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Preface

Continuous acquisition of new knowledge in Medicine is essential to ensure progression in
diagnostics and therapeutics.

In the last decade the discipline of Hepatology has achieved important results in the treat‐
ment of viral hepatitis. A global success of hepatitis A and B vaccinations has been observed,
and we are now following the clinical application of new generations of anti-HCV drugs
that will provide more effective and less toxic anti-HCV therapies.

Moroever, hepatocellular carcinoma, which is one of the most important complications of
end-stage liver disease, has become an area for innovative targeted anti-cancer therapies.

This book has been realized by a team of experts daily facing clinical problems in the pre‐
vention and management of liver diseases and has been designed for a global readership to
offer some practical tips to physicians who want update their level of practice in the field.

It’s a practical volume for daily reference but also an instrument for improving expertise in
viral hepatology and discovering the unresolved issues.

Management of HBV and HCV hepatitis in young and elderly, HEV hepatitis, evaluation of
liver fibrosis, hepatocellular carcinoma, vaccine and prevention of viral hepatitis are some of
the most important topics covered by the authors.

The book is organized in three different sections containing 14 chapters. The first deals with
the epidemiology and the development of vaccine in viral hepatitis.

The second covers the practical management of viral hepatitis, the skin involvement of liver
diseases and the impact of the treatment on the skin physiopathology and the modern inter‐
pretation of non-invasive scores of liver fibrosis and the psychiatric disorders related to anti‐
viral therapy.

The third section analyses the hepatocellular carcinoma, the malignant lymphoproliferative
diseases and the cryoglobulinemia as the most important complications of viral infection. A
specific chapter has been dedicated to patient education.

I want to thank all the authors who have shared the project with me from all over the world
for their efforts in the realization of the final book.

Dr. Gaetano Serviddio
Assistant Professor of Internal Medicine,

Department of Medical Sciences,
University of Foggia, Italy
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Chapter 1

Epidemiology and Prevention of Viral Hepatitis B and C

Domenico Martinelli, Francesca Fortunato,
Gulsun Simsek and Rosa Prato

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55870

1. Introduction

Viral hepatitis is a family of viral infections that affect the liver caused by at least five distinct
viruses: hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis D
virus (HDV), and hepatitis E virus (HEV). Hepatitis A and E appear as acute self-limiting diseases
and do not become chronic; occasionally, a fulminant form of hepatitis develops (acute liver
failure), which can lead to death. In contrast, HBV and HCV infections can evolve as serious
chronic diseases that often remain clinically silent for decades. Fulminant hepatitis B develops
in 0.1–0.6% of acute cases; rarely, it also have been reported among perinatally infected infants.
People with chronic hepatitis B and C are infectious to others [1, 2, 3]. HDV is a "defective virus"
that requires co-infection with HBV for its own replication. Infection with HDV is associated
with the most severe forms of acute and chronic hepatitis in many HBsAg-positive patients [4].

Subjects affected by chronic HBV and/or HCV infection are at increased risk for liver cirrhosis
and hepatocellular carcinoma (HCC) later in life. About 5% of all acute HBV infections prog‐
ress to chronic active infection (persistence of HBsAg for more than 6 months). The risk of
developing a chronic hepatitis B decreases with age of infection [5], dropping from 90% in infants
< 1 years old to 30%-50% in children 1-5 years old and to 5%-10% in adults [1, 6, 7]. Chronic active
hepatitis B develops in more than 25% of carriers and often results in cirrhosis; approximately
the same proportion of cases dies prematurely from cirrhosis or liver cancer [5]. About 75%-85%
of subjects affected by HCV develop a chronic infection, 5%-20% develop cirrhosis and 1%-5%
die for cirrhosis or liver cancer [8].

2. Burden of HBV infection

Diseases caused by hepatitis B virus have a worldwide distribution. About one third of the
world’s population has been exposed to HBV with more than 2 billion people infected

© 2013 Martinelli et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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worldwide. Approximately 350 million subjects develop a chronic form and about 600,000 die
every year for acute or chronic consequences of hepatitis B [6, 9, 10].

The prevalence of HBV infection varies all around the world. In Western countries, it is
relatively rare and acquired primarily in adulthood with a prevalence of HBsAg positive <2%
(low endemicity areas). In Asia and most of Africa, HBV infection is common and usually
acquired perinatally or in childhood with a prevalence of HBsAg positive 2%-7% in inter‐
mediate endemicity areas and ≥8% in high endemicity areas [9, 11].

A general decrease of new cases of acute disease was observed in North America in the last
decades. Between 1987 and 2004 in the United States, the incidence declined 80%, falling from
10.7 per 100,000 (25,916 cases reported) to 2.1 per 100,000 (6,212 cases reported) in all age
groups, and the largest proportional decrease among 0-15 years (-95%) and 15-24 years (-87%)
[12]. In 2009, 3,371 new cases were reported to Centre for Diseases Control and Prevention
(CDC). Prevalence of HBsAg-positive individuals – chronic infection was generally low (0.33%
in 1976-1980, 0.42% in 1988-1994 and 0.30% in 2005-2006). Between 2004 and 2009, 800,000 to
1.4 million persons developed a chronic Hepatitis B, with about 3,000 deaths / year [12,13].

In the European Union, 7,000-8,000 newly diagnosed cases of hepatitis B occurr each year. The
incidence per 100,000 population has declined over the past ten years from 6.7 cases per 100,000
in 1995 to 1.5 cases per 100,000 in 2007. The prevalence of HBsAg-positives in the general
population of European countries reported from ECDC – European Centre for Disease Preven‐
tion and Control range from 0.1% to 7%. The higher rates are registered in the southern Europe,
being Romania the country with the highest prevalence (>4%), followed by medium preva‐
lence countries (> 1-2%) as Spain, Italy, and Greece. Belgium, Czech Republic, Finland, Germa‐
ny, Ireland, Netherlands, Slovakia and Sweden reported the lowest prevalence (<1%) [2,14].

Among developing areas, the highest prevalence are described in sub-Saharan regions of
Africa (≥10%) [15]. In 2005, North Africa and the Middle Eastern region showed lower
intermediate HBsAg endemicity across all age groups [16]. China and other countries of East
Asia are at high/intermediate endemicity for Hepatitis B. Most people in those regions become
infected during childhood and up-to 8–10% of the adult population is chronically infected.
There, liver cancer caused by chronic hepatitis B is among the first three causes of death from
cancer in men and a major cause of cancer in women [6]. Central Asia and the Caucasus are at
intermediate HBsAg endemicity too, with 2–5% of the general population chronically infected
by HBV. High HBV prevalence is reported also in the Amazon area (South America), in the
north regions of Canada and in Greenland [17].

3. Burden of HCV infection

Every year, 3-4 million people in the world are newly infected with the hepatitis C virus [8].
WHO estimates that approximately 3% (170 million persons) of the world’s population has
been infected with HCV [18] and about 150 million are chronically infected and at risk of
developing liver cirrhosis and/or liver cancer. More than 350,000 people die from related liver
diseases every year [8].

Practical Management of Chronic Viral Hepatitis4

The prevalence of  HCV infection is  higher (up to 15%) in some countries in Africa and
Asia. Countries with higher rates of chronic infection are Egypt (15%), Pakistan (4.8%) and
China (3.2%).

For most developed countries, the prevalence of HCV infection is <3%.

In the United States, the more recent estimates amount to 17,000 new Hepatitis C virus
infections and 2.7-3.9 million chronic infections (prevalence: 1.3%-1.9%) [13, 19]. With an HCV
antibody prevalence of 3.25%, persons born during 1945–1965 account for approximately three
fourths of all chronic HCV infections among adults [20].

In the European Union, hepatitis C showed a significant increase over the past ten years. The
number of newly reported cases incidence raised from 4.3 per 100,000 population in 1995 to
6.9 cases per 100,000 in 2007 (27,000-29,000 newly diagnoses /year). This trend may reflect
changes in testing practices and reporting rather than a real increase [14]. The highest preva‐
lence rates (more than 2%) are reported in the southern Europe countries, including Italy,
Romania and Spain. Medium prevalence was observed in Bulgaria, France, Greece, and
Poland. Countries with low prevalence (less than 1%) include Belgium, Germany, the Neth‐
erlands, Sweden, and the United Kingdom [14].

4. Cirrhosis and hepatocellular carcinoma attributable to HBV or HCV

With more than 5% of all cancers worldwide, hepatocellular carcinoma is one of the most
common malignant tumors. More than 500,000 cases are estimated every year [21], with a mean
annual incidence of around 3-4% [22]. In 2008, WHO estimated that cirrhosis and primary liver
cancer caused 849,000 and 695,000 deaths, respectively. These conditions, together, account
for approximately one of every forty deaths (2.7%) worldwide [23].

HBV and HCV chronic infection represents the main cause of cirrhosis and is the major
contributor to HCC in many parts of the world. Alcohol abuse is a critical risk factor for these
diseases, with some evidence for a synergistic effect in the presence of viral infection [24, 25].

The annual risk of HBV-related HCC is 0.5% for asymptomatic HBsAg carriers and 0.8% for
chronic hepatitis B cases [26]. Patients with related-HBV cirrhosis present a risk of developing
HCC 1,000 times higher than HBsAg-negative controls [27]. The HBV replication status may
play an important role in the development of HCC [28-30]. The relative risk of HCC among
HBsAg positive subjects could be about ten times higher than those without HBsAg, with
approximately a sixty-fold increase in the risk when they are positive for both HBsAg and
HBeAg [29].

Whereas liver cancer represents a rare occurrence during the first 10–15 years after HCV-
infection [31-35], the risk of HCC increases with the establishment of cirrhosis (yearly incidence
between 3–8%) [36-41]. The risk of cirrhosis is <10% in women infected at a young age and
>30% in men infected after the age of 40 over a 20 year period [42,43]. Genotype 1b, the most
prevalent in Europe and in Japan, could be associated with a higher incidence of HCC than
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other genotypes [44,45]. Co-infection of both HBV and HCV has been found in more severe
liver diseases than either infection alone [46].

The incidence of HCC reflects the global distribution of HBV and HCV infections with
approximately 80% of HCC cases occurring in developing countries. Eastern Asia, Middle
Africa and some Western African countries show age-adjusted incidence rates (AAIR) of
27.6-36.6 per 100,000 (in men), 20.8–31.1 per 100,000 and 30–48 per 100,000, respectively.
Northern Europe, Australia, New Zealand and the Caucasian populations of North and Latin
America (AAIR 1.5–3.0) represent the areas at lowest risk. The AAIR raises to about 10 per
100,000 in men in Southern Europe [47].

In a study published in 2006, Perz et al. estimated that, globally, 57% of cirrhosis cases were
attributable to either HBV (30%, ranging from 5% in North America to 57% in WHO Western
Pacific Region B) or HCV (27%, ranging from 16% in WHO Africa Regions D/E to 62% in
Western Pacific Region A). About three-quarters (78%) of HCC were attributable to HBV (53%)
or HCV (25%). The attributable fractions of HCC due to HBV or HCV ranged from 16% in
North America to 65% in Western Pacific Region B (China, Cambodia, etc.), and from 13% in
Eastern Mediterranean Region (Bahrain, Cyprus, Iran, Jordan, etc.) to 66% in Western Pacific
Region A, respectively. The two viruses taken together accounted for >50% of HCC in all of
the regions and for >50% of cirrhosis in 8 of 11 regions [48].

5. Risk factors for hepatitis B and C

HBV is transmitted by percutaneous or mucous membrane contact with infected blood or other
body fluids of an infected person.

In developing countries the transmission routes are perinatal, early childhood exposure,
unsafe injections or needle stick in health care settings, unsafe blood transfusions, unprotected
sexual contact [6].

In developed countries infections are mainly transmitted during young adulthood by sexual
activity and injecting drug use. Historically, male homosexual contacts have been associated
with an high risk for HBV infection [6]. More recently, heterosexual transmission is recognised
as the most common cause of acute HBV infection in adults [12]. The risk of sexual transmission
is mostly related with multiple sex partners and history of a sexually transmitted infections [7].
In some countries, transmission via household contacts (persons who have prolonged but non
sexual interpersonal contacts with someone), has also been demonstrated [1, 6]. Sharing items
such as razors or toothbrushes with an infected person also give rises to HBV transmission [10].

HBV is a common cause of occupational disease transmitted from patients to health care
workers and also to health care workers’ families. The risk of transmission depends on the
viral load and exposure frequency but the most important factors in the exposure are health
care workers skill levels and expertise and the specific hospital departments environment (e.g.,
dentists, dental hygienists, emergency medical technicians, first responders, laboratory
technologists/technicians, nurses, nurse practitioners, phlebotomists, physicians, physician
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assistants, and students entering these professions). In contrast, transmission from health care
workers to patients is rare [49]. Dentists and dental staff are the category at the highest risk of
infection and transmission of HBV to their patients [50].

Several studies showed that tattooing, acupuncture and beauty treatments are associated with
hepatitis B transmission when sterilization or disinfection procedures are unavailable [51-53].

In many contexts, the risk of HBV transmission via transfusion of blood and plasma-derived
products has been eliminated through donor screening but in some developing countries it
can continue to occur in heath care settings by not-adherence to guidelines [12].

Travellers to developing countries with high rates of hepatitis B are considered at high risk,
especially subjects who engage in unprotected sex with local commercial sex workers [6, 54].

HCV is a blood borne pathogen, most commonly transmitted through exposure to infectious
blood [8].

In the past, blood transfusion represented one of the most serious risk factor for HCV infection.
In the late 1980s and early 1990s, specific donor screening for HCV was implemented and the
risk of HCV infection from a unit of transfused blood was drastically reduced. As of 2001, the
risk is less than one per million transfused blood units [55]. Currently, in Europe, the estimated
residual risk for acquiring HCV via blood products ranges from 1 to 40 per 10 million trans‐
fusions [7].

Nosocomial transmission of HCV via contaminated substances or multiple dose vials as well
as via haemodialysis, is still a concern [7]. Especially in developing countries, the incidence of
hepatitis C virus infection among patients on hemodialysis was significantly higher [56].

Although in many developing countries unsafe medical injections and transfusions are still
predominant sources of infection, at global level HCV transmission is increasingly driven by
injected drugs use [57]. In 2010, about 10.0 million injection drug users (IDUs, range 6.0–15.2
million) could have been anti-HCV positive with a midpoint prevalence of 67.0% among all
IDUs globally [58]. Individuals who injected drugs, even if they did so on occasionally in the
past, are at highest risk for HCV infection that is rapidly acquired following the initiation of
injection drug use and occurs from the sharing of needles, syringes, or other equipment
associated with drug use [55]. Increasing age, increasing duration of injecting drug use and
imprisonment were identified as risk factors [2, 59, 60].

Less commonly, hepatitis C may be transmitted through sex with an infected person. In 2001,
sexual exposures accounted for about 15% of cases of hepatitis C in USA [55]. High-risk sexual
behaviour among men who have sex with men (predominantly HIV-positive) may predispose
to HCV infection probably via permucosal route and mucosal damage rather than by sexual
contact [7].

Together with HBV, HCV is considered a common cause of occupational hazard for health
care workers, significantly correlated with factors such as the type of procedure (replacing a
hollow-bore needle in a patient's vein or artery, needle recapping, the use of sharp, etc), the
severity of percutaneous injury, the gender of the personnel, expertise levels and hospital
wards [49].
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behaviour among men who have sex with men (predominantly HIV-positive) may predispose
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Other parenteral exposures such as body piercing and tattooing in potentially nonsterile
settings [61], or being born to a hepatitis C infected mother [8] have to be considered important
risk factors for HCV transmission. Nevertheless, in 2001 CDC estimated that in USA about
10% of people with HCV infection have no recognized source for their infection [55].

6. Prevention of hepatitis B and C

The hepatitis B vaccine, the first vaccine against a major human cancer, is the milestone in
hepatitis B prevention [6].

A plasma-derived vaccine was licensed in the early 1980s. It derived from HBsAg particles
purified from the plasma of chronic patients. The vaccine was safe and effective but not well
accepted because of fears of transmission of live HBV and other bloodborne pathogens, such
as HIV [5].

Since the mid 1980s, a new recombinant hepatitis B vaccine has gradually replaced the plasma-
derived vaccine. HBsAg in the vaccine is produced in yeast or mammalian cells into which the
HBsAg gene or HBsAg/pre-HBsAg genes are inserted using plasmids [9].

The vaccine has an outstanding record of safety and results really effective in preventing
infection and its chronic consequences [6, 7]. After three intramuscular doses, more than 95%
of infants, children, and adolescents (0-19 years) and more than 90% of healthy adults develop
adequate antibody responses. By 60 years of age, 75% of immunised subjects develop protec‐
tive antibody titers.

Hepatitis B vaccine is available as monovalent formulations or in combination with diphthe‐
ria–tetanus–pertussis, Haemophilus influenzae type b, hepatitis A and inactivated polio
vaccines [9].

The recommended doses vary with the different formulations of vaccine and the age of the
vaccinees. From 2 to 4 times the normal adult dose or an increased number of doses may be
necessary in hemodialysis patients or in other immunocompromised subjects to induce
protective antibodies [5]. A recombinant vaccine using alum and lipid A as adjuvants is
available for adult patients with renal insufficiency [62].

Conventionally, the primary hepatitis B immunization infancy series consists of 3 doses; 4
doses may be administered for programmatic reasons according to the schedules of national
routine immunization programmes. For older children and adults, the primary series of 3 doses
with appropriate intervals applies [9]. The use of routine booster doses does not appear
necessary to maintain long-term protection in successfully vaccinated immunocompetent
children [9, 63, 64].

Although some studies suggest that a universal infant vaccination may be more cost-effective
in intermediate- and high-endemicity regions, WHO strongly recommends that all newborn
infants receive the hepatitis B vaccine at birth [7, 9, 65-69, 75]. Universal immunization
beginning at birth and other successful hepatitis B vaccination strategies have drastically
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reduced HBV transmission in many high endemicity countries. In recent years, the signifi‐
cantly reduced price of hepatitis B vaccine in developing countries has facilitated its intro‐
duction into many more countries [6, 9]. As of 2011, 179 countries had incoporated hepatitis B
vaccine as a part of their national infant immunization schedules, and an estimated 69% of the
2008 birth cohort received 3 doses of hepatitis B vaccine [6]. In 2006, approximately 27% of
newborns worldwide received a birth dose of hepatitis B vaccine [70].

In areas where HBV is mainly spread from mother to infant at birth, the first dose of vaccine
should be given as soon as possible after birth, preferably within 24 hours. The need for catch-
up vaccination in cohorts of children with low coverage should be considered to increase the
number of protected children since the risk for chronic infection is highest in younger age
groups [9].

In intermediate/low endemicity countries target groups for catch-up vaccination can include
adolescents and people with risk factors for acquiring HBV infection, such as subjects fre‐
quently requiring blood or blood products, dialysis patients, people with chronic liver disease,
recipients of solid organ transplantations, people interned in prisons, injecting drug users,
household and sexual contacts of people with chronic HBV infection, people with multiple
sexual partners, men who have sexual contact with other men, HIV positives [7, 71, 76]. Health-
care workers, staff of facilities for developmentally disabled persons and others subjects
exposed to blood and blood products must be vaccinated. Immunization remains the best
defence not only for the workers themselves, but also to prevent transmission of infectious
agents to the their patients [9, 76]. Also unvaccinated or incompletely vaccinated travellers to
high endemicity countries should be offered the vaccine before leaving for endemic areas [6].

Prevaccination serological tests are not recommended routinely. Though routine postvacci‐
nation testing for immunity is not necessary, it is recommended 1-2 months after the last dose
of the vaccine series for high-risk individuals, such as people at risk of occupationally acquired
infection, infants born to HBsAg-positive mothers, chronic haemodialysis patients, HIV
positives and other immunocompromised people, sex partners or needle-sharing partners of
HBsAg positive subjects [9].

In several European countries and in USA, routine prenatal screening of pregnant women
for HBsAg to identify newborns who require postexposure immunoprophylaxis has been
introduced or recommended [2,  75]  and some developing countries  are considering this
opportunity  in  order  to  prevent  perinatal  hepatitis  B  virus  infection  [72-74].  In  some
European countries,  screening programmes for  high-risk groups (inject  drug users,  men
having sex with men, contacts of HBsAg-positive individuals,  health care workers) have
also been carried out [2].

Temporary immunity (3-6 months) may be obtained by administering hepatitis B immuno‐
globulin (HBIG) for postexposure prophylaxis [9].  HBIG is prepared from the plasma of
donors  with  high concentrations  of  anti-HBs.  The plasma is  screened to  eliminate  posi‐
tives for HBsAg, antibodies to HIV and hepatitis  C virus,  and HCV RNA [75].  HBIG is
typically used as an adjunct to hepatitis B vaccine for postexposure immunoprophylaxis
or  as  the  primary  means  of  protection  after  an  HBV  exposure  for  non-responders  to
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hepatitis B vaccination [75]. HBIG prophylaxis in conjunction with HBV vaccination may
be of additional benefit for infants born to HBsAg-positive mothers, particularly if they are
HBeAg positive, subjects exposed to HBsAg-positive blood or body fluids, people sexual‐
ly exposed to an HBsAg-positive person,  and patients  who need protection from recur‐
rent HBV infection following liver transplantation [9].

A vaccine against HCV is not yet available [8, 77], and immunoglobulin does not provide
protection [18]. The primary prevention is aimed to reduce the risk for HCV transmission [78]
and includes:

• avoiding unnecessary and unsafe injections, unsafe sharps waste collection and disposal;

• screening of blood, plasma, organ, tissue, and semen donors;

• controlling use of illicit drugs and preventing the sharing of injection equipment among
drug users;

• promoting protected sex with hepatitis C-infected subjects;

• advising household contacts of HCV infects about the risk related to share of sharp personal
items;

• avoiding tattoos,  piercings  and acupuncture  performed with not  sterilized equipment
[8,  79-81].

Identifying persons at risk but not yet infected with HCV provides opportunity for counseling
on how to reduce their risk [78].

Travelers should be advised against the use of medical, surgical, and dental equipments not
adequately sterilized or disinfected and they should consider the risks about getting a tattoo
or body piercing in areas where adequate sterilization or disinfection procedures might not be
available or practiced [18].

Secondary prevention aims to reduce risks for liver chronic diseases in HCV-infected persons
by identification, counseling, and testing and by providing appropriate medical management
and antiviral therapy [78, 82].

The determination of which risk groups to recommend for routine testing should be based on
the knowledge of the epidemiologic link between a risk factor and acquiring HCV infection,
prevalence of risk factors or behavior for infection in the population, and prevalence of
infection among those with a risk factors or behavior [78].

Risk groups to test routinely shoud be injected illegal drugs users; subjects who received (i)
clotting factor concentrates produced before the late 1980s, (ii) blood from a donor who later
tested positive for HCV infection, (iii) transfusion of blood / blood components or an organ
transplant before the early 1990s; patients on long-term hemodialysis or with persistently
abnormal alanine aminotransferase levels [78, 83].

Based on a recognized exposure, healthcare, emergency medical and public safety workers
after needle sticks, sharps, or mucosal exposures to HCV-positive blood and children born to
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HCV-positive mothers should be tested routinely. Immunoglobulin and antiviral agents are
not recommended for postexposure prophylaxis of hepatitis C.

In USA, CDC strongly recommends that adults of all ages at risk for HCV infection should be
tested; particularly, those born during 1945–1965 without prior ascertainment of HCV risk
should receive one-time testing for HCV [20].

Counselling directed to HCV positives must include messages on how to protect the liver from
further harm by receiving hepatitis A and B vaccination if susceptible, reducing alcohol
consumption, avoiding new medicines (including over-the-counter and herbal agents)
without first checking with their health-care provider, and obtaining HIV risk testing [20].
Persons overweight/obese must loose weight and follow an healthy diet and a physically active
health-style [20, 84].

First of all, HCV positives must not donate blood, tissue, or semen and/or share devices that
come into contact with blood, such as toothbrushes, dental appliances, razors, and nail
clippers, to minimize the risk of transmission to others [20].

Epidemiological surveillance represents the mainstay in the prevention of viral hepatitis since
it provides the information for determining new infections and trends in incidence, changing
patterns of transmission and persons at highest risk for infection, and for evaluating effective‐
ness or missed opportunities for prevention [78].

In USA, each week, state and territorial health departments report cases of acute, symptomatic
viral hepatitis to CDC’s [1].

Most of European countries have a passive mandatory surveillance system for acute hepatitis
having clinicians as the main source of data, using an electronic format at the national level,
and collecting a similar set of basic data. Underreporting is common, but the exact extent is
unknown [8].

Chronic hepatitis B and C, although accounting for the greatest burden of disease, are not
reported by most states.

Serologic surveys carried out periodically can add information on geographical variations in
prevalence of infections, populations at high risk, trends, and prevention programs [78].
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come into contact with blood, such as toothbrushes, dental appliances, razors, and nail
clippers, to minimize the risk of transmission to others [20].

Epidemiological surveillance represents the mainstay in the prevention of viral hepatitis since
it provides the information for determining new infections and trends in incidence, changing
patterns of transmission and persons at highest risk for infection, and for evaluating effective‐
ness or missed opportunities for prevention [78].

In USA, each week, state and territorial health departments report cases of acute, symptomatic
viral hepatitis to CDC’s [1].

Most of European countries have a passive mandatory surveillance system for acute hepatitis
having clinicians as the main source of data, using an electronic format at the national level,
and collecting a similar set of basic data. Underreporting is common, but the exact extent is
unknown [8].

Chronic hepatitis B and C, although accounting for the greatest burden of disease, are not
reported by most states.

Serologic surveys carried out periodically can add information on geographical variations in
prevalence of infections, populations at high risk, trends, and prevention programs [78].
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1. Introduction

Hepatitis is an inflammation of the liver. There are at least five different viruses causing
hepatitis. Each of the five major hepatitis viruses, hepatitis A virus (HAV), hepatitis B virus
(HBV), hepatitis C virus (HCV), delta hepatitis virus (HDV) and hepatitis E virus (HEV) belong
to a separate family. Currently, all these viral hepatitis (A-E) have been classified into different
genotypes and subgenotypes. Several factors, including viral genotypes have been reported
to be associated with disease progression and treatment response. Consequently, documen‐
tation of genotype recently have been proved to be a valuable tool not only for epidemiological
reasons but also for clinical implications and treatment.

2. Hepatitis A virus

HAV is a member of the Hepatovirus genus of Picornaviridae family. HAV is a non-enveloped
(naked), linear, single stranded RNA virus of an icosahedral symmetry measuring 27-32 nm
in diameter [1]. HAV infection is hyper-endemic in vast areas of the world, with approximately
1.5 million clinical cases per year [2]. The worldwide distribution is uneven and is based on
determinants such as socioeconomic conditions and geographic factors [3-5]. In developing
countries, the incidence of disease in adults is relatively low because of exposure to the virus
in childhood. Most adults in these areas show prevalence of antibodies against hepatitis A. In
developed world endemicity is usually very low and clinical cases occur almost exclusively in
adults [6,7]. The variable age distribution among hepatitis A patients in developing and
developed countries is a consequence of differing standards of hygiene and sanitation. In many
developing countries, improved hygiene standards and socio-economic conditions have led

© 2013 Hussain; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.



[72] Cho Y, Bonsu G, Akoto-Ampaw A, Nkrumah-Mills G, Nimo JJ, Park JK, Ki M. The
prevalence and risk factors for hepatitis B surface ag positivity in pregnant women in
eastern region of ghana. Gut and Liver 2012 Apr;6(2):235-40.

[73] El-Raziky MS, El-Hawary MA, Salama KM, El-Hennawy AM, Helmy HM, Fahmy
ME, Hassanin FM, El-Karaksy HM. Patterns of hepatitis B infection in Egyptian chil‐
dren in the era of obligatory hepatitis B vaccination. Arab Journal of Gastroenterolo‐
gy 2012 Mar;13(1):1-3.

[74] Narayanswamy K. Hepatitis B and pregnancy: challenges in India. Journal of Indian
Medical Association 2011 Oct;109(10):766-7.

[75] Centers for Disease Control and Prevention. CDC: A Comprehensive Immunization
Strategy to Eliminate Transmission of Hepatitis B Virus Infection in the United
States. Recommendations of the Advisory Committee on Immunization Practices
(ACIP) Part 1: Immunization of Infants, Children, and Adolescents. December 23,
2005 / Vol. 54 / No. RR-16.

[76] Centers for Disease Control and Prevention. CDC: A Comprehensive Immunization
Strategy to Eliminate Transmission of Hepatitis B Virus Infection in the United
States. Recommendations of the Advisory Committee on Immunization Practices
(ACIP) Part II: Immunization of Adults. December 8, 2006 / Vol. 55 / No. RR-16.

[77] Halliday J, Klenerman P, Barnes E. Vaccination for hepatitis C virus: closing in on an
evasive target. Expert Review of Vaccines. 2011 May;10(5):659-72.

[78] Centers for Disease Control and Prevention. CDC: Recommendations for Prevention
and Control of Hepatitis C Virus (HCV) Infection and HCV-Related Chronic Disease.
MMWR/October 16, 1998 / Vol. 47 / No. RR-19

[79] Simonsen L, Kane A, Lloyd J, Zaffran M, Kane M. Unsafe injections in the developing
world and transmission of bloodborne pathogens: a review. Bulletin of the World
Health Organization 1999;77(10):789-800.

[80] Wright NM, Tompkins CN. A review of the evidence for the effectiveness of primary
prevention interventions for hepatitis C among injecting drug users. Harm Reduc‐
tion Journal. 2006 Sep 6;3:27.

[81] Zanetti AR, Romanò L, Bianchi S. Primary prevention of hepatitis C virus infection.
Vaccine. 2003 Jan 30;21(7-8):692-5.

[82] De Flora S, Bonanni P. The prevention of infection-associated cancers. Carcinogene‐
sis. 2011 Jun;32(6):787-95.

[83] Albeldawi M, Ruiz-Rodriguez E, Carey WD. Hepatitis C virus: Prevention, screen‐
ing, and interpretation of assays. Cleveland Clinic Journal of Medicine. 2010 Sep;
77(9):616-26.

[84] Montella M, Crispo A, Giudice A. HCC, diet and metabolic factors: Diet and HCC.
Hepatitis Monthly. 2011 Mar;11(3):159-62

Practical Management of Chronic Viral Hepatitis18

Chapter 2

Genomic Heterogeneity of Hepatitis Viruses (A-E): Role
in Clinical Implications and Treatment

Zahid  Hussain

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55231

1. Introduction

Hepatitis is an inflammation of the liver. There are at least five different viruses causing
hepatitis. Each of the five major hepatitis viruses, hepatitis A virus (HAV), hepatitis B virus
(HBV), hepatitis C virus (HCV), delta hepatitis virus (HDV) and hepatitis E virus (HEV) belong
to a separate family. Currently, all these viral hepatitis (A-E) have been classified into different
genotypes and subgenotypes. Several factors, including viral genotypes have been reported
to be associated with disease progression and treatment response. Consequently, documen‐
tation of genotype recently have been proved to be a valuable tool not only for epidemiological
reasons but also for clinical implications and treatment.

2. Hepatitis A virus

HAV is a member of the Hepatovirus genus of Picornaviridae family. HAV is a non-enveloped
(naked), linear, single stranded RNA virus of an icosahedral symmetry measuring 27-32 nm
in diameter [1]. HAV infection is hyper-endemic in vast areas of the world, with approximately
1.5 million clinical cases per year [2]. The worldwide distribution is uneven and is based on
determinants such as socioeconomic conditions and geographic factors [3-5]. In developing
countries, the incidence of disease in adults is relatively low because of exposure to the virus
in childhood. Most adults in these areas show prevalence of antibodies against hepatitis A. In
developed world endemicity is usually very low and clinical cases occur almost exclusively in
adults [6,7]. The variable age distribution among hepatitis A patients in developing and
developed countries is a consequence of differing standards of hygiene and sanitation. In many
developing countries, improved hygiene standards and socio-economic conditions have led

© 2013 Hussain; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.



to a reduction in exposure to HAV in childhood and hence large non-immune adult population
in the community. This leads to a shift or transition from asymptomatic childhood infections
to an increased incidence of symptomatic or clinical disease in adults [8]. The persistence of
circulating HAV may lead to hepatitis A outbreaks in susceptible non-immune adult popula‐
tion [8,9].

2.1. Disease severity

HAV causes an acute self-limited illness. The vast majority of hepatitis A patients make a full
recovery and fatality rate is low. The estimated mortality rate is 0.1% for children less than 15
years old, 0.3% for adults ages 15 to 39, and 2.1% for adults ages 40 and old [10,11]. HAV does
not lead to chronic hepatitis or a carrier state and only rarely leads to fulminant hepatic failure
(FHF) [12]. FHF occurs during the first 4-6 weeks of illness which is characterized by sudden
onset of high fever, marked abdominal pain, vomiting and jaundice followed by development
of hepatic encephalopathy associated with deep coma and seizures [13,14]. Mortality is highly
correlated with increasing age, survival being rare over the age 45 years [15]. The acute HAV
super infection with chronic liver disease is also associated with severity and high mortality
[16,17].

2.2. Genomic organization

Like all picornaviral genomes, HAV is divided into three parts: (i) 5’ non-coding region (NCR)
that comprises approximately 10% of the genome (ii) single open reading frame (ORF) of 2227
amino acids, that encode all the viral proteins, with regions designated as P1 for capsid
proteins, P2 and P3 for non-structural proteins and (iii) short 3’ non-coding region (Fig. 1).

Figure 1. Genomic organization of hepatitis A virus: HAV genome is divided into a 5’ non-coding region (5’ NCR), a
giant open reading frame, and a 3' non-coding region (3’ NCR). The coding region is subdivided into regions P1, P2
and P3. (Adapted from: Ref. 20)

HAV RNA genomes lack the cap assembly found at the 5’ end of mRNA species that normally
guides the ribosomal complex to the translation start site [18]. Instead, an internal ribosome
entry site (IRES) formed by the 5’NCR functions to initiate translations in HAV including other
picornaviruses [19, 20]. However, unlike other picornavirus IRESes, the HAV IRES requires
an intact eukaryotic initiation factor 4G for its optimal activity [20]. Several other host proteins

Practical Management of Chronic Viral Hepatitis20

are found to be associated with synthetic RNAs representing segments of the 5’ NCR [21]. The
viral capsid protein (P1) is further divided into VP4, VP2, VP3 and VP1 regions. The non-
structural P2 and P3 polyproteins are divided into 2A, 2B, 2C and 3A, 3B, 3C, 3D respectively
(Fig. 1). HAV polyprotein is processed into precursor intermediates and mature proteins by
the proteolytic activities of encoded viral proteins. HAV 2A, 2B, 2C protein encodes 45, 251
and 335 amino acids respectively. The 2A and 3C are identified as processing enzyme in
hepatitis A virus. The translated 2A regions function as intermediary, partially located on the
surface (VP1) and some are assembled inside the virion [20]. Both 2B and 2C proteins play an
important role in the replication of the viral RNA. P3 polyproteins encodes 3A, 3B, 3C and 3D
proteins with 74, 23, 219 and 489 amino acids respectively. 3C protein acts as sole protease for
HAV protein processing, while 3D is the RNA dependent RNA polymerase [22].

2.3. HAV genotypes and geographic distribution

Genetic heterogeneity of hepatitis A has been revealed by sequencing different genome
regions, including VP3 carboxyl terminus, the VP1 amino terminus and the VP1/2A junction
[23-25] (Fig. 2). The VP3 C-terminal region is relatively conserved, the VP1 amino acid terminus
presents an intermediate variability, while VP1/2A junction is more variable and is used to
distinguish one strain from another [25]. The genetic variability observed within the putative
VP1/2A junction (168 nucleotides) initially defined seven (I-VII) genotypes [26-29]. However,
recently new classification of HAV has been done based on the complete sequences of the 900
nucleotides of VP1 region [30] (Fig. 2).

Figure 2. The genomic organization of VP3 C-terminal, the VP1 amino acid terminal and VP1/2A junction region of
hepatitis A virus. The complete sequence of the 900 nucleotides of the VP1 gene has been used for new classification
of HAV. (Adapted from: Ref. 30)

The phylogenetic analyses of VP1 sequences identified six genotypes (I-VI) that differ among
themselves 15-25%. Three isolated from humans (I-III) and three from a simian origin (IV-VI).
The genotypes I, II and III were further subdivided into sub-genotypes A and B, which differ
in approximately 7.5% of base positions. The worldwide genotype distribution showed
genotype I and III comprise the vast majority of human strains within the studied population
(Fig. 3). Sub-genotype IA comprises the majority of the human strains studied and constitutes
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nucleotides of VP1 region [30] (Fig. 2).

Figure 2. The genomic organization of VP3 C-terminal, the VP1 amino acid terminal and VP1/2A junction region of
hepatitis A virus. The complete sequence of the 900 nucleotides of the VP1 gene has been used for new classification
of HAV. (Adapted from: Ref. 30)

The phylogenetic analyses of VP1 sequences identified six genotypes (I-VI) that differ among
themselves 15-25%. Three isolated from humans (I-III) and three from a simian origin (IV-VI).
The genotypes I, II and III were further subdivided into sub-genotypes A and B, which differ
in approximately 7.5% of base positions. The worldwide genotype distribution showed
genotype I and III comprise the vast majority of human strains within the studied population
(Fig. 3). Sub-genotype IA comprises the majority of the human strains studied and constitutes
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major virus population in North and South America, China, Japan, Russia and Thailand. The
sub-genotype IB contains strains from Jordan, North Africa, Australia, Europe, Japan and
South America. Most of the remaining human HAV strains segregate into genotype III that is
further divided into two sub-genotypes, IIIA, and IIIB [23,27,29]. The sub-genotype IIIA have
been subsequently identified in specimens collected from humans with hepatitis A in India,
Sri Lanka, Nepal, Malaysia, Sweden and the U.S.A [26,31].The IIIB sub-genotype is responsible
for cases of HAV infection in Japan and Denmark.

Figure 3. Worldwide distribution of hepatitis A virus genotype(s) according to the VP3 carboxyl terminus, the VP1
amino terminus and the VP1/P2A junction. (Adapted from: Ref. 4, 23, 26, 27, 29, 30 & 31)

2.4. Effect of HAV genotype on disease severity

Although, HAV causes an acute self-limited illness but rarely, it also involved in severe course
such as fulminant hepatitis, relapsing hepatitis, prolonged and cholestatic hepatitis. The
question arises, if genetic heterogeneity/ genotypes play any role in self-limiting or severe
course of the disease. There are contradictory reports regarding the role of HAV genotype in
disease severity. Fujiwara et al., [32], reported an association between the severity of hepatitis
A and nucleotide variations in the central portion of the 5' NCR of Japanese HAV RNA. Similar
study from South Korea reported no association between 5’NCR sequence variations and
disease severity [33]. Several other studies also reported no association between genotype or
nucleotide changes with disease severity [34-37]. Recently, a comparative analysis of disease
severity between genotype 1A and IIIA revealed that the patients with genotype IIIA were
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older and had high alanine aminotransferase (ALT) levels, prolonged prothrombin times and
lower serum albumin level [38]. Another study indicated that co-infection of 2 sub-genotypes
(1a and 1b) in a patient with acute hepatitis accounted for the prolonged and severe course of
illness [39]. Therefore, additional studies are needed to define the precise role of viral geno‐
types in the severity of hepatitis A.

2.5. HAV genotype and antiviral treatment response

Since most of the cases are self-limiting, acute HAV does not require antiviral therapy in
immunocompetent patients related to any genotype. The immunosuppressed patients should
be recommended ribavirin, so that these patients should not progressed to cirrhosis. Liver
transplantation is the only treatment option for patients with fulminant hepatic failure due to
HAV. Since hepatitis A exists as a single serotype and human is the only host, it is possible to
eradicate by selective vaccination against individuals who are susceptible and sero-negative
for HAV-IgM.

3. Hepatitis B virus

HBV is a member of the Hepadnaviridae family and is known to be one of the smallest human
DNA virus [40,41]. HBV infection is very common worldwide with more than 350 million (5%)
of the world's population is chronic carriers [42-44]. Most acute infections with hepatitis B virus
are self-limited with clearance of virus and development of immunity [45,46]. However, an
estimated 5% to 10% of adults and 85% to 95% of children develop chronic hepatitis B virus
infection [47].The prevalence of HBV infection varies throughout the world [44,48]. The
prevalence of HBV infection in Asia and Africa is high (8%), with perinatal and early childhood
transmission resulting in a high rate of chronicity [44,46,48]. The Mediterranean and Eastern
Europe have an intermediate (3-5%) endemicity and maintained mainly through sexual,
household, nosocomial and perinatal transmission [44,46,48]. The prevalence of chronic
infection in some areas of Europe, North America and Australia is less than 1% and disease is
mostly transmitted via sexual contact or through intravenous drug use [46].

3.1. Disease severity

Chronic hepatitis B (CHB) is responsible for 1 million deaths per year globally [49]. It is a major
cause of cirrhosis of the liver and hepatocellular carcinoma (HCC) worldwide [50,51].The
integrity of the host immunological system, viral replication and probably the genetic heter‐
ogeneity (genotypes and mutations) of the (HBV) play an important role in the determination
of the natural history [52,53]. However, the high morbidity and mortality associated with
chronic HBV results in a substantial medical and economic burden on healthcare systems,
marking HBV as an international health problem [52,53].
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Practical Management of Chronic Viral Hepatitis22

older and had high alanine aminotransferase (ALT) levels, prolonged prothrombin times and
lower serum albumin level [38]. Another study indicated that co-infection of 2 sub-genotypes
(1a and 1b) in a patient with acute hepatitis accounted for the prolonged and severe course of
illness [39]. Therefore, additional studies are needed to define the precise role of viral geno‐
types in the severity of hepatitis A.

2.5. HAV genotype and antiviral treatment response

Since most of the cases are self-limiting, acute HAV does not require antiviral therapy in
immunocompetent patients related to any genotype. The immunosuppressed patients should
be recommended ribavirin, so that these patients should not progressed to cirrhosis. Liver
transplantation is the only treatment option for patients with fulminant hepatic failure due to
HAV. Since hepatitis A exists as a single serotype and human is the only host, it is possible to
eradicate by selective vaccination against individuals who are susceptible and sero-negative
for HAV-IgM.

3. Hepatitis B virus

HBV is a member of the Hepadnaviridae family and is known to be one of the smallest human
DNA virus [40,41]. HBV infection is very common worldwide with more than 350 million (5%)
of the world's population is chronic carriers [42-44]. Most acute infections with hepatitis B virus
are self-limited with clearance of virus and development of immunity [45,46]. However, an
estimated 5% to 10% of adults and 85% to 95% of children develop chronic hepatitis B virus
infection [47].The prevalence of HBV infection varies throughout the world [44,48]. The
prevalence of HBV infection in Asia and Africa is high (8%), with perinatal and early childhood
transmission resulting in a high rate of chronicity [44,46,48]. The Mediterranean and Eastern
Europe have an intermediate (3-5%) endemicity and maintained mainly through sexual,
household, nosocomial and perinatal transmission [44,46,48]. The prevalence of chronic
infection in some areas of Europe, North America and Australia is less than 1% and disease is
mostly transmitted via sexual contact or through intravenous drug use [46].

3.1. Disease severity

Chronic hepatitis B (CHB) is responsible for 1 million deaths per year globally [49]. It is a major
cause of cirrhosis of the liver and hepatocellular carcinoma (HCC) worldwide [50,51].The
integrity of the host immunological system, viral replication and probably the genetic heter‐
ogeneity (genotypes and mutations) of the (HBV) play an important role in the determination
of the natural history [52,53]. However, the high morbidity and mortality associated with
chronic HBV results in a substantial medical and economic burden on healthcare systems,
marking HBV as an international health problem [52,53].
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3.2. Genomic organization

HBV is an enveloped virus (42-47 nm in diameter) with an inner icosahedral nucleocapsid
containing DNA genome [54]. The viral genome is approximately about 3.2 kb long, partially
double-stranded relaxed circular (rc-dsDNA) structure and covalently bond to the viral
encoded DNA polymerase [50,55-57]. The HBV genome has a highly compact coding structure
consisting of four overlapping reading frames (ORF) designated as P (polymerase), S (surface/
envelope), Pre-C/C (core) and X (HBx protein) (Fig. 4) [55,56,58].The polymerase ORF is the
largest and it overlaps the X, the core and the pre-S/S. The pre-S/S ORF has 3 initiation codons
encoding the small hepatitis B surface protein (SHBs), middle hepatitis B surface protein (preS2
+ S) and large hepatitis B surface protein(pre-S1 + pre-S2 + S) proteins. C ORF encodes the core
protein (HBcAg) and pre-core or e’ antigen (HBeAg) and it contains an N-terminal extension
of 29 amino acids [55,56,58,59].

Figure 4. The schematic representation of HBV genome. The circular HBV genome is presented as a linear form. The
coding regions for e/core, surface, polymerase and X proteins are designated as Pc/C, S, P and X respectively. (Adapt‐
ed from: Ref. 59, 55 & 58)

3.3. HBV genotypes and geographic distribution

HBV can be classified into 10 genotypes A to J, based on the comparison of complete HBV
genomes [60-64]. These genotypes are based on a divergence of 8% or more in the complete
nucleotide sequence of the entire viral genome [61-64]. There are numerous subgenotypes
(currently approximately 24) has been identified based on genetic diversity of HBV [65,66].
These subgenotypes were differentiated by a sequence divergence by at least 4% [65,66]. Since
genotypic variation of HBV is reflected in a partial sequence of HBV, therefore genotyping of
HBV is possible without determining the entire genomic sequence [60,67,68]. As shown in Fig.
5, the S gene is more conserved than the pre-S region, therefore the analysis of the S gene is
much more suitable for genotyping. Recently, a fragment of 1306 bp partially comprising
HBsAg and polymerase coding regions(S/POL) has also been used for genotyping (Fig. 5) [69].
Several methods have been employed to genotype hepatitis B virus; (a) Direct sequencing [70]
(b) Restriction fragment length polymorphism (RFLP) [71] (c) Line Probe Assay (LiPA) [72] (d)
Genotype specific PCR [73].
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Figure 5. Common genotyping region of HBV genome. The most suitable region for genotyping is S and S/Pol indicat‐
ed by dotted line (…). (Adapted from: Ref. 60, 67, 68 & 69)

The distribution of HBV genotypes varies across different geographical regions (Fig. 6). HBV
Genotype A is most commonly found in the Americas, Africa, India and Western Europe [74,
75]. Genotype B is most common in Asia including Japan, Taiwan, Indonesia, China and
Vietnam [76-79]. Genotype C is predominant in East Asia and countries of the Pacific Rim [68],
while genotype D most commonly found in the Mediterranean, India, Middle East [75,80-82].
HBV genotype E is mainly identified in sub-Saharan Africa, genotype F in South and Central
America as well as Alaska, and genotype G in Central and North America as well as Europe
[83-85]. The most recent HBV genotype identified, genotype H, has been found in the United
States, Mexico and Central America [86,87]. The genotype F is the most distantly related
genetically of the other HBV genotypes (12.8-15.5%) [88]. Recently, genotype I, a novel inter-
genotypic recombination among genotypes A, C and G was isolated in Vietnam and Laos [89].
The newest HBV genotype J, was identified in the Ryukyu island in Japan, and this genotype
has a close relationship with gibbon, orangutan and human genotype C [90]. The epidemiology
of HBV infection is still shifting and the apparent variations in geographical distribution of
genotypes is effect of migration from countries with a high prevalence of HBV infection to
countries with a lower prevalence.
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75]. Genotype B is most common in Asia including Japan, Taiwan, Indonesia, China and
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genetically of the other HBV genotypes (12.8-15.5%) [88]. Recently, genotype I, a novel inter-
genotypic recombination among genotypes A, C and G was isolated in Vietnam and Laos [89].
The newest HBV genotype J, was identified in the Ryukyu island in Japan, and this genotype
has a close relationship with gibbon, orangutan and human genotype C [90]. The epidemiology
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countries with a lower prevalence.
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3.4. Effect of HBV genotypes on disease severity

There are conflicting report about the role of HBV genotypes and severity of the disease. Recent
study from Japan demonstrated that genotype B is associated with slower progression to
cirrhosis of the liver compared to genotype C [91]. Another study suggested that acute infection
with HBV genotype A increases the risk of progression to chronic infection [79,92]. In China,
the patients contracted with HBV subtype C2 develops chronic infection more often than those
infected with subtype B2 [78,93]. There are conflicting reports from India; one study found that
patients infected with genotype D strains had severe chronic liver disease, while another study
could not find genotype D strains to be involved in severity [75,94]. Study from East Asia
indicated, genotype C as a predominant genotype in subjects with advanced chronic hepatitis
(CH), liver cirrhosis (LC) and hepatocellular carcinoma (HCC) [95]. Taiwanese study demon‐
strated association of genotype C as a risk factor for HCC than genotype B [93,96]. A study
from Hong-Kong found that patients infected with genotype B had a higher rate of hepatic
decompensation compared to genotype C patients [97]. The HBV patients contracted fulmi‐
nant hepatitis are more often associated with genotype B [98]. The characteristics of other
genotypes (E-J) with disease severity has not been well documented.

Figure 6. Worldwide geographic distribution of HBV genotypes. (Adapted from: Ref. 68, 74, 75, 77, 79, 81, 82, 83, 84,
86, 87, 88, 89 & 90)
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3.4.1. Do genotypes influence seroconversion and seroclearance?

The seroconversion of e’ antigen (HBeAg) and seroclearance of surface antigen (HBsAg) are
important steps in the natural history of chronic HBV infection [99-102]. Early HBeAg
seroconversion typically confers a favorable outcome, while late or absent HBeAg serocon‐
version after multiple hepatitis flares may accelerate the progression of chronic hepatitis to
cirrhosis and hence a poor clinical outcome [99-102]. How these events are influenced by HBV
genotypes are subject to a proper understanding and research? Taiwanese study demonstrated
that genotype C infection was associated with lower rates of spontaneous HBeAg serocon‐
version than genotype B [101]. In case of HBsAg seroclearance, the HBV genotypes A and B
patients had high frequency compared to genotypes C and D patients [83, 103].

3.4.2. Do genotypes influence frequency of viral mutations?

Several studies revealed that genotypes do influence the frequency of mutations in HBV
genetic make-up. The HBV genotype C infections conferred a higher frequency of basal core
promoter (BCP) A1762T/G1764A mutation than genotype B [104,105]. Similarly, patients with
genotype D infection had a higher prevalence of BCP A1762T/G1764A mutation than those
with genotype A infection [106]. The nucleotide(s) deletion within pre-S region is reported to
be associated with genotypic variations. The pre-S deletion was higher in genotype C than
genotype B patients [107]. In addition, the presence of pre-S deletion was an independent risk
factor associated with disease progression as well as HCC development [108-110].

3.5. HBV Genotype and antiviral treatment response

According to different investigators, the nucleotide sequence diversity among different
isolates of the virus may play a significant role in response to therapy. The impact of HBV
genotype on therapeutic response has been reported in several studies [111,112]. HBV
genotype plays a vital role in sustained response (i.e. normalization of serum ALT level and
HBeAg seroconversion post treatment) rate. The HBeAg positive patients treated with
standard IFN-a, the sustained response rate is significantly better in genotype A and B patients
than for genotype C and D [113-116]. Contrary to genotype A-D, patients infected with
genotype E–J are rarer and their responses to IFN-based therapy remain largely unknown. In
patients treated with nucleos (t) ide analogues, sustained response rate was contradictory in
relation to genotype [117,118].

4. Hepatitis C virus

HCV is a small size (55-65 nm), enveloped virus, belong to a member of the family Flaviviri‐
dae [119,120]. It is mainly transmitted by exposure to contaminated blood or blood products
[121,122]. This virus is target specific and replicates in the hepatocytes (liver cells). The initial
phase of hepatitis C is called the acute infection [123]. The symptoms of acute HCV infection
includes fatigue, jaundice, appetite loss, abdominal pain, nausea and vomiting, joint pain, dark
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genotype on therapeutic response has been reported in several studies [111,112]. HBV
genotype plays a vital role in sustained response (i.e. normalization of serum ALT level and
HBeAg seroconversion post treatment) rate. The HBeAg positive patients treated with
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genotype E–J are rarer and their responses to IFN-based therapy remain largely unknown. In
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HCV is a small size (55-65 nm), enveloped virus, belong to a member of the family Flaviviri‐
dae [119,120]. It is mainly transmitted by exposure to contaminated blood or blood products
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urine and clay-colored stool [124]. Sixty to seventy percent of people in the acute stage have
no symptoms and hence most of HCV cases often goes undiagnosed [123,125]. On the other
hand, patients who develop symptoms, the average time period between exposure and
symptom onset is 4-12 weeks. Fifteen to twenty percent of acute cases spontaneously clear this
virus within 2-12 weeks. However, up to 80% of people initially infected with HCV do not
clear the virus from their bodies, and continue to have liver disease with 55% develops chronic
liver disease [126,127]. Chronic hepatitis C is often silent, most of the times discovered only by
routine serological, biochemical and radiological testing [128].

4.1. Disease severity

HCV is a major cause of liver associated disease all over the world with an estimated 3% of
the world’s populations are chronically infected [129,130]. In some endemic areas, such as the
Middle East, North-East Asia and South Africa, the prevalence of HCV infection is as high as
20-30% [122]. Chronic infection often progresses to liver fibrosis, cirrhosis and hepatocellular
carcinoma (HCC) in a substantial number of patients [126-128]. The rate of disease progression
is variable and several factors have been identified as important in predicting the outcome of
progression such as age at infection, gender, genotype/subtype, viral load, and mode of
infection.

4.2. Genome organization

HCV viral genome is positive sense RNA with approximately 9.4 kb in length containing a
poly (A) tail at the 3’end (Fig. 7). The sequence contained a 5’untranslated region (5’ÚTR) of
341 bases and 3’UTR of about 27 bases [120,131, 132]. The HCV genome has a single open
reading frame coding for a polyprotein of 3010 amino acids. The poly-protein is cleaved after
translation into structural and non-structural proteins necessary for viral replication and virion
formation. The structural proteins situated towards the N-terminus of the genome and non-
structural genes located near C-terminal. The 5’UTR is most conserved region of HCV and is
pivotal for the initiation of translation and ribosomal binding [133-135]. The structural genes
code for the capsid (core) protein (C) and envelope glycoproteins (E1, E2) [133,134]. The first
27 amino acids of the E2 gene constitute the hyper-variable region 1 (HVR1) of the genome
and seems to be involved in virus evasion of the immune system and disease progression [136].
The non-structural genes code for a protease (NS2, NS3) and its cofactor (NS4A), a helicase
(NS3), a protein of unknown function (NS4B), a phosphoprotein (NS5A), and an RNA-
dependent RNA polymerase (NS5B) [137].

The virus replicates in the cytoplasm using an RNA-dependent RNA polymerase that lacks
general proofreading ability [138]. This error-prone RNA polymerase is responsible for the
genetic variability exhibited by HCV isolates and high spontaneous nucleotide substitution
rate with a frequency of 10–2 to 10–3 substitutions per nucleotide site per year [139]. HCV cir‐
culates as a heterogeneous population or quasispecies which differ by 1-5%in nucleotide se‐
quence diversity [140]. Quasispecies permits rapid adaptability of the virus in the event of
environmental changes and a clever strategy utilized by the virus to escape selective forces
such as nucleotide antiviral agents or the immune system [139,140].
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Figure 7. Genomic organization of HCV: The HCV genome contains a single open reading frame (ORF). The genes for
structural proteins (C, E1, E2, P7) are situated towards the N-terminus of the ORF. Genes coding for proteins necessary
for viral replication are found towards the C-terminus of the ORF. (Adapted from: Ref. 120, 131 & 133)

4.3. HCV genotypes and geographic distribution

The HCV genotype has been determined primarily based on analysis of partial genome
sequences. Investigators have typically used sequence analysis of NS5B, core, E1, and 5'UTRs
for HCV genotyping (Fig. 8). The most widely accepted classification system of HCV geno‐
typing is that of Simmonds et al. 1993 [137]. This system is based on the sequence variability
of the 222 base pairs of the NS5B region and it divides HCV isolates into six phylogenetically
distinct groups, and more than 80 subtypes. However, following the description of the new
genotypes 7-11, Robertson et al., 1998, measured that it was more accurate for the genotypes
7, 8, 9 and 11 to be assigned as subtypes of genotype 6 and the genotype 10 to be a subtype of
the genotype 3 [141]. Several methods have been employed to genotype hepatitis C virus; (a)
Direct sequencing [140] (b) Restriction fragment length polymorphism (RFLP) [142] (c) Line
Probe Assay (LiPA) [143] (d) Genotype specific PCR [144].

Figure 8. Genotyping region of HCV: The most suitable region for genotyping are 5’ UTR, Core (C), E1 and NS5B indi‐
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Figure 7. Genomic organization of HCV: The HCV genome contains a single open reading frame (ORF). The genes for
structural proteins (C, E1, E2, P7) are situated towards the N-terminus of the ORF. Genes coding for proteins necessary
for viral replication are found towards the C-terminus of the ORF. (Adapted from: Ref. 120, 131 & 133)
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Probe Assay (LiPA) [143] (d) Genotype specific PCR [144].

Figure 8. Genotyping region of HCV: The most suitable region for genotyping are 5’ UTR, Core (C), E1 and NS5B indi‐
cated by dotted (…) line. (Adapted from: Ref. 138, 140, 141, 146 & 147)

Genomic Heterogeneity of Hepatitis Viruses (A-E): Role in Clinical Implications and Treatment
http://dx.doi.org/10.5772/55231

29



At least 6 major genotypes of HCV, each comprising multiple subtypes have been identified
worldwide [138,145-147]. Each genotype is separated by sequence divergence in the entire
genome exceeding 30%. Substantial regional differences appear to exist in the distribution of
HCV genotypes (Fig. 9). Although HCV genotypes 1, 2, and 3 appear to have a worldwide
distribution, their relative prevalence varies from one geographic area to another [145]. HCV
subtypes 1a and 1b are the most common genotypes in the United States [145]. These subtypes
also are predominant in Europe [148]. In Japan, subtype 1b is responsible for up to 73% of cases
of HCV infection [149]. Although HCV subtypes 2a and 2b are relatively common in North
America, Europe, and Japan, subtype 2c commonly found in northern Italy [146]. HCV
genotype 3a is particularly prevalent in intravenous drug abusers in Europe and the United
States [150]. HCV genotype 4 appears to be prevalent in North Africa and the Middle East [151,
152], type 5 mainly in South Africa and type 6 principally in Hong Kong and Southeast Asia
[137,153]. Mixed genotype infections from a major and a minor HCV population accounts for
4-17% of HCV patients [154].

4.4. Effect of genotype on disease severity

In recent years, substantial evidence has emerged indicating the role of HCV genotypes in
disease severity and sensitivity to the antiviral therapy [140,146]. Importantly, patients infected
with any of the 6 genotype can develop advanced liver disease, including cirrhosis and HCC.
However, some genotypes appear to be more severe compared to the other. For example,
Chronic HCV patients infected with genotype 1b is reported to be associated with a more
severe liver disease and a more aggressive course compared to genotype 2 (146,155-157]. HCV
genotype 1b has also been reported to be associated with the development of advanced liver
disease including cirrhosis and hepatocellular carcinoma (HCC) compared to other genotypes
(157,158]. However, other investigators failed to arrive at the same conclusions for genotype
1b and therefore further studies are required to elucidate any role of HCV genotype in disease
progression or severity [159-162]. A study from India, indicate that most of the chronic hepatitis
patients related to genotype 3 is associated with significant steatosis (accumulation of fat
within hepatocytes) and fibrosis [163]. Another study report steatosis regardless of genotypes,
but resolution of viral infection from genotype 3a patients is associated with disappearance of
steatosis and hence genotype 3a and steatosis are interlinked [164]. According to latest statistics
15% of Egyptians are infected with HCV and most of these patients have genotype 4 [165,166].
Genotype 4 has also been associated with a severe disease and increased development of HCC
[165]. HCV Genotype 5 is associated with higher mean age compared to other HCV genotype
infection [167]. Report from Hong Kong suggested prominence of genotype 6 in patients with
thalassemia major and intravenous drug abusers [168].

4.5. HCV genotype and antiviral treatment response

The main objective of therapy administered to patients with chronic hepatitis C is to achieve
a Sustained Virological Response (SVR). SVR is characterized by the clearance of serum HCV
RNA at the end of therapy and maintained throughout the 6-month follow up period after
completion of treatment [169]. The current treatment for HCV infection is two daily doses of
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ribavirin (non-specific anti-viral agent) combined with a weekly injection of interferon-α
(standard or pegylated) [170]. The recommended treatment length depends on the virus
genotype. Patients with genotypes 2 and 3 are almost three times more likely than patients
with genotype 1 to respond to the combination of alpha interferon and ribavirin therapy [129,
164, 171, 172]. Notably, patients with genotype 2 and 3, a 24 week course of combination
treatment is adequate, whereas a 48 week course is recommended for genotype 1 [172].
Although, the response of combination therapy against genotype 2 and 3 is better, still there
are moderately high percentage of non-responders. The re-treatment response involving
combination therapy in non-responders are still better in genotype 2 and 3 (50-60% SVR)
compare to genotype 1 (14%) [173]. Genotype 4 presents advance liver disease in patients, and
response to Interferon-Ribavirin combination therapy is moderate with ~60% SVR after 48
weeks treatment [174]. Similarly, among genotype 5 patients, the response rate achieved is
more than 60% SVR, when treated with Interferon-Ribavirin combination therapy for 48 weeks
[175]. HCV genotype 6 responds better to Interferon-Ribavirin combination therapy compare
to genotype 1 with treatment duration of 48 weeks [176].

5. Hepatitis D virus

HDV was first discovered in 1977 among a group of patients infected with hepatitis B virus
[177]. HDV depends on the HBV to provide hepatitis B surface antigen (HBsAg) for virion

Figure 9. Worldwide geographic distribution of HCV genotypes. (Adapted from: Ref. 138,146,147 & 152)
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assembly and propagation [178]. There are approximately 350 million chronic HBV carriers of
the virus, according to the available data 5% (15 million) of these HBV carriers are infected
with HDV [179,180]. HDV is highly endemic in Mediterranean countries, Middle East, Central
Africa, and northern parts of South America [181]. In contrast, in industrialized countries, its
prevalence is low and its transmission is often associated with intravenous drug use [182].
HDV is transmitted through blood and body fluids, quite similar to that of HBV [183]. Hepatitis
D symptoms are identical to other viral hepatitis diseases and include jaundice, fever, malaise,
dark urine and nausea [183].

5.1. Disease severity

HDV propagates in human hepatocytes as its natural host but only in presence of hepatitis B
virus, causing severe acute, fulminant or chronic hepatitis leading to liver cirrhosis [179, 184,
185]. HDV infection can occur either as a co-infection with HBV or as a superinfection in
patients with chronic HBV infection [179]. The individuals with HBV-HDV co-infection
resulted in more severe acute disease and a higher risk of fulminant hepatitis than HBV alone
(1983). Only 2% of co-infected patients resulted in chronic infection [186]. Super infection with
HDV in HBV chronic carriers leads to higher incidence of cirrhosis and hepatocellular
carcinoma [187]. A factor that may influence the course of disease is the genetic heterogeneity
of HDV prevalent in different geographical areas [188].

