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Abstract: Objective: We sought to investigate new changes in the clinical pathology of hepatitis B virus (HBV) recur-
rence after orthotopic liver transplantation (OLT) in era of new nucleoside or nucleotide analogues. Methods: One
hundred and eighty-four adult patients who underwent OLT for HBV-related end-stage liver disease between 1999
and 2010 were enrolled in this study. Of these patients, 156 received lamivudine (LAM) plus hepatitis B immune
globulin (HBIG) and 28 were treated with LAM. The liver function, serologic parameters and HBV-DNA of the 184
recipients were followed up, and clinical pathological characteristics of grafts with HBV recurrence were examined
in this study. Results: One hundred and seventy-nine (97%) were alive at their last follow-up and eleven (6%) had de-
veloped HBV recurrence at a median of 22 (range 6 to 46) months post-OLT. Two of the 11 recipients were detected
with HBV-S gene mutation, and 5 were tested with YMDD mutation. Four recipients who died of irreversible graft
dysfunction secondary to HBV recurrence, developed fibrosing cholestatic hepatitis (FCH) because of no effective
antiviral agents available in the early stages of HBV recurrence after OLT. Six recipients who received adefovir (ADV)
(and Entecavir, ETV) in the early stages of HBV recurrence after OLT achieved improvement in hepatic histology.
Conclusions: HBV recurrence post-OLT could be controlled at an acceptable level for a long time and the recipients
could achieve long-term survival by using new antiviral agents, instead of advancing into FCH in the short term after
HBV recurrence.
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Introduction

Globally, an estimated 350-400 million suffer
from chronic HBV infection which has been
identified as one of the most important causes
of cirrhosis, liver failure and hepatocellular car-
cinoma (HCC) [1]. The prevalence is high and
estimated current HBV carriers in China run up
to 93 million, including 20-30 million patients
with chronic hepatitis B [2]. OLT is currently the
most effective treatment for end-stage liver
disease secondary to HBV infection in Asia,
especially in China. HBV recurrence after OLT
plays a key role in the post-transplant outcomes
of the recipients, however, HBV is rarely possi-
ble to be eradicated after OLT in these recipi-
ents. HBV recurrence may cause a deadly liver
failure, which is one of the main factors leading
to death of liver recipients [3, 4].

HBIG was the first agent to show efficacy in pre-
venting HBV recurrence. Although the introduc-
tion of HBIG reduced the recurrent HBV infec-
tion from 90% to 30-40% [5-7], HBIG monother-
apy is almost never used for prophylaxis against
post-transplant HBV recurrence as a result of
the shortcomings of HBIG including high cost,
inconvenient administration, adverse effects
and the possible development of mutations.
The introduction of Lamivudine (LAM) was a
milestone in the treatment of chronic hepatitis
B [8]. HBV recurrence rate ranged from 3.8% to
40.4% since the introduction of LAM monother-
apy after OLT in the late 1990s and early 2000
[9-11]. Combination therapy with LAM and HBIG
has achieved encouraging outcomes, with 1-10
years studies demonstrating a reduction in HBV
recurrence rates in the early stage after OLT to
less than 10% [12-17].
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Table 1. Data on patients with HBV recurrence pre-OLT

No. Sex Age(yr) Child Grade Diagnosis for OLT HBeAg Pre-OLT

HBV-DNA On Admis-  HBV-DNA Pre-
sion (copies/ml) OLT (copies/ml)

1 M 57 C Cirrhosis
2 M 30 B Cirrhosis
3 M 45 C Cirrhosis
4 M 52 C Cirrhosis
5 M 48 C Cirrhosis
6 M 30 C Cirrhosis
7 F 48 B Cirrhosis
8 F 50 B Cirrhosis
9 M 38 C Cirrhosis
10 M 59 B Cirrhosis
11 M 43 C Cirrhosis

- <1.0x10° <1.0x10°
+ <1.0x10° < 1.0x10°
+ 4.7x10* < 1.0x10°
+ 9.1x10° < 1.0x10°
+ 9.6x10° <1.0x10°
+ 3.0x107 <1.0x10°
- 4.3x10* 4.3x10*
- <1.0x10° <1.0x10°
- 3.9x10* <1.0x10°
- 1.4x10% 1.4x10*
- 2.4x10° 2.4x10°

However, long-term use of LAM is associated
with drug resistance leading to increasing rates
of HBV recurrence, which if occur, may severely
compromise the recipient survival and quality
of life [18-21]. It has been reported that FCH is
a severe clinical pathological manifestation of
HBV recurrence after OLT [22-27]. Fortunately,
new nucleoside or nucleotide analogues such
as ADV and ETV have high efficacy and lower
rates of resistance, increasing our ability to
treat recurrent HBV infection after LT. However,
there are limited data regarding the long-term
efficacy of these agents in treating HBV recur-
rence in recipients after OLT, especially in a
Chinese OLT population. In this study, we evalu-
ated the new changes in the clinical pathology
of HBV recurrence treated with new nucleoside
or nucleoside analogues after OLT.

