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Abstract

Context: Due to the close relationship between the immune system and the hepatitis B virus (HBV) replication, it is essential to
monitor patients with current or past HBV infection under any type of immunosuppression. Cancer chemotherapy, immunosup-
pressive therapies in autoimmune diseases, and immunosuppression in solid organ and stem cell transplant recipients are the
major reasons for hepatitis B virus reactivation (HBVr). In this review, the challenges associated with HBVr are discussed according
to the latest studies and guidelines. We also discuss the role of treatments with different risks, including anti-CD20 agents, tumor
necrosis factor-alpha (TNF-«v) inhibitors, and other common immunosuppressive agents in various conditions.

Evidence Acquisition: Through an electronic search of the PubMed, Google Scholar, and Scopus databases, we selected the studies
associated with HBVr in different conditions. The most recent recommendations were collected in order to reach a consensus on
how to manage patients at risk of HBVr.

Results: It was found that the positive hepatitis B surface antigen (HBsAg), the high baseline HBV DNA level, the positive hepatitis
B virus e antigen (HBeAg), and an absent or low hepatitis B surface antibody (HBsAb) titer prior to starting treatment are the most
important viral risk factors. Furthermore, rituximab, anthracycline, and different types of TNF-cv inhibitors were identified as the
high-risk therapies. By analyzing the efficiency of prophylaxis on the prevention of HBVr, it was concluded that those with a high risk
of antiviral resistance should not be used in long-term immunosuppressants. Receiving HBV antiviral agents at the commencement
of immunosuppressant therapy or chemotherapy was demonstrated to be effective in decreasing the risk of HBVr. Prophylaxis could
also be initiated before the start of therapy. For most immune suppressive regimes, antiviral therapy should be kept up for at least 6
months after the cessation of immunosuppressive drugs. However, the optimal time of prophylaxis keeping should be increased in
casesassociated with rituximab or hematopoietic stem cell transplants. According to the latest studies and guidelines from different
bodies, recommendations regarding screening, monitoring, and management of HBVr are outlined.

Conclusions: Identification of patients at the risk of HBVr before immunosuppressive therapy is an undeniable part of treatment.
Starting the antiviral therapy, based on the type of immunosuppressive drugs and the underlying disease, could lead to better man-
agement of disease.
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1. Context

It is estimated that more than 2 billion of the world’s
population have experienced the hepatitis B virus (HBV) in-
fection during their lifetime, and there are approximately
350 million patients with chronic hepatitis B (CHB) (1).
Generally, patients with HBV can be divided into four dis-
tinct phases: (i) the immunotolerant phase; (ii) the im-
mune active phase; (iii) the low-replication phase; and (iv)
the recovery phase. Everyone who has been exposed to HBV
infection is in danger of the infection reactivating. In pa-
tients with CHB who are under immunosuppressive ther-
apy, HBV replication will increase dramatically due to im-

paired cellular and humoral immunity. Following the ter-
mination of immunosuppressants, reconstitution of the
host immunity results in a serious flare-up of the disease
due to cytotoxic activity of the immune cells. This occur-
rence is considered to be the reactivation of HBV after an
increase in HBV replication because of impaired immune
responses. HBV reactivation (HBVr) can also occur after im-
munosuppressive chemotherapy in patients with occult
HBVinfection (OBI) (HBV DNA and the antibodies to hepati-
tis B core antigens are present without detectable hepatitis
B surface antigens) and resolved HBV (the presence of HBV
antibodies without HBV DNA and hepatitis B surface anti-
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gens). In hepatitis B surface antigen (HBsAg) carriers, im-
munosuppressant agents that induce weakened immune
responses lead to an increase in viral replication as well as
removing the immune system balance. This results in the
growth of viral replication, which may be followed by ris-
ing liver enzymes, liver disease, and even death. Further-
more, HBVr causes premature termination of immunosup-
pressive chemotherapy or a delay in treatment schedules
(2). In individuals who cleared HBsAg, including occult
or resolved patients, covalently closed circular DNA (cc-
cDNA) can persist. In conditions with declined antiviral
immune responses, such as immunosuppressive therapy
or chemotherapy, viral core particles that migrated to the
hepatocyte nucleus at the time of infection can be repaired
to form the cccDNA and rebuild the viral replication cycle.
HBV cccDNA acts as the template for viral messenger RNA
(mRNA) transcription. mRNA is then translated in the cyto-
plasm to produce the viral surface, core, polymerase, and
X proteins (3). In addition to immunosuppressive therapy
or chemotherapy, HBVr may happen spontaneously in the
presence of virus mutation.

