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1 INTRODUCTION

1.1 The Need for Guidelines

Hepatitis B is a common infectious disease that can result in progressive liver damage
requiring liver transplantation. Due to the high prevalence of hepatitis B infection worldwide
many patients who are transplanted with other solid organs will have either had hepatitis B in
the past or have active disease. The availability of a potent vaccine also means that new
infections can be prevented. It is, therefore, important that all members of the transplant
multidisciplinary team are aware of this infection and that steps are put in place to manage it
in the pre-, peri- and post-transplant period. This is the first British Transplantation Society

(BTS) guideline on the management of hepatitis B in the transplant setting.

1.2 Process of Writing and Methodology

The British Transplantation Society formed a guideline development group to produce these
in May 2016, which was chaired by Dr Stuart McPherson. The guideline was produced in

line with BTS Clinical Practice Guideline and the recommendations of NHS Evidence [1]. A

literature search was conducted by the writing team using PubMed® to identify the relevant
evidence. Search terms included combinations of hepatitis B, HBV, transplant,
transplantation, immunosuppression, treatment, tenofovir, entecavir, lamivudine, HBIG,

hepatitis delta, antiviral therapy, hepatitis B recurrence and co-infection, and others.

The first draft of the guideline was written between May and December 2016 by the writing
team, which included Dr Ahmed Elsharkawy, Dr Andrew Bathgate (with contribution from
Dr Laura Kitto), Dr William Gelson (with contribution from Dr Nicola Owen), Dr Manoj
Vallapil, Professor David Mutimer, Professor Derek Manas, Dr Deepak Joshi (with
contributions from Dr B Wang and Dr Kosh Agarwal), Dr Douglas Macdonald (with
contribution from Dr Victoria Snowdon), and Dr Steven Masson. A consensus meeting of the
guideline development group was held in January 2017 to agree the recommendations. The
preliminary draft guideline was reviewed by members of the guideline development group

and revised by Dr Ahmed Elsharkawy and Dr Stuart McPherson.



The final guidelines were edited by Dr Peter Andrews, Chair of the BTS Standards
Committee, and opened for public consultation through the website of the British
Transplantation Society in January 2018. The final guidelines were published in XXX 2018.

It is anticipated that these guidelines will next be revised in 2021.

1.3 Guideline Development Group
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Dr Ahmed Elsharkawy, Consultant Hepatologist, Queen Elizabeth Hospital, Birmingham

Dr William Gelson, Consultant Hepatologist, Addenrooke’s Hospital, Cambridge

Dr Deepak Joshi, Consultant Hepatologist, Kings College Hospital, London

Dr Douglas Macdonald, Consultant Hepatologist, Royal Free Hospital, London
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Hospital, Newcastle upon Tyne

Dr Stuart McPherson, Consultant Hepatologist, Freeman Hospital, Newcastle upon Tyne
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Dr Manoj Valappil, Consultant Virologist, Freeman Hospital, Newcastle upon Tyne
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1.5 Grading of Recommendations

These guidelines represent consensus opinion from experts in the field of transplantation in
the United Kingdom. They represent a snapshot of the evidence available at the time of
writing. It is recognised that recommendations are made even when the evidence is weak. It
is felt that this is helpful to clinicians in daily practice and is similar to the approach adopted
by KDIGO [2].

In these guidelines, the GRADE system has been used to rate the strength of evidence and
the strength of recommendations. This approach is consistent with that adopted by KDIGO,
and also with guidelines from the European Best Practice Committee, and from the Renal
Association [2,3]. Explicit recommendations are made on the basis of the trade-offs between

the benefits on the one hand, and risks, burden, and costs on the other.

For each recommendation the guality of evidence has been graded as:

A (high)

B (moderate)
C (low)

D (very low)

Grade A evidence means high quality evidence that comes from consistent results from well
performed randomised controlled trials, or overwhelming evidence of another sort (such as

well-executed observational studies with very strong effects).

Grade B evidence means moderate quality evidence from randomised trials that suffer from
serious flaws in conduct, inconsistency, indirectness, imprecise estimates, reporting bias, or

some combination of these limitations, or from other study designs with special strength.

Grade C evidence means low quality evidence from observational evidence, or from

controlled trials with several very serious limitations.

Grade D evidence is based only on case studies or expert opinion.

For each recommendation, the strength of recommendation has been indicated as one of:

Level 1 (we recommend)
Level 2 (we suggest)

Not graded (where there is not enough evidence to allow formal grading)



A Level 1 recommendation is a strong recommendation to do (or not do) something where

the benefits clearly outweigh the risks (or vice versa) for most, if not all patients.

A Level 2 recommendation is a weaker recommendation, where the risks and benefits are

more closely balanced or are more uncertain

1.6 Abbreviations

ACLF acute on chronic liver failure
AHB acute hepatitis B

ALF acute liver failure

ALT alanine aminotransferase
AST aspartate aminotransferase
BTS British Transplantation Society
CHB chronic hepatitis B

DNA deoxyribonucleic acid

ELISA enzyme linked immunosorbent assay
ETC entecavir

G genotype

GGT gamma glutamyl transferase
HBV hepatitis B virus

HBcAb hepatitis B core antibody
HBeAg hepatitis B envelope antigen
HBeAb hepatitis B envelope antibody
HBsAg hepatitis B surface antigen
HBsAb hepatitis B surface antibody

HBIg hepatitis B specific immunoglobulin
HCC hepatocellular carcinoma

HDV hepatitis delta virus

HIV human immunodeficiency virus

Ig immunoglobulin

LAM lamivudine

NA nucleo(t)side analogues

NAAT nucleic acid amplification test

NHSBT  National Health Service Blood and Transplant

OLT orthotopic liver transplant



RCT randomised controlled trial
RNA riboxynucleic acid
SaBTO UK Advisory Committee for the Safety of Blood, Tissues and Organs

SOT solid organ transplant
TACE transarterial chemoembolisation
TFV tenofovir

UKELD United Kingdom end stage liver disease score

1.7 Disclaimer

This document provides a guide to best practice, which inevitably evolves over time.
All clinicians involved in this aspect of transplantation need to undertake clinical care
on an individualised basis and keep up to date with changes in the practice of clinical
medicine. These guidelines represent the collective opinions of a number of experts in the
field and do not have the force of law. They contain information/guidance for use by
practitioners as a best practice tool. It follows that the guidelines should be interpreted in the
spirit rather than to the letter of their contents. The opinions presented are subject to change

and should not be used in isolation to define the management for any individual patient.

The guidelines are not designed to be prescriptive, nor to define a standard of care. The
British Transplantation Society cannot attest to the accuracy, completeness or currency of
the opinions contained herein and do not accept any responsibility or liability for any loss or
damage caused to any practitioner or any third party as a result of any reliance being placed
on the guidelines or as a result of any inaccurate or misleading opinion contained in

the guidelines.
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2

EXECUTIVE SUMMARY OF RECOMMENDATIONS

Chapter 3: HBV Biology and Disease

We recommend that:

All patients being worked up for solid organ transplantation must be tested for
HBsAg, HBsAb (absolute titres) and HBcAb. (1B)

All HBsAg positive patients undergoing transplant work up must have the following
tests: HBeAg, HBeAb and HDV Ab serology, and HBV DNA levels. (1B)

HDV RNA testing must be performed in potential transplant recipients where HDV
serology is positive or equivocal. (1B)

Any potential transplant recipients found to be HBcAb positive but HBsAg negative
(past infection) must have HBV DNA and HDV serology testing to exclude occult
HBV or HDV infection. (1B)

All donors who are positive for HBcAb but HBsAg negative (past HBV exposure)
must have HBV DNA testing to exclude the possibility of occult HBV infection. (1C)

Chapter 4: Indications for Transplantation for HBV-Related Disease

Acute Fulminant Hepatitis B

We recommend that:

Individuals with fulminant liver failure associated with hepatitis B infection must be
managed in a specialist liver centre. (1C)

Liver transplantation must be considered in patients with fulminant hepatitis B in
keeping with UK listing criteria defined by NHSBT. (1A)

We suggest that

As early antiviral treatment with nucleot(s)ide analogues (NA) may promote recovery,
shorten disease duration and improve transplant free survival in severe AHB,

treatment with tenofovir or entecavir should be strongly considered. (2B)

11



Decompensated Hepatitis B Cirrhosis and Hepatocellular Carcinoma

We recommend that:

Individuals with decompensated cirrhosis due to hepatitis B should be treated in
specialist liver units as the application of antiviral therapy is complex and these
patients may be candidates for liver transplantation. (1C)

Individuals with decompensated cirrhosis and detectable HBV DNA require urgent
antiviral treatment with NA(s). Entecavir and tenofovir are the first line antiviral agents

and should be continued indefinitely. (1A)

We suggest that

Listing for liver transplantation should be considered in patients with hepatitis B
cirrhosis and a UKELD score >49 or with HCC within criteria defined in the UK
NHSBT guidelines. (2A)

Chapter 5: HBV and Other (Non-Liver) Transplantation

We suggest that

Patients with advanced HBV-related liver disease requiring another organ transplant
be considered for combined transplantation after careful consideration of the
potential risks and benefits. (2C)

Chapter 6: Pre-Transplant Management of HBV in Individuals Being Considered for

Transplantation

We recommend that:

All HBsAg positive individuals being considered for liver transplantation should be
treated with either tenofovir or entecavir before transplantation, aiming for an
undetectable HBV DNA level. (1B)

Individuals undergoing non-liver solid organ transplantation who are HBsAg positive
must have liver disease staging and suppression of HBV DNA by either tenofovir or

entecavir before transplantation if there is a standard clinical indication. (1B)

12



Chapter 7: Use of HBcAb Positive or HBsAg Positive Donors

General Recommendations

We suggest that:
e The appropriate matching of an organ recipient with a donor positive for HBsAg or
HBcAb should be discussed with a specialist in viral hepatitis. (2C)
e All potential recipients should be counselled during the assessment process about
the possibility of receiving a liver from a donor with past or current HBV infection.
(Not graded)

HBCAD positive donation for liver recipients

We recommend that:

e The HBcADb positive (HBsAg negative) donor liver can be used for any potential liver
recipient. (1C)

e When the liver comes from a hepatitis B core antibody positive donor and is given to
an HBsAg positive recipient, the standard approach to prevent HBV reactivation
should be adopted. (1B)

¢ When the liver comes from a HBcAb positive donor and is given to a HBV immune or
non-immune recipient, prophylactic lamivudine should be given from the time of

transplantation, and should be continued indefinitely. (1A)

We suggest that
e If other waiting list priorities permit, the hepatitis B core antibody positive donor liver
should be allocated in the following order:
1. the HBsAg-positive recipient
2. the HBV-immune recipient (including both naturally immune and vaccine-induced
immunity)

3. the HBV non-immune recipient. (2C)

HBsAg Positive Donation for Liver Recipients

We recommend that:
e HBsAg positive donor livers can be given to HBsAg positive recipients, as long as the

recipient is known to be HDV negative. (1C)
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e If urgency demands, the HBsAg positive liver can be given to an HBsAg negative
patient. (1D)

e All recipients of a liver from an HBsAg positive donor must be treated with entecavir
or tenofovir from the time of transplantation. (1B)

e Use of HBIg rarely achieves HBsAg negativity, and is not recommended. (1C)

HBcADb Positive and HBsAg Positive Donation for Non-Liver Solid Organ Recipients

We recommend that:
¢ The kidneys, heart and lungs from the HBcAb positive organ donor can be used for

any recipient, and the risk of de novo HBV infection is low. (1A)

We suggest that:
e If need demands, the non-liver solid organs of the HBsAg positive organ donor can
be used for any recipient, after an individualised assessment of risk and benefit. (2C)
e When a HBcAb positive donor is used, lamivudine prophylaxis may be given for six

months after transplantation, although the risk of transmission is very low. (2C)

Chapter 8: Management of Co-Infection (HDV, HCV, HIV) and Transplantation

We recommend that:

. HBV/HDV recipients should receive combination HBIg/NA prophylaxis from time
of transplantation. (1C)

. HBsAg positive donors should not be used for HBV/HDV co-infected recipients.
(1C)

. A plan for the perioperative management of each of the HIV and HBV infections

should be agreed by the multidisciplinary team before transplantation. (1D)

. HBIg could be used as HBV prophylaxis iffiwhen HIV antivirals are suspended in
the peri-operative period. After HIV antiviral treatment is re-established, the
approach to HBV prophylaxis is no different from that used for transplantation of
HBV monoinfection. (1C)
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We suggest that:

For HBV/HDV infected recipients HBIg withdrawal from combination HBIg/NA

prophylaxis can be considered, but not within 12 months of transplantation. (2C)

Chapter 9: Preventing Recurrence of HBV Post-Transplantation

We recommend that:

In HBsAg positive individuals deemed to be at high risk of recurrence,
combination therapy with HBIg and/or a potent NA is recommended from the time

of transplantation to prevent HBV reinfection post-liver transplant. (1B)

We suggest that:

Early withdrawal of HBIG or even the use of HBIG-free prophylaxis can be
considered in recipients who are at low risk for post-transplant HBV recurrence.
(2C)

