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Abstract
Achievement of a ‘clinical cure’ in chronic hepatitis B (CHB) implies sustained 
virological suppression and immunological control over the infection, which is the 
ideal treatment goal according to domestic and international CHB management 
guidelines. Clinical practice has shown encouraging results for specific patient 
cohorts using tailored treatment regimens. These regimens incorporate either 
nucleos(t)ide analogs, immunomodulatory agents such as pegylated interferon α, 
or a strategic combination of both, sequentially or concurrently administered. 
Despite these advancements in the clinical handling of hepatitis B, achieving a 
clinical cure remains elusive for a considerable subset of patients due to the 
number of challenges that preclude the realization of optimal treatment outcomes. 
These include, but are not limited to, the emergence of antiviral resistance, 
incomplete immune recovery, and the persistence of covalently closed circular 
DNA. Moreover, the variance in response to interferon therapy and the lack of 
definitive biomarkers for treatment cessation also contribute to the complexity of 
achieving a clinical cure. This article briefly overviews the current research 
progress and existing issues in pursuing a clinical cure for hepatitis B.

Key Words: Chronic hepatitis B; Clinical cure; Polyethylene glycol interferon; Treatment 
strategies; Research progress
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Core Tip: Clinical cure has become an ideal goal pursued by chronic hepatitis B (CHB) 
patients. To enable more patients to achieve this goal, immunotherapy targets, the 
development of drugs targeting the viral life cycle, gene editing technologies, and the 
application of other methods have promoted the achievement of a clinical cure for CHB; 
however, this topic warrants continuous exploration.
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INTRODUCTION
Chronic hepatitis B (CHB) is an important disease posing a severe threat to human health. According to World Health 
Organization estimates, nearly 1/3 of the world’s people have been infected with hepatitis B virus (HBV). There are more 
than 86 million HBV-infected people in China, which ranks first in the world in the number of infected people[1,2]. In 
recent years, approximately 50%-80% of hepatocellular carcinoma (HCC) cases worldwide have been caused by chronic 
HBV infection, and more than half of the new HCC cases and deaths worldwide occurred in China[3], specifically more 
than 84% caused by HBV infection[4]. Moreover, the risk of HCC in HBV-infected patients is 10-30 times that of the 
uninfected population[5]. Therefore, treating and managing CHB, delaying the progression of liver cirrhosis, and 
reducing the incidence of HCC are the current clinical priority issues to be addressed[6,7]. Since 2015, the Chinese 
guidelines for the prevention and treatment of CHB have proposed the idea of pursuing a clinical cure for CHB, and 
many scholars at home and abroad have started active exploration. Reports on research projects related to clinical cures 
were readily available and showed promising results. The clinical cure for hepatitis B has also been constantly updated 
from the 2015 edition to the 2022 edition in China. The clinical cure for CHB has substantially advanced from theoretical 
to practical. While these results are very encouraging, many patients still do not respond well to treatments, and many 
difficulties must be overcome to achieve a good treatment effect.

CLINICAL CURE: AN IDEAL GOAL FOR PATIENTS WITH CHB
Proposal of the concept of clinical cure
The clinical cure for hepatitis B must start with the antiviral treatment of hepatitis B. As is well known, the antiviral 
treatment for hepatitis B mainly includes two types of drugs: Nucleos(t)ide analogs (NAs) and interferons. The advent of 
NAs has brought remarkable changes to the anti-viral treatment of hepatitis B. The use of nucleoside drugs has marked a 
new approach to the antiviral treatment of hepatitis B, and the treatment of CHB has since entered the era of antiviral 
treatment. After nearly 30 years of development, current NAs exhibit various advantages, including well-established 
therapeutic efficacy, low resistance, minimal long-term adverse reactions, and affordable pricing. Most CHB patients can 
achieve long-term virological suppression during the medication period, thus improving long-term outcomes[8,9]. 
However, upon summarizing a substantial amount of clinical data on NAs, it was found that their clearance effect on 
hepatitis B surface antigen (HBsAg) is extremely limited, with an annual clearance rate of < 1%[10,11]. Nevertheless, even 
with such a low clearance rate, it ignites hope among scholars in the field of liver disease for the clinical cure of hepatitis 
B. In fact, achieving clearance of covalently closed circular DNA (cccDNA) solely with NAs would require at least 30 to 40 
years[12], indicating that patients would need to take NAs for their entire lifetime.