Patients and methods
Patients

Between 1999 and 2010, there were 184
patients who underwent OLT at Huaxi Liver
Transplantation Center in Sichuan University
because of HBV-related end-stage liver dis-
ease, and none had evidence of hepatitis C, D,
HIV coinfection or suffering from Hepatocellular
carcinoma (HCC). Eleven of these patients suf-
fered from HBV recurrence after OLT. Grafts
were all from voluntary donors who were nega-
tive for both HBsAg and HBV-DNA in serum.
HBV recurrence was defined as HBsAg reap-
pearance in serum or HBV-DNA level increased
by > 2 log10 copies/mL after OLT. In the pres-
ent study, 11 recipients who suffered from HBV
recurrence after OLT were enrolled. The diagno-
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sis for OLT was end-stage cirrhosis in 11
patients (Table 1). This study was approved by
the Ethics Committee of West China Hospital of
Sichuan University, and informed consents
were obtained from all patients prior to study
entry.

HBV recurrence prophylaxis protocol

One hundred and eighty-four recipients were
administered Lamivudine (LAM) monotherapy
(28 recipients) or LAM and HBIG combination
therapy (156 recipients) according to the avail-
ability of HBIG. HBV-DNA was evaluated in all
patients at screening and again for subjects
with waiting times not < 14 days before trans-
plantation (RT-PCR, with a limit of detection of
1000 copies/mL). All patients with HBV-related
liver disease who are on the waiting list (medi-
an, 18.5 days; range 7 to 29 days) were given
oral LAM (100 mg daily; GlaxoSmithKline,
Suzhou, China).

Eight of the 11 recipients (patients 1-8) received
LAM (100 mg/day orally) monotherapy after
OLT. Three (patients 9-11) received LAM and
HBIG (Yuanda Shuyang, Sichuan, China) combi-
nation therapy: LAM (100 mg/day orally) after
OLT and 2000 IU intramuscular (IM) HBIG in the
anhepatic phase, followed by 800 IU IM daily
for the next 7 days, followed by 800 IU IM week-
ly for 3 weeks, and at 400 to 1200 IU IM every
1 to 4 weeks thereafter to maintain the anti-
HBs titer at > 100 IU/L.

Clinical follow-up and virologic monitoring

Immunosuppression regimens consisted of
prednisone, mycophenolate (or azathioprine)
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Polymerase chain reaction-
dideoxy chain termination
method were used to
detect wild-type and drug-
induced HBV mutations in
recipients with HBV recur-
rence [28, 29].

Pathology assays

Informed consent for liver
biopsy was obtained from
recipients upon HBV recur-
rence. Liver biopsy and his-
tological examination were
performed on clinical de-
mand. And then all the liver
specimens were fixed in
10% fomalin solution and
embedded in paraffin wax.
The expression of HBsAg
and HBcAg in liver was test-

| 1 |
0.0 25.0 50.0 75.0

Time (months)

Figure 1. Cumulative recurrence rates in LAM montherapy group and LAM com-
bined with HBIG therapy group. —, Combination Therapy; -, LAM Montherapy;
+, Combination Therapy censored; 1, LAM Montherapy censored.

and cyclosporin A (or tacrolimus). Prednisone
was generally discontinued within 3 months
after OLT except for patients with graft rejec-
tion. Cyclosporine A levels ranged between 250
and 350 ng/mL for the first month after OLT,
followed by 100~180 ng/mL within half a year,
and then 50~150 ng/mL thereafter. The dose
of tacrolimus was adjusted to maintain levels of
7~12 ng/mL for the first month after OLT and
3~7 ng/ml thereafter.

