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Hepatitis B Virus Reactivation Increased the Risk of Developing Hepatic Failure and Mortality in Cirrhosis With Acute Exacerbation
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Background and Aims: Hepatitis B virus (HBV) reactivation is a serious condition and has been extensively described in chemotherapeutic immunosuppressive population. However, little is known about HBV reactivation in immunocompetent patients with chronic hepatitis B (CHB). In this study, we evaluated the prevalence and the clinical significance of HBV reactivation in CHB patients with acute exacerbations.

Method: Patients were screened from two prospective multicenter observational cohorts (CATCH-LIFE cohort). A total of 1,020 CHB patients with previous antiviral treatment history were included to assess the prevalence, risk factors, clinical characteristics of HBV reactivation, and its influence on the progression of chronic liver disease.

Results: The prevalence of HBV reactivation was 51.9% in CHB patients with acute exacerbations who had antiviral treatment history in our study. Among the 529 patients with HBV reactivation, 70.9% of them were triggered by discontinued antiviral treatment and 5.9% by nucleos(t)ide analogs (NUCs) resistance. The prevalence of antiviral treatment disruption and NUCs resistance in patients with HBV reactivation is much higher than that in the patients without (70.9% vs. 0.2%, and 5.9% vs. 0, respectively, both p < 0.001). Stratified and interaction analysis showed that HBV reactivation was correlated with high short-term mortality in cirrhosis subgroup (HR = 2.1, p < 0.001). Cirrhotic patients with HBV reactivation had a significantly higher proportion of developing hepatic failure (45.0% vs. 20.3%, p < 0.001), acute-on-chronic liver failure (ACLF; 31.4% vs. 21.8%, p = 0.005), and short-term death (14.0% vs. 5.9% for 28-day, and 23.3% vs. 12.4% for 90-day, both p < 0.001) than those without. HBV reactivation is an independent risk factor of 90-day mortality for cirrhosis patients (OR = 1.70, p = 0.005), as well as hepatic encephalopathy, ascites, and bacterial infection.

Conclusion: This study clearly demonstrated that there was a high prevalence of HBV reactivation in CHB patients, which was mainly triggered by discontinued antiviral treatment. The HBV reactivation strongly increased the risk of developing hepatic failure, ACLF and short-term death in HBV-related cirrhotic patients, which may suggest that HBV reactivation would be a new challenge in achieving the WHO target of 65% reduction in mortality from hepatitis B by 2030.
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INTRODUCTION

Chronic hepatitis B (CHB) remains a significant global health burden, and affects an estimated 250 million people worldwide (Smith et al., 2019). CHB is a potentially life-threatening disease which is mainly caused by HBV persistence infection, and can lead to liver irreversible injury, cirrhosis. Cirrhosis typically has two phases: an asymptomatic phase (compensated cirrhosis) followed by a rapidly progressive phase (decompensated cirrhosis) signaled by the development of complications of portal hypertension and liver dysfunction, which can progress to acute decompensation (AD), or AD with multi-organ failure known as acute-on-chronic liver failure (ACLF; Moreau et al., 2013). Patients with cirrhosis are susceptible to a range of acute hepatic insults, including HBV reactivation, bacterial infection, recent alcohol intake, hepatotoxic drugs, and acute variceal bleeding. Acute hepatic insult is the main cause of hospitalization in patients with CHB in the Asian region (Sarin et al., 2019).

HBV reactivation, defined by the abrupt reappearance or rise of HBV DNA in the serum of a patient with previously inactive or resolved HBV infection, is considered as the main cause of acute hepatic insult in CHB patients in East (Sarin et al., 2019). HBV reactivation is predominantly due to the unbalanced state between host immunity and viral replication (Shi and Zheng, 2020). This event can be caused by a variety of factors including anticancer agents, immunosuppressive, biological therapies, and occur spontaneously. Previous studies suggested that the HBV reactivation rate was 25% (ranged 4%–68%) in cancer patients with previously HBV infection after chemotherapy or immunosuppressive therapy (Paul et al., 2015). Approximately 65% of these patients had disease progressed and even could reach hepatic failure, which required liver transplantation or death (Karvellas et al., 2017). A recent study from Egypt in HBsAg-positive patients who was undergoing direct-acting antivirals (DAAs) against HCV showed that 28.6% of the patients appeared HBV reactivation and only 1(10%) with liver hepatitis (El Kassas et al., 2018).

