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Abstract
Nucleos(t)ide analogs (NUC) are the first-line therapy for patients with chronic hepatitis B (CHB) recommended by most current guidelines. NUC therapy decreases progression of liver disease, reduces the risk of liver-related complications, and improves the quality of life of patients with CHB. Although indefinite or long-term NUC therapy is usually recommended, this strategy raises several concerns, such as side-effects, adherence, costs, and patient willingness to stop therapy. Recent data showed the feasibility, efficacy, and safety of stopping antiviral therapy in carefully selected CHB patients, leading to its incorporation in international guidelines. Patients who discontinue NUC have a higher likelihood of hepatitis B surface antigen (HBsAg) loss compared to patients who continue on therapy. Recommendations pertaining endpoints allowing safety discontinuation of NUC therapy differ among international guidelines. For hepatitis B e antigen (HBeAg)-positive patients, durable HBeAg seroconversion is considered an acceptable treatment endpoint. For HBeAg-negative patients, some guidelines propose undetectability hepatitis B virus DNA for at least 2 or 3 years, while others consider HBsAg loss as the only acceptable endpoint. CHB patients who stop therapy should remain under strict clinical and laboratorial follow-up protocols to detect and manage relapses in a timely manner. No reliable predictor of relapse has been consistently identified to date, although quantitative HBsAg has been increasingly studied as a reliable biomarker to predict safe NUC discontinuation. 
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Core Tip: Recent data support the idea of stopping antiviral therapy in chronic hepatitis B patients. Current guidelines suggest that discontinuation of antiviral therapy may be attempted in non-cirrhotic patients who achieved durable on-therapy virological remission. Available evidence has shown that the paradigm shift from indefinite to finite antiviral therapy in chronic hepatitis B patients is emerging.




INTRODUCTION
Chronic hepatitis B virus (HBV) infection is a major public health issue leading to chronic liver-disease, progression to cirrhosis and related complications[1]. Since 1990, several treatments have been approved for HBV treatment, which lead to lesser risk of developing cirrhosis, end-stage liver disease, hepatocellular carcinoma, and death[1].
Both nucleos(t)ide analogs (NUC) and pegylated interferon are recommended therapies for patients with chronic hepatitis B (CHB); however, NUCs are generally preferred therapy, particularly in Europe, due to easier administration, efficacy, and safety profile[2]. CHB therapy aims to reduce viral replication, decreasing progression of liver disease and the risk of liver-related complications. It also improves quality of life[3]. The ideal endpoint of NUC therapy is hepatitis B surface antigen (HBsAg) loss, with or without seroconversion to anti-HBs, however infrequently achievable with the current antiviral agents. Although they can suppress HBV DNA profoundly, they have no or little direct action on covalently closed circular DNA, which persist in the nucleus of infected hepatocytes as stable template for HBV production[4].
For this reason, long-term or indefinite NUC therapy is required in most patients. It has been shown that patients with CHB receiving long-term NUC therapy have excellent overall and liver-related survival, similar to general population[5]. However, such strategy raises some concerns, such long-term side-effects, adherence, costs, and patient willingness to stop therapy.
Over the last decade, emerging data were published to guide stopping antiviral therapy in selected CHB patients, which leads to its inclusion in international practicing guidelines of HBV management[6-8]. 
This review aims to resume the recommendations of current international guidelines on NUC discontinuation, including patient selection, safety, efficacy, surveillance, and indications for retreatment.

NUC THERAPY DISCONTINUATION: CURRENT RECOMMENDATIONS
Currently, the three most important international scientific societies [European Association for the Study of the Liver (EASL), American Association for the Study of the Liver Diseases (AASLD), and Asian Pacific Association for the Study of Liver (APASL)] have different criteria to stop NUC therapy in CHB[6-8].
As mentioned earlier, the ideal endpoint of NUC therapy is sustained HBsAg loss, with or even without seroconversion to anti-HBs[9]. Regarding this endpoint, all societies agree on the recommendation that all patients with CHB, including those with compensated cirrhosis, can discontinue NUC therapy if they achieve HBsAg loss that persists for at least 1 year[6-8]. Unfortunately, this endpoint is rarely achieved[9].
To overcome this problem, alternative endpoints have been developed, aiming to identify patients with satisfactory responses to NUCs who could benefit from stopping therapy without compromising the optimal management of CHB. However, there is no consensual approach among the international societies[6-8].
In non-cirrhotic hepatitis B e antigen (HBeAg)-positive patients, durable HBeAg seroconversion is considered a reliable indicator of sustained response after NUC discontinuation[10]. So, all current guidelines suggest stopping antiviral therapy if seroconversion of HBeAg to anti-HBe is achieved, along with HBV DNA undetectable and normal alanine aminotransferase (ALT) levels, after at least 12 mo of consolidation therapy (up to 3 years according to APASL)[6-8]. 
In non-cirrhotic HBeAg-negative patients, the EASL guidelines suggest stopping NUCs if the patient had undetectable HBV DNA for at least 3 years and if post-treatment follow-up is guaranteed for at least 1 year[7]. Although AASLD does not recommend NUC suspension in non-cirrhotic HBeAg-negative patients, they included a recommendation of NUC discontinuation if there is a compelling rationale and under careful monitoring every 3 mo for at least 1 year[8]. APASL suggests stopping therapy after at least 2 years of treatment if HBV DNA is undetectable on three separate samples, 6 mo apart[6].
In cirrhotic patients, both EASL and AASLD suggest indefinite long-term therapy while HBsAg persist positive[7,8]. On the other hand, APASL is the only organization to consider stopping NUC therapy in cirrhotic patients if the disease is compensated and under a careful monitoring plan[6]. Table 1 summarizes current recommendations on discontinuation of antiviral therapy in CHB patients by EASL, AALSD, and APASL.