Life-long combination therapy with HBIG and a potent NA can potentially be
given to patients who were traditionally considered at high risk for HBV
recurrence; namely those who are HBV DNA positive at time of transplant,
HBeAg positive patients, those transplanted for hepatocellular carcinoma or
those who are HIV co-infected; although most of the data supporting use in these
groups come from retrospective studies in the lamivudine era. (2B)

Recipients with evidence of past HBV infection (HBcAb positive alone) are at risk
of HBV reactivation post-non-liver transplant and could be considered for a
limited (6-12 months) course of prophylactic antiviral treatment; although

monitoring for HBV recurrence is an equally acceptable strategy. (2B)

Chapter 10: Treatment of HBV Recurrence or De Novo Hepatitis B after Solid Organ

Transplantation

We recommend that

All patients with HBV recurrence post-liver transplant should have a careful
review of adherence with NA prophylaxis. Resistance testing should be
undertaken at a specialist laboratory. (1C)

Lifelong antiviral therapy is recommended for all individuals with HBV recurrence

or de novo hepatitis B post-liver transplantation. (1C)
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. Entecavir or Tenofovir are recommended as first line treatment. Tenofovir should

be used if the patient has previous lamivudine exposure. (1B)

Chapter 11: Monitoring for HBV Recurrence or De Novo Infection

We recommend that
. HBV DNA and HBsAg should be monitored every three months in the first year
and thereafter every six months in HBsAg positive liver transplant recipients or
individuals receiving a graft from a HBcAb positive donor, regardless of treatment
or prophylaxis regimen. (1C)
. Monitoring intervals should be shortened in cases of self-reported or suspected

non-adherence. (Not graded)

Chapter 12: HBV Vaccination and Solid Organ Transplantation

We recommend that
e All prospective solid organ transplant recipients who are HBV naive must be

vaccinated (time permitting) and the response documented. (1C)

We suggest that

¢ Amongst liver recipients transplanted for HBV, vaccination can be considered as a
strategy to develop protective serum titres of HBsAb in some recipients, but cannot
currently be recommended as routine practice. (2C)

e Amongst renal transplant recipients who are HBcAb positive, if HBsSAb are
<100 IU/mL, then vaccination should be considered to boost the protective titre of
HBsAb and minimise the risk of reactivation. (2C)

e All prospective solid organ transplant recipients should receive a high-dose,
accelerated vaccine schedule. (2C)

¢ In those who fail to respond to the initial HBV vaccination schedule, a second series
should be administered. (2C)
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3 HBV BIOLOGY AND DISEASE

3.1 Introduction

Hepatitis B Virus (HBV) is a hepatotrophic DNA virus that belongs to the Hepadnaviridae
family of viruses. It was first discovered as the so-called ‘Australian Antigen’ in 1966 [1]. It is
a major human pathogen and is estimated by the World Health Organisation to infect 257
million people worldwide [2]. As a consequence it results in an estimated 600,000 deaths
every year through complications of end stage liver disease and hepatocellular carcinoma
(HCC) [3]. Despite significant improvements in the rates of vaccination, population growth

means that the number of individuals who are chronically infected with HBV is increasing [4].

The majority of chronic HBV infection result from either vertical transmission from mother to
child or horizontal transmission through unsafe medical practice. Patient age at the time of
initial infection with HBV is a major determinant of whether the infection becomes chronic.
Infection in infants results in chronic infection in up to 90% of cases, whereas approximately
30% of children infected before the age of five develop chronic infection [5]. Adult-to-adult
transmission can also occur through sexual, nosocomial or blood borne transmission (the
latter often in intravenous drug users). In adult cases only, less than 10% progress to chronic

infection [6].

3.2  Virology and Phases of Infection

HBV has a partly circular double stranded DNA genome [2]. It attaches to hepatocytes
through an interaction between heparan sulphate glycoproteins on the viral envelope and
the recently identified hepatocyte specific sodium taurocholate co-transporting polypeptide
(NTCP) [7]. Following endocytosis, the partially circular DNA is transported to the nucleus
through poorly understood mechanisms [8]. Here is it converted to covalently closed circular

DNA (cccDNA). This forms the template for the production of virions and on-going infection.
There have been significant advances in understanding the genetic and epigenetic viral and

host factors involved in further viral synthesis [9]. These have been extensively reviewed

elsewhere [10,11]. This new understanding may potentially lead to the development of
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newer agents, potentially curing HBV rather than simply controlling the infection by

suppression of viral replication as currently [11].

HBV is not directly hepatotoxic [12]. Instead a complex interaction with the host immune
system drives the hepatic inflammation-fibrosis-cancer axis in chronic HBV infection [2].
Indeed, the development of chronic carrier status is probably caused by the inability to
mount an innate and adaptive immune response during the primary infection [5]. This
complex interaction results in different, often overlapping, phases of the illness that influence
patient management [13]. The phases are differentially named in various publications but
rely on the patient’'s hepatitis B e antigen (HBeAg) and hepatitis B e antibody (HBeAb)

status, alanine aminotransferase (ALT) levels, and HBV DNA quantification.

These four phases will be discussed. It is important to stress that patients often move in
between these phases and periods of observation are often needed to determine which

phase predominates in an individual.

1. HBe Antigen Positive Chronic Infection (previously called “non-inflammatory”
or “immune tolerant phase”).
This tends to occur during the first 20-30 years of life if the infection is acquired in
infancy or early childhood, and is characterised by the individual being HBeAg
positive and HBeAb negative with HBV DNA viral loads generally >107 log IU/mL.
The ALT level is in the normal range and liver biopsy (if performed) shows no or
minimal inflammation or fibrosis. Recent data suggest that the immune system is not
truly tolerant during this phase, but that there is on-going cytotoxic T cell activity [14].

Nevertheless, treatment is rarely indicated for such patients.

2. HBe Antigen Positive Chronic Hepatitis (previously called “inflammatory” or
“Iimmune active” or “immune elimination phase”).
The triggers to progression to this phase are poorly understood but there seems to
be a shift in the balance towards attempted clearance of the virus. Patients in this
phase are HBeAg positive with persistent or intermittent elevation in ALT and
fluctuating HBV DNA levels that are generally lower than those with HBeAg positive
chronic infection. There is immune-mediated damage to the liver with resultant
inflammation and fibrosis that can progress to cirrhosis in those with prolonged,
unrecognised inflammation. This phase is often asymptomatic, although it can lead to

hepatic decompensation or acute liver failure (ALF) in those with underlying cirrhosis
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[15]. Antiviral therapy is indicated if this phase is prolonged or there is evidence of

significant liver fibrosis.

HBe Antigen Negative Chronic Infection (previously called “inactive phase”).

This phase is characterised by HBeAg negativity, HBeAb positivity with normal ALT
levels and HBV DNA levels being characteristically <2000 IU/mL. HBe antigen
seroconversion rates, leading to the development of HBeAg negative chronic
infection, are determined by the age at the time of acquisition of HBV. HBV genotype
also has a significant influence: for example, those with genotype B seroconvert
more than those with genotype C [16]. The annual seroconversion rate is <2% in
children younger than three years of age, whereas the equivalent rate is 12% in early
adulthood [2]. Reversion to e antigen positivity can occur in up to 8% of patients but
the mechanism behind this is poorly understood [17]. Individuals who undergo later
HBeAg seroconversion have a much higher likelihood of developing cirrhosis and/or
HCC [18]. This is especially true aged >40 years old and may reflect the lifetime
exposure to subclinical hepatic inflammation. Antiviral therapy can also result in
HBeAg seroconversion. Patients do not generally require therapy if established in
this phase, although regular follow-up is mandatory as reactivation and the

development of HBeAg negative chronic hepatitis occurs in 25%.

HBe Antigen Negative Chronic Hepatitis (previously called “immune escape
phase”).

This generally occurs as a result of mutations in the basal core promoter and/or the
pre-core region of the pre C/C gene [12]. These mutations lead to immune escape
mutations and HBV viral replication increases, resulting in HBV DNA levels
>2000 IU/mL and frequently >20,000 IU/mL, although they are generally lower than
in HBeAg positive chronic hepatitis. Serum ALT levels are raised and can fluctuate
significantly. Resultant liver damage can progress rapidly towards cirrhosis and HCC.
This is frequently faster than in HBeAg positive chronic hepatitis [18]. Long term
follow-up studies have shown that the risk of HCC is directly correlated to serum HBV
DNA levels in such patients [19,20]. Antiviral therapy forms the cornerstone of

management.
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The different phases of infection are summarised in table 1 below.

Table 1 Phases of Chronic Hepatitis B Infection

HBeAg HBeAg positive | HBeAg HBeAg negative
positive chronic negative chronic hepatitis
chronic hepatitis chronic
infection infection
HBeAg status | Positive Positive Negative Negative
HBeAb status | Negative Can be positive | Positive Usually positive
or negative
ALT levels Normal High Normal High
HBYV DNA Very high — Usually high <2000 IU/mL | >2000 IU/mL and
Levels classically in frequently
the millions >20000 IU/mL
Histological None Yes, with None Yes, with progression
liver damage progression to to cirrhosis possible
cirrhosis
possible

3.3  Serological and Virological Testing

The cornerstone for the diagnosis of HBV infection is the testing for HBV surface antigen
(HBsAQ) [2]. Any individuals who are HBsAg positive should be considered to have active
infection and will require post-transplant treatment to control viral replication (see chapter 6).
In addition, they should have HBV DNA levels measured to determine the status of the

infection and help classify their current disease phase.

Testing for HBV core antibody (HBcAD) is also important as it indicates whether or not an
individual has been exposed to HBV in the past. Those who have spontaneously cleared the
virus from the blood will be HBsAg negative but HBcAb positive. Finally, testing for HBV
surface antibody (HBsAD) is helpful to assess the veracity of the host immune response
against HBV. Patients who have been vaccinated against HBV are HBcAb negative but
HBsAb positive. Those who have spontaneously cleared HBV are HBsAg negative but

HBcAb positive and generally HBsAb positive. The titre of HBsAb can be variable and levels

20



above 10 miu/mL are generally thought to be protective [21]. It is worth noting that the UK is
one of very few developed countries that does not have universal vaccination against HBV,
although a program is planned for implementation in late 2017 [22]. Common HBV serology

profiles and their interpretation are summarised in table 2.

Although a profile of HBcAb positive with all other markers negative (‘core alone’) may
indicate past HBV infection, this profile can also be due to passively acquired antibodies
(blood transfusion), acute HBV infection (window period), or non-specific reactivity (false
positive). This is particularly relevant in donors who may have received blood products.

HBsAb and HBeAb antibodies may also be passively transferred from blood products.

A HB ‘core alone’ positive profile in the recipient must be further investigated before
transplantation, including any history of blood products and risk factors for HBV, full HBV

serological markers, and HBV DNA (+/- follow-up testing) to clarify the patient’s HBV status.

It is important to note, however, that cccDNA remains permanently present in the
hepatocytes of individuals who have cleared HBsAg from blood. Immunosuppression of
these individuals with past infection can therefore result in the reactivation of HBV (see
below) and the re-emergence of HBsAg [23]. In such cases, death is an unfortunate and

common, but avoidable occurrence in routine clinical practice.

34 Reactivation of HBV

HBV reactivation is defined as the reappearance of markers of active HBV replication in a
patient with previously controlled HBV infection, or an increase in levels of replication
compared to previous levels. The pattern of reactivation depends on baseline HBV status,
underlying condition, type of immunosuppressive therapy, and host immunity. Reactivation
may result from loss of immune control of HBV or lack of antiviral efficacy due to the
emergence of antiviral resistant variants. Reactivation may be asymptomatic or associated
with a flare of hepatitis in previously minimal or inactive disease, manifesting clinically with
acute hepatitis which can progress to acute liver failure and even death if untreated. The
serological and virological profile of reactivation may vary depending on the pre-existing

profile in the patient (table 3).
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Table 2

HBYV serological profiles and interpretation

HBYV serological profile

Interpretation

HBsAg negative
HBCcADb negative
HBsAb negative

No evidence of current or past, controlled HBV infection.
No immunity to HBV.

HBsAg negative
HBCcADb positive
HBsAb positive

Evidence of past HBV infection and immunity.

HBsAg negative
HBcAb negative
HBsAb positive

Evidence of vaccine-induced immunity.

HBsAg negative
HBCAD positive
HBsADb negative

This profile must be further
investigated to clarify HBV
status

In patients with risk factors in the past for HBV infection:
past, controlled infection; resolving acute infection (window

period); or aoccult chronic infection.

In patients with recent history of blood/blood product
transfusion: possible passively acquired anti-HB core

antibody.

In patients with no risk factors in the past for HBV infection or
history of recent blood/ blood products: possible false

positive result.

HBsAg positive
HBCAD positive
IgM HBCAD positive
HBsAb negative

Consistent with acute HBV infection.

(Note: IgM HBcAb may be positive in HBV reactivation).

