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Abstract

Long-term treatment with nucleos(t)ide analogs (NAs) is the current first line therapy
for patients with chronic hepatitis B (CHB), recommended by most of the current
guidelines. NAs prevent disease progression, liver failure, decrease the risk of
hepatocellular carcinoma (HCC), and have favorable safety profiles. However, low
rates of on-therapy functional cure (hepatitis B surface antigen [HBsAg] loss), which
is regarded as the optimal end point, prevent many patients from stopping NA
therapy with the need for a lifelong treatment. The higher likelihood of HBsAg loss
associated with stopping as compared to continuing NAs has got a lot of attention
lately. Recommendations regarding endpoints allowing for safely stopping NA
therapy differ between the different international guidelines. Whereas in HBeAg-
positive patients, HBeAg seroconversion with at least one year of consolidation
therapy is an accepted endpoint of treatment, the recommendations for HBeAg-
negative ones differ. Some guidelines propose = 3 years of HBV DNA undetectability
to stop NA while others regard HBsAg loss as the only acceptable endpoint to
therapy. Stopping NA can lead to substantial rates of virologic relapses and
consequent ALT flares in some of them. Moreover, no reliable predictor(s) of post-NA
relapses have been identified so far. Quantitative HBsAg is becoming an increasingly
promising marker to predict safe NA cessation. On the other hand, investigating the
role of the immune system in mediating sustained virologic responses after NA
withdrawal is needed to suggest immunological biomarkers to safely stop NA. In this
article, we will review relevant literature regarding NA stopping rules and discuss
promising viral and immunological biomarkers to predict antiviral responses and thus

to help identify patients who are more likely to achieve HBsAg seroclearance.
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Highlights

* NA therapy can effectively reduce HBV load but cannot prevent the risk of
rebound after treatment interruption due to the presence of cccDNA and
integrated HBV sequences in infected hepatocytes.

* NA cessation in HBeAg-positive non-cirrhotic patients is considered after
HBeAg seroconversion and consolidation treatment.

* NA cessation in HBeAg-negative patients has become an interesting approach
to reach functional cure.

» Better definition of patients with a high chance to achieve HBsAg loss after
stopping NAs is needed.

» Retreatment criteria and monitoring frequencies should be standardized.

* End of treatment HBsAg level is a promising predictor of outcome for safe NA
discontinuation.

» There is an urgent need to investigate immunological predictors of safe NA

cessation, such as HBV-specific CD8+ T cells.
Keywords
Quantitative HBsAg, relapse, immune control, NA discontinuation, HBV infection.
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1. Introduction

Hepatitis B virus (HBV) infection remains a major global health concern as over 257
million individuals are estimated to be carriers of hepatitis B ‘surface’ antigen
(HBsAgQ), the hallmark of chronic HBV infection (CHB)(European Association for the
Study of the Liver, 2017; World Health Organization et al., 2017). CHB has potential
adverse outcomes, including cirrhosis, hepatic decompensation, and hepatocellular
carcinoma (HCC)(European Association for the Study of the Liver. 2017; Sarin et al.,
2016; Terrault et al., 2018). In 2015, hepatitis B resulted in an estimated 887 000
deaths from these liver diseases according to the World Health organization
(WHO)(World Health Organization et al., 2017). HBsAg correlates with the presence
of covalently closed circular DNA (cccDNA), in Hepatitis B ‘e’ antigen (HBeAg)-
positive CHB patients, and is a key marker of infection(Tout et al., 2020). Its
clearance is a reasonable therapeutic end point and is also referred to as a functional
cure of CHB(Martinot-Peignoux et al., 2014). Although nucleos(t)ide analogues (NA)
and immunomodulators (pegylated interferon (PEG-IFN)) are recommended
therapies, most patients take NA due to the easy administration, safety, and
efficacy(Cornberg et al., 2020). These therapies reduce viral replication and their
aims include improving quality of life and decreasing the risk of liver disease-related
complications(Marcellin et al., 2019; Papatheodoridis et al., 2018c) but however they
rarely lead to HBsAg seroclearance. Long term NA therapy raises some concerns
such as adherence, side effects, and, particularly, costs (Lampertico and Berg, 2018;
Papatheodoridis et al., 2016). Additionally, a significant proportion of patients may
want to discontinue therapy for various reasons. Thus, defining rules to stop NA

therapy is of paramount importance and safety without loss of efficacy must be
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considered(Lampertico and Berg, 2018). The concept of NA discontinuation was first
mentioned in 2000 APASL guidelines and the first stopping rule for HBeAg-negative
CHB was included in 2008 APASL guidelines, driven by cost and drug-resistance
issues (Liaw et al., 2008). These recommendations were based on several earlier
studies in Asian patients treated with lamivudine (LAM) showing that the sustained
response rate 6-12 months after cessation of LAM therapy was around 50% if
patients had achieved a maintained virological response before stopping LAM
therapy (Chan et al., 2007; Chien and Liaw, 2006; Fung et al., 2004). This NA
cessation concept was later initiated in Western countries with the study by
Hadziyannis et al. showing a remarkably high HBsAg loss rate when stopping

NAs(Hadziyannis et al., 2012).

In this review, we discuss current international guidelines for stopping NA therapy
and we evaluate data of HBsAg loss in different categories of CHB patients.
Moreover, potential virologic and immunologic predictors of NA cessation may also
be considered to precisely determine the outcome of HBV infection, and identify
patients who are more likely to achieve HBsAg seroclearance or a sustained

response.
2. Goals and outcomes of NA therapy

The goal of therapy for CHB is to improve survival by preventing disease progression
and improving quality of life. This is best achieved by long-term NA therapy leading to
HBV suppression, associated with a reduction in histological activity, a lower risk of
cirrhosis, and reversal of fibrosis(European Association for the Study of the Liver.
2017; Marcellin et al., 2019; Marcellin and Asselah, 2013; Sarin et al., 2016; Terrault

et al., 2018). NA mechanism of action consists of viral polymerase inhibition, which
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leads to decreased virion assembly, and thus a reduction of the viral replication and
load (Asselah et al., 2019). According to the European Association for the Study of
the Liver (EASL)(European Association for the Study of the Liver. 2017) and the
American Association for the Study of Liver Diseases (AASLD)(Terrault et al., 2018),
the currently approved and first-line recommended NA drugs are tenofovir disoproxil
fumarate (TDF), tenofovir alafenamide (TAF), and entecavir (ETV) due to their high
barrier to HBV resistance, their high effectiveness, and their well tolerance. Other
NAs such as Lamivudine (LAM), Telbivudine (TBV) and adefovir dipivoxil (ADV)
should not be used as first-line treatment options due to their low barrier to HBV
resistance causing resistance strains and insufficient virologic response. The main
advantage of NA treatment is its predictable high long-term antiviral efficacy leading
to undetectable HBV DNA levels in the vast majority of compliant patients as well as
its favorable safety profile(European Association for the Study of the Liver. 2017; Lok
et al., 2016; Terrault et al., 2018). Over 8 years (Papatheodoridis et al., 2018c) and
10 years(Marcellin et al., 2019), NAs have a favorable safety profile, are well

tolerated, and resulted in continued maintenance of virologic suppression.

