
Review Article

Safe and cost-effective control of post-transplantation
recurrence of hepatitis B
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A combination of hepatitis B immunoglobulin (HBIG) and
nucleoside/nucleotide analogs (NUC) is the current standard
of care for controlling hepatitis B recurrence after orthotopic
liver transplantation (OLT). However, long-term HBIG adminis-
tration is associated with several unresolved issues, including
limited availability and extremely high cost, and thus several
protocols for treatment with low-dose HBIG combined with
NUC or HBIG-free regimens have been developed. This article
reviews recent advances in post-OLT hepatitis B virus (HBV)
control and future methodological directions. New NUC such
as entecavir, tenofovir or lamivudine plus adefovir dipivoxil
combinations induce a very low frequency of viral resistance.
The withdrawal of HBIG after several months of OLT under
new NUC continuation also has permissible effects. Even after
HBV reactivation, NUC can usually achieve viral control when

viral markers are strictly followed up. Another approach is to
induce self-producing anti-HBV antibodies via vaccination
with a hepatitis B surface antigen vaccine. However, HBV vac-
cination is not sufficiently effective in patients to treat liver
cirrhosis type B after OLT because immune tolerance to the
virus has already continued for several decades. Trials of its
safety and cost-effectiveness are required. This review advo-
cates a safe and economical approach to controlling post-OLT
HBV recurrence.

Key words: antiviral agent, hepatitis B, hepatitis B
immunoglobulin, hepatitis B vaccine, liver transplantation,
prophylaxis

INTRODUCTION

BEFORE THE INTRODUCTION of effective post-
transplantation antiviral prophylaxis, liver trans-

plantation for hepatitis B virus (HBV)-related disease
was usually followed by immediate HBV reinfection of
the allograft, resulting in fatal hepatitis B recurrence.1

The long-term administration of hepatitis B immuno-
globulin (HBIG) is associated with a 36% recurrence
rate for HBV, compared with a 75% recurrence rate
without or with short-term HBIG administration.2 The

first generation nucleoside/nucleotide analog (NUC)
lamivudine (LAM) resulted in more than 75% of
patients achieving hepatitis B surface antigen (HBsAg)
negative status within 1 year,3 but longer follow up has
shown more than 50% recurrence rates due to the
emergence of HBV DNA mutants.4 The combination of
HBIG and LAM results in more than 90% long-term
HBsAg negativity,5 and this protocol has proven suc-
cessful in many institutions. As HBIG is extremely
expensive, strategies to decrease the requirement for
HBIG have been attempted. The concomitant admin-
istration of newer, more powerful NUC such as
entecavir (ETV) or tenofovir (TDF) have enabled a
decrease in the amount of administrated HBIG.
Whether post-orthotopic liver transplantation (OLT)
HBIG can be withdrawn after short-term administra-
tion is the next question. Low-dose HBIG combined
with ETV or TDF is the currently accepted optimal
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regimen, although patients without detectable HBV
DNA at OLT may not require HBIG. Unlike these
passive approaches, patients have been actively immu-
nized with HBV vaccine, although the effect was not as
beneficial as originally hoped. After achieving more
than 90% control of the post-OLT viral burden with
HBIG and NUC, studies have become polarized
towards designing an appropriate protocol with suffi-
cient safety at minimal cost (Fig. 1).

This article reviews recent advances in post-OLT HBV
control and explores clinically and economically
optimal approaches.

