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Abstract 
AIM: To investigate the timing, safety and efficacy of prophylactic antiviral therapy in patients with hepatitis B virus (HBV) infection undergoing allogeneic hematopoietic stem cell transplantation (allo-HSCT). 

METHODS: This prospective study recruited a total of 57 patients diagnosed with malignant haematological diseases and HBV infection at the First Affiliated Hospital of Sun Yat-sen University between 2006 and 2013. The patients were classified as HBsAg-positive or HBsAg-negative/ antiHBc-positive. Patients were treated with chemotherapy followed by antiviral therapy with nucleoside analogues. Patients underwent allo-HSCT when serum HBV DNA was < 103 IU/mL. Following allo-HSCT, antiviral therapy was continued for 1 year after the discontinuation of immunosuppressive therapy. A total of 105 patients who underwent allo-HSCT and had no HBV infection were recruited as controls. The three groups were compared for incidence of graft-versus-host disease (GVHD), drug-induced liver injury, hepatic veno-occlusive disease, death, and survival time. 

RESULTS: A total of 29 of the 41 subjects with chronic GVHD exhibited extensive involvement and 12 exhibited focal involvement. Ten of the 13 subjects with chronic GVHD in the HBsAg(-)/HBcAb(+) group, exhibited extensive involvement and 3 exhibited focal involvement. Five of the 10 subjects with chronic GVHD in the HBsAg(+) group exhibited extensive involvement and 5 exhibited focal involvement. The non HBV-infected group did not differ significantly from the HBsAg-negative/antiHBc-positive, and the HBsAg-positive groups which were treated with nucleoside analogues in the incidence of graft-versus-host disease (acute GVHD; 37.1%, 46.9%, and 40%, respectively; P = 0.614; chronic GVHD; 39%, 40.6%, and 40%, respectively; P = 0.98), drug-induced liver injury (25.7%, 18.7%, and 28%, respectively; P = 0.7), death (37.1%, 40.6%, and 52%, respectively; P = 0.4), and survival times (P = 0.516). One patient developed HBV reactivation (HBsAg-positivity) due to early discontinuation of antiviral therapy.
CONCLUSION: Suppression of HBV DNA to < 103 IU/mL before transplantation, continued antiviral therapy and close monitoring of immune markers and HBV DNA after transplantation may assure the safety of allo-HSCT.
© The Author(s) 2015. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The threshold of pre-transplantation hepatitis B virus (HBV) DNA for allo-HSCT was defined as 103 IU/mL. Only 1 patient developed HBV reactivation due to early discontinuation of antiviral therapy. The HBsAg(+), HBsAg(-)/HBcAb(+), and non-HBV infected groups showed no statistically significant differences in the incidence of graft-versus-host disease, drug-induced liver injury, hepatic veno-occlusive disease death, survival times, and post-transplantation cumulative survival rates. In summary, suppression of HBV DNA to < 103 IU/mL before transplantation, continued antiviral therapy and close monitoring of immune markers of hepatitis B and HBV DNA after transplantation may assure the safety of allogeneic hematopoietic stem cell transplantation. 
Liao YP, Jiang JL, Zou WY, Xu DR, Li J. Prophylactic antiviral therapy of allogeneic hematopoietic stem cell transplantation in hepatitis B virus patients. World J Gastroenterol 2015; In press
INTRODUCTION
Hepatitis B virus (HBV) infection is a major public health challenge worldwide, with almost 2 billion people showing serologic evidence of infection1[]
. China is a region of high endemicity, and the percentage of hepatitis B surface antigen (HBsAg) carriers in the population aged 1-59 years old is estimated at 7.18%
 ADDIN EN.CITE 
[2,3]
. The major goals of antiviral therapy include: (1) loss of HBsAg; (2) seroconversion to anti-HBs; (3) seroconversion to anti-HBe in HBeAg-positive patients; and (4) loss of viral DNA4[]
. 

