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Figure 2. Efficient engraftment of the transplanted hepatic progenitor cells in the recipient liver. (a) The hHB-EGF expression in the liver, kid-
ney and spleen of a TRECK mouse and the liver of a wild-type mouse determined by semiquantitative RT-PCR analysis. Upper, hHB-EGF
expression; Lower, control Actb expression. (b) Immunohistochemical staining for human hHB-EGF in the liver of the TRECK and wild-type
mice. Upper, hHB-EGF immunofluorescence; Lower, DAPI staining. (c) Time-course changes in ALT values of the TRECK and wild-type mice
after the first DT administration. Vertical bars show SD. (d) Immunostaining analysis of liver tissue specimens of a TRECK mouse with (DT
[+]) or without (DT [~]) DT administration. Upper, H&E staining; Middle, E-cadherin immunofluorescence; Lower, Ki-67 immunofluorescence.
(e) Macroscopic image of a representative liver receiving GFP-positive hepatic progenitor cells at 30 days after transplantation. (F) Histologic
analysis of liver tissue specimens receiving GFP-positive hepatic progenitor cells at 90 days after transplantation. Upper, H&E staining; Mid-

dle, GFP immunofluorescence; Lower, DAPI staining.

without DT administration (Fig. 2f). These findings indicated
that the transplanted cells efficiently engrafted and continued
to proliferate in the recipient livers treated with DT as time
progressed.

Transplanted hepatic progenitor cells with constitutive AID
expression progressed to liver cancers

Next, the enriched hepatic progenitor cells from AID Tg mice
were transplanted into 13 recipient (TRECK) mice, and the
DT was administered to the recipient mice for 25 weeks. Two
mice died in a week after transplantation, while the remaining
11 mice were viable and thus subjected to phenotypic analyses.
We found that liver tumors developed in 7 of 11 (63.6%)
recipient mice that received the enriched hepatic progenitor
cells of the AID Tg mice 90 week after cell transplantation
(Fig. 3a). Among them, four mice developed multiple tumors
and three developed a single large nodule. On the other hand,
none of the 13 recipient mice receiving hepatic progenitor cells
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from wild-type or GFP Tg mice showed tumorigenesis during
the same observation period, while only one mouse developed
a tumor with the characteristics of lipoma. Moreover, all the
five recipient mice examined that received the mature hepato-
cytes of adult AID Tg mice at 6 months of age showed no
phenotypic changes in the liver tissues. Histologic examination
revealed that all the tumors examined showed the characteris-
tics of well-to-moderately differentiated HCC. Interestingly,
one tumor showed not only the enhanced AFP expression but
also the ductal formation of tumor cells accompanied by the
expression of CK19, indicating the features of intrahepatic
cholangiocarcinoma (ICC) (Fig. 3b, upper and middle panel).
In addition, partial positivity for MUC1 immunostaining in
the tumor indicated that the tumor contained the mucin-
producing area (data not shown). On the other hand, no his-
tologic changes were observed in the non-tumorous region of
liver tissues receiving the AID-expressing hepatic progenitor
cells (Fig. 3b, lower panel).
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Figure 3. Development of tumors in livers receiving hepatic progen-
itor cells from AID Tg mice. (@) Macroscopic images of tumors that
developed in recipient mice receiving progenitor cells from AID Tg
mice. (b) Microscopic images of a liver tumor that developed in a
recipient mouse receiving hepatic progenitor cells from an AID Tg
mouse. Upper, AFP-positive part; Middle, CK19-positive part;
Lower, non-tumorous liver tissue. Immunohistochemical staining
for H&E, AFP and CK19 are shown. (¢) Southern blot analysis for
the AID transgene. DNA was extracted from three liver tumor tis-
sues (Tumor #1, 2, 3), a non-tumor liver tissue (Non-tumor), the
kidney of the corresponding animal, a liver of a TRECK mouse (Neg-
ative control; NC) and a liver of an AID Tg mouse (Positive control;
PC), followed by the amplification and hybridization to the probe
specific for the AID transgene. (d) Results of quantitative genomic
PCR for AID transgene in three liver tumor tissues, a non-tumor
liver tissue and the kidney of the corresponding animal. N.D.
means not detected.

