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1. INTRODUCTION

1.1 Epidemiology of hepatitis B infection
Infection with the hepatitis B virus (HBV) is a noajproblem worldwide with an estimated
248 million chronically infected individuals. The BN surface antigen (HBsSAQ)
seroprevalence is 3.61% globally with the highestalence in Africa at 8.83% and in the
western Pacific at 5.26% The HBV infection is transmitted through blood sexual
contacts, and the chronic hepatitis B infection B}k most likely to occur during exposure
in infancy (vertical transmission) or early childitb (horizontal transmission) when the
immune system is not yet mat@r&Vith the onset of screening, vaccination, andttment
efforts, the overall HBsAg seroprevalence has égsge since 2000, but the magnitude of
this reduction has been heterogeneous and a fewtresi in Africa have actually
demonstrated an increase and approximately 686j830related deaths occur each year
Chronic HBV infection is highly endemic in Africaith some countries experiencing
prevalences greater than 8% and the coinfectiom ximan immunodeficiency virus (HIV)
has been reported in up to 28.4% of individualshweitronic HBV infectiofl Coinfection
rates are highest in Western African countries (ared11.5%) and southern African
countries (median 5.4%) and lowest in eastern Africountries (median 4.1%).
The global annual incidence of hepatocellular cemeia (HCC) has increased from 626,000
in 2002 to 748,000 in 2008, of which approximatébif is attributed to chronic HBV
infectior?; up to 40% of individuals with chronic HBV infeoti progress to cirrhosis, liver

failure, and HCE,
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Figure 1. Global prevalence of chronic hepatitis B infectinradults

The vaccination is indicated in unvaccinated adulho are at increased risk for acquiring
HBV infection due to the potential for frequent espre to HBV-infected individuals;.
HBV vaccination, with or without HBV immune globali is recommended for post-

exposure prophylaxis to prevent HBV infection

1.2 HBV genotypes and geographical distribution

HBYV is differentiated into many genotypes, accogdin genome sequence. To date, eight
well-known genotypes (A-H) of the HBV genome hawezib defined. Moreover, two new
genotypes, | and J, have also been identified. S8BW genotypes are further classified as

sub-genotypes. HBV sequence is characterized B nicleotide differences for genotype,



and 4%-8% nucleotide differences for sub-gendtyp@ver 30 related sub-genotypes
belonging to HBV genotypes have been determinathte, but the mechanisms of different
pathogenic characteristics of HBV genotypes areknotvn for certain. Many studies have
reported that different genotypes and sub-genotyghsw different geographical
distribution, and are related to disease prograssimical progression, response to antiviral
treatment, and prognosis. A-D and F genotypes iardedl into various sub-genotypes; no
sub-genotypes have been defined for E, G and Htgees

The HBV subgenotypes are also described with argeree of > 4% (but less than 7.5%) of
the nucleotide sequence in the complete genomigceseg. There have been numerous (up
to 40) subgenotypes reported amongst genotypesaAelF. There are a number of studies
documenting the effect of genotype on various céihioutcomes. Many of these provide
comparisons of 2 prevalent genotypes in a regan, A vs D, or Bvs C. Table 3 sets out
some of what is known about the different genotypes clinical associations. There is a
paucity of information about genotype E and itaggions with clinical outcome.

Genotype A appears to have the highest risk of ressgon to chronicity following acute
acquired hepatitis B infectioh) while genotype C2 was independently associatiétd w
progression to chronicity, compared to genotypge. Bcute infection with genotype D
appears to be more commonly associated with aivetefhilure than other genotypés

Rates of spontaneous HBsAg clearance are highgenotype B compared to C. Sustained
remission following HBeAg seroconversion has besorted to be more commonly seen in

genotype A than D as was HBsAg cleardfice
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Figure 2. Geographical distribution of HBV genotypes

Genotype C patients are more prone to the commitabf advanced fibrosis and cirrhosis
than Genotype B patients. Genotype A appears te laamore favorable prognosis than
genotype D; the genotype D is associated with HB&agative CHB and reports from
Mediterranean countries of high rates of cirrh@ssociated with HBeAg negative disease
are now thought to possibly be attributable to ggw® D*. Genotype C has been shown to
carry an increased risk for the development of H&the REVEAL study cohort, with an
adjusted hazard ratio of 235while the genotype B may be more likely to beoaizted
with HCC in non cirrhotic patients and has beeroregal to have higher rates of solitary
tumour and more satellite nodules than genotyffe C

