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INTRODUCTION

Chronic hepatitis B (CHB) is a major cause of chronic liver dis-
eases in Korea and remains a threat to public health due to its
high morbidity and disease-related mortality. Since the latest ver-
sion of clinical practice guidelines of CHB in 2018 by the Korean
Association for the Study of the Liver (KASL), many studies related
to hepatitis B virus (HBV) have been published, raising the need
to revise the recommendations reflecting the most up-to-date in-

formation on management of CHB. The guidelines are intended to
provide useful information and medical guidance for clinicians re-
sponsible for diagnosing and treating Korean patients with CHB.
The current version differs from the published 2018 KASL guide-
lines, which revised the entire part about CHB, in that it primarily
focuses on the 12 major clinical topics that require updated medi-
cal information and the latest knowledge. In addition to the natu-
ral course of CHB, treatment indication, cessation of antiviral
therapy, and management for special populations covered in the
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previous version of the guidelines, this version will establish new
topics on 'Emerging Markers of HBV Infection” and ‘New Drugs
for Functional Cure,” which have recently showed advancements
for diagnosis and treatment of CHB. Recommendations on parts
of CHB not included in this guideline are noted in the 2018 guide-
lines.

The current practice of managing hepatitis B has become more
complex as many targeted and immune therapies are being widely
used for systemic treatments of cancer patients with chronic HBV
infection. In the updated guidelines, the reported rates of hepati-
tis B reactivation associated with these new drugs were added,
and prophylactic antiviral treatment was recommended accord-
ingly. In transplant settings of the liver and solid organs, the risk
of and management against post-transplant hepatitis B recurrence
were subclassified according to the status of HBV markers of do-
nors and recipients. In particular, prophylactic management of pa-
tients undergoing hematopoietic stem cell transplantation who
are at a very high rate of HBV reactivation was separately de-
scribed. The 2022 guidelines summarized the emerging therapies
for a cure of HBV and newly provided hepatocellular carcinoma
(HCQ) risk models and emerging markers of HBV for clinical utility.
In addition, the guidelines updated the feasibility of cessation of
antiviral drugs using new HBV markers and management of pa-
tients with bone and renal disease, co-infections with other hepa-
titis virus, and those at the so-called ‘grey zone.’

The Committee for 2022 KASL clinical practice guidelines for
CHB, launched in accordance with the initiative of the Board of
Directors of the KASL and approved by the council, was com-
posed of nine hepatologists. The Committee searched newly pub-
lished articles related to hepatitis B from PubMed, MEDLINE (up
to 2021), KoreaMed, as well as abstracts and proceedings of in-
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ternational academic conferences and collected necessary data
since publication of the 2018 guidelines in order to provide up-
dated recommendations based on the latest data. The levels of
evidence in the guidelines were classified by the revised Grading
of Recommendations, Assessment, Development, and Evaluation
(GRADE) system. The levels of evidence were based on the possi-
bility of change in the estimate of clinical effect by further re-
search and were described as high (A), moderate (B), or low (C).
Classification of grades of recommendation were either strong
(1) or weak (2), by the GRADE system, according to the level of
evidence, generalizability, clinical effect of the research result, and
socioeconomic aspects. Each recommendation is combined with
the level of relevant evidence (A—C) and corresponding recom-
mendation grade (1, 2) as follows: A1, A2, B1, B2, C1, and C2
(Table 1).

Expert opinions were solicited in cases of insufficient data to
make definitive conclusions. In addition, specialists representing
the Korean Society for Transplantation were invited to participate
as external consultants, regarding the recommendations on hepa-
titis B in transplant settings. Each member of the committee was
responsible for collecting, analyzing, and preparing the manu-
script in their respective fields.

Health care utilization varies depending on race, region, institu-
tion, and economic conditions. The presented guidelines can differ
from other regional guidelines as it reflected our unique medical
conditions and research results. It is intended to provide practical
and updated information for management of CHB patients. How-
ever, as the guidelines do not represent a standard treatment pro-
tocol, clinicians should keep in mind that the best management
might vary by individual patient setting. The KASL will continue to
update part or all of these guidelines based on publication of new

Table 1. Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)

Criteria

Quality of evidence
High (A)
Moderate (B)
Low (Q)
Strength of recommendations
Strong (1)

Further research is unlikely to change confidence in the estimate of the clinical effect.
Further research might change confidence in the estimate of the clinical effect.

Further research is very likely to impact confidence in the estimate of the clinical effect.

Factors influencing the strength of the recommendation were quality of the evidence, presumed

patient-important outcomes, and cost.

Weak (2)

Variability in preferences and values or high uncertainty. Recommendation is made with less certainty,

higher cost, or resource consumption.

Of the quality levels of evidence, we excluded “very low quality (D)" for convenience, which was originally included in the GRADE system and indicates that

any estimate of effect is very uncertain.
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study results. Thus, revision of the guidelines is deemed necessary
for promoting the health of Korean CHB patients.

NATURAL HISTORY

CHB is defined as persistence of serum hepatitis B surface anti-
gen (HBsAg) for more than six months. The natural course is di-

Table 2. Natural course of chronic hepatitis B

vided into five clinical phases: immune-tolerant, hepatitis B e anti-
gen (HBeAg)-positive immune-active, immune-inactive, HBeAg-
negative immune-active, and HBsAg loss or resolved HBV
infection (Table 2). The duration of these clinical phases can vary,
and the sequences of phases might not be continuous in the pa-
tient. In addition, there can be grey zone in which the features do
not correspond to any specific phase. Therefore, it is often insuffi-
cient to determine the clinical stage of infection or to decide anti-

Phases* Serologic marker ALT HBV DNA Histologic activity’
CHB, immune-tolerant HBeAg (+) Persistently normal Very high level of viral replication None/minimal
phase Anti-HBe (-) (HBV DNA level >10,000,000 [U/mL)
HBeAg-positive CHB, HBeAg (+) Elevated (persistently ~ High level of viral replication Moderate/severe
immune-active phase Can develop anti-HBe or intermittently) (HBV DNA level >20,000 IU/mL)
CHB, immune-inactive HBeAg () Persistently normal Low or undetectable HBV DNA Minimal
phase Anti-HBe (4) (HBV DNA level <2,000 [U/mL)
HBeAg-negative CHB, HBeAg () Elevated (persistently ~ Moderate to high level of HBV Moderate/severe

immune-active phase Anti-HBe (+/-)

HBsAg loss phase Normal

(resolved CHB)

HBsAg (-)
Anti-HBc (+)
Anti-HBs (+/-)

or intermittently)

replication (HBV DNA level >2,000
[U/mL)

Not detected -

ALT, alanine aminotransferase; HBV, hepatitis B virus; CHB, chronic hepatitis B; HBeAg, hepatitis B e antigen; anti-HBe, antibody to HBeAg; HBsAg, hepatitis B

surface antigen; anti-HBs, antibody to HBsAg; anti-HBc, antibody to HBcAg.

*There can be areas of grey zone among the various phases of natural courses.

"Fibrosis stage can progress during the natural course but might vary according to degree of accumulation of liver injury.

> Anti-HBs

HBV DNA

HBV DNA (log 1U/mL)
SN WA ULION N 0O

Anti-HBe >

Necroinflammatory activity

5 +++ -~+ +H~t++ =
Immune Immune active Immune Immune active HBsAg loss
Tolerant HBeAg-positive Inactive HBeAg-negative

CHB CHB CHB CHB

Figure 1. Natural course of chronic hepatitis B (CHB). HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; anti-HBs, antibody to HBsAg; HBeAg,
hepatitis B e antigen; anti-HBe, antibody to HBeAg; ALT, alanine aminotransferase.
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viral treatment based on a single alanine aminotransferase (ALT)
or HBV DNA test (Fig. 1).

Immunological features of CHB during the natural
course

CHB, immune-tolerant phase

The immune-tolerant phase is generally related to vertical trans-
mission and is characterized by HBeAg positivity, very high level
of serum HBV DNA (generally >10" IU/mL), persistently normal
level of ALT, and minimal or absence of hepatic necroinflamma-
tion.”” In a follow-up of immune-tolerant CHB patients, serum
ALT was elevated in 16% of cases, and the follow-up fibrosis
stage was not different from the initial stage in those who re-
mained immune-tolerant for 5 years.” In another study from Tai-
wan, 5% of 240 immune-tolerant CHB patients progressed to cir-
rhosis and did not develop HCC in 10 years of follow-up.* In a
Korean multi-center study, 1% of 946 immune-tolerant CHB pa-
tients progressed to cirrhosis, and 1.7% developed HCC during 10
years of follow-up.’

However, a small-scale /n vitro study suggested that early hepa-
tocarcinogenesis could be progressing even during the immune-
tolerant phase, as was evident by a high level of HBV DNA inte-
gration and clonal hepatocyte expansion in liver tissues from
immune-tolerant CHB patients as with immune-active CHB pa-
tients.® Recently, several studies reported that development of
HCC was not uncommon in the immune-tolerant phase, although
the studies included patients with serum HBV DNA <10 IU/mL,
serum ALT >upper limit of normal (ULN), or high fibrosis index,’
necessitating further studies to clarify the criteria for discriminat-
ing patients in “true” immune-tolerant phase.

The immune-tolerant phase can last for more than three de-
cades in patients infected with HBV genotype C due to late
HBeAg seroconversion.® Therefore, many female patients infected
with this genotype are in the immune-tolerant phase when they
are of childbearing age, which can lead to vertical transmission of
HBV to a child.’

HBeAg-positive CHB, immune-active phase

With increasing age, most patients in the immune-tolerant
phase experience immune responses to HBV. Such changes are
due to increased response of cytotoxic T lymphocytes to hepatitis
B core antigen (HBcAg) and HBeAg,'” resulting in destruction of
infected hepatocytes. This phase is characterized by HBeAg posi-
tivity and fluctuating courses of serum ALT and HBV DNA lev-

http://www.e-cmh.org
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els."""” Histological findings reveal moderate-to-severe necroin-
flammation.” There can be various stages of liver fibrosis according
to severity of liver injury.

Once HBeAg seroconversion occurs, the natural course of the
disease can have one of three clinical features: (1) repeated
HBeAg reversion and seroconversion, (2) immune-inactive phase,
or (3) HBeAg-negative, immune-active phase of CHB."" Typically,
10-40% of patients who experience seroconversion revert to an
HBeAg-positive state and then experience recurrence of serocon-
version at least once with progression of hepatitis activity.®" In
particular, reversion frequently occurs in patients with HBV geno-
type C, and the rate decreases with age.” Hepatic decompensa-
tion, which occurs in 5% of patients with acute exacerbation, can
be fatal.”®

CHB, immune-inactive phase

Most patients who seroconvert during the immune-active phase
progress to the immune-inactive phase, which is characterized by
HBeAg negativity, antibody to HBeAg (anti-HBe) positivity, persis-
tent normal ALT level, and HBV DNA level below 2,000 [U/mL."”?
Typical histological findings in the third phase are mild liver in-
flammation,” and various stages of liver fibrosis can reflect previ-
ous liver injury.”

This phase persists for an extended period in most patients but
has a relatively good prognosis. However, an estimated 20% of
such patients will revert to the HBeAg-negative or HBeAg-positive
immune-active phase and can experience recurring periods of re-
activation and inactivation throughout their lives, which can lead

to cirrhosis or HCC.2*

HBeAg-negative CHB, immune-active phase

Approximately 20% of patients who experience HBeAg sero-
conversion during their immune-active HBeAg-positive phase
progress to the immune-active HBeAg-negative phase, with HBV
DNA level >2,000 IU/mL, increased ALT level, and active necroin-
flammation of the liver."* These patients show HBeAg-negativity
because they harbor HBV variants in the precore (PC) or basal
core promoter (BCP) regions of HBV DNA, resulting in failure or
reduction of HBeAg production.””® The immune-active HBeAg-
negative phase is associated with older age and lower rates of
prolonged spontaneous disease remission, and most patients in
this phase will experience persistent hepatocellular inflammation
and progress to hepatic fibrosis and cirrhosis.””***° Severe fluctua-
tions of HBV DNA and ALT levels can make it difficult to differen-
tiate these patients from those in the immune-inactive phase.”

https://doi.org/10.3350/cmh.2022.0084 279
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Therefore, HBV DNA and ALT levels should be monitored in every
3 months for at least 1 year in case of immune-inactive phase to
find out the HBeAg-negative immune-active phase requiring anti-

viral treatment.**

HBsAg loss phase

During the natural course of CHB, HBsAg loss is a very rare
transition that indicates potential cure of HBV infection
(Table 3).>**” Complete cure, or “sterilizing cure,” of HBV infection
implies seroclearance of HBsAg and HBV DNA as well as complete
clearance of intrahepatic covalently closed circular DNA (cccDNA)
and/or integrated HBV DNA. However, it is difficult to achieve
these goals at present.”’ Accordingly, the realistic goal suggested
is a “functional cure,” which refers to seroclearance of HBsAg and
HBV DNA regardless of antibody to HBsAg (anti-HBs).” Despite
the presence of intrahepatic cccDNA and/or integrated HBV DNA,
it is a successful immunological control state of CHB and therefore
can be viewed as a concept similar to idealistic functional cure.”®
In certain circumstances, such as immunosuppression, the risk of
HBV reactivation persists.”®

Patients in the immune-inactive phase subsequently progress to
HBsAg loss or clearance phase at a rate of 1-2% annually.”"***
According to Liaw’s prospective data, HBsAg loss occurs in 0.5%
of CHB patients per year and 0.8% of asymptomatic chronic HBV
carriers per year.” Korean patients reportedly experience a rela-
tively low rate of HBsAg loss (0.4% annually)."" In a few patients,
serum HBV DNA can be detected at a very low titer during this
phase.*** HBsAg loss is the state of functional cure and is associ-
ated with a reduced risk of cirrhosis. However, significant risk of
HCC development remains even after HBsAg loss in male patients
and in settings where HBsAg loss has been achieved late (pres-

Table 3. Definitions of HBV cure

ence of cirrhosis or age >50 years)."**

HBsAg seroclearance is also achieved in a few patients on anti-
viral treatment, and the long-term clinical outcome compared
with that of spontaneous HBsAg seroclearance is unclear.”>** Two
studies showed no difference in HCC incidence between patients
who achieved treatment-induced and spontaneous HBsAg sero-

clearance,’*®

yet another study reported a 5-year cumulative inci-
dence of HCC of 0.9% and 3.9% in spontaneous and treatment-

induced HBsAg seroclearance patients, respectively.”

Grey zone

The natural course of CHB is divided into five phases with re-
gard to clinical indicators such as ALT and HBV DNA — immune-
tolerant, HBeAg-positive immune-active, immune-inactive,
HBeAg-negative immune-active, and HBsAg loss. However, pa-
tients who do not fit into any of the usual clinical phases are con-
sidered to be in the “grey zone.” Approximately 30% of CHB pa-
tients are in the grey zone,”>* and the prognosis and treatment
of CHB patients in the grey zone are under study.””’

The decision whether to initiate antiviral therapy for patients in
the grey zone is a clinically challenging question, and it is often
difficult to make an accurate decision without the results of a liver
biopsy. Treatment of patients in the grey zone is summarized in
the "Treatment Indication” session.

Risk factors that influence the natural history and
progression of CHB

In the natural course of CHB, the cumulative incidences of cir-
rhosis and HCC were approximately 8—20%/year and 2-5%!/
year.”®* In Korea, the reported annual and 5-year accumulated

Sterilizing cure

Idealistic functional cure Realistic functional cure

Clinical scenario Never infected

HBsAg Negative
Anti-HBs Negative/positive
HBeAg Negative

Serum HBY DNA Not detected
Hepatic cccDNA and/or integrated HBV DNA Not detected
Liver disease None

Risk of HCC Not increased

Recovery after acute HBV Chronic HBV with HBsAg loss

Negative Negative

Positive Negative/positive

Negative Negative

Not detected Not detected

Detected” Detected

None Inactive, fibrosis regress over time

Not increased Declines with time

HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; anti-HBs, antibody to HBsAg; HBeAg, hepatitis B e antigen; cccDNA, covalently closed circular DNA;

HCC, hepatocellular carcinoma.
*Insufficient evidence.
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incidences of cirrhosis are 5.1% and 23%, respectively, while
those for HCC are 0.8% and 3%.% The risk factors for CHB pro-
gressing to cirrhosis or HCC can be divided into host, viral, and
social-environmental factors (Table 4). For host factors, cirrhosis,
persistent necroinflammation, old age, male gender, family history
of HCC, and co-infection of other hepatitis virus or human immu-
nodeficiency virus (HIV) affect the risk. High level of serum HBV
DNA and/or serum HBsAg, HBV genotype C, and specific geno-
typic mutations are included as viral factors.®”® Social-environ-
mental factors for progression to cirrhosis or HCC include alcohol
consumption, metabolic syndrome, diabetes, obesity, and smok-
773 metformin,” aspirin,””® and
exert protective effects against development of HCC.

ing.”"" In contrast, coffee,
statins”**

Multiple prognostic prediction models have been developed to
estimate the risk of HCC in CHB patients (Table 5). The REACH-B
(risk estimation for HCC in chronic hepatitis B) model, which con-
sists of gender, age, serum ALT, HBeAg, and serum HBV DNA lev-
el, has been developed for HCC risk prediction in non-cirrhotic,
treatment-naive CHB patients. REACH-B model has been validat-
ed in Hong Kong and Korean cohorts of CHB patients including
those with liver cirrhosis. Areas under the receiver operating char-
acteristic curve for HCC prediction at 3 years, 5 years, and 10
years are 0.77-0.81 in those cohort.* Modified REACH-B
(mREACH-B) model, which substituted serum HBV DNA for the
liver stiffness value from the original REACH-B model, showed
better outcomes in assessment of 3-year and 5-year HCC predic-
tion in several prospective Korean studies.***” Meanwhile, PAGE-
B (platelets, age, gender, and hepatitis B) model, which was de-
veloped from Western studies,®® has been validated by several
Korean retrospective studies.”**° Modified PAGE-B (adding serum
albumin) was superior to the original PAGE-B in prediction of
5-year HCC risk in Korean CHB patients.””* Although THRI (To-
ronto HCC risk index) has shown good predictive ability for HCC
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in patients with cirrhosis,” it was not superior to mPAGE-B in Ko-
rean CHB patients.g' Meanwhile, the CAGE-B (cirrhosis and age)
and SAGE-B (stiffness and age) models, which were developed
from Western studies,” has been validated by several Korean ret-
rospective studies.”*® A recently developed FSAC (fibrosis marker
response, sex, age, cirrhosis) model that incorporates on-therapy
changes in non-invasive fibrosis markers (fibrosis-4 [FIB-4] or as-
partate aminotransferase-to-platelet ratio index [APRI]) has been
validated in a separate cohort of Korean CHB patients.”’