Immune dysfunction arising from hematological diseases, intensive chemotherapy, immunosuppressive therapy, monoclonal antibody therapy or hematopoietic stem cell transplantation (HSCT) can result in exacerbation or reactivation of HBV infection after viral resolution5-7


[ ADDIN EN.CITE ]
. Reactivation occurs when intracellular covalently closed circular HBV DNA is not completely eliminated after spontaneous resolution of acute or chronic HBV infection, or after antiviral therapy8


[ ADDIN EN.CITE ]
. 
HSCT is the current standard of care for patients with severe hematological disorders, where either a sibling donor or an unrelated matched donor can be used as a source of stem cells (allogeneic HSCT). In areas of high HBV endemicity where almost 15% of the patients receiving HSCT are HBsAg-positive prior to transplantation, HBV reactivation can significantly impact the post-transplant prognosis9


[ ADDIN EN.CITE ]
. More than half of the HBV carriers who receive allo-HSCT develop HBV reactivation10[]
, and the incidence of impaired liver function, severity of liver injury and hepatitis-related mortality are significantly higher in HBV infected patients receiving allo-HSCT compared with non HBV-infected patients. In addition, HBV reactivation may cause the discontinuation of effective therapy of hematological diseases, which could then indirectly influence the prognosis of these patients11


[ ADDIN EN.CITE ]
. Combined HBV infection was therefore once regarded a contradiction to allo-HSCT. 
Nucleoside analogs such as lamivudine and entecavir have been used for the treatment of acute and chronic HBV infection12


[ ADDIN EN.CITE ,13]
, as well as for chemotherapy-induced HBV reactivation14


[ ADDIN EN.CITE ,15]
. However, the timing of initiation and optimal duration of antiviral therapy with nucleoside analogues is still controversial. A recent report described late-onset HBV reactivation after long-term prophylactic treatment with lamivudine in an NHL patient who underwent HSCT16


[ ADDIN EN.CITE ]
. It is also unclear if prophylactic use of nucleoside analogues for antiviral therapy is necessary for patients who are HBsAg-negative/antiHBc-positive. Additionally, there is not much information available about the HBV DNA levels in allo-HSCT donors and recipients at the time of transplantation which would predict viral reactivation. 
In this study, we aimed to investigate the timing, safety and influence of antiviral therapy in HBsAg-positive, and in HBsAg-negative/antiHBc-positive HBV patients after allo-HSCT. The primary endpoint of the study was cumulative survival. Secondary endpoints included occurrence of complications, presence of acute or chronic graft-versus-host disease (GVHD), liver damage, and veno-occlusive disease (VOD). 
MATERIALS AND METHODS

Patients
This prospective cohort study recruited a total of 162 patients who received allo-HSCT at the First Affiliated Hospital of Sun Yat-sen University between September 2006 and December 2013. The study was reviewed and approved by Institutional Review Board of the First Affiliated Hospital, Sun Yat-sen University. All study participants, or their legal guardian, provided informed written consent prior to study enrollment. There were 77 patients with acute myeloid leukemia (AML), 42 patients with acute lymphoblastic leukemia (ALL), 21 patients with aplastic anemia, 3 patients with non-Hodgkin's lymphoma (NHL), 6 patients with myelodysplastic syndrome (MDS), 11 patients with chronic myeloid leukemia (CML), 1 patient with paroxysmal nocturnal hemoglobinuria (PNH), and 1 patient with myelofibrosis (MF). Based on the presence of immune markers for hepatitis B, patients were classified into (1) non-HBV infection group (n = 105); (2) HBsAg-positive group (n = 25); and (3) HBcAb-positive group (n = 32).
Inclusion criteria 

