Online Submissions: wjg.wjgnet.com
wjg@wijgnet.com
doi:10.3748 /wjg.15.2489

World | Gastroenterol 2009 May 28; 15(20): 2489-2499
World Journal of Gastroenterology ISSN 1007-9327
© 2009 The WJG Press and Baishideng. All rights reserved.

REVIEW

Current prophylactic strategies against hepatitis B virus
recurrence after liver transplantation

Li Jiang, Li-Sheng Jiang, Nan-Sheng Cheng, Lu-Nan Yan

Li Jiang, Lu-Nan Yan, Department of Liver and Vascular
Surgery, Liver Transplantation Center, West China Hospital of
Sichuan University, Chengdu 610041, Sichuan Province, China
Li-Sheng Jiang, Nan-Sheng Cheng, Department of Biliary
Surgery, West China Hospital of Sichuan University, Chengdu
610041, Sichuan Province, China

Author contributions: Jiang L wrote the article; Jiang L, Jiang
LS, Cheng NS gathered referenced data; Yan LN designed and
reviewed the article.

Correspondence to: Lu-Nan Yan, MD, Department of Liver
and Vascular Surgery, Liver Transplantation Center, West China
Hospital of Sichuan University, Chengdu 610041, Sichuan
Province, China. yanlunanhx@163.com

Telephone: +86-28-85422469 Fax: +86-28-85422469
Received: March 7, 2009 Revised: March 31, 2009
Accepted: April 7, 2009

Published online: May 28, 2009

Abstract

Prophylactic strategies against hepatitis B virus (HBV)
recurrence after liver transplantation (LT) are essen-
tial for patients with HBV-related disease. Before LT,
lamivudine (LAM) was proposed to be down-graded
from first- to second-line therapy. In contrast, adefovir
dipivoxil (ADV) has been approved not only as first-line
therapy but also as rescue therapy for patients with
LAM resistance. Furthermore, combination of ADV and
LAM may result in lower risk of ADV resistance than
ADV monotherapy. Other new drugs such as entecavir,
telbivudine and tenofovir, are probably candidates for
the treatment of hepatitis-B-surface-antigen-positive
patients awaiting LT. After LT, low-dose intramuscular
hepatitis B immunoglobulin (HBIG), in combination
with LAM, has been regarded as the most cost-effec-
tive regimen for the prevention of post-transplant HBV
recurrence in recipients without pretransplant LAM re-
sistance and rapidly accepted in many transplant cen-
ters. With the introduction of new antiviral drugs, new
hepatitis B vaccine and its new adjuvants, post-trans-
plant HBIG-free therapeutic regimens with new oral
antiviral drug combinations or active HBV vaccination
combined with adjuvants will be promising, particularly
in those patients with low risk of HBV recurrence.
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INTRODUCTION

End-stage liver disease secondary to hepatitis B virus
(HBV) accounts for 5%-10% of liver transplantation
(LT) performed in the United States and is the leading
indication for LT in Asial"?. Recurrence of HBV
infection after LT plays a key role in the post-transplant
outcomes of the patient and graft, however, in patients
with HBV-related disease, complete eradication of HBV
after LT is rarely possible. In the 1980s, HBV-related
disease was considered a relative contraindication for
LT because of poor survival rate and high recurrence
rate of HBV in the absence of prophylactic strategiesm.
Thus, prophylactic strategies against HBV recurrence
after LT are essential for these recipients. Since the
introduce of new antiviral agents and improved
prophylactic options, results after LT are reported to
be as good or, in a United Network for Organ Sharing
(UNOS) database report, even better than in non-HBV
patients“’sl. In this article, current prophylactic strategies
against HBV recurrence after LT and evolving new
trends are reviewed.