Recently, deep learning or artificial intelligence-assisted predic-
tion models were developed to predict the risk of HCC in patients
with CHB on antiviral treatment, and these models demonstrated
superior performance in risk stratification compared with previous

risk scores.”*°

Summary

1. The natural course of CHB is divided into five phases —
immune-tolerant, HBeAg-positive immune-active, immune-
inactive, HBeAg-negative immune-active, and HBsAg loss.
Studies on the prognosis and treatment of grey zones that
are not classified by clinical indicators, such as ALT and HBV
DNA, are in progress.

2. Several models have recently been developed to predict
the risk of HCC in CHB patients using clinical parameters,
artificial intelligence, and deep-learning technology. There
are increasing efforts to apply these models to clinical care in
patients receiving antiviral treatment.

EMERGING MARKERS OF HBV INFECTION

HBV, the Dane particle, has a diameter of approximately 44 nm

Table 4. Factors associated with development of liver cirrhosis and hepatocellular carcinoma in persons with chronic hepatitis B

Risk factor Host Viral Miscellaneous
HCCand « Older age (>40 years) « High serum HBV DNA (>2,000 IU/mL)  « Alcohol
liver cirrhosis « Persistent ALT elevation - High serum HBsAg - Metabolic syndrome
« Genotype C .

+ Male « Delayed HBeAg seroconversion - Diabetes

- Concurrent infection (HCV, HDV, HIV) - Basal core promotor mutation « Obesity
HCC « Presence of cirrhosis - Aflatoxin

- Family history of HCC - Smoking

HCC, hepatocellular carcinoma; ALT, alanine aminotransferase; HCV, hepatitis C virus; HDV, hepatitis D virus; HIV, human immunodeficiency virus; HBsAg,

hepatitis B surface antigen; HBeAg, hepatitis B e antigen.
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Table 5. HCC risk prediction models

Prediction Antiviral

Patients Variables Cutoff Cumulative incidence of HCC NPV (%)
model therapy
GAG-HCC® 820 Asian Treatment-naive Age, gender, HBY ~ Low (<100) - 99% at
(Hong Kong) DNA, cirrhosis High (>100) 10 years
CU-HCC® 1,005 Asian Treatment-naive Age, HBV DNA, Low (<5) Low (2.2% at 10 years) 97.8% at
(Hong Kong) cirrhosis, albumin, Intermediate (5-19) Intermediate (14.5% at 10 years) 10 years
bilirubin High (>19) High (29.4% at 10 years)
REACH-B® 3,584 Asian Treatment-naive Age strata, gender, Low (0-5) Low (0.5% at 10 years) 98% at
(Taiwan) HBV DNA, ALT, Intermediate (6-11) Intermediate (8.4% at 10 years) 10 years
HBeAg High (12-17) High (81.6% at 10 years)
LSM-HCC™ 1,035 Asian 38% on antiviral  Age, HBV DNA, Low (0-10) Low (0.6% at 5 years) 9949% at
(Hong Kong) therapy albumin, LSM High (11-30) High (8.8% at 5 years) 5 years
THRI® 2,079 (396 Regardless Age, gender, Low (<120) Low (2.7% at 10 years) -
HBV) Western  of antiviral platelet, etiology  Intermediate (120-240) Intermediate (9.8% at 10 years)
(Canada) therapy High (>240) High (32.19% at 10 years)
MREACH-B* 192 Asian ETV Age, gender, ALT,  Low (<10) Low (5.6% at 5 years) 96.8% at
(Korea) HBeAg, LSM High (>10) High (20.6% at 5 years) 5 years
PAGE-B* 1,325 Western ~ ETV or TDF Age, gender, Low (0-9) Low (0% at 5 years) 100% at
(Europe) platelet Intermediate (10-17) Intermediate (3% at 5 years) 5 years
High (=18) High (179% at 5 years)
mPAGE-B" 2,001 Asian ETV or TDF Age, gender, Low (0-8) Low (0.7% at 5 years) -
(Korea) platelet, albumin  Intermediate (9-12) Intermediate (5.1% at 5 years)
High (=13) High (18.4% at 5 years)
CAGE-B™ 1427 Western — ETV or TDF Age, cirrhosis, LSM Low (0-5) Low (0% at 12 years) 100% at
(Europe) Intermediate (6-10) Intermediate (1.8% at 12 years) 12 years
High (11-16) High (15.4% at 12 years)
SAGE-B* 1,427 Western ~ ETV or TDF Age, LSM Low (0-5) Low (0% at 12 years) 100% at
(Europe) Intermediate (6-10) Intermediate (4.0% at 12 years) 12 years
High (11-15) High (13.8% at 12 years)
FSAC” 5,147 Asian ETV or TDF Age, gender, Low (<2) Low (0.4% at 10 years) 99.0% at
(Korea) cirrhosis, non- Intermediate (3—-8) Intermediate (7.5% at 10 years) 10 years
invasive fibrosis  High (=9) High (36.3% at 10 years)
marker (FIB-4,
APRI) response
mMPAGE=-B 2,184 Asian ETV or TDF Age, gender, Low (<12) Low (0.5% at 5 years) =
(Korea) platelet, LSM Intermediate (12-24)  Intermediate (4.3% at 5 years)
High (>24) High (18.1% at 5 years)

HCC, hepatocellular carcinoma; NPV, negative predictive value; HBV, hepatitis B virus; ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; LSM, liver
stiffness measurement; FIB-4, fibrosis-4; APRI, aspartate aminotransferase-to-platelet ratio index.

and consists of a double-layered capsid particle enclosing a circu-
lar, incomplete double-stranded DNA genome (3.2 kb in length).
HBV has been classified into eight genotypes (A to H) by a diver-
gence >8% in the entire genomic sequence. The distribution of
HBV genotypes differs between regions and ethnicity. Genotype
C, especially the C2 subgenotype, prevails predominantly among
chronic HBV carriers in Korea.”*'"®" Genotype C HBV infection is
an independent risk factor for HCC development in addition to liv-
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er cirrhosis.””'* Patients infected with HBV genotype C tended to
have persistently positive HBeAg or fluctuating HBeAg status.

The structure of HBV consists of an external surface protein and
an internal core protein. The antigenicity to each protein is called
HBsAg and HBcAg, respectively. There are four known genes en-
coded by the genome, called C, X, P, and S. Gene S codes for the
HBsAg. The core protein (HBcAg) is coded for by gene C, and its
start codon is preceded by an upstream in-frame AUG start codon
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Table 6. Role of emerging HBV markers
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Category

Potential role

HBV marker

Natural history HBeAg seroconversion

Diagnostic tool for differentiating disease states

cccDNA activity Amounts of intrahepatic cccDNA and cccDNA activities
Endpoint for testing therapeutic agents that target cccDNA
HBV treatment Predictors of successful withdrawal of therapy

Risk of reactivation during therapy or after therapy withdrawal

HCC occurrence/recurrence Evaluation of HCC occurrence
HCC recurrence

HBV reactivation

HBV reactivation by immune-related therapy

Quantification of HBsAg, HBcrAg
Quantification of HBsAg, HBcrAg
Quantification of HBsAg, HBcrAg, HBV RNA
Quantification of HBsAg, HBV RNA, HBcrAg

Quantification of HBsAg, HBcrAg, HBV RNA,
cccDNA

Quantification of HBsAg, HBcrAg, HBV RNA,
cccDNA

HBcrAg, HBV RNA, HBV integration
HBcrAg, HBV RNA, HBV integration
HBcrAg, cccDNA

HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBcrAg, hepatitis B core-related antigen; cccDNA, covalently closed

circular DNA; HCC, hepatocellular carcinoma.

from which the pre-core protein is produced. HBeAg is produced
by proteolytic processing of the pre-core protein. HBsAg and HB-
cAg can be measured in peripheral blood because they circulate
in serum. Otherwise, HBcAg is an intracellular antigen that is ex-
pressed in infected hepatocytes. It is not detectable in serum with
available commercial assays. Antibodies for each antigen, such as
anti-HBs, anti-HBc, and anti-HBe, can be detected by serological
tests.

In addition to traditional tests above, novel virological markers
have been developed to predict prognosis, treatment response,
and off-treatment viral suppression in patients infected with HBV
(Table 6, Fig. 2)."

Serum marker

Quantitation of HBsAg

The HBV encodes the three proteins of the HBsAg, which form
the viral envelope, small (SHBsAg), middle (MHBsAg), and large
(LHBsAg). These proteins are translated from two HBV subge-
nomic mRNA transcripts, the preST mRNA and the preS2/S
mRNA. HBsAg is not only generated by transcription and transla-
tion of cccDNA, but also can be generated from HBV DNA epi-
somally integrated into the host genome. HBsAg is assembled
with core proteins and DNA polymerases during the viral replica-
tion process to form a complete virion (Dane particle). The surface
proteins also generate non-infectious excess sub-viral particles,
approximately 22 nm in diameter, with either a spherical or a long
filamentous form. The quantitation of serum HBsAg is a method
of detecting all three forms. There is a positive correlation be-
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tween levels of serum HBsAg and intrahepatic cccDNA in patients
with CHB.

Levels of HBsAg helps to distinguish inactive carriers from CHB
patients. In HBeAg-negative patients, one-time measurements of
serum HBV DNA <2,000 IU/mL and HBsAg <1,000 IU/mL suggest
future inactive carriers.'* In contrast, among HBeAg-negative
patients with lower viral load (HBV DNA <2,000 1U/mL), HCC risk
is higher in those with a high HBsAg titer (>1,000 IU/mL) than in
those with a low HBsAg titer."”’ Levels of HBsAg can predict re-
sponse during pegylated interferon (peginterferon) therapy in
HBeAg-positive patients, possibly providing a guide to stopping
treatment earlier.”® For nucleos(t)ide analogue (NA) treatment,
levels of HBsAg has emerged as a valuable tool in identifying pa-
tients who will maintain or attain inactive status or develop HB-
sAg loss if they discontinue long-term NA therapy.'”* ™"

Hepatitis B core-related antigen (HBcrAg)
HBcrAg is a composite biomarker incorporating several viral an-
tigens expressed from the pre-core/core gene: the HBcAg, HBeAg,

12

and p22 core-related antigen (p22Cr)."* Although it is not yet
commonly used in Korea, HBcrAg can be easily detected using a
chemiluminescent immunoassay kit. Significant positive correla-
tions between serum HBcrAg level and HBV DNA level, as well as
amount of intrahepatic cccDNA, have been observed in several
Asian and European studies." Serum HBcrAg level varies signifi-
cantly among the phases of HBV infection. HBcrAg is, therefore,
also a good virologic marker to differentiate HBeAg-negative CHB
patients (active disease) from HBeAg-negative chronic HBV infec-
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tion (inactive disease)."" Level of HBcrAg can potentially predict
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Figure 2. Emerging markers for chronic hepatitis B infection. rcDNA, relaxed circular DNA; pgRNA, pregenomic RNA; p22Cr, p22 core-related antigen;
HBCAg, hepatitis B core antigen; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBcrAg, hepatitis B core-related antigen; dsIDNA,
double stranded linear DNA; cccDNA, circular covalently closed DNA; HBV, hepatitis B virus.

the possibility of achieving partial cure in patients on antiviral
treatment, as defined by a sustained off-therapy virological con-
trol. In the study of 130 Hong Kong patients with undetectable
serum HBV DNA during NA, HBcrAg was detectable in 101 (78%)
samples.'” After eight years of NA treatment, 21.3% of patients
achieved serum HBcrAg <3 log10 U/mL."® Based on these find-
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ings, monitoring of HBcrAg and HBsAg quantification is recom-
mended by the Japan Society of Hepatology guidelines to identify
patients who can discontinue NA."” Furthermore, HBcrAg can be
an aid for clinicians in identifying patients with a higher risk of
HCC development or post-treatment recurrence.”®""® Recently, the
HBcrAg level has been the most emerging noninvasive predictor
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reflecting intrahepatic viral replication.

HBV RNA

Serum HBV RNA represents partially reverse-transcribed, encap-
sidated pregenomic RNA (pgRNA) in virus-like particles. Given
that pgRNA is transcribed directly from cccDNA, level of serum
HBV RNA can potentially serve as a surrogate marker for tran-
scriptionally active cccDNA."” Serum HBV RNA may be an indica-
tor for predicting off-treatment response in patients with sup-
pressed HBV under NA treatment,””"'*
additional value in differentiating CHB phases.'”> Measurement of

HBV RNA could be used to determine cccDNA activity, especially

119,124

although it has limited

with therapies in development that aim for functional cure.
Levels of HBV RNA is also associated with increased HCC risk and
post-resection recurrence in NA-treated patients."”>'”® Before a
widespread clinical application of serum HBV RNA for CHB can be
accepted and applied, the methodology for detecting and quanti-
fying serum HBV RNA should be standardized.

Intracellular marker

HBV cccDNA

In the nucleus of hepatocytes, cccDNA is maintained as a stable
mini-chromosome and acts as the template for pgRNA transcrip-
tion and viral protein production.'”’” The existence of intrahepatic
cccDNA is the molecular basis of disease chronicity and represents
a major barrier to HBV eradication. cccDNA is responsible for per-
sistence of the virus in the liver even after HBsAg loss and sero-
conversion. Occult HBV infection is a state in which HBsAg is not
detected in serum, but HBV DNA is present in liver tissue or
blood, which is believed to be due to cccDNA remaining in the
nucleus. cccDNA also causes hepatitis B reactivation in patients
receiving immunosuppressants or chemotherapy.”® In terms of
HBV treatment, current widely used NAs can block the transcrip-
tion process of RNA production from cccDNA but not remove
cccDNA itself. Therefore, cccDNA acts as a major cause of HBV
reactivation after stopping the NA, and the development of drugs
that can remove cccDNA itself is essential to cure hepatitis B.”” In
order to quantify cccDNA in the liver, invasive liver biopsy is re-
quired, making it difficult to use as a marker in clinical settings.

HBV integration into the host genome

HBV can integrate in human DNA and promote hepatocarcino-
genesis by insertional mutagenesis, increased genomic instability,
or expression of viral oncoproteins such as the protein HBx.”""'
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The application of next-generation sequencing led to character-
ization of HBV integration events. Recent studies reported that,
among patients with primary liver cancer, a higher number of HBV
integration events was associated with worse outcome.”*"**"** In
addition, cell-free HBV-integrated tumor DNA was shown to be a
circulating biomarker for detecting tumor load in a majority of pa-
tients with HBV-related HCC and aided in monitoring residual tu-

mor and recurrence clonality after tumor resection.”*"*®

HBV pgRNA

Among HBV mRNAs, 3.5-kb preC and pgRNA originate from HBV
cccDNA, and pgRNA is reverse transcribed to enable the synthesis
of HBV DNA. Intrahepatic pgRNA is considered a marker of active
HBV replication. RNA interference (RNA) therapeutics such as siR-
NA and anti-sense molecules targeting pgRNA are being developed.
However, the role of intrahepatic pgRNA as a marker for treatment
response has recently been replaced by serum HBV RNA measure-
ments.

Summary

1. Serum HBsAg, HBcrAg, and HBV RNA measurements can be
valuable indicators in stratifying CHB phases, determining
suitability for NA cessation, and predicting off-treatment
response.

2. Intracellular markers of HBV such as cccDNA and pgRNA can
be effective targets for drug development for HBV cure.

TREATMENT INDICATION

Active HBV replication is associated with increased risk of liver
damage, progression of liver disease, and liver-related complica-
tions.”” Antiviral therapy can effectively inhibit replication of the
virus.”” Inhibition of HBV replication by antiviral therapy can im-
prove hepatic inflammation, normalize serum ALT level, improve
liver fibrosis, reduce the incidence of HCC, and decrease liver-re-
lated death.™

However, currently available antiviral therapies cannot eradicate
or eliminate the virus. Furthermore, the efficacy and side effects
of the same drug can vary depending on the clinical situation.”’
Therefore, benefits and risks of antiviral therapy should be care-
fully evaluated on an individual basis. The following three factors
are fundamental components that should be taken into consider-
ation when deciding antiviral therapy: 1) the severity of liver dis-
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ease, 2) the degree of HBV replication, and 3) the presence of liver
injury (Fig. 3). The severity of liver disease can be categorized into
chronic hepatitis, compensated cirrhosis, and decompensated cir-
rhosis according to the degree of liver fibrosis. Severity of liver fi-
brosis can be evaluated by liver biopsy or non-invasive methods
using serum markers (e.g., APRI, FIB-4 index, M2BPGi)""®" or
transient elastography (TE) using Fibroscan® (Echosense, Paris,
France).*""" In general, greater than F2 fibrosis in liver biopsy is
considered significant,”” and the diagnostic cut-off for F2 is 7.8
kPa in Fibroscan® in a meta-analysis from Korea.® The degree of
HBV replication can be assessed by measuring serum HBV DNA
level. The presence of liver injury can be estimated using serum
ALT level or can be assessed by a liver biopsy. When it is accom-
panied by inflammation greater than grade A2—A3 in liver biopsy,
itis defined as moderate or more severe inflammation.'*

CHB, immune-tolerant phase

The immune-tolerant phase is characterized by HBeAg positivi-
ty, very high serum HBV DNA level (usually >10 IU/mL), and per-
sistently normal serum ALT level. In this phase, long-term progno-
sis is excellent without antiviral therapy.” ' In a long-term
observation of CHB immune-tolerant patients in Korea, the inci-
dence of HCC at 10 years was very low (1.7-2.7%) and not higher
than that of patients in the immune-active phase who received
antiviral treatment.>'**"’ To verify the immune-tolerant phase, a
liver biopsy is necessary and will show no or mild inflammation
without fibrosis. However, liver biopsy is an invasive procedure
with potential complications that limit its widespread use and re-
petitive testing in clinical practice. Hence, in real-life clinical prac-
tice, a combination of clinical findings (HBeAg positivity, high se-

HBsAg+ >6 months

Assess
- Liver disease severity (include fibrosis assessment)
- Clinical phase (include HBeAg, HBV DNA, AST/ALT)

Chronic hepatitis
- Treat if immune-active phase
- Monitor if immune-tolerant or immune-inactive phase

Immune-active
- HBeAg+ or HBeAg-
- Elevated HBV DNA'
- ALT =2xULN or
significant fibrosis
or inflammation on
non-invasive tests or
liver biopsy

Immune-tolerant

- HBeAg+

- Very high HBV DNA*

- ALT <ULN'

- No significant fibrosis
or inflammation on
non-invasive tests or
liver biopsy

- ALT <ULN

biopsy

Grey area: patients who do not fulfill above category
Close monitoring
- ALT and HBV DNA every 1-3 months, HBeAg/anti-HBe every 2—6 months to see if treatment criteria has developed.

