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Key Factors Influencing qHBsAg Dynamics in
Chronic Hepatitis B Patients During Treatment
with Direct Acting Antivirals
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Abstract

Chronic hepatitis B still represents a major challenge for clinicians and the public health service even years after
the development of an efficient vaccine and potent antiviral agents. The major actual problems in treating chronic
hepatitis B (HBV) patients are represented by the lack of reliable biomarkers which can predict the response to
specific types of therapy. With the availability of different treatment options for chronic HBV patients at our disposal
[Pegylated Interferon (peglFN), Nucleosidic Analogues (NUCs), combined therapies] the results of treatment remain
modest. A better selection of patients for each treatment regimen requires an early predictive factor for treatment
efficiency especially with NUC therapies witch tend to have a very long treatment period (up to five decades) for
reaching HBs clearance. The main objective of our study is to identify the most important predictive factors for
early NUC treatment response. We observed that baseline quantitative HBs antigen (qHBsAQ) levels, rapid gHBsAg
decrease rate in the first year of treatment and high ALT levels are important predictors for HBs antigen loss while
the decrease rate of HBV-DNA and the treatment regimen are not reliable predictive factors.
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Rezumat

In pofida existentei unui vaccin eficient, dar si a unor terapii antivirale eficiente, hepatita cronica VHB reprezinta o
provocare majora, atat pentru sistemul de sanatate, cat si pentru clinicieni. Impedimentele majore actuale in ceea
ce priveste tratamentul pacientilor infectati cronic cu VHB sunt reprezentate de lipsa unor biomarkeri care sa poata
anticipa cu precizie raspunsul la terapiile antivirale. In ciuda existentei multiplelor optiuni terapeutice [Interferon
peghilat (Peg-INF), Analogi Nucleozidici (AN), terapii combinate], rata de vindecare ramane scézuta. Selectarea unui
tratament specific fiecarui pacient impune necesitatea unui factor predictiv precoce a evolutiei bolii sub tratament,
in special in cazul utilizarii antiviralelor directe, ce necesita perioade de administrare de ordinul decadelor pentru a
se obtine seroconversia in sistem HBs. Obiectivul principal al prezentului studiu este acela de a identifica cei mai
importanti factori predictivi pentru rdspunsul precoce la tratamentul VHB cu AN. Am constatat ca un nivelul bazal
scazut al AgHBs cantitativ la momentul initierii terapiei, scaderea rapida a nivelului AgHBs in primul an de tratament
si valorile crescute ale ALT prezic frecvent negativarea AgHBs pe cand rata de scadere a nivelului ADN-VHB si tipul
de tratament folosit (Entecavir sau Tenofovir) nu se coreleaza cu eliminarea AgHBs.

Cuvinte cheie: Hepatita cronica B, antigen HBs, Seroconversie, Analogi Nucleozidici (AN), raspuns therapeutic.
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BACKGROUND AND AIMS

In this study on 208 patients with chronic hepatitis B
infection treated with Entecvir or Tenofovir we want
to determine the main factors that can predict an early
response to nucleosidic analogues (NUC) treatment in
order to better determine wich patients have a better
chance to attain quantitative HBs antigen (qHBsAg)
clearance or HBs seroconversion under Entecavir or
Tenofovir treatment and what patients may need treat-
ment discontinuation or switch to a different type of
treatment.

INTRODUCTION

Even with the existence of an efficient vaccine against
hepatitis B (HBV') which has been developed more
than 30 years ago, chronic HBV infection remains
a major global health issue with approximately 257
million (3.5% of the population) chronically infected
worldwide. Long term complications that account for
96% of the deaths due to viral hepatitis are cirrhosis
and hepatocellular carcinoma (HCC) which is the
third leading cause of mortality worldwide®.

Even though acute infection in adults is cleared in
over 90% of cases, the remaining approximately 10%
will develop chronic hepatitis with a spontaneous an-
nual viral clearance as low as 0.1% in endemic areas,
making it a lifelong infection with subsequent risk of
developing complications as mentioned above®’.

'The aim of currently available treatment guidelines
for patients with chronic hepatitis B is to improve sur-
vival by delaying disease progression to cirrhosis and
HCCA4.This is achieved through long term suppression
of HBV-DNA. Additional goals of antiviral therapy
are to prevent mother to child transmission, hepatitis
B reactivation and the prevention and treatment of
HBV-associated extrahepatic manifestations®.

