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Abstract

:

Considering a steady increase in the number of allogeneic hematopoietic stem cell transplantations (allo-HSCT) worldwide and the significant proportion of the world’s population that has been exposed to hepatitis B virus (HBV) infection, HBV reactivation following allo-HSCT remains an important issue for post-transplant morbidity and mortality. Antiviral prophylaxis can reduce HBV replication, severity of HBV-related hepatitis, and mortality; therefore, identification of patients at risk is crucial. It is recommended that all recipients and donors should be screened for active or prior HBV infection, including HBsAg, antiHBc, and antiHBs. Adoptive immunity transfer from the donor seems to have protective effects against HBV reactivation. Antiviral prophylaxis should be initiated in all HBsAg-positive patients. HBsAg-negative, antiHBc-positive patients remain at risk; therefore, antiviral prophylaxis should be considered if baseline serum HBV DNA is detectable. In HBsAg-negative, antiHBc-positive patients without detectable HBV DNA, close monitoring of viral load with an on-demand therapy is necessary. Entecavir or tenofovir rather than lamivudine are more appropriate for the emergence of lamivudine resistance. The treatment duration remains unclear, with 6- to 12-month therapy after cessation of immunosuppressive therapy commonly recommended. Here we review the updated evidence and recent recommendations regarding HBV reactivation in patients undergoing allo-HSCT for individualized therapy.
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1. Introduction


Hepatitis B virus (HBV) is a double-stranded DNA virus and is associated with diverse and variable liver diseases in humans ranging from an inactive carrier state to liver cirrhosis and hepatocellular carcinoma. HBV infection is a common disease worldwide; approximately one-third of the world’s population has been exposed to HBV infection, and nearly 350–400 million people are chronically infected by HBV [1]. The prevalence of chronic HBV infection varies widely, ranging from 0.1–20%, with the highest prevalence in sub-Saharan Africa, Southeast Asia, China, and the Pacific islands [1,2]. Infection with HBV is diagnosed by the presence of hepatitis B surface antigen (HBsAg), and in most patients, HBV DNA is also detectable at variable levels. Patients develop antibodies to hepatitis B core antigen (antiHBc) following HBV infection, which persists after clearance of HBsAg and is a marker of current or past HBV infection. Antibodies to hepatitis B surface antigens (antiHBs) are a marker for immunity to HBV and can be present following previous HBV infection or vaccination [3].



The course of HBV infection in humans is determined through the interaction between viral replication and host immune response. The natural history of chronic HBV infection consists of several phases, including immune tolerance, immune clearance, inactive HBV carrier, and HBV reactivation [4,5,6,7]. The immune tolerance phase is characterized by the presence of HBeAg, high HBV DNA level, normal alanine aminotransferase (ALT) level, without evidence of active liver disease. The immune clearance phase is characterized by persistence of hepatitis B e antigen (HBeAg), high or fluctuating HBV DNA level, elevated ALT level, and features of inflammation on liver biopsy. Most patients enter the inactive HBsAg carrier phase, which is characterized by HBeAg seroconversion (absence of HBeAg with presence of antibodies to HBeAg, HBeAb), normal ALT level, and low HBV DNA levels. Then the HBsAg-negative phase may develop, which is characterized by negative HBsAg and positive antiHBc, with or without detectable antiHBs. Patients in this phase have normal ALT values and usually, but not always, undetectable serum HBV DNA. The reactivation phase occurs due to perturbations in the host immune environment, mostly as a result of chemotherapy or immunosuppressive agents, leading to elevation and fluctuation of HBV DNA and ALT level and progressive liver damage on liver biopsy [4,5,6,7].



