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Abstract As a class, tumor necrosis factor (TNF)-α
inhibitors have provided clinicians significant control over
chronic inflammatory diseases. With their widespread use
has come the emergence of new side effects such as the
reactivation of latent infections. One such infection that
may reactivate is the hepatitis B virus (HBV). It is currently
unknown if HBV reactivation is a class effect or attributable
to a particular TNF-α inhibitor. To answer this question, a
comprehensive literature review to identify trends in related
cases was performed. A systemic literature review was
performed using the PubMed and Medline databases (1996
to January 2010) searching for the index term “Hepatitis B”
combined with the terms “tumor necrosis factor,” “TNF-α
inhibitors,” “etanercept,” “adalimumab,” “certolizumab,”
and “golimumab.” All relevant articles in English were
reviewed, and secondary references of interest were also

retrieved. Thirty-five cases with hepatitis B surface antigen
(HBsAg) positivity known prior to initiation of TNF-α
inhibitors were identified. Infliximab was used in 17 cases,
etanercept in 12 cases, and adalimumab in 6 cases. All six
cases of clinically symptomatic hepatitis were associated
with infliximab therapy. Infliximab was associated with the
most cases of greater than 2-fold increase in alanine
aminotransferase (six of nine cases) and greater than
1,000-fold increase in HBV DNA load (three of four).
The two deaths reported occurred with infliximab therapy.
Potential mechanisms of action for the reported observa-
tions include differences in molecular design, route of
administration, and potency in clearing TNF-α. In patients
with a positive HBsAg prior to starting a TNF-α inhibitor,
infliximab has the most reported cases associated with
HBV reactivation. While such reactivation may be due to a
variety of reasons, clinicians prescribing TNF-α inhibitors
to HBsAg-positive patients should consider prophylactic
antiviral therapy and close monitoring for any clinical or
serological evidence of hepatitis.

Keywords Ankylosing spondylitis . Crohn's disease .

Hepatitis B virus . Psoriasis . Rheumatoid arthritis .

Tumor necrosis factor-α

Introduction

Tumor necrosis factor α (TNF-α) inhibitors are an evolving
class of medication that since their introduction over a
decade ago have revolutionized the treatment of chronic
inflammatory conditions. Whether used as monotherapy or
in conjunction with disease-modifying agents such as
methotrexate or azathioprine, TNF-α inhibitors give clini-
cians a level of control over rheumatologic, dermatologic,
and gastrointestinal illnesses once previously unattainable
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[1]. Though each TNF-α inhibitor has a unique molecular
construct, they all have as their specific target the critical
proinflammatory cytokine TNF-α [1, 2]. To date, five TNF-α
inhibitors have been approved by the United States Food and
Drug Administration (FDA) for treatment of rheumatoid
arthritis: infliximab (Remicade), etanercept (Enbrel), adali-
mumab (Humira), certolizumab (Cimzia), and golimumab
(Simponi). Several of these agents are also FDA approved for
treatment of ankylosing spondylitis as well as nonrheumato-
logic diseases such as Crohn's disease and psoriasis. In all of
these diseases, the aberrant production of TNF-α is often an
initiator as well as the perpetuator of these conditions [1].

A serious side effect associated with the use of TNF-α
inhibitors has been the reactivation of latent infections. As
TNF-α often plays a key role in both the initial clearance
and then containment of such infections, neutralization of
TNF-α has both direct and indirect consequences. A direct
consequence of TNF-α inhibition is impaired granuloma
formation due to suppressed cell-mediated immunity. This
impairment has been associated with reactivation of latent
infections with both Mycobacterium tuberculosis (TB) and
histoplasmosis [1, 2]. An indirect consequence of TNF-α
inhibition is the creation of a cytokine imbalance with
interferon (IFN). While TNF-α is not a dominant cytokine
in the initial host response, it acts synergistically with IFN-
gamma (IFN-γ) to eradicate or contain infection by TB and
histoplasmosis [1]. IFN-γ without TNF-α lacks the potency
to successfully contain the initial infection by such organisms.