Response rates to treatment with PEG-IFN diffegbgotype. In HBeAg positive patients
treated with 52 wk of Peg IFN-2b, HBeAg loss varied with genotype, being 47% in

genotype A, 44% in Genotype B, 28% in genotype €26% in D"



1.3 Vaccine escape mutants

Variations in the HBsAg protein can result in virafection developing in a vaccinated
subject. Anti- HBs is directed towards a highly served region of the surface protein
(amino acids 99-160) which includes the major “@teiminant of this protein. HBSAg
mutations resulting in amino acid substitutiongha region 137-147 of the surface protein
can change the conformational epitope in the “@éwheinant so that it is not recognized by
the neutralizing anti-HBs antibodies. In particutae G145R vaccine escape mutant is
known to be stable and replication competerithe infectivity of HBsAg mutants is

currently thought to be low, however another probles their lack of detectability by
serological tests as was reported in a recent ohd8BV with a 4 amino acid repeat
insertion at position 115 in the surface proteihe Tevelopment of vaccine escape mutants
has been thought in some parts to be related terniergence of anti-viral drug resistant
mutants because of the overlap of the polymerase gehere nucleot(s)ide analogue
associated resistant mutations occur) with theasarintigen domains recognized by anti-
HBs. There is evidence however that emergence efviftcine escape mutants predates

mass vaccination prograhis

1.4 Natural history of HBV infection
A characteristic feature of chronic HBV infectios that can be divided into phases
reflecting the dynamic relationship between thethas immune system and the virus.
Generally, HBV comprises two phases with activedtiéip and two phases with low disease
activity (inflammatory vs. non-inflammatory). Theur phases do not always occur in a
sequence, and include:

High replicative phase with HBeAg positivity (previously: immune-tolerant phase).

In addition to HBsAg, HBeAg is detected in the seyiand HBV-DNA reaches high



values (> 106 1U/ml) with normal or slightly eleeat ALT levels (> 19 IU/ml in women

and > 30 IU/ml in men). Signs of inflammation, nesis and fibrosis determined in liver
biopsies are minimal or nonexistent. The phasechvis known to be highly infectious,
may be of short duration in patients infected dyidiate childhood and in adults. With
increasing age, there is an increased likelihoottasfsitioning to the immune-reactive

phase.

HBeAg-positive immune-reactive phase. The phase is claimed to be caused by
changes in the expression of HBV antigens and asa@ anti-HBV immune responses
associated with the inflammatory response. Thensdewels of HBV-DNA are variable,
but lower than in the previous phase. The ALT Isveériodically exceed the values
listed in item a) above. Necroinflammatory chanigethe hepatic tissue are moderate or
severe, with different degrees of fibrosis (pot@hti progressive). The stage has a
variable duration from months to years, and maynaudte in the loss of HBeAg and the
development of anti-HBe (2-15%). In approximately4% of patients, reverse-
seroconversion and re-emergence of HBsAg are obdeihe higher the frequency of

exacerbations, the greater the severity of livenosis.

Inactive HBV carrier phase. Anti-HBe antibodies are present, and HBV-DNA leve
are low (typically below 2,000 IU/ml), but occasathy higher or, conversely,

undetectable. The ALT levels remain within the mangpecified in item a).

Histopathological changes are variable, reflectimg incidence and severity of lesions
during the previous phase of the disease. Minimé&immatory changes and variable
degrees of fibrosis are noted. There is a risk iohasis and HCC. The rate of
spontaneous loss of HBs and emergence of anti-ldBsstimated at 1-3%l/year. The

concentration of HBsAg (hereinafter in the texgjuantification of HBsAg : gHBS) is



below 1,000 IU/ml in genotype D infection, howevers usually higher in patients

infected with genotype A.

HBeAg-negative chronic hepatitis. Following seroconversion from HBeAg to anti-
HBe, active inflammation in the liver is observed 10-30% of patients. Anti-HBe
antibodies are present, and considerable variatiéiBV-DNA and ALT levels as well
as necroinflammatory changes in the liver are notée key features of this phase of
infection are intermittent disease exacerbationth witervening periods of remission.
Most patients in this phase have detectable muisiio the HBV precore/core promoter

gene, which is associated with the inability totbgsize the HBe antigen.

