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Abstract: Hepatitis B virus (HBV) infection remains an important
cause of liver disease and continues to present several unique
challenges in organ transplantation despite the availability of an
effective vaccine to prevent HBV infection and the introduction
of oral therapy to treat HBV infection over 20 years ago. HBV
recurrence following liver transplantation can now be prevented
with antiviral therapy, although controversy persists as to whether
immunoprophylaxis with hepatitis B immunoglobulin is also
necessary. HBV reactivation following organ transplantation can
occur even in recipients with absent hepatitis B surface antigen
at the time of transplantation and remains an important cause of
morbidity and mortality. Expansion of the donor pool by using
organs from hepatitis B core antibody—positive donors can result
in HBV infection in the recipient. Another challenge is severe
HBV reactivation leading to liver failure in HBV-infected patients
receiving immunomodulatory agents, which are increasingly being

used for a variety of nonneoplastic indications.

hronic hepatitis B virus (HBV) infection remains a major

cause of mortality and morbidity worldwide, accounting

for a third of all cases of cirrhosis and half of all cases of
hepatocellular carcinoma (HCC).! Although it has been suggested
that 1.4 million people in the United States are infected with HBV,
this number is very likely an underestimate due to undersampling
of immigrant communities, which continue to have a high preva-
lence of HBV infection. The true prevalence of HBV infection in
the United States may be closer to 3 million people.? Initial data
from the Hepatitis B Research Network (HBRN), a collaboration
of 28 clinical centers across the United States and Canada, showed
the impact of immigration on HBV prevalence. In a study, the
HBRN evaluated 1625 treatment-naive patients with chronic HBV
infection in North America. Study participants were mostly male
and had a mean age of 42 years; 72% were Asian, and 82% of the
participants were born outside of North America.?
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Table 1. Predictors of HBV Recurrence After Liver
Transplantation

* Presence of HCC at the time of transplantation

* Anti-HBc—positive graft

* Mutation of the HBV § gene

* Elevated HBV viral load at the time of transplantation
* Hepatitis B e antigen positivity

* Immunosuppression

Anti-HBc, hepatitis B core antibody; HBV, hepatitis B virus; HCC,

hepatocellular carcinoma.

Liver Transplantation With Donors or
Recipients Who Have Hepatitis B Virus
Infection

Currently, approved oral therapy for HBV infection is
merely suppressive rather than curative due to the persis-
tence of HBV covalently closed circular DNA (cccDNA)
in infected hepatocytes even if hepatitis B surface antigen
(HBsAg) clearance occurs in the serum. However, the use
of these oral agents since the mid-1990s has had a major
impact on the natural history of chronic HBV infection,
as decompensated cirrhosis due to HBV infection has
become an uncommon indication for liver transplanta-
tion. Nevertheless, HCC complicating chronic HBV
infection remains an important indication, as does acute
liver failure due to acute HBV infection or reactiva-
tion. The course of HBV infection posttransplant was
characterized even before the development of effective
prophylactic strategies.” Circulating HBV virions from
extrahepatic reservoirs rapidly entered graft hepatocytes
with the occurrence of liver injury within several weeks of
transplant, reflected by elevated aminotransferase levels.
Progressive graft injury then typically occurred, often cul-
minating in graft failure within 1 or 2 years of transplant.
The median time to reinfection after liver transplantation
was 145 days (range, 15-2615 days), with a few cases
progressing to fibrosing cholestatic hepatitis and death
within 1 year of transplantation.* HBV recurrence has
also been linked to early acute cellular rejection within
30 days of transplantation, although this observation
may be less likely with the current immunosuppressive
regimens.’