As with TB and histoplasma, hepatitis B virus (HBV) can
avoid initial eradication and enter a latent state, reactivating
when the immune system is depressed. Affecting up to 400
million people worldwide [3], both the acute eradication and
the chronic containment of the virus are dependent on the
production of TNF-α by various cells of the immune
system. Emerging evidence suggests that neutralization of
TNF-α may foster an environment favorable for HBV
reactivation [4]. While all TNF-α inhibitors carry warnings
about the risk of HBV reactivation [5–9], the available
literature suggests that this risk may not be the same for each
medication. The purpose of this article was to review the
published literature for cases where chronic HBV infection
was known prior to initiation of a TNF-α inhibitor, regardless
of the chronic inflammatory condition for which it was used to
treat and identify whether HBV reactivation was attributable
to a class effect or a specific medication in the class.

Methods

A review of the published English literature between 1996
up to January 2010 was performed using PubMed (http://
www.ncbi.nlm.nih.gov/PubMed) and the Medline database
through Ovid (http://gateway.ovid.com). The search screened

articles for the keywords “tumor necrosis factor” and
“hepatitis B” as well as the currently approved FDA
TNF-α inhibitors “infliximab,” “etanercept,” “adalimumab,”
certolizumab,” and “golimumab.” Articles were selected if a
review of the title and/or abstract suggested it discussed the
interaction of a TNF-α inhibitor in patients with hepatitis B
infection. Additional articles of interest were selected from
the bibliographies of articles retrieved using this search.

All cases included in this review were reported as having
a positive hepatitis B surface antigen (HBsAg) prior to
initiation of a TNF-α inhibitor. All cases also provided
either reasonable descriptions of their chronic inflammatory
condition or the authors stated they satisfied currently
accepted classification criteria. In three instances, two
articles described the same case(s) [10–15]. Such cases
were counted only once. In the case series by Wendling et
al. in 2009, the cases were described as having “latent HBV
infection” [10], but the HBsAg status was not reported.
Since one of the cases in this series had been published in
2005 and provided the HBV antigen/antibody profile [11],
all the cases in the 2009 series were treated as HBsAg
positive. A case described by Roux et al. [16] in 2006 with
a diagnosis of “spondyloarthropathy” was considered in the
group with ankylosing spondylitis in this review. One case
described in the series by Cansu et al. [17] in 2008 was not
included as they were coinfected with HCV. Based on these
criteria, 23 articles describing 35 cases were identified
between 2003 and 2009 [10–32].

Results

The demographic information of the 35 cases with known
HBsAg positivity prior to treatment with TNF-α inhibitors
is summarized in Table 1. The mean reported disease
duration before a TNF-α inhibitor was used was 9 years for
cases with rheumatoid arthritis, 7 years for ankylosing
spondylitis, and 17 years for Crohn's disease. Prior to
starting a TNF-α inhibitor, 12 (75%) of the 16 cases with
rheumatoid arthritis had active articular disease. The six
cases of Crohn's disease all described active intestinal
symptoms with four of these (66.7%) reporting fistulizing
disease. Three (25%) of the 12 cases with ankylosing
spondylitis reported active axial and/or peripheral disease.
Twenty-one (60%) of the cases in this review were
concomitantly prescribed disease-modifying medications
such as methotrexate (10 cases), sulfasalazine (8 cases),
glucocorticoids (7 cases), or azathioprine (4 cases). Ten
(47.6%) of the 21 cases were on at least two disease-
modifying medications when therapy with a TNF-α
inhibitor was started. Antecedant knowledge about HBV
infection was known for an average of 7.3 years (±8.4 years)
prior to initiation of a TNF-α inhibitor. Five (14.3%) of 35
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cases were hepatitis B envelope antigen (HBeAg) positive,
Twenty-six (74.3%) were hepatitis B envelope antibody
(HBeAb) positive, and 17 (48.6%) were hepatitis B core
antibody (HBcAb) positive.

Seventeen of the cases (48.6%) were receiving infliximab,
12 (34.3%) etanercept,6 (17.1%) adalimumab, none certoli-
zumab, and none golimumab, at the time of HBV reactiva-
tion. In seven cases, the first TNF-α inhibitor was later
changed to a second TNF-α inhibitor. This change occurred
on average around 17 months into therapy with the first
TNF-α inhibitor. Infliximab was not used as a second TNF-
α inhibitor in any case. Five (83.3%) of 6 cases treated with
adalimumab as the first TNF-α inhibitor were prescribed
concomitant disease-modifying medications. When etaner-
cept was the initial TNF-α inhibitor prescribed, 8 (66.7%) of
12 cases were prescribed concomitant disease-modifying
medications. For infliximab, 8 (47.1%) of 17 cases were
prescribed concomitant disease-modifying medications.