HBsAg positive

HBCcADb positive

IgM HBcAD negative
HBsADb negative

HBeAg positive/negative

HBeAb negative/positive

Evidence of chronic HBV, if confirmed on two samples six

months apart.
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Table 3 Changes in serological and virological profiles associated with HBV

reactivation

Initial profile
HBsAg HBcAb HBYV DNA Reactivation profile

Positive Positive Not Detected | HBV DNA detectable >100 IU/mL, confirmed on

2 separate samples

Positive Positive Detected 22 log increase in HBV DNA levels from
baseline levels

HBV DNA with level 2100,000 IU/mL (if no
baseline HBV DNA level available)

Negative | Positive Not Detected | HBsAg positive/HBV DNA detectable

Negative | Positive Detected (Occult) HBsAg positive/increase in HBV viral
load (=2 log)

HBV reactivation can occur in patients with CHB (exacerbation of CHB) or past HBV
(reactivation of past HBV). The risk of reactivation is higher in CHB (HBsAg positive)
patients. Within this group, those who are HBsAg positive and hepatitis B e antigen (HBeAg)
positive or have high HBV viral load are at highest risk of reactivation. However, reactivation
can also occur in patients who were HBeAg negative or had undetectable serum HBV DNA
prior to transplant [24,25]. Amongst patients with past HBV (HBsAg negative, HBCAb
positive), reactivation is more likely to occur in those with low or undetectable HBsAb levels

and may be preceded by a fall in HBsAb levels over time [26].

3.5 Hepatitis Delta Co-Infection

Hepatitis delta (HDV) is a hepatotropic replication deficient single stranded covalently closed
circular RNA virus that hijacks the HBV replication machinery within hepatocytes to facilitate
its viral replication [24]. It cannot exist in isolation. Virions are coated in HBsAg. It is
estimated that around 5% of HBV infected patients worldwide are co-infected with HDV [10].

HDV infection is more prevalent in South America, Turkey, Eastern Europe and Sub-
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Saharan Africa, whereas its prevalence is very low in Asia despite the large numbers of
HBV-infected people in this continent [24].

A diagnosis of past or current HDV co-infection is dependent on the finding of serum HDV
IgG positivity. Active HDV co-infection is confirmed by HDV RNA positivity. Indeed, HDV
RNA should be performed in all cases of suspected HDV co-infection rather than relying on

serology alone [2].

HDV is either acquired at the time of infection with HBV or can occur as a super-infection.
HDV co-infection results in more rapid progression of liver disease to cirrhosis and HCC,
especially as it is difficult to treat [25]. In cases of HDV co-infection where HBV DNA levels
are above 2000 IU/mL or fluctuate above this level, it is generally recommended that HBV

replication is inhibited with nucleoside analogues [26)].

The management of post-liver transplant patients with HBV/HDV co-infection is slightly
different to that of with HBV mono-infection (see chapter 8).

3.6 Recommendations

We recommend that:

o All patients being worked up for solid organ transplantation must be tested for
HBsAg, HBsAb (absolute titres) and HBcAb. (1B)

e All HBsAg positive patients undergoing transplant work up must have the following
tests: HBeAg, HBeAb and HDV Ab serology, and HBV DNA levels. (1B)

e HDV RNA testing must be performed in potential transplant recipients where HDV
serology is positive or equivocal. (1B)

e Any potential transplant recipients found to be HBcAb positive but HBSAg negative
(past infection) must have HBV DNA and HDV serology testing to exclude occult
HBV or HDV infection. (1B)

e All donors who are positive for HBcAb but HBsAg negative (past HBV exposure)
must have HBV DNA testing to exclude the possibility of occult HBV infection. (1C)
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4 INDICATIONS FOR TRANSPLANTATION FOR HBV RELATED
DISEASE

4.1 Acute Hepatitis B

More than 95-99% of adults who acquire acute HBV (AHB) will recover spontaneously and
seroconvert to HBsAb without antiviral therapy [1]. Approximately 1% of cases of AHB
progress to fulminant hepatitis, which is characterised by a very high mortality rate (up to

80% [2]), often requiring liver transplantation (OLT).

Antiviral treatment is indicated in certain subgroups of patients [3]:

e Fulminant hepatitis B
e Severe AHB - based on the presence of at least two of the following criteria:
= bilirubin >100 pmol/L
— international normalised ratio (INR) 21.6
— hepatic encephalopathy
o Protracted disease course - persistent symptoms or marked jaundice for more than
four weeks after presentation

e Immunocompromised host

In patients with severe or fulminant AHB, prompt antiviral administration is warranted to
shorten disease duration, promote recovery, and improve survival [4]. There have been a
small number of studies supporting this strategy, mainly with lamivudine (LAM) [5]. In a case
series of 17 patients with severe or fulminant AHB, LAM administered until HBsAg clearance
improved survival compared to historical, untreated controls (82.4 vs. 20% survival, p<0.001)
[5]. More recently, a randomised controlled trial (RCT) of LAM in severe AHB showed
significantly lower rates of liver failure and mortality compared to placebo when LAM was
started early in the disease course [6]. The evidence for LAM has not been universally
positive. One RCT comparing LAM (100 mg/day) with placebo in severe AHB showed no
significant difference in clinical course or outcome between groups over three month follow-
up [7]. However, outcomes without antiviral therapies in severe/fulminant AHB have
remained consistently poor [8-10].

Far fewer data exist for the newer nucleos(t)ide analogues (NA), tenofovir (TFV) and

entecavir (ETV) in AHB. However, there is no doubt that they are superior to LAM in the
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treatment of chronic HBV. On the basis of promising preliminary results, the current EASL
guidelines on treatment of AHB recommend the use of ETV (0.5 mg/day) or TFV
(245 mg/day) [4].

Antiviral treatment should be started early in the course of severe AHB, without waiting for
the development of fulminant hepatitis [10]. Earlier initiation of NA treatment is associated
with better outcomes — both in terms of virological (seroconversion of HBsAg) and clinical
endpoints [6,11,12]. Delayed initiation of NAs is associated with higher mortality or
requirement for OLT [6,12]. Early treatment of AHB also ensures a higher chance of
rendering the patient HBV DNA negative at the time of OLT, should this be required. There
are limited data regarding the required duration of antiviral treatment in AHB. However,
therapy should be continued for at least three months after seroconversion to HBsAb or 12

months after anti-HBe seroconversion without HBSAg loss [4].

Liver transplantation should be considered in all patients with fulminant hepatitis. The criteria
for listing for liver transplantation for acute liver failure related to hepatitis B must include

hepatic encephalopathy and:

e Prothrombin time >100 seconds or INR >6.5
or
e Any three from:
— age >40 or <10 years
— jaundice to encephalopathy time >7 days
— serum bilirubin >300 pmol/L

— prothrombin time >50 seconds or INR >3.5

41.1 Recommendations

We recommend that:
e Individuals with fulminant liver failure associated with hepatitis B infection must be
managed in a specialist liver centre. (1C)
e Liver transplantation must be considered in patients with fulminant hepatitis B in
keeping with UK listing criteria defined by NHSBT. (1A)
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We suggest that
e As early antiviral treatment with nucleot(s)ide analogues (NA) may promote recovery,
shorten disease duration and improve transplant free survival in severe AHB,

treatment with tenofovir or entecavir should be strongly considered. (2B)

4.2 Chronic Hepatitis B

The goal of treatment in chronic HBV (CHB) infection is to prevent disease progression to
cirrhosis, hepatocellular carcinoma (HCC) and death [13]. Current treatment guidelines
consider NAs or pegylated-interferon (PEG-IFN) as first-line treatment for CHB in patients
with serum HBV DNA levels >2000 IU/mL in combination with elevated alanine
aminotransferase (ALT) levels and/or with moderate/severe liver inflammation and/or fibrosis
[4,14]. It has been well established that higher HBV DNA levels in untreated patients are
associated with progression to cirrhosis, development of HCC, and liver-related mortality
[15], underlying the use of HBV DNA levels as a guide to treatment. HBV-related end-stage
liver disease or HCC are responsible for around 600,000 deaths per year and currently

represent the cause of liver failure in 5-10% of patients requiring liver transplantation [16,17].

4.2.1 Decompensated Cirrhosis

Longitudinal studies of patients with untreated active CHB have shown that the 5-year
cumulative incidence of developing cirrhosis ranges from 8% to 20%. The 5-year cumulative
incidence of hepatic decompensation for untreated CHB-associated cirrhotic patients is
approximately 20% [4]. Untreated patients with decompensated cirrhosis have a poor
prognosis, with a 14-35% 5-year survival, compared with 84% in the compensated state
[4,18,19]. However, decompensated HBV cirrhosis is declining as an indication for
transplantation, due to the success of HBV vaccination and the advent of potent oral antiviral
agents. Prolonged and adequate suppression of HBV DNA with antiviral agents can prevent
progression to decompensation [20,21] and may even enable regression of fibrosis and the

reversal of cirrhosis [22].

Decompensated cirrhosis should be treated in specialised liver units as the application of
antiviral therapy is complex and these patients may be candidates for OLT [4]. Existing
guidelines recommend starting oral NAs for patients with decompensated cirrhosis,

irrespective of serum ALT, HBVY DNA and e antigen status [4,14]. Interferon is
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contraindicated in cirrhosis because of the risk of potentially life-threatening complications
[23,24].

Antiviral treatment has two objectives:

1. Improvement of liver function

2. Decreased risk of HBV recurrence after transplantation

Initial studies with LAM [21,25,26] and adefovir [27,28] demonstrated improved outcomes
(decreased mortality and improved liver function) in patients with decompensated HBV
cirrhosis. However, the emergence of LAM resistance mutations negated clinical benefit in
some patients, resulting in increased Child-Turcotte-Pugh (CTP) scores [21]. Although drug
resistance is much less common with adefovir, there are significant concerns regarding the
slow rate of suppression of HBV replication and the potential for dose-dependent
nephrotoxicity in decompensated HBV [23,29]. Therefore, TFV and ETV are currently the
first-line agents, with greater potency and higher barrier to resistance [4]. ETV suppresses
HBYV replication more rapidly and effectively than LAM [24], is not nephrotoxic [30], and has

an excellent resistance profile at 5 years in treatment-naive patients [31].

The licensed ETV dose for patients with decompensated cirrhosis is 1 mg once daily
(instead of 0.5 mg for patients with compensated liver disease). NAs should be continued
indefinitely in cirrhotic patients and all patients should be monitored at least every three
months for virological response with serum HBV DNA testing. Any detectable viraemia after
6-12 months of treatment should be considered as treatment failure and indicates the need

for modification of therapy [4].

The NAs have a good safety profile in patients with advanced liver disease [21,32,33].
A phase 2 double-blind study compared the safety of TFV and ETV in decompensated HBV
cirrhosis. Both treatments were very well tolerated and also led to an improvement in
virological, biochemical and clinical parameters, although the study was not primarily
designed to assess for this [21]. One serious potential side effect is mitochondrial toxicity,
which can manifest as lactic acidosis, myopathy, neuropathy, or even hepatotoxicity [34].
Lactic acidosis has been reported in a German cohort of patients with advanced
decompensated cirrhosis (MELD >20) treated with ETV [35], and this group of patients

should be more closely monitored.
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Patients with decompensated HBV cirrhosis should be considered for OLT. However,
approximately one third of these patients show slow improvement on NAs over a period of
three to six months, which in some cases might result in de-listing [28,36]. One study of
treatment-naive patients with decompensated HBV cirrhosis treated with ETV (0.5 mg/day)
demonstrated significant improvement in Child-Turgotte-Pugh (CTP) (mean pre-treatment
8.1, mean post-treatment 6.6, p<0.001) and MELD scores (mean pre-treatment 11.1, mean
post-treatment 8.8, p<0.001) after 12 months of treatment [32]. However, not all patients
improved with ETV; 12 subjects showed no change in their CTP score and four subjects had
progressive liver disease despite therapy. A further study of 154 patients with
decompensated HBV cirrhosis treated with LAM demonstrated a biphasic pattern of survival,

with most deaths occurring within the first six months of treatment [26].

It is clear that two distinct subgroups of patients exist — those who will experience prolonged
survival with antiviral therapy and those who require OLT. Studies have attempted to identify
prognostic indicators that could help to stratify these patient groups. In one study, 96
treatment-naive patients with decompensated HBV cirrhosis were given TFV and followed
up for 24 months. Transplant-free survival at 12 months was 95%, consistent with earlier
studies [28,32]. A MELD score of >20 was the most important predictor of mortality,
suggesting that this cohort of patients should be assessed for early transplantation. Higher
HBV DNA levels, a CTP score >10, and encephalopathy at baseline were also associated

with poor outcome.

The point at which liver transplantation is of definite benefit to the patient remains uncertain.
The safest option may be to list patients with a MELD >15 (or UKELD equivalent

approximately 55), with the possibility of removal from the list should their condition improve.

Criteria which must be satisfied for consideration of OLT in the UK include:

1. A projected one year liver disease mortality without transplantation of >9%, predicted
by a United Kingdom Model for End-Stage Liver Disease (UKELD) score of 2 49

2. Avariant syndrome (e.g. diuretic resistant ascites or chronic hepatic encephalopathy)
in those with a UKELD of <49

It is important to know the precise HBV status of the patient prior to transplantation [37]. If
HBV DNA is detectable at any level, ETV or TFV should be started as soon as possible [4].
Rendering HBV DNA undetectable before OLT decreases the risk of recurrence of HBV in
the graft [38].
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4.2.3 Hepatocellular Carcinoma

HCC represents more than 90% of primary liver cancers [39]. Worldwide, it is the fifth most
common cancer (5% of all cancer [4]), with over 500,000 new cases diagnosed annually
[40]. Whilst the overall rate of cancer related death is declining, the rate of HCC-related
mortality continues to increase [41], with a large proportion of these cases related to chronic

viral hepatitis.

