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Abstract

Hepatitis B reactivation associated with immune suppressive and biological therapies is emerging 

to be an important cause of morbidity and mortality in patients with current or prior exposure to 

hepatitis B virus infection. The population at risk for HBV reactivation includes those who are 

either currently infected with HBV or have past exposure to HBV. Since curative and eradicative 

therapy for HBV is not currently available, there is a large reservoir of individuals at risk for HBV 

reactivation in the general population. HBV reactivation with its potential consequences is 

particularly a concern when these people are exposed to either cancer chemotherapy, 

immunosuppressive or biologic therapies for the management of rheumatologic conditions, 

malignancies, inflammatory bowel disease, dermatologic conditions, or solid organ or bone 

marrow transplantation. With the advent of newer and emerging forms of targeted biologic 

therapies, it has become important to understand the mechanisms whereby certain therapies are 

more prone to HBV reactivation. The aim of this review is to provide a comprehensive update on 

the current concepts, risk factors, molecular mechanisms, prevention and management of hepatitis 

B reactivation. In addition, we provide recommendations for future research in this area.
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Introduction

It is estimated that approximately one in every third individual in this world may have been 

exposed to hepatitis B virus infection (HBV)1, 2. Furthermore, HBV is one of the leading 

causes of chronic liver disease and hepatocellular carcinoma worldwide. Based upon recent 

estimates, approximately 350 million people worldwide suffer from chronic hepatitis B 

infection (CHB). In the United States, as many as 2.2 million Americans are estimated to 

have CHB2. However, only a minority of these individuals know that they have CHB and 

receive medical care and treatment for CHB. The majority of infected patients are either 

unaware that they have chronic HBV infection, have been exposed to HBV or have risk 

factors for acquiring HBV infection. Therefore, the risk and consequences of hepatitis B 

reactivation is significantly increased when these HBV-infected individuals who are exposed 

to either immunosuppressive therapy or cancer chemotherapy.

The population at risk for HBV reactivation includes those who are either currently infected 

with HBV or have past exposure to HBV3. Since curative and eradicative therapy for HBV is 

not currently available, there is a large reservoir of individuals at risk for HBV reactivation 

in the general population. HBV reactivation with its potential consequences is particularly a 

concern when these people are exposed to either cancer chemotherapy, immunosuppressive 

or biologic therapies for the management of rheumatologic conditions, malignancies, 

inflammatory bowel disease, dermatologic conditions, or solid organ or bone marrow 

transplantation4. With the advent of newer and emerging forms of targeted biologic 

therapies, it has become important to understand the mechanisms that make certain therapies 

more prone to HBV reactivation5, 6.

In this review, we will discuss the epidemiology, virology and management of HBV 

reactivation in the setting of immune suppressive and biological modifier therapy. Due to 

space constraints, we will not be covering the risk of HBV reactivation after bone marrow 

transplant or solid organ transplant and refer the readers to other reviews on the topic3, 6–10.

Epidemiology

In the United States, HBV reactivation related acute liver failure is being increasingly 

recognized and has emerged to be an important and preventable cause of acute liver failure4. 

HBV reactivation is defined as a sudden and rapid increase in HBV DNA level by at least a 

100-fold in those with previously detectable HBV DNA or reappearance of HBV DNA 

viremia in individuals who did not have viremia prior to the initiation of immune 

suppressive or biological modifier therapy or cancer chemotherapy.

The HBV reactivation may be classified into two broad categories based upon baseline 

virologic profile: 1) HBV reactivation in those who are positive for hepatitis B surface 

antigen (HBsAg) in the serum with or without detectable HBV DNA viremia in the blood.

2) Reverse seroconversion is defined as reappearance of HBsAg and HBV DNA in 

individuals who are initially negative for HBsAg and HBV DNA in the serum prior to 

immunosuppression and then become positive after exposure to immunosuppressive 

therapies.
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The natural history of HBV reactivation may be classified into the following stages (Figure 

1.)

1. Increased in viral replication from baseline: After initial exposure to 

immunosuppressive therapies, viral replication may abruptly increase and 

continue to rise. Early into this phase the patient may still be asymptomatic. 

Many patients may not go on to develop HBV reactivation related hepatitis, 

which is described below and defined as an increase in ALT or AST to ≥3 X 

baseline values.

2. Increase in serum ALT and AST: Approximately within a few weeks (or in some 

cases days) of a rise in HBV DNA levels, serum alanine and aspartate 

aminotransferases start rising. This stage is also classified as HBV-reactivation 

related hepatitis or a hepatic flare. Typically, serum ALT and AST may rise 

between 5–10 times ULN or baseline levels. The majority of patients may remain 

asymptomatic but a small number of patients experiencing a more severe flare of 

hepatitis may experience constitutional symptoms, right upper quadrant 

tenderness and jaundice.

3. Spontaneous or on-treatment improvement/resolution: The next phase in the 

natural history in some patients is spontaneous improvement in the flare of serum 

ALT and AST in most cases due to completion of the course of the 

immunosuppressive therapy or cycle of cancer chemotherapy. In some cases, 

HBV reactivation is recognized and start of anti-viral therapy may also lead to 

resolution of the flare of hepatitis and then reduction in serum HBV DNA levels.

