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Abstract

Hepatitis B virus (HBV) remains a global health problem and for this reason, prevention programs have been implementing and
new drug have been developed. Initially, we should evaluate the seriousness and duration of hepatitis B and then we should select the
appropriate treatment. The current treatment of chronic hepatitis B is with pharmaceutical agents. Drugs divided into two catego-
ries: (peg)-interferon and nucleos(t)ide analogues. On the one hand interferon offers finite treatment but it is correlated with serious
side effects. On the other side nucleoside analogues have weak side effects, but long-term treatment is required. From nucleos(t)ide
analogues, tenofovir and entecavir are usually used as first line treatment due to potently inhibition of HBV replication and high bar-
rier resistance. End points of treatment depend on case, if patient is HBeAg negative or positive and the degree of liver injury. Patients
should be monitored during treatment for the control of viral response and after treatment due to risk of viral relapse. Monitoring in-
cludes biochemical and virological control. Because patients with hepatitis B risk developing hepatocellular carcinoma, they should
be screened periodical with ultrasound and a-fetoprotein.
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AASLD: American Association for the Study of Liver Diseases; HBV: Hepatitis B Virus; HCC: Hepatocellular Carcinoma; EASL: European
Association for the Study of the Liver; GFR: Glomerular Filtration Rate; PAN: Polyarteritis Nodosa; TAF: Tenofovir Alafenamide; TDF: Te-
nofovir Disoproxil Fumarate; US: Ultrasound

Introduction

Hepatitis B is a worldwide health problem, especially in developing areas. It is estimated that one third of the population has serologi-
cal evidence of past or present infection with HBV, including 400 million who have chronic hepatitis B [1,2]. The prevalence of HBV infec-
tion varies notably around the world. So, in the highest endemic regions, such as East Asia, up to 8.6% of the population are chronic HBV
carriers, while in Western Europe and North America the incidence is below 2% [3]. The range of natural history and clinical manifesta-
tions is various and vacillating from inactive carrier state to progressive active hepatitis B, which may lead to hepatocellular carcinoma
and/or cirrhosis [4].

Clinical presentation and natural history

The spectrum of clinical manifestation of hepatitis B varies with the individual and the disease phase. During the acute HBV infection,
clinical symptoms range from malaise, nausea and arthralgias to fulminant hepatitis with jaundice, encephalopathy and coagulopathy.
During the chronic HBV infection, manifestations range from asymptomatic carrier to chronic hepatitis, cirrhosis and hepatocellular
carcinoma (HCC). Hepatitis B virus can be transmitted parenterally (blood, sperm, vaginal fluids) and perinatal. The incubation period

after HBV infection ranges from 60 to 150 days. Complete recovery and development of protective immunity occurs more than 95% of
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patients infected as adults or adolescent. However, the recovery rate drops to 30% for young children and is only 5% for newborns that
were infected during the birth from their mother [5]. The chronic hepatitis B infection can be divided into four phases: 1.“immune toler-
ant” phase, 2. HBeAg positive immune-active phase, 3. inactive chronic hepatitis B phase, 4. HBeAg-negative immune reactivation phase
(Figure 1) [6].

Immune tolerant phase

ALT normal HBV DNA-Markedly elevated HBeAg positive

h

HBeAg positive immune-active phase

ALT elevated HBEW DNA elevated HBeAg positive

o

Inactive chranic hepatitis B phase

ALT normal HBYW DNA low HBeAg negative
HBeAg -negative immune reactivation phase

ALT elevated HBV DNA elevated HBeAg negative

Figure 1: Phases of chronic hepatitis B infection.

Hepatitis B Virus

HBV is a partially double-stranded DNA virus that belongs to Hepadnaviridae family and is classified into eight genotypes (A-H) and
four main serotypes (adr, adw, ayr, ayw) based on antigenic epitopes, that present on its envelope proteins [7]. Genotyping tests are used
for HBeAg positive patients who may be treated with interferon, because genotypes A and B are associated with higher rates of serocon-
version, after therapy Pegylated-interferon [8,9]. On the other hand, genotype C is associated with an increased risk for HCC development

[10]. Also, it seems that genotypes influence the progress of disease [11].