In 2013, Block et al[13] initiated a discussion on the concept of “cure” for CHB, finding that even individuals who 
spontaneously cleared acute HBV infection were still at a higher risk of death from HCC compared to those who have 
never been infected with HBV[13]. The term “cure” used alone to describe the treatment outcomes of CHB is limited. 
Therefore, these scholars also pioneered the “functional cure (apparent virological cure)” concept, which entails clearance 
of HBsAg and sustained suppression of HBV DNA. Consequently, the types of CHB cures are categorized into complete 
cure, also known as virological cure, and functional cure, also known as clinical cure or immunological cure[14]. The 
former type refers to serum HBsAg clearance, intrahepatic and serum HBV DNA clearance (including intrahepatic 
cccDNA and integrated HBV DNA), and persistent positive serum anti-HBc, with or without developing anti-HBs. The 
cccDNA structure is stable and persistent, and the HBV genome can be integrated into host DNA. Currently, there is a 
lack of specific targeted drugs for cccDNA and integrated HBV DNA; therefore, it is challenging to achieve a complete 
cure. In contrast, a clinical cure is easier to achieve. First-line antiviral drugs such as NAs and interferon both have the 
potential to achieve clinical cure; thus, clinical cure has gradually become the ideal treatment goal for patients with CHB.

Use of interferon accelerates clinical cure process for CHB
Interferon therapy has been used in the treatment of CHB for over 50 years, during which a substantial body of clinical 
experience and evidence-based medical data have been accumulated. The initial therapeutic goal of standard interferon-
alpha or pegylated interferon alpha (Peg-IFNα) treatment was to achieve a sustained virological response. The primary 
treatment objectives for HBeAg-positive patients with CHB are HBeAg clearance and serological conversion; for HBeAg-
negative patients, the key goal is sustained HBV DNA suppression. The treatment duration for Peg-IFNα, determined by 
these primary objectives, is 48 wk, followed by a 24-wk observation period post-treatment. In 2016, Marcellin et al[15] 
reported for the first time research outcomes where the primary goal was HBsAg clearance or serological conversion, 
showing that 48 wk of Peg-IFNα combined with tenofovir disoproxil fumarate (TDF) treatment could achieve an HBsAg 
clearance rate of 9.1%[15]. This highlighted the feasibility of aiming for a clinical cure as a treatment goal, garnering 
significant attention and interest among clinicians. Subsequently, studies with the primary goal of achieving HBsAg 
clearance or associated serological conversion have gradually increased. An increasing number of studies have focused 
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on Peg-IFNα treatment strategies to enhance clinical cure rates, meeting the crucial requirements of current clinical 
practice.

The sustained suppression of HBV DNA by NAs has laid the foundation for the clinical cure of CHB. The prudent use 
of Peg-IFNα on top of NAs therapy can significantly enhance the clinical cure rate of CHB. Interferons exert dual 
immunomodulatory and antiviral effects through mechanisms such as enhancing immune cell functions, promoting 
cytokine expression, inducing the production of interferon-stimulated genes (ISGs), and encoding various antiviral 
proteins via the interferon signaling pathway, which impact crucial biological processes like HBV replication and 
transcription. Compared to NAs, the course of Peg-IFN therapy is limited rather than long-term, with higher serological 
responses and more sustained effects. However, Peg-IFN is effective only for a subset of patients and lacks the robust 
tolerability seen with NAs.

Extensive clinical research has confirmed that combination therapy with NAs and Peg-IFN represents the most 
promising treatment strategy for achieving clinical cure by integrating potent viral suppression with the host immune 
response restoration. In clinical practice, the combined NA and Peg-IFN treatment regimens have accumulated numerous 
successful cases of HBsAg seroconversion and safe discontinuation of NAs, supported by evidence-based medical data. 
Currently, combined treatment approaches primarily include initial combination therapy and sequential combination 
therapy, the latter encompassing ‘switch’ strategies (from NAs to Peg-IFN) and ‘add-on’ strategies (NAs in addition to 
Peg-IFN). In addition, prolonging treatment duration and intermittent therapy are popular research directions for 
achieving clinical cure in current CHB management.