The ideal endpoint of therapy in HBeAg-positive and HBeAg-negative patients is
sustained HBsAg loss with or without seroconversion to anti-HBs, which is usually
associated with complete and definitive remission of the activity of CHB (Kim et al.,
2014). However, these endpoints are rarely achieved because of the presence of the
covalently closed circular DNA (cccDNA) minichromosome, which remains
untouched in the nuclei of infected hepatocytes as well as the presence of integrated
HBV sequences in hepatocytes genome which can cause reactivation of the disease
and relapse of viraemia. Since these goals are rarely reached, surrogate endpoints

have been identified to assess efficacy, including improved liver inflammation
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(biochemical remission), viral suppression (virologic remission) and HBeAg
seroconversion (European Association for the Study of the Liver. 2017). Achievement
of these objectives has been shown to stop the inflammation cascade and fibrosis
progression (Marcellin et al., 2013). NA treatment rarely achieve a functional cure
and necessitate lifelong therapy in addition to other concerns such as adherence
(Ford et al.,, 2018), side effects (Fontana, 2009; Marcellin et al., 2019), and,
particularly, costs (Aiello et al., 2016). Therefore, the concept of NA treatment
cessation is an interesting strategy to consider and further exploration of the
recommended rules of stopping NAs before a functional cure and the benefits gained
is needed. It is rational to discontinue any therapy if it is of no further benefit to the

patient (Hadziyannis and Hadziyannis, 2020).
3. Aim of NA therapy cessation strategy

Over the last years, there has been a growing body of evidence that assessed the
potential benefits, the safety, and the efficacy of stopping long-term NA therapy.
One of the first pivotal studies regarding the NA cessation approach was a small,
prospective cohort study from Greece that assessed the biochemical and virologic
effects of stopping long-term NA therapy in HBeAg-negative CHB patients
(Hadziyannis et al., 2012). After being treated for 4-5 years, all 33 patients
developed virologic relapse once ADV was stopped, 76% had biochemical relapse,
and 45% were retreated. Interestingly, among those with sustained biochemical and
virologic remission, 39% reached HBsAg loss during 5.5 years of follow-up
(Hadziyannis et al., 2012). This is a remarkable finding compared to the very low
HBsAg clearance rate during NA therapy. Quantitative HBsAg (QHBsAgQ) at the time
of stopping therapy was < 1000 IU/mL which suggested that monitoring of HBsAg
level can guide the timing of stopping NAs. Since then, a series of studies attempted

8
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to determine the occurrence of HBsAg loss after stopping NA therapy. Chan et al.
reported that 20% of patients achieved HBsAg seroclearance after stopping LAM
therapy (Chan et al., 2011). The main predictor of HBsAg seroclearance was end of
therapy gqHBsAg levels < 2 log IU/mL and > 1 log reduction from baseline. A
randomized study (the FINITE study)(Berg et al., 2017) compared standard TDF
therapy continuation (n=21) against its interruption (n=21) in HBeAg-negative
patients that had been under NAs for at least 3,5 years. Thirteen out of 21 patients in
the NA stopping group remained off-therapy and 4 of them even achieved HBsAg
seroclearance after 3 years of follow-up. Those who stopped therapy had greater
reduction in gHBsAg compared to those who continued therapy (0.283 vs 0.088 log
reduction respectively)(Berg et al., 2017).
To evaluate stopping NAs, we must consider what are the benefits of their
discontinuation. Since long-term NA therapy can already achieve viral suppression
and limit the risk of liver-related diseases, the withdrawal of the treatment should aim
to have similar or even better outcomes than treatment continuation. HBsAg loss,
indicating immune control with sustained virologic remission (Tout et al., 2020),
remains the best indicator of long-term favorable outcomes and therefore of NA
cessation. Relapse must also be considered, which occurs frequently off-treatment
and may lead to clinically significant flares. Determining precise predictors of relapse

or sustained remission is crucial to identify which patients should not stop therapy.

3.1  HBV guidelines and recommendations on stopping NA therapy

Three major international scientific guidelines, AASLD, EASL and the Asian Pacific

Association for the Study of the Liver (APASL) have proposed stopping rules for



186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

different categories of CHB patients under NA(European Association for the Study of
the Liver. 2017; Sarin et al., 2016; Terrault et al., 2018) (Table 1). However, there is
no clear consensus regarding when and how to stop the administration of NAs
without compromising optimal management in the majority of CHB patients. The ideal
endpoint for all subgroups of patients is considered to be the sustained loss of
HBsAg, with or without subsequent seroconversion to anti-HBs (European
Association for the Study of the Liver. 2017; Sarin et al., 2016; Terrault et al., 2018).
Therefore, major guidelines recommend that all CHB patients, including those with
compensated cirrhosis, can stop NA therapy if they achieve HBsAg loss that persists
for at least 1 year, even if this goal is rarely achieved. Alternatively, surrogate
endpoints have been determined to safely discontinue the treatment. In non-cirrhotic
HBeAg-positive CHB patients, HBeAg seroconversion is a reliable indication of
sustained off-NA response, when it is accompanied by inhibition of HBV replication
and persistently normal ALT levels. Thus, all three guidelines recommend that these
patients can discontinue therapy if they achieve HBeAg seroconversion with HBV
DNA undetectability and normal ALT levels, and after they complete at least 12

months (up to 3 years according to the APASL) of consolidation therapy.

For non-cirrhotic HBeAg-negative CHB patients, APASL guidelines have suggested
that NAs can be discontinued after at least 2 years of therapy if serum HBV DNA
remains undetectable on 3 separate occasions 6 months apart, which could be
mainly driven by cost constraints. Additionally, they also suggest NA withdrawal in
the case of HBsAg loss with at least 12 months of a post-HBsAg loss consolidation
period even if there was no HBsAg seroconversion (Sarin et al., 2016). Interestingly,
the EASL recommendations also suggested that NA discontinuation may be

considered in selected non-cirrhotic patients with long-term (= 3 years) on-therapy
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virologic suppression if close post-treatment monitoring is guaranteed for at least 1
year (European Association for the Study of the Liver. 2017). AASLD guidelines
generally do not recommend NA discontinuation for these patients except in the case
of HBsAg seroclearance, but however included a recommendation of NA
discontinuation as an option if there is a compelling rationale and under the condition
of careful monitoring every 3 months for at least 1 year (Terrault et al., 2016). APASL
are the only guideline who consider possible stopping of NA therapy, before HBsAg
seroclearance, in patients with compensated cirrhosis, in condition of a careful off-
therapy monitoring plan, while both EASL and AASLD recommend indefinite NA

therapy in cirrhotic CHB patients who remain positive for HBsAg.

3.2 NA cessation in HBeAg-positive CHB patients before HBsAg

loss

The main guidelines suggest that pretreatment HBeAg-positive patients, without
cirrhosis, can stop NA therapy after reaching HBeAg seroconversion with
undetectable HBV DNA and completing 1 to 3 years of consolidation therapy. Several
reports have evaluated the durability of HBeAg seroconversion with LAM therapy,
resulting in a wide range of durable HBeAg seroconversion rates. Song et al.
evaluated patients who underwent HBeAg seroconversion with short duration LAM
consolidation therapy (2 to 4 months) and observed a relapse with elevated
transaminases and reappearance of HBeAg in 49% of patients at 2 years post-
treatment (Song et al., 2000). Another study evaluated the durability of serological
responses in 40 HBeAg-positive patients who were treated by LAM (Dienstag et al.,
2003). Most HBeAg responses achieved during LAM therapy were durable, and most

responders experienced prolonged clinical benefit after HBeAg seroconversion and
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subsequent discontinuation of LAM. The relapse rate after HBeAg seroconversion
was only 27% with a median period of 3-year follow up (Dienstag et al., 2003).
Similarly, a study from Taiwan showed that a duration of LAM consolidation therapy >
48 weeks may be favorable for maintaining durable HBeAg seroconversion (Kuo et
al., 2010). Then later, Lee et al. showed that consolidation therapy for more than 1
year after HBeAg seroconversion helped maintain the serological response (Lee et
al., 2010). A prospective study of 82 patients demonstrated a cumulating relapse rate
of 23.4% at 6 months and 29.4% at 4 years after discontinuation of LAM (Wang et al.,
2010), and a second study observed a 3-year cumulative relapse rate of 34.4% in 42
patients (Jin et al., 2012). Recently, a study from Belgium aimed to determine relapse
rates and clinical outcomes in a predominantly Caucasian cohort of 98 CHB patients
with NA-induced HBeAg seroconversion (Van Hees et al., 2018). Viral relapses were
observed in more than half of patients who discontinued treatment with potential fatal
outcomes while none of the patients who continued therapy after HBeAg
seroconversion relapsed or developed severe hepatic outcomes (Van Hees et al.,
2018). Kang et al. assessed the antiviral response in 157 patients who had
discontinued LAM for a mean 72 months of follow-up. The cumulative probabilities of
virologic relapse at 1, 24, 48, 96, and 120 months were 10.3%, 55.6%, 62.8%,
67.0%, and 67.0%, respectively (Kang et al., 2017). However, most of these studies
were long-term retrospective studies that did not correct for selection or
measurement bias (Table 2). Therefore, the evidence on NA withdrawal in HBeAg-

positive CHB patients is lacking and needs to be based on better designed studies.