Clinical outcomes, changes in alanine aminotransferase
(ALT), and HBV DNA viral load changes associated with

exposure of HBsAg-positive cases to TNF-α inhibitors is
summarized in Table 2. Infliximab was the only TNF-α
inhibitor associated with the 6 (of 35) cases that reported
symptoms associated with HBV reactivation, such as
jaundice, malaise, nausea, or weight loss. Hospitalization
for symptomatic HBV reactivation after treatment with
infliximab occurred in three of the four cases that reported
this outcome. No cases of clinically symptomatic HBV
reactivation or hospitalization were reported when etaner-
cept or adalimumab was used. Nine cases reported
sufficient data to calculate a twofold rise in ALT. While
information about changes in HBV DNA load was limited,
four cases reported sufficient data that showed a greater
than 1,000-fold increase.

Clinical or biochemical evidence of HBV reactivation
after initiation of infliximab occurred on average after the
fourth dose (±4 doses), with a median onset after the third
dose. The average infliximab dose associated with clinical
or biochemical evidence of HBV reactivation was 4 mg/kg
(±1 mg/kg). Time to reactivation after the last dose of
infliximab was 38 days (±33 days), with a median of
33 days. The time to a greater than twofold increase in ALT
with use of etanercept was 4–6 months [19] and with
adalimumab was 13–18 months [19]. Lamivudine was the
most commonly used antiviral medication either as pro-
phylaxis or when clinical or biochemical evidence of HBV
reactivation occurred. The majority of cases (11 of 18) were
treated with lamivudine after initiation of a TNF-α
inhibitor; however, 4 cases were treated at the start of a
TNF-α inhibitor and 3 cases lamivudine was started as
prophylaxis.

Liver biopsy results were reported in eight (22.9%) cases
in this review. Five of these cases had the initial liver
biopsy performed after treatment with a TNF-α inhibitor
had been started [18, 20, 22, 31, 32]. Two of these five
cases were on HBV antiviral medication at the time of
initial biopsy [18, 32]. Variable degrees of portal fibrosis
were reported. Two cases provided information about

Table 2 Collective data of 35 patients with known positive HBsAg treated with TNF-α inhibitors

Infliximab (n=17) Etanercept (n=12) Adalimumab (n=6)

Concomitant DMARD use 8 (47%) 8 (67%) 5 (83%)

Reported symptomatic HBV reactivation 6 0 0

Reported hospitalization for HBV reactivation 4 0 0

Greater than 2-fold increase in ALT 6 2 1

Greater than 1,000-fold increase in HBV DNA load 3 0 1

Deaths 2 0 0

Values are the number of reported cases for the TNF-α inhibitor listed. Percentages represent the number of cases with the stated outcome divided
by the number of cases for the column

HBsAg hepatitis B surface antigen, DMARDs disease-modifying antirheumatic drugs, HBeAb hepatitis B e antibody, HBeAg hepatitis B e antigen,
HBcAb hepatitis B core antibody (IgG)

Table 1 Demographic data of 35 cases with known positive HBsAg
treated with TNF-α inhibitors

Men 20 (57.1%)

Women 15 (42.9%)

Age, mean ± SD (years) 44.1±14.4 years

Rheumatoid arthritis 16 (45.7%)

Ankylosing spondylitis 12 (34.3%)

Crohn's disease 6 (17.1%)

Adult onset Still's disease 1 (2.9%)

Prescribed concomitant DMARDs 21 (60%)

HBeAb positive 26 (74.3%)

HBeAg positive 5 (14.3%)

HBcAb positive 17 (48.6%)

Values are the number (percentage). HBsAg hepatitis B surface
antigen, DMARDs disease-modifying antirheumatic drugs, HBeAb
hepatitis B e antibody, HBeAg hepatitis B e antigen, HBcAb hepatitis
B core antibody (IgG)
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repeat liver biopsy [13, 18]. Repeat biopsy reported by
Esteve et al. [13] was performed after 1 year after 24 months
of treatment with infliximab while on adefovir therapy and
showed septal fibrosis and two incomplete nodules. Repeat
biopsy reported by Carroll and Bond [18] was performed
after 67 months of treatment with etanercept but treated
with varying courses with lamuvidine and adefovir and
showed mild improvement in the grade of fibrosis.

