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Abstract

Hepatitis B is one of the most common infectious diseases in the world. Despite the high global burden of disease, and
advances and available treatment options, most people infected with HBV and/or HCV remain unaware of their disease. Understanding
HBsAg loss appears vital to achieving Hepatitis B virus infection cure drug development, optimization of disease detection, and
patient management.

We aimed to define the HBs loss rate, describe HBs kinetics, identify factors associated with an HBs decline.

Methods. This retrospective cohort study was conducted using a database, that included 160 patients with chronic hepatitis
B virus infection (treated and control groups). Enrolled patients had a long-term follow-up with several bloods analyzed over time.

Results. Treated patients were older, had higher ALT and AST levels, higher HBV DNA. Serum HBsAg levels were 3,2 +
0,9 and 3,0 + 0,9 log IU/ml, HBV DNA levels were 2,6 + 1,4 and 3,3 + 1,8 log IU/ml, in treated and untreated patients, respectively.
Inactive HBV carriers treated with pegylated interferon and nucleos(t)ide analogues accelerate the HBsAg decline and rate of HBsAg
loss compared to untreated patients.

Conclusion. The kinetics of serum HBsAg decline is more essential in treated patients when compared with untreated ones.
This analysis confirms that a better understanding of HBsAg loss is essential for the development of effective drugs for the treatment
of chronic hepatitis B and recommendations for optimizing early diagnosis to reduce the disease burden.
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Introduction

Hepatitis B virus infection (HBV) remains one of the
most common chronic viral infections all over the world [1-3].
The World Health Organization (WHO) evaluated that more than
2 billion people worldwide have had contact with HBV [3]. About
290 million people are chronic carriers of HBV infection [4]. It
results in around 1 million deaths worldwide every year from
complications such as cirrhosis, hepatic decompensation, liver
failure, and hepatocellular carcinoma (HCC) [2,4-5].

The HBsAg prevalence of HBV chronic infection varies
geographically, from high (>8%, Asia, China, Africa, the Amazon
Basin), intermediate (2-7%, Europe, the Middle East, Japan,
South America) to low (<2%, North America, Northern, and
Western Europe, Australia and New Zealand) prevalence [2,6-7].
Furthermore, this prevalence is differentiated by depending on
socio-economic status, development of vaccination programs,
and improvement of effective antiviral treatments as well as
population movements and migration in the country [8].

The natural history of chronic HBV infection progresses
through 5 phases [9-10]. Antiviral treatment’s primary goal is to
enhance the quality of life by preventing disease progression
and early liver-related deaths. Each surrogate marker includes
HBsAg or anti-HBs, alanine aminotransferase (ALT) and
aspartate aminotransferase (AST), HBV DNA, HBeAg or anti-
HBe, and liver histology, are vital for monitoring the natural
history and is known as a measure of the response to antiviral
therapy.

HBsAg loss is an optimal endpoint as itindicates profound
suppression of HBV replication and viral protein expression [1],
enabling to safe discontinuation of antiviral therapy.

The development of standardized commercial assays
has modernized interest in quantitative serum HBsAg as a
biomarker to stratify the risk of disease progression, and relapse
and predict treatment response. The measurement of HBsAg
levels has been standardized in IU/ml, and currently it is one of
the essential mandatory measurements due to the development
of antiviral treatments aimed at HBsAg seroclearance, i.e.,
functional cure of CHB. HBsAg loss and seroclearance occur
rarely in the natural history of CHB infection despite long-term
antiviral treatment and is associated with a reduced risk of HCC
[11-13].

HBsAg seroconversion is being associated with many
factors as immune and viral. However, the immune mechanisms
correlated with HBsAg seroclearance are still challenging to
expound. In addition, HBs decline during current treatment is not
well known [12].

Materials and methods

Patient cohort. A cohort of 160 patients, including
80 of treated and 80 of non-treated ones, with chronic HBV
infection was selected for analysis according to HBs decline and
HBs kinetics. We included only patients who have visited the
Department of Hepatology at the Beaujon Hospital from 1991 to
2020 years, with HBsAg values available at least two times over
one year, and met the following criteria: 1) no comorbid HCC or
signs of hepatic decompensation; 2) no evidence of co-infection
with hepatitis C virus, human immunodeficiency virus (HIV) and/
or hepatitis delta virus; and (3) exclusion of other chronic liver
disease causing agents (alcoholism, hepatotoxic drugs, and
autoimmune liver disease); 4) adults, aged over 18 years. All
participants had been HBsAg positive for more than 6 months
before enrolling.

