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Abstract
Low-level viremia (LLV) was defined as persistent or intermittent episodes of detectable hepatitis B virus (HBV) DNA (<2000 IU/
mL, detection limit of 10 IU/mL) after 48 weeks of antiviral treatment. Effective antiviral therapies for chronic hepatitis B (CHB)
patients, such as entecavir (ETV), tenofovir disoproxil fumarate (TDF), and tenofovir alafenamide (TAF), have been shown to
inhibit the replication of HBV DNA and prevent liver-related complications. However, even with long-term antiviral therapy, there
are still a number of patients with persistent or intermittent LLV. At present, the research on LLV to address whether adversely affect
the clinical outcome is limited, and the follow-up treatment for these patients is open to question. At the same time, the mechanism of
LLV is not clear. In this review, we summarize the incidence of LLV, the association between LLV and long-term outcomes, possible
mechanisms, and management strategies in these patient populations.
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Introduction

Hepatitis B virus (HBV) is a hepatotropic DNA virus that
primarily infects hepatocytes and causes liver disease.[1]

Although the widespread implementation of universal
neonatal vaccination has dramatically reduced the inci-
dence of HBV infection, 257 million people worldwide live
with chronic infection, of whom almost 25% die from
liver-related complications of liver cancer or liver failure.[2]

In China, which has an HBV epidemic, the hepatitis B
surface antigen (HBsAg)-positive rate in the general
population has been reported to be approximately
10%.[3] Chronic hepatitis B (CHB) remains the leading
cause of liver-related morbidity and mortality worldwide.
Understanding the natural history of HBV has resulted in
dramatic progress in the development of antiviral therapies
and the management of HBV patients. Effective antiviral
therapies for CHB patients using potent nucleoside/
nucleotide analog (NUC) drugs with a high genetic barrier,
such as entecavir (ETV), tenofovir disoproxil fumarate
(TDF), and tenofovir alafenamide (TAF), have been shown
to regress hepatic fibrosis, prevent liver-related complica-
tions, and improve patient survival.[4-9] However, the risk
of hepatic complications, particularly the development of
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hepatocellular carcinoma (HCC), in CHB patients has not
been fully eliminated, even with potent agents.[10] Low-
level viremia (LLV) has been suggested to be a possible
cause of HCC in patients receiving NUC treatment.[11,12]

This review reports the current incidence of LLV with oral
antiviral therapy, its association with long-term outcomes,
and management strategies in this special patient popula-
tion [Figure 1].
Definition of LLV

At present, partial virological response (PVR) is clearly
defined in the guidelines of various countries. The
guidelines of the Asian-Pacific Association for the Study
of the Liver (APASL) point out that a decrease in HBV
DNA of >1 log10 IU/mL can still be detected in CHB
patients with good compliance after NUC treatment for at
least 6 months or 12 months.[13] The European Associa-
tion for the Study of the Liver (EASL) defined patients
with good compliance as having a “partial virological
response”when HBVDNA levels decrease by>1 log10 IU/
mL after NUC treatment for at least 12 months with
positive HBV DNA.[14] The guidelines for the prevention
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Figure 1: The main content of LLV. AASLD: American Association for the Study of Liver Diseases; cccDNA: Covalently closed circular DNA; HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B
surface antigen; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; LLV: Low-level viremia.
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and treatment of CHB (2019 version) also mention that
CHB patients showing HBV DNA levels >2000 IU/mL
after treatment with first-line antiviral drugs for 48 weeks
are regarded as “patients with bad response” after the
exclusion of compliance and detection error.[15] Mean-
while, both the US and European guidelines state that even
with first-line antiviral therapies, the complete inhibition
rate of HBV DNA in treatment-naive CHB patients
who are hepatitis B e antigen (HBeAg)-positive is only
approximately 70%.[14,16] However, LLV is not men-
tioned inmost of the guidelines, except the guidelines of the
American Association for the Study of Liver Diseases
(AASLD) (2018), which define LLV as HBV DNA < 2000
IU/mL that is detectable (detection limit of 10 IU/mL) after
48weeks of antiviral treatment.[16] Currently, some studies
have classified LLV into persistent LLV and intermittent
LLV according to the detectable duration of HBV DNA
(<2000 IU/mL) after 1 year of NUC treatment.[12]