Combination therapy capitalizes on the different antiviral mechanisms of NAs and Peg-IFNα. Rational concurrent use 
can restore the host’s immune response against the potent viral suppression, yielding synergistic and complementary 
effects and making it the most viable available treatment strategy for achieving ideal therapeutic goals[14]. Moreover, 
numerous clinical studies have confirmed that sequential or combined treatment regimens with NAs and Peg-IFNα 
achieve favorable outcomes in specific subpopulations that benefit from interferon therapy. Prospective studies of Peg-
IFNα treatment in individuals with CHB have shown that the HBsAg clearance rate in patients receiving combined Peg-
IFNα and TDF therapy surpasses that in patients treated with either agent alone[16,17].

Sequential therapy: In their study, Huang et al[18] included 43 patients undergoing sequential peg-IFN therapy 
following NAs. Their results indicated that sequential peg-IFNα treatment for 48 wk achieved a 32.6% HBsAg clearance 
rate and 27.9% serological conversion rate[18]. In contrast, no cases of HBsAg loss were observed in the NAs 
monotherapy group. Japanese researchers conducted a study involving 23 patients treated with NAs for over a year who 
achieved HBeAg clearance and had HBsAg levels < 1500 IU/mL. These patients were additionally treated with peg-IFNα 
for 48 wk, followed by a follow-up. At 72 wk, a significant increase in efficacy was observed, with a 37.4% HBsAg 
clearance rate and 29.7% serological conversion rate compared to the group treated with NAs alone[19]. Many other 
studies, including those conducted by our team, have similarly confirmed that adding peg-IFNα in NAs-treated patients 
with CHB and HBsAg levels < 1500 IU/mL can significantly increase the HBsAg clearance rate[20]. Overall, for NAs-
experienced patients with low HBsAg levels and sustained HBV suppression, sequential or combination therapy of NAs 
with Peg-IFNα can significantly increase the rates of HBsAg seroclearance and seroconversion (Table 1)[21-35].

Extended treatment: In a multicenter clinical study with HBsAg clearance as the primary treatment goal reported by Hu 
et al[26], patients who had been on NAs treatment for over 2 years and had undergone HBeAg seroconversion were 
switched to Peg-IFNα therapy for either 48 or 96 wk. The results revealed that the HBsAg clearance rates at 48 wk and 96 
wk were 14.4% (22/153) and 20.7% (31/150), respectively. For patients with baseline HBsAg < 1500 IU/mL and HBsAg < 
200 IU/mL at 24 wk of treatment, the HBsAg clearance rates at 48 wk and 96 wk were 51.4% and 58.7%, respectively. 
These results proved that extending the Peg-IFN treatment duration in the NAs-treated population can increase the 
clinical cure rate.

Intermittent treatment: Extending the course of Peg-IFNα may enhance clinical cure rates; however, this strategy should 
not be adopted indefinitely. Instead, an extended overall treatment duration with phased intermittent therapy could be 
more advantageous. Such staged intermittent treatment strategy for long-term antiviral therapy aims to ultimately 
achieve clinical cure objectives, involving “treat-interrupt-retreat” cycles of Peg-IFNα on top of ongoing NA therapy, 
which has been clinically proven effective. Long-term treatment with Peg-IFNα may lead to CD8+ T-cell exhaustion, 
failing to sustain an immunological response. Therefore, pausing Peg-IFNα treatment allows for the recovery of host 
immune function while maintaining NA therapy, which promotes the rebuilding of specific immunity under sustained 
HBV DNA control, creating an opportunity for subsequent Peg-IFNα re-administration[36,37].

Therefore, these results are very promising, and they anticipate the definite attainment of a clinical cure for CHB. The 
table below lists some representative clinical cure studies of different Peg-IFNα-based treatment strategies in recent years 
(Table 1).

The Asia-Pacific region exhibits a high prevalence of HBV infection, prompting numerous clinical investigations 
centered on interferon-based therapies within this geographic area. Consequently, an ongoing international debate 
persists regarding the therapeutic efficacy of interferon in patients with CHB. Notably, various nations in Europe and 
America have also conducted comprehensive clinical assessments to ascertain the efficacy of interferon-based treatments 
for CHB patients within their respective populations.