To examine whether the cancers that developed in recipi-
ent mice liver were derived from the transplanted hepatic
progenitor cells, we examined the expression of the AID Tg
mice-specific transgene in three randomly selected tumors
that developed in the recipient livers. Southern blotting anal-
yses revealed strong signals of the AID transgene in the
tumor tissues (Fig. 3c). Weak signal of the AID transgene
was also detected in the non-tumorous region, suggesting
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continuous engraftment of the transplanted hepatic
progenitor-derived cells in the recipient mouse liver. In con-
trast, there were no detectable signals of the AID transgene
in organs other than the liver of recipient mice, such as kid-
ney, or in liver tissues of the TRECK mice without receiving
the transplantation. Quantitative genomic PCR analyses also
confirmed that all tumor tissues examined strongly expressed
the AID transgene (Fig. 3d). Moreover, the expression level
of hHB-EGF in the tumor tissue was significantly lower than
that in the surrounding non-tumorous liver tissue (Support-
ing Information Fig. 2¢). These findings suggested that the
transplanted hepatic progenitor cells with constitutive AID
expression achieved the malignant transformation and pro-
gressed to either HCC or cholangiocarcinoma.

Landscape of genetic alterations accumulated in the
transplanted hepatic progenitor cells during the process of
malignant transformation

To unveil the landscape of genetic alterations that accumu-
lated in the transplanted hepatic progenitor cells during the
process of tumorigenesis, we determined the sequences of the
whole exome in two independent liver cancers from two dif-
ferent recipient mice and the corresponding hepatic progeni-
tor cells of the same AID Tg mice from which they
originated (Table 1). As a control, we also determined the
whole exome sequences of the livers of their littermates with
a wild-type phenotype. A total of 94.2% of the reads were
properly aligned to the reference mouse genome and accord-
ingly we obtained about 4.4 Gb of the aligned sequence data
per sample on average after exome enrichment. 77.6% of the
captured target exons were covered by 20X or more coverage
depth read with a high quality genotype call. The variant fil-
tering process is summarized in Supporting Information Fig-
ure 1. We identified 24 [23 single nucleotide variants (SNVs)
and one indel] and 162 (160 SNVs and two indels) somatic
mutations in HCC#1 and HCC#2, of which the number of
mutated genes with SNVs were 23 (HCC#1) and 105
(HCC#2), respectively (Table 2, and Supporting Information
Table 4). As shown in Supporting Information Figure 2d, C/
G to T/A substitution pattern was dominant, consistent with
the previous finding that AID induces C/G to T/A transition
into the genome.”** The candidate variants were then vali-
dated by conventional direct population Sanger sequencing
(Supporting Information Fig. 3), and we finally confirmed
that 20 (HCC#1) and 87 (HCC#2) SNVs were non-
synonymous variants. Among them, there were no genes
commonly mutated in both tumors. Interestingly, 19 of 23
(82.6% in HCC#1) and 80 of 105 (76.2% in HCC #2) genes
with SNVs were those reported in human liver cancer tissues
(International Cancer Genome Consortium; http://www.icg-
corg/). Although tumor-suppressor Trp 53 gene also
acquired mutations in both tumors, the nucleotide alteration
rate was less than 20%. Pathway analyses using the KEGG
(Kyoto Encyclopedia of Genes and Genomes) database
(http://www.genome.jp/kegg/) revealed that 11 (HCC#1) and
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Tabie 1. Overview of exome sequencing data
Wild-type liver HPCs HCC #1 HCC #2
Total reads 40,531,478 66,249,904 74,974,839 71,744,206
Aligned reads 39,836,233 64,288,711 73,520,622 70,334,812
Aligned sequence (bp) 2,895,739,984 4,640,585,570 5,299,669,630 4,893,614,870
Median read depth 47 69 83 69
1X coverage 26,389,043 26,497,041 26,651,266 26,676,550
8Xx coverage 25,737,5'39 25,954,163 26,050,816 25,993,659
20X coverage 24,034,052 25,453,341 25,554,806 25,105,923
30x coverage 21,708,378 24,777,302 24,956,955 23,893,453

Whole exome sequencing were performed for the liver of wild-type mouse, the hepatic progenitor cells (HPCs) of the AID Tg mouse, and liver cancer
tissues (HCC#1 and HCC#2) developed in the two different TRECK mice transplanted with HPCs. Total reads, aligned reads, aligned sequence(bp),
median read depth and the number of the captured target exons which were 1%, 8, 20X and 30X or more coverage depth read were shown for

each sample.

