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Liver-function decompensation or hepatocellular carcinoma (HCC) gradually appears after chronic hepatitis B progresses to
cirrhosis. Effective antiviral treatment can significantly improve the long-term prognosis of decompensated patients, and some
patients present recompensation of decompensated hepatitis B cirrhosis. At present, there are limited research data on the
recompensation of decompensated hepatitis B cirrhosis. There is still controversy regarding the evaluation time, evaluation
indicators, influencing factors, and long-term prognosis of recompensation.

1. Introduction

The World Health Organization reported that there are an
estimated 240 million people globally with chronic hepatitis
B virus (HBV) infection. Approximately 2% to 4% of
patients develop compensated cirrhosis each year without
effective treatment. Each year, approximately 1.5% to 4%
of patients with cirrhosis further develop decompensated
cirrhosis (with symptoms such as ascites, hepatic encepha-
lopathy, and gastrointestinal-varix bleeding), leading to
repeated hospitalization, severe reduction in quality of life,
and even death. As a result of cirrhosis, hepatocellular
carcinoma (HCC) occurs in approximately 3% to 6% of
patients [1, 2]. Patients with decompensated cirrhosis have
a higher rate of liver transplantation, mortality, and HCC,
and a worse prognosis [3, 4]. Effective antiviral therapy
can inhibit the hepatitis B virus (HBV) replication, improve
liver function in patients with decompensated cirrhosis [5],
and recompensate liver function in some patients [6],
thereby improving their quality of life, prolonging survival
time, and reducing the burden of HBV-related diseases
[7–9]. In this paper, the current research status, problems,
and challenges of the recompensation of decompensated
hepatitis B cirrhosis are reviewed.

2. Definition of the Recompensation of
Decompensated Hepatitis B Cirrhosis

Liver cirrhosis is usually divided into compensated and
decompensated phases on the basis of whether patients with
hepatitis B experienced severe complications such as ascites,
gastrointestinal-varix bleeding, and hepatic encephalopathy
[10]. Untreated patients with decompensated hepatitis B cir-
rhosis were previously reported to have poor prognosis, with
a five-year survival rate of only 14% to 35% [11, 12]. The
long-term prognosis of decompensated hepatitis B cirrhosis
can be improved with increased levels of symptomatic and
supportive therapies, and the active use of antiviral drugs [7].

Clinically, some patients with decompensated hepatitis B
cirrhosis demonstrate significant improvements in liver func-
tion and a reduction in portal-hypertension-related complica-
tions through effective antiviral therapies. Patients are stable
for a long time. They do not develop syndromes similar to
compensated cirrhosis, such as ascites, gastrointestinal-varix
bleeding, and hepatic encephalopathy, which are considered
to be “recompensation” for the development of decompen-
sated hepatitis B cirrhosis.

According to the Chinese Society of Hepatology Guide-
lines for the Diagnosis and Treatment of Cirrhosis, cirrhosis
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patients may no longer have decompensated cirrhosis events
(such as ascites, gastrointestinal bleeding, and hepatic
encephalopathy) for a long period of time (at least one year)
due to effective etiology control and the effective treatment or
prevention of complications. Moreover, there may still be
clinical and laboratory characteristics of compensated cirrho-
sis. This situation can be considered recompensation of
decompensated hepatitis B cirrhosis.

Recompensation of decompensated hepatitis B cirrhosis
is a state in which, after a period of active treatment, the
liver’s reserved function can meet the patient’s daily activi-
ties, and no complications related to cirrhosis decompensa-
tion occur. In this state, the liver disease of the patient has
no obvious progress or improvement, and it is not clear
whether it can be maintained for a long period of time. From
a pathological point of view, there is no sufficient clinical
evidence to support that liver fibrosis in patients with decom-
pensated hepatitis B cirrhosis can be reversed.

3. Current Status of Recompensation of
Hepatitis B Cirrhosis Decompensation

At present, there are few studies on the recompensation of
decompensated hepatitis B cirrhosis. After combining the
literature on the clinical efficacy of antiviral therapies for
decompensated hepatitis B cirrhosis, the research status of
the recompensation of decompensated hepatitis B cirrhosis
was summarized, as shown in Table 1. We list several studies
related to oral antiviral therapy in HBV-related decompen-
sated cirrhosis. In these studies, the number of cases was
more than 50, and the follow-up time was more than 1 year.
These studies included different patient populations with
different severity in terms of Child–Turcotte–Pugh (CTP)
or model for end-stage liver disease (MELD) scores, while
the trials had different aims/designs. Most of these studies
lacked a specific description of the occurrence of complica-
tions in decompensated liver cirrhosis. The occurrence of
complications is very important for evaluating the therapeu-
tic effect of decompensated hepatitis B liver cirrhosis.

