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Abstract

Viral hepatitis can result in important morbidity and mortality, with its impact on
health conditioned by the specific type of hepatitis, the geographical region of
presentation and the development and access to new drugs, among other factors.
Most acute presentation forms are self-limiting and may even go unnoticed, with
just a small percentage of cases leading to acute liver failure that may necessitate
transplantation or even cause the death of the patient. However, when they
become chronic, as in the case of hepatitis B virus and C virus, unless they are
diagnosed and treated adequately they may have severe consequences, like
cirrhosis or hepatocarcinoma. Understanding of the mechanisms of transmission,
the pathogenesis, the presence of vaccinations and the development over recent
years of new highly-efficient, potent drugs have meant that we are now faced
with a new scenario in the management of viral hepatitis, particularly hepatitis B
virus and hepatitis C virus. The spectacular advances in hepatitis C virus
treatment have led the World Health Organization to propose the objective of its
eradication by 2030. The key aspect to achieving this goal is to ensure that these
treatments reach all the more vulnerable population groups, in whom the
different types of viral hepatitis have a high prevalence and constitute a niche that
may perpetuate infection and hinder its eradication. Accordingly, micro-
elimination programs assume special relevance at the present time.

Key Words: Hepatitis viral; Diagnosis; Treatment; Trend direct-acting antivirals; Inhibiting
recycling

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The various types of viral hepatitis have resulted in important morbidity and
mortality for many years. Greater understanding of the pathogenesis as well as the
development of new, highly efficient potent drugs mean that we are now faced with a
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new scenario in the approach to this disease. The spectacular advances in the treatment
of hepatitis C virus suggest that we can now envisage its eradication, as put forward by
the World Health Organization in its objectives for 2030. In this review we comment
on the current situation, recent advances and future perspectives in the approach to
viral hepatitis.

Citation: Gonzalez Grande R, Santaella Leiva I, Lopez Ortega S, Jiménez Pérez M. Present and
future management of viral hepatitis. World J Gastroenterol 2021; 27(47): 8081-8102

URL: https://www.wjgnet.com/1007-9327/full/v27/i47/8081.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i47.8081

INTRODUCTION

The different types of viral hepatitis have resulted in great morbidity and mortality for
many years, due to their high prevalence and incidence. Over 250 million persons are
estimated to be infected with the chronic form of hepatitis B virus (HBV)[1] and more
than 70 million with hepatitis C virus (HCV) in the world[2], with over 1.5 million
cases of hepatitis A virus (HAV) annually[3], resulting largely from lack of
understanding of the pathogenesis and the absence of efficient treatment. Fortunately,
recent years have seen important advances, impacting very positively on the
management of viral hepatitis, particularly HBV and HCV, though not so much on
HAYV and hepatitis E virus (HEV). The most significant advances in these latter types
have occurred in aspects related to the epidemiology and pathogenesis of the disease
rather than in therapy. Studies have shown new pathways of contagion, especially
relevant in certain population groups, such as patients with previous liver disease or
immunosuppressed patients where the disease can have an important impact on
morbidity and mortality.

Advances in understanding the viral pathogenesis of HBV have mainly led to the
development of new drugs. The first significant leap occurred in the early 2000s, with
the appearance of the first nucleotide/nucleoside analogs (NAs), like lamivudine and
adefovir dipivoxil. This enabled oral treatment, with great efficacy, safety and
tolerability, though limited by the development of resistance that was overcome later
with entecavir (ETV) and tenofovir (TDF), which have a high genetic barrier to the
development of resistance[4,5]. Nevertheless, limitations still exist, such as the need to
administer the drugs for prolonged periods of time, even indefinitely, and they are
unable to inhibit the initial formation of covalently closed circular (ccc)DNA in newly
infected hepatocytes[6]. This has resulted in current research aimed at developing
drugs to inhibit viral replication, acting on any of the various phases of the virus
replication cycle[7]. Indirectly, all these advances can have a positive impact on the
management of hepatitis D virus (HDV), which whilst being a defective virus that
needs the presence of the B virus for reproduction, can nevertheless cause important
morbidity and mortality. The first drug for the specific treatment of HDV, bulevirtide,
has recently been commercialized in Europe[8].

It is, though, in HCV where the most significant advances have been made, with a
major impact on improving health over recent years. The efficacy, safety, tolerability
and ease of use in clinical practice of direct-acting antivirals (DAA) have led to the
rarely seen possibility of eradicating HCV by 2030, an objective set by the World
Health Organization[9]. This requires establishing such strategies as micro-elimination
based on the active search for cases, simplification of the diagnosis and treatment and
prevention measures.

HEPATITIS A

The classic transmission of HAV and HEYV is the fecal-oral route, more prevalent in
underdeveloped countries. However, new pathways of infection are leading to
changes in the epidemiology of these infections. This, perhaps, is the main novelty.
HAV is one of the most common infectious etiologies of acute hepatitis worldwide.
Transmission is fecal-oral via contaminated food or water, either person-to-person or
through consumption of contaminated products. Globally, an estimated 1.5 million
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cases occur each year[3]. There are areas of high, intermediate, low and very low HAV
endemicity. In low- and middle-income countries, where sanitation and hygiene
practices are poor, infection is common, and most children (90%) have it before the age
of 10, very often without presenting symptoms[10]. Epidemics are rare because older
children and adults are usually immunized. In these areas, morbidity rates are low,
and epidemic outbreaks rarely occur. In developed countries with good sanitation and
hygiene, infection rates are low. This translates into an increase in the number of
adults who have never been infected and who lack immunity. This increased vulner-
ability in older age groups can increase morbidity rates and lead to large epidemic
outbreaks. The disease can appear in adolescents and adults from high-risk groups,
such as injection drug users, men who have homosexual relationships and people who
travel to high-endemic areas[11]. Because of the epidemiological features, vaccination
is recommended for persons at increased risk of exposure or those liable to fulminant
disease[12].