Occult infection (HBsAg-negative) is most commonly associated with undetectable or
periodically very low serum concentrations of HB\NR accompanied by its presence
in the liver. Anti-HBc with or without anti-HBs arpresent in the serum. The loss of
HBsAg is associated with a reduced risk of cirre@sid liver failure, though the risk

of HCC continues to be higher than in the geneogdufation. The state of immune-

suppression may lead to the reactivation of thasvitue to its episomal DNA form

HBV cccDNA.

1.5 Goals of therapy in CHB

The ultimate goal of antiviral therapy is HBV ereation. At the current stage of knowledge
and therapeutic opportunities, the goal is unadtalen due to the episomal DNA form of
HBV (covalently closed circular DNA, cccDNA), whids a structure showing very high

resistance to the activity of currently availabigiaral drugs. The persistence of this form
of HBV-DNA is responsible for recurrences of théettion. Since HBV eradication is, for

the time being, unattainable, the primary goalhafrapy is complete suppression of HBV



replication: sustained loss of HBV-DNA in the seraonfirmed by a highly sensitive real-
time PCR test together with elimination of the H&stigen and formation of anti-HBs
antibodies. In consideration of the above, theapeutic goal both in HBeAg-positive and
HBeAg-negative patients is sustained undetectgbildf HBSAg combined with
seroconversion to anti-HBs.

In the majority of patients, the loss or signifitauppression of HBV replication which
precede the attainment of that goal, leads to tilowing effects: inhibition of the
progression of liver fibrosis and reversal of th@gess in the majority of patients, as
demonstrated by long-term follow-up of patientsateel successfully with entecavir and
tenofovir;

b) normalization of biochemical indicators of livéamage; in a proportion of cases they
may continue to be elevated for reasons other HB¥ infection (e.g. non-alcoholic fatty
liver disease, NAFLD);

c) reduction in the risk of progression to HCC; amber of studies indicate that HBV
replication, particularly at a high level, is a tiaccontributing to the development of HCC,;
the incidence of HCC is reported to be lower ingrds treated successfully with antiviral
drugs, however the effect is not observed until fgears after achieving stable suppression
of viremia, and does not occur in patients withhosis

d) prolongation of survival, sustained reduction BVDNA viremia in patients with
advanced disease or cirrhosis slows down the pssigne of the disease/ fibrosis, increasing
survival, lowering the risk of liver failure anddecing the need for liver transplantation

e) prevention of HBV infection in the transplantagan in post-transplant patients; antiviral
drugs have documented efficacy in promoting traargpsurvival

f) enhancement of the quality of life through imyped liver function which contributes to
achieving a better mental state and cognitive fanstin patients

g) inhibition or reversal of extrahepatic changesoaiated with HBV infection



h) halting of the spread of HBV infections; thedas marked inhibition of HBV replication

reduces the infectiousness of HBsAg-positive irdiiais.

1.6 Current treatment availablein CHB

Drugs approved in the European Union for the thedgHBYV infections are:

- interferons (IFN):

- natural interferons,

- a-2a and a-2b (IFNa-2a and IFNa-2b),

- pegylated a-2a (PeglFNa-2a);

- analogues (NA):

- nucleoside analogues: lamivudine (LMV), telbivugigLdT) and entecavir (ETV);
nucleotide analogues: adefovir (ADV), tenofovir apsoxil (TDF) and tenofovir
alafenamide (TAF). PeglFNa-2a is the preferred ahoamong IFN, offering a clear
advantage in terms of the highest efficacy, coremre of use and treatment regimen (once
a week). The preferred NA drugs include ETV, TDR a&AF owing to the most potent
antiviral activity and a high genetic barrier.

