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Special populations infected with chronic HBV include those with decompensated cirrhosis, coinfections
(HIV, HCV, HDV), hemodialysis and renal failure, immunosuppressed including transplant patients, chil-
dren and women in pregnancy. These populations differ in their natural history and risk for liver-related
complications, the indications for anti-HBV therapy as well as the recommendations regarding the HBV
drugs used, duration of therapy and anticipated endpoints. Reflecting the special populations with sub-
stantive changes in management in recent years, this review focuses on HBVeHIV coinfected patients,
immunosuppressed patients at risk for reactivation, liver transplant recipients and pregnant women.
Management of women in the context of pregnancy and post-partum requires consideration of risks to
mother and fetus/infant, including the risk of mother-to-child transmission. HBVeHIV coinfected patients
require initiation of treatment concurrentwith their HIV therapy and the HBV drugs usedmust by selected
tominimize HIV andHBV resistance long-term. Increasing recognition of the risk for HBV reactivationwith
immunosuppressive therapy has led to recommendations to use prophylactic HBV therapy inpatientswith
moderate to high risk of reactivation. Liver transplant recipients with HBV require life-long therapy to
prevent or treat HBV infection but with current therapies, graft and patient survival are excellent.

Published by Elsevier Ltd.
The natural history of chronic hepatitis B, risk for disease pro-
gression and liver-related complications can be altered by co-
existing conditions or comorbidities. These “special populations”
include those with decompensated cirrhosis, coinfections with
hepatitis viruses or HIV, renal failure, immunosuppressed status
including solid organ and stem cell transplant recipients, children
and pregnant women. For these patient groups, the recommen-
dations for treatment typically differ from those of the “standard”
patient with chronic hepatitis B. Some of these special populations
are reviewed in other sections (cirrhosis, hepatitis D virus). Here,
we focus on those populations for whom indications for treatment
and/or recommendations regarding specific drugs for treatment
have recently occurred e specifically pregnant women, those with
HIV coinfection, those receiving immunosuppressive therapy and
liver transplant recipients.
HBV and pregnancy

Screening of pregnant women

Perinatal transmission is estimated to account for 50% of the
global burden of chronic hepatitis B, and in endemic areas is the
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prime mode of perpetuating hepatitis B infection in the population
[1]. Exposure to maternal blood or other secretions at the time of
delivery is the primary risk with in utero transmission rare.
Pregnancy-associated procedures such as amniocentesis may be an
additional risk factor if maternal HBV DNA levels are high [2]. In-
fants exposed to hepatitis B have a high likelihood of developing
chronic infection but combined active-passive immunoprophylaxis
of infants reduces the rate of perinatally-acquired HBV from 90% to
10e30% [3]. For this reason, screening of all pregnant women is
recommended with infants of HBsAg positive mothers provided
active-passive prophylaxis [4]. The first dose of hepatitis B vaccine
and HBIG should be administered within 12 h of birth, as delays
increase the likelihood of prophylaxis failure. The WHO also rec-
ommends that women who are HBsAg positive have testing for
hepatitis D virus (HDV). This has relevance primarily in manage-
ment of the mothers, as the risk of perinatal transmission of HDV is
low and active-passive prophylaxis for HBV will protect infants
from HDV infection.

Natural history of HBV in pregnancy

Pregnancy is a unique immunologic period with immunologic
tolerance to paternally derived fetal antigens resulting in altered
immune responses at the maternal-fetal interface (i.e. the placenta)
as well as at the systemic level. Alanine aminotransferase (ALT)
hepatitis B in special populations, Best Practice & Research Clinical

www.sciencedirect.com/science/journal/15216918
http://ees.elsevier.com/ybega/default.asp
http://dx.doi.org/10.1016/j.bpg.2017.06.002
http://dx.doi.org/10.1016/j.bpg.2017.06.002
http://dx.doi.org/10.1016/j.bpg.2017.06.002


Abbreviations

ALT Alanine aminotransferase
ARV Antiretroviral therapy
ETV Entecavir
HBV Hepatitis B virus
HBsAg Hepatitis B surface antigen
HBeAg Hepatitis B e antigen
Ant-HBc Hepatitis B core antibody
HDV Hepatitis D Virus
HIV Human immunodeficiency virus
LMV Lamivudine

LT Liver transplantation
NA Nucleos(t)ide analogues
peg-IFN Peginterferon
LdT Telbivudine
TDF Tenofovir disoproxil fumarate
TAF Tenofovir alafenamide
WHO World Health Organization
TNF Tumor necrosis factor
HCC Hepatocellular carcinoma
FTC Emtricitabine
IU International units
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levels tend to be lower in the second and third trimester compared
to first trimester [5]. HBV flares during pregnancy are infrequent. In
a longitudinal study of US women who were not on antiviral
therapy pre-pregnancy, only 6% experienced a �2-log increase in
HBV DNA during pregnancy accompanied by ALT flares [6]. For
women on antiviral therapy pre-pregnancy who stop treatment
when pregnancy is diagnosed, viral rebound with ALT flare appears
to occur more frequently (67% in one study) followed by sponta-
neous recovery in the vast majority [7].

Post-partum ALT flares are reported in 9e45% of women, mostly
within 3 months of delivery [5,8,9]. The majority of flares were
subclinical e although there are rare reports of hepatic decom-
pensation, likely in women who had advanced fibrosis during
pregnancy. Whether HBV DNA levels predict risk of flares is unclear
[6,10]. The frequency of flares in women who stopped antivirals at
or soon after delivery appears similar or slightly higher than
women not treated with antivirals during pregnancy [11]. Contin-
uation of antiviral therapy post-partum does not prevent flares
[6,11] and most flares resolve without intervention.