4.2.3.1 Incidence and Risk Factors

HBV is the leading risk factor for HCC globally [42,43], accounting for 50-60% of HCC
[40,42]. HBV can cause HCC in the absence of cirrhosis, but the majority of HBV-related
HCC (70-90%) develops in cirrhotic livers [44]. The annual incidence of HBV-related HCC in
cirrhotic patients with CHB is high, ranging from 2 to 5% [45].

Several factors are known to increase the risk of HCC among individuals with HBV infection
[40]:

1. Demographic — male gender, older age, Asian or African ancestry, family history of
HCC

2. Viral — higher HBV DNA levels, genotype (C>B), pre-core mutations, longer duration
of infection, co-infection with HCV, HIV and HDV
Clinical — cirrhosis

Environmental — alcohol, tobacco, aflatoxin exposure

The Risk Evaluation of Viral Load Elevation and Associated Liver Disease/Cancer-Hepatitis
B Virus (REVEAL-HBV) study from Taiwan followed a cohort of 3653 HBsAg-positive
patients. This demonstrated that the risk of HCC increased in proportion to viral load,
independent of age, sex, smoking history, alcohol consumption and HBeAg status [15]. The
increased incidence of HCC in relation to levels of HBV DNA was also demonstrated in a
study comparing HBeAg negative chronic infection patients (seronegative for HBeAg, HBV
DNA <10,000 copies/mL and normal liver enzymes) with controls (HBsAg negative), where
patients with chronic infection had an almost 5-fold greater risk of HCC [46]. It is unclear if
these findings apply to Western populations who acquire HBV as adults and have different

risk factors (obesity, diabetes, alcohol).
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4.2.3.2 Surveillance

Effective antiviral treatment and sustained HBVY DNA suppression reduces but does not
eliminate the risk of HCC in individuals with CHB [39,47,48]. One recent multicenter cohort
study [49] looked at 744 HBV mono-infected patients treated with ETV. The cumulative risk
of HCC was low but ETV treated patients still remained at risk of HCC, especially during the
first year of treatment, even though the majority (88%) achieved undetectable serum HBV
DNA. Furthermore, in a large Asian study, patients with chronic HBV and cirrhosis or
advanced fibrosis were given 100 mg/day of LAM or placebo for up to 5 years. 3.9% of those
in the LAM group developed HCC, compared with 7.4% in the placebo group [50]. These
findings have been supported by other studies in both Caucasian [48] and non-Caucasian
populations [51]. HCC surveillance, with six-monthly abdominal ultrasound scans, is

therefore necessary even if HBV DNA is adequately suppressed.

Surveillance should be offered to patients with CHB who remain at risk of HCC development
due to baseline factors [39]. The use of serum alpha-fetoprotein (AFP) in surveillance
remains controversial with many clinicians choosing to measure it six-monthly despite
international guidelines no longer recommending this. Risk scores for HCC development
such as REACH-B [52] apply to non-treated Asian patients without cirrhosis. A recent study

has developed a risk score for Caucasian patients on therapy [53].

4.2.3.3 Treatment

The treatment of HCC related to HBV is very similar to that in other causes of HCC. In the
non-cirrhotic  setting, resection is the treatment of choice for a single lesion, while
maintaining viral suppression with oral antiviral medication [4,54,55]. As already indicated,
the majority of HCC occur in a cirrhatic liver where treatment decisions are made on the
basis of size of the lesions, the number of lesions, and the serum AFP concentration.
Surgical resection is the first line treatment for patients with solitary HCC and well-preserved
liver function. Resection or radiofrequency ablation may be curative options for smaller
lesions. However, recurrence is a significant issue, with rates of 50% at three years and 70%
at five years reported [54,55]. Salvage transplantation may be an option if the listing criteria

are fulfilled.

Liver transplantation for HCC is a well-established treatment option. Radiological
assessment should ideally include both CT and MRI, with the size of the lesion being

assessed by the widest dimensions on either scan. Extra-hepatic staging in patients being
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considered for transplantation should include chest and pelvic CT. Tumor rupture, AFP
>1000 iu/mL, extra-hepatic spread, and macroscopic vascular invasion are absolute
contraindications to transplantation. The AFP concentration should be measured during
assessment for OLT and at least every three months on the waiting list, with transplantation
restricted to patients with AFP <1000 iu/mL [56].

For listing for OLT for HCC, the following criteria must be satisfied [57]:

e Asingle tumor <5 cm diameter, or

e Up to 5 separate tumors, all <3 cm, or

e Single tumor >5 cm and <7 cm diameter, where there has been no evidence of tumor
progression, no extra-hepatic spread and no new nodule formation over a six month

period. Loco-regional therapy +/- chemotherapy may be given during that time.

All patients listed for liver transplantation should be strongly considered for some form of
loco-regional therapy such as ablation or transarterial chemoembolisation while on the
waiting list [56-58].

HCC arising in a non-cirrhotic patient is less common and the Milan Criteria are not
applicable to evaluate a patients’ suitability for OLT [39]. In general, non-cirrhotic patients
with non-resectable HCC may be considered appropriate candidates for OLT in the absence

of macrovascular invasion and extra-hepatic spread [39].

It is recognised that some patients not meeting the standard listing criteria have HCC with
favourable tumor biology and would benefit from transplantation. This has led to the
development of expanded criteria to enable the listing of patients who have responded to
initial anti-cancer therapies. At the current time, ‘down-staging’ is not permitted within UK
guidelines. However, in view of a growing body of evidence, a recent consensus conference
deemed the ‘Duvoux criteria’ for down-staging (which have been developed and introduced
in France) appropriate for use in the UK [56,59]. Evidence to date suggests that successful
down-staging achieves a 5-year survival that is comparable to that of patients who do not
require down-staging [60]. At present this is to be regarded as a service development but it

may in time become an additional listing criterion.
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4.2.4 Recommendations

We recommend that:

¢ Individuals with decompensated cirrhosis due to hepatitis B should be treated in
specialist liver units as the application of antiviral therapy is complex and such
patients may be candidates for liver transplantation. (1C)

e Individuals with decompensated cirrhosis and detectable HBV DNA require urgent
antiviral treatment with NA(s). Entecavir and tenofovir are the first line antiviral agents

and should be continued indefinitely. (1A)

We suggest that

e Listing for liver transplantation should be considered in patients with hepatitis B
cirrhosis and a UKELD score >49 or with HCC within criteria defined in the UK
NHSBT guidelines. (2A)
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5 HEPATITIS B AND OTHER (NON-LIVER) TRANSPLANTATION

51 Introduction

Hepatitis B virus (HBV) infection is a major risk factor for hepatic dysfunction in solid organ
transplant (SOT) recipients. Immunosuppressive therapy used in the SOT setting can modify
the natural history of HBV infection leading to progressive liver damage, including fulminant
hepatitis, and resulting in significant morbidity and mortality. HBV infection can adversely
impact post-transplant care as it may limit the use of further immunosuppressive agents.
Diagnostic tests for the diagnosis and monitoring of HBV infection are widely available.
There is mounting evidence that outcome of SOT recipients with chronic HBV (CHB) or past
HBV infection can be improved with the use of nucleos(t)ide analogues antiviral drugs to

prevent reactivation of HBV [1].

5.2 Impact of Transplantation on HBV

Both the adaptive and innate immune responses are important for the control of HBV
infection. Reactivation of HBV is well described in association with the use of
immunosuppressive agents such as B-cell depleting agents (e.g. rituximab), anthracycline
derivatives, TNF-a inhibitors, cytokine inhibitors and tyrosine kinase inhibitors [2]. The
immunosuppressive therapy used in SOT can modify the natural history of HBV infection.
Although specific cellular immunologic mechanisms are not fully understood, it is thought to
be due to the disruption of the host immune response and possibly with enhanced replication
of HBV mediated by some drugs.

In in vitro models, the effect of immunosuppressive agents on HBV replication varies with the
class of agent. Ciclosporin has been shown to inhibit HBV replication by binding to
mitochondrial cyclophilin and also by inhibiting the cellular entry of HBV by blocking sodium
taurocholate co-transporting polypeptide (NTCP), a membrane transporter [3,4]. Although
earlier studies reported mycophenolate to be an inhibitor of HBV replication, more recent
studies have shown that the effect of mycophenolate may vary depending on the context of
replication and that it may enhance HBV replication [5,6,7]. In a hydrodynamic injection
mouse model, dexamethasone, ciclosporin and cyclophosphamide were shown to enhance

HBYV replication, whilst replication was terminated in mice treated with mycophenolate [8].
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Rapamycin (an mTOR inhibitor) has been shown to enhance HBV production by inducing
cellular autophagy [9]. The use of steroids can induce reactivation of HBV secondary to the
stimulatory effect on the glucocorticoid-responsive enhancer region of the HBV genome
[8,10,11].

In another in vitro study using HBV DNA-transfected hepatoma cells, prednisolone and
azathioprine increased intracellular viral DNA and RNA levels by approximately two-fold and
four-fold respectively, but treatment with ciclosporin did not alter the levels of viral RNA or
DNA. However, a combination of all three immunosuppressive agents increased the level of
intracellular viral DNA eightfold, indicating an additive effect [12]. This study demonstrates
that the effect of individual drugs on HBV replication in vitro may not reflect the net effect
when used in combination with other drugs. It must also be noted that in vitro studies do not
take into account the suppressive effect of the drugs on the immune response against HBV
in vivo, which is probably more crucial in controlling the replication. Overall, although some
immunosuppressive drugs exhibit anti-HBV properties in vitro, when used in combination
with other drugs in the SOT setting, they usually have a net immunosuppressive effect, thus

promoting HBV replication.

5.3 Impact of HBV Infection on Transplant Outcome

HBV infection is associated with more frequent and rapid progression to cirrhosis and
hepatocellular carcinoma in SOT recipients, thus contributing to higher mortality. Hepatitis
associated with HBV reactivation can lead to liver failure, especially in patients with cirrhosis.
Before the introduction of antiviral prophylaxis, the rates of HBV reactivation after renal
transplantation ranged from 50 to 94% [13,14,15]. A 10-year follow-up study during this era,
found that survival in HBsAg positive renal transplant patients was inferior to uninfected
patients (55 + 6% vs. 80 + 3% respectively) [16]. In that study, HBsAg positivity was found to
be an independent risk factor for survival following multivariate analysis. A meta-analysis of
observational studies also found HBsAg positivity to be a risk factor for death in renal
transplant recipients [17]. HBV may also cause de novo membranous glomerulonephritis,

potentially impacting on renal function after transplantation.
With the advent of effective antiviral therapy, post-transplant patient and graft survival rates

have improved dramatically. Recent studies in kidney and heart transplant recipients with

CHB without cirrhosis have reported excellent outcomes with antiviral therapy alone [18,19].
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In a recent study from Canada, HBV reactivation occurred in 4.1% of non-liver SOT patients
with evidence of past HBV infection, with a median time to HBV reactivation of 4.7 years.
The overall five-year survival was 82% in this cohort. HBV reactivation at five-years post-
transplant was slightly higher in subjects without pre-transplant HBsAb when compared to

those with pre-transplant HBsAb antibodies (5.1% vs 2.6% respectively) [20].

54 Prevalence of HBV Infection in SOT

The prevalence of chronic HBV infection (HBsAg positive, HBcAb positive) or past HBV
infection (HBsAg negative, HBcAb positive) amongst SOT recipients varies according to
geographical regions of the world, following a similar pattern to HBV prevalence in the
general population. The prevalence of CHB has fallen worldwide since the introduction of
HBV vaccination, systematic screening of blood products, and the institution of infection
prevention and control measures, especially in those with end stage renal disease and in
renal transplant recipients. However, the prevalence of HBV continues to be high in endemic

regions (see chapter 3).

The prevalence of CHB in dialysis units in developing countries varies, with limited reports
suggesting a wide variation ranging from 2% to 20%, whereas lower rates (0-10%) have
been reported in dialysis patients from industrialised nations. An HBV prevalence of 12-20%

has been reported in thoracic organ transplant recipients from Paris [21].

The prevalence of past HBV infection in the SOT setting is not well reported, but will be
generally higher than that of CHB. The prevalence of HBV in different SOT settings in the
UK is not known. All patients likely to require SOT must be screened for HBV infection at
the earliest opportunity, ideally before the administration of blood products or

immunosuppression.