To assess treatment eligibility both in HBeAg-pesitand HBeAg-negative patients,
HBsAg must be consistently detectable for at lsa@simonths, and at least two out of the
three criteria below (evaluated concurrently)muestriet:

1) HBV-DNA > 2,000 1U/ml;

2) ALT level exceeding the upper limit of normal,

3) signs of liver inflammation or fibrosis. Inflanaton should be evaluated by histological
examination of liver biopsy specimens, and fibrosiby share wave elastography or
transient elastography to measure the stiffnesiseofiver tissue expressed in kPa. However,

attention should be given to different cutoff psintompared to other liver diseases



including those induced by HCV infection. If coexig liver diseases of different aetiology
are suspected, elastography results are inconsistémthe clinical state of the patient or
discrepancies are observed between results obtéiyedirious noninvasive examination
methods, liver biopsy is recommended (unless cmliGations are present). In such cases
biopsy results are regarded as conclusive. Patierie high replicative HBeAg(+) phase,
particularly younger (aged less than 30 yearshout clinical features of liver disease and
without family history of HCC, do not require liveiopsy and should not be treated. In
such patients ALT levels should be determined atetfmonthly intervals. In addition,
fibrosis should be evaluated periodically usingineasive methods. If elevated ALT levels
or signs of liver fibrosis are found, antiviral tapy should be initiated. Patients with
positive family history of HCC and/ or cirrhosis wmfiknown etiology should be assessed for
liver inflammation and fibrosis. If characteristeatures of chronic hepatitis are found, the
patient should be immediately referred for treatmédso, immediate therapy should be
initiated in patients with cirrhosis, regardlessiuéir HBV-DNA level. Before selecting the
first-line drug, patients should be evaluated f@\Hand HIV coinfection. During therapy,
patients should be tested for anti-HDV 1gG antilesdivhen their ALT levels rise or persist
at an elevated level.

Regardless of the patient's HBeAg status, a drith e highest proven efficacy and
safety of use in a given patient group should baseh as first-line therapy in treatment-
naive patients with chronic HBV infection. The metd IFN is PeglFNa-2a, and the

preferred NA include ETV, TDF and TAF.
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1.7 Role of quantitative HBsAg during the natural history of hepatitis B infection

In the first 20-30 years of life, HBV infection characterized by an immune tolerance
phase in which patients usually have positive HBevagy high HBV DNA, normal ALT
levels and minimal histological damage. This iddwked by an immune clearance phase,
which may lead to HBeAg seroconversion. Two stydiee European and one Asian,
reported that HBsAg levels varied during the nathistory of the disead&?’. They showed
that the HBsAg value was higher during the immuakerance phase than during the
immune clearance phase as well as being higheBeAlg-positive than in HBeAg-negative
patients. The European study reported an HBsAgI lef/&.96 vs 4.37 log10 IU/ml in
patients during the immune tolerance phase vsrtimuine clearance phase, respectively,
while the Asian study reported an HBsAg level dd34vs 4.03 logl10 IU/ml in patients

during the immune tolerance phase vs immune clearphase respectively.
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Figure 5. Quantification of HBsAg during the different phasd# CHB infection

After HBeAg seroconversion, the clinical spectrui HBeAg-negative patients, CHB

ranges from ‘inactive carrier’ status to aggressiBeAg-negative CHB. The latter is



generally differentiated from ‘inactive carriersy Berial serum ALT and HBV DNA level
determinations. However, in 45-65% of cases ALTvagtcan fluctuate with long periods
of normal ALT levels resulting in misclassificatiomnactive carriers have no or mild
histological lesions in the liver with an excellgmbgnosis for survival and a low incidence
of cirrhosis and HCC, while patients with HBeAg-aége CHB with fluctuating activity

have a more severe disease progression with fregiremsis?

1.8 Role of quantitative HBsAg during the treatment

HBsAg synthesis during the HBV viral life cycle complex and usually occurs in the
endoplasmic reticulum. Upon entry into the hepatcthe virion sheds its protein coat and
its genome is transported into the nucleus wheresides as stable fully double stranded
covalently closed circular HBV DNA (cccDNA) and a@s a template for the transcription
of the viral gen&. HBsAg is translated from mRNA with the transdopil template-active
cccDNA, which is the reflection of the number offeécted hepatocytes. The clinical
relevance of HBsAg levels is inferred from the tielaship of this marker to the intrahepatic
amount of cccDNA. There is a correlation betweemurseHBsAg concentrations and the
intrahepatic levels of cccDNA, with the highestd&ssoccurring in HBeAg positive hepatitis
B and the lowest in patients with resolved hefiti

Several automated assays have been developedefquémtitative measurement of HBsAg.
The most widely used assays are the Architect HBAg assay (Abbott Diagnostics,
Abbott Park, IL, USA) and the Elecsys HBsAg Il asgRoche Diagnostics, Indianapolis,
IN, USA). (14). The range of the Architects Assay0.05— 250 IU/ml and a manual or
automatic 1/500 dilution is needed for higher lsv@lhe Elecsys Assay has an automatic
on board dilution with range of quantification froh05 to 52 000 IU/ml. The assays

express results in international units per mitit(lU/ml), based on the WHO reference



standard; 1 IU/ml is equivalent to 1— 10 ng/ml ddAg or 5 9 107 viriorfS. Results with
both assays are highly correlated and in closesaggat for each HBV genotype.