(1) All patients were diagnosed based on the criteria for the diagnosis and the evaluation of therapeutic efficacy of haematological diseases17[]
; (2) all transplantation procedures were performed according to the guidelines published in the Hematopoietic Stem Cell Transplantation Standard Practice Manual, Fred Hutchinson Cancer Research Center (Chinese Edition); Editors: BEN SHE and YI MING (ISBN：7117090782 / 9787117090780); (3) study participation was voluntary and all patients agreed to receive allo-HSCT; and (4) all patients were aged < 60 years. 
Exclusion criteria
(1) Presence of heart disease and/or kidney diseases or risk factors for these diseases; (2) presence of mental diseases; (3) patients who were pregnant or breast-feeding; (4) presence of decompensated liver function prior to transplantation; (5) liver function indicating Child-pugh grade B-C; (6) glutamate aminotransferase (ALT) levels which were higher than twice the upper limit of normal (> 2ULN); (7) increase in bilirubin levels prior to transplantation; (8) presence of concomitant hepatitis A, hepatitis C, hepatitis D or hepatitis E; and (9) patients who were not compliant with the study protocol. Written informed consent was obtained from all patients, and the study was approved by the Institutional Review Board of the First Affiliated Hospital of Sun Yat-sen University. 
Treatment protocols 
Patients infected with HBV were treated according to the EASL guidelines4[]
. 
Pretreatment protocols: (1) Patients with acute leukemia, CML or MDS received the BuCy protocol prior to allo-HCST (Busulfan total dose 16 mg/kg i.v. drip -8 d to -5 d；cyclophosphamide total dose 120 mg/kg i.v. drip -4 d to -3 d); (2) patients with aplastic anemia or PNH received the CTX+ATG protocol prior to allo-HCST (cyclophosphamide 50 mg/kg per day i.v. drip -5 d to -2 d; anti-thymocyte globulin total dose 12.5 mg/kg i.v. drip -5 d to -2 d); (3) patients with NHL received the BEAM protocol prior to HCST (BCNU total dose 300 mg/m2 -6 d; Etoposide total dose 800 mg/m2 -5 d to -2 d; Ara-C total dose 800 mg/m2 -5 d to -2 d; Melphalan total dose 140 mg/m2 -1 d）or CBV (BCNU total dose 300 mg/m2 -6 d; Etoposide total dose 800 mg/m2 -5 d to -2 d; cyclophosphamide total dose 5 g/m2 iv drip -5 d to -2 d); (4) prevention of GVHD was done with cyclosporine A (60 mg/d); mycophenolate mofetil (1 g/d); Methotrexate 15 mg/m2 (+ 1 d), or 10 mg/m2 (+3, 6 and 11 d); and (5) patients receiving non-sibling allogeneic hematopoietic stem cell transplantation were treated with ATG (2.5 mg/kg per day × 3 to 4 d).
Allo-HSCT procedures
Patients with AML were initially treated with anthracyclines and Ara-C at a standard dose for induced chemotherapy. When complete remission was achieved, chemotherapy was consolidated with the original protocol or two courses of Ara-C at a large dose (3 g/m2 q12h d1.3.5). Allo-HSCT was performed after this. Patients with ALL were initially treated with VDLP protocol for induced chemotherapy. When complete remission was achieved, chemotherapy was consolidated with the original protocol, or anthracyclines in combination with Ara-C at a standard dose, or two courses of the Hyper CVAD protocol. Allo-HSCT was performed after this. Patients with aplastic anemia received sibling allo-HCST soon after diagnosis. 
Laboratory investigations, therapeutic regimens and monitoring 

Serum immune markers for hepatitis B were detected and quantitated using enzyme-linked immunosorbent assay (ELISA) kits (Shanghai Rongsheng Biotech Co., Ltd) according to the manufacturer’s instructions. HBV DNA was quantitated using a PCR kit with a 100 IU/mL detection limit (Shenzhen Daji Biotech Co., Ltd). 

Based on the presence of serum markers, patients in HBsAg-positive group and those in the HBcAb-positive group were treated with nucleoside analogues (entecavir 0.5 mg qd). HSCT was performed when the HBV DNA was lower than 103 IU/mL. Antiviral therapy was continued after transplantation for a period of 1 year after discontinuation of immunosuppressive therapy. After transplantation, evaluation of liver function, quantitation of serum markers for hepatitis B and quantitation of HBV DNA was done once monthly for 6 years, once every 3 mo after that for 2 years when abnormalities were absent, and thereafter once every 6 mo when there were no abnormalities. 
HBV reactivation, presence of hepatic VOD, GVHD, and liver failure were diagnosed as previously described17-20