Data collection. We analyzed the medical records of
each patient containing information about history, medical
examination, liver disease activity and severity evaluation, and
markers of HBV infection. The following medical information
were collected: age, gender, ethnicity, serum AST and ALT
levels, status of HBeAg serum (positive or negative), serum
HBV-DNA and HBsAg titer, type of HBV genotype, liver elasticity
indicator, type of treatment. These data were collected within
all visits to the physician namely at baseline, during follow-up,
and at the last visit. All enrolled participants underwent follow
up more than 3 months with several blood analyzed over time.

HBsAg levels are essential in predicting HBsAg loss
during follow-up. One Asian study found that in HBeAg-negative
patients with persistently normal ALT, a decline 21 log10 IU/ml
during 2-years or a single measurement below 200 IU/ml are the
best predictors of HBsAg loss [positive predictive value (PPV)
100%] [14].

The on-treatment quantification of HBsAg can provide
complementary information to HBV DNA levels to optimize the
management of CHB [15].

A retrospective cohort study found a significant positive
correlation between functionally cure time and baseline HBsAg
[16]. A prospective study showed that lower baseline HBsAg level
can predict CHB patients’ response after their discontinuation of
medication [17].

Also, a threshold of HBsAg decline 20,3 log10 1U/ml/
year identifies patients with a high probability of HBsAg loss with
a negative predictive value (NPV) of 95% and a PPV of 85%
[18]. Later, the SEARCHIIB cohort study enrolled 390 non'!
cirrhotic chronic hepatitis B (CHB) patients with spontaneous
HBeAg seroconversion with an average follow!(lup of 7,4 years.
Both lower HBV DNA and HBsAg levels were associated with
a greater probability of HBsAg seroclearance. Areas under
receiver operating characteristic (AUROC) curves for HBV DNA
and HBsAg levels were compared to predict 6[lyear HBsAg
seroclearance. HBsAg level was shown to be a better predictor
than HBV DNA level (AUROC curve: 0.90 vs. 0.69, P=0.012).
Even in patients with a very low viral load (HBV DNA level <200
IU/ml), the HBsAg level <100 IU/ml remained an independent
predictor of HBsAg seroclearance [19-20].

The Food and Drug Administration guidance and
most clinical studies outcome measures determine HBsAg
seroclearance as a crucial indicator of thorough HBV clearance.
A better understanding of HBsAg loss and decline, factors
associated with HBs decline will contribute to develop of effective
future therapies.

We conducted a retrospective study using the data of
CHB patients. The primary objectives were to determine the HBs
loss rate, describe HBs kinetics (HBs quantification decline),
identify factors associated with an HBs decline >2 log Ul/ml, then
compare these results in this population, to an untreated cohort
with HBV chronic infection.

We aimed to define the HBs loss rate, describe HBs
kinetics, identify factors associated with an HBs decline.

Treated patients have received NA, IFN-PEG or combination NA
with IFN according to prescription of physician.

Laboratory measurements. Quantitative measurement
of HBsAg was performed using automatized chemiluminescent
microparticle immunoassay the Architect HBsAg QT (Abbott
Diagnostics) assay, based on a calibration curve standardized
by the WHO [21]. It measures HBsAg concentration from 0,05 to
250,00 IU/mL with a sensitivity of 99,8% and a specificity of 95%
in two steps. Also, the other HBsAg quantification assay was an
automated Roche Diagnostics Elecsys® HBsAg Il screening
assay which quantifies HBsAg concentration from 0,05 to
52000 UI/mL with a high specificity (>99,8%) [22]. Titers were
expressed as log10 1U/ml. Besides HBeAg was measured using
these immunoassays.