Although HBV-DNA becomes rapidly undetectable, stsdhave clearly shown that the
decline in HBsAg during NAs therapy is less pronmea than that during PEG-IFN
treatmerf. The decline appears more marked in HBeAg-posfiatéents’.

In our previous study, we reported a significafitedénce in the decline in HBsAg levels at
2 years of therapy depending on the NAs adminigtér&everal studies have reported that
baseline HBsAg levels and on treatment HBsAg qtieation are good pre-dictors of end
of treatment response and SVR (60-67). Zoutendifd€ investigated HBsAg kinetics in
patients who were successfully treated with longitETV or TDF. The authors used linear
mixed regression analysis of individual HBsAg dee$ to estimate the duration of therapy
required to achieve an HBsAg decline of 1 logl0Uitom baseline and HBsAg clearance.
They showed that the median durations of thera@ackoeve a 1 1og10 IU/ml decrease were:
6.6 [1.7-18] years and 8 [0.5-15] years in HBeAgHpee and HBeAg-negative patients

respectively.
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Figure 6. Decline of gHBsAg during the treatment with NAspatients with CHB HBeAg-

negative

2. AIMSOF THISSTUDY

The role of hepatitis B “s” antigen (HBsAQ) duriri§TV administration is still debatable.
No data are available about the role of HBV genetypgHBsAg decline during ETV
treatment. This study analyzed the gHBsAg dedlimeng the first 3 years of treatment
with ETV in a population of chronic hepatitis B HBg-negative patients, with HBV
genotypes A, D, E. Nevertheless, the role of thewip drug monitoring (TDM) of NAs
in HBV treatment is still undefined. In this studlye also evaluated the role of ETV

plasma concentration in the treatment naive patient



3. METHODS
Patient population
This is a prospective cohort observational studgt ahh patients were consecutively
enrolled at our Centre of Infectious Diseases AmeatieéSavoia Hospital in Turin from
April 2007 to May 2010. Inclusion criteria were:udidage (>18 years); chronic hepatitis
B with a documented HBsAg- positive for at leashénths; baseline HBV-DNA level
> 2000 IU/mL and ALT > 40 IU/mL; HBeAg-negative/@iBe-positive, naive for
previous treatment with IFN or nucleos(t)ide anakx Only the patients which gained
the virological response (HBV-DNA undetectable aft# weeks of therapy) were
included into the analysis. Exclusion criteria were-infection with hepatitis C or D
virus or the immunodeficiency virus; decompensaiethosis; HCC; previous treatment
with IFN or nucleos(t)ide analogues .
All drop-out patients for any reason (lost at fellop, virological failure or without
good compliance) were excluded from this analy8laseline fibrosis stage was
determined with Fibrosc&nhusing the Metavir score. All patients receivedeatment
with ETV 0.5 mg/day.
The evaluation of gHBsAg, HBV-DNA, HBV genotype aWd.T were performed
before starting the treatment; qHBsAg level, HBV-®ldnd ALT were tested every 3
months during the first year of treatment, thenrg\& months for a time of at least 3
years.
The study was conducted in compliance with the &ation of Helsinki and in
accordance with local Health Authority regulatioad: patients gave written informed

consent according to standards of the local ettoasmittee.



Sudy end points
Primary end-point of the study was the comparisogHBsAg kinetics among patients
with different HBV genotypes. Secondary end-poiatswhe evaluation of the expected

time of HBsAg loss according to the different viganotypes.