[ ADDIN EN.CITE ]
. 
Statistical analysis

Continuous variables were presented as mean and standard deviations (SDs). One-way ANOVA analysis was used for group comparisons in variables with normal distribution. Kruskal-Wallis tests were used for group comparisons in variables without normal distribution. The normal distributions were detected by Kolmogorov-Smirnov tests. Categorical variables were presented as counts and percentages. (2 tests or Fisher’s exact tests were used for group comparison among categorical variables. Kaplan-Meier curves with log-rank test were used to evaluate the cumulative survival rates and the differences between the HBsAg(+) group, the HBsAg(-)/HBcAb(+) group, and the non-HBV infected group. Statistical analyses were performed using SPSS software version 17 (SPSS Inc, Chicago, IL, United States). A two-tailed P of < 0.05 was considered significant. The statistical methods of this study were reviewed by biostatistician from MedCom BioStat Inc (Taipei, Taiwan). 
RESULTS
Baseline characteristics of subjects between groups
Of the 162 subjects included in this study, 105 were not infected with HBV, 32 subjects were HBsAg(-)/HBcAb(+), and 25 subjects were HBsAg(+) (Figure 1). The baseline characteristics of subjects are presented in Table 1. The included patients were aged 12-56 years (median: 32 years). There were no significant differences in gender, age, type of disease and methods of transplantation between the HBsAg(+), HBsAg(-)/HBcAb(+) and non-HBV infected groups.
Complications, death rate, and HBV reactivation in subjects from the different groups
The complications observed in subjects from different groups are presented in Table 2. Of the 41 subjects with chronic GVHD in the non-HBV infected group, 29 subjects exhibited extensive involvement and 12 exhibited focal involvement. Of the 13 subjects with chronic GVHD in the HBsAg(-)/HBcAb(+) group, 10 subjects exhibited extensive involvement and 3 exhibited focal involvement. Of the 10 subjects with chronic GVHD in the HBsAg(+) group, 5 subjects exhibited extensive involvement and 5 exhibited focal involvement. 
A total of 39 subjects in the non-HBV infected group (37.1%), 15 subjects in the HBsAg(-)/HBcAb(+) group (46.9%), and 10 subjects in the HBsAg(+) group (40%) had acute GVHD. Two subjects (5.1%) in the non-HBV infected group, 3 subjects (20%) in the HBsAg(-)/HBcAb(+) group, and 2 subjects (20%) in the HBsAg(+) group had level I GVHD. Nineteen subjects (48.7%) in the non-HBV infected group, 2 subjects (13.3%) in the HBsAg(-)/HBcAb(+) group, and 2 subjects (20%) in the HBsAg(+) group had level II GVHD. Sixteen subjects (41%) in the non-HBV infected group, 7 subjects (46.7%) in HBsAg(-)/HBcAb(+) group, and 4 subjects (40%) in HBsAg(+) group had level III GVHD. Two subjects (5.1%) in the non-HBV infected group, 3 subjects (20%) in the HBsAg(-)/HBcAb(+) group, and 2 subjects (20%) in the HBsAg(+) group had level IV GVHD. Twenty seven subjects (25.7%) in the non-HBV infected group, 6 subjects (18.7%) in the HBsAg(-)/HBcAb(+) group, and 7 (28%) subjects in the HBsAg(+) group had drug-induced liver injury. Thirty four subjects (82.9%) in the non-HBV infected group, 11 subjects (68.7%) in the HBsAg(-)/HBcAb(+) group, and 9 (90%) subjects in the HBsAg(+) group had organ injury. There were 39 deaths (37.1%) in the non-HBV infected group, 13 deaths (40.6%) in the HBsAg(-)/HBcAb(+) group, and 13 deaths (52%) in the HBsAg(+) group. Only 1 patient in the HBcAb-positive group died of GVHD (liver involvement). The cause of death in the remaining patients was unrelated to liver failure.
In the HBV-infected group, 1 patient who was HBsAg-positive received antiviral therapy with entecavir after the initial diagnosis, and antiviral therapy was discontinued 2 mo after discontinuation of immunosuppressive therapy. Five months after discontinuation of immunosuppressive therapy, there was an increase in transaminase and bilirubin levels, and HBV-DNA increased to 106 IU/mL. Antiviral therapy was resumed and there was a recovery of liver function. There was no HBV reactivation in any of the remaining patients. There were no significant differences in GVHD, drug-induced liver injury, organ injury, death, time of engraftment of granular cells and time of engraftment of megakaryocytic cells between the three groups (Table 2).
Cumulative survival rates among groups
The cumulative survival rates in the different groups are presented in Figure 2. There were no statistically significant differences in the post-transplantation cumulative survival rates between the HBsAg(+), HBsAg(-)/HBcAb(+), and non-HBV infected groups (P = 0.516) (Figure 2). 

