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The option of HBIG-free prophylaxis against recurrent HBV
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Summary specifically decompensated cirrhosis and hepatocellular carci-
Since the early 1990’s, hepatitis B immune globulin (HBIG) has
been central to the prevention of hepatitis B virus (HBV) recur-
rence after liver transplantation. When used in combination with
oral nucleos(t)ide analogues, HBIG prevents reinfection with HBV
in P90% of transplant recipients. While HBIG is highly effica-
cious, its use is undermined by its high cost. Because of this lim-
itation, there have been many studies of alternative regimens
seeking to minimize the dose or duration of HBIG without sacri-
ficing low HBV recurrence rates. Toward that goal, lower dose
intramuscular HBIG in combination with oral nucleos(t)ide
analogues has been shown to be highly efficacious in preventing
disease recurrence and represents a significant cost savings when
compared with high dose intravenous administration. The with-
drawal of HBIG after a defined course of combination HBIG and
oral antivirals has also been shown to be effective, particularly
if combination antiviral therapy is used. The ability to achieve
undetectable HBV DNA levels pre-transplantation in the majority
of patients may contribute to the high efficacy of these HBIG
‘‘light’’ regimens. Additionally, the success of antiviral rescue
therapy for those patients who fail prophylaxis and develop
recurrent HBV infection post-transplant has provided the impe-
tus to move increasingly towards HBIG-free approaches. New
techniques to detect occult HBV in hepatic and extrahepatic sites
may allow clinicians to define a subgroup of patients in whom
withdrawal of HBIG or all prophylaxis may be applicable.
� 2012 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.
Introduction

Infection with chronic hepatitis B affects approximately 360
million people worldwide [1] and over 500,000 deaths per year
are due to complications arising from chronic HBV infection,
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noma (HCC). Liver transplantation offers a life saving alternative
for those affected by the sequelae of chronic infection or with ful-
minant hepatitis. Hepatitis B immune globulin (HBIG) has played
a central role in prophylaxis against recurrent hepatitis B in those
undergoing liver transplantation. Prior to its routine use as
immunoprophylaxis, recurrence of HBV in the liver allograft
occurred in up to 80%, and infrequently was associated with an
aggressive fibrosing cholestatic variant that caused progressive
graft dysfunction and significant mortality. The subsequent avail-
ability of safe and effective antiviral drugs led to additional survival
benefits by improving prophylactic efficacy and preventing disease
progression in those with recurrence. Moreover, with the advent of
effective prophylactic therapies, the occurrence of the aggressive
fibrosing cholestatic variant is rarely reported. Thus, in the past
10–15 years, HBV-infected patients have gone from having the
poorest post-transplant outcomes to having survival rates among
the best of all transplant recipients [2]. Currently, the 5-year graft
survival for those transplanted for HBV is 85% and retransplanta-
tion for recurrent HBV cirrhosis is a rarity. Finally, in the past
5 years, two highly potent antivirals, entecavir, and tenofovir, have
been approved for the treatment of chronic HBV and their use in
the transplant setting and their high efficacy in suppressing HBV
replication long-term with minimal risk of resistance, has led
many transplant physicians to wonder if the time has come for
abandonment of HBIG in favor of antiviral drug therapy alone. In
this review, we consider the historical and current role of HBIG
and argue that for many, if not most patients, HBIG discontinuation
may be considered. However, an HBIG-free regimen cannot be
endorsed for all patients undergoing transplantation.
Historical perspective on HBIG as prophylactic therapy

Hepatitis B immune globulin (HBIG) is a polyclonal antibody to
HBV surface antigen (HBsAg) derived from pooled human plasma.
Although its mechanism of action is incompletely understood, it
is thought that HBIG acts in the circulation by preventing hepato-
cyte infection, binding to and neutralizing circulating virions
expressing HBsAg and perhaps inciting lysis of infected cells
[3]. Within the liver, HBIG may prevent cell-to-cell infection as
well as reduce HBsAg and virion secretion upon endocytosis into
hepatocytes [4]. In transplant recipients, HBV reinfection is the
consequence of either immediate reinfection of the graft by circu-
lating HBV particles or by immediate or delayed reinfection of the
graft from virions from extrahepatic sites or both. To be maxi-
mally protective, HBIG is used during the anhepatic phase (when
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total body viral burden is at its lowest) and given frequently (typ-
ically daily) for the week following transplantation to provide
maximal protection against reinfection of the liver graft during
the time of highest levels of immunosuppression.

The pivotal multicenter European trial published by Samuel
and colleagues nearly 20 years ago demonstrated that long term
administration of intravenous (IV) HBIG reduced hepatitis B
recurrence rates from 75% to 36% and was associated with
improved graft and patient survival [5]. Subsequent trials, using
variable schedules for HBIG administration, confirmed the effi-
cacy of HBIG as a monotherapy against recurrent HBV but also
brought to light the potential for emergence of surface gene
mutations post-transplant conferring resistance to HBIG and
resulting in graft reinfection [6–8]. The HBV surface mutations
associated with HBIG use also resulted in changes to the poly-
merase, and, in one case report, led to reduced viral sensitivity
to antiviral agents [9].