Immunosuppressant therapy can be performed by
multiple agents. Some of them are considered to be the
high-risk treatments for OBI/resolved patients in addition
to HBV carrier patients. Thus, these treatments should
commence with special attention and continuous moni-
toring of the viral status. Anti-CD20 agents are the most
reported ones that are categorized in this group. In these
treatments, B cells, which are the main players in suppress-
ing viral replication, will be targeted. Thus, considering
the stability of cccDNA in the nucleus, a rapid decrease in
B lymphocytes (B cells) population, even in the absence of
HBVreplication, leads to the reactivation of viral activity. In
contrast, some other agents are considered as risk factors
only in positive HBsAg patients, but not a serious menace
in occult or resolved patients. For example, HBVr is rare in
non-HBsAg carriers, due to the use of methotrexate (MTX)
or azathioprine (AZA). There is evidence that these treat-
ments manipulate cellular responses more than humoral
responses. The suppression of T cell immunity can cause
HBVr in HBsAg carriers with low HBV replication. In treat-
ments with MTX and AZA, the levels of different cytokines
were significantly decreased, including interferon-y (IFN-
~) and tumor necrosis factor-alpha (TNF-«t), which are re-
sponsible for the suppression of viral replication.

In order to overcome or at least decrease, the risk of
the global menace of HBVT, there are two available options
in addition to identifying the patients in a high-risk condi-
tion and in continuous monitoring. The first option, which
is not practical most of the time and may be followed by
irreparable consequences, is the reduction or discontinua-
tion of the responsible therapy. The second option, and the

most common, is the initiation of prophylactic therapy be-
fore or at the same time of starting immunosuppressant
medications. Almost all studies have confirmed the effec-
tiveness of this approach. Despite this consensus, the tim-
ing of initiation and optimal duration of antiviral therapy
has remained controversial, especially after rituximab ad-
ministration or hematopoietic stem cell transplant (HSCT)
(4). The risk of drug resistance is another critical factor,
which has been warned of by various bodies (5-7). In this
review, the latest findings associated with the risk of HBVr,
due to several treatment strategies, were evaluated. Dif-
ferent approaches for the management and prevention of
HBV-infected patients in multiple conditions were also dis-
cussed.

2. Immune System Response and Hepatitis B Virus In-
fection

Host immune response plays a critical role in HBV-
related hepatocyte damage. Strong cellular and humoral
immune responses are associated with resolution and
long-life antiviral responses in HBV infection (8). However,
weakening of the cellular immune responses could cause
anincrease in HBVreplication that leads to HBVr. Immuno-
suppressive therapy establishes the weak and narrowly fo-
cused immune responses due to a decrease in proliferation
of the involved immune cells in inhibition viral replica-
tion, including B cells, T cells, and NK cells. It is followed
by an increase in HBV replication and then HBVr. In ad-
dition to this indirect mechanism on HBVr induction, it
was found that glucocorticoid stimulates hepatitis B viral
gene expression, which finally results in an increase in vi-
ral replication (9). It is considered to be the direct effect of
this type of immunosuppressive therapy.

In HBV infection, multiple cells and cytokines are in-
volved. T cells and B cells are responsible for adaptive im-
munity, which plays the central role in control and clearing
pathogens. NK cells are considered to be the other involved
cells during infections. These cells are defined as the effec-
torlymphocytes of an innate immunity endowed with con-
stitutive cytolytic functions (10).

CD4+ T cells play an important role in HBV infection
by the secretion of T helper 1 associated cytokines, such
as I[FN-y and TNF-a,, which down-regulate HBV replication.
These are major antiviral cytokines that inhibit HBV repli-
cation and promote HBV clearance (11). In some autoim-
mune diseases, such as rheumatoid arthritis (RA), in which
TNF-«v is known as the major cause of damage, inhibition
of this cytokine with some anti-TNF-« agents, including in-
fliximab, etanercept, and adalimumab, is frequently used
(12). It was found that inhibition of this proinflammatory
cytokine leads to an increase in viral replication (13, 14). In
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fact, there is a deep relation between TNF-«x and viral sta-
tus in HBV infection. Several studies that found a corre-
lation between the TNF-« gene polymorphism, HBV clear-
ance, and CHB support this idea (15-17).

