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Abstract 
 
Nearly one third of the world’s population have been infected with hepatitis B and the 
virus is endemic in many Asian countries. With increasing life expectancy and the 
expected global increase in cancer, chemotherapy induced reactivation of hepatitis B 
is likely to become an increasing problem. Patients with significant levels of HBV 
DNA in serum prior to chemotherapy and patients receiving intensive chemotherapy 
for hematological malignancies appear particularly at risk. Most patients who suffer 
reactivation of hepatitis B are positive for HBsAg prior to chemotherapy and are 
therefore easily identifiable by routine screening. In addition, the very large 
population of patients who have been exposed to the virus and have apparently 
cleared the virus as assessed by serological testing (HBsAg negative/HBcAb positive) 
may also be at risk of reactivation. These patients should be monitored and in some 
cases receive prophylaxis during chemotherapy. Published experience with antiviral 
prophylaxis has largely been limited to the nucleoside analogue, lamivudine. The 
commencement of antiviral prophylaxis prior to chemotherapy and its continuation 
until restitution of normal host immunity is the cornerstone to effective prevention of 
hepatitis B reactivation. This review summarises the important issues related to HBV 
reactivation and suggests an algorithm for managing these patients in the clinical 
setting. 
 
 
Abstract word count = 205 
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Introduction 
 
It is estimated that 2 billion people worldwide have been infected with the hepatitis B 
virus (HBV) and over 350 million are chronic carriers. The regional prevalence of 
chronic HBV varies widely. In areas of high endemicity in the Asia-Pacific region, it 
approaches 20%, whilst in Australia < 1% of the population are HBsAg positive.1-3 
Patients who have been infected with HBV are vulnerable to disease reactivation 
during immunosuppressive pharmacotherapy. The clinical consequences vary from 
asymptomatic elevation of hepatic enzymes to severe hepatitis and death from 
fulminant hepatic failure. In addition to the direct harm caused by HBV reactivation, 
patient care may be compromised because of the need to delay or prematurely cease 
chemotherapy.4 Over the last decade it has been recognised that HBV reactivation 
following chemotherapy can effectively be prevented by antiviral prophylaxis. This 
review summarises the recent advances in this area and provides guidelines for 
prevention and management. 
 

Background 

Perinatally acquired hepatitis B is usually followed by a prolonged period of 
immunotolerance. During this phase there are high levels of viral replication within 
the liver but little if any immune-mediated liver injury. This period, which may last 
for several decades, is usually followed by an immune clearance phase characterized 
by loss of tolerance, resulting in T-cell mediated lysis of HBV-infected hepatocytes, 
recruitment of inflammatory cells and active hepatitis. This typically results in 
asymptomatic and episodic elevations of alanine aminotransferase (ALT). However,  
liver injury can be more severe, resulting in clinical hepatitis that can occasionally 
lead to hepatic failure. In many patients the immune clearance phase eventually 
results in hepatitis B e antigen (HBeAg) seroconversion and progression to a phase of 
immune control of viral replication; in this phase there is minimal viral replication 
and resolution of necro-inflammation.  
 
In patients who have previously achieved immune control of HBV, 
immunosuppressive therapy may allow viral replication to escape, resulting in spread 
of infection within the liver and an increase in circulating HBV DNA. Following 
completion of immunosuppressive therapy, restoration of the host’s immune response 
may lead to an immune clearance-like response that results in widespread cytotoxic T 
cell-mediated lysis of infected hepatocytes and severe liver injury. This syndrome of 
so-called “Hepatitis B reactivation following chemotherapy” has been recognised for 
over thirty years5, 6 and has been reported following treatment of a wide range of 
hematological malignancies and solid tumours. Reactivation largely occurs in patients 
with chronic hepatitis B (CHB) who are positive for hepatitis B surface antigen 
(HBsAg), but it can also affect previously infected patients who have apparently 
cleared the virus. These patients can be identified serologically by the presence of 
hepatitis B core antibody (HBcAb) in the absence of HBsAg.  
 