PRETRANSPLANTATION PROPHYLACTIC
STRATEGIES

The goals of pretransplant antiviral therapy include the
following: (1) to achieve clinical stabilization, thereby
delaying/preventing the need for LT; and (2) to attain
low HBV DNA levels prior to transplantation, thereby
reducing the risk of recurrent HBV after LT.
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Interferon (IFN)

Although a major limitation to the use of IFN before LT
has been its poor tolerability, it appears to be reasonably
well tolerated and effective if patients do not have
decompensated HBV cirrhosis. Hoofnagle ez a/* have
reported that IFN-q therapy stabilized liver function and
achieved a sustained loss of HBV DNA and hepatitis
B e antigen (HBeAg) in 6 of 18 compensated cirrhotic
patients. A prospective study also confirmed that 53
of 103 patients with IFN-o therapy no longer had
detectable HBV DNA or HBeAg after a median follow-
up of 50 mo!. Tchervenkov ¢ a/” also found that
pretransplantation IFN therapy followed by hepatitis
B immunoglobulin (HBIG) after transplantation was
associated with only an 8% recurrence rate after a
median follow-up of 32 mo. In addition, a recent study
revealed that adjuvant IFN therapy improved the 5-year
survival of patients with HBV-related hepatocelluar
carcinoma (HCC)". Some data are currently available
on the use of peg-interferon o-2b in cirrhosis patients
with HBV, after being approved by the US FDA for
the treatment of chronic hepatitis B. Chan e7 al"”
have demonstrated that combination treatment of
peg-interferon and lamivudine (LAM) led to a higher
sustained loss of HBeAg than LAM monotherapy up
to 3 years after therapy. Notably, HBeAg or hepatitis
B surface antigen (HBsAg) loss is observed more
frequently in patients infected with HBV genotype
A than with genotype non-A""""?. However, the risks
associated with IFN therapy and the emergence of safe
and well-tolerated oral antiviral therapies have decreased
the utility of IFN therapy in patients undergoing LT.

Famciclovir (FCV)

FCV is a guanosine nucleoside analog with activity
against herpes viruses and HBV'". Several reports"*""
have described efficacy of FCV in patients with
recurrent HBV after L'T. However, the number of
reports concerning pretransplant application of FCV
is limited and the outcome of this pretransplantation
prophylactic strategy is not satisfactory. Singh ez /"
have found that only 25% of the patients with detectable
HBV DNA became pretransplant HBV-DNA-
negative after using FCV. Seehofer e/ al'® also found,
in a retrospective study that included 74 HBV-DNA
positive patients, that pretransplant FCV did not seem
to significantly reduce post-transplant HBV recurrence.
Therefore, FCV is rarely used before LT.

LAM

LLAM is the first nucleoside analog, a potent inhibitor of
HBYV replication by competitive inhibition of the reverse
transcriptase and termination of proviral DNA chain
extension, to be approved for use in HBV treatment,
and has an excellent safety profile in both compensated
and decompensated cirrhotic patients. The early results
using LAM as pretransplant antiviral therapy to suppress
HBYV replication and improve liver function were
promising. Two studies from Villeneuve ez al'" and Yao

et al"” have reported that serum HBV DNA of all case
with positive HBV DNA became undetectable after
6 mo of LAM therapy. The same results were confirmed
by other studies"” "), These data indicated that LAM
monotherapy can achieve the goal of suppression of
viral replication to undetectable HBV DNA levels prior
to transplantation, and improvement of liver function.

However, the major factor limiting the use of LAM
is the development of mutations in the thyrosine-
methionine-aspartate-aspartate (YMDD) motif of the
HBV DNA polymerase gene, which confers resistance
to LAM. In non-immunosuppressed patients, resistance
to LAM emerges at a rate of 15%-20% per year, as a
result of selection of LLAM-resistant mutations in the
YMDD motif of the HBV DNA polymerasem]. As
for immunosuppressed patients, LAM resistance can
be detected in 45% patients within the first treatment
year™*!. The sign of resistance is usually a rebound
in the HBV DNA level, without other abnormal
biochemical or clinical findings, whereas some virological
breakthrough caused by antiviral resistance has been
reported to cause hepatitis flares and, in rare instances,
hepatic decompensationlzs’%]. In addition, a retrospective
analysis of 309 HBsAg-positive patients listed for LT
at 20 North American transplant centers revealed that
LAM did not improve LI-free and overall pretransplant
survival”!. LAM is even proposed to be no longer the
drug of choice because the initial enthusiasm has been
tempered by the high rate of resistance developmentlzs].