Assays

Serum HBV-DNA levels were quantified by the Realm& PCR COBAS
AmpliPrep/COBAS TagMan HBV Test 2.0 (Roche Molecuystems, NJ, USA).
HBV genotypes were determined using the INNOLIPAerse hybridization assay
(Innogenetics, Belgium). HBsAg, HBeAg and anti-HBere detected by the Elecsys
instrumental platform (Roche Diagnostics, ltalyHBsAg test was performed with
ARCHITECT HBsAg (Abbott Diagnostics, Ireland) with dynamic range of 0.05—
250.0 IU/mL; gHBsAg values above 250.0 IU/mL werdbsequently 1:100 serially
diluted and retested until falling within the dynamange. Liver fibrosis stage was

expressed in kPa using the Fibrostan

Satistical analysis

For descriptive statistics, continuous variablesensummarized as median and inter-
guartile range (IQR: 25th to 75th percentiles) aadges. Categorical variables were
described as frequencies and percentages. All wata tested for normality using a
Shapiro-Wilk test. Differences in categorical dattween groups were analyzed using
Kruskal-Wallis and Mann Whitney tests. To investiggaontinuous data, a Spearman
Rank correlation was used. The association wasileaéd! using thg*-test. Univariate
and multivariate analyses were performed using neali regression model. The

estimated time to HBsAg loss was evaluated throaidimear equation calculated by



interpolating the median logarithmic decline ovéend for each single genotype,
considering the first determination (baseline)tasting point.
Statistical analyses were conducted by SPSS sa&ftpackage ver. 20.0 (Chicago, IL,

USA).

RESULTS

Baseline characteristics of the population

Data from 123 patients enrolled from April 2007 lwiét least 3 years of treatment with
ETV, have been collected. Baseline characterigticthese patients are reported in
Table 1. Patients were infected by three HBV gepedy A, 44 (35%); D, 45 (36%); E,

34 (27%). The median age was 39 years, 104 pat{888&) were male; the HBV A

genotype was prevalent in patients from East-Eu(6p&o), the D genotype in Italian

patients (80%), the E genotype only in patientsnfidfrica (central and west) (100%).

Median values of log qHBsAg was 3.88 IU/mL and Alwas 87 IU/mL.



Characteristics All patients Genotype A GenotypeD | Genotype E
Number of
123 (100) 44 (35.7) 45 (36.6) 34 (27.6)
patients n (%)
Age (yr) median[IQR] 39 [34-52] 37 [33-41] 54 [39-61] 37 [33-42]
Route of transmission n (%)
Intravenous drug Use 9 (73) 5 (113) 4 (88) 0 (O)
Transfusion 12(9.7) 2 (45) 10 (22.2) 0(0)
Sexual 17 (13.9) 15 (34) 2 (4.4) 0(0)
Family history of 44 (35.8) 8 (18) 12 (26.6) 24 (70.6)
HBV
41 (33.3) 14 (31.8) 17 (37.7 10 (29)4)
Unknown
Male sex n (%) 104 (83.2 33 (75) 37 (82.2) 34 11p0
ltaly: 47 (38.2) ltaly: 11 (25)
Italy: 36 (80)

Geographical origin n (%)

East-Europe: 37 (30)
Africa: 38 (30.8)

South America: 1 (0.8)

East-Europe: 29 (65.9)
Africa: 3 (6.8)

South America: 1 (2.3)

East-Europe: 8 (17.8)

Africa: 1 (2.2)

Africa: 34 (100)

Liver stiffness (kPa) median

[IQR]

10.3 [8.4-16.7]

9.6[8.3-13.2]

11.4[9.6-17.6]

10718-13.4]

gHBsAg (log IU/mL) medig

[IQR]

3.88[3.74-3.95]

3.89 [3.75-3.96]

3.85[3.70-3.91]

3.92[3.74-3.99]

HBV-DNA (log IU/mL) media

[IQR]

5.72 [5.61-6.02]

5.88 [5.74-6.14]

5.32 [4.96-5.71]

5.87 [5.77-6.09]

Albumin (g/dL) median [IQR] 42 [38-44] 43 [39-45] 41 [37-42] 42 [36-43]
ALT (IU/L) median [IQR] 87 [74-112] 84 [74-103] 90 [73-135] 84 [74-105]
AST (IU/L) median [IQR]

78 [71-104] 74 [66-100] 77 [74-112] 71[67-101]

Table 1. Baseline characteristics of study population



Response to antiviral treatment and qHBsAg decline

The gHBsAg (log IU/mL) decline measured after 6 thenl year, 2 years and 3 years, divided
for viral genotype, resulted as following: aftem@®nths, it was 0.10 log IU/mL for A genotype
(IQR: 0.06-0.16), 0.05 log IU/mL for D genotype Q0.03-0.08) and 0.04 log IU/mL for E
genotype (IQR: 0.02-0.10).