Infection with HAV has a mild or asymptomatic course, although it may be
fulminant in < 1% of cases[13], especially in patients with chronic hepatitis[14]. Other
atypical presentations of acute hepatitis A include renal insufficiency and relapsing
hepatitis, which are usually present in children. Some individuals experience a
prolonged hepatitis (5.8%)[15] or cholestasis (6.8%), especially in the presence of HBV
[16]. HAV accounts for 0.35% of cases of acute liver failure. HAV-related acute liver
failure has a spontaneous resolution rate of 70%, with the remaining 30% requiring a
liver transplant[17]. Several studies have concluded that acute HAV infection
superimposed on chronic liver disease is associated with greater disease severity and a
higher case fatality rate, though a review of the literature failed to delineate a
relationship between nonalcoholic steatohepatitis and HAV-induced liver failure[18].

Regarding the prevention of hepatitis A, in addition to improving hygiene and
sanitation measures, the vaccine is a very effective tool, already being included in the
vaccination calendar from childhood in many countries. Nonvaccinated persons
traveling to HAV endemic regions should receive a single vaccine dose before
departure[19]. The Centers for Disease Control and Prevention 2020 Advisory
Committee on Immunization Practices recommends vaccination for all children aged 1
year and older, men who have sex with men and people who use injection and
noninjection drugs, have occupational risk factors for infection, travel to high-
endemicity areas or those who have an increased risk for complications from hepatitis
A (e.g., chronic liver disease, HIV infection and pregnancy, if at risk for infection)[12].
There are currently two single-antigen inactivated vaccines: Havrix™ (GlaxoS-
mithKline Biologicals, Rixenstar, Belgium) and Vaqta™ (Merck and Co. Inc., West
Point, PA, United States)[20,21]. A live-attenuated vaccine is licensed in China and has
been used extensively there[22]. A combination HAV-HBV vaccine (Twinrix™;
GlaxoSmithKline Biologicals) has been available since 1996[23]. Havrix and Vaqta
vaccines are given in a two-dose schedule 6 mo apart and Twinrix requires three
doses. The efficacy of both live-attenuated and inactivated vaccines has been well
established in a large review[24]. A special population concerns HIV-positive
individuals who are susceptible to HAV infection, especially because of low adherence
to recommended HAV vaccination. In this group a double dose of HAV vaccination is
recommended as an additional dose of the HAV vaccine may improve serological
responses and durability of seroprotection. Immunoglobulin is used for both pre-
exposure and postexposure prophylaxis of HAV. Children younger than 12-mo-old,
adults with chronic liver disease, adults older than 40 years of age and immunocom-
promised individuals should receive a single dose of intramuscular HAV immuno-
globulin (0.1 mL/kg) in addition to the vaccine, unless either is contraindicated.

HEPATITIS E

Infection with HEV, traditionally considered a disease almost exclusive to developing
countries, has now become a worldwide health problem and is endemic in most
developed countries, behaving largely as a zoonosis[25]. HEV infection has a greater
clinical impact in populations that are especially vulnerable, such as immunosup-
pressed patients, pregnant women and patients with underlying liver disease. Thus,
the World Health Organization places it as one of the leading causes of death from
acute viral hepatitis worldwide[26].

HEV is divided into four species (A-D). Genotypes 1 and 2 of species A are strains
that infect humans, whereas genotypes 3 and 4 are zoonoses transmitted via meat
consumption or direct contact with affected animals, mainly pigs or wild boar, or
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through contaminated blood products[25]. In recent years, particularly in Eastern
China, genotype 1 has become much less common, and genotype 4 is now the most
common genotype found in human cases[27]. Person-to-person transmission (direct
contact) of HEV is very inefficient; study of close contacts of a case with documented
HEV infection is not recommended, unless they share exposure to the source of
infection. Blood transfusion is another route of transmission of HEV. The European
Association for the Study of the Liver (EASL) recommends that blood donor services
screen blood donors for HEV, given the results of local risk-assessment and cost-effect-
iveness studies[25].

In most cases, contact with HEV produces an asymptomatic infection, mainly in
women and young people, followed by spontaneous clearance of the virus[28]. HEV
infection during pregnancy (particularly during the third trimester) has been
associated with a poorer prognosis compared to other types of viral hepatitis[29-31].
Maternal mortality rates of up to 30% have been observed in different outbreaks of
hepatitis due to HEV in pregnant women[32]. The mortality associated with HEV
infection during pregnancy is usually associated with infections caused by genotypes 1
and 2, though cases caused by other genotypes have been reported[33,34].

Although the development of acute liver failure in the course of HEV infection is
rare (0.5%-4.0%)[35], in some series, like that of Crossan et al[36], HEV accounts for
5.0% of all cases of acute liver failure. Those most at risk of developing acute liver
failure in the course of HEV are pregnant women and patients with underlying
chronic liver disease[37,38]. Because of this, all patients with acute hepatitis, acute liver
failure or patients with decompensation of chronic liver disease should be screened for
HEYV infection. Although isolated cases of chronic HEV infection have been reported in
immunocompetent patients[39,40], chronic HEV infection occurs primarily in
immunocompromised patients, such as solid organ transplant recipients. In transplant
patients, HEV infection may progress to chronicity in up to 2/3 of cases, with rapid
progression of fibrosis and development of liver cirrhosis in up to 10% of patients[41,
42]. Cases have even been reported of retransplantation in liver transplant recipients
due to acute liver failure from HEV[43]. Extrahepatic clinical manifestations have been
described in 2%-5% of patients with HEV infection[44]. In most of these the liver
manifestations of the infection are mild or absent. The EASL recommends HEV testing,
irrespective of liver function test results, in patients presenting with neuralgic
amyotrophy or Guillain-Barré syndrome and suggests HEV testing for patients with
encephalitis/ myelitis. Patients with proteinuria should also be tested[25]. Currently,
screening for HEV is advisable in all cases of acute hepatitis, including those with
suspected drug-induced liver injury, particularly if patients have higher levels of
transaminases, in which case acute HEV must be excluded systematically[45,46].