MECHANISM OF PROTECTION AGAINST HBV
REACTIVATION BY HBIG

NUCLEOSIDE/NUCLEOTIDE ANALOGS inhibit
pre-genomic RNA reverse transcription resulting

in a rapid decrease in serum HBV DNA, but cannot
eliminate the covalently closed circular DNA (cccDNA)
reservoir in the nucleus of infected cells. The mecha-
nisms of HBIG-induced protection against HBV
reinfection or viral control after reinfection remain
obscure. HBIG contains high-titer antibodies against
HBsAg, which is the major component of the envelope

of the HBV virion. The mechanisms through which
HBIG prevents HBV transmission may be neutraliza-
tion of circulating virus by forming immune com-
plexes, protecting naïve hepatocytes against HBV
released from extrahepatic sites through blocking puta-
tive HBV receptors, or anti-HBs internalized into hepa-
tocytes that interacts with HBsAg and inhibits HBsAg
secretion from cells.6

To protect naïve hepatocytes against HBV infection
may be difficult, because recent studies have detected
intrahepatic HBV DNA in more than 50% of even well-
controlled patients post-OLT.7 The release of HBV
virions from infected cells could be blocked with anti-
HBs. Assays in vitro have shown that internalized anti-
body induces intracellular viral particle accumulation
even after the antibody has been removed from culture
supernatants.8 However, an explanation is required for
the success of HBIG combined with LAM. The main
LAM-resistant associated substitution is located in the
reverse transcriptase C-domain of the viral polymerase
region. The HBV has overlapping open reading frames
including the polymerase gene that overlaps part of the
envelope gene that produces HBsAg. Thus, LAM-
resistant polymerase gene mutations also change the
envelope gene, resulting in a change in the HBV nucleo-
capsids that bind to or enter hepatocytes. These viruses
with mutant envelope HBsAg have a low capacity to
secrete expressed HBV Dane particles9 and this may
explain why HBV recurrence can be controlled when
LAM is combined with HBIG.

HISTORICAL ADVANCES IN POST-OLT HBV
CONTROL REACHING MORE THAN 90%
FREEDOM FROM RECURRENCE WITH FIRST
GENERATION NUC

SHORT-TERM HBIG ADMINISTRATION appeared
effective in 1978.10 An early multicenter study in

Europe in 1993 identified a risk of post-OLT HBV recur-
rence and the effect of HBIG administration. The risk
was low in patients with acute liver failure who were
intolerant of HBV. However, the recurrence rate in
patients with liver cirrhosis, especially with high serum
HBV DNA, was more than 80%.2 The rates of HBV recur-
rence in patients with liver cirrhosis without prophylaxis
and with short-term HBIG administration were 78%
and 90%, respectively, whereas long-term HBIG admin-
istration resulted in 56% recurrence with significantly
lower risk.

Lamivudine was the first NUC to become commer-
cially available. Early reports of LAM monotherapy
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Figure 1 Conceptual diagram of post-orthotopic liver trans-
plantation hepatitis B control effectiveness and cost. Boxes
with solid and dashed lines, respectively, indicate present trials
and previous methods that are not generally recommended.
ETV, entecavir; HBIG, hepatitis B immunoglobulin; HBV,
hepatitis B virus; LAM, lamivudine; TDF, tenofovir.
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showed only one of 10 HBV DNA reappearances at
72 weeks post-OLT. Two studies of long-term LAM
administration to patients after OLT found 40% and
62.5% prevalences of viral breakthrough at 61 and
52 weeks, respectively, which was similar to the preva-
lences in non-transplanted patients.11,12 However, the
combination of HBIG and LAM resulted in far better
control.

The first trial of long-term HBIG combined with
LAM proceeded in 1998. Monthly HBIG administra-
tion with LAM (150 mg/day) resulted in all patients
surviving for 1 year after OLT without serum HBV
DNA positivity.5 Subsequent reports also described
successful control of HBV recurrence with this
combination.13–15 Guidelines proposed by Roche and
Samuel in 2004 indicate that HBV DNA negative
patients with and without liver cirrhosis need to main-
tain anti-HBs titers of more than 100 IU/L with and
without LAM, respectively.16 Because HBV DNA posi-
tive status before OLT is associated with high risk for
HBV recurrence, they recommended maintaining anti-
HBs titers of more than 500 IU/L with concomitant
LAM for patients with positive HBV DNA before OLT.
To maintain anti-HBs titers of more than 500 IU/L
requires 2000–3000 U of HBIG per month at a
monthly cost of $US 800–1200. Reducing the HBIG
frequency has been suggested from the standpoint of
cost-saving (Table 1a).