Diagnosis

People, who have a high risk for HBV infection, should be tested (Table 1) and then if there is HBV infection, it is important to distin-
guish between acute and chronic. Patients, who are infected with acute hepatitis B test positive for: HBsAg and IgM-HBc or only IgM-HBc
(window phase) for less than 6 months. Persons, who are positive for HBsAg for more than 6 months, are chronically infected with HBV.
The detection of Hepatitis B e antigen (HBeAg) is associated strongly with active viral replication and high infectivity. The persons who

are seronegative for HBsAg, HBsAb and anti-HBc should be vaccinated.
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Persons who should be tested

Persons born in high or immediate endemic areas
Persons with chronically elevated aminotransferases
Person needing immunosuppressive therapy or chemotherapy
Men who have sex with men
Persons with multiple sexual partners or history of sexual transmitted disease
Inmates of correctional facilities
Persons who have ever use injecting drugs
Dialysis patient
Persons who are exposed to blood and body fluids on the job
HIV or HCV-infected individuals

Pregnant women

Family members, household members and sexual contacts of HBV infected persons.

Table 1: People, who should be tested for HBV according to American Association for the Study of Liver Diseases (AASLD)
practice guidelines of Hepatitis B Virus.

Management of HBV infection
Acute HBV infection

Clinical symptoms of acute HBV infection can include malaise, nausea, vomiting, arthralgias and rash. In the majority of patients with
acute HBV, the infection resolves spontaneously and the treatment is only supportive. However, approximately 1% of patients with acute
HBV develop acute liver failure and can be recognized by liver synthetic dysfunction, encephalopathy and renal impairment. Severe hepa-
titis performs two of the following three criteria: 1. hepatic encephalopathy, 2. serum bilirubin > 10 mgr/dL, 3. INR > 1.6. In this setting,
the use of an oral anti-HBV agent may be useful [12,13]. Lamivudine is preferred [14] contrary to interferon, which is contraindicated. The

duration of treatment is not defined. As a general rule, treatment should be continued until HBsAg seroconversion [15].

Chronic HBV infection

The clinical image of patients with chronic HBV infection is varied and ranges from asymptomatic periods to jaundice and signs of liver

failure. The initial assessment of chronic hepatitis B should include:

1. Estimation of the liver injury and function: that includes measurement biochemical markers such as AST, ALT, alkaline phospha-
tase, LDH, y-GT, total and direct bilirubin, INR, serum albumin and globulins, blood counts.

2. Specific HBV testing: HBsAg, HBeAg, anti-HBeAg and serum HBV DNA levels: Measurement of HBV DNA is essential for the diag-
nosis, indication to therapy and follow-up of patients. Usually, the HBV DNA test is performed using PCR.

3. Exclusion of other causes of liver disease such as, steatohepatitis, alcoholic hepatitis (history consumption of alcohol, AST/ALT>2),
autoimmune hepatitis (control auto-antibodies ASMA, ANCA, anti-LKM, anti-SLA) hemochromatosis and search for co-infection with
hepatitis A virus (anti-HAV), hepatitis C virus (anti-HCV) and/or HIV. Patients, who are anti-HAV negative, should be vaccinated. US
should be confirmed to exclude the existence of HCC.

4. Assessment of liver necroinflammation and fibrosis: The assessment usually includes biopsy which is an invasive method, but
non-invasive methods have been developed (elastography and serum markers) [16,17].

5. Assessment of other diseases which can influence treatment decision: Such as heart failure and renal dysfunction. Also, search
for extra hepatic manifestations of HBV infection such as rash, arthritis and polyarteritis nodosa.