The negative effects of pretransplant viremia could be largely
overcome by use of high doses of HBIG, but such prophylaxis
came at high cost [10]. High dose HBIG given intravenously daily
for the first week and monthly thereafter typically cost $50,000–
70,000 for the first year and $25–40,000 for each additional year
post-transplant [10]. While this cost represents a major burden in
developed countries, it represents even more of a problem in less
developed HBV-endemic nations. With cost as such a significant
barrier, substantial efforts have been made to devise strategies
that minimize HBIG use while maintaining low rates of viral
recurrence.
The role of antiviral drugs in management of transplant
recipients

Inhibition of viral replication is an alternative mechanism to
protect grafts from HBV recurrence after transplant (Table 1).
Table 1. Trials using antiviral monotherapy as prophylaxis. (See below-mentioned r

Author,
yr,
location
[Ref.]

Drug 
under study

Study population and 
protocol

Pre-treatment 

Perillo et al., 
2001
USA and 
Canada
[11]

Lamivudine n = 37 
Lamivudine (100 mg daily) 
pre and post-transplant
No HBIG

At transplant:
6/37 (16%)  HB
Pre-lamivudine
(54%) HBV DN

Lo et al., 
2001
Hong Kong
[60]

Lamivudine n = 31 
Lamivudine 100 mg daily 
pre and post-transplant
No HBIG

At transplant:
6/31 (19.3%) H
Pre-lamivudine
(35.4%) HBV D

Schiff et al., 
2007
USA, Hong 
Kong, 
Germany, 
Greece, 
Italy, 
France, 
Canada
[12]

Adefovir n = 23 with 
Lamivudine-resistant HBV
Adefovir 10 mg daily 
pre and post-transplant 
No HBIG

Mean serum HB
pre-transplant: 
log10 copies/ml

virologic profile
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A multicenter trial conducted at ten centers in the United States
and Canada evaluated the use of lamivudine as a monotherapy in
the pre- and post-liver transplant setting and found that after at
least 12 weeks of post-transplant lamivudine therapy, 60%
remained HBsAg negative, a rate comparable to that seen with
long term HBIG monotherapy [11]. The majority of those with
recurrence had HBV polymerase mutations (12 of 17) and base-
line (pre-lamivudine) HBV DNA levels were higher in those
who developed post-transplant recurrence compared to those
who did not – 82% in those with HBV DNA levels greater than
�500,000 IU/ml and 11% in those �<50,000 IU/ml – and the med-
ian duration of lamivudine treatment pre-transplant was only
80 days. In a prospective cohort study of 61 patients with lamivu-
dine-resistance chronic HBV infection who were waitlisted and
transplanted, 40% received only adefovir (with and without lam-
ivudine) therapy post-transplant and none developed recurrent
HBV infection (defined by persistently detectable HBsAg or HBV
DNA) at a median follow-up of 36 weeks. HBV DNA levels at time
of transplant were unknown but the median duration of therapy
pre-transplant was 15 weeks [12]. Finally, a non-randomized
study of 60 patients treated with lamivudine pre-transplant
and with undetectable (by PCR) HBV DNA at time of transplanta-
tion showed no significant difference in recurrence rates in those
treated with lamivudine monotherapy (15%) compared to those
treated with lamivudine plus HBIG (18%) after median 60-month
follow-up [13].

These studies highlight the feasibility of using antiviral mono-
therapy as prophylaxis but also point to the potential limitations.
Firstly, as shown by the lamivudine monotherapy experience, the
emergence of drug resistance pre- or post-transplantation limits
the efficacy of treatment. Secondly, HBV DNA levels prior to
transplant (influenced by pre-treatment HBV DNA levels and
duration of pre-transplant therapy) influence risk of recurrence.
These two issues are strongly influenced by the choice of antiviral
drugs.
efernces for further information.)

Median 
follow-up time
(range)

Outcomes Resistance 
detection

V DNA+ 
 therapy: 20/37 
A+  

38 mo 
(2.7-48.5)

Virologic response: 
after 52, 104 and 
156 wk, 68%, 69% 
and 59% HBsAg-

15/47 
(32%)  

BV DNA+
 therapy: 11/31 
NA+

16 mo 
(6-47)

Virologic response: 
7/31 (22.5%) 
HBsAg+
6/7 HBsAg+ but 
undetectable HBV 
DNA

1/31 (3.2%) 
at 53 wk

V DNA levels 
4.78 (± 1.67) 

36 wk Virologic response:
2/23 (9%) HBsAg+
3/23 (13%) had 
HBV DNA >1000 
copies/ml 
(2/3 became 
undetectable on 
follow-up)

No viral 
resistance 
was 
observed at 
48 wk
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With the availability of more potent antivirals with a higher

genetic barrier to resistance (i.e. entecavir, tenofovir), the ability
to successfully suppress HBV in both the pre- and post- transplant
setting has increased, although data on the use of these drugs in
wait-listed and transplanted patients are limited. Liaw and col-
leagues recently demonstrated that tenofovir, emtricitabine/ten-
ofovir, and entecavir could be used safely in patients with
decompensated liver disease and 70.5%, 87.8%, and 72.7% of
patients, respectively, achieved HBV DNA <400 copies/ml by
48 weeks of treatment [14]. Thus, entecavir and tenofovir offer
the benefits of safety and efficacy in the treatment of decompen-
sated liver disease, allowing more patients to have an undetectable
HBV DNA level pre-transplantation, in turn, decreasing their risk
for recurrent disease post-transplant. Importantly, these drugs
also have a role as salvage therapies in those transplant recipients
who develop recurrence as a consequence of resistance [15].

