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Abstract: Though the world-wide hepatitis B virus (HBV) vaccination program has been well com-
pleted for almost thirty years in many nations, almost HBV-related hepatocellular carcinoma (HCC)
occurs in unvaccinated middle-aged and elderly adults. Apparently, treating 80% of qualified subjects
could decrease HBV-related mortality by 65% in a short period. Nevertheless, globally, only 2.2% of
CHB patients undergo antiviral therapy. The HBV markers related to HCC occurrence and prevention
are as follows: the HCC risk is the highest at a baseline of HBV DNA of 6–7 log copies/mL, and it is
the lowest at a baseline of an HBV DNA level of >8 log copies/mL and ≤4 log copies/mL (parabolic,
and not linear pattern). The titer of an HBV core-related antigen (HBcrAg) reflecting the amount
of HBV covalently closed circular DNA (ccc DNA) in the liver is related to HCC occurrence. The
seroclearance of HBs antigen (HBsAg) is more crucial than HBV DNA negativity for the prevention of
HCC. In terms of the secondary prevention of hepatitis B-related HCC involving antiviral therapies
with nucleos(t)ide analogues (NAs), unsolved issues include the definition of the immune-tolerant
phase; the optimal time for starting antiviral therapies with NAs; the limits of increased aminotrans-
ferase (ALT) levels as criteria for therapy in CHB patients; the normalization of ALT levels with NAs
and the relation to the risk of HCC; and the relation between serum HBV levels and the risk of HCC.
Moreover, the first-line therapy with NAs including entecavir (ETV), tenofovir disoproxil fumarate
(TDF), and tenofovir alafenamide (TAF) remains to be clarified. Discussed here, therefore, are the
recent findings of HBV markers related to HCC occurrence and prevention, unsolved issues, and the
current secondary antiviral therapy for the prevention of HBV-related HCC.

Keywords: hepatitis B virus; hepatocellular carcinoma; nucleos(t)ide analogues; secondary pre-
vention; HBV DNA; immune-tolerant phase; hepatitis B virus surface antigen; hepatitis B virus
core-related antigen; covalently closed circular DNA

1. Introduction

Chronic hepatitis B (CHB) is the most common reason for the development of hep-
atocellular carcinoma (HCC) and the second main reason of carcinoma-associated death
worldwide [1–3]. Approximately 3.9% of the world’s population, representing 292 million
people, has been chronically infected with hepatitis B virus (HBV) (CHB) since 2016, with
CHB being responsible for almost one million mortalities every year [4–6].

Global mortalities from HCC related to HBV are estimated to increase by two times by
2040 [2,3,7]. A careful examination of randomized or matched-control studies shows that
long-term treatment with nucleos(t)ide analogues (NAs), including entecavir (ETV, Bristol
Myers Squibb, New York, NY, USA), tenofovir disoproxil fumarate (TDF, GlaxoSmithKline,
London, UK), and tenofovir alafenamide (TAF, Gilead Sciences, Foster, USA), reduces the
incidence of HCC [8–10].

Though the universal HBV vaccination project has been well performed for about thirty
years in many nations, most HBV-associated HCCs develop in non-vaccinated middle-aged
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and older adults [11,12]. Therefore, considering the birth cohort result on HBV-related
HCC frequency, the secondary prohibition of HCC with an antiviral treatment for subjects
who are already chronically infected with HBV is the main method of decreasing HBV-
associated mortality. It has been suggested that treating 80% of qualified patients could
decrease HBV-related deaths by 65% in a short period [5]. Nevertheless, less than 10% of
qualified subjects with CHB experienced antiviral treatment in 2015 [7]. Regarding the
secondary prohibition of hepatitis B-related HCC with antiviral therapies, unsolved issues
remain in terms of the definition of the immune-tolerant phase; the optimal time for starting
antiviral therapy with NAs within the limits of high ALT levels as criteria for the therapy
of CHB patients; the normalization of ALT levels with NAs and the relation to the risk of
HCC; the relation between serum HBV markers, such as HBV DNA, HBs antigen (HBsAg),
and HB core-related antigen (HBcrAg), and the risk of HCC; and the effectiveness of initial
therapy with NAs, including ETV, TDF, and TAF for chronic hepatitis B to prohibit HCC.
Therefore, discussed here are the issues stated above; the current antiviral therapies for the
prevention of HBV-related HCC are also reviewed.

2. Definition of the Immune-Tolerant Phase

The immune-tolerant stage showing the early stage of CHB is of great interest but
not well known. The idea of true immune tolerance has not been sufficiently studied from
the immunological point of view. Chief international guidelines such as the American
Association for the Study of Liver Diseases (AASLD), the European Association for the
Study of the Liver (EASL), and the Asian Pacific Association for the Study of the Liver
(APASL) have not yet attained an agreement on the definition of the immune-tolerant stage.
The recent guidelines issued in 2016 by the AASLD define the immune-tolerant phase in
a more traditional manner, i.e., using normal alanine aminotransferase (ALT; <30 U/L in
males and <19 U/L in females as upper limits of normal (ULN)), than through a local exam-
ination of criteria ranges, a high HBV DNA (typically above 1 million IU/mL), a positive
hepatitis B e-antigen (HBeAg), and minimum inflammation and fibrosis demonstrated
in liver histopathology [13,14]. This is in contrast to another HBeAg-positive case, the
immune-active stage, with the point distinguishing characteristics of a high serum ALT,
but probably not as high as the serum HBV DNA (>200,000 IU/mL), and extreme to severe
inflammation or fibrosis demonstrated in liver histopathology [14].

On the other hand, the practice guidelines of the APASL, updated in 2015, define
the immune-tolerant stage slightly differently from the AASLD, chiefly using a different
threshold of serum HBV DNA (>20,000 IU/mL) and an intruding age as some of the criteria
(typically below 30 years) [15].

The idea of true immune tolerance has been questioned because immunological
findings have shown that children and young subjects with CHB maintain an immune
feature that is less compromised than that seen in older patients [16].

The EASL practice guidelines issued in April 2017 put this stage of a new nomencla-
ture—Stage 1 or HBeAg-positive chronic HBV infection—in place of the routine immune-
tolerant stage [8]. The features of this stage include what the AASLD guidelines write,
together with a few special characteristics at the molecular and immunological levels, as
high-level HBV DNA integration and clonal hepatocyte expansion [17], possibly preceding
hepatocarcinogenesis while keeping HBV-specific T cell function at least until young
adulthood, with a very low rate of natural HBeAg loss but remaining highly infectious
due to the high levels of HBV DNA [8]. Together, a positive hepatitis B e-antigen (HBeAg),
a high serum HBV DNA, and normal serum alanine aminotransferase (ALT) levels are
the three important characteristics of the immune-tolerant stage across the three major
international guidelines. No consensus, however, has been obtained about the lower cut-off
level of HBV DNA, which changes between 6 log10 IU/mL and 2 × 7 log10 IU/mL for
defining this phase in clinical practice guidelines [1,8,15,18,19]. Although recent guidelines
recommend against initiating antiviral therapy for immune-tolerant CHB subjects, some
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recent data indicate that treating such subjects might decrease the progression of liver
fibrosis and the risk of hepatocellular carcinoma [13].

The remaining references on the HCC risk in immune-tolerant CHB are few. A
Korean cohort study of 413 HBeAg-positive CHB subjects with normal ALT levels (AASLD
criterion), high HBV DNA levels (≥20,000 IU/mL), and no data on liver cirrhosis was
compared with another cohort of 1497 CHB patients in the immune-clearance stage treated
with NA [20]. During the long-term follow-up, the 10-year predicted cumulative incidence
of HCC was significantly higher in the untreated immune-tolerant subjects than in the
treated immune-clearance phase subjects (12.7% vs. 6.1%; p = 0.001) [20]. These data, with
different conclusions from the above data, may indicate that either of these firstly immune-
tolerant patients have evolved over time, or that NA therapy decreased the risk of HCC to
the extent that it would be even lower than in the untreated immune-tolerant patients [13].
The data from another nationwide real-life Korean study of 484 HBeAg-positive CHB
patients with normal ALT levels (<40 U/L), high HBV DNA levels (>20,000 IU/mL), and
no cirrhosis throw some light on this important yet difficult-to-analyze topic. A total of 87
of the 484 subjects received NA compared with 397 untreated subjects in the control group;
NA therapy significantly decreased the risk of HCC (with an adjusted odds ratio of 0.189;
p = 0.004) [21].

3. When to Start Antiviral Therapies with NAs in Terms of ALT

Almost all of the recent clinical guidelines for CHB have the same recommendations for
antiviral therapy [8,15,18,22,23] based on high serum values of alanine aminotransferase
(ALT) and HBV DNA in CHB patients with no liver cirrhosis. Though the European
clinical practice guidelines recommend that subjects with HBeAg-positive CHB may be
treated if they are older than 30 years and have high HBV DNA values irrespective of
constantly normal ALT levels, the evidence level is significantly low (evidence level III;
grade 2 of recommendation) [8]. Almost all other clinical guidelines recommend that
antiviral therapy be postponed until the patients demonstrate significantly high values in
ALT levels or evidence of inflammation or fibrosis in histopathology [8,15,18,19]. When
the goal of antiviral therapy is more the prohibition of HCC than the management of
hepatic inflammation or fibrosis, the guidelines should be considered with carefulness
while thinking that HBV-related hepatocarcinogenesis could be underway without the
signs of significant hepatic inflammation and/or fibrosis [20,24–28]. Thus, the recently
recommended timeline for antiviral therapy based on ALT values may be inapplicable for
the efficacious prevention of HCC [11,12,20,28].