However, many previous studies were retrospective (Terrault et al., 2018) and most of them were focused on HBV reactivation in the settings of patients underwent chemotherapy or immunosuppressive therapy, therefore the data was lacking to fully describe the incidence of HBV reactivation and its related characteristics in immunocompetent patients with CHB. In the current study, we evaluated the prevalence and the clinical significance of HBV reactivation in CHB patients with acute exacerbation in a prospective multicenter cohort.



MATERIALS AND METHODS


Study Population

Patients were screened from two prospective multicenter observational cohorts (Investigation and Validation cohort of CATCH-LIFE study; Gu et al., 2018; Qiao et al., 2021), recruited from 15 hospitals in HBV high-endemic areas of China from January 2015 to December 2016 and July 2018 to January 2019, respectively. Briefly, there were 2600 patients with acute exacerbation of chronic liver disease in the investigation cohort and 1397 patients under the same inclusion criteria in the validation cohort. The patients with immunosuppressive therapies history were excluded at the enrollment stage of the cohort. The detailed cohort design protocol and basement characteristics of the patients were described previously (Gu et al., 2018; Qiao et al., 2021). All participants were followed up for at least 90 days by telephone call and/or clinic visit with a predesigned standard case report form (CRF) to obtained and recorded the 28-day and 90-day severe outcomes. Within these patients, we further identified the CHB patients with an antiviral treatment history as the subset to assess the influence of HBV reactivation on the progression and outcomes of disease in this study. Totally, 1,020 CHB patients with acute exacerbation who had antiviral treatment history were included in this study (Figure 1). The study was approved by the Ren Ji Hospital Ethics Committee of Shanghai Jiaotong University School of Medicine. Written informed consent were obtained from every participant or their legal surrogate.
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FIGURE 1. Screening, enrollment, and flow of patients. AD, acute decompensation; ACLF, acute-on-chronic liver failure; and CHB, chronic hepatitis B.




Definitions

Cirrhosis was diagnosed based on liver biopsy or clinical presentation with typical ultrasound or computed tomography imaging. Acute exacerbation of CHB was defined as nonmalignant CHB with AD or acute liver injury. Diagnostic criteria of AD: (1) acute development of at least one of the gastrointestinal hemorrhage, hepatic encephalopathy (HE), overt ascites or bacterial infection, or (2) jaundice [total bilirubin (TB) > 5 mg/dl] within 1 month before enrollment. Diagnostic criteria of acute liver injury: (1) serum level of alanine aminotransferase (ALT) or aspartate aminotransferase (AST) was three times higher than the upper limit of normal, or (2) serum level of TB was two times greater than the upper limit of normal within 1 week. ACLF was defined according to the EASL-CLIF criteria (Moreau et al., 2013) regardless of cirrhosis. We evaluated whether ACLF existed at admission (day 0) or ACLF newly developed at day 4, 7, 14, 21 and day 28 during hospitalization.



HBV Reactivation Assessment and Data Collection

While the EASL-CLIF criteria did not provide recommendations for the diagnosis of HBV reactivation, the occurrence of HBV reactivation was assessed according to the recommendation (Terrault et al., 2018) of AASLD in 2018: (1) For HBsAg-positive and anti-HBc positive patients, an increase of more than 2 Log10 IU/ml in HBV DNA compared to baseline, or 4 Log10 IU/ml increase if the baseline level is not available; or (2) For HBsAg-negative and anti-HBc positive patients, HBV DNA is detectable or reappearance of HBsAg (Terrault et al., 2018); and further limited as (3) presenting with a definite antiviral treatment history more than 6 months, to decrease the heterogeneity of HBV reactivation population in this study. The data of clinical characteristics, laboratory tests and complications were obtained with standardized case report forms (CRF) from the medical records of each patient. All data were checked by a physician and two clinical assistants.



Statistical Analysis

The data were analyzed with SPSS software (version 25.0, SPSS Inc., Chicago, United States). Continuous variables are presented as mean ± standard deviation (SD) or median with interquartile range (IQR) while comparisons were performed between groups by Student’s t-test or Mann–Whitney U test, respectively. Categorical variables are presented as proportions while comparisons were performed between groups using the χ2 test or Fisher’s exact test where appropriate. Univariate comparisons were performed using the Kruskal–Wallis test. Multivariable COX hazard analysis was applied to determine the independent factors for 90-day mortality. Survival rates were estimated by Kaplan–Meier analysis and Log-rank test. Statistical significance was set at p < 0.05 of two-tailed.




