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                    Abstract
Chronic hepatitis B virus (HBV) infection is endemic in the Asian-Pacific region, and reactivation of HBV post-cancer chemotherapy has become an emerging clinical challenge. Patients with detectable serum HBV DNA before chemotherapy and those receiving intensive chemotherapy are particularly at a risk of HBV reactivation. Most patients with HBV reactivation are positive for hepatitis B surface antigen (HBsAg) and are, therefore, easily identified by recommended serological screening before chemotherapy. However, a small, but significant proportion of subjects who have apparently recovered from HBV infection as reflected by HBsAg negativity and hepatitis B core antibody positivity in HBV endemic areas may also experience reactivation when host immunity is severely compromised by cancer chemotherapy. Serum alanine aminotransferase, HBsAg, and/or HBV DNA should be monitored closely in these subjects and antiviral therapy should be administered immediately when any evidence of HBV reactivation is detected during chemotherapy. The prophylactic use of nucleos(t)ide analogs before chemotherapy and its continuation until reconstitution of host immunity remain the mainstay of effective prevention of hepatitis B reactivation in this special clinical entity.
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                                    Introduction
It has been estimated that two billion people worldwide have been infected with hepatitis B virus (HBV) and nearly 400 million are chronic hepatitis B surface antigen (HBsAg) carriers [1–3]. Patients who have been infected with HBV are vulnerable to disease reactivation during immunosuppressive or cancer chemotherapy. Reactivation of HBV can occur not only in HBsAg-positive carriers, but also in a small, with significant proportion of HBsAg-negative subjects with occult HBV (OHB) infection.
The clinical consequences of HBV reactivation vary widely from asymptomatic elevation of serum HBV DNA, elevation of serum aminotransferases to severe hepatitis and even death from fulminant hepatic failure. In addition to the direct damage caused by HBV reactivation, the management of cancer patients may be compromised because of the need to delay or prematurely discontinue chemotherapy [4]. Fortunately, several clinical trials in the past decade have recognized that HBV reactivation following chemotherapy can be effectively prevented by antiviral prophylaxis [5–9]. This review summarizes the recent advances in the pathogenesis and management of HBV reactivation post-cancer chemotherapy and provides recommendations for practicing physicians in relevant specialties.


Definition and diagnosis of HBV reactivation
Earlier studies on HBV reactivation were usually limited by the lack of standard criteria for definition and routine HBV DNA monitoring as well as the relative insensitivity of methods used to measure serum HBV DNA level. Thus, as yet, there is no consensus on the definition of HBV reactivation. Clinical practice suggests the definition as an increase in serum HBV DNA level >1 log10 as compared to baseline value in HBV carriers; HBV reactivation can also be defined as the reappearance of HBsAg or de novo detection of serum HBV DNA in HBsAg-negative subjects.
HBV reactivation can be followed by hepatitis flare or acute exacerbation (AE). The generally accepted definition of hepatitis B flare is the development of hepatitis with a serum alanine transaminase (ALT) level greater than two times the upper limit of normal, or an absolute increase of >100 IU/L, concomitant with a demonstrable increase in serum HBV DNA level of >1 log10 [10–12].


Natural history of HBV reactivation
The natural course of chronic HBV infection is determined by the interplay between virus replication and host immune responses, and the outcome of chronic HBV infection acquired early in life can be generally divided into three distinct phases: immune tolerance phase (high viral loads, normal serum ALT levels, and near-normal liver histology), immune active phase [hepatitis B e antigen (HBeAg)-positive, fluctuating serum ALT levels, and fluctuating serum viral loads], and low-replication phase (HBeAg-negative, viral load <4 log10/mL, and normal ALT levels) [13]. Sustained host immune control over the virus replication in the low-replication phase may lead to HBsAg seroclearance. However, during the low-replication phase, 20–30% of patients may experience spontaneous HBV reactivation that triggers immune-mediated liver injury. A previous review demonstrated that after HBeAg seroconversion, 1–4% patients have HBeAg-seropositive hepatitis again (HBeAg reversion from inactive carriers), whereas a greater proportion of patients develop HBeAg-negative chronic hepatitis B (CHB) because of reactivation of the HBV with pre-core or core promoter mutations that abolish or downregulate HBeAg production [13]. In contrast, adult-acquired chronic HBV infection has no obvious immune tolerance phase.