Among the prospective studies, Jung et al. evaluated virologic relapse in 45 HBeAg-
positive CHB patients who were treated with LAM or ETV. Within 1 year or NA

treatment, viral relapse occurred in 57,8 % of the patients (Jung et al., 2016). In
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several studies (Chaung et al., 2012; Pan et al., 2013; Reijnders et al., 2010; Sohn et
al., 2014) with various NAs, the off-treatment response was not durable despite
consolidation therapy after the HBeAg seroconversion. In the largest prospective
study with 10-year follow up, 31% of 138 HBeAg-positive CHB patients experienced
virologic relapse, almost all of whom (76%) developed HBeAg seroreversion,
attesting that this was not durable at the time of stopping therapy (Liu et al., 2018). In
a randomized controlled trial from Toronto, 61% of pretreatment HBeAg-positive
patients required retreatment compared with 22% of HBeAg-negative patients (Liem

et al., 2019).

A systematic review by Papatheodoridis et al., including 25 studies with 1716 patients
who discontinued NA and were followed up for > 12 months shows that 51% of
HBeAg-positive CHB patients had durable virologic remission at 3 years post-
treatment and 76% of them had durable biochemical remission (Papatheodoridis et
al., 2016). These rates were higher than in HBeAg-negative CHB patients. Sustained
HBeAg seroconversion was found in 95%, 92% and 88% of patients at 6, 12 and 24
months, respectively, following discontinuation of NA therapy (Papatheodoridis et al.,
2016). Collectively, these data suggest that the risk of relapse requiring retreatment
is relatively high in pretreatment HBeAg-positive patients, even with long
consolidation therapy after HBeAg loss. Due to the heterogeneity of the studies and
their design, it is, therefore, difficult to confirm the advantage of NA discontinuation in
pre-treatment HBeAg-positive CHB patients who undergo HBeAg seroconversion.
Another factor leading to clear discrepancies between studies is the variable relapse
definition (Papatheodoridis et al., 2018a). Although prolongation of NA therapy in
HBeAg-positive patients is aiming at functional cure under treatment, this is still a

rare event, and HBeAg seroconversion is the currently accepted endpoint despite

13



286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

reported data of high relapse rates. Determining the appropriate duration for
consolidation therapy is important to achieve sustained remission in those patients.
Thus, there is an urgent need to specifically examine the effect of the duration of
consolidation therapy on sustained HBeAg seroconversion in future well designed

studies.

3.3 NA cessation in HBeAg-negative CHB patients before HBsAg

loss

Current interest and debates in stopping NA are largely related to finite NA therapy in
HBeAg-negative CHB patients. The guidelines recommend that NA therapy in
HBeAg-negative CHB patients, without cirrhosis, can be stopped after =3 years of
virologic suppression (EASL 2017)(European Association for the Study of the Liver.
2017), after treatment for at least 2 years with undetectable HBV DNA documented
on three separate occasions, 6 months apart (APASL 2015)(Sarin et al., 2016), or
only after achieving HBsAg loss, except if there is a compelling rationale and under
the condition of careful monitoring every 3 months for at least 1 year (AASLD
2018)(Terrault et al., 2018). The previously mentioned study by Hadziyannis et al.
was one of the first papers that presented data favoring NA withdrawal in HBeAg-
negative CHB patients (Hadziyannis et al., 2012). It showed that stopping adefovir
therapy in HBeAg negative patients was associated with a 39% HBsAg
seroclearance rate. This high HBsAg seroclearance rate was not observed in
subsequent studies probably due to shorter follow-up duration or even the ethnicity of
the studied cohort. Additionally, whether the initial increase in HBV DNA, after NA
withdrawal, settles down to quiescent disease or severe flares varies widely between

different studies and patients and is hard to predict. Some studies defining viral
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relapse after treatment cessation as HBV DNA>60 IU/mL (Shouval et al., 2009; Sohn
et al., 2014), HBV DNA >70 copies/mL(Jung et al., 2011), or HBV DNA >200 IU/mL
(Chan et al., 2011), found a very high percentage of HBeAg-negative CHB patients
going through viral relapse after NA cessation. Other studies have used levels of
HBV DNA >2000 IU/mL to define relapse. A prospective study of 184 Asian patients
taking ETV for at least 24 months and using the APASL criteria to guide treatment
cessation (treatment for at least 2 years with undetectable HBV DNA on 3 separate
occasions, 6 months apart) had a cumulative rate of virologic relapse 74.2% and
91.4% at 6 and 12 months post-treatment respectively (Seto et al., 2015). In two
studies by Jeng W-J et al. on Asian patients treated with ETV (Jeng et al., 2013) or
TDF (Jeng et al., 2016), 46% and 52% relapsed respectively. In another study of 45
patients of >3years follow-up, LAM, ETV or ADV therapy, the relapse rate was 49%
and 73% at 6 and 12 months (Kim et al., 2013). A recent study on 234 HBeAg-
negative CHB patients who received ETV and 119 receiving TDF showed that HBV
relapse occurs sooner and is more severe after cessation of TDF than after cessation
of ETV (Kuo et al., 2019). These results confirmed earlier reports that showed that
discontinuation of TDF rather than ETV was associated with earlier relapse (H6ner
Zu Siederdissen et al., 2018; Jeng et al., 2016; Su et al., 2018). Off-ETV mostly
occurred after 6 months vs within 6 month off-TDF (Jeng et al., 2016). These studies
clearly show the difference in relapse timing between ETV and TDF. The reason
behind this obvious difference in timing needs to be investigated in future studies,
perhaps having to do with pharmacokinetics of different NAs or different interactions

with immune responses.

In HBeAg-negative CHB patients most of the virologic relapse occurs within the first

3-9 months after treatment discontinuation(Fung et al., 2004; He et al., 2013).
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Studies with longer follow-up confirm possible sustained off-treatment response and
HBsAg loss in HBeAg-negative CHB patients (Table 3). The daring-B study followed
57 patients who discontinued therapy after median virologic remission of 5,3 years
and remained under a median of 18 months of follow-up( Papatheodoridis et al.,
2018b). For a cutoff of HBV DNA > 2,000 IU/ml, the cumulative virologic relapse
rates were 56%, 70% and 72% at 3, 12 and 18 months after therapy. The probability

of relapse decreased after month 6.

In a systematic review on NA discontinuation, 2% HBsAg loss was observed
(Papatheodoridis et al., 2016). The pooled rates of sustained virologic remission at
12, 24, 36 months in HBeAg-negative patients were 43.7%, 31.3% and 30.1%
respectively (Papatheodoridis et al., 2016). In another systematic review of 22
studies including 1732 HBeAg-negative patients, the 1 year off-therapy virologic
relapse was < 70%, and clinical relapse (HBV DNA >2000 IU/mL and ALT elevation)
occurred in < 50% of patients and <40% required retreatment (M.-L. Chang et al.,
2015). Thus, these two recent systematic reviews show that stopping NA is relatively
safe with a careful off-therapy monitoring plan. Concerning the safety of NA
discontinuation, they suggest that significant complications such as severe flares and
decompensation were relatively infrequent and occurred in 0,8% of patients with
cirrhosis, while jaundice developed in 2,5%, with 1 death from liver failure (M.-L.
Chang et al., 2015; Papatheodoridis et al., 2016). Conversely, a study from Toronto,
with majorly Asian patients, found that only 33% of pretreatment HBeAg-negative
patients had a sustained off-treatment response, 72 weeks after NA withdrawal (Liem
et al., 2019). Although the retreatment criteria in this study was not stringent which
allowed to better evaluate the off-NA viral and biochemical kinetics during close-visit

monitoring, there were only 27 HBeAg-negative CHB patients which limits the
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significance of such results. In another recent study of 106 HBeAg-negative patients
who stopped TDF therapy (Buti et al., 2019), almost a third of patients experienced a
grade 3 or higher laboratory abnormality (ALT elevations) and serious adverse
events occurred in 4% of patients. 35% of patients had both HBV DNA
concentrations of less than 2000 IU/mL and ALT concentrations less than the ULN at
TFFU week 24(Buti et al., 2019). These notable differences between studies may
originate from following different guidelines thereby limiting their scope by design,
different definitions of virologic relapse, differences in outcome definitions, or
heterogeneity of cohorts. Most of the studies, on which the guidelines are based on,
consist of Asian cohorts with genotype B and C, leading to a heterogeneity compared
to Caucasian patients with a prominent genotype D. Finally, a recent multicenter
study including 276 patients from 16 hospitals in Korea, aimed to determine whether
NA discontinuation was as safe as NA continuation after NA-induced HBsAg
seroclearance. The authors found that discontinuation of NA was not associated with
a higher risk of either HBsAg reversion, serum HBV DNA redetection or HCC

development compared with NA continuation (Kim et al., 2020).