Overall, LAM has provided an important treatment
option in these patients on the waiting list, with
evidence of viral replication or decompensated liver
disease related to HBYV, but it has turned out not to be
the optimal drug and has been proposed to be down-
graded from first- to second-line therapy because of its
resistance profile.

Adefovir dipivoxil (ADV)

ADV is an oral prodrug of adefovir, a nucleotide
analog of AMP, which inhibits HBV DNA polymerase.
Previous studies have demonstrated that ADV has
excellent activity against wild-type as well as LAM-
resistant HBV strains™ . Recently, Marcellin ez 2> used
ADV administered at doses of 10 mg daily over 48 wk
in 171 patients with HBeAg-positive chronic hepatitis B.
At week 48, the median change from baseline in HBV
DNA was -3.44 log10 copies/mL. Subsequently, 65
patients given ADV 10 mg in year 1 chose to continue
in a long-term safety and efficacy study (5 years). The
median serum HBV DNA changes from baseline
wete -2.15, -3.69, -3.55 and -4.05 log10 copies/mL at
study weeks 96, 144, 192 and 240, respectively. The
median change values from baseline in serum alanine
aminotransferase (ALT) concentrations were -43, -18,
-49.5, -41 and -50 IU/L at study weeks 48, 96, 144,
192 and 240, respectively, and 66% had normalized
serum ALT concentrations at study week 240. As for
the resistance to ADV, in the 65 patients with a median
of 235 wk (110-279 wk) of ADV exposure, 13 (20%)
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Ref. Patients (7) Undetectable HBV DNA  Follow up

P Normalization of ALT Follow up

P ADV resistance
A (%) AL (%)

Follow-up P

A AL A (%) AL (%) A (%) AL (%)
& 14 28 79 89 Atmonth36  0.26 73 91 Atmonth24 069 21 0 Atmonth36  0.020
(&) 23 36 82 89 Atmonth 24 >0.50 53 79 Atmonth24 >050 22 0 Atmonth24  0.001
(&= 28 28 64 40 Atmonth24 038 80 74 Atmonth12 072 18 7 Atmonth24  0.940
(&) 34 36 82 97 Atmonth12 >0.50 79 9 Atmonth12 >050 18 3 Atmonth12 >0.500

A: ADV monotherapy; AL: ADV/LAM combination therapy.

had developed ADV-associated resistance mutations, rt
N236T or rtA181V. The first resistance mutation was
observed after 135 wk of ADV. In addition, there wete
no serious adverse events related to ADV. The safety
and efficacy of ADV were also confirmed by other
studies”™.

Thus, ADV has been approved not only as a first-
line therapy but also as a rescue therapy for patients with
LAM resistance.

ADV and LAM combination therapy

Many of the anti-HBV drugs were initially developed
for human immunodeficiency virus (HIV). Resistance
develops easily during HIV monotherapy, therefore, it
would make theoretical sense that this would also be
seen with HBV. The lessons from the HIV field indicate
that combination therapy is the way to go, however, we
need studies for this in an HBV setting. The above data
cleatly indicate that ADV monotherapy is effective and
safe in waiting-list chronic hepatitis B patients, with or
without LAM-resistant HBV, and has much lower rates
of resistance than LAM. How effective is ADV and
LAM combination therapy in LAM-resistant chronic
hepatitis B patients? The latest results™ ™ of ADV alone
or in combination with LAM in LLAM-resistant chronic
hepatitis B are summarized in Table 1. ADV administered
in combination with LAM or as monotherapy appeared
to be effective in durable suppression of HBV replication
and normalization of liver enzymes, and no significant
difference was found between these two groups. This
result is in accord with the data from a previous studyHO],
which showed that serum HBV DNA decreased at a
similar rate in patients with compensated liver disease
and LAM-resistant HBV infection, randomized to
ADV monotherapy or combination of ADV and LAM.
In addition, one recent study found that short-term
(approximately 2 mo) ovetrlap LAM treatment resulted in
no better virological and biological outcomes than non-
ovetlap ADV™. However, the data concerning incidence
of ADV resistance between two groups are controversial.
On the one hand, some studies have suggested that
there is no obvious improvement in reduction in the
development of ADV resistance with ADV alone
compared with ADV in combination with LAM™™™ but
one study was limited by its open-label, non-randomized,
uncontrolled, retrospective design, and the other study was
limited by its short-term follow-up. On the other hand,
several recent studies””" have shown that combination of