5.2. Genome organization

The HDV virion is a spherical particle of about 36-nm in diameter, which contains an envelope
(HBsAg) and a nucleocapsid containing an RNA genome in complex with HDAg [189-191].
HDV particles consist of a negative sense, circular, single-strand RNA genome, approximately
1.7 kb in length. HDV anti-genome contains a unique open reading frame that encodes the
small (sHD) and large hepatitis delta (LHD) proteins. The sHD and LHD correspond respec‐
tively to the small-p24 and the large-p27 hepatitis delta proteins [192]. The LHD amino acid
sequence is identical to sHD except with the extension of 19 to 20 amino acids at carboxy-
terminal end [192, 193]. sHD is required for viral replication and might promote RNA
polymerase II elongation of nascent HDV RNA, while LHD inhibits HDV RNA replication
and is required for HDV RNA packaging with the HBV envelope protein [194].

5.3. HDV genotypes and geographic distribution

To date researchers have identified 8 major clades or genotypes of hepatitis delta virus
based on phylogenetic analysis and are labeled as HDV-1 to HDV-8 [195]. These genotypes
are mostly defined based on the analysis of 357 nucleotide semi-conserved region of HDV
genome [187,196,197] (Fig. 10).The sequence differences among these genotypes are signifi‐
cant; there is a divergence of 40% in nucleotide sequence and 35% in amino acid sequence of
HDAg. Distribution of genotype 1 is ubiquitous which includes European, North American,
African, and some Asian isolates [187,196-199]. Genotype 2 has been found in Japan, Taiwan
and Yakoutia (Russia) [200]. Genotype 3 has been found exclusively in Central and South
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America [187]. Genotype 4 was mostly prevalent in Japan and Taiwan [200,201]. Genotype

5-8 has been exclusively found in Africa [195] (Fig. 11).

Figure 10. Genotyping region of HDV: The most widely used region for genotyping is spanning 908-1265 nucleotide,
which encodes the second half of HDAg protein indicated by dotted line (…). (Adapted from: Ref. 190)

Figure 11. Worldwide geographic distribution of HDV. (Adapted from: Ref. 181 & 195)
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5.4. Effect of genotype on disease severity

The genetic variant of hepatitis D virus along with geographical location and transmission
route have been identified as important determinants of disease severity [202,203]. At one
geographic location genotype 1 has been associated with fulminant hepatitis and hepatocel‐
lular carcinoma [196], while in other locality the same genotype have a mild clinical course
[197,199]. The diversity observed among genotype HDV-2 has been associated with a less
aggressive course, lower ALT values and HDV RNA levels than genotype HDV-1[196,204].
Genotype HDV-3 is endemic in northern South America and is associated with a severe clinical
course [184]. Genotype HDV-4 (previously labeled HDV-IIb) also showed variable severity
depending upon the geographic location [200,201,205]. Genotype HDV (5-8), mostly observed
in African patients, most patients suffered from active chronic hepatitis or cirrhosis [181,195].

5.5. HDV Genotype and antiviral treatment response

There is no specific treatment for HDV infection. Treatment of chronic delta hepatitis is not
very effective using long-term administration of high doses of interferon-alpha [206]. It is not
known whether some HDV genotypes might be more susceptible to therapy than others.
Although, there is no specific vaccine for HDV but vaccination of persons at high risk of
acquiring HBV will prevent the acquisition of HDV infection.

6. Hepatitis E virus

HEV infection is a significant public health problem in many parts of the world, especially in
developing countries [207-209]. It is estimated that about 2 billion people live in areas endemic
for HEV [207,208]. HEV is transmitted via the fecal-oral route and target population includes
young to middle aged adults [210]. Patients infected with HEV present with nausea, vomiting,
anorexia, jaundice, abdominal pain, fever, and hepatomegaly [211]. It causes large outbreaks
of acute hepatitis but usually resolves without any therapy [212-214]. The infected individual
therefore develops antibodies that protect against future infection.

6.1. Disease severity

The clinical presentation of this disease ranges from subclinical to fulminant hepatic failure
[215,216]. HEV is a major cause of fulminant hepatitis in endemic areas such as India and
Bangladesh [216]. Hepatitis E has a mortality rate of 1-4% in the general population [211].
Increased morbidity and mortality is observed in chronic liver disease patients superinfected
with HEV [215]. The endemic area is frequently associated with increased incidence and
severity in pregnant women with around 15-20% mortality rate [217]. More than one-fourth
of affected women have obstetric complications, such as premature rupture of membranes and
intrauterine growth restriction [218,219]. It is unknown why HEV causes severe disease in
pregnant women.
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6.2. Genome organization

HEV is a spherical, non-enveloped virus of about 27–34 nm, classified currently as the sole
member of the genus Hepevirus in the family Hepeviridae [210,220,221]. Its genome is a single
stranded, positive-sense 5’capped RNA of approximately 7.2 kb in length [222,223]. It contains
three overlapping open reading frames (ORF1, ORF2 and ORF3) flanked by short 5’ and 3’
untranslated regions (UTRs) [224,225] (Fig. 12). The ORF1 encodes a large non-structural
protein with several putative functional motifs and domains such as methyltransferase,
papain-like cysteine protease (PCP), RNA helicase and RNA dependent RNA polymerase
(RdRp) [226]. The ORF2 encodes HEV capsid protein of 660 amino acids and encapsidate the
viral RNA genome [227]. The ORF3 of HEV encodes a small protein of 123 amino acids that is
essential for viral infectivity in vivo. Both the ORF2 and ORF3 proteins are translated from a
single bicistronic subgenomic RNA [228].

6.3. HEV genotypes and geographic distribution

Four major genotypes (genotypes 1-4) of mammalian HEV have been identified on the basis
of complete genome sequences [229,230]. Recently, partial sequence of HEV conserved region
(i.e. ORF1 and ORF2) reflects nucleotide sequence heterogeneity and hence genotyping of HEV
is possible without determining the entire genomic sequence [231,232] (Fig. 13). Regions within
nucleotides 171–221, 280–310 and 6461–6495 were most conserved and represented the best
targets for primer or probe design for genotyping and quantitation [232].

Figure 12. Genomic organization of HEV. HEV RNA is capped at the 5′ untranslated region (UTR) and polyadenylated
at the 3′ UTR. ORF1 encodes the nonstructural polyprotein; methyltransferase (MeT), papain-like cysteine protease
(PCP), RNA helicase (Hel) and RNA dependent RNA polymerase (RdRp). ORF2 encodes the viral capsid protein. ORF3
encodes a small regulatory phosphoprotein.(Adapted from: Ref. 222, 223 & 224)

Genotype 1 is mostly prevalent in Asia and Africa [230,233,234]. Genotype 2 is found in Central
and South America as well in African countries (Fig. 14). Both genotype 1 and 2 outbreaks are
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and South America as well in African countries (Fig. 14). Both genotype 1 and 2 outbreaks are
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the result of efficient human-to-human feco-oral transmission mostly in developing countries
[231,234]. In industrialized countries, HEV genotype 1 infection is rare, therefore its presence
there is treated as imported infectious disease [231]. Genotype 3 includes human and swine
HEV strains from industrialized countries [235,236]. Finally, genotype 4 includes human and
swine HEV strains from Asia, particularly China, Taiwan and Japan [234,237]. HEV strains of
genotype 3 and 4 are maintained among animal species and occasionally infect humans
probably due to inefficient cross-species transmission [235].

Figure 13. Genotyping region of HEV. The most widely used HEV genomic regions for genotyping are indicated by
dotted line (…).

6.4. Genotype variations and disease severity

The severity of HEV associated acute hepatitis not only depends on the status of the host’s
immune system but also on viral factors such as genotypes. Hepatitis outbreaks in developing
countries have been caused primarily by HEV genotype 1. Most of the patients suffering from
hepatitis E caused by genotypes 1 are older children and young adults with mortality rate
1%[231,238]. A study from India reported that the viral load of genotype 1was significantly
higher in pregnant patients than in non-pregnant patients, and high viral load might be a
reason for severe liver disease in pregnant patients [239]. Genotype 2 is Mexican origin and
mostly prevalent in central American and African countries, like genotype 1, it is mostly self-
limiting. HEV genotype 3 is prevalent in industrialized nations and is rarely pathogenic.
Recently, it has been reported that genotype 4 infected patients showed more severe form of
the viral hepatitis than genotype 3 [240,241].

Most of the patients in this group belong to older age (~60 years) and the mortality rate is
relatively high (6-10%) [231,242]. Japanese study suggested that the silent substitutions of
U3148 and C5907 in the genotype 3 and 4 HEV strains are closely associated with the occur‐
rence of fulminant and severe cases and found that C5907 is associated with high HEV load
[243]. Thus, the genetic changes in hepatitis E virus genome may affect the effectiveness of
virus transmission and hence the severity of HEV-associated hepatitis. Therefore, examina‐
tion of HEV genotype is considered necessary in order to predict the clinical course and the
outcome.
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Figure 14. Worldwide geographic distribution of HEV: (Adapted from: Ref. 230,231,233,234 & 236)

6.5. HEV genotype and antiviral treatment response

Since most of the cases are self-limiting, acute HEV does not require antiviral therapy in
immunocompetent patients related to any genotype. The immunosuppressed patients should
be recommended ribavirin, so that these patients should not progressed to cirrhosis. Liver
transplantation is the only treatment option for patients with fulminant hepatic failure due to
HEV. All the four mammalian HEV strains belong to one serotype. Thus, only one hepatitis E
vaccine is needed for broad protection. The first phase of the immunoprophylaxis of HEV is
already tested for safety and immunogenicity [244]. The next phase is to make it available in
the market, especially in developing countries so that it should be effectively controlled.

7. Conclusions

The analysis of genomic sequence heterogeneity among different isolates of hepatitis viruses
(A-E) may provide an opportunity to decipher the course and pathogenesis of the virus.
Although, lot of information are available in this area but still there are many contradictions
and discrepancies.

HAV: There are contradictory findings regarding the role of nucleotide substitutions and
genotypic variations in disease severity among patients contracted with hepatitis A in different
geographical location.
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HBV: There are conflicting report about the role of HBV genotypes and severity of the disease
based on geographical distribution. Based on multiple studies, compared to genotype A and
B patients, C and D patients have a higher risk of disease progression (i.e. cirrhosis & HCC).
Similarly, genotype A and B patients responded better to interferon therapy than C and D
patients. It is important to note that few studies find no association between genotypes, disease
severity and response to treatment regimen.

HCV: Patients infected with any of the 6 HCV genotype can develop advanced liver disease,
including cirrhosis and HCC. However, some genotypes appear to be more severe compared
to the other. For example, genotype 1b is reported to be associated with a more severe and a
more aggressive course compared to genotype 2. Presently, it is recommended all the patients
irrespective of genotype should be given treatment, however treatment length depends on the
virus genotype.

HDV: There are contradictory outcomes about the role of HDV genotypes and disease severity.
At one geographical location HDV genotype 1 is associated with fulminant hepatitis and HCC
while at another location it is not severe. Other genotypes of HDV also have variable disease
severity based on geographical location.

HEV: Although HEV is self-limiting illness still it causes severe illness in pregnant women
with high mortality rate. Most of the pregnant women with aggressive course of the disease
are associated with genotype 1. There are lack of information regarding severity in pregnant
women and other genotypes. There are contradictory report regarding the severity of disease
and genotype 3 and 4, although a report from Japan suggests, silent substitutions of U3148 and
C5907 in the genotype 3 and 4 with response to fulminant hepatitis.

Therefore, the genomic heterogeneity of hepatitis viruses is not the only critical factor that
leads to disease progression, severity and final outcome. Hence, in combination with viral
genomic heterogeneity other factors such as age, sex, geographical distribution, genetic
polymorphism and host immune elements may play a vital role in deciding the clinical
implications and final outcome of the infection.
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1. Introduction

More than 300 million people and 170 million people are chronically infected with hepatitis B
virus (HBV) and hepatitis C virus (HCV), respectively. To eradicate those viral infections, both
prophylactic and therapeutic approaches are required. In HBV infection, there are global
programs for prophylactic vaccination. However, some subjects, especially under immuno‐
compromized state, are unable to acquire ant-HBs antibody (Ab) with conventional vaccina‐
tion, and several attempts to improve the immunogenicity of HB vaccine have been made. On
the other hand, development of effective prophylactic HCV vaccine has not been achieved
mainly because of high rates of escape mutations within HCV envelope genes. We first focus
on the recent development of prophylactic vaccine for HBV and HCV infections.

In the second half of the review, we summarized immunotherapeutic approach for both viral
infections. Neither HBV nor HCV is cytopathic, and hepatitis is caused by the host immune
response against virus-related peptides expressed on hepatocytes in conjunction with human
leukocyte antigens (HLA). In acute self-limiting hepatitis, a broad immune response occurs
that is strong enough to eradicate the virus or suppress viral replication [1], indicating that
efficient induction of anti-viral immune response could have a potential to control viral
infections. However, in chronic hepatitis, there are many mechanisms that hamper the antiviral
immune response leading to persistent viral infection.

In chronic HBV infection, strong long-term viral suppression can now be achieved with various
nucleoside and nucleotide analogs. However, there are some problems that must be solved in
the near future. One of the problems in the treatment of nucleos(t)ide analogs is a low rate of
HBe seroconversion even after long-term administration in HBeAg+ patients. Moreover,
reactivation rate of HBV replication is high in both HBeAg+ and HBeAg– patients after cessation
of the treatment, although drug-free viral controls would be better than long-term adminis‐
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tration of the drugs in terms of control of medical costs and avoidance of adverse effects of
these agents. Therefore, it would be beneficial to achieve long-term viral eradication even after
cessation of nucleos(t)ide analogs in combination with efficient immunotherapy.

On the other hand, antiviral oral drugs, such as protease inhibitor or polymerase inhibitor
showing potent antiviral ability [2], have been developed for chronic HCV infection. However,
not all patients treated with these drugs could achieve sustained virological response and high
medical cost for each patient is a global serious problem. Effective immunotherapy combined
with these drugs may improve their antiviral effects and control medical costs also in hepatitis
C.

2. Problems and recent advances in HBV vaccination

2.1. Non-responder for HBV vaccine (Table 1)

In HBV infection, HBV is transmitted at a high incidence rate by parenteral, percutaneous or
sexual contact. Therefore, primary protection is very important and universal vaccination
regardless of maternal HBsAg status is recommended. Most of countries have introduced HBV
vaccination into their national immunization programs and more than 80% of infants have
received HBV vaccine three times. In Taiwan, universal vaccination program of all newborns
was introduced in 1986. After twenty years of the program, the rate of chronic HBV infection
decreased from 9.8% to 1.2% and the risk of childhood HCC has been decreased by 70% [3, 4].

Host factors

Age > 40 years

Obesity

Smoking

Genetics, certain HLA types

Other medical conditions

Diabetes

Cirrhosis

Renal failure

Conditions requiring immunosuppressive therapy

Unrecognized chronic HBV infection

Technical

Subcutaneous administration

Freezing of vaccine

Table 1. Causes of non-responder to HBV vaccine
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Non-responder for HBV vaccination and vaccine escape mutants are important problems to
be focused in the future. The general recommendation for non-responders is to repeat a three-
dose schedule; 50-75% is expected to respond to the second dose. Non-responders to the second
dose should be evaluated for underlying chronic HBV infection. For hemodialysis patients,
response may be improved by using double-dose vaccine [5]. Intradermal administration have
been tried to improve the effectiveness of vaccination but is technically difficult [6] and long-
term efficacy has not been demonstrated. Several trials to improve the effectiveness of HBV
vaccination particularly in hemodialysis patients have been investigated (Table 2). Combined
use of granulocyte macrophage-colony stimulating factor or levamisole as an adjuvant of HBV
vaccination is a promising strategy [7-9]. New chemical adjuvant has also shown an excellent
potential [10-12]. On the other hand, Interleukin (IL)-2 is not shown to be effective when used
as an adjuvant [13,14]. Recently, a new HBV vaccine including preS lesion, which is known as
an essential site for HBV-entry to hepatocyte, has been tried [15,16].

Materials Mechanism Effectiveness ref

Adjuvant

GM-CSF dendritic cell activation Meta-analysis: OR 4.63 [7]

Levamisole interferon inducer Meta-analysis: OR 2.43 [8]

upregulation of defective immune

function
Meta-analysis: OR 2.77 [9]

Interleukin-2 enhanced cellular immunity RCT: no significant effect [13, 14]

HB-AS04
upregulation of CD86, increased

cytokine
RCT: Significant at month 3 [10]

(aluminium salt, monophosphoryl lipid (MPL)) RCT: Significant [11]

HB-AS02
TLR4 agonist, improve antigen

presentation
RCT: Significant [12]

(MPL, QS21: extract from Quillaja saponaria)

Pre-S

Sci-B-Vac/BioHepB block HBV-entry to hepatocyte? preS1 antibody 50~60% positive [15, 16]

(preS1/PreS2/preS)

GM-CSF;granulocyte macrophage-colony stimulating factor, OR; Odds ratio, RCT; randomized controlled trial, TLR; toll-
like receptor

Table 2. Human trials to improve the effectiveness of HBV vaccination

2.2. Escape mutant

Mutations in the small-S protein, commonly glycine to arginine substitution at codon 145
(G145R), have been found in some children born from mothers infected with hepatitis B [17].
Although these mutants have been found in many parts of the world, the prevalence appears
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to be low and decline in the efficacy of HBV vaccine has not been reported. However, a recent
report showed that the mutant HBV was transmitted by sexual contact with a subject who had
received universal HBV vaccination [18]. Application of HBV vaccine including preS protein
to block infection of HBs mutant could be an effective strategy and should be investigated in
the future.

3. Recent advances in HCV vaccine

In the analysis of secondary HCV infection after spontaneously clear primary infection,
increased rate of spontaneous viral clearance and broader T-cell responses was found [19].
Actually, an animal study using chimpanzee showed that T-cell vaccine elicits effective
immunity against HCV challenge thorough early CD4+ and CD8+ T-cell response [20]. These
indicate the induction of protective memory responses against HCV during natural infection
and also suggest a possibility for the development of effective prophylactic HCV vaccines.

B-cell response against HCV through the production of neutralizing antibodies has been
analyzed for the development of HCV vaccine. In acute HCV infection, the detection of
neutralizing antibodies and consequent rapid clearance of HCV had been reported [24]. On
the other hand, delayed induction of these neutralizing antibodies has been shown in patients
developing chronic HCV infection, [21]. These observations represent that the neutralizing
antibodies could not control HCV infection and there are escape mechanisms of HCV from
those antibodies. Actually, rapid evolution in the envelope glycoprotein sequences has been
demonstrated as the mechanism of HCV evasion [22]. The HCV envelope glycoproteins, E1
and E2, have proven to be the essential region not only for viral attachment but also for viral
endocytosis into hepatocytes [23]. Hypervariable region (HVR) is known to be located at the
N-terminus of E2 region and is highly immunogenic and the region is necessary for binding
to scavenger receptor class B type I (SR-BI), a lipoprotein receptor molecule involved in HCV
entry [24,25]. Furthermore, conformational epitope within E2 is known to be conserved among
various genotypes of HCV and is necessary for binding to CD81 [26,27]. While, E1 displays a
relatively high degree of conservation within subtypes, also suggesting a high degree of
intergenotypic cross-neutralization potential [28].

CD4+ and CD8+ T-cell are also important in viral clearance [29-31]. CD4+ T-cells against
conserved protein epitopes, such as HCV core, nonstructural (NS)3, NS4 and NS5, have been
associated with self-limited infection of HCV. Trials for HCV prophylactic vaccines can be
divided into two strategies to induce T-cell response or neutralizing antibodies, but both
should be addressed together for an effective prophylaxis strategy. Since acute HCV infection
is usually asymptomatic and is not associated with liver failure, prevention from acute to
chronic HCV infection is another key goal of vaccine development.

Preclinical evaluation of prophylactic vaccine has been performed in chimpanzee, the only
established model for the study of HCV infection in an immunocompetent host. These
preclinical trials and the results are summarized in Table 3. Not only humoral responses but
also cellular responses were elicited by vaccination, leading to viral clearance after HCV
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challenge [20,32-37]. Because many chimpanzees spontaneously resolve acute hepatitis C in
unvaccinated control groups, definite conclusions for the efficacy of HCV vaccination should
be analyzed in human studies. Most vaccine candidates were successful in inducing immune
response and reducing viral load. However, protection of infection following challenge with
heterologous strains was limited. Although these limited protection shows the difficulty in
developing a vaccine against different isolates, these preclinical trials certainly provides
information on potential and design of vaccine candidates. As phase I human clinical trial, E1/
E2 vaccine adjuvanted with MF59 (an oil-in-water emulsion) was administered to healthy
adults, and neutralizing antibodies could be induced without adverse events [38]. Further‐
more, these antibodies showed the neutralizing capacities against heterologous virus strains
[39]. Further trials should be made for the development of effective HCV vaccines.

Materials Outocome ref

E1/E2 protein 21 vaccinated/24 controls [32]

2/12 chronic infection after homologous challenge

1/9 chronic infection after heterologous challenge

Strong humoral immune response

15/24 chronic infection in controls

DNA plasmid: E2 2 vaccinated/1 controls [33]

2/2: viral clearance

High anti-E2 antibodies in one vaccine

E2-specific CD4 T-cell response in the second

DNA plasmid: Core-E1-E2, NS3-5 6 vaccinated/2 controls [34]

2/6: viral clearance

HCV-specific antibody and T-cell response

Reduced peak viral load in all animals

1 sterilizing immunity: high anti-E2 and strong cellular

response

1/2 controls: viral clearance

Adenovirus NS3-NS5B 5 vaccinated/5 controls [20]

4/5: viral clearance after 18 months

Peripheral and intrahepatic CD8 T-cell response

3/5 controls: viral clearance

HCV like particle: Core E1-E2 4 vaccinated/4 controls [35]

4/4: viral clearance after 12 months

HCV specific CD4 and CD8 T-cell response
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demonstrated as the mechanism of HCV evasion [22]. The HCV envelope glycoproteins, E1
and E2, have proven to be the essential region not only for viral attachment but also for viral
endocytosis into hepatocytes [23]. Hypervariable region (HVR) is known to be located at the
N-terminus of E2 region and is highly immunogenic and the region is necessary for binding
to scavenger receptor class B type I (SR-BI), a lipoprotein receptor molecule involved in HCV
entry [24,25]. Furthermore, conformational epitope within E2 is known to be conserved among
various genotypes of HCV and is necessary for binding to CD81 [26,27]. While, E1 displays a
relatively high degree of conservation within subtypes, also suggesting a high degree of
intergenotypic cross-neutralization potential [28].

CD4+ and CD8+ T-cell are also important in viral clearance [29-31]. CD4+ T-cells against
conserved protein epitopes, such as HCV core, nonstructural (NS)3, NS4 and NS5, have been
associated with self-limited infection of HCV. Trials for HCV prophylactic vaccines can be
divided into two strategies to induce T-cell response or neutralizing antibodies, but both
should be addressed together for an effective prophylaxis strategy. Since acute HCV infection
is usually asymptomatic and is not associated with liver failure, prevention from acute to
chronic HCV infection is another key goal of vaccine development.

Preclinical evaluation of prophylactic vaccine has been performed in chimpanzee, the only
established model for the study of HCV infection in an immunocompetent host. These
preclinical trials and the results are summarized in Table 3. Not only humoral responses but
also cellular responses were elicited by vaccination, leading to viral clearance after HCV
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challenge [20,32-37]. Because many chimpanzees spontaneously resolve acute hepatitis C in
unvaccinated control groups, definite conclusions for the efficacy of HCV vaccination should
be analyzed in human studies. Most vaccine candidates were successful in inducing immune
response and reducing viral load. However, protection of infection following challenge with
heterologous strains was limited. Although these limited protection shows the difficulty in
developing a vaccine against different isolates, these preclinical trials certainly provides
information on potential and design of vaccine candidates. As phase I human clinical trial, E1/
E2 vaccine adjuvanted with MF59 (an oil-in-water emulsion) was administered to healthy
adults, and neutralizing antibodies could be induced without adverse events [38]. Further‐
more, these antibodies showed the neutralizing capacities against heterologous virus strains
[39]. Further trials should be made for the development of effective HCV vaccines.

Materials Outocome ref

E1/E2 protein 21 vaccinated/24 controls [32]

2/12 chronic infection after homologous challenge

1/9 chronic infection after heterologous challenge

Strong humoral immune response

15/24 chronic infection in controls

DNA plasmid: E2 2 vaccinated/1 controls [33]

2/2: viral clearance

High anti-E2 antibodies in one vaccine

E2-specific CD4 T-cell response in the second

DNA plasmid: Core-E1-E2, NS3-5 6 vaccinated/2 controls [34]

2/6: viral clearance

HCV-specific antibody and T-cell response

Reduced peak viral load in all animals

1 sterilizing immunity: high anti-E2 and strong cellular

response

1/2 controls: viral clearance

Adenovirus NS3-NS5B 5 vaccinated/5 controls [20]

4/5: viral clearance after 18 months

Peripheral and intrahepatic CD8 T-cell response

3/5 controls: viral clearance

HCV like particle: Core E1-E2 4 vaccinated/4 controls [35]

4/4: viral clearance after 12 months

HCV specific CD4 and CD8 T-cell response
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Materials Outocome ref

1/4 controls: viral clearance

DNA plasmid: Core E1-E2 NS3 4 vaccinated/2 controls [36]

1/4: viral clearance

Reduction of HCV load in serum and liver

Strong HCV CD4 response

Anti-E1 and anti-E2 specific antibodies

Vaccinia virus Core E1-E2-P7 -NS3-NS3 4 vaccinated/2 controls [37]

1/4: viral clearance after homologous

T-cell response: vigorous IFNγ production and moderate

proliferation

Table 3. Preclinical trials of HCV vaccines in chimpanzees

4. Immnunotherapy for viral hepatitis and vaccine development

To develop efficient immunotherapy, understanding of immune response for eradication or
suppression of hepatitis virus during acute hepatitis is important. Moreover, the immuno‐
suppressive mechanisms leading to persistent viral infection need to be analyzed.

4.1. Immune response in acute viral hepatitis

Immunological analysis has been extensively performed in transgenic and chimpanzee models
of acute HBV infection. In one model, transgenic mice, in which infectious HBV virions
replicate in the liver with expression of all HBV-related antigens, were injected with HBsAg-
specific cytotoxic T lymphocytes (CTLs) that had been induced in nontransgenic mice. The
transgenic mice produced interferon (IFN)-γ and tumor necrosis factor (TNF)-α, which purged
viral RNA and DNA without destroying infected hepatocytes [40,41]. Importantly, this
noncytolytic clearance of intracellular HBV is more efficient at controlling HBV replication
than the killing of infected hepatocytes. This was confirmed in a chimpanzee infection model
[42] and incubation phase of acute hepatitis B in humans [43].

The same is essentially true in acute HCV infection. Multispecific and vigorous CTL responses
against HCV antigens are important for successful eradication of the virus. Moreover, a
CD4+ T cell response at an early stage of acute infection and persistence of the response are
apparent in acute infection [44]. In contrast to acute HBV infection, the majority of patients
with acute HCV infection progress to persistent infection, and the mechanisms underlying
failure to eradicate the virus have been analyzed. The failure of CD4+ T cell function is a key
factor in HCV persistence and CD4+ T cells from persistent infection do not produce Th1
cytokines, such as IFN-γ and IL-2, but produce IL-4 and IL-10, clearly distinct from those seen
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in patients with recovery [45]. Moreover, an early and strong Th1 response has been shown to
play an important role in disease resolution.

The contributions of CD4+ and CD8+ T cells to the control of viral infection were analyzed in a
chimpanzee model of acute hepatitis B and C by depleting either T cell population with
monoclonal antibodies (Abs). The data showed that both CD4+ and CD8+ T cells are required
for virus elimination [46,47].

4.2. Hierarchy of T cell response in viral hepatitis

The antigen-specificity of the T cell response to HBV in acute hepatitis has been analyzed, and
it is clear that acute viral hepatitis involves a vigorous CTL response to multiple epitopes in
the viral nucleocapsid, envelope, and polymerase proteins, while these are not seen in patients
with chronic hepatitis [1]. Although multi-specificity of the CTL response is characteristic in
acute hepatitis, there is known to be a hierarchy of epitope-specific CD8+ T cell responses
determined by cytokine production after peptide stimulation. In acute hepatitis B, CD8+ T cell
response to HBc18-27 (HLA-A2 restricted epitope) is dominant followed by the response to
polymerase epitope (455 – 463), whereas envelope epitopes are always subdominant [48]. The
hierarchy is clearly distinct from that observed in chronic hepatitis, in which the CD8+ T cell
response to envelope epitope (183 – 191) is always dominant. Interestingly, chronic hepatitis
patients with lower HBV DNA levels in the serum show greater responses to HBc18-27 than
those with high HBV DNA. These findings imply that the T cell response to HBcAg is important
for viral control, which is important for designing peptide vaccines for the treatment of chronic
HBV infection.

In acute HCV infection, the CTL responses were directed against multiple viral epitopes, in
particular within the structural (core) and nonstructural (NS) regions of the virus (NS3, NS4,
and NS5), and the CTL frequencies were higher in patients with acute infection [30,49]than in
those who develop persistent infection. The hierarchy of HCV epitopes has not been analyzed
extensively, but resolution of primary infection in the chimpanzee was shown to be associated
with a dominant CD4+ T cells response against epitopes including NS3 (GYKVLVLNPSV) [50].

4.3. Immune response in chronic viral hepatitis

In contrast to acute hepatitis, the T cell response to HBV is weak and is narrowly focused in
chronically infected patients [51], suggesting that it may be a cause of persistent infection.

HBV-specific helper and CTLs are barely detectable in peripheral blood of patients with
chronic hepatitis B (CHB) [52], possibly due to exhaustion by high viral load or tolerance to
HBV.

In contrast to chronic HBV infection, CTL response against various HCV epitopes including
core and envelope and NS regions can be detected in chronic HCV infection, especially in liver-
infiltrating lymphocytes [53]. Although intrahepatic CTL response was shown associated with
low viral load [54], the CTL response is not enough to terminate HCV infection possibly due
to the presence of immunosuppressive mechanisms similar to chronic HBV infection.
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Materials Outocome ref
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noncytolytic clearance of intracellular HBV is more efficient at controlling HBV replication
than the killing of infected hepatocytes. This was confirmed in a chimpanzee infection model
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The same is essentially true in acute HCV infection. Multispecific and vigorous CTL responses
against HCV antigens are important for successful eradication of the virus. Moreover, a
CD4+ T cell response at an early stage of acute infection and persistence of the response are
apparent in acute infection [44]. In contrast to acute HBV infection, the majority of patients
with acute HCV infection progress to persistent infection, and the mechanisms underlying
failure to eradicate the virus have been analyzed. The failure of CD4+ T cell function is a key
factor in HCV persistence and CD4+ T cells from persistent infection do not produce Th1
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in patients with recovery [45]. Moreover, an early and strong Th1 response has been shown to
play an important role in disease resolution.

The contributions of CD4+ and CD8+ T cells to the control of viral infection were analyzed in a
chimpanzee model of acute hepatitis B and C by depleting either T cell population with
monoclonal antibodies (Abs). The data showed that both CD4+ and CD8+ T cells are required
for virus elimination [46,47].

4.2. Hierarchy of T cell response in viral hepatitis

The antigen-specificity of the T cell response to HBV in acute hepatitis has been analyzed, and
it is clear that acute viral hepatitis involves a vigorous CTL response to multiple epitopes in
the viral nucleocapsid, envelope, and polymerase proteins, while these are not seen in patients
with chronic hepatitis [1]. Although multi-specificity of the CTL response is characteristic in
acute hepatitis, there is known to be a hierarchy of epitope-specific CD8+ T cell responses
determined by cytokine production after peptide stimulation. In acute hepatitis B, CD8+ T cell
response to HBc18-27 (HLA-A2 restricted epitope) is dominant followed by the response to
polymerase epitope (455 – 463), whereas envelope epitopes are always subdominant [48]. The
hierarchy is clearly distinct from that observed in chronic hepatitis, in which the CD8+ T cell
response to envelope epitope (183 – 191) is always dominant. Interestingly, chronic hepatitis
patients with lower HBV DNA levels in the serum show greater responses to HBc18-27 than
those with high HBV DNA. These findings imply that the T cell response to HBcAg is important
for viral control, which is important for designing peptide vaccines for the treatment of chronic
HBV infection.

In acute HCV infection, the CTL responses were directed against multiple viral epitopes, in
particular within the structural (core) and nonstructural (NS) regions of the virus (NS3, NS4,
and NS5), and the CTL frequencies were higher in patients with acute infection [30,49]than in
those who develop persistent infection. The hierarchy of HCV epitopes has not been analyzed
extensively, but resolution of primary infection in the chimpanzee was shown to be associated
with a dominant CD4+ T cells response against epitopes including NS3 (GYKVLVLNPSV) [50].

4.3. Immune response in chronic viral hepatitis

In contrast to acute hepatitis, the T cell response to HBV is weak and is narrowly focused in
chronically infected patients [51], suggesting that it may be a cause of persistent infection.

HBV-specific helper and CTLs are barely detectable in peripheral blood of patients with
chronic hepatitis B (CHB) [52], possibly due to exhaustion by high viral load or tolerance to
HBV.

In contrast to chronic HBV infection, CTL response against various HCV epitopes including
core and envelope and NS regions can be detected in chronic HCV infection, especially in liver-
infiltrating lymphocytes [53]. Although intrahepatic CTL response was shown associated with
low viral load [54], the CTL response is not enough to terminate HCV infection possibly due
to the presence of immunosuppressive mechanisms similar to chronic HBV infection.

Immunotherapy and Vaccine Development in Viral Hepatitis
http://dx.doi.org/10.5772/55525

63



4.4. Immunosuppressive mechanisms responsible for persistent hepatitis virus infection

4.4.1. Regulatory T cells (Tregs)

In HBV infection, significant accumulation of CD4+CD25+FoxP3+ Treg cells in the liver was
found in patients with chronic HBV infection. Moreover, patients with high viral load have
a higher proportion of Tregs in the liver [55], suggesting that intrahepatic Tregs suppress
antiviral  immune  responses  in  the  liver  in  chronic  hepatitis  B  virus  infection.  In  HCV
infection, several groups have also shown a higher frequency of CD4+CD25+ regulatory T
cells in the blood of chronically HCV-infected patients versus recovered or healthy individ‐
uals [56,57] and the presence of CD4+FoxP3+ T cells in the liver of chronically HCV-infect‐
ed patients [58].

4.4.2. Programmed Death-1 (PD-1)

PD-1 is a surface receptor critical for the regulation of T cell function [59,60]. Binding to PD-1
by its ligands PD-L1 and PD-L2 results in the antigen-specific inhibition of T cell proliferation,
cytokine production, and cytolytic function, leading to exhaustion of T cells.

Intrahepatic HBV-specific CD8+ T cells express higher levels of PD-1, and upregulation of
intrahepatic PD-1/PD-L1 is associated with liver inflammation and ALT elevation [64].
PD-1/PD-L1 blockade increased CD8+ T cell proliferation and enhanced IFN-γ and IL-2
production by intrahepatic lymphocytes [61].

In chronic HCV infection, circulating and intrahepatic HCV-specific CD8+ T cells were found
to express high levels of PD-1 [62], and PD-1 expression level in the liver is higher than that in
peripheral blood. Increased expression of PD-1 is associated with CD8+ T cell dysfunction, and
functional restoration is achieved by blocking the signal from PD-1 [63]. Interestingly, HCV
core protein induces PD-1 and PD-L1 on T cells from healthy donors [64], indicating that
immunosuppressive ability of HCV core protein is mediated by the upregulation of inhibitory
molecules on T cells. Increased PD-1 expression on HCV-specific CTLs was reported to be
significantly associated with poor response to antiviral therapy [65].

4.4.3. IL-10

IL-10 is an important cytokine with anti-inflammatory properties, and is produced by activated
monocytes/macrophages and T cell subsets, including Treg and Th1 cells [66]. In chronic HBV
infection, HBcAg stimulates the production of IL-10, which negatively regulates HBcAg-
specific Th17 cell responses in CHB patients [67].

In HCV infection, HCV proteins have been shown to induce IL-10 from monocytes in patients
with chronic HCV infection, leading to suppression of antiviral immune response [68].

4.4.4. T-cell immunoglobulin and mucin domain-containing molecule-3 (Tim-3)

Recently, an inhibitory molecule, Tim-3, has been reported. A high frequency of Tim3-
expressing CD4+ and CD8+ T cells are found in chronic HBV infection, and the frequency of
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Tim-3+ T cells was positively correlated with the severity of liver inflammation, and negatively
correlated with plasma IFN-γ levels [69]. Tim-3 was also highly expressed on CD4+ and
CD8+ T cells in HCV infection, with the highest levels seen on HCV-specific CTLs. Tim-3
expression is associated with reduced Th1/Tc1 cytokine production, and blocking the Tim-3 –
Tim-3 ligand interaction could enhance CD4+ and CD8+ T cell proliferation in response to HCV-
specific antigens [70].

4.4.5. Dysfunction of Dendritic Cells (DCs)

In patients with CHB, maturation of DCs from peripheral blood of patients after incubation
with cytokines is lower than that of normal subjects with lower expression of HLA-DR and
costimulatory molecules in the former population [71], leading to low allostimulatory function
of DCs from CHB patients. Interestingly, impaired function of monocyte-derived DCs from
patients with CHB could be reversed by inhibiting viral replication with nucleoside analogs
such as lamivudine [72]. Type 2 precursor plasmacytoid dendritic cells (pDCs), which are the
most important cells in antiviral innate immunity, were also reported to have quantitative and
qualitative impairment in patients with chronic HBV infection [73]. Recently, HBV itself was
shown to inhibit the functions of pDCs [74].

In chronic hepatitis C, DCs from patients also show impaired immunostimulatory function,
which could be induced by HCV [75] or NS4 protein [76]. Monocyte-derived DCs from HCV
patients were shown to induce proliferation of CD4+CD25+FoxP3+ regulatory T cells, which
limit proliferation of HCV-specific T lymphocytes [77]. DCs in HCV patients thus inhibit T cell
responses via a variety of mechanisms.

5. Immunotherapeutic trials for viral hepatitis

Previous basic analyses and human trials in HBV infection are listed in Tables 4 and 5,
respectively, and those in HCV infection are summarized in Tables 6 and 7.

Animal model Immunotherapy Results Ref

Peptide vaccination

HBV transgenic mice

A synthesized fusion peptide,

consisting HBcAg18-27 and

HIV Tat49-57 adjuvanted

with CpG ODN

Decreased in serum HBV DNA levels and

the expression levels of HBsAg and

HBcAg in the liver

[79]

Protein vaccination

HBV transgenic mice HBsAg vaccine

Most of the mice showed reduction of

HBV DNA levels and disappearance of

HBeAg and HBsAg

[83]

Immunotherapy and Vaccine Development in Viral Hepatitis
http://dx.doi.org/10.5772/55525

65



4.4. Immunosuppressive mechanisms responsible for persistent hepatitis virus infection

4.4.1. Regulatory T cells (Tregs)

In HBV infection, significant accumulation of CD4+CD25+FoxP3+ Treg cells in the liver was
found in patients with chronic HBV infection. Moreover, patients with high viral load have
a higher proportion of Tregs in the liver [55], suggesting that intrahepatic Tregs suppress
antiviral  immune  responses  in  the  liver  in  chronic  hepatitis  B  virus  infection.  In  HCV
infection, several groups have also shown a higher frequency of CD4+CD25+ regulatory T
cells in the blood of chronically HCV-infected patients versus recovered or healthy individ‐
uals [56,57] and the presence of CD4+FoxP3+ T cells in the liver of chronically HCV-infect‐
ed patients [58].

4.4.2. Programmed Death-1 (PD-1)

PD-1 is a surface receptor critical for the regulation of T cell function [59,60]. Binding to PD-1
by its ligands PD-L1 and PD-L2 results in the antigen-specific inhibition of T cell proliferation,
cytokine production, and cytolytic function, leading to exhaustion of T cells.

Intrahepatic HBV-specific CD8+ T cells express higher levels of PD-1, and upregulation of
intrahepatic PD-1/PD-L1 is associated with liver inflammation and ALT elevation [64].
PD-1/PD-L1 blockade increased CD8+ T cell proliferation and enhanced IFN-γ and IL-2
production by intrahepatic lymphocytes [61].

In chronic HCV infection, circulating and intrahepatic HCV-specific CD8+ T cells were found
to express high levels of PD-1 [62], and PD-1 expression level in the liver is higher than that in
peripheral blood. Increased expression of PD-1 is associated with CD8+ T cell dysfunction, and
functional restoration is achieved by blocking the signal from PD-1 [63]. Interestingly, HCV
core protein induces PD-1 and PD-L1 on T cells from healthy donors [64], indicating that
immunosuppressive ability of HCV core protein is mediated by the upregulation of inhibitory
molecules on T cells. Increased PD-1 expression on HCV-specific CTLs was reported to be
significantly associated with poor response to antiviral therapy [65].

4.4.3. IL-10

IL-10 is an important cytokine with anti-inflammatory properties, and is produced by activated
monocytes/macrophages and T cell subsets, including Treg and Th1 cells [66]. In chronic HBV
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CD8+ T cells in HCV infection, with the highest levels seen on HCV-specific CTLs. Tim-3
expression is associated with reduced Th1/Tc1 cytokine production, and blocking the Tim-3 –
Tim-3 ligand interaction could enhance CD4+ and CD8+ T cell proliferation in response to HCV-
specific antigens [70].

4.4.5. Dysfunction of Dendritic Cells (DCs)

In patients with CHB, maturation of DCs from peripheral blood of patients after incubation
with cytokines is lower than that of normal subjects with lower expression of HLA-DR and
costimulatory molecules in the former population [71], leading to low allostimulatory function
of DCs from CHB patients. Interestingly, impaired function of monocyte-derived DCs from
patients with CHB could be reversed by inhibiting viral replication with nucleoside analogs
such as lamivudine [72]. Type 2 precursor plasmacytoid dendritic cells (pDCs), which are the
most important cells in antiviral innate immunity, were also reported to have quantitative and
qualitative impairment in patients with chronic HBV infection [73]. Recently, HBV itself was
shown to inhibit the functions of pDCs [74].
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Animal model Immunotherapy Results Ref

Peptide vaccination

HBV transgenic mice

A synthesized fusion peptide,

consisting HBcAg18-27 and

HIV Tat49-57 adjuvanted

with CpG ODN

Decreased in serum HBV DNA levels and

the expression levels of HBsAg and

HBcAg in the liver

[79]
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Animal model Immunotherapy Results Ref

Woodchuck hepatitis Virus

infection

Combination of vaccine of

HBV large surface protein

and clevudine

Restored T-cell response to Pre-S and S

region.
[85]

Mice
Chimeric HBsAg-preS1

protein

Primed both HBcAg-specific T cells and

antibodies to preS1.
[86]

Balb/c and HBV transgenic

mice

Chimeric HBsAg-preS1

protein

Induced strong anti-HBc and moderate

anti-preS1 immune response, and

reduced HBsAg and HBV DNA in HBV-Tg

mice.

[96]

Balb/c mice

Chimeric protein with HBcAg

and carboxy terminus of the

Hsp65

Induced moderate anti-HBc immune

response and strong HBcAg-specific T

cells response.

[97]

Balb/c and HBV transgenic

mice

HBsAg, HBcAg and heat

shock protein gp96

Decreased serum HBsAg and HBcAg

expression in hepatocytes by 45% and

90%, respectively. Decreased serum HBV

DNA to below or close to the detection

limit.

[98]

Balb/c and HBV transgenic

mice

Fusion protein with protein

transduction domains from

HIV-1-Tat and HBcAg

Induced HBcAg-specific CTLs and

enhanced production of IFN-γ, IL-2, IL-4

and IL-10. Reduced HBV DNA and HBsAg

in the serum and HBsAg expression in

liver tissue of HBV transgenic mice.

[99]

DNA immunization

Woodchuck

DNA vaccine expressing

WHsAg was administered by

electroporation

Induced dose-dependent antibody and T

cell responses to WHsAg more efficiently

than conventional hypodermic needle

injection.

[104]

Acute DHBV infection

DNA vaccine expressing

DHBc and Pre-S/S and

entecavir

Boosted with fowl poxvirus

vectors expressing DHBc and

Pre-S/S

Cleared DHBV infection at a rate of

100%.
[105]

Chronic DHBV

infection

DNA vaccine encoding the

HBV large envelope and/or

core protein with or without

lamivudine

Reduced viremia and liver DHBV cccDNA

in 33% of ducks.

Seroconversion to anti-pre S in 67% of

ducks showing cccDNA clearance.

[106]

HBV transgenic mice
DNA vaccine expressing

HBcAg fused to extracellular

Reduced serum HBV DNA and HBcAg in

the liver. Clearance of serum HBsAg was

also observed.

[107]
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Animal model Immunotherapy Results Ref

domain of CTLA-4. Mice were

challenged by pAAVNBV1.2

HBV transgenic mice

DNA vaccine expressing

HBsAg fused to extracellular

domain of CTLA-4.

Serum levels of HBsAg and HBV DNA

were decreased by induction of anti-HBs

Ab and HBsAg-specific CD8+ T cell

response.

[108]

DC immunization

HBV transgenic mice
Activated bone marrow-

derived DCs
Broke CTL tolerance to HBsAg. [121]

HBV transgenic mice
HBV-specific peptide-pulsed

DCs

Reduced in the serum HBsAg and HBV

DNA.
[122]

HBV transgenic mice
Anti-CD40 agonistic

monoclonal Ab

Induced noncytopathic inhibition of HBV

replication mediated by antiviral

cytokines (IL-12 and TNF-α) produced by

activated intrahepatic APCs.

[123]

Cytokines and adjuvants

HBV transgenic mice Recombinant IL-12
Markedly inhibited HBV replication in

the liver.
[132]

HBV transgenic mice
α-galactosylceramide that

can activate NKT cells

Induced complete inhibition of HBV

replication.
[133]

HBV transgenic mice Recombinant IL-18

Inhibited HBV replication

noncytopathically, mediated by

activation of resident intrahepatic NK

cells and NKT cells.

[134]

Gene therapy

HBsAg transgenic mice
Lentivectors expressing

HBsAg and IgFc fusion Ag
Induced seroconversion to anti-HBs. [100]

Adjuvant

HBV transgenic mice
Cationic lipid DNA complexes

and HBsAg

Suppressed HBV DNA in hepatocytes

non-cytopathically.
[101]

Woodchuck

Cationic liposomes and non-

coding DNA was

administered with WHsAg

intramuscularly

Induced rapid and high Ab and T cell

response to WHsAg.
[102]

CpG ODN; CpG oligodeoxynucleotide, WHV; woodchuck hepatitis virus, DHBV; duck hepatitis B virus, cccDNA; covalently
closed circular DNA, DC; dendritic cells, CTL; cytotoxic T lymphocytes, APC; Antigen-presenting cells, NKT; natural killer
T, Ig; immunoglobulin

Table 4. Immunotherapeutic approaches for animal models of HBV infection
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Animal model Immunotherapy Results Ref
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in the serum and HBsAg expression in

liver tissue of HBV transgenic mice.

[99]

DNA immunization

Woodchuck

DNA vaccine expressing

WHsAg was administered by

electroporation

Induced dose-dependent antibody and T

cell responses to WHsAg more efficiently

than conventional hypodermic needle

injection.

[104]

Acute DHBV infection

DNA vaccine expressing

DHBc and Pre-S/S and

entecavir

Boosted with fowl poxvirus

vectors expressing DHBc and

Pre-S/S

Cleared DHBV infection at a rate of

100%.
[105]

Chronic DHBV

infection

DNA vaccine encoding the

HBV large envelope and/or

core protein with or without

lamivudine

Reduced viremia and liver DHBV cccDNA

in 33% of ducks.

Seroconversion to anti-pre S in 67% of

ducks showing cccDNA clearance.

[106]

HBV transgenic mice
DNA vaccine expressing

HBcAg fused to extracellular

Reduced serum HBV DNA and HBcAg in

the liver. Clearance of serum HBsAg was

also observed.

[107]
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domain of CTLA-4. Mice were

challenged by pAAVNBV1.2

HBV transgenic mice

DNA vaccine expressing

HBsAg fused to extracellular

domain of CTLA-4.

Serum levels of HBsAg and HBV DNA

were decreased by induction of anti-HBs

Ab and HBsAg-specific CD8+ T cell

response.

[108]

DC immunization

HBV transgenic mice
Activated bone marrow-

derived DCs
Broke CTL tolerance to HBsAg. [121]

HBV transgenic mice
HBV-specific peptide-pulsed

DCs

Reduced in the serum HBsAg and HBV

DNA.
[122]

HBV transgenic mice
Anti-CD40 agonistic

monoclonal Ab

Induced noncytopathic inhibition of HBV

replication mediated by antiviral

cytokines (IL-12 and TNF-α) produced by

activated intrahepatic APCs.

[123]

Cytokines and adjuvants

HBV transgenic mice Recombinant IL-12
Markedly inhibited HBV replication in

the liver.
[132]

HBV transgenic mice
α-galactosylceramide that

can activate NKT cells

Induced complete inhibition of HBV

replication.
[133]

HBV transgenic mice Recombinant IL-18

Inhibited HBV replication

noncytopathically, mediated by

activation of resident intrahepatic NK

cells and NKT cells.

[134]

Gene therapy

HBsAg transgenic mice
Lentivectors expressing

HBsAg and IgFc fusion Ag
Induced seroconversion to anti-HBs. [100]

Adjuvant

HBV transgenic mice
Cationic lipid DNA complexes

and HBsAg

Suppressed HBV DNA in hepatocytes

non-cytopathically.
[101]

Woodchuck

Cationic liposomes and non-

coding DNA was

administered with WHsAg

intramuscularly

Induced rapid and high Ab and T cell

response to WHsAg.
[102]

CpG ODN; CpG oligodeoxynucleotide, WHV; woodchuck hepatitis virus, DHBV; duck hepatitis B virus, cccDNA; covalently
closed circular DNA, DC; dendritic cells, CTL; cytotoxic T lymphocytes, APC; Antigen-presenting cells, NKT; natural killer
T, Ig; immunoglobulin

Table 4. Immunotherapeutic approaches for animal models of HBV infection
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Immunotherapy Results Ref

Peptide vaccination

A vaccine with HBc18-27 peptide

comprised of a T-helper cell epitope

and two palmitic acid residues

Low levels of CTL activity were induced but no significant

changes in liver biochemistry or viral serology were

observed.

[80]

Protein vaccination

PreS2/S (GenHevac B) or S

(Recombivax).

HBe/anti-HBe seroconversion was observed in 13% and HBV

DNA negativity was in 16% of the treated patients.
[84]

Oral administration of HBV envelope

proteins (HBsAg+preS1+preS2)

Induced histological improvement in 30%, HBeAg negativity

in 26.3% and HBsAg-specific T cell proliferation in 78% of

the treated patients.

[87]

Combination of lamivudine and HBsAg

vaccine

Induced sustained negativity of HBV DNA in 1/4 of the

patients.
[88]

The combination with lamivudune and

HBsAg vaccine in HBeAg+ cases

No improvement of HBe seroconversion rate was observed

in comparison with lamivudine therapy alone.
[89]

Combination of lamivudine and HBsAg

vaccine

HBV DNA became undetectable in 64% of the patients, and

was decreased in the remaining patients.
[90]

Intradermal HBsAg vaccine and

laimvudine in combination with IL-2

Induced significant HBV DNA loss in the serum in two of five

of the treated patients.
[91]

IFN-α-2b monotherapy (9 months) or

IFN-α-2b plus pre-S2/S vaccine

Induced greater reduction in HBV DNA in patients with

combination HBV therapy than those who received IFN-α-2b

monotherapy.

[92]

Complexes composed of yeast-derived

hepatitis B surface antigen (HBsAg)

and antibodies

HBeAg seroconversion rate was 21,6% and was correlated

with decrease of HBsAg and HBV DNA.
[93]

HB preS/S vaccine (GenHevac B)

Caused no effect on HBV DNA and seroconversion of HBeAg

to HBeAg in the immunotolerant phase of children with

chronic HBV infection.

[94,95]

DNA immunization

DNA vaccine encoding HBV envelope

protein

Induced an increase in HBV-specific IFN-γ-secreting T cells in

nonresponders to conventional therapies, and HBV DNA

levels were transiently decreased in 50% of vaccinated

patients.

[109]

DNA vaccine encoding PreS and S in

patients with lamivudine breakthrough

Induced IFN-γ-producing T cells specific for preS or S antigen.

Two of 10 patients showed seroconversion to anti-HBe.
[110]

DNA vaccine encoding HBsAg followed

by recombinant modified vaccinia virus

Ankara expressing HBsAg

Failed in decrease in AST or ALT and did not reduce HBV

viremias.
[111]

DC immunization
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Activated DCs from PBL pulsed with

HBsAg

Induced anti-HBs and HBsAg-specific cellular immnunity in

some patients.
[124]

PBL-derived DCs from chronic hepatitis

B incubated with a cocktail of

cytokines: IL1-β, PGE2, IL-6 and TNF-α,

and pulsed with HBsAg or HBcAg

Induced autologous T cell proliferation and Ag-specific IFN-γ

production.
[125]

Peripheral blood-derived DCs,

activated with GM-CSF and IL-4 pulsed

with HBsAg.

Both patients with normal and elevated ALT responded

equally to DC vaccine and 53% of the patients showed

induction of HBeAg negativity.

[126]

Activated DCs from PBL with GM-CSF

and IL-4, pulsed with two peptides,

HBc18-27 and PreS2 44-53.

Undetectable HBV DNA was achieved in 46.3% and 3.13%

of HBeAg- and HBeAg+ patients, respectively. ALT

normalization was observed in 69% and 30.5% of HBeAg-

and HBeAg+ patients, respectively.

[127]

Cytokines

GM-CSF
Safe and tolerable up to 1.0mg/kg body weight, and

induced HBV DNA negativity in 4/8 patients.
[135]

Combination therapy with GM-CSF and

HBsAg vaccine in HBV carrier children
Significantly reduced serum HBV DNA. [136]

High dose of IL-12 (0.5μg/kg) HBV DNA clearance was observed in 25% of the patients. [137]

Combination of IL-12 and lamivudine

Stimulated T cell response to HBV with IFN-γ production.

However, IL-12 was unable to suppress re-elevation of HBV

DNA after cessation of lamivudine.

[138]

Combination of IL-12 and IL-18

Stimulated IFN-γ production by CD4+ T cells isolated from

peripheral blood in response to HBcAg, and the effect was

greater than those observed with either cytokine alone.

[139]

Thymosin-α 1(Talpha1)

Combination of Talpha1 and IFN-α

No significant differences was observed as compared with

IFN-α monotherapy with respect to HBeAg seroconversion,

changes in histology, normalization of ALT or loss of HBV

DNA.

[140]

Talpha1 alone

At 12 months after cessation of therapy, 36.4% of patients

treated with 1.6mg of Talpha1 achieved ALT normalization,

15% achieved HBV DNA clearance by transcription-

mediated amplification, and 22.8% achieved clearance of

HBeAg.

[141]

Comparative effect of Talpha1 and IFN-

α

Talpha1 treatment was more effective in achieving ALT

normalization and HBV DNA negativity at the end of the

follow-up period than IFN-α.

[142]
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Peptide vaccination

A vaccine with HBc18-27 peptide

comprised of a T-helper cell epitope

and two palmitic acid residues

Low levels of CTL activity were induced but no significant

changes in liver biochemistry or viral serology were

observed.

[80]

Protein vaccination

PreS2/S (GenHevac B) or S

(Recombivax).

HBe/anti-HBe seroconversion was observed in 13% and HBV

DNA negativity was in 16% of the treated patients.
[84]

Oral administration of HBV envelope

proteins (HBsAg+preS1+preS2)

Induced histological improvement in 30%, HBeAg negativity

in 26.3% and HBsAg-specific T cell proliferation in 78% of

the treated patients.

[87]

Combination of lamivudine and HBsAg

vaccine

Induced sustained negativity of HBV DNA in 1/4 of the

patients.
[88]

The combination with lamivudune and

HBsAg vaccine in HBeAg+ cases

No improvement of HBe seroconversion rate was observed

in comparison with lamivudine therapy alone.
[89]

Combination of lamivudine and HBsAg

vaccine

HBV DNA became undetectable in 64% of the patients, and

was decreased in the remaining patients.
[90]

Intradermal HBsAg vaccine and

laimvudine in combination with IL-2

Induced significant HBV DNA loss in the serum in two of five

of the treated patients.
[91]

IFN-α-2b monotherapy (9 months) or

IFN-α-2b plus pre-S2/S vaccine

Induced greater reduction in HBV DNA in patients with

combination HBV therapy than those who received IFN-α-2b

monotherapy.

[92]

Complexes composed of yeast-derived

hepatitis B surface antigen (HBsAg)

and antibodies

HBeAg seroconversion rate was 21,6% and was correlated

with decrease of HBsAg and HBV DNA.
[93]

HB preS/S vaccine (GenHevac B)

Caused no effect on HBV DNA and seroconversion of HBeAg

to HBeAg in the immunotolerant phase of children with

chronic HBV infection.

[94,95]

DNA immunization

DNA vaccine encoding HBV envelope

protein

Induced an increase in HBV-specific IFN-γ-secreting T cells in

nonresponders to conventional therapies, and HBV DNA

levels were transiently decreased in 50% of vaccinated

patients.

[109]

DNA vaccine encoding PreS and S in

patients with lamivudine breakthrough

Induced IFN-γ-producing T cells specific for preS or S antigen.

Two of 10 patients showed seroconversion to anti-HBe.
[110]

DNA vaccine encoding HBsAg followed

by recombinant modified vaccinia virus

Ankara expressing HBsAg

Failed in decrease in AST or ALT and did not reduce HBV

viremias.
[111]

DC immunization
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Activated DCs from PBL pulsed with

HBsAg

Induced anti-HBs and HBsAg-specific cellular immnunity in

some patients.
[124]

PBL-derived DCs from chronic hepatitis

B incubated with a cocktail of

cytokines: IL1-β, PGE2, IL-6 and TNF-α,

and pulsed with HBsAg or HBcAg

Induced autologous T cell proliferation and Ag-specific IFN-γ

production.
[125]

Peripheral blood-derived DCs,

activated with GM-CSF and IL-4 pulsed

with HBsAg.

Both patients with normal and elevated ALT responded

equally to DC vaccine and 53% of the patients showed

induction of HBeAg negativity.

[126]

Activated DCs from PBL with GM-CSF

and IL-4, pulsed with two peptides,

HBc18-27 and PreS2 44-53.

Undetectable HBV DNA was achieved in 46.3% and 3.13%

of HBeAg- and HBeAg+ patients, respectively. ALT

normalization was observed in 69% and 30.5% of HBeAg-

and HBeAg+ patients, respectively.

[127]

Cytokines

GM-CSF
Safe and tolerable up to 1.0mg/kg body weight, and

induced HBV DNA negativity in 4/8 patients.
[135]

Combination therapy with GM-CSF and

HBsAg vaccine in HBV carrier children
Significantly reduced serum HBV DNA. [136]

High dose of IL-12 (0.5μg/kg) HBV DNA clearance was observed in 25% of the patients. [137]

Combination of IL-12 and lamivudine

Stimulated T cell response to HBV with IFN-γ production.

However, IL-12 was unable to suppress re-elevation of HBV

DNA after cessation of lamivudine.

[138]

Combination of IL-12 and IL-18

Stimulated IFN-γ production by CD4+ T cells isolated from

peripheral blood in response to HBcAg, and the effect was

greater than those observed with either cytokine alone.

[139]

Thymosin-α 1(Talpha1)

Combination of Talpha1 and IFN-α

No significant differences was observed as compared with

IFN-α monotherapy with respect to HBeAg seroconversion,

changes in histology, normalization of ALT or loss of HBV

DNA.

[140]

Talpha1 alone

At 12 months after cessation of therapy, 36.4% of patients

treated with 1.6mg of Talpha1 achieved ALT normalization,

15% achieved HBV DNA clearance by transcription-

mediated amplification, and 22.8% achieved clearance of

HBeAg.

[141]

Comparative effect of Talpha1 and IFN-

α

Talpha1 treatment was more effective in achieving ALT

normalization and HBV DNA negativity at the end of the

follow-up period than IFN-α.

[142]
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Combination of Talpha1 and

lamivudine

No any additional antiviral effect compared with lamivudine

monotherapy as assessed by HBe seroconversion and the

emergence of viral breakthrough.

[143]

Combination therapy with lamivudine

and Talpha1

Induced significantly higher rates of ALT normalization,

virological response, and HBeAg seroconversion than

lamivudine monotherapy.

[145]

CTL; cytotoxic T lymphocytes, GM-CSF; granulocyte macrophage-colony stimulating factor

Table 5. Immunotherapeutic trials for chronic HBV infection in humans

Animal model Vaccine Results Ref.

Protein vaccination

Chimpanzee

Recombinant HCV-like

particles containing core, E1

and E2 proteins

Increased in peripheral and intrahepatic

T cell proliferative responses against the

HCV proteins.

[35]

DNA immunization

HCV transgenic mouse

model

The combination of DNA

vaccination encoding HCV

core and mouse IL-2

Broke tolerance against HCV and

activates previously tolerant T cells.
[112]

Mice expressing HCV

antigens in the liver
HCV NS3/NS4 DNA vaccine

Induced HCV-specific CD8+ T cells

expressing IFN-γ and CCR5 and cleared

HCV NS3 expressing hepatocytes.

[113]

Mice

Murine DCs with CFm40L

transfected with adenovirus

encoding HCV NS3

Induced CD4+ and CD8+ T cell response

against HCV NS3.
[114]

Mice

DCs transfected with

adenovirus encoding HCV

NS3

Induced multiepitopic CD4+ (Th1) and

D8+ T cell response and down-regulated

the expression of HCV RNA in the liver.

[115]

Balb/c and HLA-A2.1

trangenic mice

DCs transfected with

adenovirus encoding HCV

NS3

Induced NS3-specific cell mediated and

humoral immune response.
[116]

Chimpanzee with HCV-

challenge

Recombinant adenoviral

vectors encoding the HCV

NS3-5B (genotype 1b) and

with NS3-5B–encoding

plasmid DNA in a combined

modality regimen

HCV NS3-NS5, HCV-specific T cells

appeared earlier, maintained better

functionality, and persisted at higher

frequencies. The T cells controlled HCV-

challenge.

[117]

DC immunization
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Animal model Vaccine Results Ref.

HCV transgenic mouse

model

DCs treated with peptide

inhibitors of IL-10
Induced strong anti-HCV T cell responses [128]

Gene therapy

C57BL/6 and BALB/c mice

Adenovirus-besed HCV

vaccine by fusing HCV NS3 to

MHC class II chaperone

protein invariant chain

Induced CD8+ T cells expressing IFN-γ,

TNF-α, IL-2, CD27 and CD127. The CD8+

T cells protected mice from infection

with recombinant vaccinia virus

expressing HCV NS3 of heterologous 1b

strains

[129]

Table 6. Immunotherapeutic approaches for animal models of HCV infection

Immunotherapy Results Ref.