Immune-inactive
- HBeAg-/HBeAb+
- Low-level HBV DNA
(<2,000 IU/mL)

- No significant fibrosis or
inflammation on non-
invasive tests or liver

Compensated
cirrhosis

- Treat if serum HBV
DNA is elevated
(=2,000 1U/mL)

- Consider treatment
even if serum HBV
DNA shows low-level
viremia
(<2,000 IU/mL)

Decompensated
cirrhosis
- Treat if serum HBV
DNA is detected

- For patient in persistent grey area, active evaluation with non-invasive assessment of fibrosis (e.g., fibroscan) or liver biopsy can be considered.

- Patients under special population (e.g., pregnancy, patients receiving cancer chemotherapy) may require treatment even if immune-tolerant
or inactive phase. See section on special population.

Figure 3. Algorithm for management of chronic hepatitis B virus infection. HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; HBV, hep-
atitis B virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; anti-HBe, hepatitis B e antibody. *Serum HBY DNA =10" IU/mL. "An upper
limit of normal (ULN) for ALT of 34 IU/L for males and 30 IU/L for females. *Serum HBY DNA >20,000 IU/mL for HBeAg-positive patients and HBY DNA
>2,000 IU/mL for HBeAg-negative patients.
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rum HBY DNA level, normal ALT level, and no evidence of
cirrhosis) is typically used to define the immune-tolerant phase
without liver biopsy. However, caution should be exercised con-
sidering the results of a recent study suggesting that HCC and liv-
er cirrhosis-related complications occur in a considerable number
of such patients during long-term follow-up.” In the study, the
rate of HCC at 10 years was high (12.7%) compared to another
study, although enrolled patients showed HBeAg positivity, HBV
DNA (>20,000 IU/mL), normal ALT level, and no evidence of cir-
rhosis.”

In recent studies, older age, male, relatively low serum HBV
DNA level,""* high liver stiffness value,""** and normal but high-
normal ALT level were associated with HCC development or liver-
related complications among patients presumed to be in the im-
mune-tolerant phase by combinations of clinical findings without
a liver biopsy.”

The immune-tolerant phase is usually characterized by little or
no necroinflammation without liver fibrosis, but significant fibrosis
as seen using non-invasive serum fibrosis markers (e.g., APRI, FIB-
4, M2BPGi) or TE (Fibroscan®) suggests that antiviral treatment
can be considered. The immune-tolerant phase is usually observed
in young adults and is not common in elderly patients as immune
reaction against HBV onsets with age. Indeed, elderly patients in
the presumed immune-tolerant phase showed higher possibility of
significant fibrosis (>F2) or necroinflammation (>A2) in liver biop-
sy,”* and increased risks of HCC development or liver-related
complications.”"*® Therefore, even when all the other clinical find-
ings suggest the immune-tolerant phase, a liver biopsy can be
considered to verify the immune-tolerant phase in older adults.
An age cut-off for liver biopsy consideration was suggested to be
30-40 years,"*"™" but evidence to support this approach is limit-
ed. Also, non-invasive serum fibrosis markers (e.g., APRI, FIB-4,
M2BPGi) or TE (Fibroscan®) can be used to evaluate the degree of
hepatic fibrosis and is helpful in distinguishing patients with genu-
ine immune tolerance. Among CHB patients without clinical cir-
rhosis, those with a higher liver stiffness value (>13 kPa) showed
a higher rate of HCC than those with a lower value (<13 kPa)."*®
In contrast, the cumulative probability of HCC at 5 years was neg-
ligible in the immune-tolerant group stringently defined by a low
FIB-4 index (<1.45).""

The immune-tolerant phase is also characterized by very high
level of HBV DNA, as there is little or minimal immune response
to the virus.**"" In one study, among patients with HBeAg posi-
tivity and normal ALT level, relatively low serum HBV DNA level
(<10" U/mL) was associated with a higher risk of HCC and death
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compared to those with very high serum HBV DNA level (>10
IU/mL)."** Relatively low serum HBV DNA level indicates that the
immune response has already begun to suppress the virus. In a
recent study about treatment-naive CHB patients with ALT <2
times the ULN, HBV DNA >10° [U/mL, HBeAg positivity, and HCC
risk was highest with baseline HBV DNA level of 10°” 1U/mL com-
pared to HBV DNA level greater than 10 [U/mL."?

ALT is a good indicator of liver necroinflammation, so patients
in the immune-tolerant phase show persistently normal ALT level,
as there is no or little liver necroinflammation. Patients with
slightly elevated ALT level are more likely to have fibrosis and
necroinflammation on a liver biopsy and have a higher risk of
complications during follow-up."**" Therefore, ALT at the border-
line of or slightly higher than ULN s a sign that a patient is not
genuinely in the immune-tolerant phase. However, careful inter-
pretation is needed in defining normal or elevated ALT level.
There is controversy about what constitutes healthy, normal ALT
level. Elevation of ALT can be caused by obesity and other condi-
tions not related to HBV. Recently, the cut-off level for ALT associ-
ated with increased liver-related mortality among Korean chronic
HBV-infected patients was reported to be 34 IU/L for men and 30
IU/L for women,"** Therefore, the present guidelines recommend
using these values to define normal ALT level.

The efficacy of currently available antiviral regimens is limited
for patients in the immune-tolerant phase. Antiviral treatment us-
ing NAs resulted in a poor antiviral response rate and a low
HBeAg seroclearance rate.” Furthermore, when NA treatment
was discontinued for those who started oral NA therapy at the
immune-tolerant phase, all patients showed a rebound of serum
HBV DNA level above 2,000 IU/mL, 70% showed an elevation of
ALT level, and 55% had to re-start NA therapy.””® Long-term treat-
ment might be necessary, and treatment discontinuation can be
difficult. However, in one study from Korea that compared 87 NA-
treated immune-tolerant CHB patients to 397 monitored immune-
tolerant patients as a control group, increased risk of HCC and cir-
rhosis was observed in the control group despite favorable
baseline liver function.” In a recent Korean analysis about im-
mune-tolerant phase patients based on several studies, starting
antiviral therapy in this phase is cost-effective compared with de-
laying treatment until the active phase in CHB patients, especially
considering increasing HCC risk, decreasing drug costs, and con-
sideration of productivity loss.” This finding suggests that some
patients who are presumed to be in the immune-tolerant phase
will develop complications during follow-up, and that antiviral
treatment can decrease this risk. Further studies are needed to
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identify appropriate antiviral treatment indications in patients in
the immune-tolerant phase.

[Recommendations]

1. CHB patients in the immune-tolerant phase, as defined by
HBeAg positivity, very high serum HBV DNA level (10" IU/mL),
persistently normal ALT level, and no inflammation or fibrosis
on liver biopsy, should be monitored without antiviral therapy
(B).

2. Evaluation of the degree of liver fibrosis using non-invasive
fibrosis tests or liver biopsy among presumed immune-
tolerant phase patients with normal ALT level is suggested
if the patient’s age is >30—40 years, serum HBV DNA level
is <10 IU/mL, or ALT level is approaching the borderline of
ULN, and antiviral therapy can be considered for patients
with significant liver fibrosis (B2).

HBeAg-positive and HBeAg-negative CHB, immune-
active phase

The immune-active phase is characterized by active replication
of HBV and moderate or severe necroinflammation with or with-
out fibrosis. A systematic review and meta-analysis of 15 random-
ized controlled trials and 44 observational studies showed that
antiviral treatment in the immune-active phase reduced the risk of
cirrhosis, hepatic decompensation, and HCC.”® Therefore, patients
in the immune-active phase are indicated for antiviral treatment.
Nevertheless, careful attention to HCC development is needed as
antiviral treatment cannot completely eliminate the risk of HCC."®
A recent study from Korea reported a marked reduction in liver
disease mortality by widespread use of antiviral treatments
against HBV but paradoxical increased burden of liver cancer.”™

Active replication of HBV can be confirmed by serum HBV DNA
measurement using polymerase chain reaction. Detection of HBV
DNA in the serum indicates active replication of the virus. Howev-
er, the lower limit of detection is different among HBV DNA as-
says. Moreover, many patients with low-level viremia (serum HBV
DNA level <2,000 [U/mL) show normal ALT level, little or no
necroinflammation or fibrosis on liver biopsy, and favorable out-
comes without antiviral therapy.*® Hence, not all patients with de-
tectable serum HBY DNA, but patients with serum HBV DNA level
>2,000-20,000 IU/mL for HBeAg-positive patients and serum
HBV DNA level >2,000 IU/mL for HBeAg-negative patients are
considered for antiviral therapy.”**”

288 https://doi.org/10.3350/cmh.2022.0084

Serum ALT is a convenient indicator of necroinflammation of the
liver and can be easily used in clinical practice.” Elevation of ALT
suggests hepatocellular injury and requires assessment and evalu-
ation. However, the degree of ALT elevation does not always cor-
relate with necroinflammation of the liver and can be affected by
body mass index and gender,"""® alcohol use, drug use, fatty liv-
er, and other causes unrelated to HBV.'"®*'®* A normal ALT level
does not exclude significant liver disease.®* Hence, the use of ALT
as a criterion for treatment initiation requires consideration of the
threshold of elevation. If the ALT level is elevated more than >2
times the ULN, antiviral treatment for HBV is recommended un-
less the increase is due to other causes.**"" When ALT is elevated
above but <2 times the ULN, controversy exists as to whether
these patients require antiviral treatment.*"*" Patients with se-
rum ALT elevated above but <2 times the ULN have increased risk
of liver cirrhosis and HCC compared to patients with serum ALT
within the normal range.'”'®® Yet, “normal” ALT level varies
among studies and by ethnicity.**"®’ The specific ALT levels used
in clinical trials to initiate antiviral therapy also differ.””*" There-
fore, sufficient data are not available to judge whether it is neces-
sary to start antiviral treatment in patients with serum ALT elevat-
ed above but <2 times the ULN. In this case, trends in serum ALT
and HBV DNA levels should be closely monitored to identify pos-
sible causes and to verify whether treatment for such patients
should be initiated (Fig. 3). If a patient shows persistently elevated
ALT level <2 times the ULN, the degree of fibrosis can be further
investigated by non-invasive fibrosis tests or by liver biopsy to ver-
ify whether patients require antiviral treatment due to significant
fibrosis.

Histological assessment of the liver, liver biopsy, is a corner-
stone in the evaluation of hepatic necroinflammation and fibro-
sis.””* Findings of moderate to severe necroinflammation or signifi-
cant fibrosis (>F2) indicate that antiviral treatment for HBV is
needed.”” However, a liver biopsy is an invasive procedure requir-
ing special resources that limit widespread clinical use. Serum fi-
brosis biomarkers or TE (Fibroscan®) of the liver are alternatives
that can be used to estimate degree of fibrosis.””” These non-inva-
sive biomarkers for liver fibrosis are less accurate than liver biopsy
but can be used to rule in or rule out patients with significant fi-
brosis. HBeAg, HBV DNA concentration, and ALT level have been
traditionally used to determine starting antiviral therapy, and liver
biopsy was used in a case of difficult decision for antiviral thera-
py.”® Recently, treatment initiation based on liver disease severity
as assessed by non-invasive tests (e.g., Fibroscan®) has been sug-
gested.”” However, more evidence is needed for cut-off levels of
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non-invasive tests to support treatment initiation.

Among HBeAg-positive CHB patients, spontaneous HBeAg se-
roconversion has been reported for those experiencing increase of
ALT level with HBV DNA elevation. Hence, 3—6 months of obser-
vation without antiviral treatment can be considered if spontane-
ous HBeAg seroconversion is expected.”® However, biochemical
deterioration leading to liver failure is of concern. A prospective
cohort study of 90 patients from Korea with HBeAg-positive CHB
who were monitored without antiviral therapy showed a very low
rate of spontaneous HBeAg seroconversion (1.1%), while there
was frequent biochemical deterioration and one case of liver
transplantation due to liver failure.”” Therefore, when expecting
HBeAg seroconversion, the risk of acute decompensation leading
to liver failure warrants careful attention. Another report from Ko-
rea showed that spontaneous HBeAg seroconversion can be ex-
pected for patients with non-vertical transmission and low serum
HBV DNA level.”®

CHB patients can present with severe acute exacerbation, char-
acterized by elevated HBV DNA level, serum ALT level 510 times
greater than ULN, jaundice, coagulopathy, ascites, and/or hepatic
encephalopathy. They can also be classified as having acute-on-
chronic liver failure (ACLF) when they present with symptoms and
signs of liver failure.””® Severe acute exacerbation can occur spon-
taneously,™ by drug-resistant HBV during antiviral therapy,''
with cessation of antiviral therapy,” or with anticancer chemo-
therapy.”®® NA therapy reduces mortality in patients with severe
reactivation of CHB presenting as ACLF."® Therefore, immediate
antiviral treatment is recommended for CHB patients with severe
acute exacerbation or ACLF."® Some studies have reported a
higher mortality rate among entecavir-treated patients than lami-
vudine-treated patients,”®"® but a meta-analysis of three pro-
spective and eight retrospective studies showed similar effects on
the mortality rate between entecavir and lamivudine treatment,
with a more favorable long-term outcome in entecavir.”” Howev-
er, antiviral treatment cannot fully prevent progression to liver
failure, which can lead to mortality in the case of high Model for
End-stage Liver Disease (MELD) score, moderate to severe ascites,
and/or aggravation of hepatic encephalopathy,"®* Emergent liv-
er transplantation should be considered and prepared. Steroid or
plasma exchange has been suggested in cases of severe acute ex-
acerbation and ACLF, but data are currently limited to a small
number of cases.””*™'

Some HBeAg-negative CHB patients show normal or mildly ele-
vated ALT level despite elevated HBV DNA level (>2,000 IU/mL).
Some patients progress to the immune-inactive phase spontane-
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ously—especially patients with low HBsAg level and low serum
HBV DNA level.” In a recent study about patients with HBeAg
negativity and replicative HBY DNA >2,000 IU/mL, according to
ALT level (persistently normal ALT, ALT 1-2 times the ULN, ALT
>2 times the ULN), untreated patients with ALT 1-2 times the
ULN had higher risks of HCC and death/transplantation than anti-
viral-treated patients with ALT >2 times the ULN.>* HBeAg-nega-
tive patients are those who have experienced the prior immune-
active phase, and there is possibility that various degrees of
fibrosis remain in these patients. For those with advanced fibrosis,
antiviral treatment can be considered for those with elevated HBV
DNA level regardless of ALT level.”®"" Hence, HBeAg-negative
CHB patients showing elevated HBYV DNA level (>2,000 IU/mL)
but normal or mildly elevated ALT level require careful evaluation
of their degree of fibrosis to decide if they should undergo antivi-
ral treatment or monitoring.

[Recommendations]

1. Antiviral therapy is recommended in HBeAg-positive CHB
patients with HBV DNA >20,000 IU/mL and in HBeAg-
negative CHB patients with HBV DNA >2,000 IU/mL if serum
ALT level is >2 times the ULN (A1). In cases where ALT is 1-2
times the ULN, close ALT monitoring or liver biopsy should be
considered. Antiviral therapy is recommended if liver biopsy
reveals moderate to severe necroinflammation or significant
fibrosis (>F2) (A1), which can be assessed by non-invasive
fibrosis tests (B1).

2. In patients with HBeAg-positive or HBeAg-negative CHB,
prompt antiviral therapy should be initiated in cases of acute
exacerbation, with elevation of ALT >5-10 times the ULN
and signs of liver failure such as jaundice, prothrombin time
prolongation, ascites, or hepatic encephalopathy (A1).

3.In HBeAg-negative CHB patients with HBY DNA >2,000
[U/mL and normal ALT level, follow-up can be considered.
Otherwise, liver biopsy or non-invasive fibrosis tests can be
considered for assessment of the degree of necroinflammation
and/or fibrosis to determine whether treatment is needed (B2).

CHB, immune-inactive phase

The immune-inactive phase is characterized by HBeAg-negative,
anti-HBe-positive, persistently normal ALT level, and undetectable
or low (<2,000 IU/mL) serum HBV DNA level. In this phase, long-
term outcome without antiviral treatment is good for those with-

https://doi.org/10.3350/cmh.2022.0084 289



CLINICAL and MOLECULAR

HEPATOLOGY

Volume_28 Number_2 April 2022

out advanced fibrosis.”® In contrast, risk of HCC is not low for
these patients with high FIB-4 or APRI index suggesting advanced
liver fibrosis.”*>*'**'** The immune-inactive phase is a dynamic
phase that can reactivate to an immune-active phase." Hence,
patients in the immune-inactive phase require careful assessment
of the degree of fibrosis and close monitoring of serum ALT and
HBV DNA levels to verify whether they remain in the immune-in-
active phase.

HBsAg loss or seroclearance is observed in 1-2% of patients
per year in the immune-inactive phase.”*' HBsAg seroclearance is
considered a surrogate endpoint for a functional cure of CHB.
Hence, several studies investigated whether antiviral therapy in
the immune-inactive phase can further induce HBsAg seroclear-
ance. In a study about immune-inactive phase patients with HB-
sAg <1,000 IU/mL, HBsAg loss was achieved in 44.7% of 102 pa-
tients treated with peginterferon or peginterferon/adefovir
compared to only 2.4% of 42 patients without treatment over 96
weeks. This study suggested that antiviral therapy in immune-in-
active phase patients with low HBsAg titer could be considered
for HBsAg loss.'® However, in a randomized prospective con-
trolled study for 48 weeks, when 151 immune-inactive phase pa-
tients irrespective of HBsAg titer were randomized into two
groups, the treatment group with peginterferon/adefovir or pegin-
terferon/tenofovir (DF or AF) and the no-treatment group, the rate
of HBsAg loss was not different between the two groups at 72
weeks (4% vs. 0%, respectively).* This suggests that the benefit
of antiviral therapy is limited in immune-inactive phase patients,
who have low risk for HCC or liver-related complications during
follow-up. The clinical benefit of inducing HBsAg loss by antiviral
treatment in the immune-inactive phase, in terms of achieving
treatment goals for CHB (improving overall survival or preventing
development of HCC) has not yet been demonstrated and requires
further investigation.

[Recommendations]

1. Antiviral treatment is not indicated in CHB patients in the
immune-inactive phase, determined by serum HBV DNA
<2,000 [U/mL, a normal ALT level, and no evidence of
advanced liver fibrosis (B1).