ADV and LAM results in lower risk of ADV resistance
than ADV monotherapy. Notably, one was a prospective,
randomized controlled study with a small population.
Additionally, the same result has been confirmed by other
studies'™,

Overall, some of the studies on combination
therapy were too short in terms of follow-up, such that
differences between monotherapy and combination
therapy are not easily distinguished. Thus, long-term,
randomized, blinded, controlled clinical trials are
still required to determine whether ADV and LAM
combination therapy reduces the emergence of ADV
resistance compared with ADV monotherapy.

Entecavir

Entecavir is a very potent anti-HBV selective guanosine
analog and was approved by the US FDA in 2005, for
the management of adult patients with chronic HBV
infection. Two eatly studies™*" have suggested that
the rates of histological, virological and biochemical
improvement, among patients with nucleoside-naive
HBeAg-positive or -negative chronic hepatitis B, are
significantly higher with entecavir than with LAM, and
there is no evidence of viral resistance to entecavir. In
addition, several recent studies*™*" further reinforced
this result and a recent randomized international study
even found that entecavir therapy resulted in earlier
and superior reduction in HBV DNA compared with
ADV, in nucleoside-naive HBeAg-positive patients with
chronic hepatitis B,

Entecavir resistance is associated with the LAM-
resistance substitutions M204V /I and L180M, in
combination with an additional substitution at residues
T184, S202 or M250 in the reverse-transcriptase region
of HBV polymerasem]. In other words, entecavir is
associated with a high genetic barrier to resistance that
requires multiple mutations for resistance to emerge. In
nucleoside-naive patients, the probability of developing
resistance to entecavir remained consistently low (<
1.2%) even after 96 wk of therap§7[491. In contrast,
entecavir administration in patients with LAM resistance
gives rise to entecavir-resistant mutants. The rate of
entecavir resistance after 4 years of treatment of LAM-
resistant patients may reach 35%". This results from
a particular mode of selection of entecavir strains that
follows a two-step process, with the selection of primary
resistance mutations at position M204V/I (which
are also resistant to LAM), followed by the addition
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of secondary resistance mutations to the same viral
genornes[sﬂ. Once these secondary substitutions occur,
high-level resistance to entecavir occurs.

Generally speaking, as a result of its potency and
unique structural formula, entecavir monotherapy
represents an interesting first-line treatment option in
patients with nucleoside-naive HBeAg-negative chronic
hepatitis B, but for LAM-refractory HBV patients,
entecavir monotherapy does not appear to be the
optimal choice because of the high rate of resistance.
To date, there are no specific data available on the use
of entecavir in patients in association with LT. Further
studies are needed to determine its efficacy and safety
profile in this special environment.

Other new antiviral drugs

Telbivudine, which was licensed by the US FDA in 20006,
is an oral nucleoside analog with potent and specific anti-
HBV activity. It has been demonstrated to be superior
to LAM in suppressing HBV DNA in both HBeAg-
positive and -negative patients, with less resistance”.
M204I was the only signature mutation associated with
telbivudine resistance, in contrast to LLAM resistance,
which is associated with either the M2041 or the M204V
mutation. Notably, telbivudine can be used against ADV-
resistant mutants. Tenofovir is a nucleotide analog and
a potent inhibitor of HIV type 1 reverse transcriptase
and HBV polymerase. It was recently approved for the
treatment of chronic HBV infection in the United States.
Marcellin ez a/” reported two studies that compared
the antiviral efficacy of tenofovir with that of ADV in
both HBeAg-negative and -positive patients. Two of the
most encouraging aspects of these two studies are the
efficacy of tenofovir in patients with LAM resistance,
and the absence of resistance mutations up to week 48.
In the treatment of patients with LAM-resistant HBV,
tenofovir is superior to ADV and entecavir, and it has a
much lower renal toxicity than ADV™,

However, because of short-term follow up in these
studies, cumulative resistance is likely to increase as
therapy is extended. Thus, long-term studies are needed
to evaluate the safety and resistance of these new
antiviral drugs.