We selected the references listed in Table 1(a,b) from
299 results of a published work search of PubMed
between 1998 and March 2014 using the terms “HBIG”,
“lamivudine”, “liver” and “transplantation”. Among
them, 44 studies described the effects of LAM and HBIG
on HBV DNA recurrence rates. We selected one mile-
stone article for similar protocols from these reports.
Early studies around 2000 administrated several thou-
sand units of HBIG,5,17 but this dose requirement
decreased as clinical data accumulated.18–21,23 Thereafter,
HBIG was administrated upon demand only when the
anti-HBs titer fell below target levels that have since
decreased to a point where they now serve only to main-
tain a positive titer that is sufficient to control hepatitis
B recurrence.22 Some reports indicate that only a short
duration of HBIG administration is required and that it
could be withdrawn several months after OLT.24 Pres-
ently, HBIG can be withdrawn after several months
post-OLT if HBV DNA is negative at the time of OLT, or
if patients with acute liver failure became infected with
the virus shortly before hepatitis developed. Of course,
HBV DNA and HBsAg titers should be strictly monitored
throughout life.

REPLACEMENT OF HBIG + LAM
COMBINATION WITH NEWER NUC

SEVERAL NEW NUC such as adefovir dipivoxil
(ADV), ETV, telbivudine (LdT) and TDF have

become commercially available.38 Because of the risk of
developing resistance, LAM is no longer recommended
as a first-line treatment for hepatitis B. The currently
recommended first-line agents are ETV and TDF, which
have resulted in very low rates of emergent resistance (5-
and 6-year resistance rates for ETV and TDF: 1.2% and
0%, respectively).39,40 A single administration of ADV or
LdT is less effective and it engenders higher rates of
resistance. Add-on ADV or a switch to TDF has been
recommended to treat LAM-resistant virus, because such
viruses are also cross-resistant to other NUC.38

The newer NUC are very effective when combined
with HBIG even for short-duration, post-OLT HBV
control.25–35 The published work in Table 1(c) was
selected from 89 PubMed search results between 2000
and March 2014 using the terms “HBIG”, “adefovir”,
“lamivudine”, “liver” and “transplantation”. Studies of
the effects of add-on ADV after LAM-resistant virus
appeared were excluded. Among the six studies that
described the effects, we selected four milestone articles.
The LAM + ADV combination resulted in very powerful
effects indicating that the inclusion of HBIG may only
be required for short periods.

The published work in Table 1(d) was selected from
134 PubMed search results between 2000 and March
2014 using the terms “liver transplantation” and
“entecavir”. Among six studies that described the effect,
five studies in the table included the issues that we
needed to assess. The published work in Table 1(e) was
selected from 97 PubMed search results using the terms
“liver transplantation” and “tenofovir”. Three reports
described the effects, and two of them included the
issues that we needed to assess. Because of low resis-
tance and the powerful antiviral response evoked by ETV
and TDF or a combination of NUC, several institutions
have developed successful HBIG-free protocols for
patients with appropriately low HBV DNA titers at the
time of OLT.27,37 Such protocols are listed in Table 1(f),
which we found by collating the data shown in
Table 1(a–e). A complete regimen without HBIG that
included 74% of detectable HBV DNA resulted in a HBV
DNA recurrence rate of 1.2%, with 22.5% being HBsAg
positive at 26 months after OLT.36 Patients with HBV
DNA of less than 5 logs and HBsAg of less than 3 logs at
the time of OLT achieved 100% seroclearance of HBsAg,
although the number of patients at risk was not high.
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This complete HBIG-free protocol may impose a risk for
patients with high levels of HBV DNA at the time of
OLT. As other protocols with short-term HBIG in com-
bination resulted in almost 100% control of HBV DNA
recurrence, even among HBV DNA positive patients at
the time of OLT, such protocols may be safe and cost-
effective. We continue to recommend at least short-term
HBIG for patients who are HBV DNA positive at the
time of OLT, even with newer NUC such as ETV, TDF or
LAM + ADV. A completely HBIG-free protocol may be
adopted for patients who are HBV DNA negative at the
time of OLT.