RESULTS


Prevalence and Risk Factors of HBV Reactivation in CHB Patients With Acute Exacerbation

Out of the total 2811 CHB patients with acute exacerbation from the CATCH-LIFE cohort, we identified 1,020 subjects with antiviral therapy history and available HBV DNA level to set as sub-population in this study (Figure 1). Among these 1,020 patients, 529 of them experienced HBV reactivation and 491 of them did not, the prevalence of HBV reactivation in CHB patients with previous antiviral therapy history was 51.9%, while that was 18.8% (529/2,811) in the total 2,811 CHB patients with acute exacerbation regardless of antiviral history. The baseline of 1,020 patients are shown in Supplementary Table 1.

Among the 529 patients with HBV reactivation, 375 patients (70.9%) were triggered by discontinued antiviral treatment and 31 patients (5.9%) by nucleos(t)ide analogs (NUCs) resistance (Figure 2). The prevalence of antiviral treatment disruption and NUCs resistance in patient with HBV reactivation is much higher than that in the patients without HBV reactivation (70.9% vs. 0.2%, and 5.9% vs. 0, respectively, both p < 0.001, Figure 2). The ratio of the other hepatitis virus (HAV, HCV, and/or HEV) co-infection and the hepatotoxic drugs taken within the past 3 months were similar between the two groups (3.02% vs. 3.26%, and 3.8% vs. 2.0%, respectively, both p > 0.05). The events of bacterial infection (15.3% vs. 21.4%, p = 0.012), ascites (35.4% vs. 55%, p < 0.001), and gastrointestinal bleeding (2.7% vs. 27.3%, p < 0.001) were less frequently happened in patients with HBV reactivation than those without, which may due to the higher proportion of cirrhosis in non-HBV reactivation group (90.4% vs. 48.8%, p < 0.001; Figure 2; Supplementary Table 1). Notably, the rate of serum HBeAg-positive was significantly higher in patients with HBV reactivation than that without (63.2% vs. 28.8%, p < 0.001, Figure 2; Supplementary Table 1).
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FIGURE 2. Risk factors of HBV reactivation in CHB patients.




Stratified and Interaction Analysis Showed That HBV Reactivation Was Correlate With Critical Outcome in Cirrhosis Subgroup

Within the 1,020 patients, no significant difference was observed for the 28-day and 90-day mortality between CHB patients with HBV reactivation and that without (p > 0.05). Considering the proportion of underlying cirrhosis was unbalance between two groups (Supplementary Table 1) which may resulted in bias and confusion, we further performed stratified analysis by dividing individuals into subgroups to evaluate and control confounding factors. We applied 90-day mortality as the event to compare the difference between CHB patients with or without HBV reactivation within these subgroups. As shown in Figure 3, there were 133 events of death within 90-days totally, which was 72 in HBV reactivation group and 61 in non-HBV reactivation group [13.6% vs. 12.4%, p = 0.57, hazard ratio (HR) = 1.11]. Remarkably, in cirrhosis subgroup the events of death within 90-days in CHB patients with HBV reactivation were significantly higher than that in CHB patients without HBV reactivation (23.3% vs. 12.4%, p < 0.001, HR = 2.10, 95% CI = 1.40–3.14, Figure 3). What is more, a significant interaction between HBV reactivation and cirrhosis (Pinteraction = 0.004) was observed by the test for interaction under the Cox proportional hazards model. It suggested that the combination of HBV reactivation and cirrhosis strongly increased the risk of short-term death. No similar significance or interaction was observed in non-cirrhotic subgroup or any other subgroups (p > 0.05).

[image: Figure 3]

FIGURE 3. Stratified and interaction analysis to identify the subgroup that interacted with HBV reactivation on the critical outcome of CHB.




Characteristics and Influence of HBV Reactivation in Cirrhotic CHB Patients With Acute Exacerbation

In order to explore the influence of HBV reactivation on the disease progression of cirrhosis, we further compared the characters and the short-term mortality between cirrhotic patients with and without HBV reactivation in the cirrhosis subgroup.