In context with the data from these preclinical investigations and the clinical data,
an extreme serum HBV DNA level (5–7 log10 IU/mL) was thought to be a risk reason
for significant hepatitis in CHB patients irrespective of normal ALT values and the ab-
sence of significant fibrosis [29]. In addition, HBV DNA integration into the patients’
chromosomes could be ongoing in HBeAg-positive patients with a long-lasting chronic
HBV infection, which may more additionally upgrade chromosomal instability followed by
the functional loss of tumor-suppressor genes or the activation of tumor-promoting genes
engaged in hepatocarcinogenesis [4,17,30]. These results suggest that the currently recom-
mended timeline for antiviral therapy based on ALT elevation is not optimal for preventing
HCC [1,12,20,28].

4. Limitations of Elevated ALT Levels as Criteria for Therapy of CHB Patients

The serum ALT value is commonly adopted as a marker of active necroinflammation
in the liver because of its convenient measurability, given that liver histopathology is not
capable of assessing the severity of hepatitis in most patients. Recent treatment guidelines
assume a prevailing hypothesis that a normal ALT level is indicative of an inactive liver
disease [8,15,18,19]. On the contrary, antiviral therapy may be postponed until subjects
show an increase in ALT levels [26]. Indeed, non-cirrhotic patients with normal ALT levels
are generally advised not to start antiviral therapy irrespective of relatively high values
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of HBV DNA, unless they are thought to have significant liver disease assessed through
liver histopathology or unless they have a family history of cirrhosis or HCC. However,
this method has lately been doubted.

Firstly, the serum ALT levels are nonsensitive markers of HBV-associated hepatocyte
injury. Former data demonstrated that a significant size of subjects with continuously
normal ALT levels display severe hepatic necroinflammation and/or fibrosis [31–35]. Fur-
thermore, group studies have also shown that patients with high HBV DNA levels may
advance to HCC or end-stage liver disease even without a significant increase in ALT levels,
irrespective of HBeAg [2,20,28].

Secondly, the unclearness of normal ALT levels is a problem that needs to be investi-
gated more. Generally, guidelines often adopt the term ULN when indicating ALT levels.
This ULN value for ALT has historically been considered 40 IU/L, irrespective of gen-
der [36]. Perfectly, the normal extent of ALT levels should be decided in person without
clear liver disease. As mentioned previously, some subjects with an ALT level of ≤40 IU/L,
which has been commonly admitted as the threshold of a normal range, were thought to
have active liver disease with significant inflammation and fibrosis.

The size of patients with significant histopathology was actually found to be smaller
when using the lower ULN of the ALT: 30 IU/mL for males and 19 IU/mL for females [37].
Another study from Hong Kong demonstrated that subjects with ALT values of <0.5 × ULN
have a significantly lower risk of cirrhotic morbidity and HCC compared with patients who
have ALT levels between 0.5 and 1 × ULN [38,39]. Accordingly, instead of the conventional
ULN of ALT (40 IU/L), several normal alternative levels have been indicated. A Korean
group proposed normal ALT levels of 33 IU/L for males and 25 IU/L for females based
on 1105 biopsy-proven normal livers [36]. The former AASLD guidelines take a stricter
ULN value of ALT (30 IU/L for males and 19 IU/L for females) [14]; on the other hand,
the latest AASLD guidelines revert to the earlier ULN value of ALT (35 IU/L for males
and 25 IU/L for females) [18]. However, the EASL and APASL guidelines still adopt
40 IU/L as the ULN value of ALT, or advocate the use of local laboratory criteria [8,15].
Taken together, lowering the ULN of ALT levels should be thoughtfully considered in
therapy decisions to prevent additional liver-associated complications such as HCC.

5. Relation between Normalization of ALT with NAs and Risk of HCC

The literature on the relation between the efficacy of NAs for preventing HCC in
CHB patients and the normalization of ALT levels is also scarce. One Korean study on
antiviral therapy aimed at preventing HCC in CHB patients associated with normalized
ALT levels demonstrated that 610 patients with chronic hepatitis B received ETV or TDF be-
tween 2007 and 2017. The subjects were classified into an ALT-normalized group (group 1)
and a non-normalized group (group 2) within a year of potent antiviral therapy. The
death ratio and HCC frequency were investigated in every group. The number of subjects
who showed ALT normalization at 1 year of therapy was 397 (65.1%) of 610. During
a median follow-up duration of 86 months, 65 of the 610 (10.7%) patients developed
HCC. The total HCC frequencies in group 1 and group 2 were 4.8% and 13.6% at 5 years
(p = 0.001) and 6.8% and 16.9% at 8 years, respectively (p < 0.001). The total occurrence of
HCC was significantly lower in group 1 than in group 2 (p < 0.001), suggesting that a nor-
malized ALT within 1 year of starting antiviral medicines decreases the risk of developing
HCC [40].

Another Korean study on 4639 subjects diagnosed with CHB started therapy with ETV
or TDF. Landmark and time-dependent Cox analyses revealed a normal ALT at <35 U/L in
males and <25 U/L in females, and they revealed the virological response (VR) as serum
hepatitis B virus DNA as <15 IU/mL. During a median follow-up period of 5.6 years, 509
of the 4639 (11.0%) subjects had progressed HCC. The ALT levels were normalized in 65.6%
at 1 year and in 81.9% at 2 years and were related to a significantly lower HCC risk as
determined through landmark (p < 0.001) and time-dependent Cox analyses (adjusted odds
ratio 0.57; p < 0.001). Compared to ALT normalization within 6 months, postponed ALT
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normalizations at 6–12, 12–24, and >24 months were related to a significantly increased
HCC risk (AHR 1.40, 1.74, and 2.45, respectively; p < 0.001), irrespective of steatosis or
cirrhosis at the baseline and VR during therapy.

Contrastingly, neither earlier VR (AHR 0.93; p = 0.53) nor earlier hepatitis B e-antigen
seroclearance (AHR 0.91; p = 0.31) were related to a significantly lower HCC risk [41]

6. Relation of Serum HBV DNA Levels and HBV DNA Genotypes and Subgenotypes
with the Risk of HCC

The relation between the baseline HBV DNA values and the risk of HCC has been
regarded as positively linear under a natural group study on untreated CHB subjects
(REVEAL-HBV study), demonstrating that the risk of HCC is the highest in subjects with
baseline HBV DNA values of >106 copies/mL (~5 log10 IU/mL) [24]. The investigation
has limits, however, in extrapolating to HBeAg-positive CHB subjects with high viral loads,
because most of the subjects in the REVEAL group were HBeAg-negative (85%), and HBV
DNA titers >106 copies/mL were not separately examined. Accordingly, the real risk of
HCC in patients with higher levels of HBV DNA (>106 copies/mL) remains unclarified.
Indeed, following the data from the same group demonstrated that subjects with HBV DNA
values of >107 copies/mL had a significantly lower risk of HCC than those with HBV DNA
values between 106 and 107 copies/mL [25,41,42]. Accordingly, in a recent historical group
study including 6949 non-cirrhotic patients without significant ALT increases (<2 × ULN
at least for 1 year) irrespective of HBeAg positivity, the relation between the HBV DNA
levels and HCC risk was not linear, but parabolic, demonstrating the highest HCC risk with
extreme serum HBV DNA values of 5.0–7.0 log10 IU/mL and demonstrating the lowest
HCC risk with HBV DNA levels of >8 log10 IU/mL and ≤4 log10 IU/mL, irrespective of
the ALT levels [2]. A currently issued multicenter historical group investigation has also
evinced a low risk of HCC occurrence in untreated non-cirrhotic subjects with an HBV
DNA level of >107 IU/mL [12,43].

Moreover, patients in the “grey-zone”, defined as those with no cirrhosis, persistently
normal ALT levels, and moderate levels of serum HBV DNA (between 4 log10 IU/mL and
8 log10 IU/mL), have been considered to be at a significantly higher risk of developing HCC
if left untreated compared with patients in the gray zone treated with anti-HBV drugs [2,20].
Notably, a further large-scale multicenter cohort study supported those findings [1,4].

Compared to patients showing high baseline HBV DNA values of ≥8.00 log10 IU/mL,
those showing values of 7.00–7.99, 6.00–6.99, and 5.00–5.99 log10 IU/mL had 2.48, 3.69,
and 6.10 times higher adjusted risks of HCC, respectively, while under persisting therapy.
The inverse relation between the baseline HBV DNA levels and on-therapy HCC risk was
constantly shown in unadjusted, multivariable-adjusted, propensity score (PS)-weighted,
PS-matched, sensitivity, and competing risk examinations in the whole group and in the
several subgroups of subjects. In addition, the HCC risk of subjects with an extreme viral
load and under primary antiviral therapy was significantly lower than that of untreated
subjects with the same extent of HBV DNA levels; however, it was significantly higher than
that of patients showing high viral loads, showing that antiviral therapy could decrease the
risk of HCC in extreme viral load groups, but could not revert to the levels of high viral
load groups [4]. Accordingly, the traditional concept of “linear association” between HBV
DNA and the risk of HCC may have to be changed to “parabolic association” [42].