Cobas Tagman assay (Roche Diagnostics, Branchburg,
NJ) with a linear range of 20-1.98x108 IU/mL measures serum
HBV DNA levels. The Cobas TagMan assay is a commercially
available real-time PCR assay based on the co-amplification of
target HBV DNA. Titers were expressed as log10 IU/ml. HBV
genotype was defined in all patients using the INNO[ILIPA
HBV genotyping assay, which was performed according to the
manufacturer's instructions (Innogenetics, Gent, Belgium).
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Liver function parameters, including serum ALT, aspartate
aminotransferase (AST) were measured using an automated
biochemical analyzer. The UNL for ALT and AST serum was set
at40 U/L. We collected ALT and AST data every 3—6 months from
medical records. FibroScan is used to evaluate the degree of
liver scarring present (ie. stage of liver disease). The results are
expressed in kilopascals (kPa). FibroScan® results range from
2.5 kPa to 75 kPa.

Statistical analysis. Data handling and analysis were
performed using Microsoft Office Excel. Serum HBV DNA levels
Results

Patient Characteristics. One hundred and six patients
(116 males, 44 female) meeting the inclusion criteria were
included in the study. At inclusion 80 patients underwent various

Table 1 - Baseline characteristics of CHB patients

and HBsAg concentrations were logarithmically converted.
Continuous variables were defined as mean * standard deviation
(SD) or median (range), and categorical variables as absolute
and relative frequencies. The distribution normality was tested
using the Kolmogorov-Smirnov test. Chi-square or Fisher’s
exact tests for categorical variables and Student’s T-test or
Mann-Whitney U test for continuous independent variables were
conducted, as appropriate. Statistically significant results were
considered values below p<0,05.

types of antiviral therapy. The 80 untreated patients constituted
the control group (Table 1).

Untreated Patients Treated Patients
NAs NAs+IFN
Number (n) 80 65 15
Gender
Male (n, %) 56,70% 55,77% 8,67%
Female F (n, %) 24,30% 15, 23% 4,33%
Age (years) (mean * SD) 38,6+10,1 44,8+12,4 45,5+9,9
Serum levels at inclusion
AST (UI/L) (mediane) 25 30 43
ALT (UI/L) (mediane) 29 36 51
HBe-Ag negative (n, %) 78, 98% 60,92% 11,91%
HBV DNA (logls()DI)U/mL] (mean * 26414 3,040,9 3,9¢17
HBsAg qu?:glfg%tli;’;‘lg“ea“ %D, 3,2£0,9 3,9+1,7 3,1:0,8

Treated patients were older, had higher serum ALT
and AST levels, higher HBV DNA. Most patients were HBeAg-
negative (n=122, 76%). Median age was 42 years. The median
value of AST was 27 IU/ml. The median value of ALT was 33,5

IU/ml. Serum HBsAg levels were 3,2 + 0,9 and 3,0 + 0,9 log U/
ml, HBV DNA levels were 2,6 + 1,4 and 3,3 + 1,8 log IU/ml, in
treated and untreated patients, respectively.
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Figure 1 - HbsAg kinetics accordance to duration (months)

Treated patients. Baseline serum HBsAg and HBV DNA
levels were 3,0 £ 0,9 and 3,3 + 1,8 (p=0.114). At the end of therapy
51 patients were serum HBV DNA undetectable, 42 received
NAs therapy, 2 received IFN and 7 — combination of drugs. At
the end of follow-up serum HBsAg levels were 1,982+1,527,
2,001+1,720 and 2,112+1,3 log IU/ml in patients treated with
NAs, IFN and add-on therapy, respectively (p=0.169). None of
the patients had side effects.

End of follow-up. Treated and untreated patients were
followed for: 1011 years and 11t1 years, respectively (p=0.076).

Serum HBV DNA was undetectable the end of follow-up in
83 patients, 51 (61%) and 32 (39%) treated and untreated
patients, respectively. An HBsAg decline was observed in 55
patients (68%) and 50 (62%) in treated and untreated patients,
respectively (Figure 1-2). Among patients who demonstrated
an HBsAg decline a HBsAg seroclearance was observed in 10
(18%) and 21 (42%) treated and untreated patients respectively.