Serum HBV markers (HBsAg, HBsAb, HBeAg,
anti-HBe, anti-HBc; ELISA), anti-HBs titer
(Roche Elecsys anti-HBs Immunoassay), and
serum HBV-DNA (real-time quantitative PCR,
with a limit of detection of 1000 copies/mL)
were monitored weekly in hospital. On dis-
charge, all recipients were followed up weekly
for the first two months, and then at increasing
intervals until stable. HBV serum markers and
HBV-DNA levels were monitored at least month-
ly. Anti-HBs titer was routinely measured every
1 to 4 weeks until the anti-HBs titer was stable
at > 100 IU/L. Polymerase chain reaction-
restriction fragment length polymorphism and
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195.0 ed by immunohistochemis-
try (Maixin Biotect, Fuzhou,
China). The HBV-DNA in
liver was detected by the in
situ  hybridization  (ISH,
Triplex Biosience, Xiamen,
China). The liver fibrosis
was evaluated by the Mall-
ory trichrome (Yanyu Biotec, Shanghai, China).
Chronic viral hepatitis was defined according to
Scheuer and Desmet [30, 31].

Statistical analysis

SPSS 16.0 statistical software (SPSS Company,
Chicago, IL) was used to analyze the relevant
data. Cumulative patient HBV recurrence rates
between LAM monotherapy group and combi-
nation therapy groups were described using
Kaplan-Meier analysis, and the log-rank test
was used to compare differences in cumulative
recurrence rates between recurrence and non-
recurrence groups. P < 0.05 was considered
statistically significant.

Results
Characteristics of HBV recurrence

HBsAg and HBV-DNA were detected negative in
the serum of all recipients in the study within 3
weeks after OLT. One hundred and seventy-
nine (97%) were alive at their last follow-up and
eleven (6%) had developed HBV recurrence at a
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Table 2. Data on patients with HBV recurrence post-OLT

Prophylaxis Postoperative Treatment HBeAg at HBV

HBV-DNA (copies/mL)

No. ) Status
Protocol mutation course recurrence At HBV recurrence 1 month post-treament
1 LAM S ADV+ETV + 2.2x10" < 1.0x10° Alive
2 LAM YMDD LAM + 5.2x10% 5.5x10* Dead’
3 LAM YMDD LAM + 3.7x10° 6.5x10° Dead?’
4 LAM - LAM + 8.9x10° 1.0x10% Dead*
5 LAM YMDD LAM + 6.0x10* 6.4x10* Dead?’
6 LAM - ADV - 1.0x10° < 1.0x10° Alive
7 LAM - ADV - 4.5%x10° < 1.0x10° Alive
8 LAM - LAM + 6.8x10* 8.1x10* Dead?
9 LAM+HBIG S ADV+ETV + 2.0x10° < 1.0x10° Alive
10 LAM+HBIG YMDD ADV+ETV + 2.0x108 < 1.0x10° Alive
11 LAM+HBIG YMDD ADV+ETV - 7.6x10°3 < 1.0x10° Alive

TFibrosing cholestatic hepatitis; *cerebral hemorrha.

median of 22 (range 6 to 46) months post-
transplantation. The HBV recurrence rates in
the LAM monotherapy group and combination
therapy group were 28.6% (8/28) and 1.9%
(3/156) respectively at their last follow-up. The
difference in HBV recurrence rates after OLT
between the two groups was statistically signifi-
cant (P = 0.006; log-rank test). Figure 1 out-
lines the cumulative recurrence rates in the two
groups using the Kaplan-Meier method. The
majority (63.6%, 7/11) of recurrent HBV rein-
fection occurred 2 years after OLT. At the time
of HBV recurrence, all (100%, 11/11) of these
recipients tested positive for HBsAg, and 72.7%
(8/11) were HBeAg positive; all recipients had
detectable HBV-DNA levels (> 1x10° copies/
mL). Five of the recipients who developed recur-
rent HBV reinfection (45.5%, 5/11) developed
YMDD mutants and two cases (18.2%, 2/11)
developed S mutants. The primary result is
shown in Table 2.

Treatment for HBV recurrence

Six of the 11 recipients who developed HBV
recurrence had stable graft liver function, while
the other 5 died during their follow-up. HBIG
therapy was stopped immediately upon diagno-
sis of HBV recurrence. Of the 5 dead, except
that 1 recipients died of cerebral hemorrha, the
other 4 recipients who continued with LAM died
of irreversible graft dysfunction secondary to
HBV recurrence because of no effective thera-
py available at the time. In the remaining 6
recipients, two who were tested without YMDD
or S mutant received ADV (10 mg/day, orally),
while the other four who were detected with
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YMDD or S mutant received ADV (10 mg/day,
orally) plus ETV (1 mg/day, orally). The 6 recipi-
ents achieved improvement in liver function,
and their serum HBV-DNA level decreased from
10° copies/mL to 102 copies/mL.

