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ABSTRACT

Objective: To compare the predictive value of hepatitis B virus (HBV) RNA and HBsAg quantification upon discontinuation of
nucleos(t)ide analogues (NAs) therapy for clinical and virological relapse in chronic hepatitis B (CHB).

Study Design: Observational study.

Place and Duration of the Study: Department of Infectious Diseases and Hepatology, The Second Hospital of Shandong
University, Jinan, China, from July 2014 to December 2020.

Methodology: CHB patients received single NAs and discontinued treatment following appropriate standards. HBsAg quantifica-
tion was conducted using the i2000 Chemiluminescent Immunoassay (CLIA) Analyser, while serum HBV RNA quantification was
performed using specific RNA target capture and simultaneous amplification and testing. The main observational endpoints
included virological relapse and clinical relapse.

Results: Eighty-one patients were recruited, with 15 patients achieving HBsAg loss at cessation. Twenty-nine individuals encoun-
tered virological relapse, while 13 patients experienced clinical relapse. Thirty-one patients achieved HBsAg <100 IU/ml at NAs
cessation, among whom 26 achieved undetectable HBV RNA, while four patients suffered virological relapse (15.4%). Serum HBV
RNA emerged as an independent determinant of virological relapse (HR 1.850), clinical relapse (HR 2.020), and HBsAg loss after
NAs cessation (HR 0.138). The presence of HBsAg <100 IU/ml at cessation did not serve as a predictor for virological relapse and
clinical relapse.

Conclusion: Lower HBV RNA levels predict a better off-treatment response. Discontinuation of prolonged NAs therapy appears
as a viable and safe choice for patients with undetectable HBV RNA. In comparison to HBV RNA, HBsAg <100 IU/ml at cessation

did not show sufficient predictive value for virological relapse and clinical relapse.
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INTRODUCTION

The prognosis for patients suffering from chronic hepatitis B
(CHB) has markedly enhanced owing to continuous progress in
potent treatments. Nucleos(t)ide analogues (NAs), the central
therapeutic strategies extensively utilised in modern medical
practice to tackle hepatitis B virus (HBV), efficiently curb viral
replication and diminish the occurrence of liver-associated
complications.””Nonetheless, thepersistentpresenceofintrahe-
patic covalently closed circular DNA (cccDNA) poses a signifi-
cantchallengeinattaining complete viral elimination.?
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Achieving a complete cure is unlikely;" hence, the primary
obstacle influencing patient compliance remains the prolonged
andindefinitetreatmentcoursein CHB.

Given the invasive and unconventional nature of cccDNA detec-
tion, various surrogate markers have been proposed for
assessing efficacy and predicting prognosis in CHB patients.>®
Theachievementofafunctionalcureisconsideredaviable objec-
tive.*” Nevertheless, it is important to note that HBsAg is also
encoded by integrated viral genomes.® The occurrence of HBsAg
loss remains rare, leading to life-long treatment in the majority of
CHB patients.’ Prior research suggested that reduced levels of
HBsAg were indicative of a more favourable off-treatment
response.’”> HBsAg quantity below 100 IU/mL at the end of treat-
ment (EOT) could act as an indicator for potential discontinuation
of NAs. Nevertheless, the suboptimal virological relapse rates
post-treatment, ranging from 9.1 to 19.6%, remain a persistent
challenge."

Recently, HBVRNA has beenadopted as an alternate markerfor
cccDNA.>*® Essentially, serum HBV RNA is pregenomic RNA
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(pgRNA) which remains unprocessed by reverse transcrip-
tion.>® Undetectable serum HBV RNA indicates disappearance
or transcriptional silence of cccDNA in hepatocytes.? Previous
studies have assessed the prognostic significance of serum
HBV RNA for virological/clinical relapse following NAs discontin-
uation.*”** However, the relatively short follow-up period (pri-
marily 12 months)®** and low HBsAg levels at cessation® may
impact the precision and representativeness of the aforemen-
tioned studies. Moreover, considering the diverse quantitative
polymerase chainreaction (PCR) methods or RNAsimultaneous
amplification testing (SAT) techniques employed for the assay,
the quantification of HBV RNA with reliable sensitivity and
specificity should be of paramountimportance.”™*

In this study, the aim was to compare the predictive value of
HBV RNA and HBsAg quantification upon NAs discontinuation
forclinicalandvirologicalrelapsein CHB patients.

