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1 | INTRODUCTION

Hepatocellular carcinoma (HCC) accounts for 90% of all primary
liver cancers, making it a major global health problem.! The aetiol-
ogy of most cases of HCC, related deaths and disability-adjusted
life-years is chronic hepatitis B virus (HBV) infectionz; in 2015 there
were 272 000 new cases of liver cancer attributable to HBV com-
pared with 249 000 and 196 000 because of alcohol use and hepati-
tis C virus (HCV) infection, respectively.? Approximately 3.5% of the
world's population, more than 240 million individuals, are estimated
to be living with chronic hepatitis B,%>* defined as hepatitis B surface
antigen (HBsAg) positivity. Although vaccination programmes have
reduced the number of new HBV infections drastically, many mil-
lions of people are at risk of complications, such as HCC, because of
HBYV infection acquired decades ago.

The natural history of chronic HBV infection is variable and depen-
dent on a complex interplay between the host immune response and the
virus.® Based on three clinical parameters (serum alanine aminotrans-
ferase [ALT] levels, serum HBV DNA levels, and hepatitis B ‘e’ antigen
[HBeAg] levels), the disease is divided into four phases> (Figure 1): (1)
HBeAg-positive chronic infection (‘immune tolerant’); (2) HBeAg-positive
chronic hepatitis; (3) HBeAg-negative chronic infection (‘inactive car-
rier’); (4) HBeAg-negative chronic hepatitis. Patients in phases 2 and 4
are considered to have active disease and as such are eligible for treat-
ment® aimed at preventing disease progression and HCC development,
primarily with long-term potent nucleos(t)ide analogues (NAs) with a high
barrier to resistance. Patients in all these phases are positive for HBsAg.®

The optimal goal of therapy, HBsAg loss and anti-HBs production,
is achieved rarely with NAs, and clinical cure is precluded by the per-
sistence of HBV DNA within infected cells, either as covalently closed
circular DNA (cccDNA) or integrated within the host genome. cccDNA
serves as the transcription template for all viral RNAs, and together
with integrated HBV DNA, is a major source of HBsAg.® The continued
transcription from cccDNA and integrated HBV DNA in the presence
of NAs may explain the modest on-therapy decreases in HBsAg levels
despite undetectable levels of HBV DNA® and highlights the imperfect
correlation between these two markers of infection. In addition, HBsAg
clearance requires an enhanced immune response from the host.

As well as formation of cccDNA to ‘hide’ HBV DNA,”® the
HBV virus evades host detection by dampening innate immune

7-10

responses and by producing subviral particles (SVPs) to divert

the adaptive immune response and exhaust HBV antigen-specific

8,10

immune cells. It is the eventual triggering of inflammatory and
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post-surgical intervention has multiple implications for therapy and suggests a po-
tential role for immunotherapy in the future management of HCC, in particular post-
liver transplantation. Use of hepatitis B immunoglobulins that target HBsAg directly,

alongside immune-oncology therapies, may be relevant in this setting.

HBsAg, hepatitis B, hepatocellular carcinoma, resection, transplantation

Key points

e Hepatocellular carcinoma (HCC) recurrence in hepati-
tis B surface antigen (HBsAg)-positive patients post-LT
is likely because of expansion of residual HCC tumour
cell populations containing integrated hepatitis B virus
(HBV) DNA

e Precancerous cirrhotic liver remaining after resection
has the potential to undergo malignant transformation
regardless of the existence of HBV-derived oncogenic
drivers

e Quantitative HBsAg may be a useful tool to predict
primary development and late recurrence of HCC post-
liver resection

e Role of HBsAg in the development of HCC and its re-
currence post-surgery has implications for therapy and
suggests a potential role for immunotherapy in the man-
agement of HCC, in particular, post-LT

e Use of hepatitis B immunoglobulins that target HBsAg
directly, alongside immune-oncology therapies, may be

relevant in this setting

immune responses that leads to the accumulation of damage and
progression of liver disease to fibrosis, cirrhosis, and ultimately HCC.