Allogeneic hematopoietic stem cell transplantation (allo-HSCT) has become the standard curative treatment for many hematological malignancies and non-malignant diseases (e.g., aplastic anemia, hemoglobinopathies, immunodeficiency syndrome). With the improvement of supportive care therapies, conditioning regimens, and donor selection, a steady increase in the number of allo-HSCT treatments worldwide has been observed in the past decades [8,9,10]. Allo-HSCT is an independent risk factor for HBV reactivation in patients with hematological malignancies [11]. Compared with chemotherapy or autologous HSCT, there are several factors that may contribute to an increased risk of HBV reactivation in patients receiving allo-HSCT. These include myeloablative conditioning regimen, graft-versus-host disease (GVHD) prophylaxis strategy (antithymocyte globulin or calcineurin inhibitors), high-dose steroid for GVHD therapy, agents used for chronic GVHD (ruxolitinib, ibrutinib, monoclonal antibodies), and prolonged immune reconstruction following allo-HSCT [12,13]. In places where HBV infection is endemic, the immunosuppressive therapy to HBV-infected patients undergoing allo-HSCT is often associated with a high risk of HBV reactivation, which is sometimes complicated by fulminant hepatic failure leading to mortality. In addition, the adoptive transfer of immunity may happen following allo-HSCT. An HBV-immune/exposed donor has been shown to have a protective role against HBV reactivation following allo-HSCT [14], and clearance of HBsAg has ever been reported after allo-HSCT in patients receiving marrow from antiHBs-positive donors [15].




2. HBV Reactivation


Although the definition of HBV reactivation differs between studies, the diagnosis of HBV reactivation is considered when a patient has serological evidence of HBV, in combination with a detectable HBV DNA level if they were previously negative, a rise in HBV DNA of more than 1 or 2 log10 IU/mL compared with baseline HBV DNA level, or a >10-fold increase of HBV DNA level compared with baseline [3,16,17,18,19]. In HBsAg-positive patients, HBV reactivation was defined as a larger than 1 log rise of HBV DNA, compared with baseline level, or detectable HBV DNA in patients whose HBV DNA was previously undetectable. In resolved HBV-infected patients, the HBV reactivation was defined as a positive result of HBsAg in patients who were previously tested HBsAg negative, or a detectable HBV DNA in patients whose HBV DNA were undetectable before. The “reverse seroconversion” is defined in patients with HBsAg-negative, antiHBc-positive who became HBsAg-positive. The rise of HBV DNA level is usually accompanied by an elevation of ALT level and may occur 2–3 weeks earlier before ALT elevation. In 2018, the American Association for the Study of Liver Diseases (AASLD) recommended new criteria for HBV reactivation. For HBsAg-positive patients, one of the followings should be considered: (1) ≥2 log (100-fold) rise in HBV DNA compared to the baseline level, (2) HBV DNA ≥ 3 log (1000) IU/mL in a patient with previously undetectable HBV DNA, (3) HBV-DNA ≥ 4 log (10,000) IU/mL if the baseline level is not available. For HBsAg-negative, antiHBc-positive patients, the criteria that should be used are (1) detection of HBV DNA, (2) reappearance of HBsAg (reverse seroconversion). The diagnostic criteria of HBV reactivation from different recommendations and guidelines are summarized in Table 1. Although reactivation is more common in HBsAg-positive individuals, the prevalence of individuals undergoing allo-HSCT who are antiHBc-positive is much higher than HBsAg-positive individuals. It should be noticed that even though the risk for reactivation is relatively lower in antiHBc-positive individuals, HBV reactivation may be seen more often clinically in this larger at-risk population, particularly in non-endemic settings. It is also worth noting that individual studies may define reactivation as the development of detectable HBV DNA at any level (e.g., >10 IU/mL) in HBsAg-negative, antiHBc-positive individuals. These differences may lead to significant variability in estimates of the cumulative incidence of HBV reactivation among the HBsAg-positive and HBsAg-negative, antiHBc-positive population.
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Table 1. Diagnostic criteria for HBV reactivation.






Table 1. Diagnostic criteria for HBV reactivation.





	
Baseline HBV Status

	
Definition of HBV Reactivation






	

	
ASCO, 2015 [16]

	
Paul et al., 2016 [20]

	
Loomba et al., 2017 [6]

	
AASLD, 2018 [19]




	
HBsAg-positive patients

	

	

	

	




	
HBsAg-positive/HBV DNA-positive

	
HBV DNA ≥ 1 log rise compared with baseline level

	
HBV DNA ≥ 1 log rise compared with baseline level

	
HBV DNA ≥ 2 log rise compared with baseline level

	
HBV DNA ≥ 2 log rise compared with baseline level




	
HBsAg-positive/HBV DNA-negative

	
HBV DNA negative to positive

	
NA

	
HBV DNA negative to positive

	
HBV DNA ≥ 1000 IU/mL if previously undetectable

HBV DNA ≥ 10,000 IU/mL if baseline not available




	
Resolved HBV infection patients

	