CD4+ T cells also act as the CD8+ T cells’ promoters as
well as inducers of B cells’ activation and differentiation,
which results in vigorous immune responses. CD8+ T cells
destroy infected hepatocytes in addition to their non-lysis
manner. HBV-specific CD8+ T cells inhibit HBV production
through the production of some cytokines, such as IFN-y
and TNF-«, which are able to suppress HBV gene expres-
sion and replication without destroying the infected cells.
Phillips et al. (18) revealed that CD8+ T cells inhibit HBV
replication in HBV-producing hepatocytes with minimal
cell lysis. In fact, inhibition of viral replication is mediated
predominantly by non-cytolytic mechanisms via IFN-y and
TNF-« contribution. In addition to T cells, B cells are deeply
involved during HBV infection. These cells play the role in
antigen presentation as well as viral clearance (19). It was
found that the hepatitis B core antigen (HBcAg) can also
cause the activation of naive human B cells in vivo in a T-
cell-independent way (20). Recently, NK cells have been in-
creasingly valued in their effects on HBV infection. In both
the early immune responses and the chronic phase, these
types of cells contribute to HBV infection. Wu et al. (21) re-
viewed the role of NK cells in HBV infection, discussing the
mechanisms of action of this arm of the innate immune
system in HBV infection.

The lack of, or exhaustion of, one of these cells and cy-
tokines may result in the growth of viral replication and
the development of HBVr in HBV inactive carriers, occult,
and resolved HBV patients. The weakening or the absence
of virus-specific T-cell reactivity is usually observed during
human CHB infection (22). This situation causes poor effec-
tor cytotoxic activity and impaired cytokine production.

3. Hepatitis B Virus Reactivation Definition

In general, during immunosuppressive therapy, HBVr
can occur after high HBV replication, which has no clinical
sign. Indeed, HBVr starts with immune reconstitution, and
has the same symptoms as acute hepatitis. Because HBVr
is caused by immune reconstitution, and is not directly
due to viral replication, patients will not benefit from the
initiation of antiviral therapy during this phase. Recently
author discussed about distinction between the HBVr and
HBV flare and proper approaches to management of each
condition (23).

In the literature, there are several definitions of
HBVI, which range from an asymptomatic rise in alanine
transaminase (ALT) levels to severe hepatitis, which may
result in serious liver injury, liver failure, and death (24).
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In some studies, the elevation of ALT and HBV DNA lev-
els > 2000 IU/mL in inactive HBsAg carriers or resolved
hepatitis patients is considered to be a factor of reactiva-
tion (7, 25). Reverse seroconversion from the hepatitis B
virus e antibody (HBeAb) to the hepatitis B virus e antigen
(HBeAg) is also known as another sign of HBVr (26). HBsAg
may change from negative to positive during HBVr, which
is known as reverse seroclearance. This phenomenon has
been considered as HBVr in the literature (27, 28). This
could happen in the presence or the absence of HBsAD.
Based on the literature, a10-fold increase in HBV DNA levels
(Ilog) or more from the baseline level in serum can be con-
sidered as evidence of HBVr (24, 29). It is essential to know
the similar conditions to HBVr, which are not considered
asreactivation. Acute HBV, the immune clearance phase in
patients with CHB, drug resistance, co-infection, and hepa-
totoxins can cause the development of signs, which are the
same as HBVr and may be confused with reactivation.

4. Conditions With the Risk of Hepatitis B Virus Reacti-
vation

HBVr is not limited to positive HBsAg patients. It also
may develop during or after immunosuppressive therapy
in patients with a positive antibody to the hepatitis B core
antibody (anti-HBc) (30-32). Various studies reported clini-
cal and virological reactivation in patients with OBI (30, 31).
Furthermore, reports revealed that HBVr may also occur in
resolved patients after immunosuppression (32, 33).

All of the discussed reactivation forms were in a sit-
uation of past or current infections. However, Feeney et
al. (34) reported a case that questions the dependability
of anti-HBc testing before immunosuppressant therapy. It
was claimed that pre-screening serology indicated nega-
tive HBsAg and anti-HBc. However, the patient developed
aweak HBsAg with a low HBV DNA level (< 1000 IU/mL) fol-
lowed by rituximab-based treatment. HBV DNA reached a
peak at1 x 10° IU/mL after 5 months, which was treated
with tenofovir (TNV). Interestingly, the patient remained
negative anti-HBc.

Generally, each agent that causes a weakening of im-
mune responses may lead to HBVr. HBsAg carriers, patients
with OBI[resolved HBV infection who receive chemother-
apy, those treated for autoimmune diseases, or those un-
dergoing transplantation, are at risk of HBVr.

4.1. Chemotherapy

HBVr is a common problem in patients with CHB or
even recovered patients who are under chemotherapy. Sev-
eral chemotherapeutic agents are associated with HBVr,
including anthracyclines, glucocorticoids, and anti-CD20
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agents. The rate of reported HBVr during or after the ces-
sation of cancer chemotherapy varies widely and strongly
depends on the underlying disease and the treatment reg-
imens. For example, the incidence of HBVr in patients with
breast cancer who were under chemotherapy without pro-
phylaxis, was reported to range from 20% to 41% (2, 35-37).
However, these rates dramatically decreased via the em-
ployment of prophylaxis. Recently, Yang etal. (38) analyzed
gastric or colorectal cancer patients with positive HBsAg
undergoing chemotherapy. The rate of reactivation was re-
ported to be 14.6% (6 from 35). In areview, the rates of HBVr
in chronic carriers with hepatocellular carcinoma (HCC)
undergoing chemotherapy were reported to range from
4% to 67% (39). Furthermore, there are several case reports
of HBVr in patients with chronic myeloid leukemia under
chemotherapy (40, 41).