Spontaneous HBV reactivation in the low-replication phase is clinically significant, since hepatitis activity and AEs or flares can be followed [13]. The annual incidence of hepatitis flare is reported to be 10.3% in HBeAg-negative patients [13]. The hepatitis flares are due to the resurgence of host immunity against HBV, and severe hepatitis flares are complicated by hepatic decompensation in 2.4% of patients. These adverse events may facilitate the development of advanced fibrosis and even cirrhosis over time.
Cancer patients with chronic HBV infection receiving immunosuppressive chemotherapy usually have impaired host immunity that may allow active HBV replication to occur, resulting in virus spread inside the liver and an increase in circulating viral particles. Following the completion of cancer chemotherapy, restoration of host immunity against HBV may occur, resulting in extensive cytotoxic T cell-mediated lysis of the infected hepatocytes and clinical hepatitis flares.
The clinical manifestations of HBV reactivation in patients with impaired host immunity range from asymptomatic elevation of serum aminotransferases to fulminant hepatitis. Reactivation of HBV commonly occurs after the first 1–4 cycles of chemotherapy or 4–36 weeks (median 16 weeks) from the initiation of chemotherapy, which precedes any elevation of ALT by ≤1–11 weeks. Occasionally, the increase in serum HBV DNA level occurs after stopping chemotherapy. Subsequently, HBV DNA titers decrease, so at the time of clinical hepatitis, HBV DNA may be low or even undetectable as is the situation in patients with spontaneous HBV reactivation [4]. To make the correct diagnosis, other causes of hepatitis: chemotherapy-induced hepatic injury, tumor infiltration of the liver, total parenteral nutrition, veno-occlusive disease, hepatic steatosis, peliosis, concurrent infection with other viruses, graft versus host disease, etc., need to be excluded.
HBV reactivation following cancer chemotherapy has been recognized for >3 decades in patients previously treated for a wide range of hematological malignancies and solid tumors [14, 15]. In addition to liver-related morbidity and mortality, HBV reactivation may result in the delay or premature discontinuation of chemotherapy in 50–70% of cancer patients with HBV infection.
Although HBV reactivation commonly occurs spontaneously or in the setting of cancer chemotherapy, it can also occur in patients with nonmalignant diseases due to the wide use of immunosuppressive therapy, including solid organ transplantation, infliximab (anti-tumor necrosis factor alfa monoclonal antibody) therapy for inflammatory bowel disease, and treatment of rheumatoid diseases with disease-modifying agents or biologic agents, such as corticosteroids, infliximab, or rituximab (anti-CD20 monoclonal antibody) [16–24]. For example, of 25 HBsAg-positive patients with inflammatory bowel disease, liver dysfunction was observed in 9 (36%) during immunosuppressive therapy, and 6 of whom developed hepatic failure [24].
HBV reactivation largely occurs in HBsAg-positive patients, but it can also be noted in previously infected patients who have recovered from HBV infection, as indicated serologically by the presence of hepatitis B core antibody (anti-HBc) in the absence of HBsAg. With the introduction of sensitive techniques, such as polymerase chain reaction-based assays for the detection of HBV DNA in serum and liver, it has been shown that most HBsAg-negative/anti-HBc-positive patients who achieve host immune control over HBV replication still have residual HBV DNA sequences in the liver and/or serum [25]. These HBsAg-negative patients in whom serum or liver HBV DNA can be detected are referred to as having OHB infection. In these patients, intense immunosuppression may allow viral replication to occur again, resulting in the re-emergence or seroreversion of HBsAg [10]. Following HBsAg seroreversion, serum HBV DNA can surge and ALT flare may occur.
OHB is more often detected in patients positive for anti-HBc but negative for anti-HBs, presumably because these patients lack the neutralizing effect of anti-HBs [26]. Patients with OHB usually have low-titer HBV DNA detectable in the circulation (generally <200 IU/mL) [26–29], and HBV genomic sequences can be detected in the liver compartment [30, 31]. The prevalence of OHB in patients positive for anti-HBc is estimated to be 4–25% [32].