Multiple HBV viral factors have been implicated in the development
of HCC,* and HBsAg-associated HCC risk has been recognized for de-
cades. Patients remaining HBsAg positive are at much higher risk of de-

12714 harticularly

veloping HCC than their HBsAg-negative counterparts,
if levels of HBV DNA are detectable,'® and have poorer outcomes.*®
This HBsAg-associated risk has been comprehensively reviewed re-
cently.**Y” The aim of our review is to identify the role of HBsAg in the
natural history/development of HCC, the link between HBsAg and HCC
recurrence or persistence post-liver transplantation (LT) or resection,

and the associated implications for therapeutic intervention.

2 | METHODS

Oral presentations and discussions at a meeting convened by a
multidisciplinary group of experts, including oncologists, surgical
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m HBeAg-positive m @ HBeAg-negative m

Chronicinfection Chronic hepatitis Chronicinfection Chronic hepatitis
HBV DNA >107 IU/mL 10%-107 IU/mL <2,000 IU/mL* >2,000 |U/mL
ALT Normal Elevated Normal Elevated?
HBeAg + - + -
HBsAg +++ +++/++ + ++

HBV DNA oy
HBsAg IR
ALT _—/

Liver disease None/minimal Moderate/severe None/minimal Moderate/severe
Time frame (years) <20 20 40 60

*HBV DNA levels can be between 2,000 and 20,000 IU/mL in some patients without signs of chronic hepatitis; *Persistently or intermittently

FIGURE 1 Natural history and phases of chronic HBV infection. ALT, alanine aminotransferase; HBeAg, hepatitis B ‘e’ antigen; HBsAg,

hepatitis B surface antigen

oncologists, transplant-surgeons, molecular biologists, and hepa-
tologists have been supplemented with a comprehensive litera-
ture search. The literature search was conducted on the PubMed
database as follows: ((HCC) OR (hepatocellular carcinoma)) AND
((HBsAg) OR (hepatitis B surface antigen)) and was limited to stud-
ies performed in human subjects and reported in the English lan-
guage over the last 5 years. This search conducted in June 2021
returned 538 publications for evaluation. After exclusion of refer-
ences based on relevance, a total of 100 references were evalu-
ated. These were supplemented with additional publications as

appropriate.

3 | RESULTS

3.1 | HBsAgin the development of HCC

3.1.1 | HBsAgin the development of the primary
HCC lesion

Hepatitis B virus-associated carcinogenesis is a multifactorial pro-
cess involving direct effects of viral proteins, indirect mechanisms
through chronic inflammation and immune evasion, and the integra-
tion of HBV DNA.® Although patients with HBsAg loss may still de-
velop HCC and require surveillance,*” the risk is low and comparable
in those who clear HBsAg spontaneously or following NA therapy,*’
including in patients with HBsAg loss after finite NA therapy.2®%! In
young patients and those with HBsAg loss prior to the onset of cir-
rhosis the risk of HCC is minimal.® Thus, the focus here is on patients
remaining HBsAg positive.

Although the majority of HBV-related HCC develops in cirrhotic
liver, unlike hepatitis C infection, some cases occur relatively early
in the disease course, prior to development of cirrhosis or decom-
pensated disease. This observation in individuals considered to have
minimal liver damage is compatible with a direct oncogenic effect of
HBV?? and has been cited as a reason for starting antiviral therapy in
‘immune tolerant’ patients,?® despite guidance to the contrary.® The
direct oncogenic effect of HBV may occur via multiple mechanisms.
Integration of HBV DNA into the host genome may result in genomic
instability, which together with production of HBV proteins, espe-
cially the regulatory protein HBx, may result in uncontrolled cell pro-
liferation. Although the role of viral proteins remains unclear,?? Dane
particles, HBsAg-expressing SVPs and free HBsAg may contribute
directly to tumour development?*2® (Figure 2), potentially via acti-
vation of the nuclear factor-KB pathway.?’