	

	

	




	
HBsAg-negative/antiHBc-positive/HBV DNA-negative

	
HBsAg-negative to HBsAg-positive

or

HBV DNA negative to positive

	
HBsAg-negative to HBsAg-positive

	
HBsAg-negative to HBsAg-positive

or

HBV DNA negative to positive

	
HBsAg-negative to HBsAg-positive

or

HBV -DNA negative to positive




	
HBsAg-negative/antiHBc-positive/HBV DNA-positive

	
HBsAg-negative to HBsAg-positive

	
NA

	
HBsAg-negative to HBsAg-positive

	
HBsAg-negative to HBsAg-positive








Abbreviations: AASLD, American Association for the Study of Liver Diseases; ASCO, American Society of Clinical Oncology; NA, not available.











When HBV enters hepatocytes, the HBV nucleocapsid is imported into the nucleus, where DNA is converted in the form of the covalently closed circular DNA (cccDNA) [21]. The persistence of cccDNA occurs despite active immune response and serologic clearance of HBV (loss of HBsAg and seroconversion to antiHBs). Therefore, the clinical resolution of acute or chronic HBV infection does not eradicate HBV since cccDNA can persist in infected hepatocytes as a reservoir for HBV reactivation and may become a source of HBV reactivation during immunosuppression [22].



HBV reactivation following cytotoxic chemotherapy or immunosuppressive therapy usually consists of three stages. Initially, HBV replication increases due to immunosuppression caused by chemotherapy or immunosuppressive therapy; at that time, the serum HBV DNA level increases and reflects the degree of viral replication and precedes an elevation of ALT level. In the second stage, the function of the immune system is restored after cessation of chemotherapy or immunosuppressive therapy, and the hepatocytes infected by HBV are cleared. This may lead to an increase of ALT and clinical pictures of acute hepatitis due to hepatocellular injury and may lead to severe liver damage and risk of mortality. In some patients, acute hepatitis may not develop due to the lack of immune reconstitution. In the final recovery phase, clinical hepatitis resolves gradually, and serologic markers return to baseline levels [6,9,23,24,25,26].



The risk of HBV reactivation also depends on the potency of immunosuppressive drugs. Anthracycline derivatives have been associated with a higher risk of HBV reactivation [27,28] and were classified as a high risk in HBsAg-positive patients and a moderate risk in HBsAg-negative, antiHBc-positive patients in the American Gastroenterological Association (AGA) guideline [29]. B-cell depleting agents, such as anti-CD20 monoclonal antibodies, including rituximab and ofatumumab, are considered to carry a high risk of HBV reactivation. A meta-analysis and examination of the FDA safety report revealed that rituximab-based therapy showed an increased risk of HBV reactivation compared with those without rituximab [30]. Rituximab and ofatumumab were classified as a high risk both in HBsAg-positive patients and in HBsAg-negative, antiHBc-positive patients in the AGA guideline [29].




3. HBV Serostatus of Donors


The HBV serostatus of the donors also plays a role in HBV reactivation following allo-HSCT. Recipients are at risk of acquiring HBV if allo-HSCT is performed from donors with chronic HBV infection or who have been exposed to HBV. In one early study comparing 18 patients receiving allo-HSCT from HBsAg-positive donors with 18 patients from HBsAg-negative donors at which no prophylaxis was routinely used at that time, eight (44.4%) patients receiving HBsAg-positive donors developed HBV-related hepatitis, including six hepatic failures [31]. A preventive strategy to use lamivudine on donors in the pre-harvest stage was reported among 54 patients receiving allo-HSCT from HBsAg-positive donors, 29 of whom were treated with lamivudine. The HBV-related hepatitis was significantly lower (48% versus 6.9%) in recipients receiving cells from lamivudine-pretreated donors compared with controls [32]. In a large retrospective analysis evaluating the influence of donor/recipient HBV serostatus on allo-HSCT outcomes on 416 recipients from human leukocyte antigen(HLA)-identical related donors, the incidence of treatment-related mortality, survival, GVHD, and hepatic toxicities were similar in 14 HBsAg-positive donors/HBsAg-negative recipients and 28 HBsAg-negative donors/HBsAg-positive recipients receiving antiviral prophylaxis when compared with controls, suggesting that prior exposure to HBV in the donor or recipient is not a contraindication to allo-HSCT [33].



