These results
indicated that the treatment of “TCM regulating liver
regeneration” can improve liver function, prevent hepatic
necrosis, and significantly reduce the complications and
mortality of patients.
There is an imbalance between liver injury and liver

regeneration in patients with liver failure, and this
phenomenon is characterized by excessive injury and

Table 4 Comparison of serum cytokine levels among the different groups

Cytokine
NC
(n = 10)

MMC
(n = 10)

CTW
(n = 10)

RLR
(n = 5)

HGF 57.16�27.81 413.84�387.89▲ 1162.47�1264.03▲ 2634.29�3923.86□▲

TGF-β1 58 552.84�38 940.57 40 650.32�23 862.58 21 952.78�15 136.54Δ□ 9739.96�5811.91▲□

SCF 25.48�6.33 14.93�6.54▲ 33.31�13.65n 28.76�13.32n

VEGF 26.14�19.59 6.26�8.86▲ 10.79�10.07 14.38�15.44□

IFN-γ 99.88�125.91 70.04�62.80 35.91�58.64 220.51�295.43●

TRAIL 27.24�18.14 18.32�5.27 12.11�16.16Δ□ 11.03�9.19

TNF-α 6.16�5.50 15.08�18.21 29.84�60.76 30.16�39.95

PDGFbb 587.51�687.94 445.66�470.39 212.08�264.77 92.18�39.78

FGF-basic 12.24�8.28 7.75�13.05 6.21�5.68 9.28�12.29

IL-12 192.80�119.08 56.05�96.54 97.70�92.18 22.68�42.88

IL-18 35.04�20.30 22.72�11.01 59.11�35.15 95.51�118.55

IL-6 18.22�26.95 12.84�12.93 106.19�145.82 44.58�44.65

IL-10 3.99�6.27 2.17�2.44 1.99�2.34 11.60�21.38

IL-13 4.89�6.34 6.10�4.67 11.82�16.62 8.89�13.67

GCSF 1.98�1.01 1.53�0.88 3.54�7.35 3.65�2.74

GMCSF 60.65�37.22 36.17�27.62 40.52�30.20 80.02�113.77

LIF 106.45�55.45 34.70�44.66 64.08�59.79 64.35�24.43

MIF 1424.54�1775.34 797.51�846.12 1952.77�2115.81 2343.00�2045.04

bNGF 1.26�0.43 1.56�0.45 1.01�0.73 1.20�0.55

Compared with the NC group, ΔP<0.05, ▲P<0.01; compared with the MMC group, □P<0.05, nP<0.01; and compared with the CTW group, ●P<0.01.

500 A real-world research of TCM for HBV-related liver failure



insufficient regeneration. Thus, the key treatment to rectify
this imbalance is to mitigate liver injury, maintain normal
liver regeneration, and regulate abnormal liver regenera-
tion [13,14]. Liver regeneration is required to restore the
damaged parenchymal structure and hepatic function, and
it is vital for patient survival. However, when an impaired
liver fails to efficiently repair, multi-organ failure with
severe outcomes may occur. After systematic studies, the
treatment of “TCM regulating liver regeneration” was
adopted as a novel therapeutic plan for HBV-related liver
failure [13–21]. The treatment of “TCM regulating liver
regeneration” can mitigate liver damage, facilitate normal
liver regeneration, correct abnormal regeneration, and
restore the balance between damage and regeneration by
affecting stem cells (liver stem cells, bone marrow stem
cells, etc.). Thus, the mortality and life quality of patients
can be reduced and improved, respectively.

The previous studies conducted by the investigators
revealed that the treatment of “TCM regulating liver
regeneration” can improve the conversion rate of bone
marrow stem cells into hepatocytes by affecting the liver
gene expression profile, which is likely the molecular
mechanism for the observed improvement [22–27]. The
monosodium glutamate liver regeneration rat model was
used to explore the association of liver regeneration with
the central nervous system, hypothalamic–pituitary–hepatic
axis, and neuro–endocrine–immune network; the treatment
of “TCM regulating liver regeneration” delivered a dual
regulative effect on liver regeneration and improved
hepatic recovery from injury [28–32]. Many clinical
studies have suggested that HGF is the most effective
cytokine for liver regeneration [33–38]. VEGF, which is
the most effective angiogenesis factor for promoting
hepatocyte regeneration, also positively affects the hepatic