The average length of follow-up after initiation of a
TNF-α inhibitor was 17 months, with the longest reported
follow-up being 96 months. Of the 35 cases in this review,
2 deaths were reported (as noted in Table 2), both of which
were associated with infliximab use [13, 31]. Death from
variceal bleeding was reported in one case as liver
decompensation occurred despite initial improvement when
infliximab was stopped [13]. The other death reported was
attributed to fulminant hepatic failure [31]. Of the five cases
that reported HBeAg positivity, four were exposed to
infliximab and one to etanercept [10, 12, 18, 25, 31]. Two
of the four HBeAg-positive cases treated with infliximab
developed symptomatic reactivation of HBV [12, 31], with
one case requiring hospitalization [31].

Discussion

Upon initial infection of the hepatocyte by HBV, viral
replication leads to the production of surface, core,
polymerase, and X proteins [33]. These foreign proteins
undergo intracellular processing and are presented by the
human leukocyte antigen (HLA) class I complex. Cytotoxic
(CD8+) T cells bind to the HLA class I complex and, with
costimulation, initiate a robust immune response [34]. A
consequence of this is the production and secretion of
cytokines such as IFN-γ, TNF-α, and interleukin (IL)-10
[35, 36]. While these cytokines work in concert to help
control acute infection by HBV, studies over the past few
years have demonstrated that genetic polymorphisms
involving any of these can influence whether the immune
system is able to successfully clear the virus. Of importance
are genetic polymorphisms that lead to lower constitutive
and inducible TNF-α secretion as these have been related to
an increased risk of progression to chronic HBV infection
[36, 37]. The −238GA polymorphism of the TNFA gene
has been shown in multivariate analyses in white German
[37], Chinese [38, 39], and Korean [40] populations to be
associated with a higher risk of progressing to chronic
infection with HBV. Other polymorphisms such as
the −308GG haplotype [35], the −857CC haplotype [38,
39, 41], and combination −308G/−238G homozygotes [35]
also have been associated with an impaired ability to clear
HBV infection acutely. Lower constitutive and inducible
levels of TNF-α have several important effects on the acute

response of the host immune system to HBV. First, the
cytokine cascade initiated and propagated by TNF-α is not
as robust [42]. Second, hepatocyte clearance via Fas/Fas
ligand-mediated apoptosis may not be as vigorous [43].
Last, the relative imbalance between lower levels of TNF-α
and higher levels of IFN-γ impairs clearance of HBV
through dampening of CD8+ T-cell responses [36, 44]. As
demonstrated in an animal model, the response of CD8+ T-
cells to HBV infection is more important in acute virus
eradication compared with the other cells of the host
immune system [45]. Selective suppression of the CD8+
T-cell response to acute HBV infection leads to persistent
viral infection with a delay in HBV DNA clearance and
prolonged hepatocyte destruction [45].

When HBV is not eradicated during the acute infection,
it is able to establish a chronic infectious state through the
establishment of a pool of viral chromosomal material,
covalently closed circular DNA (cccDNA), that acts as a
template for viral proteins and ultimately infectious
particles [46]. The relaxed open circular, double-stranded
of HBV DNA is converted in the hepatocyte nucleus into
cccDNA [47]. The resulting minichromosome, colocated
with host chromatin, persists at the level of several copies
per hepatocyte [48, 49]. This cccDNA reservoir may persist
indefinitely or become encapsulated and enveloped to
spread to uninfected hepatocytes [50]. During the lifetime
of the host, the immune system maintains a delicate balance
between virus-specific CD8+ T cells and replicating virus.
Part of this balance is dependent on the amount of TNF-α
present in the liver [51]. Higher intrahepatic levels of TNF-
α have been associated with increased expression of HLA
class I molecules and an enhanced CD8+ T-cell response to
the virus [52]. This can shift the host immune response
toward destroying hepatocytes infected by the virus [52,
53]. Hepatocyte damage from replicating HBV during chronic
infection triggers the release of TNF-α fromKüpffer cells [54].
Under these circumstances, TNF-α can promote hepatic
fibrosis (and ultimately hepatocellular carcinoma) through
several mechanisms. First, TNF-α with inflammatory
byproducts from chronic HBV infection can generate reactive
oxygen species and toxic free radicals [53, 54]. Second, TNF-
α itself can promote hepatic fibrogenesis [54]. Last, TNF-α
can facilitate production and secretion of transforming growth
factor-β, IL-1, and IL-6 [54]. These latter cytokines further
drive hepatic inflammation and fibrogenesis.

