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Abstract
Despite universal vaccination and antiviral therapies being available for decades, chronic hepatitis B (CHB) remains 
the leading primary liver disease for liver transplantation in many parts of the Asia-Pacific region. The main 
indications include decompensated cirrhosis, severe acute flares, and hepatocellular carcinoma. Liver 
transplantation is not a sterilizing cure for CHB infection, therefore long-term antiviral prophylaxis is required. As 
the virus is never completely eradicated after transplant, the main goal of antiviral prophylaxis is to prevent 
reactivation, rather than recurrence or reinfection. Current available antiviral prophylaxis using nucleos(t)ide 
analogs (NUCs) ± hepatitis B immunoglobulin (HBIG) are highly effective in preventing HBV reactivation after liver 
transplantation. Only NUCs with high potency and high barriers to resistance should be used, as there is still a risk 
of developing resistance and subsequent virological rebound and reactivation for older NUCs. Over the past 
decade, there has been a trend towards using less HBIG, with HBIG-free regimens showing excellent long-term 
outcomes and survival. Although cessation of prophylaxis may be feasible in a highly selected group, this should 
only be attempted within clinical trial settings, and life-long prophylaxis is still recommended. Future novel agents 
may restore the immune control of HBV, whereby antiviral therapy can be safely discontinued.
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INTRODUCTION
Despite universal vaccination being available for over three decades, an estimated 248 million persons are 
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chronically infected with the hepatitis B virus (HBV) globally, constituting a major health burden[1]. Long-
term complications, including decompensated cirrhosis and hepatocellular carcinoma (HCC), together with 
severe acute flares, are the leading indicators for liver transplantation (LT) for patients with chronic 
hepatitis B (CHB) infection[2]. Since 1998, oral nucleos(t)ide analogs (NUCs) have become available, with 
the most recently approved agents being highly effective in suppressing HBV with minimal risk of 
resistance. In theory, long-term treatment should prevent the development of cirrhosis, decompensation, 
and acute flares, as well as lower the risk of HCC[3,4]. However, CHB remains the leading primary liver 
disease for LT in regions where infection remains at an endemic level[5]. The foremost reason for this is due 
to the fact that a significant proportion of persons infected remain undetected in the absence of a robust 
screening program and lack of access to NUCs; hence, only a minority of those who would benefit from 
antiviral therapy are being treated.

LIVER TRANSPLANTATION FOR CHRONIC HEPATITIS B
Although LT is curative for decompensated cirrhosis, HCC, and liver failure, it does not eradicate HBV 
from a chronically infected host (although it does remove the overwhelming pool of HBV)[6]. It is well 
documented that HBV can reside in extra-hepatic sites and remain as a source of reactivation after LT[7]. 
Even though the hepatocytes are the primary site of HBV DNA replication, viral replication outside has 
been demonstrated in pancreatic islet cells and renal proximal tubular epithelium[8,9]. Furthermore, 
covalently closed circular DNA (cccDNA), the stable template for HBV replication, can be found in extra-
hepatic tissues. Viral particles have also been demonstrated inside peripheral blood mononuclear cells, with 
the presence of cccDNA and active viral protein produced within lymphocytes[10-13]. Therefore, strictly 
speaking, for a chronically infected patient after LT, the role of prophylaxis is to prevent reactivation, rather 
than re-infection or recurrence of HBV. The reason is because the recipient has never achieved complete or 
sterilizing cure with LT, and hence the need for life-long antiviral prophylaxis.

Definition of HBV recurrence and its limitations
The status of HBV infection after LT is determined within the constraints of the current available 
biomarkers, namely qualitative hepatitis B surface antigen (HBsAg) and quantitative HBV DNA. In the 
absence of antiviral prophylaxis, uncontrolled viral replication is universal after LT, as evidenced by positive 
HBsAg in combination with a high viral load, leading to graft hepatitis and graft loss[14]. That is why, prior to 
the availability of effective antiviral prophylaxis, LT was contraindicated for those with active HBV 
infection.