Abbreviations: HCC: hepatocellular carcinoma; HPC: hepatic progenitor cell.

Table 2. Characteristics of single nucleotide variants (SNVs) identified in the liver cancers derived from the hepatic progenitor cells of the AID

Tg mice
HCC#1 HCC#2
Number of SNVs (single nucleotide variants) 23 160
Number of mutated genes with SNVs 23 ) S 105

Number of SNVs with nonsynonymous variants

Number of mutated genes with SNVs reported in human liver cancer tissues

Number of mutated genes with SNVs categorized into well-known
pathways in KEGG

Number of mutated genes with SNVs highly expressed in fetal or
-adult liver relative to bone marrow

20 of 23 (86.7%)
19 of 23 (82.6%)
11 of 23 (47.8%)

87 of 160 (54.3%)
80 of 105 (76.2%)
66 of 105 (62.8%)

21 0f 221(95.4%) -85 of 99(85.8%)

‘Genes that were not present in the microarray panel were excluded from the analysis.
Abbreviations: KEGG: Kyoto Encyclopedia of Genes and Genomes; SNV: single nucleotide variant.

66 (HCC#2) genes were categorized into the well-known sig-
naling pathways, including peroxisome proliferator-activated
receptor (PPAR) and mitogen-activated protein kinase
(MAPK) signaling, and cell adhesion function (Table 3).
Although it is widely recognized that the mutational pro-
files of the tumor-related genes differ between different tis-
sues, the mechanisms of those organ-specific differences in
the mutated genes during the process of tumorigenesis
remain unclear. We speculated that the genes that acquired
mutations in HCC tissues might be preferentially and actively
transcribed in hepatic lineage cells, because it has been shown
that AID-induced mutagenic activity is directly proportional
to the transcription levels of the target gene.*>>” Therefore,
we analyzed the gene expression profiles in the fetal and
adult liver using microarray, and examined whether the
mutated genes in HCC tissues were transcribed at relatively
higher levels in liver-lineage cells compared with hematopoi-
etic lineage cells. Among the mutated genes identified, tran-
scription levels of 95.4% and 85.8% of the genes in HCC#1
and HCC#2, respectively, were higher in fetal and/or adult
liver tissues than in bone marrow-derived hematopoietic cells
(Table 2, and Supporting Information Table 4), indicating
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that the genes actively transcribed in fetal and/or adult liver
cells might have preferentially acquired the mutations
through the genotoxic activity of AID. Consistently, quantita-
tive RT-PCR analyses revealed that all the mutated genes
analyzed were actively transcribed in adult liver tissues (Sup-
porting Information Fig. 4). In contrast, representative genes
that are actively transcribed in hematopoietic tissues,*® such
as Cd4, Cd5 and Tgfbor2, showed no mutations in liver
tumors and less or no transcription in the liver compared
with other organs (Supporting Information Fig. 4). We also
confirmed that 19 (82.6% in HCC#1) and 93 (88.6% in
HCC#2) of the mutated genes were actively transcribed in
the liver tissues based on the mouse whole transcriptome
analysis.”® Together, these findings suggest that the acquisi-
tion of mutations during hepatocarcinogenesis strongly
depends on the transcription of target genes in the liver-
lineage cells.