The relation between the baseline HBV DNA values and ongoing-therapy HCC
risk has remained unclarified. Recent findings are in line with former studies on un-
treated HBeAg-positive subjects, showing that lower baseline HBV DNA values (but above
5 log10 IU/mL) are related to a significantly higher risk of HCC during the follow-up
without therapy [2,20,44]. Nevertheless, the current multicenter group investigation offers
a new observation that the baseline HBV DNA levels have a significant relation to the risk
of HCC even during long-duration therapy with potent antiviral medicines. The inverse
relation between the baseline HBV DNA levels and the risk of HCC persists for up to
10 years of persistent potent antiviral therapy in HBeAg-positive subjects with CHB [4].
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The serum HBV DNA values change with the interaction between the human and
virus during the natural course of CHB. Almost all of the subjects with CHB have very
high values (≥8 log10 IU/mL) of HBV DNA at the start phase of the infection [26]. The
immune-related destruction of HBV-infected hepatocytes via HBV-specific T-cells may,
however, result in clonal occurrence and the expansion of HBV-resistant hepatocytes that
can escape such immune defense mechanisms [45–47]. Thus, a decrease in the HBV values
(e.g., <8 log10 IU/mL) might show the accumulation of hepatocyte injury, changes in the
hepatocyte tissues, and a following upgrade in the risk of HCC [17,30,46,48,49]. In addition,
HBV DNA integration into human chromosomes could be ongoing even in HBeAg-positive
subjects with early-stage chronic HBV infection regarded as immune-tolerant and may
additionally upgrade chromosomal instability [17]. The random integration of the viral
genome into the human chromosome may lead to the functional loss of tumor suppressor
genes or the activation of tumor-promoting genes specifically engaged in hepatocarcinogen-
esis [30,50]. These findings offer a necessity for early therapy intervention based on the HBV
DNA value in subjects with CHB before the occurrence of irreversible changes including
clonal hepatocyte expansion and HBV DNA integration into human chromosomes. Thus,
non-cirrhotic grown-up subjects with extreme values of HBV DNA (4.0–8.0 log10 IU/mL)
should be considered for antiviral therapy irrespective of their ALT values to additionally
decrease the occurrence of HCC [12].

The influence of HBV genotypes and subgenotypes on HCC has been reported in eight
genotypes of HBV (A through H), which differ from each other in terms of viral genome
sequence by more than 8%, and multiple subgenotypes, which differ from each other by
4–8%. Lately, studies investigating the relation between the risks of proceeding HCC and
cirrhosis via special HBV genotypes and subgenotypes have reported marked differences in
result. Certain HBV genotypes and subgenotypes, such as genotypes C, B2-5, and F1, seem
to be related to a higher risk of occurring HCC, and others, such as genotypes B1, B6, and
A2, appear to be related to a lower risk of morbidity of HBV. Their understanding of the
roles of HBV genotypes and subgenotypes in the result of HBV infection is limited, as few
inhabitants-based prospective investigations have been completed, and most investigations
only compare the result in regions where two genotypes are overwhelmed, whereas others
have not studied subgenotypes [51].

Recently, Japanese researchers reported that the frequency of occurrence of hepatocel-
lular carcinoma in Japanese patients infected with hepatitis B virus is the same between
genotypes B and C in the long-term. Previously, HBV/C infection was related to more
severe disease progression, showing as proceeding to cirrhosis and HCC, than HBV/B infec-
tion. However, thereafter, HCC related to HBV/B increased, and no significant difference
was evinced between HBV/B and HBV/C. HCC occurrence was consistently demonstrated
even in HBV/B infection, particularly among old subjects with severe fibrosis compared to
HBV/C. HBV/B-infected subjects developed HCC later in life, and in the long-term, they
showed no differences in the frequency of HCC occurrence in the ratio between these two
genotypes [52].

7. Relation between HBV Virus Markers: HBsAg, HBcrAg, and HCC

The viral covalently closed circular DNA (cccDNA) is related to the continuity of the
infection in hepatocytes. To successfully control the subject therapy and follow-up, and to
advance new antiviral therapy directly targeting the intrahepatic pool of cccDNA, serum
substitute markers including viral activity in the liver are imperatively needed. It has been
demonstrated that the quantification of HBcrAg in serum relates to cccDNA quantity and
activity and could be adopted to observe disease progression [53].

One of the causes for HCC occurrence with NA therapy is the difficulty of these
drugs in eradicating HBV-cccDNA in the liver [54,55]. In particular, these NAs just inhibit
the reverse transcription of HBV-RNA into HBV-DNA but do not directly inhibit the
transcription and subsequent protein synthesis from HBV-cccDNA [56]. Since the amount
and transcriptional activity of intrahepatic HBV-cccDNA is regarded as influencing the
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frequency of HBV-related HCC with NA therapy [57], the quantification of intrahepatic
HBV-cccDNA should be a critical sign for prohibiting HCC. However, the quantification of
HBV-cccDNA needs an invasive liver biopsy. [54].

It has become slowly clear that NA treatment does not thoroughly remove and prohibit
the development of HCC [58]. The serum HBV-DNA value, the most essential biomarker
for evaluating the risk of HCC occurrence [24,38], is no longer as important as NAs in
suppressing HBV-DNA; therefore, accurate biomarkers other than HBV-DNA that predict
HCC development are urgently needed [54].

In the subgroup of HBeAg-negative subjects with HBV DNA values between 2000
and 19,999 IU/mL (intermediate viral load (IVL)) and normal values of ALT, HBcrAg
values ≥ 10 KU/mL have indicated patients to be at an increased risk of HCC (odds ratio,
6.29; confidence interval, 2.27–17.48). The risk of HCC in patients with an IVL and a high
value of HBcrAg does not differ significantly from that in subjects with a high viral value
(≥20,000 IU/mL) [59].

Subjects with an IVL but a low value of HBcrAg demonstrate a low risk of HCC, with
a yearly occurrence of 0.10% (95% confidence duration, 0.04–0.24%). In a long-duration
follow-up study of 2666 subjects with chronic HBV infection (genotypes B or C), the value
of HBcrAg signals an independent risk factor of HCC. In addition, an HBcrAg value of
10 KU/mL indicates subjects with an IVL and at a high risk for HCC [59].

Recently, non-invasive surrogate markers of quantitative HBsAg and HBcrAg assays
were developed [60,61], and an analytical implementation of an immunoassay for total
antigens including complexes via pretreatment with (iTACT)-HBcrAg was confirmed. The
sensitiveness of iTACT-HBcrAg (2.1 log U/mL) was about 10 times greater than that of a
conventional HBcrAg assay (2.8 log U/mL). (i) With the use of iTACT-HBcrAg, HBcrAg
was seen in the sera of 97.5% (157/161) of subjects with CHB, of whom 75.2% (121/161)
had ≥2.8 log U/mL HBcrAg and 22.4% (36/161) had 2.1–2.8 log U/mL HBcrAg that was
unmeasurable using G-HBcrAg. (ii) Also, with the use of iTACT-HBcrAg, 9 and 2 of
13 HBV-reactivated subjects were HBcrAg-positive before and had HBV DNA positivity,
respectively, and 7 and 4 patients were HBcrAg-positive before and had HBsAg-positivity
via an immune complex transfer chemiluminescent enzyme immunoassay, respectively.
(iii) The HBcrAg examined via iTACT-HBcrAg before HBV reactivation was kept in empty
particles (22 KDa precore protein) [62].

iTACT-HBcrAg was adopted to better monitor the response to anti-HBV therapy in
HBeAg-negative subjects and for the early discovery of HBV reactivation [62].

The serum HBcrAg and HBsAg values are substitute signs of intrahepatic covalently
closed circular DNA. The measuring extent of the recent HBcrAg assay is comparatively
confined. The capability of HBcrAg and HBsAg examined via ultrasensitive assays for
estimating HCC occurrence in subjects with CHB treated with ETV was assessed. A
retrospective group investigation of 180 subjects who were given ETV for >1 year was
conducted. All subjects showed a negative hepatitis B e-antigen at the start line. The serum
HBcrAg and HBsAg values at the start line and at year 1 were examined in every subject
via ultrasensitive assays adopting iTACT technology. During the medium follow-up of
11.0 years, 22 patients developed HCC (11.8/1000 person years). The start-line HBsAg
values were not related to HCC development during the ETV treatment. On the other
hand, high HBcrAg values at the start line and at year 1 were significantly related to HCC
occurrence (log-rank test; p < 0.001). In 110 patients (61.1%) with ≥4.0 log U/mL at the
start line (high HBcrAg group), the HBcrAg value deceased to ≤2.9 log U/mL at year
1 in 25 patients (22.7%). The adjusted odds ratio for HCC occurrence was significantly
lower in patients with HBcrAg ≤ 2.9 log U/mL at year 1 than in those in the high HBcrAg
group. Conclusively, an examination of the HBcrAg value via an ultrasensitive measure
was considered to be more capable for estimating HCC during antiviral therapy than the
recent HBcrAg assay [63].

Seventeen (5 HCC and 12 non-HCC) subjects with CHB who attained HBsAg sero-
clearance, defined by the former assay with the use of an Architect HBsAg QT kit, were
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enrolled. The HBsAg and HBcrAg values were assessed in their stored serum samples by
using ultra-highly sensitive assays characterizing iTACT technology.

The five HCC patients were positive for HBsAg or HBcrAg via iTACT-HBsAg or
iTACT-HBcrAg at all follow-up points. The HBcrAg values in the HCC group, assessed
via iTACT-HBcrAg, were significantly higher than in the non-HCC group at HBsAg sero-
clearance (3.6 logU/mL (2.8–4.2) versus 2.6 (<2.1–3.8), p = 0.020). The best cutoff value of
iTACT-HBcrAg for estimating HCC occurrence was 2.7 logU/mL by the operator running a
feature curve analysis. The occurrence of HBcrAg ≥ 2.7 in the HCC group was significantly
higher than that in the non-HCC group (100% (5/5) versus 33% (4/12); p = 0.029) [64].

The above data suggest that a remaining low level of viral antigen predicts HCC
occurrence even when HBsAg seroclearance is attained with the use of conventional assays.
The data also show that the iTACT assays for HBsAg and HBcrAg would be important in
managing CHB patients [64].