Seroconversion in HBe system with or without the
appearance of HBe antibodies represents another en-
dpoint of the treatment as it reflects a partial immune
control of the infection. An additional endpoint is the
normalization of liver function, reflected by normal
ALT levels which is normally obtained after prolon-
ged antiviral treatment. The ultimate goal of the treat-
ment is the loss of HBsAg with or without anti-HBs
seroconversion as it indicates a profound viral suppre-
ssion- termed the functional cure*’. However, this is
rarely achieved. Currently available treatment options
involve either a determinate course of pegylated IFN-
alfa which stimulates the immune system against HBV

or the use of an oral antiviral which suppresses viral
replication (HBV DNA below standard techniques of
detection) for an indefinite duration. Although Pegin-
terferon has a higher HBsAg clearance rate than direct
acting antiviral (DAA) therapy (4% and <1% respec-
tively) in HBeAg negative patients®®, HBs Ag loss is
uncommon with both options™*.

Over the past decade a lot of interest and research
has been put into the clinical usefulness of quantitati-
ve HBsAg. Nowadays commercial assays have become
widely available in measuring qHBsAg and at a pri-
ce far lower and accessible than genetic testing'!. The
quantification of HBsAg level has been standardized
in IU/mL and nowadays it is almost indispensable for
the evaluation of patients, the decision for treatment
option, but also plays a role in predicting treatment res-
ponse as HBsAg seroclearance is considered the ulti-
mate goal of therapy'.

HBsAg is the most abundant viral protein produ-
ced during hepatitis B virus (HBV') replication, and its
presence in the serum for >6 months is a hallmark of
chronic HBV infection®. HBsAg represents the surfa-
ce antigen of the HBV. It is produced either throu-
gh translation of mRNA from transcriptionally active
cccDNA, or through the translation of viral genes tran-
scribed from integrated DNA sequences in the host
genome, also known as truncated HBsAg. It is found
as an envelope of the infectious virion and it can be
also found as a non-infectious empty envelope which
has no core component. Therefore the level of HBsAg
is being considered a surrogate marker of transcriptio-
nally active cccDNA™S,

During the natural history of chronic hepatitis B,
spontaneous HBsAg clearance is rarely achieved. An-
nual HBsAg seroclearance rate can range from a low of
0.12% to a high of 2.38%>'*">. However there are a few
factors predicting viral clearance. Studies conducted
have shown that baseline qHBsAg level <200IU/mL,
correlates with a higher rate of HBsAg loss and could
predict future seroclearance in 1-3 years'®2.

With respect to the treatment, during NUC therapy
the decrease in the qHBsAg is much slower compared
to interferon (IFN) based treatment. The reason is that
NUC:s do not target directly the cccDNA, even though
they inhibit more efficiently HBV-DNA. On the other
hand IFN based therapy has an immune stimulating
effect and could explain the more dramatic decrease in
qHBsAg".

Studies conducted show that the efficiency with
which NUC therapy inhibits HBV DNA is over 95%%,
however the decline in qHBsAg is very slow and very
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small, with a log <0.1 logl0 IU/mL.>** in HBeAg
negative patients. Moreover loss of HBsAg has been
reported to be 0.33% per year during entecavir and
in one study was reported only 1 out of 375 patients
who achieved functional cure after 7 years of Tenofovir
(TDF) treatment. Moreover decline in gHBsAg varies
among different genotypes''.

Quantitative serum HBsAg levels correlate with the
transcriptional activity of intrahepatic covalently clo-
sed circular DNA (cccDNA) of HBV in patients with
hepatitis B e antigen (HBeAg)-positive chronic hepa-
titis B (CHB), but not in those with HBeAg-negative
CHB*.

Studies have shown that patients with persis-
tent ALT elevations at the beginning and/or during
NUC treatment showed a more significant decrease
in qHBsAg. This might be explained by the immu-
ne mediated hepatocytolysis as reflected by the high
ALT levels is associated with cccDNA loss and grea-
ter and faster gHHBsAg loss. One study reported treat-
ment ALT elevation during early phase of DAA the-
rapy, reflecting immune restoration induced by strong
HBV suppression that could indicate an acceleration
in qHBsAg decline in CHB patients with prethera-
py ALT<5X ULN and AFP<20 ng/mL*. However
HBsAg seroconversion was not statistically significant.