METHODOLOGY

Patients with CHB were enrolled at the Second Hospital of Shan-
dong University during the period from July 2014 to December
2020.Inclusioncriteriawere CHB patientswhounderwenttreat-
ment with single NAs such as lamivudine, adefovir dipivoxil,
telbivudine, entecavir, or tenofovir; the criteria for cessation
conformed to the guidelines set by APASL.**" These criteria are
outlined as follows: A requisite consolidation therapy of no less
than 12 months post hepatitis B e-antigen (HBeAg) seroconver-
sion accompanied by undetectable HBV DNA and a normal ALT
level in HBeAg-positive patients; a minimum guarantee of 18
months of consolidation therapy subsequent to the undetecta-
bility of HBV DNAand anormal ALT level, coupled with an overall
treatment duration of at least 24 months in HBeAg-negative
patients. Exclusion criteria were subjects exhibiting symptoms
of decompensated liver disease, cirrhosis, or hepatocellular
carcinoma; patients with other concurrent liver conditions;
patients resistance to NAs. After discontinuation of NAs,
patients underwent monthly follow-ups during the initial 4
months, followed by assessmentsatmonths6,9,and 12. Subse-
quently, a follow-up schedule at six-month intervals was imple-
mented after the first year of cessation. The information of
patient follow-up was updated to August 2021. Each participant
provided written informed consent, and the research protocol
obtained approval from the Ethical Committee of the hospital, in
accordance withthe HelsinkiDeclaration's principles.

In this post-hoc analysis, 137 patients were preliminary
screened, while 56 patients were excluded because of the lack
of serum samples at EOT (40 patients), lack of hypersensitive
HBV DNA detection during the follow-up (15 patients), and
HBsAg loss due to the usage of interferon (1 patient). The 81
recruited patients were divided into cohorts A and B. Cohort A
comprised 66 individuals without HBsAg loss at cessation,
whereas Cohort B consisted of 15 individuals who achieved
HBsAglossat cessation.

The principal observational endpoints of this investigation
included virological relapse, defined as serum HBV DNA levels

exceeding 2000 IU/mL following the discontinuation of NAs,
verified by successive tests conducted at 2-week intervals; and
clinical relapse, identified by the presence of virological relapse
in conjunction with ALT levels exceeding twice the upper limit of
normal (ULN). The secondary observational endpoint was the
loss of HBSAQ.

HBsAg quantification and HBV RNA were performed at the time
of NAs therapy cessation. HBsAg quantification was also
conducted before the discontinuation of NAs, if deemed neces-
sary. HBsAg quantification was executed utilising the i2000
Chemical Luminescent Immunoanalyser (Abbott, USA, lower
limit of quantification [LLQ] 0.05 IU/mL) with Abbott reagents.
HBV DNA levels were assessed using the Roche COBAS TagMan
system (Basel, Switzerland, LLQ 20 IU/mL). In some cases, HBV
DNAlevels before the cessation of NAs were determined using a
domestic reagent (PG Biotech, Shenzhen, China, LLQ 1x10°
copies/mL). The serum HBV RNA was measured by specific RNA
target capture and SAT method (Rendu Biotechnology,
Shanghai, China, LLQ 50 copies/mL), which is a new quantita-
tive method avoiding interference of mixed DNA in RNA extrac-
tion procedure. The term undetectable serum HBV RNA was
characterised as target not detected. The detailed procedures
for the HBV RNA quantification have been explicated in a prior
study.”

Continuous variables were depicted as mean * standard devia-
tion (SD) or median with interquartile range (IQR). Categorical
variables were expressed as numbers and percentages.
Cumulative relapse rates were compared using the log-rank
test. To identify predictors linked with virological/clinical
relapse post NAs discontinuation, both univariate and multi-
variate Coxanalyses were performed. HBV RNAwas segmented
asavariablebasedon levels below detectionand LLQ. HBsAg at
cessation was categorised following a prior meta-analysis
(<100 IU/mL vs. =100 IU/mL)." Regardless of their results in
univariate analysis, serum HBV RNA and HBsAg levels at cessa-
tion were incorporated into multivariate models. A p-value
below 0.05 was considered statistically significant. All statis-
tical analyses were performed using IBM SPSS software version
22.0(IBMCorp.,Armonk, NY, USA).