All 702 cirrhotic patients with acute exacerbation were included in this analysis and the baseline characteristics are shown in Table 1 (while the baseline of 318 non-cirrhotic patients is shown in Supplementary Table 3). Compared to the patients without HBV reactivation, HBV reactivation patients were a little bit younger (49.0 ± 10.0 vs. 50.6 ± 10.5 years, p = 0.04) and had a significantly lower incidence of gastrointestinal bleeding (5.4% vs. 30.2%, p < 0.001), while there was no significant difference in the incidence of bacterial infection (p = 0.92), ascites (p = 0.31), and others hepatitis virus co-infection (p = 0.84) between the two groups. However, cirrhotic patients with HBV reactivation had a significantly higher ALT, AST, alkaline phosphatase (ALP) and γ-glutamyltransferase (γ-GT) level (both p < 0.001), as well as bilirubin level and international normalized ratio (INR; both p < 0.001), than the non-HBV reactivation group, which suggested much more heavy liver injury when cirrhosis patient suffered from HBV reactivation. Overall, 45.0% of HBV reactivation patients developed liver failure, which was significantly higher than that of 20.3% in the non-HBV reactivation cirrhotic patients (p < 0.001, Table 1).



TABLE 1. Characteristics of patients with cirrhosis between HBV reactivation and non-reactivation.
[image: Table1]

Furthermore, the 28-day mortality was significantly higher in HBV reactivation patients than that in the non-HBV reactivation patients (14.0% vs. 5.9%, p < 0.001, Figure 4A), as well as 90-day mortality (23.3% vs. 12.4%, p < 0.001, Figure 4B), which suggested a worse outcome when cirrhosis patient suffered from HBV reactivation.
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FIGURE 4. Kaplan–Meier analysis of survival rate and accumulative developing of ACLF. Kaplan–Meier curves are shown for the cumulative incidence of 28-day death (A), 90-day death (B) and developing of ACLF (C) in cirrhotic patients with and without HBV reactivation. (D) Cumulative 90-day mortality in ACLF patients between groups.




HBV Reactivation Increased the Risk of Developing ACLF in Cirrhosis Patients and the Mortality of ACLF

To discover whether HBV reactivation plays a role in the development of liver failure in cirrhotic patients with acute exacerbation, we further analyzed the accumulative incidence and characteristics of ACLF. Among the 702 cirrhotic patients, 178 of them were diagnosed as ACLF within 28 days after admission. The cumulative incidence of ACLF within 28 days was significantly higher in cirrhotic patients with HBV reactivation than that without HBV reactivation (31.4% vs. 21.8%, p = 0.005, Figure 4C), which may suggest that HBV reactivation increased the risk of developing ACLF in cirrhosis patient with acute exacerbation.

Notably, among the 178 patients who developed ACLF, the incidence of hepatic failure was significantly higher when patients underwent HBV reactivation (87.7% vs. 53.6%, p < 0.001; Supplementary Table 2), while that of coagulation failure and extrahepatic organ failure (kidney, cerebral or lung) seemed to be similar between HBV reactivation ACLF and non-HBV reactivation ACLF (p > 0.05). For those cirrhotic ACLF patients without HBV reactivation, more precipitant events of alcohol consumption and gastrointestinal bleeding were observed (p = 0.039 and p = 0.002, respectively; Supplementary Table 2).

Furthermore, for those 178 ACLF patients, the 28-day and 90-day mortality was much higher in those with HBV reactivation than those without HBV reactivation (35.8% vs. 18.6%, p = 0.009; 51.9% vs. 33.0%, p = 0.011, respectively, Figure 4D; Supplementary Table 2), however similar difference was not observed in non-ACLF patients (10.2% vs. 6.9%, p = 0.19).



HBV Reactivation Was an Independent Risk Factor of 90-Day Mortality for Cirrhosis Patients

To discover the risk factors of mortality for cirrhosis patients with acute exacerbation and whether HBV reactivation have an independent influence on the short-term death, we performed the univariate and multivariate analysis among the 702 cirrhotic patients. The results of the univariate analysis are showed in Table 2. HBV reactivation [odds ratio (OR) = 2.01, 95% CI = 1.40–2.90, p < 0.001] played a role in the 90-day mortality, as well as bacterial infection (OR = 2.51, 95% CI = 1.73–3.63, p < 0.001), ascites (OR = 2.75, 95% CI = 1.74–4.34, p < 0.001) and HE grades III-IV (OR = 5.22, 95% CI = 2.29–11.89, p < 0.001).



TABLE 2. Univariate and multivariate analysis of the risk factors of the 90-day death in cirrhosis patients.
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Furthermore, in the multivariate analysis we included the variables with values of p less than 0.05 in the univariate analysis to identify whether HBV reactivation perform an independent influence on the severe outcome of cirrhosis. The results showed that HBV reactivation (OR = 1.70, 95% CI = 1.17–2.49, p = 0.005) was really an independent risk factor of 90-day mortality for cirrhosis patients besides the risk factors bacterial infection (OR = 1.98, p = 0.001), ascites (OR = 2.09, p = 0.002), HE grades III-IV (OR = 4.71, p < 0.001), and sepsis (OR = 2.84, p = 0.006), all details are listed in Table 2.