It must be acknowledged that safety data on the long-term
use of entecavir, tenofovir, and emtricitabine/tenofovir in trans-
plant recipients are lacking. Special consideration must be given
to potential side effects in these populations. The dose dependent
nephrotoxicity associated with tenofovir may be enhanced in
transplant patients on calcineurin inhibitor therapy. To date,
the limited reports have not revealed a substantially increased
risk of renal dysfunction [14–16]. In studies evaluating the
long-term safety of tenofovir in HIV-infected patients, there
appears to be a risk of decreased bone density and development
of osteomalacia [17]. It is increasingly recognized that metabolic
bone disease represents a significant problem in transplant recip-
ients, thus long-term tenofovir use should warrant monitoring of
bone health [18]. Mitochondrial toxicity appears to be a class
effect of the nucleoside analogues, and entecavir has been associ-
ated with the potentially fatal side effect of severe lactic acidosis
in those with advanced decompensated cirrhosis and clinicians
need to be aware of the potential for this complication with use
of any nucleos(t)ide analogue [19].
Prophylactic therapy with combination HBIG and antivirals

The use of antibody therapy together with antivirals provides
complementary mechanisms of HBV prevention and a reduced
likelihood of recurrent infection due to the emergence of drug-
resistance viral variants. Markowitz and colleagues first
described the efficacy of HBIG combined with lamivudine in
1998 [20]. Of 14 patients who received high dose (10,000 IU)
intravenous HBIG intraoperatively and postoperatively in combi-
nation with lamivudine pre- and post-transplant, all patients
remained without virologic or serologic evidence of HBV recur-
rence after a median of 1.1 years follow-up. Many other reports
of high efficacy with combination therapy followed, with 610%
incidence of recurrent HBV, and establishing combination HBIG
and antivirals as the standard of care for prophylaxis [21–23].
However, the cost of prophylaxis with HBIG was significant and
strategies that minimized HBIG use while maintaining low rates
of viral recurrence evolved. Use of lower doses of HBIG, shorter
duration of HBIG or alternative and cheaper forms of antibody
therapy (hepatitis B immune plasma and active immunization)
have been examined as alternatives.

Most of the published literature describing the use of combi-
nation HBIG and antivirals utilizes lamivudine and/or adefovir as
the antivirals. However, even better results may be predicted
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combining HBIG and a more potent antiviral agent such as ente-
cavir or tenofovir. In a retrospective cohort study by Xi et al., none
of the 30 patients treated with low dose intramuscular HBIG and
entecavir post-transplant had recurrence as opposed to 10 out of
90 (11%) who received lamivudine with low dose HBIG [24].
Notably, over half of those treated with entecavir had detectable
HBV DNA in the serum and 9 out of 30 were HBeAg positive pre-
transplant. Thus, prophylactic therapy using HBIG and an antivi-
ral with a high genetic barrier to resistance is highly effective.
Alternative HBIG dosing strategies

In general, there are two principle strategies that have been used
to reduce HBIG doses: (i) low dose (400 IU typically) intramuscu-
lar (IM) HBIG on a fixed weekly to monthly schedule; and (ii)
HBIG given ‘‘on-demand’’ guided by maintenance of serum
anti-HBs titers greater than 50–100 IU/L. Both approaches are
less costly than high and fixed dose HBIG. Gane and colleagues
demonstrated that low dose IM HBIG (400–800 IU daily for a
week and monthly thereafter) used in combination with lamivu-
dine (started pre-transplant) was efficacious (HBV recurrence 1%
at one year and 4% at five years) and was less than 10% of the cost
of high dose intravenous HBIG regimens [23]. Notably, a high
level of HBV viremia (>106 copies/ml) prior to lamivudine initia-
tion was the most significant predictor of post-transplant HBV
recurrence in their cohort. Zheng and colleagues treated 114
patients with low dose IM HBIG (800 IU daily for 6 days, weekly
for 3 weeks, then monthly thereafter) in combination with lami-
vudine, and observed an overall rate of HBV recurrence of 15.2%
at 2 years but with a significantly higher rate of prophylaxis fail-
ure in those with HBV DNA levels P105 copies/ml at transplanta-
tion compared to those with HBV DNA levels <105 copies/ml (28%
vs. 8% p = 0.015) [25]. Thus, a key component to the success of
this low-dose HBIG approach is the virologic profile of the patient
prior to transplantation with risk of recurrence primarily affected
by the presence of high HBV DNA titers.

One advantage of using HBIG therapy is the ability to monitor
the protective capacity of the treatment by measurement of serum
anti-HBs levels. Initial studies of HBIG monotherapy established
that higher protective titers were needed in the immediate and
early post-transplant period compared with later (>3 months)
post-transplant [26]. While an ‘‘on-demand’’ approach to HBIG
dosing to achieve a specific anti-HBs target in the serum may be
more cost-effective, this approach requires more intensive moni-
toring of anti-HBs titers as the amount of HBIG needed to maintain
a target anti-HBs titer is highly variable between patients. Addi-
tionally, the optimal anti-HBs titer needed to prevent recurrence,
if potent antiviral therapy is given concurrently, is unknown. In
the HBIG monotherapy era, a titer of P500 U/L was shown to be
best in the first 3 months post-transplant and P100 U/L thereafter.
In the current era of combination HBIG and antivirals, a target
trough anti-HBs titer of 50–100 U/L is typically used. Iacob et al.
reported on 42 subjects initially given high dose IV HBIG
(10,000 IU weekly) then 2500 IU when anti-HBs titers fell below
50 IU/L [27]. With this strategy, only 4.8% of subjects experienced
HBV recurrence after a median of 1.8 years of follow-up. In studies
using intramuscular HBIG, given ‘‘on demand’’ to maintain trough
anti-HBs titers of at least 50–100 IU/L, in conjunction with lamivu-
dine the rates of virologic recurrence were 68.2% with follow-up
periods of 3–93 months [28–30]. Factors associated with
vol. 56 j 1189–1197 1191



Table 2. Trials of HBIG discontinuation with long-term antiviral therapy. (See below-mentioned refernces for further information.)