4.2. Treating Autoimmune Diseases

The most effective therapy in several autoimmune dis-
eases is corticosteroids, which are widely used in the treat-
ment of these diseases and are associated with HBVT. It has
been shown thatincreasing the dose of corticosteroids can
raise the risk of infections (42). The risk of HBVr could sig-
nificantly increase in patients who received prednisone at
high doses (> 20 mg/day for at least 4 weeks). In addition
to corticosteroids, TNF-cv inhibitors also led to the appear-
ance of reactivation signs (43-47). In TNF-« targeted ther-
apy,39% and 5% reactivation in HBsAg carriers and positive
anti-HBc patients, respectively, were reported (47).

The newly emerged therapy, rituximab, which targets
B cells, is widely used in chemotherapy as well as in vari-
ous autoimmune disease therapies. This treatment is con-
sidered to be a most serious risk factor of HBVr in autoim-
mune diseases. Several studies have reported the reactiva-
tion of HBV due torituximab administration in RA patients
(33, 48, 49). In contrast to many other immunosuppres-
sants, HBVr due to rituximab administration may happen
after 6 months (up to 12 months). This may be explained by
the delay in immune reconstitution in these cases. Thus,
in addition to immediate initiation of antiviral therapy,
prophylactic antiviral therapy for at least 12 months was
recommended after rituximab administration, in various
studies (5, 6).

4.3. Transplantation

Although HBVr is defined as the reappearance of HBV,
the appearance of HBV after transplantation also has been
mentioned as the HBVr in many studies. Various stud-
ies confirmed the chance of HBV appearing during solid
organ transplantation, bone marrow transplantation, or
HSCT (4, 33, 50-57). Blanpain et al. (58) reported three

cases of HBV appearing after transplantation in patients
with resolved HBV infection (negative HBsAg, positive HB-
sAb, and anti-HBc). It is considered to be a serious warning
for the awareness of HBVr risk during transplantation in
resolved HBV patients. Furthermore, Mikulska et al. (56)
reported HBVr within a median of 19 months after HSCT,
ranging from 9 months to 77 months. This could be a
warning that HBVr can occur even some years after HSCT.
In order to prevent HBVr in transplantation, the Ameri-
can society of transplantation and the American society of
blood and marrow transplantation released guidelines as-
sociated with the reactivation of HBV after transplantation
(59, 60).

In patients receiving allogeneic HSCT, HBVr occurs
more frequently than in those who receive autologous
HSCT. This may be explained by the reduced suppression
of innate cellular immunity in autologous HSCT (3, 54).
However, reverse seroclearance of HBV is not rare in autol-
ogous HSCT (53). The effect of antiviral therapy in cases
with HSCT, regardless of donor type, has been confirmed
by several authors (4, 54, 61). However, recently, it was
found that short-term antiviral prophylaxis appeared in-
sufficient to decrease the risk of HBVr. Prophylaxis longer
than 24 months was introduced as a more effective way of
controlling viral replication for patients under HSCT (54).

5. Risk Factors

Most people who experienced recovery from HBV in-
fection had an undetectable HBV DNA serum (62). People
with this condition are still in danger of HBVr, but the risk
isless than in those with positive HBsAg and those with de-
tectable HBV DNA serum. This can be explained with the
persistence of HBV in the liver. The reactivation frequency
can change among less than 1% and more than 50% which
mainly depends on different risk factors.

5.1. Viral Status

Viral status is another important factor associated with
the risk of HBVr. According to many reports, viral replica-
tion in patients with positive HBsAg is higher than in those
with negative HBsAg, positive anti-HBc. Indeed, positive
HBsAg is considered to be a risk factor of HBVr (63, 64). Fur-
thermore, HBV DNA serum levels can lead to a significantly
higher risk of HBVr compared to the patients with a low or
undetectable level of HBV DNA.

Different studies have suggested that low titer or the
absence of HBsADb is strongly associated with HBVr (54, 65-
68). However, recently, a meta-analysis containing 578 pa-
tients in 15 different studies did not find HBsAb status to be
effective on reactivation risk (69).
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It was suggested that in patients with HBeAg-positive,
HBVr more likely could be developed than in those with
HBeAg-negative (70-71). Recently, in HCC patients who ex-
perienced HBVT, a significant correlation between HBeAg
status in those with low serum HBV DNA level was found
(71). HBV DNA may be considered as the most important
factor associated with HBVr (65, 72). In addition to these
factors, non-A HBV genotypes are known as the other viral
factors associated with a higher risk of reactivation (73).