4. Acute liver failure/persistent liver injury: A small minority of patients may 

continue to have a progressive decline in the synthetic function of the liver 

leading to worsening serum bilirubin levels, prolongation of the prothrombin 

time and may develop acute liver failure with other features of hepatic 

decompensation such as ascites, altered sensorium, and sequelae of portal 

hypertension. Some of these individuals may need a liver transplant if they are 

candidates despite initiation of anti-viral therapy. If unrecognized or untreated, 

these individuals have a high risk of death from liver failure.

5. Resolution with immune recovery: The majority of individuals will recover from 

HBV reactivation with the initiation of anti-viral therapy or with the cessation of 

immunosuppressive therapy that led to the HBV reactivation.

These stages do not necessarily follow each other as outlined above. Many individuals may 

only develop transient increased HBV viremia with or without ALT elevation, but do not 

exhibit any clinical consequences. The mechanism by which individuals exhibit varying 

severity of HBV reactivation is unclear and this variability in severity of HBV reactivation 

probably relates to both host and viral factors as described below.

Onset of HBV Reactivation

The timing of onset of HBV reactivation can be variable depending upon the host status, 

underlying disease and the type of immunosuppressive therapies. It may occur as early as 
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within the first 2 weeks of onset of chemotherapy or up to a year after the cessation of 

immunosuppression. Understanding the risk factors and mechanisms that cause HBV 

reactivation help understand and quantify the magnitude of the risk of HBV reactivation and 

its consequences.

Risk factors of HBV Reactivation

The key risk factors for reactivation can be broadly classified into three categories: 1) host 

factors, 2) virologic factors and 3) type and degree of immunosuppression. Host factors 

include male sex, older age, presence of cirrhosis, type of disease needing 

immunosuppression e.g. lymphoma11, 12. The virologic factors associated with increased 

risk of reactivation include high baseline HBV DNA, HBeAg positivity, and chronic 

hepatitis B13–15. HBV genotype has been increasingly linked to treatment response, disease 

severity and progression16, 17 While its association with HBV reactivation is unknown, a few 

small studies have suggested infection with non-A genotype may be more prone to 

reactivation17–19. The prevalence of HBV genotypes has a variable and divergent worldwide 

distribution. Thus the association of HBV genotypes with HBV reactivation will be an 

important question to address. Co-infection of HBV with HCV, hepatitis D virus (HDV) or 

human immunodeficiency virus infection presents an unusual setting for potential HBV 

reactivation. Treatment of co-infected patients with antivirals directed at the virus, such as 

direct-acting antivirals for HCV, lonafarnib for HDV, and non-B antiretroviral therapy for 

HIV can result in HBV reactivation 20–22. These host and virologic factors are important 

considerations that may further increase the likelihood of HBV reactivation. Therefore, the 

assessment of host as well as virologic risk factors should be important caveats to help 

decide whether to initiate prophylactic therapy before initiating immunosuppression.

The risk of reactivation can be broadly divided into high risk (if the rate of HBV 

reactivation is ≥10 %), moderate risk (if the risk of reactivation is between 1–10%), and 

low risk (if the risk of reactivation is < 1%) based upon type of immunosuppressive therapy 

stratified by presence of HBsAg or absence of HBsAg but positive for anti-hepatitis B core 

antibody (HBsAg-negative and anti-HBc-positive with or without anti-HBs).

Routine HBV screening is recommended by HBsAg and anti-HBC testing among all 

patients who are at risk of HBV reactivation16. Prophylactic therapy with potent oral anti-

HBV therapies is strongly recommended for patients at a high or medium risk of reactivation 

(see below in the section on the regimen for prophylaxis). For patients at a low risk of 

reactivation, either preemptive therapy or watchful monitoring is recommended. Table 1 

provides a list of therapies stratified by their risk of reactivation. Among those who are 

HBsAg-negative and anti-HBc positive patients, the evidence for risk of HBV reactivation 

and preemptive therapy is considerably controversial in many situations. In general, this risk 

for HBV reactivation is much lower in the HBsAg-negative and anti-HBc positive patients 

than the HBsAg-positive patients. The greatest risk of reactivation that mandates preemptive 

therapy is the use of B cell depleting therapies, or in the setting of bone marrow transplant or 

solid organ transplantation. In most other scenarios in patients who are HBsAg-negative and 

anti-HBc positive, watchful monitoring may be a reasonable choice.
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Among patients who are HBsAg-positive, the following therapies are at a high risk of 

reactivation (incidence rate of HBV reactivation of 10% or higher).

1. B-cell depleting therapies such as rituximab and ofatumumab have significantly 

increased risk of reactivation in both HBsAg-positive as well as in HBsAg-

negative and anti-HBc positive patients23, 24. This class of drugs are most 

notorious for causing severe HBV reactivation, and can lead to increased risk of 

HBV-reactivation related liver failure and liver related mortality if HBV 

reactivation is not promptly recognized and treated24. Patients with Non-

Hodgkin Lymphoma are routinely prescribed rituximab and have extremely high 

rates of reactivation due to host as well as immunosuppression related factors. 