Treatment considerations in women of child-bearing age

Antiviral drugs and safety in pregnancy
Three drugs have been studied widely and are recommended

during pregnancy e tenofovir, telbivudine (LdT) or lamivudine
(LMV) [12]. Using the prior (to 2015) FDA designation for drug
safety in pregnancy, LdT and tenofovir are pregnancy class B agents,
indicating available animal studies do not identify teratogenic ef-
fects. LMV is a class C agent, based on some first trimester terato-
genic effects in rabbits, but there is substantial human data
supporting its safety in pregnancy. Of the three options, only
tenofovir should be used as it is associated with lowest risk of viral
resistance in women needing continuous therapy. Importantly, the
published experience is with tenofovir disoproxil fumarate (TDF).
The safety of the new formulation, tenofovir alafenamide (TAF) has
not been assessed in pregnancy, though studies in HIVeHBV
infected women are ongoing.

Since the risk period for teratogenicity is primarily the first
trimester, minimizing exposures to non-recommended antivirals
during the first trimester should be the goal. The Antiretroviral
Pregnancy Registry is an international voluntary, drug exposure-
registration registry of congenital malformations in infants of
women exposed to antiretrovirals and antivirals in pregnancy. In
the most recent analysis, 12,499 women were exposed to LMV,
4837 to TDF, 9 to LdT and 3 to TAF. The rate of birth defects among
women with first trimester exposures was 3.06% (95% CI
2.60e3.62) for LMV and 2.23% (95% CI: 1.73e2.83%) for TDF, which
is similar to that of general population at 3% [13]. A recent sys-
tematic review, which includedmostly women exposed to LMV and
Please cite this article in press as: Zhou K, Terrault N, Management of
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TDF, found no significant differences in the congenital malforma-
tion rate, prematurity rate, and Apgar scores in women receiving
antivirals during pregnancy versus untreated controls [14].

There has been concern regarding the effects of longer-term
exposures to TDF on infant bone mineral density and bone
growth. As most studies were conducted in TDF-exposed infants of
HIV-infected mothers, it is unclear how accurately these findings
translate to TDF-exposed infants of HBV-infected mothers [15e19].
Further, whether TAF can mitigate any potential risk to infant bone
health is unknown at this time.

Pre-pregnancy planning and HBV therapy
The criteria to initiate antiviral therapy in women of child-

bearing age are the same as any person with chronic hepatitis B.
Women with elevated ALT levels and elevated HBV DNA levels
(>2000 IU/mL or >20,000 IU/mL depending on HBeAg status)
warrant consideration of antiviral therapy [12,20,21]. An assess-
ment of disease severity is important. Women with mild disease
can be deferred until after pregnancy. Those with advanced
fibrosis/cirrhosis warrant treatment independent of ALT levels. In
choosing therapy for women of child-bearing age, a discussion of
the effects of the different antiviral drugs on a future pregnancy
should be included. Peg-interferon may be an attractive option for
women seeking a finite treatment course prior to starting their
family. If nucleoside analogues (NAs) are used, the best option is
TDF if long-term therapy is anticipated. ETV can be used but with
the knowledge that a change of therapy toTDF should be done prior
to conception.

For women on antiviral therapy who wish to stop in order to
conceive, the risks of discontinuing therapy and experiencing a
flare of HBV warrant careful review. Womenwith advanced fibrosis
should be counseled to remain on antiviral therapy throughout
their pregnancy and post-partum due to the concerns for decom-
pensation in the context of an ALT flare. If antivirals are stopped,
monitoring of ALT and HBV DNA levels at regular intervals (e.g.
monthly) are recommended to insure HBV flares can be appropri-
ately managed.

Management of women during pregnancy

Women on antiviral therapy who become pregnant
For women on antiviral therapy who become pregnant, dis-

cussion of the pros and cons of stopping treatment is essential.
Among women who may have stopped antivirals for conception or
to avoid exposures of drugs during the first trimester when risk of
teratogenicity is highest, resumption of antivirals in the second
trimester can be undertaken if there is strong clinical indication. For
those stopping treatment, without a strong clinical indication to
restart antiviral therapy during pregnancy, the HBV DNA level
hepatitis B in special populations, Best Practice & Research Clinical



Fig. 1. Management algorithm of chronic HBV infection during pregnancy. Initial
assessment requires a determination of the need for treatment of chronic HBV, inde-
pendent of pregnancy. This will determine the need for treatment during pregnancy
and after delivery. For women without active or advanced chronic HBV infection,
antiviral therapy can be deferred until post-partum. However, all women need to be
assessed in the second trimester for consideration of antiviral therapy for prevention of
mother-to-child transmission. Women with HBV DNA above 200,000 IU/mL warrant
antiviral therapy with tenofovir, telbivudine or lamivudine in the third trimester.
Tenofovir is the preferred drug during pregnancy.
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should be checked again at ~week 26e28 gestation to determine
the need for antiviral therapy to prevent perinatal transmission
(Fig. 1).
Practice points

▪ Tenofovir, telbivudine and lamivudine are drugs recom-

mended in pregnancy, with tenofovir DF preferred due to

the low risk for resistance.

▪ For pregnant women who are not on antiviral therapy, an

HBV DNA >200,000 IU/mL should prompt antiviral treat-

ment beginning at weeks 28e32 gestation to reduce the

risk of perinatal transmission.