6. Research for hepatitis D virus: (HDV) co-infection (control anti-HDV). HDV is a RNA virus that is dependent on the present of

HBsAg for replication. Two types of HDV infection are possible: coprimary infection and superinfection. It is estimated that 5% of HBV
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carriers worldwide be infected with HDV [18]. Co-infection of HDV increases the risk for severe liver injury and eventually development

of hepatocellular carcinoma [19,20].

Treatment
Who should be treated

The goal of treatment of chronic hepatitis B is to prevent the progression of liver disease and reduction of the risk of transmission and

complications (cirrhosis and hepatocellular carcinoma).

According to guidelines from the European Association for the Study of the Live (EASL), patients with chronic HBV infection should be
treated when they fulfill the below qualifications [21]:

e HBV DNA levels > 2000 [U/ml Serum ALT> upper limit of normal (ULN) Biopsy shows moderate/severe necroinflammation or fibro-
sis

e  Patients with HBV DNA > 20,000 IU/ml and ALT > 2xULN should start treatment regardless of the degree of fibrosis

e  Patients with ALT > x2 ULN and serum HBV DNA > 20,000 IU/ml indicated for treatment regardless of the degree of fibrosis.

e  Patients with HBeAg -positive chronic HBV infection, defined by persistently normal ALT and high HBV-DNA levels should be treated
if they are older than 30 years old regardless of the degree of liver histological lesions.

e Patients with compensated cirrhosis and detectable HBV DNA must be considered for treatment even ALT levels are normal.

e  Patients with decompensated cirrhosis, with any detectable HBV DNA and regardless of ALT levels require treatment with nucleo-
sides analogue. Interferon is contraindicated.

e  Treatment is indicated in HBsAg-positive patients who receive chemotherapy or immunosuppressive (prevention of reactivation).

e  Patients with family history of HCC or cirrhosis and extrahepatic manifestations can be treated even if typical treatment indications

are not fulfilled.

Available drugs

Current therapy of chronic HBV infection includes eight drugs. Seven of these agents are nucleos(t)ide analogs (lamivudine, telbivu-
dine, emtricitabine, entecavir, adefovir, tenofovir disoproxil fumarate, tenofovir alafenamide) that inhibit the viral DNA polymerase to

suppress HBV replication. The other two are interferon and pegylated-interferon.

Interferon: The major advantages of (PEG)-interferon compare to the other drugs (NAs) are the absence of resistance, its finite dura-
tion and higher rates of anti-HBe and anti-HBs seroconversion with 12 months of therapy. Approximately 30% and 40% of patients with
HBeAg-positive and HBeAg-negative respectively, have a sustained virological response after treatment with pegylated interferon a-2a
[22]. The main disadvantages are side effects and subcutaneous injections. Side effects include flu-like symptoms such as malaise and
fatigue, hematological effects (neutropenia, thrombocytopenia and anemia), exacerbations of autoimmune diseases and psychological
effects such as depression and psychosis. Furthermore, interferon therapy have correlated with thyroid dysfunction, with both hypothy-
roidism and hyperthyroidism occurring. So, thyroid hormones should be monitored during therapy [23]. Additional, interferon must not
be used in patient with decompensated cirrhosis because of risk to occur bacterial infection and exacerbation of liver disease. Interferon

is contraindicated during pregnancy, in patients with severe depression and autoimmune diseases.

The most important pretreatment predictors of response to (PEG) - interferon are high pretreatment ALT levels (> 2 ULN), low HBV
DNA and genotypes A and B compare to genotypes C and D. On treatment predictor of HBeAg seroconversion is significant decrease of
HBV DNA levels < 20,000 IU/ml in 24 weeks [24]. Also, response is most likely to occur when the reduction of HBV DNA is related with
ALT flares [25].