Rituximab is also being used for the treatment of several rheumatologic 

conditions such as rheumatoid arthritis, and vasculitides. Food and Drug 

Adminstration has recently placed a black-box warning for rituximab to increase 

awareness regarding HBV reactivation in patients exposed to rituximab5.

2. Anthracycline derivatives such as doxorubicin and epirubicin are also associated 

with a high risk of reactivation25, 26. Patients with hepatocellular carcinoma and 

hepatitis B undergoing transarterial chemoembolization (TACE) therapy are a 

particular concern.

3. Chronic prednisone therapy either medium dose (10–20 mg orally daily) or high 

dose (> 20 mg orally daily) for more than 4 week duration increases the 

likelihood of HBV reactivation into a high risk of reactivation9.

4. Patients receiving cancer chemotherapy for lymphomas, acute myeloid 

leukemias, and chemotherapy for breast cancer, pancreatic cancer, lung cancer, 

may end up receiving either above therapies or high-dose pulse steroids and 

should be considered at a high risk of reactivation and received screening and 

anti-viral prophylaxis for the prevention of HBV reactivation11, 25.

5. Tumor necrosis factor-alpha (TNF-α) inhibitors such as infliximab, adalimumab, 

certolizumab, have a high risk (ranges between 12%–39%) of HBV reactivation 

in HBsAg-positive patients27, 28. The risk is higher with infliximab (a more 

potent TNF-α blocker) than etanercept (much lower risk, approximately 1–5%). 

These therapies are commonly utilized in the treatment of inflammatory bowel 

disease (IBD), rheumatologic conditions such as rheumatoid arthritis.

Treatment with a moderate risk of reactivation (incidence rate of HBV reactivation of 1–

10%):

1. Systemic chemotherapy other than the situation described above.

2. Less potent TNF-α inhibitors such as etanercept have a moderate risk 

(approximately 1–5%) of HBV reactivation in HBsAg-positive patients and even 

lower in HBsAg-negative and anti-HBc-positive patients28–33.

3. Cytokine or integrin inhibitors such as abatacept, ustekinumab, mogamulizumab, 

natalizumab, vedolizumab have been associated with moderate risk of 

reactivation in patients who are HBsAg-positive34, 35. These therapies are being 
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commonly utilized in the management of IBD and rheumatologic as well as 

dermatologic conditions.

4. Tyrosine kinase inhibitors such as imatinib, nilotinib, have been associated with 

moderate risk of HBV reactivation in both HBsAg positive as well as in HBsAg-

negative and anti-HBc positive patients36–38. These therapies are commonly 

utilized in the treatment of chronic myeloid leukemia, and gastrointestinal 

stromal tumors among others.

5. Bortezomib is commonly used for the treatment of multiple myeloma and has 

been linked to an increased risk of HBV reactivation39, 40.

6. Histone deacetylase inhibitors (HDIs) such as romidepsin are used in the 

treatment of T-cell lymphomas and have been associated with reactivation of 

DNA viruses including HBV41. The risk of reactivation appears to be moderate 

with this class of agents.

7. Low-dose corticosteroid therapies such as prednisone 10 mg orally daily over 4 

weeks may increase the risk of reactivation up to 10% in HBsAg-positive 

individuals10. Rarely, patients receiving steroids for Bell’s palsy may also be at 

risk of HBV reactivation. Therefore, these individuals require careful monitoring.

8. Medium-dose corticosteroids such as prednisone 10–20 mg orally daily may 

increase the risk of reverse seroconversion in HBsAg-negative and anti-HBc-

positive individuals. Therefore, these individuals require careful monitoring.

9. Anthracycline inhibitors such as doxorubicin and epirubicin may moderately 

increase the risk of reactivation in HBsAg-negative and anti-HBc-positive 

individuals but the overall risk appears to be probably lower than what has been 

previously reported14, 42.

10. There is evidence that immunophilin inhibitors such as cyclosporine, tacrolimus 

may also increase the risk of HBV reactivation43. Based upon their 

immunosuppressive potential, we expect that it would amount to a moderate risk 

of reactivation for HBV and therefore, anti-HBV prophylaxis may be considered 

in this patient population until more definitive evidence becomes available.

Treatment with a low risk of reactivation (incidence rate of HBV reactivation of <1%): 

individuals undergoing these treatments could be monitored without a need for prophylaxis 

as the risk of reactivation is low.

1. Patients receiving methotrexate, azathioprine or 6-mercaptopurine based 

therapies are at a low risk of HBV reactivation9.

2. Patients receiving intra-articular steroid injections or those receiving a low dose 

of prednisone < 10 mg orally daily9.

Immune checkpoint inhibitors such as anti-PD-L1 (e.g. nivolumab) and anti-CTLA4 (e.g. 

ipilimumab) have been used increasingly in treating various cancers 44. The question 

regarding whether this category of biologics may predispose to HBV reactivation has been 

raised. Based on their mechanism of action – activating immune response, HBV reactivation 
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is unlikely and has not been reported. On the other hand, because of the concern about 

immune activation leading to severe exacerbation of hepatitis B, anti-HBV prophylaxis has 

been recommended for HBV-infected patients undergoing this type of therapy if they are not 

on treatment already.