SURVEILLANCE AFTER CESSATION OF NUCS
Several studies have shown an important number of patients having virological and clinical relapse after NUC discontinuation. Although some relapses can be beneficial to achieve HBsAg loss, others can induce hepatitis flare with progression to hepatic decompensation. To avoid undesirable outcomes, a close monitoring plan is mandatory, even though the optimal follow-up regimen is still not known.
Globally, HBeAg-positive CHB patients who achieved durable HBeAg seroconversion experience less relapses compared to HBeAg-negative CHB patients, allowing a less restricted surveillance[11,12]. After stopping NUC therapy, HBeAg-positive CHB patients should be monitored with ALT and HBV DNA determinations every 3 mo (monthly during the first 3 mo) and evaluation of HBeAg status every 3-6 mo[13-15]. 
Considering the higher probability of relapse of HBeAg-negative CHB patients, especially in the first 3 mo after antiviral therapy cessation, a more restrict protocol should be implemented. Thus, HBeAg-negative CHB patients should have ALT and HBV DNA determinations every 1-1.5 mo (during the first 3 mo), then every 3 mo until the end of first year. After that, surveillance every 6-12 mo can be considered[6].
Of note, APASL guidelines recommend that patients with hepatitis flare criteria [aspartate aminotransferase or ALT > 5 times greater “upper limit of normal” (ULN)] should be monitored weekly or biweekly with ALT, bilirubin, and prothrombin time to access the need for retreatment[6].
More recently, some studies associated a declining HBsAg quantification (qHBsAg) as a predictor to HBsAg loss and virological remission[16-18]. Based on these findings, some experts suggest determination of qHBsAg every 3-6 mo (more frequently in case of clinical relapse) to help retreatment decision based on off-treatment HBsAg/ALT kinetics[19]. 
After the first year off-treatment, the incidence of relapse is lower, allowing a surveillance similar to patients HBeAg-negative chronic HBV infection (inactive carrier in old terminology) with ALT and HBV DNA determinations every 3-6 mo or 6-12 mo in cases with HBV DNA ≥ 2000 or < 2000 IU/mL, respectively[7]. To access the functional cure (HBsAg loss), annual HBsAg assay can be considered.
As additional measures, periodic liver elastography and hepatocellular carcinoma surveillance should be maintained[7].