The diagnosis of HEV is based on a combination of serology and nucleic acid
amplification techniques. Serological techniques measure anti-HEV immunoglobulin
(Ig)M antibodies, which appear approximately 4 wk after contact and may be detected
up to 6 mo later, and IgG antibodies, which appear at about the same time as the IgM
antibodies but can last for years. The presence of anti-HEV IgM indicates recent or
acute infection while anti-HEV IgG antibodies indicate recent or past infection. HEV-
RNA can be detected in blood or stool 3 wk after infection and a short time before the
appearance of symptoms and constitute the gold standard for the diagnosis of active
infection[47]. The combination of serological studies and the determination of HEV-
RNA increases the diagnostic specificity and sensitivity, though it is necessary to bear
in mind the immune-competence status of the patient. The World Health Organization
recommends first determining the presence of anti-HEV IgM antibodies and then
determining the viral RNA. In immunocompromised patients, the antibodies may be
negative despite HEV infection, and it is necessary to determine the viral load in all
cases[48].

Current recommendations for the management of HEV infection

Acute HEV infection does not usually require antiviral therapy. In almost all cases
HEYV infection clears spontaneously. Nevertheless, early therapy of acute hepatitis E
may shorten the course of the disease and reduce overall morbidity. Ribavirin
treatment may be considered in cases of severe acute hepatitis E or acute-on-chronic
liver failure. Corticosteroids have been used in individual cases of acute liver failure,
with improvement of liver function parameters. However, there is currently
insufficient evidence to support general corticosteroid treatment in this group of
patients[25]. The group of transplant patients deserves special mention. The EASL
recommends decreasing immunosuppression at diagnosis of chronic HEV infection in
solid organ transplant recipients, if possible.
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In patients with persisting HEV replication 3 mo after detection of HEV RNA, the
EASL recommends ribavirin monotherapy for a duration of 12 wk. Trials have been
attempted with other treatments, such as sofosbuvir in single therapy, which showed
antiviral activity in vitro but was unable to inhibit viral replication in a phase II pilot
trial[49].

Future directions
As no efficient therapy exists for HEV and bearing in mind it can cause severe
symptoms of liver disease, efforts should be focused on both prevention and research.

Preventive measures should be enhanced in immunosuppressed patients and
pregnant women; indeed, screening for HEV should be recommended in pregnant
women in endemic areas like Sub-Saharan Africa or South Asia, assessing the risk
individually[47].

A few European countries are starting to include HEV-RNA detection in all blood
donor samples, although certain aspects remain to be clarified, such as the most cost-
effective technique for detection, the viral load considered infectious or the character-
istics of the recipient that may influence transmission of the disease, such as the
immunological status[50].

Currently only one vaccine against HEV is available (Helicon®). It has only received
approval in China, though other vaccines are under development. The availability of

an effective vaccine would constitute the main tool for prevention of HEV infection
[51].

HEPATITIS B

The discovery of the Australia antigen in 1965 represented a starting point for the
identification of the virus of hepatitis B, and for many it was the beginning of the
study of viral hepatitis. Infection with HBV is now a public health problem
worldwide, with some 257 million persons with chronic infection. HBV is endemic in
the western Pacific and Africa, with over 6% of the population infected[1]. In Europe
and the United States the prevalence is < 2%, mostly related with immigration[52].
HBYV is the leading cause of morbidity and mortality of hepatic origin in the world,
despite the availability of an efficient vaccine.

Vaccination programs, control of blood donations, serologic evaluation in pregnant
women or persons at risk and activities aimed at limiting invasive procedures in
unsafe conditions have all reduced the incidence of acute HBV hepatitis and the
prevalence of the disease. Although population screening is not indicated, screening is
recommended in risk groups, partners of infected patients and before receiving
oncologic or immunosuppressive therapy[1].

The spectrum of the disease varies greatly, from inactive carriers to others with
hepatic cirrhosis and hepatocarcinoma. The natural history of hepatitis B is a dynamic
process, traditionally differentiated into five phases depending on virus and host
factors, like the state of immune competence, age or the duration of the infection[53].
They are classified according to liver inflammation data (alanine aminotransferase),
determination of hepatitis B e antigen (HBeAg) and quantification of the HBV-DNA
viral load[54] as well as estimation of the degree of hepatic fibrosis, usually by
elastography([1] as serologic indices of fibrosis have proven less precise in HBV
infection[55]. These phases have traditionally been called: immune-tolerant phase,
immune-elimination phase, immune-reactive phase, asymptomatic carrier and
hepatitis B surface antigen (HBsAg)-negative phase[56]. However, these phases have
recently been grouped into two large spectra of chronic forms of hepatitis B with a
new nomenclature: infection, encompassing the phases of immune tolerance and
inactive carrier, both HBeAg positive and negative vs hepatitis, which refers to the
phases in which there exists liver damage, the immune-reactive and the immune-
elimination phases[57].

Awareness of the particular phase in which the patient is and its clinical context is
important to identify the need to start treatment and the choice of the most suitable
antiviral agent.

Evolution of antiviral treatment: Nucleos(t)ide analogs

Initially it was thought that a depressed immune response was involved in the
development of HBV infection. Thus, in 1986 the first clinical trial of interferon (IFN)
alpha was published, though the findings showed a poor and transitory response[58].
Currently, in its pegylated form it is still considered a treatment option, with PEGa2a
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being easier to use and having greater efficacy and tolerance[59]. The duration of
treatment with this drug is usually finite and the loss of HBsAg and conversion of
HBeAg is relevant, although the drug has to be injected and is contraindicated in
patients with decompensated cirrhosis, autoimmune disorders, pregnant women and
severe depression or psychosis[59].

Later studies on the lifecycle of HBV found that the virus uses an inverse
transcriptase for replication. Accordingly, the use of drugs already available for
another virus (HIV), NAs with an inhibitory action on this polymerase, were
considered[60]. In 1998 the Food and Drug Administration approved the use of
lamivudine for the treatment of HBV, controlling viral replication with oral treatment
[61]. Lamivudine was the sole oral treatment available until 2002, when other NAs
have become available: adefovir dipivoxil, ETV, telbivudine, TDF in 2008[4] and
tenofovir alafenamide in 2016, though the latter is not available in all countries.