Discussion

Recently, recognition of the role of tissue stem/progenitor
cells in the carcinogenesis process led to a new hypothesis
that cancer arises from tissue stem/progenitor cells.*’ Indeed,
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Table 3. Categorization of the mutated genes in HCCs using the KEGG (Kyoto encyclopedia of genes and Genomes) database

HCC#1

Insulin signaling pathway (2) Sorbs1
Pathways ih cancer (2) Stk36
Adherens junction (2) Sorbs1
HCC#2
Metabolic pathways (12) Akricé
’ Cyp2el
Rdh8
PPAR signaling pathway (7) Fads2
e : Fabps
MAPK signaling pathway (6) Juh
Dusp4
Pathways in cancer (6) Jun
Fzd7
Toll-like receptor signaling pathway (3) jun
Hepatitis C (3) Ldlr
Adipocytokine signaling pathway (3) Nfkbia
Wnt signaling‘pathway ® Fzd7

Prkarib

Erbb2

Erbb2

Dgat2 Sephs2 Chka
Maob Nt5e Pck1
St3galé Tk1 Tkt
Slc27a2 Apoal Apoa2
Pck1 Scd1 ;
Jund Fos

Rac3 Gadd45g

Nfkbia Ceppa

Rac3 Fos

Nfkbia Fos

Nfkbia Socs3

Pck1 Socs3

Jun Rac3

Values in parenthesis show the number of the genes categorized into each pathway.
Abbreviations: MAPK: mitogen-activated protein kinase; PPAR: peroxisome proliferator-activated receptor.

genetically-engineered fetal progenitor cells lacking the
tumor-suppressor gene function have been shown to play a
role as the origin of liver cancer.”'"*! Whether the stepwise
accumulation of genetic alterations on hepatic stem/progeni-
tor cells contributes to the development of tumor cells, how-
ever, remains unknown. In our study, we demonstrated that
engrafted hepatic progenitor cells originated from the AID
Tg mice progressed to liver tumors, including both HCC and
cholangiocarcinoma, through the accumulation of somatic
mutations in a variety of target genes.

Several previous studies demonstrated that the trans-
planted putative fetal liver stem/progenitor cells are capable
of repopulating the liver that encounter extensive liver injury
favoring the proliferation and survival of transplanted hepa-
tocytes.*””** The DT receptor has been identified as a
membrane-anchored form of the HB-EGF precursor.”®
Recently, it was shown that transplanted hepatic progenitor
cells derived from the fetal liver were efficiently engrafted
and repopulated in the liver of recipient HB-EGF-expressing
mice with DT stimulation.””*® Using this model, efficient
engraftment of the transplanted cells in recipient mice with
HB-EGF expression in the liver enabled us to examine the
fate of transplanted hepatic progenitor cells with constitutive
AID expression. Notably, liver tumors with histologic features
of human HCC developed in the recipient mice that received
the hepatic progenitor cells derived from the AID Tg mice,
while no tumorigenesis was observed in the recipient mice
transplanted with hepatic progenitor cells of control mice.

The findings that the tumors contained the AID transgene
indicated that these tumors were derived from the trans-
planted hepatic progenitor cells accompanied with the AID-
induced genetic aberrations. Interestingly, one of those
tumors showed both the characteristics of HCC and cholan-
giocarcinoma in a single nodule, suggesting that the hepatic
progenitor cells with the accumulation of genetic aberration
could possess the potential to progress both HCC- and
cholangiocarcinoma-lineage tumor cells. Alternatively, it
might be possible that AID-mediated genetic alterations con-
tribute to modifying the differentiation status of tumor cells,
leading to either HCC or bile duct cancers from common
progenitor cells.

Sequencing of whole genomes, whole exomes and whole
transcriptomes of cancer samples has recently become feasi-
ble using deep sequencing technologies. In this study, to
obtain the overall picture of genetic alterations accumulated
in the hepatic progenitor cells of the AID Tg mice that
achieved malignant transformation, we performed whole
exome sequencing of the transplanted progenitor cells and
the resultant tumor tissues, and unveiled the landscape of
genetic alterations that accumulated during tumorigenesis.
We found that various genetic aberrations, mainly SNVs,
were highly accumulated in the tumors, further supporting
the putative involvement of aberrant AID activity in the
development of HCC. One thing to be noted is that approxi-
mately 80% of mutated genes detected in the liver cancer tis-
sues developed in the recipient mice have been reported to
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be mutated in human HCC tissues (International Cancer
Genome Consortium; http://www.icgc.org/), although it is
not possible to draw a definitive conclusion from analyses of
the limited number of HCCs that developed in the recipient
mice. Functional annotation analyses revealed that many of
the genes that acquired genetic aberrations are categorized
into several important signaling pathways, including those
involved in the regulation of cell proliferation, cell metabo-
lism and cell adhesion. Thus, it could be suggested the step-
wise dysregulation of cell function caused by the
accumulation of genetic aberrations in hepatic progenitor
cells appears to play a pivotal role in the development of
tumor cells.