Hepatitis B surface antigen consists of large (LHB; pre-S1), medium
(MHB; pre-S2), and small (SHB; S) HBV surface proteins, and mutations
in the coding regions for these proteins have been shown to increase
as HBV-related disease progresses and to confer a high risk of HCC, %
leading to loss of genome integrity,?’ with some found to be more com-
mon in patients with cirrhosis/HCC compared with those without.°
Recently, SHB has been shown to induce the epithelial-mesenchymal
transition process in HCC cells, significantly increasing their migratory
and invasive ability as well as their metastatic potential.?! In the same
study, in HCC sections from patients who underwent curative resec-
tion, expression of SHB in HCC tumours was positively correlated
with a more aggressive phenotype, namely higher tumour number,
loss of tumour encapsulation and a higher TNM stage, and reduced
post-resection survival.3! Mutations resulting in impaired HBsAg se-
cretion and cellular proliferation,?’ as well as calcium homeostasis and
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FIGURE 2 Potential role of HBsAg in development of HCC. Integration of HBV DNA into the host genome may result in genomic
instability, which together with production of HBV proteins, may result in uncontrolled cell proliferation and tumour development. LHB,
large HBV surface protein; MHB, medium HBYV surface protein; SHB, small HBV surface protein; HBcAg, hepatitis B core antigen; HBeAg,

hepatitis B ‘e’ antigen; cccDNA, covalently closed circular DNA

chromosome instability,>? and altered host gene expression,®® have
been identified. As well as potentially having a direct role in carcino-
genesis, these mutant HBsAg proteins may have a role to play in the
ability of HBV to evade immune detection.

The direct oncogenic potential of HBsAg is supported by preclin-
ical studies and suggests that unmutated HBsAg also has oncogenic
potential. In an HBsAg transgenic mouse model, HBsAg accumula-
tion in hepatocytes activated cancer stem cell markers to potentiate
HCC development.22 Pre-S1 has been shown to act as an oncop-
rotein and to play a key role in the appearance and self-renewal of
cancer stem cells during HCC development.?® Knockout of HBsAg
in an HCC cell line resulted in decreased expression of HBsAg and
significant attenuation of HCC proliferation in vitro as well as tum-
origenicity in vivo.3* In the same study, overexpression of all three
HBsAg surface proteins promoted proliferation and tumour forma-
tion.®* HBsAg levels may also lead to endoplasmic reticulum stress
and a pre-malignant phenotype.®® Together, these observations sug-
gest that neutralising the effect of HBsAg could have a beneficial
effect in HBV-associated HCC.

As well as direct promotion of carcinogenesis, it is also thought
that evasion from self-immunity may be necessary for cancer

growth. Given the observation that HBsAg carriers have a 25-37-fold

increased risk of developing HCC compared with non-infected peo-
ple, HBsAg may have a function in immune evasion rather than being
purely oncogenic,18 and may activate signalling pathways that link
inflammation and tumour progression during chronic HBV infec-
tion.¢ Although HBsAg has a tumour-promoting effect, clearance of
HBsAg reduces, but does not eliminate, the risk of HCC entirely,i‘f"17
and the risk persists particularly in cirrhotic patients, despite HBsAg
clearance.

In the Taiwanese REVEAL cohort, relative risk of HCC was
shown to be dependent on serum levels of HBsAg.37 Compared
with levels <100 IU/mL, patients with levels of 100-999 and 21000
IU/mL were found to be 2.8- and 4.1-fold more likely to develop
HCC, respectively,®” and in a further study,*? levels of HBsAg = 1000
IU/mL conferred a 13.7-fold increased HCC risk compared with lower
levels. This HBsAg level-dependent association was particularly ap-
parent in patients with low HBV DNA,'2%7 indicating the importance
of lowering HBsAg even in patients with low HBV DNA. Risk of HCC
is also dependent on serum levels of HBV DNA, with cumulative in-
cidence rates of HCC increasing from 1.3% to 14.9% with HBV DNA
levels of <300 to 21 million copies/mL, respectively.38 HBsAg- and
HBV DNA-related increases were independent of HBeAg, serum

ALT levels or cirrhosis. As a consequence, three cut-offs for HBsAg
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(<100, 100-999, 21000 1U/mL) and three for HBV DNA (<10%, 10*-
108, =10° copies/mL) have been included in risk scores for HBV-
related HCC.%” It remains unclear, whether the risk of HCC is higher
because of increased liver inflammation in response to viral repli-
cation or to direct mechanisms. In a further recent analysis of data
from the REVEAL cohort in patients remaining HBeAg-positive
throughout follow-up, risk of HCC was found to be 3-fold higher
among those with declining HBsAg levels (low HBsAg levels at base-
line or declining to <10 000 IU/mL) than in those with HBsAg levels
persistently above 10 000 1U/mL without decline (P = .03).%?