The Hepatitis B Research Network has enrolled adults and children suffering from CHB in multiple medical centers in 
the United States and Canada and published a series of studies. For instance, investigations led by Perrillo et al[38] 
examined CHB patients in the immune-tolerant phase positive for the e antigen. Notably, while the proportion of adults 
and children experiencing alanine aminotransferase (ALT) elevation was comparable following the addition of interferon 
to NAs, a significantly higher proportion of children achieved a > 1 Log10 IU/mL decline in HBsAg (39% vs 22%, P < 
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Table 1 Studies in which chronic hepatitis B patients were cured after pegylated interferon alpha-based treatment

Treatment option Ref. Duration of interferon use HBsAg negative conversion rate (%)

“NA plus Peg-IFNα” strategy Marcellin et al[21], 2016 48 wk 9.1

Hagiwara et al[22], 2018 48 wk 10.4

Hu et al[23], 2021 48 wk 11.5

“Switching NA to Peg-IFNα” strategy Han et al[24], 2016 48 wk 8.5

Wu et al[25], 2019 48 wk 9.3

Hu et al[26], 2018 48 wk 14.4

“NA plus Peg-IFNα” strategy Bourlière et al[27], 2017 48 wk 7.8

Lim et al[28], 2019 48 wk 9.0

Li et al[29], 2015 48 wk 18.5

Wu et al[20], 2020 72 wk 37.4

“Peg-IFNα monotherapy” strategy (IHCs) Cao et al[30], 2017 48 wk 29.8

Wu et al[31], 2021 72 wk 47.9

Chen et al[32], 2021 48 wk 55.6

“Extended treatment” strategy Hu et al[26], 2018 96 wk 20.7

Li et al[33], 2011 81.32 ± 39.36 wk 21.7

Yan et al[34], 2018 96 wk 29.0

“Intermittent treatment” strategy Li et al[35], 2022 / 19.4

HBsAg: Hepatitis B surface antigen; NA: Nucleos(t)ide analog; Peg-IFNα: Pegylated interferon alpha; IHCs: Inactive Hepatitis B surface antigen carrier 
status.

0.05)[38]. Additionally, Terrault et al[39] conducted a randomized (1:1) trial involving the administration of TDF over 192 
wk, with or without Peg-IFNα administered during the initial 24 wk. Subsequently, TDF was withdrawn at week 192, 
followed by a 48-wk off-treatment follow-up period until week 240. Noteworthy findings revealed a higher HBsAg 
clearance rate in the combination therapy group during the treatment phase. However, by week 240, no statistically 
significant disparity in HBsAg clearance rates was observed between the two groups, underscoring the nuanced implic-
ations of combining Peg-IFNα with TDF therapy and subsequent TDF discontinuation[39].

In conclusion, these studies underscore the complexity and variability of therapeutic responses to interferon-based 
regimens across diverse patient populations, necessitating further exploration and refinement of treatment strategies in 
the management of CHB.

Practice of clinical cure of CHB: Status of cure in different populations
Clinical cure problem for dominant population and non-dominant population of interferon treatment: Currently, the 
overall clinical cure rate achieved by Peg-IFNα in CHB patients is only close to 10%, much higher than the 1% with NAs; 
however, these results are still unsatisfactory. Studies have found that in some populations, after treatment with Peg-
IFNα, the clinical cure rate of CHB patients was significantly higher than that of other CHB patients. The advantageous 
population for Peg-IFNα treatment mainly refers to patients treated with NAs for > 1 year, with low levels of HBsAg 
(especially ≤ 1500 IU/mL), negative for HBeAg, and with HBV DNA < 2000 IU/mL. Current studies in China, such as the 
“Mount Everest Engineering Project” and “Hepatitis B Uncapping Project”, have all been focusing on the Peg-IFNα 
dominant population, and the clinical cure rate can reach > 30%[20,40]. For patients with inactive HBsAg carrier status 
(IHC), the Asia-Pacific, European, and American guidelines unanimously advise against treatment[41-43]. In recent years, 
studies have found that the domestic IHC population has exceeded 30 million, and with age, the IHC population is at 
higher risk of HBV reactivation, liver cirrhosis, or even HCC. A study from Taiwan that enrolled 1965 IHC patients and 
followed them up for an average of 11.5 years showed that 16% had HBV reactivation, and for patients with HBV 
reactivation, the cumulative incidence of liver cirrhosis during the 20 years reached 46%, and the 25-year cumulative 
incidence of liver cirrhosis reached 15% in all subjects[44]. In addition, previous studies have found that 14%-24% of IHC 
patients may develop HBeAg-negative CHB, and nearly 20% may reverse to HBeAg-positive CHB; 25%-62% of IHC 
patients tend to have moderate to severe liver fibrosis, and 3.3%-62% moderate to severe liver inflammation, while 
approximately 10% may even have liver cirrhosis[45]. Ethnic differences may be the main reason for the widely different 
study results between China, Europe, and the United States. Consequently, significant changes have occurred in treating 
IHC patients in recent years. The definition of the IHC population fits with the category of the Peg-IFNα dominant 
population, so numerous studies have used Peg-IFNα for IHC patients and achieved significant results. Among 142 Peg-
IFNα-naive CHB patients with low HBsAg quantification enrolled in our center, the HBsAg clearance rate reached 47.9% 
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after 72 wk of Peg-IFNα use[31]. A meta-analysis revealed that the overall HBsAg clearance rate at 48 wk in the IHC 
population could reach an encouraging 47%[46], also showing that selecting appropriate CHB patients for Peg-IFNα-
containing treatment can maximize the advantage of interferon.