DISCUSSION 
In this study, we prospectively studied the timing, safety and efficacy of prolonged prophylactic antiviral therapy for HBsAg-positive and HBsAg-negative/antiHBc-positive patients with hematological malignancies who underwent allo-HSCT. Non HBV-infected patients with hematological malignancies were used as controls. Our data showed that HBV patients who received prophylactic antiviral therapy with nucleoside analogues showed no significant differences in the incidence of graft-versus-host disease (GVHD), drug-induced liver injury, organ injury, death, or survival time compared to the non-HBV control group. We also showed that using prophylactic antiviral therapy to lower the HBV DNA load to < 103 IU/mL before transplantation improved the safety and efficacy of allo-HSCT by suppressing HBV reactivation. 
In the present study, 16.4% of our study patients were HBsAg-positive. These data were consistent with other recent reports21


[ ADDIN EN.CITE ,22]
. Serial evaluations of anti-HBs levels and HBV DNA are necessary to accurately determine the occurrence of reverse seroconversion and HBV reactivation23


[ ADDIN EN.CITE ]
. The incidence of HBV reactivation in patients receiving HSCT has been shown to range from 21%-53%17


[ ADDIN EN.CITE ,24]
, and HBV reactivation-related mortality ranged from 5%-40%25


[ ADDIN EN.CITE ,26]
. It was previously reported that HBV-exposed recipients who were HBsAg-negative pre-transplant did not show HBV reactivation after stopping prophylactic lamivudine treatment, while one HBV-carrier recipient had HBV reactivation and fulminant liver failure after stopping lamivudine prophylaxis as late as 31 mo post-transplant27


[ ADDIN EN.CITE ]
. Prophylactic antiviral therapy remains controversial for this population of patients with prior HBV exposure who are considered cured25[]
.
The major challenges to treating patients who undergo HBV reactivation after HSCT are (1) high viral loads; (2) immunosuppressed status of the recipient; (3) comorbidities; and (4) risk of generating drug-resistant variants. Although The Standard Practice Manual for HSCT (Seattle) recommends prophylactic antiviral therapy with lamivudine in HBsAg-positive patients receiving allo-HSCT28[]
, the duration of antiviral therapy is not defined. The Queen Mary Hospital in Hong Kong recommends continuation of prophylactic antiviral therapy after transplantation for at least 12 mo after discontinuation of immunosuppressive therapy in HBsAg-positive patients, and the duration of antiviral therapy for patients with a high load of HBV DNA may be longer29[]
. Prolonged prophylactic antiviral therapy is especially important in the light of recent reports of delayed immune recovery in HSCT recipients30


[ ADDIN EN.CITE ]
, and a case report of HBV reactivation 9 mo after discontinuation of lamivudine treatment in an NHL patient who underwent allo-HSCT16


[ ADDIN EN.CITE ]
. A recent study reported that prolonged prophylactic treatment with entecavir in HBsAg-positive patients or prolonged preemptive treatment with entecavir in HBV-resolved patients prevented HBV reactivation associated with immunosuppression in patients with hematological malignancies24[]
. Entecavir treatment was administered for 6 months after the disappearance of HBsAg and HBV DNA from the serum. 