Persistent LLV is defined as LLV without a complete
virological response (CVR) (HBV DNA< 12 IU/mL), with
HBV DNA levels remaining between 12 IU/mL and 1999
IU/mL throughout the follow-up period. Other patients
achieved CVR but had intermittent episodes of detectable
HBV DNA levels in the serum (between 12 IU/mL and
1999 IU/mL), which was considered intermittent LLV.
With the improvement of detection techniques, LLV may
be further stratified into LLV (2000–20 IU/mL) and very
low-level viremia (10–19 IU/mL) according to the viral
load. The clinical outcomes of the two groups may also be
different. At present, there is no unified definition of LLV;
more research and guidelines are needed to standardize this
definition. Moreover, in the clinical diagnosis of LLV,
factors that cause HBV DNA fluctuations (such as missed
antiviral drugs, reduced drug dosage, and improper
medication methods) should be eliminated. Drug–drug
and drug–food interactions may also affect the antiviral
effects of NUC.[17] Meanwhile, virus detectability caused
by cross-resistance, site mutation, or sample contamina-
tion should also be excluded.[18]
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Virus replication and disease progression

Oral administration of NUC remains the main form of
global antiviral therapy for CHB. At present, ETV, TDF,
and TAF are widely used as the first-line recommended
drugs in the clinic. In the guidelines of all countries, the
replication of HBV DNA should be greatly inhibited for a
long time to prevent disease progression and HCC
occurrence and to improve the quality of life and prolong
the survival time of patients with CHB, which are the main
goals of antiviral therapy.[14,16,19] The REVEAL study of
Taiwan of China has evaluated more than 3500 CHB
patients, of which 2925 are HBeAg-negative patients, with
an average follow-up of 11 years.[20,21] In the complete
cohort, it was found that the cumulative incidence rate of
HCC increased with increasing serumHBVDNA levels. In
HBeAg-negative patients, patients withHBVDNA> 2000
IU/mL had a 2.5 times higher risk of liver cirrhosis (95%
confidence interval [CI] 1.600–3.800) and a 2.7 times
higher risk of HCC (95%CI 1.300–5.600) than those with
HBV DNA � 2000 IU/mL. The increase in serum HBV
DNA levels was accompanied by an increased risk of liver
cirrhosis and HCC. This research lays the foundation for
antiviral therapy. In another study from Greece, 399 HBV
DNA-positive patients with negative HBeAg and ALT
greater than 1-fold ULN were included and based on the
liver biopsy results, 62% of the patients with HBV DNA�
2000 IU/mL had significant histological changes (Ishak
score system: inflammatory necrosis grade ≥ 7 and/or
fibrosis degree ≥ 2).[22]