Although reactivation of hepatitis B occurs most commonly in the setting of cancer 
chemotherapy, it may also follow the use of immunomodulatory therapy for non-
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malignant conditions. These include solid organ transplantation, infliximab therapy 
for inflammatory bowel disease and treatment of rheumatological diseases with 
corticosteroids, methotrexate,7-9 infliximab alone10, 11 or in combination with other 
therapies.12, 13 
 
 

Diagnosis and clinical outcomes of hepatitis B reactivation 
 
Early studies of hepatitis B reactivation were hindered by a lack of uniformity in case 
definition and the relative insensitivity of previous methods used to measure viral 
replication. The current generally accepted definition of HBV reactivation or a flare 
following chemotherapy is the development of hepatitis with a serum ALT greater 
than three times the upper limit of normal or an absolute increase of 100 IU/L, 
associated with a demonstrable increase in HBV DNA by at least a 10-fold, or an 
absolute increase to > 108 IU/mL.14-16 
 
The clinical presentation of HBV reactivation can range from asymptomatic anicteric 
elevation of hepatic enzymes to fulminant hepatitis. Icteric hepatitis is said to occur if 
the serum bilirubin is greater than twice the upper limit of the normal bilirubin 
concentration (<15µmol/L). Typically, there is an increase in HBV DNA during or 
shortly after a cycle of chemotherapy which precedes any elevation of ALT by up to 3 
weeks. Subsequently HBV DNA titres decrease, so at the time of clinical hepatitis, 
HBV DNA may be undetectable.4 As a result, in the absence of serial monitoring of 
HBV DNA, the preceding increase in viral replication may be missed. In order to 
make the diagnosis, other causes of hepatitis need to be excluded. These include 
chemotherapy-induced hepatic injury, tumour infiltration of the liver and concurrent 
infection with other viruses such as hepatitis A, Epstein-Barr virus (EBV), and 
cytomegalovirus (CMV). Rarely, hepatitis may be caused by tumour obstruction of 
the hepatic veins producing the Budd-Chiari syndrome. 
 
HBV reactivation flares may also result in a delay or failure to complete 
chemotherapy. In a prospective study of patients with breast cancer treated with 
chemotherapy, premature cessation or delay in chemotherapy occurred in 71% of 
patients with HBV reactivation compared to 33% of patients without evidence of 
reactivation.4 
 

Incidence and risk factors for hepatitis B reactivation 
 
 Because serial HBV DNA monitoring is not widely performed in patients receiving 
chemotherapy outside the setting of clinical trials, the recorded incidence of HBV 
reactivation is likely to have been underestimated in many studies. Indeed, one trial 
demonstrated that using the above definition of reactivation hepatitis with 
conventional monitoring of HBV DNA (i.e. at the time of ALT rise), the incidence of 
HBV reactivation was 24% in chronic carriers of HBV receiving chemotherapy for 
breast cancer, whereas with serial HBV DNA monitoring, 41% of patients were 
identified as having HBV reactivation.4 
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 The risk for HBV reactivation is influenced by both the type of malignancy and 
chemotherapeutic agent employed. Patients with lymphoma appear to be particularly 
at risk.15, 16 Reactivation rates of 48% have been reported in HBsAg positive patients 
treated with chemotherapy for lymphoma, with an associated mortality of 4%.17 Other 
studies report an incidence of HBV reactivation following chemotherapy for 
lymphoma between 24-67% and a mortality of 4- 41%.16-21 In part this very high 
incidence may be explained by the intensive chemotherapy necessary for lymphoma, 
but also may be due to the relatively high prevalence of HBV infection observed in 
patients with this condition.16, 22-24 Patients receiving intensive cytoreductive therapy 
and high dose chemotherapy prior to hematopoietic stem cell transplantation are also 
particularly susceptible to HBV reactivation, with rates approaching 50%.25-29 The 
level of viral replication prior to chemotherapy appears the most important risk factor 
for HBV recurrence in this group.25 
 
In patients receiving chemotherapy for non-hematological tumours, the highest rates 
of HBV reactivation have been reported in patients with breast cancer where the 
incidence ranges between 41-56%.4, 30 The rate of reactivation appears to be lower in 
patients treated for other solid tumors, ranging between 14 and 21% in different 
studies.16, 31, 32 These differences are most likely due to the types of chemotherapy 
used for these conditions rather than the nature of the malignancy per se. In particular, 
the use of chemotherapy regimens containing corticosteroids and anthracycline 
containing regimens increase the risk of reactivation.15, 16, 18, 22, 33 The increased risk 
associated with corticosteroids is thought to be due to both an immunosuppressive 
effect and direct stimulation of viral replication via a glucocorticoid responsive 
element on the HBV genome.34 
 