Based on these data, we used antiviral therapy with nucleoside analogues for patients who were HBsAg-positive and those who were HBsAg-negative/HBcAb-positive in this study. HBV can remain in a stable form in the nucleus of affected hepatocytes as covalently closed circular DNA (cccDNA), and the first stage of HBV reactivation which occurs during therapy with potent cytotoxic drugs or with immunosuppressants, is characterized by increased viral replication and elevated levels of serum HBeAg and HBV DNA. In HBsAg negative/HBcAb positive patients with normal immune function, HBV-specific CD8+T cells in the peripheral blood may attack infected hepatocytes via the Fas or perforin pathways, and inhibit viral replication via release of IFN-γ and TNF-a26


[ ADDIN EN.CITE ]
. However, after allo-HSCT, the incidence of recurrence of HBV infection and related mortality are very high, since low levels of autogenous IgG levels may cause an increase in HBsAg levels and recurrence of HBV infection7


[ ADDIN EN.CITE ,31]
. It is important to note that although the incidence of recurrence of HBV infection in these patients is lower than that seen in HBsAg-positive patients, recurrence can lead to fulminant hepatitis which has a high mortality. Rituximab therapy and HSCT are important risk factors of this condition. Previous studies have shown that the incidence of recurrence of HBV infection after HSCT was 10%-20%32-35


[ ADDIN EN.CITE ,22,36]
. A retrospective long-term study reported that the incidence of recurrence of HBV infection after immunosuppression was 9.0%, 21.7% and 42.9% at 1, 2 and 4 years, respectively23


[ ADDIN EN.CITE ]
. The Consensus on the Management of Lymphoma Patients with HBV Infection in China (2013)37[]
 recommends monitoring of hepatitis B immune markers and HBV DNA in patients with good compliance, and initiation of antiviral therapy when HBV DNA is detectable. Prophylactic antiviral therapy before chemotherapy is recommended for patients with poor compliance. Prophylactic antiviral therapy is also recommended for patients with a high risk for recurrence of HBV infection (including those receiving Rituximab therapy or HSCT and those with concomitant hepatic cirrhosis). 
In the present study, only 1 patient developed HBV reactivation (HBsAg-positivity) due to early discontinuation of antiviral therapy, and HBV reactivation (HBV-DNA levels of 106 IU/mL at 5 mo after discontinuation of immunosuppressive therapy) occurred at the stage of immune reconstitution. However, HBV-DNA was < 500 IU/mL in the rest of the patients. Our data were consistent with a previous report showing that prophylactic lamivudine treatment administered for varying periods of time ranging from 24 wk post-transplant until 18 mo after transplant, inhibited HBV reactivation27


[ ADDIN EN.CITE ]
. These data suggested that antiviral therapy should be continued for 1 year after discontinuation of immunosuppressive therapy. However, it is important to note that prolonged lamivudine treatment for HBV reactivation has been shown to be associated with the generation of treatment-resistant variants, while tenofovir and adefovir are thought to negatively impact the renal function of patients30


[ ADDIN EN.CITE ,38-40]
. Our choice of entecavir was based on data showing that entecavir was associated with significantly lower levels of resistance compared to lamivudine40[]
. In this study, entecavir treatment was started at the time of chemotherapy initiation and was stopped at 1 year after discontinuation of immunosuppressive therapy. There was no significant difference in hematopoietic reconstitution, hematopoietic stem cell engraftment status or incidence of GVHD between the non-hepatitis B group (which received no entecavir therapy) and the hepatitis B group, suggesting that entecavir was safe for the transplantation of hematopoietic stem cells in HBV patients. There was also no significant difference in the incidence of drug-induced liver injury, hepatic vein obstruction syndrome and liver involvement of GVHD between the two groups, suggesting the efficacy of entecavir therapy for this group of patients. Our data agreed with an earlier report demonstrating the safety and tolerability of entecavir in HBV patients undergoing HSCT41[]
. 

A high load of HBV DNA (> 105 copies/mL) prior to chemotherapy 6[]
 or HSCT5


[ ADDIN EN.CITE ]
 is an important risk factor for HBV reactivation. In patients receiving chemotherapy, the incidence of recurrence of HBV infection was 37.8% in patients with detectable HBV DNA, and 10.9% in patients with undetectable HBV DNA7


[ ADDIN EN.CITE ]
. However, the exact threshold remains controversial. Three different studies proposed that the threshold of viral load dictating recurrence was 0.5 × 103 IU/mL, 1 × 103 IU/mL and 2 × 104 IU/mL, respectively7