55 Risk of HBV Infection in the SOT Recipient

The overall risk of HBV reactivation/de novo infection in a SOT recipient without antiviral
treatment/prophylaxis is dependent upon the donor and recipient HBV status (Table 4).
Reactivation of HBV in SOT recipients with high level HBs antibodies appears to be lower
than those without HBs antibodies. However, HBV variants harbouring antibody escape

mutations have been described in the setting of SOT, albeit rarely [22]. Thus, although high
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Table 4 Risk of reactivation of HBV according to donor and recipient serology

Donor

Recipient

Anti-HBS status

Risk of HBV infection/
reactivation in non-liver
SOT without antiviral
prophylaxis/treatment

HBsAg negative HBsAg negative NA No risk
anti-HBc negative | anti-HBc negative

HBsAg negative HBsAg negative | anti-HBs positive Low
anti-HBc negative | anti-HBc positive | anti-HBS negative | Moderate
HBsAg negative HBsAg positive NA Very high
anti-HBc negative | anti-HBc positive

HBsAg negative HBsAg negative anti-HBs positive Low
anti-HBc positive | anti-HBc negative | anti-HBs negative Low

HBsAg negative
anti-HBc positive

HBsAg negative
anti-HBc positive

anti-HBs positive
anti-HBs negative

Low - moderate
Moderate - high

HBsAg negative HBsAg positive NA Very high
anti-HBc positive | anti-HBc positive

HBsAg positive HBsAg negative | anti-HBs positive High
anti-HBc positive | anti-HBc negative | anti-HBs negative Very high
HBsAg positive HBsAg negative | anti-HBs positive High
anti-HBc positive | anti-HBc positive | anti-HBs negative | Very high
HBsAg positive HBsAg positive NA Highest

anti-HBc positive

anti-HBc positive
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antibody titres may indicate protection against reactivation, breakthrough infection may
occur. There can be variability in the quantitative HBsAb results obtained by different assays
used in hospital laboratories where SOT patients are followed up. Hence post-transplant

anti-HBsAb monitoring is not routinely recommended to predict the risk of reactivation.

5.6 Management of SOT Recipient with CHB or Past HBV

CHBYV and past HBV are not contraindications for solid organ transplantation. Although most
of the existing data come from kidney transplantation, with the advent of effective antiviral
therapy, other SOT can be safely carried out in patients with CHB or past HBV infection.
Such patients must be referred to a specialist in viral hepatitis for full evaluation of the
recipient including assessment of HBV status, targeted antiviral therapy or prophylaxis, and

post-transplant follow-up. Specific management is covered elsewhere in this guideline.

5.7 Non-Liver SOT Recipients with Advanced Liver Disease

Patients with advanced liver disease requiring transplantation of non-liver organs can
experience hepatic decompensation following transplantation and need careful assessment
by a multidisciplinary team including a liver specialist. Combined transplantation may be

considered where appropriate [23].

5.8 Recommendations

We suggest that

e Patients with advanced HBV-related liver disease requiring another organ transplant
be considered for combined transplantation after careful consideration of the

potential risks and benefits. (2C)
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6 PRE-TRANSPLANT MANAGEMENT OF HBV IN INDIVIDUALS
BEING CONSIDERED FOR TRANSPLANTATION

6.1 Liver Transplantation

Since the implementation of oral antiviral agents and effective vaccination programmes, liver
transplantation for decompensated hepatitis B (HBV) cirrhosis has become less common [1].
HCC complicating HBV remains a prevalent indication for liver transplantation (OLT) [2].
Patients presenting with decompensated cirrhosis from HBV may regain liver function with
effective viral suppression, thus avoiding the need for transplantation [3,4]. The risk of

recurrent HBV after OLT is low with effective viral suppression before transplantation [5].

The first line antiviral therapy for patients with decompensated cirrhosis is tenofovir or
entecavir monotherapy, which are preferred due to their potency and high barrier to
resistance [6]. Pegylated interferon (Peg-IFN) is contraindicated for patients with
decompensated cirrhosis due to the risk of further decompensation and death [7]. In cases
of previous resistance to lamivudine, tenofovir is the drug of choice; in cases of resistance to
adefovir, entecavir is preferred [1]. Lactic acidosis has been reported with some NAs,
particularly when treated with entecavir, and patients with advanced decompensated
cirrhosis may be at high risk of this complication [8]. Close follow-up of laboratory and clinical

status is necessary. Tenofovir and entecavir require dosing according to renal function [6].

The aim of NA treatment is to render the serum HBV DNA undetectable at the time of
transplantation, which is associated with a reduced risk of post-transplant recurrence. For
patients with advanced liver disease, NA therapy is frequently associated with improvement
in liver function, which can lead to delisting for liver transplantation or reduced risk in

association with non-liver transplantation.

6.2 Non-Liver Solid Organ Transplantation

As part of the work up for non-liver solid organ transplantation, patients should be screened
for hepatitis B carriage. If a patient is found to be HBsAg positive, staging should be pursued
according to well established international guidelines [6]. Pre-transplant suppression for

patients with HBsAg positive disease should be given with tenofovir or entecavir to avoid
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progression of liver disease with immune suppression after transplantation [1]. Interferon

therapy should be avoided. HBsAg negative patients with positive HBcAb should have HBV

DNA monitored on immune suppression post-transplantation and receive suppression of

active viraemia [9].

6.3

Recommendations

We recommend that:

All HBsAg positive individuals being considered for liver transplantation should be
treated with either tenofovir or entecavir before transplantation, aiming for an
undetectable HBV DNA level. (1B)

Individuals undergoing non-liver solid organ transplantation who are HBsAg positive
must have liver disease staging and suppression of HBV DNA by either tenofovir or

entecavir before transplantation if there is a standard clinical indication. (1B)
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7 USE OF HBCAB ANTIBODY POSITIVE OR HBSAG POSITIVE
DONORS IN SOLID ORGAN TRANSPLANTATION

7.1 Introduction

A significant number of UK organ donors will have serological evidence of past HBV
infection, with antibodies to the HBV core antigen (HBcAb or core antibodies). In addition, a
proportion of core antibody positive donors will also have detectable antibodies (HBsAb) to
the HBV surface antigen (HBsAQ). It is recognised that the use of solid organs from donors
with core antibodies (in the absence of HBsAg and regardless of the presence or absence of
HBsAb) can transmit HBV infection to the organ recipient. The risk of transmission is very
high for liver transplantation and much lower for transplantation of kidneys and thoracic
organs. Transmission of infection is associated with the development of recipient HBsAg
positivity, with an almost inevitable progression to chronic infection, and with high levels of
HBV viral replication (typically serum HBeAg positivity with high titres of HBV DNA). This

transmission has been called de novo HBV infection.

A much smaller number (<1%) of UK organ donors will be serum HBsAg positive. There is a
smaller and emerging literature to describe recipient outcomes after the use of solid organs
from donors who are HBsAg positive. There is sufficient evidence to provide confidence that
nearly all solid organs from donors who are core antibody positive, whether HBsSAg is

negative or positive, can and should be used for transplantation.

The complete and appropriate use of these organs requires a knowledge of the HBV status
of the potential recipient(s), an up-to-date understanding of the appropriate donor-recipient

matching, and an understanding of the role (if any) of post-transplant anti-HBV prophylaxis.

In general, the management principles for kidney recipients and thoracic organ recipients are
identical. However, the published experience of HBV in renal transplantation is significantly
larger than for cardiac transplantation, and the smallest published evidence is for lung

transplantation.

The following discussion will consider four settings:

1. Core antibody positive donors for liver recipients.

2. HBsAg positive donors for liver recipients.
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3. Core antibody positive donors for non-liver solid organ recipients.

4. HBsAg positive donors for non-liver solid organ recipients.

General Recommendations

We suggest that:

e The appropriate matching of an organ recipient with a donor positive for HBsAg or
HBcAb should be discussed with a specialist in viral hepatitis. (2C)

e All potential recipients should be counselled during the assessment process about
the possibility of receiving a liver from a donor with past or current HBV infection.
(Not graded)

7.2 Core Antibody Positive Donation for Liver Recipients

De novo HBV infection denotes the development in the recipient of serum HBSAQ positivity,
and is associated with the use of core antibody positive liver donation, regardless of the
HBsAb donor status. The risk of de novo infection appears dependent to a large extent on
the recipient's HBV immune status. The highest risk for de novo infection is observed when
the recipient is HBV-naive, lacking markers of prior HBV exposure. In this setting and in the
absence of post-transplant prophylaxis, HBsAg seroconversion will occur in more than 50%

(perhaps as high as 80%) of cases.

Large published series provide data about the risk of de novo infection in HBY immune liver
recipients [1,2]. Recipients with HBcAb in the absence of HBsAb have a risk of between 10%
and 20% that is not significantly different from those with vaccine-induced immunity. The
lowest risk is observed for recipients with both HBcAb and HBsAb, where de novo infection
occurs in fewer than 10% of recipients. Prophylaxis from the time of liver transplantation can

reduce the risk of de novo infection [3,4].

The ideal recipient of the core antibody positive donation is the HBsAg positive recipient.
Such a recipient will receive prophylaxis to prevent graft reinfection by HBV, and the same
prophylaxis will prevent de novo infection. An additional advantage of this donor-recipient
match is that passenger donor lymphocytes will produce HBsADb in response to recipient
circulating HBsAg [5]. Thus, for those patients treated by protocols that use hepatitis B

immunoglobulin (HBIg) as part of the strategy to prevent graft reinfection, the use of a core
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antibody positive donor is associated with a significantly reduced requirement for HBIg

during the months after transplantation.

The above stated, the rate of transplantation for HBV-related indications is diminishing, so a
suitable HBsAg positive recipient may be lacking. Thus, most core antibody positive
donations will be used for recipients who are HBsAg negative. Indeed, factors other than

recipient HBV immune status are likely to determine the choice of organ recipient.

Published series demonstrate the potential for antiviral prophylaxis to reduce the risk of de
novo infection. Most series have examined the use of lamivudine, HBIg or the combination to
reduce the risk of de novo infection. Based on historical comparison data, the use of
prophylaxis is associated with a substantial reduction, though not a complete elimination, of
de novo infection. Lamivudine is the most cost-effective approach to prophylaxis, prevents
most de novo infection [6,7], and should be given indefinitely after liver transplantation.
De novo infection can be observed with non-adherence to lamivudine (including the
premature discontinuation by physicians), but is also occasionally observed despite
adherence (as indicated by the emergence of HBV with lamivudine resistance mutations).

The preferred treatment of de novo infection is with tenofovir and the stopping of lamivudine.

Recommendations

We recommend that:

e The HBcAb positive (HBsAg negative) donor liver can be used for any potential liver
recipient. (1C)

¢ When the liver comes from a hepatitis B core antibody positive donor and is given to
an HBsAg positive recipient, the standard approach to prevent HBV reactivation
should be adopted. (1B)

e When the liver comes from a HBcAb positive donor and is given to a HBV immune or
non-immune recipient, prophylactic lamivudine should be given from the time of

transplantation, and should be continued indefinitely. (1A)

We suggest that

e If other waiting list priorities permit, the hepatitis B core antibody positive donor liver

should be allocated in the following order:
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1. the HBsAg-positive recipient
2. the HBV-immune recipient (including both naturally immune and vaccine-induced
immunity)

3. the HBV non-immune recipient. (2C)

7.3 HBsAg Positive Donation for Liver Recipients

HBsAg positive liver donation may be considered for any recipient, including non-immune
HBsAg negative recipients. This is possible because antiviral treatment with entecavir or
tenofovir can reliably suppress HBV replication to prevent HBV-related liver disease in the

recipient after liver transplantation.

When considering the use of the liver from an HBsAg positive donor, the transplant surgeon
should be confident that the liver does not have significant HBV-related fibrotic damage. The
donor HDV status will typically be unknown at the time of donor assessment. If known,
HBV/HDV co-infected livers should not be used.

Most published experience describes the use of HBsSAg positive donor livers for HBsAg
positive recipients. In this setting, there will be persisting and long-term serum HBsAg
positivity in the recipient [8]. The use of oral antivirals (entecavir or tenofovir) from the time of
transplantation will prevent HBV-related graft damage, and should be continued indefinitely.
The use of HBIg from the time of liver transplantation seldom achieves serum HBsAg
negativity, so its use is not recommended. It is essential that the HDV (delta virus) status of
HBsAg positive waiting list patients is documented. HBsAg positive donation is not suitable
for the HBV/HDV co-infected recipient. In this case, delta virus superinfection of the HBV
positive donor liver will be observed [9,10]. There is no suitable treatment for HBV/HDV
infection post-transplant, and cases of rapid progression to cirrhosis have been described.

HBV/HDV liver recipients must receive HBsAg negative donor livers.

The HBsAg positive liver can be used for the HBV-immune liver recipient. Most protocols
require the use of antivirals in the recipient, and HBsAg clearance is usually observed during
follow-up, presumably reflecting an effective persistence of the immune response to HBV
despite immunosuppression. Indeed, the HBV-immune recipient may be the preferred

recipient of an HBsAg positive liver donation [11].
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Recommendations

We recommend that:

e HBsAg positive donor livers can be given to HBsAg positive recipients as long as the
recipient is known to be HDV negative. (1C)

e If urgency demands, the HBsAg positive liver can be given to an HBsAg negative
patient. (1D)

¢ All recipients of a liver from an HBsAg positive donor must be treated with entecavir
or tenofovir from the time of transplantation. (1B)

e Use of HBIg rarely achieves HBsAg negativity, and is not recommended. (1C)

7.4 Core Antibody Positive Donation for Non-Liver Solid Organ Recipients

Donation of non-liver solid organs from the core antibody positive donor is rarely associated
with de novo infection of the recipient. Though serological signs of HBV infection may be
documented (such as the development of HBcAb in a non-immune recipient), serum HBSAg
seroconversion (de novo infection) is seldom observed. One review of core antibody positive
donation to a large number of renal transplant recipients found that 45/1385 (3.2%)
developed new HBV serological markers, but HBsAg seroconversion was seen in only four
(0.28%) patients [12]. With such a low risk for de novo infection, it is hard to demonstrate a
benefit of antiviral prophylaxis. Pre-transplant recipient HBV immunity appears to protect

against de novo infection.