Peptide vaccination

A vaccine, IC41, containing 7 relevant

HCV T cell epitopes and the Th1

adjuvant poly-L-arginine

Induced HCV-specific Th1/Tc1 responses in a subset of HCV

patients not responding to or relapsing from standard

therapy. However, only a minimal decrease in HCV viremia

was induced by the vaccination.

[81]

Vaccination with a peptide derived

from HCV core protein

Induced both cellular and humoral responses in nearly all

HCV patients with different HLA class I-A alleles, and

reduced serum ALT and AFP levels in 29% and 50% of

patients, respectively.

[82]

DNA vaccination

A new vaccine, CIGB0230, consisting of

a mixture of plasmid expressing HCV

structural antigens and HCV

recombinant core protein

Induced specific T cell proliferation and IFN-γ production in

73%. More than 40% of the vaccines showed improvement

of liver histology, despite persistent detection of HCV RNA.

[99]

DC vaccination

Human DCs from HCV-infected

patienst with CFh40L transfected with

adenovirus encoding HCV NS3

Induced CD4+ and CD8+ T cell response against HCV NS3 in

HCV-infected patients
[114]

Monocyte-derived DCs loaded with

lipopeptides consisting of HCV-specific

HLA-A2.1-restricted CTL epitopes

Induced HCV-specific CD8+ T cell responses with IFN-γ

production in PBL in HCV patients in whom conventional

IFN-based therapy has failed. However, ALT levels were not

elevated and viral load was not decreased.

[118]

Human DCs infected with adenoviral

vectors harboring HCV core and NS3

Induced CD4+ and CD8+ T cell response against HCV core

and NS3 in healthy subjects
[130]

Human DCs infected with adenoviral

vectors harboring HCV NS genes

DCs transfected with adenovirus NS3/NS4 efficiently

induced HCV-specific immunity in healthy subjects
[131]
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Combination of Talpha1 and

lamivudine

No any additional antiviral effect compared with lamivudine

monotherapy as assessed by HBe seroconversion and the

emergence of viral breakthrough.

[143]

Combination therapy with lamivudine

and Talpha1

Induced significantly higher rates of ALT normalization,

virological response, and HBeAg seroconversion than

lamivudine monotherapy.

[145]

CTL; cytotoxic T lymphocytes, GM-CSF; granulocyte macrophage-colony stimulating factor

Table 5. Immunotherapeutic trials for chronic HBV infection in humans

Animal model Vaccine Results Ref.

Protein vaccination

Chimpanzee

Recombinant HCV-like

particles containing core, E1

and E2 proteins

Increased in peripheral and intrahepatic

T cell proliferative responses against the

HCV proteins.

[35]

DNA immunization

HCV transgenic mouse

model

The combination of DNA

vaccination encoding HCV

core and mouse IL-2

Broke tolerance against HCV and

activates previously tolerant T cells.
[112]

Mice expressing HCV

antigens in the liver
HCV NS3/NS4 DNA vaccine

Induced HCV-specific CD8+ T cells

expressing IFN-γ and CCR5 and cleared

HCV NS3 expressing hepatocytes.

[113]

Mice

Murine DCs with CFm40L

transfected with adenovirus

encoding HCV NS3

Induced CD4+ and CD8+ T cell response

against HCV NS3.
[114]

Mice

DCs transfected with

adenovirus encoding HCV

NS3

Induced multiepitopic CD4+ (Th1) and

D8+ T cell response and down-regulated

the expression of HCV RNA in the liver.

[115]

Balb/c and HLA-A2.1

trangenic mice

DCs transfected with

adenovirus encoding HCV

NS3

Induced NS3-specific cell mediated and

humoral immune response.
[116]

Chimpanzee with HCV-

challenge

Recombinant adenoviral

vectors encoding the HCV

NS3-5B (genotype 1b) and

with NS3-5B–encoding

plasmid DNA in a combined

modality regimen

HCV NS3-NS5, HCV-specific T cells

appeared earlier, maintained better

functionality, and persisted at higher

frequencies. The T cells controlled HCV-

challenge.

[117]

DC immunization

Practical Management of Chronic Viral Hepatitis70

Animal model Vaccine Results Ref.

HCV transgenic mouse

model

DCs treated with peptide

inhibitors of IL-10
Induced strong anti-HCV T cell responses [128]

Gene therapy

C57BL/6 and BALB/c mice

Adenovirus-besed HCV

vaccine by fusing HCV NS3 to

MHC class II chaperone

protein invariant chain

Induced CD8+ T cells expressing IFN-γ,

TNF-α, IL-2, CD27 and CD127. The CD8+

T cells protected mice from infection

with recombinant vaccinia virus

expressing HCV NS3 of heterologous 1b

strains

[129]

Table 6. Immunotherapeutic approaches for animal models of HCV infection

Immunotherapy Results Ref.

Peptide vaccination

A vaccine, IC41, containing 7 relevant

HCV T cell epitopes and the Th1

adjuvant poly-L-arginine

Induced HCV-specific Th1/Tc1 responses in a subset of HCV

patients not responding to or relapsing from standard

therapy. However, only a minimal decrease in HCV viremia

was induced by the vaccination.

[81]

Vaccination with a peptide derived

from HCV core protein

Induced both cellular and humoral responses in nearly all

HCV patients with different HLA class I-A alleles, and

reduced serum ALT and AFP levels in 29% and 50% of

patients, respectively.

[82]

DNA vaccination

A new vaccine, CIGB0230, consisting of

a mixture of plasmid expressing HCV

structural antigens and HCV

recombinant core protein

Induced specific T cell proliferation and IFN-γ production in

73%. More than 40% of the vaccines showed improvement

of liver histology, despite persistent detection of HCV RNA.

[99]

DC vaccination

Human DCs from HCV-infected

patienst with CFh40L transfected with

adenovirus encoding HCV NS3

Induced CD4+ and CD8+ T cell response against HCV NS3 in

HCV-infected patients
[114]

Monocyte-derived DCs loaded with

lipopeptides consisting of HCV-specific

HLA-A2.1-restricted CTL epitopes

Induced HCV-specific CD8+ T cell responses with IFN-γ

production in PBL in HCV patients in whom conventional

IFN-based therapy has failed. However, ALT levels were not

elevated and viral load was not decreased.

[118]

Human DCs infected with adenoviral

vectors harboring HCV core and NS3

Induced CD4+ and CD8+ T cell response against HCV core

and NS3 in healthy subjects
[130]

Human DCs infected with adenoviral

vectors harboring HCV NS genes

DCs transfected with adenovirus NS3/NS4 efficiently

induced HCV-specific immunity in healthy subjects
[131]
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Cytokine

Talpha1

Patients with chronic HCV infection who had been

nonresponders to prior IFN-α and ribavirin were treated with

Talpha1, PEG-IFN α-2a, and ribavirin for 48 weeks. Twenty-

four percent of the treated patients with genotype 1

achieved a sustained virological response.

[144]

Blockade of inhibitory signals

Blocking PD-1, CTLA-4 and IL-10

combined with therapeutic vaccination

Synergistically enhanced functional CD8+ T cell response

and improve viral control in chronically infected mice.

Moreover, addition of stimulatory signals, such as IL-2, could

further increase the efficacy of the therapy in chronic viral

infection

[146]

Combined blockade of CTLA-4 and

PD-1

Combined blockade of CTLA-4 and PD-1, but not blocking of

either molecule, can reverse CD8+ T cell exhaustion in HCV

infected patients

[147]

Blocking Tim-3/Tim-3 ligand

Blocking Tim-3/Tim-3 ligand induced intrahepatic T cell

proliferation and IFN-γ production in response to HCV

antigens in HCV-infected patients

[70]

Blockade of Tim-3 on human HCV-

specific CTLs

Blockade of Tim-3 on human HCV-specific CTLs fron HCV-

infected patients increased cytotoxicity against an HCVAg-

expressing hepatocyte cell line that expresses HCV epitopes

[149]

Gene transfection

Human T cells transduced with HCV

TCR specific for HCV NS3 1071-1081

(HLA A2-restricted epitope)

T cells recognized the peptide and produced IFN-γ, IL-2 and

TNF-α in healthy subjects
[119]

Two adenoviral vectors expressing NS3,

4 and 5 proteins from HCV genotype

1B

Induced HCV-specific CD4+ and CD8+ T cells subsets

secreting IL-2, IFN-γ, and TNF-α and could be sustained for at

least a year after boosting.

[120]

Recombinant virus

Recombinant poxvirus vaccine,

TG4040, that expresses the hepatitis C

virus (HCV) proteins NS3, NS4, and

NS5B.

It was safe and well-tolerated. It induced HCV-specific

immune response and a transient decrease in HCV viremia

(>1log) in 33% of HCV-infected patients.

[103]

CTLA-4; cytotoxic T lymphocyte antigen-4, PD-1; programmed death-1, Tim-3; T cell Immunoglobulin and Mucin domain
containing-3

Table 7. Immunotherapeutic approach for chronic HCV infection in humans
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5.1. Suppression of viral replication

High viral load has been shown to suppress CD4+ and CD8+ T cells in addition to induction of
Tregs, which could be reversed by antiviral therapy [78]. Therefore, immunotherapy followed
by restoration of virus-specific T cell response with antiviral therapy could be more efficient.

5.2. Induction of immune response to hepatitis virus

5.2.1. Peptide immunization

A fusion peptide consisting of HBc18-27 and HIV Tat49-57 was synthesized, and the vaccina‐
tion induced significant anti-viral effect in HBV transgenic mice [79]. However, in humans,
peptide vaccine containing highly immunogenic HBc18-27 administered to CHB patients,
showed disappointing results [80], because there was no induction of a significant antiviral T
cell response.

In HCV infection, a vaccine, IC41, containing 7 HCV T cell epitopes and the Th1 adjuvant
induced HCV-specific Th1/Tc1 responses in chronic HCV patients, but anti-viral effects were
minimal [81]. Another HCV vaccine with a peptide derived from HCV core protein induced
both cellular and humoral responses in HCV patients and reduced serum alanine aminotrans‐
ferase (ALT) and alpha-fetoprotein (AFP) in some patients [82].

5.2.2. Protein immunization

In a model of HBV in transgenic mice, HBsAg vaccine in complete Freund’s adjuvant once a month
for 12 months induced reduction in HBV DNA, and the disappearance of HBeAg and HBsAg in
most mice treated [83]. Interestingly, some mice developed anti-HBs in the sera. However, several
human trials with HBsAg vaccine showed limited efficacy if used as monotherapy.

Recently, HB vaccine containing not only S protein but also preS has been used with increased
immunogenicity [84-88], or has been combined with lamivudine [89,90], IL-2 [91] or IFN-α [92]
leading to potential improvement of clinical efficacy [93-95]. Moreover, vaccines containing
HBcAg have been developed, and some showed significant anti-viral effect in HBV transgenic
mice [96-99]. Because T cell response to HBcAg is important for viral control, these vaccines
may have a promising immunothepapeutic potential also in humans. Recently, some trials to
enhance the immunogenicity of HBV vaccine in combination with adjuvant or by using viral
vectors have been made [100-102].

In HCV infection, a recombinant poxvirus vaccine expressing HCV NS3, NS4 and NS5B,
TG4040, has been recently developed [103] and administered to HCV patients. The vaccine
was safe and induced HCV-specific cellular immune response and reduction in viremia. These
data are encouraging, and further large scale clinical trials need to be done.

5.2.3. DNA immunization

Injection of plasmid DNA has been shown to strongly elicit both cellular and humoral immune
responses. DNA vaccine is now shown to be safe and well-tolerated, and has been tried in
humans with some encouraging anti-viral effects both in mice and humans [104].
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infected patients increased cytotoxicity against an HCVAg-

expressing hepatocyte cell line that expresses HCV epitopes

[149]
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secreting IL-2, IFN-γ, and TNF-α and could be sustained for at

least a year after boosting.

[120]

Recombinant virus

Recombinant poxvirus vaccine,
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NS5B.
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CTLA-4; cytotoxic T lymphocyte antigen-4, PD-1; programmed death-1, Tim-3; T cell Immunoglobulin and Mucin domain
containing-3

Table 7. Immunotherapeutic approach for chronic HCV infection in humans
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may have a promising immunothepapeutic potential also in humans. Recently, some trials to
enhance the immunogenicity of HBV vaccine in combination with adjuvant or by using viral
vectors have been made [100-102].

In HCV infection, a recombinant poxvirus vaccine expressing HCV NS3, NS4 and NS5B,
TG4040, has been recently developed [103] and administered to HCV patients. The vaccine
was safe and induced HCV-specific cellular immune response and reduction in viremia. These
data are encouraging, and further large scale clinical trials need to be done.

5.2.3. DNA immunization

Injection of plasmid DNA has been shown to strongly elicit both cellular and humoral immune
responses. DNA vaccine is now shown to be safe and well-tolerated, and has been tried in
humans with some encouraging anti-viral effects both in mice and humans [104].
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In a model of duck hepatitis B virus infection, DNA vaccine encoding HBV large envelope
and/or core protein was shown to induce reduction in not only viremia [105] but also cccDNA
in the liver in one third of ducks receiving DNA monotherapy or combination treatment along
with lamivudine [106]. This finding is encouraging because clearance of cccDNA from the liver
is the goal of treatment for HBV infection, but is difficult to achieve using IFN-α or nucleoside
analogs. More recently, DNA vaccine expressing HBcAg or HBsAg in combination with
extracellular domain of CTLA-4 have been developed and showed significant anti-viral effects
in HBV transgenic mice [107,108]. In humans, safety and therapeutic potential of DNA vaccines
have been already explored in chronic HBV carriers [109-111].

In HCV infection, DNA vaccine encoding HCV core and IL-2 breaks tolerance and activates
previously tolerant T cells in HCV transgenic mice [112]. NS3-specific T cells were induced by
DNA immunization in mice models [113-116]. In chimpanzee models, NS3-specific T cells were
also induced and HCV-challenge could be controlled [117]. In HCV patients, a new DNA
vaccine, CIGB0230, consisting of a mixture of plasmid expressing HCV structural antigens
induced HCV-specific T cell response and improved liver histology [118]. Furthermore, trials
to elicit HCV-specific T cells response by transduction of HCV-specific T cell receptor or by
new type vaccines have been made [119,120].

5.2.4. DC immunization

DCs are specialized antigen-presenting cells that can induce strong immune responses in T
and B cell. We have previously shown that activated bone marrow-derived DCs can break CTL
tolerance to HBsAg in HBV transgenic mice [121]. Thereafter, several immunotherapies with
activated DCs have been applied in both animals and humans. In a recent study performed in
HBV transgenic mice, peptide-pulsed DCs were shown to significantly reduce the concentra‐
tions of serum HBsAg and HBV DNA [122], indicating therapeutic potential in chronic HBV
infection. Moreover, when intrahepatic antigen-presenting cells, including DCs, were activat‐
ed by injection of anti-CD40 agonistic Ab, HBV replication was inhibited by a noncytopathic
mechanism possibly through production of antiviral cytokines such as TNF-α and IL-12 [123].
Although no CTL response against HBV antigens was reported in this study, the in vivo
activation of DCs could be an alternative way for inducing antiviral immune responses
including possible activation of CTLs against HBV. In humans, injection of activated DCs
loaded with HBV peptide or protein achieved the induction of HBV-specific immunity
[124,125] and a reduction in HBV DNA level in some patients [126,127]. HBeAg negativity was
achieved in more than half of the treated patients in one study [126].

In HCV infection, DCs treated with peptide inhibitors of IL-10 were shown to induce strong
anti-HCV T cells response in HCV transgenic mice [128], suggesting a strategy to augment the
immunogenic function of DCs. Recently, murine DCs infected with adenovirus encoding HCV
NS3 were used as vaccines, and showed induction of NS3-specific T cell response and antiviral
effect [129]. In humans, DCs infected with adenovirus vectors harboring HCV core or NS genes,
especially NS3, were administered in healthy subjects [130,131] and HCV patients [114,118],
and those DCs induced CD4+ and CD8+ T cell response in both populations. Although
preparation of activated and mature DCs incurs financial costs and requires experienced
researchers, immunotherapy with DCs is a promising method.
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5.2.5. Cytokines and Thymosin-α1 (Talpha1)

Cytokines, such as IL-12 [132] and IL-18 [133], and the activation of NKT cells [134] were shown
to inhibit HBV replication noncytopathically in HBV transgenic mice. In humans, GM-CSF
[135,136] and IL-12 [137-139] have been used for treatment with some antiviral effects. They
have been used as monotherapy or in combination with HBsAg vaccine or lamivudine.

Talpha1, a synthetic 28-amino acid peptide, is able to enhance the Thl immune response and
also exerts a direct antiviral mechanism of action. It has been used for the treatment of chronic
HBV [140-143] and HCV [144] infection in humans, and showed antiviral effect with some
efficacy. Although antiviral effect by the addition of Talpha1 to lamivudine or IFN-α therapy
was controversial, a meta analysis demonstrated that the combination therapy with lamivu‐
dine and Talpha1 showed significantly higher rates of ALT normalization, virological re‐
sponse, and HBeAg seroconversion as compared with lamivudine monotherapy [145]. It is of
note that HBeAg seroconversion rate was 45% in the combination group, which was signifi‐
cantly higher than that with lamivudine monotherapy (15%).

5.2.6. Blockade of inhibitory signals

There have been several basic attempts to improve the efficacy of immunotherapy. Among
these reports, augmentation or restoration of T cell response by blocking the inhibitory signals
have been extensively analyzed in vitro. It has been demonstrated that exhausted T cells
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express not only PD-1, but also CTLA-4 [146,147], CD244 [148] or Tim-3 [70,149], and blocking
of these molecules in combination could be better than blocking any single molecule to achieve
full activation of the exhausted T cells.

6. Conclusion

There have been several advances in immunotherapy and vaccine development both for
prophylactic and therapeutic purposes in HBV and HCV infections and some of the data are
promising. For therapeutic purposes, viral suppression, stimulation of antiviral immune
response with vaccines with peptides, proteins, plasmid or DC, blockade of immunoinhibitory
signals must be combined to achieve desirable antiviral effects (Fig.1). Further studies are
required to explore the best protocols and their most efficient combinations to become a
promising and practical treatment.
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1. Introduction

Liver is one of the most important organs in our body and any damage on this vital organ
may be life threatening. Various factors such as toxins, heavy metals, drugs and infection
with hepatitis viruses are able to influence on the function of this organ. One of the most
important effects of these factors on liver is gradual necrosis of active liver cells and if this
disturbance  remained  untreated,  can  lead  to  liver  fibrosis,  cirrhosis  and  finally  death.
Therefore, it is necessary to diagnose the liver fibrosis. Nowadays physicians rely on liver
biopsy to evaluate liver fibrosis. This method was named as ‘gold standard’ for many years,
but it seems researchers prefer to say “The best, not the gold standard”. Because of liver
biopsy limitations (inter-observer variation amongst pathologists, fibrosis staging systems
and sampling errors), patients and also physicians like to estimate the liver fibrosis stages
and inflammation grades noninvasively. Therefore we had to find non invasive markers
for estimation of liver fibrosis stage.

There are various serum based biomarkers, individually or in an algorithm model for estima‐
tion of liver fibrosis stage. The list of serum marker algorithms for assessment of liver fibrosis
is increasing. [1-6]. In the last decade, the list of liver fibrosis noninvasive tools is increased
rapidly. Some of them (such as transient ultrasound elastography [FibroScan], acoustic
radiation force impulse [ARFI], magnetic resonance imaging [MRI], doppler analysis, com‐
puted tomography [CT], real-time elastography, tissue strain imaging, supersonic shear
imaging, diffusion-weighted MRI, magnetic resonance spectroscopy, positron emission
tomography [PET] and single photon emission computed tomography [SPECT] [5-8]) are
beyond the scope of this chapter. In this chapter, we will focus on serum noninvasive algo‐
rithm-based scores surrogate of liver biopsy.
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Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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2. List of serum noninvasive algorithm-based scores

There are some serum-based noninvasive markers individually or in an algorithm-based score
that proposed instead of liver biopsy. These markers are usable in clinic, because the physicians
are able to request analysis of them frequently, during the treatment and for assessing the
treatment efficacy, too.

The lists of individual markers are long. The most common of them that are introduced from
the past are: aspartate aminotransferase (AST), alanine aminotransferase (ALT), bilirubin,
alkaline phosphatase, albumin, prothrombin time and gamma glutamyl transferase [2-6]. Now
it is proposed that some of these simple tests are not able to predict liver injury accurately. For
example Seto showed that an elevation of serum ALT levels is not able to predict liver injury [9].

There are some markers that newly introduced and most well-known of them are: α-2-
macroglobulin, apolipoprotein A1, collagen markers such as procollagen I carboxyl terminal
peptide (PICP), procollagen III amino terminal peptide (PIIINP), procollagen IV C peptide,
procollagen IV N peptide (7-S collagen) and collagen IV, collagenases (metalloproteinase) and
their inhibitors (tissue inhibitors of metalloproteinase), glycoproteins such as human cartilage
glycoprotein (YKL-40), fibronectin, laminin, osteonectin, tenascin, glycosaminoglycans such
as perlecan, hyaluronic acid, decorin, aggrecan, lumican, fibromodulin and the others [2-4,
10-12]. Some of these parameters increased in various diseases such as cancer; therefore before
the using of these parameters for estimation of liver fibrosis, we had to exclude the other
diseases [13].

It seems that these serum individual markers are useful for establishing the presence, but not
absence of the fibrosis. For overcome on this problem, researchers combined the results of
panels of markers and proposed various algorithms. Interestingly, in some algorithms improve
in diagnostic accuracy of these noninvasive markers were observed. Again the lists of these
markers are long. Some of the most well-known of them are:

AST to platelet ratio index, Age-platelet index, PGA index, Forns, Bonacini, De Ritis, PATEL,
Leroy, FibroSpect, European Liver Fibrosis score, Fibrometer, Hepascore, SHASTA Index,
FIB-4, SteatoTest, NAFLD Fibrosis Score, Cirrhosis discriminate score, BARD score, Hui
model, FibroMeter NAFLD, Fibrosis Probability Index, Lok index, Fibro Q and the others.

The aim of this chapter is describing the formula, usability and diagnostic accuracy of some
of the most common and available serum noninvasive algorithm-based scores in various liver
diseases in a simple manner.

3. Age-Platelet (AP) index

Age and platelet counts are major constituents of this index. This index is calculated according
to the following instruction:

Platelets counts (109/l): 225 = 0; 200-224 = 1; 175-199 = 2; 150-174 = 3; 125-149 = 4; <125 = 5

Practical Management of Chronic Viral Hepatitis92

Age (years) <30 = 0; 30-39 = 1; 40-49 = 2; 50-59 = 3; 60-69 = 4; 70 = 5

Sum of age and platelets counts scores are AP index [14]. Various studies proposed that this
index is a good index for estimating liver fibrosis stage. For example in a study that carried
out by Lackner [15] on HCV patients, area under the ROC curve (AUROC) was 0.740 for
prediction of significant fibrosis and for prediction of cirrhosis, AUROC was 0.910 (according
to Ishak score). In another study on 62 hepatitis patients, Parsian et al reported an AUROC of
0.818 for discrimination of patients with liver fibrosis vs. control group and an AUROC of 0.518
for discrimination of patients with mild from those with significant fibrosis [16]. There are
other studies that discussed diagnostic accuracy of this simple index [17].

4. AST to Platelet Ratio Index (APRI)

APRI score was initially described by Wai et al [18]. This index is dependent to two routine
tests, i.e. aspartate aminotransferase and platelet count and simply calculated by this formula:

APRI = (AST, upper limit of normal) / platelet count (109/ L) × 100

Several studies have suggested that the APRI may be a useful noninvasive marker of hepatic
fibrosis. Shin et al showed that in chronic hepatitis B patients, the predictive power of detecting
significant fibrosis based on the AUROC is 0.850–0.950 and concluded that this index is a useful
indirect marker for estimating significant fibrosis [19].

The AUROC of APRI in HCV patients was reported better in female (0.871) than in male (0.753).
Among female cases, an APRI value >1.4 was 91% sensitive and 75% specific in detecting a staging
score >2. The corresponding values among male cases were 60% and 77%, respectively [8].

5. AAR index (Deritis index)

There is another simple index that used for evaluation of liver fibrosis and researchers named
it AAR index. By dividing the levels of two routine enzymes, i.e. AST and ALT, we are able to
calculate it [20].

In a study that carried out on 111 NAFLD patients, researchers found an AUC of 0.61 with an
AST/ALT ratio of 0.8 for the prediction of advanced fibrosis [21]. Park et al reported that AST/
ALT > or = 1 is highly specific but not diagnostic for the presence of cirrhosis in patients with
chronic HCV infection and concluded that the ratio reflects the grade of fibrosis in these
patients [22].

6. Fibro Q

Fibro Q is a index that is more complicated than previous indices and is dependent to age
(years), AST level, platelet count and also PT International Normalized Ratio (INR). PT INR
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measures the extrinsic pathway of coagulation. We are able to calculate this index by the
following formula [23].

Fibro Q = (10 × age (years) × AST × PT INR)/ (PLT × ALT) .

In 2012, Hsieh et al showed that FibroQ is a simple and useful test for predicting significant
fibrosis in patients with chronic hepatitis C [24]. In our previous study, we found that this
index had a reasonable AUROC for discrimination of patients with liver fibrosis vs. control
and not for discrimination of patients with severe liver fibrosis vs. mild liver fibrosis [11].

7. FIB4

Other simple index that related to age (years), AST and ALT levels (U/L) and platelet count,
is FIB-4 [25]. By the following formula, one can calculate its value:

FIB-4 = age (year) × AST (U/L) / PLT (109/L) × ALT (U/L))1/2 .

Yang et al reported that FIB-4 index had a significant power for differentiation between
patients with mild and significant fibrosis in nonalcoholic fatty liver disease (0.24 ± 0.12 vs.
0.31 ± 0.21, P = 0.010) and the AUROC of FIB4 was 0.810. They reported that FIB4 might be
useful as a noninvasive hepatic fibrosis scores for predicting hepatic fibrosis in patients with
NAFLD [6]. Shah et al [8] in a study on 541 NAFLD adults found that among various serum
based algorithms, FIB4 had better diagnostic accuracy for estimation of liver fibrosis.

8. BARD score

In 2008, Harrison et al proposed an index and named it BARD score. The constituents of this
score are body-mass index (BMI), AST/ALT ratio (AAR), and presence of type 2 diabetes
mellitus (DMt2). They combined these three simple variables to propose a score for predicting
advanced fibrosis. Calculating of this score is simple:

BMI ≥ 28 kg/m2 = 1 point, BMI <28 kg/m2 = 0 point; AST/ALT ratio ≥ 0.8 = 2 points, AST/ALT
ratio < 0.8 = 0 points; freshly recognized or preexisting DMt2 = 1 point.

A total of 2-4 points (sum of the score of BMI, AST/ALT ratio and presence or absence of DMt2)
indicate significant fibrosis [26]. In a study that carried out by Wyszomirska in 2010, validation
of this score on nonalcoholic fatty liver disease (NAFLD) evaluated. They reported that this
scoring system has value for diagnosis of advanced fibrosis in NAFLD patients and if it is
possible using of this system in clinic, most patients don’t need to undergo liver biopsy [27].
As another try to determine the validation of this score, Ruffillo et al, evaluated the diagnostic
accuracy of this score in NAFLD patients and concluded that this score is useful in identifying
patients without severe fibrosis [28].
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9. Enhanced Liver Fibrosis (ELF)

This liver fibrosis score is derived from markers that are not available in routine clinical
laboratories [29-30]. It was shown that this score has good diagnostic accuracy for the detection
of moderate and severe fibrosis [31].

ELF panel constituents are matrix metalloproteinase 1 inhibitor, hyaluronic acid, and amino‐
terminal peptide of pro-collagen III.

ELF score can calculate by this formula [32]:

Discriminant score = - 7.412 + ln (HA) × 0.681) + ln (PIIINP) × 0.775) + ln (TIMP1) × 0.494] + 10

In a study that carried out by Nobili et al on 112 NAFLD subjects, concluded that the ELF test
is able to accurately discriminate patients with liver fibrosis and can be used for assessing the
level of liver fibrosis in pediatric patients [30].

10. Cirrhosis Discriminate Score (CDS) Bonacini

This simple score is proposed by Bonacini [33] and its constituents are AST/ALT, PT-INR and
platelet count in a simple manner as described in table 1 [34]. According to this score, different
points are given to ingredients of this index and ultimately they added together.

Table 1. Determinants of Bonacini score.

There are various studies that analyzed the accuracy of this index for assessing liver fibrosis. For
example in a study by Colli et al [34] on 176 patients with chronic HCV infection, they observed
that this score was able to identify 67% of patients with a high (>75%) or low (<10%) probability of
cirrhosis, and ultimately 33% of the HCV patients need liver biopsy for assessing their liver fibrosis
score. Against the above study, there are some studies that found this score was not able to detect
severe fibrosis and observed this score has low power of discrimination [35].

11. Fibrotest (FT)

Fibrotest is consisting of a panel of five biomarkers that proposed for evaluation of liver fibrosis
stage. Constituents of this index are alpha2-macroglobulin, haptoglobin, apolipoprotein A1,
gamma glutamyl transpeptidase and total bilirubin [36] and the formula of this index is:
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9. Enhanced Liver Fibrosis (ELF)

This liver fibrosis score is derived from markers that are not available in routine clinical
laboratories [29-30]. It was shown that this score has good diagnostic accuracy for the detection
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Fibrotest=4467 × log [alpha2-macroglobulin (gr/l)] – 1357 × log [haptoglobin (gr/l)] + 0.0821 ×
[age (years)] +1737 × log [bilirubin (μmol/l)] - 1184 × [apolipoprotein A1 (gr/l)] + 0.301 × sex
(male=1, female=0) – 5.054

FT is the most studied test and now there are various studies that proposed this test has
considerable ability for discrimination of liver fibrosis without significant divergence among
liver diseases. For example its ability on hepatitis C, hepatitis B, alcoholic and nonalcoholic
fatty liver disease was shown [37-40].

In a study that carried out by Sebastiani et al [41] the ability of several noninvasive markers
including FT on 110 CHB patients were assessed. They found that the Fibrotest and APRI had
the highest diagnostic accuracy for discrimination of patients with severe stage of liver fibrosis.
In another study on 221 chronic alcoholic liver disease patients, Naveau et al [42] reported that
in heavy alcohol drinkers, this test is able to estimate the liver fibrosis stage and by this test is
possible to decrease the need for liver biopsy.

12. Fibrometer

Fibrometer is a regression algorithm that proposed for evaluation of liver fibrosis stage in liver
diseases. Glucose, AST, ferritin, platelet, ALT, body weight and age are the variables that this
score is derived from them. First time, this score proposed by Cales et al [43]. Calculation of
this score is simple by the following formula:

Fibrometer= 0.4184 glucose (mmol/l) + 0.0701 AST (IU/l) + 0.0008 ferritin (μg/l) - 0.0102 platelet (G/l)
- 0.0260 ALT (UI/l) + 0.0459 body weight (kg) + 0.0842 age (yr) + 11.6226.

Various groups of researchers determined the diagnostic accuracy of this index versus liver
biopsy in liver disease. For example Cale et al [44] analyzed the accuracy of this index on 235
NAFLD patients. They observed that this score, in comparison with the other scores such as
APRI, had higher accuracy rate for significant fibrosis and had lower misclassification rate.
Finally, they concluded that Fibrometer had a reasonable performance.

13. Fibrosis Probability Index (FPI) or sud index

This index is depended on: any history of alcohol use, patient age, cholesterol level, AST
activity and HOMA-IR index (Homeostasis model assessment: insulin resistance) [45]. First
time Sud et al proposed this index and published the results of their study in hepatology
journal [46]. They considered and analyzed thirty-five variables in 176 HCV patients and
proposed a fibrosis probability index (FPI) for estimation of the liver fibrosis stages by some
of these parameters. In addition, they tested the accuracy of this index in another study consists
of 126 patients.

Fibrosis probability index (FPI) = 10.929 + (1.827 × Ln AST) +(0.081 × age) +
 (0.768 × past alcohol use) + (0.385 × HOMA-IR) – (0.447 × cholesterol).
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It seems, this index that proposed by this research team can be used as a noninvasive tools for
estimation of liver fibrosis and this confirmed by others [47].

14. Forns score

Another score for assessing the liver fibrosis score is Forn score [48]. Constituents of this score
are age, platelet count, GGT, and cholesterol. One can calculate this index by this equation:

Forns index: 7.811 - 3.131 × ln(platelet count) + 0.781 × ln(GGT) + 3.467 × ln(age) - 0.014 × cholesterol

In their study on 476 CHC patients, Forn et al reported the AUROC of this score was 0.86 for
the estimation group and 0.81 for the validation group. Yang et al [6] evaluated the accuracy
of Forn score in 77 NAFLD children and according to the severity of their necroinflmmatory
injuries, divided the patients to two groups: mild fibrosis (stage 0-1) vs. significant fibrosis
(stage 2-4). They analyzed diagnostic accuracy of some simple algorhitms such as AAR, APARI
and FIB-4, in addition to Forn score. They observed that among these algorithms, only APRI
and FIB4 had a significant difference between patients with mild and significant fibrosis.

15. Hepascore

Hepascore is a more complicated score for estimation of liver fibrosis stage. Age, gender,
bilirubin, GGT, hyaluronic acid and alpha2-macroglobulin are constituents of this score [49].
In this score that was proposed by Adams et al for the first time, they added a single direct
biomarker of hepatic fibrosis i.e. hyaluronic acid in their algorithm.

By this formula, we can calculate this score:

Hepascore = y/(1 + y), where y = exp (-4.185818 –0.0249 × age + 0.7464 ×gender (male = 1, female = 0) 
+ 1.0039 ×α2-macroglobulin + 0.0302 ×hyaluronic acid + 0.0691 × bilirubin – 0.0012 × GGT.

In their study, Adams et al on 221 HCV patients reported AUROCs of 0.82, 0.90 and 0.89 for
the diagnosis of significant fibrosis, extensive fibrosis and cirrhosis, respectively.

In another study on patients with chronic hepatitis C virus, Becker et al [50] reported that
Hepascore is able to predict liver fibrosis and maybe by this score a need for liver biopsy is
decrease. Bourliere et al reported that the accuracy of Hepascore for excluding the cirrhosis
was excellent [51].

16. HUI model

Hui et al performed a retrospective study on 235 CHB patients and by univariate analysis and
multivariate logistic regression generated this predictive model. They concluded that this model
is able to predict absence of significant fibrosis, accurately. Body mass index (BMI), platelet count,
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serum albumin, and total bilirubin levels are the constituents of this model [52]. Calculation of this
model is very simple and we can calculate this model score by this following formula.

Hui score = 3.148 + 0.167× BMI + 0.088×bilirubin - 0.151× albumin - 0.019 × platelet

In a study that carried out by Sebastiani on 110 CHB patients, some indices such as, APRI,
Forns’ index, Hui’s model and Fibrotest were determined. They reported that performance of
these methods for discrimination of patients with significant fibrosis as positive predictive
values (PPV) was excellent, i.e. 100% for Forns and greater than 92% for APRI, GUCI, Fibrotest
and Hui model [41].

17. Leroy score or MP3 model

Leroy et al used extracellular matrix component i.e. procollagen III amino terminal peptide
(PIIINP) and matrix metalloproteinases-1 (MMP-1) for proposing this model. They determined
serum levels of hyaluronate (HA), PIIINP, MMP-1, MMP-2, MMP-9 and their tissue inhibitors
of metalloproteinases (TIMP-1 and TIMP-2) in 194 chronic hepatitis C patients and 194 healthy
people. They found that six markers (MMP-2, TIMP-1, HA, PIIINP, MMP-1 and MMP-9) were
significantly correlated with liver fibrosis and by using regression model they proposed their
index according to the following formula:

MP3= 0.5903 × log PIIINP (ng/mL) - 0.1749 × log MMP-1 (ng/mL)

They showed that their scoring system is able to differentiate between mild and significant fibrosis
and pointed that maybe this score can provide a useful tool for evaluating liver fibrosis [53].

18. Lok index

Another simple scoring system for estimation of liver fibrosis stage that proposed by Lok et al
is Lok index [54]. This index is based on serum AST and ALT levels, platelet count and PT-
INR. One can calculate this index according to a simple formula:

Lok index = - 5.56 - 0.0089 × platelet (103mm3) + 1.26 × AST/ALT ratio + 5.27 × INR

For this scoring system two cut points introduced: 0.2 to rule out cirrhosis and 0.5 to confirm
cirrhosis. All values that are between these cut points are considered indeterminate. Lok et al
in their cohort study on 1,141 patients with CHC, introduced this score and reported an
AUROC of 0.78-0.81 to detect cirrhosis.

There are various studies that used this score for estimation of liver fibrosis stage. Castera et al
reported that this index has a reasonable performance [55]. Masuzaki studied 386 CHC patients
for determining the diagnostic accuracy of this index in comparison with the other noninvasive
indices such as APRI. They reported that Lok index and APRI were correlated with histological
fibrosis stages (rho=0.581, and 0.460, respectively) and reported an AUROC (95% CI) of Lok index
and APRI of 0.787 (0.741-0.832) and 0.692(0.639-0.745), respectively [56].
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19. FIBROSpect or PATEL index

Patel et al [57] by combing the serum levels of hyaluronic acid (HA), tissue inhibitors of
metalloproteinase 1 (TIMP-1) and alpha2-macroglobulin (A2M), introduced this index that is
also has another name, FibroSpect. Against the much scores that are based on the routine and
simple laboratory tests, this score is based on the specific and non routine laboratory test. In a
study that carried out by their research team on 696 HCV patients, they introduced this scoring
system and reported an AUROC of 0.830 for the diagnosis of significant fibrosis.

There are some studies that confirmed the diagnostic accuracy of this scoring system and
reported the excellency of this scoring system for estimation of liver fibrosis [58].

20. PGA index

PGA index can be calculated by the sum of three tests, i.e., P, prothrombin time; G, gamma-
glutamyl transpeptidase and A, apoliprotein AI and is ranged from 0 to 12 [59].

There are various studies that showed the accuracy of this index in patients with various
chronic liver diseases [60-61]. These studies reported that this score has highest accuracy for
detecting cirrhosis in patients with alcoholic liver disease.

Against the above mentioned studies, Yang et al didn’t find similar results [6]. In their study
on 77 NAFLD children, diagnostic accuracy of PGA index (AUROC=0.45) in addition to the
other tests such as AAR (0.53), APRI (0.70), Forns index (0.73) and FIB-4 (0.81) were compared.
They concluded that among these indices, APRI and FIB4 had the highest performance for
discrimination of patients with mild from significant fibrosis.

21. SHASTA index

This index first time introduced by Kelleher et al [62]. They studied 95 patients that had HIV/
HCV co-infection and determined the serum levels or activity of ALT, AST, APRI, albumin,
total bilirubin, hyaluronic acid (HA) and YKL-40. They observed that among these tests, only
serum HA, albumin and AST were useful for discrimination of mild from advanced fibrosis.
Finally they constructed a predictive model by these factors (HA, albumin and AST) and
named it SHASTA Index. This index can be calculated by the following formula:

Risk score = -3.84 +1.70 (1 if HA 41–85 ng/ml, 0 otherwise) +3.28 (1 if HA>85 ng/ml, 0 otherwise) 
+1.58 (albumin <3.5 g/dl, 0 otherwise) +1.78 (1 if AST >60 IU/l, 0 otherwise).

A cut off of 0.8 of this index showed specificity and positive predictive value of 100%. A cutoff
of <0.30 was associated with a sensitivity and negative predictive value of 88% and 94%,
respectively.
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22. STEATO test panel

This index is an index that proposed by researchers for estimation of liver steatosis in alcoholic,
NAFLD, hepatitis C and B patients. By combining the simple parameters such as age, sex, and
BMI with AST, ALT, bilirubin, GGT, alpha2-macroglobulin, apolipoprotein AI, haptoglobin,
glucose, cholesterol, and triglyceride this index proposed. First time, Poynard et al proposed
this index by the above mentioned variables. They found that steatoTest is able to predict liver
steatosis and can decrease the need for liver biopsy [63].

In a study that carried out by Lassailly, diagnostic accuracy of this panel confirmed on two
hundred and eighty-eight patients with morbid obesity and concluded that this panel is able
to reduce the need for biopsy [64].

23. NAFLD fibrosis score

Components of this score that proposed by Angulo et al are age (years), body mass index,
impaired fasting glucose (IFG) or presence the diabetes, AST, ALT, platelet count, and serum
albumin levels [65]. They proposed this index as a predictive model for estimation of liver
fibrosis. By using the following formula, we are able to calculate this scoring system.

NAFLD fibrosis score =-1.675 + 0.037× age (years) + 0.094 ×BMI (kg/m2) + 1.13 × IFG/diabetes (yes = 1, no = 0) 
+ 0.99 × AST/ALT ratio – 0.013 ×platelets (109/l) – 0.66×albumin (gr/dl)

A score value < -1.455 (lowest cut point) is able to exclude advanced liver fibrosis and a value
> 0.676 (high cutoff) is able to predict advanced liver. Values between these two values are
considered as indeterminate liver fibrosis and maybe patients with this result had to undergo
liver biopsy.

Shah et al studied diagnostic accuracy of this scoring model in 541 adults with NAFLD for
estimation of liver fibrosis and found an AUROC (95% confidence interval [CI]) of 0.768; (0.720
– 0.816) for this model [8]. In another study that carried out by Ruffillo et al on 138 NAFLD
patients, they concluded that this scoring model is useful for identifying patients without
severe fibrosis, but it has some indeterminate results [28]. In another study that carried out by
Yang et al on 77 NAFLD children, AUROC of NAFLD fibrosis score was determined 0.58 for
discrimination of mild from significant liver fibrosis [65].

24. Göteborg University Cirrhosis Index (GUCI index)

First time, this index proposed by Kandemir et al [66].They analyzed blood samples from 68
CHC patients for aspartate aminotransferase, prothrombin INR, and platelet count and found
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a strong association between the fibrosis stage and their proposed index. The GUCI index can
be calculate by this formula:

GUCI = Normalized AST× prothrombin-INR ×100 / Platelet count (×109/L)

They concluded that this index can discriminate patients with severe fibrosis (stage 3-4) from
those without severe fibrosis (stage 0-2).

25. King score

This score introduced by Cross et al and is a simple index that derived from age, AST activity
INR and platelet count, as follow for the estimation of liver fibrosis.

King’s Score = age (years) × AST (IU/l) × INR / platelets(109/L)

Cross et al in their study on 923 CHC patients introduced this scoring model. They reported
AUROCs for predicting of cirrhosis and significant fibrosis of 0.91 and 0.79 (respectively) and
the results was confirmed in a validation study. They concluded that this scoring is an
applicable index for predicting of cirrhosis in chronic hepatitis C patients [67].

Diagnostic accuracy of this scoring model determined in another study. Cross et al performed
another study on 187 CHC patients and evaluated the diagnostic accuracy of King score (KS)
model and Fibroscan (FS). For diagnosis of significant fibrosis, AUROCs for FS, KS and FS +
KS were 0.83, 0.82 and 0.85 (respectively) and for the diagnosis of cirrhosis these values were
0.96, 0.89 and 0.93, respectively [68].

26. Predicted Liver Fibrosis score (PLF score)

Bota et al in their study on 212 CHC patients proposed a scoring system for estimation of liver
fibrosis and named it predicted liver fibrosis score [69]. Constituents of their score are transient
elastography (TE), APRI score, Forns score, FIB-4 score and King score. Their scoring formula is:

Predicted liver fibrosis score (PLF score) = 0.956 + 0.084 × TE – 0.004 × King Score + 0.124 × Forns score + 0.202 × APRI score.

They found a good correlation (r = 0.68) for their score with liver fibrosis and concluded that
this complex formula that derived from the other algorithms, is able to predict sever fibrosis
and its performance is better than TE.

The cut off values, AUROC, positive and negative predictive values of the above mentioned
algorithms for estimation of liver fibrosis severity in chronic viral hepatitis and/or NAFLD/
NASH is summarized in the table 2.

Clinical Application of Non-Invasive Markers of Liver Fibrosis
http://dx.doi.org/10.5772/55422

101



22. STEATO test panel

This index is an index that proposed by researchers for estimation of liver steatosis in alcoholic,
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24. Göteborg University Cirrhosis Index (GUCI index)

First time, this index proposed by Kandemir et al [66].They analyzed blood samples from 68
CHC patients for aspartate aminotransferase, prothrombin INR, and platelet count and found
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a strong association between the fibrosis stage and their proposed index. The GUCI index can
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elastography (TE), APRI score, Forns score, FIB-4 score and King score. Their scoring formula is:
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this complex formula that derived from the other algorithms, is able to predict sever fibrosis
and its performance is better than TE.

The cut off values, AUROC, positive and negative predictive values of the above mentioned
algorithms for estimation of liver fibrosis severity in chronic viral hepatitis and/or NAFLD/
NASH is summarized in the table 2.
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Noninvasive Test Variables Disease Cut off AUROC PPV NPV Explanations

AAR AST and ALT HCV ≥1 NA 73.7 88.1

AP
Age and platelets

counts
HCV ≥6

t=0.76
v=0.69

96 NA

APRI
AST and platelets

counts
HCV

≥1.5
≤0.5

t=0.80
v=0.88

91 90
≈Ishak 3-6
≈Ishak 0-2

BARD score
BMI, AST, ALT and

type 2 diabetes
mellitus

NAFLD/
NASH

2-4
2

NA
43

27-81
96

45-95
Advanced liver
fibrosis (F3-4)

CDS
PT-INR, AST, ALT and

platelets counts
HCV >8 NA 92.6 NA ≈Knodell 3-4

ELF

Matrix
metalloproteinase 1
inhibitor, hyaluronic

acid, and
aminoterminal
peptide of pro-

collagen III

HBV
HCV

NAFLD

>0.102
<0.102

0.8 35 92
≈ Scheuer 3-4
≈ Scheuer 0-2

FIB4
Age, AST, ALT and

platelet count
HCV

<1.45
>3.25

0.76 65 90
≈Ishak <4-6
≈Ishak ≥4-6

Fibro Q
Age, AST, platelet
count and PT-INR

HBV
HCV

1.6
2.6

F2-4= 0.783
F4=0.791

93
11.3

41
100

Fibrometer
Glucose, AST, ferritin,

platelet, ALT, body
weight and age

NAFLD NA NA 88 92

FIBROSpect

Hyaluronic acid,
tissue inhibitors of

metalloproteinase 1
and alpha2-

macroglobulin

HCV 0.82-0.97 NA 90 58 For stage ≥F2

FORNS SCORE
Age, platelet count,

GGT, and cholesterol
HCV

≥6.9
<4.2

t=0.86
v=0.81

66 96
≈ Scheuer 2-4
≈ Scheuer 0-1

FPI
Alcohol use, age,

cholesterol, AST and
HOMA-IR index

HCV
<0.2
≥0.8

t=0.84
v=0.77

87 77.4
≈F0-F1
≈F2-F4

FT

Alpha2-
macroglobulin,

haptoglobin,
apolipoprotein A1,
gamma glutamyl

transpeptidase and
bilirubin

HCV
HBV

0.75-1.00 ≈F4
0.73-0.74≈F3-F4

0.59-0.72≈F3
0.49-0.58≈F2

0.32-0.48≈F1-F2
0.28-0.31≈F1

0.22-0.27≈F0-F1
0.00-0.21≈F0

t=0.83
v=0.87

78
76
76
67
61

-
-
-
-

85
91
92
94
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Noninvasive Test Variables Disease Cut off AUROC PPV NPV Explanations

Göteborg
University Cirrhosis
Index (GUCI index)

AST,PT-INR, and
platelet count

HCV NA F4=0.85 F4=31 F4=97

Hepascore

Age, gender,
bilirubin, GGT,

hyaluronic acid and
alpha2-

macroglobulin

HCV
≥0.5
<0.5

t=0.85
v=0.82

88 98
≈F2-F4
≈F0-F1

HUI model
BMI, platelet count,

albumin and bilirubin
HBV <0.15

t=0.803
v=0.765

entire
cohort=0.791

NA NA

King Score
Age, AST, INR and

platelet count
HCV

≥12.3
≥16.7

F3-6=0.79
F5-6=0.91

81
56

77
96

Leroy score or MP3
model

Procollagen III amino
terminal peptide and

matrix
metalloproteinases-1

HCV NA ≥F2, 0.82
≥F2=8

9
≥F2=84

Lok index
AST, ALT, platelet
count and PT-INR

HCV NA F4=0.78-.0.81
F4=32

-75
F4=

84-91

NAFLD fibrosis
score

Age, BMI, impaired
fasting glucose (IFG)

or presence the
diabetes, AST, ALT,
platelet count, and

serum albumin levels

NAFLD/
NASH

-1.455
0.676

NA
30-56
82-90

88-93
85-86

PLF score

Transient
elastography, APRI
score, Forns score,

FIB-4 score and King
score

HCV

F ≥ 1= 1.77
F ≥ 2= 2.88
F ≥ 3=2.47
F=4, = 2.98

0.76
0.78
0.86
0.97

99.5
96.4
85.1
70.7

18.1
21.4
78.6
99.4

SHASTA index

ALT, AST, APRI,
albumin, total

bilirubin, hyaluronic
acid and YKL-40

HCV
>.08
<0.3

0.87 100
94

21.4
Ishak ≥3
Ishak ≤2

STEATO test panel

ALT, α2-
macroglobulin ,

apolipoprotein A-I,
haptoglobin, total

bilirubin, GGT,
cholesterol,

triglycerides, glucose,
age, gender and BMI

NAFLD
0.3
0.5
0.7

NA
22
29
33

100
95
92

For predicting
liver steatosis
greater than

5%.

Table 2. An alphabetical order of various noninvasive serum indices to detect liver fibrosis in patients with chronic viral
hepatitis and/or NAFLD/NASH.
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Noninvasive Test Variables Disease Cut off AUROC PPV NPV Explanations
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Noninvasive Test Variables Disease Cut off AUROC PPV NPV Explanations
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Index (GUCI index)

AST,PT-INR, and
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bilirubin, GGT,
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macroglobulin

HCV
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t=0.85
v=0.82
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BMI, platelet count,
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HBV <0.15

t=0.803
v=0.765

entire
cohort=0.791

NA NA
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Procollagen III amino
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matrix
metalloproteinases-1

HCV NA ≥F2, 0.82
≥F2=8

9
≥F2=84

Lok index
AST, ALT, platelet
count and PT-INR

HCV NA F4=0.78-.0.81
F4=32

-75
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84-91

NAFLD fibrosis
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-1.455
0.676

NA
30-56
82-90

88-93
85-86
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Transient
elastography, APRI
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F ≥ 1= 1.77
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Table 2. An alphabetical order of various noninvasive serum indices to detect liver fibrosis in patients with chronic viral
hepatitis and/or NAFLD/NASH.
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Abbreviations

AUROC, area under receiver operating characteristic curve; NA, Not available; PPV, positive
predictive value; NPV, negative predictive value; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; MMP, metalloproteinases TIMP, tissue inhibitors of matrix
metalloproteinases; HOMA-IR, homeostasis model assessment of insulin resistance; INR,
international normalized ratio for prothrombie; t, training group; v, validation group [3, 15,
22,23, 52, 63, 67, 69, 71].

27. Conclusion

Liver biopsy still has an important role in the estimation of liver fibrosis stage, but it is not very
far that this invasive method will completely replace with the other noninvasive methods such
as serum based biomarkers [70]. Therefore development of non-invasive methods is still
needed and we should work harder for finding an appropriate method. Maybe with finding
some appropriate biomarkers, we can completely obsolete the liver biopsy.
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1. Introduction

Liver fibrosis results from chronic damage to the liver in conjunction with the accumulation
of extracellular matrix (ECM) proteins including collagen, which is a characteristic of most
types of chronic liver diseases (CLD) [1]. Hepatic fibrosis was historically thought to be a
passive and irreversible process due to the collapse of the hepatic parenchyma and its
substitution with a collagen-rich tissue [2, 3]. Currently, is recognised to be a dynamic process
that can progress or regress over periods as short as months [4].

This process is associated with an inflammatory response and a limited deposition of ECM. If
the hepatic injury persists, then eventually the liver regeneration fails, and hepatocytes are
substituted with abundant ECM. The distribution of this fibrous material depends on the origin
of the liver injury. In chronic viral hepatitis and chronic cholestatic disorders, the fibrotic tissue
is initially located around portal tracts, while in alcohol-induced liver disease, it locates in
pericentral and perisinusoidal areas [5]. As fibrotic liver diseases advance, the hepatic
architecture is distorted by the accumulation of ECM proteins leading to the formation of a
fibrous scar and the subsequent development of nodules of regenerating hepatocytes defines
cirrhosis. Main event in this process is the activation of the hepatic stellate cells, the main
collagen-producing cells, by fibrogenic cytokines. Other cells such as portal fibroblasts and
bone marrow–derived cells may also be involved in the fibrogenic process [1].

Liver biopsy is considered the current clinical standard of reference for the assessment of liver
fibrosis [6]. Histologic examination is useful in identifying the underlying cause of liver disease
and assessing the necro-inflammatory grade and the stage of fibrosis. However, it represents
an invasive procedure, with pain and major complications occurring in 40% and 0.5% of
patients, respectively [7]. Further, liver biopsy can be associated with substantial sampling-
error. Histologic examination is subject to intra- and inter-observer variation and does not

© 2013 Macarini and Stoppino; licensee InTech. This is an open access article distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.



[62] Kelleher TB, Mehta SH, Bhaskar R, Sulkowski M, Astemborski J, Thomas DL, Moore
RE, Afdhal NH. Prediction of hepatic fibrosis in HIV/HCV co-infected patients using
serum fibrosis markers: The SHASTA index. Journal of Hepatology 2005; 43: 78–84.

[63] Poynard T, Ratziu V, Naveau S, Thabut D, Charlotte F, Messous D, Capron D, Abella
A, Massard J, Ngo Y, et al. The diagnostic value of biomarkers (SteatoTest) for the
prediction of liver steatosis. Comp Hepatol 2005; 4: 10.

[64] Lassailly G, Caiazzo R, Hollebecque A, Buob D, Leteurtre E, Arnalsteen L, Louvet A,
Pigeyre M, Raverdy V, Six MF, Verkindt H, Eberle C, Patrice A, Dharancy S, Romon
M, Pattou F, Mathurin P. Validation of noninvasive biomarkers (FibroTest, SteatoT‐
est, and NashTest) for prediction of liver injury in patients with morbid obesity. Eur J
Gastroenterol Hepatol 2011 Jun; 23(6): 499-506.

[65] Angulo P, Hui JM, Marchesini G, Bugianesi E, George J, Farrell GC, et al. The
NAFLD fibrosis score: a noninvasive system that identifies liver fibrosis in patients
with NAFLD. Hepatology 2007; 45: 846–54.

[66] Kandemir O, Polat G, Saraçoğlu G, Taşdelen B. The predictive role of AST level, pro‐
thrombin time, and platelet count in the detection of liver fibrosis in patients with
chronic hepatitis C. Turk J Med Sci 2009; 39 (6): 857-862.

[67] Cross TJS, Rizzi P, Berry PA, Bruce M, Portmann B, Harrison PM. King’s Score: an
accurate marker of cirrhosis in chronic hepatitis C. Eur J Gastroen Hepat. 2009; 21(7):
730-8 10.1097/ MEG.0b013e32830dfcb3.

[68] Cross TJS, Calvaruso V, Maimone S, Carey I, Chang TP, Pleguezuelo M, Manousou
P, Quaglia A, Grillo F, Dhillon AP, Dusheiko GM, Burroughs AK and Harrison PM.
Prospective comparison of Fibroscan, King score and liver biopsy for the assessment
of cirrhosis in chronic hepatitis C infection. Journal of Viral Hepatitis 2010; 17: 546–
54.

[69] Bota S, Sirli R, Sporea I, Focsa M, Popescu A, Danila M, et al. A new scoring system
for prediction of fibrosis in chronic hepatitis C. Hepat Mon 2011; 11(7): 548-55.

[70] Parsian H, Alizadeh M, Negahdar H. Whould the Physicians Eventually Obsolete the
Liver Biopsy for the Assessment of Liver Fibrosis? Hepat Mon 2012; 12(5): 353-4.
DOI: 10.5812/hepatmon.6227.

[71] Pinzani M, Vizzutti F, Arena U, Marra F. Technology Insight: noninvasive assess‐
ment of liver fibrosis by biochemical scores and elastography. Nat Clin Pract Gastro‐
enterol Hepatol. 2008 Feb;5(2):95-106.

Practical Management of Chronic Viral Hepatitis110

Chapter 5

Radiologic Assessment of Liver Fibrosis – Present and
Future

Luca  Macarini and Luca P.  Stoppino

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55164

1. Introduction
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passive and irreversible process due to the collapse of the hepatic parenchyma and its
substitution with a collagen-rich tissue [2, 3]. Currently, is recognised to be a dynamic process
that can progress or regress over periods as short as months [4].

This process is associated with an inflammatory response and a limited deposition of ECM. If
the hepatic injury persists, then eventually the liver regeneration fails, and hepatocytes are
substituted with abundant ECM. The distribution of this fibrous material depends on the origin
of the liver injury. In chronic viral hepatitis and chronic cholestatic disorders, the fibrotic tissue
is initially located around portal tracts, while in alcohol-induced liver disease, it locates in
pericentral and perisinusoidal areas [5]. As fibrotic liver diseases advance, the hepatic
architecture is distorted by the accumulation of ECM proteins leading to the formation of a
fibrous scar and the subsequent development of nodules of regenerating hepatocytes defines
cirrhosis. Main event in this process is the activation of the hepatic stellate cells, the main
collagen-producing cells, by fibrogenic cytokines. Other cells such as portal fibroblasts and
bone marrow–derived cells may also be involved in the fibrogenic process [1].

Liver biopsy is considered the current clinical standard of reference for the assessment of liver
fibrosis [6]. Histologic examination is useful in identifying the underlying cause of liver disease
and assessing the necro-inflammatory grade and the stage of fibrosis. However, it represents
an invasive procedure, with pain and major complications occurring in 40% and 0.5% of
patients, respectively [7]. Further, liver biopsy can be associated with substantial sampling-
error. Histologic examination is subject to intra- and inter-observer variation and does not
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predict disease progression [8]. Therefore, there is a need for reliable, simple, and non-invasive
methods for assessing liver fibrosis. In recent years, a wide variety of imaging-based methods
have been used for noninvasively assessing liver fibrosis, including ultrasound, CT and MRI.

In this chapter, we provide an overview of the newer imaging techniques used in the evaluation
of liver fibrosis.

2. Epidemiology and natural history

Fibrosis leading to cirrhosis can accompany virtually any CLD that is characterized by the
presence of architectural disruption and/or inflammation. Over many years the principle
causes of CLD have been chronic viral hepatitis B and alcoholic liver disease. Other etiologies
of liver disease include parasitic infestation (e.g. schistosomiasis), autoimmune attack on
hepatocytes or biliary epithelium, neonatal liver disease, metabolic disorders including
Wilson’s disease, hemochromatosis and a variety of storage diseases, chronic inflammatory
conditions (e.g. sarcoidosis), drug toxicity (e.g. methotrexate or hypervitaminosis A), and
vascular derangements, either congenital or acquired. While rates of alcoholism and alcoholic
liver disease are falling in many countries, hazardous drinking amongst young people is
resulting in alarming rates of alcoholic liver disease in several northern European countries [9,
10]. Over the last few decades two other diseases have emerged to make a major contribution
to the burden of CLD. Chronic hepatitis C and non-alcoholic fatty liver disease (NAFLD) are
recognised to have already had a major impact on CLD incidence. Hepatitis C virus (HCV) is
transmitted in blood and blood products through unsafe injection practices and the therapeutic
use of infected blood products. It is thought that the world prevalence of chronic hepatitis C
is nearly 200 million people [11, 12]. In the developed world with rapidly increasing rates of
obesity, NAFLD is considered to represent a major cause of significant fibrosis. Although it
appears that only a minority of patients with NAFLD (maybe 20%) develop significant fibrosis,
due to the vast prevalence of the at-risk overweight population, NAFLD may give rise to an
epidemic of liver fibrosis [13, 14].

Of the many causes of CLD, our understanding of natural history of fibrosis is most complete in
HCV, with some information about HBV and steatohepatitic diseases, including alcoholic liver
disease and NAFLD. Fibrosis associated with HCV can assume a variable course, from deca‐
des of viremia with tiny fibrosis to a rapid onset of cirrhosis within 10–15 years. It appears to be
host factors rather than viral factors that correlate with fibrosis progression in HCV, such as older
age at the time of infection, concurrent liver disease due to HBV or alcohol (>50g/day), male
gender, increased body mass index (BMI) and HIV infection or immunosuppression [15, 16].

Information about fibrosis progression in other diseases is largely subjective, but the devel‐
opment of cirrhosis typically requires many years to decades. There are, however, some
notable exceptions in which the development of cirrhosis can be greatly accelerated, possibly
occurring within months rather than years: (1) neonatal liver disease – infants with biliary
atresia may present at birth with severe fibrosis and marked parenchymal distortion; (2) HCV-
infected patients after liver transplantation – a subset of patients who undergo liver trans‐

Practical Management of Chronic Viral Hepatitis112

plantation for HCV cirrhosis may develop rapidly progressive cholestasis and recurrent
cirrhosis within months, requiring retransplantation [17]; (3) patients with HIV/HCV co-
infection – these patients have relatively rapid fibrosis compared to those with HCV alone [18],
especially if the HIV is untreated; (4) severe delta hepatitis [19]; and (5) some cases of drug-
induced liver disease. These examples of ‘fulminant fibrosis’ probably reflect dysregulation of
several pathways, including defective immunity, massive inflammation and necrosis, and/or
altered matrix resorption.

3. Assessment of stage of fibrosis

Liver biopsy is a common element of diagnostic workup in hepatic cirrhosis, and is the
accepted diagnostic gold standard. Several systems for scoring liver fibrosis have been
proposed in order to classify the progression of fibrosis to cirrhosis into discrete stages, each
based on visual assessment of collagen staining of liver biopsy samples. The more frequently
used systems are the histology activity index (HAI: Knodell score) [20], the Ishak modification
of the HAI score [21], and the Metavir score [22].

The HAI system consists of the evaluation of two histopathological categories, necroinflam‐
mation and fibrosis. Furthermore, necroinflammation includes three subcategories: periportal
necrosis and inflammation, scored from 0 to 10; intralobular necrosis and inflammation, scored
from 0 to 4; and portal inflammation, scored from 0 to 4. Fibrosis is scored as 0, 1, 3, or 4, with
1 indicating portal fibrosis only, 3 indicating bridging fibrosis, and 4 indicating cirrhosis. The
HAI score is the combined scores for necrosis, inflammation, and fibrosis, while the overall
HAI scores can also be broken into individual components of necrosis, inflammation, and
fibrosis to yield additional information [20]. Despite this system is widely used, is relatively
insensitive to changes in fibrosis (lack of a score for stages between mild and severe), and has
an intra- and inter-observer reproducibility relatively poor.