Recently, one promising paper reported the inhibition of hepatitis B virus via AAV8-
derived CRISPR/SaCas9 expressed from liver-specific promoters to clear cccDNA [65]. The
authors analyzed the liver particularity of several promoters and constructed candidate
promoters in the CRISPR/Staphylococcus aureus Cas9 (SaCas9) system combined with
hepatotropic AAV8 (whereby AAV refers to adeno-associated virus) to verify the effective-
ness against HBV. The data demonstrated that the reconstructed CRISPR/SaCas9 system in
which the original promoter replaced with a liver-specific promoter could still prevent HBV
replication both in vitro and in vivo. Three functional guide RNAs (gRNAs), T2, T3, and T6,
which target the conserved areas of different HBV genotypes, suggested consistently better
anti-HBV results with different liver-specific promoters. In addition, the three gRNAs
inhibited the replication of HBV genotypes A, B, and C to varying degrees. Under the
action of the EnhII-Pa1AT promoter and AAV8, the expression of SaCas9 was additionally
reduced in other organs or tissues compared to the liver. These data are helpful for clinical
applications in the liver by ensuring that the results of the CRISPR/Cas9 system is kept
refined to liver and, thereby, decreasing the possibility of disagreeable and injurious results
through nonspecific targeting in other tissues [65].

8. Prevention of HCC via NAs—Which NA Is Better as First-Line Therapy in Terms of
Preventing HCC?

A comparison involving ETV, TDF, and TAF on the reduction in HCC is summarized
in Table 1.

The effectiveness of initial therapy with NAs, such as ETV, TDF, and TAF, in prohibiting
HCC in CHB subjects remains unclarified. Several studies have produced opposite data
concerning the influence of NAs on the risk and prohibition of HCC.

The debatable consequences can be, in part, owed to the arbitrary nature of significance
levels, resulting in opposite evaluations from very similar datasets. The use of observational
data, however, which is inclined to both the within- and between-study heterogeneity of
subjects’ features, also brings additional uncertainty. The same-time adoption of ETV
and TDF in East Asia, where most of these investigations were performed, additionally
make more difficult analyses, as does the difference in the follow-up durations between
the ETV and TDF groups. Clinicians performing meta-analyses in this section need to
make many methodologic directions to make a mild bias but are fundamentally limited
to the methodologies of the performed investigations. It is accordingly important for
clinicians, as well as the readers of the issued meta-analyses, to be conscious of the quality
of observational investigations and meta-analyses regarding the subject features, study
direction, and statistical analyses [66–81] (Table 1).
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Table 1. Comparison of ETV, TDF, and TAF on reduction in HCC.

Study Area Patients Outcome Superiority or
Equality Reference Year

Korea national
cohort
Hospital cohort

ETV: 11,464
TDF: 12,692
ETV: 1560
TDF: 1141

ETV: 1.19/100 PY
TDF: 0.89/100 PY
HR 0.68, 95% CI 0.60–0.78
HR 0.68, 95% CI 0.46–0.99

TDF > ETV Choi JG [66] 2019

Korea ETV: 1484
TDF: 1413

ETV: 1.92/100 PY
TDF: 1.69/100 PY
HR 0.975, p = 0.852

ETV = TDF Kim SU [67] 2019

Korea ETV: 1583
TDF: 1439 HR 1.030, 95% CI 0.703–1.509 p = 0.880 TDF = ETV Lee SW [68] 2020

Korea ETV: 180
TDF: 224 HR 0.36, 95% CI 0.12–1.14 p = 0.08 ETV = TDF Ha YJ [69] 2020

Korea ETV: 813
TDF: 882

HR 0.82, 95% CI 0.68–0.98 p = 0.03 (after
surgical resection) TDF > ETV Choi JG [70] 2021

Korea ETV: 1525
TAF: 286

ETV: 1.67/100 PY
TAF: 1.19/100 PY
HR 0.681, 95% CI 0.351–1.320
p = 0.255

ETV = TAF Lee HW [71] 2021

Korea
ETV: 1064
TDF: 629
TAF: 389

ETV: 1.45/100 PY
TDF: 1.05/100 PY
TAF: 0.65/100 PY
p =0.340

ETV = TDF = TAF Chon HY [72] 2021

Korea TDF: 2245
TAF: 502

TDF: 0.90/100 PY
TAF: 0.82/100 PY
p = 0.60

TDF = TAF Lim JH [73] 2022

China ETV: 2124
TDF: 1574 RR 0.66, 95% CI 0.49–0.89, p = 0.008 TDF > ETV Zhang Z [74] 2019

China ETV: 28,041
TDF: 1309

ETV: 0.49/100 PY
TDF: 0.06/100 PY
HR 0.36, 95% CI 0.16–0.80, p = 0.013

TDF > ETV Yip TC [75] 2020

Taiwan and
Asia–Pacific

ETV: 4837
TDF: 700 HR 0.89; 95% CI 0.41–1.92, p = 0.77 TDF = ETV Hsu YC [76] 2020

Taiwan and
Asia–Pacific

ETV: 19,702
TDF: 16,266

ETV: 3.44%/5 Y
TDF: 3.39%/5 Y
HR 0.88, 95% CI 0.73–1.07 p = 0.20

TDF = ETV Tseng CH [77] 2020

Hong Kong and
China

ETV: 56,346
TDF: 28,662 HR 0.73, 95% CI 0.62–0.85 p < 0.001 TDF > ETV Cheung KS [78] 2020

Europe ETV: 772
TDF: 1163

ETV: 1.08/100 PY
TDF: 1.2/100 PY
p = 0.321

ETV = TDF Papatheodoridis
GV [79] 2020

USA ETV: 2193
TDF: 1094 HR 1.00, 95% CI 0.76–1.32 ETV = TDF Su F [80] 2021

ETV, entecavir; TDF, tenofovir disoproxil fumarate; TAF, tenofovir alafenamide fumarate; HCC, hepatocellular
carcinoma; HR, hazard ratio; CI, confidence interval; PY, person years; RR, rate ratio—HR combined with
incidence rate ratios; Y, year.

It is critical to observe that all of the investigations comparing the risk of HCC between
TDF and ETV treatment have given one direction supporting TDF or no direction. No high-
quality investigations have brought evidence supporting ETV over TDF [82]. Additional
clinical investigations or trials with a large number of subjects and a longer follow-up are
essential to settle these opposite opinions and to obtain a consensus.

9. Conclusions

Thanks to the broad usefulness of the excellent efficacious antiviral therapy for CHB,
long-term clinical results in subjects with CHB have been dramatically progressed over
the previous ten years. Notwithstanding that recent antiviral therapy does not completely
rule out the risk of HCC, any reducing occurrence of HBV-associated HCC remains to
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be evinced regarding the crude ratio and a definite number of subjects, unlike common
expectations [12].

In addition, some patients at an immune-tolerant phase and at a high risk of HCC are
still advised not to start antiviral therapy under recent therapy guidelines. A growing body
of proof from big-scale group investigations demonstrates that early indications of antiviral
therapy, even with continuously low ALT values, may be needed to minimize the risk
of HCC.

In conclusion, these data demonstrate that elevated ALT levels should not be consid-
ered as important criteria to help the decision of starting antiviral therapy in patients with
CHB [12].

The current cost-effective study has shown that earlier therapy starting with normal
ALT values and a high viral value may be cost-efficacious compared to delaying the therapy
until the occurrence of the active hepatitis stage in adult subjects with CHB [83], demon-
strating the highly capable long-term effectiveness and safety of a recent anti-HBV study
that posed a high genetic barrier to resistance and reducing the cost [84–86]. Accordingly,
all drug adherence ratios in CHB subjects have been continuously demonstrated to be high
(>90%) by many past investigations [87–89]. So, efforts to settle therapy guidelines with
the current clinical results should be made to decrease the additional occurrence of HCC,
such as the elongation of treatment policies and the careful choice of medicine, to optimize
the HCC-prohibiting effect of the therapy [12].

Extending the treatment policy to CHB subjects with extreme values of HBV DNA
may be thought to further prohibit HCC irrespective of the ALT values.

In patients with CHB treated with ETV or TDF, early ALT normalization has been
independently related to a proportionally lower HCC risk, irrespective of steatosis or
cirrhosis at the start and the VR during therapy [90].

Whether ETV, TDF, or TAF treatments differ in their effects on the prevention of HCC
remains unclear. To resolve this issue, we suggest a meta-analysis with the use of individual
subject data from group investigations or randomized studies with a bigger number of
subjects and a longer follow-up.

Author Contributions: S.R.K. wrote the manuscript and S.K.K. approved the manuscript. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors appreciate Mika Matsui for providing useful help.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Kim, S.K.; Fujii, T.; Kim, S.R.; Nakai, A.; Lim, Y.S.; Hagiwara, S.; Kudo, M. Hepatitis B Virus Treatment and Hepatocellular

Carcinoma: Controversies and Approaches to Consensus. Liver Cancer 2022, 11, 497–510. [CrossRef]
2. Kim, G.A.; Han, S.B.; Choi, G.H.; Choi, G.; Lim, Y.S. Moderate levels of serum hepatitis B virus DNA are associated with the

highest risk of hepatocellular carcinoma in chronic hepatitis B patients. Aliment. Pharmacol. Ther. 2020, 51, 1169–1179. [CrossRef]
3. Foreman, K.J.; Marquez, N.; Dolgert, A.; Fukutaki, K.; Fullman, N.; McGaughey, M.; Pletcher, M.A.; Smith, A.E.; Tang, K.;

Yuan, C.W.; et al. Forecasting life expectancy, years of life lost, and allcause and cause-specific mortality for 250 causes of death:
Reference and alternative scenarios for 2016-40 for 195 countries and territories. Lancet 2018, 392, 2052–2090. [CrossRef]

4. Choi, W.M.; Kim, G.A.; Choi, J.; Han, S.; Lim, Y.S. Increasing on-treatment hepatocellular carcinoma risk with decreasing baseline
viral load in HBeAg-positive chronic hepatitis B. J. Clin. Investig. 2022, 132, e154833. [CrossRef]

5. Nayagam, S.; Thursz, M.; Sicuri, E.; Conteh, L.; Wiktor, S.; Low-Beer, D.; Hallett, T.B. Requirements for global elimination of
hepatitis B: A modelling study. Lancet Infect. Dis. 2016, 16, 1399–1408. [CrossRef]