All these analogs reduce the pool of cccDNA in infected hepatocytes, inhibiting
recycling of the nucleocapsids, although they are unable to inhibit the initial formation
of cccDNA in newly infected hepatocytes[5]. The main advantages of NAs are that
they can be given orally, they have great efficacy in inhibition of HBV replication (very
similar among all of them), their long-term safety and the possibility of being used in
any situation, including decompensated cirrhosis and liver transplant or even during
pregnancy in the case of TDF. They achieve a virological and biochemical response
greater than 95%, for both positive and negative HBeAg[62,63]. The main incon-
venience is that they require continued administration over time, even indefinitely, in
order to maintain inhibition of viral replication and their efficacy can be affected by the
development of drug-resistant HBV mutations, sometimes with cross-resistance
between them, partly related with lack of adherence to treatments that have to be
taken for such long periods.

Lamivudine is the drug that has shown the greatest risk for development of
resistance as compared with the other antiviral agents currently available, particularly
ETV and TDF[64]. The main clinical practice guidelines therefore recommend
treatment with ETV, TDF and tenofovir alafenami given their great antiviral potency
and high resistance barrier[65]. The choice of one over the other treatment strategy
depends of the stage of liver fibrosis, virological factors and the comorbidity profile of
the patient, in addition to personal preferences[14]. Tenofovir alafenami is a prodrug
that reaches higher levels of TDF than TDF in the hepatocytes with lower doses. Lower
exposure to the drug is related with less worsening of renal function and less loss of
bone mineral density[66].

Recent studies have shown that combined NA treatment with Peg-IFN, simultan-
eously or sequentially, increases the probability of HBsAg loss, but the benefits are
restricted to just a small group of patients with low HBsAg levels. Further studies are
therefore needed before it can be recommended[67].

Recent studies have examined whether TDF vs ETV could impact the risk of
developing hepatocarcinoma. Though this would condition the choice of one over the
other, neither has yet been found superior in this respect. Some studies have suggested
the benefit of TDF, though the differences were not statistically significant[68].
Retrospective analyses of different series have reported contradictory results, with
some showing no difference between the drugs[69] whilst others have found benefits
for TDF vs ETV in the prevention of hepatocarcinoma[70], a benefit confirmed in a
recent meta-analysis[71]. Randomized trials are needed to establish this association.

Nucleos(t)ide analogs and liver transplantation

Patients who required a liver transplant due to HBV initially had a very high risk of
recurrence of the infection in the graft. This was particularly so for patients who
received their transplant having a high viral load, which in addition was usually a
severe, rapidly progressive hepatitis, so much so that HBV infection became
considered a contraindication for liver transplantation[1]. With the advent of anti-
hepatitis B hyperimmune gammaglobulin during the 1990s, and particularly of the
NAs, the perspective changed. The post-transplant results were similar to those of
other etiologies. Now that we have potent NAs and a high resistance barrier, the
tendency is to use hepatitis B immune globulin for a short time and at lower doses
than before and even regimens without hepatitis B immune globulin with NAs in
single therapy maintained indefinitely[67]. These advances have thus allowed for an
individualized prophylaxis based on the individual risk profile of each patient[72] as
well as the use of anti-hepatitis B core positive donors.
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Treatment objectives: New definitions of cure

The final aim of antiviral therapy is cure of the infection, eliminating all potential
forms of HBV replication[59]. Sustained loss of HBsAg and eradication of the HBV-
DNA, including the cccDNA[6], though this is hardly feasible with currently available
drugs, is the sterilizing cure. As a result, the American Association of the Study of
Liver Diseases and EASL agreed to the definition of functional cure, defined as the
sustained loss of HBsAg and HBV-DNA in serum with or without the development of
anti-HBs. These two situations are those that allow treatment to be suspended safely
and with little risk of relapse. However, they are very rarely achieved. Another
concept, partial cure, refers to the persistence of HBsAg but with negativization of
HBeAg, with or without seroconversion to anti-HBe, normalization of alanine
aminotransferase and a low or undetectable viral load, simulating a phase of inactive
carrier and thus susceptible to interruption of treatment[6].

Current guidelines[57,73] recommend that treatment can be suspended with NAs
for patients with positive HBsAg but without cirrhosis if there is seroconversion to
anti-HBe after 1 year of consolidation. For negative HBeAg, treatment can be
suspended for patients whose HBsAg clears and who have had viral suppression for
over 2-3 years, requiring strict follow-up[74].

Quantified HBsAg is determined by enzyme immunoassay and reflects the amount
and transcriptional activity of the cccDNA. It is very useful in untreated patients with
negative HBeAg, with HBV-DNA < 2000 IU/mL, in whom values of quantified
HBsAg < 1000 IU/mL are indicative of inactive carrier with a low risk of disease
progression and appearance of hepatocarcinoma. Although no cut-off value has yet
been established, a level < 100 IU/mL seems to predict this sustained response[1].
Among the new markers is the antigen related with the HBV core that correlates with
the transcriptional activity of cccDNA, especially in the negative HBeAg patient, and it
could be superior to quantified HBsAg for the identification of inactive carrier patients
and to predict viral relapse after suspending treatment[75].

Future directions

Given that treatment with NAs has little impact on the cccDNA, which in addition can
be replaced with no need for the entry of new virus[6], numerous studies are in place
to develop new drugs that act at the level of the different stages of the life cycle of
HBYV, about which more and more is being learnt, or that modulate the host immune
response. These drugs are at various stages of clinical trials, with up-to-date
information available from: http://www.hepb.org/treatment-and-management/
drug-watch[7] (Table 1).