While as a class TNF-α inhibitors have a high affinity
for TNF-α, they are distinct molecules that exploit different
facets of the cytokine and how it interacts with its cognate
receptor to modulate its aberrant effects. Our review of the
published literature suggests that infliximab, used in the
treatment of more than one million people worldwide to
date, is the TNF-α inhibitor associated with a higher
relative risk of reactivation of HBV in HBsAg-positive
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patients [55]. This association can potentially be explained
by the route of administration and the molecular design of
infliximab. As the sole TNF-α inhibitor administered
intravenously, infliximab rapidly achieves higher serum
peak concentrations as compared with TNF-α inhibitors
administered subcutaneously [56, 57]. Some of the efficacy
of infliximab has been linked to its intravenous adminis-
tration as the maximal bioavailability afforded by this route
results in a “cytokine washout” through the clearance of a
large amount of soluble and transmembrane TNF-α [58].
As the only chimeric protein, infliximab has consistently
been shown to be the most immunogenic, with the most
reported autoantibody and human antidrug antibodies
formed after treatment with the medication [56, 59, 60].
While most of the TNF-α inhibitors have Fc portions
incorporated in their structure, as a chimeric monoclonal
antibody, infliximab can be a more potent activator of
complement-dependent cytotoxicity [56, 58, 59, 61, 62].
Etanercept, a p75 TNF-α receptor fusion protein, is less
able to activate complement-dependent cytotoxicity when
compared with infliximab [56, 58, 59, 61, 62]. In contrast,
certolizumab, an anti-TNF-α Fab' fragment conjugated to
polyethylene glycol, will not trigger complement-dependent
cytotoxicity [56, 61, 63, 64]. As a chimeric monoclonal
antibody, infliximab can also be a more potent inducer of
transmembrane TNF-α dependent apoptosis. Again, reflect-
ing differences in structure etanercept is less potent an inducer
of transmembrane TNF-α apoptosis, whereas certolizumab is
unable to trigger this process [61, 62, 65]. Since transmem-
brane TNF-α is important in granuloma formation, it plays a
role not only in the latent host defense against M.
tuberculosis but also the histopathologic changes noted in
Crohn's disease. The eradication of cells bearing transmem-
brane TNF-α by infliximab may in part explain the higher
rates of TB reactivation reported as well as explain the
efficacy this molecule has in reversing the histopathologic
changes seen in Crohn's disease [56, 62, 66].

Despite the plausible link of HBV reactivation to
treatment with infliximab, this association has limitations.
First, with conclusions drawn exclusively from case reports
and case series, any associations made will be influenced
by publication bias. Second, the current literature does not
make as clear-cut an association between HBV reactivation
and treatment with infliximab. A retrospective study of 100
Thai patients treated with TNF-α inhibitors reported two
cases of HBV reactivation in those who received etanercept,
while no cases were documented in those who received
infliximab [67]. Two recent Japanese postmarketing sur-
veillance safety studies of infliximab and etanercept in
rheumatoid arthritis patients did not report any cases of
HBV reactivation [68, 69]. Both of these studies were of
large cohorts (5,000 patients or more) in an area of the
world where HBV is endemic [68, 69]. Third, in the United