However, serum level of HBV DNA was not a predictive factor for the 90-martality (OR = 1.08, 95% CI = 1.00–1.18, p = 0.13). Among the laboratory variables listed in Table 2, only baseline level of INR was a significant strong predictor for the mortality of cirrhosis patient with acute exacerbation (OR = 1.68, 95% CI = 1.29–2.19, p < 0.001) rather than liver enzymes (ALT, AST, ALP, Ƴ-GT), bilirubin, albumin, creatinine, white blood cells count or platelet.




DISCUSSION

It was reported that HBV reactivation could occur spontaneously or conditionally (Shi and Zheng, 2020), especially it was likely to occur when chemotherapeutic immunosuppressive agents were given for patients with cancer, immunity disease and organ transplantation (Paul et al., 2015; Karvellas et al., 2017), and when DAAs treatment was given for patients with HBV/HCV coinfection (El Kassas et al., 2018). HBV reactivation was a serious condition which could cause significantly higher mortality in these patients. However, little is known about the reactivation of HBV in widely immunocompetent patient with CHB. Here we provide new sight on this issue.

In our present study, the prevalence of HBV reactivation was 51.9% in CHB patients with acute exacerbations who had an antiviral treatment history. It seems that the HBV reactivation becomes a new remarkable burden after two decades of effort on widespread antiviral treatment of hepatitis B in China. Although the World Health Organization (WHO) has set the global targets to eliminate hepatitis B as a public health threat by 2030 through vaccination, screening and treatment (WHO, 2016), researchers still worry about that the elimination goal is highly unlikely to be reached (Cox et al., 2020) given the low average diagnosis rate of hepatitis B, which is only about 8% globally (Thomas, 2019). From the result of this study, HBV reactivation in CHB patients may be another factor would prevent the reach of the global goal and need to be concerned more.

Antiviral drug withdrawal or interruption was the predominant reason of the HBV reactivation in our present study. Among the 529 patients with HBV reactivation, 70.9% of them were triggered by cessation of antiviral treatment. Although both guidelines of APASL, EASL, and AASLD have put forward elaborate recommendations on NUCs treatment and withdrawal, it is still common in clinical practice that patients have poor adherence and stop NUCs treatment under various reasons, with a reported treatment adherence about 46.4%–74.6% (Ford et al., 2018; Abu-Freha et al., 2020), which may results in virological breakthrough and increasement of mortality (Abu-Freha et al., 2020). Taken together, it suggests that more attention should be paid on the adherence of antiviral treatment in CHB patients to avoid HBV reactivation and its related critical outcomes.

In our study, stratified and interaction analysis showed that HBV reactivation was strongly increased the risk of short-term death in cirrhosis subgroup. The mortality was 14.0% for 28-day and 23.3% for 90-day in cirrhotic patients with HBV reactivation, which was significantly higher than that of 5.9% and 12.4%, respectively, in cirrhotic patients without HBV reactivation. There is limited research or cohort data about the mortality in immunosuppressive-therapy-induced HBV reactivation, it was reported to be 3.7% in HBsAg-positive patients and 0% in HBsAg-negative patients who received cytotoxic therapy for malignant lymphoma in an earlier article (Lok et al., 1991), the mortality is less than that of cirrhotic patients from our study which may due to the underlying conditions. Previous case reports described the HBV reactivation death due to liver failure despite the introduction of lamivudine at the onset of HBV reactivation (Lok et al., 1991; Gwak et al., 2007). To discover the possible reason of high mortality in cirrhosis with HBV reactivation, we further found that HBV reactivation strongly increased the risk of developing liver injury, liver failure and ACLF in cirrhotic CHB patients. ACLF is a critical syndrome distinguished from AD, characterized by high-grade inflammation and high 28-day mortality (Moreau et al., 2013). The cumulative incidence of ACLF within 28 days in our study was significantly higher in cirrhotic patients with HBV reactivation and consequently a higher 28-day and 90-day mortality than that without HBV reactivation, which suggested that HBV reactivation could increase the risk of developing ACLF and related death in cirrhosis patient with acute exacerbation. To discover whether the selection of different ACLF criteria could make a difference to the conclusion, we further analyzed the accumulative incidence of ACLF in our cohort under APASL (Sarin et al., 2019) and COSSH criteria (Wu et al., 2018), the results (data were not shown) was consistent with this study. As we and other studies have reported, liver and coagulation failures were the two most common types of organ failure in patients with HBV-related ACLF (Tan et al., 2018). Among the 178 patients who developed ACLF in this study, the incidence of hepatic failure was up to 87.7% in ACLF patients with HBV reactivation, which was significantly higher than that without, while that of extrahepatic organ failure (kidney, cerebral or lung) was similar between two groups.