Shim et al. [13] enrolled 70 HBV-infected patients with
decompensated cirrhosis who were primarily treated with
0.5mg of entecavir (ETV) daily, and they evaluated the clin-
ical outcomes using intention-to-treat analyses. Cumulative
transplantation-free survival was 87.1% at one year. ETV
treatment for 12 months resulted in improved Child–Tur-
cotte–Pugh (CTP) and model for end-stage liver disease
(MELD) scores. In total, 66% (36/55) of patients achieved
CTP Class A, and 49% (27/55) showed an improvement in
CTP score of two points after 12 months of ETV.

A randomized, open-label comparative study of ETV
versus adefovir therapy was performed by Liaw et al. [14],
involving subjects with chronic hepatitis B who had hepatic
decompensation (CTP score ≥ 7). Adult subjects were ran-
domized and treated (n = 191) with 1.0mg of ETV or 10mg
of adefovir daily for up to 96 weeks from the date of the last
subject randomization. Approximately two-thirds of the
subjects in both groups showed improvement and stabiliza-
tion in CTP status. MELD score changes at week 48 were
−2.6 for ETV and −1.7 for adefovir. Among those with base-

line hepatic encephalopathy, clinical improvement was
observed in 17/22 (77.3%) ETV-treated and 10/23 (43.5%)
adefovir dipivoxil- (ADV-) treated patients. Similarly, in
patients with baseline ascites, reversal was seen in 26/63
(41.3%) ETV-treated and 23/61 (37.7%)ADV-treated patients.
Cumulative death rates were 23% for ETV and 33% for adefo-
vir. Week 24 mortality rates were 12% for both groups.

Singal and Fontana [15] performed a meta-analysis of
one-year efficacy and safety outcomes in 22 studies con-
ducted between 1995 and 2010 on oral nucleotide analogs
in patients with decompensated HBV cirrhosis. Pooled one-
year data showed a favorable benefit of ETV (lamivudine;
LAM) vs. untreated controls. CTP score was improved by
≥2 (odds ratio (OR): 117 (15, 921), p ≤ 0:0001). Transplant-
free survival was also improved (OR: 3.2 (1.2, 9), p = 0:022).
Overall, one-year transplant-free survival rates ranged from
78% with LAM to 95% and 94% with tenofovir (TDF) and
telbivudine (LdT), respectively. All oral antiviral agents were
associated with improved virological, biochemical, and clini-
cal parameters at one year. However, the efficacy of ETV and
LdT was compromised by drug resistance. In addition, adefo-
vir had low potency and a slower onset of action.

Srivastava et al. [16] evaluated the usefulness of various
prognostic indicators in predicting the 24-month survival
of patients with HBV-related decompensated cirrhosis after
tenofovir (TDF) therapy, as well as the posttreatment
outcome. The 24-month survival and mortality of 96 HBV-
related decompensated patients were studied after TDF ther-
apy. Overall survival was 0.947 at 12 months and 0.833 at 24
months. Multivariate analysis showed that an MELD score
> 20 was the most robust predictor of mortality. Reversal
of decompensation was observed in 48.6% of cases at the
end of 24 months (i.e., without ascites or any other feature
of liver failure). Posttreatment response with 24 months of
TDF therapy was significantly improved in terms of hepatic
function, with reversed decompensation. It showed incredi-
ble efficacy in the improvement of hepatic functional status
with reduced viremia in a great majority of decompensated
cirrhosis subjects who had highMELD and HBVDNA levels.

Yue-Meng et al. [17] retrospectively evaluated 130
treatment-naïve patients with HBV-related decompensated
cirrhosis who had started treatment with telbivudine (LdT;
n = 31), lamivudine (LAM; n = 45), or entecavir (n = 54).
After 24 months of treatment, CTP and MELD scores were
significantly decreased in all groups from 12 months onward
in comparison to the baseline. Cumulative survival rates at 24
months were 80%, 93.3%, and 86.8% in the LdT, LAM, and
ETV groups, respectively (p = 0:222, log-rank test). During
the study, 16 patients died of the following causes: variceal
bleeding (n = 6), liver failure (n = 6), pneumonia (n = 1),
spontaneous bacterial peritonitis (n = 1), and HCC metasta-
sis to the lungs (n = 2). Nineteen patients developed HCC.
The cumulative rates of HCC development at 24 months
were 15.0%, 14.0%, and 13.5% in the LdT, LAM, and ETV
groups, respectively.