Among patients who are HBsAg-negative and anti-HBc positive, we have tried to stratify the 

immunosuppressive therapies by the risk of reactivation (Table 1.). The greatest risk of HBV 

reactivation in these settings lie with B-cell depleting therapies such as rituximab, 

ofatumumab, ustekinumab, natalizumab, alemtuzumab, and ibritumomab (Table 1), We 

recommend pre-emptive therapy for prevention of HBV reactivation in this patient 

population. For these patients who are exposed to therapies that have a medium risk of 

reactivation, the data are sparse to exactly quantify the risk of reactivation. Therefore, 

monitoring with HBV DNA or HBsAg and ALT may be considered rather than routine pre-

emptive therapy on a case-by-case basis depending upon the co-morbid conditions, the 

prevalence of anti-HBc positivity in the population, and resources available to health care 

system (Table 1.). In patients receiving immunosuppressive therapies with a low risk of 

reactivation, anti-HBV therapy is not needed, and monitoring is also not mandatory.

Mechanisms of HBV Reactivation

The molecular biology of HBV, its replication and mechanisms of immune control have 

been studied in great detail and the readers are referred to several recent reviews for a more 

comprehensive discussion of the topics 2, 45. In brief, HBV can efficiently infect a host and 

leads to acute infection in a large majority of exposed individuals. The virus gains entry into 

hepatocytes by interacting with a series of host factors, with the sodium-taurocholate co-

transporter (NTCP) being the key liver-specific receptor 46. After entry, the released 

nucleocapsid containing the partially double-stranded viral genome is then imported into the 

nucleus, where it is then repaired into a full-length, circular DNA (cccDNA) by the viral 

polymerase (P). The cccDNA complexes with various host histones, histone-related enzymes 

and other proteins to form a mini-chromosome as the template for viral transcription 47, 

which is regulated by epigenetic modifications and various transcriptional factors 48. Viral 

proteins such as core and X proteins have been shown to be part of the mini-chromosome 

complex and probably play an important role in the functions and metabolism of the 

cccDNA 49. The level of cccDNA is amplified and replenished by the replicating HBV DNA 

via nuclear recycling of nucleocapsid from the cytoplasm 50. The cccDNA is quite stable in 

infected cells and can persist in a latent state as a reservoir for HBV reactivation. Previous 

studies have shown that HBV DNA, presumably cccDNA and/or replicating HBV DNA, can 

persist in the liver of patient decades after apparent recovery from HBV infection 51. This 

persistence occurs in spite of active anti-HBV immune response. In addition, clinical studies 

have demonstrated that therapy with nucleoside analog can potently suppress of HBV DNA, 

but the reduction of cccDNA was modest after a year of treatment 52, 53. Similar findings 

have been reported for the extraordinary stability of cccDNA in the animal models 54. All 

these observations support the concept that HBV infection is rather difficult to eradicate and 

its persistence, albeit at a low level, explains the potential of HBV reactivation in any 

individuals who have been infected with the virus.
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The outcome of HBV infection is determined by adaptive T and B cells responses of the 

host 55. Recovery from HBV infection is mediated by an effective immune control of HBV 

replication via these two arms of immunity. A robust, polyclonal, multi-specific CD4+ and 

CD8+ T cell response with associated B cell response and production of neutralizing anti-

HBs antibodies is associated with viral clearance. The HBV-specific T cells either directly 

target infected cells for elimination via cytopathic mechanisms or suppress viral replication 

via non-cytopathic cytokine (predominately interferons)-mediated pathways 56. Neutralizing 

antibodies produced by the activated B cells clear the circulating viruses and further limit the 

spread of HBV infection. The role of innate immunity, while not extensively studied, 

probably plays a previously unrecognized role in controlling HBV infection as well 57. 

Although these immune mechanisms are sufficient to control active HBV replication, they 

are probably not potent enough to eradiate all the niches of infected cells harboring either 

“latent” HBV cccDNA or low-level replicating HBV that escape targeting by the HBV-

specific immune cells. These cells thus constitute a reservoir of persisting HBV. While the 

size and nature of this reservoir in individuals with serological evidence of HBV recovery is 

unknown, it is clearly a source of HBV reactivation once the immune control mechanisms 

are perturbed or suppressed.

HBV reactivation can occur in a variety of settings and is typically associated with medical 

treatments targeting at certain aspects of host functions (Figure 2). Immunosuppressive 

therapies are the most commonly reported causative agents. Many of these agents have a 

general mechanism of action that suppresses many immune functions across the board. For 

example, anthracycline derivatives, alkylating agents and antimetabolites are cytotoxic and 

diminish lymphocyte proliferation. Steroid suppresses cell-mediated immunity by inhibiting 

production of interleukins important for T and B cell proliferation 58. Immunophilin 

inhibitors, such as cyclosporine, suppress T lymphocyte functions by binding to 

immunophilins and inhibiting interleukin production 59. It is thus not surprising that these 

general immunosuppressive effects lead to broad immune dysfunctions and potential HBV 

reactivation. As mentioned above, molecularly targeted therapies acting on specific host 

pathways with the aim to alter disease process have been increasingly associated with HBV 

reactivations. The targets whereby these agents act, however, render an unexpected and 

unique insight into the mechanisms of immune control and viral clearance in HBV infection. 