Although the increase in HCC is independent of cirrhosis, the
majority of HBV-related HCC is on the background of a cirrhotic
liver. Indeed, cirrhosis is the most important risk factor, with the 5-
year cumulative risk of developing HCC being 0.6%-2.4% in individu-
als with untreated chronic hepatitis B compared with 9.7%-15.5% in
those with compensated cirrhosis.*° The risk increases further with
hepatic decompensation, with 3-year rates of HBV-related HCC
in patients with decompensated disease being reported at 25%.4
Therefore, it is the combination of cirrhosis, in particular decompen-
sated cirrhosis, and the serum levels of HBV DNA that particularly
predispose to the development of HCC.

Coinfection with the hepatitis delta virus (HDV) is a key risk fac-
tor for the development of HCC. Approximately 15-20 million peo-
ple are infected with HDV, a subviral satellite that requires HBV for
propagation.*? In coinfected patients, liver disease is more rapidly
progressive, more likely to progress to HCC, and is associated with
higher mortality than in those patients infected with only HBV.4243
The additional oncogenic capacity of HDV is not fully understood,
although there is some evidence that small HDV antigens may have
a direct role in carcinogenesis.43 In addition, HDV replication in
hepatocyte nuclei results in dysregulation of pathways, increased
oxidative stress and epigenetic changes that can lead to malignant
transformation.*? Activation and coregulation of genes critically
associated with DNA replication, damage, and repair are higher in
HDV/HBV-HCC hepatocytes than either non-malignant or HBV-
HCC hepatocytes, suggesting that genetic instability may be an
important mechanism in HDV/HBV-related HCC and that, despite
the dependence of HDV on HBY, distinct molecular mechanisms are

involved.*4

3.1.2 | Recurrence of HCC post-LT

In early-stage HCC, LT is a preferred treatment option.! Although the
prevalence of HBV-related LT in Europe has stabilised over the last
30 years, HBV-related HCC as an indication for LT has increased in
contrast to HBV-related decompensated liver disease.*® In addition,
the incidence of patients undergoing LT with positive HBV DNA is
increasing, and in patients with HBV-related HCC as the indication
for transplant, this is a predictor of reduced survival.*® In Asia, with
the exception of Japan, HBV-related HCC remains the most frequent
indication for liver resection or LT. Although there is debate around
whether the likelihood of HCC recurrence is higher in patients with

HBV-related disease compared with that of other aetiologies, there
is little debate that HCC will recur in a proportion of patients.

Most patients will be HBsAg positive at the time of LT, and rates
of HCC recurrence post-LT in these patients have been reported to
be around 10%-15%.%¢ A proportion of patients with HCC recur-
rence will also be re-infected with HBV. The rate of reinfection is
higher than for other HBV-related transplant indications,*” and both
HBV reinfection and HCC recurrence are associated with poorer
survival.#

It is deemed critical to understand the cause of recurrence of
HCC post-LT. There are two hypotheses that can be put forward:
firstly, that post-LT residual HCC tumour cell populations, contain-
ing integrated HBV DNA, expand and independently replicate HBYV,
leading to the recurrence of both HCC and HBVY; secondly, that
residual HBV RNA or HBsAg produced by other non-tumour cells
drive the reactivation of HBV, in turn driving the de novo recurrence
of HCC. Data from a recent study in Korea (unpublished data) indi-
cate that the first scenario may be more likely (Figure 3), since HBV
DNA positivity was not linked to HBV reactivation, whereas recur-
rence of HCC was an independent risk factor for HBV reinfection.
These data are further supported by observations that patients who
become HBV DNA and HBsAg negative after removal of the primary
tumour can have a recurrence of HCC expressing HBV DNA,¥ in-
dicating that the recurrence of tumour cells alone could drive the
recurrence of HBV. In addition, low-level oncogenic HBV variants
persist post-LT despite potent anti-HBV prophylaxis and could lead
to de novo carcinogenesis, as described earlier.