Given that HBV is technically never completely eradicated, it is therefore not surprising that there is no 
standard definition of “recurrence” for HBV after LT. Most studies on determining the efficacy of antiviral 
regimens, including systemic reviews and meta-analyses, have focused on HBsAg status after LT to 
determine whether recurrence has occurred[15-17]. Although HBsAg is used routinely as a screening test for 
infection, a negative HBsAg in a chronically infected person does not equate to complete viral clearance, 
with underlying occult HBV infection[18]. Similarly, HBsAg negativity after LT does not signify eradication 
of the virus, as shown in Figure 1. Therefore, persistence of HBsAg after LT is not recurrence of infection to 
the effect that the HBV had never been eradicated in the first instance. Hence, there are limitations to 
defining “recurrence” when relying on imperfect virological markers, whereby a binary outcome of an 
insensitive qualitative HBsAg test determines the recurrence status.

HBsAg positivity after liver transplantation
Historically, HBsAg would have been an important marker of reactivation, especially prior to the advent of 
oral nucleos(t)ide analogs (NUCs). In the era where only hepatitis B immunoglobulin (HBIG) was available, 
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Figure 1. Schematic diagram of viral activity and viral biomarkers. The red box presents the period after liver transplantation. The blue 
bar presents the viral activity, with continual decline after liver transplantation. Black represents positive, white represents negative, and 
gray represents a gradient from high to low (dark to light). The green numbers represent a cross-section of the biomarkers after 
transplant: (1) HBsAg positive + HBV DNA negative; (2) HBsAg negative (but detectable with highly sensitive quantitative assays) + 
HBV DNA negative; and (3) HBsAg negative + HBV DNA negative (but with persistent integrated HBV DNA and cccDNA).

a positive HBsAg would have indicated failure of HBIG with associated virological rebound and subsequent 
poor graft outcome. However, with NUC treatment, the significant of HBsAg positivity has declined, except 
for the initial early periods with lamivudine, whereby a positive HBsAg may indicate underlying resistance 
and subsequent virological rebound. The risk of developing resistance with the current NUCs is minimal, 
and a positive HBsAg after LT is rarely associated with virological rebound[19,20].

With the use of NUCs with high barriers to resistance, a positive HBsAg status after LT can occur in the 
following scenario. Firstly, the HBsAg may remain persistently positive without any evidence of 
seroclearance. Secondly, HBsAg may reappear after initial HBsAg seroclearance. This may occur with 
passive transfer of donor antibodies which may render the HBsAg undetectable in the early post-transplant 
period until the antibody level gradually declines over time[21]. Occasionally, the HBsAg may fluctuate 
between negativity and positivity. Quantitative measurements of patients with positive HBsAg after LT have 
shown that the levels remain at extremely low levels, often at just above the threshold of detection for 
conventional qualitative tests[19]. This would indicate that the HBsAg status after LT is likely a continuum 
ranging from extremely low levels of HBsAg which may be undetectable using conventional qualitative 
assays to detectable levels albeit at low levels in the absence of true virological rebound [Figure 1]. 
Moreover, histological studies of HBsAg positive patients without virological rebound have shown no 
evidence of HBV-related pathology[22]. Therefore, rather than using the term “recurrence” when defining 
efficacy of prophylaxis in the current era of highly potent antiviral therapies, it would be more useful to 
determine efficacy of prophylaxis with clinically meaningful outcomes, including reactivation of HBV with 
virological relapse, whereby graft survival and survival will be impacted.