3.4 Stopping NA in patients with cirrhosis before HBsAg loss

Patients with cirrhosis are at risk of developing liver decompensation and stopping
therapy in this subgroup is controversial due to the risk of liver failure and ascites
(Wen-Juei Jeng et al., 2018). While the EASL and the AASLD guidelines(European
Association for the Study of the Liver, 2017; Terrault et al., 2018) do not recommend
stopping NA therapy, before HBsAg loss, in patients with cirrhosis, under any

circumstance, the APASL guidelines(Sarin et al., 2016) may consider it in
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compensated cirrhosis with a careful monitoring plan. Therefore, data evaluating NA
discontinuation, before HBsAg loss, in patients with pretreatment cirrhosis, come
mainly from Asian studies (Jeng et al., 2013; Kuo et al., 2010). In a large study from
Taiwan, the cumulative probability of liver decompensation was 3% over a > 5 years
follow-up and only 1% of patients died (Wen-Juei Jeng et al., 2018). Chen et al.
analyzed 586 HBeAg-negative CHB patients with compensated cirrhosis and 205
patients, among them, who stopped ETV based on APASL 2008 guidelines (Chen et
al., 2015). These patients were matched by propensity scoring to patients who
continued treatment and no significant difference was found in liver related
complications/deaths between the two groups after a median follow-up of 59 months
(Chen et al., 2015). Another study found, similarly, no statistical significance between
patients with and without cirrhosis who stopped LAM therapy (Ming-Ling Chang et al.,
2015). Jeng et al. assessed 39 cirrhotic patients receiving TDF and found that
relapse occurred in 39.5%. Two patients developed hepatic decompensation(Jeng et
al., 2016). In the study by Kuo et al., jaundice occurred in 8,5% of patients all of
whom had cirrhosis. Of these 7 patients, 6 improved after LAM retreatment and 1
patient with decompensated liver disease died 1 week later(Kuo et al., 2010).
Furthermore, the HCC risk decreases beyond year 5 of ETV/TDF therapy in
Caucasian CHB patients, particularly in those with compensated cirrhosis
(Papatheodoridis et al., 2017). The studies discussing the safety of NA
discontinuation in cirrhotic CHB patients are not frequent and are usually
retrospective, therefore less rigorous than well-executed randomized control trials
showing the benefit of continuing therapy in these patients (Liaw et al., 2004).
Therefore, there is a need to perform future studies on NA cessation in cirrhotic

patients to determine if there is a benefit of stopping the treatment especially since
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this is a controversial issue between the different guidelines. Lifelong NA treatment
may be an unaffordable burden for healthcare systems in certain countries and thus,
the only benefit of stopping therapy in cirrhotic patients could be reducing the costs of

treatment.
3.5 Rescue therapy in case of relapse

Cessation of antiviral treatment with NA, before HBsAg loss, may lead to clinical
reactivation/relapse, flares, decompensation, overt liver failure and death. Therefore,
specific stringent criteria for retreatment are critical for the optimal management of
CHB patients who discontinue NA and help preventing significant clinical relapses
(Berg et al., 2017; Papatheodoridis et al., 2018a, 2018b). Close post-treatment
follow-up with, at least, ALT and HBV DNA determinations is mandatory, and strict
and predefined criteria for retreatment are necessary to avoid potential life-long
retreatment (Papatheodoridis et al., 2018a). However, the criteria for retreatment
have not been standardized resulting in great heterogeneity among different studies
(Papatheodoridis et al., 2016, 2018a). For patients with flares, delaying retreatment
can be detrimental, while starting retreatment too soon might counteract the potential
relapse-associated induction of a functional cure (W.-J. Jeng et al., 2018). Severe
hepatic flares require immediate retreatment and it is quite challenging to determine
the exact “kind” of flares occurring and base on that observation the decision to
retreat patients. Some patients can still be in an intermediate state, neither fulfilling
criteria for CHB nor for an inactive carrier state, and therefore require further follow-
up for a precise disease activity characterization and to decide whether retreatment
should be commenced (Wen-Juei Jeng et al., 2018; Lampertico and Berg, 2018).
Therefore, the retreatment decision is based on the severity of HBV flares and the

persistence (= 3 months) of liver disease activity, taking into consideration,
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primordially, the patient’s safety (Lampertico and Berg, 2018). Interestingly, HBsAg
kinetics during clinical relapse have been proposed to guide retreatment decision;
retreatment may be required in those with increasing HBsAg levels, whereas
retreatment might be unnecessary in those with decreasing HBsAg levels (Chien and
Liaw, 2020; Liaw, 2019; Liaw et al., 2018). This rescue therapy induces virologic and
biochemical remission in all non-cirrhotic CHB patients who developed HBV related
flares (Papatheodoridis et al., 2016). Concerning patients with persistently mild to
moderate liver disease activity, the decision of retreatment relies on persistent
elevation of HBV DNA and ALT levels for at least 6 months after stopping
therapy(European Association for the Study of the Liver. 2017; Terrault et al., 2018).
The DARING-B study shows that retreatment is also required in cases of modest ALT
elevations (>3xULN) and high HBV DNA levels (>100 000 IU/mL) at the same visit

(Papatheodoridis et al., 2018b).

Interestingly, the study by Kuo et al., conducted in 342 CHB patients who stopped
ETV vs. patients who stopped TDF (Kuo et al., 2019) showed that the rate of off-
therapy HBsAg loss was comparable between the two groups after 2 to 3 years of
follow-up (Kuo et al., 2019). A large, retrospective cohort study from Taiwan (691
HBeAg-negative CHB patients who stopped treatment according to the APASL
stopping rule) revealed a 13% HBsAg loss at 6 years off therapy, much higher than
that during therapy(Wen-Juei Jeng et al., 2018). The DARING-B study followed 57
patients who discontinued therapy after median virologic remission of 5,3 years and
remained under a median of 18 months of follow-up (Papatheodoridis et al., 2018b).
Cumulative rates of HBsAg loss were 5%, 16% and 25% at 6, 12 and 18 months
being higher in patients with lower HBsAg levels at treatment discontinuation.

Another recent study found a 5% HBsAg loss among 106 HBeAg-negative patients
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who stopped TDF therapy (Buti et al., 2019). However, the follow-up duration was 24
weeks and therefore is too short to reflect a sustainable HBsAg loss rate especially
among a subgroup of patients achieving a low-replicative state and therefore are
potential HBsAg loss candidates if they are followed up for a longer duration after NA

cessation(Buti et al., 2019).

As mentioned before in this section, the “retreatment” or “no retreatment” decision in
CHB patients with hepatic flares is governed by the outcomes of these, being
detrimental or beneficial to the patients. Nevertheless, it should be noted that the “no
retreatment” decision is considered to be a strong predictor of off-NA HBsAg
loss(Berg et al., 2017; Chen et al., 2019; Liaw, 2020; Liem et al., 2019). Therefore, a
proper assessment is crucial to better determine the type of HBV flares, which will

help with the retreatment/no retreatment decision.

Figure 1 presents a proposed algorithm for the follow-up of non-cirrhotic CHB

patients who stop NA therapy and indications for retreatment.