The above findings suggest that patients, even those with a
low viral load, are still at risk of disease progression and
should be considered for treatment. If timely and
comprehensive biopsies are not performed, some patients
who need antiviral treatment may be missed. Moreover,
HBeAg-negative patients with normal ALT levels are often
considered inactive carriers and are thought to need no
treatment. However, previous studies have found that gene
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mutation in the HBV pre-C region or BCP region can lead
to the failure of HBeAg expression, resulting in negative
HBeAg detection.[23-25] In this case, HBV DNA is still
replicating or is even in a high viral load state. This
phenomenon may mask some patients’ need for treatment,
resulting in disease progression. Furthermore, a study from
China showed that 72.60% of patients with positive HBV
DNA and negative HBeAg had pre-C mutations.[26] These
patients may not be real inactive carriers, but they need to
be considered for treatment. Especially for HBeAg-
negative patients with ALT level fluctuations, the indica-
tions should be considered to be relaxed for antiviral
therapy because clinical long-term ALT monitoring is
difficult. The new version of the Chinese guidelines for the
prevention and treatment of CHB in 2019 relaxed the
antiviral guidelines for CHB patients, which could
potentially benefit more patients.[27] The guidelines
proposed that antiviral therapy should be recommended
for patients with positive serum HBV DNA and continu-
ously abnormal ALT (>ULN) with the exclusion of other
causes. Antiviral therapy is recommended for patients with
compensated cirrhosis and positive HBV DNA or patients
with decompensated cirrhosis and positive HBsAg.
Antiviral therapy is also recommended for the following
patients: (1) patients with positive serum HBV DNA,
normal ALT, and significant inflammation and/or fibrosis
[G ≥ 2 and/or S ≥ 2] by liver biopsy; (2) patients (age > 30
years old) with a family history of hepatitis B cirrhosis or
HCC; and (3) patients (age > 30 years old) with normal
ALT and obvious liver inflammation or fibrosis by
noninvasive diagnosis of liver fibrosis or liver histological
examination or HBV-related extrahepatic manifestations.
Epidemiological features and risk factors of LLV

Meanwhile, with the progress of nucleic acid detection
technology, it helps the detection limit of HBV DNA has
gradually expanded from 500 IU/mL to 1000 IU/mL to 10
to 30 IU/mL. The guidelines for the detection limit of serum
HBV DNA in CHB patients have made new provisions in
each country, and a CVR is defined according to the
current detection limit [Table 1]. With the improvement of
the sensitivity of HBV DNA detection, continuous or
intermittent low levels of HBV DNA (HBV DNA < 2000
Table 1: Guidelines for the determination of CVR, defined according to

Guidelines

Guidelines for prevention and treatment of CHB (2019
version)[27]

An expert consensus for the adjustment of treatment strategies in
patients with CHB treated with non-first-line nucleos(t)ide
analogs (2019)[56]

Guidelines of the AASLD (2018)[16]

Guidelines of the EASL (2017)[14]

Guidelines of the APASL (2015)[13]

Guidelines of the WHO on CHB (2015)[57]

AASLD: American Association for the Study of Liver Diseases; APASL: Asian
CVR: Complete virological response; EASL: European Association for the St
WHO: World Health Organization.
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IU/mL, LLV) are detected in an increasing number of
patients in the process of antiviral therapy, though this
phenomenon has not been widely studied; moreover, the
difference between LLV and PVR also needs more research
and comparison. In a large-scale epidemiological survey of
21,614 CHB patients with antiviral therapy in China, it
was found that approximately 20% of the 10,538 treated
patients developed LLV.[28] Another Chinese longitudinal
cohort study included 163 treatment-naive CHB patients
with significant liver fibrosis (Ishak ≥ 3) at baseline.[29] All
patients received ETV-based treatment for 78 weeks, and
HBV DNA levels were detected at 78 weeks. The results
showed that a low viral load (normal HBV DNA was 20–
200 IU/mL) could still be detected in 23% of patients. In
general, real-world studies have suggested that 20% to
40% of patients will still develop LLV, even with first-line
drugs.[12,28,30,31] Therefore, in clinical work, the dynamic
monitoring of HBV DNA levels in patients should be
considered to identify LLV in a timely manner.