▪ Breastfeeding is not contraindicated, whether on antiviral

therapy or not.

▪ Post-partum flares are frequent but rarely are severe or

require treatment.
Prevention of mother to child transmission in HBsAg-Positive
pregnant woman

Despite receipt of active and passive immunoprophylaxis,
perinatal transmission of HBV occurs in approximately 10% of in-
fants (up to 30% in some studies) [14]. The presence of HBeAg and
high HBV DNA levels in themother are most consistently associated
with higher rates of failure of immunoprophylaxis. Invasive pro-
cedures, such as amniocentesis, may also increase the risk of
perinatal transmission [22]. To prevent life-long infection in infants
born to HBsAg-positive women, treatment of HBV during preg-
nancy needs to be considered.

Treatment with antiviral therapy in the last trimester of preg-
nancy is associated with a significant reduction in the risk of
perinatal transmission among women with high HBV viral load
[14]. Guidelines vary on the threshold used to define the women in
need of treatment, with some using a higher HBV DNA level
(106e107 I/mL) [20,21,23]. Meta-analyses evaluating mother-to-
child transmission and viral load thresholds support the impor-
tance of having HBV DNA levels less than 200,000 IU/mL at delivery
[14,24]. In a study of 869 infant-mother pairs and 27 infected in-
fants, the frequency of immunoprophylaxis failure by pre-delivery
HBV DNA was 0% for HBV DNA levels <106 (<200,000 IU/mL),
3.2% for levels of 106�6.99 (200,000e2million IU/mL), 6.7% for levels
between 107�7.99 (2e20 million IU/mL) and 7.6% for HBV DNA
levels � 108 copies/mL (>20 million IU/mL) [25]. Among 200 Chi-
nese mothers, HBeAg positive with HBV DNA >200,000 IU/mL
randomized to TDF 300 mg daily starting at week 30e32 versus no
antiviral therapy and with all infants given immunoprophylaxis,
the rates of perinatal transmission were reduced from 18% to 5% on
intent to treat analysis (P ¼ 0.007) and from 7% to 0% (P ¼ 0.01) on
per-protocol basis [26]. A recent systematic review concluded that
use of TDF, LMV or LdT appeared to be safe in pregnancy with no
increase in adverse maternal or fetal outcomes [14]. Guidelines
recommend starting antiviral therapy between weeks 28e32 but
for women with very high HBV DNA levels, starting treatment
Please cite this article in press as: Zhou K, Terrault N, Management of
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earlier (in the second trimester) may be necessary to achieve a HBV
DNA <200,000 IU/mL at delivery. Pregnant women starting anti-
viral treatment at weeks 28e32 gestation should continue to the
time of delivery or post-partum week 4 [12,20,21,23] (Fig. 1).

The use of antiviral prophylaxis is cost-saving [27,28]. Using US-
based healthcare costs, the additional of antiviral prophylaxis to
current recommendations for immunoprophylaxis for infants
yielded 489 fewer cases of chronic hepatitis B in newborns, 800
quality-adjusted life years and $2.8 million in cost-savings [27],
reflecting the low cost of short duration antiviral therapy in preg-
nant womenwith high HBV-DNA load versus the high lifetime cost
of caring for persons with chronic hepatitis B.

Delivery and post-partum management
There are insufficient data to advise on themode of delivery. In a

study of 492 HBsAg-positive women, the risk of perinatal trans-
missionwas lowest with elective caesarian section (1.4%) compared
to those with vaginal delivery (3.4%, p < 0.032) or urgent caesarian
section (4.2%, p < 0.02) [29]. In an analysis adjusted for HBV DNA
level at delivery, urgent caesarian section (vs elective or vaginal
delivery) conferred the highest risk of mother-to-child trans-
mission (OR 4.3, 95% CI 1.9e9.8). Importantly, there were no
transmission events among mothers with pre-delivery HBV DNA
levels under 200,000 IU/mL, regardless of mode of delivery [29].

Breastfeeding is not contraindicated [12,21]. Breastfeeding does
not increase the risk of perinatal transmission in infants who
receive immunoprophylaxis. Women on antiviral therapy likely
have very low titers of drug metabolites in their breast milk, but
exposures are minimal [30,31]. For women taking antivirals only to
prevent perinatal transmission, the antiviral drug can be stopped at
the time of delivery. For women with indications for antiviral
therapy due to active HBV disease, the decision to stop antivirals
during the period of breastfeeding should take into consideration
the risk of ALT flares and disease progression in the absence of
treatment.
HBV/HIV coinfection

Epidemiology

Coinfection with chronic hepatitis B infection is frequently seen
in patients with human immunodeficiency virus (HIV) due to
shared routes of transmission. In the United States and Europe,
considered regions with low HBV endemicity, approximately
7e10% of patients with HIV have evidence of chronic HBV infection,
which represents a 10e20-fold higher prevalence than in the HIV
negative population [32,33]. Both infections are typically acquired
hepatitis B in special populations, Best Practice & Research Clinical



K. Zhou, N. Terrault / Best Practice & Research Clinical Gastroenterology xxx (2017) 1e104
in adolescence or adulthood. Despite increased availability and
awareness of the HBV vaccine, prevalence rates of coinfection in an
outpatient HIV cohort in the US remained constant from 1996 to
2007 [32]. In this same cohort, coinfection was more common in
men than women, in men who have sex with men compared to
injection drug users or high-risk heterosexuals [32].