HBsAg and HCC recurrence after liver transplantation
The recurrence rate for early-stage HCC after LT is approximately 10%-20%[23]. For patients transplanted for 
HBV-related HCC, post-transplant positive HBsAg status is important because it raises the possibility of 
HCC recurrence[24]. There is a good correlation between the timing of HCC recurrence and HBsAg 
reappearance, and extra-hepatic tumor histology has been demonstrated to stain positive for HBsAg[25,26]. 
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Removal of the tumor also leads to subsequent disappearance of detectable HBsAg in the serum. HBV 
antigens expressed in HCC may also potentially be targeted by immune therapeutic strategies[27]. These lines 
of evidence suggest that there is an association between HCC recurrence and HBsAg. The temporal 
correlation indicates that HBsAg reappearance may result from undetected extrahepatic tumor cells that 
carry low amount of pre-existing HBV, and, with tumor growth, viral amount gradually increases to a 
detection level. This may explain the significant association between HBV recurrence and HCC recurrence, 
with one study showing a 3.6 times higher likelihood of HCC recurrence in patients with HBV 
reinfection[28].

Recurrence of HCC is associated with poor survival and limited therapeutic options, with a median survival 
of less than 2 years[29], and classifying these patients as “recurrence” or “re-infection” of HBV because of 
HBsAg positivity can be misleading when determining antiviral efficacy. In fact, both the HCC recurrence 
and survival rates following LT for HCC for patients with CHB are comparable to those with HCCs 
associated with other primary liver diseases[30]. Tumor factors such as size, number, differentiation, 
lymphovascular invasion, and levels of α-fetoprotein are more important risk factors for recurrence after 
LT[31,32]. Despite the lack of solid evidence of the role of HBV in HCC recurrence, it is still important to be 
aware of the carcinogenic potential of HBV, and its role in post-transplant HCC recurrence merits further 
studies. For non-HCC CHB patients, a positive HBsAg after LT in patients has not been shown to be 
associated with increased risk of de novo HCC.

HBsAg negativity after liver transplantation
Despite serum HBsAg and HBV DNA both being negative, intrahepatic HBV DNA and cccDNA can still be 
detected in the majority after LT[33,34]. In fact, the true HBsAg status may be masked by administration of 
exogenous HBIG, which is regularly topped up and never falls to an undetectable level. In addition, the level 
of HBsAg may be too low to be detectable by conventional qualitative assays [Figure 1]. Whether other 
novel biomarkers such as hepatitis B core-related antigen (HBcrAg) and HBV RNA can have a role in 
determining persistence of HBV infection after LT remains to be determined[35]. Even for patients receiving 
HBIG and NUCs with negative HBsAg and HBV DNA together with high levels of anti-HBs, HBcrAg 
remains detectable[36]. Altogether, the evidence suggests that the term and definition of recurrence after LT, 
based on conventional qualitative HBsAg testing and HBV DNA, is inadequate.

CURRENT ANTIVIRAL STRATEGIES
The current antiviral strategies are illustrated in Figure 2, with NUCs being the essential component, 
forming the backbone of antiviral prophylaxis. There are various permutations that can be adopted, and 
currently there is no standardized approach, with individual transplant centers adopting their own protocol. 
Although the choice of regimen has often been a topic of debate, it must be emphasized that all regimens are 
in fact highly effective in preventing HBV reactivation after LT. The adopted regimen used currently by 
each transplant center is largely determined by the cost and availability of the agents, as well as from the 
evolution of a previous adopted regimen built upon a combination of lamivudine (LAM) and HBIG.

Hepatitis B immune globulin
The earliest prophylaxis available was the long-term use of HBIG derived from pooled plasma of donors 
containing antibody to HBsAg. Protection is conferred by passive immunization with transfer of antibodies 
after parenteral administration. Presumably, these antibodies can neutralize circulating viral particles with 
the formation of immune complexes and the prevention of HBV entry into hepatocytes[37,38]. It may also 
promote the lysis of infected hepatocytes.



Page 5 of Fung. Hepatoma Res 2021;7:33 https://dx.doi.org/10.20517/2394-5079.2020.153 12

Figure 2. Currently available antiviral prophylaxis for chronic hepatitis B after liver transplantation. HBIG: Hepatitis B immunoglobulin; 
ETV: entecavir; TDF: tenofovir disoproxil.