6. The Polaris Observatory Collaborators. Global prevalence, treatment, and prevention of hepatitis B virus infection in 2016: A
modelling study. Lancet Gastroenterol. Hepatol. 2018, 3, 383–403. [CrossRef]

https://doi.org/10.1159/000525518
https://doi.org/10.1111/apt.15725
https://doi.org/10.1016/S0140-6736(18)31694-5
https://doi.org/10.1172/JCI154833
https://doi.org/10.1016/S1473-3099(16)30204-3
https://doi.org/10.1016/S2468-1253(18)30056-6


Diagnostics 2023, 13, 3212 11 of 14

7. Thomas, D.L. Global elimination of chronic hepatitis. N. Engl. J. Med. 2019, 380, 2041–2050. [CrossRef] [PubMed]
8. European Association for Study of the Liver (EASL) Guidelines for CHB Treatment. EASL 2017 Clinical Practice Guidelines on

the management of hepatitis B virus infection. J. Hepatol. 2017, 67, 370–398. [CrossRef] [PubMed]
9. Varbobitis, I.; Papatheodoridis, G.V. The assessment of hepatocellular carcinoma risk in patients with chronic hepatitis B under

antiviral therapy. Clin. Mol. Hepatol. 2016, 22, 319–326. [CrossRef] [PubMed]
10. Papatheodoridis, G.V.; Idilman, R.; Dalekos, G.N.; Buti, M.; Chi, H.; van Boemmel, F.; Calleja, J.L.; Sypsa, V.; Goulis, J.;

Manolakopoulos, S.; et al. The risk of hepatocellular carcinoma decreases after the first 5 years of entecavir or tenofovir in
Caucasians with chronic hepatitis B. Hepatology 2017, 66, 1444–1453. [CrossRef]

11. Choi, J.; Han, S.; Kim, N.; Lim, Y.S. Increasing burden of liver cancer despite extensive use of antiviral agents in a hepatitis B
virus-endemic population. Hepatology 2017, 66, 1454–1463. [CrossRef]

12. Choi, J.; Lim, Y.S. Secondary prevention of hepatitis B virus-related hepatocellular carcinoma with current antiviral therapies.
Kaohsiung J. Med. Sci. 2021, 37, 262–267. [CrossRef]

13. Wong, G.L.H. Management of chronic hepatitis B patients in immunetolerant phase: What latest guidelines recommend. Clin.
Mol. Hepatol. 2018, 24, 108–113. [CrossRef] [PubMed]

14. Terrault, N.A.; Bzowej, N.H.; Chang, K.M.; Hwang, J.P.; Jonas, M.M.; Murad, M.H.; American Association for the Study of Liver
Diseases. AASLD guidelines for treatment of chronic hepatitis B. Hepatology 2016, 63, 261–283. [CrossRef] [PubMed]

15. Sarin, S.K.; Kumar, M.; Lau, G.K.; Abbas, Z.; Chan, H.L.Y.; Chen, C.J.; Chen, D.S.; Chen, H.L.; Chen, P.J.; Chien, R.N.; et al.
Asian-Pacific clinical practice guidelines on the management of hepatitis B: A 2015 update. Hepatol. Int. 2016, 10, 1–98. [CrossRef]
[PubMed]

16. Bertoletti, A.; Ferrari, C. Adaptive immunity in HBV infection. J. Hepatol. 2016, 64, S71–S83. [CrossRef] [PubMed]
17. Mason, W.S.; Gill, U.S.; Litwin, S.; Zhou, Y.; Peri, S.; Pop, O.; Hong, M.L.W.; Naik, S.; Quaglia, A.; Bertoletti, A.; et al. HBV DNA

Integration and Clonal Hepatocyte Expansion in Chronic Hepatitis B Patients Considered Immune Tolerant. Gastroenterology
2016, 151, 986–998.e4. [CrossRef] [PubMed]

18. Terrault, N.A.; Lok, A.S.F.; McMahon, B.J.; Chang, K.M.; Hwang, J.P.; Jonas, M.M.; Brown Jr, R.S.; Bzowej, N.H.; Wong, J.B. Update
on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD 2018 hepatitis B guidance. Hepatology 2018, 67, 1560–1599.
[CrossRef]

19. Korean Association for the Study of the Liver KASL. KASL clinical practice guidelines for management of chronic hepatitis B.
Clin. Mol. Hepatol. 2019, 25, 93–159. [CrossRef]

20. Kim, G.A.; Lim, Y.S.; Han, S.; Choi, J.; Shim, J.H.; Kim, K.M.; Lee, H.C.; Lee, Y.S. High risk of hepatocellular carcinoma and death
in patients with immunetolerant-phase chronic hepatitis B. Gut 2018, 67, 945–952. [CrossRef]

21. Chang, Y.; Choe, W.H.; Sinn, D.H.; Lee, J.H.; Ahn, S.H.; Lee, H.; Shim, J.J.; Jun, D.W.; Park, S.Y.; Nam, J.Y.; et al. Nucleos(t) ide
Analogue Treatment for Adult Patients with HBeAg-positive Chronic Infection with Genotype C Hepatitis B Virus: A Nationwide
Real-life Study. J. Infect. Dis. 2017, 216, 1407–1414. [CrossRef] [PubMed]

22. Yim, H.J.; Kim, J.H.; Park, J.Y.; Yoon, E.L.; Park, H.; Kwon, J.H.; Sinn, D.H.; Lee, S.H.; Lee, J.H.; Lee, H.W. Comparison of clinical
practice guidelines for the management of chronic hepatitis B: When to start, when to change, and when to stop. Clin. Mol.
Hepatol. 2020, 26, 411–429. [CrossRef] [PubMed]

23. Gane, E.J.; Charlton, M.R.; Mohamed, R.; Sollano, J.D.; Tun, K.S.; Pham, T.T.T.; Payawal, D.A.; Gani, R.A.; Muljono, D.H.S.;
Acharya, K.; et al. Asian consensus recommendations on optimizing the diagnosis and initiation of treatment of hepatitis B virus
infection in resourcelimited settings. J. Viral Hepat. 2020, 27, 466–475. [CrossRef] [PubMed]

24. Chen, C.J.; Yang, H.I.; Su, J.; Jen, C.L.; You, S.L.; Lu, S.N.; Huang, G.T.; Iloeje, U.H.; REVEAL-HBV Study Group. Risk of
hepatocellular carcinoma across a biological gradient of serum hepatitis B virus DNA level. JAMA 2006, 295, 65–73. [CrossRef]

25. Chen, C.F.; Lee, W.C.; Yang, H.I.; Chang, H.C.; Jen, C.L.; Iloeje, U.H.; Su, J.; Hsiao, C.K.; Wang, L.Y.; You, S.L.; et al. Changes in
serum levels of HBV DNA and alanine aminotransferase determine risk for hepatocellular carcinoma. Gastroenterology 2011, 141,
1240–1248.e2. [CrossRef]

26. Zoulim, F.; Mason, W.S. Reasons to consider earlier treatment of chronic HBV infections. Gut 2012, 61, 333–336. [CrossRef]
27. Cho, J.Y.; Paik, Y.H.; Sohn, W.; Cho, H.C.; Gwak, G.Y.; Choi, M.S.; Lee, J.H.; Koh, K.C.; Paik, S.W.; Yoo, B.C. Patients with chronic

hepatitis B treated with oral antiviral therapy retain a higher risk for HCC compared with patients with inactive stage disease.
Gut 2014, 63, 1943–1950. [CrossRef]

28. Choi, G.H.; Kim, G.A.; Choi, J.; Han, S.; Lim, Y.S. High risk of clinical events in untreated HBeAg-negative chronic hepatitis B
patients with high viral load and no significant ALT elevation. Aliment. Pharmacol. Ther. 2019, 50, 215–226. [CrossRef] [PubMed]

29. Liu, J.; Wang, J.; Yan, X.; Xue, R.; Zhan, J.; Jiang, S.; Geng, Y.; Liu, Y.; Mao, M.; Xia, J.; et al. Presence of Liver Inflammation in Asian
Patients With Chronic Hepatitis B With Normal ALT and Detectable HBV DNA in Absence of Liver Fibrosis. Hepatol. Commun.
2022, 6, 855–866. [CrossRef]

30. Chemin, I.; Zoulim, F. Hepatitis B virus induced hepatocellular carcinoma. Cancer Lett. 2009, 286, 52–59. [CrossRef]
31. Lai, M.; Hyatt, B.J.; Nasser, I.; Curry, M.; Afdhal, N.H. The clinical significance of persistently normal ALT in chronic hepatitis B

infection. J. Hepatol. 2007, 47, 760–767. [CrossRef]
32. Park, J.Y.; Park, Y.N.; Kim, D.Y.; Paik, Y.H.; Lee, K.S.; Moon, B.S.; Han, K.H.; Chon, C.Y.; Ahn, S.H. High prevalence of significant

histology in asymptomatic chronic hepatitis B patients with genotype C and high serum HBV DNA levels. J. Viral Hepat. 2008, 15,
615–621. [CrossRef] [PubMed]