4. Biomarkers to consider to safely stop NA therapy before HBsAg

loss

The evaluation of the probability of post-NA remission has been quite challenging
due to the great heterogeneity among the studies which have variations in patient
populations, designs, definitions of relapse, post-NA management and duration of
follow-up (Papatheodoridis et al., 2016). Thus, the identification of reliable serologic,
virologic, or immunologic predictors of post-NA remission or relapse is quite
interesting and helps refining current rules of NA cessation. CHB outcomes rely on
equilibrium between the virus and the host, therefore different virologic and

immunological parameters could be considered as predictors of safe NA
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discontinuation. In recent years, numerous studies have investigated several host
and viral factors such as patient characteristics including age (Bonino et al., 2007; Ha
et al., 2012; Marcellin et al., 2009) and gender (Bonino et al., 2007; Chen et al.,
2014), baseline clinical characteristics including HBV DNA (Huang et al., 2003; Jeng
et al., 2013), ALT levels (Bonino et al., 2007; Chien and Liaw, 2006; Marcellin et al.,
2009), HBsAg (Chen et al., 2018, 2014, 2014; Liang et al., 2011), treatment-related
factors including duration of consolidation therapy (Jeng et al., 2013; Jiang et al.,
2015; Kuo et al.,, 2010; Sohn et al.,, 2014), and virus-related factors, such as
genotype (Chien and Liaw, 2006; He et al., 2013) and viral mutations (Liang et al.,
2011; Ryu et al., 2003) have also been considered. However, these factors vary
between studies because of the various designs, populations, and patient pre-

treatment HBeAg status.

In HBeAg-positive CHB patients, the duration of consolidation therapy is the most
analyzed predictive factor. Most guidelines consider that prolonged additional
administration of NA after HBeAg seroconversion may enhance the durability of
sustained response after treatment cessation and most of them consider that a 12-
month period offers a more durable sustained response (European Association for
the Study of the Liver. 2017; Pan et al., 2013; Ryu et al., 2003; Sarin et al., 2016;
Terrault et al., 2018; Wang et al., 2010). A study on LAM cessation showed that
consolidation therapy for more than 1 year after HBeAg seroconversion helped
maintain the response (Lee et al., 2010). Song et al. showed that high pre-treatment
HBV DNA levels were predictive for relapse and that pre-treatment HBV DNA and the
duration of consolidation treatment were independent important risk factors for
relapse(Song et al., 2000). There have been no meta-analyses examining the effect

of the duration of consolidation therapy on sustained HBeAg seroconversion and
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there is a need to further explore this aspect. On the other hand, studies showed
that the combination of young age and prolonged consolidation treatment gives lower
relapse rates (Byun et al., 2005; Chen et al., 2014; Lee et al., 2010; Wang et al.,
2010). Chien et al. noticed that patients with genotype C had higher relapse rates
than those with genotype B(Chien and Liaw, 2006). Cao et al. showed that the level
and persistence of off-treatment elevated HBV DNA levels were useful in the
prediction of a subsequent biochemical relapse and may guide off-treatment
management (Cao et al.,, 2017). A study reported a negative correlation between
baseline ALT levels and relapse rate (Pan et al., 2013) while another one showed
that lower ALT baseline levels correlated with higher rates of HBsAg loss (Chen et

al., 2014).

In HBeAg-negative CHB patients, several predictive factors have been associated
with a better chance of sustained off-NA remission such as younger age, higher
levels of ALT at baseline and at the end of the treatment, lower serum HBV DNA at
baseline, low serum HBsAg levels at the end of treatment as well as decreasing
HBsAg levels during therapy (Papatheodoridis et al., 2016). Two studies have
demonstrated that patients with sustained response are younger than patients with
relapse (Ha et al., 2012; Liu et al., 2011). Higher levels of ALT at baseline and at the
end of treatment (Hadziyannis et al., 2012) and lower levels of HBV DNA
pretreatment (Hadziyannis et al., 2012; Jeng et al., 2013) predicted a sustained

response.

In addition to predicting HBsAg loss by its decrease (Martinot-Peignoux et al., 2013),
gqHBsAg has also been used to predict off-therapy sustained response with NAs, and
off-therapy flares (H6ner Zu Siederdissen et al., 2016; Martinot-Peignoux et al., 2015,

2014; Qiu et al., 2016). Low levels of serum HBsAg at the end of treatment, or
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decreasing levels during therapy or after its cessation were shown to be positive
predictors for sustained response (Chan et al., 2011; Hadziyannis et al., 2012). Chen
et al. showed that HBsAg cut-off values of 120 and 200 IU/mL predicted a 79%
HBsAg loss and 93% post-treatment sustained response respectively (Chen et al.,
2014). Conversely, two studies showed no influence of HBsAg kinetics and relapse
rates (Jeng et al., 2016; Seto et al., 2015). Several studies identified serum HBsAg
levels of <2 log10 IU/mL to be a reliable predictor of a sustained off-treatment
response (Chen et al., 2018; Chi et al., 2019; Wen-Juei Jeng et al., 2018;
Papatheodoridi and Papatheodoridis, 2020; Su et al., 2018). In a study of 204
HBeAg-negative patients, gHBsAg level 21500 IU/mL at discontinuation was the only
predictive factor of relapse (Ge et al., 2015). gHBsAg>3 log IU/mL was predictive of a
virologic relapse at 1 year in another study (Liang et al., 2011). In the FINITE study,
patients who achieved a decrease in HBsAg levels after treatment withdrawal had
baseline HBsAg levels<25 000 IU/mL when NA treatment was discontinued (Berg et
al., 2017). A recent meta-analysis found that older age, shorter duration of
consolidation therapy, lower levels of baseline and EOT HBsAg levels 21000 [U/ml
were predictive factors of relapse in HBeAg-negative CHB patients who discontinued
NA treatment(Y. Liu et al., 2019). Liu et al. showed in a systematic review that an
HBsAg<100 IU/mL at EOT is a significant maker for safe NA discontinuation(J. Liu et
al., 2019). Two recent studies found that an HBsAg <50 IU/mL(Gao et al., 2019) or
HBsAg <40 IU/mL (Tseng et al., 2020) have higher predictive values of better
sustained responses in HBeAg-negative CHB patients. More studies outside Asia
and therapies using different NAs are needed to define the optimal cut-off levels.
Nevertheless, from a practical viewpoint, EOT HBsAg <100 IU/mL, in most studies,

seems to be the most important predictor for subsequent functional cure(J. Liu et al.,
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2019). Additionally, serial HBsAg measurements after EOT are important since
decreasing levels are associated with beneficial outcomes and increasing levels are

predictors of relapse(Liaw, 2019).

Several viral markers have been proposed as potential biomarkers for a safe NA
discontinuation. Serum HBV pregenomic RNA (henceforth referred to as HBV RNA)
reflects the transcriptional activity of liver cccDNA even during suppression of HBV
DNA during NA treatment or very low HBV replication activity (Giersch et al., 2017)
and its decline seems to be a good predictor of HBeAg seroconversion (van Bé6mmel
et al.,, 2015) . Unlike HBsAg, HBV RNA is derived only from cccDNA, and its
quantification is not affected by viral antigens or antibody complexes and therefore it
may reflect more accurately the transcriptional activity of cccDNA. Levels of serum
and intrahepatic HBV RNA have been suggested as a novel marker during NA
treatment (Wang et al., 2016; Yu et al., 2018). However, it is commonly undetectable
in HBeAg-negative patients (Wang et al., 2016), which makes it interesting only in
HBeAg-positive CHB patients. Nevertheless, a recent study suggested that HBV
RNA along with another marker can predict outcomes in HBeAg-negative CHB
patients suppressed on NA therapy (Carey et al., 2019). In a recent study (Fan et al.,
2020) including 127 HBeAg-positive patients who stopped TBV-based therapy after
achieving HBeAg seroconversion, HBV RNA was deemed satisfactorily in predicting
clinical relapse and HBsAg loss after treatment cessation. Similarly, another study by
Seto et al. found serum HBV RNA measurement to be essential for deciding on ETV

cessation in CHB patients with low HBsAg levels (Seto et al., 2020).