Ishak et al. [21] have proposed a modification of the HAI scoring system, which uses similar
scores for necroinflammatory changes (activity: 0 to 18), but scores fibrosis on a scale from 0
to 6. Scores of 1 and 2 indicate portal fibrosis, 3 and 4 bridging fibrosis, 5 incomplete or early
cirrhosis, and 6 established cirrhosis. The Ishak scale provides better discrimination in
assessing small changes in fibrosis, permitting a better assessment of progression of disease,
and possible effects of therapy. The intra- and interobserver variability of the Ishak scoring
system has yet to be carefully defined.

The Metavir score [22] was developed in an attempt to address some of the problems with the
Knodell score. The Metavir score is a semiquantitative classifications system and scores both
necroinflammatory changes that fibrosis. The activity score is graded according to the intensi‐
ty of necroinflammatory lesions (A0 = no activity, A1 = mild activity, A2 = moderate activity, A3
= severe activity). The fibrosis score is assessed on a five point scale (F0 = no fibrosis, F1 = portal
fibrosis without septa, F2 = few septa, F3 = numerous septa without cirrhosis, F4 = cirrhosis)
(Figure 1). Clinically significant fibrosis is generally defined by F2 involvement or greater.
Compared to the Knodell fibrosis score (which has only four levels), the Metavir score permits
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fibrosis to yield additional information [20]. Despite this system is widely used, is relatively
insensitive to changes in fibrosis (lack of a score for stages between mild and severe), and has
an intra- and inter-observer reproducibility relatively poor.

Ishak et al. [21] have proposed a modification of the HAI scoring system, which uses similar
scores for necroinflammatory changes (activity: 0 to 18), but scores fibrosis on a scale from 0
to 6. Scores of 1 and 2 indicate portal fibrosis, 3 and 4 bridging fibrosis, 5 incomplete or early
cirrhosis, and 6 established cirrhosis. The Ishak scale provides better discrimination in
assessing small changes in fibrosis, permitting a better assessment of progression of disease,
and possible effects of therapy. The intra- and interobserver variability of the Ishak scoring
system has yet to be carefully defined.

The Metavir score [22] was developed in an attempt to address some of the problems with the
Knodell score. The Metavir score is a semiquantitative classifications system and scores both
necroinflammatory changes that fibrosis. The activity score is graded according to the intensi‐
ty of necroinflammatory lesions (A0 = no activity, A1 = mild activity, A2 = moderate activity, A3
= severe activity). The fibrosis score is assessed on a five point scale (F0 = no fibrosis, F1 = portal
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(Figure 1). Clinically significant fibrosis is generally defined by F2 involvement or greater.
Compared to the Knodell fibrosis score (which has only four levels), the Metavir score permits
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recognition of subtler variation in the degree of fibrosis. The Metavir system has been carefully
validated and shows good intra- and interobserver reproducibility. This system is commonly
used in Europe. Table 1 compares the three systems described for evaluating the stage of fibrosis.

Figure 1. Progression of fibrosis from periportal fibrosis to cirrhosis according to the Metavir scoring system shown
through photomicrographs (original magnification, ×10; Hematoxylin and Eosin stains) of histologic sections from liv‐
er biopsy specimens. (a) No fibrosis (stage F0). (b) Portal and periportal fibrosis only (stage F1). (c) Periportal fibrosis
with few septa (stage F2). (d) Septal fibrosis and bridging without cirrhosis (stage F3). (e) Cirrhosis (stage F4) which
appears as nodules of liver parenchyma separated by thick fibrous bands.

Stage of fibrosis HAI (Knodell) Ishak Metavir*

0 No fibrosis No fibrosis No fibrosis

1
Portal fibrosis Fibrosis of isolated

portal areas with or without short septa

Portal fibrosis

2

n. d. Increased fibrosis

in most portal areas with or without short

septa

Portal fibrosis with scattered septa

3
Portoportal or portocentral

septa

Portal fibrosis with portoportal septa Numerous septa without cirrhosis

4

Cirrhosis Portal fibrosis Cirrhosis

with marked porportoportal or

portocentral septa

Cirrhosis

5

n. d. Marked septum formation (portoportal or

portocentral) with some nodule

formation (incomplete cirrhosis)

n. d.

6 n. d. Probable or definite cirrhosis n. d.

n. d. = not defined;

* only validated in chronic hepatitis C

Table 1. Histological classification systems for evaluating the stage of fibrosis
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According to the average size of the parenchymal nodules, cirrhosis may be classified into
micronodular, macronodular, and mixed types. While micronodular cirrhosis is defined as
nodules less than 0.3 cm in diameter, macronodular cirrhosis is defined as nodules larger than
0.3 cm. Micronodular cirrhosis is generally caused by diffuse liver injury, such as alcohol, other
hepatotoxic agents, and metabolic disorders (nonalcoholic steatohepatitis), whereas macro‐
nodular cirrhosis is observed in disease processes where hepatocellular regeneration plays a
significant role (chronic and autoimmune hepatitis) [23].

Although the scoring systems mentioned above for hepatic fibrosis are extremely useful in
diagnosis and staging of liver fibrosis, all of these systems have important limitations. Hepatic
fibrosis may not be homogenous throughout the liver, and the liver specimen obtained by the
needle biopsy may not accurately reflect the overall average degree of fibrosis. A number of
studies have demonstrated excessive rates of sampling error (25%-40%) resulting in poor
reproducibility regardless of underlying liver disease origin [24]. The extent of variation from
observer interpretation by expert histopathologists may be as high as 20% [25]. In addition,
there is mounting evidence that liver biopsy has a number of limitations for its use in these
roles as well. These include: (a) the effect of reduced biopsy size (<25 mm) and complete portal
tract number (<11) on understaging fibrosis; (b) interobserver variation in histological inter‐
pretation; and (c) the qualitative nature of assessing fibrosis in 2 dimensions with descriptive
staining techniques. Ultimately, the method of percutaneous liver biopsy is an invasive
procedure with poor acceptance by patients. The associated morbidity from this technique is
estimated at 3% with a mortality rate of 0.03% [26].

In summary, although liver biopsy is considered the standard of reference, it has several
limitations (invasiveness, complications, sampling variability, subjectivity) that restrict its role
as a method for screening and longitudinal assessment of liver fibrosis. New reproducible and
reliable noninvasive techniques are required to evaluate disease progression in patients with
CLD, and to monitor pharmacological treatment.

4. Imaging techniques

Since morphologic alterations and features of portal hypertension are present only in advanced
CLD, routine examinations by ultrasound (US), computed tomography (CT) and magnetic
resonance imaging (MRI) could produce specific findings, but with very limited sensitivity.
The ability to detect early and intermediate stages of fibrosis using conventional ultrasound
with Doppler assessment of the hepatic vasculature is unsatisfactory [27]. CT offers improved
resolution of early morphological changes with cirrhosis but has low accuracy in fibrosis
detection [28]. In fact, quantitative assessment of the density distribution of liver parenchyma
showed that only diffuse steatosis and active alcoholic cirrhosis had significantly different
mean hepatic attenuation values [29]. Moreover, most studies of contrast-enhanced CT
involved patients with cirrhosis [30, 31] and it is thus unclear if changes in hepatic enhancement
could be used to diagnose mild or moderate hepatic fibrosis. MRI identify specific features of
cirrhosis such as hepatic vein narrowing, caudate to right lobe ratio, and expanded gallbladder
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0.3 cm. Micronodular cirrhosis is generally caused by diffuse liver injury, such as alcohol, other
hepatotoxic agents, and metabolic disorders (nonalcoholic steatohepatitis), whereas macro‐
nodular cirrhosis is observed in disease processes where hepatocellular regeneration plays a
significant role (chronic and autoimmune hepatitis) [23].
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diagnosis and staging of liver fibrosis, all of these systems have important limitations. Hepatic
fibrosis may not be homogenous throughout the liver, and the liver specimen obtained by the
needle biopsy may not accurately reflect the overall average degree of fibrosis. A number of
studies have demonstrated excessive rates of sampling error (25%-40%) resulting in poor
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pretation; and (c) the qualitative nature of assessing fibrosis in 2 dimensions with descriptive
staining techniques. Ultimately, the method of percutaneous liver biopsy is an invasive
procedure with poor acceptance by patients. The associated morbidity from this technique is
estimated at 3% with a mortality rate of 0.03% [26].

In summary, although liver biopsy is considered the standard of reference, it has several
limitations (invasiveness, complications, sampling variability, subjectivity) that restrict its role
as a method for screening and longitudinal assessment of liver fibrosis. New reproducible and
reliable noninvasive techniques are required to evaluate disease progression in patients with
CLD, and to monitor pharmacological treatment.
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Since morphologic alterations and features of portal hypertension are present only in advanced
CLD, routine examinations by ultrasound (US), computed tomography (CT) and magnetic
resonance imaging (MRI) could produce specific findings, but with very limited sensitivity.
The ability to detect early and intermediate stages of fibrosis using conventional ultrasound
with Doppler assessment of the hepatic vasculature is unsatisfactory [27]. CT offers improved
resolution of early morphological changes with cirrhosis but has low accuracy in fibrosis
detection [28]. In fact, quantitative assessment of the density distribution of liver parenchyma
showed that only diffuse steatosis and active alcoholic cirrhosis had significantly different
mean hepatic attenuation values [29]. Moreover, most studies of contrast-enhanced CT
involved patients with cirrhosis [30, 31] and it is thus unclear if changes in hepatic enhancement
could be used to diagnose mild or moderate hepatic fibrosis. MRI identify specific features of
cirrhosis such as hepatic vein narrowing, caudate to right lobe ratio, and expanded gallbladder
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fossa [32], but remains lacking in earlier stages of fibrosis [33]. Hence, assiduous efforts have
been made to search for technological developments.

4.1. Sonography-based techniques for assessment of liver fibrosis

Recently, diverse sonography–based techniques have been used in assessment of liver fibrosis,
including Transient Elastography, Real-Time Elastography, and Acoustic Radiation Force
Imaging sonoelastography.

Transient Elastography. Transient Elastography (TE) (FibroScan®, Echosens, Paris, France) is
a new imaging modality for detecting hepatic fibrosis. The measuring instrument comprises
a computer driven control unit and a probe with an ultrasound transducer, which is located
at the end of a vibrating piston. The piston generates a low frequency elastic wave (5 Mhz) that
passes through the skin and liver tissue and is transmitted into hepatic tissue at a speed of
around 1 m/s. The ultrasound then detects the propagation of the shear wave through the liver
by measuring its velocity. The shear wave velocity is directly related to the tissue stiffness,
with a higher velocity equating to higher tissue stiffness, corresponding to increasing severity
of fibrosis.

TE is carried out with the patient supine, with his/her right arm behind their head. The
measuring probe is positioned at the level of the xiphoid in the right mid-axillary line, at 90
degrees to the body. TE measures liver stiffness in a volume that approximates a cylinder 1
cm wide and 4 cm long, between 2,5 cm and 6,5 cm below the skin surface (Figure 2). Ten
validated measurements are required, with the median value taken as the final result, which
is expressed in units of kilopascals (kPa). The range of possible liver stiffness values obtained
with this technique is from 2.5 to 75.0 kPa, with the normal liver stiffness value for healthy
individuals being around 5.5 kPa (Figure 3) [34].

Figure 2. Illustration of the two different constituent of the measuring instrument and the positioning of the probe in
relation to the area of liver under investigation.
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The advantages of TE are that the results are immediately available, and the procedure is
painless, rapid (~3 minutes per patient), and easy to perform. The interequipment, intraob‐
server (96–98%) and interobserver agreement (89–98%) of TE has been shown to be excellent,
but the success rate depends on observer expertise, patient BMI and intercostal space [35-37].
Moreover, TE is a reliable method for the diagnosis of extensive fibrosis (Metavir F=3) and
cirrhosis (F=4): positive and negative predictive values range from 70–95% and 77–95%,
respectively [38-41]. The age of the subject does not affect liver stiffness, and males tend to
have a slightly higher liver stiffness value compared to females [34]. One of the important
aspects of liver stiffness measurements is the cut-off values that are adopted for different stages
of fibrosis, with higher cut-off levels corresponding to higher fibrosis stages.

Figure 3. Example of shear wave propagation velocity in healthy subject with normal liver stifness.

The cut-off levels are also different for different diseases. Therefore it is important to interpret
the results with the cut-off values specific for the underlying condition. Table 2 show a
summary of the cut-off values used for specific liver diseases. For example, in HCV patients
according to Castera et al. [42], liver stiffness cut-off values were 7.1 kPa for F≥2, 9.5 kPa for
F≥3, and values ≥ 12.5 kPa for F=4 (defined according to Metavir system).

There are some physical limitations of TE, such as obesity (particularly the fatness of the chest
wall), narrow intercostal space and ascites. Moreover, Fraquelli et al. found that TE reprodu‐
cibility is significantly reduced in patients with steatosis, an increased BMI and lower degrees
of hepatic fibrosis [35]. TE is an innovative and user-friendly technology for the assessment of
hepatic fibrosis in patients with CLD. However, despite strong academic and commercial
promotion, the key reason that TE cannot completely substitute a liver biopsy is that it is unable
to diagnose liver disease and it only allows staging with the best diagnostic performances for
severe fibrosis and cirrhosis. Assessment of pre-cirrhotic disease and the longitudinal assess‐
ment of change in fibrosis have not been fully evaluated.
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including Transient Elastography, Real-Time Elastography, and Acoustic Radiation Force
Imaging sonoelastography.

Transient Elastography. Transient Elastography (TE) (FibroScan®, Echosens, Paris, France) is
a new imaging modality for detecting hepatic fibrosis. The measuring instrument comprises
a computer driven control unit and a probe with an ultrasound transducer, which is located
at the end of a vibrating piston. The piston generates a low frequency elastic wave (5 Mhz) that
passes through the skin and liver tissue and is transmitted into hepatic tissue at a speed of
around 1 m/s. The ultrasound then detects the propagation of the shear wave through the liver
by measuring its velocity. The shear wave velocity is directly related to the tissue stiffness,
with a higher velocity equating to higher tissue stiffness, corresponding to increasing severity
of fibrosis.

TE is carried out with the patient supine, with his/her right arm behind their head. The
measuring probe is positioned at the level of the xiphoid in the right mid-axillary line, at 90
degrees to the body. TE measures liver stiffness in a volume that approximates a cylinder 1
cm wide and 4 cm long, between 2,5 cm and 6,5 cm below the skin surface (Figure 2). Ten
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Figure 2. Illustration of the two different constituent of the measuring instrument and the positioning of the probe in
relation to the area of liver under investigation.
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Author Disease Cut-off F≥2

(kPa)

Cut-off F≥3

(kPa)

Cut-off F=4

(kPa)

Results

Castera et al. [42] HCV 7.1 9.5 12.5

AUROC for F≥2: 0.80

AUROC for F≥3: 0.90

AUROC for F=4: 0.95

Marcellin et al. [43] HBV 7.2 8.1 11.0

AUROC for F≥2: 0.81

AUROC for F≥3: 0.93

AUROC for F=4: 0.93

de Ledinghen et al. [44]
HIV/HCV

coinfection
4.5 n.d. 11.8

AUROC for F≥2: 0.72

AUROC for F=4: 0.97

Yoneda M et al. [45] NAFLD 6.6 9.8 17.5

AUROC for F≥2: 0.87

AUROC for F≥3: 0.90

AUROC for F=4: 0.99

Corpechot C et al. [46] PBC or PSC 7.3 9.8 17.3

AUROC for F≥2: 0.92

AUROC for F≥3: 0.95

AUROC for F=4: 0.96

n. d. = not defined; PBC = primary biliary cirrhosis; PSC = primary sclerosing cholangitis.

Table 2. Diagnostic performance of TE for the diagnosis of cirrhosis according to liver disease

Real-Time Elastography. Real-Time Elastography (RTE) is an alternative method for meas‐
urement of tissue elasticity integrated in a sonography machine developed by Hitachi Medical
Systems. This technique can reveal the physical property of tissue using conventional ultra‐
sound probes during a routine sonography examination. Ophir et al. [47] first described the
principle of this technique in 1991. To reduce the time-consuming calculations, Pesavento et
al. [48] developed a fast cross-correlation technique that is the basis for RTE. The difference in
hardness between diseased and surrounding tissue can be detected by RTE based on the
physical properties of the tissue [49, 50]. In effect, this method measures the degree of tissue
distortion (strain), mechanically induced, in the B mode image to quantify the elasticity of the
tissue. By measuring the tissue strain induced by compression, it is possible to estimate the
tissue hardness. The calculation of tissue elasticity distribution is assessed in real-time
ultrasound imaging and depicted as color-coded images with the conventional B-mode image
in the background [49, 51]. The color scale includes the following colors: red (soft tissue), green
(intermediate, normal tissue), and blue (anelastic, hard tissue).

RTE is carried out with patients in a supine position with the right arm elevated above the head.
Breathing does not cause any motion artifacts since each elastography image is obtained in a few
milliseconds. The examination is performed on the right lobe of the liver through the intercos‐
tal space. 5-9 MHz probe is used because higher frequencies allow better analysis of areas close
to the transducer. The measurement depth is between 20 and 50 mm (mean, 35 mm) with a 350–
500 mm2 area of measurement. The results are considered consistent only applying a pressure of
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3–4 on a scale of 0–6 arbitrary units (Figure 4). Ten valid measurements are performed in each
subject and the entire examination lasts approximately 5–10 minutes per patient.

Friedrich-Rust et al. first assessed real-time elastography for the detection of liver fibrosis [52],
founding that the area under the receiver operating characteristic (AUROC), a measurement
of the diagnostic accuracy of a test, was 0.75 for the diagnosis of significant fibrosis (F≥2). A
significant increase in accuracy (AUROC = 0.93) was obtained by combining RTE score and
two routine laboratory values (platelet count and GGT). In a recent paper Wang et al. [53]
compared the overall elasticity determined by RTE in 55 patients with liver fibrosis and chronic
hepatitis B and in 20 healthy volunteers. Using a new quantitative technology for diffuse
histological lesion with 11 parameters characterizing the stiffness degree of tissue, the AUROC
was 0.93 (F≥1, p < 0.001) for the diagnosis of liver fibrosis, 0.92 (F≥2, p < 0.001), 0.84 (F≥3, p <
0.05) and 0.66 (F=4, p > 0.05), respectively.

Figure 4. Example of tissue elasticity distribution in a helathy subject represented as color-coded images over conven‐
tional B-mode image.

As for TE even for RTE obesity, narrow intercostal space and ascites are potential physical
limitations. More number of sample about chronic hepatitis with assessment by RTE is needed
to performed to certify its advantages.

Acoustic Radiation Force Impulse Elastography. Acoustic Radiation Force Impulse (ARFI)
imaging is a novel ultrasound-based elastography method that is integrated in a conventional
ultrasound machine enabling the exact localization of measurement site. ARFI imaging
involves the mechanical excitation of tissue using short-duration acoustic pulses (≈262 μsec)
with a fixed transmit frequency of 2.67 MHz to generate localized, micron-scale displacements
in tissue. The first available applications to implement this technology are Virtual Touch tissue
imaging and Virtual Touch tissue quantification (Siemens, Erlangen, Germany). Unlike
conventional B-mode sonography, which provides anatomical details based on differences in
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Author Disease Cut-off F≥2

(kPa)

Cut-off F≥3

(kPa)

Cut-off F=4

(kPa)
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Real-Time Elastography. Real-Time Elastography (RTE) is an alternative method for meas‐
urement of tissue elasticity integrated in a sonography machine developed by Hitachi Medical
Systems. This technique can reveal the physical property of tissue using conventional ultra‐
sound probes during a routine sonography examination. Ophir et al. [47] first described the
principle of this technique in 1991. To reduce the time-consuming calculations, Pesavento et
al. [48] developed a fast cross-correlation technique that is the basis for RTE. The difference in
hardness between diseased and surrounding tissue can be detected by RTE based on the
physical properties of the tissue [49, 50]. In effect, this method measures the degree of tissue
distortion (strain), mechanically induced, in the B mode image to quantify the elasticity of the
tissue. By measuring the tissue strain induced by compression, it is possible to estimate the
tissue hardness. The calculation of tissue elasticity distribution is assessed in real-time
ultrasound imaging and depicted as color-coded images with the conventional B-mode image
in the background [49, 51]. The color scale includes the following colors: red (soft tissue), green
(intermediate, normal tissue), and blue (anelastic, hard tissue).

RTE is carried out with patients in a supine position with the right arm elevated above the head.
Breathing does not cause any motion artifacts since each elastography image is obtained in a few
milliseconds. The examination is performed on the right lobe of the liver through the intercos‐
tal space. 5-9 MHz probe is used because higher frequencies allow better analysis of areas close
to the transducer. The measurement depth is between 20 and 50 mm (mean, 35 mm) with a 350–
500 mm2 area of measurement. The results are considered consistent only applying a pressure of
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3–4 on a scale of 0–6 arbitrary units (Figure 4). Ten valid measurements are performed in each
subject and the entire examination lasts approximately 5–10 minutes per patient.

Friedrich-Rust et al. first assessed real-time elastography for the detection of liver fibrosis [52],
founding that the area under the receiver operating characteristic (AUROC), a measurement
of the diagnostic accuracy of a test, was 0.75 for the diagnosis of significant fibrosis (F≥2). A
significant increase in accuracy (AUROC = 0.93) was obtained by combining RTE score and
two routine laboratory values (platelet count and GGT). In a recent paper Wang et al. [53]
compared the overall elasticity determined by RTE in 55 patients with liver fibrosis and chronic
hepatitis B and in 20 healthy volunteers. Using a new quantitative technology for diffuse
histological lesion with 11 parameters characterizing the stiffness degree of tissue, the AUROC
was 0.93 (F≥1, p < 0.001) for the diagnosis of liver fibrosis, 0.92 (F≥2, p < 0.001), 0.84 (F≥3, p <
0.05) and 0.66 (F=4, p > 0.05), respectively.

Figure 4. Example of tissue elasticity distribution in a helathy subject represented as color-coded images over conven‐
tional B-mode image.

As for TE even for RTE obesity, narrow intercostal space and ascites are potential physical
limitations. More number of sample about chronic hepatitis with assessment by RTE is needed
to performed to certify its advantages.

Acoustic Radiation Force Impulse Elastography. Acoustic Radiation Force Impulse (ARFI)
imaging is a novel ultrasound-based elastography method that is integrated in a conventional
ultrasound machine enabling the exact localization of measurement site. ARFI imaging
involves the mechanical excitation of tissue using short-duration acoustic pulses (≈262 μsec)
with a fixed transmit frequency of 2.67 MHz to generate localized, micron-scale displacements
in tissue. The first available applications to implement this technology are Virtual Touch tissue
imaging and Virtual Touch tissue quantification (Siemens, Erlangen, Germany). Unlike
conventional B-mode sonography, which provides anatomical details based on differences in
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acoustic impedance, Virtual Touch™ imaging describes relative physical tissue stiffness
properties. In complement, Virtual Touch™ tissue quantification provides accurate numerical
measurements related to tissue stiffness at user-defined anatomical locations. ARFI technology
quantifies stiffness without manual compression since, using the Virtual Touch™ application,
the tissue is compressed by acoustic energy. Virtual Touch tissue quantification is a quantita‐
tive assessment of tissue stiffness, through measurement of shear wave speed.

The system uses a standard ultrasonographic probe and offers elastography with a flexible
metering box of 1 cm at variable depths (Figure 5). An acoustic push pulse transmitted by the
transducer (3.5 MHz) toward the tissue induces an elastic shear wave that propagates through
the tissue (Figure 6). The propagation of the shear wave is followed by detection pulses that
are used to measure the velocity of shear wave propagation, which is directly related to tissue
stiffness: speed increases with stiffness. The measurements were performed on the right lobe
of the liver through the intercostal spaces, away from motion and portal/hepatic vessels, about
2 cm from the liver capsula, at a depth between 3.8 and 5.5 cm. Usually a total of 10 valid
measurements per patient are performed. In difficult patients, to obtain better access to the
liver without excessive pushing or breath holding, the measurements were performed on
patients lying in the left lateral decubitus position, or using a subcostal approach to the left
lobe. The results are expressed by the shear wave velocity - SWV (m/s). Thus, the measured
SWV is an intrinsic and reproducible property of the tissue [54-56].

According to Sporea et al., [57] despite exhibiting a strong correlation with histological fibrosis,
ARFI is an accurate test only for the prediction of severe fibrosis and cirrhosis (F=4) using 1.7
m/s as cut-off value (AUROC: 0.931, sensibility: 93%, specificity: 86.7%). Recently, a meta-

Figure 5. Measurement of the shear wave velocity with ARFI. The region of interest is placed 2–3 cm from the liver
capsule at the right hepatic lobe, where the liver tissue is at least 5.5 cm thick.
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analysis was performed [58] including ARFI patient data obtained from eight studies for a total
of 518 patients. The authors found that the AUROC was 0.87 for the diagnosis of significant
fibrosis (F≥2), 0.91 for the diagnosis of severe fibrosis (F≥3), and 0.93 for the diagnosis of
cirrhosis. The optimal cut-off for F≥2 was 1.34 m/s, for F≥3 1.55 m/s and for the diagnosis of
liver cirrhosis 1.80 m/s, respectively.

Finally, Colombo et al. [59] performed a head-to-head comparison of TE, RTE, and ARFI
imaging in the diagnosis of liver fibrosis, in a population consisting of 27 normal subjects and
54 patients with CLD. The three methods showed high correlation with fibrosis and poor
correlation with necro-inflammatory activity, with TE showing the best performance (AUROC
was 0.87 for F≥1 and 0.89 for F≥2, with the best cut-offs set at 6.3 kPa for fibrosis and 7.8 kPa
for significant fibrosis). Only TE and ARFI exhibited high diagnostic accuracy (AUROC ≥ 0.9)
in diagnosing cirrhosis (F=4). However, TE was unsuccessful in 15% of patients, mainly due
to obesity. Nevertheless, the authors conclude that TE is probably the best method to screen
for CLD patients in the general population and to identify significant fibrosis, but further
studies are needed to fully explore the potential of RTE, since its technology and the equations
used to calculate tissue elasticity are rapidly changing.

4.2. MR imaging-based techniques for assessment of liver fibrosis

In the last decade, the development of MRI scanner with high-performance magnetic field
gradients made the introduction of three-dimensional sequences for liver imaging possible.
Volumetric image acquisitions with near-isotropic voxels (1–3 mm in all three-dimensions)
through the entire liver can be achieved in a single breath-hold or using respiratory triggering.
In detail, several technological advances have been made for assessment of fibrosis, including
Conventional MRI, Double contrast-material enhanced MRI, Diffusion-weighted MRI, MR
elastography, perfusion MRI, and MR spectroscopy.

Figure 6. Principle of Acoustic Radiation Force Elastography. Transmission of short-duration acoustic pulses generates
tissue displacement within a localized area of the liver, resulting in shear waves propagating away from the region of
excitation. Shear wave velocity is measured in meters/s within a defined region of interest (ROI), and is proportional to
the square root of tissue elasticity.
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Unenhanced MRI. In patients with precirrhotic stages of liver fibrosis as well as patients with
early cirrhosis, the liver parenchyma usually has a normal appearance or may reveal only
subtle, generic heterogeneity on unenhanced MRI [60]. Conversely, in patients with advanced
cirrhosis, fibrotic septa and bridges show low-signal-intensity reticulations on T1-weighted
images and high signal-intensity reticulations on T2-weighted images (Figure 7) [61]. Dodd et
al. [62] described four different patterns of diffuse fibrosis detectable on T2-weighted images:
(1) patchy, poorly defined regions of high signal intensity, (2) thin perilobular bands of high
signal intensity, (3) thick bridging bands of high signal intensity that surround regenerative
nodules, and (4) diffuse fibrosis that causes perivascular (bull’s-eye) cuffing. Although most
forms of diffuse fibrosis can occur in any type of cirrhosis, thin perilobular bands and peri‐
vascular cuffing appear most commonly in primary biliary cirrhosis. The large water content
of advanced fibrosis provides prolonged T2 relaxation times and may explain these signal
intensity characteristics [63]. These reticulations frequently enclose regenerative nodules,
which are <2 cm and isointense to hyperintense on T1-weighted images, isointense to hypo‐
intense on T2-weighted images. Lipid-containing nodules or steatotic nodules display signal
loss on out-of-phase gradient echo (GRE) images in comparison with in-phase images. Iron
containing nodules or siderotic nodules appear markedly hypointense on T2-weighted and
T2*-weighted images [63].

Figure 7. Unenhanced MR imaging in a in a 61-year-old man with alcohol-related cirrhosis. Unenhanced T1-weighted
image (a) shows hypointense reticulations (arrows) and numerous regenerative nodules (arrowheads), which are iso-
to hyperintense. Unenhanced T2-weighted fat-saturated image (b) allows a clearer visualization of the reticulations
throughout the liver parenchyma visible as hyperintense septa (arrows).

Fibrotic scars up to several centimetres thick characterize confluent fibrosis with a mass-like
appearance seen in approximately 15% of patients with advanced cirrhosis. Confluent fibrosis
has similar signal intensity as fibrotic septa and bridges but is easier to visualize because of its
size. This mass-like fibrosis typically has a wedge-shaped area, radiates from the portal hilum,
contacts and retracts the liver capsule, and causes focal volume loss.

Furthermore, the cirrhotic liver develops characteristic morphologic alterations such as surface
nodularity, widening of fissures, expansion of the gallbladder fossa, notching of the right lobe,
atrophy of the right lobe, and relative enlargement of the lateral segments of the left lobe and
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caudate lobe (Figure 8) [62]. However, these signs of advanced disease have high specificity for
cirrhosis but there are only few publications on unenhanced MRI for the staging of hepatic fibrosis.

Figure 8. Axial Balanced fast field echo image in a 59-year-old man with alcoholic cirrhosis shows surface nodularity,
hypertrophy of the left lobe, expanded gallbladder fossa (asterisk), and notching of the right lobe (arrow).

Contrast-enhanced MRI. The detection of liver fibrosis is improved by the administration of
contrast agents. Three contrast agents are currently commercially available: gadolinium-based
contrast agents; superparamagnetic iron oxide particles; Gd-EOB-DTPA.

Gadolinium-based contrast agents cause T1 shortening and signal enhancement on T1-
weighted images. Most gadolinium-based contrast agent formulations freely equilibrate with
the extracellular compartment and accumulate in tissues with large extracellular volumes such
as liver fibrosis [64]. Thus, most gadolinium-based contrast agents preferentially enhance the
signal of liver fibrosis on T1-weighted images. The reticulations enhance progressively after
contrast agent administration. Although some of the reticulations are enhanced at the arterial
phase, most are not enhanced until the more delayed images (late venous and equilibrium
phases) (Figure 9). Similarly, the persistence of enhancement of the confluent fibrosis into the
late phases associated with its characteristic morphology allows differentiation from HCC.

Superparamagnetic iron oxide particles (SPIO) are reticulo-endothelial-specific particulate
MRI contrast agents which are cleared from the blood through phagocytosis and accumulate
in the cells of the reticulo-endothelial system of the liver, spleen, and bone marrow, with
approximately 80% taken up by the liver. SPIO markedly shorten T2 relaxation rates and signal
loss is greatest with gradient recalled echoes because these are highly sensitive to T2*-
shortening effects. Consequently, the signal intensity of the liver parenchyma decreases on T2-
weighted sequences, except in the areas with reduced Kupffer cell density, like fibrosis within
the liver, which accumulate less iron oxide and appear as high signal-intensity reticulations
(Figure 10) [65]. Two SPIO particle formulations are clinically available, namely ferumoxides
and ferucarbotran. Ferumoxides (Feridex IV, Berlex Laboratories; and Endorem, Guerbet) is a
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nodules, and (4) diffuse fibrosis that causes perivascular (bull’s-eye) cuffing. Although most
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Figure 7. Unenhanced MR imaging in a in a 61-year-old man with alcohol-related cirrhosis. Unenhanced T1-weighted
image (a) shows hypointense reticulations (arrows) and numerous regenerative nodules (arrowheads), which are iso-
to hyperintense. Unenhanced T2-weighted fat-saturated image (b) allows a clearer visualization of the reticulations
throughout the liver parenchyma visible as hyperintense septa (arrows).

Fibrotic scars up to several centimetres thick characterize confluent fibrosis with a mass-like
appearance seen in approximately 15% of patients with advanced cirrhosis. Confluent fibrosis
has similar signal intensity as fibrotic septa and bridges but is easier to visualize because of its
size. This mass-like fibrosis typically has a wedge-shaped area, radiates from the portal hilum,
contacts and retracts the liver capsule, and causes focal volume loss.

Furthermore, the cirrhotic liver develops characteristic morphologic alterations such as surface
nodularity, widening of fissures, expansion of the gallbladder fossa, notching of the right lobe,
atrophy of the right lobe, and relative enlargement of the lateral segments of the left lobe and
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caudate lobe (Figure 8) [62]. However, these signs of advanced disease have high specificity for
cirrhosis but there are only few publications on unenhanced MRI for the staging of hepatic fibrosis.

Figure 8. Axial Balanced fast field echo image in a 59-year-old man with alcoholic cirrhosis shows surface nodularity,
hypertrophy of the left lobe, expanded gallbladder fossa (asterisk), and notching of the right lobe (arrow).

Contrast-enhanced MRI. The detection of liver fibrosis is improved by the administration of
contrast agents. Three contrast agents are currently commercially available: gadolinium-based
contrast agents; superparamagnetic iron oxide particles; Gd-EOB-DTPA.

Gadolinium-based contrast agents cause T1 shortening and signal enhancement on T1-
weighted images. Most gadolinium-based contrast agent formulations freely equilibrate with
the extracellular compartment and accumulate in tissues with large extracellular volumes such
as liver fibrosis [64]. Thus, most gadolinium-based contrast agents preferentially enhance the
signal of liver fibrosis on T1-weighted images. The reticulations enhance progressively after
contrast agent administration. Although some of the reticulations are enhanced at the arterial
phase, most are not enhanced until the more delayed images (late venous and equilibrium
phases) (Figure 9). Similarly, the persistence of enhancement of the confluent fibrosis into the
late phases associated with its characteristic morphology allows differentiation from HCC.

Superparamagnetic iron oxide particles (SPIO) are reticulo-endothelial-specific particulate
MRI contrast agents which are cleared from the blood through phagocytosis and accumulate
in the cells of the reticulo-endothelial system of the liver, spleen, and bone marrow, with
approximately 80% taken up by the liver. SPIO markedly shorten T2 relaxation rates and signal
loss is greatest with gradient recalled echoes because these are highly sensitive to T2*-
shortening effects. Consequently, the signal intensity of the liver parenchyma decreases on T2-
weighted sequences, except in the areas with reduced Kupffer cell density, like fibrosis within
the liver, which accumulate less iron oxide and appear as high signal-intensity reticulations
(Figure 10) [65]. Two SPIO particle formulations are clinically available, namely ferumoxides
and ferucarbotran. Ferumoxides (Feridex IV, Berlex Laboratories; and Endorem, Guerbet) is a
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SPIO colloid with low molecular weight dextran coating, with a particle size of 120-180 nm.
This contrast agent is prepared as a dilution in 100 ml of 5% dextrose and administered as a
drip infusion over about 30 min. At about 8 min following the intravenous injection, iron oxide
particles are taken up by the reticulo-endothelial cells in the liver and in the spleen. Maximum
signal loss is obtained after 1 h with an imaging window ranging from 30 min to 6 h after the
injection. The recommended dosage of Endorem (ferumoxides injectable solution) is 0.56
milligrams of iron (0.05 mL Feridex IV) per kilogram of body weight. Ferucarbotran (Resovist,
Bayer Healthcare) is a carboxydextrane-coated SPIO, with a hydrodynamic diameter ranging
between 45 and 60 nm. Unlike Endorem, Resovist can be safely injected rapidly in a bolus
fashion, and has an effect on the shortening of both T1 and T2 relaxation time. Dynamic T1-
weighted GRE 3D sequences can be performed to acquire the perfusion properties of the lesion
during the arterial and portal venous phases of the contrast agent. On dynamic MR imaging
using T1-weighted GRE, enhancement was positive in the liver for at least 30 s after bolus
injection of SPIO. On delayed images after 10 min, the T2/T2* effects are observed due to the
reticulo-endothelial uptake in the liver. The recommended dose of Resovist is: for patients
weighing less than 60 kg: 0.9 ml Resovist); for adults patients weighing 60 kg or more: 1.4 ml
Resovist. Lucidarme et al. describe hypersignal intensities on the SPIO enhanced T2-weighted
sequences in 76% of patients with chronic hepatitis and a Metavir score of F≥2 with good
specificity (80%) [66]. It is hypothesized that reticulation patterns surrounding hypointense
SPIO enhanced liver tissue correspond to fibrotic septa surrounding regenerative nodules [67].

Figure 9. Dynamic enhancement patterns in fibrous tissue after administration of a gadolinium-based contrast agent.
Axial 3D T1-weighted images obtained in the (a) arterial phase, (b) portal venous phase, and (c) 3 min after intrave‐
nous injection of a gadolinium-based contrast agent, show the progressive enhancement of the fibrotic reticulations
in the liver parenchyma.

Gd-EOB-DTPA, a derivative of gadopentetate dimeglumine (Gd-DTPA), known generically
as gadoxetic acid (Primovist, Bayer Schering, Berlin, Germany), is a recent hepatocyte-specific
MR contrast agent and has been used to detect and characterize various hepatic tumors [68,
69]. Similar to Gd-DTPA, Gd-EOB-DTPA can be used as bolus injection. This contrast agent is
actively transported from the sinusoidal space into liver cells and causes intense parenchymal
enhancement, beginning within 1 or 2 min of contrast agent injection. The enhancement peaks
at around 20 min and lasts for at least 2 h. Unlike Gd-DTPA, which will return into blood
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vessels thereafter and is excreted entirely by kidneys, about 50% of Gd-EOB-DTPA is secreted
through the biliary system, and the other 50% is secreted by kidney [70]. Deterioration of
hepatic function would decrease the excretion of Gd-EOB-DTPA, because it needs adenosine
triphosphate (ATP) for energy to secrete into the bile ducts by hepatocyte [71, 72]. In fact, in
livers with good hepatic function, intense enhancement occurs. In livers without good
function, due to cholestasis or hepatocellular dysfunction, enhancement of liver parenchyma
may be weak. Using this contrast medium liver fibrosis can appear as an area of low signal
intensity due to decreased hepatic function from fibrosis (Figure 11). Recent dynamic contrast-
enhanced MRI studies have shown promising results using Gd-EOB-DTPA. Lee et al. [73]
reported a significant alteration in signal intensity change between a group of patients with
liver cirrhosis or chronic hepatitis and healthy subjects in the hepatocyte phase 20 min after
contrast agent administration. In addition, Watanabe et al. [74] demonstrated that the contrast
enhancement index significantly correlated with fibrosis stage. Clinical trials are currently
under way to prospectively assess fibrosis staging with this contrast agent.

Figure 10. Advanced fibrosis and infiltrative HCC in a 46-year-old man with HCV-related cirrhosis. T2*-weighted gradi‐
ent-echo images obtained before (a) and after (b) intravenous SPIO injection. After injection, fibrotic reticulations in
the right lobe have diminished Kupffer cell density, do not accumulate iron oxides, and hence appear relatively hyper‐
intense (arrows in b). The left lobe is expanded and shows a wedge-shaped mass with heterogeneous hyperintensity
(arrowheads in b) in the hepatocellular phase, suggestive for infiltrative HCC.

Double-contrast enhanced MRI. Double-contrast MRI (DC-MRI) using extracellular contrast
agents in combination with SPIO particles was shown to sensitively detect liver fibrosis and
depict HCC in cirrhotic livers [75]. During DC-MRI, two contrast media boli with a synergistic
effect are applied: 1) SPIO particles infusion to observe the accumulation of SPIO particles by
Kupffer cells of normal liver parenchyma or by Kupffer cells located in benign liver lesions,
which causes signal loss on T2*-weighted images followed by 2) Gadolinium chelates i.v.
injection for analysis of delayed enhancement of hepatic septal and bridging fibrosis on T1-
weighted images with fat suppression. The consequence is high image contrast between the
low-signal-intensity liver parenchyma and high-signal-intensity fibrotic reticulations (Figure
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livers with good hepatic function, intense enhancement occurs. In livers without good
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may be weak. Using this contrast medium liver fibrosis can appear as an area of low signal
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Double-contrast enhanced MRI. Double-contrast MRI (DC-MRI) using extracellular contrast
agents in combination with SPIO particles was shown to sensitively detect liver fibrosis and
depict HCC in cirrhotic livers [75]. During DC-MRI, two contrast media boli with a synergistic
effect are applied: 1) SPIO particles infusion to observe the accumulation of SPIO particles by
Kupffer cells of normal liver parenchyma or by Kupffer cells located in benign liver lesions,
which causes signal loss on T2*-weighted images followed by 2) Gadolinium chelates i.v.
injection for analysis of delayed enhancement of hepatic septal and bridging fibrosis on T1-
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12) [76]. Aguirre et al. [77] examined 101 CLD patients who underwent DC-MRI to detect
hyperintense reticulations, which are postulated to represent septal fibrosis, and hypointense
nodules thought to represent regenerating nodules. They achieved an accuracy of greater than
90% for the diagnosis of advanced hepatic fibrosis (F≥3) compared with histopathological
analysis. Recently, Fischer et al. [78] assessed the performance of semiquantitative measure‐
ment of liver perfusion from analysis of SPIO induced signal-dynamics. In this study 31
patients, including 18 patients with biopsy proven liver cirrhosis, prospectively underwent
DC-MRI with dynamic T2*-weighted gradient echo imaging after SPIO bolus injection
measuring hepatic blood flow index (HBFI) and splenic blood flow index (SBFI). Significant
inverse correlation was seen between HBFI and presence of liver cirrhosis resulting in a
significant decrease of HBFI in patients suffering of cirrhosis compared with patients with
healthy livers (P < 0.05).

Figure 11. Confluent fibrosis in a 56-year-old man with cirrhosis. Precontrast (a), arterial phase (b, c), portal venous
phase (d), 3 min (e), 5 min (f), 8 min (g), and hepatocellular phase (h). Wedge-shaped ill-defined areas associated with
capsular retraction, with decreased enhancement in the dynamic phases and with no uptake of Gd-EOB-DTPA in the
HCP (arrows).

An advantage of DC-MRI is that it works on routine imaging units and does not require
specialized equipment. Computer-based texture analysis techniques may assess texture
abnormalities qualitatively or quantitatively. The high cost and inconvenience associated with
use of two contrast agents represent the main limitations of DC-MRI. Moreover, minor adverse
events have been associated with use of SPIO, such as back pain, which has been reported in
about 10% of cirrhotic patients during infusion of the particles. It is usually associated with
rapid injection of SPIO and resolves after the injection is paused [79].
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Figure 12. Double contrast-enhanced MR imaging appearance of cirrhosis in a 67-year-old woman with chronic HCV
infection. Axial 2D T1-weighted unenhanced image (a); axial 3D T1-weighted enhanced image 30 sec after ferucarbo‐
tran injection, thus exploiting the shortening effect on T1 relaxation time; (b), T2*-weighted gradient-echo SPIO-en‐
hanced image after 15 min (c); and axial 3D T1-weighted double contrast-enhanced image (d). SPIO and a
gadolinium-based contrast agent are synergistic with better depiction of fibrotic reticulations (arrows in d) and regen‐
erative nodules (arrowheads in d).

Diffusion weighted magnetic resonance imaging. Diffusion-weighted magnetic resonance
imaging (DW-MRI) is a technique that assesses the freedom of diffusion of water protons in
tissues and has been extensively applied for the early detection of cerebral ischemia. Recent
advances have made it feasible to apply diffusion MRI techniques for abdominal imaging [80].
In liver fibrosis, extracellular collagen fibers, glycosaminoglycans and proteoglycans may
inhibit molecular diffusion of water, which suggest that DWI can be an effective method for
the evaluation of fibrosis.
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imaging (DW-MRI) is a technique that assesses the freedom of diffusion of water protons in
tissues and has been extensively applied for the early detection of cerebral ischemia. Recent
advances have made it feasible to apply diffusion MRI techniques for abdominal imaging [80].
In liver fibrosis, extracellular collagen fibers, glycosaminoglycans and proteoglycans may
inhibit molecular diffusion of water, which suggest that DWI can be an effective method for
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In DW images the observed signal intensity of tissue varies inversely with the freedom of
water proton diffusion. Tissues with reduced water proton diffusion will be brighter than
those with normal water proton diffusion. The sensitivity of the imaging sequence to water
diffusion can be  altered by changing the  b  value,  or  b  factor,  which is  dependent  in  a
specific  mathematical  way  on  the  diffusion  encoding  gradient  waveforms  [81]  and
increases with the duration and amplitude of the diffusion sensitizing gradients. If two or
more  DW  images  are  obtained,  then  it  is  possible  to  calculate  the  apparent  diffusion
coefficient (ADC) of water protons in tissues, which is determined by the slope of the log
intensity versus b value [82, 83]. Because of the relatively short T2 relaxation time of the
normal liver parenchyma (approximately 46 msec at 1.5 T and 24 msec at 3.0 T) [84], the
b values used for clinical imaging are typically no higher than 1000 sec/mm2. Applying a
small diffusion weighting of b less than 100–150 sec/mm2 nulls the intrahepatic vascular
signal, creating the so-called black-blood images, which improves detection of focal liver
lesions [85, 86], while higher b values (≥ 500 sec/mm2) give diffusion information that helps
assessment of liver cirrhosis and focal liver lesion characterization [87]. The calculated ADC
values can be displayed as an image and quantitative analysis can be performed by placing
measuring the mean value within a region of interest, which is typically positioned in the
right hepatic parenchyma to avoid major vascular structures and cardiac motion artifacts
(Figure 13).

Because DW images were acquired using different b values and protocols and likely different
patient populations, ADC values of cirrhosis are not consistent throughout the literature.
Examples include ADC cutoff values of 1.41 × 10−3 mm2/s by Taouli et al. [88], 0.88 × 10−3 mm2/
s by Kim et al. [89], 1.11 × 10−3 mm2/s by Girometti et al. [90], and more recently 1.63 × 10−3

mm2/s by Kovač et al. [91]. Although there are various ADC values for the diagnosis of
cirrhosis, the cirrhotic liver tissues consistently have significantly lower ADC values compared
with liver tissues with no fibrosis as seen in prior studies [92-94]. Previously published studies
with DWI showed moderate sensitivity and specificity in distinguishing advanced fibrosis to
cirrhosis (F3–F4) from lesser degrees of fibrosis. However, considerable overlap in ADC values
between tissues with cirrhosis and with no to moderate fibrosis was also observed.

In a recent study, Bakan et al. [95] performed DWI with b-factors of 0, 500 and 1000 s/mm2

in order to investigate the relationship between ADC values and liver inflammation (HAI
scores).  They  found  that  as  HAI  scores  increased  there  was  a  statistically  significant
decrease in ADC values (P<0.01).  However,  differences in MRI equipment and sequence
parameters  make it  difficult  to  compare studies.  In  addition,  despite  technical  improve‐
ments  in  DWI,  the  method  remains  sensitive  to  susceptibility  and  motion-related  arti‐
facts,  and it  is  difficult  to  obtain  images  with  sufficient  quality  for  reliable  quantitative
analysis on a consistent basis. Further studies are required to create a standard setup for
DWI to make studies comparable and to evaluate how various ADC values of liver tissue
other  than  fibrosis  may  be  influenced  by  other  factors  associated  with  chronic  liver
diseases.
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Figure 13. year-old man with biopsy-proven hepatitis C and related stage III fibrosis. Diffusion-weighted images ob‐
tained with b value of 0 (a) and 800 (b) s/mm2 and apparent diffusion coefficient (ADC) map (c) are shown. Mean ADC
value was 0.98 × 10−3 mm2/s.

MR Elastography. A new option for assessing shear stiffness in various tissue types, including
liver fibrosis, is MR Elastography (MRE) [96]. MRE uses a modified phase contrast technique
to sensitively image the propagation characteristics of acoustic shear waves that are generated
with the organ of interest [97]. This system consisted of an acoustic driver system, a gradient-
echo MRE pulse sequence, and special software for data analysis. A 19cm diameter, 1.5cm thick
cylindrical passive driver is placed against the right chest wall over the liver with the center
of the driver at the level of the xiphoid of the sternum (Figure 14). The passive driver is held
in place with an abdominal binder. Continuous acoustic vibration at frequencies between 40
and 120 Hz transmits from an active driver to the passive driver through a flexible vinyl tube
was used to produce propagating shear waves in the liver [98-100]. When the pneumatic device
is activated, the patient will feel vibrations in the rib cage due to the pressure waves. MR images
are acquired with a gradient-echo sequence as the waves propagate through the liver. The
velocity and wavelength of the waves propagating in the abdomen depend on the stiffness of
the tissue (velocity and wavelength increase with greater tissue stiffness), enabling the stiffness
estimation [101].

A specialized phase-contrast MRI sequence is then used to image the propagating waves in
the liver. This sequence uses motion-encoding gradients that are oscillated synchronously with
the applied vibrations, allowing waves with amplitudes in the micron range to be readily
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imaged. Each MRE acquisition provides an image that represents the displacement caused by
shear wave propagation in the medium. The wave images are then processed using a specially
developed inversion algorithm to generate quantitative images called elastograms [96].
Elastograms are maps of tissue stiffness shown on a color scale ranging from soft to hard. Mean
elasticity values measured in regions of interest within the liver are obtained. The unit of
measurement for elasticity is kilopascal (kPa), as it is with ultrasound-based transient elas‐
tography (TE) (Figure 15). Each MRE examination is performed during a single breath-hold
of 10 to 30 seconds to allow imaging of wave propagation, in addition to the standard 30-40
minute MRI examination of the abdomen [102].

Initial studies in patients with a spectrum of liver disease types have shown that liver stiffness
as measured with MRE increases as the stage of fibrosis advances. The differences in stiffness
between patients with early stages of fibrosis (F0 vs F1 vs F2) are small and there is overlap
between groups, but the differences between groups with higher stages (F2 vs F3 vs F4) are
large, with little overlap between groups [99, 102].

As for ADC values in DWI examinations, a variety of MRE cutoff values are observed
throughout the literature. In a recent study, to identify fibrosis stage ≥ 2 (F2–F4) and stage ≥ 3
(F3–F4), Wang et al. [103] reported sensitivity of 91% and 92% and specificity of 97% and 95%
with cutoff values of 5.37 and 5.97 kPa, respectively. Huwart et al. [104] showed similar high
sensitivity of 98% and 95% and specificity of 100% and 100% for discrimination, although
relatively lower cutoff values of 2.5 kPa and 3.1 kPa were used. The variability of cutoff values
observed may be potentially explained by MRE different scanner manufacturers, case mixes,
imaging protocols, and post-processing procedures.

As reported by Rustogi et al. [105] stiffness measurements are repeatable with high overall
inter-reader agreement (P=0.74); thus, MRE shows potential for longitudinal monitoring of
patients. Furthermore, Yin et al. found that this technique has a high negative predictive value
(97%) for excluding the presence of fibrosis, suggesting that MRE could have a role for
improving the ability to risk-stratify patients for liver biopsy [102].

MRE benefits from the intrinsic advantages of MR imaging, such as freely oriented field of
view, no “acoustical window” requirement, the ability to quantify steatosis, operator inde‐
pendence, and the ability to perform conventional liver MRI at the same time. In addition,
MRE is relatively unaffected by the patient’s body habitus and the presence of ascites, as shear
waves generated in vivo in MRE have good hepatic penetration.

Nevertheless MRE has some limitations. The most important one is that MRE measures a
surrogate of liver fibrosis (tissue stiffness) rather than fibrosis itself. A variety of factors may
confound MRE assessment of liver fibrosis, including hepatic inflammation, steatosis, hepatic
vascular congestion, cholestasis, and portal hypertension. Moreover, the selection of signifi‐
cant regions of interest is subjective and requires judgment and experience. As with the other
techniques, efforts to standardize the equipment and techniques used for MRE should be
practiced to maximize diagnostic accuracy and enable comparison of results in different
settings. Further prospective evaluation is required for characterizing the diagnostic perform‐
ance of MRE.

Practical Management of Chronic Viral Hepatitis130

Perfusion MRI. Perfusion MRI provides a method of measuring perfusion changes in the liver.
Liver fibrosis gradually led to a loss of normal fenestrae, due to deposition of basement
membrane and new formation of capillary tight junctions along the sinusoids (phenomenon
of capillarization). There is also deposition of fibers by activated hepatic stellate cells, which
results in enlargement of the Space of Disse. Consequently, intrahepatic vessels and sinusoids

Figure 14. A remote acoustic driver pumps air into a pneumatic device strapped onto the patient’s body, eliciting tis‐
sue displacement, which is measured by MRE and used to derive images showing tissue stiffness.

Figure 15. An elastogram of a healthy liver (a) showing a post processed value of 1.98 kPa corresponding to normal
tissue stiffness. An elastogram of the liver of a patient with Grade 3 fibrosis (b), with a shear stiffness value of 6.95 kPa.
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obliteration reduces passage of blood through the parenchyma, producing increase in hepatic
arterial perfusion and decrease in portal venous perfusion. Several studies have shown that
careful kinetic modeling of dynamic contrast-enhanced (DCE) MR images can noninvasively
quantify regional and global changes in hepatic perfusion associated with liver cirrhosis and
fibrosis [106-109].

For perfusion MRI of the liver, a rapid injection of a low-molecular-weight gadolinium-chelate
contrast is necessary, using a programmable pump injector. Is recommended the intravenous
administration of Gd-DTPA (0.1-0.2 mmol of contrast medium/kg body weight) followed by
a 20ml saline flush, at an injection rate of 3–5 ml/s. T1-weighted 3D spoiled gradient echo
sequence is typically performed, with whole liver coverage and high temporal resolution (i.e.
repeated imaging of the same area in the liver about every 4 s). An oblique imaging plane
(oblique coronal) is particularly useful in order to include the aorta and the portal vein in the
same image sections. Patients are generally instructed to fast for 4–6 h prior to the scan, given
the potential changes in portal venous flow occurring in the post-prandial state.

The analysis can be performed by semi-quantitative or quantitative techniques. One semi-
quantitative description of liver vascularity is the hepatic perfusion index (HPI), which
describes the relative contribution of arterial vs portovenous flow to the total liver perfusion.
The HPI has been investigated using different imaging techniques, and appears to provide
biologically meaningful information despite its relative simplicity [110]. For quantitative
methods, regions of interest (ROIs) are placed over the area of interest to generate signal
intensity (SI) versus time curve. Typically, arterial input function is obtained by placing a ROI
on the abdominal aorta. Portal input function is obtained from a ROI placed on the main portal
trunk, and a ROI at the level of hepatic parenchyma to measure the time–activity curve. Several
kinetic models are currently in use for the assessment of liver perfusion. Single-input models
assume that the vascular input is derived from the hepatic artery only, whereas dual-input
models assume that the vascular input is derived from both the hepatic artery and the portal
vein. Single compartment models assume that the contrast is confined to only one compart‐
ment (i.e. vascular space), whereas dual compartment models assume that there is dynamic
distribution of contrast between two compartments (i.e. the vascular space and the interstitial
space). Therefore, numerous perfusion parameters can be estimated, including absolute portal
venous blood flow, absolute arterial blood flow, absolute total liver blood flow, portal venous
fraction, arterial fraction, distribution volume (DV), and mean transit time (MTT) [111].

In a previous study, Annet et al. [106] have investigated a dual-input single compartment
model and have demonstrated altered arterial, portal and total liver perfusion, as well as
increased MTT in cirrhotic livers compared to non-cirrhotic livers, and found a correlation
with severity of disease as assessed by the Child-Pugh class and degree of portal hypertension.
In a recent study, Leporq et al. [112] applied dual-input single-compartment model and
quantitative perfusion parameters for the noninvasive assessment of liver fibrosis. HPI, arterial
and portal perfusion, tissue blood volume, and MTT showed a significant difference between
nonadvanced fibrosis (F0–F2) and advanced fibrosis (F3–F4). In addition, HPI and portal
perfusion showed a strong correlation with the fibrosis score (P < 0.001). Chen et al. performed
a prospective study using Gd-EOB-DTPA in patients with chronic hepatitis to calculate
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perfusion parameters by applying a dual-input single compartment model. They found a
significant increase in arterial perfusion at 60 s and 100 s in patients compared with healthy
subjects and a significant difference in arterial perfusion when three different fibrotic sub‐
groups (none, mild and advanced) were compared at 60 s [113].

Several factors limit the correlation between perfusion parameters and fibrosis, such as cardiac
status, fasting state, hepatic congestion, hepatic inflammation, hepatic lesions, and portal
venous flow. Other limitations include differences in technical parameters, imaging system,
and use of different pharmacokinetic models [114]. In addition, relevant is the laborious post-
processing required to obtain quantitative perfusion parameters. However, standardization
of imaging acquisition and analysis techniques need to be actively addressed for the technique
to be widely adopted.

MR Spectroscopy. MR spectroscopy (MRS) enables the non-invasive measurement of concen‐
trations of different chemical components within tissues, which are displayed as a spectrum
with peaks consistent with the various chemicals detected. The liver is considered an ideal organ
for MRS investigation due to its anatomical location and increased metabolic demands [115, 116].
MRS of the liver is performed using a whole body MRI system at field strengths of 1.5 Tesla (T)
or higher. The patient lies supine on the MRI table with RF coils positioned appropriately. After
a standard MR imaging for localization, special MR pulse sequences are applied to generate
spectroscopic data within the appropriate anatomical location and volume (defined by voxels)
of interest. A typical examination will take 45 to 60 minutes. The spectral analysis of data requires
processing to reduce noise and perform analysis. Metabolite concentrations can be expressed in
absolute or relative terms. In general, the peak area of a metabolite signal is directly related to
its concentration. Whereas a number of in vivo studies have explored the diagnostic perform‐
ance of MRS for characterizing hepatic lesions [117], more recently there has been some interest
in the role of MRS for detecting hepatic fibrosis. MRS is most commonly used to assess signals
from hydrogen (1H) and phosphorus (31P).

1H-based MRS is widely used for the quantification of hepatic lipid. In vitro MRS studies of
oils [118] and intact liver tissue [119] have demonstrated that lipid resonances might be
quantified to derive indices of lipid composition, including saturation and polyunsaturation.
These compositional indices differed between obese patients with and without hepatic
steatosis. Indices of lipid composition using in vivo proton (1H) MRS at 1.5 Tesla have been
shown to delineate the severity of fibrosis in patients with chronic hepatitis C (in whom hepatic
steatosis is prevalent) [120]. In patients with chronic HCV infection, as fibrosis advances,
steatosis tends to recede [121]. McPherson et al. [122] confirmed this inverse relation and found
that with 1H-MRS, the percentage of steatotic hepatocytes in patients with more advanced
fibrosis tended to be underestimated. However, because 1H-MRS yields an estimate of proton
density fat fraction and not a measure of the degree of hepatocellular involvement, this result
would be expected. When ROCs were generated for the diagnosis of steatosis with 1H-MRS
according to fibrosis stage, the values were only slightly lower in cases of more advanced
fibrosis (AUC, 0.97 for F=0–1 vs 0.95 for F=2–3). More recently, Georgoff et al. [123] also found
only a small decrease in the ROC for 1H-MRS in subjects with fibrosis (AUC, 0.96 for F=0 vs
0.92 for F=1–4).
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31P-based MRS has also shown promise as a method of assessing the degree of hepatic fibrosis,
in particular through analysis of the phosphomonoester/phosphodiester (PME/PDE) ratio [124].
As the stage of fibrosis increases, the PME peak may represent extensive membrane remodel‐
ing due to elevated levels of cell membrane precursors (such as phosphocholine and phosphoe‐
thanolamine). At the same time, there is a reduction in the PDE peak owing to reduced levels of
membrane degradation products such as glycerophosphorylethanolamine and glycerylphos‐
phorylcholine. Therefore, changes in the PME/PDE ratio are thought to reflect an increase in the
regenerative efforts made by the damaged liver [125]. Moreover, 31P-MRS had a sensitivity and
specificity of  82% and 81% respectively for  cirrhosis  and showed statistically  significant
differences between mild hepatitis, moderate hepatitis, and cirrhosis [126].

Several limitations with current MRS approaches, however, are observed. The major problem
in obtaining MRS signals from abdominal organs is sensitivity to physiologic movement
during the scan time usually exceeding several minutes. Various methods of reducing
movement, such as breath holding and placing patients in the prone position during signal
acquisition, have been used [127]. Furthermore MRS requires considerable operator skills
(sequence programming, shimming, analysis of spectra) and access to special equipment. Most
studies contain small numbers of patients from heterogeneous populations assessed by
varying MRS methods. In addition, the variation in reproducibility of data acquisition from
healthy volunteers can range between 4% and 20% for both subject and examination. Ulti‐
mately, the role of in vivo MRS for detecting hepatic fibrosis requires assessment in larger
diagnostic accuracy studies among patients with various hepatobiliary disorders.

5. Conclusion and future directions

A fast, safe and reliable technique to assess fibrosis of CLD and to follow up progression or
regression of fibrosis during treatment is required. Ultrasound is still a widespread, low cost,
user-friendly, and accurate technique. However, it may not have a high specificity due to
limitations related to the patient or operator and its role is probably more oriented to patient’s
selection and follow-up. MRI is a more "challenging" method for radiologists and especially
for patients, with limitations related to: the availability of high performance scanner; the
presence of experienced personnel; the examination’s timing and to its less tolerability. MRI
may, however, represent the one-stop shop technique, allowing the diagnosis and character‐
ization of fibrosis but also the overall assessment of CLD. In addition, MRI is more research-
oriented, since its multiparametric potential, allows not only distinguishing the various fibro-
steatosic alterations but also performing metabolic assessments. This last feature permits
studies on the pathogenetic mechanisms and on drug therapies studies.

The diagnostic performances of all described noninvasive radiologic modalities were better in
distinguishing patients with cirrhosis from lesser degrees of fibrosis. However, staging of
fibrosis was rarely achieved reliably. In conclusion, to date, the most promising techniques
appear to be Transient Elastography [59] and MRE [128, 129] since they provide reliable results
in detecting severe fibrosis and future developments promise to increase the reliability and
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accuracy of staging of hepatic fibrosis. In the future, MRI technical development and new
contrast agents could permit imaging of fibrogenesis.
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1. Introduction

An estimated 400 million people are chronically infected with hepatitis B virus (HBV),
worldwide, and over 500,000 chronic hepatitis B (CHB) patients die annually because of
cirrhosis and hepatocellular carcinoma (HCC) [1,2]. Clinical care for patients with CHB has
advanced considerably during the last decades as a result of growing knowledge about the
mechanisms of disease, diagnostic procedures and advances in therapeutic options.

Since the introduction of interferon alpha as first antiviral therapy at the end of the 1980s,
management of CHB has dramatically evolved due to the availability of direct antivirals which
greatly increased the therapeutic options, thus permitting treatment of patients previously
excluded from IFN treatment. In particular, new oral antivirals have been developed and used
in clinical practice, leading to a substantial improvement in antiviral efficacy, mainly due to
their increased potency and higher barrier to resistance. On the other hand, the expanding
molecular and clinical knowledge of HBV infection and evolution of therapy have made the
management of CHB patients much more complex. Therefore, within the recent past, several
guidelines have been issued by many organizations and professional expert panels in order
to better define diagnostic criteria and improve therapeutic decisions.