Clinical pathological features of HBV recur-
rence

In the early stages of HBV recurrence, clinical
pathology characterized by active HBV replica-
tion and mild-to-moderate viral hepatitis was
detected in all the 11 patients who suffered
from HBV recurrence during the follow-up after
OLT. Liver cell swelling, ballooning degenera-
tion, spotty or small necrosis, periportal with
varying degrees of inflammatory cell infiltration
and unconspicuous cholestatic bile duct could
be found in recipients with HBV recurrence in
the early stages (Figure 2A, 2B). Six recipients
who received ADV (and ETV) in the early stages
of HBV recurrence achieved improvement in
graft histology, which included HBsAg-positive
or HBcAg-positive in fewer hepatocytes (Figure
2C, 2D), detectable HBV-DNA only in partial
hepatocyte nuclei (Figure 2E), unconspicuous
proliferation of fibrous tissue (Figure 2F) and
reduced inflammation and liver cells swelling
(Figure 2G, 2H).

In LAM monotherapy group, 4 recipients who
continued with LAM developed FCH secondary
to HBV recurrence. They died of irreversible
graft failure because of gradually deepened
jaundice and deterioration of liver function. Cell
swelling, fatty degeneration and small necrosis
could be found in liver nodules instead of nor-
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Figure 2. Clinical pathology for HBV recurrence after treatment: (A) Inflammatory cell infiltration without effective
anti-HBV therapy (HEx100). (B) Liver cell swelling, ballooning degeneration without effective anti-HBV therapy
(HEx400). (C) Positive expression of HBsAg with effective anti-HBV therapy (Immunohistochemistry stainingx200).
(D) Positive expression of HBcAg with effective anti-HBV therapy (Immunohistochemistry stainingx200). (E) Positive
expression of HBV-DNA with effective anti-HBV therapy (In situ hybridizationx400). (F) Fibrous tissue proliferating
inconspicuously with effective anti-HBV therapy (Malloryx200). (G) The number of inflammatory cell reduced with
effective anti-HBV therapy (HEx200). (H) Liver cell swelling relieved with effective anti-HBV therapy (HEx400).

Figure 3. Clinical pathology of FCH: (A) Liver regeneration nodules, fibrosis of portal area and inflammatory cell
infiltration (HEx100). (B) Hyperplastic fibrous tissue stained purple (Malloryx100). (C) Fibrosis of portal area, pro-
liferation of bile duct epithelium (arrow), cholestasis in bile duct (arrowhead) (HEx200). (D) Positive expression of
HBsAg stained brown (Immunohistochemistry stainingx200). (E) Positive expression of HBcAg stained brown (Im-
munohistochemistry stainingx200). (F) Positive expression of HBV-DNA (In situ hybridizationx400).

mal hepatic lobule. Extensive fibrous tissue
appeared in the periportal and nodules area
with inflammatory cell infiltration (Figure 3A,
3B). Bile duct hyperplasia and cellular and can-
alicular cholestasis were found markedly

HBsAg, HBcAg and HBV-DNA immunohisto-
chemistry staining (Figure 3D-F).

Discussion

(Figure 3C). Rapid deterioration of liver function
and active HBV replication were detected by
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The development of prophylactic treatments
has significantly reduced the post-transplant
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recurrence of HBV and has markedly improved
prognoses of OLT. However, HBV recurrence in
liver recipients is still a challenge. Hepatitis B
relapse occurred in 8 of 28 (28.6%) recipients
in the LAM monotherapy group at their last fol-
low-up, which was similar to articles published
earlier [9, 32-34]. Several studies have shown
that combination therapy with HBIG and LAM
reduces rates of recurrent hepatitis B to < 10%
[21, 35, 36]. In our combination therapy group,
hepatitis B relapsed in 3/156 (1.9%) recipients,
which are similar to those of the above studies
but significantly lower than that in the LAM
monotherapy group. However, the drug resis-
tance to this combination therapy has also
emerged. In aggressive clinical course, when a
rapid suppression of viral replication is required,
high potency antiviral agents should be used
[37]. The availability of ADV and ETV changed
the clinical course of 6 recipients suffering
from LAM-resistant HBV recurrence, and they
proved to be effective and safe in treating HBV
recurrence in the present study. Previous stud-
ies also showed that ADV could act as the res-
cue therapy for LAM-resistant HBV recurrence
post-OLT [35, 38-41]. Several studies in OLT
recipients reported lower rates of clinical resis-
tance with ETV plus HBIG than with LAM, and a
more favorable safety profile than ADV [42-44].
However, ETV is not a good choice for LAM-
resistant recipients after OLT, although ETV has
been tried in some LAM resistant recipients
after OLT [45, 46]. Interestingly, a recent study
demonstrated that ETV therapy is safe and effi-
cient for recipients with ADV resistant HBV
infection [45]. In this study, ADV (10 mg/day,
orally) plus ETV (1 mg/day, orally) were used to
treat HBV recurrence with YMDD or S mutant,
and the 4 recipients achieved stable graft liver
function. Our study may suggest that drug-
resistant rates can be decreased significantly
due to a mechanism by using ADV plus ETV.