The impact of donor antiHBs status was evaluated in several studies. The adoptive transfer of immunity may happen following allo-HSCT. The clearance of HBsAg has ever been reported after allo-HSCT in patients receiving marrow from antiHBs-positive donors [15]. This is a nearly unique event to HBV and allo-HSCT; besides the very few cases of human immunodeficiency virus that have been cured with allo-HSCT from donors who have specific HLA types, HBV is the only chronic infection that can be cured by transplantation from an immune donor. In a Korean study group, significantly more recipients with resolved HBV infection with antiHBs-negative donors experienced antiHBs loss, and the donor antiHBs showed significant protective effects against the antiHBs loss [34]. In an Italian study group, the risk of HBV reactivation was decreased in the case of an HBV-immune/exposed donor, and the donor immunity was independently associated with a decreased risk of HBV reactivation [14]. In a large retrospective cohort study evaluating 445 allo-HSCT patients with resolved HBV infections, patients with a donor lacking antiHBs was identified as an independent risk factor for HBV reverse seroconversion [35]. These findings imply a mechanism of adaptive immune transfer from the donor and may provide evidence for future donor selection.




4. HBV Reactivation Following Allo-HSCT in HBsAg-Positive Patients


Studies from two retrospective cohorts with historical control revealed that the HBV reactivation rate in HBsAg-positive allo-HSCT recipients was 45% without antiviral prophylaxis [36], and 23% and 2% in HBsAg-positive allo-HSCT recipients receiving lamivudine or entecavir, respectively [37]. In one study evaluating the long-term liver complications in HBsAg-positive patients undergoing allo-HSCT, a 19.5% risk of late hepatitis and a 9.8% risk of liver cirrhosis were reported with a median follow-up of 83 months [38]. In addition, HBsAg-positive patients who have a high baseline HBV DNA level were identified to have a high risk of HBV reactivation following HSCT [39]. Factors that have been reported to be associated with the risk of HBV reactivation following allo-HSCT in HBsAg-positive recipients include the serostatus of the donor, HBVDNA level before allo-HSCT, myeloablative conditioning regimen, GVHD prophylaxis strategy (antithymocyte globulin or calcineurin inhibitors), high dose steroid for GVHD therapy, agents used for chronic GVHD, and prolonged immune reconstruction following allo-HSCT [4,39,40]. The use of fludarabine or rituximab as part of conditioning regimen, or T-cell-depleted allograft using anti-thymocyte globulin or alemtuzumab, are associated with an increased risk of HBV reactivation in the early period after allo-HSCT [4,40]. The presence of chronic GVHD, and the treatment of chronic GVHD, including steroids and other immunosuppressive agents and monoclonal antibodies, is also associated with an increased risk of HBV reactivation.




5. HBV Reactivation Following Allo-HSCT in HBsAg-Negative, AntiHBc-Positive Patients


It is possible that HBV can potentially have a low replication rate after the resolution of acute HBV infection as evidenced by a detectable serum HBV DNA level in HBsAg-negative, antiHBc-positive patients, which is commonly referred to as occult HBV infection [41]. Therefore, a test for serum HBV DNA levels before allo-HSCT in HBsAg-negative, antiHBc-positive patients is recommended for detection of occult HBV infection [25,42]. In patients with occult HBV infection, the risk of HBV reactivation exists following chemotherapy or immunosuppressive therapy or B-cell depleting agents, such as an anti-CD20 monoclonal antibody, as well as allo-HSCT. In addition, the persistence of cccDNA occurs despite serologic clearance of HBV. Therefore, the clinical resolution of acute or chronic HBV infection does not result in the eradication of HBV since cccDNA can persist in infected hepatocytes as a reservoir for HBV reactivation during immunosuppression [22]. Reverse seroconversion, with the appearance of HBsAg, could be found in HBsAg-negative, antiHBc-positive patients following allo-HSCT, and the risk of HBV reactivation increased cumulatively over time.