In patients with HBV cirrhosis, the treatment of hepatocellular carcinoma (HCC), 
with trans-arterial chemo-lipiodolization (TACE) appears to be associated with 
particularly high rates of HBV reactivation. In a recent study, reactivation of HBV 
occurred in 34% of HBsAg positive patients who received TACE. The only 
independent predictor for reactivation in this study was seropositivity for HBeAg.35 
The risk of HBV reactivation following systemic chemotherapy for HCC is also high, 
with a reported rate of 36% in a prospective study of 102 HBsAg-positive patients.36 
In this study, the mortality from reactivation reached 30%,and interruption to 
chemotherapy occurred in 86%.36 
 
There also appears to be an independent increase in the risk of HBV reactivation in 
patients receiving the anti-CD20 monoclonal antibody, rituximab.37 This drug is 
commonly used in conjunction with standard CHOP chemotherapy 
(cyclophosphamide, doxorubicin, vincristine, and prednisone so-called R-CHOP) for 
diffuse large-B-cell lymphoma at clinical stage II, III or IV (NICE guidelines 
September 2003).38, 39 However, there are also numerous case reports of HBV 
reactivation following the use rituximab as monotherapy,40 or in combination with 
other types of chemotherapy.40-47 
 
A number of host and viral factors predispose to HBV reactivation. These include 
male gender,16, 17 younger age16 and HBeAg positive serology.16 The highest risk of 
hepatitis B reactivation occurs in HBsAg positive patients with detectable levels of 
viral replication prior to chemotherapy.16, 25, 48 HBV DNA levels >20,000 IU/ml may 
be one of the most important risk factors in patients undergoing autologous 
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hematopoietic stem cell transplantation.15, 25 Patients who have apparently cleared the 
virus, based on serological profile (HBcAb positive but HBsAg negative), may still 
undergo reactivation of HBV, although the risk is substantially lower than in HBsAg-
positive patients, as discussed below. 

 

Reactivation in HBsAg-negative HBcAb positive patients 
 
With the advent of highly sensitive PCR techniques for detecting HBV DNA in serum 
and liver, it has been shown that most HBsAg negative/HBcAb positive patients who 
have achieved immune control of HBV replication have HBV DNA sequences 
detectable in the liver and/or serum.49 In these patients, who have apparently cleared 
HBV infection, immunosuppression can allow active viral replication to recommence, 
resulting in the re-emergence of HBsAg, a state commonly referred to as reverse 
seroconversion or seroreversion.14 HBsAg-negative patients in whom serum HBV 
DNA can still be detected are referred to as having occult HBV infection. HBV DNA 
is more often detected in patients positive for HBcAb but negative for HBsAb, 
presumably because these patients lack the neutralising effect of HBsAb.50 Patients 
with occult HBV infection usually have low titres of HBV DNA detectable in the 
circulation (generally < 200 IU/ml ), 50-53 and hepatitis B viral sequences can also be 
detected in liver tissue54, 55. The prevalence of occult infection in patients positive for 
HBcAb is estimated to be between 11 and 80% depending on the degree of hepatic 
fibrosis in the population studied.51 Not surprisingly, patients with occult infection 
appear to be at higher risk for HBV reactivation than HBcAb positive/ HBV DNA 
negative patients.37  
 
The true incidence of chemotherapy-induced reactivation of hepatitis B in these 
patients is uncertain. Lok and colleagues performed a prospective study of HBV 
reactivation in 100 Chinese patients who received chemotherapy for lymphoma. Fifty-
one of these patients had evidence of previous hepatitis B exposure (HBcAb positive 
with or without HBsAb). Following chemotherapy, reactivation hepatitis occurred in 
4%, none of whom died, compared to 48% in patients who were HBsAg positive at 
the time of chemotherapy, in whom the mortality reached 8%.17 More recently, in a 
retrospective analysis of 319 HBcAb positive/HBsAg negative patients receiving 
chemotherapy for lymphoma, reactivation of hepatitis B occurred in just over 1%. 
However in the 74 patients in this study who received chemotherapy in combination 
with rituximab, the reactivation rate was 2.7%.56 There are now a number of case 
reports of fatal reactive hepatitis in HBcAb positive patients who received rituximab 
containing chemotherapy for lymphoma.42, 46, 57-59  
 