There are multiple predictors of HBV recurrence
after liver transplantation (Table 1). Patients with an
elevated viral load at the time of transplantation, hepatitis
B e antigen positivity, or a history of drug resistance to
oral HBV therapy are considered to be at higher risk of
HBV recurrence.® The presence of HCC at the time of
transplantation, HCC recurrence after liver transplanta-
tion, chemotherapy for HCC, hepatitis B core antibody

(anti-HBc)-positive grafts, and mutation of the HBV §
gene are also risk factors for HBV infection in the graft.’
Patients with a low viral load, hepatitis B e antigen—
negative status, acute liver failure, or hepatitis D virus
coinfection are at low risk for recurrent HBV infection
after liver transplantation. Immunosuppression after liver
transplantation can also induce viral replication even in
patients with isolated anti-HBc positivity or in patients
who receive anti-HBc—positive grafts, despite these
patients being HBsAg-negative and hepatitis B surface
antibody (anti-HBs)-positive.®” In such a situation, HBV
reinfection results from immediate infection of the hepa-
tocytes by circulating HBV particles or later reinfection
from HBV particles coming from extrahepatic sites such
as peripheral blood mononuclear cells.?

Hepatitis B immunoglobulin (HBIG) is a human-
derived polyclonal antibody against the AGL domain
of the HBsAg L protein. Although the mechanism of
action of HBIG is not completely understood, its actions
include binding circulating viral particles by immune
complex formation, preventing infection of hepatocytes
by blocking the HBV receptor, and preventing HBsAg
secretion after undergoing endocytosis by hepatocytes.>®

In the absence of effective antiviral therapy, the
administration of HBIG alone in a transplant recipient
was associated with lower HBV recurrence (30%) and
improved survival (80%) at 5 years, compared to 80%
HBV recurrence and 50% survival if no HBIG was
given.” The addition of an oral nucleos(t)ide analogue
(NA) to HBIG post-liver transplantation resulted in
a significant decline of HBV recurrence and also a sig-
nificant improvement in prognosis.” Not only was the
outcome of HBV-related liver transplantation changed
with the introduction of the NA but also the natural
history of chronic HBV infection was interrupted with
subsequent improvement in hepatocellular function and
even regression of cirrhosis.!” The impact of NA therapy
is also reflected by the decreasing frequency of HBV cir-
thosis as an indication for liver transplantation. Burra
and colleagues analyzed the European Liver Transplant
Registry database across 20 years of HBV-related liver
transplantation, and found a decreased trend in decom-
pensated cirrhosis from 84.2% in 1988 through 1995 to
70.4% in 2006 through 2010 but a doubling of chronic
HBV/HCC from 15.8% to 29.6% (P<.001) between the
same time periods."!

The outcome of HBV-related liver transplantation
has experienced further improvement with the addition
of NA therapy to HBIG so that 5-year survival for HBV-
related liver transplantation is now similar to that of
other indications for liver transplantation. However, not
all NAs are equal in regard to efficacy and resistance pro-

file (Table 2). The addition of a NA with a high genetic
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Table 2. Oral Agents for the Prevention of HBV Recurrence

High Genetic Barrier to
Resistance

Low Genetic Barrier to
Resistance

¢ Lamivudine

¢ Adefovir

¢ Tenofovir

* Entecavir

HBYV, hepatitis B virus.

barrier to resistance, such as entecavir and tenofovir, to
HBIG results in lower post-liver transplantation HBV
recurrence than lamivudine or adefovir monotherapy.
After a median follow-up of 30 months (range, 8-38
months), HBV recurrence (defined by HBsAg positiv-
ity) was 6.1% and 1.0% (P=.0004) in patients who
received HBIG plus lamivudine or HBIG plus enteca-
vir/tenofovir, respectively.® First-line NA therapy cannot
be used solely without HBIG in the early phase after
liver transplantation. Patients who received first-line
NA monotherapy post-liver transplantation had more
recurrence (HBsAg positivity) after a median follow-
up of 23 months (range, 20-26 months), compared to
patients who received HBIG plus lamivudine (26.0%
vs 5.9%; P<.0001). Early withdrawal of HBIG and
continuation of first-line NA therapy is becoming the
standard, as HBV recurrence postliver transplantation
is significantly lower than in patients receiving HBIG
plus lamivudine.®

Several studies have documented the persistence
of HBV DNA in the serum, liver, and peripheral blood
mononuclear cells even 10 years after liver transplanta-
tion.!>* Such HBV reservoirs can become a source of
reinfection even in HBsAg-negative recipients. There-
fore, lifelong prophylactic therapy for HBV infection
is recommended after liver transplantation.”” Recent
study analysis has recommended stratifying patients into
low- and high-risk groups at the time of transplantation.
The low-risk group consists of patients with undetect-
able HBV DNA, and the high-risk group consists of
patients with detectable HBV DNA, the presence of
drug-resistant HBV infection, HIV or hepatitis D virus
coinfection, HCC at liver transplantation, or a his-
tory of poor compliance to HBV therapy. HBIG-free
therapy with either entecavir or tenofovir indefinitely
is currently the most preferred strategy in this setting.
The high-risk group requires HBIG from the anhepatic
phase to 1 year after liver transplantation, with a target
anti-HBs level greater than 100 mIU/mL, in addition to
a first-line NA.?