End of follow-up in patients receiving therapy. An HBsAg
decline was observed in 45 (81%), 8 (15%) and 2 (4%) of
patients receiving NAs monotherapy, Peg IFN and combination
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of therapies, respectively. HBsAg loss was observed at the end
of therapy in 10 patients. At baseline, initiation of NUCs, Peg
IFN and combination of therapies and end of therapy serum
HBsAg levels were significantly lower in patients demonstrating
an HBsAg loss than in patients HBsAg positive at the end of
follow-up.
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End of follow-up in patients no receiving therapy. An
HBsAg decline was observed in 50 (62%) patients. HBsAg
loss was observed at the end of therapy in 21 patients. At
baseline serum HBsAg levels were significantly lower in patients
demonstrating an HBsAg loss than in patients HBsAg positive at
the end of follow-up (Figure 2).

¥ 25-
e 23%  =»- Untreated
8 20- = NAs
g — IFN-NAs
5 154
I
£ 104
s
6%
£ 5
aQ
F oly

Time (months)

Figure 2 - HbsAg seroclearance according to duration (months)

Discussion

The priority goals of testing are to identify individuals
with undiagnosed disease, as well as those most in need of
treatment or at highest risk of transmission. People living with
chronic hepatitis B should not be burdened with waiting for testing
and treatment until complications occur. Diagnosis of hepatitis
should be easily accessible so that people can aware about their
diagnosis in a timely manner and receive life-saving treatment.

HBsAg loss and seroconversion to anti-HBs is considered
to be the primary treatment objective, indicating a complete
response to therapy and the outcome of the disease. It reflects
immunological control of the infection and confers an excellent
prognosis in the absence of preexisting cirrhosis or concurrent
infections with other viruses [21].

We have investigated HBsAg kinetics under treatment
and no-treatment in patients with CHB. Results indicated that
an HBsAg decline was observed in 68% and 62% in treated
and untreated patients, respectively. Among patients who
demonstrated an HBsAg decline a HBsAg seroclearance was
observed in 18% and 42% treated and untreated patients
respectively.

P. Marcellin et al. [22] estimated that a significantly higher
percentage of individuals who under NA plus PEG-IFN treatment
for 48 weeks had a loss of HBsAg than those receiving NA or
PEG-IFN alone. In our study, an HBsAg decline was observed
more in patients receiving NAs monotherapy, then Peg-IFN and
combination of therapies, respectively.

Alawad AS et al. [23] suggested that loss of HBsAg
(either spontaneous or after treatment) was confirmed in 8% of
HBsAg-positive patients. Seroconversion to anti-HBs increased
over time and appeared to be more frequent after Peg-IFN
treatment.

Study conducted by Mak LY et al. [24] demonstrated that
among untreated patients HBsAg decreased steadily through the

Conclusions

People with chronic hepatitis B should not be burdened
with waiting for testing and treatment until complications occur.
Diagnosis of hepatitis should be easily accessible so that people
can learn about their diagnosis in a timely manner and receive
life-saving treatment.

Treated patients were older, had higher serum ALT and
AST levels, higher HBV DNA. At baseline serum HBsAg levels
were significantly lower in patients demonstrating an HBsAg loss
than in patients HBsAg positive at the end of follow-up. Patients

disease course and remains stable for a long time after HBeAg
seroconversion. The number of HBsAg also reduced moderately
in treated patients receiving NA.

In our study most patients were HBeAg-negative. In
contrast, results of study carried out by Pfefferkorn et al. [25]
estimated HBsAg predicts HBsAg loss during antiviral therapy
of HBeAg-positive CHB patients. Findings of three-year follow
up study of CHB patients treated with TDF [26] showed a greater
decline in HBsAg titer at week 24 of therapy.

Our patients have genotype B or C infection. Previous
studies showed that genotype is not considered as a major
determinant of HBsAg kinetics [27-28].

This study has strengths: a well phenotype cohort with a
long-term follow-up; an evaluation with several points with HBs
quantification.

There are study limitations: it is not a randomized
controlled trial; small sample size, which may bound the
generalizability of the results; the lack of HBV genotype data.

Further research which using statistical analysis to define
a suitable sample size for sufficient statistical power is warranted
to validate the current findings.