2. Antiviral treatment can be considered in CHB patients in
the immune-inactive phase with significant liver fibrosis
suggested by liver biopsy or non-invasive fibrosis tests, even
if the serum HBV DNA is less than 2,000 IU/mL (B2).
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Compensated cirrhosis

Liver cirrhosis could be diagnosed by liver biopsy. Since liver bi-
opsy is limited in real practice, clinical diagnosis of cirrhosis is usu-
ally assigned when an image study (computed tomography, ab-
dominal ultrasonography, and magnetic resonance imaging)
shows nodular liver surface, splenomegaly, or presence of intraab-
dominal collaterals suggesting portal hypertension or when en-
doscopy reveals esophageal or gastric varix or clinical symptoms
of cirrhosis.””” In addition to imaging studies, laboratory findings
such as serum albumin, bilirubin, prothrombin time, and platelets
can be helpful in diagnosis of liver cirrhosis.

Antiviral treatment for compensated cirrhosis patients can de-
crease the risk of HCC and liver-related complications™® and im-
prove liver fibrosis.”™"** Serum ALT level might not be elevated in
patients with cirrhosis, and the risk of complication is high even
for those with normal ALT level.” Hence, cirrhotic patients with
active HBV replication require antiviral treatment regardless of
ALT level. For cirrhotic patients, the risk of HCC decreases but re-
mains even after achieving a virological response to antiviral ther-
apy,”' requiring HCC surveillance.

For compensated cirrhosis patients, those with elevated HBV
DNA level (>2,000 IU/mL) are indicated for antiviral therapy. For
patients with detectable but low-level viremia (<2,000 IU/mL), re-
cent European Association for the Study of the Liver and Ameri-
can Association for the Study of Liver Diseases guidelines recom-
mend antiviral therapy.**"" An observational cohort study from
Korea reported that 33% of compensated cirrhosis patients with
low-level viremia experienced HBV DNA elevation >2,000 IU/mL
during follow-up, and this was associated with increased risk for
HCC.” Furthermore, HCC risk was higher for patients who re-
mained at low-level viremia compared to those with undetectable
HBV DNA level, antiviral treatment was inversely associated with
HCC risk in this group, and antiviral treatment could decrease the
risk of reactivation of HBV and have survival benefit in patients
with low-level viremia even after HCC development.”*** For
compensated cirrhosis patients with low-level viremia, prompt an-
tiviral treatment has the advantage of preventing HBV DNA eleva-
tion during follow-up and can decrease the risk of complications,
as shown in another observational study from Korea. In that
study, the cumulative incidence rate of HCC among cirrhotic pa-
tients with low-level viremia was 13.9% in 10 years, and they
showed higher risk of death and liver-related complications than
did treated cirrhotic patients.”**** These data support prompt an-
tiviral therapy for compensated cirrhosis with low-level viremia.
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However, in a recent study from Korea, the incidence rate of HCC
of compensated cirrhotic patients was not different between
those with HBY DNA <2,000 IU/mL without antiviral treatment
and those with complete virological response to antiviral treat-
ment.’” However, until now, there have not been any randomized
controlled trials that can assess the benefits and risks of prompt
antiviral therapy for compensated cirrhosis patients showing low-
level viremia.

[Recommendations]

1. In patients with compensated cirrhosis, antiviral therapy
should be initiated regardless of ALT level if serum HBV DNA
level is >2,000 [U/mL (A1).

2. Antiviral therapy can be initiated in compensated cirrhosis
patients regardless of ALT level, even in those with detectable
but low-level viremia (<2,000 IU/mL) (B1).

Decompensated cirrhosis

Decompensated cirrhosis includes cases with ascites, variceal

7 patients with

bleeding, hepatic encephalopathy, or jaundice.
decompensated cirrhosis might be managed in an institution that
can respond appropriately to complications and are candidates for
liver transplantation. Antiviral therapy modifies the natural history
of decompensated cirrhosis, improves liver function, decreases
the need for liver transplantation, and improves survival.”***”’
However, even if antiviral therapy is administered, it takes time to
produce a virological response and recover clinically. Some pa-
tients with severely impaired liver function do not recover despite
antiviral therapy, and liver transplantation should be considered
for such cases.” Patients with decompensated cirrhosis are prone
to liver failure with HBV reactivation, which requires prompt anti-
viral therapy when serum HBV DNA is detectable, regardless of its
serum level. Administration of interferon is contraindicated be-
cause it can cause serious side effects including liver failure even
with small doses.””

[Recommendations]

1. In patients with decompensated cirrhosis, NAs should be
initiated if serum HBV DNA is detected regardless of ALT
level. Liver transplantation should also be considered (A1).
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NEW DRUGS FOR A FUNCTIONAL CURE

HBsAg seroclearance is the desired endpoint of functional cure
for CHB. However, it cannot be fully achieved with conventional
treatment including interferon or NAs.”" Thus, many new drugs
are being developed and investigated for functional cure of CHB,
some of which have proceeded to phase 2 trials (Table 7). These
drugs can be classified into two types based on mechanism of ac-
tion: (1) drugs that directly interfere with the HBV life cycle and (2)
drugs that strengthen the host immune response to HBV infection
(Fig. 4). However, as safe and effective NAs are already available,
the success of any newly developed drug will warrant significant
reduction in serum HBsAg titer and few side effects.

Virus-targeting agents

Virus-targeting agents focus on viral genomes or proteins cru-
cial for the viral life cycle to disrupt its replication and infection.
These agents for treatment of CHB decrease titers of cccDNA or
HBsAg, and include core protein inhibitors, RNA targeted thera-
peutics, HBsAg release inhibitors, and gene-editing agents.

Capsid assembly modulator

The HBV core protein aids in capsid assembly and imports
pgRNAs and polymerases into the capsid for reverse transcription.
Then, enveloped HBV DNA is transmitted to infect other hepato-
cytes or reenter the nucleus for viral cccDNA replenishment. Thus,
inhibition of encapsidation could induce reduction of cccDNA ex-
pression,”'"*"?

NVR 3-778, ABI-H0731, and JNJ-6379 are core protein inhibi-
tors developed as oral drugs. Clinical studies of these drugs have
reported a significant reduction in serum HBV DNA but a minor
reduction in serum HBsAg titer. Therefore, use of core protein in-
hibitors alone might be inadequate for functional cure of CHB.
Thus, combination therapies with interferon or NAs were tested,
but the decrease in serum HBsAg titer remained nonsignificant
compared to that in the control group.”””"

A recent study from Korea demonstrated that ciclopirox, a syn-
thetic antifungal agent, strongly inhibits viral replication by block-
ing the HBV capsid assembly. When combined with NAs, ciclopirox
significantly reduced the serum HBV DNA level and HBsAg titer in
in vitro and in vivo studies.””®*"® Preclinical studies for the same
are currently underway.
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tion and HBsAg production, restore HBV-specific immune re-
sponse, and potentially lead to a functional cure.””® Currently, two
therapeutics are being used for RNAi-based therapy: antisense

RNA targeted therapeutics
Viral RNA forms the backbone of viral antigens and proteins.
RNAJ inhibits translation of viral transcripts to prevent its replica-

Table 7. Novel antiviral agents under development for HBV functional cure

Efficacy
Drug class Treatment regimen Mean reduction of Route Company Phase
Proportion of subjects
log10 IU/mL
Capsid assembly  ABI-H0731 AlogHBsAg >0.5:40% in TN PO Assembly 7l
modulator (Vebicorvin+NAs™" Biosciences, USA
INJ-6379+TDF/ETV?” 04in TN & HBeAg (+) PO J&J with Il
(250 mg) Arrowhead, USA
ASO (SK3228836™ 1.56in TN (300 mg@) AlogHBsAg>1: 50% in TN, SC  lonis with GSK, USA Il
1.991in VS (300 mg) 60% in VS (300 mq)
HBsAg loss: 179% in TN,
40% in VS (300 mg)
SIRNA INJ-3989+TDF/ETV” 193 AlogHBsAg>1: 98% SC - J&J with I
AlogHBsAg>2: 30% Arrowhead, USA
AB-729+NAs™ 203iInTN (90 mgg8w) HBsAg <1:14%in TN, SC  Arbutus Biopharma, |l
216iInVS©O0mgqg8w) 17%inVS (90 mgq8w) USA
Vir2218+pegIFN* 2.3in VS (with peglFN)  HBsAg loss: 8.1% SC  Vir Biotech, USA I
(with peglFN)
RG6346™ 1.0in TN AlogHBsAg >1:92% in VS SC  Roche, Switzerland, |l
17in VS with Dicerna
HBsAg release REP 2139 or REP 2165 4.2in VS HBsAg loss: 60% IV' Replicor, Canada Il
inhibitor +peglFN+TDF** AlogHBsAg >1: 87.5%
TLR-8 agonist (S-9688 (selgantolimod) AlogHBsAg >0.5: 74% in TN PO  Gilead Sciences, Il
+NAs™? AlogHBsAg >1: 2.6% in VS USA
HBsAg loss: 5% in VS
ICl ASC22 (envafolimab) 049in VS (2.5 mg/kg) IV Ascletis Pharma, Il
+TDF/ETV? China
Therapeutic NASVAC+NAS™ 0.579in TN HBsAq loss: 21.7% in TN, Nasal CIGB, Cuba 1
vaccine 0.216in VS 6.3% in VS
GS-4774+TDF7%% 0.135in TN (40 YU) SC  Gobelmmunewith I
0.166 in VS (40 YU) Gilead, USA
Combination ETV4+peglFNa2 0.57 (100 w, sVIP) HBsAg loss: 16.2% in sVIP Il
+HBV vaccine”™
JINJ-3989+JNJ-6379 2.6 (JNJ-3989 200 mg)  HBsAg <10: 29.7% J&J with Il

+ETV/TDF/TAF*

1.8 (JNJ-3989 100 mg
+JNJ-6379 250 mg)

(JNJ3989 200 mg)
12.8% (JNJ-3989 100 mg
+INJ-6379 250 mg)

Arrowhead, USA

HBV, hepatitis B virus; NAs, nucleos(t)ide analogues; TDF, tenofovir disoproxil fumarate; ETV, entecavir; TN, treatment-naive; PO, per oral; HBeAg, hepatitis B e
antigen; A, reduction after treatment; HBsAg, hepatitis B surface antigen; ASO, antisense oligonucleotide; VS, virologically stable; siRNA, small interfering RNA;
IFN, interferon; SC, subcutaneous injection; w, weeks; IV, intravenous injection; TLR, toll-like receptor; ICl, immune checkpoint inhibitor; YU, yeast units; pegIFN,
pegylated interferon; TAF, tenofovir alafenamide; sVIP, sequential HBV vaccination on an intensified schedule.
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oligonucleotides (ASO) and small interfering RNAs (siRNAs). ASOs
are 15-20-nucleotide-long single-stranded DNA oligomers, which
binds to its complementary site on the target viral RNA to form a
DNA-RNA duplex. The viral RNA in the DNA-RNA duplex is then
cleaved by ribonuclease H, inhibiting the expression of the corre-
sponding gene. On the other hand, siRNAs are 20-25 nucleotide-
long double-stranded RNA molecules. The siRNA guide strand directs
the RNA-induced silencing complex (RISC) to the complementary
target RNA, which is then cleaved by the Argonaute protein pres-
ent in the RISC.”*"**” Lipid nanoparticles or N-acetylgalactosamine
(GalNac/NAG)-linked particles are used to deliver these agents to
hepatocytes.””***

The main concerns regarding these agents include the risk of

The Korean Association for the Study of the Liver (KASL)
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off-target toxicity, the potential toxicity of the delivery vehicle,
and the risk of post-treatment reactivation by remaining cccD-
NA.”" In addition, ALT flare should be monitored during the
course of the treatment.””

In the ASO, a phase 2 clinical study was conducted for
(GSK3228836, and both treatment-naive and previously NA-treat-
ed groups each receiving 300 mg six times showed a mean reduc-
tion of more than 1.5 log10 [U/mL in serum HBsAg titer.” Several
siRNA drugs are in phase 2 clinical trials, and interim analyses were
presented at an international conference. With NA co-administration,
JNJ-3989 induced a decrease in HBsAg greater than 1.0 log10 IU/mL
in 98% of the participants and an average decrease of 1.93 log10
IU/mL.** Similar reduction in HBsAq titer was shown with AB-729,

Host immune modulators

TLR-8 agonist ICl Therapeutic vaccine
+ G5-9668 < ASC22 « NASVAC
- GS-4774

Dendritic cell  NK cell B cell T cell
© e e ° }
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Figure 4. The mechanisms of novel antiviral agents for the functional cure.

NK, natural killer; TLR, toll-like receptor; ICl, immune checkpoint inhibitor;

HBV, hepatitis B virus; NTCP, sodium taurocholate co-transporting polypeptide; SVP, subviral particle; HBsAg, hepatitis B surface antigen; HBeAg, hepati-
tis B e antigen; HBc, hepatitis B core; HBx, hepatitis B virus X protein; cccDNA, covalently closed circular DNA; ASO, antisense oligonucleotide; siRNA,

small interfering RNA.
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Vir-2218, and RG6346.222%

HBsAg release inhibitor

HBsAg release inhibitors suppress the assembly and secretion of
incomplete HBV particles (subviral particles, SVPs) to reduce se-
rum HBsAg titer and mitigate immune exhaustion in the host, en-
hancing the HBV-specific immune response. Most of these drugs
are nucleic acid polymers, of which REP 2139 and REP 2165 have
completed phase 2 clinical trials. After 48 weeks of triple combi-
nation therapy with peginterferon and tenofovir disoproxil fuma-
rate (tenofovir DF) in patients with CHB, HBsAg loss was observed
in 60% of the patients. Among them, 58.3% maintained HBsAg
loss for 48 weeks after discontinuation of REP 2139 or REP
2165.” In addition, both these drugs showed a significant thera-
peutic effect in the treatment of HBV and hepatitis D virus (HDV)
co-infection, supporting the potential of HBsAg release inhibitors
for the effective treatment of HDV infection.”

Immune modulators

One of the viral mechanisms driving CHB pathogenesis is to
overwhelm the patient’s immune response. Therefore, various
drugs are being developed to overcome this problem and achieve
a functional cure for CHB. To this end, toll-like receptor (TLR) ago-
nists, retinoic acid-inducible gene (RIG) agonists, immune check-
point inhibitors, therapeutic vaccines, genetically engineered T
cells, and monoclonal antibodies are being explored.

TLR agonist

TLRs recognize viral and bacterial pathogen-associated molecu-
lar patterns (PAMPs) and induce downstream signaling pathways
that culminate in the transcriptional activation of interferon-stim-
ulating genes. GS-9688 (selgantolimod) is a TLR-8 agonist, and
the interim results of the phase 2 clinical study in combination
with NAs were recently presented. Weekly administration of 3 mg
(S-9668 for 24 weeks decreased HBsAg titer by 0.5 log10 1U/mL
or more in 7% of treatment-naive patients (vs. 0% in the control
group) and demonstrated functional cure in 5% of patients who

were virologically stable.”"*?

Immune checkpoint inhibitor

HBV evades the HBV-specific immune response by inducing sus-
tained expression of inhibitory receptors on T cells. Therefore, a
functional cure for CHB can be achieved by overcoming the mech-
anisms underlying immune inhibition using an immune checkpoint
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inhibitor. A pilot study reported that single administration of
nivolumab (anti-PD-1), a widely used anticancer drug, to patients
with HBeAg-negative CHB significantly reduced serum HBsAg ti-
ter for 24 weeks. This showed the possibility of a functional cure
using immune checkpoint inhibitors.”* Envafolimab, developed as
an anti-PD-L1, is undergoing a phase 2 clinical trial as a combina-
tion treatment with NAs, and the interim results were recently an-
nounced. Serum HBsAg titer decreased by 0.49 log10 IU/mL during
a 12-week follow-up after a single dose of 2.5 mg Envafolimab.”*

Therapeutic vaccine

A therapeutic vaccine can enhance the host HBV-specific im-
mune response through exposure to various antigens and proteins
of HBV.

NASVAC is a nasal spray vaccine currently undergoing phase 3
clinical trials. During a follow-up period of 138 weeks, 6.3% of
the previously NA-treated group and 21.7% of the treatment-na-
ive group showed a reduction in the serum HBsAg titer.””* GS-
4774, expressing HBs, HBc, and HBx antigens, with tenofovir DF
did not show a significant decrease in serum HBsAg titer com-
pared to the control group.”**’

Combination treatment

Several drugs are being developed for the functional cure of
CHB. In many phase 2 clinical trials, NA or peginterferon was
used in combination with these drugs rather than being adminis-
tered alone for effectiveness and safety. Accordingly, combina-
tions of three or more classes of drugs are also being evaluated.

A previous study confirmed the reduction of serum HBsAg upon
combined administration of entecavir, peginterferon, and HBV
vaccine in patients with CHB who sustained virological response.
The HBsAg loss rate of 16.2% at 100 weeks was significant com-
pared to that in the control group.””®

In a recent pilot study, a combination of JNJ-3989, a siRNA
agent; JNJ-6379, a capsid assembly modulator; and NAs was ad-
ministered to the participants. All participants showed a decrease
in serum HBsAg titer by 1.0 log10 IU/mL or more in 16 weeks, and
the combination treatment was declared a breakthrough treat-
ment.”” Based on this observation, a phase 2 clinical trial was
conducted. The recent interim result showed that the three-agent
combination treatment was less effective with more adverse
events than the two-agent combination treatment with JNJ-3989
and NAs.** Therefore, not all combinations are advantageous in
terms of therapeutic and adverse effects, and further research is

http://www.e-cmh.org



warranted to determine optimal drug combinations.

Summary

1. New drugs that can achieve a functional cure for CHB are
under development. Further research is crucial to understand
the usage, efficacy, and adverse effects of each drug alone or
in combination.