In the setting of allogenic hematopoietic stem cell transplantation seroreversion is far 
more common than following standard chemotherapy; it occurs in 40% at 2 years and 
70% of patients at 5 years post-transplantation.60 With prolonged follow-up, the rate 
of seroreversion in one case series approached 100%.61 Patients with graft-versus host 
disease appear more likely to undergo seroreversion and represent a particularly high-
risk group.62 It has been proposed that a drop in HBsAb titre can identify patients at 
risk of seroreversion and who are likely to benefit from antiviral prophylaxis.60, 63 
However, this approach is not applicable to HBsAb-negative, HBcAb positive 
patients and remains untested in other patient populations. Reactivation has also been 
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described in HBcAb positive/HBsAg negative patients following organ 
transplantation,64 although the relative risk of reactivation is low and routine anti-viral 
therapy is generally not used in this patient group.65 
  
 

Preventing HBV reactivation following chemotherapy 

Who should be screened? 

The most important first step in avoiding the serious morbidity associated with HBV 
reactivation is to identify patients at risk before they undergo chemotherapy. Clearly, 
in areas of high HBV endemicity all patients should be screened for HBsAg and 
HBcAb prior to immunosuppressive chemotherapy. There are many 
immunosuppressive therapies that carry a low risk of HBV reactivation, and are so 
widely used to make routine HBV screening in low risk populations impractical. 
These include short courses of corticosteroids alone, and widely used 
immunosuppressant medications such as methotrexate and azathioprine when used as 
monotherapy. In patients who receive treatment with these lower risk therapies it is 
reasonable to confine screening to those with a significant risk of HBV infection. 
Such patients include those with a history of drug use, men who have sex with men 
and immigrants from areas of high HBV endemicity. However, there is a strong 
argument that screening should be performed in all patients receiving chemotherapy 
regimes that are associated with a high risk of reactivation (eg chemotherapy for 
hematological malignancies and breast cancer), independent of the likelihood of HBV 
infection, given that the cost of screening for HBsAg is relatively low whereas the 
clinical consequences of reactivation can be life-threatening.   

Which antiviral drug should be used? 

There is now clear evidence that the risk of reactivation can be greatly reduced by 
identifying at risk patients prior to chemotherapy and the use of prophylactic antiviral 
therapy. Although there are now five oral agents approved for the treatment of 
chronic hepatitis B (lamivudine, adefovir, entecavir, tenofovir, telbivudine), the 
published experience in the prevention and treatment of HBV reactivation following 
chemotherapy is almost entirely limited to lamivudine.  
 
This drug has proven efficacy and safety in preventing HBV reactivation following 
chemotherapy for both hematological and solid malignancies.20, 21, 28, 30, 66-75 A major 
concern with its prolonged use is the possibility of  viral breakthrough following the 
emergence of resistance mutations in the YMDD region of the HBV-DNA 
polymerase.  In non-immunosupressed patients with chronic hepatitis B, the 
cumulative rate of drug resistance is 24% after 1 year and 65-70% after 5 years of 
lamivudine monotherapy.76 It appears that rates of lamivudine resistance may be 
similar in patients receiving prophylaxis to prevent chemotherapy induced 
reactivation.77 Importantly, cases of severe HBV reactivation hepatitis and hepatic 
decompensation have been reported following development of lamivudine 
resistance.78  
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Alternative antiviral agents such adefovir, entecavir or tenofovir are likely to be at 
least as effective as lamivudine in preventing HBV reactivation and have significantly 
lower resistance rates. Adefovir has been used to rescue chemotherapy patients with 
established HBV reactivation79 and patients treated with lamivudine prophylaxis who 
have developed drug resistance.80 However, this drug is the least potent of the 
currently available antivirals, primary treatment failure occurs in 10% or more of 
patients, and resistance occurs at a rate of 30% by the end of 4 years.81 Both entecavir 
and tenofovir are more attractive candidates given their high potency and extremely 
low resistance rates. However, they are significantly more expensive than lamivudine, 
and randomised studies using these drugs for prophylaxis in the setting of 
chemotherapy are lacking.82  
 

When and for how long should antiviral therapy be given? 