Usually, interferon is used in patients with well compensated liver disease, who desire a short-term therapy and not planning to get

pregnant.
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The main advantages of nucleos(t)ides analogues treatment are oral administration, potent antiviral effect and good tolerance. On the

other hand, indefinite duration and risk of resistance are the most important disadvantages.

Lamivudine is a reverse transcriptase inhibitor and it is an inexpensive drug compared to the other NAs. It is a potent inhibitor of
HBV replication and HbeAg seroconversion occurs approximately in 20% of patients at first year [26]. In addition, lamivudine benefits
HBeAg negative patients as it is related with high biological and virological response rates [27]. However, lamivudine is associated with a
high incidence of resistance and this is the main disadvantage of lamivudine. The rate of resistance is approximately 24% after 1 year of
lamivudine therapy and increases to 70% after 5 years. Lamivudine is also used for treatment of HIV but at higher doses. So, lamivudine

is only used in persons who require only short-term therapy. For example, patients who undergo chemotherapy.

Adefovir is an inhibitor of reverse transcriptase and DNA polymerase. Adefovir resistance occurs less frequently than lamivudine and
the rate of resistance is null at first year of therapy but it is 29% after 5 years of treatment. Adefovir is effective in patients with lamivu-
dine-resistance HBV as well as wild type HBV. Adefovir benefits HBeAg-positive patients as HBeAg seroconversion is approximately 50%
after five year of therapy [28]. Furthermore, adefovir is also beneficial in patients with HBeAg negative as it helps histological improve-
ment, normalization of ALT and decrease serum HBV DNA [29]. However, adefovir at high doses (30 mg) is nephrotoxic and this reduces
its efficacy because of using lower doses (10 mg). The monitoring of kidney function is necessary [30]. Also, adefovir can cause Fanconi’s

syndrome and hypophosphatemic osteomalacia [31].

Telbivudine is an inhibitor of HBV replication and it is more expensive than lamivudine. Telbivudine is associated with a high inci-
dence of resistance that is lower compared to lamivudine resistance. The rate of resistance is approximately 5% after 1 year of telbivudine
treatment and increases to 11% after 2 years. Telbivudine is more effective than lamivudine in treatment-naive patients [32]. Additional,
it seems that telbivudine plays a renoprotective role [33] and is associated with improvements in glomerular filtration rate (GFR) that are
maintained for up to 6 years [34]. So, the drug may be a safe and beneficial therapy in patients with preexisting renal impairment. On the
other hand, elevations of creatine kinase are common side effect of therapy with telbivudine, while myopathy and peripheral neuropathy
are rare [35,36].

Entecavir is a selective guanosine analogue and it has low rate of drug resistance (1 - 2% after five years treatment) [37]. Entecavir
is a significant inhibitor of HBV replication in naive-patients, as HBeAg seroconversion is 21% after one year and 40% after three year
of treatment [38]. Entecavir is less effective in patients with developed lamivudine-resistance. Thus, it is not recommended as first line
treatment in these patients as 8% of them, when treated with entecavir, develop entecavir resistance during the first year [39]. Entecavir
can be used as first line therapy especially in patients with decompensated cirrhosis due to high barrier resistance, its safety and potent

activity. Lactic acidosis has been reported during treatment with entecavir and it seems to be associated with impaired liver function [40].

Tenofovir disoproxil fumarate (TDF) is a reverse transcriptase inhibitor and is molecular similar to adefovir. It is less nephrotoxic
than adefovir, so the approved dose is higher. Tenofovir is more effective than adefovir both in HBeAg-positive patients and in HBeAg-
negative patients [41]. TDF appears a high barrier to resistance, no cases reported after 5 years of treatment [42]. In cases of resistance
to lamivudine, telbivudine and entecavir, TDF should be first-line therapy. TDF is also licensed for HIV infection and can be used in HBV/
HIV co-infection. The nephrotoxicity is the major side effect of tenofovir and tubular damage and Fanconi syndrome have been observed
[43]. Secondary osteomalacia due to Fanconi’s syndrome is very rare [44]. [t seems that nephrotoxicity is more frequent in persons with
HIV co-infection. Monitoring GFR and phosphate levels are recommended for all patients treated with tenofovir, every 3 months during

the first year and every six months thereafter [45].