https://doi.org/10.1056/NEJMra1810477
https://www.ncbi.nlm.nih.gov/pubmed/31116920
https://doi.org/10.1016/j.jhep.2017.03.021
https://www.ncbi.nlm.nih.gov/pubmed/28427875
https://doi.org/10.3350/cmh.2016.0045
https://www.ncbi.nlm.nih.gov/pubmed/27729632
https://doi.org/10.1002/hep.29320
https://doi.org/10.1002/hep.29321
https://doi.org/10.1002/kjm2.12364
https://doi.org/10.3350/cmh.2017.0068
https://www.ncbi.nlm.nih.gov/pubmed/29353469
https://doi.org/10.1002/hep.28156
https://www.ncbi.nlm.nih.gov/pubmed/26566064
https://doi.org/10.1007/s12072-015-9675-4
https://www.ncbi.nlm.nih.gov/pubmed/26563120
https://doi.org/10.1016/j.jhep.2016.01.026
https://www.ncbi.nlm.nih.gov/pubmed/27084039
https://doi.org/10.1053/j.gastro.2016.07.012
https://www.ncbi.nlm.nih.gov/pubmed/27453547
https://doi.org/10.1002/hep.29800
https://doi.org/10.3350/cmh.2019.1002
https://doi.org/10.1136/gutjnl-2017-314904
https://doi.org/10.1093/infdis/jix506
https://www.ncbi.nlm.nih.gov/pubmed/29029102
https://doi.org/10.3350/cmh.2020.0049
https://www.ncbi.nlm.nih.gov/pubmed/32854458
https://doi.org/10.1111/jvh.13244
https://www.ncbi.nlm.nih.gov/pubmed/31785182
https://doi.org/10.1001/jama.295.1.65
https://doi.org/10.1053/j.gastro.2011.06.036
https://doi.org/10.1136/gutjnl-2011-300937
https://doi.org/10.1136/gutjnl-2013-306409
https://doi.org/10.1111/apt.15311
https://www.ncbi.nlm.nih.gov/pubmed/31135074
https://doi.org/10.1002/hep4.1859
https://doi.org/10.1016/j.canlet.2008.12.003
https://doi.org/10.1016/j.jhep.2007.07.022
https://doi.org/10.1111/j.1365-2893.2008.00989.x
https://www.ncbi.nlm.nih.gov/pubmed/18573162


Diagnostics 2023, 13, 3212 12 of 14

33. Kumar, M.; Sarin, S.K.; Hissar, S.; Pande, C.; Sakhuja, P.; Sharma, B.C.; Chauhan, R.; Bose, S. Virologic and histologic features of
chronic hepatitis B virus-infected asymptomatic patients with persistently normal ALT. Gastroenterology 2008, 134, 1376–1384.
[CrossRef] [PubMed]

34. Alam, S.; Ahmad, N.; Mustafa, G.; Shrestha, A.; Alam, A.K.M.K.; Khan, M. Evaluation of normal or minimally elevated alanine
transaminase, age and DNA level in predicting liver histological changes in chronic hepatitis B. Liver Int. 2011, 31, 824–830.
[CrossRef] [PubMed]

35. Chao, D.T.; Lim, J.K.; Ayoub, W.S.; Nguyen, L.H.; Nguyen, M.H. Systematic review with meta-analysis: The proportion of chronic
hepatitis B patients with normal alanine transaminase </=40 IU/L and significant hepatic fibrosis. Aliment. Pharmacol. Ther. 2014,
39, 349–358. [PubMed]

36. Lee, J.K.; Shim, J.H.; Lee, H.C.; Lee, S.H.; Kim, K.M.; Lim, Y.S.; Chung, Y.H.; Lee, Y.S.; Suh, D.J. Estimation of the healthy upper
limits for serum alanine aminotransferase in Asian populations with normal liver histology. Hepatology 2010, 51, 1577–1583.
[CrossRef]

37. Nguyen, M.H.; Garcia, R.T.; Trinh, H.N.; Lam, K.D.; Weiss, G.; Nguyen, H.A.; Nguyen, K.K.; Keeffe, E.B. Histological disease
in Asian-Americans with chronic hepatitis B, high hepatitis B virus DNA, and normal alanine aminotransferase levels. Am. J.
Gastroenterol. 2009, 104, 2206–2213. [CrossRef]

38. Yuen, M.F.; Tanaka, Y.; Fong, D.Y.; Fung, J.; Wong, D.K.H.; Yuen, J.C.H.; But, D.Y.K.; Chan, A.O.O.; Wong, B.C.Y.; Mizokami, M.;
et al. Independent risk factors and predictive score for the development of hepatocellular carcinoma in chronic hepatitis B. J.
Hepatol. 2009, 50, 80–88. [CrossRef]

39. Yuen, M.F.; Yuan, H.J.; Wong, D.K.H.; Yuen, J.C.H.; Wong, W.M.; Chan, A.O.O.; Wong, B.C.Y.; Lai, K.C.; Lai, C.L. Prognostic
determinants for chronic hepatitis B in Asians: Therapeutic implications. Gut 2005, 54, 1610–1614. [CrossRef]

40. Kim, S.; Lee, Y.S.; Bang, S.M.; Bak, H.; Yim, S.Y.; Lee, Y.S.; Yoo, Y.J.; Jung, Y.K.; Kim, J.H.; Seo, Y.S.; et al. Early Normalization of
Alanine Aminotransferase during Antiviral Therapy Reduces Risk of Hepatocellular Carcinoma in HBV Patients. J. Clin. Med.
2021, 10, 1840. [CrossRef]

41. Yang, H.I.; Yuen, M.F.; Chan, H.L.; Han, K.H.; Chen, P.J.; Kim, D.Y.; Ahn, S.H.; Chen, C.J.; Wong, V.W.S.; Seto, W.K.; et al. Risk
estimation for hepatocellular carcinoma in chronic hepatitis B (REACH-B): Development and validation of a predictive score.
Lancet Oncol. 2011, 12, 568–574. [CrossRef] [PubMed]

42. Kao, J.H.; Hu, T.H.; Jia, J.; Kurosaki, M.; Lim, Y.S.; Lin, H.C.; Sinn, D.H.; Tanaka, Y.; Wong, V.W.S.; Yuen, M.F. East Asia expert
opinion on treatment initiation for chronic hepatitis B. Aliment. Pharmacol. Ther. 2020, 52, 1540–1550. [CrossRef] [PubMed]

43. Lee, H.A.; Lee, H.W.; Kim, I.H.; Park, S.Y.; Sinn, D.H.; Yu, J.H.; Seo, Y.S.; Um, S.H.; Lee, J.I.; Lee, K.S.; et al. Extremely low risk of
hepatocellular carcinoma development in patients with chronic hepatitis B in immune-tolerant phase. Aliment. Pharmacol. Ther.
2020, 52, 196–204. [CrossRef]

44. Sinn, D.H.; Lee, J.H.; Kim, K.; Ahn, J.H.; Lee, J.H.; Kim, J.H.; Lee, D.H.; Yoon, J.H.; Kang, W.; Gwak, G.Y.; et al. A Novel Model for
Predicting Hepatocellular Carcinoma Development in Patients with Chronic Hepatitis B and Normal Alanine Aminotransferase
Levels. Gut Liver 2017, 11, 528–534. [CrossRef] [PubMed]

45. Xu, C.; Yamamoto, T.; Zhou, T.; Aldrich, C.E.; Frank, K.; Cullen, J.M.; Jilbert, A.R.; Mason, W.S. The liver of woodchucks
chronically infected with the woodchuck hepatitis virus contains foci of virus core antigen-negative hepatocytes with both altered
and normal morphology. Virology 2007, 359, 283–294. [CrossRef]

46. Mason, W.S.; Liu, C.; Aldrich, C.E.; Yeh, M.M. Clonal expansion of normal-appearing human hepatocytes during chronic hepatitis
B virus infection. J. Virol. 2010, 84, 8308–8315. [CrossRef]

47. Kennedy, P.T.; Sandalova, E.; Jo, J.; Gill, U.; Ushiro-Lumb, I.; Tan, A.T.; Naik, H.; Foster, G.R.; Bertoletti, A. Preserved T-cell
function in children and young adults with immunetolerant chronic hepatitis B. Gastroenterology 2012, 143, 637–645. [CrossRef]
[PubMed]

48. Marongiu, F.; Doratiotto, S.; Montisci, S.; Pani, P.; Laconi, E. Liver repopulation and carcinogenesis: Two sides of the same coin?
Am. J. Pathol. 2008, 172, 857–864. [CrossRef]

49. Tu, T.; Mason, W.S.; Clouston, A.D.; Shackel, N.A.; McCaughan, G.W.; Yeh, M.M.; Schiff, E.R.; Ruszkiewicz, A.R.; Chen, J.W.;
Harley, H.A.J.; et al. Clonal expansion of hepatocytes with a selective advantage occurs during all stages of chronic hepatitis B
virus infection. J. Viral Hepat. 2015, 22, 737–753. [CrossRef] [PubMed]

50. Svicher, V.; Salpini, R.; Battisti, A.; Colagrossi, L.; Piermatteo, L.; Surdo, M.; Cacciafesta, V.; Nuccitelli, A.; Hansi, N.; Silberstein,
F.C.; et al. The integration of hepatitis B virus into human genome is a common event in the setting of HBeAg negative disease:
Implications for the treatment and management of CHB. J. Hepatol. 2019, 70 (Suppl. 1), e83. [CrossRef]

51. McMahon, B.J. The influence of hepatitis B virus genotype and subgenotype on the natural history of chronic hepatitis B. Hepatol.
Int. 2009, 3, 334–342. [CrossRef] [PubMed]

52. Haga, H.; Saito, T.; Okumoto, K.; Tomita, K.; Katsumi, T.; Mizuno, K.; Nishina, T.; Watanabe, H.; Ueno, Y. Incidence of development
of hepatocellular carcinoma in Japanese patients infected with hepatitis B virus is equivalent between genotype B and C in long
term. J. Viral Hepat. 2019, 26, 866–872. [CrossRef] [PubMed]