The main drugs under development and their therapeutic targets are described
below:

Blocking entry of HBV into the hepatocyte: The sodium taurocholate cotransporting
polypeptide receptor is a transmembrane protein that cotransports bile acids and
participates in the entry of HBV and HDV into hepatocytes[76]. Bulevirtide couples to
this receptor and blocks fixation of the preS1 domain on the coat of HBV, inhibiting
entry of the virus. Although this does not directly interfere with the formation of the
cccDNA, inhibiting virus entry can block the infection of new hepatocytes. It has also
been proposed as an option to prevent reinfection in the transplanted liver[77]. It is
currently in phase II[7].

Silencers: These are drugs designed to interfere and destroy viral RNA. The process
involves small molecules of RNA producing interference in the transcription of viral
RNA. They are short non-encoding sequences present in the cells that regulate the
post-transcriptional expression of certain genes, resulting in a reduction in the
production of multiple viral antigens[77,78]. There are several studies in various
phases: preclinical, I and II.

HBsAg release inhibitors: HBsAg is the most abundant circulating viral antigen. It
contributes to T-cell tolerance and attenuation of the host immune response. Its
inhibition may enable immune regulators to restore the immune response. There are
currently two phase II studies with results that need to be validated.

Capsid assembly modulators: As the nucleocapsid contains the viral DNA necessary
for replication, inhibiting its formation is an interesting strategy that can prevent the
formation of cccDNA during de novo infection[79]. There are currently several studies
in various phases, preclinical, I and II and one with vebicorvir in phase II/1III.

Antisense molecules: These bind to messenger RNA inhibiting the formation of viral
proteins. There is currently one phase II study in the United States.

New NAs: Besifovir has been approved in Korea, with antiviral efficacy comparable
to that of TDF after 48 wk of treatment, with effects lasting 96 wk and a better safety
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Table 1 Main drugs under development for the treatment of hepatitis B virus (with effect from phase Il)

Treatment Mechanism of action Country Phase
Bulevirtide Inhibitor of HBV entry into the hepatocyte Germany Phase I
VIR-2218 Silencers: Interfere and destroy viral RNA United States Phase II
JNJ-3989 United States Phase II
IONIS-HBVRx (GSK3228836) Antisense molecules: Bind to mRNA to prevent passage by viral United States Phase II
protein
Vebicorvir Capsid inhibitors United States Phase II/1II
Morphothiadin China Phase II
JNJ 56136379 Ireland Phase II
ABI-H2158 United States Phase II
REP 2139 HBsAg inhibitors Canada Phase II
REP 2165 Canada Phase II
NASVAC THERAPEUTIC VACCINES: Use stimulation of the immune system  Cuba Phase III
as treatment

GS-4774 United States Phase II
HepTecell United States Phase I
GS9688 (TLR-8 agonist) TLR United States Phase II
GC1102 Monoclonal antibodies Korea Phase II
ASC22: Inhibitor PDL1 Checkpoint inhibitors: Stimulate specific T lymphocytes China Phase I
IMC-T109V Other immune modulatorsT-cell receptor United States Phase I

Taken from Hepatitis B Foundation[7], Available from: https:/ /www.hepb.org/treatment-and-management/drug-watch/. TLR: Toll-like receptor; HBV:
Hepatitis B virus; HBsAg: Hepatitis B surface antigen.

profile than TDF in terms of bone and kidney results[80], though further studies are
needed.

Still in the preclinical phase are studies of drugs against HBV-cccDNA. They work
via degradation of the lymphotoxin beta receptor using specific antibodies or with
cccDNA excision enzymes.

Immunotherapy: Immunological dysfunction due to “exhaustion,” a phenomenon
characterized by lack or absence of specific T cells against HBV associated with poor
cytotoxic activity, worsening cytokine production and an increased expression of T-
cell inhibitor receptors[81], has resulted in various immunotherapeutic strategies
aimed at modulating the innate or adaptive immune response, or both, in an attempt
to restore a competent immune response against the virus and infected hepatocytes
[59]. New modulatory agents of immunity in clinical development include:

Pattern recognition receptor (PRR) agonists. PRR are proteins that detect pathogen-
associated molecular patterns and are present in various cell groups, like hepatocytes
and cells of the innate immune system. Among the main PRR are the Toll-like
receptors[82]. HBV is recognized by the PRR as it provokes a cytokine-mediated
response. The aim of therapy with PRR agonists is to enhance the antiviral response of
the cytokines to achieve an adaptive immune response with activation of natural killer
cells and T lymphocytes[83]. Agonists of Toll-like receptor-7 and Toll-like receptor-8
are under development and appear to stimulate the immune response satisfactorily.

Molecules to revert the exhausted T lymphocytes by blocking immunoinhibitory
signals, mainly programmed cell death protein-1, will be the subject of future studies
[59]. There is currently one phase II trial in China (ASC22).

Therapeutic vaccines. Stimulation of specific HBV B and T lymphocytes by vaccines
is a way of overcoming immune tolerance in patients with chronic HBV. Several
categories exist, based on proteins, DNA and vectors. They are all being studied in
clinical trials in combination with current antivirals[84] as, so far, on their own they
have been unable to control infection.

In summary, interaction at each stage of the life cycle of HBV may be the therapeutic
aim to achieve elimination of the cccDNA, though it is also necessary to standardize

WJG | https://www.wjgnet.com 8088 December 21,2021 | Volume?27 | Issue4d7 |

Jaishideng®


https://www.hepb.org/treatment-and-management/drug-watch/

Jaishideng®

Gonzilez Grande R et al. Management of viral hepatitis

the method to measure this. As therapeutic research in HBV advances new
compounds appear, with data on efficacy, although with complex profiles and
multiple pharmacological interactions. Given that, the consensus agrees that cure of
HBV means clearance of the HBsAg. Clinical studies should demonstrate that this is
possible in a high proportion of treated patients. Future studies should include long-
term safety results, interactions with common drugs and the pharmacokinetics in
special populations[85]. Additionally, the drugs should be safe and easy to administer,
as are current NAs, and moreover the clearance of the HBsAg must be sustained after
interrupting treatment.
Figure 1 shows the main therapeutic targets and the drugs under development.