The optimal timing for initiation of antiviral therapy has not been clearly established. 
Intuitively, starting antiviral drugs before chemotherapy seems logical since this 
should pre-empt any increase in viral replication, reduce the likelihood of drug 
resistance and minimise the risk of a flare once chemotherapy is stopped.28 
Importantly, patients who already have active HBV disease (with significant levels of 
HBV DNA and raised ALT) when first identified at pre-chemotherapy screening 
should have their disease treated immediately, with the aim of minimising viral 
replication and disease activity before chemotherapy is given.  
 
In patients at high risk of HBV reactivation, it is preferable that antiviral therapy be 
started pre-emptively prior to chemotherapy, since this reduces the incidence and 
severity of reactivation hepatitis and allows chemotherapy to be completed.28, 83 In 
contrast, deferring lamivudine treatment until HBV DNA levels become elevated is 
ineffective. In one randomised prospective study of patients receiving chemotherapy 
for lymphoma, HBV reactivation occurred in 87% of patients in whom lamivudine 
therapy was delayed in this manner.84 More recently, a multi-centre randomised 
prospective trial in patients with non-Hodgkin’s lymphoma receiving CHOP 
examined the effect of prophylactic lamivudine versus therapeutic lamivudine 
(delaying antiviral therapy until elevations of ALT were observed). Hepatitis B 
reactivation occurred in 11.5% of patients treated pre-emptively, compared to 56% of 
patients treated therapeutically.21 A number of recent meta-analyses have now 
confirmed that pre-emptive lamivudine therapy reduces reactivation of HBV with a 
risk reduction estimated to be between 79% and 89%.74, 75, 85 Furthermore, the number 
needed to treat with lamivudine to avoid a single reactivation is estimated to be 
three.74 
 
Pre-emptive antiviral therapy is not routinely recommended in HBsAg 
negative/HBcAb positive patients with undetectable HBV-DNA, since these patients 
are at much lower risk of reactivation than HBsAg-positive patients. However, 
patients with detectable HBV DNA (occult HBV infection) are at greater risk of 
seroreversion and subsequent reactivation hepatitis and it has been suggested that 
these patients be treated with lamivudine prior to chemotherapy.37, 86 In occult 
infection, the alternative approach of deferring antiviral treatment until seroreversion 
and/or a significant rise in HBV-DNA has not been adequately assessed in clinical 
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trials. Given the relative safety of oral antiviral therapy and the serious consequences 
of HBV reactivation, deferring treatment no longer can be recommended.37, 87  
 
The duration of antiviral prophylaxis is also contentious. Experience is limited to the 
use of lamivudine. It is likely that the optimal timing and duration of prophylaxis will 
depend in part on the antiviral drug used as well as the intensity of the 
immunosuppression together with a number of host and viral factors. In patients 
without evidence of active hepatitis B disease prior to chemotherapy, the most logical 
approach would be to provide antiviral cover until the immune system has fully 
recovered. In a prospective study of 46 HBsAg-positive patients with haematological 
malignancies in whom lamivudine prophylaxis was ceased 3 months after completing 
chemotherapy, reactivation of HBV occurred in 29% following withdrawal of 
lamivudine.88 In this study, HBV DNA levels ≥2000 IU/ml appeared to confer 
additional risk of reactivation (50% vs 10% if HBV DNA ≤ 2000 IU/ml, P<0.001). 
HBeAg positive patients were also more likely to experience HBV reactivation 
following lamivudine withdrawal. A number of other studies report cases of HBV 
reactivation and even fatal fulminant hepatitis when lamivudine was stopped 3 
months or less after completion of chemotherapy.45, 89, 90 Similarly, in patients 
receiving rituximab-CHOP, cessation of lamividine 4 weeks after completion of 
chemotherapy was followed by episodes of HBV reactivation which occurred up to 6 
months after treatment was withdrawn.44  
 