RESULTS

Forthe 81 included patients, the median patientage and HBsAg
levels at NAs cessation were 35 (IQR 31-44) years and 735.5
(IQR 7.3-3307.4) IU/mL, respectively. Most patients were males
(50 patients, 61.7%). Patients underwent a median of 65 (IQR
40-107) months’ treatment duration and a median of 48 (IQR
28-86) months’ consolidation treatment. The median follow-up
duration for patients exhibiting a sustained response was 32
(IQR 24-48) months. Nearly half of the above patients (23/52,
44.2%) were followed up for more than or equal to 36 months.
Single NAswere administered, with lamivudine prescribedto 11
patients(13.6%), adefovirto 15 patients (18.5%), telbivudine to
26 patients(32.1%), entecavirto 26 patients (32.1%), and teno-
fovir to 3 patients (3.7%). The patients’ demographic charac-
teristicsaredisplayedinTablel.
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Table I: Characteristics of the included 81 patients.

Values

35 (31-44)

50/31 (61.7%/38.3%)
6.87 (5.88-7.78)
61/20 (75.3%/24.7%)

Characteristics

Age at cessation (years)

Male/Female (n)

Pretreatment HBV DNA (log10copies/mL)
Pretreatment HBeAg (positive/negative)

Pretreatment ALT (U/L) 202 (134-378)
Pretreatment AST (U/L) 112 (63-220)
Total treatment periods (months) 65 (40-107)
Consolidation periods (months) 48 (28-86)

Serum HBVRNA (n, %)
Undetectable

<50 copies/mL

=50 copies/mL

HBsAg at cessation (n, %)
<100 IU/mL 31 (38.3%)

=100 IU/mL 50 (61.7%)

HBV, Hepatitis B virus; HBeAg, Hepatitis B e antigen; ALT, Alanine amino-
transferase; AST, Aspartate aminotransferase; HBsAg, Hepatitis B surface
antigen.

45 (55.6%)
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Figure 1: Cumulative rates of (A) virological relapse and (B) clinical
relapse.

Twenty-nine patients experienced virological relapse, while 13
patients encountered clinical relapse. The cumulative relapse
rates for virological and clinical relapses at years 1 and 2 were
32.4%,36.9%,and 16.1%, 18.0%, respectively.

The undetectable serum HBV RNA was attained in 45 patients
(55.6%), among whom nine patients (20.0%) experienced viro-
logical relapse, and five patients (11.1%) encountered clinical
relapse.

Thirty-one patients achieved HBsAg <100 IU/ml at NAs cessa-
tion, of whom six patients (19.4%) suffered virological relapse,
and five patients (16.1%) suffered clinical relapse. Out of the 31
patients with HBsAg levels <100 IU/mlatdiscontinuation, twen-
ty-sixachievedundetectable HBVRNA, whilefourpatientsexpe-
rienced virological relapse (15.4%), and three patients encoun-
teredtheclinical relapse (11.5%). Five of the 31 patients did not
achieve undetectable HBV RNA while two patients suffered viro-
logicalrelapseandclinicalrelapse (40.0%).

Salvage interventions were initiated upon the occurrence of
virological relapse, clinical relapse, or after several months,
guided by patients' preferences, ALT levels, and treatment
history. None of the patients experienced hepatic decompensa-
tionorliverfailure.

Prognostic value of HBV RNA for virological relapse and clinical
relapse in total population was analysed. Univariate Cox anal-
ysis revealed that both HBV RNA and HBsAg at cessation were
predictors of virological relapse. However, only the serum HBV
RNA (HR 1.850, p = 0.009) emerged as an independent factor
for virological relapse in multivariate Cox analysis (Table II). In
terms of predicting the clinical relapse, age emerged as the sole
independent factor in the univariate Cox analysis, meanwhile,
serum HBV RNA (HR 2.020) and age (HR 1.067) were indepen-
dentfactorsidentified forclinical relapse using multivariate Cox
analysis (Tablelll).

The currentinvestigation scrutinised the 66 patientsin Cohort A
to mitigate the confounding effects of functional cure. The
serum HBV RNA was likewise established as an independent
predictor for both virological relapse (HR 1.748, p = 0.015) and
clinicalrelapse (HR2.306,p=0.032).