Tenofovir alafenamide (TAF) is nucleotide reverse transcriptase inhibitor and an oral prodrug of TDF. TAF compared to TDF presents
higher cell delivery to the hepatocytes but less systematic exposure. Also, clinical demonstrated TAF was not inferior to achieving viral
suppression and has better renal and bone safety compared to TDF [46]. TAF is not required dose adjustments in patients until eGFR is <

15 ml/min who are not receiving haemodialysis [47].
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Emtricitabine is a nucleoside reverse transcriptase inhibitor and is activity against HIV and HBV. Emtricitabine is approved for treat-
ment of HIV infection [Emtriva (only Emtricitabine) and Truvada (in combination with tenofovir)], but it is not approved by FDA for HBV
treatment. In patients with chronic hepatitis B, Emtricitabine contributes to histological, virological and biochemical improvement [48].

Side effects are infrequent (1%) and the most severe reported are lactic acidosis and hepatic failure [49].

Alcohol consumption should be avoided, because use of alcohol has been associated with deterioration of liver disease [50]. In naive-
patients with chronic hepatitis B, TAF, TDF and entecavir recommend be used as first line therapy because they are effective and have null

(TAF, TDF) or low (entecavir) rates of resistance development.

Nucleosides analogue can be used during pregnancy. Tenofovir and telbivudine are characterized by FDA as pregnancy category B, and

lamivudine, adefovir and entecavir as pregnancy category C.

The most important predictors of response to NAs are low viral load (HBV DNA < 2 X 108 IU/ml), high serum ALT levels and histological
activity. HBV genotypes are not associated with NAs efficacy [51,52].

Treatment monitoring

On treatment: Patients, who treated with standard or pegylated interferon, should be monitored monthly with full blood counts and thy-
roid function (TSH) should be assessed every 12 weeks. At first year, HBV DNA should be measured every 12 weeks and every 24 weeks
after one year. If patients are HBeAg positive, HBeAg and anti-HBeAg should be assessed every 24 weeks and when patients are HBeAg
negative, HBsAg should be estimated every 24 to 48 weeks. ALT should be monitored every 12 weeks. Patients receiving adefovir or TDF

should undergo periodical renal function monitoring.

After treatment: Initial, HBV DNA should be measured every 4 to 12 weeks and every 24 to 48 weeks after one year. If patients are HBeAg
positive, HBeAg and anti-HBeAg should be assessed every 4 to 12 weeks at first year and then every 24 to 48 weeks, and when patients

are HBeAg negative, HBsAg should be estimated every 48weeks. ALT should be monitored every 12 weeks.

Treatment endpoints

The ideal endpoint is HBsAg loss but it is difficult to achieve with available drugs, so more realistic endpoints are established such as

HBeAg seroconversion and biochemical response. The endpoints differ depending on the case.

HBeAg positive chronic hepatitis B: Endpoint is HBeAg seroconversion, undetectable HBV DNA (< 2000 IU/ml) and normal ALT. Treat-
ment NAs should be continued for at least 12 months after HBeAg seroconversion. Monitoring is essential after stop of treatment due to

viral relapse

HBeAg negative chronic hepatitis B: The endpoint of therapy is not defined. Treatment should be continued until achieving HBsAg
clearance. The most patients will need long term treatment because seroconversion HBsAg occurs infrequently. In HBeAg patients, teno-
fovir or entecavir are preferred because they have high barrier resistance. Adefovir is not preferred due to weak antiviral activity and low

barrier of resistance after first year.