The immunosuppression required to minimize graft rejection in
patients undergoing LT is also likely to contribute to HCC recurrence
post-LT. Tumour progression is more rapid and aggressive in immu-
nosuppressed patients post-LT,*® with the degree of immunosup-
pression having a negative impact on survival. Corticosteroids used
in post-LT immunosuppression protocols stimulate viral replication
through binding to the glucocorticoid responsive enhancer region
of the HBV genome. As a consequence, it has been proposed that
these drugs should be removed from immunosuppressive regimens
as soon as possible to reduce the likelihood of HBV reinfection and

HCC recurrence.®?

3.1.3 | Recurrence of HCC post-liver resection

Resection is also a preferred treatment option in patients with
early-stage HCC,! and in Asia, although LT provides the best cu-
rative option, a relatively small donor pool means that resection
is often the first-line approach. Compared with rates of HCC re-
currence post-LT, recurrence rates post-liver resection are much
higher, at 56%-70%.°%>* Whereas it seems likely that the cause
of HBV-related HCC recurrence post-LT is expansion of residual
tumour cells containing integrated HBV DNA, after liver resection
a different disease course is potentially more probable. After re-
section, cirrhotic liver, which is precancerous per se, will remain,

with the potential to undergo malignant transformation regardless
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of the existence of HBV-derived oncogenic drivers. The presence recurrence,’® with specific mutant antigens conferring a particu-
of residual HBV will further increase the likelihood of HCC re- larly high risk. The presence of pre-S mutants in patients with
currence, as with primary tumour formation (Figure 4). This risk HBV-related HCC has been associated with a significantly higher

52,53

may be largely that of late HCC recurrence rather than early risk of HCC recurrence after curative surgical resection.’® Of note,

Recurrence of HCC
HBV reinfection

LT Clonal expansion

HBV replication

Residual HCC cells
with integrated DNA

FIGURE 3 Potential cause of HCC recurrence and HBV reinfection post-LT. Post-LT residual HCC tumour cell populations containing
integrated HBV DNA may expand and independently replicate HBV, leading to the recurrence of both HCC and HBV. LT, liver
transplantation; HCC, hepatocellular carcinoma; HBV, hepatitis B virus
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FIGURE 4 HCCrecurrence after liver resection. After resection, cirrhotic liver retains the potential to undergo malignant transformation.
This is possible in the absence of HBV-derived oncogenic drivers but is increased in their presence. cccDNA, covalently closed circular DNA;
HCC, hepatocellular carcinoma; HBV, hepatitis B virus; LHB, large HBV surface protein; MHB, medium HBV surface protein; SHB, small HBV
surface protein; HBcAg, hepatitis B core antigen; HBeAg, hepatitis B ‘e’ antigen
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evaluation of predictive factors for HCC recurrence post curative
resection for HBV-related early-stage HCC indicated that whereas
preoperative HBV DNA levels 220 000 IU/mL were predictive of
recurrence within 2 years (hazard ratio [HR] 2.77; P < .001), pa-
tients were at risk of late recurrence if preoperative HBsAg levels
were 24000 1U/mL (HR 2.80; P = .023).%¢ Similar results were re-
ported in patients receiving NAs after surgery; an HBsAg level of
>200 IU/mL was associated with a 2-fold increased likelihood of
late recurrence (P = .027).57 Most recently, it has been shown that
while an HBsAg level >200 IU/mL is an independent predictor
for late recurrence (2-5 years post-resection), HBsAg levels >50
IU/mL could predict recurrence and mortality beyond 5 years. This
suggests that different cut-off values of HBsAg may be useful to
predict outcomes at different intervals after surgical resection.>®

Furthermore, in a prospective study of 89 patients undergo-
ing liver resection for HBV-related HCC, circulating HBsAg levels
correlated with cccDNA copy number in both tumour and non-
neoplastic liver tissue but not with serum HBV DNA, total intrahe-
patic HBV DNA, viral replicative activity, or transcriptional activity.
Correlation of HBsAg with cccDNA copy number, regardless of ma-
lignant status, suggests that a larger pool of cccDNA is associated
with a higher rate of HBsAg production.59 It is important to distin-
guish the risk attributable to HBsAg positivity and HBV viraemia at
the time of surgical intervention. Although risk of recurrence is high
with HBV DNA levels > 10* copies/mL,%° high HBsAg levels despite
low HBV DNA levels represent ongoing inflammation and thus are
also associated with an increased risk of HCC recurrence.®® It may
be expected that in patients with a high viral load, treatment with
NAs will decrease HBV DNA levels, reduce liver inflammation re-
sulting from HBV replication and therefore decrease the risk of HCC
recurrence. This has been suggested in patients regardless of viral
load®?%® but remains to be proved unequivocally.