Authors, 
yr
[Ref.]

Location Study protocol % HBV DNA- 
at time of transplant 

n Follow-
up 
duration

HBsAg+ 
n (%)

Factors linked 
with recurrence

Park et al., 
2002 [61]

Single 
center, North 
Korea

Randomized to either long term high 
dose HBIG n = 20 or one week high 
dose HBIG + LMV maintenance 
(n = 23)

14% (HBV DNA- 43 Median 
17 mo

1/20 (5%) in HBIG
3/23 (13%) in LMV 
maintenance

1 of 3 patients in LMV maintenance group did 
not receive proper LMV dosing suggesting that 
resistance may be a factor

Buti et al., 
2003 
[42]

7 centers, 
Spain

Randomized trial 
All patients received HBIG and LMV 
for 1 month then randomized to 
HBIG + LMV continuation (n = 15) or 
solo LMV (n = 14) 

100% (HBV DNA- 29 Mean 
83 mo

1/15 (6.7%) in the 
HBIG + LMV group
3/14 (21.4%) in the 
LMV group

HBV recurrence at 23, 24, 44 and 48 mo
3 of 4 cases were associated with poor compli-
ance to LMV; 1 associated with poor compliance 
to HBIG

Wong et al., 
2007 
[44]

Single 
center, 
USA

Retrospective cohort of patients 
given at least 7 doses of HBIG and 
discontinued it but were maintained 
on nucleos(tide) analogue therapy

as: <1.5 log copies/ml)
21 Median 

40.2 mo
1/21 (4.7%) n = 1 with recurrence received LMV for only 3 

mo prior to LT although did achieve viral 
negativity at the time of LT
The patient was lost to follow-up in the post-op 
period for period post-LT – possibly related to 
compliance?

Neff et al., 
2007
[46]

U Cincinnati, 
USA

Retrospective cohort
HBIG + LMV x 6 mo 
adefovir + LMV

100% (HBV DNA- 10 Mean 
31 mo

0 n.a.

Angus et al., 
2008
[47]

Australia, 
New Zealand

Randomized trial
All patients were ≥12 mo post-LT 
low dose IM HBIG + LMV 
(n = 18) continued HBIG with LMV 
vs. (n = 16) discontinued HBIG and 
ADV added (LMV + ADV)

77% (HBV DNA- 

ml)

34 Median 
21 mo

0/18 in HBIG + LMV 
1/16 (6.3%) in LMV 
+ ADV

One patient with  HBsAg+ 5 mo after withdrawal 
of HBIG and remained HBV DNA- by PCR (lower 
limit of detection 14 IU/ml) 
There was no clinical or biochemical hepatitis 
apparent

Yuefeng et 
al., 
2010
[45]

China Retrospective cohort
All patients received HBIG for <18 
mo and used LMV as maintenance

as: <1000 copies/ml)
15 Mean 

56 mo
2/15 (13%) Both patients had high pre-LT HBV DNA titers 

(8.5 and 7.6 log copies/ml) and were HBeAg+ 
pre-LT

the time of recurrence
Saab et al., 
2011
[48] 

UCLA, 
USA

Retrospective cohort
IM HBIG + LMV (at least 12 mo) 
LMV or entecavir + ADV or 
tenofovir

78.6% (HBV DNA- 61 Mean 
15 mo

2/61 (3.3%) Both cases developed HBsAg+  at 3.1 and 16.6 
mo after HBIG withdrawal without detectable 
HBV DNA or elevation in liver enzymes 
Both had undetectable HBV DNA prior to LT

Lenci et al., 
2011 
[58]

Italy Retrospective cohort 
HBIG and oral antivirals 
(LMV ± ADV) were withdrawn after 
serial biopsy specimens negative for 
total and ccc HBV DNA

100% (HBV DNA-
5 copies/ml 

(1993-2000); <400 copies/
ml (2000-2005)

30 Median 
28.7 mo

5/30 (17%) All 5 cases of recurrence were HBV DNA and 
HBeAg- at the time of LT; 2/5 did not have 
pre-LT antiviral therapy
2 had HDV coinfection, 1 had HCV coinfection

Teperman 
et al., 
2011
[41]

6 centers, 
USA

Randomized trial 
24 wk of HBIG + tenofovir/
emtricitabine (TVD) then 
randomized to either continue HBIG 
+ TVD or discontinue HBIG and 
continue TVD

100%  (HBV DNA-) 37 96 wk 0 None HBsAg+; 1 had transiently low level HBV 
DNA associated with medication noncompliance 

defined as: n.a.)