Jang et al. [18] performed a 10-year observation analysis
using data from the Epidemiology and Natural History of
Liver Cirrhosis study of patients with decompensated liver
cirrhosis in Korea. Of the entire cohort (1595 patients
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enrolled at the onset of decompensation since 2005), their
analysis comprised 295 patients. In total, 60.1% of patients
survived for five years and 45.7% survived for 10 years with-
out liver transplantation. Maintained virologic response
(MVR, defined as persistent undetectable HBV DNA during
therapy) was observed in 116 patients (39.3%); these patients
had significantly longer transplant-free survival than those of
patients without an MVR. Baseline MELD score > 20 and
multiple complications were associated with short-termmor-
tality. MVR was the factor that had the strongest association
with long-term transplant-free survival. Patients with an
MVR had significant improvement in hepatic function over
time. However, no significant reduction in the risk of HCC
or HCC-related mortality was observed in these patients.

As can be seen from the above, currently published studies
on the efficacy of antiviral therapy for decompensated hepati-
tis B cirrhosis mainly focused on comparisons of the efficacy
of different antiviral agents during an observation time of
one to two years. The only study with a 10-year follow-up
cohort was the Korean study. Results in this study suggested
that a virologic response was achieved in most patients after
active antiviral therapy. Treated patients demonstrated an
improvement in liver-function-related measures [13, 14, 17,
19–23]. The long-term efficacy of patients was generally
assessed on the basis of a reduction in MELD and CTP scores
[17–19] or the incidence of HCC, liver transplantation, and
liver-disease-related death. Study results showed that MELD
and CTP scores in patients with decompensated hepatitis B
cirrhosis were decreased after effective antiviral therapy,
suggesting that some patients may be recompensated for
cirrhosis. However, only a few studies mentioned the compli-
cations related to decompensated cirrhosis. Therefore, at
present, there are not many data on the recompensation of
decompensated hepatitis B cirrhosis, and whether it can
reduce the occurrence of HCC is controversial. The long-
term prognosis of these patients is not clear.

4. Issues and Challenges

4.1. Complexity in Mechanisms of Recompensation of
Decompensated Hepatitis B Cirrhosis. Hepatic-function
decline and portal hypertension are the most important path-
ophysiological changes observed in decompensated cirrhosis.
Several studies showed that effective antiviral therapies can
improve liver function in patients with decompensated
hepatitis B cirrhosis and help to recompensate cirrhosis.
Severe portal hypertension can cause uncontrolled or recur-
ring complications of decompensated liver cirrhosis, causing
a significant reduction in survival rate without liver trans-
plantation. The hepatic venous pressure gradient (HVPG)
indirectly reflects portal-vein resistance. Studies showed that,
in patients with portal hypertension, HVPG is reduced by at
least 20% or to below 12mmHg from the baseline using
medication/nondrug treatment, which significantly reduces
the risk of bleeding and the incidence of decompensation or
progressive decompensation; risk of death is also significantly
reduced. Effective antiviral therapy can reduce portal pres-
sure and the risk of bleeding in some patients [24].

The pathogenesis of complications of decompensated
hepatitis B cirrhosis is very complicated. Under portal hyper-
tension, the formation of portal collateral circulation and the
occurrence of a portosystemic shunt are promoted. The
formation of portal hypertension increases the risk of ascites
and esophagogastric varices. The formation of a portal shunt
increases the risk of hepatic encephalopathy. Research by
Nagaoki et al. [25] found that, even in patients with hepatitis
B cirrhosis who responded well to antiviral therapy, baseline
portal-vein collateral circulation and the extrahepatic portal
shunt still had a higher incidence of esophagogastric-varix
exacerbation and a risk of portal-venous systemic shunt-
associated hepatic encephalopathy. Patients with liver cirrho-
sis have decreased resistance and are more easily infected.
Studies showed that infection increases the mortality of
patients with cirrhosis fourfold, resulting in patient death
within one month of infection in 30% of cases [26]. Hepator-
enal syndrome is a serious complication of liver cirrhosis.
Patients with liver cirrhosis show a sevenfold increase in
mortality, with 50% of patients dying within one month
[27]. Therefore, patients with repeated complications often
have poor prognosis.

In fact, the clinical manifestations of patients with
decompensated hepatitis B cirrhosis are different. Some
patients may present with massive ascites, while others may
present with variceal bleeding or recurrent hepatic encepha-
lopathy, and a few may present with hepatorenal syndrome
and hepatopulmonary syndrome. The nutritional problems
of patients with chronic liver disease are also receiving
increased attention [28]. Sarcopenia may be considered one
of the most common and significant complications of liver
cirrhosis, and it is associated with adverse outcomes and
increased morbidity and mortality [29].