This chapter focuses on the current management of chronic hepatitis B patients and reviews
up-to-date studies and concepts regarding antiviral treatment.

2. Pre-therapeutic assessment

Chronic HBV infection is not necessarily accompanied by progressive liver disease requiring
antiviral therapy. Therefore, as a first step, an accurate evaluation of all HBsAg-positive
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carriers is required in order to identify: a) the phase of infection, b) the subjects with chronic
liver damage, c) the stage of liver disease, d) the concurrent causes of liver disease, and e)
patients requiring treatment.

The natural history of chronic HBV infection can be divided into five, not necessarily sequential,
phases (Figure 1). Firstly, the (i) immune-tolerant phase is characterized by high levels of serum
HBV DNA, HBeAg positivity, normal ALT levels, and mild or absent liver necroinflammation.
In patients who remain in the immune-tolerant phase, disease progression is minimal [3]. After
a variable time depending on the age at acquisition of HBV infection, immune-tolerance to the
virus is lost and the immune system mounts an attack on the infected hepatocytes, thus entering
into the (ii) immune-reactive phase.This phase is characterized by fluctuating, but progressively
decreasing, HBV-DNA levels, elevated ALT and hepatic necroinflammation (HBeAg-positive
CHB). A prolonged immune-reactive phase with multiple ALT flares may result in progressive
liver fibrosis, leading to cirrhosis. An important outcome of the immune-reactive phase is the se‐
roconversion from HBeAg to anti-HBe, thus marking the transition to the (iii) immune-control
phase, characterized by low (<2000 IU/ml) or undetectable serum HBV DNA, normal ALT levels,
and disappearance of liver necroinflammation (inactive carrier state). The estimated annual inci‐
dence of spontaneous HBeAg seroconversion is 2%-15%, depending on factors such as age, ALT
levels, and HBV genotype [2]. In a minority of patients, despite HBe seroconversion, reactiva‐
tion of HBV replication may occur due to the selection of HBeAg defective HBV mutants. This
(iv) reactivation phase is characterized by positivity for anti-HBe antibodies, fluctuating HBV
DNA and ALT levels and a high risk of progression to severe hepatic fibrosis (HBeAg-negative
CHB). In patients with periodic ALT flares and normalization, HBV-DNA levels can fall below
the inactive carrier cut-off (2000 IU/ml), making differential diagnosis between active CHB and
the inactive carrier status problematic. Therefore, to warrant an accurate differential diagnosis,
it is mandatory to monitor serum HBV-DNA by sensitive and quantitative polymerase chain re‐
action (PCR) assays and ALT levels over a period of at least 1 year. A recent study, however,
demonstrated that a single-point combined quantification of HBV-DNA (<2000 IU/ml) and
HBsAg (<1000 IU/mL) permits to identify inactive HBV genotype D carriers with a very high di‐
agnostic accuracy which is comparable to that of 1-year monthly monitoring [4]. In the (V)
“HBsAg-negative phase” after HBsAg loss, low-level HBV replication may persist with detecta‐
ble HBV DNA in the liver [5]. In patients with “occult” HBV infection the persistence of an effi‐
cient HBV immunological control has been demonstrated [6], and it is now well known that
immunosuppression may lead to HBV reactivation in these patients.

On the basis of the serological and virological profile, three distinct HBsAg carrier types can
be identified, each characterized by a distinct natural course, prognosis, and treatment indi‐
cations: 1) immune tolerant carrier, 2) inactive carrier, 3) carrier with CHB (HBeAg-positive
and HBeAg-negative CHB). In both tolerant and inactive HBV carriers, treatment is not indi‐
cated, but an appropriate longitudinal follow-up is crucial. Immunotolerant patients should
be subjected to ALT measurements every 3-6 months and should be tested for the presence
of HBeAg every 6 months. In the inactive carriers, ALT and HBV DNA levels should be as‐
sessed every 3 months during the first year, and then every 6 months [7-9]. Patients with
serum HBV DNA <2000 IU/ml and levels of HBsAg less than 1000 IU/ml, may require less
frequent monitoring due to a very low probability of disease reactivation [7].
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Figure 1. Natural history of chronic HBV infection 
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In the HBsAg carriers with CHB, the diagnostic work-up must be continued and the severity
of liver disease should be assessed by laboratory tests, and hepatic ultrasound examination.
A liver biopsy would be useful for determining the grade of necroinflammation and stage of
fibrosis. Prognosis and management of CHB greatly depend on the stage and progression of
liver fibrosis and thus the risk of developing cirrhosis. In addition, liver biopsy may help to
clarify diagnosis when ALT and HBV DNA levels are discordant and to exclude other
coexistent causes of liver disease (e.g. fatty liver or alcoholic liver disease).

Liver biopsy has traditionally been considered the “gold standard” to measure fibrosis. How‐
ever, liver biopsy is an invasive procedure which can be painful, and carries a small risk of com‐
plications; it is also costly and prone to sampling errors. To provide a reliable estimation of
grading and staging of liver disease, liver biopsy specimens should be at least 20-25 mm long
and/or containing more than 11 complete portal tracts [10]. Recently, non-invasive methods,
including serum markers and transient elastography, are being increasingly utilized to assess
liver fibrosis [10]. Transient elastography (FibroScan) is a rapid, noninvasive, and reproducible
method for measuring liver stiffness, which correlates with the degree of liver fibrosis. It has
demonstrated a high diagnostic accuracy for the detection of cirrhosis, but transient elastogra‐
phy might be inaccurate in discriminating between the different stages of intermediate fibrosis
(F1 vs F2), F2 being considered the threshold for initiating antiviral therapy. Moreover, stiff‐
ness measurement may be influenced by potential confounding factors such as additional
space-occupying tissue abnormalities (e.g. oedema and inflammation, cholestasis).

Lastly, in the diagnostic work-up of CHB, the presence of other possible liver damaging
cofactors (co-infections with HDV, HCV and HIV, co-morbidities including alcoholism,
autoimmune or metabolic liver disease) which would increase the risk of progression to
cirrhosis or HCC should be assessed [11].
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carriers is required in order to identify: a) the phase of infection, b) the subjects with chronic
liver damage, c) the stage of liver disease, d) the concurrent causes of liver disease, and e)
patients requiring treatment.

The natural history of chronic HBV infection can be divided into five, not necessarily sequential,
phases (Figure 1). Firstly, the (i) immune-tolerant phase is characterized by high levels of serum
HBV DNA, HBeAg positivity, normal ALT levels, and mild or absent liver necroinflammation.
In patients who remain in the immune-tolerant phase, disease progression is minimal [3]. After
a variable time depending on the age at acquisition of HBV infection, immune-tolerance to the
virus is lost and the immune system mounts an attack on the infected hepatocytes, thus entering
into the (ii) immune-reactive phase.This phase is characterized by fluctuating, but progressively
decreasing, HBV-DNA levels, elevated ALT and hepatic necroinflammation (HBeAg-positive
CHB). A prolonged immune-reactive phase with multiple ALT flares may result in progressive
liver fibrosis, leading to cirrhosis. An important outcome of the immune-reactive phase is the se‐
roconversion from HBeAg to anti-HBe, thus marking the transition to the (iii) immune-control
phase, characterized by low (<2000 IU/ml) or undetectable serum HBV DNA, normal ALT levels,
and disappearance of liver necroinflammation (inactive carrier state). The estimated annual inci‐
dence of spontaneous HBeAg seroconversion is 2%-15%, depending on factors such as age, ALT
levels, and HBV genotype [2]. In a minority of patients, despite HBe seroconversion, reactiva‐
tion of HBV replication may occur due to the selection of HBeAg defective HBV mutants. This
(iv) reactivation phase is characterized by positivity for anti-HBe antibodies, fluctuating HBV
DNA and ALT levels and a high risk of progression to severe hepatic fibrosis (HBeAg-negative
CHB). In patients with periodic ALT flares and normalization, HBV-DNA levels can fall below
the inactive carrier cut-off (2000 IU/ml), making differential diagnosis between active CHB and
the inactive carrier status problematic. Therefore, to warrant an accurate differential diagnosis,
it is mandatory to monitor serum HBV-DNA by sensitive and quantitative polymerase chain re‐
action (PCR) assays and ALT levels over a period of at least 1 year. A recent study, however,
demonstrated that a single-point combined quantification of HBV-DNA (<2000 IU/ml) and
HBsAg (<1000 IU/mL) permits to identify inactive HBV genotype D carriers with a very high di‐
agnostic accuracy which is comparable to that of 1-year monthly monitoring [4]. In the (V)
“HBsAg-negative phase” after HBsAg loss, low-level HBV replication may persist with detecta‐
ble HBV DNA in the liver [5]. In patients with “occult” HBV infection the persistence of an effi‐
cient HBV immunological control has been demonstrated [6], and it is now well known that
immunosuppression may lead to HBV reactivation in these patients.

On the basis of the serological and virological profile, three distinct HBsAg carrier types can
be identified, each characterized by a distinct natural course, prognosis, and treatment indi‐
cations: 1) immune tolerant carrier, 2) inactive carrier, 3) carrier with CHB (HBeAg-positive
and HBeAg-negative CHB). In both tolerant and inactive HBV carriers, treatment is not indi‐
cated, but an appropriate longitudinal follow-up is crucial. Immunotolerant patients should
be subjected to ALT measurements every 3-6 months and should be tested for the presence
of HBeAg every 6 months. In the inactive carriers, ALT and HBV DNA levels should be as‐
sessed every 3 months during the first year, and then every 6 months [7-9]. Patients with
serum HBV DNA <2000 IU/ml and levels of HBsAg less than 1000 IU/ml, may require less
frequent monitoring due to a very low probability of disease reactivation [7].

Practical Management of Chronic Viral Hepatitis146

HBeAg(+) HBeAg(‐) / anti‐HBe(+)

ALT

HBV DNA 

Minimal disease HBeAg+ CHB HBeAg‐ CHBInactive carrier

109‐1012 IU/mL >2000‐<109 IU/mL <2000 IU/mL >2000 IU/mL

HBsAg

*
<200 IU/mL

Immune-tolerant Immune-reactive       Immune-reactiveImmune-control Immune- control

Phases of Infection

Occult infection

 

Figure 1. Natural history of chronic HBV infection 
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In the HBsAg carriers with CHB, the diagnostic work-up must be continued and the severity
of liver disease should be assessed by laboratory tests, and hepatic ultrasound examination.
A liver biopsy would be useful for determining the grade of necroinflammation and stage of
fibrosis. Prognosis and management of CHB greatly depend on the stage and progression of
liver fibrosis and thus the risk of developing cirrhosis. In addition, liver biopsy may help to
clarify diagnosis when ALT and HBV DNA levels are discordant and to exclude other
coexistent causes of liver disease (e.g. fatty liver or alcoholic liver disease).

Liver biopsy has traditionally been considered the “gold standard” to measure fibrosis. How‐
ever, liver biopsy is an invasive procedure which can be painful, and carries a small risk of com‐
plications; it is also costly and prone to sampling errors. To provide a reliable estimation of
grading and staging of liver disease, liver biopsy specimens should be at least 20-25 mm long
and/or containing more than 11 complete portal tracts [10]. Recently, non-invasive methods,
including serum markers and transient elastography, are being increasingly utilized to assess
liver fibrosis [10]. Transient elastography (FibroScan) is a rapid, noninvasive, and reproducible
method for measuring liver stiffness, which correlates with the degree of liver fibrosis. It has
demonstrated a high diagnostic accuracy for the detection of cirrhosis, but transient elastogra‐
phy might be inaccurate in discriminating between the different stages of intermediate fibrosis
(F1 vs F2), F2 being considered the threshold for initiating antiviral therapy. Moreover, stiff‐
ness measurement may be influenced by potential confounding factors such as additional
space-occupying tissue abnormalities (e.g. oedema and inflammation, cholestasis).

Lastly, in the diagnostic work-up of CHB, the presence of other possible liver damaging
cofactors (co-infections with HDV, HCV and HIV, co-morbidities including alcoholism,
autoimmune or metabolic liver disease) which would increase the risk of progression to
cirrhosis or HCC should be assessed [11].
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3. Treatment indications

Candidates for treatment are the HBsAg carriers with CHB and, consequently, those with
active viral replication, increased ALT levels and evidence of liver disease at liver biopsy or
other non-invasive methods.

According to the 2012 HBV guidelines of the European Association for the Study of the Liver
(EASL), patients should be considered for treatment when they present HBV DNA levels above
2000 IU/ml, serum ALT levels above the upper limit of normal (ULN) and a liver biopsy
showing moderate to severe necroinflammation and/or at least moderate fibrosis using a
standardized score system. The comparison between EASL guidelines and American Associ‐
ation for the Study of Liver Diseases (AASLD) guidelines and Asian Pacific Association for
the Study of the Liver (APASL) guidelines can be found in Table 1.

However, patients with compensated or decompensated cirrhosis and detectable HBV DNA
should be considered for treatment, independent of ALT levels. Moreover, treatment indica‐
tions should also take into account the patient’s age, health status, family history of HCC or
cirrhosis and extrahepatic manifestations.

score  system.  The  comparison  between  EASL  guidelines  and American Association  for  the  Study  of  Liver Diseases  (AASLD) 
guidelines and Asian Pacific Association for the Study of the Liver (APASL) guidelines can be found in Table 1. 

However, patients with compensated or decompensated cirrhosis and detectable HBV DNA should be considered for treatment, 
independent of ALT  levels. Moreover, treatment  indications should also take  into account the patient’s age, health status, family 
history of HCC or cirrhosis and extrahepatic manifestations. 

Criteria EASL 2012(Ref.7) AASLD 2009(Ref.8) APASL 2008(Ref.9)

HBV DNA treatment 
threshold

- HBeAg(+) (IU/mL)

- HBeAg(-) (IU/mL)

2,000

2,000

20,000

2,000–20,000

20,000

2,000

ALT treatment threshold >ULN >2 x ULN >2 x ULN

Liver Biopsy 
Moderate to severe 
necroinflammation 

or fibrosis

Not  applicable
(Consider in certain groups)

 
Table 1. EASL guidelines compared to other international guidelines 

4. Goal of therapy and end‐points 

The  ultimate  goal  of CHB  therapy  is  the  prevention  of  cirrhosis,  hepatic  decompensation  and/or HCC  [7‐9]. This  goal  can  be 
achieved if HBV replication can be suppressed in a sustained manner, thus leading to biochemical remission, HBe seroconversion 
in HBeAg‐positive  patients,  histological  improvement  and  prevention  of  cirrhosis  and  its  complications.  Several  studies  have 
demonstrated that undetectable or low levels of HBV DNA are associated with a lower risk to develop cirrhosis [12‐14].  

Loss  of HBsAg  from  serum with  or without  seroconversion  to  anti‐HBs  is  considered  the  ideal  end‐point  of  therapy,  as  it  is 
associated with remission of chronic hepatitis B activity and an improved long‐term outcome [11]. The loss of HBsAg, however, is 
infrequently achieved with currently available anti‐HBV agents. Hence, a more realistic end‐point is the induction of a sustained or 
maintained virological response. It must be emphasized that a complete eradication of HBV infection is impossible to achieve due 
to the persistence of the so‐called covalently‐closed‐circular DNA (cccDNA), the transcriptionally active HBV mini‐cromosome in 
the nucleus of  infected hepatocytes;  that  is to say,  that an HBV  infected patient can be “cured” but  the HBV  infection cannot be 
eradicated and continues to persist as an occult infection. 

5. Anti‐HBV drugs 

Two different types of drugs have been approved for the treatment of CHB: conventional interferon alpha (IFN) and its pegylated 
form (Peg‐IFN), and 5 nucleoside/nucleotide analogues (NAs) (Figure 2). Currently, IFN has been replaced by Peg‐IFN due to the 
more convenient administration (once weekly). There are two pegylated‐IFN formulations: Peg‐IFN alpha‐2a and Peg‐IFN alpha‐
2b which have shown similar efficacy in clinical trials, but only the former is globally licensed for treatment of CHB, while Peg‐IFN 
alpha‐2b has been approved in only a few countries. Among the nucleoside analogues with anti‐HBV activity, emtricitabine is not 
licensed  for HBV  treatment  in most  European  countries  and  its  combination with  tenofovir  in  one  tablet  (Truvada)  has  been 
licensed only for treatment of human HIV infection. 
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4. Goal of therapy and end-points

The ultimate goal of CHB therapy is the prevention of cirrhosis, hepatic decompensation and/
or HCC [7-9]. This goal can be achieved if HBV replication can be suppressed in a sustained
manner, thus leading to biochemical remission, HBe seroconversion in HBeAg-positive
patients, histological improvement and prevention of cirrhosis and its complications. Several
studies have demonstrated that undetectable or low levels of HBV DNA are associated with
a lower risk to develop cirrhosis [12-14].

Loss of HBsAg from serum with or without seroconversion to anti-HBs is considered the ideal
end-point of therapy, as it is associated with remission of chronic hepatitis B activity and an im‐
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proved long-term outcome [11]. The loss of HBsAg, however, is infrequently achieved with
currently available anti-HBV agents. Hence, a more realistic end-point is the induction of a sus‐
tained or maintained virological response. It must be emphasized that a complete eradication
of HBV infection is impossible to achieve due to the persistence of the so-called covalently-
closed-circular DNA (cccDNA), the transcriptionally active HBV mini-cromosome in the nu‐
cleus of infected hepatocytes; that is to say, that an HBV infected patient can be “cured” but the
HBV infection cannot be eradicated and continues to persist as an occult infection.

5. Anti-HBV drugs

Two different types of drugs have been approved for the treatment of CHB: convention‐
al  interferon alpha (IFN) and its  pegylated form (Peg-IFN),  and 5 nucleoside/nucleotide
analogues  (NAs)  (Figure  2).  Currently,  IFN  has  been  replaced  by  Peg-IFN  due  to  the
more  convenient  administration  (once  weekly).  There  are  two  pegylated-IFN  formula‐
tions: Peg-IFN alpha-2a and Peg-IFN alpha-2b which have shown similar efficacy in clin‐
ical  trials,  but only the former is globally licensed for treatment of CHB, while Peg-IFN
alpha-2b  has  been  approved in  only  a  few countries.  Among the  nucleoside  analogues
with anti-HBV activity,  emtricitabine is not licensed for HBV treatment in most Europe‐
an countries and its combination with tenofovir in one tablet (Truvada) has been licensed
only for treatment of human HIV infection.
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Figure 2. Approved drugs for therapy of chronic hepatitis B 

6. Peg‐interferon 

Peg‐IFN is a cytochine with a dual antiviral and immunomodulatory activity and is administered by subcutaneous injections. After 
binding with  receptors  located  on  the  surface  of  several  different  cells,  it  induces  the  activation  of  at  least  40  cellular  genes, 
encoding  for several antiviral proteins. Peg‐IFN suppresses HBV virion budding, HBV entry and synthesis of  the nucleocapsid; 
moreover, this cytochine enhances the  interaction between the antigen‐presenting cells and CD4, and between CD8 and  infected 
hepatocytes.  Therefore,  Peg‐IFN  has  the  potential  for  an  immune‐mediated  control  of  HBV  infection,  thus  providing  the 
opportunity to obtain a sustained virological response after treatment discontinuation, and the possibility of inducing HBsAg loss 
in  patients  who  achieve  and maintain  undetectable  HBV  DNA.  IFN‐based  treatment,  however,  is  often  complicated  by  the 
occurrence  of  side  effects,  such  as  influenza‐like  symptoms,  fatigue,  neutropenia,  thrombocytopenia,  and  depression,  which 
sometimes  require dose modification and  cause premature  cessation of  treatment  [15]. Moreover, Peg‐IFN  is contraindicated  in 
patients with decompensated HBV‐related  cirrhosis or autoimmune disease,  in patients with uncontrolled  severe depression or 
psychosis, in patients receiving immunosuppressive therapy or chemotherapy, and in female patients during pregnancy [7]. 

7. Nucleoside/nucleotide analogues 

NAs are oral direct antiviral agents which specifically inhibit the viral polymerase/reverse transcriptase, an enzyme with a crucial 
role  in  the HBV  life cycle. As a result, NAs block  the production of new virions and progressively reduce serum HBV DNA  to 
undetectable  levels,  but  they  have  little  or  no  effect  on  the  cccDNA  present  in  the  nucleous  of  the  infected  hepatocytes.  The 
persistence of the intrahepatic cccDNA determines the reactivation of HBV replication after stopping NA treatment and therefore 
justifies the need for a long‐term (potentially life‐long) therapy for a sustained viral replication control. 

After lamivudine (LAM), the first nucleoside analogue approved for the treatment of CHB, another two nucleosides, telbivudine 
(LdT) and entecavir (ETV), and two nucleotide analogues, adefovir (ADV) and tenofovir (TDF) have become gradually available in 
recent years. NAs are characterized by a different antiviral potency and drug‐resistance pattern. Entecavir and  tenofovir are  the 
two most  potent  analogues with  a  high  barrier  to  resistance development. Resistance  rates  in NA‐naïve  patients  treated with 
monotherapy are shown in Figure 3. 
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3. Treatment indications

Candidates for treatment are the HBsAg carriers with CHB and, consequently, those with
active viral replication, increased ALT levels and evidence of liver disease at liver biopsy or
other non-invasive methods.

According to the 2012 HBV guidelines of the European Association for the Study of the Liver
(EASL), patients should be considered for treatment when they present HBV DNA levels above
2000 IU/ml, serum ALT levels above the upper limit of normal (ULN) and a liver biopsy
showing moderate to severe necroinflammation and/or at least moderate fibrosis using a
standardized score system. The comparison between EASL guidelines and American Associ‐
ation for the Study of Liver Diseases (AASLD) guidelines and Asian Pacific Association for
the Study of the Liver (APASL) guidelines can be found in Table 1.

However, patients with compensated or decompensated cirrhosis and detectable HBV DNA
should be considered for treatment, independent of ALT levels. Moreover, treatment indica‐
tions should also take into account the patient’s age, health status, family history of HCC or
cirrhosis and extrahepatic manifestations.
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independent of ALT  levels. Moreover, treatment  indications should also take  into account the patient’s age, health status, family 
history of HCC or cirrhosis and extrahepatic manifestations. 

Criteria EASL 2012(Ref.7) AASLD 2009(Ref.8) APASL 2008(Ref.9)

HBV DNA treatment 
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20,000
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Liver Biopsy 
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necroinflammation 
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Not  applicable
(Consider in certain groups)

 
Table 1. EASL guidelines compared to other international guidelines 
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achieved if HBV replication can be suppressed in a sustained manner, thus leading to biochemical remission, HBe seroconversion 
in HBeAg‐positive  patients,  histological  improvement  and  prevention  of  cirrhosis  and  its  complications.  Several  studies  have 
demonstrated that undetectable or low levels of HBV DNA are associated with a lower risk to develop cirrhosis [12‐14].  

Loss  of HBsAg  from  serum with  or without  seroconversion  to  anti‐HBs  is  considered  the  ideal  end‐point  of  therapy,  as  it  is 
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Two different types of drugs have been approved for the treatment of CHB: conventional interferon alpha (IFN) and its pegylated 
form (Peg‐IFN), and 5 nucleoside/nucleotide analogues (NAs) (Figure 2). Currently, IFN has been replaced by Peg‐IFN due to the 
more convenient administration (once weekly). There are two pegylated‐IFN formulations: Peg‐IFN alpha‐2a and Peg‐IFN alpha‐
2b which have shown similar efficacy in clinical trials, but only the former is globally licensed for treatment of CHB, while Peg‐IFN 
alpha‐2b has been approved in only a few countries. Among the nucleoside analogues with anti‐HBV activity, emtricitabine is not 
licensed  for HBV  treatment  in most  European  countries  and  its  combination with  tenofovir  in  one  tablet  (Truvada)  has  been 
licensed only for treatment of human HIV infection. 
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proved long-term outcome [11]. The loss of HBsAg, however, is infrequently achieved with
currently available anti-HBV agents. Hence, a more realistic end-point is the induction of a sus‐
tained or maintained virological response. It must be emphasized that a complete eradication
of HBV infection is impossible to achieve due to the persistence of the so-called covalently-
closed-circular DNA (cccDNA), the transcriptionally active HBV mini-cromosome in the nu‐
cleus of infected hepatocytes; that is to say, that an HBV infected patient can be “cured” but the
HBV infection cannot be eradicated and continues to persist as an occult infection.

5. Anti-HBV drugs

Two different types of drugs have been approved for the treatment of CHB: convention‐
al  interferon alpha (IFN) and its  pegylated form (Peg-IFN),  and 5 nucleoside/nucleotide
analogues  (NAs)  (Figure  2).  Currently,  IFN  has  been  replaced  by  Peg-IFN  due  to  the
more  convenient  administration  (once  weekly).  There  are  two  pegylated-IFN  formula‐
tions: Peg-IFN alpha-2a and Peg-IFN alpha-2b which have shown similar efficacy in clin‐
ical  trials,  but only the former is  globally licensed for treatment of CHB, while Peg-IFN
alpha-2b  has  been  approved in  only  a  few countries.  Among the  nucleoside  analogues
with anti-HBV activity,  emtricitabine is not licensed for HBV treatment in most Europe‐
an countries and its combination with tenofovir in one tablet (Truvada) has been licensed
only for treatment of human HIV infection.

Approved drugs

Interferons Nucleoside/nucleotide
analogues

Chronic Hepatitis B

• Conventional IFN‐α
• Peg‐IFN α‐2a (Pegasys)

• Lamivudine (Zeffix)
• Adefovir (Hepsera) 
• Entecavir (Baraclude)
• Telbivudine (Sebivo)
• Tenofovir (Viread)

Combined antiviral and 
immunomodulatory effect Direct antiviral effect

 

Figure 2. Approved drugs for therapy of chronic hepatitis B 
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recent years. NAs are characterized by a different antiviral potency and drug‐resistance pattern. Entecavir and  tenofovir are  the 
two most  potent  analogues with  a  high  barrier  to  resistance development. Resistance  rates  in NA‐naïve  patients  treated with 
monotherapy are shown in Figure 3. 
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6. Peg-interferon

Peg-IFN is a cytochine with a dual antiviral and immunomodulatory activity and is adminis‐
tered by subcutaneous injections. After binding with receptors located on the surface of several
different cells, it induces the activation of at least 40 cellular genes, encoding for several antiviral
proteins. Peg-IFN suppresses HBV virion budding, HBV entry and synthesis of the nucleocap‐
sid; moreover, this cytochine enhances the interaction between the antigen-presenting cells and
CD4, and between CD8 and infected hepatocytes. Therefore, Peg-IFN has the potential for an
immune-mediated control of HBV infection, thus providing the opportunity to obtain a sus‐
tained virological response after treatment discontinuation, and the possibility of inducing
HBsAg loss in patients who achieve and maintain undetectable HBV DNA. IFN-based treat‐
ment, however, is often complicated by the occurrence of side effects, such as influenza-like
symptoms, fatigue, neutropenia, thrombocytopenia, and depression, which sometimes require
dose modification and cause premature cessation of treatment [15]. Moreover, Peg-IFN is con‐
traindicated in patients with decompensated HBV-related cirrhosis or autoimmune disease, in
patients with uncontrolled severe depression or psychosis, in patients receiving immunosup‐
pressive therapy or chemotherapy, and in female patients during pregnancy [7].

7. Nucleoside/nucleotide analogues

NAs are oral direct antiviral agents which specifically inhibit the viral polymerase/reverse
transcriptase, an enzyme with a crucial role in the HBV life cycle. As a result, NAs block the
production of new virions and progressively reduce serum HBV DNA to undetectable levels,
but they have little or no effect on the cccDNA present in the nucleous of the infected hepato‐
cytes. The persistence of the intrahepatic cccDNA determines the reactivation of HBV repli‐
cation after stopping NA treatment and therefore justifies the need for a long-term (potentially
life-long) therapy for a sustained viral replication control.

After lamivudine (LAM), the first nucleoside analogue approved for the treatment of CHB,
another two nucleosides, telbivudine (LdT) and entecavir (ETV), and two nucleotide ana‐
logues, adefovir (ADV) and tenofovir (TDF) have become gradually available in recent years.
NAs are characterized by a different antiviral potency and drug-resistance pattern. Entecavir
and tenofovir are the two most potent analogues with a high barrier to resistance development.
Resistance rates in NA-naïve patients treated with monotherapy are shown in Figure 3.

The main advantages and disadvantages of Peg-IFN and NAs in the treatment of CHB are
shown in the following Table 2.

8. Treatment strategies

There are two different therapeutic strategies for both HBeAg-positive and HBeAg-negative
CHB patients: short-term or “curative” treatment and long-term or “suppressive” treatment
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(Figure 4). The first strategy aims to obtain a sustained suppression of viral replication off-
treatment by inducing an immune controll status of HBV infection. The immune control status
corresponds to the profile of an inactive carrier: normal ALT levels coupled with HBV DNA
<2000 IU/ml and anti-HBe positivity. This strategy is IFN-based (Peg-IFN administered for 48
weeks); a finite treatment with NA is possible only in HBeAg-positive patients. The second
strategy aims to obtain a rapid and long-term maintained viral suppression (HBV DNA <10-15
IU/ml). This strategy is exclusively based on NAs.

*Collation of currently available data – not from head‐to‐head studies
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6. Peg-interferon

Peg-IFN is a cytochine with a dual antiviral and immunomodulatory activity and is adminis‐
tered by subcutaneous injections. After binding with receptors located on the surface of several
different cells, it induces the activation of at least 40 cellular genes, encoding for several antiviral
proteins. Peg-IFN suppresses HBV virion budding, HBV entry and synthesis of the nucleocap‐
sid; moreover, this cytochine enhances the interaction between the antigen-presenting cells and
CD4, and between CD8 and infected hepatocytes. Therefore, Peg-IFN has the potential for an
immune-mediated control of HBV infection, thus providing the opportunity to obtain a sus‐
tained virological response after treatment discontinuation, and the possibility of inducing
HBsAg loss in patients who achieve and maintain undetectable HBV DNA. IFN-based treat‐
ment, however, is often complicated by the occurrence of side effects, such as influenza-like
symptoms, fatigue, neutropenia, thrombocytopenia, and depression, which sometimes require
dose modification and cause premature cessation of treatment [15]. Moreover, Peg-IFN is con‐
traindicated in patients with decompensated HBV-related cirrhosis or autoimmune disease, in
patients with uncontrolled severe depression or psychosis, in patients receiving immunosup‐
pressive therapy or chemotherapy, and in female patients during pregnancy [7].

7. Nucleoside/nucleotide analogues

NAs are oral direct antiviral agents which specifically inhibit the viral polymerase/reverse
transcriptase, an enzyme with a crucial role in the HBV life cycle. As a result, NAs block the
production of new virions and progressively reduce serum HBV DNA to undetectable levels,
but they have little or no effect on the cccDNA present in the nucleous of the infected hepato‐
cytes. The persistence of the intrahepatic cccDNA determines the reactivation of HBV repli‐
cation after stopping NA treatment and therefore justifies the need for a long-term (potentially
life-long) therapy for a sustained viral replication control.

After lamivudine (LAM), the first nucleoside analogue approved for the treatment of CHB,
another two nucleosides, telbivudine (LdT) and entecavir (ETV), and two nucleotide ana‐
logues, adefovir (ADV) and tenofovir (TDF) have become gradually available in recent years.
NAs are characterized by a different antiviral potency and drug-resistance pattern. Entecavir
and tenofovir are the two most potent analogues with a high barrier to resistance development.
Resistance rates in NA-naïve patients treated with monotherapy are shown in Figure 3.

The main advantages and disadvantages of Peg-IFN and NAs in the treatment of CHB are
shown in the following Table 2.

8. Treatment strategies

There are two different therapeutic strategies for both HBeAg-positive and HBeAg-negative
CHB patients: short-term or “curative” treatment and long-term or “suppressive” treatment
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(Figure 4). The first strategy aims to obtain a sustained suppression of viral replication off-
treatment by inducing an immune controll status of HBV infection. The immune control status
corresponds to the profile of an inactive carrier: normal ALT levels coupled with HBV DNA
<2000 IU/ml and anti-HBe positivity. This strategy is IFN-based (Peg-IFN administered for 48
weeks); a finite treatment with NA is possible only in HBeAg-positive patients. The second
strategy aims to obtain a rapid and long-term maintained viral suppression (HBV DNA <10-15
IU/ml). This strategy is exclusively based on NAs.

*Collation of currently available data – not from head‐to‐head studies
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profile of an inactive carrier: normal ALT levels coupled with HBV DNA <2000 IU/ml and anti‐HBe positivity. This strategy is IFN‐
based  (Peg‐IFN administered  for 48 weeks); a  finite  treatment with NA  is possible only  in HBeAg‐positive patients. The second 
strategy aims to obtain a rapid and long‐term maintained viral suppression (HBV DNA <10‐15 UI/ml). This strategy is exclusively 
based on NAs. 

EASL 2012 HBV Guidelines (Ref. 7)

Table 2. Main advantages and disadvantages of Peg-IFN and Nucleos(t)ides analogues (NAs) in chronic hepatitis B
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9. First-line monotherapy

Peg-IFN, entecavir or tenofovir are recommended as first-line monotherapy by all major
guidelines in patients with CHB or compensated cirrhosis [7-9]. The choice of first-line
monotherapy should be based on several factors including host, virus and drug related factors
(Figure 5). The most favourable candidates for Peg-IFN are those with low HBV DNA levels,
high ALT and HBV genotype A or B rather than C or D, and those without advanced disease.
Peg-IFN alpha-2a is administered as subcutaneous injections at the dose of 180 μg once weekly
for 48 weeks.

Entecavir or tenofovir are the only therapeutic options in patients with decompensated liver
disease, in patients undergoing immunosuppressive treatment, in patients with controindi‐
cations or unwilling to receive Peg-IFN. The licensed entecavir dose for patients with decom‐
pensated cirrhosis is 1 mg (instead of 0.5 mg for patients with CHB or compensated liver
disease) once daily. Tenofovir is administered orally at dosage of 245 mg/die.

For oral antiviral agents, in HBeAg-positive patients, treatment can be discontinued after a 12
month-consolidation therapy from documented HBeAg seroconversion with undetectable
HBV DNA. Close monitoring for relapse is required following therapy discontinuation. In
HBeAg-negative patients, long-term treatment is necessary and can be stopped when con‐
firmed HBsAg loss occurs [7,8].
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As Peg-IFN can achieve a sustained off-therapy response in only a minority of cases, and
a  proportion  of  patients  cannot  tolerate  or  present  controindications  to  IFN  or  do  not
wish to  be treated with Peg-IFN,  long-term treatment  with NAs is  the  most  commonly
used treatment strategy.
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10. Virological and non‐virological monitoring 

During Peg‐IFN therapy, full blood counts and serum ALT levels should be monitored monthly and TSH should be assessed every 
3 months. All patients should be monitored for safety throughout the 12 months of treatment. Serum HBV DNA levels should be 
assessed by real‐time PCR at 3, 6, 12 months during treatment and at 6 and 12 months post‐treatment. Quantitative determination 
of serum HBsAg levels should be checked after 3 months of therapy in order to identify patients with a low probability of response 
in whom IFN therapy discontinuation should be considered [7]. In HBeAg‐positive patients, HBeAg and anti‐HBe should be tested 
every 6 months. Lastly, in all responder patients, HBsAg should be checked at 12‐month intervals [7]. 

In patients treated with NAs, HBV DNA levels should be monitored at month‐3 to ascertain virological response, and thereafter, 
every  3‐6 months.  In patients  treated with ETV  or TDF,  the  frequency  of DNA measurements may  be decreased  once patient 
compliance  and  treatment  efficacy  are  confirmed.  In HBeAg‐positive  patients, HBeAg  and  anti‐HBe  should  be  tested  every  6 
months. HBsAg should be checked at intervals of 12 months in all patients with undetectable HBV DNA by real‐time PCR [7]. 

All NAs are cleared by  the kidneys,  therefore all patients should be  tested  for serum creatinine  levels and estimated creatinine 
clearance  at  baseline  to  identify  the  need  for  dose  adjustments. As  the  nephrotoxic  potential  damage  seems  to  be  higher  for 
nucleotide  analogues,  it  is  recommended  for patients  treated with ADV  or TDF  renal monitoring,  including  serum phosphate 
levels every three months during the first year and every 6 months thereafter. In patients at high renal risk or in those who develop 
clearance creatinine <60 ml/min or serum phosphate <2 mg/dl, a closer renal monitoring is required [7].  

11. IFN‐based therapy: Update 

Published  data  have  demonstrated  that  in  patients  with  HBeAg‐positive  CHB,  Peg‐IFN  achieves  a  more  than  30%  HBeAg 
seroconversion rate after one year of treatment [7]. In a registration trial, Peg‐IFN alpha‐2a provided a sustained immune control 
which  increased post‐therapy;  in  fact,  the HBeAg seroconversion rate continued  to  increase  from 27% at  the end of  treatment  to 
32%  during  the  six  months  after  discontinuing  treatment,  and  to  42%  after  1  year  post‐treatment  [16,17].  Moreover,  the 
seroconversion  remained  stable over  time  in  >80% of Peg‐IFN  alpha‐2b  treated patients  achieving  this  end‐point  at  the  end of 
therapy [18]. Peg‐IFN also determined HBsAg seroconversion in up to 30% of patients with a long term follow‐up [19]. 

In patients with HBeAg‐negative CHB, Peg‐IFN alpha‐2a demonstrated a sustained  immune control (HBV DNA <2000 IU/ml)  in 
31% of patients after 1‐year post‐treatment. Among these, 88% maintained this response up to 5‐year follow‐up, and remarkably 
28% achieved HBsAg clearance after 5‐years post‐treatment [20]. 

Thus, Peg‐IFN  treatment  remains an attractive  therapeutic option, since  it provides higher  rates of off‐therapy  immune control, 
including HBsAg clearance, when compared with NAs. However,  IFN  is effective  in only a minority of patients  (20‐30%), has a 
poor tolerability and significant costs. Therefore, the improvement of Peg‐IFN efficacy is a major challenge. Several attempts have 

Figure 5. Factors influencing the choice of first-line monotherapy

10. Virological and non-virological monitoring

During Peg-IFN therapy, full blood counts and serum ALT levels should be monitored
monthly and TSH should be assessed every 3 months. All patients should be monitored for
safety throughout the 12 months of treatment. Serum HBV DNA levels should be assessed by
real-time PCR at 3, 6, 12 months during treatment and at 6 and 12 months post-treatment.
Quantitative determination of serum HBsAg levels should be checked after 3 months of
therapy in order to identify patients with a low probability of response in whom IFN therapy
discontinuation should be considered [7]. In HBeAg-positive patients, HBeAg and anti-HBe
should be tested every 6 months. Lastly, in all responder patients, HBsAg should be checked
at 12-month intervals [7].

In patients treated with NAs, HBV DNA levels should be monitored at month-3 to ascertain
virological response, and thereafter, every 3-6 months. In patients treated with ETV or TDF,
the frequency of DNA measurements may be decreased once patient compliance and treatment
efficacy are confirmed. In HBeAg-positive patients, HBeAg and anti-HBe should be tested
every 6 months. HBsAg should be checked at intervals of 12 months in all patients with
undetectable HBV DNA by real-time PCR [7].
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9. First-line monotherapy

Peg-IFN, entecavir or tenofovir are recommended as first-line monotherapy by all major
guidelines in patients with CHB or compensated cirrhosis [7-9]. The choice of first-line
monotherapy should be based on several factors including host, virus and drug related factors
(Figure 5). The most favourable candidates for Peg-IFN are those with low HBV DNA levels,
high ALT and HBV genotype A or B rather than C or D, and those without advanced disease.
Peg-IFN alpha-2a is administered as subcutaneous injections at the dose of 180 μg once weekly
for 48 weeks.

Entecavir or tenofovir are the only therapeutic options in patients with decompensated liver
disease, in patients undergoing immunosuppressive treatment, in patients with controindi‐
cations or unwilling to receive Peg-IFN. The licensed entecavir dose for patients with decom‐
pensated cirrhosis is 1 mg (instead of 0.5 mg for patients with CHB or compensated liver
disease) once daily. Tenofovir is administered orally at dosage of 245 mg/die.

For oral antiviral agents, in HBeAg-positive patients, treatment can be discontinued after a 12
month-consolidation therapy from documented HBeAg seroconversion with undetectable
HBV DNA. Close monitoring for relapse is required following therapy discontinuation. In
HBeAg-negative patients, long-term treatment is necessary and can be stopped when con‐
firmed HBsAg loss occurs [7,8].
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As Peg-IFN can achieve a sustained off-therapy response in only a minority of cases, and
a  proportion  of  patients  cannot  tolerate  or  present  controindications  to  IFN  or  do  not
wish to  be treated with Peg-IFN,  long-term treatment  with NAs is  the  most  commonly
used treatment strategy.
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10. Virological and non-virological monitoring

During Peg-IFN therapy, full blood counts and serum ALT levels should be monitored
monthly and TSH should be assessed every 3 months. All patients should be monitored for
safety throughout the 12 months of treatment. Serum HBV DNA levels should be assessed by
real-time PCR at 3, 6, 12 months during treatment and at 6 and 12 months post-treatment.
Quantitative determination of serum HBsAg levels should be checked after 3 months of
therapy in order to identify patients with a low probability of response in whom IFN therapy
discontinuation should be considered [7]. In HBeAg-positive patients, HBeAg and anti-HBe
should be tested every 6 months. Lastly, in all responder patients, HBsAg should be checked
at 12-month intervals [7].

In patients treated with NAs, HBV DNA levels should be monitored at month-3 to ascertain
virological response, and thereafter, every 3-6 months. In patients treated with ETV or TDF,
the frequency of DNA measurements may be decreased once patient compliance and treatment
efficacy are confirmed. In HBeAg-positive patients, HBeAg and anti-HBe should be tested
every 6 months. HBsAg should be checked at intervals of 12 months in all patients with
undetectable HBV DNA by real-time PCR [7].
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All NAs are cleared by the kidneys, therefore all patients should be tested for serum creatinine
levels and estimated creatinine clearance at baseline to identify the need for dose adjustments.
As the nephrotoxic potential damage seems to be higher for nucleotide analogues, it is
recommended for patients treated with ADV or TDF renal monitoring, including serum
phosphate levels every three months during the first year and every 6 months thereafter. In
patients at high renal risk or in those who develop clearance creatinine <60 ml/min or serum
phosphate <2 mg/dl, a closer renal monitoring is required [7].

11. IFN-based therapy: Update

Published data have demonstrated that in patients with HBeAg-positive CHB, Peg-IFN ach‐
ieves a more than 30% HBeAg seroconversion rate after one year of treatment [7]. In a registra‐
tion trial,  Peg-IFN alpha-2a provided a sustained immune control which increased post-
therapy; in fact, the HBeAg seroconversion rate continued to increase from 27% at the end of
treatment to 32% during the six months after discontinuing treatment, and to 42% after 1 year
post-treatment [16,17]. Moreover, the seroconversion remained stable over time in >80% of Peg-
IFN alpha-2b treated patients achieving this end-point at the end of therapy [18]. Peg-IFN also
determined HBsAg seroconversion in up to 30% of patients with a long-term follow-up [19].

In patients with HBeAg-negative CHB, Peg-IFN alpha-2a demonstrated a sustained immune
control (HBV DNA <2000 IU/ml) in 31% of patients after 1-year post-treatment. Among these,
88% maintained this response up to 5-year follow-up, and remarkably 28% achieved HBsAg
clearance after 5-years post-treatment [20].

Thus, Peg-IFN treatment remains an attractive therapeutic option, since it provides higher rates
of off-therapy immune control, including HBsAg clearance, when compared with NAs. Howev‐
er, IFN is effective in only a minority of patients (20-30%), has a poor tolerability and significant
costs. Therefore, the improvement of Peg-IFN efficacy is a major challenge. Several attempts
have been made to optimize the cost-effectiveness of IFN-based therapy, including combination
therapy, duration of therapy, pre-treatment predictors of response, and on-treatment predictors
of response. De novo combination therapy with NAs, did not improve sustained response in ei‐
ther HBeAg-positive or HBeAg-negative patients [16,21-23]. Regarding duration of therapy, the
NEPTUNE study conducted in patients with HBeAg-positive CHB reported that dose and dura‐
tion are important because the highest sustained response was obtained with 180 μg and 48
weeks compared to 90 μg and 24 weeks [24]. A recent study has demonstrated that extended
treatment with Peg-IFN alpha-2a to 96 weeks was well-tolerated and improved the rates of sus‐
tained virological response (29% vs 12%) in HBeAg-negative genotype D patients when com‐
pared to the current standard of care of 48 weeks. In addition, after 1-year post-treatment, HBsAg
clearance (6%) was observed only in the extended therapy group [25].

There have been many attempts to identify pretreatment predictors of response, resulting in
the identification of high ALT levels, low HBV DNA, and virus genotype as significant
predictors [7-9]. When combining data from the two largest clinical trials regarding HBeAg-
positive CHB patients [16,26], Buster et al. found that the best candidates for a sustained
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response to Peg-IFN were genotype A patients with high levels of ALT (ALT≥2xULN) or low
levels of HBV DNA (<9 log10 copies/ml), and genotypes B and C patients who have both high
levels of ALT and low HBV DNA. Genotype D patients have a low chance of sustained
response [19]. However, these factors cannot accurately predict response at the individual
level; furthermore, ALT and HBV DNA levels are time-dependent and thus their use in clinical
practice is difficult.

To obtain additional insight into the individual patient’s probability of achieving response to
Peg-IFN, the presence of precore and basal core promoter mutants before treatment has been
correlated to the serological and virological response in HBeAg-positive CHB patients [27].
Data from this study demonstrated that the presence of a wild-type virus at baseline was an
independent predictor of response to Peg-IFN and can assist in improving patient selection
for this treatment option [27]. Lastly, the role of IL28B polymorphisms, clearly indicated as a
baseline host factor predictor of response in patients with chronic hepatitis C, has been also
investigated in CHB patients. Studies in HBeAg-positive patients provided conflicting results,
while, in the only study carried out in HBeAg-negative genotype D patients, the rs12979860
genotype in the IL28B locus independently predicted both virological and serological respons‐
es [28-31]. Therefore, further studies are necessary to define the role of IL28B polymorphisms
as a baseline factor to improve pretreatment patient selection.

A promising approach to improve the cost-effectiveness of Peg-IFN therapy is a response-
guided treatment, based on HBsAg kinetics which permit early identification of either
responders, for whom continuation of treatment to week 48 could be beneficial, or non-
responders who should discontinue IFN treatment.

Two stopping rules at week 12 have been proposed for HBeAg-positive patients: 1) no HBsAg
decline, 2) HBsAg levels >20 000 IU/ml [24,32,33]. The negative predictive value (NPV) for a
sustained response ranged from 82% to 100%, depending on prevalence of HBV genotypes in
the various studies. In HBeAg-negative genotype D patients, no HBsAg decline and <2 log
copies/ml HBV DNA decline at week 12 has been proposed as a stopping rule and independ‐
ently validated with a 100% NPV [34,35]. Overall, therapy with Peg-IFN could be discontinued
at week 12 in the 20% of primary non-responders, who are therefore candidates for suppressive
therapy with NAs.

12. NA-based therapy: Update

Entecavir and tenofovir are the third-generation NAs recommended as first line therapy for
CHB NA-naïve patients by all international guidelines. In registration trials, both antivirals
demonstrated a long-lasting efficacy (viral suppression in more than 95% of patients over 5
years) associated with prevention of developing cirrhosis and to a greater extent, with fibrosis re‐
gression [36-40]. Moreover, these studies reported a minimal risk of drug resistance (1.2% with
ETV after six years and 0% with TDF after 5 years) and a favourable safety profile [39-43]. How‐
ever, as registration trials are conducted under standardized conditions in well-selected and
compliant patients, long-term efficacy and safety of ETV and TDF remain to be confirmed in real-
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All NAs are cleared by the kidneys, therefore all patients should be tested for serum creatinine
levels and estimated creatinine clearance at baseline to identify the need for dose adjustments.
As the nephrotoxic potential damage seems to be higher for nucleotide analogues, it is
recommended for patients treated with ADV or TDF renal monitoring, including serum
phosphate levels every three months during the first year and every 6 months thereafter. In
patients at high renal risk or in those who develop clearance creatinine <60 ml/min or serum
phosphate <2 mg/dl, a closer renal monitoring is required [7].

11. IFN-based therapy: Update

Published data have demonstrated that in patients with HBeAg-positive CHB, Peg-IFN ach‐
ieves a more than 30% HBeAg seroconversion rate after one year of treatment [7]. In a registra‐
tion trial,  Peg-IFN alpha-2a provided a sustained immune control which increased post-
therapy; in fact, the HBeAg seroconversion rate continued to increase from 27% at the end of
treatment to 32% during the six months after discontinuing treatment, and to 42% after 1 year
post-treatment [16,17]. Moreover, the seroconversion remained stable over time in >80% of Peg-
IFN alpha-2b treated patients achieving this end-point at the end of therapy [18]. Peg-IFN also
determined HBsAg seroconversion in up to 30% of patients with a long-term follow-up [19].

In patients with HBeAg-negative CHB, Peg-IFN alpha-2a demonstrated a sustained immune
control (HBV DNA <2000 IU/ml) in 31% of patients after 1-year post-treatment. Among these,
88% maintained this response up to 5-year follow-up, and remarkably 28% achieved HBsAg
clearance after 5-years post-treatment [20].

Thus, Peg-IFN treatment remains an attractive therapeutic option, since it provides higher rates
of off-therapy immune control, including HBsAg clearance, when compared with NAs. Howev‐
er, IFN is effective in only a minority of patients (20-30%), has a poor tolerability and significant
costs. Therefore, the improvement of Peg-IFN efficacy is a major challenge. Several attempts
have been made to optimize the cost-effectiveness of IFN-based therapy, including combination
therapy, duration of therapy, pre-treatment predictors of response, and on-treatment predictors
of response. De novo combination therapy with NAs, did not improve sustained response in ei‐
ther HBeAg-positive or HBeAg-negative patients [16,21-23]. Regarding duration of therapy, the
NEPTUNE study conducted in patients with HBeAg-positive CHB reported that dose and dura‐
tion are important because the highest sustained response was obtained with 180 μg and 48
weeks compared to 90 μg and 24 weeks [24]. A recent study has demonstrated that extended
treatment with Peg-IFN alpha-2a to 96 weeks was well-tolerated and improved the rates of sus‐
tained virological response (29% vs 12%) in HBeAg-negative genotype D patients when com‐
pared to the current standard of care of 48 weeks. In addition, after 1-year post-treatment, HBsAg
clearance (6%) was observed only in the extended therapy group [25].

There have been many attempts to identify pretreatment predictors of response, resulting in
the identification of high ALT levels, low HBV DNA, and virus genotype as significant
predictors [7-9]. When combining data from the two largest clinical trials regarding HBeAg-
positive CHB patients [16,26], Buster et al. found that the best candidates for a sustained
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response to Peg-IFN were genotype A patients with high levels of ALT (ALT≥2xULN) or low
levels of HBV DNA (<9 log10 copies/ml), and genotypes B and C patients who have both high
levels of ALT and low HBV DNA. Genotype D patients have a low chance of sustained
response [19]. However, these factors cannot accurately predict response at the individual
level; furthermore, ALT and HBV DNA levels are time-dependent and thus their use in clinical
practice is difficult.

To obtain additional insight into the individual patient’s probability of achieving response to
Peg-IFN, the presence of precore and basal core promoter mutants before treatment has been
correlated to the serological and virological response in HBeAg-positive CHB patients [27].
Data from this study demonstrated that the presence of a wild-type virus at baseline was an
independent predictor of response to Peg-IFN and can assist in improving patient selection
for this treatment option [27]. Lastly, the role of IL28B polymorphisms, clearly indicated as a
baseline host factor predictor of response in patients with chronic hepatitis C, has been also
investigated in CHB patients. Studies in HBeAg-positive patients provided conflicting results,
while, in the only study carried out in HBeAg-negative genotype D patients, the rs12979860
genotype in the IL28B locus independently predicted both virological and serological respons‐
es [28-31]. Therefore, further studies are necessary to define the role of IL28B polymorphisms
as a baseline factor to improve pretreatment patient selection.

A promising approach to improve the cost-effectiveness of Peg-IFN therapy is a response-
guided treatment, based on HBsAg kinetics which permit early identification of either
responders, for whom continuation of treatment to week 48 could be beneficial, or non-
responders who should discontinue IFN treatment.

Two stopping rules at week 12 have been proposed for HBeAg-positive patients: 1) no HBsAg
decline, 2) HBsAg levels >20 000 IU/ml [24,32,33]. The negative predictive value (NPV) for a
sustained response ranged from 82% to 100%, depending on prevalence of HBV genotypes in
the various studies. In HBeAg-negative genotype D patients, no HBsAg decline and <2 log
copies/ml HBV DNA decline at week 12 has been proposed as a stopping rule and independ‐
ently validated with a 100% NPV [34,35]. Overall, therapy with Peg-IFN could be discontinued
at week 12 in the 20% of primary non-responders, who are therefore candidates for suppressive
therapy with NAs.

12. NA-based therapy: Update

Entecavir and tenofovir are the third-generation NAs recommended as first line therapy for
CHB NA-naïve patients by all international guidelines. In registration trials, both antivirals
demonstrated a long-lasting efficacy (viral suppression in more than 95% of patients over 5
years) associated with prevention of developing cirrhosis and to a greater extent, with fibrosis re‐
gression [36-40]. Moreover, these studies reported a minimal risk of drug resistance (1.2% with
ETV after six years and 0% with TDF after 5 years) and a favourable safety profile [39-43]. How‐
ever, as registration trials are conducted under standardized conditions in well-selected and
compliant patients, long-term efficacy and safety of ETV and TDF remain to be confirmed in real-

Current Concepts on Management of Chronic Hepatitis B
http://dx.doi.org/10.5772/54759

155



life patients who generally have a more complex clinical profile as they are usually older with a
higher prevalence of cirrhosis and comorbidities treated with several concomitant medications.

13. Entecavir in real-life practice

Currently, 2,736 CHB naïve patients have been treated with ETV monotherapy in six real-life
studies and 4-year efficacy and safety data are available for two of these. In a multicenter Italian
study, 418 consecutive NA-naïve patients initiating treatment with ETV 0.5 mg/die were
enrolled. In this cohort, at baseline patients were older (median age 58 years), were predomi‐
nately infected with HBV genotype D (90%), presented a diagnosis of cirrhosis in 49% and
concomitant disease in 56%. Viral suppression was achieved in 100% of patients over 48
months of therapy, independent of HBeAg status. Only one patient with a partial virological
response at week 48 developed resistance at year 3 of treatment with a cumulative rate of 0.2%.
In HBeAg-positive patients, the 4-year cumulative probability of HBeAg seroconversion and
HBsAg loss were 56% and 21%, respectively. However, despite persistent suppression of viral
replication, HCC developed in cirrhotic patients at 2.5% yearly rates, making continuous
surveillance for liver cancer mandatory [44].

A cohort from Hong Kong included 222 NA-naïve patients who demonstrated a 96% 4-year
cumulative rate of virological response [45]. Only one patient developed resistance, corre‐
sponding to a 0.6% cumulative resistance rate up to year-4.

The safety profile of ETV in real-life studies has been excellent, as there have been no reports
of drug-related adverse reactions, discontinuation, or renal toxicity [44-46].

In the VIRGIL multicenter study including 243 consecutive NA-naïve patients receiving ETV
monotherapy, the cumulative probability of achieving a virological response at week 144 was
90% in HBeAg-positive patients and 99% in HBeAg-negative patients [47]. In this cohort, 81%
of patients with partial virological response at 48 weeks reached a virological response during
prolonged ETV monotherapy and no patient developed ETV resistance. When stratifying
patients according to their viral load at week 48, 95% of patients with HBV DNA<1000 IU/ml
and 57% of patients with HBV DNA>1000 IU/ml achieved a virological response without
treatment adaptation during the prolonged treatment period beyond week 48. Therefore, the
authors concluded that no treatment adaptation is needed in the majority of NA-naïve patients
treated with ETV and obtaining partial virological response, particularly in those with HBV
DNA <1000 IU/mL at week 48. In addition, data from the Virgil cohort demonstrated that in
cirrhotic patients, virological response to ETV is associated with a lower probability of
developing a clinical event and disease progression [48].

14. Tenofovir in real-life practice

A total of 1,203 CHB patients, including both NA-naïve and experienced, were treated with
TDF monotherapy in real-life. In the multicenter European cohort study, 302 consecutive NA-
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naïve patients receiving tenofovir (245mg/die) were retrospectively and prospectively
followed for a median period of 28 months. At baseline, median age was 55 years, 35% of
patients had cirrhosis, and concomitant diseases were present in 43% [49]. By month 36,
virological response was reached in 86% of HBeAg-positive patients and 98% of HBeAg-
negative patients. No patient developed drug resistance and, in HBeAg-positive patients,
cumulative probability of HBeAg seroconversion at 30 month was 33%. Most partial virolog‐
ical responders at week 48 achieved undetectable HBV DNA during additional treatment. Data
from this European cohort confirmed the safety profile of TDF reported in the registration
studies. Discontinuation therapy was reported in 9 patients (3%) including renal-related
adverse events in two. The TDF dose was reduced in ten patients (3%) because of a decline in
the estimated glomerular filtration rate [49].

15. Antiviral treatment failure

All patients receiving NA-therapy for CHB should be closely monitored for virologic response
defined as undetectable HBV DNA by a sensitive PCR assay. Failure of antiviral therapy may
be due to several reasons and three types of treatment failure can be identified: 1) Primary Non
Response; 2) Partial Virologic Response; 3) Virologic Breakthrough [50] (Figure 6).

A cohort from Hong Kong included 222 NA‐naïve patients who demonstrated a 96% 4‐year cumulative rate of virological response 
[45]. Only one patient developed resistance, corresponding to a 0.6% cumulative resistance rate up to year‐4.  

The safety profile of ETV  in real‐life studies has been excellent, as  there have been no reports of drug‐related adverse reactions, 
discontinuation, or renal toxicity [44‐46]. 

In  the  VIRGIL  multicenter  study  including  243  consecutive  NA‐naïve  patients  receiving  ETV  monotherapy,  the  cumulative 
probability  of  achieving  a  virological  response  at week  144 was  90%  in HBeAg‐positive  patients  and  99%  in HBeAg‐negative 
patients  [47].  In  this cohort, 81% of patients with partial virological response at 48 weeks reached a virological response during 
prolonged ETV monotherapy and no patient developed ETV resistance. When stratifying patients according to their viral load at 
week  48,  95%  of patients with HBV DNA<1000  IU/ml  and  57% of patients with HBV DNA>1000  IU/ml  achieved  a virological 
response without treatment adaptation during the prolonged treatment period beyond week 48. Therefore, the authors concluded 
that no  treatment adaptation  is needed  in  the majority of NA‐naïve patients  treated with ETV and obtaining partial virological 
response, particularly in those with HBV DNA <1000 IU/mL at week 48. In addition, data from the Virgil cohort demonstrated that 
in cirrhotic patients, virological response to ETV is associated with a lower probability of developing a clinical event and disease 
progression [48].  

14. Tenofovir in real‐life practice 

A total of 1,203 CHB patients, including both NA‐naïve and experienced, were treated with TDF monotherapy in real‐life. In the 
multicenter European cohort study, 302 consecutive NA‐naïve patients receiving  tenofovir  (245mg/die) were retrospectively and 
prospectively followed for a median period of 28 months. At baseline, median age was 55 years, 35% of patients had cirrhosis, and 
concomitant diseases were present in 43% [49]. By month 36, virological response was reached in 86% of HBeAg‐positive patients 
and  98%  of  HBeAg‐negative  patients.  No  patient  developed  drug  resistance  and,  in  HBeAg‐positive  patients,  cumulative 
probability of HBeAg seroconversion at 30 month was 33%. Most partial virological responders at week 48 achieved undetectable 
HBV DNA  during  additional  treatment. Data  from  this  European  cohort  confirmed  the  safety  profile  of  TDF  reported  in  the 
registration studies. Discontinuation  therapy was reported  in 9 patients  (3%)  including renal‐related adverse events  in  two. The 
TDF dose was reduced in ten patients (3%) because of a decline in the estimated glomerular filtration rate [49].  

15. Antiviral treatment failure 

All patients receiving NA‐therapy for CHB should be closely monitored for virologic response defined as undetectable HBV DNA 
by a sensitive PCR assay. Failure of antiviral  therapy may be due  to several reasons and  three  types of  treatment  failure can be 
identified: 1) Primary Non Response; 2) Partial Virologic Response; 3) Virologic Breakthrough [50] (Figure 6). 
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Figure 6. Antiviral treatment failure in patients receiving NA‐therapy 

Primary non response is defined as less than 1 log10 IU/ml decrease in HBV DNA level from baseline after 3 months of therapy; the 
cause might be attributed to lack of compliance or to reduced drug susceptibility in a particular individual. Primary non response 
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Figure 6. Antiviral treatment failure in patients receiving NA-therapy

Primary non response is defined as less than 1 log10 IU/ml decrease in HBV DNA level from
baseline after 3 months of therapy; the cause might be attributed to lack of compliance or to
reduced drug susceptibility in a particular individual. Primary non response seems to be more
frequent with Adefovir than with other NAs because of sub-optimal antiviral efficacy. When
a primary non response is identified antiviral treatment should be modified to prevent disease
progression and drug resistant development. In a compliant patient HBV genotyping for the
identification of possible resistant mutations should be performed and a switch to a more
potent NA is recommended [7].
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life patients who generally have a more complex clinical profile as they are usually older with a
higher prevalence of cirrhosis and comorbidities treated with several concomitant medications.

13. Entecavir in real-life practice

Currently, 2,736 CHB naïve patients have been treated with ETV monotherapy in six real-life
studies and 4-year efficacy and safety data are available for two of these. In a multicenter Italian
study, 418 consecutive NA-naïve patients initiating treatment with ETV 0.5 mg/die were
enrolled. In this cohort, at baseline patients were older (median age 58 years), were predomi‐
nately infected with HBV genotype D (90%), presented a diagnosis of cirrhosis in 49% and
concomitant disease in 56%. Viral suppression was achieved in 100% of patients over 48
months of therapy, independent of HBeAg status. Only one patient with a partial virological
response at week 48 developed resistance at year 3 of treatment with a cumulative rate of 0.2%.
In HBeAg-positive patients, the 4-year cumulative probability of HBeAg seroconversion and
HBsAg loss were 56% and 21%, respectively. However, despite persistent suppression of viral
replication, HCC developed in cirrhotic patients at 2.5% yearly rates, making continuous
surveillance for liver cancer mandatory [44].

A cohort from Hong Kong included 222 NA-naïve patients who demonstrated a 96% 4-year
cumulative rate of virological response [45]. Only one patient developed resistance, corre‐
sponding to a 0.6% cumulative resistance rate up to year-4.

The safety profile of ETV in real-life studies has been excellent, as there have been no reports
of drug-related adverse reactions, discontinuation, or renal toxicity [44-46].