No other factors identified

defined as: <2.5 pg/ml)

29% (HBV DNA- defined

defined as: <50 copies/ml)

defined as: <300 copies/

73% (HBV DNA- defined

Both had LMV resistance mutations identified at

defined: n.a.)

defined as: <10

n.a., not available.
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recurrence were higher pre-transplant HBV DNA levels, presence
of lamivudine-resistant HBV, and post-transplant antibody titer.
Jiang and colleagues used low-dose HBIG combined with lamivu-
dine in 254 patients with a target anti-HBs level of P100 IU/ml.
The level of anti-HBs was monitored weekly for the first month,
and if the level of anti-HBs was >100 IU/L at the end of the first
month, 800 IU per month was subsequently given and if not,
800 IU HBIG was given every 2 weeks [30]. If the serum anti-HBs
level still fell below 100 IU/L, the dose was increased to 1200 IU
every 2 weeks. With this approach, rates of recurrent HBV at 1, 3,
and 5 years post-transplant were 2.3%, 6.2%, and 8.2%, respectively.
Pre-transplant HBV DNA levels P105 copies/ml (HR = 5.1,
p = 0.003) and withdrawal of prednisone beyond 3 months
(HR = 2.3, p = 0.003) were the only factors predictive of HBV
recurrence.

In summary, these studies have established that high-dose
intravenous HBIG is neither necessary nor cost-effective as a
long-term prophylactic strategy when combined with antivirals,
and that low-dose, intramuscular HBIG regimens can be used.
Whether higher doses of HBIG offer specific benefits in the very
early post-transplant period is unclear from the available litera-
ture. Many centers use more HBIG in the anhepatic phase and
first week post-transplant, than beyond the first week [22]. Addi-
tionally, these studies highlight the importance of pre-transplant
HBV DNA levels as a predictor of prophylaxis failure. This latter
1192 Journal of Hepatology 2012
association can be used to make recommendations for a more
individualized approach to prophylaxis.

HBIG replacement with vaccination

Active immunization using HBV vaccines post-transplantation is
an attractive alternative to frequent HBIG injections or infusions.
This strategy has yielded conflicting results and therefore
remains controversial. Sanchez-Fueyo and colleagues reported
on the success of active immunization in 14 out of 17 (82%) cases
who were treated with HBIG monotherapy followed by one or
two courses of double dose vaccination series [31]. Similarly,
Bienzle et al. demonstrated that 16/20 patients on HBIG prophy-
laxis responded to a series of vaccination [32]. Later, Angelico
et al. showed that this strategy was ineffective with success rates
of up to only 18% in those who discontinued HBIG and remained
on lamivudine [33]. Several other trials have also demonstrated
poor outcomes with various vaccination strategies, with either
lack of initial response or failure to maintain protective anti-
HBs levels over time [34–37]. Newer data have emerged that
suggest administration of either booster doses, double dose
third generation recombinant vaccines or the addition of adju-
vants given with the vaccine may enhance the vaccination
response and decrease formation of escape mutants, however,
additional larger scale studies are needed prior to this strategy
vol. 56 j 1189–1197
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being recommended as an alternative to passive immunoprophy-
laxis [38–40].

HBIG discontinuation after prior combination therapy

Strategies aimed at HBIG discontinuation after a defined period of
combination therapy of HBIG and nucleos(t)ide analogues reduce
the costs and inconvenience associated with providing HBIG
long-term. As highlighted in Table 2, most of the published stud-
ies are single center observational studies but three randomized
controlled studies have been performed [41,42,47].

Buti and colleagues randomized 29 patients (all of who were
HBV DNA negative and 25 anti-HBe positive) prior to transplant
to receive lamivudine in combination with intramuscular HBIG
or to discontinue HBIG after one month and continue lamivudine
therapy alone [43]. While none developed recurrent HBV on the
basis of HBsAg positivity in serum after 18-month follow-up, 1/
14 in the lamivudine group and 3/15 in the HBIG/lamivudine
group developed HBV DNA positivity. In a subsequent longer-
term follow-up of this cohort in with six subjects in the combina-
tion group crossed over to the lamivudine monotherapy group
after 18 months of combination therapy, 3/20 patients receiving
lamivudine monotherapy developed HBsAg positivity, all occur-
ring between 23 and 48 months post-transplant and all in associ-
ation with poor lamivudine compliance [42].

More recently, the use of emtricitabine/tenofovir after HBIG
discontinuation was evaluated by Teperman et al. [41]. In this
randomized trial, subjects at a median of 3.4 years after trans-
plant with no evidence of recurrent HBV and creatinine clearance
P40 ml/min were treated with combination emtricitabine/ten-
ofovir and HBIG for 24 weeks and then randomized to continue
that regimen (N = 19) or discontinue HBIG and continue emtricit-
abine/tenofovir alone (N = 18). 47% of all patients had detectable
HBV DNA at the time of transplant. At 72 weeks post-randomiza-
tion, only one patient in the emtricitabine/tenofovir group devel-
oped a transient increase in HBV DNA to 314 copies/ml in the
setting of poor adherence, and ultimately returned to undetect-
able levels on follow-up testing. Although >80% of participants
had baseline mild to moderate renal insufficiency at the outset,
no significant change in renal function occurred during tenofo-
vir/emtricitabine treatment.