OFF-TREATMENT HBSAG LOSS
HBsAg seroclearance, with or without seroconversion to anti-HBs, is the ideal endpoint of NUC therapy, denominated functional cure. Even without therapy HBsAg loss can occur spontaneously, but the reported rates are variable, ranging from 0.12% to 2.38%[20,21].
Although NUC therapy can profoundly suppress HBV DNA, the reported rates of HBsAg loss are disappointing, persisting as a quite rare event. A recent meta-analysis (including 34 studies, 23 of them from Asia Pacific region) showed annual seroclearance rates varying from 0.15% to 3.02%, with a pooled rate of 1.02%[22]. 
Surprisingly, NUC therapy discontinuation (mostly in HBeAg-negative CHB patients) presented as a turning point in the probability of achieving HBsAg seroconversion. In a European study, the cumulative rate of HBsAg loss was around 25% at 18 mo off-therapy[23]. These results are in line with previous satisfactory results reported in other studies, in which cumulative rates of HBsAg loss of 39% at 5 years[24], 20% at 4 years[25], and 19% at 3 years[26] were reported. 
Data from Asian patients have shown worse results, reporting a lower HBsAg rate loss compared to studies performed in the West. One study reported a cumulative rate of HBsAg loss of 16% at 6 years[18], and another study reported a rate of 13% at 5 years[27]. An earlier study was slightly more optimistic, reporting an overall probability of HBsAg seroclearance of 23% at 5 years[16]. A recent multicentric study of CHB patients (572 patients, 115 non-Asians), who included several ethnicities, showed higher virologic response rates (77/115, 67% vs 190/457, 42%; P < 0.001) and higher HBsAg loss rates (14.8% vs 1.5%; P < 0.001) in non-Asians compared to Asians, respectively[28].
These results may be due to not negligible differences between populations, like predominant genotype and age of acquisition of the infection[29].
Several additional factors seem to be determinant to achieve HBsAg seroclearance. A large study, including 691 patients, showed that end of treatment (EOT) qHBsAg level < 100 IU/mL, qHBsAg reduction from start to EOT > 1 Log10 IU/mL, and “no-retreatment” were three independent factors for HBsAg seroclearance after stopping NUCs[30]. This study consolidated preliminary results from previous studies who associated qHBsAg below 100 IU/mL to higher rates of HBsAg loss[16]. This trend was supported by other two studies that showed that the lesser qHBsAg level (especially < 100 IU/mL), the higher was the probability of achieving HBsAg seroclearance within the first 1 to 2 years of follow-up[17,31]. 
“No retreatment” upon a clinical relapse was described as a strong predictor of HBsAg loss[24]. Several studies showed substantial differences between the “retreat” vs “no-retreat” groups, after a relapse. One study showed a 6-year HBsAg loss rate of 19% in patients with clinical relapse who remained off-therapy, compared to only 1% in patients who were retreated (hazard ratio = 8.4; P < 0.01)[18]. The results in other study were similar, with “no-retreatment” patients having a 5-year HBsAg loss rate of 18% vs 0% in “retreatment” patients (hazard ratio = 18.6; P < 0.001)[27]. 

RELAPSE
Criteria for virological or clinical relapse was proposed by Asian-Pacific guidelines serving as guidance for several studies. Virological relapse (VR) is defined as serum HBV DNA above 2000 IU/mL, and clinical relapse (CR) is defined as VR relapse along with ALT above 2x ULN[6]. 
Remission assessment in patients who stop NUC therapy remains challenging since most studies differ widely in study populations, design, and duration of follow-up[11,32,33]. Criteria for relapse or/and retreatment also varies among studies.
A systematic review, including 1732 HBeAg-negative patients (22 studies), showed a VR rate < 70% and a CR < 50% in most studies. These rates tended to be lower in cases of longer treatment or consolidation therapy. CR happened most frequently within 6-mo off-therapy in patients treated with tenofovir, while for those treated with entecavir it occurred more frequently beyond 6-mo after stopping treatment[33]. Another systematic review showed a pooled rate of virologic remission at 1-year/2-year off-treatment of 63%/53% in HBeAg-positive CHB patients and 44%/31% in HBeAg-negative CHB patients[11].
Although not consistent between all studies, several factors were pointed as predictors of remission. In HBeAg-negative CHB patients, younger age, earlier disease stage, higher levels of ALT at baseline and at EOT, lower serum HBV DNA levels at baseline, low serum HBsAg levels at EOT, and decreasing HBsAg levels during treatment have been associated with a better chance of sustained remission[11]. 
Significant complications as severe flares and hepatic decompensation were infrequent (0.8% patients with cirrhosis); jaundice occurred in 2.5% and only 1 patient died from liver failure[11,33]. Considering all above, NUC therapy cessation seems to be feasible and safe, if adequate monitoring is implemented.