ACCEPTABILITY OF NUCLEOSIDE/
NUCLEOTIDE-FREE REGIMENS

NUCLEOSIDE/NUCLEOTIDE-FREE REGIMENS
would be the most cost-effective treatment strat-

egy. Administrating newer and more powerful NUC
long before OLT and serum HBV DNA negativity at OLT
may be required for NUC-free regimens. However, even
with the successful outcomes of HBIG-free regimens
involving newer NUC, NUC-free regimens must be
adopted with discretion, as HBV DNA recurred in all
patients in whom NUC were discontinued.37 To admin-
istrate these NUC-free regimens, intrahepatic HBV DNA,
cccDNA status must be controlled at limits below the
positive titers. Lenci et al. described the possibility of
NUC-free regimens.41 They screened patients with the
following criteria: OLT due to HBV-related liver cirrhosis
performed at least 3 years earlier; adherence to anti-HBV
prophylaxis with HBIG and NUC since OLT; evidence of
undetectable serum HBV DNA at the time of OLT; sus-
tained normal biochemistry and sustained undetectable
serum HBV DNA at the time of OLT; and undetectable
total and cccDNA in liver tissue before discontinuing
NUC. At first, HBIG was withdrawn and then NUC
(LAM) was discontinued 6 months later if serum HBV
DNA, liver tissue HBV DNA and cccDNA were undetect-
able. Twenty-five of 30 patients had no signs of HBV
recurrence after LAM withdrawal. Only one patient who
required further NUC was successfully treated with the
newer NUC, TDF. Even with LAM, the criteria were effec-
tive enough to select candidate patients who did not
require NUC administration. Even if HBV recurs, newer
NUC may be powerful enough to control viral activity.

Serum hepatitis B core-related antigen (HBcrAg) cor-
relates with intrahepatic cccDNA42 and intrahepatic
cccDNA in the post-OLT setting.7,43 Patients fulfilling
Lenci’s criteria with serum HBcrAg negativity instead of

intrahepatic cccDNA negativity may be good candidates
for NUC-free regimens.

VALUE OF ACTIVE IMMUNIZATION WITH
HBV VACCINE

THE ACTIVE IMMUNIZATION of post-OLT recipi-
ents with HBV vaccine is emerging. Vaccines con-

taining HBsAg are widely applied and considered 90%
or more effective and reasonably safe, although anaphy-
laxis may occur in yeast-sensitive individuals.44 The US
Food and Drug Administration and the Institute of
Medicine reviewed deaths after vaccinations reported to
the US Vaccine Adverse Event Reporting System
(VAERS) between 1990 and 1991 and found no asso-
ciations with HBV vaccines.45 However, most studies of
post-OLT HBV vaccination have found low response
rates, even with doubled concentrations or prolonged
administration of vaccines (Table 2).46,47

The published work in Table 2 was selected from 139
PubMed search results between 2000 and March 2014
using the terms “HBV”, “liver transplantation” and
“vaccine”. Among them, 20 studies showed the effects of
vaccination. Follow-up studies with additional vaccine
protocols were omitted and the remaining 15 original
studies are included in the table. Patients who had not
been HBV carriers (such as adult patients with acute
liver failure due to sexual transmission and non-chronic
HBV carriers with hepatitis B core antibody [anti-HBc
antibody] positive donor livers) are good candidates for
vaccination.47,60 Patients with acute HBV infection who
have received OLT are often positive for anti-HBs even
before OLT, and have powerful immune responses.
Such patients should respond well to vaccination
because they have not developed tolerance to HBV,
unlike chronic carriers. However, some chronic HBV
carriers do respond to vaccination and thus further
studies should clarify differences between good and
poor responders.