5.2. Host Factors

Being male, especially a younger male, is considered to
be arisk factor for HBV in several studies (70, 74). In a study
that introduced this point, 18 patients were found to be
HBsAg-positive among 626 patients undergoing cytotoxic
chemotherapy. In 15 patients, reactivation was observed: 11
(73%) were male and 4 (27%) were female, which is a signif-
icant difference. In HBsAg carriers who did not experience
reactivation, there were 27 (43%) male and 36 (57%) female.
In that study, a strong relation between the male sex and
the risk of HBVr in HBsAg-positive patients was found (70).
In another study, which reported HBVr in an inactive phase
of CHB in Alaska, the male sex was dominant in reactivated
cases (22 of 179 patients (12%) in the male group and 14 of
235 patients (6%) in the female group) (75). There was no
clear association between age and HBVr in that study. Ad-
ditionally, HBVr developed earlier in the male group.

5.3. Underlying Disease and Therapy Regimens

Based on previous reports, the most common under-
lying disease associated with HBVr is lymphoma, which
is followed by breast cancer (66, 70, 72). This may be the
result of marked immunosuppression in lymphoma pa-
tients and anthracycline-based chemotherapeutic in pa-
tients with breast cancer. It also may be due to the high
prevalence of HBVinfection among those patients (76). The
incidence of HBVr in patients with lymphoma is reported
to range from 20% to 73%, which could be explained by the
frequent use of the anti-CD20 agent (rituximab) to treat
this disease (24, 29, 77-79). Furthermore, this risk is high
in patients with breast cancer. It has been reported to
range from 20% to 41%, which is a significantly high risk
(2,35-37). Although there are various reports of HBVr in pa-
tients with rheumatic diseases (33, 43, 48), the rate of re-
activation is not as high as the previously mentioned dis-
eases. Ina study including 122 HBsAg-positive patients with
rheumatic diseases who were under treatment of anti-TNF-
« agents or disease modifying anti-rheumatic drugs, 15
cases (12.3%) developed HBVr (80). However, in another re-
port, anti-TNF-o therapy was considered to be a safe option
for the treatment of rheumatic diseases in patients with
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CHB infection when it was combined with antiviral ther-
apy. Also, it was concluded that anti-TNF-« therapy could
be safe in resolved HBV patients with rheumatic diseases
without using HBV prophylaxis (81).

The risk of HBVr in patients with HCC who are under-
going chemotherapy is very high. It can be explained by
the high number of HBV carriers among HCC patients. Var-
ious studies have found that approximately 80% of HCC
patients in high HBV endemic regions are HBsAg-positive.
Furthermore, more than 90% of HCC cases are anti-HBc-
positive. Interestingly, population controls typically had
rates of HBsAg between 10% and 15% (82). Because HCC is
caused by several HBV-related mechanisms, the prevalence
of HBV is significantly higher in HCC patients compared
to controls. Considering the high number of HBV carriers
among HCC patients, immunosuppressive therapy leads
to an increase in viral replication in these patients. Fol-
lowing that, during immune reconstitution, the signs of
HBVr will appear. Various studies reported HBVr in pa-
tients with HCC who received chemotherapy (39, 71, 74).
The incidence of HBVr in patients with HCC varied widely
in range with significant mortality. Yeo et al. (74) reported
a high rate of mortality (30%) between 37 reactivated con-
ditions of 102 HBsAg-carrier patients with HCC under sys-
temic chemotherapy. It seems that the high rate of HBVr
among those with HCC is the outcome of increased viral
replication, but this is not comparable to HBV reactivation
from a state of inactive infection or OBI.

Generally, various treatments, including corticos-
teroids, anti-CD20 agents, HSCT, TNF-« inhibitors, an-
thracyclines, transarterial chemoembolization for HCC,
methotrexate, ustekinumab, and tyrosine kinase in-
hibitors, can cause increasing risk of HBVr. Table 1 indi-
cates the HBVr risk of some selected treatments in HBsAg
carriers and non-HBsAg carriers.