In the VIRGIL multicenter study including 243 consecutive NA-naïve patients receiving ETV
monotherapy, the cumulative probability of achieving a virological response at week 144 was
90% in HBeAg-positive patients and 99% in HBeAg-negative patients [47]. In this cohort, 81%
of patients with partial virological response at 48 weeks reached a virological response during
prolonged ETV monotherapy and no patient developed ETV resistance. When stratifying
patients according to their viral load at week 48, 95% of patients with HBV DNA<1000 IU/ml
and 57% of patients with HBV DNA>1000 IU/ml achieved a virological response without
treatment adaptation during the prolonged treatment period beyond week 48. Therefore, the
authors concluded that no treatment adaptation is needed in the majority of NA-naïve patients
treated with ETV and obtaining partial virological response, particularly in those with HBV
DNA <1000 IU/mL at week 48. In addition, data from the Virgil cohort demonstrated that in
cirrhotic patients, virological response to ETV is associated with a lower probability of
developing a clinical event and disease progression [48].

14. Tenofovir in real-life practice

A total of 1,203 CHB patients, including both NA-naïve and experienced, were treated with
TDF monotherapy in real-life. In the multicenter European cohort study, 302 consecutive NA-
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naïve patients receiving tenofovir (245mg/die) were retrospectively and prospectively
followed for a median period of 28 months. At baseline, median age was 55 years, 35% of
patients had cirrhosis, and concomitant diseases were present in 43% [49]. By month 36,
virological response was reached in 86% of HBeAg-positive patients and 98% of HBeAg-
negative patients. No patient developed drug resistance and, in HBeAg-positive patients,
cumulative probability of HBeAg seroconversion at 30 month was 33%. Most partial virolog‐
ical responders at week 48 achieved undetectable HBV DNA during additional treatment. Data
from this European cohort confirmed the safety profile of TDF reported in the registration
studies. Discontinuation therapy was reported in 9 patients (3%) including renal-related
adverse events in two. The TDF dose was reduced in ten patients (3%) because of a decline in
the estimated glomerular filtration rate [49].

15. Antiviral treatment failure

All patients receiving NA-therapy for CHB should be closely monitored for virologic response
defined as undetectable HBV DNA by a sensitive PCR assay. Failure of antiviral therapy may
be due to several reasons and three types of treatment failure can be identified: 1) Primary Non
Response; 2) Partial Virologic Response; 3) Virologic Breakthrough [50] (Figure 6).

A cohort from Hong Kong included 222 NA‐naïve patients who demonstrated a 96% 4‐year cumulative rate of virological response 
[45]. Only one patient developed resistance, corresponding to a 0.6% cumulative resistance rate up to year‐4.  

The safety profile of ETV  in real‐life studies has been excellent, as  there have been no reports of drug‐related adverse reactions, 
discontinuation, or renal toxicity [44‐46]. 

In  the  VIRGIL  multicenter  study  including  243  consecutive  NA‐naïve  patients  receiving  ETV  monotherapy,  the  cumulative 
probability  of  achieving  a  virological  response  at week  144 was  90%  in HBeAg‐positive  patients  and  99%  in HBeAg‐negative 
patients  [47].  In  this cohort, 81% of patients with partial virological response at 48 weeks reached a virological response during 
prolonged ETV monotherapy and no patient developed ETV resistance. When stratifying patients according to their viral load at 
week  48,  95%  of patients with HBV DNA<1000  IU/ml  and  57% of patients with HBV DNA>1000  IU/ml  achieved  a virological 
response without treatment adaptation during the prolonged treatment period beyond week 48. Therefore, the authors concluded 
that no  treatment adaptation  is needed  in  the majority of NA‐naïve patients  treated with ETV and obtaining partial virological 
response, particularly in those with HBV DNA <1000 IU/mL at week 48. In addition, data from the Virgil cohort demonstrated that 
in cirrhotic patients, virological response to ETV is associated with a lower probability of developing a clinical event and disease 
progression [48].  

14. Tenofovir in real‐life practice 

A total of 1,203 CHB patients, including both NA‐naïve and experienced, were treated with TDF monotherapy in real‐life. In the 
multicenter European cohort study, 302 consecutive NA‐naïve patients receiving  tenofovir  (245mg/die) were retrospectively and 
prospectively followed for a median period of 28 months. At baseline, median age was 55 years, 35% of patients had cirrhosis, and 
concomitant diseases were present in 43% [49]. By month 36, virological response was reached in 86% of HBeAg‐positive patients 
and  98%  of  HBeAg‐negative  patients.  No  patient  developed  drug  resistance  and,  in  HBeAg‐positive  patients,  cumulative 
probability of HBeAg seroconversion at 30 month was 33%. Most partial virological responders at week 48 achieved undetectable 
HBV DNA  during  additional  treatment. Data  from  this  European  cohort  confirmed  the  safety  profile  of  TDF  reported  in  the 
registration studies. Discontinuation  therapy was reported  in 9 patients  (3%)  including renal‐related adverse events  in  two. The 
TDF dose was reduced in ten patients (3%) because of a decline in the estimated glomerular filtration rate [49].  

15. Antiviral treatment failure 

All patients receiving NA‐therapy for CHB should be closely monitored for virologic response defined as undetectable HBV DNA 
by a sensitive PCR assay. Failure of antiviral  therapy may be due  to several reasons and  three  types of  treatment  failure can be 
identified: 1) Primary Non Response; 2) Partial Virologic Response; 3) Virologic Breakthrough [50] (Figure 6). 
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Figure 6. Antiviral treatment failure in patients receiving NA‐therapy 

Primary non response is defined as less than 1 log10 IU/ml decrease in HBV DNA level from baseline after 3 months of therapy; the 
cause might be attributed to lack of compliance or to reduced drug susceptibility in a particular individual. Primary non response 

EASL 2012 HBV Guidelines (Ref. 7)

Figure 6. Antiviral treatment failure in patients receiving NA-therapy

Primary non response is defined as less than 1 log10 IU/ml decrease in HBV DNA level from
baseline after 3 months of therapy; the cause might be attributed to lack of compliance or to
reduced drug susceptibility in a particular individual. Primary non response seems to be more
frequent with Adefovir than with other NAs because of sub-optimal antiviral efficacy. When
a primary non response is identified antiviral treatment should be modified to prevent disease
progression and drug resistant development. In a compliant patient HBV genotyping for the
identification of possible resistant mutations should be performed and a switch to a more
potent NA is recommended [7].
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Partial virological response is defined as a decrease in HBV DNA of more than 1 log10 IU/ml, but
detectable HBV DNA after 24 weeks of therapy in compliant patients treated with low genetic
barrier NAs (LAM, LdT) and after 48 weeks in patients receiving ADV.

Several studies demonstrated that in patients with persisting viremia after 24 weeks of LAM
therapy or 48 weeks of ADV therapy, there is a greater risk of resistance development with
further treatment, compared to patients with undetectable HBV DNA. Therefore, an alterna‐
tive treatment should be considered in these patients before emergence of genotypic resistance
and a change to a more potent drug (entecavir or tenofovir) without cross-resistance is
recommended [7]. With the more potent and high genetic barrier drugs, such as ETV and TDF,
it has been shown that the rate of viral suppression continues to increase even after one year
of treatment, without evidence of drug-resistance [7]. These data suggest that a modification
of therapy is not necessary in patients with partial virological response under entecavir or
tenofovir, especially in those with declining serum HBV DNA levels. However, in patients
with persisting low viremia or when HBV DNA levels do not continue to decline, treatment
should be adapted (switching or adding the other drug) in order to maximize viral suppression
and prevent long-term resistance [7].

Virological  breakthrough  is  defined  as  a  confirmed  increase  in  HBV  DNA  level  of  more
than 1 log10 IU/ml compared to the lowest value (nadir) achieved during treatment. In all
patients  with  a  virological  breakthrough,  treatment  compliance  should  be  assessed.  In
compliant  patients,  virological  breakthrough is  related to  the  selection of  HBV drug-re‐
sistant mutants [50].

16. Antiviral drug-resistance

Antiviral drug-resistance is defined as the reduced susceptibility of a virus to the inhibitory
effect of a drug due to adaptive mutations selected under the selective pressure of antiviral
therapy. In CHB patients treated with NAs, antiviral drug-resistance is due to mutations within
the Polymerase gene of HBV, thus resulting in amino acid substitutions within the polymerase/
reverse transcriptase, target of all NAs. These amino acid changes reduce the affinity of the
enzyme for the antiviral drug, in favor of natural substrates. Moreover, the resistance-
associated mutations selected by a particular NA confer at least some degree of cross-resistance
to other members of its structural group but may also diminish the sensitivity to NAs from a
different chemical group, thus limiting future treatment options (Figure 7).

Development of antiviral drug-resistance is a complex and multistep phenomenon. Figure 8
shows the chronology of events.

Initially, during antiviral therapy, there is the emergence of mutants containing the primary
mutations which are known to confer resistance to the antiviral drug (genotypic resistance).
If treatment is continued, resistant mutants are selected under the selective pressure of the
drug, and over time become the dominant viral species, producing the progressive increase in
serum HBV DNA levels. The virological breakthrough is then followed by a biochemical
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breakthrough, defined as elevation in serum alanine aminotransferase, after achieving
normalization. The time span between virological and biochemical breakthrough may vary
from weeks to years.

seems  to be more  frequent with Adefovir  than with other NAs because of  sub‐optimal antiviral  efficacy. When a primary non 
response is identified antiviral treatment should be modified to prevent disease progression and drug resistant development. In a 
compliant patient HBV genotyping  for  the  identification of possible  resistant mutations should be performed and a  switch  to a 
more potent NA is recommended [7].  

Partial virological response is defined as a decrease in HBV DNA of more than 1 log10 IU/ml, but detectable HBV DNA after 24 weeks 
of therapy in compliant patients treated with low genetic barrier NAs (LAM, LdT) and after 48 weeks in patients receiving ADV.  

Several studies demonstrated that in patients with persisting viremia after 24 weeks of LAM therapy or 48 weeks of ADV therapy, 
there  is  a  greater  risk  of  resistance  development with  further  treatment,  compared  to  patients with  undetectable HBV DNA. 
Therefore, an alternative treatment should be considered in these patients before emergence of genotypic resistance and a change 
to a more potent drug (entecavir or tenofovir) without cross‐resistance is recommended [7]. With the more potent and high genetic 
barrier drugs, such as ETV and TDF, it has been shown that the rate of viral suppression continues to increase even after one year 
of treatment, without evidence of drug‐resistance [7]. These data suggest that a modification of therapy is not necessary in patients 
with partial virological response under entecavir or tenofovir, especially in those with declining serum HBV DNA levels. However, 
in  patients with  persisting  low  viremia  or when HBV DNA  levels  do  not  continue  to  decline,  treatment  should  be  adapted 
(switching or adding the other drug) in order to maximize viral suppression and prevent long term resistance [7].  

Virological breakthrough  is defined as a confirmed  increase  in HBV DNA  level of more than 1  log10 IU/ml compared to the  lowest 
value (nadir) achieved during treatment. In all patients with a virological breakthrough, treatment compliance should be assessed. 
In compliant patients, virological breakthrough is related to the selection of HBV drug‐resistant mutants [50].  

16. Antiviral drug‐resistance 

Antiviral drug‐resistance  is defined  as  the  reduced  susceptibility  of  a  virus  to  the  inhibitory  effect  of  a drug due  to  adaptive 
mutations selected under the selective pressure of antiviral therapy. In CHB patients treated with NAs, antiviral drug‐resistance is 
due  to mutations within  the Polymerase gene of HBV,  thus resulting  in amino acid substitutions within  the polymerase/reverse 
transcriptase,  target of  all NAs. These amino  acid  changes  reduce  the affinity of  the  enzyme  for  the antiviral drug,  in  favor of 
natural substrates. Moreover, the resistance‐associated mutations selected by a particular NA confer at least some degree of cross‐
resistance to other members of its structural group but may also diminish the sensitivity to NAs from a different chemical group, 
thus limiting future treatment options (Figure 7). 

HBV variant LVD LdT ETV ADV TDF
Wild-type S S S S S
M204I/V R R I S S
L180M+M204V R R I S S
A181T/V R R S R I
N236T S S S R I
A181T/V + N236T R R S R R
L180M+M204V/I ± I169T ± T184G ±
S202I/G ± M250I/V

R R R S S

S= sensitive, I= intermediate/reduced susceptibility, R= resistant

Zoulim and Locarnini. J Hepatol 2012 (Ref. 50)

 

Figure 7. Cross‐resistance data for the most frequent resistant HBV variants 

Development of antiviral drug‐resistance is a complex and multistep phenomenon. Figure 8 shows the chronology of events. 

Zoulim and Locarnini. J. Hepatol 2012 (Ref. 50)

Figure 7. Cross-resistance data for the most frequent resistant HBV variants
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Initially, during antiviral therapy, there is the emergence of mutants containing the primary mutations which are known to confer 
resistance to the antiviral drug (genotypic resistance). If treatment is continued, resistant mutants are selected under the selective 
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Development of antiviral drug-resistance has important clinical implications, as it provokes
the loss of clinical benefits due to treatment. The selection of drug-resistant mutants was one
of the most important concerns with the first and second generation NAs, especially with LAM
(Figure 3). Currently, the availability of most potent antivirals with a high barrier to resistance,
such as entecavir and tenofovir, significantly reduced the rates of resistance. Consequently,
the correct choice of a first-line monotherapy provides the best chance of preventing treatment
failure and drug resistance.
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Partial virological response is defined as a decrease in HBV DNA of more than 1 log10 IU/ml, but
detectable HBV DNA after 24 weeks of therapy in compliant patients treated with low genetic
barrier NAs (LAM, LdT) and after 48 weeks in patients receiving ADV.

Several studies demonstrated that in patients with persisting viremia after 24 weeks of LAM
therapy or 48 weeks of ADV therapy, there is a greater risk of resistance development with
further treatment, compared to patients with undetectable HBV DNA. Therefore, an alterna‐
tive treatment should be considered in these patients before emergence of genotypic resistance
and a change to a more potent drug (entecavir or tenofovir) without cross-resistance is
recommended [7]. With the more potent and high genetic barrier drugs, such as ETV and TDF,
it has been shown that the rate of viral suppression continues to increase even after one year
of treatment, without evidence of drug-resistance [7]. These data suggest that a modification
of therapy is not necessary in patients with partial virological response under entecavir or
tenofovir, especially in those with declining serum HBV DNA levels. However, in patients
with persisting low viremia or when HBV DNA levels do not continue to decline, treatment
should be adapted (switching or adding the other drug) in order to maximize viral suppression
and prevent long-term resistance [7].

Virological  breakthrough  is  defined  as  a  confirmed  increase  in  HBV  DNA  level  of  more
than 1 log10 IU/ml compared to the lowest value (nadir) achieved during treatment. In all
patients  with  a  virological  breakthrough,  treatment  compliance  should  be  assessed.  In
compliant  patients,  virological  breakthrough is  related to  the  selection of  HBV drug-re‐
sistant mutants [50].

16. Antiviral drug-resistance

Antiviral drug-resistance is defined as the reduced susceptibility of a virus to the inhibitory
effect of a drug due to adaptive mutations selected under the selective pressure of antiviral
therapy. In CHB patients treated with NAs, antiviral drug-resistance is due to mutations within
the Polymerase gene of HBV, thus resulting in amino acid substitutions within the polymerase/
reverse transcriptase, target of all NAs. These amino acid changes reduce the affinity of the
enzyme for the antiviral drug, in favor of natural substrates. Moreover, the resistance-
associated mutations selected by a particular NA confer at least some degree of cross-resistance
to other members of its structural group but may also diminish the sensitivity to NAs from a
different chemical group, thus limiting future treatment options (Figure 7).

Development of antiviral drug-resistance is a complex and multistep phenomenon. Figure 8
shows the chronology of events.

Initially, during antiviral therapy, there is the emergence of mutants containing the primary
mutations which are known to confer resistance to the antiviral drug (genotypic resistance).
If treatment is continued, resistant mutants are selected under the selective pressure of the
drug, and over time become the dominant viral species, producing the progressive increase in
serum HBV DNA levels. The virological breakthrough is then followed by a biochemical
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breakthrough, defined as elevation in serum alanine aminotransferase, after achieving
normalization. The time span between virological and biochemical breakthrough may vary
from weeks to years.

seems  to be more  frequent with Adefovir  than with other NAs because of  sub‐optimal antiviral  efficacy. When a primary non 
response is identified antiviral treatment should be modified to prevent disease progression and drug resistant development. In a 
compliant patient HBV genotyping  for  the  identification of possible  resistant mutations should be performed and a  switch  to a 
more potent NA is recommended [7].  

Partial virological response is defined as a decrease in HBV DNA of more than 1 log10 IU/ml, but detectable HBV DNA after 24 weeks 
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there  is  a  greater  risk  of  resistance  development with  further  treatment,  compared  to  patients with  undetectable HBV DNA. 
Therefore, an alternative treatment should be considered in these patients before emergence of genotypic resistance and a change 
to a more potent drug (entecavir or tenofovir) without cross‐resistance is recommended [7]. With the more potent and high genetic 
barrier drugs, such as ETV and TDF, it has been shown that the rate of viral suppression continues to increase even after one year 
of treatment, without evidence of drug‐resistance [7]. These data suggest that a modification of therapy is not necessary in patients 
with partial virological response under entecavir or tenofovir, especially in those with declining serum HBV DNA levels. However, 
in  patients with  persisting  low  viremia  or when HBV DNA  levels  do  not  continue  to  decline,  treatment  should  be  adapted 
(switching or adding the other drug) in order to maximize viral suppression and prevent long term resistance [7].  

Virological breakthrough  is defined as a confirmed  increase  in HBV DNA  level of more than 1  log10 IU/ml compared to the  lowest 
value (nadir) achieved during treatment. In all patients with a virological breakthrough, treatment compliance should be assessed. 
In compliant patients, virological breakthrough is related to the selection of HBV drug‐resistant mutants [50].  

16. Antiviral drug‐resistance 

Antiviral drug‐resistance  is defined  as  the  reduced  susceptibility  of  a  virus  to  the  inhibitory  effect  of  a drug due  to  adaptive 
mutations selected under the selective pressure of antiviral therapy. In CHB patients treated with NAs, antiviral drug‐resistance is 
due  to mutations within  the Polymerase gene of HBV,  thus resulting  in amino acid substitutions within  the polymerase/reverse 
transcriptase,  target of  all NAs. These amino  acid  changes  reduce  the affinity of  the  enzyme  for  the antiviral drug,  in  favor of 
natural substrates. Moreover, the resistance‐associated mutations selected by a particular NA confer at least some degree of cross‐
resistance to other members of its structural group but may also diminish the sensitivity to NAs from a different chemical group, 
thus limiting future treatment options (Figure 7). 

HBV variant LVD LdT ETV ADV TDF
Wild-type S S S S S
M204I/V R R I S S
L180M+M204V R R I S S
A181T/V R R S R I
N236T S S S R I
A181T/V + N236T R R S R R
L180M+M204V/I ± I169T ± T184G ±
S202I/G ± M250I/V

R R R S S

S= sensitive, I= intermediate/reduced susceptibility, R= resistant
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Initially, during antiviral therapy, there is the emergence of mutants containing the primary mutations which are known to confer 
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entecavir and  tenofovir, have significantly  lower rates of resistance. Consequently,  the correct choice of a  first  line monotherapy 
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direct  PCR‐based  sequencing, which  detects  all mutations  present  in  a  resistant mutant  if  it  is  present  in  ≥20%  of  the  viral 
quasispecies,  and  a  hybridization‐based  genotyping method, which  can  detect  only  known  nucleotide mutations,  but  is more 
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Development of antiviral drug-resistance has important clinical implications, as it provokes
the loss of clinical benefits due to treatment. The selection of drug-resistant mutants was one
of the most important concerns with the first and second generation NAs, especially with LAM
(Figure 3). Currently, the availability of most potent antivirals with a high barrier to resistance,
such as entecavir and tenofovir, significantly reduced the rates of resistance. Consequently,
the correct choice of a first-line monotherapy provides the best chance of preventing treatment
failure and drug resistance.
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In clinical practice, the early identification of the virologic breakthrough permits an effec‐
tive  timely  rescue  therapy,  before  the  biochemical  breakthrough,  thus  avoiding  disease
progression,  decompensation  in  patients  with  advanced  cirrhosis,  and  accumulation  of
secondary  mutations  which  may  improve  viral  fitness  and  may  become  the  basis  for
cross-resistance with other NAs.

In all patients with a virological breakthrough, genotypic resistance testing should be per‐
formed to confirm genotypic resistance and to determine the pattern of mutations. There are
two commercially available methods for detection of resistance mutations: a direct PCR-based
sequencing, which detects all mutations present in a resistant mutant if it is present in ≥20%
of the viral quasispecies, and a hybridization-based genotyping method, which can detect only
known nucleotide mutations, but is more sensitive, allowing for detection of mutants when
they constitute 5% or more of the total viral population.

The management of treatment failure has changed significantly in recent years, due to the
availability of potent antivirals. An appropriate rescue therapy should be initiated with the
most effective antiviral drug without cross-resistance to reduce the risk of selecting multiple
drug-resistant viral strains. The add-on strategy is the therapeutic approach recommended by
guidelines, in order to prevent the emergence of multi-drug resistant strains and raise the
resistance barrier. However, with the availability of more potent drugs, such as entecavir and
tenofovir, there is a trend to recommend a switch to a complementary drug having a high
barrier to resistance. Both options are considered in the recent EASL guidelines [7]. Recom‐
mendations for treatment adaptation in CHB-resistant patients are showed in Table 3. The
switch strategy does not apply to patients who have been exposed to multiple monotherapies;
these patients should be treated with add-on strategies in order to minimize the risk of
subsequent treatment failure.

Resistance Action

LAM resistance Switch to TDF (add ADV if TDF not available)

ADV resistance

If patient was NA naive before ADV: Switch to ETV or TDF; 
ETV may be preferred in such patients with high viraemia

If patient had prior LAM resistance: Switch to TDF and 
add a nucleoside analogue

LdT resistance Switch to or add TDF (add ADV if TDF not available)

ETV resistance Switch to or add TDF (add ADV if TDF not available)

TDF resistance
TDF resistance not detected to date: add a nucleoside 
analogue. Switch to ETV if patient had no prior LAM 
resistance 

EASL 2012 HBV Guidelines (Ref.7)

 

Table 3. EASL 2012 Guidelines recommendations in resistant patients 

17. Summary and conclusions 

Chronic hepatitis B  remains a  serious  clinical problem because of  its worldwide distribution  and potential progression of  liver 
damage. Over  the  last decades,  treatment of CHB has greatly advanced due  to  the availability of  safe and  effective drugs  and 
guidelines  have  been  developed.  Both  Peg‐IFN  and  two NAs,  entecavir  and  tenofovir,  can  currently  be  indicated  as  fist‐line 
therapies for CHB.  

Peg‐IFN treatment is a short term treatment strategy which provides a significant off‐treatment sustained responses, including loss 
of HBsAg. However, as Peg‐IFN  is effective  in 20‐30% of patients,  it  should,  therefore, be considered only  for patients with an 
elevated possibility of response based on pre‐treatment and on‐treatment factors. In particular quantitative HBV‐DNA and HBsAg 
may be  suitable  to  early  identify patients who are unlikely  to benefit  from Peg‐IFN  early during  the  treatment  course,  thereby 
avoiding  unnecessary  treatment. Nevertheless,  despite  this  individualised  and  response‐guided  approach,  increasing  the  cost‐
effectiveness  of Peg‐IFN  therapy  remains  a  clinical  challenge. Combining Peg‐IFN with NA  appears  to  be  the most  appealing 
approach to increase the efficacy of antiviral therapy and new trials on a combination of Peg‐IFN with ETV or TDF are required. 

Currently,  nucleos(t)ides  analogues  represent  the  treatment  option  used  in  the majority  of  CHB  patients  due  to  their  potent 
antiviral effect, oral administration  (one oral  tablet daily) and optimum  tolerance.  In  registration  trials, entecavir and  tenofovir, 
third‐generation  potent  antivirals  with  a  high  barrier  to  resistance,  showed  long  term  HBV‐DNA  suppression,  low  rise  of 
resistance, potential  reversion  of  fibrosis  and no progression  to  cirrhosis,  and  lower  risk  of  adverse  clinical  events  in  cirrhotic 
patients, except  for HCC development. Real  life studies have confirmed  the  long  term efficacy and safety of  these  two  first‐line 
NAs. However, NAs  require  a  long  term, perhaps  indefinite,  treatment  thus  raising  several  concerns: patient’s  commitment  to 
lifelong  treatment, adherence,  long  term safety, drug resistance  in  the  long  term and costs. Combination of  IFN and NAs might 
achieve an antiviral synergy and provide new opportunities  to  increase HBsAg clearance  rates and shorten  treatment duration. 
New studies exploring different strategies of combining Peg‐IFN with ETV or TDF are required to further improve the treatment of 
chronic hepatitis B. 
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17. Summary and conclusions

Chronic hepatitis B remains a serious clinical problem because of its worldwide distribution
and potential progression of liver damage. Over the last decades, treatment of CHB has greatly
advanced due to the availability of safe and effective drugs and guidelines have been devel‐
oped. Both Peg-IFN and two NAs, entecavir and tenofovir, can currently be indicated as first-
line therapies for CHB.

Peg-IFN  treatment  is  a  short-term  treatment  strategy  which  provides  a  significant  off-
treatment  sustained  responses,  including  loss  of  HBsAg.  However,  as  Peg-IFN is  effec‐
tive  in  20-30% of  patients,  it  should,  therefore,  be  considered only  for  patients  with  an
elevated possibility of response based on pre-treatment and on-treatment factors. In par‐
ticular quantitative HBV-DNA and HBsAg may be suitable to early identify patients who
are unlikely to benefit from Peg-IFN early during the treatment course, thereby avoiding
unnecessary treatment. Nevertheless, despite this individualised and response-guided ap‐
proach, increasing the cost-effectiveness of Peg-IFN therapy remains a clinical challenge.
Combining Peg-IFN with NA appears to be the most appealing approach to increase the
efficacy  of  antiviral  therapy  and  new  trials  on  a  combination  of  Peg-IFN  with  ETV  or
TDF are required.

Currently,  nucleos(t)ides  analogues  represent  the  treatment  option  used in  the  majority
of  CHB patients  due to  their  potent  antiviral  effect,  oral  administration (one oral  tablet
daily) and optimum tolerance. In registration trials, entecavir and tenofovir, third-genera‐
tion potent antivirals with a high barrier to resistance, showed long-term HBV-DNA sup‐
pression,  low  rise  of  resistance,  potential  reversion  of  fibrosis  and  no  progression  to
cirrhosis,  and lower risk of  adverse clinical  events  in cirrhotic  patients,  except  for  HCC
development. Real life studies have confirmed the long-term efficacy and safety of these
two first-line NAs. However, NAs require a long-term, perhaps indefinite, treatment thus
raising  several  concerns:  patient’s  commitment  to  lifelong  treatment,  adherence,  long-
term  safety,  drug  resistance  in  the  long-term  and  costs.  Combination  of  IFN  and  NAs
might  achieve  an  antiviral  synergy  and  provide  new  opportunities  to  increase  HBsAg
clearance  rates  and  shorten  treatment  duration.  New  studies  exploring  different  strat‐
egies of combining Peg-IFN with ETV or TDF are required to further improve the treat‐
ment of chronic hepatitis B.
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In clinical practice, the early identification of the virologic breakthrough permits an effec‐
tive  timely  rescue  therapy,  before  the  biochemical  breakthrough,  thus  avoiding  disease
progression,  decompensation  in  patients  with  advanced  cirrhosis,  and  accumulation  of
secondary  mutations  which  may  improve  viral  fitness  and  may  become  the  basis  for
cross-resistance with other NAs.

In all patients with a virological breakthrough, genotypic resistance testing should be per‐
formed to confirm genotypic resistance and to determine the pattern of mutations. There are
two commercially available methods for detection of resistance mutations: a direct PCR-based
sequencing, which detects all mutations present in a resistant mutant if it is present in ≥20%
of the viral quasispecies, and a hybridization-based genotyping method, which can detect only
known nucleotide mutations, but is more sensitive, allowing for detection of mutants when
they constitute 5% or more of the total viral population.

The management of treatment failure has changed significantly in recent years, due to the
availability of potent antivirals. An appropriate rescue therapy should be initiated with the
most effective antiviral drug without cross-resistance to reduce the risk of selecting multiple
drug-resistant viral strains. The add-on strategy is the therapeutic approach recommended by
guidelines, in order to prevent the emergence of multi-drug resistant strains and raise the
resistance barrier. However, with the availability of more potent drugs, such as entecavir and
tenofovir, there is a trend to recommend a switch to a complementary drug having a high
barrier to resistance. Both options are considered in the recent EASL guidelines [7]. Recom‐
mendations for treatment adaptation in CHB-resistant patients are showed in Table 3. The
switch strategy does not apply to patients who have been exposed to multiple monotherapies;
these patients should be treated with add-on strategies in order to minimize the risk of
subsequent treatment failure.

Resistance Action

LAM resistance Switch to TDF (add ADV if TDF not available)

ADV resistance

If patient was NA naive before ADV: Switch to ETV or TDF; 
ETV may be preferred in such patients with high viraemia

If patient had prior LAM resistance: Switch to TDF and 
add a nucleoside analogue

LdT resistance Switch to or add TDF (add ADV if TDF not available)

ETV resistance Switch to or add TDF (add ADV if TDF not available)

TDF resistance
TDF resistance not detected to date: add a nucleoside 
analogue. Switch to ETV if patient had no prior LAM 
resistance 

EASL 2012 HBV Guidelines (Ref.7)
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17. Summary and conclusions 

Chronic hepatitis B  remains a  serious  clinical problem because of  its worldwide distribution  and potential progression of  liver 
damage. Over  the  last decades,  treatment of CHB has greatly advanced due  to  the availability of  safe and  effective drugs  and 
guidelines  have  been  developed.  Both  Peg‐IFN  and  two NAs,  entecavir  and  tenofovir,  can  currently  be  indicated  as  fist‐line 
therapies for CHB.  

Peg‐IFN treatment is a short term treatment strategy which provides a significant off‐treatment sustained responses, including loss 
of HBsAg. However, as Peg‐IFN  is effective  in 20‐30% of patients,  it  should,  therefore, be considered only  for patients with an 
elevated possibility of response based on pre‐treatment and on‐treatment factors. In particular quantitative HBV‐DNA and HBsAg 
may be  suitable  to  early  identify patients who are unlikely  to benefit  from Peg‐IFN  early during  the  treatment  course,  thereby 
avoiding  unnecessary  treatment. Nevertheless,  despite  this  individualised  and  response‐guided  approach,  increasing  the  cost‐
effectiveness  of Peg‐IFN  therapy  remains  a  clinical  challenge. Combining Peg‐IFN with NA  appears  to  be  the most  appealing 
approach to increase the efficacy of antiviral therapy and new trials on a combination of Peg‐IFN with ETV or TDF are required. 

Currently,  nucleos(t)ides  analogues  represent  the  treatment  option  used  in  the majority  of  CHB  patients  due  to  their  potent 
antiviral effect, oral administration  (one oral  tablet daily) and optimum  tolerance.  In  registration  trials, entecavir and  tenofovir, 
third‐generation  potent  antivirals  with  a  high  barrier  to  resistance,  showed  long  term  HBV‐DNA  suppression,  low  rise  of 
resistance, potential  reversion  of  fibrosis  and no progression  to  cirrhosis,  and  lower  risk  of  adverse  clinical  events  in  cirrhotic 
patients, except  for HCC development. Real  life studies have confirmed  the  long  term efficacy and safety of  these  two  first‐line 
NAs. However, NAs  require  a  long  term, perhaps  indefinite,  treatment  thus  raising  several  concerns: patient’s  commitment  to 
lifelong  treatment, adherence,  long  term safety, drug resistance  in  the  long  term and costs. Combination of  IFN and NAs might 
achieve an antiviral synergy and provide new opportunities  to  increase HBsAg clearance  rates and shorten  treatment duration. 
New studies exploring different strategies of combining Peg‐IFN with ETV or TDF are required to further improve the treatment of 
chronic hepatitis B. 
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17. Summary and conclusions

Chronic hepatitis B remains a serious clinical problem because of its worldwide distribution
and potential progression of liver damage. Over the last decades, treatment of CHB has greatly
advanced due to the availability of safe and effective drugs and guidelines have been devel‐
oped. Both Peg-IFN and two NAs, entecavir and tenofovir, can currently be indicated as first-
line therapies for CHB.

Peg-IFN  treatment  is  a  short-term  treatment  strategy  which  provides  a  significant  off-
treatment  sustained  responses,  including  loss  of  HBsAg.  However,  as  Peg-IFN is  effec‐
tive  in  20-30% of  patients,  it  should,  therefore,  be  considered only  for  patients  with  an
elevated possibility of response based on pre-treatment and on-treatment factors. In par‐
ticular quantitative HBV-DNA and HBsAg may be suitable to early identify patients who
are unlikely to benefit from Peg-IFN early during the treatment course, thereby avoiding
unnecessary treatment. Nevertheless, despite this individualised and response-guided ap‐
proach, increasing the cost-effectiveness of Peg-IFN therapy remains a clinical challenge.
Combining Peg-IFN with NA appears to be the most appealing approach to increase the
efficacy  of  antiviral  therapy  and  new  trials  on  a  combination  of  Peg-IFN  with  ETV  or
TDF are required.

Currently,  nucleos(t)ides  analogues  represent  the  treatment  option  used in  the  majority
of  CHB patients  due to  their  potent  antiviral  effect,  oral  administration (one oral  tablet
daily) and optimum tolerance. In registration trials, entecavir and tenofovir, third-genera‐
tion potent antivirals with a high barrier to resistance, showed long-term HBV-DNA sup‐
pression,  low  rise  of  resistance,  potential  reversion  of  fibrosis  and  no  progression  to
cirrhosis,  and lower risk of  adverse clinical  events  in cirrhotic  patients,  except  for  HCC
development. Real life studies have confirmed the long-term efficacy and safety of these
two first-line NAs. However, NAs require a long-term, perhaps indefinite, treatment thus
raising  several  concerns:  patient’s  commitment  to  lifelong  treatment,  adherence,  long-
term  safety,  drug  resistance  in  the  long-term  and  costs.  Combination  of  IFN  and  NAs
might  achieve  an  antiviral  synergy  and  provide  new  opportunities  to  increase  HBsAg
clearance  rates  and  shorten  treatment  duration.  New  studies  exploring  different  strat‐
egies of combining Peg-IFN with ETV or TDF are required to further improve the treat‐
ment of chronic hepatitis B.
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1. Introduction

Hepatitis C virus infection represents the most common cause of chronic hepatitis with
potential evolution into cirrhosis and hepatocellular carcinoma [1]. The infected population
appears heterogeneous for age, modalities of infection, and disease duration [2]. To date the
standard of care of treatment (SOC) has been pegylated interferon alpha 2a or alpha 2b
associated with ribavirin. The main goal of the therapy is the achievement of a sustained
virological response (SVR) defined as undetectable HCV RNA 24 weeks after stopping
treatment.

Several factors influence therapeutic schedules. First of all, HCV genotype 1 (G1) and 4 require
longer treatment as compared to G2 and G3.

Early virologic negativization after starting therapy, together with virus genotype, are the most
important predictors of sustained virological response.

The absence of a virologic response by week 12 has the highest negative predictive value
for all genotypes suggesting that HCV RNA disappearance should be achieved as soon as
possible [3].

Many other factors such as age, gender, degree of fibrosis and viral load influence SVR; more
recently, the single nucleotide polymorphism (SNPs) of the IL28B gene has been demonstrated
to be a good predictor of response [4].

The analysis of large cohorts demonstrates that, even in patients treated for 48 weeks, almost
half of G1 infected patients does not reach a SVR, as compared to 20% of G2/3 [5].

Treatment failure is defined on the basis of the virological response to treatment, as follows:

a. null responders, if the reduction of HCV RNA is less than 1 log10 at week 12 of therapy;
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b. virological nonresponse is considered when the serum HCV RNA level remains above
the limit of detection throughout treatment and is defined as less than 2 log10 decline in
HCV RNA between baseline and week 12;

c. partial responders if the reduction of HCV RNA is at least 2 log10 at 12 weeks but it is still
detectable at week 24;

d. relapsers if HCV RNA decreases and remains below the limit of detection (<50 IU/mL)
during treatment but becomes detectable after cessation of treatment [6].

HCV infection is often characterized by extrahepatic associated diseases. HCV is considered
a stimulus for B-cell clonal expansion underlying benign and malignant B-cell dyscrasias
including a subgroup of B-cells non Hodgkin’s lymphomas. In this context, we must consider
that HCV infection is also characterized by several extrahepatic manifestations. The most
common and well characterized is mixed cryoglobulinemia. This condition, as well as some
B-cell non Hodgkin’s lymphomas, is the result of B-cell clonal expansion due to viral persis‐
tence [7].

Accordingly, the treatment of HCV chronic infection should be addressed not only to the
treatment of chronic liver disease, but also to the prevention of HCV-associated diseases.

It is estimated that 25% of HCC worldwide is related to HCV [8].

If the rate of response to antiviral therapy increases to 80%, over the next ten years, the
treatment of half of HCV-infected persons would reduce cirrhosis by 15%, hepatocellular
carcinoma by 30% and death for liver disease by 34%. [9].

The application of the most effective therapy should be a common strategy to block perma‐
nently viral replication and avoid the progression to cirrhosis and the development of
hepatocellular carcinoma.

Boceprevir and telaprevir are HCV protease inhibitors, recently approved for antiviral therapy
in HCV infected patients, are effective to control the viral replication.

2. Target of protease inhibitors

HCV genome is a single strand RNA of 9000-9100 nucleotide encoding for three stuctural (C,
E1, E2), seven non structural (xlink, NS3, NS4A, NS4B, NS5A, NS5B, p7) and F proteins whose
role is unknown [10] (Fig 1).

HCV replicative cycle involves the translation of the HCV RNA into a single polyprotein that
is subsequently cleaved to obtain every single structural and non structural proteins.

NS3 is a serine protease while NS4 serves as cofactor. NS3 and NS4A must be assembled in
order to become active in catalyzing the cleavage of the other NS proteins from the HCV
polyprotein at the NS3/NS4A, NS4A/NS4B, NS4B/NS5A and NS5A/NS5B junctions, a condi‐
tion required for viral replication.
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HCV virions turn over rapidly (with a half-life of about 3 h), and up to 1012 viruses are produced
per day in an infected person [11].

Figure 1. Genomic organization of hepatitis C polyprotein. The HCV genome (about 9000 nucleotides) is translated in
a single polypeptide of 3000 aminoacids. Then the polypeptide is cleved to produce ten proteins whose role is ex‐
plained below. During an alternative splicing within the core, a new protein (F protein) can be produced (this one not
represented) (From :Poordad F, Dieterich D. Treating hepatitis C: current standard of care and emerging direct-acting
antiviral agents. J Viral Hepat 2012 Jul;19(7):449-464)..

Boceprevir and Telaprevir link to NS3/NS4A enzymatic complex in a covalent and reversible
manner to disrupt the processing of the HCV polyprotein.

Even if the protease inhibitors are potent antiviral agent, their administration without
interferon and ribavirin is characterized by rapid selection of resistant variants of the virus [12].
Accordingly boceprevir and telaprevir need to be administered in a regimen with pegylated-
interferon and ribavirin, commonly named “triple therapy”.

During the initial 2 weeks of triple therapy the viral load decline is rapid and unaffected by
ribavirin. However, beyond 2 weeks, viral breakthrough occurs if ribavirin is not administered.
After 12 weeks, breakthrough occurs in 24% of patients treated with peg-interferon and
telaprevir.

Ribavirin also affects the rate of viral relapse. In regimens without ribavirin, relapse occurs in
48% of patients as compared to 14-30% of patients treated with ribavirin [13].

3. Management of antiviral therapy in naive patients

Three trials (SPRINT-2, ADVANCE, ILLUMINATE) examined the efficacy of boceprevir and
telaprevir in naïve patients.

Telaprevir obtained a SVR rate of 75% as compared to 44% of the SOC with peg-interferon
plus ribavirin.
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The schedule includes triple therapy (telaprevir + peg-interferon + ribavirin) for the first 12
weeks and peg-interferon+ribavirin for additional 36 weeks (fig 3). Telaprevir is administered
at the dose of 750 mg thrice daily.

The tablets should be taken with high fat (>20 g) meal or snack for optimal adsorption (table 2).

Patients with undetectable HCV RNA at week 4 (rapid virological response, RVR) and 12
(extended rapid virological response, eRVR) can stop therapy after 24 weeks of treatment
(response-guided therapy, RGT) [14].

In the contrast, telaprevir should be stopped when:

a. HCV RNA is more than 1000 UI/ml at week 4 or 12 or

Figure 2. The nucleocapsid of the HCV genome is surrounded by an envelope that facilitates attachment and penetra‐
tion into host cells. Upon entry into the host cell by endocytosis, the virus undergoes undergoes a fusion and uncoat‐
ing step. Its RNA is translated into a polyprotein of approximately 3,000 aminoacids that is processed by cellular and
viral proteases (including NS3) to yield structural and non structural proteins. Boceprevir and telaprevir block the poly‐
protein processing by stopping activity of NS3/NS4A complex, which has protease activity on the polypeptide (From
Lindenbach BD, Rice CM. Unravelling hepatitis C virus replication from genome to function. Nature 2005;436:933-938;
Manns MP, Foster GR, Rockstroh JK, Zeuzem S, Zoulim F, Houghton M. The way forward in HCV treatment--finding the
right path. Nat Rev Drug Discov 2007 Dec;6(12):991-1000).
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b. HCV RNA is detectable at week 24

Boceprevir was differently studied in black and non-black populations.

The SVR rate was 53% and 68% in black and not-black population, respectively.

Boceprevir requires a “lead-in” phase with peg-interferon and ribavirin for 4 weeks and triple
therapy (boceprevir + peg-interferon + ribavirin) for 24 or 32 weeks and again a dual therapy
with peg-interferon and ribavirin for the last 4 weeks (fig 4).

The lead-in in phase is useful in naïve patients to assess the responsiveness to peg-interferon
and ribavirin.

In fact, lower SVR rates and development of boceprevir-resistant mutants are more common
in patients with HCV RNA reduction less than 1 log10 at week 4 independently from the
treatment scheme [15].

The recommended dose of boceprevir is 800 mg thrice daily. Meal seems not influence the
absorption as much as observed in telaprevir regimens.

In patients with RVR after the “lead-in” phase, SOC is still recommended since SVR is observed
in 88% after 48 weeks of therapy [16].

Accordingly to the response-guided therapy, RGT, patients treated with boceprevir with
undetectable HCV RNA at weeks 8 and 24 can stop therapy after 36 weeks of treatment.

If HCV RNA is detectable at week 8, the treatment should continue to 48 weeks.

Boceprevir should be stopped when:

a. HCV RNA is more than 100 UI/ml at week 12 or

b. HCV RNA is detectable at week 24.

4. Management of antiviral therapy in null responders

Retreatment of null responders with peg-interferon and ribavirin is effective in less than 5%
of patients [17].

Telaprevir increases SVR to 31%.

The schedule requires 48 weeks of treatment, with the first 12 weeks of triple and the remaining
36 weeks with peg-interferon and ribavirin.

The stopping rules are the same of naïve patients.

Boceprevir trials did not include null responders and, to date, it is not recommended in such
patients.
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protein processing by stopping activity of NS3/NS4A complex, which has protease activity on the polypeptide (From
Lindenbach BD, Rice CM. Unravelling hepatitis C virus replication from genome to function. Nature 2005;436:933-938;
Manns MP, Foster GR, Rockstroh JK, Zeuzem S, Zoulim F, Houghton M. The way forward in HCV treatment--finding the
right path. Nat Rev Drug Discov 2007 Dec;6(12):991-1000).
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b. HCV RNA is detectable at week 24

Boceprevir was differently studied in black and non-black populations.

The SVR rate was 53% and 68% in black and not-black population, respectively.

Boceprevir requires a “lead-in” phase with peg-interferon and ribavirin for 4 weeks and triple
therapy (boceprevir + peg-interferon + ribavirin) for 24 or 32 weeks and again a dual therapy
with peg-interferon and ribavirin for the last 4 weeks (fig 4).

The lead-in in phase is useful in naïve patients to assess the responsiveness to peg-interferon
and ribavirin.

In fact, lower SVR rates and development of boceprevir-resistant mutants are more common
in patients with HCV RNA reduction less than 1 log10 at week 4 independently from the
treatment scheme [15].

The recommended dose of boceprevir is 800 mg thrice daily. Meal seems not influence the
absorption as much as observed in telaprevir regimens.

In patients with RVR after the “lead-in” phase, SOC is still recommended since SVR is observed
in 88% after 48 weeks of therapy [16].

Accordingly to the response-guided therapy, RGT, patients treated with boceprevir with
undetectable HCV RNA at weeks 8 and 24 can stop therapy after 36 weeks of treatment.

If HCV RNA is detectable at week 8, the treatment should continue to 48 weeks.

Boceprevir should be stopped when:

a. HCV RNA is more than 100 UI/ml at week 12 or

b. HCV RNA is detectable at week 24.

4. Management of antiviral therapy in null responders

Retreatment of null responders with peg-interferon and ribavirin is effective in less than 5%
of patients [17].

Telaprevir increases SVR to 31%.

The schedule requires 48 weeks of treatment, with the first 12 weeks of triple and the remaining
36 weeks with peg-interferon and ribavirin.

The stopping rules are the same of naïve patients.

Boceprevir trials did not include null responders and, to date, it is not recommended in such
patients.
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5. Management of antiviral therapy in partial responders

Retreatment of partial responders with SOC is effective in 7-15% of patients [17, 18].

Triple therapy with boceprevir or telaprevir may increase the rate of SVR to 52% and 57%,
respectively.

Response-guided therapy is not recommended since 48 weeks are commonly requested.

6. Management of antiviral therapy in relapsers

Retreatment of relapsers with SOC induces a SVR in less than 1/3 of patients [17, 18].

Telaprevir is administered for the first 12 weeks and SOC for the further 36 weeks with a SVR
rate of 86%.

Boceprevir requires the “lead-in” phase of SOC and triple therapy for the additional 44 weeks
with a SVR of 75%.

If HCV RNA is not detected at weeks 8 and 24, the therapy may be stopped at week 32.

STUDY Drug Population Treatment arms
Intervention

SVR

SOC

SVR
Main findings

SPRINT-2 Boceprevir Naive

Black-RGT

Black- 48 week

Non Black RGT

Non Black- 48 week

42%

53%

67%

68%

23%

40%

RGT therapy as

effective as 48

weeks of therapy for

non black patients.

About 50% of

patients elegible for

RGT

ADVANCE Telaprevir Naive

T8 (pooled 24- and 48-

week total therapy)

T12 (pooled 24- and

48-week total therapy)

69%

75%
44%

12-week telaprevir

regiment preferable

to 8-week regimen

ILLUMINATE Telaprevir Naive

T12 overall

eRVR+24-week

therapy

eRVR+48-week

therapy

75%

92%

88%

N/A

24-week total

therapy for eRVR

patients non inferior

to 48 weeks of

therapy. About 75%

of patients eligible

for shorter duration

of therapy
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STUDY Drug Population Treatment arms
Intervention

SVR

SOC

SVR
Main findings

RESPOND-2 Boceprevir
Treatment

experienced

RGT- prior relapser

RGT-Prior non

responder

48 weeks-relapsers

48week-non

responders

69%

40%

75%

52%

29%

7%

Null responders

excluded. Relapsers

had similar

outcomes as naive

population

REALIZE Telaprevir
Treatment

experienced

T12 (48-week total

therapy)

Prior relapsers

Prior partial

responders

Prior null responders

86%

57%

31%

24%

15%

5%

Relapers had similar

outcomes as naive

population

Table 1. Summary of phase 3 clinical trials for boceprevir and telaprevir.eRVR, extended rapid virologic response; RGT,
response guided therapy; SOC, standard of care; SVR, sustained virologic response; T8, 8-week telaprevir arm; T12, 12-
week telaprevir arm (From: Barritt AS, Fried MW. Maximizing opportunities and avoiding mistakes in triple therapy for
hepatitis C virus. Gastroenterology 2012 May;142(6):1314-1323).

Figure 3. Telaprevir schedule. In naïve and prior relapser patients telaprevir should be administered for the first 12
weeks and peg-interferon plus ribavirin for 12 or 36 weeks additional. In case of eRVR (HCV RNA not detected at week
4 and 12 the treatment may be stopped after 24 weeks. If HCV RNA is still detected at week 12, peg-interferon and
ribavirin should be continued for additional 36 weeks. In any case if HCV RNA is detectable at week 24 or results >
1000 UI/ml between 4 and 12 weeks, the treatment should be stopped. RBV, ribavirin; eRVR, extended rapid virologic
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5. Management of antiviral therapy in partial responders

Retreatment of partial responders with SOC is effective in 7-15% of patients [17, 18].

Triple therapy with boceprevir or telaprevir may increase the rate of SVR to 52% and 57%,
respectively.

Response-guided therapy is not recommended since 48 weeks are commonly requested.

6. Management of antiviral therapy in relapsers

Retreatment of relapsers with SOC induces a SVR in less than 1/3 of patients [17, 18].

Telaprevir is administered for the first 12 weeks and SOC for the further 36 weeks with a SVR
rate of 86%.

Boceprevir requires the “lead-in” phase of SOC and triple therapy for the additional 44 weeks
with a SVR of 75%.

If HCV RNA is not detected at weeks 8 and 24, the therapy may be stopped at week 32.
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STUDY Drug Population Treatment arms
Intervention

SVR

SOC

SVR
Main findings

RESPOND-2 Boceprevir
Treatment

experienced

RGT- prior relapser

RGT-Prior non

responder

48 weeks-relapsers

48week-non

responders

69%

40%

75%

52%

29%

7%

Null responders

excluded. Relapsers

had similar

outcomes as naive

population

REALIZE Telaprevir
Treatment

experienced

T12 (48-week total

therapy)

Prior relapsers

Prior partial

responders

Prior null responders

86%

57%

31%

24%

15%

5%

Relapers had similar

outcomes as naive

population

Table 1. Summary of phase 3 clinical trials for boceprevir and telaprevir.eRVR, extended rapid virologic response; RGT,
response guided therapy; SOC, standard of care; SVR, sustained virologic response; T8, 8-week telaprevir arm; T12, 12-
week telaprevir arm (From: Barritt AS, Fried MW. Maximizing opportunities and avoiding mistakes in triple therapy for
hepatitis C virus. Gastroenterology 2012 May;142(6):1314-1323).

Figure 3. Telaprevir schedule. In naïve and prior relapser patients telaprevir should be administered for the first 12
weeks and peg-interferon plus ribavirin for 12 or 36 weeks additional. In case of eRVR (HCV RNA not detected at week
4 and 12 the treatment may be stopped after 24 weeks. If HCV RNA is still detected at week 12, peg-interferon and
ribavirin should be continued for additional 36 weeks. In any case if HCV RNA is detectable at week 24 or results >
1000 UI/ml between 4 and 12 weeks, the treatment should be stopped. RBV, ribavirin; eRVR, extended rapid virologic
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response (From: Barritt AS, Fried MW. Maximizing opportunities and avoiding mistakes in triple therapy for hepatitis C
virus. Gastroenterology 2012 May;142(6):1314-1323.)

7. Management of side effect of antiviral therapy

Even if only 2% are severe, almost all patients treated with boceprevir or telaprevir report side
effects. Among all, anaemia is the most common, occurring in 50% of patients treated with
protease inhibitor as compared to 20% of peg-interferon and ribavirin.

Examples of food containing at least 20 g of fat

Bagel with cream cheese

½ cup of nuts

3 tablespoons of peanut butter

1 cup of ice cream

60 g of American or cheddar cheese

60 g of potato chips

½ cup of trail mix

33 g of granola

3 slices of homemade French toast

2 cups 3.3% whole milk

60 g of chocolate candy bar with almonds or peanuts

Two 60 g plain doughnuts

1 slice pecan pie

1 medium avocado

100 g of lean hamburger in bun

100 g of salami

4 slices of bologna

100 g of broiled pork chop

Three 100 g sausage patties

2 cup chow mein noodles

200 g of fried chicken breast

2 small roasted chicken legs

Table 2. Food containing at least 20 g of fat (From: Kiser JJ, Burton JR, Anderson PL, Everson GT. Review and
management of drug interactions with boceprevir and telaprevir. Hepatology 2012 May;55(5):1620-1628.)
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Blood count should be monitored during the first 4 weeks to identify those who will need
support.

In patients treated with boceprevir, SVR has been observed more frequently in those who
develop anaemia [19].

Administration of subcutaneous alpha-erythropoietin 40.000 UI once a week is effective in
controlling anaemia induced by peg-interferon and ribavirin as well as protease inhibitors
trying to maintain the blood level around 100 g/L.

If ineffective, ribavirin may be reduced and blood transfusion considered.

It has been reported that, in triple therapy regimen, ribavirin may be safely reduced without
affecting the SVR rate.

When this strategy is insufficient and anaemia becomes more severe, blood transfusion is
required.

Neutropenia occurs in 70-80% of patients treated with triple therapy and this is more com‐
monly observed in those developing anaemia [20].

Figure 4. Boceprevir schedule. A “lead in” phase (4 weeks of peg-interferon and ribavirin before the beginning of the
triple therapy) is considered for all patients. In naïve patients boceprevir should be administered for a minimum of 24
weeks. If HCV RNA is negative at week 8 and 24 all drugs must be stopped at week 28. If HCV RNA is detectable at
week 8 o 24, boceprevir should be administrated for 32 weeks and peg-interferon plus ribavirin for additional 12
weeks.In prior relapsers and partial responders boceprevir should be administered for 32 weeks and peg-interferon
plus ribavirin for additional 12 weeks. In any case, if HCV RNA is detectable at week 24 or HCV RNA is >100 UI/ml at
week 12, the treatment should be stopped (From: Barritt AS, Fried MW. Maximizing opportunities and avoiding mis‐
takes in triple therapy for hepatitis C virus. Gastroenterology 2012 May;142(6):1314-1323.).
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response (From: Barritt AS, Fried MW. Maximizing opportunities and avoiding mistakes in triple therapy for hepatitis C
virus. Gastroenterology 2012 May;142(6):1314-1323.)
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Even if only 2% are severe, almost all patients treated with boceprevir or telaprevir report side
effects. Among all, anaemia is the most common, occurring in 50% of patients treated with
protease inhibitor as compared to 20% of peg-interferon and ribavirin.

Examples of food containing at least 20 g of fat
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100 g of salami
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Table 2. Food containing at least 20 g of fat (From: Kiser JJ, Burton JR, Anderson PL, Everson GT. Review and
management of drug interactions with boceprevir and telaprevir. Hepatology 2012 May;55(5):1620-1628.)
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Blood count should be monitored during the first 4 weeks to identify those who will need
support.

In patients treated with boceprevir, SVR has been observed more frequently in those who
develop anaemia [19].

Administration of subcutaneous alpha-erythropoietin 40.000 UI once a week is effective in
controlling anaemia induced by peg-interferon and ribavirin as well as protease inhibitors
trying to maintain the blood level around 100 g/L.

If ineffective, ribavirin may be reduced and blood transfusion considered.

It has been reported that, in triple therapy regimen, ribavirin may be safely reduced without
affecting the SVR rate.

When this strategy is insufficient and anaemia becomes more severe, blood transfusion is
required.

Neutropenia occurs in 70-80% of patients treated with triple therapy and this is more com‐
monly observed in those developing anaemia [20].

Figure 4. Boceprevir schedule. A “lead in” phase (4 weeks of peg-interferon and ribavirin before the beginning of the
triple therapy) is considered for all patients. In naïve patients boceprevir should be administered for a minimum of 24
weeks. If HCV RNA is negative at week 8 and 24 all drugs must be stopped at week 28. If HCV RNA is detectable at
week 8 o 24, boceprevir should be administrated for 32 weeks and peg-interferon plus ribavirin for additional 12
weeks.In prior relapsers and partial responders boceprevir should be administered for 32 weeks and peg-interferon
plus ribavirin for additional 12 weeks. In any case, if HCV RNA is detectable at week 24 or HCV RNA is >100 UI/ml at
week 12, the treatment should be stopped (From: Barritt AS, Fried MW. Maximizing opportunities and avoiding mis‐
takes in triple therapy for hepatitis C virus. Gastroenterology 2012 May;142(6):1314-1323.).
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Filgrastim 30 MU subcutaneous one to three times a week usually maintains the count of
neutrophils > 1000/μL.

Boceprevir Telaprevir

Complete blood

count

Baseline

week 2 and 4

weekly for the first month of triple therapy

(from week 4 to 8)

then monthly or

as necessary

Baseline

weekly for the first month of triple therapy

Every three weeks until the end of triple

then monthly during the left dual therapy

or

as necessary

Liver function tests

Baseline

week 4-6 and 8

then monthly

Baseline

Week 2-4 and 8

Then monthly

Serum electrolytes

Creatinine

Uric acid

Baseline

week 2

then monthly

Baseline

week 2

then monthly

TSH

Baseline

week 12 and 24

then as necessary

Baseline

week 12 and 24

then as necessary

Cholesterol

Tryglicerides

Baseline

week 12 and 24

then as necessary

Baseline

week 12 and 24

then as necessary

Table 3. Proposal for blood monitoring during triple therapy

HEMATOLOGICAL SIDE EFFECT CHANGE DURING THERAPY

Anemia

< 100 g/L Erythropoietin 40.000 UI once a week

< 90 g/L Ribavirin dose reduction + Erythropoietin

< 80 g/L Blood transfusion

Thrombocytopenia

≥ 100.000/µL No change

≥ 50.000/µL Weekly control then monthly

< 50.000/µL Peg-interferon dose reduction

< 25.000/µL Stop therapy

Neutropenia
< 1000/µL Filgrastim 30 MU once/ twice/ thrice a week

< 750/µL Peg-interferon dose reduction

Table 4. Management of haematological side effects during triple therapy.

The adverse effects described during peg-interferon and ribavirin therapy such as rush, flu
like and gastrointestinal symptoms are more commonly observed during triple therapy.

Practical Management of Chronic Viral Hepatitis176

Fatigue, nausea, dysgeusia, chills, insomnia, alopecia, diarrhoea, decreased appetite, irritabil‐
ity, vomiting, arthralgia, dizziness, dry skin rash, asthenia, dyspnoea on exertion are more
common during boceprevir [21]. In particular, dysgeusia affects almost 50% of patients.
Telaprevir induces hyperuricemia, fatigue, pruritus, diarrhoea, vomiting, haemorrhoids,
anorectal discomfort, dysgeusia and anal pruritus relative to patients on standard of care.
Cutaneous rash is the less tolerated side effect of telaprevir. Fortunately, more than 90% of
such events is mild or moderate and does not progress. Discontinuation occurs only in 6% of
cases [22]. Oral antihistamines or a topical steroid is effective in controlling symptoms.
Moderate rash may associate with pruritus or mucosal involvement. When more than 50% of
the body surface is involved or vesicles, bullae or ulceration develop, rash is considered severe
and telaprevir should be stopped; peg-interferon and ribavirin can be continued for additional
6-7 days. If the rash does not improve, all drugs should be stopped and hospitalization and
appropriate therapy is required [23].

Haemorrhoids, anal pruritus, anorectal discomfort and anal burning observed during
telaprevir may be managed with topic steroid or local lidocaine.

Life threatening or systemic reaction (Steven-Johnson syndrome, drug reaction with eosino‐
philia and systemic symptoms – DRESS, erythema multiforme-EM) are rarely observed (refer
to the specific chapter for details).

Figure 5. Estimating body surface area (BSA: body surface area) (From: Hezode C. Boceprevir and telaprevir for the
treatment of chronic hepatitis C: safety management in clinical practice. Liver Int 2012 Feb;32 Suppl 1:32-38)
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Fatigue, nausea, dysgeusia, chills, insomnia, alopecia, diarrhoea, decreased appetite, irritabil‐
ity, vomiting, arthralgia, dizziness, dry skin rash, asthenia, dyspnoea on exertion are more
common during boceprevir [21]. In particular, dysgeusia affects almost 50% of patients.
Telaprevir induces hyperuricemia, fatigue, pruritus, diarrhoea, vomiting, haemorrhoids,
anorectal discomfort, dysgeusia and anal pruritus relative to patients on standard of care.
Cutaneous rash is the less tolerated side effect of telaprevir. Fortunately, more than 90% of
such events is mild or moderate and does not progress. Discontinuation occurs only in 6% of
cases [22]. Oral antihistamines or a topical steroid is effective in controlling symptoms.
Moderate rash may associate with pruritus or mucosal involvement. When more than 50% of
the body surface is involved or vesicles, bullae or ulceration develop, rash is considered severe
and telaprevir should be stopped; peg-interferon and ribavirin can be continued for additional
6-7 days. If the rash does not improve, all drugs should be stopped and hospitalization and
appropriate therapy is required [23].

Haemorrhoids, anal pruritus, anorectal discomfort and anal burning observed during
telaprevir may be managed with topic steroid or local lidocaine.

Life threatening or systemic reaction (Steven-Johnson syndrome, drug reaction with eosino‐
philia and systemic symptoms – DRESS, erythema multiforme-EM) are rarely observed (refer
to the specific chapter for details).
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8. Drug interactions

Boceprevir and telaprevir are metabolized via the cytochrome P4503A pathway. They are
potent inhibitors of CYP3A4 and also substrates and inhibitors of the drug transporter P-
glycoprotein (P-gp).

Boceprevir and telaprevir availability depends on Child-Pugh but not on renal function.

Concentration of boceprevir in serum increases of 30% and 45-60% in patients with Child Pugh
B and C, respectively.

Telaprevir is reduced of about 10-15% and 50% in Child Pugh B and C, respectively. Protease
inhibitors greatly impact the metabolism of HMG-CoA reductase inhibitors.

Simvastatin and lovastatin are not recommended in patients treated with boceprevir or
telaprevir. Atorvastatin should be avoided when telaprevir is administered and a lowest dose
should be selected in boceprevir treated patients. Pravastatin is metabolized by other pathway
and the risk of interaction is not completely defined. Rosuvastatin may be safely administered,
even if it has not been specifically addressed in the trials.

STATINS Use during Boceprevir Use during Telaprevir

Simvastatin NO NO

Atorvastatin POSSIBLE (USE THE LOWEST DOSE) NO

Lovastatin NO NO

Pravastatin YES NO DATA

Rosuvastatin POSSIBLE POSSIBLE

Table 5. Potential association between protease inhibitors and statins.

Both boceprevir and telaprevir may reduce contraceptive efficacy of ethinyl estradiol. More‐
over, boceprevir can increase plasmatic level of drosperidone while telaprevir reduces
norethindrone.

Benzodiazepines (triazolam, alprazolam, flurazepam) may be greatly affected by protease
inhibitors and should be avoided until new data are available.

Both boceprevir and telaprevir increase metabolism of escitalopram and its effect may be
reduced.

Zolpidem concentration is reduced by of 42% in patients treated with telaprevir as well as
trazodone.

Boceprevir and telaprevir reduce the clearance of cyclosporine and tacrolimus. The exposure
to cyclosporine increases 4-fold with telaprevir and 3-fold with boceprevir, while tacrolimus
plasmatic concentration increases 70-fold after telaprevir administration and 17-fold after
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boceprevir. On the other hands, immunosuppressive drugs seen not change boceprevir and

telaprevir metabolism.