A large proportion of patients with HBV-related HCC present
late in their disease course, when potentially curative therapies are
not an option, and there are currently no data on the association
between HBsAg and advanced stages of HCC.

3.2 | HBsAgin HCC: current and future
implications for management

The Barcelona Clinic Liver Cancer (BCLC) staging system is one of
several systems available. Although not a worldwide recommended
categorization for HCC, it has been validated repeatedly and is rec-
ommended for prognostic prediction and treatment allocation.
Management with curative intent, through resection or LT, is only
possible in early stages of disease.! Ablation is an option in patients
with very early (stage 0) HCC, for the treatment of single, small nod-
ules with a diameter of <2 cm, and in some patients with early (stage
A) HCC who are not candidates for surgery.!

Involvement of HBsAg in the development of HCC has implica-
tions for its manipulation in the management of HBV-related HCC in
different settings, including first-line therapy post-LT and resection,

even in the absence of reinfection. The observation that HBsAg
has direct oncogenic potential suggests that targeting it may have
therapeutic benefits. Hepatitis B immunoglobulin (HBIG) specifi-
cally targets HBsAg, acting both extracellularly in blood to bind and
neutralize HBsAg in the envelope of circulating Dane particles and
SVPs, and intracellularly, helping to prevent secretion of free HBsAg,
active virions, and SVPs.447%¢ Preliminary preclinical data showing
that HBIG can initiate apoptosis in HCC tumour-initiating stem-like
cells are promising (unpublished data), but supportive clinical data

are required.

3.2.1 | Management post-LT

Without prophylaxis, HBV infection returns in up to 75% of patients
post-LT,%” with risk of reinfection dependent on multiple factors, in-
cluding HBsAg and HBV DNA positivity at the time of LT and presence
of HCC.%*%¢ Life-long HBIG to mitigate this risk is well documented
and can reduce reinfection risk to 19%-36%,%7%® and further still with
concomitant NAs.?? Indeed, the concomitant use of third-generation
NAs and HBIG can decrease the rate of HBsAg persistence to <3% and
is the current treatment standard. Patients with additional HBV DNA
positivity at time of LT, patients with HCC, and patients with HBV/
HDV coinfection are particularly prone to HBV reinfection without
prophylaxis.64'66'67 Shorter courses of (lower dose) HBIG,”®”! individu-
alized dosing schedules,”>”® HBIG limiting or sparing regimens,”* and/
or de novo NAs alone”>’® have also been evaluated to reduce the like-
lihood of HBV reactivation. A recent study has reported HBsAg loss in
100% (n = 41) of patients after 1 year of entecavir monotherapy post-
LT for HBV-related HCC.”” However, one patient who experienced
HCC recurrence in this study was also HBsAg positive after 33 months
of HBsAg seroclearance, and robust data from controlled trials on the
use of NAs alone are lacking regarding the control of HBsAg produc-
tion,”® and current guidelines support the use of combination sched-
ules.! Indeed, a larger study has reported 15% of patients under
entecavir monotherapy being HBsAg positive at 1 year post-LT.”® HCC
as an indication for LT remains a key risk factor for HBV reactivation”®
and is associated strongly with the reappearance of HBsAg after with-
drawal of HBIG.”® HBIGs are not indicated currently for the prevention
of HCC recurrence post-LT. However, the hypothesis that recurrence
post-LT is because of the expansion of residual tumour cells contain-
ing integrated HBV DNA, leading to both HCC recurrence and HBV
reinfection, suggests that control of HBsAg is a reasonable therapeutic
approach. In line with this, reduced risk of HCC recurrence post-LT
with prophylactic HBIG has been demonstrated.” In this study, HCC
recurrence was assessed in viraemic HBeAg-positive patients given
either low- or high-dose HBIG. In patients satisfying the Milan criteria,
the 3-year rate of HCC recurrence-free survival with high-dose im-
munoglobulin was 97.2% compared with 83.2% with low-dose HBIG
(P =.042). In addition, a large retrospective analysis has suggested that
combination therapy with immunoglobulin and NAs may reduce the
rate of HCC recurrence. Although assessment of HCC recurrence was
not the primary objective of the study, the reported annual incidence
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was very low at 1.7%% and compares favourably with rates reported
previously.*¢7¢