Rituximab and ofatumumab are the two major B cell
inhibitors (anti-CD20), which were identified as very high-
risk treatments in HBV-infected patients (risk of reactiva-
tion > 20%). Rituximab is a chimeric anti-human CD20
antibody, which was approved by the U.S. Food and Drug
Administration (FDA) in 1997 for non-Hodgkin lymphoma
treatment. Then its usage was extended to multiple dis-
eases as approved and to off-label groups. It acts directly
against the CD20 antigen expression on the surface of B
cells. It is becoming recognized that rituximab is strongly
associated with an increase in the risk of HBVr (28, 33, 48,
49, 67-69, 83). The first HBVr-associated study on ritux-
imab therapy was published in 2001, which described a pa-
tient who had HBsAb, but not HBsAg before rituximab ther-
apy (84). A meta-analysis was investigated on HBVr in pa-
tients with lymphoproliferative diseases who were receiv-
ing rituximab from emersion of rituximab through 2009
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Table 1. The Risk of Hepatitis B Virus Reactivation Due to Some Selected Treatments in Hepatitis B Surface Antigen Carriers and Non-Hepatitis B Surface Antigen Carriers

Risk HBsAg+

HBsAg-, anti-HBc+

Very high (> 20%)

High (10 -20%)
weeks); Anti-CD52 (alemtuzumab)

Moderate (1-10%)
vedolizumab; imantinib; nilotinib; combination cytotoxic

Doxorubicin; epirubicin; high dose of prednisone (> 20 mg, > 4

Infliximab; etanercept; adalimumab; ustekinumab; natalizumab;

Rituximab; ofatumumab; hematopoietic stem cell transplantation NA

Rituximab; ofatumumab

Infliximab; etanercept; adalimumab; ustekinumab; natalizumab;
vedolizumab; imantinib; nilotinib

chemotherapy (without corticosteroids); anti-rejection therapy for
solid organ transplant recipients; moderate prednisone therapy (> 20

mg, < 4 weeks)

Low (< 1%) Methotrexate; azathioprine; 6-mercaptopurine; mild prednisone NA
therapy (< 20 mg, < 1 week)
Rare (< 1%) NA

Methotrexate; azathioprine

(85). It revealed that the median number of rituximab
doses received before HBVr was 6 (between 3 and 10). This
analysis indicated the sooner reactivation after the last
dose of rituximab in HBsAg-positive patients compared to
HBsAg-negative and anti-HBc-positive patients (median of
1month vs. 5 months).

Also, there is limited proof regarding the safety of rit-
uximab therapy in RA patients with CHB (86). van Vollen-
hoven et al. (87) reported no HBVr among 131 anti-HBc-
positive patients with RA who received up to 16 courses of
rituximab. Despite these studies, it seems that rituximab
increases the risk of reactivation in RA patients. This phe-
nomenon was confirmed by several other studies, which
reported HBVr development after rituximab therapy be-
tween RA patients (33, 48, 83).

Similar to rituximab, ofatumumab is classified as an
anti-CD20 drug. It was approved in 2009 and is used for
the treatment of chronic lymphocytic leukemia in patients
who have the future disease after anti-cancer therapy. Since
this is a relatively new drug, the excessive ability of ofa-
tumumab to cause HBVr was not confirmed, although it
seems that it can lead to reactivation of HBV as rituximab
does. The FDA warned about the risk of HBVr for patients
who were administered ofatumumab. In this issue, the
FDArecommended the screening of all patients for hepati-
tis B prior to receiving ofatumumab (88).

All the TNF-«v inhibitors, including infliximab, adali-
mumab, certolizumab, golimumab, and etanercept, may
cause HBVr in HBsAg carriers in addition to patients with
OBI/resolved HBV infection. Anti-TNF-« therapy can be con-
sidered as a lower risk factor compared to rituximab or
most of the chemotherapy regimens. There are various
studies that reported no HBVr in patients during anti-TNF-
o therapy (89, 90). However, in some reports, HBVr was ob-
served in cases under anti-TNF-« therapy (44, 91). The first
report of HBVr due to TNF-« inhibitors was published in
2003 (92). After that article, HBVr due to anti-TNF-«v ther-

apy was reported by several other authors (43, 47, 91). After
identifying the capability of infliximab to inducing HBVr,
the FDA inserted a warning regarding HBVr for the use of
infliximab.

6. Management of Patients With a Risk of Hepatitis B
Virus Reactivation During Immunosuppressive Ther-
apy or Chemotherapy

Considering that most of the HBV-infected patients are
not aware of their infection, it is essential to screen all the
candidate patients prior to immunosuppressive therapy
or chemotherapy. The urgency of screening may change
in various areas with a different prevalence of HBV in-
fection. In HBV-endemic regions, the implementation of
HBsAg and anti-HBc is more urgent than regions with a
lower prevalence of HBV infection. The screening of anti-
HBc may be as important as the screening of HBsAg prior
to immunosuppressive therapy or chemotherapy. Guide-
lines from the international liver society recommended
mandatory screening for serum HBsAg and anti-HBc be-
fore starting all forms of immunosuppression (7, 25). De-
pending on the potency of the drugs, the underlying dis-
ease, and the viral factors, the risk of HBVr in those un-
der immunosuppressant therapies can be significantly re-
duced by HBV antiviral prophylaxis. Receiving HBV an-
tiviral agents at the commencement of immunosuppres-
sive therapy or chemotherapy was demonstrated to be ef-
fective in decreasing the risk of HBVr. Prophylaxis also
could be initiated before starting therapy. For the most im-
mune suppressive regimes, prophylaxis should continue
for at least 6 months after cessation of immunosuppres-
sive drugs. Additionally, it has been recommended that
antiviral prophylaxis must continue after 12 months af-
ter cessation of rituximab therapy (85). Relatively early
withdrawal of prophylactic treatment must be strongly