We previously revealed that genetic changes induced by
the genotoxic activity of AID show organ-specific profiles
and suggested the possibility that the target preference of
AlD-induced mutagenesis contributes to the diversity of
tissue-specific oncogenic pathways.”> One possible explana-
tion for the target selection for mutagenesis is that AID pref-
erentially induces mutations in the actively transcribed genes
in each cell, because AID likely induces somatic mutations
on the single-strand DNA exposed during the transcription
process.”” ™’ Consistent with this hypothesis, we confirmed
in this study that the majority of genes with SNVs were the
actively transcribed genes in liver-lineage cells. However, we
also observed that the transcription level of the gene is not
solely responsible for the acquisition of AID-mediated geno-
toxicity, because one of the most actively transcribed hepato-
trophic genes, albumin, did not accumulate SNVs in liver
tumor cells (data not shown). Consistently, extensive
sequencing of various genes in B lymphocytes revealed that
only 25% of the transcribed genes accumulated SNVs in an
AID-dependent manner.* Mutational hotspots preferentially
attacked by AID genotoxicity frequently possess unique
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sequence characteristics, so-called RGYW/WRCY motifs
(where W=A or T, R=A or G and Y=C or T) in tran-
scribed targets.*® Moreover, a recent study reported clusters
of various types of repeat sequences in the vicinity of cleaved
sites in AID target genes.*” Thus, target selection of AID-
mediated mutagenesis might require both active transcription
and sequence characteristics of the genes.

In conclusion, the findings in our study suggested that
mutagenic activity of AID might contribute to the malignant
transformation of hepatic progenitor cells to liver cancer cells
via the induction of genetic alterations. Some of the actively
transcribed genes in the liver-lineage cells preferentially accu-
mulated SNVs and might contribute to the development of
tumor cells. However, based on the model used in our study,
we could not fully determine whether the developed tumors
derived directly from the fetal hepatic progenitor cells or via
mature hepatocytes, because the transplanted fetal progenitor
cells differentiated into mature hepatocytes in the recipient
liver”” Moreover, the truly significant driver mutations
responsible for hepatocarcinogenesis remain unclear. Thus,
further elucidation of the precise step of the AID-induced
accumulation of genetic aberrations will be required to iden-
tify the genetic alterations that possess the key to the carcino-
genesis process. In addition, the fractionation by
fluorescence-activated cell sorting would be essential to iden-
tify the subset of hepatic stem/progenitor cells that play a
role in the origin of tumor cells.
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Aim: Hepatitis B recurrence after liver transplantation can be
reduced to less than 10% by combination therapy with lami-
vudine (LAM) and hepatitis B immunoglobulin (HBIG). The aim
of this study was to evaluate the efficacy and safety of pro-
phylaxis with entecavir (ETV), which has higher efficacy and
lower resistance rates than LAM, combined with HBIG in
preventing hepatitis B recurrence after living-donor liver
transplantation (LDLT).

Methods: Twenty-six patients who received ETV plus HBIG
(ETV group) after LDLT for hepatitis B virus (HBV)-related end-
stage liver disease were analyzed by comparing with 63
control patients who had received LAM plus HBIG (LAM
group).

Results: The survival rates of the patients treated with ETV
plus HBIG was 73% after both 1 and 3 years, and there was no

statistical difference between the patients in the ETV group
and LAM group. No HBV recurrence was detected during the
median follow-up period of 25.1 months in the ETV group,
whereas the HBV recurrence rate was 4% at 3 years and 6% at
5years in the LAM group. No patients had adverse effects
related to ETV administration.

Conclusion: ETV combined with HBIG provides effective and
safe prophylaxis in preventing hepatitis B recurrence after
LDLT.