[ ADDIN EN.CITE ,42,43]
. These data suggested that it would be advantageous to use antiviral therapy with nucleos(t)ide analogues to reduce the viral load before transplantation. Quantification of viral DNA is a useful tool to identify patients who should receive antiviral therapy with nucleoside analogues prior to transplantation. In the present study, we defined the threshold of pre-transplantation HBV DNA as 103 IU/mL, and HBV loads and medication compliance of patients with values above this threshold were closely monitored. Our data showed no hepatitis-related liver failure in patients with HBV DNA loads below the threshold value.
This study had several limitations. The factors initiating HBV reactivation were not identified or characterized and this is an important future goal. It is also essential to investigate the optimal course of antiviral therapy. Based on our study, we also could not conclude whether HBV reactivation in elderly patients (> 60 years old) can be also safely prevented with the threshold value of 103 IU/mL). Another limitation of this study was that we did not determine HBV genotypes. In our future studies, we would like to stratify HBV-infected patients based on the type of disease, HBV genotype, severity of GVHD and degree of HBV activity, and to explore individualized antiviral therapeutic strategies. 
In summary, our data demonstrated that prolonged prophylactic antiviral therapy to lower the HBV DNA load to 103 IU/mL before transplantation, and close monitoring of HBV DNA and immune markers of HBV after transplantation was beneficial in HBsAg-negative antiHBc-positive patients undergoing allo-HSCT. Antiviral therapy administered prior to transplantation was safe and had no influence on hematopoietic reconstitution. It is important to investigate whether the prolonged duration of antiviral therapy could cause resistant variants of HBV. 
COMMENTS

Background

In areas of high hepatitis B virus (HBV) endemicity where almost 15% of the patients receiving hematopoietic stem cell transplantation are HBsAg-positive prior to transplantation, HBV reactivation can significantly impact the post-transplant prognosis. Nucleoside analogs such as lamivudine and entecavir have been used for the treatment of acute and chronic HBV infection, as well as for chemotherapy-induced HBV reactivation. However, the timing, safety and influence of prophylactic antiviral therapy in HBsAg-positive, and in HBsAg-negative/antiHBc-positive HBV patients after allogeneic hematopoietic stem cell transplantation (allo-HSCT) remains unclear. 
Research frontiers

Recent guidelines recommend continuation of prophylactic antiviral therapy after transplantation for at least 12 mo after discontinuation of immunosuppressive therapy in HBsAg-positive patients, and the duration of antiviral therapy for patients with a high load of HBV DNA may be longer. Prolonged prophylactic treatment with entecavir in HBsAg-positive patients or prolonged preemptive treatment with entecavir in HBV-resolved patients prevented HBV reactivation associated with immunosuppression in patients with hematological malignancies. A high load of HBV DNA (> 105 copies/mL) prior to chemotherapy or HSCT is an important risk factor for HBV reactivation. 
Innovations and breakthroughs
We used entecavir therapy for patients who were HBsAg-positive as well as those who were HBsAg-negative/HBcAb-positive. Entecavir treatment was started at the time of chemotherapy initiation and was stopped at 1 year after discontinuation of immunosuppressive therapy. There was no significant difference in hematopoietic reconstitution, hematopoietic stem cell engraftment status or incidence of graft-versus-host disease (GVHD) between the non-hepatitis B group (which received no entecavir therapy) and the hepatitis B group, suggesting that entecavir was safe for the transplantation of hematopoietic stem cells in HBV patients. There was also no significant difference in the incidence of drug-induced liver injury, hepatic vein obstruction syndrome and liver involvement of GVHD between the two groups, suggesting the efficacy of entecavir therapy. We defined the threshold of pre-transplantation HBV DNA as 103 IU/mL, and HBV loads and medication compliance of patients with values above this threshold were closely monitored. Our data showed no hepatitis-related liver failure in patients with HBV DNA loads below the threshold value.
Applications 

Prolonged prophylactic antiviral therapy to lower the HBV DNA load to 103 IU/mL before transplantation, and close monitoring of HBV DNA and immune markers of HBV after transplantation was beneficial in HBsAg-negative antiHBc-positive patients undergoing allo-HSCT. 
Terminology