The median gHBsAg drop resulted significantly diéet in A vs D genotypep€0.001) and A
vs E genotypep=0.002). The median decrease after 1 year wasl@R®J/mL for A genotype
(IQR: 0.17-0.33), 0.12 log IU/mL for D genotype ®Q0.09-0.16), 0.12 log IU/mL for E
genotype (IQR: 0.08-0.16). After 2 years it was70ldg IU/mL for A genotype (IQR: 0.35-
0.74), 0.43 log IU/mL (IQR: 0.27-0.54), 0.28 log/thL for E genotype (IQR: 0.18-0.35), with
significant difference between A and E genotype0(001) and D and E genotype<(Q.001).
Finally, after 3 years of therapy with ETV, a dexge of 0.77 log IU/mL was observed for A
genotype (IQR: 0.58-0.77), 0.65 log IU/mL for D g&pe (IQR: 0.52-0.76), 0.45 for E
genotype (0.39-0.51), with significant differendegween A and D genotypp=0.012), A and

E genotype§<0.001), D and E genotypp<0.001) (Figure 7-11).

A significant correlation between the gHBsAg deseeafter 3 years, the geographical origin of
the patientspg=1.24x10% and the HBV genotypet7.93x10%) was observed.

In the univariate analysis (Table 2) the followifagtors resulted significantly predictive for
the qHBsAg decline: geographical origifi=0.142 DS=0.03<0.001) and HBV genotype
(p=-0.116 DS=0.02(p<0.001). In the multivariate analysis only the HE¥¢énotype resulted
significantly predictive for the qHBsAg decline exft3 years of treatment with ET%-1.133

DS=0.033p<0.001).



Characteristics

Univariate

Multivariate

Age

B =0.002 DS=0.00fp= 0.198

B =0.002 DS=0.00p=0.271

Sex

B =-0.057 DS=0.05p= 0.283

Geographical origin

B=0.142 DS=0.036< 0.001

B =-0.042 DS=0.06p= 0.485

HBV genotype

B =-0.116 DS=0.02p< 0.001

B =-1.133 DS=0.03p<0.001

Liver stiffness

B =-0.011 DS=0.01p= 0.520

Log gHBsA(g baseline

B=0.101 DS=0.10p= 0.346

Log HBV-DNA baseline

B =-0.151 DS=0.07p= 0.456

ALT baseline

f=0.131 DS=0.098= 0.336

AST baseline

B=0.173 DS=0.124=0.477

Table 2. Univariate and multivariate analyses of baselingratteristics predicting gHBsAg

decline after 3 years of treatment with entecavir.
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Figure 7. Decline of gHBsAg (log IU/mL) decline after 6 mbst of treatment with ETV

and statistical differences.
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Figure 8. Decline of gqHBsAg (log IU/mL) decline after 1 yeaof treatment with ETV and
statistical differences.
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Figure 9. Decline of gHBsAg (log IU/mL) decline after 2 yeaf treatment with ETV and

statistical differences.
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Figure 10. Decline of qHBsAg (log IU/mL) decline after 2 yeasf treatment with ETV and
statistical differences.
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Figure 11. Overall decline of gHBsAg (log 1U/mL) during theeatment with ETV in the study
population.

Expected time of HBsSAg loss

The obtained linear regression models describiegcttanges in gHBsAg (in logarithmic scale,
Y) over the time (X) were: Y= -0.129X + 4.0256.9819) for A genotype, Y= -0.118X +
4.014 (f=0.9089) for D genotype and Y= -0.081X + 3.98Z(x9863) for E genotype.
According to these models, the expected time forsMB loss was 15.6 years for the A

genotype, 17 years for D genotype, 24.6 years fgertotype §<0.001) (Figure 12).
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Figure 12. Expected time to HBsAg loss (years) during ET®atment in different HBV