POST-TRANSPLANTATION
PROPHYLACTIC STRATEGIES

HBIG monotherapy

HBIG was the first agent to show efficacy in preventing
HBYV recurrence. In 1987, the Hannover group reported
that HBIG, to maintain a serum anti-HBs level > 100
TU/L for a minimum of 6 mo after LT, prevented HBV
reinfection in liver-transplant recipients[57]. These results
were substantiated by a landmark multicenter study from
Samuel e ai™ in 1993, in which the 3-year actuarial risk
of recurrent HBV infection was 75% * 6% in patients
without immunoprophylaxis, 74% £ 5% in those with
short-term immunoprophylaxis (2 mo) and 36% £ 4%
in those with long-term HBIG prophylaxis (> 6 mo).

In a phase 1 clinical study in 2002, promising results
using a mixture of two monoclonal antibodies to HBV
were obtained. A number of mechanisms, which include
binding to circulating virions, blocking an HBV receptor
on hepatocytes, and promoting antibody-dependent cell-
mediated cytotoxicity with lysis of infected hepatocytes,
have been proposed to explain the protective effects of
HBIG

In general, high doses of HBIG (10000 IU) in the
anhepatic phase are followed by daily dosing during
the first week after transplantation, and subsequent
treatment varies at different centers. Fixed and variable
dosing schedules as well as intravenous (IV) and
intramuscular (IM) administration have been used™*. A
pharmacokinetic study indicated that maintaining anti-
HBs titers at > 500 IU/L during the first week post-
transplantation, > 250 IU/L during weeks 2-12, and > 100
1U/L after week 12 minimized the risk of recurrence!®”

Despite the successful prophylaxis against HBV
recurrence after LT, there are several drawbacks to the
use of HBIG. (1) Its high cost, namely up to $100000
in the first year and $40000 to $50000 each year
thereafter®. (2) Tts limited supply. (3) Its side effects.
Although HBIG is well-tolerated, significant side
effects have been noted, including headache, flushing
and chest painmj. (4) Escape mutants. Reinfection of
HBYV in patients receiving long-term use of HBIG can
occur because of the development of escape mutants.
Mutations in the pre S/S region of the HBV genome
can lead to an alteration in the “a” determinant of
HBsAg, the primary region of HBV antibody binding,
which results in reduced efficacy of HBIG”",

As a result of the above shortcomings of HBIG and
the introduction of nucleoside or nucleotide analogs,
HBIG monotherapy has vanished from prophylaxis
against HBV recurrence after LT. However, HBIG
monotherapy may be advocated in some special
circumstances. For instance, a recent retrospective
study of 639 HBV-infected adult patients undergoing
living donor liver transplantation has demonstrated
that high-dose HBIG monotherapy resulted in a 5-year
HBV recurrence rate of 7.3%*. Both Lee ¢ a/*" and
Takemura ¢ al”" have used HBIG monotherapy as
post-transplant prophylaxis against HBV recurrence
for patients who received HBsAg-negative/HB core
antibody (HBcAb)-positive allografts, with zero
recurrence.

LAM monotherapy

LAM monotherapy was the mainstay of prevention
of recurrent HBV after LT in the late 1990s and
early 2000. Unfortunately, the initial enthusiasm was
tempered by the realization that long-term use of LAM,
which is essential for maintaining post-transplant viral
suppression, is associated with increasing rates of HBV
recurrence as a result of drug resistance. Furthermore,
immunosuppression has a great influence on drug
resistance; LAM resistance was detected in 15% of
immunocompetent patients within the first treatment year
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Figure 1 Incidence of recurrent HBV infection after LT using LAM

monotherapy as post-transplant prophylaxis. Data adapted from™"".