Incidence and risk factors of HBV reactivation in cancer patients receiving chemotherapy
The risk for HBV reactivation is heavily influenced by the type of malignancy and the chemotherapeutic agents used, ranging from 14 to 72%. Of note, because serial HBV DNA monitoring is not widely performed in patients receiving chemotherapy outside the setting of clinical trials, the documented incidences of HBV reactivation are likely to be underestimated.
The risk of HBV reactivation is particularly high in patients with lymphoma [11, 12]. The reactivation rate of 24–67% has been reported in HBsAg-positive patients receiving cyclophosphamide, doxorubicin, vincristine, and prednisolone (CHOP)-based chemotherapy for malignant lymphoma, with a mortality rate of 4–41% [12, 33–37]. The usage of corticosteroid-containing chemotherapy may partly explain this high reactivation rate [12, 38–40]. Concomitant use of rituximab further increases the risk of HBV reactivation in this special clinical setting [41]. Rituximab is commonly used in conjunction with standard CHOP chemotherapy for diffuse large B cell lymphoma [42, 43]. Patients receiving intensive cytoreductive therapy and high-dose chemotherapy prior to hematopoietic stem cell transplantation are also highly susceptible to HBV reactivation, with a rate approaching 50% [44–48]. The level of viral replication prior to the start of chemotherapy appears to be the most important risk factor for HBV reactivation in this group of patients [44].
In addition to hematological malignancies, HBV reactivation is also noted in patients receiving chemotherapy for non-hematological tumors. The rate of HBV reactivation is highest in patients with breast cancer (41–56%) [4, 49, 50], and appears to be lower in those treated for other solid tumors (14–21%) [12, 51, 52]. These numerical differences are possibly due to the type or intensity of chemotherapy used for these conditions rather than the nature of the malignancy itself. Of particular note is that the use of chemotherapy regimens containing corticosteroids, rituximab, or anthracycline is associated with a higher risk of HBV reactivation [11, 12, 34, 38, 53].
Chronic hepatitis B can be complicated by the development of hepatocellular carcinoma (HCC). For patients with intermediate-stage HCC, trans-arterial chemo-embolization (TACE) is one of the treatment choices. Recent studies demonstrated that in patients with CHB, treatment of HCC using TACE was associated with certain risk of HBV reactivation. In one study, reactivation of HBV occurred in 34% of the 83 HBsAg-positive patients, who received TACE. Independent predictor for reactivation was HBeAg positivity [54].


Incidence and risk factors of HBV reactivation in cancer patients with OHB
The incidence of chemotherapy-related reactivation of HBV in patients with OHB is only partly clarified. Lok et al. [33] had performed a survey of HBV reactivation in 100 Chinese patients who received chemotherapy for lymphoma; of these patients, 51 had evidence of previous hepatitis B exposure (anti-HBc positive with or without anti-HBs). After the start of chemotherapy, reactivation of HBV occurred in 4% of them and none of them died. In comparison, 48% of the patients, who were positive for HBsAg before chemotherapy developed HBV reactivation; of whom, the mortality rate was 8% [33]. A recent retrospective survey of 319 lymphoma patients with past HBV infection (anti-HBc positive/HBsAg negative) revealed that HBV reactivation occurred in 1% of patients after receiving chemotherapy. However, of 74 patients who received chemotherapy containing rituximab, the reactivation rate increased to 2.7% [55]. Currently, several cases of fatal hepatitis B reactivation in anti-HBc-positive patients who received chemotherapy in conjunction with rituximab for lymphoma have been reported [23, 56–60].
Certain host and viral factors are associated with the risk of HBV reactivation in patients with OHB. For example, host factors include intense immunosuppression induced by rituximab-plus–steroid combination chemotherapy, hematopoietic stem cell transplantation, etc. [23], and viral factors include absence of anti-HBs before chemotherapy, decrease in anti-HBs during chemotherapy, detectable HBV DNA in the serum, etc. Recent studies further suggested that HBV genotype B and mutations in the pre-core and core promoter regions of the HBV genome were also associated with a higher risk of HBV reactivation in patients with OHB [61, 62].