Comprehensive treatment of complications can also
affect the incidence of recompensation, such as the use of
diuretics, portal-vein pressure-lowering drugs, endoscopic
treatment of esophagogastric varices, shunt or devasculariza-
tion of the portal-vein system, splenectomy, and nutritional
support. These treatments affect the occurrence and duration
of complications and change the long-term prognosis of
patients with cirrhosis. However, it is unclear whether differ-
ent types of complications need to be separately investigated.

4.2. Lack ofObjective Evaluation Indicators for Recompensation
of Decompensated Hepatitis B Cirrhosis. Previous studies
showed that partially decompensated patients with hepatitis
B cirrhosis can achieve cirrhosis recompensation through
effective antiviral treatment. However, not all patients can
achieve cirrhosis recompensation by inhibiting HBV replica-
tion. Some patients still have bad prognosis [30, 31]. Jang
et al. [18] reported that, among 295 patients with decompen-
sated hepatitis B cirrhosis who had started antiviral therapy at
the time of first decompensation, 20 patients (6.8%) died of
cirrhosis-related complications within six months of antiviral
therapy. Fontana et al. [32] prospectively enrolled 154
patients with decompensated hepatitis B cirrhosis. After treat-
ment with LAM, patients had a median follow-up of 16
months (0.5–37 months). Most deaths (78%) occurred in
the first six months after initiation of antiviral therapy, with

4 BioMed Research International



cirrhosis-related complications as the primary cause of death.
The three-year survival rate is 88% in patients treated with
antiviral therapy for more than six months. Thus, patients
with severely decompensated cirrhosis might not be recom-
pensated, and they may even die before a virologic response.
It is essential to promptly identify high-risk patients and
implement effective treatment strategies.

It is reported in the literature that antiviral therapy for
one year can reduce the score of patients with decompen-
sated hepatitis B cirrhosis who have a baseline CTP score of
≥7 points. The treatment can also decrease the score by ≥2
points or by 49% to 72% [15]. A MELD score of >20 is con-
sidered to be the most effective predictor of death in patients
with decompensated hepatitis B cirrhosis treated with TDF
(the two-year mortality rate of patients with MELD score >
20 and <20 points is 60% and 1.4%, respectively) [16]. Simi-
larly, the baseline CTP score and the MELD score after three
months of antiviral treatment can predict a patient’s six-
month mortality rate. In liver transplantation, although the
CTP score at three months is not statistically different
between the death and survival groups, the survival group
had a higher score than that of the death group. CTP score
decreases in the first six months after treatment, but the
decrease is not significant afterward [31]. Other prediction
methods with important potential include the end-stage
liver-disease-model dynamic score (ΔMELD) and MELD
combined with serum sodium, APRI, and FIB-4.

Therefore, a comprehensive evaluation index of liver
function may be helpful for the early identification of patients
with “recompensation advantage.” The CTP score integrates
the two aspects of liver function and complications, and it
can be dynamically monitored. We speculated that a
dynamic change in CTP score may be a good early evaluation
indicator, but it cannot reflect the dynamic changes in com-
plications such as gastrointestinal-varix bleeding, hepatore-
nal syndrome, hepatopulmonary syndrome, and sarcopenia.

4.3. Lack of Liver-Pathology Research to Support
Recompensation of Decompensated Hepatitis B Cirrhosis.
Liver histology remains the gold standard for the diagnosis
of cirrhosis. Histological evaluation of liver cirrhosis can be
divided into active and quiescent periods. In the Laennec
cirrhosis scoring system that is commonly recommended,
the pathological diagnosis of liver cirrhosis can be further
divided into Laennec 4A, 4B, and 4C substages according to
the width of fibrous septa and the size of sclerosing nodules
[33, 34]. The width of the fiber interval and the size of the
nodules are independent predictors of portal hypertension.

The reversal of cirrhosis has become a research hotspot in
recent years. Increasing clinical evidence shows that effective
etiological treatments can reverse liver fibrosis/cirrhosis
[35–39]. Bedossa [40] believes that the fibrous tissue in liver
tissue degrades. Then, liver cells replace the disappearing
fibrosis, resulting in the liver lobular structure returning to
normal in order to consider cirrhosis reversal. According to
pathophysiological mechanisms, the probability of cirrhosis
reversal is higher if the occurrence of cirrhosis is recent, if
etiology is controlled, if patients are young, or if nodular
cirrhosis and avascular thrombosis are large.