A few examples of such agents are highlighted below.

TNF-α inhibitors

TNF-α and related cytokines are well known as proinflammatory agents. Drugs or biologics 

blocking their pathways have been used extensively in various inflammatory and 

autoimmune conditions 60, 61. Its widespread use has been associated with HBV reactivation. 

Initially it was not clear why these agents should be associated with HBV reactivation. It 

was thought that these cytokines, other than causing nonspecific inflammation, may exert 

subtle regulation of the adaptive immune system responsible for HBV immune control. 

However the mechanism of action remains largely unknown. Recent advances in 

understanding HBV replication and cccDNA regulation renders a intriguing explanation as 

to how TNF-α and related cytokines may play a crucial role in regulating the functions of 

cccDNA. In particular, TNF-α, like IFN-α/γ, can activate a unique host antiviral pathway, 
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the APOBEC proteins, that cause the degradation of cccDNA in HBV-infected cells 62. Thus 

blocking this endogenous antiviral pathway may lead to a higher HBV replication state and 

HBV reactivation.

Rituximab and other B cell depleting agents

Rituximab is a monoclonal antibody against CD20, which is primarily expressed on the 

surface of the B lymphocytes. It targets and destroys B cells and is used to treat 

hematological cancers with this B cell marker and inflammatory rheumatic diseases 63, 64. 

As discussed above, B cells, by producing neutralizing antibodies, contribute to HBV 

clearance by preventing viral spread and eliminating circulating viruses. It was thought that 

T lymphocytes are the predominant mechanism in suppressing HBV replication 56. The 

compelling evidence of suppression of the B cell immunity leading to HBV reactivation 

highlights that the B cells probably play a previously unappreciated role in HBV immune 

control. It is conceivable that the B lymphocytes, besides producing neutralizing antibodies, 

may exert additional functions in suppressing HBV replication.

Histone deacetylase inhibitors (HDIs)

This class of compounds target histone deacetylase, a histone-modifying enzyme that is 

important for epigenetic regulation of gene expression 65. HDIs can inhibit tumor 

proliferation by activating expression of tumor suppressor genes and have been used as anti-

cancer agents 66. As mentioned above, the cccDNA mini-chromosome complexes with 

various histones and histone modifying enzymes, which epigenetically regulate HBV 

transcription. It has been shown that acetylation of certain histones on the mini-chromosome 

leads to active gene expression 48, 67. Conversely, deacetylated histones are associated with 

transcriptionally silent mini-chromosome, which is probably the state of HBV genome in 

individuals with inactive HBV disease. Thus HDIs can also reverse the deacetylation status 

of the silent mini-chromosome and result in active HBV transcription and then HBV 

reactivation.

Chemokine or integrin inhibitors

These drugs have been developed to inhibit local inflammatory response associated with 

immune-mediated diseases by blocking the localization and traffic of activated 

lymphocytes68. It is known that liver is an active immune organ with active influx and efflux 

or immune cells69. These agents may therefore reduce the local immune control of HBV 

replication in the liver and predispose the treated individuals to HBV reactivation.

Kinase inhibitors

Activation of various kinase signaling pathways is essential for immune activation and 

proliferation of lymphocytes as well as other cell types70. Many of these kinase inhibitors 

have been developed to target these critical pathways in order to treat hematological or other 

malignancies70. Given the importance of HBV-specific lymphocytes in immune control of 

HBV replication, it is not unexpected that these kinase inhibitors may suppress these 

immune control mediators resulting in HBV reactivation.
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Proteasome inhibitors

Bortezomib, used for treatment of multiple myeloma, targets cellular pathways that are 

important for proliferation of malignant plasma cells. It may also interfere with the functions 

of healthy B and plasma cells that as mentioned above, are important in HBV immune 

control.

Screening for Hepatitis B prior to immunosuppressive therapies

There is considerable heterogeneity in the approaches that various professional medical 

societies have taken to address the issue of screening for hepatitis B prior to starting 

immunosuppressive therapies4, 10, 16, 71–74. This review reflects our expert opinion based on 

our interpretation of the currently available data. All patients who are receiving therapies 

that are either high or moderate risk of reactivation or have recently been diagnosed with a 

cancer should be screened with at least HBsAg, anti-HBc, and anti-HBs. Screening of anti-

HBc in highly endemic areas, especially in resource-limited countries, may not be a cost-

effective strategy and requires further studies. All those who are negative for HBsAg, anti-

HBc and anti-HBS should be vaccinated against HBV as per published guidelines. A 

decision analysis has shown that lamivudine prophylaxis prior to initiation of high-risk 

therapies is cost-effective and should be considered prior to initiation of lymphoma 

therapy75.

Management and Prophylaxis of Hepatitis B Reactivation

The management of HBV reactivation is centered on the likelihood of the risk of reactivation 

based upon risk factor profile of an individual patient as described above. All patients who 

are either high or moderate risk of HBV reactivation as described above should be 

considered candidates for prophylactic anti-HBV therapy. Usually we recommended starting 

anti-HBV therapy prior to starting immune suppressive therapy and a baseline complete 

metabolic profile, complete blood count, prothrombin time, and serum HBV DNA levels are 

recommended. It is important to evaluate if the patient has chronic hepatitis B and should be 

a candidate for treatment of CHB based upon serum ALT, AST, albumin, platelet count, and 

other laboratory parameters and physical examination. In endemic areas, if a patient presents 

with elevated ALT in the setting of immunosuppressive therapies it is prudent to consider 

checking for serum HBV DNA. We also recommend routine monitoring with above tests 

every 3 months while on anti-HBV therapy. Consideration of referral to either a hepatology 

or infectious disease specialist prior to cancer chemotherapy in those at risk of hepatitis B 

reactivation is recommended.