The studies to date highlight several key points related to the
HBIG discontinuation strategy. First, while initial results – first
one to two years after HBIG discontinuation – may be favorable,
risk of recurrence may increase over time either due to the devel-
opment of viral resistance or due to non-adherence to the oral
therapy [42,44,45]. Combining antivirals without cross-resistance
reduces the risk of emergence of resistance mutations [46–48]
and would appear to be critical to the success of ‘‘antiviral only’’
maintenance. Whether antivirals such as entecavir or tenofovir,
which have a high genetic barrier to resistance, may be equally
efficacious as single prophylactic agents is unknown and compar-
ative studies of single vs. combination antivirals are needed to
address this issue [41]. Second, as shown with the low-dose HBIG
plus antiviral strategy, the patients with high levels of HBV DNA
at start of treatment or time of transplantation appear to be a
higher risk group for recurrence when HBIG is discontinued and
antivirals alone continued as prophylaxis. The consistency of
pre-transplant HBV DNA levels as a predictor of prophylaxis fail-
ure across the different HBIG minimization studies argues for a
more conservative approach to HBIG withdrawal among wait-
listed patients who are viremic at the time of transplantation.
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Third, these studies highlight the evolving definition of recur-
rence, in part related to the greater sensitivity of the HBV DNA
assays. Thus, detection of transient low-level viremia has been
shown in patients on prophylactic therapy without any other
(serologic or clinical) evidence of recurrence. Only patients who
develop HBsAg in serum and persistently detectable HBV DNA
levels are shown to be at risk for clinical disease and graft loss.

Key Points

• The combination of long-term lamivudine and low-dose
HBIG “on demand” or at  intervals can effectively
prevent HBV recurrence rates in ≥90% of transplant
recipients

• HBV prophylaxis should be individualized. Factors of
importance in tailoring the strategy used include
pre-transplant HBV DNA levels, presence of drug-
resistant variants, coinfection with HDV or HIV, and risk
of HCC recurrence

• Discontinuation of HBIG, with continued long-term
nucleos/tide analogue(s) treatment, is another strategy
for prophylaxis that minimizes HBIG use but is most

 in patients with low HBV DNA levels
pre-transplantation

• HBIG-free prophylaxis is best suited for compliant
patients who have a low baseline risk for HBV
recurrence

• Effective antiviral therapies exist to “rescue” patients who
fail initial prophylaxis, thereby limiting graft losses due to
recurrent HBV disease

• HBV persists in the liver or extrahepatic sites and serves
as a source for reactivation, supporting the use of long-
term,  prophylactic therapy in most patients

fixed

efficacious

indefinite

HBIG-free prophylaxis
The high efficacy of prophylaxis using shorter-term HBIG with
long-term antiviral therapy begs consideration of the next step
– the complete elimination of HBIG in prophylactic regimens.
Such a strategy is possible only in the setting of potent antivirals
that have a high genetic barrier to resistance such as entecavir
and tenofovir. Published experience with an HBIG-free prophy-
lactic approach is limited. Wadhawan and colleagues reported
preliminary data on 56 patients who received various antivirals
pre-transplant (combination lamivudine and adefovir in 17, ent-
ecavir in 25, tenofovir in 8 and combination entecavir and tenofo-
vir in 2) [49]. Of the 56 subjects, 47 achieved a HBV DNA level of
<2000 IU/ml prior to transplant and did not receive HBIG at or
post-transplantation. After a median follow-up of 20 months, all
were HBV DNA negative. More recently, Fung and colleagues
have published data on 80 patients undergoing transplant for
complications of chronic HBV infection who were maintained
on an ‘‘HBIG free’’ regimen consisting of entecavir monotherapy
[50]. In this cohort, 33 (41%) were not on antiviral therapy prior
to starting entecavir and only 21 (26%) had undetectable HBV
DNA at the time of transplant. Using entecavir monotherapy after
transplant, the cumulative rate of HBsAg clearance approached
90% at one year. Interestingly, a key determinate of HBsAg loss
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Table 3. Trials demonstrating detection of HBV DNA in intra and extrahepatic sites. (See below-mentioned refernces for further information.)

Author, 
yr
[Ref.]

Prophylactic 
regimen

Pre-LT 
virologic data

Follow-up
duration (mo)
(range, mo)

Post-LT 
virologic data

Roche et al., 
2003
[62]

44 HBsAg+ patients treated with high 
dose post-operative IV HBIG, then HBIG 
for anti-HBs levels >100 U/L 

HBsAg+:
44/44 (100%)
Serum HBV DNA+:
0/44 (0%)

Mean 82 
(0-159)

HBsAg+: 
6/44 (14%)
Serum HBV DNA+: 
18/44 (41%) 
PBMC HBV DNA+:
13/44 (30%) 
Total intrahepatic HBV DNA+:
10/44 (23%)
Intrahepatic cccDNA+:
1/44 (2.3%)

Hussain et al., 
2007
[59]

23/25 (92%) received HBIG + LMV
1/25 (4%) received solo HBIG
1/25 (4%) received HBIG + LMV + ADV

Serum HBV DNA+:
12/25 (48%)
HBeAg+ ;
20/25 (80%)

Median 30
(6-57)

Intrahepatic total and cccDNA+:
7/25 (28%)
Total intrahepatic DNA+ and cccDNA-:
14/25 (56%)
Total and cccDNA-: 
4/25 (16%)

Cheung et al., 
2010
[63]

28/31 received LMV
2/31 received LMV + ADV

Serum HBV DNA+:
23/31 (74%)

Median 44.5
(13.6-126.4)

HBsAg+:
0/31 (0%)
Serum HBV DNA+:
0/31 (0%)
PBMC HBV DNA+:
0/31 (0%)
Total intrahepatic HBV DNA+:
26/31 (84%)
Intrahepatic cccDNA+:
16/31 (52%)

Lenci et al., 
2010
[64]

44/44 (100%) received HBIG
15/44 (34%) also received LMV or ADV

HBsAg+:
44/44 (100%)
HBeAg+: 
2/44 (4.5%)
HBV DNA-:
44/44 (100%)

Mean 88.3
(18-159)