The main clinical problem with the reversal of cirrhosis is
the lack of reliable methods for measuring long-term changes
in liver fibrosis. The Ishak fibrosis stage and Laennec cirrho-
sis scoring system, although commonly used, struggle to
accurately assess dynamic changes in liver pathology. P-I-R
classification can reflect dynamic changes in liver pathology
[41]. The quantitative analysis and dynamic monitoring of
liver fibrosis are more suitable for evaluating pathological
changes related to decompensated cirrhosis.

According to China’s Guidelines for the Diagnosis and
Treatment of Cirrhosis, clinical cirrhosis can be divided into
four critical periods, namely, the compensatory, decompen-
sated, and recompensated periods, and cirrhosis reversal. In
these guidelines, the criteria for the reversal of fibrotic cirrho-
sis include (1) a decrease in Ishak fibrosis stage by ≥1 or (2) a
P-I-R classification decline after treatment [41]. Previous
studies on liver pathology related to hepatitis B cirrhosis
focused more on patients with chronic hepatitis B and com-
pensated cirrhosis. Results suggested that effective antiviral
therapy can improve liver histology and even end cirrhosis
in some patients.

However, patients with decompensated cirrhosis often
suffer from, for example, thrombocytopenia, abnormal coag-
ulation function, and ascites. This significantly increases the
risk of percutaneous liver biopsies. Although a transjugular
liver biopsy can reduce the abovementioned risks, the neces-
sary conditions are limited, and it is not widely applied in
clinics. We hope that there will be relevant pathological data
to support the recompensation of decompensated hepatitis
B cirrhosis.

4.4. Limitations of Antiviral Therapy for Treatment of
Decompensated Hepatitis B Cirrhosis. Current clinical
studies showed that continuing viral suppression can recom-
pensate partially decompensated HBV cirrhosis, and this
recompensation is limited to some patients. After HBV rep-
lication is controlled, patients with HBV-related cirrhosis
still have a risk of HCC. It is unclear whether patients who
develop HCC after HBV replication is controlled still have
cirrhosis or whether HCC occurrence is independent of
cirrhosis reversal.

In addition to antiviral therapy, cell transplantation, anti-
hepatic fibrosis therapy, and immunomodulatory therapy are
hot research topics in the treatment of decompensated
cirrhosis [42, 43]. Stem cells were proposed as an alternative
to hepatocytes for cell transplantation. They are very attrac-
tive to the scientific community because of their high avail-
ability, good cell quality, and the possibility of using them
in autologous cell transplantation [43]. Antihepatic fibrosis
treatment is also a focus of cirrhosis treatment. Hepatic
stellate cells are the central link of liver fibrosis. Peroxisome
proliferator-activated receptor agonists and farnesate X
receptor antagonists can inhibit hepatic-stellate-cell activa-
tion through related signaling pathways, thereby delaying
the progression of fibrosis. There are also studies showing
that statins can reduce portal hypertension in cirrhosis and
even reduce the incidence and mortality of decompensation
and HCC [44].
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5. Summary and Outlook

There are many articles on the treatment and prognostic
evaluation of decompensated hepatitis B cirrhosis; however,
most articles do not provide original data, and some test indi-
cators are different, making it difficult to compare the status
of recompensation in hepatitis B cirrhosis.

Effective antiviral therapy can improve the liver biochem-
ical indices of patients with decompensated hepatitis B cirrho-
sis. About 30% to 70% of patients have significantly improved
CTP scores, suggesting that decompensated hepatitis B
cirrhosis can be recompensated. However, the mechanism
underlying liver cirrhosis and its related complications are
not clear. At present, there are few studies comprehensively
evaluating the long-term treatment effects of hepatitis B
liver-cirrhosis-related complications, and on the recompen-
sation of decompensated hepatitis B cirrhosis. Therefore, the
evaluation time, evaluation indicators, influencing factors,
and long-term prognosis of recompensated patients are still
unclear. There is no parameter describing all recompensation
characteristics. To explore the pathogenesis of recompensa-
tion of decompensated hepatitis B cirrhosis, further cohort
studies and pathological research are needed. The identifica-
tion of high-risk populations who struggle to achieve cirrhosis
recompensation at an early stage, and the exploration of effec-
tive treatment strategies is hotspots in the field of liver disease
at home and abroad. In short, how to clinically evaluate and
achieve the recompensation of decompensated hepatitis B
cirrhosis is still a contentious topic.
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