53. Testoni, B.; Lebossé, F.; Scholtes, C.; Berby, F.; Miaglia, C.; Subic, M.; Loglio, A.; Facchetti, F.; Lampertico, P.; Levrero, M.; et al.
Serum hepatitis B core-related antigen (HBcrAg) correlates with covalently closed circular DNA transcriptional activity in chronic
hepatitis B patients. J. Hepatol. 2019, 70, 615–625. [CrossRef] [PubMed]

https://doi.org/10.1053/j.gastro.2008.02.075
https://www.ncbi.nlm.nih.gov/pubmed/18471514
https://doi.org/10.1111/j.1478-3231.2011.02491.x
https://www.ncbi.nlm.nih.gov/pubmed/21645213
https://www.ncbi.nlm.nih.gov/pubmed/24387289
https://doi.org/10.1002/hep.23505
https://doi.org/10.1038/ajg.2009.248
https://doi.org/10.1016/j.jhep.2008.07.023
https://doi.org/10.1136/gut.2005.065136
https://doi.org/10.3390/jcm10091840
https://doi.org/10.1016/S1470-2045(11)70077-8
https://www.ncbi.nlm.nih.gov/pubmed/21497551
https://doi.org/10.1111/apt.16097
https://www.ncbi.nlm.nih.gov/pubmed/32951256
https://doi.org/10.1111/apt.15741
https://doi.org/10.5009/gnl16403
https://www.ncbi.nlm.nih.gov/pubmed/27980231
https://doi.org/10.1016/j.virol.2006.09.034
https://doi.org/10.1128/JVI.00833-10
https://doi.org/10.1053/j.gastro.2012.06.009
https://www.ncbi.nlm.nih.gov/pubmed/22710188
https://doi.org/10.2353/ajpath.2008.070910
https://doi.org/10.1111/jvh.12380
https://www.ncbi.nlm.nih.gov/pubmed/25619231
https://doi.org/10.1016/S0618-8278(19)30145-8
https://doi.org/10.1007/s12072-008-9112-z
https://www.ncbi.nlm.nih.gov/pubmed/19669359
https://doi.org/10.1111/jvh.13099
https://www.ncbi.nlm.nih.gov/pubmed/30924226
https://doi.org/10.1016/j.jhep.2018.11.030
https://www.ncbi.nlm.nih.gov/pubmed/30529504


Diagnostics 2023, 13, 3212 13 of 14

54. Suzuki, Y.; Maekawa, S.; Komatsu, N.; Sato, M.; Tatsumi, A.; Miura, M.; Matsuda, S.; Muraoka, M.; Nakakuki, N.; Shindo, H.;
et al. Hepatitis B virus (HBV)-infected patients with low hepatitis B surface antigen and high hepatitis B core-related antigen
titers have a high risk of HBV-related hepatocellular carcinoma. Hepatol. Res. 2019, 49, 51–63. [CrossRef]

55. Bowden, S.; Locarnini, S.; Chang, T.T.; Chao, Y.C.; Han, K.H.; Gish, R.G.; de Man, R.A.; Yu, M.; Llamoso, C.; Tang, H. Covalently
closed-circular hepatitis B virus DNA reduction with entecavir or lamivudine. World J. Gastroenterol. 2015, 21, 4644–4651.
[CrossRef] [PubMed]

56. Tong, S.; Revill, P. Overview of hepatitis B viral replication and genetic variability. J. Hepatol. 2016, 64, S4–S16. [CrossRef]
57. Levrero, M.; Zucman-Rossi, J. Mechanisms of HBV-induced hepatocellular carcinoma. J. Hepatol. 2016, 64, S84–S101. [CrossRef]
58. Orito, E.; Hasebe, C.; Kurosaki, M.; Osaki, Y.; Joko, K.; Watanabe, H.; Kimura, H.; Nishijima, N.; Kusakabe, A.; Izumi, N.; et al.

Risk of hepatocellular carcinoma in cirrhotic hepatitis B virus patients during nucleoside/nucleotide analog therapy. Hepatol. Res.
2015, 45, 872–879. [CrossRef]

59. Tseng, T.C.; Liu, C.J.; Hsu, C.Y.; Hong, C.M.; Su, T.H.; Yang, W.T.; Chen, C.L.; Yang, H.C.; Huang, Y.T.; Kuo, S.F.T.; et al. High
Level of Hepatitis B Core-Related Antigen Associated With Increased Risk of Hepatocellular Carcinoma in Patients With Chronic
HBV Infection of Intermediate Viral Load. Gastroenterology 2019, 157, 1518–1529.e3. [CrossRef]

60. Chan, H.L.; Wong, V.W.; Tse, A.M.; Tse, C.H.; Chim, A.M.L.; Chan, H.Y.; Wong, G.L.H.; Sung, J.J.Y. Serum hepatitis B surface
antigen quantitation can reflect hepatitis B virus in the liver and predict treatment response. Clin. Gastroenterol. Hepatol. 2007, 5,
1462–1468. [CrossRef]

61. Suzuki, F.; Miyakoshi, H.; Kobayashi, M.; Kumada, H. Correlation between serum hepatitis B virus core-related antigen and
intrahepatic covalently closed circular DNA in chronic hepatitis B patients. J. Med. Virol. 2009, 81, 27–33. [CrossRef]

62. Inoue, T.; Kusumoto, S.; Iio, E.; Ogawa, S.; Suzuki, T.; Yagi, S.; Kaneko, A.; Matsuura, K.; Aoyagi, K.; Tanaka, Y. Clinical efficacy
of a novel, high-sensitivity HBcrAg assay in the management of chronic hepatitis B and HBV reactivation. J. Hepatol. 2021, 75,
302–310. [CrossRef]

63. Hosaka, T.; Suzuki, F.; Kobayashi, M.; Fujiyama, S.; Kawamura, Y.; Sezaki, H.; Akuta, N.; Kobayashi, M.; Suzuki, Y.; Saitoh, S.;
et al. Ultrasensitive Assay for Hepatitis B Core-Related Antigen Predicts Hepatocellular Carcinoma Incidences During Entecavir.
Hepatol. Commun. 2022, 6, 36–49. [CrossRef]

64. Suzuki, F.; Hosaka, T.; Imaizumi, M.; Kobayashi, M.; Ohue, C.; Suzuki, Y.; Fujiyama, S.; Kawamura, Y.; Sezaki, H.; Akuta, N.;
et al. Potential of ultra-highly sensitive immunoassays for hepatitis B surface and core-related antigens in patients with or
without development of hepatocellular carcinoma after hepatitis B surface antigen seroclearance. Hepatol. Res. 2021, 51, 426–435.
[CrossRef] [PubMed]

65. Yan, K.; Feng, J.; Liu, X.; Wang, H.; Li, Q.; Li, J.; Xu, T.; Sajid, M.; Ullah, H.; Zhou, L.; et al. Inhibition of Hepatitis B Virus
by AAV8-Derived CRISPR/SaCas9 Expressed From Liver-Specific Promoters. Front. Microbiol. 2021, 12, 665184. [CrossRef]
[PubMed]

66. Choi, J.G.; Kim, H.J.; Lee, J.Y.; Cho, S.; Ko, M.J.; Lim, Y.S. Risk of hepatocellular carcinoma in patients treated with entecavir vs
tenofovir for chronic hepatitis B: A Korean Nationwide Cohort Study. JAMA Oncol. 2019, 5, 30–36. [CrossRef] [PubMed]

67. Kim, S.U.; Seo, Y.S.; Lee, H.A.; Kim, M.N.; Lee, Y.R.; Lee, H.W.; Park, J.Y.; Kim, D.Y.; Ahn, S.H.; Han, K.H.; et al. A multicenter
study of entecavir vs. tenofovir on prognosis of treatment-naive chronic hepatitis B in South Korea. J. Hepatol. 2019, 71, 456–464.
[CrossRef]

68. Lee, S.W.; Kwon, J.H.; Lee, H.L.; Yoo, S.H.; Nam, H.C.; Sung, P.S.; Nam, S.W.; Bae, S.H.; Choi, J.Y.; Yoon, S.K.; et al. Comparison of
tenofovir and entecavir on the risk of hepatocellular carcinoma and mortality in treatment-naïve patients with chronic hepatitis B
in Korea: A large-scale, propensity score analysis. Gut 2020, 69, 1301–1308. [CrossRef]

69. Ha, Y.J.; Chon, Y.E.; Kim, M.N.; Lee, J.H.; Hwang, S.G. Hepatocellular carcinoma and death and transplantation in chronic
hepatitis B treated with entecavir or tenofovir disoproxil fumarate. Sci. Rep. 2020, 10, 13537. [CrossRef] [PubMed]

70. Choi, J.G.; Jo, C.Y.; Lim, Y.S. Tenofovir versus entecavir on recurrence of Hepatitis B virus-related hepatocellular carcinoma after
surgical resection. Hepatology 2021, 73, 661–673. [CrossRef]

71. Lee, H.W.; Cho, Y.Y.; Lee, H.; Lee, J.S.; Kim, S.U.; Park, J.Y.; Kim, D.Y.; Ahn, S.H.; Kim, B.K.; Park, S.Y. Impact of tenofovir
alafenamide vs. entecavir on hepatocellular carcinoma risk in patients with chronic hepatitis B. Hepatol. Int. 2021, 15, 1083–1092.
[CrossRef]

72. Chon, H.Y.; Ahn, S.H.; Kim, Y.J.; Yoon, J.H.; Lee, J.H.; Sinn, D.H.; Kim, S.U. Efficacy of entecavir, tenofovir disoproxil fumarate,
and tenofovir alafenamide in treatment-naive hepatitis B patients. Hepatol. Int. 2021, 15, 1328–1336. [CrossRef] [PubMed]

73. Lim, J.H.; Choi, W.M.; Shim, J.H.; Lee, D.; Kim, K.M.; Lim, Y.S.; Lee, H.C.; Choi, J.G. Efficacy and safety of tenofovir alafenamide
versus tenofovir disoproxil fumarate in treatment-naïve chronic hepatitis B. Liver Int. 2022, 42, 1517–1527. [CrossRef] [PubMed]

74. Zhang, Z.; Zhou, Y.; Yang, J.; Hu, K.; Huang, Y. The effectiveness of TDF versus ETV on incidence of HCC in CHB patients: A
meta-analysis. BMC Cancer 2019, 19, 511. [CrossRef] [PubMed]