Regions with high HBV endemicity such as Asia and Africa have
higher rates of coinfection estimated between 20 and 30% of all HIV-
positive patients. HBV is typically acquired perinatally or in early
childhood, with HBV infection often preceding HIV infection by
decades [34]. Adult transmission of HBV ismuch less common, even
in those with high-risk sexual behaviors, due to high rates of prior
exposure and chronic infection [35]. As such, perinatal vaccination
for HBV has the potential to significantly impact rates of coinfection
in these regions. In Taiwan, after institution of a nationwide HBV
vaccination scheme in 1984, the rate ofHBsAg seroprevalence inHIV
positive patients decreased from 20.3% to 3.3% [36].
Natural history

HIV patients are at higher risk of developing chronic HBV
infection after acute infection with early studies showing that
coinfected patients were slower to clear hepatitis B e antigen and
on average had higher HBV DNA levels compared to HBV mono-
infected patients [37]. Coinfection with HIV is associated with
accelerated fibrosis progression and increased risk of cirrhosis,
decompensation and liver-related deaths [34]. The risk of hepato-
cellular carcinoma (HCC) in HIV patients in the US is reported to be
4-fold higher than the general population [38], highlighting the
importance of screening for HCC with ultrasound and alpha-
fetoprotein at 6 month intervals in any patient who meets HCC
screening criteria [39]. Compared to HIV mono-infected patients,
those with HBV/HIV coinfection incur a 1.5-fold increased risk of
all-cause mortality and an over 3-fold increased risk of liver-
specific mortality [33]. As highly active antiretroviral therapy
(ARV) has reduced HIV-related deaths, liver-related deaths have
emerged as one of the leading causes of death in HIV patients [40].
Severity of immune compromise influences the natural history, as a
CD4 count of less than 200 is a primary predictor of liver-related
death. Lower CD4 count is also associated with increased risk of
developing chronic infection, increased likelihood of HBV reac-
tivation and anti-HBs loss, and increased rates of cirrhosis and HCC
[34]. A meta-analysis of 11 studies including 12,382 patients with
HBV/HIV coinfection demonstrated a pooled 1.4 times increased
risk of all-cause mortality, a risk which was present both before and
after institution of highly active ARV [41]. As liver-specific mortality
is a major contributor to all-cause mortality, treatment of HBV to
minimize liver disease progression is essential.
Table 1
Anti-HBV therapies and applicability in HBVeHIV coinfected patients.

Drug Abbreviation Anti-HIV
activity

Major side effects

Tenofovir disoproxil
fumarate

TDF Yes Nephrotoxicity
Bone loss

Tenofovir alafenamide TAF Yes Less nephrotoxicity
and bone loss

Emtricitabine FTC Yes None
Lamivudine LMV Yes None
Entecavir ETV Yes None

Adefovir ADV No Nephrotoxicity
Telbivudine LdT No Myopathy

Neuropathy
Peg-interferon alfa-2a Peg-IFN No Leukopenia

Depression
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The effect of chronic HBV on the natural history of HIV appears
to be minimal. In terms of viral and immunologic response to ARV,
coinfected patients have similar time to viral suppression and rise
in CD4 counts [35]. While one study reported a 2.7-fold higher
incidence of AIDS-related mortality in patients with HBVeHIV co-
infection [35], other studies have not seen a difference or change in
the incidence of AIDS-defining illnesses among coinfected patients
compared to HIV monoinfected patients [33,42].
Treatment algorithms

Current guidelines recommend all patients with HIV be started
on ARV regardless of CD4 count [43]. In HIV patients with either
chronic or occult HBV infection, the ARV regimen should include
drugs with anti-HBV activity [44]. Cornerstones of therapy are oral
nucleoside/nucleotide reverse transcriptase inhibitors (NRTI) with
dual HBV and HIV anti-viral effect including tenofovir disoproxil
fumurate (TDF) or tenofovir alafenamide (TAF), with emtricitabine
(FTC) or LMV. The rationale for dual HBV therapy is to prevent
development of resistance. Other HBV therapies have a limited role
or are not recommended in treating coinfected patients (Table 1).

Several pre-treatment considerations exist. First, decreased
renal function impacts treatment choice and baseline creatinine
clearance and urinalysis should be obtained prior to treatment
initiation. Any history of prior HBV treatment, such as with LMV,
should be ascertained. Lastly, an assessment of liver disease stage is
needed. Increasing evidence suggests non-invasive methods such
as vibration-controlled transient elastography can be utilized in
HIV/HBV coinfection to discriminate between mild and advanced
fibrosis [45].

The recommended first-line therapy in HBVeHIV coinfection is
fixed-dose TDF or TAF in combination with FTC as the backbone of
an ARV regimen. Tenofovir has demonstrated potent anti-HBV ef-
fect in patients with coinfectionwith an excellent resistance profile
[46]. It has similar efficacy in patients with and without prior LMV
exposure or resistance [46,47]. However, TDF carries a known risk
of proximal tubular injury and Fanconi syndrome, although inci-
dence rates vary widely among studies [48]. A recent randomized
controlled study has shown non-inferiority of efficacy of TAF upon
switching from TDF, with lower rates of renal toxicity and bone
mineral loss as potential advantages [49]. Currently, there are 3
approved fixed-dose TAF-containing combinations [1]: elvite-
gravir/cobicistat/emtricitabine/TAF [2], emtricitabine/rilpivirine/
TAF and [3] emtricitabine/TAF. We recommend starting with TAF/
FTC-based ARV in any patient at risk of renal or bone toxicity and
switching from TDF to TAF in patients who develop mild-moderate
renal dysfunction or bone changes while on TDF therapy. TAF/FTC
inclusive regimens are not approved for use in patients with an
HBV
resistance

Recommended

No First-line with FTC or LMV as NRTI backbone of ARV regimen

No First-line with FTC as NRTI backbone of ARV regimen

Yes First-line with TDF/TAF
Yes In combination with TDF only
Yes Second-line with full ARV regimen; patients with significant

renal dysfunction
Yes No
Yes No

No Consider in patients not on ARV or with HDV coinfection

hepatitis B in special populations, Best Practice & Research Clinical
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estimated glomerular filtration rate less than 30 mL/min. There are
no documented cases of TDF/TAF resistance.