HBV core-related antigen (HBcrAg) includes HBcAg, HBeAg and a pre-core protein
(p22cr), and its quantification closely correlates with intrahepatic cccDNA level (Lin

and Kao, 2016). It has been also proposed as a novel marker for safe NA
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discontinuation (Matsumoto et al., 2015, 2007). Low HBcrAg levels were associated
with a lower risk of a biochemical relapse following LAM discontinuation (Matsumoto
et al.,, 2015). Furthermore, two studies, including a recent one, suggested that the
combination of HBsAg together with HBcrAg can predict safe NA discontinuation
(Hsu et al.,, 2019; Tanaka and Matsumoto, 2014). A retrospective cohort study
consisting of 560 patients enrolled in a phase IV, multicenter, randomized, controlled
trial treated with NA-based therapy for up to 2 years, reported that baseline anti-
HBcAg levels is a strong predictor for HBeAg seroconversion during NA therapy (Fan
et al., 2016). Another recent prospective study noticed a trend for an inverse
association between anti-HBc levels and clinical relapse in CHB patients off-ETV
(Tseng et al., 2018).In summary, some promising virologic markers, such as HBV
RNA and HBcrAg, could be useful predictors of response but further cohort

validation is still needed.

5. Immunological response following NA discontinuation

The humoral and cellular immune responses play a crucial role in clearing the
infection during acute hepatitis B (AHB) (Rehermann and Nascimbeni, 2005).
However, this adaptive response is severely impaired in CHB patients due to a high
and persistent viral antigens exposure. This immune exhaustion is characterized by
an upregulation of regulatory cells, increase of IL-10 and TGF-f levels, high viral
antigen levels especially HBsAg, and mitochondrial dysfunction (Mansouri et al.,
2018; Ye et al.,, 2015). This leads to a dysfunction of CD4+ and CD8+ T cells
(Fisicaro et al., 2017), decreased numbers and dysfunction of DCs and NKs/NKTs

(Fisicaro et al., 2019; Maini and Peppa, 2013; Martinet et al., n.d.; Ouaguia et al.,
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2019) up-regulated/enhanced expression of regulatory factors, including the immune
checkpoint proteins PD-1, CTLA-4, and Tim-3 (Hoogeveen and Boonstra, 2020); and
impaired innate immune response (Faure-Dupuy et al., 2017), especially TLR
downregulation and dysfunction (Ma et al., 2018; Tout et al., 2018; Zhang and Lu,
2015).

Multiple studies have shown an increased frequency and improved function of HBV-
specific CD4+ and CD8+ T cells in CHB patients after NA therapy and viral load
reduction (Boni et al., 2012, 2003). Most outcomes after NA cessation in CHB
patients, ranging from functional cure to severe liver inflammation, links intimately to

the immune system.

Hence, immunologic biomarkers that discriminate between antiviral responses and
pathologic inflammation after stopping therapy could facilitate clinical decisions, limit
adverse outcomes, and identify mechanisms leading to functional cure. In this
context, we will mainly discuss the immunological activity of T cells and NK cells as

well as the cytokinic profile after NA discontinuation.

5.1 Tcells

Several studies have shown that, after long-term NA treatment discontinuation, most
patients remain with a viral response after a long follow-up (Berg et al., 2017;
Hadziyannis et al., 2012) and thus we could speculate that the host’s immune system
is controlling HBV replication. The reduction in viral load induced by the antiviral
therapy would restore the function of HBV-specific CD8+ T cells allowing them to
control the virus. Patients with viral control are more likely to have a good immune
response against the virus (Maini et al., 2000), in comparison to cases with virologic

suppression, that have a dysfunctional response. Therefore, changes in the
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phenotype and functionality of HBV-specific CD8+ T cells may account as a valuable
predictor of antiviral control and may point us to the patients that can safely stop NA

therapy without viral relapse.

Previous studies of NA-treated HBeAg-positive patients show that control of virus
replication induced by therapy can lead to a transient restoration of T cell function
(Boni et al., 2003; Stoop et al., 2007). To investigate the effect of long-term treatment
on T cell responses, Boni et al. compared HBV-specific T cell responses of patients
treated with NA with those detected in other conditions of HBV control (Boni et al.,
2012). They demonstrated that HBV-specific CD8+ T cell effector abilities were
similar between patients after several years of antiviral treatment and acute resolving
cases featured by a PD-1+ phenotype. More recently, Rivino et al. studied two
cohorts of 29 and 27 HBeAg-negative CHB patients who received NA monotherapy
or NA combination. Patients were, then, separated into 2 groups based on the
presence or absence of hepatic flares during the 6-month period after the termination
of the therapy (Rivino et al., 2018). They demonstrated that the patients who did not
relapse after NA cessation featured, during treatment, an increased frequency of
functional PD-1+ HBV-specific CD8+ T cells directed against HBcAg and HBV
polymerase. However, peripheral T cell expansion or PD-1 expression did not
consistently correlate with HBsAg reduction or biochemical reactivation. Rather,
CD38 and Ki-67 expression during ALT elevation correlated with HBsAg loss in the 3
patients who achieved functional cure (Rinker et al., 2018). Interestingly, a higher
frequency of polymerase-specific CD8+ T cells expressed markers indicating more
severe T cell exhaustion and exhibited a reduced expansion capacity than HBcAg-
specific CD8+ T cells (Schuch et al., 2019). This indicates that the molecular

mechanisms underlying impaired T cell responses differ with respect to the targeted
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HBV antigens. Overall, PD-1+ HBV-specific T cells were identified as a potential
biomarker for the safe discontinuation of NA therapy for CHB patients (Rivino et al.,
2018). In line with these results, it was reported that a high level of anti-HBc at the
end of NA treatment was associated with a reduced risk of clinical relapse (Chi et al.,
2019) and it would be interesting to determine whether this higher level of anti-HBc is
related to the higher HBV-specific T cell activity. As the analysis of PD-1+ HBV-
specific T cells is somehow complicated, the development of a practical assay to
directly quantify these cells would be of great interest to permit this biomarker to
become clinically useful. It would be interesting to know what causes the hepatic
flares after the cessation of NA therapy since the magnitude of the HBV-specific T
cell responses was low in those patients. Additionally, PD-1 upregulation on HBV-
specific CD8+ T cells could either mean an activation before HBV clearance in long-
term NA treated CHB patients without HBV flares or exhaustion after persistent and
high HBV antigens exposition in untreated CHB patients. Therefore, it is unclear
whether anti-PD-1 treatments (Fisicaro et al., 2017, p. 8; Salimzadeh et al., 2018) will
enhance HBV clearance in patients with PD-1+* HBV-specific T cells. Further
longitudinal investigation of blood and liver samples are needed to determine precise

immunological events occurring in patients stopping NA therapy.

5.2 NKcells

The role of NK cells, characterized by the presence of activating and inhibiting
receptors, in CHB has thoroughly been debated (Maini and Peppa, 2013). Their
presence in the liver several folds higher than the periphery, their contribution to liver
damage by killing hepatocytes (Dunn et al., 2007; Maini et al., 2000) as well as their
correlation with HBV control makes them interesting cells to study the antiviral
response against HBV. On the other hand, multiple studies have shown that NK cells,
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in CHB, are defective in the production of cytokines like IFN-y, impairing their
noncytolytic antiviral capacity (Oliviero et al., 2009; Peppa et al., 2010). NK cells can
also impair antiviral immunity by deleting HBV-specific T cells (Lang et al., 2012;

Peppa et al., 2013).