Pathogenesis of HBV reactivation
Both innate and adaptive immunity are pivotal for the control of HBV infection. However, the mechanisms of HBV clearance and persistence are incompletely understood. During acute, self-limited HBV infection, innate immunity is activated and may represent the early, non-cytolytic, cytokine-mediated viral reduction phase [13]. This is followed by vigorous adaptive immune responses, especially the CD4+ T cell response directed against multiple epitopes within HBcAg, HBeAg, and HBsAg [13]. After HBV infection of the hepatocyte, HBcAg and other viral peptides are presented on the cell surface in association with HLA class I protein. This HLA class I–HBcAg complex is recognized by specific cytotoxic CD8+ T lymphocytes, which trigger hepatocyte death. Under most of the circumstances, HBV and its proteins are not directly cytopathic to the hepatocytes. Liver injury in acute hepatitis B is thought to be mediated by cytotoxic T lymphocytes through the destruction of HBV-infected hepatocytes.
The immunological mechanisms of spontaneous HBV reactivation in HBV carriers already entering inactive phase are also only partly clarified. Development of HBV reactivation involves the break of balance between host immune responses and virus replication; of note, enhanced viral replication is a universal phenomenon at the onset. Thereby, a key to the understanding of HBV reactivation is to unravel the origin and identity of such a viral surge. Regarding this, a prospective study from the silent (asymptomatic) stage to reactivation is essential for elucidating the complex, temporal relationship among the emergence of viral variants, the change in host immune status, and the development of spontaneous reactivation. To address the role of HBV genomic variations, the authors performed a prospective full-length viral sequence study [63, 64], and demonstrated that the full-length viral genome obtained at virologic surge remained almost identical to that at baseline. These data clearly suggest that changes in host immune surveillance are far more important than viral genomic variations in the break of immune tolerance and then in the upsurge of viral load. Accordingly, the critical issue is to decipher the changes in host immune status before HBV reactivation. Several lines of evidence indicate that spontaneous HBV reactivation may be related to the change in host immune status [65–67]. However, the critical immune system involved in the immunopathogenesis of spontaneous HBV reactivation awaits further studies.
In contrast to spontaneous HBV reactivation in general HBsAg carriers, an impairment of the host’s immune system promotes HBV reactivation. The majority of CHB patients are able to control HBV infection through humoral and cellular immunity and become inactive carriers. However, immunosuppressive drugs and the diseases themselves may affect host immune systems by diverse mechanisms [68]. For example, the humoral arm of the immune response can be severely impaired by rituximab therapy, which depletes the patient’s antibody-producing B cells. HIV, on the other hand, interferes with the cellular compartment and decreases the patients’ capability to cope with the virus infection. Other co-infections or immunosuppressive drugs also impair the innate immune response. The increased risk of using corticosteroids is generally believed to be associated with dual effects of this agent: an immunosuppressive effect and direct stimulation of viral replication via a glucocorticoid responsive element (GRE) in the enhancer region of the HBV genome [69].
In the lifecycle of HBV replication, covalently closed circular (ccc) DNA is formed in the nuclei of infected hepatocytes within the first 24 h following virus inoculation. cccDNA is the main template for the transcription of viral mRNAs and has been shown to persist in the liver of patients even with successful cellular and humoral control of the infection indicated by HBsAg/anti-HBs seroconversion. With the impairment of host defense systems, cccDNA can evade host immunity and actively replicate again [
10, 33, 55–60
].


Management of HBV reactivation in patients receiving cancer chemotherapy
The most critical step in avoiding serious morbidity and potential mortality associated with HBV reactivation is to identify patients at risk before they undergo chemotherapy. Clearly, the risk of HBV reactivation differs according to the patient’s HBV infection status prior to systemic chemotherapy as well as to the intensity of immunosuppression related to chemotherapy.
To avoid any risk of HBV reactivation, all patients should be screened for HBsAg before the start of immunosuppressive chemotherapy, particularly in HBV highly endemic areas. For patients receiving intense chemotherapy associated with a high risk of HBV reactivation, anti-HBc should also be assayed. For widely used immunosuppressive therapies carrying a low risk of HBV reactivation, screening for HBV infection in all patients remains controversial. Nevertheless, given that the cost of HBsAg screening is relatively low, whereas the clinical consequences of HBV reactivation can be life-threatening, routine HBsAg screening of all cancer chemotherapy recipients should still be considered.