Another issue to be addressed is the clinical pathway for individuals who are not suitable candidates for interferon 
therapy to achieve clinical cure. Currently, many researchers are trying to broaden the study scope of the clinically cured 
population in pursuit of the maximum clinical cure for CHB patients. Therefore, many researchers have also begun 
studying nondominant populations’ clinical cure. Clinical cure projects such as the “Voyage Project,” “Leadership 
Project,” and “Oasis Project” are also underway among non-ideal populations. For instance, in the “Voyage Project,” > 
40% of patients classified as immunotolerant achieved a reduction in HBsAg to < 3000 IU/mL following Peg-IFNα 
therapy, which suggests that individuals within the interferon non-ideal population may gradually transition to ideal 
candidates through proactive treatment, thereby presenting an opportunity to attain the higher goal of clinical cure[47]. 
In addition, although the clinical cure rate of HBeAg-positive treatment-naive CHB patients using PEG-IFNα-based 
treatment is lower than that of patients with a predominance of NA treatment, the result is significantly better than that of 
NA monotherapy[48]. Whether there are better treatment strategies to improve the cure rate for these non-ideal 
populations in clinical practice, such as setting the goal but the course of treatment and the intermittent treatment 
strategy, is also being actively explored.

Clinical cure of hepatitis B in children: Studies of clinical cure for children CHB patients have also made a great break-
through. The HBsAg clearance rate of CHB patients after antiviral and Peg-IFNα treatment is significantly increased, and 
younger age at starting treatment has been associated with a higher clinical cure rate[49]. It was reported that children 
tolerated Peg-IFNα well during treatment; this series of study results further strengthened confidence in the clinical cure 
of CHB. In their research from 2006, Kansu et al[50] indicated that the HBsAg clearance rates were 12.5% and 4.6%, 
respectively, when comparing the initial combination of lamivudine (LAM) with IFN and the sequential combination of 
LAM with IFN after 2 mo (P > 0.05)[50]. The high clinical cure rate observed in children may be attributed to the lower 
absolute quantity of liver cells and vigorous proliferation, shorter HBV infection duration, and smaller cccDNA reservoir
[51,52]. However, the specific mechanisms underlying these factors remain unclear. Subsequently, numerous real-world 
clinical studies have also demonstrated that pediatric CHB patients exhibit a high response rate to antiviral therapy, 
particularly younger children, who possess advantageous factors for clinical cure. The earlier the initiation of antiviral 
therapy, the higher the cure rate[53]. Research conducted by Zhang et al[54] found that the clearance rates of HBV DNA, 
seroconversion rates of HBeAg, and clearance rates of HBsAg in children aged 1-7 years with CHB were higher than 
those in children aged 7-16 years with CHB[54]. The antiviral efficacy and clinical cure rate of CHB in children are 
encouraging, which brings hope for more clinical cures of CHB.

Clinical cure of hepatitis B in parturients: HBV-infected parturients are often in a particular immune activation state 
after delivery. Recently, there has been an increasing number of clinical studies on this group of patients. For example, a 
domestic study that included HBeAg-positive parturients who received antiviral treatment in the third trimester 
according to their wishes and for whom the treatment was discontinued immediately after delivery showed that, whether 
antiviral or not, the ALT level was significantly increased in the postpartum period of pregnancy, and 40% of the 
parturients had acute inflammation of the liver[55]. Another study that enrolled 45 parturients with CHB showed that 
24.4% had an acute increase in ALT and 11.8% had HBeAg clearance; HBeAg-positive parturients may experience 
immune activation after delivery[56], which may explain the postpartum increase in ALT and the development of 
hepatitis in the puerpera. With the delivery of the fetus and the release of maternal immunosuppression, CD8+ T cells, 
their memory T-cell subsets, and effector T-cell subsets in patients with hepatitis activation and the increased expression 
levels of perforin and granzyme B may have an important role in breaking immune tolerance and causing hepatitis[57]. 
Thus, the postpartum stage may be a good opportunity to achieve a clinical cure for CHB mothers, and combined with 
Peg-IFNα treatment, it is expected to further improve the clinical cure rate.