WHETHER OR NOT IMMUNE TOLERANT
CHRONIC HBV CARRIERS CAN GENERATE
ACTIVE ANTI-HBS AS IMMUNE RESPONSE
TO VACCINATION

THE EFFECTS OF post-OLT vaccination in patients
with liver cirrhosis have been disappointing.46,47

Understanding how different cohorts respond to HBV
vaccination will be critical to the design of safe, cost-
effective and custom-designed prophylactic protocols.

42 A. Takaki et al. Hepatology Research 2015; 45: 38–47
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Because non-carriers respond well to the HBV vacci-
nation, immune tolerance should play a large role in
this process. Analyses of the immunological characteris-
tics of HBsAg positive young carriers and aged patients
with active hepatitis have identified comparable periph-
eral T-cell pro-inflammatory cytokine production capac-
ity and HBV-specific γ-interferon responses.61 These
findings indicate that tolerant carriers can react with
HBV antigens and can generate active immunity against
HBV vaccination. Good responses to newer NUC after
OLT cause HBV DNA to decrease even in the liver, and
this may recover exhausted HBV-specific T cells to react
with HBV.

Sanchez-Fueyo et al. reported an 82% response to
HBV vaccination after OLT during 2000.55 They used
three cycles of a double-dose recombinant HBsAg
vaccine for immunization over 6 months. The cohort
included six patients with acute infection and 11
chronic carriers who were HBV DNA negative at OLT.
However, recent reports have found that chronic HBV
carrier recipients including positive HBV DNA at OLT do
not respond well, with response rates being mostly less
than 30% (Table 2).49,50,54,56–59,62 Tahara et al. reported
64.7% positive responses to experimentally minimized
treatment with immunosuppressants.51 They found that
vaccination in patients with a donor-specific mixed lym-

Table 2 Post OLT HBV-vaccine administration trials

Methods No. of
patients

Definition of success Success
rate (%)

Reference
no.

Year
published

Liver cirrhosis
Novel adjuvant MPL/QS2 vaccine

for 0, 4, 16, 18 weeks
16 HBsAb >500 IU/L without HBIG 80 48 2007

Experimental adjuvant vaccine for
0, 1, 2, 6, 12 months

8 HBsAb >500 IU/L, 18 months without
HBIG

25 49 2005

40 mg for 0, 1, 2, 6, 7, 8 months 18 HBsAb >500 IU/L, 12 weeks after last
vaccination

0 50 2009

10–20 mg/month with minimal
immune suppression

17 HBsAb >100 IU/L, without HBIG 64 51 2009

20 mg/month of MPL adjuvant for
12 months

18 HBsAb >100 IU/L, 18 months without
HBIG

44.4 52 2010

20 mg/month 22 HBsAb >100 IU/L, 6 months without
HBIG

40 53 2012

20 mg/month 15 HBsAb >100 IU/L, 3 months without
HBIG

0 47 2011

40 mg 0, 1, 2, 3 months, 20 mg 4,
5, 6 months

50 HBsAb >60 IU/L, 3 months without
HBIG

24.6 54 2013

40 mg 0, 7, 14, 28 days, 20 mg 2, 3,
4 months

45 HBsAb >60 IU/L, 3 months without
HBIG

8.8 54 2013

40 mg 0, 1, 6 months 17 HBsAb >10 IU/L without HBIG 82 55 2000
40 mg for 0, 1, 2, 3, 4, 5 months 52 HBsAb >10 IU/L without HBIG 7.7 56 2005
40 mg for 0, 1, 6 months and