genotypes



DISCUSSION

The use of the nucleos(t)ide-based therapy is &song for the treatment of patients with
chronic hepatitis B and HBeAg-negative. Howeveisaems difficult to identify reliable end-
points, because the HBsAg loss is a very rare oecae in these patients, and suppression of
HBV-DNA levels and ALT normalization are not usetol predict the long-term outcome of
treatment. The measurement of viral load is usefidssess the antiviral efficacy and observe
viral breakthrough, while the monitoring of gHBsAlgop during therapy with nucleos(t)ide
analogues should be used to predict the HBsAg Pr&szious studies examined the kinetics of
qHBsAg during the treatment with ETV: Fung et%bbserved that, despite the HBV-DNA
suppression, gqHBsAg decline was not significantiBeAg-positive patients and the decrease
at 12 or 24 weeks was not predictive of HBeAg semwersion; however, in this study the
analysis of HBV genotype was not performed. Lealét described a significant decrease of
gHBsAg with ETV and a correlation with seroconversin 57 patients with HBeAg; the mean
drop of qHBsAg after 2 years of therapy was 0.24 ld/mL in HBeAg-positive, 0.21 log
IU/mL in 38 HBeAg-negative patients; however, dltipnts were infected by genotype C.
Recently, in a study performed in this hospitatluding 48 HBeAg-negative patients with
chronic hepatitis B and D genotype, it was obsethad the median qHBsAg declines after 1
year and 2 years of treatment with ETV were 0.18 ar88 log IU/mL, respectivef§, A
different decline of gHBsAg between various HBV ggmes during the therapy with ETV has
not yet been described; though it seems possiblectrtain genotypes may differently behave
regarding to qHBsAg drop.

In this prospective study it was found for thetfitisne a significant difference among three
HBV genotypes concerning the gHBsAg decline dutimg ETV treatment. All patients were
HBeAg-negative, with homogeneous baseline chaiatts and virological response after 6
months of therapy, therefore the observed diffezenicqHBSAQ kinetics may depend, in our

opinion, on the different HBV genotypes. The fimgliabout the D genotype was similar to the



previous data of decline in our retrospective st@¥$2 and 0.38 log IU/mL after 1 and 2 years
vs 0.12, 0.43 and 0.65 log IU/mL after 1, 2 andearg, respectively. The HBV A genotype
showed in our patients the greatest qHBsAg decreéhae was most evident after 3 years of
treatment with 0.77 log IU/mL. This is an interagtinovelty, because in the previous studies it
has been described that A genotype showed a signify better response to IFN treatment
according to HBeAg, HBsAg loss and seroconversiommared to B, C and D genotypé®
and it is currently considered a predictor of resmmoto IFN in the HBeAg-positive patients.
Regarding the virological response, no evidences baen found about an hypothetical impact
of HBV genotype in the HBV-DNA suppression and Wiesistance to nucleos(t)ide analogues,
but otherwise different kinetics of gHBSAg werd Bbll reported.

The D genotype showed in our study a dual tremgHBsAg decline: after 6 months and 1 year
the gHBsAg drop was poor and similar to E genotype after 2 and 3 years it tended to reach
the A genotype with 0.43 and 0.65 log IU/mL, resjwety.

In the patients with E genotype the qHBsAg kinetas always lower than in A genotype, but
initially was close to D genotype; after 3 yearsEdfV treatment however, the E genotype
showed the smaller qHBsAg decline, despite the HBNA was persistently undetectable.
This is, to our knowledge, the first report of gH¥gskinetic in this genotype.

Up to now, we previously reported a poor respaias®EG-IFN in a small population of
patients with E genotype, that was one of the ilegsstigated, leading to the hypothesis of a
possible effect of viral genetics on the treatmesdponse, probably related to the recent
appearance of this genotype (derived from the A) the general African populatith(all
patients with E genotype were immigrant from cdraral west Africa).

The different kinetics of decline in qHBsAg detened symmetric prediction times of HBsAg
loss, resulting in 15.6 and 17 years for the A Bngenotypes, 24.6 years for the E genotype,

which requires the longer treatment period to aehidBsAg loss. The lack of patients with B



and C genotype in our population did not allow anptete comparison, which will be the aim
of further studies.

These data may be useful to clarify the perspedtiveng-term treatment with ETV in patients
with HBeAg-negative: in A and D genotypes the gobhchieving qHBsAg loss and HBV-
DNA undetectable, and therefore the possibility safspension of treatment, requires
approximately 15-17 years, while in the E genotyipe treatment duration has to be much
longer in order to obtain the same goal and, carsaty, the clinician should also evaluate the

adherence to the therapy and the risk of seledtimral resistances.
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