Furthermore, close monitoring of quantitative HBsAg
levels during treatment, in addition to the therapeutic value of
baseline, also assistances predict response to therapy.

To sum up, to optimize the effect of successful
treatment and prevention, interventions are needed to increase
the use of testing services and improve linkage to care services,
as well as to keep patients in the continuum of care, from initial
screening to initiation of treatment and to achieve suppression
of viral replication.

treated had an HBsAg decline higher when compare to untreated
patients. However, the mean HBsAg decline was minimal.

The changes in HBsAg kinetics defined by the results
could provide a reference for future research investigating the
use of serum HBsAg levels for response-guided management
when sustained viral suppression is achieved with antiviral
therapy.
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Tyninpeme

B eenamumi enemde keH maparaH xyknarsnsi aypynapobiH bipi. AypyObiH xofapbl xahaHObIK ayblpmnansifbiHa, Xemicmikmepae
JKeHe Kon xemimOi emOey HyckanapbiHa KapamacmaH, BIB xeHe/Hemece BI'C xykmbipraH adamOapObiH Kernwiriei 63 aypynapbi
myparnbi 6inveldi. HBsAg aHmuzeHiHiH XofanybiH myciHy B 2ernamumi eupycbiHbIH UHGEeKUUsCbiH emoeyze, aypyobl aHbikmayobl
OHmadunaHobIpyra xoHe emoenywinepoi 6ackapyra apHanraH rnpenapammapobl 83iprey ywiH eme MaHbI30bl 6071bIn KepiHeodi.

bi3diH makcambiMbl3 HBs xoranmy xbindamObifbl aHbikmay, HBS kuHemukacbl curnammarndbi xoHe HBs memeHOeyiHe
balinaHbicmbi hakmoprap aHbikmay 60s10bI.

90icmepi. byn pempocnekmuemi KoecopmmbiK 3epmmey B 2enamumi gupycbiHaH myblHOafraH CO3blMaribl UHGhEeKUUSIChbI
6ap 160 nayueHmmi (emOey meH bakbiiiay monmapbi) KaMmumbiH ManiiMemmep 6a3acbiH KondaHa ombIpbin Xypei3indi. TipkenzeH
nayueHmmep yakbim eme Kese bipHewe KaH yneinepiH mandaymeH y3ak mep3imoi bakbiiaydaH emmi.

Hemuxeci. EMOeneeH Haykacmap ynkeHipek, AJTT xxoHe ACT deHeelii xorapbi, B supycmsik 2enamumi [JHK xorapbi 600bI.
KaH capbicybiHOarbl HBsSAg OeHeelinepi muiciHwe emoenzeH xeHe emoenmezeH nayueHmmepde 3,2 + 0,9 xoHe 3,0 + 0,9 nozapugpmoik
ME/mn, B supycmsix eenamumi [JHK OeHeelnepi 2,6 + 1,4 xoHe 3,3 + 1,8 nocapugpmdik ME/mn Kypadsbi. [NeaundeHeeH uHmepgepoH
MeH Hykneomuod aHanoamapbiH anfaH B supycmsik eenamumi berceHOi emMec macbimandaywbinapbl eMOenmMegeH nayueHmmepmeH
canbicmbipraHOa HBsAg memeHdeyi meH HBSAg xoranmy xbindamobifbiH me3demeoi.

KopbimbiHObl. KaH capbicybiHOarbl HBsSAg OeHeeliHiH memeHOey KuHemukacbl emoenimezeH emoernywinepee KaparaHoa
emOerneeH emOenywinepde MmaHbI30bipaK. byn manday cosbinmansi B 2enamumiH emOeyz2e apHanraH muimOi npernapammapobi
XXoHe aypyObiH ayblpmnanbifbiH a3almy ywiH epme duazHoCmuKaHbl OHmaunaHobipy 6olibiHwa ycbiHbicmapob! a3ipney ywiH HBsAg
JKOFasybIH XaKcbl MyCiHy MaHbI30bl eKeHiH pacmadiobl.