Hepat Mon. 2016;16(4):e35810.


http://ijpsychiatrybs.com

Tavakolpour S et al.

avoided in cases under HSCT, even in the presence of com-
plete remission (52, 61). Thus, prophylaxis longer than
24 months was recommended for these patients (54). On
the issue of HSCT, several studies have reported HBVr after
more than 12 months, reaching a peak of 91 months (27, 54,
56, 61).

Considering the high resistance to lamivudine (LAM),
in addition to various reported cases with a risk of reacti-
vation following more than 6 months from the cessation
of immunosuppressive therapy or chemotherapy, it is rec-
ommended that referenced HBV antiviral agents, such as
entecavir (ETV) and TNV should be used in therapies that
need long-term prophylaxis. Recommendations of various
bodies associated with HBVr are shown in Table 2.

In a meta-analysis, LAM prophylaxis in HBsAg carriers
with breast cancer under chemotherapy was introduced as
an effective option in the reduction of HBVr (95). Based on
a systematic review, LAM prophylaxis had appeared as an
effective option in the reduction of HBVr in HBsAg-positive
lymphoma patients undergoing chemotherapy. After that,
preventing reactivation caused a decrease in the disrup-
tion of the chemotherapy (96).

In another report, anti-HBc-positive patients under im-
munosuppressive therapy were included (97). These pa-
tients suffered from various autoimmune diseases. Among
those who had received antiviral therapy, none indicated
a rise in HBV DNA levels, while 11.5% of the control group
did experience an increase. ALT elevation was significantly
lower in the antiviral prophylactic group. Additionally, one
patient in the control group showed reverse seroconver-
sion. In contrast, no reverse seroconversion was observed
in the prophylactic group.

LAM can be considered as the most common prophy-
laxis in HBV patients. However, there is a considerable risk
of LAM resistance risk in patients with active HBV. Based on
the literature, LAM is an appropriate choice in cases with
high viral replication that need short-term treatments. In
contrast, it was not recommended for HBsAg carriers with
detectable HBV DNA levels at baseline, who are candidates
for long-term immunosuppressive therapy. Accordingly,
it can be concluded that LAM prophylaxis is a reasonable
choice for OBI[resolved HBV patients.

LAM is more common in countries with a high preva-
lence of HBV, where the cost of other antivirals may be pro-
hibitive. Considering the high resistance rate of LAM, it is
recommended that it be used for short-term treatment. By
LAM resistance, the cessation of immunosuppressive ther-
apy or chemotherapy may be necessary in order to con-
trol viral replication. ETV is known as the other antiviral
prophylaxis with a lower chance of resistance compared
to LAM. ETV was also introduced as a more effective an-
tiviral therapy in preventing HBVr in several studies (98,

Hepat Mon. 2016;16(4):e35810.

99). In a study including 121 patients with on treated dif-
fuse large B cell lymphoma receiving R-chop chemother-
apy, the rate of HBVr was reported at 13.3% in cases that
used LAM in a dose of 100 mg daily. In contrast, no reactiva-
tion was observed in the ETV users group with 0.5 mg daily
(99). It was recommended that ETV be used in preference
to LAM in CHB patients who have detectable HBV DNA lev-
els at baseline (98). There is a positive correlation between
the chance of LAM resistance and ETV resistance. Lee et al.
(100) conducted a retrospective cohort study to evaluate
the probability of developing genotypic resistance to ETV
in LAM-exposed patients. They found that patients with
previous exposure to LAM developed ETV resistance signif-
icantly more frequently than nucleos(t)ide analogue (NA)-
naive patients. The probabilities of developing ETV resis-
tance in the NA-naive, LAM peri-exposure group without re-
sistance and with resistance were < 1.0%, 8.0%, and 28.2%, re-
spectively,at month 48. This study revealed the high risk of
ETV therapy in patients with prior exposure to LAM, regard-
less of the presence or absence of LAM resistance. Adefovir
and LAM combination therapy was reported as an effective
suppression viral replication in patients with LAM resis-
tance (101). Since, TNV was licensed for HBV therapy, it is
increasingly being used because of its high efficiency and
low rate of resistance. It was reported as the effective al-
ternative for the treatment of patients with LAM resistance
(102). Furthermore, TNV was identified as being highly ef-
fective and safe in the prophylaxis and rescue treatment of
HBVrin patients under immunosuppression therapy (103).
Figure 1indicates our recommendation, based on different
studies and reported cases associated with HBVr and using
antiviral prophylactic therapy in order to control the dis-
ease.
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Table 2. The Most Important Recommendations of Various Bodies Associated With Hepatitis B Virus Reactivation