HBsAg+:
1/44 (2.3%)
Serum HBV DNA+:
1/44 (2.3%)
Total intrahepatic HBV DNA+:
3/44 (6.8%)
Intrahepatic cccDNA+:
1/44 (2.3%)

et al., 
2011
[65]

12/12 (100%) received long term HBIG  
and antiviral therapy 
(LMV ± ADV; ADV; entecavir; tenofovir)

Serum HBV DNA+:
in 7/12 (58%)

Median 18
(12-180)

HBsAg+: 
2/12 (17%)
Serum HBV DNA+:
11/12

Coffin
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was the pre-transplant quantitative HBsAg level – such that those
with lower HBsAg titers (<3log IU/ml) had a significantly higher
rate of HBsAg seroconversion at one year (90% vs. 74%,
p = 0.025). In those with persistent or recurrent HBsAg, the pre-
transplant median HBsAg titers were also shown to be signifi-
cantly higher than in those without persistence/recurrence. Inter-
estingly, low pre-transplant HBV DNA levels alone were not
significantly associated with HBsAg loss, however, when a low
HBV DNA (<5log copies/ml) was paired with a low HBsAg level
(<3log IU/ml) the cumulative rate of HBsAg seroconversion at
18 months was 100%.

While the Wadhawan study emphasizes the importance of
achieving pre-transplant HBV DNA negativity in patients being
treated with antiviral alone as prophylaxis [49], the study by
Fung and colleagues highlights the role of both pre-transplant
HBV DNA levels and quantitative HBsAg levels [50]. Additional
studies examining the utility of HBsAg levels in predicting
post-transplant outcomes in patients on antiviral prophylaxis
warrant consideration.

The key questions going forward include: (i) whether single
drug or combination antiviral therapy is best; (ii) whether all
1194 Journal of Hepatology 2012
patients can be managed without HBIG or whether there are sub-
groups of patients with a high risk of recurrence with antivirals
alone that should receive combination HBIG and antivirals; and
(iii) what antiviral strategy is most cost-effective?

Monotherapy or combination antiviral therapy?

A potential risk with using a single oral antiviral drug for prophy-
laxis is the emergence of viral resistance. Use of drugs with a high
genetic barrier to resistance such as entecavir and tenofovir are
superior to drugs such as lamivudine and adefovir, as shown in
non-transplant patients [51,52]. The combination of a nucleotide
analogue with an nucleoside analogue has been associated with a
very low rate of virologic breakthrough and the specific combina-
tion of lamivudine and adefovir has shown efficacy in the
transplant setting [12,53]. Thus, the combination of a nucleoside
and nucleotide analogue may represent the most effective long-
term prophylactic strategy (Table 3). However, in the aforemen-
tioned study by Fung and colleagues that examined the role of
entecavir monotherapy after transplant, no resistance mutations
were identified after a median follow-up of 26 months [50]. The
vol. 56 j 1189–1197
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disadvantages of combination antiviral therapy include higher
pill burden (and possibly reduced adherence) and higher cost.
The latter issue would depend upon the individual costs of the
drugs and this varies considerably by country.

Patient and viral factors favoring HBIG-free prophylaxis

The option of HBIG free prophylaxis is easiest to consider in
patients at low risk for recurrence. A consistent theme through-
out the published literature is that HBV DNA levels and presence
of drug-resistance HBV (especially if unrecognized) pre-trans-
plantation are predictive of HBV recurrence post-transplantation.
In the multicenter NIH HBV-OLT Study Group of 183 HBV trans-
plant recipients, the rate of HBV recurrence at 1 and 5 years was
found to be 3% and 9% despite highly variable regimens of com-
bination HBIG and antivirals [54]. The only factors predictive of
recurrent HBV were a positive HBeAg and high HBV DNA level
at transplant (HR = 11.6 and 7.0, respectively). Similarly, Marzano
et al. showed a strong correlation between HBV DNA levels
>105 copies/ml at transplant and higher risk for HBV recurrence
post-transplant [55].

Since the level of viremia at the time of transplantation is such
an important predictor of risk of recurrence, achievement of
pre-transplant viral suppression should be the goal in every
wait-listed patient. Patients achieving this endpoint of therapy
pre-transplant are the best candidates for a consideration of an
HBIG-free prophylactic strategy. In the current era of safe and
highly effective antiviral drugs, few patients should undergo
transplant with detectable viremia. However, for patients with
HCC or who present with advanced decompensated cirrhosis,
there may be insufficient time to achieve an undetectable HBV
DNA level pre-transplant. Thus, those patients who are viremic
at the time of transplant, those at higher risk for HCC recurrence,
as well as those with limited treatment options if prophylactic
therapy fails, such as those with HDV or HIV coinfection, may
be better served by a more conservative approach that utilizes
long-term, low dose HBIG plus antivirals.