Key words: entecavir, hepatitis B, liver transplantation,
living donor

INTRODUCTION

HE RECURRENCE OF hepatitis B virus (HBV) infec-

tion after liver transplantation for HBV-related dis-
eases resulted in poor outcomes before the development
of effective prophylaxis with lamivudine (LAM) and
hepatitis B immunoglobulin (HBIG). Without the pro-
phylaxis, the majority of patients developed recurrent
infections due to HBV in the early phases after liver
transplantation, and the recurrence resulted in rapidly
progressive liver injury, early graft loss and reduced
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survival.!? The development of prophylaxis dramati-
cally reduced the post-transplant recurrence of hepatitis
B and markedly improved prognosis. The most widely
used prophylaxis so far has been a combination therapy
of LAM and i.v. HBIG.

In the non-transplant setting, the long-term use of
LAM resulted in high rates of emergence of resistance to
the drug, with rates ranging 14-32% after 1 year and
60-70% after 5 years of treatment. In most cases, the
resistance was the result of selection of LAM-resistant
mutations in the YMDD motif of the DNA polymerase
domain of HBV.* Moreover, the emergence of HBV
strains with mutations that allow escape from hepatitis
B surface antibody (anti-HBs) recognition has been
reported in patients vaccinated for HBV,>¢ in patients
with chronic hepatitis B® and in liver transplant recipi-
ents after HBIG administration.’"'! Therefore, the emer-
gence of LAM resistance and HBIG resistance might
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increase the risk of recurrence during long-term admin-
istration of LAM and HBIG, although the rate of HBV
recurrence in liver transplant recipients who received
prophylaxis with LAM and HBIG for more than 10 years
has not been reported to date. At present, several nucleo-
side analogs are available for the treatment of chronic
hepatitis B*. Among them, there is entecavir (ETV), a
carbocyclic analogue of 2’-deoxyguanosine, which has
been shown to have higher efficacy than LAM in patients
with chronic hepatitis B. In addition, ETV has a higher
genetic barrier to resistance than LAM. The resistance
to ETV requires at least three mutations including
rtM204V/1, which causes LAM-resistance, 1tL.180M, and
a mutation at one of the following codons: rtT184,
rt$202 or rtM250.* Therefore, ETV is now used as a
first-line therapy in the treatment of chronic hepatitis
B worldwide. Data available in the published work
suggest that, in transplant recipients, ETV plus HBIG
represents a better prophylaxis protocol than LAM plus
HBIG for long-term prevention of HBV recurrence after
liver transplantation. However, the efficacy and safety of
this treatment is largely unknown.

The aim of this study was to evaluate the efficacy and
safety of prophylaxis with ETV and HBIG in preventing
hepatitis B recurrence after living-donor liver transplan-
tation (LDLT).

METHODS

Patients

E RETROSPECTIVELY ANALYZED the medical

records of 97 patients who underwent LDLT for
HBV-related end-stage liver diseases from September
2002 to December 2010. Of these, eight patients were
excluded from our study because they had breakthrough
hepatitis due to HBV with LAM-resistant mutations and
were prescribed LAM plus adefovir before liver trans-
plantation. Accordingly, 89 patients were enrolled in
this study.

Prophylaxis with ETV or LAM combined
with HBIG

Lamivudine plus HBIG therapy was given to all recipi-
ents with HBV-related end-stage liver diseases from
September 2002 to November 2006, as reported previ-
ously.” From December 2006, we changed the protocol
for prophylaxis to ETV plus HBIG. ETV at a dose of
0.5 mg/day or LAM at a dose of 100 mg/day was given
before transplantation, usually when the patient was
referred to the hospital and scheduled for transplanta-

© 2012 The Japan Society of Hepatology

Hepatology Research 2013; 43: 67-71

tion. Preoperative ETV or LAM prophylaxis was followed
by combination with HBIG after transplantation. The
first application of HBIG at a dose of 200 IU/kg body
mass was administrated i.v. during the anhepatic phase
of LDLT, and repeated every day for the first 5 days
post-surgery. HBV serological markers were examined at
weekly intervals for the first 2 months after the trans-
plant, then at monthly intervals, and 1000 IU of HBIG
was periodically administrated to maintain the serum
anti-HBs titers at more than 500 IU/L during the
first 6 months and 200 IU/L thereafter throughout the
follow-up period."?