So what factors are involved in the development of LLV?
In one study, 90 CHB patients (55 HBeAg-positive and
35 HBeAg-negative) who received TDF monotherapy
> 2 years were enrolled. The cumulative CVR rates in the
HBeAg-negative groupwere significantly higher than those
in the HBeAg-positive group (P< 0.001). It was also found
that baseline HBV DNA level (P = 0.001) and HBsAg
quantification (P < 0.001) were significant predictive
factors for a CVR. Therefore, we suspected that the above
indicators may also have a certain effect on the occurrence
of LLV.[32] Another retrospective study enrolled 875
treatment-naive CHB patients with ETV monotherapy.
According to this study, it was found that HBeAg status,
HBV DNA levels, presence of cirrhosis, and time to first
CVR were associated with LLV.[12] Based on our previous
research, treatment containing non-first-line drugs, lower
ALT and higher HBV DNA levels at baseline, and HBV
DNA levels at 6 months were independent risk factors for
LLV.[31] Previous studies have reminded us of the
importance of assessing the levels of HBV DNA, HBsAg,
liver inflammation, and cirrhosis before antiviral therapy;
to facilitate the timely identification of LLV patients,
attention should also be paid to the decline of HBVDNA in
the course of treatment.
the current detection limits.

Definition of virological response to NA therapy

HBV DNA cannot be detected (no specified detection limit)

HBV DNA cannot be detected (<20 IU/mL). The lower the
HBV DNA in serum, the better.

HBV DNA cannot be detected (<10 IU/mL)
HBV DNA cannot be detected (<10 IU/mL)
HBV DNA cannot be detected (<12 IU/mL)
HBV DNA cannot be detected (<15 IU/mL)

-Pacific Association for the Study of the Liver; CHB: Chronic hepatitis B;
udy of the Liver; HBV: Hepatitis B virus; NA: Nucleoside (acid) analog;
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Clinical harm of LLV

The question of whether the occurrence of LLVwill lead to
disease progression and eventually increase adverse out-
comes was investigated. From the existing clinical studies,
it was found that LLV is tightly related to adverse
outcomes, especially in patients with liver cirrhosis. In a
cohort of patients with compensated cirrhosis treated with
ETV in Hong Kong, the risk of HCC was noticeably
reduced when the CVR was ≥24 months, and the adjusted
hazard ratio was 0.3. This study found that a CVR was an
independent predictor of a reduction in HCC occur-
rence.[33] Similarly, another study from South Korea
included ETV-treated cirrhosis patients, and the effects of
LLV and CVR on long-term clinical outcomes were
compared during treatment. The cumulative incidence
rates of HCC in 5 years were found to be 23.40% in
patients with LLV and 10.30% in patients withmaintained
virological response (MVR).[12] At present, even though
the major international guidelines recommend that people
with liver cirrhosis should receive antiviral therapy
regardless of the HBV DNA level, the HBV DNA level
should be dynamically detected even in liver cirrhosis
patients administered strong antiviral drugs, because the
occurrence of LLV will increase the risk of HCC. In a
longitudinal cohort study in China, 163 treatment-naive
CHB patients who underwent liver biopsy before and after
treatment and who had significant fibrosis (Ishak ≥ 3) at
baseline were included and received 78 weeks of ETV
treatment. Thirty-seven patients had low HBV DNA levels
(20–200 IU/mL) at week 78. Multivariate analysis showed
that the risk of liver fibrosis progression in this group of
patients was 4.84 times higher than that in the patients
with complete viral inhibition (95%CI: 1.300–17.980).[29]

In another retrospective study from Turkey, 139 untreated
LLV patients (an average age of 23.78 ± 4.2 years)
negative for HBeAg were included. Among these young
patients, 30.20% developed liver fibrosis, which suggested
that even if patients are young and the HBV DNA level is
low, their prognosis will be affected if virus replication is
not completely inhibited.[34] Moreover, in a previous
study, 325 HBeAg-positive CHB patients who received
ETV or TDFmonotherapywere included, and it was found
that failure to achieve a CVR in the first 2 years of antiviral
therapy notably increased the risk of HCC (1-year hazard
ratio [HR]: 4.54; 2-year HR: 3.38).[35]