A partial restoration of antiviral cytokine production of NK cells was shown, following
long-term ETV, compared to naive CHB patients (Tjwa et al., 2011). To further
understand to what extent NA treatment can affect NK cells, Boni et al. studied NK
cell phenotype and function in HBeAg-negative patients either untreated or treated
with NA. No significant improvement of NK cell function was observed, despite a
reduced expression of some activation/proliferation markers, including the death
ligand TRAIL indicating a low NK pro-inflammatory phenotype (Boni et al., 2015).
This lower inflammatory status of NK cells correlated with a better HBV-specific T cell
response (Zimmer et al., 2018). An increase in both degranulation and cytokine
production, was found, along with a CD38 upregulation, in correspondence of the
ALT flares following NA discontinuation, which was particularly enhanced in the
fraction of patients experiencing HBsAg loss (Zimmer et al., 2018). This strongly
suggested a role for NK cells in HBsAg seroclearance and in biochemical reactivation
following NA discontinuation.
These studies not only help to clarify mechanisms of liver inflammation but suggest
that NK cells may aid in predicting safe NA discontinuation. Studies in bigger cohorts
are needed to confirm this lower inflammatory profile tendency in NK cells in
successful NA withdrawal as it can be easily evaluated in laboratory and may reflect

an HBV-specific T cell restoration.
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5.3 Cytokines

An adequate antiviral immune response or, in contrast, liver inflammation, associated
with hepatic flares, are strictly affected by a balanced cytokine profile (Rehermann,
2013; Schurich et al.,, 2013; Xia and Protzer, 2017) which could be useful to
determine the fate of HBV infection upon NA discontinuation. Successful viral
repression induced by NA therapy leads to antiviral response by promoting
proinflammatory cytokines such as IFNy (Chen et al., 2011) and IL-2(Jiang et al.,
2010), and by decreasing regulatory signals such as IL-10 (van der Molen et al.,
2006) and TGF-B (Zheng et al., 2012). Serum cytokine studies, in small cohorts,
could not predict off-therapy relapse (Héner Zu Siederdissen et al., 2016; Tan et al.,
2010), but we could theoretically speculate that the measurement of these cytokines
together with HBV-specific T cells or NK cells could help to establish a good
cessation point for therapy. Among the cytokines that increased after NA withdrawal
included IL-12 (Héner Zu Siederdissen et al., 2016), which is important for the
induction and recovery of exhausted adaptive T-cell responses (Schurich et al.,
2013). In addition, an increase in sST2 in clinical relapse patients might be
associated with an inflammation-related immune response after discontinuation of NA
treatment (Xie et al., 2019).
In a recent study aiming to identify an immune signature associated with off-
treatment remission to NA therapy, Kranidioti et al. performed microarray analysis of
PBMCs from 6 CHB patients who stopped NA therapy (3 with off-treatment
remission, 3 with relapse) compared to 5 CHB patients (inactive carriers) as controls
(Kranidioti et al., 2019). They found that IFNy, IL-8, FASLG and CCL4 levels were

significantly lower in the patients with off-treatment remission compared to the
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patients with relapse. Thus, they identified these 4 genes as potential biomarkers for

stopping NA therapy (Kranidioti et al., 2019).

Larger studies are required to determine more adequate cytokine candidates.
Additionally, several studies have shown that genetic polymorphisms might influence
the immune response in CHB (Galmozzi et al., 2014; Ju et al., 2017). Yu et al.
showed an effect of the IL-28B (IFNA3/4) genotype on the response to LAM at one
year(Yu et al., 2013). Among 33 single-nucleotide polymorphisms (SNPs) from 16
immune-related genes, a recent study found that genetic variations in the CXCR5
gene decrease the risk of clinical relapse after NA discontinuation in CHB patients
and thus these genotypes could facilitate optimization of NA discontinuation (Wu et

al., 2020, p. 5).

An additional important factor is the migration of HBV-specific T cells to the infected
liver which is controlled by chemokines and their receptors (Brass and Brennddrfer,
2014; Larrubia et al., 2008). Chemokines drive inflammatory infiltrates, possibly
induced by HBYV replication (CXCL-8) or IFNy (CXCL-9/10)(Tan et al., 2010). Studies
confirmed the associations between liver disease and chemokine production after
stopping NA therapy (Héner Zu Siederdissen et al., 2016; Tan et al., 2010). Previous
work reported higher levels of CXCL-10 in patients with HBsAg loss during NA
therapy (Jaroszewicz et al., 2011). Another study found that CXCL-10 levels started
to significantly increase after the 3rd year of treatment with ETV presenting a
promising predictor of HBsAg decline (Papatheodoridis et al.,, 2014).
An efficient viral suppression under NA therapy would restore the migration of
functional HBV-specific T cells, helped by a lower inflammatory status of NK cells, to
clear infected hepatocytes and thus leading to HBsAg loss (Figure 2).

More robust immune biomarkers with simple practical applications, remain important
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to optimize NA cessation strategy. Furthermore, future clinical studies on larger
scales, should implement the monitoring of such promising immune biomarkers
especially HBsAg-specific CD8+ T cells before and during the study to assess the
immune environment in CHB patients who have undergone NA discontinuation which
will allow a better understanding of the mechanism of off-NA HBsAg loss. Other
immune cells, such as B cells, would be interesting to study during NA cessation in
order to understand their role in HBV clearance. HBsAg-specific B cells have gained
over the last few years a massive interest and constitute a novel attractive target for
antiviral strategies toward functional cure of chronic HBV infection (Neumann-

Haefelin and Thimme, 2018; Salimzadeh et al., 2018).

6. Future directions and conclusions

Although stopping NA therapy following HBeAg seroconversion is recommended in
major guidelines, this approach is associated with relapse in a substantial proportion
of patients(Seto et al., 2015). With the relapse rates following HBeAg seroconversion
reaching almost 50% of CHB patients, the value of HBeAg seroconversion as a
clinical endpoint is a subject of debate and continuing NA therapy in these patients
could be more beneficial. Nevertheless, 1 to 3 years of consolidation therapy with
normal levels of HBV DNA and ALT are determined to be sufficient to decrease
relapse rates.
In HBeAg-negative patients, recent reports confirmed the possibility of sustained off-
treatment response and higher HBsAg loss rates compared with the current long-

term NA strategy. Thus, this Finite strategy can be considered a rational strategy to
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induce a functional cure in carefully selected non-cirrhotic HBeAg-negative patients

and with close follow-up monitoring.

It is worthy of mentioning that most of the relevant data so far come from Asia, where
the guidelines recommending that NA can be discontinued rather early, are based
primarily on reducing costs and not on efficacy. In addition, the systemic evaluation of
the results has been quite challenging due to the great heterogeneity of studies.
Therefore, prospective well-designed studies with a large number of patients and
longer follow-up are needed to confirm the findings and to further refine the criteria

for NA withdrawal.

Careful selection of candidates to NA withdrawal requires validated serologic,
virologic, or immunologic markers and predictors of relapse or on-treatment
responses. HBsAg levels and other promising predictors such as anti-HBc, HBV
RNA, and HBcrAg should be prospectively validated in larger cohort studies.
NA therapy in patients with liver cirrhosis should be lifelong and should be excluded
from this Finite therapy strategy due to the risk of subsequent decompensation or
even death.
Moreover, the definition of relapse strongly affects the off-NA rates of relapse and
therefore can have a great impact on the probability of retreatment. Retreatment
criteria should be standardized. Based on current knowledge, patients with persistent
HBV activity and severe flares should be retreated. EASL guidelines specify that the
indication for treatment in patients who have discontinued therapy should be in line
with the indications for treatment-naive patients, specifically those with HBV DNA
>2,000 IU/ml and ALT >ULN (European Association for the Study of the Liver. 2017).
HBsAg kinetics measurements, after EOT, are a very interesting strategy to
distinguish beneficial from detrimental flares as early as possible, which may be
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extremely challenging to identify(Jeng et al., 2019; Liaw et al., 2018). More frequent
HBsAg measurements are required for HBsAg kinetics to be effectively used in
retreatment decisions. On the other hand, monitoring frequencies should also be
standardized. Monitoring should ideally include measuring ALT and HBV DNA levels
monthly for the first 6 months, and thereafter, every 3 months for the first 2 years.
Finally, the identification of immunological biomarkers such as HBV-specific T cells,
for safe therapy discontinuation, is urgently needed to move forward in the clinical
management of CHB patients. A necessary step to translate these findings into the
clinic is to develop a reliable, easy to perform, and rapid assay to identify these
immune markers in candidates for NA discontinuation. However, the exact
mechanism leading to immunological control in these patients is not well understood.
The sudden increase in HBV DNA and HBYV proteins following NA withdrawal may be
an important trigger to re-induce T cell responses against HBV-infected hepatocytes
and further studies are needed to clarify these interactions between the virus and the

host’s immunity.