HEPATITIS D

HDV was discovered by Rizzetto et al[86] in 1977 in patients infected by HBV who had
severe hepatitis. Despite being an incomplete virus that requires the presence of HBV
it can nevertheless cause severe progressive hepatitis[87]. Progression to cirrhosis may
occur in 80% of patients at 10 years[88], and HBV-HDV coinfection increases the risk
of hepatocarcinoma compared to infection with just HBV alone[89].

HDYV has a worldwide distribution, though with great variations in prevalence
(higher in Latin America and eastern Europe but lower in western Europe, Japan and
North America, where better socioeconomic conditions and HBV vaccination mean it
is virtually restricted to injection-drug users). At least 5% of HBV carries in the world
are thought to be infected with HDV, though it is probably even higher as there is no
homogenous screening protocol and due to the impossibility of performing diagnostic
tests in endemic areas.

The clinical course of HDV infection depends on its mode of transmission[87].
Coinfection with HBV can mean a severe clinical course in up to 15% of persons,
though limited courses are more common with cure and immunity. Superinfection
(HDV infection in a chronic HBV carrier) is more often associated with chronic
hepatitis D that can advance to cirrhosis and liver failure[90]. Accordingly, differen-
tiation between coinfection and superinfection is important in the management and
prognosis of liver disease.

HDYV infection should be investigated in all cases of acute or chronic hepatitis with a
positive HBsAg[57], as any patient with HBV infection can be a carrier of HDV,
especially in areas of moderate or high prevalence. HDV infection should also be
investigated in patients with chronic HBV infection who present a peak of
hypertransaminasemia.

No treatment for acute hepatitis due to HDV has proven useful, the disease being
managed with support measures and liver transplant in fulminant cases. The only
drug approved to date for the treatment of chronic hepatitis due to HDV is IFNa,
which produces a modest response in 23%-57% of those treated[91,92]. NAs are not
recommended for the treatment of HDV, although sustained suppression of active
HBYV infection with NAs can reduce the quantification of HBsAg and thus have a
beneficial effect on coinfection with HDV[67].

Several new treatments are being tried aimed at blocking the viral cycle at different
points: inhibitors of virus entry into the hepatocyte, assembly and other new strategies
based on immune stimulation with cytokines and agonists of the receptors (Table 2):

Bulevirtide is the first drug to be approved by the European Commission
specifically for hepatitis D. It acts by blocking entry by binding to the receptor that
HBYV uses to enter the liver cells (sodium taurocholate co-transporting polypeptide),
thereby interfering in the life cycle of HBV and, consequently, preventing replication
of HDV. Ezetimibe also acts by blocking entry and is being studied in a trial that is
currently in phase II.

Inhibitors of HDV assembly: Lonafarnib is an inhibitor of farnesyl transferase, an
enzyme that catalyzes prenylation, which is essential for HDV assembly. It
significantly reduces the viral load when compared with placebo[93].

Inhibitor of HBsAg: A study in phase II for REP 2139 shows promising results.

As an immune modulator, IFN lambda binds to a single receptor much expressed
on hepatocytes and little on hematopoietic and central nervous system cells. It is
therefore well tolerated like IFNo, with a similar effect.

In conclusion, HDV, despite being minor, is in fact an important health problem in
many areas of the world, being independently associated with long-term complic-
ations[94]. Standardization of diagnostic tests to detect HDV-RNA is needed.
Although no specific treatment yet exists, bulevirtide has been approved by the
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Table 2 Main drugs under development for the treatment of hepatitis D virus (with effect from phase Il)

Bulevirtide Entry inhibitor Germany Approved in Europe
Lonafarnib Prenylation inhibitor United States Phase III
REP 2139 HBsAg inhibitor Canada Phase IT
Ezetimibe NTCP inhibitor Pakistan Phase IT

Taken from Hepatitis B Foundation[7], Available from: https:/ /www.hepb.org/treatment-and-management/drug-watch /. NTCP: Sodium taurocholate
co-transporting polypeptide; HBsAg: Hepatitis B surface antigen.
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Figure 1 The main therapeutic targets and the drugs under development for hepatitis B. HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen;
HBeAg: Hepatitis B e antigen; cccDNA: Covalently closed circular DNA.

European Commission, and other drugs are currently being developed whose efficacy
and safety will need to be determined.

HEPATITIS C

HCV, an RNA virus with seven genotypes, was discovered in 1989, before which it
was referred to as non-A non-B[95]. HCV infection is the type that has undergone most
changes over the last 10 years. From a chronic disease with few treatment options,
based on IFN # ribavirin, it has become a curable disease, even before liver damage is
produced, as a result of DAA. This has led to a revolution in HCV, impacting the
disease and its complications, liver transplant waiting lists and the incidence of HCV-
associated hepatocarcinoma as well as the epidemiological and economic situation. In
addition, the availability of an efficient therapy, limited in time and with excellent
tolerance, has enabled objectives to be established for worldwide elimination of the
disease. Nonetheless, HCV is still considered a prevalent disease, with healthcare
repercussions and susceptible to management strategies.

The worldwide prevalence of HCV has fallen from 170 million carriers in 1999[96] to
71 million infected persons according to estimates in 2015[2], corresponding to 1% of
the population, mainly due to prevention of nosocomial infection and the progressive
access to efficient antiviral agents. Previously, most infections were related with
transfusions of blood products, persons born between 1945 and 1965 (the so-called
“baby boomer generation”), hemodialysis and hemophilia, and a high percentage of
patients had advanced or decompensated disease and failure of prior therapy. More
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recently, infection has been associated with the use of intravenous drugs, sexual risk-
practices like men who have sex with men or chemsex (Party and Play) and certain
risk groups such as prisoners or those with severe mental disorders who were not
treated during the era of IFN[97], with most being treatment-naive, having little
fibrosis and very often scarce awareness of their condition.