In our study, 674 CHB patients receiving oral antiviral
drugs were reviewed. The results showed that patients with
LLV had a markedly higher risk of end-stage liver disease
(decompensated cirrhosis and HCC) at 5 years and 10
years than patients with MVR (P < 0.050). Meanwhile,
four risk predictionmodels of HCC (the Chinese university
HCC score [CU-HCC], the guide with age, gender, HBV
DNA, core promoter mutations and cirrhosis HCC score
[GAG-HCC], risk estimation for hepatocellular carcinoma
in chronic hepatitis B [REACH-B], and platelet age gender-
B [PAGE-B]) were introduced. In the high-risk population,
patients with LLV had a higher risk of developing HCC
than patients with MVR (P < 0.050). According to the
subgroup analysis of 200 patients with compensated
cirrhosis, between the two groups, the incidence rates of
cirrhosis reversal in the MVR group were 39.83% and
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63.62% at 5 years and 10 years, respectively, which were
higher than those in the LLV group (10.63% and 16.21%
at 5 years and 10 years, respectively; P < 0.001).
Therefore, we believe that LLV not only leads to adverse
clinical outcomes but also affects the reversal of liver
cirrhosis after antiviral therapy.[31] Furthermore, in a
Korean retrospective cohort study, 565 CHB patients with
LLV and confirmed HCC were included, with an average
follow-up of 4.5 years. Among them, 25.30% of the
patients received antiviral therapy at baseline. The study
found that a considerable proportion of patients withHCC
complicated with LLV may have had HBV relapse.
Meanwhile, multivariate analysis showed that the survival
rate of LLV patients withHBV relapse wasmarkedly lower
than that of patients with sustained virological inhibition
(HR = 1.71, 95% CI: 1.150–2.550).[36] From the above,
whether in young untreated patients, in patients with liver
fibrosis and cirrhosis who are using the currently
recommended first-line antiviral drugs, or even in patients
with end-stage liver disease who have developed HCC,
failure to achieve complete virological suppression may
greatly affect the long-term prognosis of patients and
endanger their lives.

Possible mechanism of LLV

At present, the mechanism of LLV remains unclear.
Nevertheless, based on the life cycle of HBV, we found that
the key to chronic and refractory HBV infection lies in the
stable existence of covalently closed circular DNA
(cccDNA) in the infected liver nuclei.[37,38] After HBV
enters hepatocytes, the viral nucleocapsid carries HBV
relaxed circular DNA (rcDNA) into the hepatocyte nucleus
and transforms it into cccDNA under the action of the
host DNA repair system. Meanwhile, pregenomic RNA
(pgRNA) (core antigen and P protein mRNA) transcribed
from cccDNA can be used as reverse transcription
templates to form new rcDNA.[39] On the one hand, the
newly synthesized rcDNA can be packaged as a complete
virus particle to infect new normal hepatocytes. On the
other hand, rcDNA can also enter the nucleus and
complement cccDNA in the nucleus after repair to
maintain the stability of the cccDNA pool in the liver
nucleus [Figure 2].[40] The main mechanism of NUC is to
competitively bind to the P protein with dNTPs in cells, by
which NUC inhibit the synthesis of rcDNA of progeny
virus. However, in the presence of a large amount of
dNTPs, NUC cannot completely inhibit HBV replication
and prevent the formation of cccDNA in newly infected
hepatocytes.[41,42] Therefore, NUC cannot completely
block the synthesis of the DNA strand. As a result, the
HBV DNA level in the serum of some patients with
antiviral therapy is continuously or intermittently higher
than the detection limit, as manifested as LLV.