In addition, we found that HBV reactivation was an independent risk factor for the 90-days mortality of CHB patients with cirrhosis, remained a high risk (1.7-fold) after adjusting by other factors as age, sex, bacterial infection, ascites, hepatic encephalopathic, alcoholic assumption, gastrointestinal bleeding, sepsis and other viral hepatitis. Previous study reported that half of HBeAg-positive patients had the chance of HBeAg seroconversion within 3 months after hepatitis flare (Yuen et al., 2003). In a proof-of-concept study, stopping antiviral therapy in non-cirrhotic patients with HBeAg-negative CHB resulted in HBV rebound and subsequent significantly HBsAg decline, with 20% HBsAg loss in 48-week follow-up (Höner Zu Siederdissen et al., 2016), suggesting the immune activation in those patients and a potential therapeutic strategy to accelerate HBsAg loss and functional cure (Höner Zu Siederdissen et al., 2016; van Bommel and Berg, 2021). However, this antiviral-stopping therapeutic strategy seems to be not feasible in cirrhosis patients considering the high incidence of HBV reactivation and its related high risk of liver failure and death from the data of our present study.

Similar correlation between short-term death and HBV reactivation was not observed in non-cirrhotic subgroup. Adversely, it showed a lower (4.4%) but not significant mortality in non-cirrhotic patients with HBV reactivation than that without (10.6%). One of the possible explanations might be that the non-cirrhosis patient in our population was younger (median age 39.8 years, data were shown in Supplementary Table 3). Moreover, there were only 47 non-cirrhotic patients without HBV reactivation, the volume was too small which might lead to bias when calculated the mortality. Thus, more evidence is need to be carried out to clarify whether HBV reactivation plays a role or not in non-cirrhotic patients.

Our study has several strengths. Firstly, in this prospective multicenter observational cohort, the HBV reactivation were observed in common CHB population who were not under an immunosuppressive condition, which provides a better understanding of the association between HBV reactivation and the progression of disease in HBV-related cirrhosis patients. Secondly, participants in our study belong to 15 hepatology or infectious disease centers in a high-endemic area of HBV, and the prospective multicenter design of the cohort with low rate of loss in follow-up, which ensured that the results were representative and reliable. Thirdly, it is an evidence-based data showed a high prevalence rate of HBV reactivation which major duo to antiviral treatment withdrawal in general CHB patients. Finally, it is a unique and evidence-based study in demonstrating the independent correlation between HBV reactivation and critical outcomes in cirrhotic patients with acute exacerbation.

This study has the following limitations. Untreated patients were excluded in this study due to lacked data of medical history or unclear antiviral treatment history. HBV flares in these patients will deserve attention in the future studies. Furthermore, despite we showed that antiviral treatment withdrawal accounted for the most of the HBV reactivation in CHB, however the details of antiviral drugs (NUCs or IFNs) and the discontinuation reason (stopped under the guidance of doctor when met the endpoint or stopped themselves due to personal reason) were not distinguished in this study. Additionally, it is hard to obtained the baseline level of HBV DNA before reactivation since most of them would not visit clinic or hospital before hepatitis flare. However, we had applied the widely-accepted AASLD definition (Terrault et al., 2018) which had a definite criterion when baseline HBV DNA level is not available, to maximum precision of the study as possible. Finally, we were not able to correlate the HBV reactivation with the clinical outcome in non-cirrhotic patients due to our limited number of patients.

In conclusion, the HBV reactivation in CHB was highly prevalent and mainly triggered by antiviral treatment withdrawal. The HBV reactivation could strongly increase the risk of developing liver injury, hepatic failure, ACLF and short-term death in cirrhosis patients, which may suggest that HBV reactivation would be a new challenge in achieving the WHO target (WHO, 2016) of 65% reduction in mortality from hepatitis B by 2030. Therefore, the antiviral-stopping therapeutic strategy, which aim to activate immune response and accelerate HBsAg loss, was not feasible in cirrhosis patients considering the high incidence of HBV reactivation and its related high risk of liver failure and death from the data of our present study.
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