Type of Anti-HBV Regimen for Prophylaxis

Previous meta-analyses have shown that prophylactic therapy with lamivudine significantly 

reduced the risk of HBV reactivation, HBV-related hepatitis and HBV-related acute liver 

failure and HBV-related mortality in patients receiving cancer chemotherapy 11, 76. 

Preemptive treatment prior to starting cancer chemotherapy has also been shown to reduce 

the risk of interruption of cancer chemotherapy. With the reduced likelihood of elevations in 

liver enzymes and serum bilirubin levels, the likelihood of receiving the complete course of 
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chemotherapy is significantly higher in those receiving preemptive therapy than those who 

experience HBV reactivation. These data led to the 2008 guidelines by the Centers for the 

Disease Control to recommend routine HBV screening prior to initiation of cancer 

chemotherapy in the United States.

Although lamivudine is effective and may be utilized in resource limited setting for the 

prevention of HBV reactivation, it is not considered the agent of choice as it has a low 

barrier for development of drug resistance11, 16. The rates of lamivudine resistance at 1 year 

and 2 year are 20% and 30%, and increase exponentially with continued use16. Therefore, 

lamivudine is not favored especially if therapy would be needed beyond one year. 

Development of resistance to lamivudine increases the risk of resistance related hepatic 

flares and also reduces the likelihood of future response to other therapies such as entecavir, 

or telbivudine16. Therefore, entecavir or tenofovir are recommended as therapies for the 

prevention of HBV reactivation as these anti-HBV therapies have a high barrier to 

resistance10, 16, 77–79.

Huang et al. conducted a randomized controlled trial comparing the efficacy of entecavir 0.5 

mg orally daily versus lamivudine 100 mg orally daily (initiated 1 week prior to the start of 

chemotherapy and continued until six months after chemotherapy) in preventing HBV 

reactivation in HBsAg-positive Chinese patients with untreated diffuse large B-cell 

lymphoma receiving chemotherapy treatment with rituximab, cyclophosphamide, 

doxorubicin, vincristine, and prednisone (R-CHOP). They reported that entecavir was better 

than lamivudine in reducing the risk of HBV-related hepatitis (0% versus 13.3%), HBV-

reactivation (6.6% versus 30%), and the risk of chemotherapy disruption (1.6% versus 

18.3%)77. Chen et al. reported retrospective data on the superiority of entecavir over 

lamivudine in reducing the risk of HBV reactivation in HBsAg-positive patients undergoing 

cancer chemotherapy for solid-tumors. Furthermore, they showed that tenofovir was 

efficacious in the management of reactivation events in either entecavir or lamivudine treated 

patients79. Other therapies that may also be utilized for the prevention of HBV reactivation 

including telbivudine or adefovir but these have lower barrier to resistance than entecavir 

and tenofovir16, 80, 81. Interferon-based therapies are not used for prophylaxis. A recent 

network meta-analysis has shown that tenofovir and entecavir may be the most efficacious 

therapies for the prevention of HBV reactivation82. Decision analyses have shown that it is 

cost-effective to screen for HBsAg and anti-HBc in patients undergoing lymphoma 

chemotherapy or early stage breast cancer83, 84. Most experts recommend routine screening 

prior to cancer chemotherapy8, 85.

In resource limited countries, the use of therapies that are less potent and have a lower 

barrier towards resistance such as lamivudine, adefovir or telbivudine may be considered, 

especially in individuals who are HBsAg-positive but have either undetectable or very low 

levels of HBV DNA in the blood.

Duration of Antiviral Prophylaxis

Although the duration of antiviral prophylaxis has not yet been systematically studied in 

randomized controlled trials. The data derived from the onset of risk of reactivation suggests 
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that anti-viral therapy should be continued for at least 6 month after the last dose of 

immunosuppressive or cancer chemotherapy9. However, in the case of B-cell depleting 

therapies (e.g. rituximab), it is recommended that anti-viral prophylaxis should be continued 

until 12 months after the last dose of rituximab9. The rationale for longer continuation of 

anti-viral prophylaxis is that immune recovery may be delayed and risk of reactivation with 

rituximab has been seen up to an year (rarely even 2 years) after the last dose of rituximab86. 

It is also suggested that after anti-viral therapy is stopped, patients should undergo routine 

testing for HBV DNA and serum ALT and AST 3–6 months after discontinuation to monitor 

for rise in HBV DNA suggesting HBV reactivation post-withdrawal of anti-viral therapy87.