In patients with severe renal dysfunction (creatinine clearance
�30 mL/min), ETV can be safely administered in patients on a fully-
suppressive ARV regimen and is preferred. A fully suppressive ARV
regimen is essential since ETV has weak activity against HIV and
can increase the risk of HIV resistance [50]. In patients with prior
LMV resistance, emergence of ETV resistance is of concern and the
ETV dose of 1 mg should be used with close monitoring for viral
breakthrough every 3 months [44].

Interferon use is associated with higher rate of adverse events
and concerns regarding immunomodulatory actions [51]. How-
ever, in select patients who refuse ARV, interferon is the sole
therapeutic option without risk of conferring HIV resistance.
Furthermore, interferon is the only available therapy for HDV
infection. Thus, while it remains an approved therapy and a
consideration in patients with HBVeHIV coinfection, in practice, it
is rarely used.

Other HBV antivirals such as adefovir and telbivudine are not
recommended in coinfection due to lack of data, side effect profile,
and/or higher rates of HBV treatment failure. In addition, devel-
opment of HBV resistance is very common with LMV monotherapy
and should not be used [52].

Monitoring on treatment

Duration of HBV treatment in HIV/HBV coinfection is indefinite.
As in mono-infected patients, monitoring of HBV DNA and ALT
should be performed every 3e6 months to evaluate response and
monitor for potential resistance. The primary treatment endpoint is
sustained suppression of HBV DNA and this is achieved in the ma-
jority of patients within 1e3 years [53,54]. Risk factors for incom-
plete viral suppression with tenofovir-based therapy include higher
baseline HBV DNA level, presence of LMV resistance at baseline,
lower CD4 counts and lower adherence [53e55]. Adherence, issues
with absorption, and drug-drug interactions should be evaluated in
patients with primary nonresponse and incomplete response. TDF/
TAF resistance testing is not necessary as selection for tenofovir
resistant mutations on therapy is exceedingly rare [56]. Monitoring
of renal function should occur every 6 months for patients on TDF.

Interruption of ARV therapy in coinfected patients is to be
avoided, as HBV DNA rebound is common and can lead to an
exacerbation of liver disease. If HIV virologic failure requires a
modification of ARV, the ARV drugs that have activity against HBV
should be continued with other suitable ARV drugs for HIV sup-
pressive added. If an ARV interruption is needed, close monitoring
of HBV DNA levels is recommended with resumption of an appro-
priate and effective ARV regimen as soon as possible [44].
Practice points

▪ All HIV patients with HBV coinfection should be treated

with antiretroviral therapy that include tenofovir plus

emtricitabine or lamivudine.

▪ Entecavir is an alternative HBV therapy for those on a

fully suppressive ARV regimen; the 1-mg dose is rec-

ommended if prior lamivudine exposure.

▪ Treatment interruptions should be avoided; with close

monitoring of HBV DNA and ALT until treatment

resumes.

▪ TAF rather than TDF should be considered in those with

or at risk for renal or bone toxicities.
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HBV in the setting of immunosuppression

Experts recommend testing patients at risk for HBV who are
undergoing immunosuppressive therapies. In countries with in-
termediate or high prevalence of HBV, screening all patients may be
considered. Testing should include HBsAg, anti-HBc and anti-HBs.
Those without markers of HBV exposure, can be offered
vaccination.
HBV reactivation risk

HBV reactivation in the context of immunosuppression is
characterized by an initial marked increase in HBV DNA levels
followed by an enhanced immune response with ALT elevation
and in some cases, severe liver injury leading to decompensation
and even death. The risk of reactivation varies with the serologic
status of the patient and the potency of the immunosuppressive
drug(s), with the highest risk group being those who receive B-cell
depleting therapies such as rituximab, ofatumumab or hemato-
poietic stem cell transplantation (Table 2). HBV reactivation is
generally less common in HBsAg-negative, anti-HBc-positive pa-
tients than HBsAg positive patients [57]. However, rituximab-
containing chemotherapy regimens in the late 1990s, highlighted
the risk to the anti-HBc positive group when reports of fatal
reactivation emerged [58].