In one study, which reported an HBV reactivation rate of 19.7% in HBsAg-negative, antiHBc-positive patients following allo-HSCT, the cumulative probability of HBV reactivation at 1, 2, and 4 years following allo-HSCT was 9%, 21.7%, and 42.9%, respectively, with an association with the presence of chronic GVHD [43]. In another retrospective match-controlled study evaluating the outcomes of HBsAg-negative, antiHBc-positive patients receiving allo-HSCT, the cumulative incidence of HBV reactivation was 11.6% at three years without cases of fulminant hepatic failure. No significant differences were observed in HBsAg-negative, antiHBc-positive patients compared with match-controlled patients in terms of overall survival, relapse rate, non-relapse mortality, and incidence of acute GVHD, suggesting that resolved HBV infection is not associated with poor clinical outcomes [44]. In another study evaluating HBsAg-negative, antiHBc-positive patients receiving allo-HSCT, 12% were found to have reverse seroconversion from 7 to 32 months and were associated with HBeAg-positive hepatitis. Chronic onco-hematological diseases (including chronic myeloid leukemia, chronic lymphocytic leukemia, low-grade lymphoma, and multiple myeloma) and long-lasting immunosuppression after allo-HSCT were identified as risk factors for HBsAg seroconversion [45]. In another study evaluating 137 HBsAg-negative, antiHBc-positive patients receiving allo-HSCT, the competing risk analyses revealed a protective role of an HBV-immune/exposed donor and an increased probability of HBV reactivation associated with the length of treatment with cyclosporine and treatment with rituximab [14]. In another study evaluating 62 HBsAg-negative, antiHBc-positive patients receiving allo-HSCT, the 2-year cumulative HBV DNA detectability rate was 40.8% with a median of 44 weeks. Multivariate analysis showed that age >50 years and chronic GVHD were significantly associated with HBV reactivation [46]. Furthermore, in a large retrospective cohort study evaluating 445 allo-HSCT patients with resolved HBV infection, the cumulative incidence of HBV reserve seroconversion at 3-year and 5-year was 8.7% and 10.5%, respectively, at a median 16 months after allo-HSCT. HBV flares developed in 19% of HBV seroconversion, but none experienced hepatic failure. No impact on non-relapse mortality or survival was identified. Patients with a donor lacking antiHBs and the presence of extensive chronic GVHD were identified as independent risk factors for HBV reverse seroconversion, with a 5-year incidence of 24.2% [35]. A close follow-up protocol with periodic serum HBV DNA level monitoring is needed, especially if such patients could not receive antiviral prophylaxis. The HBV reactivation status in HBsAg-negative, antiHBc-positive patients following allo-HSCT are listed in Table 2.
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Table 2. HBV reactivation in patients with HBsAg-negative, antiHBc-positive patients receiving allo-HSCT.






Table 2. HBV reactivation in patients with HBsAg-negative, antiHBc-positive patients receiving allo-HSCT.





	Authors
	Year
	Total Patients
	Number of Patients with HBV Reactivation
	Onset Time after Allo-HSCT (months), Median (range)
	Cumulative Incidence of HBV Reactivation
	Risk Factor Analysis
	Reference





	Hammond et al.
	2009
	61
	12
	17.5 (4.4–47)
	21.7% at 2 years

42.9% at 4 years
	Recipient negative antiHBs

Extensive chronic GVHD
	[43]



	Ramos et al.
	2010
	73
	NR
	NR
	11.6% at 3 years
	NR
	[44]



	Vigano et al.
	2011
	50
	6
	12 (7–32)
	13% at 1year

22% at 5 years
	Chronic hematological disease

Long-lasting immunosuppression
	[45]



	Park et al.
	2011
	114
	3
	27.9 (21–73)
	4.8% at 6 years
	Donor antiHBs
	[34]



	Mikulska et al.
	2014
	137
	14
	19 (9–77)
	9.6% at 3 years

12.2% at 5 years
	HBV-immune/exposed donor (less risk)

Prolonged cyclosporin use

Rituximab treatment
	[14]



	Seto et al.
	2017
	62
	13
	11 (2–25)
	17.7% at 1 year

40.8% at 2 years
	Age ≥ 50 years

Chronic GVHD
	[46]