DRUGS TO BE AVOIDED

INCREASED

CONCENTRATION OF

CONCOMITANT MED OR

HCV PI

REDUCED

CONCENTRATION OF

CONCOMITANT MED OR

HCV PI

Alpha-1 adrenoreceptor

antagonist
Alfuzosin

Doxazosin

Terazosin

Tamsulosin

Silodosin

Anticonvulsant

Carbamazepime

Phenobarbital

Phenytoin

Antifungals

Ketoconazole

Itraconazole

Posaconazole

Voriconazole

Antimicrobials
Clarithromycine

Erythromycin

Antimycobacterials
Rifampin

Rifapentine
Rifabutin

Antiretroviral drugs

Lopinavir (TPV)

Darunavir (TPV)

Fosamprenavir (TPV)

Efavirenz (BOC)

Efavirenz (TPV)*

Benzodiazepines and sleep

aids

Flurazepam

Quazepam

Triazolam

Oral midazolam

Alprazolam

Trazodone

Cardiovascular

Amiodarone

Bosentan

Dofetilide

Flecainide

Lidocaine

Propafenone

Quinidine

sildenafil and tadalafil for

pulmonary arterial

hypertension

Calcium-channel blockers

Digoxin

Carvedilol

Nabivolol

Irbesartan

Losartan
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8. Drug interactions
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Benzodiazepines (triazolam, alprazolam, flurazepam) may be greatly affected by protease
inhibitors and should be avoided until new data are available.

Both boceprevir and telaprevir increase metabolism of escitalopram and its effect may be
reduced.

Zolpidem concentration is reduced by of 42% in patients treated with telaprevir as well as
trazodone.

Boceprevir and telaprevir reduce the clearance of cyclosporine and tacrolimus. The exposure
to cyclosporine increases 4-fold with telaprevir and 3-fold with boceprevir, while tacrolimus
plasmatic concentration increases 70-fold after telaprevir administration and 17-fold after
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boceprevir. On the other hands, immunosuppressive drugs seen not change boceprevir and

telaprevir metabolism.

DRUGS TO BE AVOIDED

INCREASED

CONCENTRATION OF

CONCOMITANT MED OR

HCV PI

REDUCED

CONCENTRATION OF

CONCOMITANT MED OR

HCV PI

Alpha-1 adrenoreceptor

antagonist
Alfuzosin

Doxazosin

Terazosin

Tamsulosin

Silodosin

Anticonvulsant

Carbamazepime

Phenobarbital

Phenytoin

Antifungals

Ketoconazole

Itraconazole

Posaconazole

Voriconazole

Antimicrobials
Clarithromycine

Erythromycin

Antimycobacterials
Rifampin

Rifapentine
Rifabutin

Antiretroviral drugs

Lopinavir (TPV)

Darunavir (TPV)

Fosamprenavir (TPV)

Efavirenz (BOC)

Efavirenz (TPV)*

Benzodiazepines and sleep

aids

Flurazepam

Quazepam

Triazolam

Oral midazolam

Alprazolam

Trazodone

Cardiovascular

Amiodarone

Bosentan

Dofetilide

Flecainide

Lidocaine

Propafenone

Quinidine

sildenafil and tadalafil for

pulmonary arterial

hypertension

Calcium-channel blockers

Digoxin

Carvedilol

Nabivolol

Irbesartan

Losartan
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DRUGS TO BE AVOIDED

INCREASED

CONCENTRATION OF

CONCOMITANT MED OR

HCV PI

REDUCED

CONCENTRATION OF

CONCOMITANT MED OR

HCV PI

Ergot derivatives

Dihydroergotamine

Ergonovine

Ergotamine

Methylergonovine

Herbal products St. John’s wort

HMG-CoA reductase

inhibitors

Lovastatin

Simvastatin

Atorvastatin (TPV)

Atorvastatin (BOC)

Pravastatin

Rosuvastatin

Immunosuppressant
Tacrolimus

Sirolimus
Cyclosporine

Oral contraceptives Drosperinone (BOC) Ethynil estradiol

Respiratory
Fluticasone

salmeterol

Second-generation

antipsycotic
Quetiapine

Iloperidone

aripiprazole

Interaction unique to one of the HCV protease inhibitors are indicated in parentheses (e.g. TPV or BOC).

Abbreviation: Med, medication; PI, protease inhibitor; HMG-CoA, 3-hydroxy-3-methyl-glutaryl-coenzyme A.

*A higher dose of TPV [1,120 mg every 8 hours) has been studied with efavirenz with promising preliminary rates of SVR.

( From: Kiser JJ, Burton JR, Anderson PL, Everson GT. Review and management of drug interactions with boceprevir and
telaprevir. Hepatology 2012 May;55[5]:1620-1628]

Table 6. Summary of drugs to avoid and drugs to use with caution in combination with boceprevir (BOC) and
telaprevir (TPV).

9. Triple therapy in cirrhotic and liver transplant patients

Cirrhosis increases morbidity and mortality and reduces SVR [24].

Clinical efficacy in cirrhosis has been investigated in phase 3 trials (ADVANCE, ILLUMI‐
NATE, REALIZE, RESPOND-2, SPRINT-2).

SVR is reached in 33% - 46% after 48 weeks of peg-interferon and ribavirin. [25, 26]

The addiction of a protease inhibitor improves the SVR to 50% [26]. In these cases, 48 weeks
of treatment are commonly required.

In relapsers, the addition of a protease inhibitor increases SVR to 87%.
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In partial responders SVR rate is lower (34% with triple therapy and 20% in peg-interferon and
ribavirin schedule)

There are no benefits in cirrhotic null responders with by using telaprevir (14% vs 10%) [27].

The  relapse  rate  remains  high  and  side  effects  are  too  frequently  observed  in  cirrhotic
patients [24].

Until now, protease inhibitors are not approved for patients with liver transplantation for the
interactions with immunosuppressive drugs [12].

10. Genetics and triple therapy

Interleukin 28B (IL28B) polymorfisms impacts the response to peg-interferon and ribavirin.

TRIPLE THERAPY rs 12979860

Boceprevir

SVR

C/C C/T T/T

80-82% 65-71% 55-59%

Telaprevir

SVR

C/C C/T T/T

90% 71% 73%

(From: Thompson AJ. Genetic factors and hepatitis C virus infection. Gastroenterology 2012 May;142(6):1335-1339)

Table 7. Response rate according to IL28B genotype in treatment-naive G1 HCV patients receiving triple therapy

Peg-interferon plus ribavirin Polymorphism

CAUCASIAN (n=1171) rs 12979860

SVR
C/C C/T T/T

69% 33% 27%

AFROAMERICANS (n=300) rs 12979860

SVR
C/C C/T T/T

48% 15% 13%

T/T genotype is associated with poor response.

The response is lower in Afro-Americans.

SVR, sustained virological response.

(From: Thompson AJ. Genetic factors and hepatitis C virus infection. Gastroenterology 2012 May;142(6):1335-1339)

Table 8. Response rate according to IL28B genotype (rs12979860) in treatment-naive North American G1 HCV
patients receiving 48 week peg-interferon alpha plus ribavirin. Genotype C/C achieves SVR in 69% (good response).
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The rs12979860 polymorphism has three possible genotypes (C/C, C/T, T/T), with C/C showing
2.5 or grater rate of SVR during therapy with peg-interferon and ribavirin.

The rs 8099917 polymorphisms has G/G, G/T, T/T genotypes. T/T genotype associates with
higher SVR.

In G1 infected naive-patients eligible for antiviral therapy, the response after the “lead-in”
phase and IL28B genotype are the most powerful predictors of response. In selective cases,
when the benefit versus risk ratio is difficult to define IL28 may support the final decision.
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Chapter 8

Management of HCV Infection in the Elderly

Antonino D. Romano and Gianluigi Vendemiale

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55314

1. Introduction

During the past decade, the knowledge of clinical course and management of hepatitis C virus
(HCV) infection has increased enormously, but there are few data on the course of the disease
and its treatment in the elderly population (age > 60 years). According to its epidemiology, we
are now facing HCV infection from the 20th century. We must take into account that in contrast
to a younger population, old people who will develop Chronic C Hepatitis will be mainly
women with genotype 1 and more severe fibrosis as clinical presentation pattern.

Thus, chronic infection is prevalent and may be severe in older population. Moreover, aging
is an adverse factor for liver disease progression and treatment outcome.

2. Hepatitis C in elderly

Among younger people HCV infection declines [1]. HCV infections are common worldwide.
It is estimated that about 3% of the world’s population have HCV. There are about 4 million
carriers in Europe alone. The prevalence of HCV in the general population varies widely across
European countries, with ranges from 0.4% in Sweden, Germany and the Netherlands to over
20% in one region of Italy. According to an American National Health survey, the prevalence
of HCV infection in elderly population varies from 0,9 % to 1.0% in subjects who were,
respectively, in the age groups of 60-69 years and 70 years and more [2]. In general, countries
in the southern part of Europe have a higher HCV prevalence compared to countries in the
north or west of the EU. Italy in particular has a high general population prevalence of HCV,
much higher than the country’s estimated HBV prevalence [3]. In a large Italian study
conducted among 1646 subjects, seroprevalence of HCV antibodies were found between 5%
and 2% in patient ranging respectively, 58 to 67 years and 68 to 77 years [4].

© 2013 Romano and Vendemiale; licensee InTech. This is an open access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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to a younger population, old people who will develop Chronic C Hepatitis will be mainly
women with genotype 1 and more severe fibrosis as clinical presentation pattern.

Thus, chronic infection is prevalent and may be severe in older population. Moreover, aging
is an adverse factor for liver disease progression and treatment outcome.

2. Hepatitis C in elderly

Among younger people HCV infection declines [1]. HCV infections are common worldwide.
It is estimated that about 3% of the world’s population have HCV. There are about 4 million
carriers in Europe alone. The prevalence of HCV in the general population varies widely across
European countries, with ranges from 0.4% in Sweden, Germany and the Netherlands to over
20% in one region of Italy. According to an American National Health survey, the prevalence
of HCV infection in elderly population varies from 0,9 % to 1.0% in subjects who were,
respectively, in the age groups of 60-69 years and 70 years and more [2]. In general, countries
in the southern part of Europe have a higher HCV prevalence compared to countries in the
north or west of the EU. Italy in particular has a high general population prevalence of HCV,
much higher than the country’s estimated HBV prevalence [3]. In a large Italian study
conducted among 1646 subjects, seroprevalence of HCV antibodies were found between 5%
and 2% in patient ranging respectively, 58 to 67 years and 68 to 77 years [4].
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Epidemiologic and phylogenetic assessments suggest this is caused by a period of increased
iatrogenic transmission that took place around the 1960s due to the exposure to blood or blood
products mainly deriving from using of non-disposable syringe [3, 5]. Subsequently, HCV
infection is mainly due to risky behaviour, including tattooing, piercing, and sharing conta‐
minated syringes among drug users. Finally, the rate of new infections decreased in the 1990s
with the introduction of anti-HCV blood testing.

Hence, because chronic liver disease may develop many years after acute HCV infection, the
past incidence of acute infections is a major determinant of the future burden of HCV-
associated complications. Projections of the future prevalence of HCV-infected patients
showed that, although the prevalence of HCV infection may be currently declining because of
the decline in incidence in the 1990s, the number of persons infected for the next 20 years could
increase substantially before peaking in 2015 [6].

If the incidence of new HCV infections does not increase in the future, persons born between
1940 and 1965 will be at highest lifetime risk of acquiring the infection [6]. To date, the true
prevalence of HCV infection among elderly residing in nursing homes is largely underesti‐
mated; thus, data from a prospective study demonstrated a high seroprevalence (4,5%) in such
population [7].

3. Natural history and age-related aspects

Given the statement above, we expect an increasing burden of decompensated cirrhosis and
hepatocellular carcinoma (HCC) for the next two decades [1]. People who develop acute
hepatitis C ignore this fact, so recognizing that disease onset is usually based on the potential
circumstance of exposure. Progression into the chronic hepatitis is conventionally defined as
persistence of increased levels of the aminotransferases for 6 months or, more appropriately,
by the confirmation of HCV in the blood beyond that time period. The rate of persistence of
HCV virus after an acute infection varies between several studies [8-11] but, in general, the
HCV-RNA positivity is about 2,5-fold higher in old people than in person aged < 20 years [2].
Evolution from acute to chronic hepatitis mainly occurs in the absence of clinical manifesta‐
tions that become clear only after the liver functions are significantly compromised. Decom‐
pensation of cirrhosis may occur soon or, more usually, several years after cirrhosis is
recognized [12].

However it has been demonstrated in a cohort of patient with a known history of single blood
transfusion in the past, that the period between the age at supposed infection and the devel‐
opment of cirrhosis was shorter if the infection was acquired at an older age [13]. The average
period between the age of infection and the onset of cirrhosis was 33 years in patients who
acquired the HCV infection at the age of 21 to 30, and was reported to decrease to 16 years in
patients who acquired the infection after the age of 40 [13, 14]. Similar findings were demon‐
strated in a Japanese study: the mean time in developing cirrhosis in patients who had a blood
transfusion at the age of 50 or older was reported to be 9.8 years, whereas were 23.6 years in
patients who had a blood transfusion before 50 years [15]. The same study also demonstrated
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that the mean time in developing HCC was 31.5 years against 14.7, depending from receiving
blood transfusion respectively, before or after 50 years [15].

Moving from both findings, we can deduce that when HCV infection is acquired at an old age,
it turns more rapidly into an advanced liver disease, including developing of HCC. Thus, it
has been demonstrated that both patient with chronic HCV infection and HCV-related
cirrhosis will develop an HCC in 1% to 2% of cases per year [3]. In contrast with younger
people, acquiring HCV infection at older age means that complications of cirrhosis, such as
ascitic decompensation, fibrosis and HCC, are often the initial manifestations of hepatitis.

Furthermore, the conjunction of old age at infection, long duration of infection, and aging,
results in a higher risk of rapid fibrosis progression [16]. Liver fibrosis is more pronounced in
elderly than in young people. A study conducted on 6865 patients older than 65 ys demon‐
strated a significant association with age and more intense fibrosis at liver biopsy, regardless
of the duration of infection. Such results corroborate previous modelling, identifying the major
role of aging as an accelerating factor for fibrosis progression after an age of 50 ys [16]. Authors
raised several hypotheses to explain why HCV infection during aging is associated to enhanced
liver fibrogenesis. Animal studies demonstrate in aging liver enhanced hepatic necrosis with
a subsequent exacerbated free radical production and oxidative stress and enhanced suscept‐
ibility of senescent hepatic stellate cells to fibrogenetic stimuli.

Aging is undoubtedly associated with a higher susceptibility to environmental factors,
reduction in the rate of hepatic blood flow and reduced mitochondrial capacity [17]. The
association of Nonalcoholic fatty liver disease (NAFLD) and old age is also a factor that may
contribute to the reduction of mitochondrial reserve, leading to liver deficiency in the presence
of triggering events, such as HCV infection [18]. Taking into account the comorbidity and
polypharmacology of the elderly patient, a good explanation might consider such conditions
as contributor factors both in accelerating liver fibrosis and declining liver function.

Finally, it must also be outlined that immune system function declines with age [19, 20] and
may be responsible for overreaction against HCV infection. With aging, virus T-cell immuno‐
mediated response is impaired due to both a decrease of T-cell function and the ability in
recognizing new antigens [21]. Furthermore, memory subsets T-cell are reduced and cytokine
profile is shifted from Th1 to Th2 leading to a pro-inflammatory response against the antigens
[22, 23]. To sum up, such phenomena belong to the so-called immunosenescence that un‐
doubtedly affects both the severity of liver inflammation and the efficacy of Interferon-based
therapies.

4. HCV treatment in the elderly

The clinical course and management of liver disease in the elderly may differ in several aspects
from those of younger adults. Comorbidities are the main culprits that render elderly patients
more vulnerable to poor drug compliance. Therefore, physicians assign such patients to a
lower priority treatment group, notwithstanding they need treatment since their infection
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advances rapidly. However, this issue is becoming of interest in countries such as Japan and
Italy, where the average age of patients who receive antiviral therapy is about 10-15 years older
than other countries [4, 24].

The efficacy and safety of treating elderly patients remain on debate. Mortality due to liver
failure and HCC is expected to peak after 2030. One way to decrease mortality might be to
extend access to current antiviral therapies and to develop more effective antiviral protocols.
Despite the predictable epidemiological picture, a very limited number of studies have been
dedicated to HCV treatment at old age and most of these have been conducted in the Japanese
and Italian population.

Pegylated interferon (Peg-IFN) plus ribavirin combination therapy has led to a marked
progress in the treatment of chronic C hepatitis [25-27]. However, in aged patients, the antiviral
effect and tolerability to treatment are the main determinants in achieving results [25, 28]. As
previously explained, with aging, development of both liver fibrosis and hepatocellular
carcinoma has been shown to be faster. Accordingly the first goal of treatment of HCV-infected
elderly patients should be HCV elimination [25]. Thus, a treatment strategy, aiming at the
improvement of the antiviral efficacy, should be started as soon as possible.

4.1. Screening and initial assessment

According to the American Association for the Study of Liver Disease (AASLD), persons
who received transfusion of blood or blood products before July 1992 should be checked
for  HCV  infection  [29].  Clinical  statements  about  the  opportunity  of  age-based  HCV
screening  due  to  it's  cost-effective  are  not  clearly  defined  instead  of  current  risk-based
screening practices. However, it is conceivable that people older than 65 year with altera‐
tions in liver function might be screened for HCV infection even in the absence of known/
suspected exposure to HCV.

The diagnosis of chronic hepatitis C is based on the detection of HCV infection (positive
anti-HCV antibodies and HCV RNA) in a patient with signs of chronic hepatitis. Rarely, in
immunosuppressed patients, anti-HCV antibodies are not detected and HCV RNA is present
alone [30]. In order to determine the dose of Ribavirin and treatment decision, the HCV
genotype [1-6] can be determined by various methods, including direct sequence analysis,
reverse hybridization and genotype-specific real-time PCR [30]. Assessment of the severity
of liver disease is recommended before beginning therapy. Liver biopsy, the gold stand‐
ard and more recently, non-invasive methods, including serological markers and transient
elastography  (Fibroscan™,  Echosens),  have  been  extensively  evaluated  in  patients  with
chronic  HCV  infection.  The  accuracy  of  non-invasive  tests  of  liver  fibrosis  is  good  for
identifying patients with mild fibrosis and cirrhosis, but is less reliable for discriminating
moderate and severe fibrosis [31].

In any case, according to the geriatric medicine good practice, treatment decisions should be
tailored on the basis of the severity of the liver disease and presence of comorbidity. Therapy
is contraindicated for patients with decreased life expectancy (< 5 years) due to severe
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hypertension, heart failure, or coronary artery disease, poorly controlled diabetes or obstruc‐
tive lung disease [29].

4.2. Individualised therapy for chronic hepatitis c and future perspectives

According to the European Association for the Study of the Liver (EASL), the primary goal of
HCV therapy is to cure the infection, which results in eliminating detectable circulating HCV
after cessation of treatment. Sustained virological response (SVR) is defined as an undetectable
HCV RNA level (<50 IU/ml) 24 weeks after treatment withdrawal. SVR is generally associated
with resolution of liver disease in patients without cirrhosis. The current standard of care (SOC)
for the treatment of chronic hepatitis C and HCV-related compensated cirrhosis is the combi‐
nation of a pegylated IFN and ribavirin.

On the basis of the evidence-based data produced by randomised clinical trials, current
treatment guidelines recommend administering this therapy for 48 weeks to patients infected
by HCV-1 (HCV-1a or HCV-1b) or HCV-4, and for 24 weeks to those infected by HCV-2 or
HCV-3 [30, 32]. The same guidelines recommend stopping antiviral therapy after 12 weeks in
HCV-1 or HCV-4 infected patients if their HCV-RNA levels have not decreased by at least 2
log 10 in comparison with baseline on the basis of solid evidence showing that such patients
have little or no likelihood of achieving a sustained viral response (SVR) when treated for 48–
52 weeks. No similar recommendations have been proposed for patients with HCV-2 and
HCV-3 infection [30, 32].

Two pegylated IFN-α molecules can be used in combination with ribavirin (Peg-IFN α-2a or
Peg-IFN α-2b). The pharmacokinetics of these compounds differs. A large-scale post-approval
US trial comparing various schedules of administration of pegylated interferons with ribavirin
in patients infected with HCV genotype 1 showed no significant difference between the tested
strategies [30]. In contrast, two Italian trials in patients infected with HCV genotypes 1, 2, 3,
and 4 showed some benefit, mostly in genotype 1 patients, in favor of pegylated IFN-α-2a in
combination with ribavirin [30, 33, 34]. Although efficacy is still debated, there is currently no
conclusive evidence that one pegylated IFN-α should be preferred to the other one as first-line
therapy [30].

However, elderly patients with genotype 1 and high HCV loads have a lower SVR rate than
younger patients because of higher dose reduction rates and discontinuation rates due to
ribavirin-related anaemia and others side effects [35]. Reasons for discontinuation of therapy
consisted mainly of anaemia, fatigue, anorexia and depression [35]. In clinical practice, < 15 %
of adults treated with interferon and ribavirin discontinue therapy; however, discontinuation
rates have been reported to be as high as 30 % and dose reductions are required in >70 % of
individuals aged 60 years or older within the first 12 weeks of therapy [1, 36, 37].

The first-line treatment of chronic hepatitis C is based on the use of any of the two pegylated
IFN-α available, administered weekly, subcutaneously, and daily oral ribavirin (evidence
grading according to GRADE system: A1). Schedules and doses are the same as those recom‐
mended for younger patients (GRADE: B3). Pegylated IFN- α-2a should be used at a dose of
180 μg once per week, whereas pegylated IFN- α-2b should be used at a weight-based dose of
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1.5 μg/kg per week. The ribavirin dose depends on the HCV genotype. Patients infected with
HCV genotypes 1 and 4 should receive a weight-based dose of ribavirin: 15 mg/kg body weight
per day. Patients infected with genotypes 2 and 3 can be treated with a flat dose of 800 mg of
ribavirin daily, but those with a BMI beyond 25 or who have baseline factors suggesting low
responsiveness (insulin resistance, metabolic syndrome, severe fibrosis or cirrhosis, older age)
should receive a weight-based dose of ribavirin, similar to genotypes 1 and 4 [30].

Very recently, several progresses have been made in the development of new treatments, such
as new specific inhibitors or direct antiviral agents that are active against hepatitis C virus.
Many studies, mostly conducted in patients infected by HCV genotype 1 who were naïve to
the treatment, showed an increase in the SVR rate of 27–31% [38]. Previous relapse patients
show very high SVR rates of 75%–86%, while response rates are lower for partial responders
(>2 log decline in HCV RNA at 12 weeks of prior therapy) [50–60%) and previous non-
responder patients (33%, data only for telaprevir) [38-40]. Even though there are no data
demonstrating the efficacy and toxicity of such drugs in elderly population, avoid antiviral
therapy due to the advanced age is far from the good practice that should inspire clinicians.
Using the antiviral agents in elderly patients undoubtedly requires special attention to co-
morbid conditions and tolerance for potential side effects. In conclusion, waiting more clinical
studies that will better characterize both the indicators of response and side-effects, we believe
that antiviral therapy should be considered in elderly HCV patients with advanced fibrosis. It
is important to take into account the life expectancy and co-morbidities in the decision of
starting the treatment.

4.3. Treatment monitoring, side effects and stopping rules

According to the EASL Guidelines, patients treated with pegylated IFN-α and ribavirin should
be seen at a minimum of weeks 4 and 12 after initiation of treatment, then, at a minimum of
every 12 weeks until the end of treatment for both efficacy and side effects, and 24 weeks after
the end of therapy to assess the SVR (GRADE: C2). Monitoring of treatment efficacy is based
on repeated measurements of HCV RNA levels. A sensitive, accurate assay with a broad
dynamic range of quantification, ideally a real-time PCR based assay, should be used. The
same assay, ideally from the same laboratory, should be used in each patient to measure HCV
RNA at different time points, in order to assure consistency of results [30].

Before considering typical side effect related to antiviral therapy some consideration are
needed. Elderly have both lower haemoglobin levels and creatinine clearance. Because of a
substantial amount of ribavirin is excreted by kidney, elderly with impaired renal function
may be carefully followed-up. Ribavirin should not be administrated to patients with a
creatinine clearance of < 50 mL/min. Ribavirin should be administered to elderly patients
cautiously, starting at lower dosage, with renal function monitored and dosage adjustments
made accordingly. Note that, in this population, the serum creatinine level might remain
normal as the glomerular filtration rate decreases. Therefore, estimation of creatinine clearance
should be done using equations incorporating age as a variable, such as the Cockroft-Gault
equation [41].
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Furthermore, if Elder have a history of neurological and psychiatric disorders, may be at risk
of neurological side-effects of IFN, such as confusion, lethargy, cognitive changes and
depression [41]. The most frequent side effect developing after 4–6 weeks of therapy due to
the pegylated IFN-α injection, are a flu-like symptoms, which might be easily treated by
paracetamol and paying attention to hydration. Severe fatigue, sleeping disorders, skin
reactions, depression, irritability and dyspnoea may also be related to IFN therapy. Hemato‐
logical and biochemical side effects of pegylated IFN-α and ribavirin include neutropenia,
anaemia, thrombocytopenia, and ALT flares (Tab. 1). These parameters should be assessed at
weeks 1, 2, and 4 of therapy and at 4–8 week intervals thereafter [30].

Frequency IFN-α Ribavirin

Common Flu-like symptoms Haemolysis, dyspepsia

Mild-Uncommon

Depression (mild to severe) Anaemia

Anorexia Myocardial infarction

Thyroid dysfunction Angina

Diabetes Gastrointestinal symptoms

Neuropathy Cough and respiratory symptoms

Leukocytopenia Bacterial infections

Thrombocytopenia Bone marrow aplasia

Table 1. Most frequent side effect of anti viral therapy.

Most studies report a statistically significant higher ribavirin dose reduction and discontinu‐
ation rate in older patients. Based on these data, it would be very interesting knowing whether
a close follow-up of the haemoglobin level could allow a better adjustment of the ribavirin
dose. This strategy should decrease the discontinuation rate observed in the elderly population
and improve the SVR rate. Such approach would take into account the reduction in renal
function and the relative lower level of hemoglobin found in elderly, chronic HCV patients,
making it possible to adapt the dose in relation to the clinical situation of each patient [42].

The pegylated IFN-α dose should be reduced in case of severe side effects, such as clinical
symptoms of severe depression, and if the absolute neutrophil count falls below 750/mm3, or
the platelet count falls below 50,000/mm3. In individual cases, clinicians may choose to
maintain or reduce dosing in these situations but cautious monitoring is advised. When using
pegylated IFN-α-2a, the dose can be reduced from 180 to 135 μg/week and then to 90 μg/week.
When using pegylated IFN-α-2b, the dose can be reduced from 1.5 to 1.0 μg/kg/week and then
to 0.5 μg/ kg/week. Pegylated IFN-α should be stopped in case of marked depression, if the
neutrophil count falls below 500/mm3 or the platelet count falls below 25.000/mm3. If neutro‐
phil or platelet counts go up, treatment can be re-started, but at a reduced pegylated IFN-α
dose. If significant anaemia occurs (haemoglobin <10 g/dl), the dose of ribavirin should be
adjusted downward by 200 mg at a time. Ribavirin administration should be stopped if the
haemoglobin level falls below 8.5 g/dl. Furthermore, treatment should be promptly stopped
in case of a hepatitis flare (ALT levels above 10 times normal, if not already present at the time
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Furthermore, if Elder have a history of neurological and psychiatric disorders, may be at risk
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Frequency IFN-α Ribavirin
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Mild-Uncommon
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Thrombocytopenia Bone marrow aplasia

Table 1. Most frequent side effect of anti viral therapy.
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to 0.5 μg/ kg/week. Pegylated IFN-α should be stopped in case of marked depression, if the
neutrophil count falls below 500/mm3 or the platelet count falls below 25.000/mm3. If neutro‐
phil or platelet counts go up, treatment can be re-started, but at a reduced pegylated IFN-α
dose. If significant anaemia occurs (haemoglobin <10 g/dl), the dose of ribavirin should be
adjusted downward by 200 mg at a time. Ribavirin administration should be stopped if the
haemoglobin level falls below 8.5 g/dl. Furthermore, treatment should be promptly stopped
in case of a hepatitis flare (ALT levels above 10 times normal, if not already present at the time
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of starting treatment) or if a severe bacterial infection occurs at any body site, regardless of
neutrophil counts [30, 43, 44].

Recombinant erythropoietin (EPO) and erythropoiesis-stimulating agents (ESAs) can be
administered when the haemoglobin level falls below 10 g/dl in order to avoid ribavirin dose
reduction or discontinuation (GRADE: C2]. In selected population, such as neoplastic and
diabetic patients, ESAs have been linked to increased risk of serious cardiovascular events,
tumor progression, thrombosis, and death [45]. Nevertheless, using such drugs may help in
managing ribavirin-associated anemia. It is conceivable that clinicians should attend to
traditional thrombosis risk factors in patients prescribed ESAs.

Furthermore, it should be noted that there is no evidence that neutropenia during pegylated
IFN-α and ribavirin therapy is associated with more frequent infection episodes (GRADE: C1),
or that the use of granulocyte colony-stimulating factor (G-CSF) reduces the rate of infections
and/or improves SVR rates (GRADE: B1) [30].

Moreover, patients with a history and/or signs of depression should be seen by a psychiatrist
before therapy and should be treated with antidepressants (GRADE: C2) [30].

In studies using PEG-IFN plus ribavirin the SVR rate is always significantly lower in older
patients than in younger [28, 35, 46]. However SVR depends mainly from HCV genotype.
The study of Antonucci confirmed the effect of age in reducing SVR rate in patients infected
by HCV 1 or 4 genotypes. Furthermore, such study demonstrated that hepatitis due to HCV
genotypes 2 or 3 should be considered for treatment regardless patient’s age suggesting that
optimal  treatment  with  peginterferon  α  plus  ribavirin  may  be  successfully  and  safely
extended to elderly patients with no major contraindications which should be also includ‐
ed in clinical trials [28].

5. Risk of evolution

Several studies have clearly shown that risk of developing an HCC in those who are untreated
is significantly higher than in IFN-treated groups hence, antiviral therapy is an effective way
of reducing such risk and improving survival [47-49]. Interestingly, such observations are
observed, both, from patients in whom SVR has been observed and a biochemical response
obtained.

A retrospective study by Ikeda and colleagues considered the effect of antiviral therapy in a
large cohort of elderly patients with HCV hepatitis. Stratifying patients according to their
platelet count before therapy (high (> 150.000/mm3), intermediate (100.000 – 149.000/mm3) or
low (< 100.000/mm3), authors assessed survival and the risk of hepatocarcinogenesis. The study
demonstrated that hepatocarcinogenesis was significantly and inversely correlated with
platelet count, reflecting the degree of fibrosis. Interferon treatment for a subgroup of elderly
patients with an intermediate or low platelet count conferred substantial advantages with
regard to both hepatocarcinogenesis and survival [47, 50]. Furthermore, the study by Ikeda
and colleagues demonstrates that platelet count can be used as a simple indicator of the risk
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of hepatitis progression. Imai and colleagues, using a conventional interferon-based regimen,
found a significantly lower liver-related mortality rate in elderly patients when compared with
their untreated counterparts [49].

6. Conclusion

There was no rigorous definition of old age and the upper limit for patient age allowed for
interferon-based therapy. Moreover, several aspects should be taken into account; better
stratifying elderly population might help physicians in managing HCV infection, regarding
life expectancy, cost, side effects, and risks caused by interferon-based therapies (Table 2).

Managing chronic HCV infection in elderly

Identify and treat HCV patients before 60 years or as soon as possible

Carefully assess liver health and weigh the benefits-to-risk ratio of antiviral therapy

Treat HCV 2-3 patients more aggressively because of good response of treatment

Tailor the treatment to each patient

Manage side effect more aggressively

Table 2. Recommendation for managing HCV infection in elderly patients.

Furthermore, current guidelines endorse not to suspend antiviral therapy based exclusively
on old age but suggest that special care should be paid to co-morbid conditions and tolerance
for potential side effects [31]. Hence, treatment should be initiated under monitoring if there
are no major contraindications or severe co-morbidities that would compromise the patient’s
life expectancy. Moreover, adverse effects typically resolve spontaneously within 2 – 3 weeks
of discontinuing therapy.

In any case, treatment for the elderly should be individualized. In conclusion, a reduction in
HCC incidence and liver-related deaths are the most desirable endpoints that could be
achieved.
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1. Introduction

Hepatitis E virus (HEV) represents the major aetiological agent of enteric non-A hepatitis and
it is the only member of a new virus, Hepevirus, belonging to the family of Hepeviridae [1-2].
HEV is often responsible of acute clinical hepatitis in developing world, specifically the Indian
subcontinent and Southeast Asia, the Middle East and North Africa [3-5], where it is a common
cause of sporadic and epidemic waterborne outbreaks and determines an important rate of
morbidity and mortality, especially in pregnant women. In these countries, where the disease
is endemic, antibodies HEV-IgG, which are indicative of past infections, have been detected
in 5-60% of the general population. Once thought as an infection confined to developing
countries, it is now recognized as a disease with a widespread geographic distribution. In
industrialized countries this infection occurs sporadically; most cases are diagnosed in
individuals who travel to regions where HEV is endemic [6], even though a growing number
of infections have been identified also in patients with no history of recent travels to endemic
countries [7-8]. However, in the last years, it has been shown that the host range, geographical
distribution and ways of transmission of HEV and clinical features of this infection are much
broader than it was previously believed.

2. The history

The existence of a different enteric transmitted hepatitis virus was suspected from epidemio‐
logical evidences already many years before the discovery of HEV. However, HEV Infection
was first documented in 1955 during an outbreak in New Delhi and only two decades later
some researchers have demonstrated the existence of a new non-A virus [3]. During the winter
of 1955-56, a significant monsoon flooding in New Delhi caused the Jamuna River to change
its direction. The waters ran through the city sewage and then into uptake pipes feeding a
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treatment plant that supplied water to most of New Delhi. The treatment facility broke down
and contaminated water ran through the city’s water supply. Over 30,000 cases of hepatitis
were reported, representing 2.3% of the population residing in the affected areas. The epidemic
peak was reached in 2 weeks and was reduced in about 7 weeks. The incidence of HEV infection
is highest in young adults. Acute hepatitis is preceded by a brief prodromal period. The disease
generally had a self-limited course, but pregnant women often had fulminant hepatic failure
(FHF) with a high mortality rate [2]. It has been hypothesized this epidemic so great could be
caused by the same old enteric hepatitis, as hepatitis A virus (HAV), overwhelming any
previous immunity of individuals to this infection [3, 9-10]. In the early 1970s, with electron
microscopy, were identified the hepatitis A virus and, the hepatitis B virus [11]. This led to the
discovery of the serological tests for hepatitis A and B and to the recognition that many cases
of post-transfusion hepatitis were not related to either of these agents; such cases were
provisionally labeled as non-A, non-B post-transfusion hepatitis [3,5]. During an outbreak of
acute viral hepatitis in the Kashmir Valley, India, in 1980, Khuroo was the first to suspect an
enterically transmitted non-A, non-B hepatitis virus [12]. Among 16,620 inhabitants of the
affected areas, there were 275 clinical cases; most of them were 11–40 years old, and occurred
in villages with a common water source. Of the patients, 12 (4.4%) had fulminant hepatic
failure, and 10 died; the outbreak was characterized by a high disease attack rate and mortality
among pregnant women. With the availability of serological tests for hepatitis A and B, 31
patients were tested for these viruses; only one presented immunoglobulin M (IgM) anti-HAV
antibodies and none had hepatitis B surface antigen (HBsAg); in fact, most subjects had
evidence of prior immunity against HAV infection (IgG) [12]. After some months, Wong et al
reported the results of retrospective serological testing on sample sera which had been
collected and stored from the 1955–56 hepatitis outbreak in New Delhi; they proved that the
outbreak victims at the time had not been infected with hepatitis A or B. Specimens from none
of the outbreaks showed evidence of acute hepatitis A and only a few had markers of acute
hepatitis B [3]. These findings suggested the existence of a water-transmissible agent distinct
from HAV and HBV, and clearly a new virus was responsible for the outbreak. The name
“enterically transmitted non-A, non-B hepatitis virus” was coined for this virus.

During the Soviet occupation of Afghanistan in the 1980s, after an outbreak of unexplained
hepatitis at a military camp, a pooled aqueous faecal extract of faecal matter from nine patients
with epidemic non-A, non-B hepatitis, was ingested by a member of the research team (Dr.
Balayan), who was immune to HAV. The volunteer developed, on day 36, typical acute
hepatitis, which lasted for about 3 weeks. Stool specimens were collected on days 28–45 and
showed 27- to 30-nm spherical virus-like particles (VLPs); these VLPs presented aggregation
with convalescent sera of patients with enteric non-A, non-B hepatitis, but not with those from
patients with HAV virus hepatitis, hepatitis B or post transfusion non-A, non-B hepatitis. The
volunteer showed seroconversion against VLPs, but no detectable HBsAg or boosting of anti-
HAV antibodies [13].

About ten years after the discovery of a new virus, Reyes et al. isolated, from bile obtained
from  an  experimentally-infected  animal,  a  nucleic  acid  clone  representing  a  part  of  its
genome. They also identified similar genomic sequences in clinical specimens obtained from
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several geographical regions at different time-points; the agent was christened as hepatitis
E virus (HEV) [14]

The appearance of IgM anti- HEV antibodies was associated with the beginning of HEV virus
hepatitis in most patients, while the IgG anti-HEV are detected shortly thereafter. The new-
found molecular and serological tests for the diagnosis of HEV infection are actually used in
different geographical areas to determine the frequency of HEV infection in patients with
epidemic and sporadic hepatitis, and in different population groups. [15]

3. The virus

HEV is the single virus that belongs to the genus Hepevirus in the Hepeviridae family [1,2]. It
can infect human and animal beings, as domestic pigs, wild boars, deer, rodents [2, 16-17]. The
HEV virions are small, icosahedral, non-enveloped, spherical particles of 27-34 nm, with a
single capsid protein and a linear, positive-sense RNA genome of approximately 7.2 kb [18].
The HEV genome contains three open reading frames (ORF). ORF1 non-structural polyprotein
encodes a protein of 1693 amino acids, and contains domains with methyl-transferase, putative
papain-like cysteine protease, RNA helicase, and RNA-dependent RNA polymerase activities,
which are important for viral replication [19-20]. The ORF2 encodes the viral capsid protein
of 660 amino acids protein, consists of three linear domains and is responsible for virion
assembly, interaction with target cells, and immunogenicity [21-22]. ORF3, which overlaps
with ORF2 and encodes a small protein of 114 amino acids, is required for HEV replication in
the host; moreover, it has pleiotropic effects on host cell pathways and plays a role in viral
egress from infected cells [23-24]. In HEV capsid organisation, three domains have been
defined: the shell domain (S; amino acids 129–319), the middle domain (M; amino acids 320–
455), and the protruding domain (P; amino acids 456–606). These studies placed the neutral‐
ising epitope(s) in the P domain of ORF2 [25-26]. At present, are recognized four different HEV
genotypes, whose genotype 1-2 are found in human species [19, 27], genotype 1 and 2 strains
are transmitted via contaminated water in developing countries, HEV1 occurs mainly in Asia
[28-29], and HEV2 in Africa [30] and Mexico [31]. Genotypes 3 and 4 have a broader host range
and are also zoonotic viruses; in fact they infect human beings, pigs, and other mammalian
species and are responsible for sporadic cases of autochthonous hepatitis E in both developing
and developed countries [2,16]. Interspecies transmission has been demonstrated for HEV
genotypes 3 and 4. HEV3 has a worldwide distribution [32-33]; by contrast, HEV4 mostly
occurs in southeast Asia [28-29], but has recently been isolated also in European pigs [33]. On
the basis of full-length genome-sequence analyses, HEV genotypes have recently been
characterized in rats in Germany [34], wild boars in Japan [35], and farmed rabbits in China
[36]. HEV1 can be classified into five sub-genotypes, HEV2 into two, HEV3 into three, and
HEV4 into seven. Phylogenetic analyses show that HEV sub-genotypes, circulating in human beings
and animals in the same area are closely related, supporting zoonotic transmission [27].

The cellular receptor and the mode of entry of HEV into the cell are not known, but heparin
sulphate proteoglycans are required for HEV attachment and infection of target cells [37].
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It appears that HEV is not directly cytopathic, and liver injury results from the host immune
response; this response is marked by an initial increase in anti-HEV immunoglobulin (Ig)M,
followed closely by an IgG response; whereas IgM titers wane off in 4- 6 months, IgG persists
for longer periods. [38]. Viremia begins 1-2 weeks before and last 2-4 weeks after the onset
of  symptoms.  In experimentally infected nonhuman primates,  HEV RNA is  observed in
serum, bile, and faeces before the elevation of aminotransferases [28]. The HEV antigens
first appear in hepatocytes about 7 days post-infection, followed by rapid spread to 70%-90%
of hepatocytes [39].

4. The epidemiology

HEV infection can cause both epidemic and acute sporadic hepatitis in developing world.
However, the true incidence of this infection is unknown because it is most often a self-limited
hepatitis, except for HEV infection during in pregnancy characterized by high mortality, and
often for the lack of available serological tests in these areas of the world. Seroprevalence
studies have led to establish that HEV can infect about one-third of worldwide population [40].

Anti-HEV IgG antibodies represent evidence of past exposure to HEV; furthermore, the
duration of persistence of circulating IgG anti-HEV antibodies remains unclear, varying from
some months to several years after acute disease, though its titers declined over time. Anti-
HEV antibodies have been found worldwide also in healthy subjects; prevalence rates are
higher in developing countries where HEV hepatitis is common, than in countries where
clinical cases due to hepatitis E are sporadic [32].

The mode of transmission or risk factors for sporadic HEV transmission is not yet understood.
HEV infection is mainly transmitted through contaminated water, perhaps during outbreaks
[41], that can last from a few-week to prolonged time, [42]. Other routes of transmission are
possible: food-borne, zoonotic, infected-blood products, needle sharing, and vertical (materno-
fetal) transmission [9, 11]. Person-to-person spread occurs in only 0.7% to 2.2% of cases
compared to 50% to 75% for hepatitis A; even when multiple cases occur in a family, the time
interval between cases is usually short, indicating a shared primary water-borne infection
rather than person-to-person spread [43-44]. However, person-to person transmission could
become efficient perhaps in a peak of HEV infection and, in addition, promiscuity and poor
hygienic practices could contribute to HEV infection in households [45]. It is not yet clear if
protracted viremia or prolonged fecal shedding of HEV, with endless pollution of sewage,
could be the reservoir of HEV, responsible for maintaining the infection in hyperendemic
populations. Persons affected with subclinical infection could contribute to maintain HEV
infection through fecal dissemination of the virus contaminating water supplies [28,46].

The existence of an animal reservoir in hyper-endemic regions is suggested by the high
prevalence of anti-HEV antibodies in several animal species, and by the isolation of HEV
genomic sequences from pigs in these regions. above all in genotype 4 [47-48]. On the contrary,
genotype 1 has never been isolated from pigs and other domestic and wild animals [49] and
so it is not responsible of zoonotic transmission. The way of transmission of HEV infection not
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always can be identified, especially in low-endemic regions and sporadic cases in highly
endemic areas.

In epidemics, the incubation period varied from 2 to 10 (with an average of 6-7) weeks. Two
distinct epidemiological patterns have been observed: endemic and non-endemic, character‐
ized by different routes of transmission and the disease characteristics [4,32].

In high-endemic areas, a large proportion of HEV infections manifest itself as acute sporadic
hepatitis in all age groups; the clinical characteristics of these patients are similar to those
of epidemic hepatitis E. Main routes of transmission might be the contamination of water
or food and this is confirmed by the identification of the HEV genomic sequences in sewage
from high-endemic regions [34]. Route of transmission is unclear in such patients, but is
likely to be through contamination of  water or food;  identification of  the HEV genomic
sequences in sewage from high-endemic regions around the year suggests nearly ubiqui‐
tous  circulation  of  HEV  in  these  populations;  this  could  act  as  a  reservoir  of  infection
responsible for sporadic cases [34].

4.1. Epidemiology of hepatitis E in developing countries

The first, retrospectively identified outbreak of hepatitis E caused about 30,000 cases in India
in  1955–56  [3].  Other  large  outbreaks  of  this  disease,  subsequently,  have  been  reported
frequently in the Indian subcontinent [12], China [5], Southeast and Central Asia [52], the
Middle East, and northern and western parts of Africa (Somalia, Uganda) [53-54], affect‐
ing up from several hundred to several thousand people. Two small outbreaks occurred in
North  America  (Mexico)  during  1986–1987,  but  none  has  been  reported  thereafter  [31].
Epidemics  of  hepatitis  E  occur  periodically  throughout  the  developing  world,  and  are
mainly caused by HEV genotype 1 in Asia and HEV genotype 2 in Africa [53] and Mexico
[31]. Most infections are due to HEV1 but also to HEV4, although HEV3 has recently been
isolated in endemic regions. In the last years, hepatitis E in China has occurred mainly as
sporadic  cases  and occasional  food-borne  outbreaks.  The  predominant  circulating  geno‐
type is HEV4, with only occasional HEV1 cases; this might reflect improvements in water
supply and in  the  sanitary  infrastructure  in  China over  the  past  few decades,  allowing
zoonotically  transmitted  HEV4  to  predominate  in  the  human  population  [27].  Sporadic
HEV4 cases are more common in elderly men.

Seroprevalence studies conducted in various endemic countries have demonstrated that the
rate of HEV seropositivity seldom exceeds 40% of population, and in some countries, such as
India, Algeria, and in some parts of China, there is a higher prevalence of anti-HEV [50]. A
study in rural areas of southern China demonstrated a prevalence of anti-HEV that ranged
from 25% to 63%, particularly in young males [51]. Moreover, a higher incidence of hepatitis
E outbreaks occurs during pregnancy, especially, greater incidence is often associated with
prematurity, low birth weight and a major risk of perinatal mortality.

Instead, children have lower HEV infection rates, probably because in children there are
frequently asymptomatic infections.
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compared to 50% to 75% for hepatitis A; even when multiple cases occur in a family, the time
interval between cases is usually short, indicating a shared primary water-borne infection
rather than person-to-person spread [43-44]. However, person-to person transmission could
become efficient perhaps in a peak of HEV infection and, in addition, promiscuity and poor
hygienic practices could contribute to HEV infection in households [45]. It is not yet clear if
protracted viremia or prolonged fecal shedding of HEV, with endless pollution of sewage,
could be the reservoir of HEV, responsible for maintaining the infection in hyperendemic
populations. Persons affected with subclinical infection could contribute to maintain HEV
infection through fecal dissemination of the virus contaminating water supplies [28,46].

The existence of an animal reservoir in hyper-endemic regions is suggested by the high
prevalence of anti-HEV antibodies in several animal species, and by the isolation of HEV
genomic sequences from pigs in these regions. above all in genotype 4 [47-48]. On the contrary,
genotype 1 has never been isolated from pigs and other domestic and wild animals [49] and
so it is not responsible of zoonotic transmission. The way of transmission of HEV infection not
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always can be identified, especially in low-endemic regions and sporadic cases in highly
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ized by different routes of transmission and the disease characteristics [4,32].
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of epidemic hepatitis E. Main routes of transmission might be the contamination of water
or food and this is confirmed by the identification of the HEV genomic sequences in sewage
from high-endemic regions [34]. Route of transmission is unclear in such patients, but is
likely to be through contamination of  water or food;  identification of  the HEV genomic
sequences in sewage from high-endemic regions around the year suggests nearly ubiqui‐
tous  circulation  of  HEV  in  these  populations;  this  could  act  as  a  reservoir  of  infection
responsible for sporadic cases [34].

4.1. Epidemiology of hepatitis E in developing countries

The first, retrospectively identified outbreak of hepatitis E caused about 30,000 cases in India
in  1955–56  [3].  Other  large  outbreaks  of  this  disease,  subsequently,  have  been  reported
frequently in the Indian subcontinent [12], China [5], Southeast and Central Asia [52], the
Middle East, and northern and western parts of Africa (Somalia, Uganda) [53-54], affect‐
ing up from several hundred to several thousand people. Two small outbreaks occurred in
North  America  (Mexico)  during  1986–1987,  but  none  has  been  reported  thereafter  [31].
Epidemics  of  hepatitis  E  occur  periodically  throughout  the  developing  world,  and  are
mainly caused by HEV genotype 1 in Asia and HEV genotype 2 in Africa [53] and Mexico
[31]. Most infections are due to HEV1 but also to HEV4, although HEV3 has recently been
isolated in endemic regions. In the last years, hepatitis E in China has occurred mainly as
sporadic  cases  and occasional  food-borne  outbreaks.  The  predominant  circulating  geno‐
type is HEV4, with only occasional HEV1 cases; this might reflect improvements in water
supply and in  the  sanitary  infrastructure  in  China over  the  past  few decades,  allowing
zoonotically  transmitted  HEV4  to  predominate  in  the  human  population  [27].  Sporadic
HEV4 cases are more common in elderly men.

Seroprevalence studies conducted in various endemic countries have demonstrated that the
rate of HEV seropositivity seldom exceeds 40% of population, and in some countries, such as
India, Algeria, and in some parts of China, there is a higher prevalence of anti-HEV [50]. A
study in rural areas of southern China demonstrated a prevalence of anti-HEV that ranged
from 25% to 63%, particularly in young males [51]. Moreover, a higher incidence of hepatitis
E outbreaks occurs during pregnancy, especially, greater incidence is often associated with
prematurity, low birth weight and a major risk of perinatal mortality.

Instead, children have lower HEV infection rates, probably because in children there are
frequently asymptomatic infections.
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In fact in the children, asymptomatic infections are usually more frequent by two to four times
in waterborne outbreaks and sporadic cases.

Mortality rates of HEV infection in epidemics range from 0.2% to 4.0% and they are higher in
infants under 2 years of age and in pregnant women (10% to 25% of cases).

Mortality in pregnancy occurs largely in the third trimester, and is caused by fulminant hepatic
failure and obstetric complications such as eclampsia or hemorrhage. [55] Moreover, pregnant
cases more often (22.2%) developed FHF than the cases who were non-pregnant women (0%)
or men (2.8%). These associations were first noted during the Kashmir and the Delhi outbreaks.
The exact cause of this specific predilection for occurrence of the worsening of the disease
among pregnant women remains unknown; immunological or hormonal factors have been
suspected [56].

4.2. Epidemiology of hepatitis E in developed countries

Previous seroprevalence studies in industrialized countries reported the discovery of locally-
acquired cases of HEV hepatitis, determining a substantial change in epidemiological pattern
of this infection in regions where HEV is infrequent. Variable rates of anti-HEV antibodies
were observed in healthy populations: 2.5% in the USA [57] and 0.4-3% in Western Europe,
mainly in Mediterranean European Countries [58-60] (Italy, Spain, France and Greece), where
there is a high prevalence of immigrants. However also in other developed countries (Japan,
Denmark), high anti-HEV antibodies prevalence (up to above 20%) have been reported; these
appear to be markedly higher than those expected from the low rate of hepatitis E disease
diagnosed in these areas [61-62]. In the last years, isolated cases or small case series related to
autochthonous (locally-acquired) acute hepatitis E have been described in the US, Europe, and
in developed countries of Asia-Pacific (Japan, Taiwan, Hong Kong, Australia)). In a recent
Italian long-term prospective study, the prevalence of acute hepatitis E was 20.6% in a cohort
of 651 patients with acute viral non A-non C hepatitis [69]. A prospective study (unpublished
data) was conducted by our group in Southern Italy, in 2010-2011, to evaluate the seropreva‐
lence of HEV in a cohort of 1,217 subjects, 412(34%) of whom were immigrants who had
recently arrived in Italy, and 805 were from four different Italian populations (blood donors,
general population, HIV-positive patients, haemodialysis patients). A total of 107 (8.8%) of the
1,217 serum samples examined were reactive to anti-HEV IgG and confirmed by Western Blot.
The prevalence in immigrants was 19.7%, in Italians was 3.9% (blood donors 1.3%, general
population 2.7%, HIV-positive patients 2.0%, haemodialysis patients 9.6%). In our study, we
found 38/107 (35.5%) patients with anti-HEV IgM positive. Most of them (34 cases) were
immigrants. Several of these cases can be traced to traveling to developing countries and/or
immigration, but others occurred among autochthonous individuals reporting no trips abroad
or at-risk contacts (travelers and/or immigrants). While the HEV genotypes in immigrant and/
or travelers are mainly 1-2, autochthonous acute hepatitis E was determined by genotypes 3-4
[63].The reason for this high anti-HEV seroprevalence is unclair, and might reflect past
subclinical HEV infection due to travel in endemic countries or a cohort effect due to recent
past HEV infections imported by immigrants. Sporadic cases of the infection are owed to faecal
contamination of drinking water. Autochthonous HEV, in industrialized countries, is due
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mainly exposure to animals; people with occupational exposure to swine or wild animals in
these regions often show a high seroprevalence of anti-HEV antibodies. The genotypes (3-4)
also widely circulate in swine populations; these findings reinforce that some cases of autoch‐
thonous hepatitis E in developed countries could strengthen zoonotic transmission. Inade‐
quately-cooked deer meat could represent a possible source of HEV infection, as it has been
reported in some Japanese cases. The genomic sequences of HEV isolated from these cases
were identical to those from the left-over frozen meat, establishing food-borne transmission.
A proportion of commercial packets of pig liver sold in Japanese and US grocery stores have
been shown to contain genotype 3 or 4 HEV [64]. Contaminated shellfish has also been
proposed as a potential vehicle in developed countries. To-day this finding suggests that at
least some autochthonous cases are related to consumption of contaminated foods, but the
extent of zoonotic transmission is not fully understood. Other routes of transmission, in
developed countries, were described:

1. Higher rates of hepatitis E antibodies were found in drug users in Denmark [62] and
Sweden [65]: this might indicate parenteral transmission by needle sharing within the
group.

2. Furthermore, HEV was found in sewage samples collected in some western countries
(France, Spain, USA), with evidence of autochthonous HEV infection in these areas; in
southwest France, HEV is hyper-endemic [66].

3. Moreover, several studies unexpectedly showed a high prevalence of antibodies to HEV
in haemodialysis patients, and blood donors in developed countries; the mode of exposure
and clinical significance of these infections are not well understood [67-68].

Acute HEV-3 and HEV-4 infections in developed countries are usually self-limiting illnesses
that last 4–6 weeks; symptomatic HEV infection is much more common in middle-aged and
elderly men. The high pregnancy-associated mortality in HEV-1 has not been reported with
HEV-3 or HEV-4. In developed countries the mortality rates can to be up to 10%, especially in
individuals with several comorbidities in symptomatic cases of HEV infection [8, 33]. Excessive
alcohol consumption could contribute to the onset of HEV infection, because these individuals
are characterized by major risk of hepatic steatosis or hepatic fibrosis and so by a more severe
host response to HEV infection [70-71].

4.3. Epidemiology in travelers

The incidence of HEV in travelers is not well known, but it is very low, on the order of 1 case
per 1 million travelers [6]. This supports the hypothesis that the fecal–oral route is the most
important transmission route of HEV infection and it is highly endemic in several countries,
particularly the Indian subcontinent, which is a popular travel destination of over 4 million
people traveling annually, as reported by World Tourism Organization, and Southeast Asia.
Despite the low number of reported HEV cases in travelers, many cases of HEV in travelers
are underdiagnosed, perhaps because of the lack of awareness of HEV infection among
physicians and the lack of commercial diagnostic tools preventing the confirmation of HEV
infection diagnosis in many industrialized countries. Moreover, travelers are not immune to
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In fact in the children, asymptomatic infections are usually more frequent by two to four times
in waterborne outbreaks and sporadic cases.

Mortality rates of HEV infection in epidemics range from 0.2% to 4.0% and they are higher in
infants under 2 years of age and in pregnant women (10% to 25% of cases).
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cases more often (22.2%) developed FHF than the cases who were non-pregnant women (0%)
or men (2.8%). These associations were first noted during the Kashmir and the Delhi outbreaks.
The exact cause of this specific predilection for occurrence of the worsening of the disease
among pregnant women remains unknown; immunological or hormonal factors have been
suspected [56].

4.2. Epidemiology of hepatitis E in developed countries

Previous seroprevalence studies in industrialized countries reported the discovery of locally-
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there is a high prevalence of immigrants. However also in other developed countries (Japan,
Denmark), high anti-HEV antibodies prevalence (up to above 20%) have been reported; these
appear to be markedly higher than those expected from the low rate of hepatitis E disease
diagnosed in these areas [61-62]. In the last years, isolated cases or small case series related to
autochthonous (locally-acquired) acute hepatitis E have been described in the US, Europe, and
in developed countries of Asia-Pacific (Japan, Taiwan, Hong Kong, Australia)). In a recent
Italian long-term prospective study, the prevalence of acute hepatitis E was 20.6% in a cohort
of 651 patients with acute viral non A-non C hepatitis [69]. A prospective study (unpublished
data) was conducted by our group in Southern Italy, in 2010-2011, to evaluate the seropreva‐
lence of HEV in a cohort of 1,217 subjects, 412(34%) of whom were immigrants who had
recently arrived in Italy, and 805 were from four different Italian populations (blood donors,
general population, HIV-positive patients, haemodialysis patients). A total of 107 (8.8%) of the
1,217 serum samples examined were reactive to anti-HEV IgG and confirmed by Western Blot.
The prevalence in immigrants was 19.7%, in Italians was 3.9% (blood donors 1.3%, general
population 2.7%, HIV-positive patients 2.0%, haemodialysis patients 9.6%). In our study, we
found 38/107 (35.5%) patients with anti-HEV IgM positive. Most of them (34 cases) were
immigrants. Several of these cases can be traced to traveling to developing countries and/or
immigration, but others occurred among autochthonous individuals reporting no trips abroad
or at-risk contacts (travelers and/or immigrants). While the HEV genotypes in immigrant and/
or travelers are mainly 1-2, autochthonous acute hepatitis E was determined by genotypes 3-4
[63].The reason for this high anti-HEV seroprevalence is unclair, and might reflect past
subclinical HEV infection due to travel in endemic countries or a cohort effect due to recent
past HEV infections imported by immigrants. Sporadic cases of the infection are owed to faecal
contamination of drinking water. Autochthonous HEV, in industrialized countries, is due
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mainly exposure to animals; people with occupational exposure to swine or wild animals in
these regions often show a high seroprevalence of anti-HEV antibodies. The genotypes (3-4)
also widely circulate in swine populations; these findings reinforce that some cases of autoch‐
thonous hepatitis E in developed countries could strengthen zoonotic transmission. Inade‐
quately-cooked deer meat could represent a possible source of HEV infection, as it has been
reported in some Japanese cases. The genomic sequences of HEV isolated from these cases
were identical to those from the left-over frozen meat, establishing food-borne transmission.
A proportion of commercial packets of pig liver sold in Japanese and US grocery stores have
been shown to contain genotype 3 or 4 HEV [64]. Contaminated shellfish has also been
proposed as a potential vehicle in developed countries. To-day this finding suggests that at
least some autochthonous cases are related to consumption of contaminated foods, but the
extent of zoonotic transmission is not fully understood. Other routes of transmission, in
developed countries, were described:

1. Higher rates of hepatitis E antibodies were found in drug users in Denmark [62] and
Sweden [65]: this might indicate parenteral transmission by needle sharing within the
group.

2. Furthermore, HEV was found in sewage samples collected in some western countries
(France, Spain, USA), with evidence of autochthonous HEV infection in these areas; in
southwest France, HEV is hyper-endemic [66].

3. Moreover, several studies unexpectedly showed a high prevalence of antibodies to HEV
in haemodialysis patients, and blood donors in developed countries; the mode of exposure
and clinical significance of these infections are not well understood [67-68].

Acute HEV-3 and HEV-4 infections in developed countries are usually self-limiting illnesses
that last 4–6 weeks; symptomatic HEV infection is much more common in middle-aged and
elderly men. The high pregnancy-associated mortality in HEV-1 has not been reported with
HEV-3 or HEV-4. In developed countries the mortality rates can to be up to 10%, especially in
individuals with several comorbidities in symptomatic cases of HEV infection [8, 33]. Excessive
alcohol consumption could contribute to the onset of HEV infection, because these individuals
are characterized by major risk of hepatic steatosis or hepatic fibrosis and so by a more severe
host response to HEV infection [70-71].

4.3. Epidemiology in travelers

The incidence of HEV in travelers is not well known, but it is very low, on the order of 1 case
per 1 million travelers [6]. This supports the hypothesis that the fecal–oral route is the most
important transmission route of HEV infection and it is highly endemic in several countries,
particularly the Indian subcontinent, which is a popular travel destination of over 4 million
people traveling annually, as reported by World Tourism Organization, and Southeast Asia.
Despite the low number of reported HEV cases in travelers, many cases of HEV in travelers
are underdiagnosed, perhaps because of the lack of awareness of HEV infection among
physicians and the lack of commercial diagnostic tools preventing the confirmation of HEV
infection diagnosis in many industrialized countries. Moreover, travelers are not immune to
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the disease. A thorough review of the literature from 1989 to 1999 identified 161 reported cases
of acute HEV in travelers and military personnel coming mainly from the Indian subcontinent
and Southeast Asia [6]. Recent Geo-Sentinel surveillance data from returning travelers during
the period 1999-2005 report 33 cases of acute HEV [72]; almost all of these cases were in travelers
visiting the Indian subcontinent. Between 1994 and 2003, there were 30 cases of documented
Hepatitis E among travelers, expatriates, and Peace Corps volunteers in Nepal who asked for
medical treatment at three local clinics in Kathmandu (unpublished data). During a world
cruise in 2008, seven UK citizens contracted acute HEV infection during their 12-week voyage,
which included visiting several Asian port cities [73]. In a recent long-term prospective study
in Italy, a total of 134 out of 651 patients tested had acute hepatitis E, and 109 (81.3%) of them
developed hepatitis E traveling to endemic areas [69].

Seroconversion studies among travelers might help to sustain the evidence of HEV risk to
travelers from a low to a highly endemic region of the world, but only few data of HEV
antibody seroconversion in travelers have been reported. A prospective seroconversion study
was conducted in 1993 among 356 American short-term travelers to developing countries: of
the 236 initially seronegative patients, 4 (1.7%) seroconverted to HEV IgG positive after 6
months; all were asymptomatic [74]. A 1995 retrospective study of 328 North American
missionaries serving in Africa, Asia, and Central and South America between 1967 and 1984
showed no seroconversion [75]. Another seroconversion study was conducted in Nepal from
June 1997 to December 1998 and it showed the seroprevalence of anti-HEV among foreigners
living in Nepal and it has determined seroconversion rates over a 12-month period. This study
conclused that among the 373 persons seronegative for anti-HEV, there was one case of acute
HEV infection, for a seroconversion rate of 0.3%; there were no cases of asymptomatic
seroconversion.