States, infliximab was the first TNF-α inhibitor approved
by the FDA. The initial approval in 1998 for the treatment
of fistulizing Crohn's disease was closely followed in 1999
with the approval to treat rheumatoid arthritis [70]. While
etanercept was approved by the FDA in late 1998 for the
treatment of rheumatoid arthritis, it did not gain a second
FDA approval for adults until 2002 [71]. Adalimumab
received initial FDA approval in late 2002, certolizumab in
2008, and golimumab in 2009. Receiving FDA approval
the earliest would have increased the likelihood that a
greater number of more seriously ill patients would have
been treated with infliximab as compared with TNF-α
inhibitors approved later. Fourth, a 4- to 6-year lag time
appears from the FDA approval of the TNF-α inhibitor to
when case reports of HBV reactivation are reported. The
first case reports published in 2003 were exclusively of
patients treated with infliximab [22, 23]. The first case
reports of HBV reactivation with etanercept were reported
in 2006 with those for adalimumab first reported in 2008
[20]. This delay creates the false impression that infliximab
has been responsible for more cases of HBV reactivation
when it may be solely due to it receiving approval the
earliest. Fifth, in clinical practice, infliximab tends to be
used more frequently with other disease-modifying medi-
cations not only to improve clinical efficacy but also to
mitigate autoimmune reactions and autoantibody formation.
In this review, the opposite was noted as only about half of
the infliximab cases received concomitant disease-
modifying agents as compared with the higher percentages
seen with etanercept and adalimumab use. It is possible that
in the absence of concomitant disease-modifying agents,
infliximab withdrawal led to an immune reconstitution
response as TNF-α bearing cells regenerated a month after
the last dose [72]. Sixth, without full knowledge of the
baseline HBV antigen/antibody profile and HBV DNA load
prior to the initiation of a TNF-α inhibitor, it is possible that
cases experiencing HBV reactivation after starting inflix-
imab had higher viral activity. Not all case reports published
information about chronic HBV serologic markers and viral
loads; thus, distinguishing patients in the “immune tolerance
phase” with high levels of HBe Ag and HBV DNA who
would be at increased risk for reactivation from those in the
“inactive carrier state” (loss of HBeAg and low to
undetectable HBV DNA) was not possible [73].

Currently, the American College of Rheumatology and
British Society of Rheumatology (BSR) have published
guidelines regarding the use of TNF-α inhibitors in patients
chronically infected with HBV [74, 75]. The American
College of Rheumatology guidelines for the use of TNF-α
inhibitors in rheumatologic conditions were published in
2008 and, to date, are the most comprehensive. For patients
acutely infected with HBV, “biologic agents” were contra-
indicated per the task force [74]. For patients chronically
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infected with HBV, regardless of whether they were receiving
antiviral therapy, “biologic agents” were contraindicated in
Childs-Pugh Class B or C [74]. While no affirmative
recommendation was made, use of TNF-α inhibitors in
patients with chronic HBV infection and Childs-Pugh Class
A was not listed as a contraindication [74]. In the July 2004
BSR guidelines for the use of TNF-α inhibitors in patients
with rheumatoid arthritis, Ledingham and Deighton [75]
stated that “the effects of anti-TNF therapy on patients with
hepatitis B patients are contradictory” and “until more data
are available, anti-TNF therapy should be avoided in patients
with hepatitis B infection.” BSR guidelines for the treatment
of other rheumatologic conditions such as ankylosing
spondylitis and psoriatic arthritis do not offer a position
regarding the use of TNF-α inhibitors in patients infected
with HBV, but presumably, the same position for rheumatoid
arthritis would apply [76]. For Crohn's disease, a review of
published treatment guidelines from both the American
Gastroenterological Association and the British Society of
Gastroenterology did not provide a position on how to
approach chronically infected HBV patients [77, 78].

While professional societies have provided some insight
on how to address the issue of patients chronically infected
with HBV who may need therapy with a TNF-α inhibitor,
gaps in our knowledge remain. In the absence of clinical
trials, most authors proposed the cautious administration of
TNF-α inhibitors in patients with chronic HBV infection
with close monitoring of HBV DNA and aspartate
aminotransferase/ALT levels [16, 19, 22–25, 79]. With the
current arsenal of effective medications for HBV prophy-
laxis as well as based on the experience from oncology
patients [80], a call for screening for HBV infection prior to
starting TNF-α inhibitors has been made [10, 21, 23, 69,
79–83]. Calabrese et al. [83] recommended antiviral
prophylaxis for all patients who are HBsAg positive and
need a disease-modifying drug (to include TNF-α inhib-
itors) to control their rheumatologic illness. Nathan et al.
[72] made similar recommendations for prophylaxis of all
HBsAg-positive patients but proposed that antiviral agents
could be started 1–2 weeks prior to TNF-α inhibitor use
(“option 1”) or once the ALT rose above the upper limit of
normal and HBV DNA load increased (“option 2”). Nathan
et al. [72] further recommended monitoring ALT monthly in
those patients who received antiviral prophylaxis (continuing
3 months after cessation of therapy) with more frequent ALT
testing and HBV DNA measurements in those who did not
receive prophylaxis. Intensive monitoring 4–8 weeks after an
infliximab infusion could allow earlier detection of HBV
reactivation [72]. The clinical impact and cost effectiveness
of these strategies have not been ascertained.