Recurrence of HBV infection post-liver trans-
plantation has been suggested to be a factor for HCC
recurrence. Campsen and colleagues conducted a study

on the predictors of recurrent HCC post-liver transplan-
tation.'® The study design included 3 eras based upon the
evolution and availability of anti-HBV therapies. Post—
liver transplantation recurrence of HCC was elevated
in those who had a higher tumor burden prior to liver
transplantation and in those who had HBV reinfection.
It was interesting to note that not all patients with HBV
reinfection developed HCC, but all HCC recurrences
occurred only in those with HBV reinfection.'® Also
interesting was that recent studies have shown higher
HBsAg expression and HBV DNA load in peritumoral
tissue than inside HCC tissue in patients positive for
HCC." A study from Wu and colleagues showed that
larger HCC size (>5 c¢m), microvascular invasion, and the
presence of basal core promoter mutations were indepen-
dent predictors of HCC recurrence post-liver transplan-
tation.'® Therefore, patients with HBV-related HCC need
to undergo stringent evaluation and staging of HCC prior
to liver transplantation, and aggressive antiviral therapy
post-liver transplantation is recommended to prevent
HBYV reinfection.'®

Hepatitis B Core Antibody-Positive Organs
and Transplantation

The definition of HBV cure has evolved over time and
can be separated into functional cure and virologic, or
complete, cure. Functional cure is characterized by
sustained loss of HBsAg, the presence of anti-HBc and
anti-HBs, and undetectable HBV DNA in the presence
of HBV cccDNA. A virologic cure implies clearance of
cccDNA from the nucleus of the hepatocyte.” Anti-HBc
is not completely protective against future reactivation
even in the absence of circulating serum HBV DNA due
to the persistence of HBV cccDNA in patients with a
functional cure. However, to expand the organ donor
pool, anti-HBc—positive organs have been used more
frequently in recent years, as functional cure is achiev-
able with highly effective NA therapy. As the prevalence
of HBV infection varies throughout the world, it is no
surprise that the prevalence of anti-HBc also varies in the
general population: 2% to 9% in the United States, 7%
to 12% in Europe and Japan, and 53% to 57% in China
and Taiwan.?’ The risk of HBV transmission from anti-
HBc—positive and HBsAg-negative graft has been shown
to be the highest in liver transplantation, moderate in
kidney transplantation, and lowest in thoracic organ
transplantation.? The intensity of the immunosuppres-
sive regimen (especially the use of corticosteroids), prior
immunization against HBV infection, and anti-HBs titer
levels prior to transplantation have been suggested to
influence the rate of HBV transmission from anti-HBc—

positive grafts.?
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HBsAg-positive
recipients

Anti-HBc-positive and/or
anti-HBs-positive recipients

Anti-HBc-negative and/or
anti-HBs-negative recipients

Anti-HBc-positive/
anti-HBs-positive
recipients

HBIG + oral
antiviral therapy

Anti-HBc-positive/
anti-HBs-negative
recipients

Oral antiviral
therapy

Post-liver transplantation prophylaxis

Anti-HBc-negative/
anti-HBs-positive
recipients

Oral antiviral
therapy

Oral antiviral
therapy

Figure. A summary of prophylaxis recommendations for recipients of anti-HBc—positive liver grafts. Lamivudine is the most cost-
effective nucleos(t)ide analogue, but any can be used for prophylaxis in naive patients.’

Anti-HBc, hepatitis B core antibody; anti-HBs, hepatitis B surface antibody; HBIG, hepatitis B immunoglobulin; HBsAg, hepatitis B surface

antigen.