Previous studies showed several host and viral factors may predispose to HBV reactivation (Table 1) [12, 33–54, 68]. These include male gender [12, 33], younger age [12], and HBeAg positivity [12]. The highest risk of HBV reactivation occurs in HBsAg-positive patients with detectable HBV DNA levels prior to chemotherapy [11, 12, 44, 70]. Subjects who are negative for HBsAg, but positive for anti-HBc still carry the potential risk of HBV reactivation, although the incidence rate is substantially lower than HBsAg-positive patients. Therefore, determination of anti-HBc as well as HBsAg in patients scheduled to receive intense immunosuppressive therapy, such as CHOP–rituximab combination regimen, may help identify those potentially at risk of HBsAg seroreversion and HBV reactivation.
Table 1 Predictors of hepatitis B reactivationFull size table




Prevention of HBV reactivation
There is ample evidence that the risk of HBV reactivation can be greatly reduced by identification of susceptible patients before the start of chemotherapy and the use of prophylactic antiviral therapy. Although five oral agents are approved for the treatment of CHB (lamivudine, adefovir, entecavir, telbivudine, and tenofovir), the majority of evidence-based data on prevention and treatment of HBV reactivation following chemotherapy come from lamivudine. Lamivudine is effective and safe in preventing HBV reactivation related to chemotherapy for both hematological and non-hematological malignancies [36, 37, 47, 49, 71–80]. A major concern with prolonged use of lamivudine is the possibility of emergence of drug-resistant mutants, which could be sequentially followed by virologic breakthrough, hepatitis flare, and even hepatic decompensation [81]. In immune competent CHB patients, the accumulative rate of drug resistance to lamivudine is 16–24% after 1 year and as high as 70% after 5 years of continuous therapy [82]. Add-on adefovir can be used to rescue chemotherapy patients with lamivudine resistance-related HBV reactivation [83].
Given high potency and extremely low rates of drug resistance, new generation oral antiviral agents, such as entecavir or tenofovir are anticipated to be at least as effective as lamivudine in the prophylaxis of HBV reactivation. For example, a study of small case series recently demonstrated that entecavir was effective in the prevention of HBV reactivation in cancer patients [84]. HBV reactivation did not occur in any of the 16 patients who received entecavir prophylaxis and the chemotherapy for their underlying diseases could be continued. For cancer patients with pre-chemotherapy high viral load or when the scheduled chemotherapy is prolonged, the duration of prophylactic antiviral therapy will also be anticipated to be lengthy. In that case, an antiviral agent with low drug-resistance profile would be preferred. However, they are obviously more expensive than lamivudine, and randomized studies using these drugs for prophylaxis of HBV reactivation in the setting of chemotherapy are largely lacking [5].
Although the optimal time point for the start of antiviral prophylaxis has not been unequivocally established, ideally antiviral agents should be started right before chemotherapy [50]. This strategy can prevent any increase in viral replication, reduce the likelihood of drug resistance, allow chemotherapy to be completed, and minimize the risk of hepatitis flare once chemotherapy is stopped [6, 47]. In contrast, delaying lamivudine treatment until serum HBV DNA level becomes elevated is not effective in the control of HBV reactivation in a substantial proportion of HBsAg-positive cancer patients [37]. In one randomized study, HBV reactivation occurred in 87% of the patients receiving chemotherapy for malignant lymphoma when lamivudine therapy was administered in a deferred manner [7]. In Taiwan, the effect of prophylactic versus therapeutic lamivudine (delaying antiviral therapy until elevations of ALT) was examined in a multicenter randomized prospective trial in patients with non-Hodgkin’s lymphoma receiving CHOP chemotherapy. The authors found that HBV reactivation occurred in 11.5% of patients treated prophylactically, as compared to 56% of patients treated therapeutically [37]. Several meta-analyses confirmed the efficacy of prophylactic lamivudine therapy in the prevention of HBV reactivation [8, 79, 80]. The estimated risk reduction ranges between 79 and 89%, and the number needed to be treated with lamivudine to prevent one reactivation is only around 3.