Recommending Body

Recommended Tests

Pre-Emptive/Prophylaxis

Duration

Recommendation

American association for the study of
liver diseases (2009) (25)

Centers for disease control (CDC)
(2009)(93)

European association for the study of
the liver (EASL) (2012) (7)

Asian pacific association for the study
of the liver (APASL) (2012) (94)

American society of clinical oncology
(2015)(6)

American gastroenterological
association institute (AGA) (2015) (5)

HBsAg; anti-HBc

HBsAg; anti-HBc; HBsAb

HBsAg; anti-HBc

HBsAg; anti-HBc (in treatment with
biological agents)

HBsAg; anti-HBc

HBsAg; anti-HBG; HBV DNA test (if HBsAg is
positive)

LAM; ETV; TNV; TLV

Not specified

LAM; ETV; TNV. LAM can reduce the risk of
HBVr, butitis better to use a high barrier
to resistance drugs, such as ETVand TNV

LAM; ETV; TNV

Drugs with low rates of viral resistance,
such as ETV and TNV. LAM was not
recommended in long durations of
systemic cancer therapies

Antiviral drugs with a high barrier to
resistance over LAM

If the baseline of HBV DNA < 2000 IU/mL,
it should be kept 6 months after the end
of immunosuppressive therapy or
chemotherapy. If the baseline of HBY DNA
> 2000 IU/mL, antiviral therapy should be
kept until it reaches the treatment
endpoint

Optimal duration of therapy has not been
established

12 months after cessation of
immunosuppressive therapy or
chemotherapy, regardless of HBV DNA
levels

Start before commencement of therapy
and up to at least 6 months after the end
of immunosuppressive therapy
orchemotherapy

Patients with CHB or clinically resolved
HBV infection should receive durations of
prophylactic antiviral therapy beyond 12
months

Continue for at least 6 months after
discontinuation of immunosuppressive
therapy. It must be increased to at least 12
months for B-cell-depleting agents.

LAM or TLV can be used in short-term
treatment (< 12 months) and
non-detectable HBV DNA, TNV, or ETV are
useful in long-term treatment periods.
IFN-y should be avoided in view of the
bone marrow suppressive effect

Anti-HBc-positive patients should be
monitored closely for signs of liver
disease. HBsAg-positive patients should
be treated before starting
immunosuppressive therapy or
chemotherapy

In HBsAg-positive patients and those with
negative HBsAg, anti-HBc-positive
patients with detectable HBV DNA levels,
antiviral therapy should be started as
soon as possible. However, in patients
with negative HBsAg, anti-HBc-positive
patients with detectable HBV DNA levels,
careful follow-up is enough. With the
appearance of HBVr signs, antiviral
therapy should be started. Vaccination of
HBV seronegative patients is highly
recommended before
immunosuppressive therapy or
chemotherapy

In anti-HBc negative, anti-HBc positive
patients, HBV DNA should be closely
monitored. If it was needed, treatment
should be started.

For HBsAg carriers, antiviral therapy
should be initiated and continued for
approximately 6 -12 months after
completing cancer therapy. In HBsAg
negative, anti-HBc-positive patients, HBV
DNA and ALT testing should be done
approximately every 3 months during
therapy and antiviral therapy should be
started promptly if HBVr occurs

Antiviral prophylaxis was suggested for
all risk groups. Antiviral drugs with a
high barrier to resistance over LAM for
prophylaxis in patients undergoing
immunosuppressive drug therapy was
not a strong recommendation. However,
using these types of antiviral agents for
established HBVr in patients undergoing
immunosuppressive drug was strongly
recommended.

Abbreviations: Anti-HBc, antibody to hepatitis B core antigen; ETV, entecavir; HBV, hepatitis B virus; HBsAb, hepatitis B surface antibody; HBsAg, hepatitis B surface antigen; HBVr, hepatitis B virus reactivation; IFN-~y , interferon--y ; LAM,

lamivudine; TLY, telbivudine; TNV, tenofovir.
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Figure 1. Recommended Approaches to the Management and Prevention of Hepatitis B Virus Reactivation (HBVr)

Initial Screening, Including HBsAg and Anti-HBc
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