The use of HBIG was a major milestone for LT in CHB and was able to significantly lower the reactivation 
rate by approximately 60%-70%[39,40]. As HBIG is a form of passive immunoprophylaxis, short-term 
prophylaxis alone is ineffective as it merely delayed the occurrence of graft hepatitis[14]. Therefore, it must be 
administered regularly to maintain the anti-HBs above a desired arbitrary level, whereby it is deemed 
protective. Although very high doses were shown to lower the reactivation rate further[41], it was still high 
especially for patients who were viremic or had active replication at the time of transplantation. It is likely 
that the HBIG would not have been able to sufficiently neutralize the circulating HBV completely and 
would have minimal direct antiviral activity once viral replication is established.

There are several limitations with using HBIG. Unlike NUCs, it is insufficient when used as a standalone 
prophylaxis. With the need for repeated parenteral injections, it is an inconvenient method of prophylaxis. 
HBIG is also expensive, and it was not always widely available[42,43]. With the availability of NUCs, the cost 
was able to be reduced significantly by the use of lower doses. Finally, the development of mutations may 
also inhibit the formation of immune complex. The most frequently detected mutation is found on the “a” 
determinant of HBsAg and provides a mechanism for immune escape[44].

With time, a trend has emerged over the past decade towards using less and less HBIG [Figure 3]. This has 
only been made possible with the use of potent NUCs with high barriers to resistance[45]. As stated above, 
however, it is almost certain that any HBIG regimen adopted, from limited duration to perioperative or 
HBIG-free, is safe and effective, even for patients who are viremic at the time of transplantation. Excellent 
long-term outcomes have been achieved with HBIG-free regimens despite the fact that the majority of 
patients were viremic at the time of LT[20]. The role of HBIG has with time become less clear, especially 
when HBIG-free regimens have been shown to be highly effective[20,46].

Oral nucleos(t)ide analog
The approval of LAM in 1998 revolutionized treatment of CHB patients, and it was another milestone in 
HBV prophylaxis after LT. The major disadvantage of LAM was the high rate of resistance, with limited 
treatment options available once virological relapse occurs prior to the availability of nucleotide 
analogs[47-49]. The combination of HBIG with LAM lowered this, and it was therefore widely adopted by 
transplant centers. The use of LAM also allowed for lower HBIG doses to be used, reducing the cost 
associated with high-dose HBIG[50].
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Figure 3. Shifting paradigm in antiviral prophylaxis for hepatitis B after liver transplantation. HBIG: Hepatitis B immunoglobulin.

Adefovir dipivoxil (ADV), a nucleotide analog, was approved in 2003, which was effective as rescue therapy 
for patients who developed LAM resistance. The availability of ADV also allowed for a combination of 
LAM and ADV without HBIG to be explored. For patients already on LAM and HBIG, switching HBIG to 
ADV was shown to be safe and effective, providing early evidence that HBIG can indeed be discontinued 
safely[51]. A combination of LAM and ADV without HBIG was also shown to be effective after LT for those 
with LAM resistance[52].

Both LAM and ADV have largely been superseded by entecavir (ETV) and tenofovir (TNV), which were 
approved in 2005 and 2007, respectively, for CHB treatment. Due to their high barriers to resistance, both 
have been recommended as first line agents in HBV treatment[53,54]. This also provided the opportunity to 
use these agents as monoprophylaxis without HBIG for LT recipients. The early results with ETV 
monoprophylaxis demonstrated a high rate of HBsAg seroclearance despite the absence of HBIG, with over 
90% having evidence of HBsAg seroclearance[19]. However, a proportion did have re-appearance of HBsAg 
with longer follow-up, raising the concern that this may impact the long-term outcome of these patients. A 
larger study of ETV monoprophylaxis with long-term outcome dispelled any concerns with survival at nine 
years of 85% and without any deaths delated to HBV reactivation[20]. It is safe to say that additional HBIG 
administered to these patients would not have improved their outcome and survival.