Hepatitis B Core Antibody Positivity

in Liver Transplantation

The use of anti-HBc—positive organs in liver transplant
recipients has been associated with the development of
de novo HBV infection. De novo HBV infection is
defined by the appearance of HBsAg or HBV DNA. In
a study by Yen and colleagues in 2006 on liver transplant
recipients who had not received HBIG or other antiviral
prophylaxis, the rate of HBV transmission after liver
transplantation was 18% in previously vaccinated recipi-
ents and 13% in isolated anti-HBc—positive recipients
but 0% in recipients with immunity due to prior infec-
tion (anti-HBc and anti-HBs positivity).?' An analysis of
903 recipients of anti-HBc—positive liver grafts from 39
studies revealed a de novo HBV rate of 48.0% in HBV-
naive recipients, 13.1% in those with prior infection
without durable anti-HBs (anti-HBc—positive/anti-HBs—
negative), and 1.4% in those with positive anti-HBc and
anti-HBs.?? A more recent study by Skagen and colleagues
demonstrated, in the absence of posttransplant prophy-
laxis, de novo HBV rates of 18% in previously vaccinated
recipients, 14% in isolated anti-HBc—positive recipients,
and 4% in anti-HBc— and anti-HBs—positive recipients.?
Such results have made the long-term use of oral antiviral

therapy the standard in liver transplant recipients of anti-
HBc—positive grafts regardless of the HBV serologic pro-
file of the patients. A cost-effectiveness analysis using the
Markov model demonstrated that lamivudine remains the
most cost-effective approach for preventing de novo HBV
infection in recipients of anti-HBc—positive grafts.* After
a median follow-up of 8.6 years, liver-associated morbid-
ity, HCC, and acute rejection were significantly higher in
patients with HBV reactivation, compared with patients
who did not experience HBV reactivation (P<.05).” A
proposed algorithm for the management of recipients of
anti-HBc—positive grafts is shown in the Figure.

Hepatitis B Core Antibody Positivity

in Kidney Transplantation

De novo HBV infection has also been observed in
kidney transplant recipients with positive anti-HBc. In
an analysis of 11 retrospective and prospective studies
comprising 1385 patients who received kidney trans-
plantation from HBsAg-negative/anti-HBc—positive
donors regardless of their anti-HBs status, the rate of
HBsAg seroconversion was 0.27% (4/1385). The rate of
HBV core seroconversion was 3.24%, and only 0.28%
of the patients developed HBsAg antigenemia. However,
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none of the patients who experienced HBsAg and HBV
core seroconversion experienced symptomatic hepatitis,
higher mortality, or decreased survival of the graft.”® In
a more recent study of 322 patients with occult HBV
infection (negative HBsAg and positive anti-HBc),
4.7% of the recipients developed de novo HBV infec-
tion. HBV reactivation also impacted survival of the
recipients, with 1-, 3-, 5-, and 10-year patient survival
of 87%, 79%, 72%, and 65%, respectively, compared
to 96%, 94%, 91.5%, and 84.5%, respectively, in
patients without HBV reactivation.”” Having detectable
anti-HBs with anti-HBc positivity did not fully protect
against HBV reactivation, as 13.3% (2/15) experienced
HBV reactivation compared to 42% (129/307) in the
anti-HBc—positive/anti-HBs—negative group. Logistic
regression in this analysis revealed that anti-HBs positiv-
ity before transplantation as well as lamivudine prophy-
laxis were independent protective factors against HBV
reactivation (odds ratio [OR], 0.046 and 0.038; P<.05).
Patients older than 60 years and those who received
anti-T-cell antibody immunosuppressive agents were
associated with an increased risk of HBV reactivation
(OR, 11.69 and 4.87, respectively).