CESSATION OF TREATMENT AND MONITOR-
ING AFTER ANTIVIRAL TREATMENT

Clinical biomarkers for treatment endpoint

The ultimate goal of hepatitis B treatment is to reduce mortality
and increase survival by continuously suppressing the proliferation
of HBV. This goal can only be achieved by complete eradication of
HBV in the liver in the early stages of infection; however, cccDNA
persists in the hepatocyte nucleus despite antiviral treatment, so
it is difficult to expect complete elimination of HBV. Therefore, it
is practically very difficult to determine the end of NA therapy. Al-
ternative biomarkers that are readily measurable and reflect the
achievement of treatment goals are needed when considering
cessation of NA therapy. In clinical practice, ALT normalization,
undetectable HBV DNA, HBeAg loss or seroconversion, and HB-
sAg loss or seroconversion have been used as treatment end-
points. Recently, studies that can predict sustained off-treatment
response and determine cessation of NA therapy through serum
HBsAg quantitative test, serum HBcrAg quantitative test, and se-
rum HBV RNA have been introduced."®"***"*** |dentification of
biomarkers to find the best candidates who can cease NA therapy
without clinical relapse and can achieve sustained off-treatment
response or HBsAg loss is an unmet clinical need. When stopping
NA, the virological relapse of HBV is reported to be around 20—
70%, although there are differences depending on the patient’s
condition and follow-up period.”***® Meanwhile, there are stud-
ies that the possibility of a functional cure, which is HBsAg loss,
can increase as the immune response increases with ALT flare af-
ter cessation of NA therapy. Especially, HBsAg loss is reported to
increase progressively with a higher probability in Caucasian pa-
tients with HBeAg-negative CHB who cease NA therapy.”*****°
Therefore, cessation of treatment should be carefully decided in
consideration of safety and expected off-treatment response.
Closing monitoring is recommended in all patients who discontin-
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ue NA. In particular, in cirrhotic patients, if clinical relapse occurs,
there is a risk of acute exacerbation, hepatic decompensation,
and death, so special attention is required.'**""*"*>*

The standard treatment duration of peginterferon alfa is 48
weeks.”*”** However, there have been reports that extended
dosing could be more effective in HBeAg-negative CHB.”

ALT normalization

Normalization of ALT in CHB treatment reflects a decrease in
hepatic inflammatory response, mostly associated with undetect-
able HBV DNA, and reduces clinical deterioration.® Normaliza-
tion of ALT during treatment reflects improvement in cirrhosis and
could be considered reflective of treatment goals. However, 14—
40% of patients with persistently normal ALT could have signifi-
cant fibrosis (>F2), and there is a variety of concurrent liver condi-
tions affecting ALT level, such as non-alcoholic or alcoholic fatty
liver.”®#® As such, ALT normalization alone is insufficient when
determining the endpoint of treatment.

Undetectable HBV DNA

HBV DNA level is the strongest indicator of disease progression
and long-term outcomes in the natural course of CHB.*®” HBV
DNA level is associated with histological activity in CHB patients,
with low rate of progression to decompensation and high rate of
survival in patients with low HBV DNA.”"**® Antiviral therapy can
reduce HBV DNA level, and histological improvement can be
achieved in proportion to HBV DNA reduction.”®*****° In addition,
since it reduces the progression and exacerbation of liver disease
and prevents HCC,”*"** HBV DNA is a useful alternative indicator
that reflects treatment endpoints. When HBV DNA is not detect-
able over a long term, and virological response is well maintained,
the HBsAg loss rate increases even after cessation of therapy in
patients with HBeAg-negative CHB. Therefore, cessation of thera-
py could be considered in these patients with long-term undetect-
able HBV DNA.2**#%5% The |ower is the HBV DNA level, the better
is the clinical status; however, when the HBV DNA level is 60—
2,000 1U/mL, the risk of cirrhosis and HCC is similar to that of pa-
tients with undetectable HBV DNA.**’® Evidence for HBV DNA
level as a surrogate indicator in these patients is lacking. Also, in
practice, most patients with undetectable HBY DNA relapsed after
cessation of NA therapy.”*****® Hence, undetectable HBV DNA
cannot be the sole indicator determining treatment cessation.

HBeAg loss and/or seroconversion
HBeAg seroconversion in patients with HBeAg-positive CHB is
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accompanied by HBV DNA reduction, ALT normalization, and his-
tological improvement. After HBeAg seroconversion, HBsAg loss
increases to 1.15% per year.”*** Therefore, HBeAg loss/serocon-
version in HBeAg-positive CHB could be an indicator reflecting
achievement of the treatment goal. However, after cessation of
NA therapy following HBeAg loss/seroconversion, the sustained
virological response is reported to be 62.5%, 53.4%, and 51.5%
at 1, 2, and 3 years, respectively.”® Also, in some patients,
HBeAg-negative CHB and HBeAg reversion or acute exacerbation
accompanied by jaundice can occur in severe cases,”” so there is
a limit to the indicator determining treatment cessation with only
HBeAg loss/seroconversion. Sustained undetectable HBV DNA af-
ter HBeAg loss/seroconversion and the duration of consolidation
therapy to maintain ALT normalization are important for maintain-
ing response after cessation of NA therapy,”***” but studies on
the specific period are lacking. Nevertheless, it is recommended
to maintain consolidation therapy for at least 12 months after
HBeAg loss/seroconversion,'4!>":#%26:268

Quantitative HBsAg level, quantitative HBcrAg level, and
HBV RNA

HBsAg is translated from pre-S1 and S2 messenger RNAs that
are transcribed from the S gene. HBsAg exists as three protein
subtypes (small, middle, and large) that are not differentiated by
commercial assays. Additionally, there are two non-infectious
subviral particles secreted, in spherical and filamentous forms,
with 100-fold to 100,000-fold higher levels than mature virions."™
The level of HBsAg has been found to be an indicator for off-ther-
apy sustained response in many studies.”***"* The degree of de-
cline in HBsAg level during peginterferon can predict the efficacy
of treatment-induced immune response. In patients whose HBsAg
level does not sufficiently decrease in the early phase of peginter-
feron, additional treatment is unlikely to be successful, so it is
used as the stopping rule, reducing unnecessary treatment.”** Ad-
ditionally, HBsAg level can be useful to determine if cessation of
NA therapy is an option.”"”* Chen et al. found the HBsAq level
at the end-of-treatment (EOT) was the most important predictor
for HBsAg loss and sustained response after stopping lamivudine
treatment. At EOT, the HBsAg cutoff value of 300 IU/mL could
predict 55.6% HBsAg loss in HBeAg-positive patients. In HBeAg-
negative patients, the HBsAg cutoff values of 120 and 200 IU/mL
could predict 79.2% HBsAg loss and 93.3% post-treatment sus-
tained response, respectively.”’”" In a Taiwanese study of patients
with EQT HBsAg level <100 IU/mL, the cumulative rates of clinical
relapse and sustained virological response were 9.3% and 45.5%,
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respectively, during a mean 2-year follow-up period after cessa-
tion of entecavir treatment.”’” In a large retrospective study of
691 HBeAg-negative patients who had discontinued NAs, during
a median follow-up period of 156 (2—614) weeks, virological and
clinical relapse rates were reported in 79.2% and 60.6%, respec-
tively. In this study, EOT HBsAg level <100 IU/mL was an indepen-
dent factor for HBsAg loss.””® Another study showed EOT HBsAg
level to be an independent predictor of virological and clinical re-
lapse in HBeAg-negative patients who had discontinued tenofovir
DF treatment, and HBsAg level of 80 IU/mL was the optimal value.
The virological and clinical relapse rates at 78 weeks were 19.6%
and 15.4%, respectively, in patients who achieved EOT HBsAg
<80 IU/mL. Also, the cumulative rate of HBsAg loss at 104 weeks
were 45.5% in these patients.”’”* As such, low EOT HBsAg level
(10-200 1U/mL) has been reported to be a good predictor of sus-
tained virological response and HBsAg loss after cessation of NA
therapy. Therefore, monitoring of quantitative HBsAg level during
NA therapy could be helpful in practice.”**"**"

HBcrAg contains three products encoded by the PC/core gene,
HBcAg, p22cr, and HBeAg, all of which can be measured by sero-
logical testing. Serum HBcrAg level is closely associated with in-
trahepatic total HBV DNA and cccDNA, as well as serum HBV
DNA.'*1BV821 HBerag level is useful for predicting off-treatment
sustained response after cessation of NA therapy. Recently, HB-
crAg level alone or a combination of HBsAg levels has been pro-
posed.””?”> SCALE-B score (HBsAg level [S], HBcrAg [C], age [A],
ALT [L], and tenofovir [E] used for HBV [B]) including HBsAg and
HBcrAg levels at NA discontinuation was suggested for prediction
of post-NA relapse and HBsAg loss in Asian CHB patients.”’**’®
The scoring criteria for including HBsAg and HBcrAg levels for ces-
sation of NA therapy have been proposed and incorporated into
the Japan Society of Hepatology Guidelines for the Management
of HBV infection."”

HBV RNA has been introduced as a novel biomarker for cessa-
tion of NA therapy.”®**” There are also studies that predict off-
treatment response with a combination of other indicators, such
as HBsAg level or HBcrAg level.""*” However, the value of this
indicator has not yet been evaluated as a standardized test, and it
is necessary to explore the role of HBV RNA in predicting out-
comes after cessation of NA therapy.

HBsAg loss

HBsAg loss is defined as a sustained loss of HBsAg and HBV
DNA from serum, with or without anti-HBs seroconversion.*” HB-
sAg loss is considered “functional cure” as the optimal treatment
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endpoint from a virological and clinical point of view. The progno-
sis following spontaneous HBsAg loss is excellent, except in pa-
tients with cirrhosis or those with concurrent other viral infec-
tion.” The incidence of HCC is significantly reduced when HBsAg
loss occurs before ages 4550 years.”® Some patients with HB-
sAg loss during antiviral therapy showed HBsAg reversion or low
but detectable HBV DNA, but most patients maintain HBsAg loss
and undetectable HBV DNA, and their incidence of liver complica-
tions, including HCC, is significantly lower compared to that of
patients without HBsAg loss.***"****" Therefore, HBsAg loss is
generally regarded as the optimal outcome of antiviral therapy in
CHB, reflecting the treatment goal,37 at which point NAs can be
discontinued.****"** Recently, it has been reported that HBsAg
reversion and serum HBV DNA detection are rare if antiviral ther-
apy is discontinued after HBsAg loss, defined as testing HBsAg

negative on two separate occasions at least 6 months apart.”"***

Monitoring after antiviral treatment

Although off-treatment response can persist after cessation of
NA therapy, clinical relapse can occur in some patients, and there
is a risk of acute hepatitis flare, liver decompensation, or fulmi-
nant hepatitis. Therefore, regular monitoring of liver function
tests, HBeAg, anti-HBe, and HBV DNA is needed to evaluate the
durability of the treatment response, relapse, and deterioration in
liver function. In particular, if serum HBV DNA increases after ces-
sation of NA therapy, a more intensive monitoring plan should be
implemented to determine whether NA should be re-adminis-
tered.””® HBsAg level measurement can help monitor HBsAq re-
duction or loss in patients without HBsAg loss on cessation of NA
therapy.”*****”® Even in patients in whom HBsAg loss has been
achieved, there is the potential risk for reversion of HBsAg or de-
velopment of HCC.***""*%9%82 Therefore, serum HBsAg and/or
anti-HBs should be monitored, and continuous HCC surveillance
should be performed.

[Recommendations]

1. Cessation of NA therapy is recommended after serum HBsAg
loss in CHB patients (A1).

2.In HBeAg-positive CHB patients, cessation of NA therapy
could be considered at least 12 months after HBV DNA is
undetectable and serum HBeAg loss or seroconversion has
been achieved (B2).
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3. Long-term treatment should be considered in patients with
liver cirrhosis. Indefinite NA therapy is recommended in
patients with decompensated liver cirrhosis (B1).

4. Peginterferon alfa is administered for 48 weeks (A1).

5. With reference to quantitative HBsAg level, cessation of NA
therapy could be considered (B1).

6. Biomarker test such as HBcrAg and HBV RNA can be
performed when considering cessation of NA therapy (B2).

7. Liver function testing and serum HBV DNA measurement at
1- to 6-month intervals and HBeAg/anti-HBe testing at 3-
to 6-month intervals are recommended during the first year
after cessation of antiviral treatment. Liver function testing
and serum HBV DNA measurement at 3- to 6-month intervals
and HBeAg/anti-HBe testing at 6- to 12-month intervals are
recommended if treatment response is maintained beyond
one year after antiviral therapy (B1).

8. If virological response is maintained after cessation of
NA therapy, follow-up HBsAg/anti-HBs testing should be
performed to confirm HBsAg loss, maintenance, or reversion
(B).

MANAGEMENT IN SPECIAL CONDITIONS
Patients with HCC

The aims of antiviral treatment in patients with HBV-related
HCC are suppression of HBV replication to prevent the progres-
sion of hepatic dysfunction, thereby enabling active treatment of
HCC, and reduction of HCC recurrence after curative treatment.

HBV treatment in patients undergoing curative treatment
for HCC

A recent meta-analysis demonstrated that the pooled rates of
HBV reactivation and biochemical reactivation were 20% and 9%,
respectively, in patients who underwent surgical resection for
HCC without NA treatment.’® In contrast, patients receiving anti-
viral prophylaxis had a pooled HBV reactivation rate of 2-4%. In
terms of local ablation therapies such as radiofrequency ablation
or percutaneous ethanol injection, the HBV reactivation rate in
patients who received no prophylactic NA was 5-9%, whereas
HBV reactivation was rarely diagnosed in those who received pro-
phylactic NA therapy.”** In HBsAg-positive HCC patients with
undetectable serum HBV DNA level at HCC diagnosis, some retro-
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spective studies in Korea and China reported that 22-33% of pa-
tients experienced HBV reactivation after surgical resection.”””*
The risk of HBV reactivation was lower for those receiving NA.

Several studies have reported that antiviral treatment was asso-
ciated with lower risk of tumor recurrence after curative treatment
for HBV-related HCC. A Taiwanese large-scale retrospective study
showed that patients who underwent NA treatment with entecavir,
lamivudine, telbivudine, etc. showed a significantly lower risk of
tumor recurrence or overall death after surgical resection for HCC
compared to those not treated with these drugs, although the
prevalence of cirrhosis was significantly higher.””" A Chinese ran-
domized controlled trial (RCT) to evaluate the effect of NA treat-
ment on postoperative prognosis of HBV-HCC showed that antivi-
ral treatment significantly decreased HCC recurrence (hazard ratio
[HR], 0.48; 95% confidence interval [Cl], 0.32—0.70) and HCC-re-
lated death (HR, 0.26; 95% Cl, 0.14—0.50).% Even in RCTs includ-
ing patients with low-level viremia (HBV DNA <2,000 IU/mL), anti-
viral treatment was associated with longer recurrence-free survival
and overall survival.”> NA therapy was also associated with a de-
creased risk of HCC recurrence among patients with HBV-related
HCC post-RFA (HR, 0.69; 95% Cl, 0.50—0.95).”** A meta-analysis
showed that the antiviral treatment group had significantly lower
risk of tumor recurrence (odds ratio [OR], 0.59; 95% Cl, 0.35—
0.97), liver-related mortality (OR, 0.13; 95% Cl, 0.02—-0.69), and
overall mortality (OR, 0.27; 95% Cl, 0.14—0.50) than the no antivi-
ral treatment group.”*’

Regarding the choice of oral antivirals, a Korean retrospective
study demonstrated that antiviral treatment with high-potency
NAs (i.e., entecavir and tenofovir) showed significantly longer re-
currence-free survival than both antiviral treatment with low-po-
tency NAs (i.e., lamivudine, clevudine, and telbivudine; HR, 0.47,
95% Cl, 0.34-0.65) and no antiviral treatment (HR, 0.39; 95%
Cl, 0.30—0.51).° However, it is not clear whether tenofovir and
entecavir have different effects on HCC recurrence in patients re-
ceiving curative hepatectomy for HBV-related HCC. Recent Korean
retrospective study reported that tenofovir DF therapy was associ-
ated with a significantly lower risk of HCC recurrence after cura-
tive resection and better overall patient survival compared with
entecavir.”’ In contrast, no difference in the risk of death or liver
transplantation was observed in a Taiwanese retrospective cohort
with hepatectomy for early-stage HCC, despite tenofovir DF ther-
apy being associated with a lower risk of HCC recurrence than en-
tecavir.””® The prognoses in terms of recurrence and death after
curative treatment of HBV-related HCC were not statistically dif-
ferent between the entecavir and tenofovir DF groups in a multi-
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center retrospective study in Korea.””

HBV treatment in patients undergoing locoregional
therapy for HCC

After transarterial chemoembolization (TACE), approximately
4-40% of patients with HBV-related HCC developed HBV reacti-
vation.”***% Post-TACE risks of HBV reactivation, flare-up hep-
atitis, and liver failure due to HBV reactivation were 2.8%, 2.8%,
and 0%, respectively, in the prophylactic lamivudine treatment
group and 40.5%, 29.7%, and 8.1% in the control group. There
was a significant difference between the two groups.’® After he-
patic artery infusion chemotherapy (HAIC), HBV reactivation was
reported in 24—67% of patients, which was relatively higher than
that after TACE. This finding can potentially be explained by a
larger total amount of cytotoxic chemotherapeutic agents due to
shorter treatment intervals than TACE.”>” Furthermore, prophy-
lactic antiviral treatment is significantly associated with improved
long-term survival among patients undergoing transarterial che-
motherapy, including TACE and HAIC (10-year overall survival,
26.5% vs. 12.8%).” The prospective Chinese study involved 98
patients with HBsAg-positive/HBV DNA-negative HCC reported
that HBV reactivation occurred in 23.4% of patients in the nonan-
tiviral group (11/47, 23.4%), but only 5.9% of patients in the anti-
viral group (P<0.05).***

In patients who underwent external beam radiation therapy
(EBRT) for HCC, reactivation and ALT elevation were reported in
0% and 2.3%, respectively, of the lamivudine-prophylaxis group
and 21.8% and 12.5% of the control group. The control group
had a significantly higher risk of HBV reactivation.”***” A recent
Korean retrospective study also showed that the absence of anti-
viral treatment was an independent risk factor for HBV reactiva-
tion in EBRT for HCC (OR, 8.34; 95% Cl, 2.53-27.47).”" There-
fore, preventive antiviral therapy is recommended for patients
with HCC who are scheduled to receive EBRT. The combination
treatment with TACE and EBRT had twice the risk of HBV reacti-
vation compared to TACE treatment alone.”"" In addition, either
TACE or combination treatment of TACE with EBRT can reactivate
HBV replication in HBsAg-negative/anti-HBc-positive individu-
als.”'**" Patients with prior chronic HBV infection who undergo
intensive TACE should be closely monitored, with an alternative
approach of antiviral prophylaxis against HBV reactivation.