It is clear from these studies that prophylactic antiviral therapy cannot safely be 
discontinued immediately after chemotherapy and that prolonged prophylactic period 
is required to adequately prevent viral flares.88 As a result of this experience, it has 
been suggested that prophylaxis be continued for at least 6 months after the 
chemotherapy has been completed. A recent decision analysis model for lamivudine 
pre-emptive therapy compared to expectant management (treatment only commenced 
when there was clinical evidence of reactivation) in lymphoma patients has shown 
that this approach is highly cost effective.91 For some therapies it may be possible to 
more precisely tailor the timing of prophylaxis discontinuation based on objective 
evidence that immune competency has been restored - for example, restoration of 
normal CD20 counts after rituximab therapy.14 
 

Treatment of established HBV reactivation in patients who have 
not received prophylactic anti-viral therapy 
 
Despite proven benefits of pre-emptive therapy compared to expectant management 
of HBV reactivation,21, 92 patients undergoing intensive chemotherapy are 
occasionally not screened for hepatitis B and reactivation is only identified when 
these patients present symptomatically with hepatitis. Under these circumstances, 
chemotherapy should be discontinued and treatment with antiviral agents commenced. 
There have been a number of reports claiming that lamivudine may prevent 
progressive hepatitis and even allow completion of chemotherapy in this situation.69, 

93-95 However, pre-emptive therapy with lamivudine is far more effective at 
preventing HBV reactivation and its consequences compared to treating established 
reactivation hepatitis; this reinforces the importance of appropriate HBV screening of 
patients prior to chemotherapy.  
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Suggested algorithm for prevention of hepatitis B reactivation 
following chemotherapy: 
Figure 1 presents a simplified algorithm for the management of patients prior to 
chemotherapy. 
 
All patients undergoing chemotherapy should be screened for previous exposure or 
current infection with HBV (serology for HBcAb and HBsAg). Patients with HBV 
disease in an active phase (with high HBV DNA and elevated ALT with active liver 
inflammation) and who fulfil criteria for commencing antiviral treatment should start 
therapy as per local protocols. All other patients with positive HBsAg (patients in the 
immune-tolerant phase or immune control phase) should start pre-emptive therapy 
with lamivudine (or another potent anti-HBV nucleos(t)ide analogue)  one week prior 
to starting chemotherapy and continue for 6 months after its completion. Patients 
receiving lamivudine prophylaxis should be monitored with serial HBV DNA assays, 
and formal testing for lamivudine resistance should be performed if there is a 1 log 
increase in HBV DNA.86 Once resistance is confirmed, patients should be given 
adefovir in addition to lamivudine or changed to tenofovir if this is available. 
 
Patients receiving intensive chemotherapy who are positive for HBcAb but HBsAg 
negative should have a sensitive HBV DNA assay performed to determine whether 
they have occult HBV infection. If HBV DNA is detected, these patients should be 
treated as for positive-HBsAg patients. Patients with undetectable HBV DNA should 
be monitored regularly during chemotherapy for evidence of HBV reactivation. The 
optimal monitoring schedule for these patients has not yet been ascertained. However 
it seems logical to perform regular measurement of HBsAb, HBsAg titres and HBV 
DNA after each cycle of chemotherapy since changes in these parameters are likely to 
precede changes in ALT and the development of clinically important hepatitis; this 
would allow antiviral treatment to be commenced in a timely fashion.  
 
Recipients of hematopoietic stem cell transplants positive for HBcAb are likely to 
undergo seroreversion; they are then at risk of HBV reactivation. These patients 
should probably be treated with prophylactic lamivudine, as for the HBsAg-positive 
patients.  
 

Conclusion 
 
Chemotherapy-induced reactivation of hepatitis B may result in severe liver injury 
and prevent completion of life-saving treatment of the underlying malignancy. This 
potentially fatal complication can be effectively prevented by the use of oral antiviral 
medication prior to commencing chemotherapy. It is therefore paramount that all 
patients receiving intensive chemotherapy be screened for HBV. Most of the 
experience with antivirals in this setting has centred on lamivudine. Although drug 
resistance is a problem with long-term use of this drug, it has proven to be safe, well 
tolerated and highly effective in preventing HBV reactivation. All those involved in 
the use of immunosuppressive chemotherapy should be aware of the risk of HBV 
reactivation and understand the principles of prevention or management of this 
condition. Finally, it is very likely that alternative antiviral agents such as entecavir 
and tenofovir, will prove at least as effective as lamivudine however, they are 
currently more expensive and there is a need for further research to confirm their cost-
efficacy in this setting.   
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