	Lee et al.
	2019
	385
	50
	19.9 (2.4–75.6)
	2.5% at 1 year

57.9% at 7 years
	Rituximab treatment
	[47]



	Bae et al.
	2019
	69
	18
	14.7 (2.5–60.9)
	11.2% at 1 year

43.0% at 5 years
	NR
	[48]



	Liu et al.
	2019
	445
	21
	16 (8–50)
	8.7% at 3 years

10.5% at 5 years
	Donor lacking antiHBs

Extensive chronic GVHD
	[35]



	Zhang et al.
	2020
	300
	13
	21.5 (4.8–65.2)
	NR
	AntiHBs-negative
	[49]







NR, not reported.












6. Management and Prophylaxis of HBV Reactivation Following Allo-HSCT


Modulation of immunological environment and control of HBV replication are two key factors in the management of HBV reactivation following allo-HSCT. Although some patients may be asymptomatic at the early stage of HBV reactivation, antiviral therapy should be initiated for all patients who develop HBV reactivation to prevent HBV flare-up, since up to 25–50% of patients may develop severe hepatitis and/or hepatic failure [26]. Prophylactic treatment with antiviral agents can be divided into universal prophylaxis, which is carried out in patients with inactive HBV carriers and/or antiHBc-positive, or targeted prophylaxis, which is carried out in patients with the appearance of HBV DNA and/or HBsAg-positive, or on-demand antiviral therapy, which refers to the initiation of therapy after evidence of HBV reactivation [1,16]. Several drugs have been approved for the treatment of HBV infection worldwide, including interferon (IFN) and nucleoside or nucleotide analogues (NAs). These drugs included two IFN formulations (IFN and pegylated IFN), four nucleosides (lamivudine, telbivudine, entecavir, emtricitabine), and two nucleotides (adefovir, tenofovir) [1].



Lamivudine is one of the NAs that has been studied extensively for its prophylactic role in patients with hematological malignancies receiving chemotherapy or immunosuppressive agents [50,51]. The development of resistance following prolonged lamivudine treatment is clinically important, which is associated with mutations in the YMDD motif of the HBV DNA polymerase gene [42]. In one retrospective study comparing lamivudine and entecavir in 216 HBsAg-positive patients receiving allo-HSCT, the cumulative incidence rates of HBV reactivation at 6, 12, and 24 months following transplantation were 3.0%, 7.0%, and 24.0% in the lamivudine group and 0%, 0%, and 2.0% in the entecavir group, respectively. Mutations leading to drug resistance were detected in 25 patients in the lamivudine group and in only one patient in the entecavir group [37]. In one meta-analysis evaluating the efficacy of antiviral agents against HBV reactivation in allo-HSCT patients, the HBV reactivation rate was 1.9% in patients receiving entecavir and 11.5% in patients receiving lamivudine. Therefore, if prolonged antiviral therapy is expected in patients receiving chemotherapy or B-cell-deleting agents such as an anti-CD20 monoclonal antibody, or immunosuppressive agents for more than 12 months, it is appropriate to avoid lamivudine and to use other NAs with a lower incidence of resistance, such as entecavir or tenofovir [18,19,52]. Considering the high risk of HBV reactivation with prolonged immunosuppressive agents following allo-HSCT, a choice of entecavir or tenofovir is more appropriate rather than lamivudine for its potent inhibition and a high genetic barrier to resistance [18,19,53].



HBsAg-negative, anti-HBc-positive patients had a high rate of HBV reactivation after allo-HSCT, but universal prophylaxis with antiviral agents in HBsAg-negative, antiHBc-positive patients undergoing allo-HSCT remains controversial. In one study investigating the safety and efficacy of entecavir prophylaxis in 57 HBV-infected patients (25 HBsAg-positive, 32 HBsAg-negative/antiHBc-positive) undergoing allo-HSCT, with an intervention to suppress HBV DNA to less than 1000 IU/mL before allo-HSCT and continued antiviral treatment for one year after discontinuation of immunosuppressive therapy, no significant difference was found in HBsAg-positive and HBsAg-negative/antiHBc-positive groups in comparison with the control group in terms of acute or chronic GVHD, drug-induced liver injury, and survival [54]. In one study evaluating 62 HBsAg-negative, antiHBs-positive allo-HSCT patients with frequent HBV DNA monitoring every four weeks up to week 104, the 2-year cumulative HBV DNA detectability rate was 40.8% at a median of 44 weeks. Entecavir at the time of HBV reactivation successfully suppressed HBV DNA to undetectable levels without developing biochemical hepatitis. Patients < 50 years old and without chronic GVHD, compared with the remaining patient cohort, had a significantly lower 2-year cumulative HBV reactivation rate (5.6% versus 65.0%) [46]. The antiviral prophylaxis in selected high-risk patients may be considered if frequent HBV DNA monitoring is not feasible, and further studies are warranted in these groups of patients.