Urgency to explore clinical cure biomarkers: With the expansion of various multicenter clinical studies, the use of Peg-
IFNα in the CHB patient population has become more widespread. However, due to the existence of some adverse 
reactions associated with Peg-IFNα, it is urgent to identify specific indicators to predict the efficacy of Peg-IFNα therapy. 
On the one hand, this approach can instill more confidence in CHB patients and help identify individuals suitable for 
Peg-IFNα treatment. On the other hand, it can facilitate timely treatment discontinuation in cases of poor efficacy, thereby 
maximizing patient benefit. Although HBV DNA can be used as an evaluation indicator for antiviral treatment, it cannot 
predict HBsAg clearance well. Three early predictive indicators have been identified: Low baseline HBsAg levels, rapid 
decline in HBsAg at 12/24 wk of treatment, and more than a twofold increase in ALT at 12 wk of treatment. In recent 
years, various novel serum markers have been used to predict the efficacy of CHB treatment. HBV RNA is transcribed 
from cccDNA and, to some extent, can reflect the transcriptional activity level of cccDNA within the liver[58]. It has been 
found that HBV RNA levels were lower in CHB patients who achieved HBeAg clearance, and HBV RNA levels at 12/24 
wk could effectively predict HBeAg clearance. A strong positive correlation between HBV RNA and HBeAg has also been 
established[59]. In current clinical studies on the treatment of CHB, HBV RNA has been identified as a predictive factor 
for the clinical response to Peg-IFNα treatment at 12 wk[60]. A small number of patients who experience HBsAg clearance 
may encounter virological relapse after treatment discontinuation, which may be due to the continued production of 
HBsAg from residual cccDNA. Therefore, HBV RNA might also serve as a biomarker for predicting the timing of discon-
tinuation of Peg-IFNα treatment following therapy.
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Limitations of interferon-based clinical cure scheme for hepatitis B
The drawbacks of Peg-IFN include the necessity for rigorous patient selection based on indications, administration via 
subcutaneous injection, and the potential for numerous adverse reactions. Due to the risk of liver decompensation, Peg-
IFN is contraindicated in patients with decompensated liver cirrhosis, pregnant women, and those with polyethylene 
glycol interferon intolerance[61]. Some studies suggest that extending the treatment duration beyond 48 wk is beneficial, 
particularly in HBeAg-negative patients, but this is challenging in practice due to poor patient tolerability[62,63].

Furthermore, long-term use of interferon may lead to many psychiatric issues such as depression, irritability, anxiety, 
agitation, loss of appetite, fatigue, sleep disturbances, and impaired cognitive function, significantly impacting patients’ 
quality of life and work capacity[64]. Therefore, a thorough assessment of patients’ mental status is necessary before 
initiating interferon therapy, further narrowing the target patient population. Interferon-associated depression warrants 
particular attention in clinical practice, emphasizing the necessity of monitoring the mental health status of patients 
undergoing interferon therapy.