Compensated cirrhosis: These patients require long-term therapy. Treatment assists to prevent HCC and liver failure. Tenofovir and

entecavir are preferred due to minimal risk of resistance. Interferon should not be used due to risk of bacteraemic infection.
Decompensated cirrhosis: Long-term treatment is recommended [53].

HCC screening

According to AASLD Practice Guidelines, ultrasound examination is recommended every 6 - 12 months and a-FP when US is not avail-

able in patients at high risk for HCC, regardless of the outcome of treatment [54]. HBV carriers at high risk are: persons with cirrhosis,
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persons with a family history of HCC, any carrier over 40 years with persistent or intermittent ALT elevation and/or high HBV DNA level
> 2000 IU/ml, African over 20 years age, Asian men over 40 years, Asian women over 50 years, patients with coexistence of HIV and pa-

tients waiting liver transplantation [54].

Prevention

There are two types prophylaxis against HBV infection: active immunization using inactive HBsAg (HBV vaccine) and passive immuni-
zation using hepatitis B immune globulin (HBIG). The vaccine contains only HBsAg and anti-HBs is the sole produced antibody. The hepa-
titis B vaccine is recommended for all infants and children up to age 18 years. The typical vaccination schedule is 0, 1 and 6 months. The
most frequently reported side effects are pain at the injection side and fever. Also, the following persons, who are negative for anti-HBc
and HBsAg, should be vaccinated: people with HIV infection, health care workers, people with chronic liver and kidney disease, persons
with traveling to a country with moderate to high rates of HBV, sexual and household contacts of carriers [55]. Newborns of HBsAg posi-
tive mothers should be receive immunoprophylaxis (HBIG) and hepatitis B vaccine series should immediately initiate after delivery. This

intervention is 95% efficacious in the prevention of perinatal transmission [56].
Extrahepatic manifestations

Several extrahepatic manifestations have been observed in patients with HBV infection and the cause of these manifestations is be-

lieved to base on immune complex reactions.

Arthritis-Dermatitis: The serum-sickness like “arthritis-dermatitis” is seen approximately in one third of patients with HBV infection
[57] and should be distinguished from other disorders, because immunosuppressive therapy, if mistakenly given, can cause increases in

viral replication and withdrawal of these agents has been associated with exacerbation of hepatitis [58].

Polyarteritis Nodosa: Polyarteritis Nodosa (PAN) is a necrotizing vasculitis of medium sized and small arteries. Clinical symptoms in-
clude abdominal pain, fever, arthralgias, hypertension and rash. About 30% of patients with PAN have chronic hepatitis B, but less than
1% with chronic HBV infection have PAN [59]. The patients with HBV-related PAN should receive plasmapheresis and antiviral therapy
[60].

Glomerulonephritis: Infection with HBV may be associated with several types of glomerular lesions. The most common are membranous
glomerulonephritis and membranoproliferative glomerulonephritis and the most common manifestation is the nephrotic syndrome. The
diagnosis is established by presence of an immune complex glomerulonephritis and immunohistochemical localization of 1 or more HBV
antigens in a renal biopsy specimen [61]. Lamivudine treatment has associated with improved renal function and reduction in protein-

uria [62]. Therapy with interferon-a has also resulted in long term remission in liver disease [63].

Cryoglobulinemia: Type Il and type III cryoglobulinemia have associated with HBV infection, but the association is very rare. Cryoglobu-
linemia may be asymptomatic or manifest as vasculitis (porpura, arthralgias and impairment of kidneys and peripheral nervous system).

Nucleos(t)ide analogs have been used successfully in treatment of HBV-related cryoglobulemic vasculitis [64].

Conclusion

In conclusion, despite the development of vaccines and implementation of programs prevention, hepatitis B remains a worldwide
health problem. The treatment of chronic hepatitis B is difficult, long term and requires the correct choice of antiviral agent, depending
on the level of liver and renal function and the tolerance of possible side effects. Furthermore, patient should be monitored for adverse

effects of therapy and possible extrahepatic manifestations of HBV infection.
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