additional 0, 1, 2 months if
no-response

14 HBsAb >10 IU/L, 3 months without
HBIG

7 57 2005

20–40 mg for 0, 1, 6 months 12 HBsAb >10 IU/L, 16 months without
HBIG

0 58 2010

40 mg for 0, 1, 2, 6, 7, 8 months 7 HBsAb >10 IU/L without HBIG 0 59 2006

Acute liver failure
20 mg/month 5 HBsAb >100 IU/L, 6 months without

HBIG
100 53 2012

10–20 mg/month with minimal
immunosuppression

3 HBsAb >100 IU/L without HBIG 66 51 2009

Experimental adjuvant vaccine for
0, 1, 2, 6, 12 months

2 HBsAb >500 IU/L, 18 months without
HBIG

100 49 2005

HBIG, hepatitis B immunoglobulin; HBsAb, hepatitis B surface antibody; HBV, hepatitis B virus; OLT, orthotopic liver transplantation.
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phocyte reaction hyporesponse was successful. Another
protocol of repeated vaccine administration resulted in
the successful immunization of 40% of patients with
post-OLT liver cirrhosis.53 The donors for good respond-
ers were their spouses with high anti-HBs titers before
donation. The recipients had probably infected their
spouses with HBV after marriage, resulting in the non-
tolerant anti-HBs boost. The immune systems of these
donors would not have developed tolerance to the
virus63 and the adoptive immune transfer of the HBV-
specific immune response was achieved.64 The anti-HBs
titer of the donors should be high for the successful
transfer of immune memory to recipients. Luo et al.
have shown that a high anti-HBs titer (>1000 IU/L) in
donors is essential for adoptive transfer.65 These results
suggest that pre-OLT HBV vaccination for candidate
living donors may facilitate improved post-OLT vaccine
responses in recipients with liver cirrhosis. The success
rates of several experimental adjuvant vaccines is up to
80%.46,48,49,52

The vaccine response depends on immune tolerance
to the virus in both recipients and donors. The liver is
the largest immune organ in the abdomen; therefore, it
plays a critical role in immune responses. Multiple
populations of non-hematopoietic liver cells, including
sinusoidal endothelial cells, stellate cells located in the
sub-endothelial space and liver parenchymal cells, can
function as antigen-presenting cells.66 The viral-specific
immune competence of the grafted liver may overcome
general immunotolerance to the virus in chronic HBV
carriers.

PRECAUTIONS AGAINST ANTI-HBS ESCAPE
MUTATIONS IN THE POST-OLT SETTING

AS CONTINUOUS HBIG usage is usual in the post-
OLT setting, anti-HBs escape mutants should be

carefully monitored even after patients with positive
anti-HBs become clinically stable. A single administra-
tion of HBIG induces anti-HBs escape mutations even in
primarily HBV non-infected patients who receive a liver
from donors who are positive for anti-HBc.67 The calcu-
lated rate of such HBV activation de novo by anti-HBs
escape mutations is 12% at 5 years. The frequency of
vaccine escape mutants is reportedly increasing, espe-
cially among young adults who were vaccinated soon
after birth in countries that have implemented universal
vaccine programs, such as Taiwan.68 Vaccine-induced
anti-HBs titer decreases after entering young adulthood
and permits the transmission of HBV via exposure. The
administration of anti-HBs containing HBIG and

vaccine-induced relatively weak anti-HBs could induce
anti-HBs escape mutants in the post-OLT setting. Even
after an anti-HBs response is acquired via vaccination,
HBV DNA must be strictly followed up to ensure that
complementary NUC can be added if necessary.

CONCLUSION

POST-OLT HEPATITIS B recurrence is now well con-
trolled with a combination of HBIG and NUC.

Because HBIG is a blood-based product and extremely
expensive, its use will hopefully decline. Several clinical
studies have found that the administration of newer
NUC precludes the lifetime administration of HBIG,
which is applied only to maintain minimal anti-HBs
titers or as short-term post-OLT therapy. Active immu-
nization is effective for patients with acute liver failure
who are not immune-tolerant to HBV. Vaccination is
not sufficiently effective for patients with liver cirrhosis,
but it can be attempted because the cost is low and
side-effects are minimal.
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