Immunosuppression

Tacrolimus and low-dose steroid therapy were adminis-
trated to induce immunosuppression in most patients.'?
Mycophenolate mofetil was administrated to patients
who experienced refractory rejection or required reduc-
tion of tacrolimus dose due to adverse events. Patients
who received ABO blood-type-incompatible transplants
were treated with rituximab, plasma exchange, and
hepatic artery or portal vein infusion with prostaglandin
El and methylprednisolone.™*

Diagnosis of HBV activation

Activation of HBV was diagnosed when hepatitis B
surface antigens (HBsAg) and/or HBV DNA became
positive in the serum of the patients. After LDLT, HBsAg,
anti-HBs and serum HBV DNA were measured at least at
3 monthly intervals. Serological HBV markers, includ-
ing HBsAg, anti-HBs, hepatitis B core antibody, hepatitis
B e antigen (HBeAg) and antibodies to HBeAg (anti-
HBe), were measured by chemiluminescent enzyme
immunoassay (Fuji Rebio, Tokyo, Japan). Serum HBV
DNA titer was analyzed using a commercial polymerase
chain reaction (PCR) assay (Amplicor HBV Monitor;
Roche, Branchburg, NJ, USA). LAM-resistant YMDD
mutant virus was detected by the PCR enzyme-linked
mini-sequence assay.'*

Statistical analysis

Baseline characteristics are shown in Table 1. For con-
tinuous variables, medians and ranges are given, and the
significance of the data was analyzed with the Wilcoxon
rank sum test. For categorical variables, counts are given,
and the data were analyzed with the y>-test. Survival
rates and the rates of patients who showed HBV activa-
tion after LDLT were estimated using the Kaplan-Meier
method and compared using log-rank tests. P < 0.05
was considered significant.
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Table 1 Baseline characteristics of 90 patients

Entecavir and HBIG after LDLT 69

Entecavir + HBIG (n = 26) Lamivudine + HBIG (n = 63) P-value
Age (years) 55 (33-68) 53 (26-64) 0.062t
Men/women 19/7 46/17 0.995%
Primary disease 0.595%
Acute liver failure 6 (23%) 9 (14%)
Liver cirrhosis, HCC™ 6 (23%) 20 (32%)
Liver cirthosis, HCC* 14 (54%) 34 (54%)
HBV markers before LDLT
HBsAg" 24 (92%) 61 (97%) 0.350%
HBeAg* 6 (23%) 18 (29%) 0.595%
HBV DNA before LDLT <2.6 (<2.6-7.6<) 3.7 (<2.6-7.6<) 0.0101
<2.6 log TU/mL 14 (54%) 19 (30%) 0.024%
Follow-up period (months) 25.1 (0.2-58.6) 70.6 (0.5-109.2) <0.001%

Qualitative variables are shown in number; and quantitative variables expressed as median (range).

tWilcoxon rank sum test.
$y>-Test.

HBeAg, hepatitis B e antigen; HBIG, hepatitis B immunoglobulin; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC,
hepatocellular carcinoma; LDLT, living-donor liver transplantation.

RESULTS

Patient characteristics

'WENTY-SIX PATIENTS who received ETV plus HBIG

(ETV group) after LDLT for HBV-related end-stage
liver disease were included in this study. Baseline char-
acteristics of these patients are listed in Table 1 and
compared with those of 63 control recipients who
received LAM plus HBIG (LAM group) at our institute
already present in our database. The two groups of
patients did not differ significantly by age, sex, primary
diseases or serological markers for HBV before LDLT.
Serum HBV DNA levels before LDLT were significantly
lower in the ETV group than in the LAM group. Fourteen

of 26 patients (54%) showed less than 2.6 log IU/mL of
serum HBV DNA in the ETV group. Median follow-up
period was 25.1 months (range, 0.2-58.6) in the ETV
group, whereas it was 70.6 months (range, 0.5-109.2)
in the LAM group.