Figure legends
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Fig. 1. Algorithm for the follow-up of non-cirrhotic CHB patients who

discontinue NA therapy.

Fig. 2. Immunological changes upon NA-induced viral suppression
High viral DNA and HBV proteins during chronic HBV infection lead to exhausted
HBV-specific CD8+ T cells characterized by a dysfunctional phenotype, high and
sustained PD-1 expression, and abrogated antiviral responses. NK cells are defective
and are characterized by a high inflammatory phenotype that may reflect NK cell-
mediated T cell deletion through death receptors like TRAIL. After long-term NA
therapy-induced HBV suppression, HBV-specific PD-1+ CD8+ T cells restore their
antiviral function through a direct cytolytic activity on HBV-infected hepatocytes and
effective antiviral cytokine secretion (IFNy and IL-2). NK cells have a low
inflammatory profile and can restore their antiviral functions. This immune control
phase is also characterized by high levels of CXCL-10 which could point to anti-viral
control. HBV-specific PD-1+ CD8+ T cells, low inflammatory NK cells and levels of IL-
2, IFNy and CXCL-10 are promising predictors of safe NA therapy discontinuation.
HBV: Hepatitis B virus; CXCL10: C-X-C motif chemokine 10 ; IFNy: interferon
gamma; IL-2: interleukin 2; NA: Nucleos(t)ide analogue; NK cell: Natural killer cell;

PD-1: Programmed cell death protein 1.
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849

850
851
852
853 Table 1. Recommendations on stopping NAs by the European, American and Asian
854  Pacific Guidelines for Chronic Hepatitis B, stratified by HBeAg status and cirrhosis
Guideline EASL (2017) AASLD (2018) APASL (2015)
HBeAg -HBsAg seroclearance | -HBsAg seroclearance HBeAg seroconversion with
positive -HBeAg seroconversion | -HBeAg seroconversion with undetectable HBV DNA and
and HBV DNA at least 12 months of persistently normal ALT
undetectable with at persistently normal ALT levels | levels with 1-3 years of
least 12 months of and undetectable HBV DNA consolidation therapy
consolidation therapy levels (close monitoring every
3 months for at least 1 year)
HBeAg -HBsAg seroclearance | HBsAg seroclearance (close -HBsAg seroclearance with
negative -May be considered monitoring every 3 months for | anti-HBs seroconversion
before HBsAg loss in at least 1 year for recurrent -HBsAg loss with at least 12
selected patients with | viremia, ALT flares, and months of a post-HBsAg loss
undetectable HBV clinical decompensation). consolidation period
DNA for at least 3 - May be considered if there is | -After treatment for at least 2
years if guaranteed a compelling rationale and years with undetectable HBV
close post-treatment under careful monitoring every | DNA on three separate
monitoring for at least 1 | 3 months for at least 1 year. occasions, 6 months apart
year
Cirrhosis | Not recommended Not recommended before May be considered before
before HBsAg loss HBsAg loss HBsAg loss in compensated
cirrhosis with careful
monitoring plan
855  AASLD, American Association for the Study of Liver Diseases; ALT, alanine aminotransferase;
856  APASL, Asian Pacific Association for the Study of the Liver; EASL, European Association for the
857  Study of the Liver; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen
858
859
860
861
862
863
864
865
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866  Table 2. Outcomes in HBeAg-positive CHB patients after NA cessation
Reference | Study | HBeAg | Follow- | NA (mean | Consolidation | Sero- Clinical
design +) up duration of treatment | reversion | relapse
patients | (years) | treatment) (months) (%) (%)
(n)
(Song et al., | Retro. 34 2 LAM (9 mo) 2,5 38 49,2
2000)
(Kuo et al., | Retro. 124 2 LAM (6 mo) 9 44,3 68,4
2010)
(Lee et al., | Retro. 178 5 LAM (26 >12 18 30,2
2010) mo)
(Wanget | Prosp. 82 4 LAM (24 16 42,9 29,4
al., 2010) mo)
(Van Hees | Retro. 62 3,8 LAM, TDF, 8 9 48
et al., 2018) ADV, ETV,
LAM+ADV
(5,8 years)
(Jung et al., | Prosp. 45 1 ETV.LAM 6 n.a. 18
2016) (8,4 years)
(Reijnders | Retro. 42 5 LAM, ADV, >6 44 69
et al., 2010) ETV (26 mo)
(Liu et al., | Prosp. 138 10 LAM, ADV, 21 n.a. 31
2018) TBV, ETV
(27,5 mo)
(Liemetal., | RCT 18 1,5 ADV, LAM, 40 5 6
2019) TBYV,
TDF(7,4
years)
(Fan et al., | Prosp. 127 4 TBV(35 mo) 18 17,2 31,5
2020)
867 HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; mo, months; n.a., non-applicable;
868 NA, nucleos(t)ide analogue; Prosp., prospective; RCT, randomized controlled trial; Retro,
869  retrospective
870
871
872
873
874
875
876
877
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878

879  Table 3. Outcomes in HBeAg-negative CHB patients after NA cessation
Reference Study | HBeAg | Follow- NA (mean HBsAg | Clinical | Retreatment
design (-) up duration of loss relapse (%)
patients | (years) treatment) (%) (%)
(n)
(Seto et al., Prosp. 184 1 ETV (36,7 0 22.8 n.a.
2015) mo)
(Kim et al., Retro. 45 1 ETV, LAM, n.a. 53,3 n.a.
2013) ADV (38,4
mo)
(Fung et al., Retro. 27 1,5 LAM (2 0 30 n.a.
2004) years)
(Wen-Juei Jeng | Retro. 691 3 ETV, TDF, 13 61 41
et al., 2018) ADV, LAM,
TBV(3 years)
(Papatheodoridis | Prosp. 57 1,5 ETV/TDF (>4 25 33 28
et al., 2018b) years)
(Liem et al., RCT 27 1,5 ADV, LAM, 4 19 22
2019) TBV, TDF
(7,4 years)
(Berg et al., RCT 21 3 TDF(>4 years) 19 19 38
2017) (Vir#)
(Gao et al., Retro. 10 1 LAM, ADV, 20 30 30
2019) TBV, ETV
(42 mo)
(Papatheodoridis | Prosp. 130 1,3 ETV, LAM, n.a. 40 33
et al., 2018a) ADV(5 years)
(Cao et al., Prosp. 22 2 ETV, TDF4 6,1 53 53
2017) years)
880 HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; mo, months; n.a., non-applicable;

881
882

883

884

885

886

887

888

889

NA, nucleos(t)ide analogue; Prosp., prospective; RCT, randomized controlled trial; Retro,
retrospective; Vir*, virologic relapse.
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NA discontinuation before HBsAg loss
(according to major guidelines)

Pretreatment HBeAg-positive CHB patients

'
Follow-up:
ALT and HBV DNA monthly
for 3 months, then every 3
months
HBeAg/anti-HBe every 6
months for up to 2 years

\

Pretreatment HBeAg-negative CHB patients

|

Follow-up:

ALT and HBV DNA monthly
for 3 months, then every 3-4
months up to 1 year

}

Severe flares +

persistence (=3 months)
of liver disease activity

— T

Detrimental
flares (severe
liver disease)

Beneficial
flares (Immune
reactivation)

Mild to moderate liver

disease activity
Persistent elevated HBV Low HBV DNA levels
DNA and ALT levels for (<2000 IU/mL) and
at least 6 months after ALT levels
stopping NA

\%

Retreatment

Close monitoring: ALT and HBV DNA levels every 6 months
Liver biopsy every 12 months




Immune Exhaustion

High NK pro-inflammatory
phenotype can lead to T cell
deletion via death receptors

<

Exhausted PD-1(hi) HBV-
specific CD8+ T cells are
dysfunctionnal and are unable
to mount an effective antivral
response
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HBV viral
suppression

Immune Control

Low NK pro-inflammatory
phenotype and restoration of
antiviral cytokine production

(IFNy) /

Effective PD-1+ HBV-specific
CD8+ T cells mediate a robust
antiviral response (direct
cytolytic activity on HBV-
infected hepatocytes and a
non-cytolytic activity via IFNy
and IL-2 secretion)

HBV-infected Hepatocytes