compared with 45% in immunosuppressed patientsm’m

In carly studies, post-transplant HBV recurrence has
been reported to be 10% by Grellier ez al™"!, 24% by
Lo et al™, 41% by Perrillo ¢z al™, and 50% by Mutimer
et al™ at 12, 16, 36 and 36 mo after LT, respectively.
Other recent studies with LAM monotherapy have been
disappointing with 1-, 2-, 3-, 4-, 5- and 6-year recurrence
rates of 8%-27%, 13%-40%, 26%-28%, 35%, 35% and
49%, respectively (Figure 177 As a result of the high
rate of LAM resistance and higher risk of recurrence
in the graft compared with the combination of LAM
and HBIG after LT, this strategy has been abandoned.
However, whether combination therapy is required in all
patients is unknown. LAM monotherapy has still been
advocated by some authors for patients who have received
HBsAg-negative/HBcAb-positive allografts, ot patients
who are HBeAg-negative and have undetectable HBV
DNA pretransplantation, because of the low risk of
recurrence”™"). Thus, these patients may be candidates
for post-transplant prophylaxis using LAM monotherapy,
but further studies with long-term follow-up and a large
cohort of patients are necessary to evaluate its efficacy
and safety.

High-dose IV HBIG and LAM combination therapy

The use of combination therapy has become a
common strategy to overcome the high recurrence rates
observed in patients receiving HBIG or LAM alone™™,
Mechanisms contributing to the efficacy of this regimen
are not well understood, and may be the consequence
of the dual effects of reduced production of HBsAg
with antiviral therapy, as well as a decreased rate of
escape mutations in the pre-S/S and polymerase regions.
Combination therapy with high-dose IV HBIG and
LAM has been investigated by many centers®™ ™ with
encouraging outcomes, in that the HBV recurrence rate
is < 10% with 1-2 years follow-up. Generally speaking,
LAM is commenced pretransplantation, with the aim of
reducing the viral load in the peritransplantation period.
IV HBIG is given at a dose of 10000 IU/d for the first
postoperative week, and subsequently at a fixed dose
of 10000 IU/mo or with vatiable dosing to maintain
trough anti-HBs titers > 100 TU /1%,

Unfortunately, even in patients without overt
recurrence of HBV infection, HBV DNA may
be detectable by PCR in serum, peripheral blood
mononuclear cells or liver tissue in 45% of patients
with high-dose IV HBIG 10 years after LT, Similarly,
Hussain ¢z a/™ recently found that HBV DNA was
detected in > 80% of allograft livers in patients who
remained serum HBsAg-negative and HBV DNA-
negative under combination high-dose IV HBIG/LAM
prophylaxis. These data suggest that combination high-
dose IV HBIG/LAM prophylaxis cannot eradicate HBV,
which also explains the life-long need for HBIG in most
patients.

Although combined high-dose IV HBIG and
LAM is very effective in preventing recurrent HBV
infection, the major limitation of such a regimen is
its high cost, estimated at > $100000 in the first year
post-transplantation and > $50000 yearly thereafter™.
Other factors including inconvenient administration
and unavailability of IV HBIG in some countties limit
extensive acceptance of this regimen.

Low-dose IM HBIG and LAM combination therapy

In an attempt to lower the high cost of the combination
regimen of high-dose IV HBIG and LAM, new
strategies are under consideration. Among these
strategies, combination prophylaxis with low-dose IM
HBIG has been investigated most extensively, and is
regarded as the most cost-effective regimen for the
prevention of post-transplant HBV recurrence in
recipients without pretransplant LAM resistance. Some
Studiesl77,9()—‘)3j
Table 2. Recurrence rates reported by major studies
are similar to those documented with high-dose IV
HBIG, and cost reduction by > 50% has led to rapid
acceptance of the IM route in many centers. However,
a higher rate of recurrence with combined low-dose IM
HBIG/LAM prophylaxis was reported by Zheng e al™.
In this retrospective study, 14% developed recurrence
at a mean 15.8 mo after LT. The likely explanation is
that approximately one-third of patients were high-risk
patients, with pretransplantation HBV DNA levels > 10°
copies/mL. These patients with positive HBV DNA at
LT are more likely to develop HBV reinfection after LT.
Thus, the number of patients with active viral replication
at LT will influence the efficacy of low-dose IM HBIG
and LAM combination therapy.