In summary, universal screening with serological tests for hepatitis B with HBsAg, anti-HBs 

and anti-HBc should be done prior to initiation of cancer chemotherapy or above mentioned 

immunosuppressive therapies (see Figure 3)8. Patients with chronic hepatitis B as defined by 

presence of HBsAg in the serum, serum HBV DNA ≥ 2000 IU/ml, and an elevated ALT 

should initiate antiviral therapy based upon published guidelines. Inactive HBV carriers, as 

defined by presence of HBsAg, HBV DNA <2000 IU/ml, and normal ALT and AST, when 

exposed to high and moderate risk immunosuppressive therapy should undergo prophylaxis 

against HBV reactivation. Prophylaxis should ideally be started 2 to 4 weeks before the 

initiation of immunosuppressive therapy and maintained for at least 6 months after the last 

dose of immunosuppressive therapy. It is recommended to use either entecavir or tenofovir 

as first line antiviral agents82. Among those who are inactive HBsAg carriers who may be 

exposed to low-risk immune suppressive therapy and patients with HBsAg negative/anti-

HBc positive (HBV infection in the past), the strategy should be monitoring of viral 

reactivation with aminotransferases and HBV DNA determination in every 3 months. In the 

case of rituximab containing regimens, we recommend routine prophylaxis in patients who 

are HBsAg-negative and anti-HBc positive to reduce the risk of reactivation. Furthermore, 

the risk of reactivation remains high even after several months or beyond one year from the 

last dose of rituximab. Therefore, HBV DNA monitoring (or HBsAg monitoring in the case 

of HBsAg-negative and anti-HBc positive patients) may be continued up to 2 years after the 

last dose of rituximab.

Future Directions and Research Priorities

Despite our success in developing effective vaccines and therapies, HBV has proven to be a 

wily foe. As the medical community continues to explore uncharted territories targeting the 

immune system to treat various diseases, HBV reactivation will remain a vexing and 

persistent problem. Considering the vast number of patients infected or previously exposed 

to the virus in the world, such a problem poses a major public health burden in terms of 

global morbidity and possibly mortality. At present there are no reliable markers in 

predicting the risk of HBV reactivation in patients, nor are there any validated tests to 

determine whether a particular drug or biologic can be associated with HBV reactivation. 

The latter point was often determined by our empirical experience in a clinical setting. 

While decades of these experiences have helped us identify important classes of drugs and 

thus manage these situations appropriately, we still cannot accurately assess the risk of a 

new class of drugs prior to its clinical application. In addition, we don’t have a publicly 

available reporting system to accurately and thoroughly track cases of HBV reactivation that 
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are potentially associated with these drugs until these cases are being reported in the 

literature. In light of these concerns, we are proposing a set of actions to address these unmet 

needs in both research setting and clinical practice.

1. Set research priorities to comprehensively elucidate the mechanisms of HBV 

reactivation associated with various drugs and biologics.

2. Elevate funding to support basic, translational and clinical research on the 

fundamental mechanisms of immune control and viral clearance in HBV 

infection.

3. Develop advanced tools and technologies to pursue research at the cutting-edge 

of HBV research.

4. Establish better or improve existing animal models to study HBV immune 

control and thus HBV reactivation in more biologically meaningful settings.

5. Invest in a public database that will allow comprehensive and timely reporting of 

all drugs, either new or old, in association with HBV reactivation.

6. Identify and validate predictive markers, including viral markers (HBV 

genotypes), biomarkers or genetic traits, of HBV reactivation.

7. Implement a process to test and predict the risk of HBV reactivation of drugs and 

biologics in the pipeline prior to clinical approve and wide use. As we garner 

more knowledge and develop better tools to study HBV reactivation, a set of 

criteria can be selectively and judiciously applied to the clinical approval process 

of these new drugs and biologics.

Undoubtedly, these actions will require a partnership between the public and private sectors. 

As what have been accomplished often in combatting the global scourges of viral hepatitis 

over the last 5 decades, the collective efforts among the government agencies, public 

foundations, advocacy groups, patients and pharmaceutical industry will once again be 

needed to successfully overcome this daunting challenge.
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Figure 1. Course of HBV reactivation after receiving immunosuppressive therapy
The course of HBV reactivation is depicted above when a patient at risk is exposed to cancer 

chemotherapy (as an example). All patients may not follow these phases in this sequence but 

it underscores the point that there is an asymptomatic phase early on in HBV reactivation 

that provides a window of opportunity to initiate treatment. In HBsAg positive patients, this 

asymptomatic phase is characterized by a rapid rise in HBV DNA, which is followed by a 

rapid rise in serum ALT levels. In HBsAg-negative patients, this asymptomatic phase is 

characterized by first reappearance of HBsAg and then sudden rise in HBV DNA, followed 

by an increase in serum ALT. Within a few weeks, after rapid HBV replication and increase 

in serum ALT, the bilirubin starts increasing and once it is above 3 mg/dl scleral icterus 

becomes apparent, and then some patients may progress to acute liver failure characterized 

by an increase in prothrombin time, development of ascites, and hepatic encephalopathy. 