The optimal screening and prophylactic strategy for prevention of HBV reactivation in patients with past HBV or OHB infection remains unsettled, since these patients are at a much lower risk of HBV reactivation than HBsAg-positive patients. Subgroup analysis revealed that patients with OHB pre-chemotherapy are at a greater risk of seroreversion and subsequent hepatitis flares [33], and thus it has been suggested that these patients should receive prophylaxis with lamivudine before the start of chemotherapy [9, 41]. Alternatively, for patients with OHB, antiviral treatment can be deferred until seroreversion of HBsAg or an at least tenfold rise in serum HBV DNA level occurs [85, 86]. However, the optimal strategy has not been adequately assessed in clinical trials; the cost and benefit of prophylactic therapy versus deferred treatment in patients with OHB at different risk of HBV reactivation remain to be examined [41, 87]. Currently, prophylactic antiviral therapy is not recommended in HBsAg-negative/anti-HBc-positive patients with undetectable HBV DNA. Serum ALT, HBsAg, and/or HBV DNA can be monitored periodically in patients receiving intense chemotherapy [88]. Antiviral treatment can be deferred until seroreversion of HBsAg or an at least tenfold increase in serum HBV DNA level occurs.
Optimal duration of antiviral prophylaxis in HBsAg carriers receiving immunosuppressive chemotherapy is only partly clarified and under active investigations. The intensity of immunosuppression, genetic barrier of antiviral agent, as well as a number of host and viral factors should be taken into considerations. Notably, high viral load and HBeAg positivity prechemotherapy, and premature withdrawal of prophylactic agents postchemotherapy are risk factors associated with HBV reactivation after discontinuation of chemotherapy. For example, HBV reactivation was found in 29% of the 46 HBsAg-positive patients with hematological malignancies following withdrawal of lamivudine, in whom lamivudine prophylaxis was maintained for only 3 months after completion of chemotherapy [89]. Besides, serum HBV DNA level >2,000 IU/mL as well as HBeAg positivity were found to be associated with a higher risk of HBV reactivation, 50% for patients with HBV DNA >2,000 IU/mL versus 10% for patients with HBV DNA ≤2,000 IU/mL (P < 0.001). Thereafter, several cases of HBV reactivation and even fatal fulminant hepatitis when lamivudine was stopped ≤3 months after the completion of chemotherapy were reported [90, 91]. Particularly, in patients receiving CHOP in conjunction with rituximab, discontinuation of lamivudine 1 month after the end of chemotherapy was followed by events of HBV reactivation which occurred ≤6 months after chemotherapy was withdrawn [92]. Thus, in patients without evidence of active CHB prior to chemotherapy, current lines of evidence suggest continuing antiviral prophylaxis until the host immune system has fully recovered.
In summary, the use of prophylactic therapy versus a therapeutic approach for prevention of HBV reactivation in cancer patients receiving chemotherapy is highly cost-effective. A recent decision analysis model comparing two strategies in malignant lymphoma patients demonstrated the cost effectiveness of using a prophylactic approach [93]. Notably, prophylactic antiviral therapy may not be safely discontinued shortly after the end of chemotherapy [89]. Recent data suggested that antiviral prophylaxis should be continued for ≥6 months after stopping chemotherapy. For certain immunosuppressive therapies, such as rituximab therapy, it may be even better to maintain the prophylaxis until restoration of host immunity [10].
Notably, patients with established active CHB prechemotherapy should have their disease treated immediately, with the aim of minimizing viral replication and disease activity before chemotherapy is given. The treatment should be continued until recommended end points are reached. Furthermore, although the benefit of prophylactic therapy is documented [37, 94], patients with HBV infection undergoing chemotherapy may only be identified when they present symptomatically with hepatitis. Under these immunocompromised situations, the hepatitis flare can be severe and hepatic failure could occur [74, 95–97]. Chemotherapy should be discontinued and prompt antiviral treatment should be administered.
The recommended strategies for screening and prophylaxis of HBV infection in cancer patients are shown in Fig. 1.