HBV recurrence is a common cause of graft
dysfunction in recipients transplanted for HBV-
related end-stage liver disease. It has been
reported that graft can suffer from pathological
damage of various properties and degrees,
such as mild self-limited hepatitis, chronic
active hepatitis, fulminant hepatitis, and FCH
[47-51]. FCH could rapidly progressed to hepat-
ic failure, which was originally described in
HBV-infected recipients after a liver transplan-
tation [47]. Antiviral therapy to reduce the viral
loads played an important role in the treatment
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of FCH which resulted from the direct toxicity of
massive HBV loads [25, 48, 50]. Fortunately,
with the availability of more potent antiviral
therapy and better surveillance of patients
after transplant for HBV-DNA and HBSAD titer in
those receiving HBIG, recurrent hepatitis B
could be controlled at a acceptable level for a
long time post-OLT, instead of advancing into
FCH in the short term after HBV recurrence. In
our study, 4 recipients in the LAM monotherapy
group without effective antiviral therapy at
early stage of recurrent hepatitis B died of FCH,
which was characterized by marked hepatocyte
ballooning (swelling), intracellular and canalicu-
lar cholestasis, and periportal and/or perisinu-
soidal collagen deposition. Six recipients
achieved improvement in liver function and
hepatic histology after receiving ADV (and ETV)
instead of LAM in the early stages of HBV recur-
rence after OLT.

The potential sources of HBV recurrence
include peripheral blood mononuclear cells,
bone marrow, spleen and pancreas, as viral
DNA has been demonstrated in these tissues
[52, 53]. HBV that is present in the recipient’s
blood at the time of graft implantation and
released from extrahepatic reservoirs can
infect the graft at any time after OLT [54]. The
risk factors for HBV recurrence include a high
viral load (HBV-DNA > 5 log10 copies/mL) at
transplantation, immunosuppression because
of steroids and/or chemotherapy, mutation of
the YMDD nucleotide-binding locus of the HBV-
DNA polymerase [55]. HBV resistance to nucle-
oside analogues in post-operative patients is
the leading cause for reinfection. In this series,
5 cases of HBV-YMDD mutations were detected
in the 11 recipients who experienced HBV
recurrence during the follow-up period.
Compared with previous studies, the rate of
YMDD mutation appears to be lower in our
study [19, 56]. Immunosuppression may have a
great influence on the development of YMDD
mutation, which is consistent with an earlier
report that the LAM resistance was detected
lower in immunocompetent patients compared
with those under immunosuppression within
the first treatment year [57]. Some studies
have reported that LAM can be used to lower
the pre-transplant high viral load, which affects
recurrence [19, 56, 58]. The results in this
study further reinforce this point. Previous stud-
ies reported that antiviral therapy could apply
selective pressures on HBV in infected individu-
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als leading to the generation and accumulation
of mutations in the S gene [29, 59, 60]. We also
found that S mutations was tested in 2 of 11
recipients, which might contribute to HBV recur-
rence. In addition, HBeAg positivity was the
apparent cause of 5 recipients with HBV recur-
rence in the study, which suggested that HBeAg
positivity was another important risk factor
contributing to HBV recurrence in Chinese
recipients.

In summary, we suggested that HBV recurrence
post-OLT could be controlled at a acceptable
level for a long time and the recipients could
achieve long-term survival by using new antivi-
ral agents, instead of advancing into FCH in the
short term after HBV recurrence. The study
should be investigated continuously because
the number of cases studied is fairly limited.
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