PROSPECTS AND EXPECTATIONS FOR CLINICAL CURE OF HEPATITIS B: NEW DRUG RESEARCH  
PROJECTS IN FULL SWING
Immune pathogenesis of HBV infection may be a breakthrough in expanding clinical cure
As research progresses, achieving clinical cure through Peg-IFNα inhibition and clearance of HBV has become closely 
associated with the antiviral immune response of the host. The indicators with an ability to predict cure can be 
summarized into three aspects: Virological indicators, biochemical indicators, and immunological indicators. Currently, 
virological indicators include HBsAg levels and declines, HBeAg, HBV DNA, HBcrAg levels and declines, and baseline 
HBV RNA levels. Biochemical indicators mainly include elevated ALT levels. Immunological indicators encompass 
natural killer cells, dendritic cells (DCs), B cells, follicular helper T cells, and T regulatory cells. CHB results from complex 
interactions between host immunity and viral replication involving innate and adaptive immune cells. The mechanisms 
involved are intricate. Peg-IFNα has been demonstrated to activate both host innate and adaptive immune responses, 
which is beneficial for increasing the clearance rate of HBsAg in patients. Scholars have achieved remarkable progress in 
improving immune responses by combining Peg-IFNα with other immune strategies. Studies on mouse liver cancer 
models have found that combining Peg-IFNα with PD-1 antibodies can restore or even enhance the cytotoxic effects of 
CD8+ T cells, demonstrating synergistic anti-tumor effects[65]. Evidence confirmed that PD-1+CXCR5+CD8+ T cells 
possess the functions of traditional CD8+ T cells and can activate B cells. PD-1 does not exhibit an exhausted phenotype 
in CXCR5+CD8+ T cells. Furthermore, CXCR5+CD8+ T cells have a particular role in controlling viremia in CHB patients
[66]. The above-mentioned immune cell subsets may provide potential immunotherapeutic targets for HBV cure. It is 
believed that with continuous exploration of the immune mechanisms and the discovery of new immune targets, 
strategies for CHB cure will become more diverse. In conclusion, numerous factors in clinical settings can influence the 
response to Peg-IFNα. Identifying the factors influencing the response to Peg-IFNα, especially the impact of host immune 
mechanisms, will be significant for the clinical application of Peg-IFNα.

In 2019, Gane et al[67] first attempted to use the PD-1 inhibitor nivolumab in HBeAg-negative CHB patients. Their 
results showed that at 12 wk of treatment, patients receiving nivolumab at 0.3 mg/kg, regardless of whether HBV 
therapeutic vaccine was added, had an average decrease in HBsAg of 0.3 Log10 IU/mL compared to baseline. At 24 wk of 
treatment, patients receiving nivolumab at 0.3 mg/kg had an average decrease in HBsAg of 0.48 Log10 IU/mL compared 
to baseline[67]. This pilot study provided the first evidence of the efficacy and safety of immune checkpoint inhibitors 
(ICIs) in non-tumor chronic HBV-infected individuals. It also demonstrated that ICIs can restore HBV-specific immune 
responses in patients with chronic HBV infection. Some studies have suggested that long-term use of IFN may also 
induce the expression of PD-L1, which could further suppress T cell function[68,69]. Both IFN-α/γ can induce the 
expression of PD-L1 in liver cancer cells and liver cells. The IFN-α/γ-STAT1-PD-L1 pathway significantly mediates T cell 
hyporesponsiveness and the inactivation of liver-infiltrating T cells in the hepatic microenvironment. This effect, known 
as “adaptive resistance,” is a self-protective mechanism for the body. However, this mechanism is not conducive to the 
clearance of HBV. Therefore, some scholars have proposed the combination of a PD-1 inhibitor and Peg-IFNα to achieve 
the goal of HBV clearance, relieve immunosuppression, and enhance the scavenging effect of HBsAg. Mouse studies have 
found that anti-PDL1-IFNα chimeric dimers can enhance the function of DCs, breaking immune tolerance[70]. Combined 
treatment with the hepatitis B vaccine can induce persistent anti-HBs immune responses in CHB mice, potentially 
achieving long-term HBsAg clearance. However, there are no clinical studies on combining ICIs with Peg-IFNα in CHB 
patients. Nevertheless, based on the foundation laid by the above research, it is believed that ICIs combined with Peg-
IFNα may achieve more effective clinical cures for CHB, building upon the effects of Peg-IFNα.

Due to the close association between HBV clearance and T cell function, there has been increasing use of T cell 
engineering and manipulation in the clinical cure of CHB in recent years. One notable approach is the adoptive transfer of 
engineered T cells. This technique involves obtaining T cells from the patient’s blood, modifying them with HBV-specific 
receptor gene transfer technology to engineer HBV-specific receptors on the surface of T cells, expanding these 
engineered T cells in vitro, and then reinfusing them into the patient’s body to exert immunological effects[71]. Currently, 
there are two main types of engineered T cells used for HBV therapy: Chimeric antigen receptor T cells and T cells 
modified with specific T cell receptors[72-74]. Studies have found that leukemia patients with concurrent CHB who 
received bone marrow transplants from donors with HBV-specific T cell responses (vaccinated or spontaneous HBV 
clearers) experienced HBV clearance[75,76]. Similar studies have detected HBV clearance in recipients with HBV-specific 
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Figure 1 Inhibition of release of HBsAg from infected liver cells. HBV: Hepatitis B virus; NTCP: Sodium taurocholate cotransporter peptide; cccDNA: 
Covalent, closed, circular DNA; RC DNA: Relaxed circular DNA; dslDNA: Double-stranded linear DNA; pgRNA: Pregenomic RNA; MVB: Polyvesicle; HBsAg: 
Hepatitis B surface antigen; HBx: Hepatitis B virus x protein.

adaptive immune responses after liver transplantation from HBsAg-positive donors, with increased HBV-specific cellular 
and humoral immune responses[77]. These studies collectively indicate that the adoptive transfer of engineered HBV-
specific T cells for immunological restoration therapy could represent a breakthrough in achieving clinical cure in CHB 
patients.