Provision of prophylactic anti-HBV therapy is associated with a
significant reduction in risk of reactivation [57]. For those who are
HBsAg and/or anti-HBc positive, management of HBV reactivation
is required. Two management strategies are employed (Table 2): (i)
antiviral prophylaxis during and for 6e12 months post-treatment;
or (ii) monitoring of HBV DNA levels (or HBsAg if anti-HBc positive)
and institution of antiviral therapy if HBV DNA levels increase or
HBsAg becomes positive. The latter is termed “on demand” therapy
but requires adherence to a close monitoring schedule to be
effective.
Management of HBsAg positive patients

HBsAg positive patients warrant full assessment to determine
need for HBV therapy independent of the planned immunosup-
pressive therapy. Stage of fibrosis, HBeAg status, ALT levels and
coinfections with HIV, HCV or HDV will influence the long-term
treatment plan. For those without clinical indications for treat-
ment, antiviral prophylaxis should be considered for those at
moderate risk and routinely used for those at high risk of reac-
tivation (Table 2). Prophylactic HBV antiviral therapy is superior to
no treatment with an ~85% reduction in risk of HBV reactivation and
hepatitis flare [57]. The magnitude of the risk reduction is greatest
for patients in moderate and high risk categories (Table 2), with
prophylaxis resulting in 435 fewer reactivation events per 1000
persons in the high-risk group (assuming baseline rate of reac-
tivation is 50%) and 44 fewer reactivations per 1000 persons in the
moderate risk group (assuming baseline rate of reactivation is 5%)
[57]. To minimize the risk of resistance with extended or repeated
use, ETV, TDF or TAF are the preferred antiviral drugs. Treatment is
started concurrent with immunosuppressive or immunomodula-
tory therapy and continued for 6e12 months after the last dose of
treatment. For patients receiving B-cell depletion therapy or stem
cell transplantation, continuing HBV antiviral treatment to 12e18
months beyond the last done of chemotherapy is prudent as late
reactivation have been reported [21]. Monitoring of HBV DNA
should continue for at least 6 months in low and moderate risk
groups and for at least 12 months in high risk groups [59].
hepatitis B in special populations, Best Practice & Research Clinical



Table 2
Risk stratification for HBV reactivation by drug type and serologic profile.

Category of risk for HBV reactivation under immunosuppression

Low risk (<1%) Moderate (1e10%) High (>10%)

Serologic profile HBsAg positive � Azathioprine, methotrexate,
6-mercaptopurine,
� Intra-articular steroids
� Any steroid dose �1 week

� Anti-TNF drugs
� Cytokine or integrin inhibitors
� Tyrosine kinase inhibitors
� Low dose (<10 mg) prednisone

daily) for �4 weeks

� B-cell depleting drugs
� Anthracycline derivatives
� Moderate (10e20 mg prednisone

equivalent daily) or high (>20 mg
daily) for �4 weeks

Anti-HBc positive � Azathioprine, methotrexate,
6-mercaptopurine,
� Intra-articular steroids
� Any steroid dose �1 week
� Low dose (<10 mg) prednisone

daily) for �4 weeks

� Anti-TNF drugs
� Anthracycline derivatives
� Cytokine or integrin inhibitors
� Tyrosine kinase inhibitors
� Moderate (10e20 mg prednisone

equivalent daily) or high (>20 mg
daily) for �4 weeks

� B-cell depleting drugs

Management strategy Monitor and treat “on demand” Antiviral prophylaxis suggested
Monitoring and treating “on demand”
can be considered

Antiviral prophylaxis recommended

Source: [59].

Practice points

▪ At risk patients receiving chemotherapy, immunosup-

pressives or disease-modifying drugs should be tested

for HBsAg, anti-HBc and anti-HBs

▪ Antiviral prophylaxis with ETV, TDF and TAF is indicated

for HBsAg positive and HBsAg-negative/anti-HBc positive

patients with moderate to high risk (>1%) of HBV

reactivation

▪ Antiviral prophylaxis should be started concurrent with

or before immunosuppressive therapy and continue until

6e12 months post-treatment.

▪ For patients at low risk of reactivation, monitoring of HBV

DNA (and HBsAg if HBsAg negative at baseline) is the

preferred strategy with antiviral therapy given on de-

mand if evidence of HBV reactivation.
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Management of anti-HBc positive patients

Management of patients who are HBsAg-negative and anti-
HBc positive prior to starting immunosuppressive therapy is
based on assessment of risk. Importantly, the presence of anti-
HBs does not protect against reactivation nor influence prophy-
laxis decisions [60]. Expert guidance differs in assignment of risk
categories. All experts classify patients receiving B-cell depleting
agents as being at moderate [61] or high risk [59] and recom-
mend prophylactic antiviral therapy. On other drug classes, there
is more controversy regarding what drug class presents a
moderate versus low risk of HBV reactivation. This is an
important distinction, as patients with moderate risk should
be more strongly considered for antiviral prophylaxis while those
at low or very low risk can be monitored and treated “on
demand”.

The American Gastroenterology Association guidance classifies
TNF inhibitors, other cytokine or integrin inhibitors, tyrosine kinase
inhibitors,moderate (10e20mgof prednisone orequivalent) orhigh-
dose (>20 mg prednisone or equivalent) daily corticosteroid use
for � 4 weeks, and anthracycline derivatives (e.g., doxorubicin, epi-
rubicin) as moderate risk and azathioprine, 6-mercaptopurine and
methotrexate as low risk. The American Association for the Study of
Liver Diseases, in contrast, classifies daily high-dose corticosteroids
(�20mg) or anti-CD52 agent alemtuzumab as low-risk and cytotoxic
chemotherapy without glucocorticoids, anti-TNF therapy, anti-
rejection therapy for solid organ transplant, methotrexate and
azathioprine as very low risk.With clinicians and patients wishing to
reduce the riskof reactivation to asclose to zeroaspossibleandwhere
concerns regardingHBV drug costs and side effects are not a concern,
the categories outlined in Table 2 reflect the most conservative
approach.