HBV treatment in patients undergoing systemic therapy/
immune checkpoint inhibitors for HCC
HBV reactivation was diagnosed in 6.2% of patients treated
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with sorafenib based on the data of a recently published meta-
analysis.”® A few retrospective studies showed that underlying
HBV DNA >2,000 IU/mL was associated with poor prognosis in
sorafenib-treated patients, whereas antiviral prophylaxis was sig-
nificantly related to the improvement of overall survival *"**"

Immune checkpoint inhibitors can enhance host immunity and
consequently have a lower risk of HBV reactivation. However, im-
mune checkpoints can result in severe acute aggravation of hepa-
titis since it can upregulate antiviral immunity against HBV. There-
fore, suppression of HBV replication with antiviral treatment is
necessary before use of immune checkpoint inhibitors.”® The
overall pooled HBV reactivation rate was 7.8% in HCC patients
receiving immune checkpoint inhibitors, and most of them did not
receive antivirals.”® A Korean retrospective study including 398
HBV-HCC patients receiving both immune checkpoint inhibitors
and antiviral prophylaxis demonstrated that two (0.5%) showed
HBV reactivation, both of whom showed poor adherence to anti-
virals.’” In addition, retrospective studies reported that antiviral
prophylaxis is less likely to reactivate HBV regardless of baseline
HBV DNA level.*™®*" Thus, antiviral prophylaxis is recommended
in HCC patients receiving immune checkpoint inhibitors.

In atezolizumab and bevacizumab combination treatment or
lenvatinib, which have recently been approved as the first-line
treatment for liver cancer, further studies are needed due to the
lack of data on HBV reactivation.

[Recommendations]

1. In patients with HBV-related HCC, antiviral therapy should be
initiated if serum HBV DNA is detected (AT1).

2. In patients with HBsAg-positive HCC who undergo anticancer
treatment, prophylactic antiviral therapy with NAs should be
considered regardless of detectable serum HBV DNA (B1).

3. HBV reactivation should be monitored in patients with past
HBV infection undergoing anti-HCC treatment, especially
TACE or EBRT (B2).

Patients with renal dysfunction or metabolic bone
disease

Long-term administration of adefovir or tenofovir DF in the pa-
tients with CHB can result in decreased renal function and bone
mineral density. Side effects such as acute or chronic renal failure,
hypophosphatemia, and Fanconi syndrome have been report-
ed.”?” If patients already have risk factors for renal dysfunction
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and/or metabolic bone disease, or if worsening kidney function or
bone disease is detected during treatment, a change in treatment
regimen needs to be considered.

Patients with renal dysfunction or metabolic disease prior
to starting treatment

Patients with chronic kidney disease have relatively higher rate
of exposure to HBV infection.” In Korea, a 4-7% HBsAg-positive
rate has been reported among hemodialysis patients.’>*** When
starting NA treatment in patients with chronic kidney disease, the
dose must be adjusted according to the creatinine clearance
(Table 8). Tenofovir alafenamide fumarate (tenofovir AF) and te-
nofovir DF are not recommended in patients with creatinine clear-
ance below 15 and 10 mL/min, respectively, without renal re-
placement. This is also true for besifovir in cases of creatinine
clearance below 15 mL/min.

Because NA treatment itself can affect renal function or bone
density, it is necessary to select an appropriate drug if there is any
risk factor such as long-term steroid use. In addition, patients
treated with tenofovir DF should be monitored for bone mineral
density during treatment. In a large phase 3 trial comparing teno-
fovir AF and tenofovir DF over a 96-week treatment period,
among those with any risk factor for renal dysfunction (age over
50 years, hypertension, cardiovascular disease, diabetes, or hy-
perlipidemia), patients treated with tenofovir DF, compared to pa-
tients treated with tenofovir AF, had worsening renal function
(compared to baseline, median changes in estimated glomerular
filtration rate [eGFR] were -5.0 mL/min and -0.3 mL/min, respec-
tively).”*** Additionally, among those with a risk factor for de-
creasing bone density (female, age over 50 years, Asian, and
baseline eGFR <90 mL/min) patients treated with tenofovir DF
showed a greater decrease in bone mineral density compared to
patients treated with tenofovir AF (-3.29% and 1.23%, respec-
tively).**** Therefore, it is recommended to avoid the use of te-
nofovir DF among patients with risk factors for renal dysfunction
such as baseline eGFR <60 mL/min, proteinuria, albuminuria
(urine albumin: creatinine ratio >30 mg/g), hypophosphatemia
(<2.5 mg/dL), uncontrolled diabetes, or hypertension. If patients
have a diagnosis of osteopenia or osteoporosis, need to be on
chronic steroid treatment, or take other medications that can low-
er the bone density, other NAs that more weakly affect bone den-
sity should be considered over tenofovir DF (Fig. 5).”'

In addition to tenofovir AF, entecavir and besifovir have less of
an effect on renal function and bone metabolism. Besifovir, re-
cently approved for use, had been evaluated in a clinical trial for
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Table 8. Dose adjustment of NAs for adult patients with altered creatinine clearance

Creatinine clearance (mL/min)*

Recommended dose

Nucleoside analogues
Lamivudine
>50
30-49
15-29
5-14
<5
Telbivudine
>50
30-49
<30 (not requiring dialysis)
End-stage renal disease’
Entecavir
=50
30-49
10-29

<10 or hemodialysis" or continuous ambulatory

peritoneal dialysis
Nucleotide analogues

Adefovir

=50

20-49

10-19

<10

Hemodialysis'
Besifovir

>50

30-49

15-29

<15
Tenofovir disoproxil fumarate

>50

30-49

10-29

<10 with dialysis*

<10 without dialysis
Tenofovir alafenamide fumarate

=15

<15 with dialysis®

<15 without dialysis

100 mg q 24 hours

100 mg first dose, then 50 mg q 24 hours
100 mg first dose, then 25 mg g 24 hours
35 mg first dose, then 15 mg g 24 hours
35 mg first dose, then 10 mg q 24 hours

600 mg q 24 hours

600 mg q 48 hours

600 mg q 72 hours

600 mg q 96 hours

NA naive

0.5mg q 24 hours

0.25 mg g 24 hours or 0.5 mg q 48 hours
0.15mg g 24 hours or 0.5 mg q 72 hours
0.05mg q 24 hours or 0.5 mg q 7 days

10 mg g 24 hours

10 mg q 48 hours

10 mg q 72 hours

Not indicated

10 mg q 7 days following dialysis

150 mg q 24 hours
150 mg q 48 hours
150 mg q 96 hours
Not indicated

300 mg q 24 hours
300 mg q 48 hours
300 mg q 72—96 hours

Lamivudine refractory/resistant
1mgq 24 hours

0.5mg g 24 hours or 1 mg q 48 hours
0.3 mg q 24 hoursor 1 mg g 72 hours
0.1 mg q 24 hours or 1 mg q 7 days

300 mg q 7 days or after a total of approximately 12 hours of dialysis

Not indicated

25mg q 24 hours
25mg q 24 hours
Not indicated

NA, nucleos(t)ide analogue.
*Calculated using ideal (lean) body weight.
"Administered after hemodialysis.

‘Generally once a weekly, assuming three hemodialysis sessions of approximately 4 hours duration per week. Administered following completion of dialysis.

SEvidence is insufficient.
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safety in reduction of renal function and bone density. In a multi-
center phase 3 trial from Korea, the median decrease from base-
line in eGFR was -0.5 mL/min in patients with besifovir and -7.8
mL/min in patients with tenofovir DF. In terms of bone mineral
density, patients treated with besifovir showed median decreases
from baseline in bone mineral density in spine and hip of 0.33%
and 0.44%, respectively, whereas patients treated with tenofovir
DF had median decreases of 0.85% and 1.29%.** Therefore, be-
sifovir is thought to have a better effect on renal function or bone
density compared to tenofovir DF. However, besifovir is not indi-
cated in cases of severely decreased renal dysfunction (eGFR <15
mL/min) due to lack of clinical data.

Patients who developed renal dysfunction or decrease in
bone density on treatment with NAs

If patients develop renal dysfunction or decrease in bone densi-
ty while on NAs, the causative factors must be identified and cor-
rected. Then, the dose must be modified accordingly (Table 8) or
a review should be performed for drug change (Fig. 5).

A phase 3 clinical trial compared the safety of tenofovir AF to
that of tenofovir AF during 240 weeks. In this trial, patients were
given either treatment for 96 weeks each, after which some pa-
tients treated with tenofovir DF switched to tenofovir AF, while
the remaining switched to tenofovir AF at 144 weeks. Patients
who switched from tenofovir DF to tenofovir AF at 96 weeks (te-
nofovir AF for 48 weeks afterward) showed improved renal func-
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tion at 144 weeks compared to patients who continued tenofovir
DF at 144 weeks (compared to baseline, mean change in eGFR:
4.2 mL/min and -0.9 mL/min, respectively). In terms of bone min-
eral density in spine and hip, patients who were treated with te-
nofovir DF showed greater decreases than patients treated with
tenofovir AF until week 96. However, after switching to tenofovir
AF at week 96 or week 144, bone mineral density recovered to
baseline at week 240 in these patients, resulting no significant
difference in patients initially treated and then switched and those
who maintained tenofovir AF for 240 weeks.™

In another phase 3 non-inferiority switching trial, patients who
switched to tenofovir AF from tenofovir DF had improvements in
renal function (compared to baseline, median change 0.94
mL/min vs. -2.74 mL/min, respectively) and bone mineral density
(compared to baseline, median change 0.66% vs. -0.51% [hip];
1.74% vs. -0.11% [spine]) compared to patients who continued
tenofovir AF at week 48.* Additionally, in a randomized non-in-
feriority trial of patients with multidrug-resistant HBV, patients
who switched to tenofovir AF from tenofovir DF, compared to pa-
tients continuing tenofovir AF, showed a greater increase in medi-
an eGFR (compared to baseline, 7.3% vs. 1.9%, respectively) and
an improvement in bone mineral density (compared to baseline,
1.8% vs. 0.2%, respectively).® Therefore, it is thought that re-
duction in renal function and/or bone density while on tenofovir
DF can be improved by switching to tenofovir AF.

In a phase 3 trial comparing besifovir with tenofovir D, patients

Bone disease

- Chronic steroid use

« Use of medication that worsen bone
density

- Osteoporosis or osteopenia

Renal alteration

- Estimate glomerular filtration rate
<60 mL/min/1.73 m’
- Dipstick proteinuria or
urine albumin/creatinine >30 mg/g
- Low serum phosphate (<2.5 mg/dL)

Y

/

Treatment naive?

Yes

Entecavir*

No

Tenofovir AF

Tenofovir AF
Besifovir*

Y

Figure 5. Indications for selecting entecavir, tenofovir alafenamide fumarate, or besifovir over tenofovir disoproxil fumarate. AF, alafenamide fumarate.
*Dose was adjusted if creatinine clearance <50 mL/min, refer to Table 8. "Not indicated if creatinine clearance <15 mL/min without dialysis. ‘Not indi-

cated if creatinine clearance <15 mL/min.
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receiving tenofovir DF for 48 weeks showed a decrease in eGFR
by -7.8 mL/min. However, renal function as measured by eGFR
was recovered to baseline after switching to besifovir and con-
tinuing to 144 weeks. In terms of bone mineral density in spine
and hip, patients receiving tenofovir DF showed decrease of
1.12% and 0.62%, respectively. After switching to besifovir, bone
density was improved and recovered to baseline, showing no sig-
nificant difference from patients who were initially treated with
besifovir. These improvement in renal function and bone density
were maintained after 144 weeks of besifovir treatment.”’**
Therefore, during the NA treatment of CHB, if patients develop
renal dysfunction or metabolic bone disease, and/or carry risk fac-
tors, appropriate drug change can be an option for overcoming
the side effects (Fig. 5).

[Recommendations]

1. Entecavir, tenofovir AF, and besifovir are preferred over
tenofovir DF in treatment-naive CHB patients with or at risk of
renal dysfunction or metabolic bone disease (A1).

2. Treatment can be switched to tenofovir AF, besifovir, or
entecavir depending on treatment history in patients on
tenofovir DF with or at risk of renal dysfunction or metabolic
bone disease (A1).

3. NA dose should be adequately adjusted for creatinine
clearance (A1).

Patients on immunosuppression or chemotherapy

The progression of CHB is determined by the interaction be-
tween the virus and host immune response. Therefore, if the im-
mune response is suppressed by immunosuppressive therapy or

anticancer chemotherapy, the risk of reactivation increases.”

Reactivation of CHB

Reactivation of hepatitis B indicates recurrence of active necro-
tizing inflammatory disease in patients in the inactive phase of
CHB or those who recovered from previous active infection. Such
reactivation can be largely divided into two categories, “exacer-
bation of chronic HBV infection” for those with positive HBsAg
and “relapse of past HBV infection” for those with negative HB-
sAg and positive anti-HBc.>** In the latter category, patients who
remained in an “occult HBV infection” status can show viral repli-
cation triggered by immunosuppression, leading to reverse sero-

conversion or seroreversion, with redetection of HBsAg.**"** Ex-

302 https://doi.org/10.3350/cmh.2022.0084

acerbation of chronic HBV infection is defined in those with
seropositive HBsAg as an increase of serum HBV DNA by more
than 100 times the baseline level. Relapse of past HBV infection is
defined as seroconversion of HBsAg-negative to positive or detec-
tion of serum HBV DNA from undetectable level to greater than
100 IU/mL. Hepatitis flare due to HBV reactivation is defined as
a >3-fold increase in serum ALT level, to a total exceeding 100
|U/L.344'345

Various rates of reactivation have been reported but are about
20-50% in HBsAg-positive patients receiving anti-cancer chemo-
therapy. For an accurate diagnosis, liver damage related to che-
motherapy, tumor metastasis, or hepatitis secondary to other vi-
ruses should be excluded. In many cases, patients are asymptomatic
but occasionally present with jaundice or are in various stages
such as decompensated liver disease or death.*******® Typical re-
activation is noted by detection of serum HBV DNA during immu-
nosuppression or chemotherapy or elevation of serum ALT after
stopping the immunosuppressive therapy. If the reactivation oc-
curs during chemotherapy, it can lead to reduction or discontinua-
tion of chemotherapy, adversely affecting treatment success.”*”'
There are risk factors of hepatitis B reactivation related to the vi-
rus, the host, and treatment. Virus factors include serum HBV
DNA, HBeAg seropositivity, hepatocyte cccDNA, and PC/BCP mu-
tation prior to treatment; host factors include type of malignant
tumor, male gender, young age, and high serum ALT level; and
treatment factors include the type and intensity of immunosup-
pressant or chemotherapy regimen, hematopoietic stem-cell
transplantaton (HSCT), and/or solid organ transplantation.”® The
type and intensity of chemotherapy regimen related to the risk of
hepatitis B reactivation can be classified into three categories:
high risk group (reactivation risk of 10% or more), moderate risk
group (reactivation risk between 1-10%), and low risk group (re-
activation risk less than 1%) (Table 9).%'8%33%

Reactivation of hepatitis B during chemotherapy for
lymphoma and other hematologic malignancies

During chemotherapy for lymphoma, hepatitis B reactivation is
reported to be frequent, with the rate up to 24—67%. This not
only implies that the chemotherapy used for lymphoma is strong
enough to cause bone marrow suppression, but also that patients
with lymphoma have higher rates of seropositive HBsAg than
those without lymphoma.*"****’ Rituximab, commonly used in
combination with steroids for the treatment of lymphoma, is
known to increase the risk of reactivation.”®** Rituximab therapy
increased the risk of hepatitis B reactivation in patients with non-

http://www.e-cmh.org



The Korean Association for the Study of the Liver (KASL)
Clinical practice guidelines for hepatitis B

Table 9. Risk of hepatitis B reactivation associated with immune-related therapies

Risk of reactivation

Immune-related therapies

HBsAg-positive
High risk (=10%)

Moderate risk (1-10%)

Low risk (<19%)

HBsAg-negative/anti-HBc-positive
High risk (=10%)

Moderate risk (1-10%)

Low risk (<1%)

B-cell depleting agents (rituximab, ofatumumab, natalizumab, alemtuzumab, ibritumomab, and
obinutuzumab)

Human immunoglobulin G monoclonal antibody targeting CD38-expressing cells (daratumumab)*

High-dose corticosteroids (prednisone >20 mg/day, >4-week)

Anthracycline derivatives (doxorubicin, daunorubicin, and epirubicin)

Potent TNFa inhibitors (infliximab, adalimumab, certolizumab, and golimumab)

Local therapy for HCC (TACE)

Chimeric antigen receptor (CAR) T cell therapy*

Cytotoxic systemic chemotherapies other than anthracycline derivatives

Moderate-dose corticosteroids (prednisone 10-20 mg/day, >4-week)

Less potent TNFa inhibitors (etanercept)

Cytokine-based therapies (abatacept, ustekinumab, mogamulizumab, natalizumab, vedolizumab,
secukinumab®, tofacitinib*, baricitinib*, and guselkumab*)

Immunophilin inhibitors (cyclosporine)

mTOR inhibitors (everolimus*, temsirolimus®)

Tyrosine-kinase inhibitors (osimertinib, imatinib, nilotinib, gefitinib, dasatinib*, erlotinib, afatinib, ibrutinib*,
idelalisib*, palbociclib*, and ribociclib®)

Proteasome inhibitors (bortezomib)

Histone deacetylase inhibitors

Immune checkpoint inhibitors (ICls) (pembrolizumab, nivolumab, atezolizumab, durvalumab)

Antimetabolites, azathioprine, 6-mercaptopurine, methotrexate, mycophenolate mofetil, leflunomide,
hydroxychloroquine, hydroxyurea* immunomodulatory drugs (thalidomide, lenalidomide, and
pomalidomide)*

Low-dose corticosteroids (prednisone <10 mg/day)

Intra-articular steroid injections (extremely low risk)

B-cell depleting agents (rituximab, ofatumumab, natalizumab, alemtuzumab, ibritumomab, and
obinutuzumab)

High-dose corticosteroids (prednisone >20 mg/day, >4-week)

Anthracycline derivatives (doxorubicin, daunorubicin, and epirubicin)

Potent TNFa inhibitors (infliximab, adalimumab, certolizumab, and golimumab)

Cytotoxic systemic chemotherapies other than anthracycline derivatives

Cytokine-based therapies (abatacept, ustekinumab, mogamulizumab, natalizumab, vedolizumab,
secukinumab®, tofacitinib*, baricitinib*, and guselkumab*)

Immunophilin inhibitors (cyclosporine)

mTOR inhibitors (everolimus*, temsirolimus®)

Tyrosine-kinase inhibitors (osimertinib, imatinib, nilotinib, gefitinib, dasatinib*, erlotinib, afatinib, ibrutinib*,
idelalisib*, palbociclib*, and ribociclib*)

Proteasome inhibitors (bortezomib)

Human immunoglobulin GT monoclonal antibody targeting CD38-expressing cells (daratumumab)*

Histone deacetylase inhibitors

Moderate-dose (prednisone 10-20 mg/day) or low-dose (prednisone <10 mg/day) corticosteroids