Given that TNV is also highly potent with even higher barrier to resistance, one can extrapolate from the 
data with ETV that TNV will likely be at least as effective[55,56]. However, TNV disoproxil (TDF) can be 
nephrotoxic, and it may be a less ideal agent in post-LT setting given the high rate of chronic kidney injury 
in post-transplant recipients together with the use of calcineurin inhibitors as primary 
immunosuppression[57]. The recent approval of TNV alafenamide (TAF), with a safer renal profile compared 
to TDF, will likely be the more suitable formulation if TNV were to be used in the post-LT setting. Early 
results demonstrate TAF to be both safe and effective in LT recipients[58-60].

For patients with pre-existing resistant mutation, treatment with an agent from a different class will usually 
be effective. For those with resistance to nucleoside analog, treatment with nucleotide analog will be 
effective, and vice versa. Oral NUCs alone without HBIG has also been shown to be highly effective as 
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prophylaxis after LT in patients with pre-existing resistance, with excellent long-term survival[61].

The results to date demonstrate that current NUCs are highly efficacious in preventing HBV reactivation 
after LT, and this appears to be independent of the HBIG regimens. Importantly, only NUCs with high 
barriers to resistance should be used[62]. Older NUCs such as LAM have been associated with virological 
rebound secondary to the development of resistance and should not be used[63].

Therapeutic vaccination
One of the contributing factors towards the chronicity of HBV infection is the persistent immunological 
dysfunction, in part due to the exhaustion of HBV-specific CD8+ and CD4+ T-cell responses with the high 
HBV antigen loads that occur with chronic infection[64]. Although LT drastically reduces the antigenic load 
with total hepatectomy and the removal of all infected hepatocytes, this alone appears to be insufficient to 
restore the immune deficit. Further vaccination strategies after transplantation appear to be ineffective in 
stimulating the production of neutralizing antibodies[65-68]. Perhaps this is not unexpected given that these 
patients already have a life-long exposure to HBV antigens with persistent failure to mount an effective 
immune response.

DURATION OF PROPHYLAXIS
Life-long prophylaxis is usually required irrespective of the regimen used. This is based on the rationale that 
HBV is not completely eradicated at the time of LT. As NUCs are the essential component, it is continued 
long term. For centers using additional HBIG, whether HBIG is used long term will be dependent on the 
adopted approach of each center, although they are increasingly moving away from giving long-term HBIG. 
A few studies have demonstrated that stopping all prophylaxis is possible, but likely only for a minority[69]. 
For those with undetectable HBV DNA at the time of LT, and with no evidence of intrahepatic total and 
cccDNA, weaning of prophylaxis was shown to be feasible. However, this is likely only possible in a highly 
selected group of patients with very low risk of reactivation[70]. Occult HBV likely persists in most patients 
after LT, and intrahepatic HBV DNA can be detected in most patients after LT despite being negative for 
both HBsAg and HBV DNA in the serum[33].

ANTI-HBC POSITIVE GRAFTS
The development of anti-HBc is an indicator of previous exposure or infection to HBV, and intrahepatic 
cccDNA can still be detected in grafts from anti-HBc positive donors after LT. However, the use of anti-
HBc positive graft as extended criteria donors is acceptable for many centers, especially in regions where 
HBV remains endemic, and donor organs remain scarce[71,72]. As occult HBV infection can reside in these 
grafts, there is a risk of reactivation after LT, and life-long prophylaxis is required[73]. With appropriate 
prophylaxis, good long-term outcomes can be achieved[74]. For CHB recipients who already require 
prophylaxis, there is no additional therapy. As the occult HBV infection is already inside the graft, HBIG is 
unlikely to be of benefit. Although LAM has been widely used in these instances, HBsAg seropositivity 
and/or detectable HBV DNA can occur, therefore it would be prudent to use a newer agent with less 
resistance risk[75].