For patients in the low risk category, the “monitor and treat
on demand” approach is appropriate. Antiviral therapy should be
started only if HBV DNA reactivation is documented by increased
HBV DNA levels or detection of HBsAg [21]. The choice of HBV
agent and duration of therapy is the same as in HBsAg positive
patients. For the treatment on demand strategy, close monitoring
of HBV DNA levels and HBsAg at 1e6 month intervals during
and after completion of therapy (for at least 6 months) is
essential.
Please cite this article in press as: Zhou K, Terrault N, Management of
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HBV and liver transplantation

Hepatitis B is a common indication for liver transplantation in
southeast Asia but less common in North America and Europe. In
many countries, the indications for liver transplantation have
shifted over the past two decades to include more patients with
HCC as the primary indication for transplant and fewer with
decompensated cirrhosis [62,63]. This is believed to reflect, in
part, the benefits of NA therapy in patients with advanced liver
disease.

Natural history of post-transplant hepatitis B

In the early era of transplantation, HBV was regarded by many
programs as a contraindication to liver transplantation, due to
high rates of graft loss due to recurrent HBV disease. Reflecting
the effects of immunosuppression on host immune responses
and HBV DNA replication, HBV was a rapidly progressive disease
post-transplant, with recurrent cirrhosis documented within a
substantial proportion within the first 5 years' post-transplant
[64]. During this early era, graft survival was only 50% at 5
hepatitis B in special populations, Best Practice & Research Clinical



K. Zhou, N. Terrault / Best Practice & Research Clinical Gastroenterology xxx (2017) 1e10 7
years' post-transplant, with the highest risk of graft loss from
recurrent HBV among those who were HBeAg positive and/or
with high HBV DNA levels. A severe form of recurrent HBV,
fibrosing cholestatic hepatitis, was seen in 5e10% of patients and
characterized histologically by marked hepatocyte ballooning, a
paucity of inflammatory cells and cholestasis [65] and an
outcome that was uniformly poor prior to the availability of
prophylaxis.

This natural history is now of historical value only, as the risk of
recurrent and progressive disease has been eliminated by use of
prophylactic therapies. Currently combination HBIG and NA ther-
apy is the standard of care for prevention of HBV infection in many
transplant programs. This combination prevents HBV infection in
�95% of transplant recipients [66]. Prophylaxis with NA mono-
therapy using drugs with a low risk of resistance with long-term
use, such as ETV or TDF, also is effective [67]. However, there
continue to be case reports of patients developing graft loss due to
HBV infection, even in the current era of prophylaxis. These cases
are related to failure to adhere to prophylaxis, either due to lack of
understanding of its importance or cost constraints that led to
medication discontinuation. These reports are a reminder of the
critical importance of adherence to prophylaxis to insure excellent
outcomes.
HBV prophylaxis in liver transplant recipients

The ideal outcome of prophylaxis is the prevention of graft
reinfection, as evidenced of absence of HBsAg and HBV DNA in
serum post-transplant. However, even if reinfection of graft oc-
curs, prevention of HBV disease post-transplant can be assured if
HBV suppression is maintained. While many transplant programs
use a combination of HBIG and NA therapy, some programs use
NA therapy alone. The combination of HBIG plus NA therapy may
be better at preventing graft infection, as reflected by presence of
HBsAg post-transplant, but both HBIG plus NA and NA alone
regimens achieve high success in preventing recurrent disease
post-transplant [67,68]. Critical to the success of the NA alone
prophylaxis strategy is the use of antivirals with a low risk of
resistance with long-term use, since treatment will be indefinite.
ETV and TDF are the recommended drugs with TDF preferred in
patients with prior history of LMV resistance. TDF is the drug
most studied in post-transplant patients, but TAF is an
Fig. 2. Factors to consider for individualization of HBV prophylaxis in liver
transplant recipients. Prophylaxis can be individualized with patients at low risk for
recurrent HBV treated without HBIG or with short duration HBIG. Other important
factors to consider include HBIG availability and cost, presence of coinfections (HDV
and HIV) and adherence.* Short term HBIG varies from 5 days to 6 months.

Please cite this article in press as: Zhou K, Terrault N, Management of
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alternative and likely to be preferred due its better renal safety
profile.

Post-transplant prophylaxis should be individualized (Fig. 2)
[69,70]. Prior antiviral drug experience and risk of HBV recurrence,
if the selected prophylaxis fails, are key factors in deciding on the
prophylaxis strategy. For example, transplant recipients with HDV
or HIV coinfection, for whom treatment options may be more
limited if prophylaxis fails, may benefit from a combination HBIG
plus NA approach. Addition relevant factors include the anticipated
patient adherence to prophylactic medications, access to preferred
drugs and cost.

The combination of HBIG plus NAs effectively prevents reap-
pearance of HBsAg and HBV DNA in serum and protects the graft
from recurrent disease. Efficacy is >90% overall, but �95% if the NA
used is TDF or ETV [66]. The dose of HBIG and route of adminis-
tration vary from study to study. Subcutaneous [71,72] and intra-
muscular routes of administration are less cumbersome than the
intravenous route and achieve similar efficacy in terms of pre-
venting HBV recurrence. Additionally, as the risk of NA resistance
has fallen with use of NAs with higher genetic barrier to resistance
e TDF and ETV versus LMVe the dose and duration of HBIG use has
decreased. Indeed, in some transplant programs, HBIG is given only
in the perioperative period [73]. For patients maintained on long-
term HBIG plus NA therapy, the optimal trough level of anti-HBs
necessary to prevent HBV recurrence is unknown. Recent reports
used a trough titer >100 IU/L [72,74] but lower levels may be safe if
concurrent NA therapy used.