Although these studies are encouraging, it remains unclear whether
the observations are because of reduced HBsAg directly, via immuno-
modulation properties of intravenous immunoglobulins and HBIG,2?
or is a secondary benefit of the decreased inflammatory response gen-
erated by the presence of the virus. An additional possibility is that
tumour-initiating stem-like cells (TICs) are circulating in the blood or
that dormant TICs reside in other organs, including the lungs and the
brain. LT for HCC does not always remove these TICs. After therapeu-
tic pressure is lifted, proliferation of these dormant TICs will resume.
Prophylaxis with HBIGs may not only remove circulating tumour cells
(CTCs) but also dormant tissue-resident CTCs. Immunotherapy is du-
rable but not robust, while chemotherapy is robust but less durable.
Surgical removal with prophylactic HBIG may not only remove TICs
and CTCs but also eliminate residual dormant tumour cells. Therefore,
this combination needs to be considered as the gold standard in LT.

Hepatitis B immunoglobulin and NAs may have less control
over the replication of HBV within tumour cells compared with
non-cancerous cells, and a proportion of HBsAg produced by he-
patocytes may be unaffected by the administration of NAs. In sup-
port of this, there is some evidence that HCC recurrence rates in
post-transplant patients with HBV DNA positivity are similar when
treated with NAs alone or concomitantly with both HBIG plus NAs,
whereas patients with detectable HBsAg respond much better when

treated with combination therapy.

3.2.2 | Management post-liver resection

As with liver transplant, HBIGs are not indicated currently for the
prevention of HCC recurrence post-liver resection, and their poten-
tial to prevent HCC recurrence in this setting is more doubtful than
for following LT. Although low post-resection levels of HBsAg may
confer a survival benefit,®? there are currently no data on the impli-
cations of targeting HBsAg on HCC recurrence after resection.

The picture is complicated by challenges with comparing and
interpreting data on the relative value of different prophylactic
schedules. Patients undergoing LT or resection are a heterogeneous
patient population, subject to different treatment protocols, and
data available are largely from case studies and real-world experi-
ence. What is really required to ascertain the potential role of HBsAg
in the management of HCC recurrence post-LT and resection is a
trial comparing results with NAs plus HBIG vs NAs alone. Prevention
strategies for the development of HCC in patients with HBV are of
the utmost importance. Accordingly, there is a need to investigate
further the role of HBsAg in mechanisms underlying HCC recur-
rence and to evaluate the impact of neutralizing HBsAg, most likely
with HBIGs, as one crucial action for HCC prevention.

The current guidelines from the European Association for the Study
of the Liver highlight the need for more therapeutic options for patients
in the later stages of HCC.! The future standard of care is likely to in-
clude immune-oncology (I0) combinations, and although little is known
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about the role of HBsAg in the later stages of HCC, targeting this
marker in combination with 10s in development with no rationale for
use in HBV-related HCC could be of benefit. To date, the role of thera-
peutic HBV vaccination in the HCC setting has not been demonstrated.

4 | CONCLUSIONS

The role of HBsAg in the development of HCC and its recur-
rence post-LT or resection has multiple implications for therapy.
Preliminary data suggest that targeting HBsAg in primary disease
could have an anti-oncogenic effect, but there is a long way to go
before anti-HBsAg therapies will have a clinical application in this
setting. Although precise pathways are yet to be elucidated, it seems
probable that HBsAg is key in the recurrence of HCC after LT, al-
though its role in HCC recurrence post-resection is less clear. The
role of HBsAg in HCC recurrence post-LT warrants further investi-
gation and suggests a potential role for immunotherapy in its future
management. Given that HBIGs target HBsAg directly and that clini-
cal experience over decades has shown them to be well tolerated,

they may be a relevant combination partner in this setting.
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