HBSAG+ GRAFTS
In areas where HBV infection remains endemic, 2%-15% of consented grafts may be positive for HBsAg and 
may serve as an important source for recipients already with CHB infection. Although the use of HBsAg+ 
grafts has been associated with good outcomes, specialized protocols are required for stringent assessment 
of graft quality to exclude underlying fibrosis/cirrhosis and HCC[76,77]. The use of HBIG in this setting is 
unlikely to be of any clinical benefit as the graft is already chronically infected, and life-long NUCs will be 
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required, together with regular surveillance for HCC development.

HEPATITIS D VIRUS CO-INFECTION
For patients co-infected with hepatitis D virus (HDV), the default prophylaxis is a combination of NUCs + 
HBIG, with excellent outcomes. HDV is a defective virus and is dependent on HBsAg coating for viral 
propagation. Therefore, it would seem that HBIG would be essential, given the minimal effect of NUCs on 
HBsAg. However, several studies have shown that discontinuation of HBIG is safe and associated with 
excellent outcome, even with HBsAg reappearance[78-81]. Perhaps this is not surprising given that, 
quantitatively, the HBsAg remains at extremely low levels (often just above the level of detectability) and 
likely insufficient for effective HDV reactivation. However, long-term NUCs will be required, as HBV 
reactivation will lead to HDV reactivation[82].

FUTURE DIRECTIONS
Despite current NUCs being highly effective in suppressing HBV replication and preventing graft hepatitis 
and subsequent graft loss, it is unable to eradicate HBV completely[83]. The reason for this is because NUCs 
only act on the downstream components of the viral replication cycle, where upstream activity continues 
unabated with continual transcription and translation of viral proteins from very stable cccDNA 
templates[84]. Novel agents targeting different parts of the HBV cycle are currently under clinical trials. These 
include inhibition of viral entry via the NTCP receptor, interference of mRNA to inhibit viral protein 
synthesis, inhibition of capsid formation, and release of virions. Inhibition of viral entry is of special interest 
as it may potentially prevent infection of an HBV-naïve graft. Interestingly, cyclosporin, a calcineurin 
inhibitor that is also used as an immunosuppressive drug in solid organ transplantation, has also been 
shown to inhibit HBV entry[85].

As LT prophylaxis is already highly efficacious in viral suppression, any new therapy must further improve 
the clinical outcome significantly, and this will likely be the establishment of a functional cure, whereby 
long-term prophylaxis is no longer required. In fact, by removing all the infected hepatocytes at the time of 
LT, and with the high rate of HBsAg seroclearance observed, it appears that functional cure is achieved. 
However, this is not a true functional cure, as there is no immune control, and reactivation will occur in the 
absence of prophylaxis. However, it does present a major opportunity for functional cure, as the 
prerequisite conditions of cccDNA and intrahepatic HBV elimination have been satisfied. The only step 
remaining would be the restoration of immune control. In addition to vaccination, other 
immunotherapeutic strategies to stimulate the innate response and block inhibitory pathways are currently 
being explored. These include toll-like receptor (TLR agonists) and anti-PD1/anti-PDL-1, respectively[86,87]. 
However, this remains a challenge with the use of long-term immunosuppression, and the results with 
therapeutic vaccines have not been encouraging. Although other immunotherapeutic strategies may be 
more effective, the risk of precipitating graft rejection or de novo autoimmune hepatitis remains a risk[88].

SUMMARY
Currently available antiviral prophylaxis using NUCs ± HBIG is highly effective in preventing HBV 
reactivation after LT. Only NUCs with high potency and high barriers to resistance should be used. Over 
the past decade, there has been a trend towards using less HBIG, with HBIG-free regimens showing 
excellent long-term outcomes and survival. The definition of HBV recurrence after LT remains inadequate, 
resulting in inconsistencies when used as marker for clinical efficacy. More sensitive biomarkers of viral 
persistence and reactivation will contribute to better understanding of HBV kinetics after LT and lead to a 
standardized approach in preventing reactivation. Although cessation of prophylaxis may be feasible in a 
highly selected group, life-long prophylaxis is recommended outside of clinical trial settings. Future novel 
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agents may restore the immune control of HBV, whereby antiviral therapy can be safely discontinued.
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