Development of drugs targeted at viral life cycle to accelerate clinical cure of CHB
Currently available drugs still cannot completely eliminate cccDNA and integrated host genes containing HBV DNA, 
while the efficacy of existing antiviral therapies for CHB in clinical use is limited. Therefore, research projects and 
developing new drugs for HBV treatment are actively underway. With a deeper understanding of the HBV lifecycle, drug 
development has begun to target the entire process of HBV replication. Anti-HBV drugs currently under development 
primarily aim to block and inhibit HBV infection and replication in liver cells, exerting antiviral effects by targeting the 
virus lifecycle. They mainly operate through the following mechanisms: (1) HBV entry inhibitors: Blocking HBV entry 
into liver cells; (2) Nucleic acid polymers: Inhibiting the production of HBsAg; (3) NAs: Interfering with the DNA 
polymerase required for HBV DNA replication, commonly used as oral antiviral medications; (4) Post-transcriptional 
regulation interference: Interfering with or inhibiting HBV RNA, preventing virus translation. Drugs targeting this 
mechanism mainly include RNA interference and antisense oligonucleotides; (5) Capsid inhibitors: Interfering with the 
protein capsid of HBV and preventing virus assembly; and (6) HBsAg release inhibitors: Inhibiting the release of HBsAg 
from infected liver cells (Figure 1).

How far are we from clinical cure to complete cure?
Peg-IFNα can exert antiviral activity at multiple stages of HBV replication. For example, during the reverse transcription 
of pgRNA into HBV DNA, Peg-IFNα can enhance the expression of APOBEC3 cytidine deaminase and ISGs, inducing 
widespread G-to-A mutations and cccDNA degradation, thereby blocking HBV DNA replication and depleting the 
cccDNA pool[78,79]. It can also induce downregulation of HBV RNA synthesis and promote the degradation of pgRNA
[80,81]. These mechanisms indicate that the use of Peg-IFNα can somewhat promote the complete cure of CHB. However, 
the core of a complete cure for HBV infection lies in eradicating all HBV genes, including intrahepatic cccDNA and 
integrated HBV DNA. Although Peg-IFNα has some effect on cccDNA, its impact remains limited. In recent years, the 
development of gene editing technology has shown promising perspectives for the complete cure of HBV. CRISPR 
(Clustered Regularly Interspaced Short Palindromic Repeat) is a repeat sequence in prokaryotic genomes, primarily 
functioning to excise viral DNA fragments integrated into prokaryotic genomes through an enzyme called Cas9. Initially 
discovered in bacteria, CRISPR-Cas9 quickly became a breakthrough gene-editing tool for treating various diseases, 
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including HBV infection. By designing guide RNA complementary to the target DNA sequence, the CRISPR-Cas9 system 
can selectively and specifically cleave the target DNA genome, resulting in site-specific double-strand breaks. The broken 
ends induce error-prone non-homologous end-joining, often resulting in frameshift mutations, producing non-functional 
truncated proteins, and ultimately inactivating the target DNA genome[82,83]. However, before CRISPR-Cas9 technology 
can be used in clinical applications, potential challenges must be addressed. In the face of these challenges, continuous 
improvement of CRISPR-Cas9 technology is underway, and utilizing CRISPR-mediated gene editing technology to 
completely eradicate all HBV genomes to achieve a complete cure may also be a powerful tool in conquering chronic 
HBV infection.

CONCLUSION
There are still many urgent problems to be solved regarding CHB clinical cohort studies, basic research, new drug 
research and development, dominant and nondominant populations, efficacy prediction and evaluation indicators, 
combined antiviral and immune regulation treatment regimens, and individualized treatment. In the future, a complete 
cure for hepatitis B is expected to require a combination of various drugs. However, the clinical cure for CHB is an 
achievable ideal treatment goal that researchers should continue to address.
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