Moreover, some studies have found that the expression
levels of all virological indexes, including cccDNA copy
number, in HBV-infected primary human hepatocytes
(PHHs) are rapidly decreased during rapid compensatory
proliferation. In contrast, as the compensatory prolifera-
tion of hepatocytes slows, the above virological markers
begin to rebound.[43]When the inflammatory injury occurs
in the liver, HBV-infected hepatocytes also participate in
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Figure 2: Life cycle of HBV. cccDNA: Covalently closed circular DNA; HBcAg: Hepatitis B c antigen; HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus;
NTCP: Sodium taurocholate cotransporting polypeptide; pgRNA: Pre-genomic RNA; rcDNA: Relaxed circular DNA.
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compensatory proliferation after injury.[44] However, due
to the lack of centromeres that are specific to chromosomes
in cccDNA in the form of episomes in infected hepatocytes,
it is difficult to enter the newly formed nuclei of progeny
cells duringmitosis, resulting in the loss of cccDNA and the
dilution of the cccDNA pool in progeny cells. We also
observed that in clinical work, the serum HBV DNA loads
of patients with significantly elevated ALT levels were
notably decreased during NUC antiviral therapy, which
suggests that patients with liver inflammatory activity are
more likely to achieve a CVR during NUC antiviral
therapy.[45,46] The study also found that sodium taur-
ocholate cotransporting polypeptide (NTCP) expression
and the localization of the cell membrane were significantly
downregulated in proliferating hepatocytes, which hin-
dered the de novo infection of HBV.[46] However,
hepatocytes in a low proliferation state are easily infected
by HBV, which is conducive to HBV replication and
cccDNA accumulation.[47] In our study, we also observed
that patients with ALT < 100 U/L receiving antiviral
therapy were more likely to develop LLV than patients
with baseline ALT > 100 U/L, and the ALT level was an
independent risk factor for LLV (odds ratio [OR] = 2.885,
95% CI 1.831–4.546, P < 0.001).[31] Therefore, more
clinical and basic research is needed to verify whether the
2814
low proliferation state is related to the occurrence of LLV
in CHB patients.

Drug resistance may also be associated with the develop-
ment of LLV. Currently, there is no research on host-virus
development in LLV patients. Therefore, it is hard to assess
whether drug resistance could cause LLV and whether the
risk of resistance would increase as LLV develops.
According to previous studies on antiviral therapy of
HBV, lamivudine (LAM)-resistant patients could still
develop resistance even when HBV DNA was <60 IU/
mL at 24 weeks and 48 weeks after switching to ADV
monotherapy. Moreover, the degree of HBV DNA decline
during the treatment course is tightly linked with the
development of ADV resistance.[48] In another study, 69
CHB patients receiving ETV treatment were followed, with
13 exhibiting PVR to ETV. No known resistance
mutations were detected among the PVR patients. The
clinical isolates from PVR patients were susceptible to ETV
the same as wild-type HBV. Most PVR patients achieved
virological response after long-term ETVmonotherapy.[49]

In a large retrospective study in Korea, only a minor
proportion of LLV patients were documented with drug-
resistance mutations. At the same time, drug-resistance
testing was not systematically performed in patients
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showing LLV. Therefore, there remains a possibility that
the development of resistance-associated mutations is
related to LLV.[12] Moreover, the issue of whether the
host’s immune function and the genetic background affect
LLV occurrence needs further validation.
Management of LLV

When a patient develops LLV, it has not yet been
established whether they should continue their original
treatment or switch to other drugs. Guidelines recommend
that patients with PVR who use non-first-line medication
should switch to the most effective antiviral agent that does
not share cross-resistance.[13,14,16,27] The AASLD recom-
mendation for patients with LLV suggests that patients
treated with ETV or TDF monotherapy should continue
monotherapy, although the quality and certainty of
evidence are low.[16] EASL does not recommend changing
the initial treatment strategy in patients with low HBV
DNA levels (HBV DNA < 69 IU/mL) and/or declining
HBV DNA concentrations on potent NUC monotherapy;
if the HBV DNA has plateaued (69 < DNA < 2000 IU/
mL), the possibility of switching to another drug or a
combination of ETV+TDF/TAF should be considered.[14]