In addition, IM HBIG has been used as long-term
maintenance therapy following initial therapy with high
doses of IV HBIG"™ (Table 3). Although conversion
from IV to IM HBIG in combination with LAM can
achieve the same prophylactic efficacy as direct low-dose
IM HBIG and LAM combination therapy, supplemental
IV HBIG is still required in some patients’ . As a
result of this inconvenience and the recent finding that
HB surface antibody (HBsAb) trough level and half-
life do not differ after post-transplantation IV and IM
HBIG administration””, most centers prefer to use low-
dose IM HBIG and LAM combination therapy.

concerning this regimen are summarized in
[90-93]
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Authors Patients DNA+ prior Pretransplant LAM Duration of pretransplant DNA + at Prophylactic Follow-up Recurrence
(n) to LT (%) therapy (%) LAM therapy (mean mo) LT (%) protocol after LT (mean mo) (%)

Jiao et al™ 79 47 28 05 0 LAM + HBIG IM' 29 25
Gane et al®" 147 85 NA 3 <50 LAM + HBIG IM* 61 4
Zheng et al”” 114 NA 13 5 31 LAM + HBIG IM’ 16 14
Karademir et al™ 35 51 40 6 14 LAM + HBIG IM* 16 5.7
Angus et al™ 32 97 100 3.2 NA LAM + HBIG IM’ 18.4 3.1

NA: Not available. '2000 U (IM) at LT, 800 IU (IM) daily for 6 d, weekly for 3 wk, then aim for anti-HBs > 100 IU/L; 800 IU (IM) at LT and daily for 6 d,
then 800 IU (IM) monthly; 2000 IU (IM) at LT, 800 IU (IM) daily for 6 d, weekly for 3 mo, and then monthly; *4000 IU (IM) at LT, 2000 IU (IM) daily until
anti-HBs > 200 IU/L, then aim for > 100 IU/L; °800 IU (IM) at LT and daily for 1 wk, then 800 IU (IM) monthly.

Authors Patients DNA + prior Pretransplant Duration of pretransplant DNA+ at LT Prophylactic Follow-up Recurrence
(n) to LT (%) LAM therapy (%) LAM therapy (mean mo) (%) protocol after LT (mean mo) (%)
Ferretti et al™ 23 48 48 NA 13 LAM + HBIG' 20 3.6
Han et al™ 59 NA 59 8 LAM + HBIG® 35 0,2
Faust et al™ 6 NA 0 NA LAM + HBIG® 43 0

'80000 IU (IV) in the first wk, then 1200 IU (IM) to aim for anti-HBs > 100 IU/L; *IV for a median of 67 wk (LT before August 1998), then IM thereafter;
10000 IU (IV) at LT, then 10000 IU (IV) daily for 6 d (LT after August 1998), then IM thereafter; "The HBV recurrence of patients with LT before August
1998; “The HBV recurrence of patients with LT after August 1998; 510000 IU (IV) at LT, then 2000 IU (IV) for a median of 7 mo, then IM thereafter.

Other post-transplant prophylactic strategies
High costs and inconvenience caused by indefinite HBIG
administration have led to controversy as to whether
indefinite passive immunization is necessary. In order
to stop HBIG after initial monotherapy or combination
prophylaxis with LAM, the first approach is to switch
from HBIG or HBIG/LAM to LAM monotherapy. The
eatly results were promising. For example, Dodson e# al™
switched 16 patients from HBIG to LAM monotherapy
after 2 years and had no HBV recurrence 51 mo after
LT. In another study by Buti e# al™ 29 patients who
were HBV-DNA-negative at the time of LT were treated
with high-dose HBIG for the first month, and then they
were randomized to receive LAM monotherapy (14
patients) or LAM plus HBIG (15 patients) until month
18. None of the patients developed HBV recurrence
during the study period. However, with longer follow-up,
a recurrence rate of 11%-17% was observed" """, Thus,
it is important to determine which patients can stop
HBIG. Although it has not yet been defined who can
safely discontinue HBIG therapy, the best candidates are
probably the following: those without virus replication
at the time of transplantation; at least 2 years of HBIG
treatment; and negative for HBV DNA by PCR before
stopping HBIG.