HBV vaccination of anti-HBc—positive renal trans-
plant recipients with a target anti-HBs titer greater than
10 IU/L has been proven to be protective against HBV
reactivation.” It is unknown whether a higher anti-HBs
titer can offer further protection. However, an older study
from 2006 reported a decrease in the risk of anti-HBc
seroconversion to 4% with an anti-HBs titer greater than
100 IU/L, compared to a risk of 10% with an anti-HBs
titer less than 100 TU/L.%

Hepatitis B Core Antibody Positivity in
Thoracic Organ Transplantation
The use of an anti-HBc—positive donor graft does
not appear to have an impact on long-term survival of
the recipient.” Historically, the incidence of de novo
HBV infection from anti-HBc—positive organs was
reported to be 3% in a study of 33 patients, of whom 5
patients received lamivudine prophylaxis.?® Dhillon and
colleagues performed an analysis of 13,233 recipients of
anti-HBc—negative organs and 333 recipients of anti-
HBc—positive organs for lung and combined heart-lung
transplantation.” Anti-HBc—positive donor status had
no impact on 5-year mortality in multivariate analysis
but was associated with a higher 1-year mortality in
unadjusted analysis. The authors postulated that 1-year
unadjusted mortality could have been impacted by the
severity of decompensation prior to transplantation.

Data are scarce regarding the impact of pre-
transplant HBV vaccination or the use of lamivudine
posttransplantation on the rate of de novo HBV infection.

One study described 29 recipients of lung transplant
from anti-HBc—positive donors who completed HBV
vaccination. No HBV transmission was observed, and the
vaccinated group had 1-year survival comparable to that
of the anti-HBc—negative group. However, the response
to vaccination or the anti-HBs titer was not reported
in this study.®® A study of 7 patients who had 1 year of
lamivudine therapy after receiving an anti-HBc—positive
donor lung revealed no incidence of de novo HBV
infection. However, information regarding the prior
vaccination status and HBV serostatus of recipients was
not available in this study.'

Kidney Transplantation From Donors

With Hepatitis B Virus Infection

The introduction of antiviral therapy has improved
survival of renal transplant recipients with HBsAg
positivity. Previously, the presence of HBsAg positivity
in a recipient was associated with a 2.49-fold higher
risk of death after kidney transplantation.’? Successful
viral suppression of HBV infection with NA therapy
has led to significantly improved survival.**%> Ridruejo
advocated for the treatment of renal transplant candi-
dates with HBsAg positivity and assessment for the
presence of liver fibrosis in all candidates.* Patients with
decompensated liver disease and end-stage renal disease
should be referred for evaluation for dual liver and kid-
ney transplantation. In patients with positive HBsAg
and undetectable HBV DNA, prophylactic therapy is
recommended. In patients with HBsAg positivity and
HBV DNA less than 2000 IU/mL, preemptive therapy
is recommended. In patients with HBV DNA greater
than 2000 IU/mL, treatment is recommended.* Treat-
ment with an antiviral HBV agent with a high genetic
barrier to resistance is preferred.

There are growing reports in the literature regarding
the safety of HBV-positive organs for kidney transplanta-
tion. There have been many proposed strategies to prevent
HBYV flare posttransplantation, from the administration of
a vaccine to the use of HBIG and oral antiviral therapy.?
Most of the recipients in such reports were anti-HBs sero-
positive. Tuncer and colleagues demonstrated the safety
of the use of HBsAg-positive organs in 35 recipients with
an anti-HBs titer greater than 10 mIU/mL and negative
donor HBV DNA.¥ Recipients with an anti-HBs titer
less than 10 mIU/mL were vaccinated to raise their titer
to greater than 10 mIU/mL. HBIG and lamivudine were
not used in this study.” No recipient developed de novo
HBYV infection or HBV-attributed complications over the
2-year duration of the study. Another study highlighted
the importance of having an anti-HBs titer greater than
100 mIU/mL in HBsAg-negative recipients regardless of
the HBsAg status of the donor.?®
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Table 3. Stages of HBV Reactivation®

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
HBsAg + + + + -
AST and ALT Normal ™ T ™ Normal
HBV DNA ™ T T T Ll
Total Bilirubin Normal Normal ™ T Normal
Liver None None Jaundice T INR, ascites, hepatic | Resolved
Decompensation encephalopathy

The arrows represent the severity of the HBV viremia.

*Not all patients follow this sequence of progression.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; INR, international

normalized ratio.

Transplantation of a HBsAg-positive graft into
a HBsAg-negative patient carries a significant risk of
de novo infection without adequate prophylaxis. Despite
the protection acquired from HBV vaccination or prior
exposure to HBV infection, many centers remain reluc-
tant to use HBsAg-positive grafts.