Neither of the current therapies achieve a ,complete”
cure, primarily because of the persistence of the active
transcriptionally active HBV covalently closed circular
DNA (cccDNA) minichromosome in the nuclei of in-
fected cells®.

Even though current therapy options results in du-
rable suppression of viral replication in the majority of
patients with chronic hepatitis B virus (HBV) there is
an urgent need for the developing of more potent treat-
ment regimens that can achieve the functional cure. In
order to accomplish the ultimate goal, further research
is needed to understand the molecular behavior of he-
patitis B virus.

PATIENTS AND METHODS

Study design

'This was a prospective analysis on CHB patients who
underwent antiviral treatment with Entecavir or Teno-
fovir over a long period of time in the Internal Medi-
cine clinic of “Fundeni” Clinical Institute. The patients
included were HBeAg negative when enrolled or clea-

red HBe antigen during the treatment period. All the
patients included in the study achieved virological res-
ponse (negative HVB DNA) within the first 6 months
of NUC treatment. All the patients were >18 years of
age, had normal or mildly impaired hepatic function,
and had no significant comorbidities. The study du-
ration was 3 years and was conducted in accordance
with all the regulatory requirements and principles of
the Declaration of Helsinki. Written informed consent
was obtained before initiating the study procedures.

Patients

The study population consisted of 208 consecutive pa-
tients treated with Entecavir or Tenofovir who achie-
ved virological response (negative HVB-DNA) during
the first 6 months of Entecavir or Tenofovir treatment.
'The patients were followed for a period of at least 3
years after achieving virological response by means of
measuring Quantitative HBs antigen (qHBsAg), tran-
saminases, alfa-fetoprotein (AFP), Bilirubin, and other
factors. The patients were treated during 3 years - Janu-
ary 2015 to January 2018. All patients had no contra-
indications for NUC therapy, aged from 18 to 80 years
old, with a mean age of 44 years. HIV or hepatitis C
coinfection, autoimmune hepatitis, cirrhosis, neoplastic
disorders and active alcohol consumption were exclu-
sion criteria.

CHB was documented by presence of HBs antigen
and HVB DNA in the serum of patients for more than
6 months, liver biopsy or FIBROMAX were used to
establish the degree of liver fibrosis at baseline and Fi-
broscan was used to assess the degree of fibrosis during
the treatment period. The patients were evaluated at a
3 month interval - at each visit we determinded qHBs
antigen, transaminases, bilirubin, albumin, INR, plate-
let count. Liver ultrasound and Fibroscan were perfor-
med every 6 months.

Laboratory measurements

Quantitative HBs antigen was determined by auto-
mated chemiluminiscent microparticle immunoassay,
HVB DNA was determined by Real-time PCR
(TagMan), HBeAg and anti-HBe were detected using
electrochemiluminescence immunoassay (ECLIA).
Liver function tests including bilirubin levels, albumin
and aspartate aminotransferase levels were determined
using an automated biochemical analyzer. Peripheral
blood platelets were counted using an automated blood
cell analyzer.
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Statistical analysis

Statistical analysis was performed using SPSS version
21. Continuous variables expressed as mean * standard
variation or median and categorical variables as absolu-
te or relative frequencies. Characteristics were compa-
red using Mann-Whitney or two-sample Students’s #-
tests for continuous variables, Chi-square and Fishers’s
exact tests for categorical variables. A two-sided P
<0.05 was considered statistically significant.

RESULTS

Baseline characterisitics of the study
population

We enrolled 208 patients: 128 (61.5%) male and 80
(38.5%) female, aging between 18 and 80 years old
(mean age 44 years), 164 (78.8%) were HBe antigen
negative and 44 (21.2%) HBeAg positive, mean base-
line HBV DNA was above 20000 UI/mL in all pati-
ents, 119 (58.33%) had stage 2 liver fibrosis (F2) and
85 (41.66%) were F3. Median qHBsAg at baseline was
5184 Ul/ml. The levels of HBV DNA and qHBsAg
were significantly higher in HBeAg positive patients
(p<0.001), and tended to be lower in patients with F3
than in those with F2. 103 (50.4%) of the patients re-
ceived Entecavir and 101(49.5%) received Tenofovir
disoproxil fumarate (Table 1).