Fig. 3 Serum cytokine levels in patients with CHBLF (pg/mL, mean � SD). *P < 0.05, **P < 0.01, vs. the normal control group; #P < 0.05,
##P < 0.01, vs. the MMC group; ※P < 0.05, vs. the CTW group.
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regeneration microenvironment [39–41]. SCF can induce
the production of progenitor and stem cells, activate them
together with other cytokines, and prolong their lives,
thereby improving liver regeneration [42–44]. IFN-g is
antiviral, immuno-regulatory, and antifibrotic, and it can
also alleviate liver injury and promote liver regeneration
[43–45]. However, TGF-β, which inhibits the production
of IFN-g and TNF-α in peripheral blood mononuclear
cells, negatively impacts liver regeneration by decreasing
host immunity and deteriorating liver fibrosis. The results
of this study revealed that the treatment of “TCM
regulating liver regeneration” improved the expression of
HGF, SCF, IFN-g, and VEGF and inhibited TGF-β1
expression in the treated patients, which led to the
reduction in liver injury and apoptosis and promotion of
liver regeneration.
Modern pharmacological research has proved that

traditional Chinese medicine and its active ingredients in
the TCM formula of “TCM regulating liver regeneration”
have many functions such as protecting the liver,
regulating immunity, and exerting anti-inflammatory and
anti-tumor functions. Virgate wormwood herb and its
active components have inhibitory effects on influenza
virus, hepatitis virus, human immunodeficiency virus, and
other viruses [46,47]. Indian buead can resist acute and
chronic inflammation in different experimental models,
and its significant anti-inflammatory effect is widely
recognized abroad [48]. Turmeric extract and curcumin
can protect the liver through anti-inflammation, anti-
oxidation, and inhibition of fibrosis [49,50]. Glycyrrhizic
acid can inhibit hepatocyte apoptosis and liver fibrosis
[51]. The total glycosides from common macrocarpium
fruit have good anti-inflammatory and immunosuppressive
effects [52]. Schisandra chinensis polysaccharide (SCP)
significantly reduces liver triglycerides, total cholesterol,
alanine aminotransferase, and aspartate aminotransferase
[53]. Paeonol has antibacterial, analgesic, and anti-
inflammatory effects [54]. Rehmannia polysaccharide can
improve the hemopoietic function of model mice and
enhance the immunity of normal mice [55,56].
The present study was a real-world research, and all

clinical and experimental data were obtained and generated
by treating and managing a cohort of patients with HBV-
related liver failure. Furthermore, this study summarized
our experience, which can be beneficial to others who are
interested in improving the outcomes of patients with
HBV-related liver failure through combinational therapy
with RLR. The real medical environment can clearly
reflect the real medical procedures and healthy conditions
of patients. Real-world data are collected, stored, and
managed primarily through clinical outpatients and
inpatient medical records, and privacy is guaranteed by
the hospital’s quality control department. After obtaining
digital and standardized clinical diagnosis and treatment
information through statistical analysis, the clinical

experience, diagnosis, and treatment rules of TCM can
be found from the real clinical environment. Moreover, the
multi-dimensionality of the disease can be recognized to
evaluate the clinical efficacy. The US Congress posted the
“21st Century Cures Act” online, which legalized the
replacement of traditional clinical trials with “real-world
evidence” to replace traditional clinical trials and expand
indications. This real-world research adopts a non-random,
distributed treatment strategy, which can treat patients with
complicated conditions and multiple diseases and allow
clinicians to determine and select treatment plans as they fit
the needs of patients depending on their health conditions.
This strategy reflects the authenticity of the treatment
results. Thus, the real-world research has applicable
clinical reference value as supplementary evidence for
randomized controlled clinical trials [57]. Given that the
sample size of the present study was relatively small,
further multi-center and large sample size-based studies are
required to verify the reported efficacy. Furthermore, more
statistical power should be applied to exclude confounding
factors involved in providing higher level evidence for
RLR in treating HBV-related liver failure.

Conclusions

In conclusion, our research suggested that the treatment
plan of “TCM regulating liver regeneration” could
alleviate jaundice, improve liver function, and significantly
reduce the mortality in patients with HBV-related liver
failure. The mechanism of action may be that the TCM
regulating liver regeneration program can improve the liver
regeneration microenvironment (mainly immune and
inflammatory microenvironment), regulate immunity and
anti-inflammatory function, and manage the imbalance
between liver damage and liver regeneration by affecting
the expression of cytokines related to liver regeneration.
Thus, liver injury is reduced and liver regeneration and
repair are promoted.
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