7.5 HBsAg Positive Donation for Non-Liver Recipients

The donation of non-liver solid organs from an HBsAg positive donor to an HBsAg positive
recipient can be undertaken as long as antivirals are used to suppress HBV after
transplantation. In this setting, there appears to be no adverse impact on graft or patient

survival.

There is a significant published literature describing the outcome of HBsAg positive kidney
donation to HBV immune recipients [13-15]. In the majority of cases, antiviral prophylaxis
has been given after transplantation. Chronic HBV infection appears to be an infrequent

outcome, and the need for post-transplant antiviral treatment is not clearly established. If
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antivirals are not used or if antivirals are stopped after a period of prophylaxis, the recipient

should receive long-term monitoring for the appearance of HBsAg.

Transplantation of a non-liver solid organ from an HBsAg positive donor to a non-immune

recipient will result in chronic infection of the recipient. In this setting, antivirals should be

given to prevent HBV-related liver damage (see chapter 9 for more detailed discussion).

Recommendations

We recommend that:

The kidneys, heart and lungs from the HBcAb positive organ donor can be used for

any recipient, and the risk of de novo HBV infection is low. (1A)

We suggest that:

If need demands, the non-liver solid organs of the HBsAg positive organ donor can
be used for any recipient, after an individualised assessment of risk and benefit. (2C)
When a HBcAb positive donor is used, lamivudine prophylaxis may be given for six

months after transplantation, although the risk of transmission is very low. (2C)
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8 MANAGEMENT OF CO-INFECTION (HDV, HCV, HIV) IN THE
LIVER TRANSPLANT RECIPIENT

8.1 Management of HBV/HDV Co-Infection

The prevalence of HDV infection in Western Europe, including the United Kingdom, is
relatively low. Up to 10% of chronic HBV infections in the UK will be complicated by HDV co-
infection, and the majority of infected patients are first generation migrants from parts of the

world where delta virus co-infection is endemic.

HBV/HDV infection is typically associated with an aggressive chronic hepatitis with
progression to cirrhosis and liver failure. HBV replication is relatively suppressed, so the
majority of co-infected patients will be HBeAg negative with relatively low levels of serum
HBV DNA. The only available antiviral therapy for HBV/HDV co-infection is alpha interferon,
but response rates are disappointing, and are further reduced in patients with cirrhosis.

HDV/HBYV infection is unresponsive to treatment with nucleoside analogues.

Before the availability of effective oral antiviral treatment as a component of post-transplant
HBV prophylaxis, the early experience with hepatitis B immunoglobulin (HBIg) showed that
HBIg administration, sustained indefinitely after transplantation, was particularly effective for
the prevention of post-transplant serum HBsAg recurrence in HDV co-infected patients.
Samuel and colleagues reported excellent results of HBIg prophylaxis against disease
recurrence for HBV/HDV co-infected recipients [1]. In their series, five-year patient survival

was 88% and only 10% of patients experienced HBsAg recurrence.

Much of the data describing the pathology and outcome of HBV/HDV precedes the
availability of nucleoside analogues, and from a period when delta virus co-infection of the
indigenous European population was much more prevalent. Subsequently, as background
delta virus infection diminished, we have seen for HBV the introduction and use of
nucleoside analogues, with or without routine use of HBIg, and eventually the development

of strategies for HBIg withdrawal from combination nucleoside/HBIg regimens.

Remarkably, the delta virus status of the many and large cohorts of HBV patients who have
been exposed to these various strategies for HBV prophylaxis have not routinely been

reported. One recent study reported that HBIg withdrawal from combination HBIg/nucleoside
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prophylaxis was achieved without serum HBsAg recurrence in 32/34 HBV/HDV patients [2].
Recurrent infection was associated with a shorter duration of combination prophylaxis prior
to HBIg withdrawal. This failure rate and its association with short duration of HBIg exposure
are consistent with the observations of Mederacke and colleagues [3]. They examined blood
and liver biopsy tissue from a cohort of patients transplanted for HBV/HDV co-infection. They
found that delta antigen was expressed in the liver, in the absence of peripheral blood HDV

RNA detection, and for as long as 18 months after transplantation.

As a consequence of the limited literature, the efficacy of HBIg-free or HBIg withdrawal
strategies for the prevention of recurrent HBV/HDV infection cannot be concluded with
confidence. The low failure rate, in unselected HBV patients, of these recent and popular
strategies implies that HBV/HDV relapse is rarely observed. Nevertheless, HBIg-containing
protocols, in comparison with nucleoside only protocols, achieve more rapid post-transplant
clearance of HBsAg from serum and may be critical for the prevention of HBV/HDV
recurrence. One review has recommended that HDV-infected liver recipients should receive
antiviral prophylaxis that includes the use of HBIg from time of transplantation for a period of
12 to 24 months [4].

There is no proven effective treatment for recurrent (or acquired) graft HBV/HDV infection,

and rapid progression to cirrhosis is likely.

8.2 Management of HBV/HCV Co-Infection

An up-to-date discussion of HCV treatment with direct acting antivirals (DAAS) is beyond the
scope of this guideline. The majority of HCV-infected potential liver transplant recipients will

be successfully treated with DAAs before or following liver transplantation.

HBV antiviral protocols for the management of HBV infection in the recipient, and protocols
for the use of core antibody positive or HBsAg positive donations are unaffected by the

presence of HCV co-infection.

8.3 Management of HBV/HIV Co-Infection

The management of HBV/HIV co-infection has been transformed by the availability of

tenofovir which provides potent monotherapy against HBV infection, and is also a frequent
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component of combination antiretroviral therapy. Thus, the majority of co-infected patients
will have undetectable HIV RNA and undetectable HBVY DNA at the time of liver
transplantation. Indeed, sustained and potent inhibition of HBV replication means that the
majority of co-infected patients have primary liver cancer on a background of well

compensated cirrhosis as the indication for liver transplantation.

Protocols for the peri-operative management of the HIV infection vary between liver
transplant units, though the majority require temporary suspension of the HIV antivirals. HIV
antivirals are typically reintroduced when gut and renal function have been
stabilised/restored after transplantation. This approach minimises the potential for partial and
inadequate treatment of the HIV during a period when gut absorption and renal clearance of

the components of the HIV antiviral treatment may be unpredictable.

The use of HBIg from the time of transplantation can provide adequate HBV antiviral
prophylaxis during the planned suspension of the HIV antivirals (including tenofovir).
Subsequently, the management of the HBV antiviral prophylaxis can be managed according
to the local protocol for HBV monoinfection. If, at any stage post-transplant, it is necessary to
stop the tenofovir component of the HIV regimen, then the approach to HBV prophylaxis

must also be revised. Options would include the introduction of entecavir.

8.4 Recommendations

We recommend that:

. HBV/HDV recipients should receive combination HBIg/NA prophylaxis from the
time of transplantation. (1C)

. HBsAg positive donors should not be used for HBV/HDV co-infected recipients.
(1C)

. A plan for the peri-operative management of each of the HIV and HBV infections

should be agreed by the multidisciplinary team before transplantation. (1D)

. HBIg could be used as HBV prophylaxis ifiwhen HIV antivirals are suspended in
the perioperative period. After HIV antiviral treatment is re-established, the
approach to HBV prophylaxis is no different from that used for transplantation of
HBV monoinfection. (1C)
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We suggest that:

. For HBV/HDV infected recipients HBIg withdrawal from combination HBIg/NA

prophylaxis can be considered, but not within 24 months of transplantation. (2C)
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9 PREVENTING RECURRENCE OF HBV POST-
TRANSPLANTATION

9.1 Introduction

Hepatitis B virus (HBV) recurrence after liver transplantation is defined as the reappearance
of circulating hepatitis B surface antigen (HBsAg), with or without detectable HBY DNA.
Without appropriate prophylactic treatment, HBV recurrence is almost universal [1]. In the
era before prophylaxis, HBV recurrence resulted in poor graft and patient survival; in one
report, 20% of patients suffered graft loss within six weeks due to HBV recurrence and
another reported mean patient survival to be 12 months [1,2]. HBV-related liver disease was
considered to be a relative, if not absolute, contraindication to transplantation [3]. However,
with the introduction of post-transplant prophylactic treatment with hepatitis B
immunoglobulin (HBIG) and more recently nucleos(t)ide analogues (NA), graft reinfection
rates have reduced to <10% and HBV-related liver disease is now a well-accepted indication
for liver transplantation [4]. All of the major international liver disease associations have

guidelines for the prevention of HBV recurrence after transplantation [5-8].

In transplant recipients with serological evidence of past exposure to HBV, consideration
also needs to be given to potential reactivation of hepatitis B in the immunosuppressed post-

transplant state and prophylactic treatment is usually indicated [9].

The following sections present recommendations for the prevention of hepatitis B recurrence

in the specific patient groups along with the rationale behind the recommendations.

9.2 Hepatitis B Surface Antigen Positive Recipients

The prevention of post-transplant HBV recurrence in HBsAg positive patients begins before
transplantation. The HBV DNA viral load at the time of transplantation is a key determinant in
the risk of HBV recurrence with studies showing a direct linear correlation [10]. All patients
on the transplant waiting list should therefore be treated with antivirals with the aim of
achieving an undetectable HBV DNA level [5-7]. First line antiviral treatments are the potent
nucleo(t)side analogues (NA) such as entecavir or tenofovir (TFV), which have very low

rates of resistance (<1%) as well as optimal safety profiles [11,12]. Their efficacy and safety
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in patients with decompensated cirrhosis has been well documented [13-15]. In comparison,
interferon is absolutely contraindicated in patients with cirrhosis due to an increased risk of
infection and hepatic decompensation [6,7]. Patients on the waiting list with HBV-related
hepatocellular carcinoma, with or without cirrhosis, are considered by some as high risk for
recurrence and should also be treated with NAs [16]. It is important to note that this finding
has not been replicated in other studies and was conducted in the era of lamivudine and

adefovir.

Following transplantation, prophylactic treatment of HBV recurrence should be with a
combination of HBIG and NA antivirals [5-8]. The early studies using HBIG monotherapy
demonstrated good graft and patient survival with recurrence rates falling from 75% to 33%
and patient 3-year survival improving from 53% to 83% [1]. However, long-term HBIG
monotherapy was problematic: the need for indefinite therapy with frequent infusions to
maintain high HBsAb levels resulted in high costs; there were problems with local and
systemic side effects; and HBV mutants resistant to HBIG emerged [17]. The advent of
effective NA therapy allowed more efficient combination treatment with synergistic effects

and better tolerability.

Combination therapy with NA antivirals is therefore currently recommended, with evidence
summarised in several meta-analyses and systematic reviews [17-20]. The specific HBIG
regimen used in combination varies between centres but typically consists of an intravenous
dose, typically 5000-10000 IU in the anhepatic phase and then immediately post-transplant
(for example 5000 IU/day on alternate days for one week). This is followed by intermittent
low doses either at fixed intervals or at a frequency dictated by hepatitis B surface antibody
(HBsAD) levels, usually to maintain levels at 250-100 IU/L [6,21]. Alternative routes of HBIG
administration such as intramuscular and subcutaneous low doses are now accepted as
strategies to reduce cost and side effects [22,23]. Alongside HBIG, the NA of choice is
recommended as TFV or ETC, again for their potency and high genetic barrier to resistance,
as well as good short- and long-term safety profiles [24]. The potential bone and renal
toxicity of TFV has been well described, although the clinical significance of this is debatable

[25,26]. On-treatment monitoring of renal function and bone profile is recommended.

For patients defined as being at low risk of HBV recurrence, i.e. e antigen negative and HBV
DNA negative at time of transplant, early HBIG withdrawal and maintenance with NA
monotherapy can be considered (Table 1). Several studies have shown this strategy to be
effective and safe, with comparably low rates of recurrence of 9-14% even in the long-term

(up to 91 months) [27-29]. Lamivudine and adefovir have been studied in this context,
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although single-centre experience also exists for the more potent NA [30]. NA monotherapy
prophylaxis was traditionally not thought to be appropriate for high-risk patients such as
patients with detectable HBV DNA at the time of transplantation and those with HCC. The
latter finding comes from a single centre study and some of the dogma surrounding the use
of HBIG post-liver transplantation has recently been challenged by a large series of patients
from Hong Kong [31]. In this study 265 consecutive patients transplanted for hepatitis B were
treated with entecavir monotherapy without HBIG. The rates of HBsAg positivity were 15%,
12%, 13% and 8% at 1, 3, 5 and 8 years respectively. Perhaps more importantly, 95%, 99%,
100% and 100% of patients had undetectable HBV DNA at the same assessed time points.
There was no significant difference in liver stiffness between those who were HBsAg positive
and those who were HBsAg negative and there were no deaths from hepatitis B recurrence.
Six patients had additional therapy with tenofovir. It would seem that the presence of HCC at
the time of transplant was not a risk factor for HBsAg positivity in this study. Therefore,

HBIG-free NA prophylaxis can be considered in low risk recipients.