RETREATMENT
During surveillance, a critical point after NUC cessation is identifying patients who would benefit from antiviral therapy reintroduction. A lack of consensual criteria may be due to heterogeneous results from the published studies[11]. 
In brief, indications for retreatment can be grouped in two settings: Acute hepatitis flare or persistent mild to moderate hepatitis activity. The indications for retreatment in hepatitis flares are controversial since disease outcomes are variable[34]. On one hand, a too late retreatment decision may be detrimental, leading to development of liver decompensation and related complications. On the other hand, a too early retreatment decision may decrease the possibility of achieving HBsAg seroconversion, since it may prevent the “positive” relapse-associated induction of HBsAg loss[18]. Additionally, hepatitis flare may resolve spontaneously, and “no-retreatment decision” was identified as a strong predictor for off-treatment HBsAg loss[24,26,27,30]. 
Since hepatic decompensation is the most feared complication, it is mandatory to treat patients presenting with bilirubin > 2 mg/dL and/or INR > 1.5 to prevent unfavorable outcomes[6].
Albeit not standardized, some authors recommend also to retreat patients who present with ALT levels > 10 × ULN or ALT > 5 × ULN combined with increased bilirubin or prolongation of prothrombin time[10]. However, other authors recommend not using ALT levels alone as criteria to start retreatment, since some patients may have effective immune response against HBV that their hepatitis flare may subside along with decreasing HBV viremia and qHBsAg[35]. 
In real-world practice, patients with off-NUC hepatitis flare are mostly retreated with NUC upon presentation, which may hamper the probability of achieving functional cure. A study showed that patients with CR, which was not retreated, had a > 7 times higher incidence of HBsAg seroclearance than those who received retreatment[18].
Recent studies have focused on the role of HBsAg kinetics for retreatment decision guidance. It has been suggested that decreasing levels of qHBsAg during hepatitis flare, such as qHBsAg decline (> 10% than the preceding level) starting prior to or around the peak of ALT, may reflect host effective immune clearance of HBV is ongoing (“host-dominating flare”); if qHBsAg keeps increasing along with ascending ALT or if qHBsAg remains high after the peak of ALT, it may reflect that immune response is failing or being ineffective (“virus-dominating flare”)[19,35,36]. Based on this immunological concept, HBsAg/ALT kinetics may be useful for determination of ideal subset of patients who may benefit retreatment during hepatitis flare[37].
Retreatment decision in persistent mild to moderate hepatitis activity is easier and has more consensus between clinicians. Usually, the criteria for retreatment are elevated ALT and HBV DNA > 2000 IU/mL for at least 3-6 mo[6-8]. One study suggests also retreating patients with modest ALT elevations (> 3 × ULN) and high HBV DNA levels (> 100000 IU/mL) at the same visit[23]. Either way, the highest priority during patient monitoring should be safety, offering prompt retreatment timely based on actual data.

CONCLUSION
HBsAg loss remains the safest endpoint for discontinuing NUC therapy. Due to limited HBsAg loss rate on NUC therapy, other feasible endpoints are gaining interest in clinical practice. Evidence accumulating over the last decade supports the idea of stopping NUC therapy in patients with CHB who remain HBsAg positive. Most current guidelines already suggest that discontinuation of NUC therapy may be attempted in non-cirrhotic patients who achieved durable on-therapy virological remission, i.e. at least 3 years of non-detectable HBV DNA in HBeAg-negative patients or HBeAg seroconversion for HBeAg-positive patients. HBsAg loss seems to occur in an increasing proportion of patients off-NUC therapy, particularly in non-Asian patients. Patients in whom NUC therapy is discontinued should however remain under strict clinical and laboratorial follow-up protocols to detect and manage relapses in a timely manner. In addition, patients should be highly motivated for more frequent surveillance and should not have advanced fibrosis. Predefined criteria for retreatment are important. Recent evidence suggests that, in addition to surveillance strategies recommend by international guidelines, qHBsAg and ALT kinetics during hepatitis flares are useful for retreatment decision. New and validation of current biomarkers that are associated with clinical outcomes are needed for the development of clinical algorithms so we move towards a treatment personalized approach in patients with CHB.
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Table 1 Recommendations on discontinuation of antiviral therapy in chronic hepatitis B patients by the European Association for the Study of Liver, American Association for the Study of Liver, and Asian Pacific Association for the Study of Liver guidelines
	
	HBeAg-positive
	HBeAg-negative
	Cirrhosis

	
EASL (2017)
	HBsAg seroclearance

HBeAg seroconversion and HBV DNA undetectable with at least 12 mo of consolidation therapy
	HBsAg seroclearance

May be consider before HBsAg loss if undetectable HBV DNA for at least 3 yr (close monitoring for at least 1 yr)
	No recommendation until HBsAg loss

	
AASLD (2018)
	HBsAg seroclearance

HBeAg seroconversion with at least 12 mo of persistent ALT levels and undetectable HBV DNA (close monitoring every 3 mo for at least 1 yr)
	HBsAg seroclearance (close monitoring every 3 mo for at least 1 yr)

May be consider if there is a compelling rationale and under careful monitoring every 3 mo for at least 1 yr
	No recommendation until HBsAg loss

	
APASL (2015)
	HBeAg seroconversion with undetectable HBV DNA and persistently normal ALT levels with at least 1 yr of consolidation therapy (preferably 3 yr)
	HBsAg seroclearance with anti-HBs seroconversion or at least 12 mo of a post-HBsAg clearance consolidation period
· After treatment for at least 2 yr with undetectable HBV DNA documented on 3 separate occasions, 6 mo apart
	May be consider before HBsAg loss if disease is compensated and under a careful monitoring plan


AALSD: American Association for the Study of Liver; APASL: Asian Pacific Association for the Study of Liver; EASL: European Association for the Study of Liver; HBeAg: Hepatitis B e antigen.