The Hong Kong group has led the way in terms of HBIG-free
prophylaxis. In their transplant program, ETV (and more recently
TDF) monotherapy is used as prophylaxis, with treatment started
on the day of transplant and continued indefinitely. The cumulative
rates of HBsAg seroclearance were 85%, 88%, 87% and 92% at year 1,
3, 5, and 8 years, respectively and 100% had undetectable HBV DNA
respectively [67]. Thus, this represents an alternative prophylactic
strategy and is particularly attractive due to its simplicity and lower
overall costs.

A subgroup that warrants a more aggressive effort to prevent
HBsAg reappearance is the patient with HDV coinfection, as ree-
mergence of HBsAg (even if HBV DNA suppressed) would lead to
active HDV infection, for which few effective therapies exist. His-
torically, prior to the use of prophylactic therapies, HDV patients
were shown to have a better prognosis after liver transplantation
(LT) than patients with HBV infection alone [75]. This was pre-
sumably due to the lower HBVDNA levels present pre-LT in patients
with HDV coinfection. However, recurrent HDV infection leading to
graft loss does occur and prophylaxis for HBV infection using
hepatitis B immune globulin combined with NAs prevents HBV and
HDV infections.

Another group of special consideration is the patient with
HIVeHBV coinfection. Since 2001, liver transplantation for HIV/HBV
coinfected patients with stable HIV disease has been undertaken by
several centers in the US and Europe. Post-transplant patient and
graft survival have been similar between coinfected and mono-
infected patients [76]. The combination of HBIG and NA prophylaxis
has been successful in preventing post-transplant HBV recurrence,
including patients with detectable HBV DNA at time of transplant.
Intermittent detection of low level HBV DNA in prophylaxis with
HBIG and NAs, highlights the need for long-term prophylaxis. In the
past, many patients had LMV-exposure with resistance, which
meant that TDFwas the only drug predicted to provide high rates of
HBV suppression long-term. Additionally, since TDF resistance, an
extremely rare event, was described in a coinfected patient, many
hepatitis B in special populations, Best Practice & Research Clinical



Research agenda

▪ Studies are needed to establish the safety and efficacy of

tenofovir alafenamide in pregnancy.

▪ The prevalence and long-term clinical consequences, if

any, of intermittent low-level HBV viremia in patients
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experts feel it is prudent to continue HBIG as additional prophylaxis
for coinfected patients. However, increasingly, HIV patients are
treated with TDF-based antiretroviral therapy as first line therapy
(no prior LMV exposure) and since risk of TDF resistance is rare,
consideration of post-transplant prophylaxis using TDF mono-
therapy can be considered, especially in resource-constrained
settings.
with HIVeHBV coinfection on tenofovir-based antiretro-

viral therapy needs to be elucidated.

▪ More research of HBsAg-positive and HBsAg-negative/

anti-HBc positive patients receiving immunosuppres-

sant drugs in the moderate risk group (1e10% risk) for

reactivation is needed to better define risk by drug class

and to determine whether monitoring and on-demand

antiviral therapy rather than antiviral prophylaxis may

be an alternative management approach for some drugs.

▪ Better virologic and immunologic tools are needed to

identify the post-transplant patients who have

completely cleared HBV infection and who may be po-

tential candidates for complete withdrawal of anti-HBV

prophylaxis.
Post-transplant HBV recurrence

With the success of modern day HBV prophylaxis, recurrent HBV
after transplant is an infrequent occurrence. Overall, less than 5% of
patients are reported to develop recurrence and most cases are
managed by use of long-term NA therapy [77]. The exception may
be the patient with HDV infection, as NA therapy alone will not
change the natural history of HDV recurrence. For these patients,
interferon is the only infection-specific therapy and is only
modestly effective. Again, this argues strongly for having a high
level of vigilance in preventing HDV infection by using dual HBIG
plus NA for prophylaxis in this group. For most other patients with
HBV recurrence, there is a need to characterize the reason for
treatment failure and to specifically evaluate for HBV resistance
variants. Long-term suppressive therapy tailored to the HBV vari-
ants is essential. In most cases, TDF/TAF alone or combination
nucleoside analogues will be effective.

A unique feature of HCC recurrence among patients trans-
planted with HBV, is the presence of HBsAg and HBV DNA in serum
as a marker of recurrent HCC [73,78,79] In these cases HBsAg was
detectable even in the absence of HBV DNA in the liver or serum in
patients with metastatic HCC. It is hypothesized that the source of
HBsAg is the metastatic HCC cells, with HBsAg produced from the
integrated HBs gene, rather than HBV reinfection of the allograft.
Thus, detection of HBsAg in serum in a patient on prophylaxis who
has a history of HCC should prompt a search for metastatic disease,
especially if HBV DNA is undetectable.
Practice points

▪ Patients with chronic hepatitis B have excellent outcomes

post-transplant due to the high efficacy of therapies to

prevent and suppress recurrent HBV infection in the graft.

▪ Hepatitis B immunoglobulin plus low dose NA therapy is

highly effective in preventing HBV reinfection across a

broad spectrum of patients, including those with HDV

and HIV coinfection.

▪ NA monotherapy using ETV, TDF or TAF is effective in

preventing HBV graft loss from recurrent HBV and is a

cost-effective option for patients at low risk for

recurrence.

▪ Liver transplant recipients require life-long therapy.
Summary

Important advances in the management of special populations
have been made in recent years, reflecting and improved under-
standing of when and how to use highly effective and safe antiviral
therapies, such as entecavir and/or tenofovir (disoproxil fumarate
or alafenamide formulations) to achieve desired outcomes.
Please cite this article in press as: Zhou K, Terrault N, Management of
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