Antimetabolites, azathioprine, 6-mercaptopurine, methotrexate, mycophenolate mofetil, leflunomide,
hydroxychloroquine, hydroxyurea® immunomodulatory drugs (thalidomide, lenalidomide, and
pomalidomide)*

ICls (pembrolizumab, nivolumab, atezolizumab, durvalumab)

CART cell therapy*

Modified from Loomba et al.*"®

HBsAg, hepatitis B surface antigen; TNFa, tumor necrosis factor-alpha; HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; mTOR,
mammalian target of rapamycin; HBc, hepatitis B core.
*For some immune-related therapies, the evidence for risk of hepatitis B virus reactivation is insufficient.
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Hodgkin's lymphoma who had seropositive HBsAg or seronega-
tive HBsAg/seropositive anti-HBc combination (relative risk [RR],
2.14; 95% Cl, 1.42-3.22; P<0.001). Even in patients with sero-
negative HBsAg/seropositive anti-HBc combination, the use of
rituximab therapy was associated with higher risk of reactivation
(RR, 5.52). In a retrospective observational study of lymphoma
patients treated with rituximab, hepatitis B reactivation rate was
27.8% in patients with seropositive HBsAg, and the risk could be
lowered by the prophylactic antiviral treatment (22.9% [32/140]
vs. 59.1% [13/22]; P<0.001). However, hepatitis B reactivation
developed in more than 20% of patients who received prophylac-
tic antiviral treatment. In a retrospective study, hepatitis B reacti-
vation rate was as low as 2.4% in patients with seronegative HB-
sAg/seropositive anti-HBc combination.”' According to a recent
meta-analysis, this rate was 17% in prospective studies and 7%
in retrospective studies.”® In addition, in a prospective observa-
tional study of lymphoma patients with seronegative HBsAg/sero-
positive anti-HBc combination who were treated with rituximab-
CHOP (R-CHOP) chemotherapy, hepatitis B reactivation and
subsequent worsening of hepatitis were common (10.4 vs. 6.4 per
100 person-year). In that study, there were cases where hepatitis
worsened during periodic monitoring of HBsAg and serum HBV
DNA, and immediate antiviral treatment was safe for reactivation
of hepatitis B. In particular, seroreversion of HBsAg was the most
important indicator of hepatitis B-related liver damage (100% vs.
28%).** There was a significant difference in the reactivation of
hepatitis B in patients with and without prophylactic antiviral
therapy (13.3% vs. 60%) during treatment with rituximab.”** Fur-
thermore, prior to receiving chemotherapy (R-CHOP), screening
for hepatitis B in all patients, rather than limiting to high-risk
groups, resulted in a 10-fold reduction in hepatitis B reactivation
rate and economic and survival benefits.”®® Lamivudine was the
most commonly used antiviral agent, but the hepatitis B reactiva-
tion rate was significantly lower in the entecavir group than in the
lamivudine group (6.3% vs. 39.3%; P<0.05). In a recent, prospec-
tive, randomized control study, hepatitis B reactivation was re-
ported to be 0% in the group treated with prophylactic tenofovir
DF during rituximab treatment but 10.7% (P=0.09) in the group
not receiving prophylactic antiviral therapy.*®

With other hematologic malignancies, if patients are receiving
high-intensity chemotherapy prior to HSCT, the risk of reactivation
is high.****’ In particular, in patients with seropositive HBsAg or
seronegative HBsAg/seropositive anti-HBc awaiting high intensity
chemotherapy prior to HSCT, antiviral therapy with a high barrier
to resistance is recommended.”*® During immunosuppressive ther-
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apy or chemotherapy for hematologic disorders, for patients with
evidence of hepatitis B infection, prophylactic treatment with la-
mivudine or entecavir can significantly lower the reactivation
rate.369,370

Meanwhile, in a recent Korean study evaluating 93 multiple my-
eloma patients with seronegative HBsAg who were treated with
daratumumab (anti-CD38), hepatitis B reactivation occurred in 6
(6.5%, 6/93). Subgroup analysis for patients with seronegative
HBsAg/seropositive anti-HBc combination showed a higher risk of
12.5% (3/24). Furthermore, special attention is needed because
one patient eventually died due to liver failure even though all six
hepatitis B-reactivated patients were treated with prompt antiviral
therapy.””"

Reactivation of hepatitis B during chemotherapy for solid
tumors

Reactivation of hepatitis B in patients with solid tumors occurs
in 14-21%, while that of breast cancer is higher at about 41—
70%, which is thought to be related to the high doses of treat-
ment agents and the use of anthracycline-based chemotherapy
and steroids.™"*"**” Steroids not only suppress the immune sys-
tem, but directly stimulate the replication of HBV, increasing the
risk of reactivation. Use of prophylactic antiviral agents in most
solid tumors, not only breast cancer, but also lung cancer in which
immunotherapy is being used as a first-line treatment, has signifi-
cantly reduced the rates of hepatitis B reactivation and discontin-
uation of chemotherapy treatment.”**”

Reactivation of hepatitis B during immune-related
treatments for inflammatory bowel disease (IBD) or rheu-
matoid arthritis (RA)

The reactivation of hepatitis B also might be associated with
the use of tumor necrosis factor-alpha (TNFa) inhibitors (inflix-
imab, etanercept, adalimumab, etc.) for the treatment of IBD or
RA.”>** For TNF a inhibitors used for the treatment of IBD, hepa-
titis B reactivation occurred in 22.5-39% of patients with sero-
positive HBsAg and 5% of seronegative HBsAg/seropositive anti-
HBc combination.”" In cases treated with TNFa inhibitors and
disease-modifying antirheumatic drugs (DMARDs) for RA treat-
ment, the rate of reactivation of hepatitis B was around 12.3% in
patients with seropositive HBsAg.” In another study, reactivation
was reported in 39% of HBsAg-positive patients and 5% of anti-
HBc-positive patients; among those given antiviral prophylaxis,
the reactivation rate was significantly lower (23% vs. 62%;
P=0.003).* In a meta-analysis of patients treated for RA, hepati-
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tis B reactivation occurred in 14.6% of HBsAg-positive patients
and was lower at 9.0% in those treated with prophylactic antiviral
therapy.”®* However, the reactivation rate tended to decrease in
the TNFa inhibitor treatment group (4.4% vs. 15.6%; P=0.05),
but no significant difference was observed from the DMARD
treatment group (27.1% vs. 22.4%).”* This finding might be relat-
ed with the high heterogeneity of studies included in this meta-
analysis, and further studies are needed. In the same study, hepa-
titis B reactivation occurred in 1.6% of cases where only anti-HBc
was positive.”®*

Acute exacerbation of hepatitis B during immunotherapy
treatment

Recently, immune checkpoint inhibitors such as anti-PD-1
(nivolumab), anti-PD-L1 (atezolizumab), and anti-CTLA4 (ipilim-
umab) have been used in various carcinomas including liver can-
cer. According to a recent retrospective study analyzing patients
with multiple solid cancers and some lymphomas, the incidence
rates of hepatitis B reactivation of the total patients, HBsAg-posi-
tive patients, and HBsAg-negative patients were 0.14% (5/3,465),
1.0% (5/511), and 0.0% (0/2,954), respectively. The hepatitis B
reactivation rates were 0.4% (2/464) and 6.4% (3/47) in patients
with and without antiviral prophylaxis, respectively.””” Hepatitis B
reactivation is rare in immune checkpoint inhibitor chemotherapy,
but prophylactic antiviral therapy can be considered in HBsAg-
positive patients. Pembrolizumab among various immune check-
point inhibitors showed a significant correlation with hepatitis B
reactivation.”® In a retrospective study evaluating 89 patients
with hematologic malignancies treated with chimeric antigen re-
ceptor (CAR)-T cells, all 19 HBsAg-positive patients received pro-
phylactic antiviral therapy with entecavir, but hepatitis B reactiva-
tion occurred in one (5.3%). However, hepatitis B reactivation
was not observed in patients with seronegative HBsAg/seroposi-
tive anti-HBc combination despite only two of 37 patients receiv-
ing prophylactic entecavir therapy. Furthermore, no hepatitis B re-
activation occurred during prophylactic antiviral therapy in the 33
patients with seronegative HBsAg/seronegative anti-HBc combi-
nation. Therefore, prophylactic antiviral therapy might be benefi-
cial to HBsAg-positive patients treated with CAR-T cells, who are
thought to have higher than intermediate risk of hepatitis B reac-
tivation.”® There are concerns about the possibility of acute exac-
erbation of hepatitis B in relation to these treatments, but there is
insufficient data, and further consideration of prophylactic antivi-
ral therapy is needed.
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Start and end points of prophylactic antiviral therapy

When the reactivation of hepatitis B occurs, there is a risk of liv-
er failure or even death. Therefore, prevention is most important.
Prior to starting an immunosuppressive therapy or chemotherapy,
screening for HBsAg and anti-HBc is necessary. If there is no evi-
dence of HBV infection in the past (with negative HBsAg and anti-
HBc), HBV vaccination can be considered. In HBsAg-positive cas-
es, regardless of serum HBV DNA level, antiviral prophylaxis is
recommended. Instead of waiting for the serum HBV DNA level to
rise, administering an antiviral agent at the start of the immuno-
suppressive therapy or chemotherapy or 7 days prior to the treat-
ment start date is reported to be more effective.”””**"*** The end
point of the prophylactic antiviral treatment should theoretically be
continued until the immune system is adequately recovered, but
there is lack of sufficient evidence to suggest a specific end point.
It has been reported that the risk of HBV reactivation is high when
prophylactic lamivudine is discontinued about 3 months after the
end of chemotherapy. The risk is especially higher when the serum
HBV DNA prior to the treatment is elevated (>2,000 1U/mL).*°
Therefore, when HBV is actively replicating before prophylactic
antiviral therapy, following the present CHB treatment guidelines
for the discontinuation of antiviral agents might prevent virus re-
activation after treatment. However, regardless of the serum HBV
DNA level prior to the treatment, reactivation is reported more
than 6 months after the completion of chemotherapy, so caution
is required. Therefore, antiviral prophylaxis should be maintained
for at least 6 months after the chemotherapy is completed, and
extension should be considered according to the chemotherapy
risk. Especially, for patients receiving chemotherapy involving
rituximab, it is recommended to extend the antiviral prophylaxis
to at least 12 months after the completion of chemotherapy.”'*”
Even after the end of prophylactic antiviral therapy, it is necessary
to closely monitor for relapse for more than at least 12 months.

Meanwhile, as described above, hepatitis B reactivation re-
quires attention because it can occur not only when HBsAg is
positive, but also when HBsAg is negative and anti-HBc is posi-
tive. In particular, under immunosuppressive conditions, patients
who were only positive for anti-HBc had a higher risk of hepatitis
B reactivation than patients who were positive for both anti-HBc
and anti-HBs.”"*** Therefore, when HBsAg-negative and anti-
HBc-positive patients are treated with a rituximab-containing regi-
men or HSCT for leukemia, it is necessary to consider prophylactic
antiviral therapy because the risk of hepatitis B reactivation is
greater than 10%. Meanwhile, in a Korean study analyzing the
risk of hepatitis B reactivation in patients who received chemo-
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therapy including rituximab for lymphoma, the risk of hepatitis B
reactivation was low in patients with resolved HBV (HBsAg-nega-
tive and HBcAb-positive) when anti-HBs titer was high (>100 [U/mL).
For these patients, meticulous follow-up for ALT and HBV DNA
and prompt commencement of antiviral therapy upon hepatitis B
reactivation are a possible strategy.’ For patients receiving inter-
mediate- or low-risk groups of chemotherapy, HBsAg and HBV
DNA should be monitored periodically (every 1-3 months) during
and after the chemotherapy, and antiviral treatment should be
commenced upon hepatitis B reactivation.’"®

Treatment medications

Lamivudine is the most widely studied drug for prophylactic an-
tiviral therapy. It is well known to significantly reduce reactivation,
liver failure, and death according to randomized controlled trials
of lymphoma patients in Hong Kong and Taiwan.”****"*%* How-
ever, lamivudine has been reported to be resistant even during
prophylaxis. If the treatment duration is expected to be long, it is
necessary to select a therapeutic agent with a high barrier to re-
sistance considering the resistance rate. In a retrospective study
of lymphoma patients, the incidence of hepatitis and chemothera-
py disruption due to HBV reactivation was significantly lower in
the entecavir group than in the lamivudine group.*” In a random-
ized controlled study comparing 121 patients treated with R-
CHOP chemotherapy for lymphoma as entecavir-treated (n=61)
and lamivudine-treated groups (n=60), the entecavir group per-
formed better in terms of the risk of hepatitis B reactivation (4%
vs. 18%; P=0.001) and the rate of discontinuation of chemother-
apy due to exacerbation of hepatitis B (1% vs. 11%; P=0.002).**
In a meta-analysis, entecavir prophylaxis was shown to prevent
reactivation of hepatitis B more effectively than lamivudine pro-
phylaxis.*® In a retrospective comparative analysis of 419 CHB
patients who received chemotherapy for solid cancers and lym-
phoma in Korea, HBeAg positivity, serum HBV DNA, and cancer
types were identified as risk factors related to hepatitis B reactiva-
tion, and a risk stratification tool was developed based these fac-
tors. This study also confirmed that entecavir had a better preven-
tive effect than lamivudine or telbivudine in the high-risk group.*
However, since most prophylactic therapy studies were conducted
on lymphoma patients, prospective studies evaluating various
malignancies including solid cancers on appropriate antiviral
agents and treatment duration for each cancer type and antican-
cer drug are needed. Considering the failure rate and tolerance
rate, entecavir and tenofovir are expected to be relatively safe op-
tions. In a retrospective study evaluating patients receiving che-
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motherapy or immunosuppressant treatment for solid cancers,
lymphoma, or rheumatic diseases, the tenofovir AF group (n=11)
had similar effects compared to the entecavir group (n=66)
in terms of HBV DNA reduction effect (-2.83+1.45 log IU/mL
vs. -3.05+2.47 log 1U/mL; P=0.86), HBV non-detection rate (78.8
vs. 90.9%; P=0.68), and renal function decline rate (-0.62+11.2
mL/min/1.73 m’ vs. -3.6713.2 mL/min/1.73 m’; P=0.29), respec-
tively."”" Therefore, tenofovir AF can also be considered as a safe
drug with good preventive effects. Such a conclusion regarding
besifovir requires additional data. However, considering the char-
acteristics of the drugs, entecavir, tenofovir AF, and besifovir are
expected to be relatively safe choices as a prophylactic antiviral
treatment for patients at risk or with renal and/or bone diseases.

[Recommendations]

1. If HBV infection is not confirmed, screening for HBsAg and
anti-HBc before immunosuppression or chemotherapy is
recommended. If either is positive, HBV DNA testing should
be performed (A1).

2.If either HBsAg is positive or HBV DNA is detected,
prophylactic antiviral therapy should be initiated before or
at the start of immunosuppression or chemotherapy (A1).
Antiviral agents should be selected based on comprehensive
consideration of serum HBV DNA level, the intensity and
duration of immunosuppression or chemotherapy, and
presence or risk of renal and/or bone diseases. Entecavir or
tenofovir (DF or AF) is preferred (B1), and besifovir could be
an alternative option (C1).

3. In HBsAg-negative, HBV DNA-undetectable, and anti-HBc-
positive patients, serum HBsAg and HBV DNA should be
monitored during high-risk immunosuppression/chemotherapy
and antiviral therapy started when HBV reactivation occurs
(A1). In particular, when a regimen includes rituximab and/
or other B-cell depleting agents, antiviral therapy can be
initiated at the start of immunosuppression or chemotherapy
(B1).

4. Prophylactic antiviral therapy should be maintained for at
least 6 months after the termination of immunosuppression
or chemotherapy and for at least 12 months after the
termination of therapy if rituximab and/or other B-cell
depleting agents were included (B1).

5. Periodic monitoring of serum HBV DNA is recommended
during and after prophylactic antiviral therapy (A1).
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Hematopoietic stem cell transplantation

Patients with CHB who require HSCT for hematologic malignan-
cies are immunosuppressed for a prolonged period due to the
high-dose chemotherapy and hematological diseases itself. This
increases the risk of hepatitis B reactivation and leads to a poor
prognosis.***** Therefore, all HSCT recipients should be tested for
HBsAg, anti-HBc, and anti-HBs before transplantation. Quantita-
tive serum HBV DNA test should be performed for patients who
are HBsAg-positive/anti-HBc-positive or HBsAg-negative/anti-HBc
positive, regardless of whether they have anti-HBs or not. Hepati-
tis B vaccination should be administered and anti-HBs titers
should be monitored for all hematologic malignancy patients who
are HBsAg-negative/anti-HBs-negative. In small retrospective
studies of HBsAg-positive recipients of allogeneic or autologous
stem cell transplantation, prophylactic lamivudine treatment for
6—12 months significantly reduced the frequency of hepatitis B re-
activation.””*** In another study, HBsAg-positive recipients of al-
logeneic stem cell transplants underwent prophylactic antiviral
treatment for up to 6 months after termination of immunosup-
pressive therapy and were followed for 24 months after transplan-
tation. The cumulative reactivation rate of hepatitis B was signifi-
cantly higher in patients receiving lamivudine (24%) compared to
patients receiving entecavir (2%). Recent meta-analyses have also
demonstrated the efficacy of entecavir in preventing hepatitis B
reactivation. "%

Hepatitis B reactivation is not infrequent in HSCT recipients with
seronegative HBsAg/seropositive anti-HBc. In a prospective co-
hort study in which 62 HBsAg-negative and anti-HBc-positive al-
logeneic stem cell transplant recipients were followed for 48
weeks, the 2-year cumulative reactivation rate (detectable HBV
DNA >10 1U/mL) was 40.8%.""" In a retrospective study that fol-
lowed HSCT recipients with past HBV infection in Korea for a me-
dian of 78 months, the hepatitis B reactivation rate was 2.6%
(3/114). In another retrospective study with median follow-up of
21 months, hepatitis B reactivation occurred in four of 96 patients
who received prophylactic antiviral therapy for 7 months and in 8
of 219 patients who did not receive prophylactic antiviral thera-
py. "% According to observational studies, in HBsAg-negative
and anti-HBc-positive allogeneic HSCT recipients, the 5-year cu-
mulative incidence of hepatitis B reactivation is frequent (10.5—
43.0%), so it is reasonable to commence prophylactic antiviral
agents."”
phylactic antiviral treatment until 6—18 months after completion
of HSCT: however, there is no unified consensus.'**'>" 3841413 A

Various global guidelines recommend maintaining pro-
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cording to a recent study, hepatitis B reactivation was continu-
ously reported up to 5-7 years after HSCT."**"* Therefore, it
might be safe to maintain prophylactic antiviral therapy for a long
time after the completion of HSCT, and further studies on the tim-
ing of discontinuation of prophylactic antiviral therapy are need-
ed.