Hepatitis B Core Antibody Positivity

in Patients Receiving Chemotherapy

HBYV reactivation can occur as early as 2 weeks after
initiation of immunosuppressive therapy to 1 year
after the end of therapy. Typically, HBV reactivation
progresses in 5 stages, but not all patients follow this
sequence of progression (Table 3). In the first stage, a
HBsAg-negative patient is asymptomatic and develops
HBsAg, followed by a rapid rise in HBV viral replica-
tion. This is followed by the second stage, in which the
patient’s alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels start to increase (>5
times baseline values) in the presence of rising HBV
viral load. Within several weeks, the patient’s bilirubin
level starts to rise, and the patient develops jaundice
(the 3rd stage). If no treatment is initiated, the patient
can progress to acute liver failure (the 4th stage). This
stage is characterized by an increase in international
normalized ratio and the development of ascites and
hepatic encephalopathy. Once HBV therapy is started,
the ALT level and HBV DNA polymerase chain reac-
tion (PCR) start to decline. If there is no improve-
ment, the patient will progress to acute liver failure,
and liver transplantation becomes the only option for
survival. However, many patients are not candidates
for liver transplantation due to their underlying malig-
nancies or comorbidities. The 5th stage is resolution
with immune recovery, whereby patients recover after
initiation of antiviral therapy and cessation of immu-
nosuppressive therapy.” Patients at greater risk for

Table 4. Risks of HBV Reactivation in HBsAg-Negative and
Anti-HBc—Positive Patients

High Risk
* B-cell-depleting agents (rituximab, ofatumumab,

natalizumab, alemtuzumab, ibritumomab)

Moderate Risk

* High-dose corticosteroids (>20 mg/day orally of
prednisone for >4 weeks)

Anthracyclines (doxorubicin, epirubicin)

¢ TNF-o inhibitors (infliximab, adalimumab, certolizumab

pegol, golimumab)
* Systemic cancer chemotherapy, including for HCC
Cytokine-based therapies (abatacept, vedolizumab,
natalizumab, mogamulizumab)
* Cyclosporine, tacrolimus
* Tyrosine kinase inhibitors (imatinib, nilotinib)
¢ Proteasome inhibitor (bortezomib)

Low Risk

* Moderate- and low-dose prednisone (<20 mg/day orally
for >4 weeks)

* Antimetabolites (azathioprine, 6-mercaptopurine,
methotrexate)

Anti-HBc, hepatitis B core antibody; HBsAg, hepatitis B surface
antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma;

TNE, tumor necrosis factor.

Adapted from Loomba and Liang.*’

HBV reactivation are those who receive B-cell-deplet-
ing therapies as well as bone marrow and solid-organ
transplant recipients (Table 4). Patients in high-risk
categories should receive HBV suppressive therapy. In
most other scenarios, watchful monitoring may be an
alternative. The incidence rate of HBV reactivation is
at least 10% in the high-risk group and 1% to 10% in
the moderate-risk group.®
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Table 5. Risk of Transmission of HBV From Anti-HBc—
Positive Graft

Risk of Transmission
Liver Transplant High
Kidney Transplant Moderate-high
Thoracic Transplant Low

Anti-HBc, hepatitis B core antibody; HBV, hepatitis B virus.

Summary

Prevention of HBV recurrence post-liver transplanta-
tion is now feasible and has resulted in excellent recipi-
ent and graft outcomes. Organs from HBsAg-negative
and anti-HBc—positive donors should be considered for
adult transplant candidates after a detailed discussion
with the recipients regarding the risk-benefit ratio. The
risk of HBV transmission varies according to the organ
transplanted (Table 5). De novo hepatitis is not common
with appropriate use of antiviral therapy. In non-liver
transplant recipients, antiviral therapy is recommended
for those with vaccine immunity (anti-HBc—negative/
anti-HBs—positive).®® For liver transplant recipients,
indefinite antiviral therapy is recommended. All trans-
plant candidates should receive HBV vaccination if they
are not immune in order to facilitate receipt of an organ
from a donor with anti-HBc seropositivity.

Dr Bhamidimarri has been a member of the Scientific
Advisory Board for Gilead. The other authors have no
relevant conflicts of interest to disclose.
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