Virological response

All 208 patients reached undetectable levels of HVB
DNA at treatment month 6. Over the 3 years of
treatment the median levels of qHBsAg decreased

slowly with a faster rate of decrease during the first 12
months, probably on the behalf of the HBe positive
patients who lost the HBe antigen in this period and
due to the HBe seroconversion, the qHBsAg decrea-
se was much faster in these patients. Over the second
and the third year of treatment the rate of HBsAg loss
decreased steadily. After month 12 and 21 we obser-
ved an increase in qHBsAg levels, followed by a faster
decline in the next months (Figure 1). 3 patients achie-
ved HBsAg clearance, all of them were HBe negative
patients with very low levels of gHBsAg (<100 UI/ml).
Patients with high levels of qHBsAg at baseline had
high rate of decrease (>1000 Ul/ml/year) in the first
year of treatment, but this rate decreased in the second
and the third year of treatment.

gHBsAg kinetics

Among most patients HBs antigen levels decreased
slowly but significantly (0.5 log in the first year to 0.1
to 0.05 log in the later phases — Table 2). The qHbsAg
decrease was significantly higher in HBe positive pa-
tients, and less significant in HBe negative and HBe
positive that became HBe negative patients during
the treatment period (mostly in the first year of treat-
ment). Patients with low baseline HBs antigen levels
had higher decrease rates under treatment while HBe
negative patients with high baseline levels of HBs an-
tigen had lower decrease rate. In some of these patients
HBs antigen levels were stationary or increasing un-
der NUC treatment. The 3 patients that achieved HBs
antigen clearance had very low HBs antigen level at
baseline (<200 UIl/ml) and had significant HBs antigen

loss under treatment.

Table 1. Baseline characteristics of the study population

Characterisitics Patients (n=208) P value

Age (years), mean + SD 44 0.002

Gender (male/female), n 128/80 0.1

Baseline HVB DNA (Ul/ml) load mean + SD 78230 Ul/ml <0.001

ALT levels (Ul/ml) mean + SD 43 Ul/ml 0.01

Baseline HBs antigen levels (Ul/ml) mean + SD 5184 Ul/Im <0.001

Liver fibrosis grade (F2/F3) 119/85 0.02
Table 2. gHBs antigen dinamics during the treatment period

Baseline |Month1 |Month3 |[Month6 |[Month9 |Month 12| Month 18 | Month 24 | Month 36 | Month 48

Hbs antigen decrease |1 0.119 0.178 0.7 0.618 0.01 0.124 0.325 0.062 0.048
rate (log)

p value 0.043 0.025 0.001 0.001 0.099 0.0733 0.0594 0.0645 0.53
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Figure 1. gHBs antigen levels at each
study visit.
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DISCUSSION

HBs antigen remains a very important serological mar-
ker in HBV chronic infection. It has been proven that
HBs antigen levels correlate with the amount of in-
trahepatic covalently closed circular DNA (cccDNA),
and its transcriptional activity?’. The ultimate goal in
HBYV therapy is HBs antigen loss and seroconversion
to anti-HBs, facts that translate to efficient treatment
response and disease resolution. Even in patients who
achieve SVR and HBe seroconversion it is known that
continuous long-term NUC treatment does not ensure
HBs antigen clearance and relapses are common upon
treatment discontinuation. It is extremely important to
identify on-treatment parameters for predicting pati-
ent response and nonresponse to long term NUC treat-
ment, especially to identify the patients that are likely
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to achieve HBs antigen loss. Important predictors of
HBs antigen loss are low baseline HBs antigen levels,
high ALT levels, female gender, younger age, and some
genotypes of HBV?. It was shown that low baseline
levels of HBs antigen are more reliable as a predictor
factor for good response to treatment than serum HBV
DNA levels in HBeAg positive patients**. The most
important characteristic of the patients in our study
that achieved HBs antigen loss was the low baseline
HBsAg level (<200 Ul/ml). The baseline HBV DNA
or the treatment regimen (TDF or ENT), didn’t have a
significant impact on the rate of HBs antigen loss. All
patients achieved undetectable levels of HBV DNA
during the first year of treatment but the HBs antigen
loss did not correlate with HBV DNA loss, neither did
it differ between patients treated with ENT or TDF
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(Figure 2). The results suggested that HBe positive
patients have a higher rate of HBs antigen loss than
HBe negative patients. After achieving HBe serocon-
version the rate of HBs antigen loss tends to decrease
and equal that of HBe negative patients, low baseline
HBs antigen levels in both HBe positive and negative
patients predict a high probability of HBs antigen loss.