Although HBV/HDV co-infected patients have been shown to have reduced rates of HBV
recurrence [1], there are very limited treatment options for delta hepatitis and thus HBV/HDV
co-infected patients are often managed as high risk [32]. In these patients, HBIG prophylaxis
should continue for longer (see chapter 8) [6,8]. A similar approach in HIV/HBV co-infected
patients is recommended in some guidelines; outcomes using combination prophylaxis have

been reported to be very good [33]. However, more robust evidence is not available.

9.3 Hepatitis B Core Antibody Positive Recipients

Hepatitis B core antibody (HBcAb) positivity, with or without HBsAb, with negative HBsAg
and negative HBV DNA is indicative of past HBV infection. Although such patients have
undetectable serum HBV DNA, HBV persists in the liver with replication controlled by the
immune system [34,35]. When the immune system is therapeutically suppressed in the
context of non-liver solid organ transplantation, there is potential for HBV reactivation. This
can present as a range of clinical manifestations from asymptomatic reappearance of HBV
DNA or HBsAg (so called reverse seroconversion), through acute hepatitis to liver failure
and even death [36]. These patients therefore need particular consideration post-transplant.
HBcAb positivity may also be suggestive of occult HBV infection, with negative HBsAg but
detectable HBV DNA in serum. Following liver transplantation, patients with occult HBV

infection should be managed in the same way as HBsAg positive patients.
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For patients with serological evidence of past infection, the risk of HBV reactivation has been
best studied in recipients of kidney transplantation and is estimated at 1-5% [37,38]. There is
also a large body of work describing the risk of HBV reactivation in other immunosuppressed
states such as prolonged steroid use, chemotherapy for cancer, and with other immune-
modulatory agents such as rituximab [39-41]. There are no studies specifically focused on
the risk post-liver transplant and therefore the management of these patients has been
extrapolated from other areas [42]. In general, there is evidence for prophylactic treatment,
with lamivudine being the most studied; a systematic review concluded a risk reduction of
79-100% [43]. Entecavir has also been studied with good efficacy in the setting of rituximab
treatment [44]. Conversely, there is also an argument for close monitoring without
prophylaxis, and only starting treatment if reactivation is confirmed (HBsAg positivity and/or
detectable HBV DNA) [6,42]. Although this strategy may be more cost-effective, it requires
very close follow-up of patients with regular hepatitis B serological testing. Moreover, in the
context of liver transplantation, the acquisition of a hepatotropic virus infection may be

clinically more significant.

9.4 Hepatitis B Core Antibody Positive Donors

The use of organs from donors with evidence of previous HBV exposure has become
commonplace as a safe way of expanding the donor organ pool [45,46]. In HBV naive
recipients, however, there is a significant risk of de novo hepatitis B, especially following liver
transplantation with HBcAb positive donors; the risk is estimated to be 48-58% [46,47]. This
risk is reduced to 18% with recipient vaccination against HBV before transplantation, but
remains significant [47]. Prophylactic antiviral treatment is therefore indicated, with
lamivudine being the most widely used [48]. In one systematic review, this has been shown
to reduce the risk of de novo hepatitis B from 58% to 11% in naive recipients, and 18% to
2% in vaccinated recipients [46]. In a single centre report, no cases of de novo hepatitis B
were seen in 45 patients treated with lamivudine over a median follow-up period of 32
months [49]. Combined therapy with HBIG has been used in some centres but has not been
shown to confer significant additional benefit [50], and the newer NA antivirals such as

entecavir and TFV are less cost-effective than lamivudine in the long-term [51].

HBcAb positive organs are also used in other non-liver transplantation such as kidney or
heart. The risk of de novo hepatitis B in these patients is thought to be less, at up to 27% in
kidney transplants and around 3% in heart/lung transplants [52,53]. Pre-transplant

vaccination against HBV potentially offers enough protection, although some centres use
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lamivudine prophylaxis for up to one year post-transplant [45].

9.5 Hepatitis B Surface Antigen Positive Donors

Organs from donors chronically infected with HBV are not routinely used at present.
However, single-centre case series exist of HBsSAg positive donor livers used either in
patients who are HBsAg positive with HBV-related liver disease or in HBcAb positive
recipients [54,55]. In these cases, HBV recurrence is 100% and there is persistence of
HBsAg. However, in some reports, following adequate antiviral treatment plus HBIG, there
were no differences in graft or patient survival and no episodes of graft dysfunction
attributable to HBV persistence [55]. There is also the precedent of using HBsSAg positive
kidneys in patients with HBsAb immunity, showing good graft and patient survival using a
combination of HBIG and lamivudine prophylaxis [56]. In carefully selected patients with
appropriate consent, the use of HBsAg positive donor organs may be a useful strategy to

further expand the donor pool.

9.6 Recommendations

We recommend that:

. In HBsAg positive individuals deemed to be at high risk of recurrence,
combination therapy with HBIg and/or a potent NA is recommended from the time

of transplantation to prevent HBV reinfection post-liver transplant. (1B)

We suggest that:

. Early withdrawal of HBIG or even the use of HBIG-free prophylaxis can be
considered in recipients who are at low risk for post-transplant HBV recurrence.
(2C)

. Life-long combination therapy with HBIG and a potent NA can potentially be
given to patients who were traditionally considered at high risk for HBV
recurrence; namely those who are HBV DNA positive at time of transplant,
HBeAg positive patients, those transplanted for hepatocellular carcinoma, or
those who are HIV co-infected; although most of the data supporting use in these

groups come from retrospective studies in the lamivudine era. (2B)
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Recipients with evidence of past HBV infection (HBcAb positive alone) are at risk
of HBV reactivation post-non-liver transplant and could be considered for
prophylactic antiviral treatment; although monitoring for HBV recurrence is an

equally acceptable strategy. (2B)
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10 TREATMENT OF HBV RECURRENCE OR DE NOVO
HEPATITIS B POST SOLID ORGAN TRANSPLANTATION

10.1 Introduction

Hepatitis B recurrence after liver transplantation (OLT) is defined as detectable hepatitis B
surface antigen (HbsAg) and/or detectable viral load (HBVY DNA) after transplantation for
complications of chronic hepatitis B. It is can be associated with biochemical or clinical
evidence of active disease, although this is less commonly seen in the era of entecavir or

tenofovir therapy.

In chronic hepatitis B (CHB) infection, spontaneous eradication of hepatitis B virus (HBV)
from the host is rare. Even after hepatitis B surface antigen (HBsAg) seroconversion, it is
likely that HBV persists within the host due to a stable pool of covalently-closed circular HBV
DNA. Despite the removal of the liver, HBV may persist in extrahepatic sites and the
circulation in sufficient quantities to re-infect the donor graft. Recurrence of hepatitis B

represents a failure of preventative strategies to mitigate this risk.

De novo hepatitis B infection after OLT is defined as newly detectable HbsAg, and/or
detectable HBV DNA, in those without prior CHB (HBcAb negative). De novo infection can
occur due to HBV exposure in the post-OLT period in the context of absent or ineffective
HBV vaccination. However, the main risk of de novo hepatitis B after OLT is in those who
receive allografts from donors who are hepatitis B core antibody (HBcAb) positive. The
imbalance between the high demand for transplant organs and the paucity of donors has
necessitated the use of these organs. The risk of developing de novo hepatitis B in
recipients depends on their hepatitis B serological status and the prophylactic measures
used. A systematic review by Cholangitas et al found that if recipients were negative for both
HBcAb and HBsADb the risk of recurrence was 48%, if the recipient was HBcAb positive and
HbsAb negative the risk was 13%, and if the recipient was HBcAb positive and HBsSADb
positive, the risk was reduced to <2% [1]. Irrespective of recipient serological status, these
guidelines recommend prophylaxis post-OLT where the donor is HBcAb positive, as

discussed in previous chapters.

Early studies highlighted the detrimental impact of recurrent hepatitis B in transplanted

grafts. Before the availability of effective antiviral and immune prophylactic agents, high rates
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of hepatitis B recurrence after OLT for chronic hepatitis B (CHB)-related diseases were
almost universal in those with detectable viraemia at the time of transplantation. Todo et al
[2] found accelerated development of hepatitis in patients with recurrent HBV infection post-
OLT. Beyond two months after transplantation, the mortality and rate of graft failure were
significantly higher in the HBV-related group than in the non-HBV related group. In a
retrospective analysis of 58 transplants performed for CHB, there was a median time to
reinfection of 145 days (range 15 to 2615 days) and fibrosing cholestatic hepatitis was
reported in three of the 16 HBV re-infected patients, all of whom died within one year post-
OLT [3].

10.2 Review of Literature

HBV recurrence after OLT represents a failure of prophylaxis. This may occur for a number
of reasons which will determine subsequent management. These include viral resistance
(and previous treatment regimens) and patient adherence. Other significant risk factors
include detectable HBV DNA levels at the time of transplantation, hepatocellular carcinoma,
or HIV. Immunosuppression taken by all post-transplant patients increases levels of HBV

replication and progression of liver disease with HBV recurrence [2].

The therapeutic goal once recurrent or de novo hepatitis is diagnosed is control of viral
replication (suppression of HBV DNA) and stabilisation of graft function, in line with
management of patients with CHB who are immunocompetent. There are no data re the
optimal timing to start treatment for recurrent or de novo hepatitis B but, given the risk of
accelerated graft dysfunction in post-transplant patients, treatment should be started at

diagnosis.

In deciding on the type of treatment, it is important to establish the individual’'s prior
treatment and prophylaxis history. Much of the guidance post-transplant is extrapolated from
studies of non-transplanted, immunocompetent CHB patients. Owing to increasing evidence
of lamivudine resistance in patients post-transplantation, lamivudine is not recommended for
treatment of hepatitis B recurrence or de novo hepatitis B [4-6]. However, there are no
randomised controlled trials assessing the efficacy of the different nucleo(t)side inhibitors in
either scenario. In a small non-randomised non-blinded study of entecavir and/or tenofovir
post-transplant, both were demonstrated to be safe and effective in prophylaxis treatment,
even in combination with immunosuppressive agents [7]. Subsequent widespread use for

prophylaxis has reinforced this. A longitudinal five-year study of entecavir therapy in non-
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transplanted patients showed it to be effective with a low resistance profile in nucleo(t)side
naive patients. However, there was a significantly higher risk of developing resistance and
hence lack of viral suppression in those refractory to lamivudine [8]. In two retrospective
studies from the same group, patients transplanted for CHB on lamivudine prophylaxis with
HBV recurrence post-OLT, all patients subsequently treated with tenofovir showed
suppression of HBV DNA, suggesting efficacy in patients with lamivudine resistance [9,10].
Therefore, entecavir is not recommended in patients previously treated with lamivudine who

have subsequently developed HBV recurrence.

All patients on entecavir or tenofovir nucleo(t)side therapy who develop recurrent hepatitis B
post-OLT should have a careful review of adherence. Patients on entecavir should also have

viral resistance testing, irrespective of reported levels of compliance.

In a prospectively collected and retrospectively analysed study of 44 patients over 12 years
who received HBcAb positive organs, five patients (12.5%) developed de novo hepatitis and
four went on to be treated with entecavir with restoration of normal ALT in all, and three out
of four showed complete suppression of HBV DNA and no graft failure [11]. For patients who
have previously been exposed to lamivudine and not responded, tenofovir should be offered

as first line therapy.

10.3 Recommendations

We recommend that

. All patients with HBV recurrence post-liver transplant should have a careful
review of adherence with NA prophylaxis. Resistance testing should be
undertaken at a specialist laboratory. (1C)

. Lifelong antiviral therapy is recommended for all individuals with HBV recurrence
or de novo hepatitis B post-liver transplantation. (1C)

. Entecavir or tenofovir are recommended as first line treatment. Tenofovir should

be used if the patient has previous lamivudine exposure. (1B)
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11 MONITORING FOR HBVY RECURRENCE OR DE NOVO
INFECTION POST LIVER TRANSPLANTATION

11.1 Introduction

Definitions of HBV recurrence or de novo infection are outlined in chapter 10 of these
guidelines. This chapter will address the monitoring required of post-transplant patients to

detect HBV infection in a timely manner.

11.2 Review of Literature

To prevent graft dysfunction secondary to recurrent hepatitis B infection, monitoring of
virological, serological, and clinical markers of infection post-transplantation is essential to
evaluate prophylaxis efficacy. This may be compromised by non-adherence and/or
virological resistance and breakthrough, although the latter is rare with nucleo(t)side

analogue (NA) therapies with a very high genetic barrier to resistance.