Although hepatitis C is present all over the world, China, Pakistan, India, Egypt,
Russia and the United States account for more than 50% of all cases of infection in the
world[98], data to be considered with migratory movements.

Despite the reduction in the incidence, approximately 400000 persons die each year
from causes related to HCV, mainly cirrhosis and its complications and the
development of hepatocarcinoma[2].

Evolution of antiviral therapy and management of chronic hepatitis C from the past

to the present: Direct acting antivirals

In 1991 the Food and Drug Administration approved treatment with IFN alpha for
HCV infection but with a very low response rate, around 16%, a long treatment
period, a parenteral route and important side effects[99]. During the 1990s ribavirin
was added, slightly increasing the efficacy though again with more side effects[100].
IFN was later modified to its pegylated form, thus reducing the need for injectable
doses, slightly improving tolerability. The combination of pegylated IFN and ribavirin,
with cure rates up to 41% in genotype 1 and almost 75% in other genotypes[101], was
the only treatment available until 2011 but with important limitations due to its
multiple contraindications and frequent important secondary effects.

Better understanding of the life cycle and identification of the structural and non-
structural proteins of HCV led to the development of antivirals acting directly on
certain targets. The first of these were the protease inhibitors, boceprevir and
telaprevir, which are oral antivirals approved by the Food and Drug Administration in
2011 for treatment of HCV genotype 1 both in naive and pretreated patients in
combination with the previous dual therapy[102,103]. This triple therapy increased the
success of treatment in patients with genotype 1, but at the same time it also increased
the toxicity and pharmacological interactions, the costs and the risk of decompensation
of the liver disease in more advanced stages[104] as well as still requiring parenteral
administration over long periods.

The real revolution in antiviral treatment arose with effect from 2013 with the
successive approval of molecules having different mechanisms of action, mainly
inhibition of the proteases NS3/NS4 or the polymerase replication complex NS5A.
These drugs provided multiple advantages over the earlier drugs, such as oral
administration, high efficacy, good tolerance and the possibility of shorter periods of
treatment. The different combinations of “the new antivirals” offered multiple
treatment lines depending on the clinical setting[105]. Most were IFN-free, which
enabled treatment of populations that had previously been considered difficult to
treat, such as the psychiatric population, persons with drug addictions or on
replacement therapy, patients with kidney failure or solid organ transplant recipients
[106].

The main protagonist of this change was sofosbuvir, a polymerase NS5B inhibitor
acting on genotypes 1, 2, 3 and 4, though associated with other antivirals or traditional
therapy. Soon after came simeprevir, a protease inhibitor with pan-genotype action
[107] and daclatasvir, able to inhibit the non-structural protein NS5A and acting on
genotypes 1, 3 and 4[108]. Combinations of antivirals were also produced, with
different mechanisms of action, like sofosbuvir/ledipasvir[109], ombitasvir
paritaprevir/ritonavir and dasabuvir[110] or grazoprevir/elbasvir[111], each with
preferences for certain genotypes and different treatment durations. All of these
strategies clearly increased cure rates, increasing sustained viral response (SVR) rates
globally above 95% in all genotypes and around 85% in patients with advanced
cirrhosis[112,113]. However, in these early IFN-free years the clinical management of
HCV became increasingly complex. Before choosing the best treatment option in each
case it was necessary to identify the genotype as well as the stage of the liver disease
and the particular degree of fibrosis, as the drugs did not have a pan-genotype action
and their duration and combination were conditioned by these factors. This situation
was reflected in the clinical guidelines of the time from the main scientific societies,
showing multiple complex tables of recommendations for usual clinical practice[114-
117].

The initial high costs also conditioned the slow access to treatment, such that many
countries drew up specific protocols for the progressive approach to patients with
hepatitis C, with the first patients to be treated being those with more advanced liver
disease or in special situations[118]. This, together with the high risk of drug
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interactions and the outlines for these new therapies necessitated an exhaustive
follow-up of the patient during antiviral treatment, with regular measurements of
laboratory values and even excessive determinations of the HCV viral load, despite the
lack of general rules concerning stopping treatment[119].

A qualitative leap occurred in 2016 with the advent of antiviral therapy with pan-
genotypic and pan-fibrotic action plus their universal access. Combinations of
sofosbuvir/velpatasvir[120,121] and glecaprevir/pibrentasvir[122] in single tablets
have pan-genotypic and pan-fibrotic action in short-duration treatments of just 12 wk
or 8 wk with the latter combination[123] and with SVR rates above 97% in practically
all clinical contexts. With these two lines, plus the already available association of
grazoprevir / elbasvir, also pan-genotypic, the approach is much more simplified for
patients who now need treatment. This latter combination is indicated in all cases of
active infection, the choice depending on certain determinants or conditioning factors,
such as the renal function, which may limit the use of sofosbuvir, decompensated
cirrhosis, which discourages protease inhibitors, or individual drug interactions,
though these are much less common with the latest DAA compared to the earlier
antiviral agents[124].

The pan-genotypic action, the high efficacy and the wide safety margin of currently
available strategies have all led to simplification of the requirements to start antiviral
therapy. These can be limited to determining the existence of viral replication
(presence of RNA or HCV antigens), whether there is cirrhosis, which can be estimated
with non-invasive methods like the APRI or FIB-4 indexes and ruling out possible
interactions[125]. At the same time, monitoring during treatment has also become
simpler, with the general recommendation (but not essential) of just determining the
viral load 12 wk after completing treatment to confirm the SVR, with earlier safety
controls when necessary due to a particular circumstance, like the cirrhotic patient
[125].

An additional advantage of the current panorama is the existence of rescue therapy
for the few cases that fail to achieve an SVR. The association of sosfosbuvir /
velapatasvir / voxilaprevir is indicated for patients who fail with DAA therapy, with a
high SVR rate in all genotypes[126].