Fig. 1
Proposed algorithm for the screening and management of cancer patients before chemotherapy. All cancer patients scheduled to receive chemotherapy should be screened for evidence of previous or current HBV infection (anti-HBc and HBsAg). All patients positive for HBsAg should start prophylactic therapy with lamivudine 1 week before the start of chemotherapy. The prophylaxis should be continued for ≥6 months after the completion of chemotherapy. If baseline serum viral load is high (≥2,000 IU/mL) or the scheduled chemotherapy is >1 year, prolonged prophylaxis is recommended [89, 98], and antiviral agent with a low drug-resistance profile, such as entecavir or tenofovir should be considered (lack of robust data) [98]. Patients’ positive for anti-HBc, but negative for HBsAg receiving intense chemotherapy should have a sensitive HBV DNA assay performed to determine whether they have OHB infection. If HBV DNA is detected, these patients should be considered for antiviral prophylaxis. Alternatively, serum viral load and ALT should be monitored closely during and after the chemotherapy. If any evidence of HBV reactivation is documented, antiviral treatment could be commenced in a timely fashion. Patients with active hepatitis B (high HBV DNA and elevated ALT) should start antiviral therapy according to local practice guidelines, and the treatment should be continued until the development of recommended end points


Full size image




International guidelines about the prophylaxis of HBV reactivation in a cancer chemotherapy setting
International guidelines recommend the routine use of antiviral agent for the prophylaxis of HBV reactivation. For example, the Asian-Pacific consensus recommends that before receiving immunosuppression or chemotherapy, patients should be screened for HBsAg (level of evidence: case series, case reports, or poorly designed clinical trials) [99]. If HBsAg is positive, prophylactic therapy with lamivudine before the start and up to ≥12 weeks after the end of immunosuppression or chemotherapy is recommended (level of evidence: at least one well designed, randomized control trial). Other direct antiviral agents can also be used (level of evidence: opinions of respected authorities based on clinical experience, descriptive studies, or reports of expert committees).
Comparisons of recommendations among the three international guidelines—American Association for the Study of Liver Diseases (AASLD) [98]; Asian-Pacific Association for the Study of the Liver (APASL); and European Association for the Study of the Liver (EASL) [100] are shown in Table 2. Consistently, prophylaxis with antiviral agent before the start of chemotherapy is recommended. The main difference among the three guidelines lies in the period of antiviral prophylaxis after completion of chemotherapy. Notably, the ones with high genetic barrier (entecavir or tenofovir) would be preferred when the duration of chemotherapy scheduled is lengthy or the prechemotherapy serum HBV DNA level is high.
Table 2 International guidelines for the prophylaxis of HBV reactivation in cancer patients receiving chemotherapyFull size table




Unmet needs and perspectives
Currently, there remain many unmet needs regarding the prophylaxis of HBV reactivation in immunocompromized CHB patients. For example, the relative and absolute risks of reactivation in various HBV populations (different HBeAg status, different prechemotherapy serum HBV DNA level, different HBV genotype or mutants, etc.) treated with various chemotherapy or immunosuppressive agents (different intensity of immunosuppression, the usage of corticosteroids, rituximab, anti-tumor necrosis factor alfa, or upcoming biological agents, etc.) should be determined. Then, the optimal duration of prophylaxis in different risk populations should be clarified or even individualized in the future. Finally, for patients with serologic markers suggestive of pervious HBV exposure but negative for HBsAg, the optimal screening strategies before and during intensive immunosuppressive or chemotherapy need further investigations.


Conclusions
Chemotherapy-induced reactivation of HBV is an important health issue worldwide, particularly in the Asian-Pacific region where HBV infection is endemic. Screening of all cancer patients for HBsAg and anti-HBc is strongly recommended and can help in identifying patients at risk of HBV reactivation. Existing evidence and all international guidelines indicate that prophylactic use of oral antiviral agent can effectively prevent HBV reactivation. Although most data come from the experiences with lamivudine, it is anticipated that newer generation potent antiviral agents with a high genetic barrier, such as entecavir and tenofovir can be at least as effective as lamivudine. Practicing physicians in relevant fields should be aware of the risk of HBV reactivation in patients with chronic HBV infection and understand the principles of prevention as well as management of HBV reactivation.
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