Based on our clinical experience, the data presented in
this review, and the expert opinion of other authors, we favor
a conservative strategy of starting antiviral therapy 1–2 weeks

prior to treatment with a TNF-α inhibitor. We would initiate
treatment with any TNF-α inhibitor except infliximab,
reserving infliximab as a second (or lower) agent should
the patient not demonstrate a clinical response. This decision
is based on the information that we have presented here,
even with the limitations discussed. Baseline liver function
tests (at a minimum a serum Albumin and ALT) along with
HBV DNA viral load should be obtained at the start of
antiviral therapy, at the start of TNF-α inhibitor therapy, and
then every 1–2 months thereafter while on TNF-α inhibitor
therapy. More intensive monitoring with prompt cessation of
TNF-α inhibitor therapy would be warranted if the patient
had clinical or serologic evidence of HBV reactivation. Upon
cessation of the TNF-α inhibitor, antiviral therapy along with
liver function testing and HBV DNA viral load monitoring
should be continued at least 1 to 3 months afterward. If a
patient whose HBV status is unknown prior to starting a
TNF-α inhibitor develops evidence of HBV infection or
reactivation while on a TNF-α inhibitor, antiviral therapy
should be started and close (weekly to every other week)
clinical and serologic monitoring undertaken until stability
has been documented. The role for other biologic response
modifiers such as anakinra, an IL-1 receptor antagonist, and
newer agents such as abatacept and tocilizumab is unclear at
this time. Though these therapies may serve as alternatives to
TNF-α inhibitors in patients at risk for HBV reactivation,
data supporting such use are very limited and the antiviral
and monitoring measures described in this paragraph should
still apply.

A long-term consideration yet to be addressed is the
impact that extended continuous exposure (more than
several years) to TNF-α inhibitors has on patients chron-
ically infected with HBV. For conditions that require TNF-
α inhibitors for control, once such therapy is started, it is
continued so long as the clinical response is sustained or a
side effect is experienced. Very little is known about
sustained TNF-α inhibitor use, with or without concomitant
HBV antiviral medications, on complications of HBV such
as hepatic fibrosis, cirrhosis, or hepatocellular carcinoma.
In chronic HBV infection, TNF-α has a dual role that
protects the hepatocyte by decreasing transcriptional activ-
ity of the HBV core promoter gene but yet can through
different mechanisms lead to hepatocyte injury and apo-
ptosis [84, 85]. With the combined positivity of HBsAg and
HBeAg being related to a higher cumulative risk of
developing hepatocellular carcinoma [86], do changes
noted in HBV DNA with use of TNF-α inhibitors impact
this risk? Can the long-term suppression of TNF-α actually
have a protective effect on the hepatocyte, sparing it from
injury and the liver from progressive fibrosis? As noted
earlier, eight cases in this review had a liver biopsy
performed [13, 18, 20, 22, 24, 27, 31, 32], two of which
reported the results of repeat liver biopsies. In one case
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treated with infliximab, repeat biopsy demonstrated new
septal fibrosis and incomplete nodules [13], whereas the
other treated with etanercept on repeat biopsy reported no
significant progression [18], although both cases received
varying treatment courses with HBV antiviral medications.
While it is unlikely that long-term clinical trials will be
designed to prospectively answer these questions, post-
marketing surveillance and long-term safety monitoring
programs will be paramount in studying these clinically
relevant issues.

In conclusion, while the class of TNF-α inhibitors have
brought a great deal of promise in achieving control of chronic
inflammatory conditions such as rheumatoid arthritis, Crohn's
disease, and psoriasis, they have also been associated with
the reactivation of latent infections. One such infection is
HBV. This review sought to identify trends in the current
medical literature of the reactivation of HBV among patients
reported as having a positive HBsAg prior to initiation of a
TNF-α inhibitor. Though a plausible relationship between
the reactivation of HBV and the use of infliximab can be
made based on the mechanism of action, route of adminis-
tration, and potency in clearing TNF-α, such an association
has methodological limitations and is not supported by some
postmarketing data. It is the recommendation of the authors
that when a patient is identified as positive for HBsAg prior
to starting a TNF-α inhibitor, an antiviral agent is started
first. After at least a week of antiviral therapy, with clinical
and biochemical stability demonstrated, therapy with a TNF-
α inhibitor may then commence. Close clinical and hepatic/
viral biochemical monitoring is warranted with prompt
cessation of TNF-α inhibitor therapy at the initial signs of
worsening HBV infection.

Disclosures None.
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