The second approach is to switch from HBIG/LAM to
a combination of antiviral agents. In a recent multicenter
randomized prospective study, 16 of 34 patients receiving
low-dose IM HBIG/LAM prophylaxis, without HBV
recurrence at least 12 mo post-transplantation, were
switched to ADV/LAM combination therapy and 18
continued with HBIG/LAM". After a median follow-
up of 21.1 mo in the ADV/LAM group and 21.8 mo in
the HBIG/LAM group, no patient in either group had

HBV recurrence, although one in the ADV/LAM group
became HBsAg-positive at 5 mo, but HBV DNA was
persistently undetectable by PCR (sensitivity 14 TU/mL).
The annual cost of combination ADV/LAM prophylaxis
was $8290 versus $13718 for IM HBIG/LAM. Neff
et al"™ retrospectively investigated a small cohort of
non-HBV-replicating patients who were converted from
HBIG/LAM to ADV/LAM therapy after a mean post-
LT period of 6.5 mo. The mean length of follow-up since
therapy conversion was 21 mo. They found that none of
the patients showed an increase in transaminases while
on dual nucleos(t)ide analog therapy. Unfortunately, there
were no results given after the therapy switch, although
the authors mentioned that HBV serological testing was
performed. Another study"" has also suggested that this
approach may be highly effective and have significant
cost savings. In addition, new drugs such as entecavir,
telbivudine and tenofovir, are probably candidates to
substitute for the indefinite HBIG maintenance therapy
after L'T. However, available studies are limited, of small
size and short follow-up. Thus, larger, randomized
prospective studies ate required to confirm if combination
of antiviral agents is sufficient as a prophylactic strategy
against HBV recurrence post-transplantation.

The third approach to prevent HBV recurrence post-
transplantation is utilization of active HBV vaccination.
Notably, studies regarding this approach have yielded
variable results. Successful active immunization in 14 out
of 17 hepatitis B patients (82%) after LT was reported
by Sanchez-Fueyo ¢ /'™ in a cohort of carefully
selected low-risk patients. In contrast, in another study,
discontinuation of HBIG with a triple course of vaccine
produced detectable HBsAb levels in only 18% of
recipients”%]. In addition, new hepatitis B vaccines, or
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conventional vaccines in combination with new adjuvants
are hoped to improve anti-HBs responses in transplant
recipients. In a study reported by Bienzle ez ™" 16
out of 20 patients (80%) achieved protective antibody
titers of > 500 TU/L by using an IM recombinant HBV
vaccine combined with two immunostimulants under
continuation of passive immunoprophylaxis. However,
other studies have failed to replicate this result by using
adjuvants and concomitant HBIG administration! """
Therefore, further studies are needed before this
approach can be recommended for widespread clinical
application.

CONCLUSION

In the setting of pretransplantation, LAM has been
proposed to be downgraded from first- to second-line
therapy because of its resistance profile. In contrast,
ADV has been approved not only as first-line therapy,
but also as rescue therapy for patients with LAM
resistance. Furthermore, combination of ADV and
LAM may result in lower risk of ADV resistance than
ADV monotherapy. Other new drugs such as entecavir,
telbivudine and tenofovir, are probably candidates for
the treatment of HBsAg-positive patients awaiting LT,
but long-term studies are needed to evaluate the safety
and resistance of these new antiviral drugs.

In the post-transplantation setting, low-dose IM
HBIG, in combination with LAM, is regarded as the
most cost-effective regimen for the prevention of
HBYV recurrence in recipients without pretransplant
LAM resistance, and is rapidly being accepted in many
transplant centers. With the introduction of new antiviral
drugs, new hepatitis B vaccine and its new adjuvants,
post-transplant HBIG-free therapeutic regimens are
promising, particularly in those patients with low risk of
HBYV recurrence.
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