This radical change over recent years in the setting of antiviral therapy has enabled
a high percentage of the HCV population to be treated, often resulting in the patient
being discharged if the degree of fibrosis is only mild and there is no comorbidity.
Nevertheless, although eradication of the virus is associated with a reduction in
mortality due to hepatic and extrahepatic causes related with HCV and improvement
in liver function (and even a reduction in the degree of fibrosis), those patients who
already had advanced fibrosis still have a risk for complications of the liver disease or
the development of hepatocarcinoma and should therefore undergo regular follow-up,
even if they have an SVR[127,128].

Direct acting antivirals and the current approach to acute hepatitis C

DAAs have not only had an impact on the management of chronic hepatitis C, but the
approach to cases of acute HCV infection has also changed. Historically, acute
hepatitis C, defined as the first 6 mo after contact, was not generally susceptible to
treatment, and pegylated IFN was used in some patients if viral replication continued
for longer than 12 wk[129]. During the early phase of infection, DAAs have proven
effective and beneficial, especially to eliminate the disease and particularly in such risk
groups as injection drug users, men who have sex with men, persons who undertake
sex practices of risk, patients with HIV or nosocomial infection. In these groups, DAAs
reduce morbidity and mortality and the risk of transmission during the period waiting
for the criteria of chronicity to be fulfilled before starting treatment[130,131]. Based on
the available evidence the EASL recommends sofosbuvir/velpatasvir or glecaprevir/
pibrentasvir for 8 wk for what is now referred to as recently acquired hepatitis C[125].
During the era of DAA post-exposure prophylaxis is still not recommended without
documented transmission of HCV[125,132].

Figure 2 shows the timeline of antiviral treatment for HCV.

Impact of direct acting antivirals on liver transplantation

The efficacy of DAA has impacted two great aspects of liver transplantation. First, it
has clearly reduced the indication for liver transplant due to HCV, as shown in
different series analyzing the current situation of liver transplant waiting lists[133-
135]. Even so, the indication for a liver transplant still exists, mainly due to the
development of HCV-associated hepatocarcinoma. Second, DAAs have enabled the
majority of patients to reach liver transplantation with no viral replication. This,
therefore, eliminates the risk of recurrence of hepatitis C in the graft. Additionally,
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when necessary, DAA can be used safely after transplantation, with little risk of graft
rejection and high efficacy, unlike earlier IFN-based treatments[105,136]. This efficacy
and safety have been confirmed in recipients of other solid organ transplants, such as
kidney transplant patients with chronic hepatitis C[137], thereby endorsing their use in
the transplant population.

Impact of direct acting antivirals on solid organ donation

Organ donation from patients with active HCV infection remains controversial,
especially for seronegative recipients, but the safety and efficacy of DAAs in solid
organ recipients nevertheless allows this option to be contemplated. Different series
have shown good results in lung, heart[138] and kidney transplantation. Even in liver
transplants[139], provided the benefit of the transplant exceeded the risk of death on
the waiting list, and early access to DAA treatment is guaranteed[140,141].

Future directions

The World Health Organization established the objective of elimination of hepatitis C
by 2030, defined as a reduction of 80% in cases of de novo infection and a reduction of
65% in death due to HCV[9]. Besides currently available efficient treatment, this
objective also requires first making the population aware by means of information
campaigns, second, rescuing patients who have already been diagnosed but not
treated and third, simplifying the whole diagnostic process and treatment access when
necessary in order to guarantee diagnosis and treatment of the greatest number of
cases possible.

The active search for already diagnosed patients is one of the main and most
feasible strategies for micro-elimination as it permits cases to be rescued for treatment
[142].

Reflex testing[143], as well as points of care, will enable diagnosis to be externalized,
reaching risk groups with little contact with the healthcare system, like migrants or
prisoners[144]. The diagnosis of hepatitis C should be directly linked to starting
treatment (test and treat) so that in certain populations it will also be necessary to
externalize treatment in the near future. For this, pilot projects have been designed
with treatment administered by non-specialized healthcare personnel, like nurses
[145], prison doctors, addiction physicians and primary care physicians[146], which
has achieved a cost-effective elimination in the groups attended.

Populations still remain in which treatment needs further study, like pregnant
women, in whom it is not recommended given the lack of safety data. It may, though,
be the optimal time for screening in this group as it is sometimes the only contact they
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have with healthcare systems[113].

Notwithstanding the above, these emerging models of care of the hepatitis C patient
and micro-elimination must not detract from the importance of preventive measures,
which necessitate adequate information for the population, particularly the already-
mentioned risk groups.

The elimination of hepatitis C is associated with a significant reduction in complic-
ations due to liver disease, a reduction in mortality due to liver disease and the risk of
developing hepatocarcinoma, in both patients with mild fibrosis and in those with
advanced fibrosis[127]. In addition, suppression of viral replication is associated with a
reduction in systemic symptoms, mainly diabetes and vascular events, which in turn is
associated with a reduction in mortality due to extrahepatic causes[147].

The impact of SVR on portal hypertension and its complications may result in a
discrete reduction in pressure gradients in the hepatic veins, particularly in the year of
reaching SVR[148]. However, as not all studies have associated an SVR with regression
of portal hypertension or regression of esophageal varices[149], the Baveno VI
consensus recommends the same cut points for screening of varices in patients with
SVR[150].

Several cohort studies have shown that the risk of hepatocarcinoma is reduced after
SVR[127], but it does not disappear. Patients with advanced fibrosis and cirrhosis
should continue to be screened for hepatocarcinoma as its annual global incidence is
2.5%-4.5%, even with SVR[151]. In patients with mild fibrosis, continued screening for
other risk factors, like diabetes, metabolic liver disease, low albumin levels or
thrombocytopenia, for the development of hepatocarcinoma should be contemplated

127].
[ Fi]gure 3 shows the main recommendations for elimination of hepatitis C.

CONCLUSION

Although the various types of viral hepatitis still represent a great public health
problem, the great advances over recent years are very positively impacting their
management and prognosis. Nevertheless, it is still necessary to persist with, and even
boost studies designed to find efficient new therapies, though without forgetting the
implementation of preventive measures, as a basis of achieving advances in
minimizing the impact of this disease on health.
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