TyuiH ce3dep: B eenamumi supycbiHaH mybiHOaraH co3dbinmarbsl uHgekuyusi, HBsAg xoranybl, HBSAg KuHemukachl, supycka
Kapcbl emoey.
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Pestome

lenamum B siensiemcsi 00HUM U3 caMbiIX pacrpocmpaHeHHbIX UHGheKUUOHHbIX 3abonesaHuli 8 Mupe. Hecmompsi Ha 8bICOKoe
2nobanbHoe bpems 6onesHu, a makxe Ha OocmuxeHuss u OocmyrHble eapuaHMbl f1e4eHUs], 6OMbWUHCME0 UHUUUPOBAaHHLIX
supycamu BIB u/unu BIC, nwodel ocmatomcsi 8 HegedeHuu O cgoem 3abornesaHuu. [NMoHumaHue nomepu aHmuzeHa HBSAg
npedcmaernsemcsi XKU3HEHHO 8axHbIM Oris paspabomku nekapecme Oris 1edeHUs1 8upycHoU UHGhekyuu eenamuma B, onmumu3ayuu
8bisi8rieHUs 3abonesaHus U MeHeOXMeHma nayueHmos.

B ces3u ¢ amum, Mbl cmasuunu neped coboli crnedyrouue yenu: onpedeneHue ckopocmu nomepu HBs, onucaHue KuHemuka
HBs u ebisigrnieHue ¢hakmopos, cesi3aHHbIX CO CHUXeHuem HBs.

Memodsi. [aHHoe pempocriekmugsHoe Ko2opmHoe uccredogsaHue 6bio nposedeHo C Ucnonb308aHueM 6asbl OaHHbIX,
skmoyasweli 160 nayueHmMos ¢ XpoHuU4Yeckol uHghekyuel, 8bi3gaHHOU 8UPYycOM 2eramuma B (2pynnbi neyeHuss u KOHMPOsbHas
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epyrnna). BkntodyeHHble 8 uccriedosaHue nayueHms Mpoxoousu 0o120CcpoyHoe HabrdeHue ¢ aHaIu3o0M HECKONbKUX 0bpa3yos
Kposu 8 meveHue ornpedeneHHo20 8PEMEHU.

Pesynbmamei. [ponedyeHHble nayueHmsl bbi1u cmapuwe, umenu 6onee sbicokue yposHu AJTT u ACT, 6onee abicokyto JHK
HBV. ¥YposHu HBsAg & cbisopomke Kposu cocmasurnu 3,2 + 0,9 u 3,0 £ 0,9 nozapugpmudeckux ME/mn, yposHu JHK HBV cocmasurnu
2,6 + 1,4 u 3,3 + 1,8 nozapugpmuyeckux ME/mMn y nponeveHHbIX U HENEYEHbIX NayUueHmMo8 cOOMmMaemcmaeHHO. Y HeakmueHbIX
Hocumenel BB uHgekyuu, rnonyyaswux rneaunuposaHHbIli UHMepgepoH U HyKneomuoOHble aHanoau, Habnodanock yCKopeHue
CHUXeHus1 u ckopocmu rnomepu HBsAQ e cpasHeHuu ¢ nayueHmamu, He rosy4asuwumu f1e4eHUs.

Bb180o0bI. KuHemuka cHuxeHusi yposHs HBSAg 8 cbisopomke Kposu 6oree cyu,ecmeeHHa y MpOosIeYeHHbIX nayueHmos
10 cpasHeHUo ¢ rnayueHmamu, He rnoryYyaswumu nedeHue. [aHHbil aHanu3 nodmeepxdaem, 4mo fy4qwee rnoHuUMaHue rnomepu
HBsAg umeem saxHoe 3HadeHue 0Orisi pa3pabomku 3¢hghekmusHbIX npenapamos OISl /Ie4eHUs] XPOHUYecKo2o 2ernamuma B u
npednoxeHul Mo onmumu3ayuu paHHel duaeHOCMUKU Of1si CHUXeHUs1 6pemeHu 3aboresaHust.

Knroyeable crioga: xpoHu4yeckasi UHQEKUuUsi, 8bi3eaHHasi supycom 2enamuma B, nomepsi HBsAg, kuHemuka HBSAg,
IPOMUBO8UPYCHOE ITeYeHUE.
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