Cost revisited

Disadvantages of HBIG therapy include occasional adverse reac-
tions, increased need for laboratory monitoring, and requirement
for parenteral administration. However, the driving force behind
the desire to discontinue HBIG has remained its huge cost, espe-
cially in resource-limited countries. As clinical studies have
demonstrated that alternative HBIG regimens might result in
similarly efficacious outcomes cost savings has been appreciated.
Han et al. compared the cost-efficacy of high dose IV HBIG with
and without lamivudine, IM HBIG and lamivudine with and with-
out IV HBIG savage therapy and finally lamivudine monotherapy
[56]. The most cost-effective strategy was combination IM HBIG
with lamivudine, which cost $13,500 annually and saved over
$150,000 annually compared to high dose IV HBIG therapy. The
cost-effectiveness of discontinuing HBIG and add a second antivi-
ral drugs was evaluated by Saab et al. [57]. They compared the
strategy of lamivudine and adefovir (after HBIG discontinuation)
with the strategy of lamivudine and continued intramuscular
HBIG with the addition of adefovir in patients who subsequently
developed hepatitis B recurrence. Patients who failed with adefovir
and lamivudine were then treated with tenofovir and entecavir.
Over a 10-year period of follow-up the lamivudine-adefovir strat-
egy was favored, yielding a cost-saving of $14,427. Since the results
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were sensitive to the costs of the antiviral drugs and HBIG, updated
analyses based upon use of drugs such as entecavir and tenofovir
are needed to determine whether combination antiviral therapy
is still cost-saving compared to low dose HBIG and lamivudine.
Indefinite prophylaxis is current standard of care

While there is variability in the specific drugs used for HBV pro-
phylaxis post-transplantation, there is consensus regarding the
provision of prophylactic therapy life-long. The use of long-term
prophylaxis is supported by the detection of HBV DNA in both
hepatic and extrahepatic sites in patients who are HBsAg negative
on post-transplant HBIG and oral antivirals (Table 3). A recent
study by Lenci and colleagues challenged our current thinking
regarding lifelong prophylaxis. These investigators undertook a
discontinuation of all prophylaxis in a cohort of 30 subjects, all at
low risk of HBV recurrence (HBeAg negative and HBV DNA nega-
tive) at the time of transplant [58]. Subjects were treated with
combination HBIG and lamivudine (±adefovir) for at least 3 years
and had liver biopsies on prophylaxis that were found to be nega-
tive for the presence of intrahepatic HBV total and ccc DNA. In a
stepwise approach, using the absence of intrahepatic total and
ccc DNA as a guide (via repeated liver biopsies), HBIG and then
antiviral therapy was withdrawn sequentially. During the analysis
time, 83% of the cohort was without serologic recurrence of HBV
infection after a median of 28.7 months of observation. Twenty-
three of the 25 subjects without recurrence never had detectable
DNA in the tissue specimens, whereas all five patients with recur-
rence had evidence of total HBV DNA in the tissue and only one had
detected ccc DNA. The findings of this study suggest that sensitive
molecular methods may be useful in identifying patients who may
be considered for withdrawal of prophylaxis. Whether withdrawal
of all drugs is a goal achievable by a few or the majority of trans-
plant recipients is completely unknown. Confirmation of the Ital-
ian experience is essential, since no other center has reported
such a low rate of intrahepatic HBV DNA and ccc DNA among trans-
plant recipients on prophylaxis, and the generalizability of results
is uncertain [59]. Additionally, as it has been shown with HBIG
withdrawal studies, prolonged periods of follow-up are needed
to ascertain the long-term risk of recurrence. Practically speaking,
the ability to measure HBV DNA and ccc DNA in histologic speci-
mens has limitations. Firstly, this strategy calls for multiple liver
biopsies. Secondly, assays for quantitation of intrahepatic HBV
DNA and ccc DNA are not standardized and may make interpreta-
tion of study decision points challenging. Nonetheless, this
remains an intriguing area of future research.
Individualized propylactic therapy in liver transplant
recipients with HBV

Over the past two decades, our experience with preventing recur-
rence of HBV infection post liver transplantation has grown
considerably. The available prophylactic regimens have allowed
both graft and patient survival to match and even supersede out-
comes seen in non HBV settings [2]. HBIG therapy has remained
central to these prophylactic strategies, but its relatively high cost,
poor availability in some countries, and patient and provider
inconvenience have prompted the investigation of HBIG minimi-
zation or withdrawal. There is compelling evidence that in select
populations, specifically those who are virologically low risk, HBIG
can be successfully discontinued. However, although cost has been
vol. 56 j 1189–1197 1195



Viral factors

• HBV DNA level at transplant
• HBsAg level at transplant
• Presence of drug-resistant HBV
• HDV coinfection
• HIV coinfection

Drug factors

• Genetic barrier to resistance
• Antiviral potency
• Single vs. combination therapy

Patient factors

• HCC
• Non adherence

HBIG + antivirals 
vs.

antivirals alone
(HBIG-free)

Fig. 1. Patient, viral, and drug factors influencing choice of prophylactic
regimen.
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the driving force behind the desire to limit or eliminate HBIG, it is
important to realize that the cost of newer antivirals is consider-
able and may not provide much savings over low dose HBIG plus
lamivudine schedules.

As we continue to refine prophylactic regimens while consid-
ering cost and convenience for patients and practitioners alike,
we should not compromise the prevention of disease recurrence.
Patient, viral, and antiviral factors need to be considered (Fig. 1).
A short course of HBIG or HBIG-free therapy in conjunction with
long-term antiviral therapy appears to be a safe and efficacious
approach for most patients in the current era of potent antivirals
with lower risk of resistance. Patients with an undetectable HBV
DNA levels pre-transplant are best suited for this prophylactic
strategy and achievement of HBV DNA negativity and prevention
of drug resistant HBV is now feasible in the majority of wait-
listed patients. However, for those patients with high pre-trans-
plant HBV DNA levels or those with limited antiviral options
should recurrence develop (i.e. HDV or HIV confection, those with
preexisting drug resistant HBV or those with prior antiviral intol-
erance), a more cautions approach to prophylaxis is necessary. In
these latter groups, HBIG-free prophylaxis cannot be recom-
mended pending more definitive studies.
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