In our study, HBVDNAwas intermittently detected in 203
patients in the LLV group, so only 24 patients changed
their treatment regimens. We found that patients who
changed their treatment were more likely to achieve
complete virological suppression than those who contin-
ued the original treatment and that their long-term clinical
outcomes were better. At the same time, we found no
significant difference in the CVR between switching to
another drug and adding on a drug[31]; however, due to
our limited data, these conclusions may be biased and
require further validation in a larger population. In a recent
study in which patients with LLVwere treated with ETV or
NUC combination therapy, almost all patients achieved
complete virological suppression when switching to TAF
treatment after 48 weeks; at the same time, patients with
CKD converted to TAF, and their eGFR also improved (+
0.40 mL · min�1 · 1.73m�2), suggesting that patients with
LLV need more effective treatment and that TAF is a safe
and effective choice.[30] Another Chinese study enrolled
211 ETV-treated patients with LLV who were switching
to TAF or continuing ETV therapy. After 24 weeks of
treatment, the CVR and ALT normalization in the TAF
group were 62.70% and 47.60%, which were higher than
the 9.30% and 10.50% in the ETV group (OR 16.4, 95%
CI 6.600–40.000), respectively. For ETV-treated patients
with LLV, switching to TAF is safe enough and superior
compared with continuing ETV monotherapy regarding
both virological and biochemical benefits.[50] All the above
studies have suggested that in the context of the occurrence
of LLV, switching to another drug is more conducive to
attaining a CVR.

However, the efficacy of NUC in the combination therapy
of LLV is still controversial. In treatment-naïve patients,
initial combined NUC therapy was found to be associated
with a higher complete virological inhibition rate in
HBeAg-positive patients with a high viral load. In the
subgroup analysis of randomized controlled trials, in
HBeAg-positive patients (baseline HBV DNA > 8 log IU/
2815
mL) with ETV and TDF combined antiviral therapy,
78.80% had HBV DNA < 50 IU/mL at 96 weeks, while
only 62% of patients with ETV monotherapy had HBV
DNA< 50 IU/mL at 96 weeks. However, this study lacked
patients with TDF monotherapy as controls.[51] In another
randomized controlled trial, patients with positive HBeAg,
baseline HBV DNA > 7 log IU/mL, and normal ALT were
included. In the group with ETV combined with
enteltabine antiviral therapy group, 69.40%of the patients
achieved HBV DNA < 29 IU/mL, while only 45.30% of
the patients in the TDF monotherapy group achieved HBV
DNA < 29 IU/mL.[52] For drug-resistant patients, multiple
studies have shown that combination therapy (TDF
combined with ETV or TDF combined with enteltabine)
does not increase the complete inhibition rate of the
virus.[53,54]

Moreover, a previous study included 894 CHB patients
treated with ETV, and the impact of patients with good
compliance and poor compliance on LLV occurrence and
long-term clinical prognosis was compared. The study
found that the incidence of LLV in patients with good
compliance was lower than that in patients with poor
compliance. Furthermore, no significant difference was
found in the risk of the development of HCC between LLV
andMVR in patients with good compliance.[55] Therefore,
when LLV occurs, the compliance of patients should be
determined before considering the immediate adjustment
of antiviral therapy. For patients with good compliance,
adjusting the antiviral therapy may be unnecessary.
Conclusion

A certain proportion of CHB patients develop LLV in the
treatment of NUCwith strong and high resistance barriers.
The reason may be that the current antiviral drugs are all
reverse transcriptase inhibitors, which competitively
inhibit the replication of HBV DNA rather than directly
acting on cccDNA. The specific mechanism of LLV is still
unclear and needs further research to confirm. With the
improvement of nucleic acid detection technology, the
monitoring of HBV DNA in CHB patients may help to
identify more LLV patients. Since there is insufficient
comparative evidence for the benefit of continuing the
original treatment or changing the strategy in patients with
LLV, further clinical studies are needed to clarify these
options. Considering that LLV may be associated with
the progression of liver fibrosis cirrhosis, and even the
development of HCC, adjusting the therapy plan when
necessary will help to reduce the occurrence of adverse
prognoses.
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