In the future individualized treatment programs
should be considered according to baseline HBs anti-
gen levels. Studies show that extending the duration of
therapy can increase the rate of SVR in HBeAg nega-
tive patients treated with NUC or PEG-IFN’!. In the
current study we observed an increased decrease rate
in the first year of treatment followed by a slower rate
in the following years especially for patients with high
values of HBs antigen. Following up patients for longer
periods may offer additional information about HBs
antigen kinetics in patients with high antigen levels
and slow decrease rates.

Optimized treatment and careful patient selection
are essential in order to increase the rate of success and
to minimize adverse effects. Studies with PEG-IFN
treatment on patients previously treated with NUC
show that patients that had very low or no HBs antigen
loss during NUC therapies may have significant rates
of HBs antigen loss during IFN treatment***. Accor-
ding to these results patients under NUC treatment
with no HBs antigen loss and no contraindications
may be suitable candidates for PEN-IFN therapy.

Patients with rapid decline in HBs antigen levels
have a significantly higher chance to achieve HBs an-
tigen loss or HBs seroconversion than those with low
decline rate. In the present study HBsAg levels decrea-
sed significantly in the first year of treatment, however
in the following years the rate of HBs antigen decrease
became slower.

Although in most patients it will take decades to
clear HBs antigen there are a few cases were HBs anti-
gen loss was achieved in one or two years. Taking the-
se predictors into account in the future the treatment
regimen should be adapted for each patient. Patients
with low baseline HBs antigen levels and patients with
high rate of HBs antigen decrease (>1 log/year) will
continue current treatment (ENT or TDF), patients
with high HBs antigen levels and low rates of HBs an-
tigen decrease under NUC treatment may be worthy
candidates for PEG-IFN therapy or new anti-HBV

molecules.

The fact that all patients achieved undetectable
HBV DNA reflects effective reduction in viral replica-
tion but the low decrease in HBs antigen levels shows
a less effective reduction in the translation of mRNAs
produced by transcriptionally active cccDNA or in-
tegrated sequences*. In most patients the kinetics of
HBV-DNA and HBs antigen levels are dissociated.
Several studies have shown that combining cutoft le-
vels for HBsAg and HVB DNA can identify patients
with inactive disease®?, while other studies show-
ed that patients with parallel HBs antigen and HBV
DNA kinetics tend to be sustained responders®”’.

In the present study all the patients had baseline
HBV DNA values >20000UI/ml and achieved viral
response in the first year of treatment, most of them
within the first 6 months, however the decrease in
HBs antigen levels was much slower than that of HVB
DNA. Furthermore the rate of HBs antigen decrease
became less important after HBV DNA clearance even
if viral response was the essential objective of the treat-
ment and the main indicator of efficient viral suppre-
ssion.

CONCLUSIONS

In summary the results from this study show that the
most important predictor for HBs antigen clearance
in HBV patients treated with ENT or TDF is a low
baseline HBs antigen level. Another important predic-
to is sustained and rapid decline of HBs antigen level
during treatment. HBe positive patients tend to have
a faster decline in HBs antigen levels but after HBe
seroconversion the rate of decrease becomes less signi-
ficant. In patients with high levels of HVB DNA the
decline of HBs antigen is higher until HVB DNA be-
comes undetectable, then the decrease in HBs antigen
levels becomes less significant. This explains the rapid
decrease in HBs antigen levels in the first months of
treatment (0.5 log) and the slower decline in the late
period of treatment (0.1-0.05 log).

Compliance with ethics requirements: The authors
declare no conflict of interest regarding this article. The
authors declare that all the procedures and experiments
of this study respect the ethical standards in the Hel-
sinki Declaration of 1975, as revised in 2008(5), as well
as the national law. Informed consent was obtained
from all the patients included in the study.
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