There are no randomised trials comparing different intervals of monitoring for recurrence of
HBV infection post-liver transplant. Non-transplant patients receiving immunoprophylaxis
against HBV recurrence during high-risk immunosuppression are typically monitored for
reactivation, but guidelines do not indicate an ideal monitoring interval [1]. Three-monthly
monitoring is recommended for those at low risk of HBV recurrence taking
immunosuppressive therapy without HBV prophylaxis, although there are scant data to
support this strategy. Several factors have been identified that increase the risk of
recurrence after OLT. These include transplantation for HCC [2], HBeAg positivity pre-OLT
[3], and an HBV viral load >100,000 IU/mL at the time of transplantation [4]. With regard to
recipients of livers from HBcAb positive donors, the greatest risk of de novo infection is in
those recipients who are HBcAb negative [5]. However, some of these data are drawn from
historical studies predating highly effective NA prophylaxis or using suboptimal HBIG

regimens.

A further patient characteristic that increases the risk of recurrence is non-adherence, which
is difficult to identify or quantify. Up to 10% of deaths post-OLT have been attributed to self-

reported non-adherence with immunosuppression post-OLT, and it is reasonable to assume
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that the rates of non-adherence are greater than those that manifest clinically and extend to
other medications [6]. Male gender, lack of social support and mental illness are established

risk factors for non-adherence in this context (reviewed in [7]).

We recommend monitoring for recurrence more frequently in the first year post-OLT, where
failure of prophylaxis (or complications/side-effects thereof) is more likely to manifest. We
recommend an interval of three months between monitoring for HBV recurrence in the first
year post-OLT, akin to the recommended monitoring of patients newly established on NA
therapy for active HBV infection [8], followed by monitoring every six months thereafter in the
absence of evidence of recurrence/de novo infection and with good self-reported adherence.
Monitoring intervals should be shortened where non-adherence is suspected or self-

reported.

Although both recurrent and de novo infection are conventionally defined by the
reappearance of HBsAg, we recommend that monitoring should consist of both HBV DNA
guantification and HBsAg testing. Either may be present in the absence of the other in early
recurrence and the combination of these tests is, therefore, likely to increase the sensitivity

of detection.

11.3 Recommendations

We recommend that

. HBV DNA and HBsAg should be monitored every three months in the first year
and thereafter every six months in HBsAg positive liver transplant recipients or
individuals receiving a graft from a HBcAb positive donor, regardless of treatment
or prophylaxis regimen. (1C)

. Monitoring intervals should be shortened in cases of self-reported or suspected

non-adherence. (Not graded)
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12 HEPATITIS B VACCINATION AND SOLID ORGAN
TRANSPLANTATION

12.1 Rationale for Vaccination

Immunosuppressed solid-organ recipients develop a more severe and rapidly progressive
HBYV infection upon acquisition of HBV [1]. It is especially important to prevent this in areas
where there is a high prevalence of HBV infection amongst the organ donor pool, as donors
may transmit HBV infection to recipients. HBV vaccination may provide protection against
donor-derived HBV infection [2,3]. In addition, reactivation of latent HBV whilst on immune
suppression has been well described in solid-organ recipients [4,5]. It is therefore important

to consider the role of HBV vaccination in potential solid organ recipients.

12.2 Liver Transplantation

12.2.1 Donor-derived infection

Liver donors with serological evidence of past resolved HBV infection (i.e. HBsAg negative,
HBcAb positive) may transmit HBV infection to recipients. Indeed, liver grafts from HBcAb
positive donors are now the main source of de novo HBV infection after liver transplantation
[6]. HBV DNA may persist in the liver (or serum) in non- or low-replicative forms following
recovery from HBYV infection [7]. This presents a potential risk of de novo HBV in the context

of immune suppression after transplantation which may increase viral replication.

Successful pre-transplant HBV vaccination can substantially reduce the risk of de novo HBV
infection to around 10% [6] and, with additional HBV prophylaxis, this risk can almost be
entirely eliminated. Therefore, as a potential strategy to allow optimal utilisation of these
HBcAb positive grafts and allow potential recipients access to the full donor pool, it is
recommended that HBV vaccination should be offered to all HBV naive patients with chronic

liver disease.
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12.2.2 Recurrent HBV

In the early days of liver transplantation, there was an unacceptably high rate of recurrent

HBYV infection amongst patients transplanted for HBV [8].

Long-term passive immunoprophylaxis with HBIg attains a significant reduction in the risk of
graft re-infection with consequent improvements in both graft and patient survival [9].
However, this strategy is costly and inconvenient, leading to attempts to devise other safe
prophylactic strategies. HBV vaccination has been proposed as an alternative. In one study,
standard recombinant vaccine was administered to selected liver transplant recipients with
no HBV recurrence detected during follow-up, allowing the stopping of life-long HBIg in those
that developed protective serum titres of HBsAb [10]. Another group used a commercial
vaccine combined with a novel adjuvant system to achieve an even stronger response,
shown by the higher HBsAb titres achieved [11]. However, other groups have failed to
replicate these results using the standard recombinant vaccine [12,13], third generation

recombinant vaccine [14], or when combined with other adjuvants [15].

Overall, HBV vaccination with the subsequent development of protective serum titres of
HBsADb is possible in some liver transplant recipients. This can allow the safe withdrawal of
HBIg. However, published studies have included patients with a wide range of
characteristics, varying risk of recurrent HBV infection, and a variety of different vaccine
types and administrations. Therefore, HBV vaccination cannot currently be recommended as
a routine alternative strategy for the prevention of HBV recurrence after liver transplantation.

Further work is required to define the optimal patient and vaccine characteristics.

12.3 Renal Transplantation

HBV infection is also an important consideration in potential renal transplant recipients.
A recent meta-analysis of published studies identified a significantly higher all-cause
mortality (relative risk 2.21, 95% Cl 1.56-3.14) and all-cause graft loss (relative risk 1.44,
95% CI 1.26-1.63) amongst renal transplant recipients with HBV [16]. HBV is prevalent in
patients with end stage renal disease, though there has been a significant reduction in the

prevalence of haemodialysis patients with chronic HBV in most Western dialysis units [17].

There are relatively few published data on the risk of hepatitis B virus (HBV) reactivation in

patients with past resolved HBV infection (i.e. HBsAg negative/HBcAb positive) who
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subsequently undergo renal transplantation. Historically, the risk of reactivation was thought
to be low or clinically insignificant [18,19]. More recent data suggest that the risk of
reactivation is higher than previously thought (around 6.5%), particularly amongst those
recipients without HBsAb at the time of renal transplantation [5]. In studies that reported on
reactivation of HBV amongst renal transplant recipients with past resolved HBV infection, in

nearly all cases of reactivation, the recipient had an HBsADb titres of <100 IU/mL [5,20].

In addition, donor-derived infection is a significant consideration, particularly in certain parts
of the world such as the Asia-Pacific region where >70% of the donor pool may have been
previously exposed to HBV [21]. In the UK, donor-derived infection rates are much lower,
with rates of active chronic HBV infection (HBsAg positive) of <1% and past resolved HBV
infection (HBsAg negative/HBcAb positive) of around 2% [21]. Transmission of HBV is
universal after use of renal grafts from HBsSAgQ positive donors and may also occur from
donors who are only HBcAb paositive [21]. HBV vaccination has been proposed as a strategy
to minimise the risk of HBV infection in both reactivation and donor-derived infection. Whilst
no prospective trials evaluating such an approach have been performed, there is some

rationale for this in the published literature.

In terms of donor-derived infection, there are small case reports of HBV immune patients
safely undergoing renal transplantation from HBsAg positive donors with no evidence of
HBV transmission, as long as the recipients have protective titres of HBsAb (>10 IU/mL)
[22,23]. The presence of this protective titre of HBsAD, irrespective of whether from previous
exposure or vaccination, will also protect against de novo HBV infection in renal transplant

recipients from HBCcADb positive donors [21].

For these reasons, HBV vaccination is recommended in HBV seronegative patients with
end-stage renal disease. In part, this is in order to increase the use of HBcAb positive
kidneys amongst those who mount a protective HBsAb response (i.e. >10 IU/mL).
Furthermore, in patients with resolved past resolved infection (HBcAb positive), vaccination
should be considered to boost the protective titre of HBsAb and minimise the risk of

reactivation.

12.4 Timing of Vaccination

Having established a rationale for the administration of HBV vaccination in potential solid-

organ transplant recipients, there remains a practical issue about the optimal timing of the
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administration of vaccination. In common with many vaccines, the immunological response
to HBV vaccination is diminished in patients with organ failure and in patients who are

immunosuppressed.

In healthy individuals, HBV vaccine is highly immunogenic. Upon administration of a series
of three doses of HBV vaccine (either plasma-derived or recombinant), healthy subjects will
develop HBsAb (with protective serum titres of >10 U/L) in the vast majority of cases (95-
99%) [24]. In the pre-transplant period, the immunogenicity of the HBV vaccine has been
shown to be less potent. In patients with end-stage cirrhosis awaiting liver transplantation,
less than one third of patients seroconvert after receiving standard dosing [25]. Providing a
double dose schedule increases the seroconversion rate to 37-62% [26,27]. The efficacy of
HBV vaccination has been reported to vary according to the severity of chronic liver disease.
In patients who are not yet at the stage of requiring liver transplantation, higher HBV
vaccination efficacy of around 90% has been reported in patients with chronic hepatitis C
[28]. Amongst heavy alcohol drinkers, HBV vaccination is reported to be less effective (50-
75%), particularly amongst those with liver disease (18%) [29,30]. A poorer response has
also been demonstrated in patients with end stage renal disease, with many studies
reporting effective vaccination rates of around 60-90%, depending on the population
included [31]. Furthermore, an association between the severity of renal impairment and lack
of response to the HBV vaccine has been shown [32]. Ideally, therefore, vaccination should

be considered early in the course of disease.

While the response to HBV vaccine may be suboptimal in the pre-transplant period, it is
even more disappointing in the post-transplant period. In a retrospective cohort of patients
vaccinated post-liver transplantation, the total response rate (HBsAb >10 U/L) was 40% but
there was a rapid decline of titres such that at the end of the follow-up period only 17% had
protective antibodies [33], presumably relating to immune suppression. In a prospective
study of consecutive liver transplant recipients from the Mayo Institute, an accelerated
double-dose HBV vaccination schedule achieved a seroconversion rate of 36% [34].
However, two years after transplantation, the prevalence of persistent protective antibodies
had dropped to 8%. Although all patients had started the HBV vaccine schedule before OLT,
the majority completed this after transplantation. Patients with higher titres of HBsAb before

OLT were more likely to have persistence of antibodies at two year follow-up [34].

A similar pattern is seen in renal transplant recipients. A recent retrospective study described
a considerable decrease in antibodies against hepatitis B surface antigen in the year

following kidney transplantation. The loss of protective immunity was significantly more
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frequent in patients with lower HBsAb titres at the time of transplantation (<100 U/L)

compared with those patients with higher titres [35].

12.5 Vaccination Method

In healthy individuals, the usual vaccination schedule is a series of three intramuscular
doses of HBV vaccine which are administered at baseline, one and six months. In healthy
subjects, this is highly effective and protective HBsAb will develop in the vast majority of
cases (95-99%) [24]. In the UK, currently available recombinant vaccines are HBvaxPro®

(standard dose 10 ug), Engerix-B® (standard dose 20 pg) and Fendrix® (standard dose
20 pg).

In patients with end-stage liver disease, the response to standard-dose HBV vaccinations is
lower [25]. These patients may benefit from a high-dose HBV vaccine [26,27]. In the UK, this
would be with double-dose Engerix-B (i.e. 40 ug) at baseline, one and six months. Similarly,
patients with end-stage renal disease, particularly those on dialysis, demonstrate a poorer
response to the standard-dose regimen. In the UK, higher-dose vaccine formulations are
available for use in patients with end-stage renal disease: HBvaxPro® (40 pg/mL standard
dose 40 ug) and Fendrix® (40 pg/mL, standard dose 20 pg). An accelerated regimen, where
four doses of the vaccine (HBvaxPro and Engerix-B 40 pg or Fendrix 20ug) given at 0, 1, 2
and 6 months is recommended for these patients. If HBV vaccination has to be given after
solid-organ transplantation, the standard vaccine schedule with standard-dose vaccines at

0, 1 and 6 months is recommended.

In all these patients, HBsAb titres should be measured one to three months after the
completion of the vaccination schedule. In those who fail to respond to the initial vaccination
schedule (i.e. have antibody titres <10 IU/L), a further vaccine schedule should be
administered. In a retrospective study in patients with chronic liver disease, repeated high-
dose HBV vaccination (80 ug) was safe and effective in a cohort of patients who did not
respond to the standard HBV vaccine schedule [36]. Therefore, the subsequent additional
HBV vaccine schedule administration may involve standard- or high-dose, in 3- or 4-doses,

depending on patient circumstances.
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12.6 Recommendations

We recommend that

e All prospective solid organ transplant recipients who are HBV naive must be

vaccinated (time permitting) and the response documented. (1C)

We suggest that

e Amongst liver recipients transplanted for HBV, vaccination can be considered as a
strategy to develop protective serum titres of HBsAb in some recipients, but cannot
currently be recommended as routine practice. (2C)

e Amongst renal transplant recipients who are HBCADb positive, if HBsAb are
<100 IU/mL, then vaccination should be considered to boost the protective titre of
HBsAb and minimise the risk of reactivation. (2C)

e All prospective solid organ transplant recipients should receive a high-dose,
accelerated vaccine schedule. (2C)

e In those who fail to respond to the initial HBV vaccination schedule, a second series
should be administered. (2C)
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