All HBsAg-positive solid organ transplantation and HSCT recipi-
ents should receive prophylactic antiviral therapy along with
transplantation, and entecavir or tenofovir DF is preferred because
long-term treatment is required. Although additional data are
needed, given the characteristics of the drugs, entecavir, tenofovir
AF, or besifovir could be recommended as a prophylactic antiviral
treatment for patients at risk or with renal and/or bone diseases.

[Recommendations]

1. All HSCT recipients should be tested for HBsAg, anti-HBc, and
anti-HBs before transplantation (A1).

2. Quantitative serum HBV DNA test should be performed for
patients who are HBsAg-positive/anti-HBc-positive or HBsAg-
negative/anti-HBc-positive, regardless of whether they have
anti-HBs or not (B1).

3. Hepatitis B vaccination should be administered and anti-HBs
titers should be monitored for all hematologic malignancy
patients who are HBsAg-negative/anti-HBs-negative (C1).

4. All HBsAg-positive or HBV DNA-positive HSCT recipients
should receive prophylactic antiviral therapy at the time of
transplantation (A1). Antiviral agents should be selected based
on comprehensive consideration of serum HBV DNA level, the
intensity and duration of immunosuppression or chemotherapy,
and presence or risk of renal and/or bone diseases. Entecavir
or tenofovir (DF or AF) is preferred for long-term treatment (B1),
and besifovir could be an alternative option (C1).

5. HBsAg-negative, HBV DNA undetectable, but anti-HBc-positive
HSCT recipients are recommended to start prophylactic
antiviral therapy at the time of transplantation (B1).

6. Prophylactic antiviral therapy should be maintained for at
least 12 months after HSCT (B1).

Liver transplant patient

Prevention of HBV recurrence after liver transplantation is very
important in patients receiving a liver transplantation. The current
standard treatment is a combination of NA and hepatitis B immu-
noglobulin (HBIG), which lowers the posttransplant HBV reinfec-
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tion rate to less than 5%.”"*" Entecavir, tenofovir DF, and tenofo-
vir AF are preferred antivirals because of their high potency and
low rate of drug resistance.***'**” As switching from other anti-
viral to tenofovir AF for HBV prophylaxis led to excellent virologi-
cal response and a trend toward improvement in renal function in
several recent studies, tenofovir AF is a reasonable option in post-
transplant patients who have or are at risk for renal or bone dis-
ease.”"**" With the advent of NA with high potency, efforts to re-
duce the duration of HBIG, which is expensive and inconvenient
due to the parenteral route of administration, have been made in
many transplantation centers.””®“** In these studies, HBV recur-
rence rate was low at 0-13% when lifelong highly potent NAs
were combined with a short period of HBIG (7 days to 1 year) af-
ter transplantation. In addition, HBIG-free prophylaxis using NA
alone showed 8-year HBsAg negativity of 92% and 88%, respec-
tively, in two studies, showing that NA monotherapy can effec-
tively prevent posttransplant HBV recurrence.””**” NA monother-
apy without HBIG has shown to be safe and effective in
preventing HBV recurrence and transplant failure and warrants fa-
vorable long-term survival rate in liver transplant patients. There-
fore, adjusting the period of HBIG use by evaluating the risk of
HBV recurrence at the time of transplantation for each patient is
recommended. Patients with a low risk of recurrence (HBV DNA
negative at liver transplantation) can receive a short course or

Anti-HBc (+) donors

HBIG-free regimens but need continued monoprophylaxis with a
potent NA. Conversely, patients with a high risk of recurrence
(HBV DNA positive at liver transplantation, HDV coinfection, or
poor adherence to NA therapy) should receive lifelong combina-
tion of HBIG and a potent NA.*****

Since a HBsAg-negative/anti-HBc-positive donor liver is sugges-
tive of occult HBV infection, it is appropriate to preferentially
transplant it to a HBsAg-positive recipient considering the possi-
bility HBV reactivation after liver transplantation. HBsAg-negative
patients receiving anti-HBc-positive liver grafts have different HBV
reactivation rates from 10-80% depending on recipient's immu-
nization against HBV.*' The HBV incidence rate was highest at
47.8% when the recipient was not immune to HBV (anti-HBs-neg-
ative, anti-HBc-negative) and lowest at 1.4% when both anti-HBs
and anti-HBc were positive.””” The HBV incidence rate was 13.1%
in recipients with anti-HBs-negative and anti-HBc-positive, and
9.7% in recipients who developed immunity through HBV vaccine
(anti-HBs-positive, anti-HBc-negative). In HBsAg-negative patients
receiving liver transplantation from an anti-HBc-positive donor,
administration of prophylactic antiviral drugs significantly reduced
the incidence of HBV infection from 47.8% to 12% in recipients
who were not immune to hepatitis B (anti-HBs-negative, anti-HBc-
negative), from 15.2% to 3.4% in those with anti-HBc-positivity,
and from 9.7% to 0% in those who developed immunity through

r \
| HBsAg (+) recipients | HBsAg (-) recipients
\ A \ \ \
| NavHeG | Anti-HBc () Anti-HBc (+) Anti-HBc () Anti-HBC (1)
Anti-HBs (-) Anti-HBs (-) Anti-HBs (+) Anti-HBs (+)
\4 \ \4 \ 4
Reactivationrateof | | 478% | | B || 9.7% N 149
HBV without
antiviral prophylaxis*
v \ 4 v \ 4
Treatment | No treatment
NA NA NA or

NA

Figure 6. Strategies after liver transplantation in patients receiving anti-HBc-positive liver graft. Anti-HBc, antibody to HBcAg; HBsAg, hepatitis B sur-
face antigen; NA, nucleos(t)ide analogue; HBIG, hepatitis B immunoglobulin; anti-HBs, antibody to HBsAg; HBV, hepatitis B virus. *Pooled data from the

study by Cholongitas et al.””
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HBV vaccine (anti-HBs-positive, anti-HBc-negative).”’' Thus, treat-
ment of patients receiving anti-HBc-positive liver grafts should
depend on their immunization against HBV (Fig. 6). NAs should
be started immediately after surgery and be continued. Further
studies are needed to determine whether antiviral therapy is un-
necessary in patients who are both anti-HBs and anti-HBc-posi-
tive. Lamivudine has been used mostly because of its favorable
cost-effectiveness;**** however, drugs with high potency and
low rate of resistance such as entecavir, tenofovir DF, and tenofo-
vir AF are expected to be used more in the future.

[Recommendations]

1.In HBV-related liver transplant recipients, prophylactic
combination of HBIG and a potent NA posttransplantation is
recommended for the prevention of HBV recurrence (B1).

- Patients with a low risk of recurrence (HBV DNA negative
at liver transplantation) can receive a short course or HBIG-
free regimens but need continued monoprophylaxis with a
potent NA (B1).

- Patients with a high risk of recurrence (HBV DNA positive
at liver transplantation, HDV coinfection, or poor adherence
to NA therapy) should receive lifelong combination of HBIG
and a potent NA (B1).

2. Considering the risk of renal dysfunction and/or bone diseases
after liver transplantation, potent antivirals with low rate
of resistance such as entecavir and tenofovir (AF or DF) are
preferred antiviral drugs (B1), and besifovir can be considered
().

3. HBsAg-negative patients receiving anti-HBc-positive liver
grafts show variation in HBV reactivation rate depending on
the recipient’s immunization status against HBV (Fig. 6) and
should receive NA therapy accordingly (B1).

Non-liver solid organ transplant recipients

All non-liver solid organ transplantation recipients should be
evaluated for HBV infection and immunity with HBsAg, anti-HBc,
and anti-HBs. Patients who are HBsAg-positive should undergo
ALT and HBV DNA measurements and staging with biopsy or non-
invasive fibrosis tests to determine whether advanced fibrosis or
cirrhosis is present. HBsAg-positive renal transplant recipients are
at high risk for persistent viral activity or reactivation and have a
significantly higher mortality rate due to liver-related complica-
tions such as liver cirrhosis and HCC.***** Recent reports indicate
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that antiviral therapy significantly decreased the HBV reactivation
rate and increased the survival of HBsAg-positive renal transplant
recipients.”"**® Therefore, all HBsAg-positive organ transplant re-
cipients should receive antiviral therapy before or right after liver
transplantation. Entecavir and tenofovir (AF or DF) can be consid-
ered because of high potency and the low rate of resistance in
long-term use, and patients who are at risk for renal dysfunction
should receive entecavir and tenofovir AF preferably. With the in-
troduction of effective antiviral therapy, patients with CHB and
those with compensated cirrhosis without portal hypertension be-
came able to receive solid organ transplants, and successful cases
of kidney transplantation have been reported.””” However, in pa-
tients with advanced or decompensated cirrhosis who are at risk
of liver failure, simultaneous transplantation of the liver and other
organs, such as kidneys, heart, and lungs, should be considered.

Recurrence of HBV in HBsAg-negative solid organ transplant re-
cipients can be divided into two cases: one with transmission of
HBV from a HBsAg-negative and anti-HBc-positive donor and two
with reactivation in an anti-HBs-negative and anti-HBc-positive
recipient after transplantation. The rate of HBsAg positivity after
kidney transplantation caused by HBV transmission from HBsAg-
negative and anti-HBc-positive kidney donor was very low at 0%
to 3%.“"** The HBV reactivation rate in anti-HBs-negative and
anti-HBc-positive kidney recipients varied from 0% to 12% de-
pending on the recipient's immunization against HBV.***** The
reactivation rate was significantly higher in recipients with anti-
HBc-positive and anti-HBs-negative (5.6—12.0%) than in those
with anti-HBc-positive and anti-HBs positive (1.1-2.7%).** %%+
Thus, HBsAg-negative, anti-HBc-positive recipients should be
monitored for HBsAg positivity after solid organ transplantation,
and NA of entecavir, tenofovir DF, or tenofovir AF should be ad-
ministered in case of HBsAg detection.

[Recommendations]

1. All non-liver solid organ transplantation recipients should be
tested for HBsAg, anti-HBc, and anti-HBs before transplantation
(A1).

2. All HBsAg-positive or HBV DNA-positive solid organ transplant
recipients should start prophylactic antiviral treatment at the
time of transplantation (A1). Considering the risk of renal
dysfunction and/or bone diseases after transplantation, potent
antivirals with low rate of resistance such as entecavir and
tenofovir (AF or DF) are preferred (B1), and besifovir can be
considered (C1).
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3. HBsAg-negative, HBV DNA-undetectable, but anti-HBc-
positive solid organ transplant recipients should be monitored
for HBV infection after transplantation (B1).

Coinfection with other viruses

Hepatitis C virus (HCV) coinfection

In patients with CHB, the anti-HCV-positivity rate varies from
1.5% to 2.4% in Korea.”*** Patients with HBV/HCV coinfection
have more severe necroinflammation and fibrosis as well as high
risk of cirrhosis and HCC compared to those with a monoinfec-
tion.”***** Patients with HBV/HCV coinfection should be tested for
HBV DNA and HCV RNA before antiviral treatment for each virus.
If HCV RNA is detectable, antiviral treatment for HCV (direct act-
ing antiviral [DAA] therapy) should be started. If HBV DNA is de-
tectable, check for ALT, HBV DNA, and presence of liver cirrhosis
and treat according to the HBV guidelines, as with HBV monoin-
fection (Fig. 3).

There is a potential risk of HBV reactivation during DAA therapy
or after clearance of HCV. In a meta-analysis, HBV DNA was new-
ly detected or the level increased in 14.1% of patients after ad-
ministration of DAAs for 4-12 weeks, whereas active hepatitis
accompanied by ALT elevation was noted in 12.2% of patients.*”’
Therefore, patients with HBV/HCV coinfection should be moni-
tored for the risk of HBV reactivation by monitoring ALT and HBV
DNA level during and after DAA therapy. In addition, if HBV is in-
dicated for treatment at the time of starting DAA therapy for HCV,
NA therapy for HBV should be started. In patients with a history
of cirrhosis or HCC, simultaneous NA therapy for HBV can be con-
sidered along with DAA therapy for HCV to reduce the risk of liver
failure risk resulting from HBV reactivation.”"** Entecavir, teno-
fovir DF, and tenofovir AF are preferred choices. There was no sig-
nificant drug-drug interaction between NAs for HBV (entecavir,
tenofovir DF, tenofovir AF) and DAAs or HCV. However, when se-
lecting antiviral drugs in patients with HBV/HCV/HIV triple infec-
tion, drug-drug interactions should be considered.*****

In HBsAg-negative and anti-HBc-positive patients with HCV,
HBV reactivation rate (HBsAg positivity) during DAA therapy is
very low at 0-0.1%."***" Although HBV reactivation rate during
DAA therapy is low, HBsAg and HBV DNA should be tested to
check for HBV reactivation in cases of ALT elevation.
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[Recommendations]

1.1f HCV RNA is detectable in patients with HBV/HCV
coinfection, antiviral treatment for HCV should be started (A1).

2. If antiviral treatment for HBV is indicated in HBV/HCV
coinfection, antiviral treatment for HBV should be started (Fig.
3) (A1).

3. Patients with HBV/HCV coinfection should be monitored for
the risk of HBV reactivation by monitoring ALT and HBV DNA
levels during and after DAA therapy (B1).

4. HBsAg-negative and anti-HBc-positive patients with HCV
infection are at very low risk of reactivation with HCV-DAA
therapy; however, HBsAg and HBV DNA should be tested to
check for HBV reactivation in cases of ALT elevation (B1).

HDV coinfection

HDV is a defective RNA virus that does not encode its own en-
velope proteins, enters the liver through HBsAg-expressing hepa-
tocytes, and replicates the HDV genome to express HDV anti-
gens.*® Thus, HDV infection occurs when people become infected
with both HBV and HDV simultaneously (co-infection) or in CHB
patients newly infected with HDV (super-infection). An estimated
12 million people worldwide have experienced HDV infection, and
approximately 4.5% of HBV patients are estimated to have
HDV.*** In one Korean study, the HDV coinfection rate was 0.3%
in 940 patients with CHB, including 75 patients with HCC.” In
another study with 194 patients including 64 CHB patients and
130 HCC patients, the HDV infection rate was 3.6%."' Compared
to HBV monoinfection, HBV/HDV coinfection is associated with
higher rates of cirrhosis and HCC."***

HDV infection can be diagnosed by detecting anti-HDV or HDV
RNA in the serum or by detecting HDV antigens in liver tissues us-
ing immunohistochemistry. In patients with HDV infection, degree
of hepatic fibrosis should be evaluated by liver biopsy or non-in-
vasive methods irrelevant to HDV RNA detection. In HBV/HDV
coinfected patients having advanced fibrosis or cirrhosis or pa-
tients who are indicated for antiviral treatment of CHB, NA thera-
py should be administered to prevent the progression of liver dis-
ease. However, NA therapy is not recommended in cases where
HBV treatment is not indicated because NAs do not inhibit HDV
replication.

All patients with HDV RNA positivity are eligible for treatment
regardless of the degree of liver disease, and the primary endpoint
of treatment is the suppression of HDV replication, which is usual-
ly accompanied by normalization of ALT level and improvement of
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necroinflammation on liver biopsy. The current standard treatment
for HDV is weekly peginterferon alpha by subcutaneous injection
for 48 weeks, and a sustained viral response at 24 weeks has
been reported in 23-28% of patients.”>*”® A sustained virologi-
cal response can be predicted by measuring serum HDV RNA level
after 24 weeks of peginterferon alpha therapy.””” However, re-
lapse is frequent during long-term follow-up, as seen in one study
with an average follow-up of 4.3 years where sustained virologi-
cal response was maintained at only 12%."® Combination therapy
using NAs and peginterferon alfa did not improve virological re-
sponse compared to peginterferon alfa monotherapy.””” In a small
study using extended peginterferon alfa therapy for 24 months,
47% of patients achieved sustained virological response during
an average follow-up of 19.5 months after treatment, but further
studies are needed.*®

Because of the low efficacy of peginterferon alpha, new thera-
peutic antiviral agents for HDV are under development. Bule-
virtide (BLV), a drug in phase Ill study, is an entry inhibitor for
HDV. It is a lipopeptide that competitively acts on sodium tauro-
cholate cotransporting polypeptide (NTCP), an entry receptor
shared by HBV and HDV viruses.”®" In 2020, BLV was first ap-
proved as an antiviral agent for HDV under conditional authoriza-
tion by the European Medical Agency for patients with compen-
sated liver disease and positive HDV RNA with or without NAs.
BLV 2 mg is administered subcutaneously daily and can be main-
tained as long as the virologic response persists. According to in-
terim analysis of the ongoing phase 3 study, BLV treatment for 24
weeks resulted in significant decrease in HDV RNA and ALT. Viro-
logic response (undetectable HDV RNA or >2 log10 IU/mL de-
crease from baseline) in patients with no treatment, BLV 2 mg,
and BLV 10 mg was 4%, 55%, and 68%, respectively. Combined
response (undetectable HDV RNA or >2 log10 IU/mL decrease
from baseline and normal ALT) rate in patients with no treatment,
BLV 2 mg, and BLV 10 mg was 0%, 37%, and 28%, respective-
|y.482

Another drug in phase Il study is lonafarnib, an oral prenylation
inhibitor that reduces HDV virus load by blocking prenylation, a
process involved in virus assembly, replication, and subsequent
hepatocyte infectivity.*® Combination with ritonavir is known to
increase by 4-5-fold in systemic exposure and to decrease gastro-
intestinal side effects. Virologic responses (undetectable HDV
RNA or >2 log10 IU/mL decrease from baseline) at the end of
treatment were reached in 46% and 89% of patients receiving
the all-oral regimen of lonafarnib 50 mg bid + ritonavir, and com-
bination regimen of lonafarnib (25 or 50 mg bid) + ritonavir + pe-
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ginterferon alpha, respectively.***

Antiviral agents for HDV under phase Il study include peginter-
feron lambda, REP 2139 (nucleic acid polymers), and JNJ-3989
(RNA|) 485,486

[Recommendations]

1. In CHB patients with low HBV DNA and elevated ALT levels,
HDV screening with anti-HDV test can be considered, unless
there is another suspected cause of elevated liver enzyme (C1).

2.In CHB patients with HDV coinfection having advanced
fibrosis or cirrhosis, or patients who are indicated for antiviral
treatment of CHB, NA therapy should be administered to
prevent the progression of liver disease (B1).

3. CHB patients with HDV coinfection are recommended to be
treated with peginterferon alfa for at least 1 year (A2), and
administration of a new therapeutic agent can be considered
according to the clinical course of the patient (C1).
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