Allogeneic hematopoietic stem cell transplantation is a procedure where allogeneic stem cells are transfused in order to restore hematopoietic function in patients who are immunosuppressed, commonly during chemotherapy. HBV reactivation occurs when intracellular covalently closed circular HBV DNA is not completely eliminated after spontaneous resolution of acute or chronic HBV infection, or after antiviral therapy. 
Peer review

The authors investigated the safety and efficacy of prophylactic antiviral treatment in HBV-infected patients who received allogeneic hematopoietic stem cell transplantation (allo-HSCT). Prevention of HBV reactivation is important in the management of HSCT, and antiviral therapy with nucleoside analogues plays a key role in the clinical practice. In the present study, they defined the threshold of pre-transplantation HBV-DNA as 103 IU/mL and prospectively follow up the clinical courses of the patients. 
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Table 1 Baseline characteristics of subjects in the different groups n (%)
	
	Non-HBV infected
(n = 105)
	HBsAg(-)/HBcAb(+)
(n = 32)
	HBsAg(+)
(n = 25)
	P-value

	Gender
	
	
	
	0.582

	 Male
	69 (65.71)
	22 (68.75)
	14 (56)
	

	 Female
	36 (34.29)
	10 (31.25)
	11 (44)
	

	Age
	31.35 ± 11.88
	32 ± 10.31
	32.48 ± 9.66
	0.887

	Type of disease1
	
	
	
	0.576

	Acute myeloid leukemia
	44 (41.9)
	18 (56.25)
	15 (60)
	

	Acute lymphoblastic leukemia
	30 (28.57)
	6 (18.75)
	6 (24)
	

	Aplastic anemia
	16 (15.24)
	4 (12.5)
	1 (4)
	

	Others
	15 (14.29)
	4 (12.5)
	3 (12)
	

	Methods of transplantation
	
	
	
	0.548

	Sibling
	80 (76.19)
	21(65.63)
	20 (80)
	

	Unrelated 
	21 (20)
	9 (28.13)
	3 (12)
	

	haploidy
	4 (3.81)
	2 (6.25)
	2 (8)
	


1Represented Fisher’s exact tests used. Continuous variables were presented as mean ± standard deviations (SDs) or median (ranges). Categorical variables were presented as counts and percentages.

Table 2 Complications of subjects in the different groups n (%)
	
	Non-HBV infected
(n = 105)
	HBsAg(-)/HBcAb(+)
(n = 32)
	HBsAg(+)
(n = 25)
	P-value

	GVHD
	
	
	
	

	 Acute
	39 (37.14)
	15 (46.88)
	10 (40)
	0.614

	Chronic 
	41(39.05)
	13 (40.63)
	10 (40)
	0.986

	Involvement1
	
	
	
	0.366

	Extensive
	29 (70.73)
	10 (76.92)
	5 (50)
	

	limited
	12 (29.27)
	3 (23.08)
	5 (50)
	

	Grade1
	
	
	
	0.089

	  I
	2 (5.13)
	3 (20)
	2 (20)
	

	  II
	19 (48.72)
	2 (13.33)
	2 (20)
	

	  III
	16 (41.03)
	7 (46.67)
	4 (40)
	

	  IV
	2 (5.13)
	3 (20)
	2 (20)
	

	Drug-induced liver injury
	27 (25.71)
	6 (18.75)
	7 (28)
	0.717

	Organ injury
	34 (82.93)
	11 (68.75)
	9 (90)
	0.372

	Death
	39 (37.14)
	13 (40.63)
	13 (52)
	0.401

	Time of granular cells engraftment (d)
	12 (7-35)
	12 (9-20)
	10 (8-19)
	0.091

	Time of megakaryocytic cells engraftment (d)
	15 (9-50)
	15 (9-49)
	15 (9-48)
	0.880


1Represented Fisher’s exact tests used. GVHD: Graft-versus-host disease.

Figure 1 Flow diagram.
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Figure 2 Cumulative survival rates in the non- hepatitis B virus infection group, HBsAg- positive group and HBsAg-negative/HBcAb positive group after allogeneic hematopoietic stem cell transplantation transplantation.
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