The authors also explored cumulative relapse rates of virolog-
icalandclinicalrelapses stratified by the serum HBV RNA in total
population. Regarding cumulative virological relapse rates, a
statistically significant difference was observed between
patients with the undetectable HBV RNA and those with HBV
RNA levels <50 copies/ml (p = 0.052) or HBV RNA levels =50
copies/ml(p<0.001). However, there was nosignificantdistinc-
tion between patients with HBV RNA levels <50 copies/ml and
those with HBV RNA levels =50 copies/ml (p = 0.240). Cumula-
tive clinical relapse rates did not exhibit a significant difference
across patients with the undetectable HBV RNA, those with HBV
RNA <50 copies/ml, and those with HBV RNA =50 copies/ml
(p>0.05,Figurel).
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Table II: Univariate and multivariate analyses of predictors associated with virological relapse.

Univariate Multivariate

HR 95% CI p-values HR 95% CI p-values
Age at cessation 1.011 0.977-1.047 0.517
Male/Female 0.872 0.416-1.827 0.716
Pretreatment ALT 1.000 0.999-1.001 0.633
Pretreatment AST 1.000 0.997-1.002 0.655
Consolidation periods 0.999 0.989-1.009 0.791
Pretreatment HBeAg status 1.556 0.594-4.080 0.368
HBV RNA 2.040 1.347-3.087 0.001 1.850 1.168-2.930 0.009
HBsAg at cessation (=100 IU/mL vs. <100 IU/mL 2.625 1.068-6.453 0.035 1.586 0.590-4.260 0.361
Pretreatment HBVDNA (log10copies/mL) 1.022 0.820-1.274 0.845

HR, Hazard ratio; Cl, Confidence interval; HBeAg, Hepatitis B e antigen; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; HBV, Hepatitis B

virus; HBsAg, Hepatitis B surface antigen.

Table IlI: Univariate and multivariate analyses of predictors associated with clinical relapse.

Univariate Multivariate

HR 95% CI p-values HR 95% CI p-values
Age at cessation 1.049 0.995-1.106 0.073 1.067 1.004-1.135 0.038
Male/Female 1.407 0.433-4.572 0.570
Pretreatment ALT 1.001 0.999-1.002 0.475
Pretreatment AST 1.000 0.996-1.003 0.808
Consolidation periods 1.008 0.995-1.021 0.219
Pretreatment HBeAg status 0.517 0.169-1.580 0.247
HBV RNA 1.637 0.891-3.008 0.112 2.020 0.997-4.089 0.051
HBsAg at cessation (100 IU/mL vs. <100 IU/mL) 1.061 0.346-3.247 0.918 0.873 0.224-3.409 0.845
Pretreatment HBVDNA (log10copies/mL) 1.060 0.748-1.501 0.744

HR, Hazard ratio; Cl, Confidence interval; HBeAg, Hepatitis B e antigen; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; HBV, Hepatitis B

virus; HBsAg, Hepatitis B surface antigen.

Predictors for achieving HBsAg loss after NAs cessation in
Cohort A were also explored. In Cohort A, HBsAg loss was
not attained at NAs cessation; nonetheless, ten patients
achieved functional cure during follow-up, with five experi-
encing HBsAg seroconversion. Multivariate Cox analysis
unveiled that the serum HBV RNA (HR 0.138, p = 0.049) and
HBsAg at the time of discontinuation (HR 0.015, p = 0.010)
were independent factors linked to the loss of HBsAg
following the cessation of NAs.

DISCUSSION

The current investigation delved into the superior prognostic
value of the serum HBV RNA compared to lower HBsAg
levels in CHB patients discontinuing NAs in accordance with

prevailing guidelines. Multivariate analysis demonstrated
that the serum HBV RNA served as a predictor for virological
relapse, clinical relapse, and the loss of HBsAg following the
discontinuation of NAs. NAs cessation in patients with unde-
tectable HBV RNA may be generally feasible and enduring.
Achieving undetectable serum HBV RNA could potentially
emerge as a new pragmatic goal in NAs treatment.