75. Yip, T.C.; Wong, V.W.; Chan, H.L.Y.; Tse, Y.K.; Lui, G.C.Y.; Wong, G.L.H. Tenofovir is associated with lower risk of hepatocellular
carcinoma than entecavir in patients with chronic HBV infection in China. Gastroenterology 2020, 158, 215–225.e216. [CrossRef]
[PubMed]

76. Hsu, Y.C.; Wong, G.L.; Chen, C.H.; Peng, C.Y.; Yeh, M.L.; Cheung, K.S.; Toyoda, H.; Huang, C.F.; Trinh, H.; Xie, Q.; et al. Tenofovir
versus entecavir for hepatocellular carcinoma prevention in an international consortium of chronic hepatitis B. Am. J. Gastroenterol.
2020, 115, 271–280. [CrossRef] [PubMed]

https://doi.org/10.1111/hepr.13277
https://doi.org/10.3748/wjg.v21.i15.4644
https://www.ncbi.nlm.nih.gov/pubmed/25914474
https://doi.org/10.1016/j.jhep.2016.01.027
https://doi.org/10.1016/j.jhep.2016.02.021
https://doi.org/10.1111/hepr.12427
https://doi.org/10.1053/j.gastro.2019.08.028
https://doi.org/10.1016/j.cgh.2007.09.005
https://doi.org/10.1002/jmv.21339
https://doi.org/10.1016/j.jhep.2021.02.017
https://doi.org/10.1002/hep4.1819
https://doi.org/10.1111/hepr.13602
https://www.ncbi.nlm.nih.gov/pubmed/33270344
https://doi.org/10.3389/fmicb.2021.665184
https://www.ncbi.nlm.nih.gov/pubmed/34254007
https://doi.org/10.1001/jamaoncol.2018.4070
https://www.ncbi.nlm.nih.gov/pubmed/30267080
https://doi.org/10.1016/j.jhep.2019.03.028
https://doi.org/10.1136/gutjnl-2019-318947
https://doi.org/10.1038/s41598-020-70433-z
https://www.ncbi.nlm.nih.gov/pubmed/32782369
https://doi.org/10.1002/hep.31289
https://doi.org/10.1007/s12072-021-10234-2
https://doi.org/10.1007/s12072-021-10262-y
https://www.ncbi.nlm.nih.gov/pubmed/34799838
https://doi.org/10.1111/liv.15261
https://www.ncbi.nlm.nih.gov/pubmed/35343041
https://doi.org/10.1186/s12885-019-5735-9
https://www.ncbi.nlm.nih.gov/pubmed/31142283
https://doi.org/10.1053/j.gastro.2019.09.025
https://www.ncbi.nlm.nih.gov/pubmed/31574268
https://doi.org/10.14309/ajg.0000000000000428
https://www.ncbi.nlm.nih.gov/pubmed/31634265


Diagnostics 2023, 13, 3212 14 of 14

77. Tseng, C.H.; Hsu, Y.C.; Chen, T.H.; Ji, F.; Chen, I.S.; Tsai, Y.N.; Hai, H.; Thuy, L.T.T.; Hosaka, T.; Sezaki, H.; et al. Hepatocellular
carcinoma incidence with tenofovir versus entecavir in chronic hepatitis B: A systematic review and meta-analysis. Lancet
Gastroenterol. Hepatol. 2020, 5, 1039–1052. [CrossRef]

78. Cheung, K.S.; Mak, L.Y.; Liu, S.H.; Cheng, H.M.; Seto, W.K.; Yuen, M.F.; Lai, C.L. Entecavir vs tenofovir in hepatocellular
carcinoma prevention in chronic hepatitis B infection: A systematic review and meta-analysis. Clin. Transl. Gastroenterol. 2020,
11, e00236. [CrossRef]

79. Papatheodoridis, G.V.; Dalekos, G.N.; Idilman, R.; Sypsa, V.; Van Boemmel, F.; Buti, M.; Calleja, J.L.; Goulis, J.; Manolakopoulos,
S.; Loglio, A.; et al. Similar risk of hepatocellular carcinoma during long-term entecavir or tenofovir therapy in Caucasian patients
with chronic hepatitis B. J. Hepatol. 2020, 73, 1037–1045. [CrossRef]

80. Su, F.; Berry, K.; Ioannou, G.N. No difference in hepatocellular carcinoma risk between chronic hepatitis B patients treated with
entecavir versus tenofovir. Gut 2021, 70, 370–378. [CrossRef]

81. Choi, W.M.; Yip, T.C.F.; Lim, Y.S.; Wong, G.L.H.; Kim, W.R. Methodological challenges of performing meta-analyses to compare
the risk of hepatocellular carcinoma between chronic hepatitis B treatments. J. Hepatol. 2022, 76, 186–194. [CrossRef] [PubMed]

82. Choi, J.G.; Lim, Y.S. Comparison of risk of hepatocellular carcinoma between tenofovir and entecavir: One direction or no
direction. J. Hepatol. 2019, 71, 846–867. [CrossRef]

83. Kim, H.L.; Kim, G.A.; Park, J.A.; Kang, H.R.; Lee, E.K.; Lim, Y.S. Cost-effectiveness of antiviral treatment in adult patients with
immune-tolerant phase chronic hepatitis B. Gut 2021, 70, 2172–2182. [CrossRef]

84. Buti, M.; Gane, E.; Seto, W.K.; Chan, H.L.Y.; Chuang, W.L.; Stepanova, T.; Hui, A.J.; Lim, Y.S.; Mehta, R.; Janssen, H.L.A.; et al.
Tenofovir alafenamide versus tenofovir disoproxil fumarate for the treatment of patients with HBeAg-negative chronic hepatitis
B virus infection: A randomised, double-blind, phase 3, non-inferiority trial. Lancet Gastroenterol. Hepatol. 2016, 1, 196–206.
[CrossRef] [PubMed]

85. Chan, H.L.; Fung, S.; Seto, W.K.; Chuang, W.L.; Chen, C.Y.; Kim, H.J.; Hui, A.J.; Janssen, H.L.A.; Chowdhury, A.; Tsang, T.Y.O.;
et al. Tenofovir alafenamide versus tenofovir disoproxil fumarate for the treatment of HBeAg-positive chronic hepatitis B virus
infection: A randomised, double-blind, phase 3, non-inferiority trial. Lancet Gastroenterol. Hepatol. 2016, 1, 185–195. [CrossRef]
[PubMed]

86. Agarwal, K.; Brunetto, M.; Seto, W.K.; Lim, Y.S.; Fung, S.; Marcellin, P.; Ahn, S.H.; Izumi, N.; Chuang, W.L.; Bae, H.; et al. 96weeks
treatment of tenofovir alafenamide vs. tenofovir disoproxil fumarate for hepatitis B virus infection. J. Hepatol. 2018, 68, 672–681.
[CrossRef]

87. Lieveld, F.I.; van Vlerken, L.G.; Siersema, P.D.; van Erpecum, K.J. Patient adherence to antiviral treatment for chronic hepatitis B
and C: A systematic review. Ann. Hepatol. 2013, 12, 380–391. [CrossRef]

88. Shin, J.W.; Jung, S.W.; Lee, S.B.; Lee, B.U.; Park, B.R.; Park, E.J.; Park, N.H. Medication nonadherence increases hepatocellular
carcinoma, cirrhotic complications, and mortality in chronic hepatitis B patients treated with entecavir. Am. J. Gastroenterol. 2018,
113, 998–1008. [CrossRef] [PubMed]

89. Lee, J.; Cho, S.; Kim, H.J.; Lee, H.; Ko, M.J.; Lim, Y.S. High level of medication adherence is required to lower mortality in patients
with chronic hepatitis B taking entecavir: A nationwide cohort study. J. Viral Hepat. 2021, 28, 353–363. [CrossRef]

90. Choi, J.; Kim, G.A.; Han, S.; Lim, Y.S. Earlier Alanine Aminotransferase Normalization During Antiviral Treatment Is Indepen-
dently Associated With Lower Risk of Hepatocellular Carcinoma in Chronic Hepatitis B. Am. J. Gastroenterol. 2020, 115, 406–414.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/S2468-1253(20)30249-1
https://doi.org/10.14309/ctg.0000000000000236
https://doi.org/10.1016/j.jhep.2020.06.011
https://doi.org/10.1136/gutjnl-2019-319867
https://doi.org/10.1016/j.jhep.2021.09.017
https://www.ncbi.nlm.nih.gov/pubmed/34592365
https://doi.org/10.1016/j.jhep.2019.06.013
https://doi.org/10.1136/gutjnl-2020-321309
https://doi.org/10.1016/S2468-1253(16)30107-8
https://www.ncbi.nlm.nih.gov/pubmed/28404092
https://doi.org/10.1016/S2468-1253(16)30024-3
https://www.ncbi.nlm.nih.gov/pubmed/28404091
https://doi.org/10.1016/j.jhep.2017.11.039
https://doi.org/10.1016/S1665-2681(19)31000-2
https://doi.org/10.1038/s41395-018-0093-9
https://www.ncbi.nlm.nih.gov/pubmed/29880971
https://doi.org/10.1111/jvh.13418
https://doi.org/10.14309/ajg.0000000000000490

	Introduction 
	Definition of the Immune-Tolerant Phase 
	When to Start Antiviral Therapies with NAs in Terms of ALT 
	Limitations of Elevated ALT Levels as Criteria for Therapy of CHB Patients 
	Relation between Normalization of ALT with NAs and Risk of HCC 
	Relation of Serum HBV DNA Levels and HBV DNA Genotypes and Subgenotypes with the Risk of HCC 
	Relation between HBV Virus Markers: HBsAg, HBcrAg, and HCC 
	Prevention of HCC via NAs—Which NA Is Better as First-Line Therapy in Terms of Preventing HCC? 
	Conclusions 
	References