The treatment duration is not well-established in patients undergoing allo-HSCT; however, long-term antiviral treatment may be necessary since patients usually take chronic immunosuppressive medications [12,29,55]. Considering the emergence of lamivudine resistance following prolonged use, entecavir or tenofovir are more appropriate rather than lamivudine as antiviral prophylaxis in the allo-HSCT setting. Furthermore, immune reconstruction-mediated withdrawal hepatitis may occur if antiviral agents were withdrawn together with the cessation of immunosuppressant drugs; the antiviral therapy should be continued for a longer period after the cessation of immunosuppressant drugs [56]. The treatment durations recommended from different guidelines are listed in Table 3.
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Table 3. Current recommendations for HBsAg-positive and AntiHBc-positive patients receiving allo-HSCT.






Table 3. Current recommendations for HBsAg-positive and AntiHBc-positive patients receiving allo-HSCT.














	
	ASCO, 2015 [16]
	EASL, 2017 [18]
	ESCMID,2017 [57]
	AASLD, 2018 [19]
	ASCO, 2020 [58]
	APASL, 2021 [59]





	Screen
	HBsAg, antiHBc

Classified as high risk
	HBsAg, antiHBs, antiHBc

Classified as high risk
	HBsAg, antiHBs, antiHBc
	HBsAg, antiHBc
	HBsAg, antiHBs, antiHBc

Classified as high risk
	HBsAg, antiHBs, antiHBc

Classified as high risk



	Strategy
	Prophylaxis for HBsAg-positive and high-risk HBsAg-negative, Preemptive for low-risk HBsAg-negative
	Prophylaxis
	Prophylaxis for HBsAg-positive, Prophylaxis for resolved HBV infection
	Prophylaxis for HBsAg-positive, Prophylaxis or preemptive for HBsAg-negative/ antiHBc-positive
	Start antiviral therapy for HBsAg-positive and HBsAg-negative/ antiHBc-positive
	Prophlaxis for HBsAg-positive and HBsAg-negative/ antiHBc-positive



	Antiviral drugs
	ETV or TDF
	ETV, TDF,

or TAF
	ETV, LAM for HBsAg-positive

LAM for resolved HBV infection
	ETV, TDF,

or TAF
	ETV, TDF,

or TAF
	ETV, TDF,

or TAF



	Treatment duration
	Up to 12 months after cessation of therapy
	18 months after stopping immunosuppression
	At least 1 year for HBsAg-positive

LAM for at least 18 months for resolved HBV infection
	Continued at least 12 months after completion of immunosuppressive therapy
	Minimum 12 months after anticancer therapy completion
	6 months after completion of immunosuppressive therapy







Abbreviations: 3TC, lamivudine; AASLD, American Association for the Study of Liver Diseases; APASL, Asian-Pacific Association for the study of the liver, ASCO, American Society of Clinical Oncology; EASL, European Association for the Study of the Liver; ESCMID, European Society of Clinical Microbiology and Infectious Diseases, ETV, entecavir; HSCT, hematopoietic stem cell transplantation; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.