The risk of mortality is significantly increased in those who develop ALF. Once patients are 

started on anti-HBV therapy the HBV DNA as well as serum ALT decrease rapidly, and this 

can happen spontaneously in some patients (however, spontaneous improvement after ALF 

is rare). This figure illustrates the natural history of HBV reactivation.
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Figure 2. 
HBV life cycle and mechanisms associated with hepatitis B reactivation linked to 

immunosuppressive therapies. HBV replication and propagation is controlled by various 

innate and adaptive immune mechanisms as shown in the figure. The epigenetic regulation 

of HBV transcription can be altered by the HDIs. The innate immune control mechanisms 

such as IFNA and TNF-like molecules (TNFL) and their signaling pathways can be blocked 

by various immunosuppressive therapies such as TNFA and kinase inhibitors. The adaptive 

immunity controlling HBV including antigen-presenting cells (dendritic cells and 
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macrophages), T and B cells can be inhibited by various immunosuppressive therapies 

targeting at different steps of immune response. See text for more explanation.
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Figure 3. Algorithm for management of hepatitis B reactivation
Screening with serological tests for hepatitis B with HBsAg, anti-HBs and anti-HBc should 

be done prior to initiation of cancer chemotherapy or above mentioned immunosuppressive 

therapies. Patients with chronic hepatitis B as defined by the presence of HBsAg in the 

serum, serum HBV DNA ≥ 2000 IU/ml, and an elevated ALT should initiate antiviral 

therapy based upon published AASLD guidelines. Inactive HBV carriers, as defined by 

presence of HBsAg, HBV DNA <2000 IU/mlL and normal ALT and AST, when exposed to 

high and moderate risk immunosuppressive therapy should undergo prophylaxis against 

HBV reactivation. Prophylaxis should ideally be started 2 to 4 weeks before the initiation of 

immunosuppressive therapy and maintained for at least 6 to 12 months after the last dose of 

immunosuppressive therapy. Among those who are inactive HBsAg carriers and exposed to 

low-risk immunosuppressive therapy and patients with HBsAg negative/anti-HBc positive 

(HBV infection in the past), monitoring with serum ALT and HBsAg (and HBV DNA in 

those who are HBsAg-positive) is recommended. In patients who are exposed to rituximab-

containing or other high-risk regimens, we recommend routine prophylaxis in patients who 

are HBsAg-negative and anti-HBc positive to reduce the risk of reactivation. Watchful 

monitoring may also be a reasonable choice in most other scenarios in patients who are 

HBsAg-negative and anti-HBc positive. Those who have a moderate risk of reactivation but 

HBsAg negative/anti-HBc positive (HBV infection in the past), anti-HBV prophylaxis 

should be considered or they could also be monitored with serum ALT and HBsAg every 3 

months until 6 months after the last dose of immunosuppressive therapy. However, the HBV 

reactivation may occur up to 1–2 years after the last dose of rituximab therapy. Therefore, 

Loomba and Liang Page 22

Gastroenterology. Author manuscript; available in PMC 2018 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



patients exposed to rituximab the anti-HBV prophylaxis may be continued up to 2 years 

after the last dose of rituximab.
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Table 1

Risk of hepatitis B reactivation associated with immunosuppressive therapies

Risk of reactivation in HBsAg 
positive patients

Immunosuppressive therapies

High risk of reactivation B-cell depleting agents including rituximab, ofatumumab, ustekinumab, natalizumab, alemtuzumab, 
ibritumomab,
High-dose corticosteroids
Anthracyclines including doxorubicin, epirubicin,
More potent TNF-α inhibitors including infliximab, adalimumab, certolizumab, golimumab,
Local therapy for HCC including TACE

Moderate risk of reactivation Systemic chemotherapy
Less potent TNF-α inhibitors including etanercept
Cytokine-based therapies including abatacept, ustekinumab, mogamulizumab, natalizumab, vedolizumab
Immunophilin inhibitors including cyclosporine
Tyrosine-kinase inhibitors including imantnib, nilotinib,
Proteasome inhibitors such as bortezomib
Histone deacetylase inhibitors (HDIs)
Moderate-dose corticosteroids

Low risk of reactivation Antimetabolites, azathioprine, 6-mercaptopurine, methotrexate
Short-term low dose corticosteroids
Intra-articular steroid injections (extremely low risk)

Risk of reactivation in 
HBsAg-negative and anti-HBc 
positive patients*

Immunosuppressive therapies

High risk of reactivation B-cell depleting agents including Rituximab, ofatumumab, ustekinumab, natalizumab, alemtuzumab, 
ibritumomab,

Moderate risk of reactivation High-dose corticosteroids
Anthracyclines including doxorubicin, epirubicin,
More potent TNF-α inhibitors including infliximab, adalimumab, certolizumab, golimumab,
Systemic cancer chemotherapy including HCC
Cytokine-based therapies including abatacept, ustekinumab, mogamulizumab, natalizumab, vedolizumab,
Immunophilin inhibitors including cyclosporine
tyrosine-kinase inhibitors including imantnib, nilotinib,
Proteasome inhibitors such as bortezomib
Histone deacetylase inhibitors (HDIs),

Low risk of reactivation Moderate and low dose prednisone
Antimetabolites, azathioprine, 6-mercaptopurine, methotrexate,

*
The risk of HBV reactivation in those who are HBsAg-negative and anti-HBc positive individuals receiving B cell depleting therapies is the 

highest. For the moderate and low risk groups, the evidence for risk of HBV reactivation is considerably controversial.
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