Although great improvement has been achieved on the treat-
ment of CHB, the disease still remains incurable. The
primary objective of investigating NAs cessation in the
management of chronic HBV infection is to identify the char-
acteristics of patients who exhibit a relatively sustained
response following withdrawal of the medication. HBsAg loss
has been generally recognised as the endpoint of NAs treat-
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ment.* However, the low incidence makes the vast majority
of patients unable to achieve this goal. Previous studies
have indicated that discontinuing NAs before HBsAg loss
may be safe in carefully selected CHB patients.'**® Several
serologic, virologic, or immunologic predictors have been
explored to screen these CHB patients.”” Relatively low
HBsAg levels at EOT indicated certain immune control and
its role for the decision of cessation have also been vali-
dated by previous studies.®'" Although the more stringent
criteria (e.g., 10 IU/ml) ensure the safety of drug withdrawal,
it is also more difficult to achieve. The significance of HBsAg
at EOT <100 IU/ml has been explored by a previous meta-
analysis,'" however, the cumulative relapse rates after cessa-
tion remain relatively high. Meanwhile, in the current study,
HBsAg <100 IU/ml at cessation did not show enough predic-
tive value for virological relapse and clinical relapse when
entering multivariate analysis with HBV RNA at the same
time.

The pgRNA, which is transcript of cccDNA, serves as reverse
transcription and translation templates for viral polymerase
and core protein.” Although the mechanisms on the release
of pgRNA from infected hepatocytes into the circulation
remains unclear,” serum HBV RNA is closely related to the
level of pgRNA in hepatocytes according to previous
studies.'**® In view of this principle, this new biomarker may
help identify the patients in whom NAs can safely be
stopped.

In the current investigation, serum HBV RNA emerged as an
independent predictor for virological relapse in both
univariate and multivariate analyses, which was consistent
with previous studies.®**** The relatively longer follow-up
periods after NAs cessation (median 32 months in patients
with sustained response) than previous studies®* enhances
the credibility of the research conclusion. Notably, serum
HBV RNA undetectable, not below the LLQ, should be
preferred according to this study’s conclusions (Figure 1).
For clinical relapse, the serum HBV RNA was only significant
in multivariate Cox analysis. This phenomenon may be
related to the early retreatment of relapse in this study. The
criteria of rescue therapy after relapse are far from stan-
dardisation.'******* Late retreatment helps the immune clear-
ance of HBsAg, but it may bring the risk of disease aggrava-
tion. Meanwhile, early retreatment is not conducive to host
immune response to the virus. While earlier studies
suggested that refraining from retreatment post-relapse
predicted subsequent off-treatment HBsAg loss.'** It is note-
worthy that in the current cohort, the inclination was
towards early retreatment for the safety of the patients.
Nevertheless, a considerable number of included patients in
this study achieved off-treatment HBsAg loss.

HBV infection suppresses host innate immunity to facilitate
its persistence.’ Immune exhaustion, marked by the impair-

ment of natural killer cells, dendritic cells, and CD4+/CD8+ T
cells, has been documented in CHB patients.'® Discontinua-
tion of NAs improved the performance of HBV-specific
CD4+/CD8 + T cells, especially in individuals who encoun-
tered relapse.'®**** According to conclusions of the present
study and previous studies,®* HBsAg loss after cessation
tends to be achieved in patients with lower HBsAg levels. All
individuals in the current study maintained a sustained viro-
logical response. Furthermore, the serum HBV RNA has
emerged as a self-reliant indicator for the loss of HBsAg,
emphasising the importance of achieving undetectable HBV
RNA by the conclusion of treatment.

The relatively long follow-up periods and representativeness
of HBsAg at EOT (median 735.5 IU/ml) should be the
strength of the present study. Nonetheless, it is crucial to
acknowledge certain limitations in the current study. Firstly,
patients who underwent standardised NAs cessation with
extended follow-up typically exhibited good compliance,
introducing potential bias. Secondly, low-genetic barrier NAs
were administered to some patients due to early enrollment,
although this decision facilitated sufficient follow-up. The
exclusion of patients with NAs resistance aimed to mitigate
potential impacts from such medications. Additionally, the
limited number of patients who attained HBsAg loss might
introduce bias.

CONCLUSION

Serum HBV RNA serves as a valuable predictor for virolog-
ical relapse, clinical relapse, and the loss of HBsAg after
discontinuation of NAs. Diminished HBV RNA levels forecast
a more favourable off-treatment response. Discontinuation
of prolonged NAs therapy appears to be viable and safe in
individuals with undetectable HBV RNA. In contrast to HBV
RNA, HBsAg <100 IU/ml at cessation lacked sufficient predic-
tive value for virological relapse and clinical relapse.
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