7. HBV Vaccination Issues


In European Conference on Infections in Leukemia (ECIL)-7 guideline suggestions for vaccination of allo-HSCT patients, all patients who were HBV-negative at screening or who were vaccinated before HSCT but had a loss of protective immunity six months after HSCT, should undergo HBV vaccination 6–12 months after HSCT with regular antiHBs titer monitoring [60]. In patients with resolved HBV infection, the effectiveness of HBV vaccination to prevent HBV reactivation after allo-HSCT remain unclear. In an early study, antiviral drugs and HBV vaccination after allo-HSCT might prevent reverse seroconversion [61]. In one study enrolling 21 resolved HBV infection allo-HSCT patients, a standard 3-dose regimen of HBV vaccination was arranged after discontinuation of immunosuppressants. Nine tested positive for antiHBs, but none of the 21 patients developed reverse seroconversion [62]. However, in a following prospective study containing 27 resolved HBV infection patients receiving three doses of HBV vaccine 12 months after allo-HSCT [63], 10 tested positive for antiHBs, but the 2-year cumulative incidence of HBV reactivation was 27.3%, which did not show the protective effect in minimizing HBV reactivation. In one study evaluating 118 pediatric and young adult HSCT patients, the antiHBs rate following three doses of HBV vaccination after HSCT was 82% [64]. Another prospective study evaluating 106 patients receiving a lower dose of HBV vaccination (10mg/dose) schedule (three doses one month apart, booster dose 1 year later) six months after allo-HSCT, the proportion of antiHBs titer more than 100 mUI/mL was 64.6% at six months and 56.8% at two years after vaccine initiation [65]. In addition, the vaccination of donors for HBV-positive recipients is suggested with the goal that the adaptive immune response from the vaccinated donor could protect patients from HBV reactivation [66].




8. Updated Guideline Recommendations


Currently, there are several practice guidelines recommended by different societies to assist physicians in managing patients receiving allo-HSCT with hepatitis B infection, including the American Society of Clinical Oncology (ASCO) [16,59], American Association for the Study of Liver Disease (AASLD) [19], European Association for the Study Liver (EASL) [18], European Society of Clinical Microbiology and Infectious Diseases (ESCMID) [57], and the Asian-Pacific Association for the study of the liver (APASL) [59]. All guidelines advise screening of HBsAg and antiHBc before allo-HSCT. HBV DNA was suggested in HBsAg-positive patients or in the HBsAg-negative/antiHBc-positive condition in several guidelines. AntiHBs are recommended in several guidelines. In HBsAg-positive patients, all guidelines recommend starting antiviral therapy. In HBsAg-negative, antiHBc-positive patients, some minor discrepancies exist between recommendations regarding the prophylaxis or preemptive strategy. The choice of antiviral agents mainly focuses on entecavir and tenofovir. The treatment duration remains uncertain but is usually more than 12 months. The recommendations are summarized in Table 3.




9. Conclusions


HBV reactivation following allo-HSCT is a serious but potentially preventable disease with appropriate treatment; therefore, the identification of patients that are at risk is essential. Antiviral prophylaxis can reduce HBV replication, severity of HBV-related hepatitis, and mortality. It is recommended that all recipients and donors should be screened for active or prior HBV infection, including HBsAg, antiHBc, and antiHBs. Adoptive immunity transfer from the donor seems to have protective effects against HBV-reactivation. The type of allograft, GVHD prophylaxis strategy, long-term immunosuppressive agents, novel therapies such as ibrutinib, ruxolitinib, or monoclonal antibodies may have a potential risk of HBV reactivation and further studies are warranted. HBsAg-positive patients, especially with high HBV DNA levels, have the highest risk of HBV reactivation following allo-HSCT; therefore, antiviral prophylaxis should be initiated in all HBsAg-positive recipients, followed by close monitoring of serum HBV DNA and ALT levels. The benefit of delaying allo-HSCT until a lower HBV DNA level must be weighted with the risk of progression of underlying disease. HBsAg-negative, antiHBc-positive patients remain at risk of HBV reactivation following allo-HSCT; therefore, antiviral prophylaxis should be considered in patients with detectable HBV DNA. For HBsAg-negative, antiHBc-positive patients without detectable HBV DNA, close monitoring of HBV DNA and ALT levels are necessary, and NAs should be initiated if confirmation of HBV reactivation is received. Entecavir or tenofovir rather than lamivudine are more appropriate for antiviral prophylaxis due to the emergence of lamivudine resistance. The treatment duration in the allo-HSCT setting remains unclear, but 6 to 12 months after cessation of immunosuppressive therapy is generally recommended in patients at risk.
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