Efficacy and safety of prophylaxis with ETV
plus HBIG

Survival rates of the patients treated with ETV plus HBIG
estimated by Kaplan-Meier analysis was 73% at both 1
and 3 years (Fig. 1a). There was no difference between
the ETV group and the LAM group, in which survival
rates were 81% at 1 year, 78% at 3 years and 73% at

(@) (b)
1.07 0.201
=, Lamivudine + HBIG
0.8} e 0.15-
S Entecavir + HBIG 8
£ 0.6} £
Figure 1 (a) Post-transplantation sur- 3 "8‘0.10-
vival rates and (b) hepatitis B virus 2 0.4 1] o
’ Lamivudine + HBIG
(HBV) recurrence after living-donor % z amivudine + ="
liver transplantation in HBV positive & g, T 0.057 .
recipients who received entecavir and
hepatitis B immunoglobulin (HBIG) o )
(solid line), or lamivudine and HBIG 0.0 ‘ i ‘ . ’ i 0.00- ‘ ' ‘ Enfecavn:+ HB!G
0 2 4 6 8 10 0 2 4 6 8 10

(dotted line), estimated by Kaplan-

Meier method.

Years after liver transplantation

Years after liver transplantation
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5 years. Causes of death in patients in the ETV group
were pneumonia (n=2), sepsis (n=1), pulmonary
hemorrhage (n = 1), cerebral hemorrhage (n=1), graft
liver failure (n=1) and multiple organ failure (n=1),
none of which were related to ETV. No HBV recurrence
was detected in the median follow-up period of
25.1 months in the ETV group, whereas the HBV recur-
rence rate was 2% at 1 year, 4% at 3 years and 6% at
5 years in the LAM group (Fig. 1b). Three patients in
the LAM group had HBV recurrence at 10, 34 and
46 months after LDLT. The emergence of HBV with
LAM-resistant mutations in the YMDD motif was con-
firmed in two of the three patients. HBV mutations of
another patient could not be determined because of the
low level of serum HBV DNA. As the follow-up period of
the ETV group was shorter than that of the LAM group
and the HBV recurrence in the LAM group occurred in
long-term follow-up after LDLT, the rate of HBV recur-
rence was not significantly different between the ETV
and LAM groups. No patients had adverse events due to
ETV administration.

DISCUSSION

N THIS STUDY, we demonstrated that ETV combined

with HBIG provides effective and safe prophylaxis in
preventing hepatitis B recurrence after LDLT.

Two studies of patients receiving a combination of
ETV and HBIG after liver transplantation have been
previously reported.’®” One study demonstrated that
30 recipients who received ETV plus HBIG prophylaxis
had no recurrence of HBV and no adverse effect relat-
ing to ETV.” The other study showed that no
HBV recurrence was observed in two recipients with
HBV-associated cirrhosis receiving ETV, tenofovir and
HBIG.'® Both studies showed the efficacy and safety of
prophylaxis with ETV and HBIG in preventing short-
term recurrence of HBV after liver transplantation.
The current study confirmed their results for longer
follow-up periods. Our results showed that prophylaxis
with ETV and HBIG has similar efficacy and safety to
that with LAM and HBIG, but did not show any further
advantage of ETV compared to LAM treatment. Longer
follow up might be needed to reveal the difference of
HBYV recurrence rate. One characteristic of our present
report is that all patients in this study underwent LDLT.
Our results suggest that prophylaxis with ETV and
HBIG in patients after LDLT has similar efficacy and
safety to patients after deceased-donor liver transplan-
tation demonstrated in the previous reports.’®!” More
recently, efficacy of ETV monotherapy in preventing

© 2012 The Japan Society of Hepatology
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recurrence of HBV for liver transplant recipients with
chronic hepatitis B was reported.’® The study demon-
strated that most patients showed disappearance of
HBsAg and undetectable serum HBV DNA after liver
transplantation without HBIG. Although long-term
efficacy of ETV monotherapy needs be confirmed, both
our data and previous reports suggest that ETV is an
effective and safe antiviral agent in the post-transplant
setting.
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