According to these seroconversion studies, a HEV infection is not widespread among travelers
[76]. The acute HEV infection associated with travel is observed mainly in patients of mean
age 30 (range 6–65) and 52% female. Most of these individuals (53/69-77%) had traveled to the
Indian subcontinent (India, Nepal, Pakistan, and Sri Lanka). The mean duration of travel was
about 3 months, but there was a report of HEV infection after only 1 day in an endemic area
(range 1 day to 12 months) [77].

5. Clinical course

After the infection there is an incubation period of 15 to 60 days, with an average of 40 days,
then the infected patients develop symptoms and clinical signs similar to those of other forms
of acute viral hepatitis. The most prominent feature is jaundice accompanied by malaise,
anorexia, abdominal pain, nausea, vomiting, fever and hepatomegaly; diarrhea, pruritus,
arthralgia and rash can also be present. Serum levels of liver enzymes (AST-ALT) can be
elevated and there can be bilirubinemia. These markers usually return to normal values within
6 weeks of onset. Hepatitis E is typically a self-limited disease, lasting 1–4 weeks; most patients
recover completely within a few months. However, in about half the cases, HEV infection may
occur with protracted coagulopathy and cholestasis in more than half of patients [78].
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Liver histology in a study of eleven patients with sporadic acute hepatitis E showed acute
lesions in all cases: necro-inflammatory activity and confluent necrosis in nine and five
samples, respectively. Moreover, there were also siderosis and cholestasis in eleven and nine
patients, respectively [79]. The clinical significance of the genotypes in determining the severity
of the diseases is still unknown; a study from Japan compared the clinical features of patients
infected with genotypes 3 and 4 and showed that genotype 4 tends to have more severe clinical
manifestations than genotype 3 with a significantly higher ALT peak levels and a lower trough
prothrombin time [80]. The severity of infections can range from subclinical disease to
fulminant hepatitis. Overall mortality ranges from 0.1% to 4%. The mortality rate among
pregnant women infected with HEV during their third trimester is as high as 25%. Pathogenetic
events leading to increased mortality after HEV infection during pregnancy are not fully
understood; endotoxin-mediated hepatocyte injury and elevated T-helper type 2 responses
may have some role [81].

Fulminant hepatitis is often associated with patients with chronic liver disease; some patients,
however, progress to fulminant hepatitis without any apparent precipitating factors [82]. In
2004 in Dhaka, 23 patients, without other diseases, presented fulminant hepatitis, more than
half (13/23) of those were HEV IgM positive; the mortality rate was 87% [83].

The seroepidemiology of hepatitis E suggests a long-term post-infection immunity against
subsequent HEV infections during epidemics of the diseases, but lifelong immunity has not
been confirmed.

5.1. Clinical course in developing countries

In these regions the disease usually lasts for a few weeks and improves spontaneously; only a
few patients have a prolonged illness with cholestatic manifestations, though the outcome is
usually good. Some patients, as above said, have a particularly severe illness, presenting as
FHF, particularly common in pregnant women. During hepatitis E outbreaks, some patients
presented anicteric hepatitis (elevated liver enzymes with normal serum bilirubin) and HEV
infection (HEV viremia and seroconversion), and later only the detection of anti-HEV anti‐
bodies indicate a prior acute hepatitis [78,82].

In these areas,  HEV super-infection can occur in patients with pre-existing chronic liver
disease of viral or non-viral etiology, leading to superimposed acute liver injury and clinical
presentation  with  acute  on  chronic  liver  disease,  determining  a  higher  risk  of  a  poor
outcome. In some patients, chronic liver disease had been clinically silent till the time of
HEV super-infection [84]. Case-fatality rates of hepatitis E have been reported as 0.5% to
4%. For unknown reasons, mortality is higher in infants <2 years of age, and in pregnant
women [54,  85].  However,  these  data  derive  from hospitalized  cases  with  more  severe
disease. In population surveys at the time of disease outbreaks, much lower mortality rates
of 0.07% to 0.6% have been observed [3].  The highest  rates of  mortality are reported in
patients affected with acute HEV infection and other chronic liver diseases; studies from the
Indian subcontinent showed a 12-month mortality up to 70% in patients with HEV genotype
1 and prior chronic liver disease [86].
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Liver histology in a study of eleven patients with sporadic acute hepatitis E showed acute
lesions in all cases: necro-inflammatory activity and confluent necrosis in nine and five
samples, respectively. Moreover, there were also siderosis and cholestasis in eleven and nine
patients, respectively [79]. The clinical significance of the genotypes in determining the severity
of the diseases is still unknown; a study from Japan compared the clinical features of patients
infected with genotypes 3 and 4 and showed that genotype 4 tends to have more severe clinical
manifestations than genotype 3 with a significantly higher ALT peak levels and a lower trough
prothrombin time [80]. The severity of infections can range from subclinical disease to
fulminant hepatitis. Overall mortality ranges from 0.1% to 4%. The mortality rate among
pregnant women infected with HEV during their third trimester is as high as 25%. Pathogenetic
events leading to increased mortality after HEV infection during pregnancy are not fully
understood; endotoxin-mediated hepatocyte injury and elevated T-helper type 2 responses
may have some role [81].

Fulminant hepatitis is often associated with patients with chronic liver disease; some patients,
however, progress to fulminant hepatitis without any apparent precipitating factors [82]. In
2004 in Dhaka, 23 patients, without other diseases, presented fulminant hepatitis, more than
half (13/23) of those were HEV IgM positive; the mortality rate was 87% [83].

The seroepidemiology of hepatitis E suggests a long-term post-infection immunity against
subsequent HEV infections during epidemics of the diseases, but lifelong immunity has not
been confirmed.

5.1. Clinical course in developing countries

In these regions the disease usually lasts for a few weeks and improves spontaneously; only a
few patients have a prolonged illness with cholestatic manifestations, though the outcome is
usually good. Some patients, as above said, have a particularly severe illness, presenting as
FHF, particularly common in pregnant women. During hepatitis E outbreaks, some patients
presented anicteric hepatitis (elevated liver enzymes with normal serum bilirubin) and HEV
infection (HEV viremia and seroconversion), and later only the detection of anti-HEV anti‐
bodies indicate a prior acute hepatitis [78,82].

In these areas,  HEV super-infection can occur in patients with pre-existing chronic liver
disease of viral or non-viral etiology, leading to superimposed acute liver injury and clinical
presentation  with  acute  on  chronic  liver  disease,  determining  a  higher  risk  of  a  poor
outcome. In some patients, chronic liver disease had been clinically silent till the time of
HEV super-infection [84]. Case-fatality rates of hepatitis E have been reported as 0.5% to
4%. For unknown reasons, mortality is higher in infants <2 years of age, and in pregnant
women [54,  85].  However,  these  data  derive  from hospitalized  cases  with  more  severe
disease. In population surveys at the time of disease outbreaks, much lower mortality rates
of 0.07% to 0.6% have been observed [3].  The highest  rates of  mortality are reported in
patients affected with acute HEV infection and other chronic liver diseases; studies from the
Indian subcontinent showed a 12-month mortality up to 70% in patients with HEV genotype
1 and prior chronic liver disease [86].
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5.2. Clinical course in developed countries

Hepatitis E is a neglected disease in Western countries, and many physicians do not consider
the diagnosis when there is no history of travel to endemic countries. In these areas the
diagnosis is most often recognized when all the markers for other hepatitis are negative and
HEV test is undertaken in patients with unexplained liver injury; several studies report anti-
HEV seroprevalence rates of less than 5% [87-88]. Clinical features in these patients are
generally similar to those in high-endemic regions, except that most patients are middle aged
or elderly men and often have another coexistent disease, thus patients in developed countries
have a more severe disease than those in high-endemic areas [33, 40]. Moreover, some cases
were initially suspected to have drug-induced liver injury.

The very high fatality rate among pregnant women in endemic areas cannot be evaluated in
the traveler population or in industrialized countries because cases are very rare. Reports of
“severe hepatitis” in two pregnant women from the UK in their third trimesters were noted
[6]. Another case of liver transplantation due to fulminant HEV occurred in an Israeli woman
a few days after an uneventful delivery, and she had no history of travel [83].

Most deaths from HEV genotype 3 is determined by acute or subacute liver failure in patients
with prior hepatic disease. Indeed, the mortality and morbidity of this disease in patients in
developed countries with pre-existing liver disease is not well-established, since these patients
are not routinely tested for HEV infection. Two studies have shown an association between
pork consumption (HEV genotype 3 has been detected in pork destined for human food in
several countries) and mortality from chronic liver disease [88-90].

5.3. Clinical course in travelers

The incubation period and clinical course in travelers are identical to those observed in
inhabitants of HEV-endemic areas affected from acute HEV hepatitis. A study on travelers
with HEV infection showed that 96% (155/161) completely recovered without sequelae; only
2.5% (4/161) developed fulminant hepatitis and two of them died [6]. One of these was a 65-
year-old man with chronic hepatitis C and the other was a woman with no reported underlying
liver disease. The case fatality in this review was 1.2% (2/161), similar to the value of those with
autochthonous hepatitis.

In the already mentioned Italian study, in all 109 patients who developed hepatitis E traveling
to endemic areas, the acute disease had a self-limited course with ALT normalization within
3-6 weeks. Phylogenetic analysis on 39/109 isolated patients showed that they belonged to
genotype 1 [69]. Also our study on patients with a travel-related disease presented similar
results both in regards to the genotype of virus and the outcome of the disease.

5.4. Clinical extra-hepatic manifestations

In the last years some reports described HEV-associated neurological syndromes, mainly in
developing countries; most cases originate from the Indian subcontinent and the cause is HEV
genotype 1. These complications include Guillain-Barre syndrome [91], Bell’s palsy [92],
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neuralgic amyotrophy [93], and acute meningo-encephalitis [94], and seem to be related to the
viral load of HEV. The diagnosis is not sure, it is only serologic, because most of these studies
did not use molecular techniques to confirm the presence of the virus and/or the genotype.

Recently, neurological complications were described in seven (6%) of 126 patients with acute
and chronic HEV genotype 3 infection; HEV RNA was detected in the in the cerebrospinal
fluid (CSF) of all four patients with chronic HEV infection. A complete resolution of neuro‐
logical symptoms or a significant improvement was observed in patients who achieved viral
clearance [95]. Two further cases of HEV-associated Guillain-Barre syndrome (presence of anti-
ganglioside GM1 antibodies) and one case of meningoencephalitis have been described in
Belgium [96] and France [97]. The patients with Guillain-Barre syndrome responded well to
treatment with intravenous immunoglobulin [96].

Other extra-hepatic HEV-related manifestations can be represented by membrano-prolifera‐
tive glomerulonephritis and membranous glomerulonephritis; some cases have been reported
in India in patients with acute HEV genotype 1 infection [97], and in France in patients with
chronic HEV genotype 3 infection [98]. Further complications were observed during acute
HEV infection as acute pancreatitis [99] and severe thrombocitemia [100].

5.5. Chronic HEV infection

Hepatitis E is considered a self-limited disease, evolving rarely into chronic disease. However,
some patients, undergoing organ transplants and subsequent immunosuppressive therapy,
may have developed chronic HEV infection. HEV chronic infection is defined by persisting
HEV RNA in serum or stools for 6 months or more, in immunosuppressed patients. For the
first time in 2008, a French study described a group of 14 solid-organ transplant recipients
(liver, kidney, and pancreas) that were diagnosed with acute HEV, who were receiving
immunosuppressive drugs. Consumption of game meat, pork products and mussels were
associated with viral infections in these patients. About 60% (8 patients) of organ-transplants
recipients failed to clear the virus and developed chronic hepatitis, as confirmed by a recent
onset, the persistently presence of transaminase elevation (7 asymptomatic, 7 with non-specific
symptoms), and persistent HEV viremia. All patients had genotype 3 HEV [101]. Sequential
liver biopsies in some of the patients with chronic HEV infection showed portal hepatitis with
dense lymphocytic infiltrate, and variable degrees of piecemeal necrosis, with rapid progres‐
sion in fibrosis, and 10% of patients showed progress to cirrhosis. In this study no correlation
between serum HEV RNA load and liver fibrosis progression has been reported [102]. Death
occurred in few of these patients due to decompensated chronic liver disease. The patients
with persistent infection had a significantly shorter time from organ transplantation to the
development of HEV infection, and thus had lower total, and CD2, CD3, and CD4 lymphocyte
counts than those with resolving HEV infection [81]. Another study reported two cases of
chronic HEV infection in liver transplant recipients leading to cirrhosis and graft-failure. The
same study found a prevalence of HEV infection acquired after liver transplantation in only
1% of 274 patients. [103]. Chronic HEV hepatitis was later reported also in HIV positive patients
and in immunosuppressed patients for chemotherapy or hematological diseases [82].
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The most of chronic hepatitis E cases have been reported among immunosuppressed subjects
with genotype 3.

6. Diagnosis

For the diagnosis of acute hepatitis E, the detection of antibodies to HEV or detection of HEV
RNA in serum or faeces are essential tests.

6.1. Serology

After the incubation period, the immune response to HEV follows the usual pattern: an initial
specific IgM response that remains positive for months followed by IgG antibodies that can
be detectable as early as in the second week of clinical symptoms [104]. In the beginning we
notice the presence of the low avidity IgG antibodies, and when response matures they are
replaced by antibodies with higher avidity [105]. Although four genotypes of HEV are
recognized, they elicit very similar antibody responses and appear to represent a single
serotype [106]. Confirmation of HEV acute hepatitis diagnosed in this way is either by
molecular techniques, detecting rising reactivity in a specific IgG assay, or by positivity in
immunoblot IgM assays [107]. The determination of immunity or previous exposure to HEV
infection, by serological diagnosis, would be very important but it is difficult because available
enzyme immunoassays use different antigens and present various effectiveness. A concentra‐
tion of anti-HEV antibodies that reliably prevent infection has not been defined, but a vaccine
study suggests that antibodies concentrations of 20 Walter Reed units/mL (2,5 WHO units/mL)
are protective [104].

Commercial ELISA tests for antibody detection are available in Europe, Canada, and parts of
Asia. In the USA, however, these tests are not commercially available. In research settings,
there are tests for detecting hepatitis E virus antigen (HEVAg) in the serum. Diagnosing HEV
remains a challenge given the lack of available diagnostic methods. PCR is not available in
many areas of the world and serology cannot be relied upon.

6.2. Molecular techniques

HEV RNA detection using amplification techniques is a key test for the diagnosis, confirma‐
tion, and monitoring of HEV infections. In addition, recently, emerging data on the use of
antiviral treatment in patients with chronic hepatitis E have emphasized the role for HEV RNA
detection and quantification for monitoring therapeutic responses [100-1071].

In patients with an acute HEV infection, viral RNA occurs during the incubation period and
the early phase of disease, it can be detected just before the onset of clinical symptoms in both
blood and stool samples. HEV RNA usually becomes undetectable in blood and stool within
one to six weeks after the onset of symptoms [108]. The window of detectable RNA is close
and so if the detection has been searched later, an undetectable HEV RNA result does not
exclude a recent infection. Detection of HEV RNA is very important in the diagnosis of patients
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with chronic HEV infection because, in immunosuppressed individuals, a specific serological
response (IgM-IgG) might be absent and there are no markers for HEV infection [78].

7. HEV prevention

Currently, there are two strategies preventing HEV infections in healthy population: decreas‐
ing exposure to the virus and inducing immunity through vaccination. Individuals with prior
exposure to HEV, demonstrated by pre-existing anti-HEV antibodies, appear to be protected
when subsequently exposed to the virus [109]. The reduction of exposure to HEV, in devel‐
oping countries, is obtained by the provision of safe drinking water, by improving the sanitary
infrastructure, and by education about personal hygiene. In developed countries, prevention
is more complicated for many transmission routes of infection. Sanitary handling, proper
cooking of pork meat and ensuring the proper disposal of pig faeces is recommended in areas
with zoonotic transmission.

The use of immune-globulins prepared in HEV-endemic regions of the world does not appear
to provide significant protection. This may be because there are relatively low titers of anti-
HEV antibody in the general population. There have, however, been studies of the protective
efficacy of anti- HEV when immuno-globulins from patients in the convalescent period of
natural infection are pooled [110].

Vaccination is, at present, the most important way to prevent HEV infection, two hepatitis E
vaccines have undergone clinical testing. The first, a recombinant HEV vaccine, has been
developed and a phase 2/phase 3 trial of the vaccine was carried out in seronegative members
in the Nepalese army. The soldiers were randomized in two groups to receive either three
doses of vaccine (898 participants) or placebo (896 participants) at 0, 1, and 6 months, and were
followed for an average of 804 days. The vaccine was well tolerated and was proven highly
efficacious, with protective rates of 95.5% in subjects who received all three doses. Adminis‐
tration of two doses was associated with a somewhat lower efficacy rate of 86%. The duration
of protection is not known, but the vaccine appeared to render significant protection for at
least 2 years after vaccination. The vaccine’s safety and efficacy in women has not been
established [111]. The second vaccine consisted of a truncated ORF2 protein, p239, which is
expressed in Escherichia Coli and occurs as virus-like particles, 23 nm in diameter. In phase 3,
in a large clinical trial, in 11 townships in south-eastern China, participants were randomly
assigned to receive either three doses of vaccine at 0, 1, and 6 months (56,302 participants) or
hepatitis B vaccine as a placebo (56,302 participants), and were followed for a 13-month period.
This study enrolled participants aged 16-65 and from both genders, irrespective of their anti-
HEV antibody status. The vaccine was well tolerated and showed a protective efficacy of 100%
during the following one year; even after two doses of vaccine, 100% protection was noted,
though these data are more limited [112]. This vaccine has recently been licensed in China, but
it is uncertain whether and when it will be licensed for marketing in other developing and
developed countries, possibly because the industry is not assured of a sufficient market. But,
due to the zoonotic factor in transmission, there may be an overall increase in HEV infection
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worldwide; therefore, in developed countries vaccination might be useful in immune-
suppressed patients, in those with a chronic liver disease, and in travelers to endemic areas.
However, the studied vaccine regimens of three doses is difficult for travelers, but the need
for HEV vaccine remains uncertain in that the attack rate in travelers remains low. On the other
hand, with very effective vaccines now available for both hepatitis A and hepatitis B virus, the
prevalence of these viruses may decline significantly and HEV may become the dominant
hepatitis among travelers.

There are still no comparative data on the safety and immunogenicity of the two vaccines. The
results of vaccinations are very promising but many questions about vaccines are still unan‐
swered: 1) whether these vaccines can reduce transmission of infection in community; 2) the
duration of protection determined by the vaccines; 3) the protective efficacy when the vaccines
are administered post-exposure; 4) whether the vaccines can prevent asymptomatic HEV
infection (important reservoir of HEV); 5) if the vaccines could also bring benefits to people at
high risk of severe complications following HEV infection; 6) whether the vaccines may reduce
the incidence of hepatitis E outbreaks in high endemic areas.

Only when we will obtain the response to these questions, there will be a complete knowledge
of these vaccines, thus the exact role for HEV vaccines currently remains unclear. As said
above, no vaccine has reached the market at the time of writing this chapter.

8. Treatment of HEV infection

8.1. Acute HEV

Currently, there is not a specific treatment for hepatitis E infection and often some specific
interventions are not required. Physician can only monitor this disease, that, in most cases, is
self-limiting and is followed by complete recovery, without chronic sequelae. However,
patients with acute severe HEV genotype 3 infection have been treated successfully with
ribavirin monotherapy [113-114]. Patients with hepatic failure should be transferred to a centre
capable of performing liver transplants. In developing countries, the treatment of pregnant
women with HEV genotype 1 infection would be necessary, but teratogenicity of ribavirin may
pose a problem for use during pregnancy. Taking into account the rapid downhill course of
such patients and the high risk of untreated HEV to the mother and foetus, in some cases it is
needed to start the treatment with ribavirin, because the temporal window of opportunity for
the drug to act and alter the outcome of disease in such patients may also be limited.

8.2. Chronic HEV

In organ-transplant recipients in immunosuppressive treatment, who are affected by chronic
HEV infection, viral clearance is needed to avoid the risk of rapid progressive liver injury.
Withdrawal or reduction in dose of immunosuppressive therapy (especially drugs that target
T cells), if possible, should be tried before considering antiviral treatment. Reduction of
immunosuppression results in viral clearance in 30% of patients [116]. Antiviral therapy is
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needed for patients for whom it is impossible to reduce immunosuppressive treatment and
for those without clearance of HEV RNA after reducing immunosuppression. Pegylated
interferon [117] and ribavirin [116] as mono-therapy or in combination for 3-12 months have
been tried in subjects with chronic HEV infection, with moderate success in achieving an
absence of detectable serum HEV RNA for 3-6 months after stopping the administration of
drugs [116,117]. In kidney-transplant recipients it is better not to use the interferon-α, because
it increases the risk of acute rejection. HEV infection seems, in these patients, to respond to
ribavirin monotherapy, achieving viral clearance within a few weeks. This treatment (duration
of 3 months) is now the antiviral agent of choice in kidney-transplants recipients.

In other immunosuppressed patients, treatment options are less well established. Ribavirin
and interferon-α have been successfully used in monotherapy and in combination only in a
short case series and controlled trials with longer follow-ups are needed [118-119].

9. Concluding remarks

In the last 30 years the landscape of hepatitis HEV has changed enormously. Once thought as
an infection confined to developing countries, deriving from a waterborn infection, it is now
recognized as a widespread geographic distribution disease, with different ways of transmis‐
sion, causing an acute and/or chronic hepatic disease. This new knowledge has led to an
increasing research activity to better understand the virology and the clinical features of HEV
infection. Recent studies deal the treatment and the prevention: the therapy of the chronic
disease, at the moment, is represented mainly by ribavirin; the only prevention possible is the
use of HEV vaccines, particularly in some high-risk groups or certain situations (e.g. popula‐
tions displaced due to floods, war or conflicts). At the moment HEV infection is not a major
problem in Western European countries, but the increasing number of travelers to endemic
regions for HEV, the high number of immigrants arriving in Italy and the new zoonotic aspect
of the infection could change this epidemiologic situation in the future. The new epidemio‐
logical spreading of HEV infection and the emerging clinical features of the disease require
constant surveillance for a better control and prevention of this disease.

Author details

Scotto Gaetano1* and Fazio Vicenzina2

*Address all correspondence to: g.scotto@medicina.unifg.it

1 Clinical of Infectious Diseases, University of Foggia, Italy

2 Department of laboratory, Unit of virology, Hospital of Foggia, Italy

Hepatitis E
http://dx.doi.org/10.5772/55568

213
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are administered post-exposure; 4) whether the vaccines can prevent asymptomatic HEV
infection (important reservoir of HEV); 5) if the vaccines could also bring benefits to people at
high risk of severe complications following HEV infection; 6) whether the vaccines may reduce
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needed for patients for whom it is impossible to reduce immunosuppressive treatment and
for those without clearance of HEV RNA after reducing immunosuppression. Pegylated
interferon [117] and ribavirin [116] as mono-therapy or in combination for 3-12 months have
been tried in subjects with chronic HEV infection, with moderate success in achieving an
absence of detectable serum HEV RNA for 3-6 months after stopping the administration of
drugs [116,117]. In kidney-transplant recipients it is better not to use the interferon-α, because
it increases the risk of acute rejection. HEV infection seems, in these patients, to respond to
ribavirin monotherapy, achieving viral clearance within a few weeks. This treatment (duration
of 3 months) is now the antiviral agent of choice in kidney-transplants recipients.

In other immunosuppressed patients, treatment options are less well established. Ribavirin
and interferon-α have been successfully used in monotherapy and in combination only in a
short case series and controlled trials with longer follow-ups are needed [118-119].

9. Concluding remarks

In the last 30 years the landscape of hepatitis HEV has changed enormously. Once thought as
an infection confined to developing countries, deriving from a waterborn infection, it is now
recognized as a widespread geographic distribution disease, with different ways of transmis‐
sion, causing an acute and/or chronic hepatic disease. This new knowledge has led to an
increasing research activity to better understand the virology and the clinical features of HEV
infection. Recent studies deal the treatment and the prevention: the therapy of the chronic
disease, at the moment, is represented mainly by ribavirin; the only prevention possible is the
use of HEV vaccines, particularly in some high-risk groups or certain situations (e.g. popula‐
tions displaced due to floods, war or conflicts). At the moment HEV infection is not a major
problem in Western European countries, but the increasing number of travelers to endemic
regions for HEV, the high number of immigrants arriving in Italy and the new zoonotic aspect
of the infection could change this epidemiologic situation in the future. The new epidemio‐
logical spreading of HEV infection and the emerging clinical features of the disease require
constant surveillance for a better control and prevention of this disease.
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Chapter 10

The Skin and Viral Liver Disease

Mastrolonardo M.

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/56140

1. Introduction

It is undisputable that a multifaceted biological interplay exists between the skin and the liver.

The integument can firstly be viewed as a ‘gate’ through which hepatotropic viruses may
access the blood stream. In this respect, one may think of the huge number of B and C virus
hepatites that must have been acquired in a more or less distant past due to either intravenous
drug consumption, use of contaminated equipment in beauty and health care-related proce‐
dures, or even dermal tattooing. Moreover, one may consider that some cases of herpes simplex
virus hepatitis have been reported in the literature which are not unlikely ascribable to systemic
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interferon plus ribavirin therapy, or reactivation of latent viral infections under immunosup‐
pressive treatment of the skin disease, is observed.

2. The skin as a ‘gate’ for hepatotropic virus infections

2.1. Tatooing as risk factor for viral liver disease

Tatooing has been practiced for many centuries worldwide, and is a well-established risk factor
for transfusion-transmitted diseases, including HBV and HCV [2]. A recent meta-analysis
highlights that the above menace is still currently far from being remote, especially in certain
at-risk categories (such as prison inmates and subjects undergoing home-made procedures
without proper aseptic techniques) [3].

2.2. Rare forms of viral hepatitis caused by agents which usually involve only the skin

After primary infection, in the absence of any severe immune deficiency condition, herpesvi‐
ruses like Herpes Simplex Viruses (HSV) type 1 or 2, and Varicella-Zoster virus (VZV) establish
latency by remaining dormant in the dorsal root nerve ganglia. Viral reactivation results in
cutaneous or muco-cutaneous manifestations that usually run an overall benign course (Figg
1, 2, 3), with an inflamed vesicular and/or bullous rash which is customarily restricted to a
limited district of the body surface. Though in some patients rather impressive clinical scenarios
may be observed (Figg. 4, 5 and 6), herpetic lesions tend to heal within few weeks, with no or
only minor scarring and dyschromic sequelae. As for VZV, post-herpetic neuralgia develops
quite rarely, and is the worst occurrence reported after skin manifestations have faded.

In otherwise healthy subjects, disseminated herpes simplex virus hepatitis have been reported
very exceptionally. In one case described by Miyazaki and coworkers in 1991 [4], the possibility
that patient’s mucosal herpetic lesions might have behaved as a ‘gate’ for a large virus inoculum
leading to visceral involvement either directly or after having overwhelmed local immune
defenses has been considered.

By contrast, HSV and VZV hepatitis are possible in patients whose cell-mediated immunity is
severely impaired, for instance in malignancy or organ transplanted patients [5]. In these cases,
the skin rash may either be absent, coincide with, or supervene after visceral involvement.
When cutaneous lesions are present, severity of skin involvement is often significantly
increased compared to standard clinical pictures both in terms of number of lesions, diffusion
over the body surface, and severity of tissue impairment. Notably, in a recent review of 74
cases of herpes simplex hepatitis [6], Sharma and Mosunjac highlighted that proper diagnosis
was delayed in more than two-third of cases, despite a herpetic muco-cutaneous involvement
was present in at least 70% of patients. Conversely, the occurrence of an unexplained impair‐
ment of liver function tests in an immunocompromised patient exhibiting skin herpetic lesions
should always arouse a high degree of suspicion of visceral dissemination [7]. Fulminating
herpetic hepatitis is a life-threatening occurrence, but it can be treated effectively if therapy is
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started early. Inclusion of herpes virus in the differential diagnosis procedures is thus man‐
datory.

Figure 1. Herpes simplex labialis

Figure 2. Herpes simplex on the foot: an unusual localization

Figure 3. Herpes simplex progenitalis
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Figure 4. Severe herpetic gingivostomatitis

Figure 5. Severe cutaneous herpes simplex with extensive vesico-bullous elements

Figure 6. Severe, necrotic and hemorrhagic herpes zoster

3. Skin manifestations occurring in viral liver disease

3.1. Skin manifestations related to HCV

Cutaneous manifestations of acute infection are sporadic and show no substantial specificity,
ranging from urticaria, erythema multiforme, leukocytoclastic vasculitis to erythema nodo‐
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sum. On the contrary, there exists a wide panel of skin conditions linked, to a varying degree,
with chronic HCV infection [8, 9]. The occurrence of skin disorders of any type has been in fact
reported in up to 17% of HCV patients (Table 1) [10]. In this context, the association with the
‘big three’ i.e. mixed cryoglobulinemic vasculitis, porphyria cutanea tarda and lichen planus
show the highest robustness on both biological and epidemiological ground. On the other
hand, the clinical alliance between HCV and a broad list of other skin conditions has not yet
received sufficient support [9, 11]. In this context, anecdotal reports have mostly been made
in the literature of associations with pityriasis rubra pilaris [12], sarcoidosis [13], vitiligo [8],
cholestatic and non-cholestatic pruritus [14, 15], prurigo nodularis [16], cutaneous polyarteritis
nodosa [17], pyoderma gangrenosum [18], subacute cutaneous lupus erythematosus [19],
primary localized cutaneous amyloidosis [20], pigmented purpuric dermatosis [21], actinic
porokeratosis [22], pityriasis lichenoide [23], generalized granuloma annulare [24], dissemi‐
nated Kaposi’s sarcoma [25] and necrolytic acral erythema [26]. Of note, in most of the above
circumstances it seems quite difficult to sift consistently the direct contribution of HCV
infection per se from that attributable to antiviral treatment. A data set which is therefore of
the outmost relevance in this regard is that provided by an U.S. nationwide hospital-based
case-control study in which El-Serag and coworkers [8] surveyed comorbidity in as many as
34,204 HCV-infected subjects, the vast majority of whom (notably, >95%) were naïve to
antiviral therapy. In this study, the aforementioned strong association with cryoglobulinemia,
porphyria cutanea tarda and lichen planus found an authoritative confirmation. However, a
statistically significant link was also observed with vitiligo, but this finding did not receive
further comparable support from the rest of the literature, and remains rather inexplicable.

3.1.1. Mixed cryoglobulinemic vasculitis

Cryoglobulins are a family of anomalous proteins which tend to precipitate at low tempera‐
tures (<37°C), such as those currently found in the extremities (namely hands, feet, ear and
nose). The prototype of cryoglobulinaemic diseases in HCV infected patients is ‘mixed
cryoglobulinemia’ (MC). Of note, up to more than a half of HCV-infected patients show
circulating cryoglobulins, and rates of 30 to 100% of HCV positive serologies have been
reported in carriers of circulating cryoglobulins, with an unexplained predominance in the
Mediterranean basin.

In MC tissue damage results from deposition of immune complexes containing rheumatoid
factor, polyclonal IgG, complement and HCV RNA on endothelial surfaces of small- to
medium-sized vessels, which in turn leads to vascular inflammation. The prevalent histolog‐
ical pattern of MC is neutrophilic ‘leukocytoclastic’ vasculitis; however, ‘necrotizing’ vasculi‐
tis, with intimal fibrinoid necrosis and infiltration of the entire vessel wall and perivascular
space, may also be observed [27].

The skin is one of the most commonly affected organs, along with kidneys and peripheral
nerves. Thus, the dermatologist may play a helpful role in early detection of previously
unrecognized HCV infections. In fact, the appearance of cutaneous lesions on extremities,
particularly in cooler weather, must always raise clinical suspicion. The spectrum of skin
involvement in MC ranges widely from ‘palpable purpura’ (which is the absolutely prevalent
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clinical scenario) [9] to urticarial vasculitis, necrotizing vasculitis, isolated necrotic ulcers, acral
ischemias, acrocyanosis, and livedo reticularis (Figure 7 and 8). Of note, even in cases charac‐
terized by the highest clinical severity, the skin behaves very often like a sort of ‘emuntory
system’, with poor or absent signs of internal organ involvement. Systemic vasculitis, involv‐
ing the kidneys, the heart, the central nervous system and other viscera, is in fact unusual.
First-line treatment of MC diseases consists of associated pegylated INF-α and ribavirin. In
patients who are intolerant to antivirals, or those with severe systemic disease, or those who
have failed to reach SVR after antiviral therapy, symptomatic treatment with plasmapheresis,
steroids or rituximab should be considered [27].

3.1.2. Porphyria cutanea tarda

Porphyria cutanea tarda (PCT) is related to a deficient activity of the heme synthetic enzyme
uroporphyrinogen decarboxylase (UROD), which may in turn be sustained by either UROD
gene mutations or acquired liver insufficiency [28]. A strong association has been reported
between acquired PCT and HCV infection. HCV prevalence in PCT sufferers is significantly

Disorders with an obvious linkage with HCV

-mixed cryoglobulinemic vasculitis

-porphyria cutanea tarda

-lichen planus

Other skin diseases described in association with HCV

-pityriasis rubra pilaris

-sarcoidosis

-vitiligo

-cholestatic and non-cholestatic pruritus

-prurigo nodularis

-cutaneous polyarteritis nodosa

-pyoderma gangrenosum

-subacute cuteneous lupus erythematosus

-primary localized cutaneous amyloidosis

-pigmented purpuric dermatosis

-actinic porokeratosis

-pityriasis lichenoide

-generalized granuloma annulare

-disseminated Kaposi’s sarcoma

-necrolytic acral erythema

Table 1. Skin manifestations in hepatitis C infection
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higher than that reported in the general population. Prevalence rates range from 17 to 65%,
the latter having been reported in Southern Europe [29, 30]. However, HCV alone is not likely
to cause the disease, but it is thought to be a strong trigger for the development of deranged
porphyrin metabolism in subjects with other known predisposing factors (such as, alcohol
abuse or iron overload) [31].

Laboratory diagnosis is based on detection of increased levels of uro-carboxyl porphyrins and
heptacarboxyporphyrins in the urine, and on the presence of isocoproporphyrin in the feces.
Due to its porphyrin content, the urine of PCT patients is discoloured (chiefly after air and
light exposure), while all ‘iron tests’ are negative. On clinical ground, diagnosis derives from
an array of dermatological findings, as follows: vesicular or vesico-bullous swellings on skin
sites subjected to even minor actinic and/or mechanic traumas; ensuing eroded areas that take
weeks or months to heal; scarred and/or melasma-like hyperpigmented patches; keratin-filled
milial cysts; lilac erythematous rash of periorbital areas; hypertrichosis on the lateral aspects
of the face; chloracne; skin dystrophic calcifications with ulceration; alopecia; and onycholysis.

3.1.3. Lichen planus

Lichen planus (LP) [32] is an inflammatory immune mediated disease of the skin and/or
mucous membranes most commonly affecting middle-aged adults of both sexes, the etiology
of which has not yet been fully clarified. The occurrence of the disease in the general population
is rare. Prevalence rates of 0.1 to 0.3 have been calculated for cutaneous LP, and of 1.15 to 2.3
for mucous (oral) LP. However, the persisting lack of aim-oriented studies based on standar‐
dized methods and criteria results in some uncertainty [33].

Clinically, cutaneous LP is characterized by flat, polygonal, lilac red papules which may
remain isolated, or merge into larger plaques (Figure 9 and 10). The rash has an unpredictable
duration, from few weeks to several months or years. Lesions may resolve with atrophy,
scarring or brownish hyperpigmentation. The flexor aspects of the limbs, the upper back, and
the lumbar region are frequently involved, but the disease can spread over the entire body
surface. Hair and nails may also be affected. Severe, recalcitrant itch is very common. Mucous
LP chiefly affects the mouth and, less frequently, genitalia, conjunctiva, and esophagus. The
mucosal lesions consist of erosive erythematous patches (Figure 11), or horny micro-papules
arranged in a reticular pattern recalling a lace network (or a sprinkle of lime) (Figures 12 and
13), or a combination of both (Figure 14). The erosive variant is usually accompanied by intense
burning sensations.

LP histology is the prototype of a morphological scenario that has traditionally been referred
to as “lichenoid tissue reaction/interface dermatitis”, in which a band-like mononuclear cell
inflammatory infiltrate in the papillary dermis obscuring the dermal-epidermal junction (DEJ)
is seen, coupled with more or less pronounced epithelial changes, as follows: hydropic/
vacuolar degeneration in the basal cell layer, scanty ‘ghost’ epithelial cells (‘colloid bodies’),
spongiosis and clefting at the DEJ (‘Max Joseph spaces’), irregular acanthosis and thickening of
the granular layer, dense hyperkeratosis, disappearance of intra-epidermal melanocytes along
with melanin ‘leakage’ into the dermis (pigmentary incontinence) (Figure 15).
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inflammatory infiltrate in the papillary dermis obscuring the dermal-epidermal junction (DEJ)
is seen, coupled with more or less pronounced epithelial changes, as follows: hydropic/
vacuolar degeneration in the basal cell layer, scanty ‘ghost’ epithelial cells (‘colloid bodies’),
spongiosis and clefting at the DEJ (‘Max Joseph spaces’), irregular acanthosis and thickening of
the granular layer, dense hyperkeratosis, disappearance of intra-epidermal melanocytes along
with melanin ‘leakage’ into the dermis (pigmentary incontinence) (Figure 15).
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The pathogenesis of LP has not yet been fully elucidated, however the disease is universally
alleged to be an autoimmune disease. The prominence of certain HLA haplotypes (such as,
HLA-DR1), or detection of cytokine gene polymorphisms in some case series [34], support a
genetic predisposition to the disease. The basal epidermis injury observed in LP is attributed
to cytotoxic T lymphocytes, which in fact predominate into the infiltrate along with minor
subpopulations of macrophages and dendritic cells. In this context, a significant role of
plasmacytoid dendritic cells has been also recognized. In fact, these cellular effectors are
viewed as the driving force to the end-stage T cell-mediated epidermal damage, in that they
would be able to give rise to an inflammatory type I interferon signaling pathway which, in
turn, would amplify and maintain cytotoxic T cell attack to keratinocytes [35]. Cross-reactivity
between endogenous and environmental antigens is widely suspected, but the exact nature of
the triggering antigen is still obscure. Among the putative exogenous factors involved in LP,
one of the most outstanding candidates appears to be HCV. An ample body of biological
evidences supporting this view exists in the literature, and has been reviewed in recent years
[36, 37]. However, the conclusive proof of the causal linkage between HCV and LP is still
lacking. These circumstances have recently led Baccaglini and coworkers [37] to launch
somewhat provocatively the subversive hypothesis of a fake association via a ‘third factor’
consisting of a still unidentified confounder.

However, at least on epidemiological grounds, the existence of a ‘two-way’ association
between LP and HCV infection seems currently beyond question worldwide. On these regard,
two well-designed meta-analyses have been recently carried out showing that LP sufferers
have an odds ratio of being HCV seropositive up to 5.4 times higher compared to controls, and
that the risk of having LP is up to 4.47 times higher in HCV patients than in seronegative
controls [38, 39]. On the basis of these circumstances, screening for anti-HCV antibodies is
substantially advisable in patients with LP, especially in countries with the highest seropre‐
valence rates. In this regard, it has been suggested that routine HCV testing would be cost-
effective in geographical districts in which HCV prevalence is 7% or more [40]. Yet, in the
absence of standardized criteria and guidelines, individual case-by-case screening strategies
are more suitably recommended [37].

This section is to be concluded by underscoring that true cases of idiopathic LP need sometimes
to be differentiated from so-called lichenoid eruptions (LE), which somehow resemble LP on
both clinical and histological grounds [41]. LE are often caused by (and develop at sites of)
contact with dental restorative amalgams or stomatological devices, due to their content of
methacrylic acid esthers, nickel, mercury, copper and gold [32]. However, LE may be also
induced by a huge array of systemic drugs whose number is in steady increase [42], ranging
from angiotensin-converting enzyme inhibitors to non-steroidal anti-inflammatory drugs,
antimalarials and proton pump inhibitors. The reader should be aware that the list includes
the agents employed for treatment HCV infection, interferon and ribavirin [43]. In such
occurrences, LE may either be exanthematic, or stay confined to oral mucosa, or just involve
the site of interferon injection [43].

Practical Management of Chronic Viral Hepatitis230

3.2. Skin manifestations related To HBV

Both range and frequency of extrahepatic manifestations in patients with HBV infection are
considerably lower compared with those observed in HCV infected subjects [44, 45]. A French
multicenter, retrospective, cross-sectional study of 190 patients with chronic hepatitis B has
rated the overall incidence of clinical and biologic extrahepatic manifestations to be 16% and
15%, respectively [46]. As more specifically regards the skin, vasculitis, psoriasis and pruritus
were found to occur in only 1% of cases each. Of note, in striking contrast with HCV popula‐
tions, in HBV patients cryoglobulinemia and related disease manifestations have been
reported in only 2% of cases. Many clinical and laboratory observations have long cast
significant doubts on the actual biological relevance of this association. On this regard,
literature yields rates up to 15% for cryoglobulin detection in HBV patients, although no signs
or symptoms of related vasculitis are observed in the great majority of cases [47].

Both cutaneous and non-cutaneous extrahepatic manifestations of HBV infection have been
largely attributed to deposition of circulating immune complexes (IC) containing HBs and/or
possibly HBe antigens. Alternatively, induction of local IC formation by viral antigens,
interaction between tissue antigens and virus-induced autoantibodies, or direct tissue damage
by viral replication have also been invoked. However, this issue remains highly controversial
[45, 48, 49].

Cutaneous manifestations of HBV infection (Table 2) are observed both in the incubation,
prodromal phase and in chronic state of disease. In the former, a clinical scenario in which
intermingled signs of either a mild ‘flu-like’ or a more serious ‘serum sickness-like’ syndrome
have been described. In this phase, up to 30% of the patients may have fever, weakness,
headaches, arthralgias/myalgias, and glomerulonephritis which not infrequently develop in
association with varied dermatological manifestations, such as non-specific (toxic) erythema,
urticaria, angio-oedema, erythema multiforme, erythema nodosom, Henoch-Schonlein
(rheumatoid) purpura, or palpable purpura [44, 45, 50-53]. Other extrahepatic manifestations
of HBV infection in which skin involvement is either a prominent feature or an ancillary finding
include Gianotti-Crosti syndrome and polyarteritis nodosa, respectively.

3.2.1. Gianotti-crosti syndrome

Gianotti-Crosti syndrome (GCS) [54], also termed ‘papular acrodermatitis of childhood’, is a
peculiar, self-limited and largely asymptomatic skin eruption featuring almost monomor‐
phous papular or papulovesicular lesions located mainly on the face and distal aspects of the
four limbs (Figure 16). Mucosal involvement is never described. Histology is noncontributory,
with upper dermis perivascular round cellular infiltrates and endothelial swelling as the
prevailing findings. Children aged from a few months to 15 years (with a peak between 1 and
6 years) are mostly involved, but adults (of note, only females) may be also affected. Sponta‐
neous recovery usually occurs within 25 to 45 days. Systemic findings, which are observed
rarely, include malaise, fever or diarrhea. Limited lymphadenopathy, splenomegaly and
hepatomegaly are sometimes detected. When present, hepatitis is usually anicteric. Originally
described as in strict conjunction with sole HBV infection, GCS has been subsequently linked
to an array of infectious agents, including other viruses (such as, HAV, CMV and EBV) and
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bacteria (such as, Borrelia burgdorferi and β-hemolytic streptococci). Neither viral bodies nor
viral antigens have ever been demonstrated in the context of skin lesions, and the pathogenesis
of GCS remains largely unclear. Current views on the issue span from a role of immune
complex deposition to occurrence of virus-related delayed hypersensitivity reactions. Fur‐
thermore, an association between immunization and GCS has long been outlined, with anti-
HBV and anti-HAV vaccinations being included in the list of triggering factors [54-57].
Remarkably, it has been proposed that occurrence of GCS after the first vaccine administration
does not contraindicate completion of the immunization protocol, as GCS does not recur after
the subsequent boostering injections [55]. Finally, in addition to that with GCS, an association
has also been reported between HBV infection and a much rarer, but equally peculiar skin
eruption involving the extremities, i.e. so-called ‘papular-purpuric gloves and socks syn‐
drome’, in which a triggering role of HBV (along with other infections such as measles,
parvovirus B19, coxsakie B6 and cytomegalovirus) has been assumed [58].

3.2.2. Polyarteritis nodosa

Recognition of a strong linkage between HBV and polyarteritis nodosa (PAN) dates back to
the 1970s. Rates of prevalence of positive HBV serologies have been estimated up to 50% among
PAN patients. However, these figures have decreased significantly over the last four decades,
and are currently less than 5% [45]. A major role in this respect must have been played by
improved blood transfusion safety measures, other general hygiene precautions and extensive
vaccination campaigns. The pathogenesis has largely been attributed to deposition of immune
complexes containing HBsAg. Of note, unlike other forms of PAN, in HBV-related PAN serum
antineutrophilic cytoplasmic antibodies (ANCA) are only exceptionally detected. Histologi‐
cally, PAN is characterized by transmural, usually segmental, necrotizing infiltration of
medium-to-small vessels resulting in ischaemia, infarcts and haemorrhage, which ultimately
lead to end-organ damage. If untreated, the course of PAN is often protracted, and symptoms
and signs of multi-organ involvement are generally observed. Organs more commonly
affected are kidneys, heart, gut and peripheral nerves. Cutaneous PAN has also been reported
in 10 to 50% of cases, depending on the case series examined. Livedo reticularis and painful
subcutaneous nodules (usually along the arteries of the lower limbs) are commonly described.
Nodules ulceration and distal gangrene are frequent findings as well [44, 59, 60].

Further anecdotal reports of skin disorders observed in conjunction with HBV infection
include acanthosis nigricans [61] and generalized granuloma annulare [62]. Finally, the
association with lichen planus (LP), which is now undisputed in HCV infection, is instead
highly controversial in HBV carriers. A number of earlier studies have provided some support
for this view, but such biological alliance has more recently received repeated confutations [63,
64] and is currently considered unfounded.

3.2.3. Skin unfavorable effects of HBV immunization

Hepatitis B vaccination may also be hazardous for the skin. In this respect, the following
dermatological undesired manifestations have been reported: erythema nodosum [65],
generalized granuloma annulare [66], Gianotti-Crosti syndrome [54, 56, 67], cutaneous
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polyarteritis nodosa [68] and pityriasis rosea-like rash [68], lichen planus [69], lichenoid and
pseudolymphomatous reactions confined to site of injection [70], and generalized pseudo‐
lymphomatous reactions [71].

3.3. Skin manifestations related to HAV

Apart from the ‘paradigm’ of jaundice, HAV infection is very occasionally linked to significant
cutaneous side-events. Few reports have been made of urticaria, purpura or other exanthemas
[72]. A case of Henoch-Schönlein purpura has been described after immunization [73].

Figure 7. Palpable purpura

-urticaria

-angio-oedema

-non-specific (toxic) erythema

-erythema multiforme commonly observed in the prodromal phase of infection

-erythema nodosom

-Henoch-Schonlein purpura

-palpable purpura

-Gianotti-Crosti syndrome (‘papular acrodermatitis of childhood’)

-polyarteritis nodosa

-acanthosis nigricans

-generalized granuloma annulare

-lichen planus (highly controversial)

Table 2. Skin manifestations in hepatitis B infection
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Figure 8. Nodular, necrotic vasculitis

Figure 9. Cutaneous lichen planus (LP): flat, polygonal, lilac red-coloured pruritic papules (Courtesy of Professor M.
Lomuto, Bari, Italy)

Figure 10. Cutaneous LP (Courtesy of Professor A. J. Kanwar, Chandigarh, India)
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Figure 11. Mucous LP: erosive variant (Courtesy of Professor M. Lomuto, Bari, Italy)

Figure 12. Mucous LP: papular, hyperkeratotic variant (‘lace network’ pattern) (Courtesy of Professor M. Lo Muzio,
Foggia, Italy)

Figure 13. Mucous LP: papular, hyperkeratotic variant (‘sprinkle of lime’ pattern) (Courtesy of Professor E. Bonifazi,
Bari, Italy)
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Figure 14. Mucous LP: mixed type, with a combination of erosive and hyperkeratotic lesions (Courtesy of Professor M.
Lo Muzio, Foggia, Italy)

Figure 15. Histological picture of LP: a fully developed prototype of so-called “lichenoid tissue reaction/interface der‐
matitis” (Courtesy of Professor P. Bufo, Foggia, Italy)

Figure 16. Gianotti-Crosti syndrome (‘papular acrodermatitis of childhood’) (Courtesy of Professor E. Bonifazi, Bari, Italy)
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4. Skin manifestations associated with treatment of viral liver disease

4.1. Skin adverse effects related to ‘standard of care’ treatment of chronic HCV infection

The ‘fingerprint detector’ effect

The combination of pegylated interferon α (PEG-INF) and ribavirin (RBV), which is the current
‘standard of care’ (SOC) in the management of chronic HCV infection, has significantly
improved the treatment outcome. Due to the side effect profile of both drugs, a considerable
number of chronic hepatitis C patients are ineligible for PEG-INF/RBV-based treatment
because of medical contraindications. Moreover, vast rates of patients are unable to tolerate
antiviral therapy, and account for nearly 10% of premature treatment discontinuations [74, 75].

More specifically regarding skin adverse events (AEs), in a recent large-scale prospective study
of 2871 Japanese patients, dermatologic undesired manifestations were the third most common
reason for therapy withdrawal [75]. INF alone may give raise to a wide variety of cutaneous
AEs, the frequency of which has been estimated from 13 to 23%, and the association with RBV
has led to an increased incidence of skin AEs compared to those observed during INF mono‐
therapy era [75-80]. Cutaneous AEs related to SOC treatment may be divided into three major
groups: local reactions occurring at INF injection sites (Figure 17); non-local or generalized
reactions; and signs of hypothyroidism caused by INF-induced autoimmune thyroiditis (Table
3). Local reactions are more consistently ascribable to the action of INF alone. By contrast, not
local or generalized manifestations have to be linked to both agents, considering that the modes
of action of INF and RBV are rather intermingled and their individual contribution seem thus
quite undistinguishable. As shown in the table, a long array of cutaneous manifestations have
been observed. Some reports are almost anecdotal, while the triad pruritus, skin xerosis and
eczematous lesions are the principal hallmark of ‘hepatitis C treatment-associated dermatitis’
according to an in-depth review recently carried out by Lübbe and coworkers [81]. Xerosis is
customarily spread over the entire body surface. Pruritus is also generalized, and is not rarely
refractory to standard antihistamine agents. Eczema, which mainly affects the extensor aspects
of limbs and sites exposed to friction (Figure 18 and 19), has been reported to sometimes take
the appearance of so-called ‘nummular’ (discoid) eczema (Figure 20 and 21 or prurigo
nodularis (Figure 22).

As regards ‘eczema’, an extensive discussion of the vast archipelago of disease conditions which
are currently collected under such term in the dermatological literature [82] is beyond the scope
of the present textbook. However, a brief digression on the matter will perhaps be useful to the
reader. Clinically, along with variable degrees of itching and soreness, eczematous dermato‐
ses display a variety of signs which range from acute to chronic forms as follow: erythema,
vesiculation, exudation, excoriation, fissuring, dryness, scaling, hyperkeratosis, papulation and
lichenification (Figure 23.A to -C). Accordingly, histological hallmarks vary from epidermal
oedema (‘spongiosis’), thickening of spinous and horny layers (‘acanthosis’ and ‘hyperkerato‐
sis’, respectively) and more or less dense round cell infiltrates in the dermis. The simplest
classification framework of  eczemas implies division into two forms,  i.e.  exogenous and
endogenous. Exogenous forms (also referred to as ‘contact dermatitis’) result from direct
exposure of the skin surface to toxic agents (‘irritant contact dermatitis’) or allergens (‘allergic
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nodularis (Figure 22).

As regards ‘eczema’, an extensive discussion of the vast archipelago of disease conditions which
are currently collected under such term in the dermatological literature [82] is beyond the scope
of the present textbook. However, a brief digression on the matter will perhaps be useful to the
reader. Clinically, along with variable degrees of itching and soreness, eczematous dermato‐
ses display a variety of signs which range from acute to chronic forms as follow: erythema,
vesiculation, exudation, excoriation, fissuring, dryness, scaling, hyperkeratosis, papulation and
lichenification (Figure 23.A to -C). Accordingly, histological hallmarks vary from epidermal
oedema (‘spongiosis’), thickening of spinous and horny layers (‘acanthosis’ and ‘hyperkerato‐
sis’, respectively) and more or less dense round cell infiltrates in the dermis. The simplest
classification framework of  eczemas implies division into two forms,  i.e.  exogenous and
endogenous. Exogenous forms (also referred to as ‘contact dermatitis’) result from direct
exposure of the skin surface to toxic agents (‘irritant contact dermatitis’) or allergens (‘allergic
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contact dermatitis’). Cell-mediated (not humoral), ‘delayed’-type hypersensitivity is involved
in the latter. As a counterpart, in the endogenous forms all the other forms of eczema (rang‐
ing from atopic eczema to so-called discoid or nummular eczema) which are not attributable to
any recognizable contact offender, and whose pathomechanisms still remain largely obscure
are to be included.

Interferon-related injection site (local) reactions

-ill-defined, roundish, pruritic, self-recovering erythematous patches (Figure 17)

-vesico-bullous rashes

-Skin necrosis

-Dermal mucinosis

-Sarcoidosis

-Foreign body granulomatous reaction

-Lichen planus

-Patchy hypermelanosis

-Vasculitis

-Vitiligo

-Alopecia

Non local, or generalized reactions

-Generalized pruritus

-Skin xerosis

-Eczema

-Generalized nummular eczema

-Prurigo-like eruptions

-Meyerson’s phenomenon (‘halo dermatitis’) around melanocytic naevi

-Fixed drug eruption

-Nonspecific erythematous or maculopapular exanthemas

-Nonspecific ‘acantholytic dermatitis’

-Grover’s disease

-Dry pulpitis and fissured fingers

-Vitiligo

-Sarcoidosis

-Tongue hyperpigmentation

-Psoriasiform drug eruptions

-Psoriasis (triggered or worsened)

-Lichen planus (triggered or worsened) and other lichenoid eruptions
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-Cryoglobulinemic vasculitis (worsened)

-Leukocytoclastic vasculitis

-Pyoderma gangrenosum

-Polyarteritis nodosa

-Dermatitis herpetiformis and/or other gluten hypersensitivity states

-Rosacea fulminans

-Systemic lupus erythematosus

-Systemic sclerosis

-Alopecia areata and universalis

-Dystrophic alopecia and diffuse thinning of the hair

-Diffuse or localized hypertrichosis

-Hair curling

-Hair repigmentation

-Eyebrow and eyelash

Skin and hair signs of hypothyroidism caused by INF-induced autoimmune thyroiditis

-diffuse skin hyperkeratotic thickening

-scalp and body hair dryness and coarseness

-diffuse loss of scalp hair

-slow growth, dystrophy and atrophy of nails

-skin pallor

-carotenemia with skin yellowing (more prominently, on the palms, soles, and in the nasolabial folds)

-impaired wound healing

-petechial purpuric patches

References cited in this table are partly compiled from the works of Cacoub and coworkers [78], Mistry and coworkers
[77], Lübbe and coworkers [81], and Jadali [89].

Table 3. Cutaneous adverse events reported under INF plus RBV treatment of patients with chronic HCV infection

The ‘fingerprint detector’ effect - According to what has been said above, eczematous manifes‐
tations occurring during treatment for HCV infection may be classified as ‘endogenous’. This
seems appropriate also considering that no data are currently available in the literature
concerning possible past history of delayed-type hypersensitivity conditions or present skin
reactivity to standard contact allergen series in patients developing eczema under treatment
for HCV infection. In this context, it might be hypothesized that the combination of INF and
RBV acts as a sort of ‘fingerprint detector’ over the skin surface being able to unmask and
trigger reactivation of clones of skin-resident T cells that could have been primed at any time
in the past via indeterminable antigenic challenges, without ever exceeding the threshold
which could have given rise to overt clinical manifestations. Indeed, the skin is the outermost
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seems appropriate also considering that no data are currently available in the literature
concerning possible past history of delayed-type hypersensitivity conditions or present skin
reactivity to standard contact allergen series in patients developing eczema under treatment
for HCV infection. In this context, it might be hypothesized that the combination of INF and
RBV acts as a sort of ‘fingerprint detector’ over the skin surface being able to unmask and
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barrier against a huge number of environmental threats, including chemical and infectious
agents. So that the magnitude of immune host defense reactions taking place at any moment
in the skin are immeasurable. Since its first description by Streiler in 1989 [83], the so-called
‘skin-associated lymphoid tissue’ has acquired an ever-increasing number of immunological
prerogatives, including the capacity of keratinocytes (an ectodermal cell lineage), in concert
with Langerhans cells and dermal dendritic cells, to play a role in antigen-presenting processes
and, additionally, to prime naïve skin-reactive T cells directly [84]. Thus, some evidence has
been provided to look at the skin as a true lymphoid organ in its ability to mount an immune
response framework within its own milieu. Yet, there is still insufficient information on
biological mechanisms driving leukocyte migration and homing to target tissues in immune
responses and inflammation [85]. However, the hypothesis that memory CD8 T cells are able
to persist as a stable, ‘dormant’ population in the skin after specific priming has taken place,
has received authoritative confirmations from studies performed on both lichen planus (Figure
9 to 14) [86] and fixed drug eruption (Figure 24) [87], two prototypes of a vast group of skin
conditions (comprehensively referred to as ‘lichenoid tissue reaction/interface dermatitis’) in
which a common role of antigen presenting cell-mediated type I intereferon signaling has been
assumed [35]. Taken as a whole, all these data might provide the key to at least theoretically
closing the pathogenetic loop linking treatment and occurrence of the otherwise clinically ‘no
sense’ eczematous rashes in patients with HCV infection. However, a body of evidence which
is strict enough to fully clarify the exact mechanisms underlying eczema and each of the many
other skin AEs (Table 3) attributed to PEG-INF/RBV is still lacking. Yet, one might consider
that notwithstanding the specific clinical and histological characteristics exhibited by each of
the skin unfavorable events observed, many of them show a mixed type III and IV hypersen‐
sitivity reaction pattern in which Th-1 shifted inflammatory clones are likely to drive the
inflammatory process. In such an immunopathogenetic framework, both the well-known
proinflammatory properties of interferon and the multifaceted immune enhancing effects
exerted by ribavirin on Th-1 cell mediated processes [88], may well intervene by worsening
the course of pre-existing conditions, or triggering the new onset of diseases in subjects who
would otherwise be unaffected clinically.

Figure 17. Erythematous patches at the site of injection of INF
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Figure 18. Vague eczematous patches on the extensor aspects of the limbs

Figure 19. Eczema involving areas exposed to friction

Figure 20. A ‘coin’ shaped, sharply demarcated eczematous lesion (nummular eczema)
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Figure 21. Nummular eczema: dyschromic sequelae

Figure 22. Prurigo nodularis - Bottom left corner: closeup of an excoriated nodule

(a) (b) (c) 

Figure 23. Clinical grading of eczema: A, acute; B, subacute; C, chronic
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Figure 24. Fixed drug eruption (Courtesy of Doctor R. Pellicano, San Giovanni Rotondo, Italy)

4.2. Skin adverse effects related to newly developed agents for treatment of chronic HCV
infection

‘Telaprevir dermatitis’: what are we dealing with?

The recent introduction of the NS3/4A protease inhibitors telaprevir and boceprevir, the first
direct-acting antiviral agents (DAAs) approved for treatment of chronic infection with
genotype 1 HCV in conjunction with PEG-INF and RBV, has led to increased viral response
rates. Although PEG-INF plus RBV are still responsible for the majority of adverse effects
related to ‘triple therapy’, DAA have been reported to induce exacerbation of traditional
adverse events and development of new undesired occurrences.

As more specifically regards skin unfavorable manifestations, telaprevir seems to play a major
role. Pruritus, independent of, or associated with skin manifestations are in fact the most
significant cutaneous AEs [78, 90]. The analysis of the safety profile exhibited by telaprevir in
the phase 1 to 3 studies available in the literature has yielded the almost invariable finding of
consistently increased frequency rates of skin rashes appearing during telaprevir treatment
phases compared with those occurring under SOC regimens. Rashes of any severity have been
in fact reported in 36 to 82% of patients [90-93], and seemed to be virtually indistinguishable
from the PEG-IFN/RBV-related rashes, having ‘dry skin’, ‘pruritus’ and ‘eczema’ as prominent
features. It has also been noted that some rashes were of greater severity and occurred on a
larger body surface area (BSA), but in the vast majority of cases the BSA 30% limit was not
exceeded. Of note, these rashes have been reported to largely occur during the first weeks of
treatment and recover after telaprevir withdrawal.

Some efforts have recently been made to conceive strategy protocols of early intervention to
minimize treatment-linked AEs. As for skin AEs, in the trials carried out by Jacobson and
coworkers [94] and Zeuzem and coworkers [95] a ‘rash management plan’ was established
and the intensity of rash was accordingly graded as grade 1 (mild, localized to one or several
sites); grade 2 (moderate, with a diffuse skin eruption involving up to 50% of the body surface);
and grade 3 (severe, involving more than 50% of the body surface, or rash with the appearance
of substantial systemic signs or symptoms). In patients with a progressive grade 2 rash, or any
grade 3 rash telaprevir administration was stopped, while continuing PEG-INF/RBV treat‐
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Figure 24. Fixed drug eruption (Courtesy of Doctor R. Pellicano, San Giovanni Rotondo, Italy)
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grade 3 rash telaprevir administration was stopped, while continuing PEG-INF/RBV treat‐
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ment. In case of worsening of the rash within the subsequent 7 days, RBV (and possibly PEG-
INF) was to be discontinued as well (Table 4.A) [94, 95].

Severe rashes were observed in only 3-7% of patients, with some cases featuring Stevens-
Johnson syndrome, toxic epidermal necrolysis, acute generalized exanthematous pustulo‐
sis, or ‘drug rash with eosinophilia and systemic symptoms’ (DRESS) syndromes. As a
whole, however, only in 4-7% of subjects enrolled in clinical trials was telaprevir discon‐
tinued owing to skin rash. The absolute majority of skin rashes were instead mild to mod‐
erate,  and  were  quite  easily  controlled  through  oral  anti-histamines,  topical  emollients
and/or high-to-mean potency steroid ointments [96].

There is a great number of reports concerning prevalence of and clinical warnings raised
by  telaprevir-induced  dermatologic  manifestations.  However,  to  the  best  of  my  knowl‐
edge, no evidence is yet available in the literature giving ‘telaprevir dermatitis’ some taxo‐
nomical profiling at least on morphological grounds. At the time of this writing, those of
Cacoub and coworkers [78], Dupin and coworkers [97], Kumada and coworkers [93] and
Awwad and coworkers [98] are the sole papers in the literature reporting some iconogra‐
phy  of  telaprevir-related  dermatological  AEs.  Skin  lesions  are  almost  invariably  and
vaguely  referred  to  as  ‘primarily  eczematous’  or  ‘maculopapular’,  and,  as  such,  indeed
appear to be rather indiscernible from those allegedly linked to PEG-INF/RBV. No or lit‐
tle information is available on cases that are ‘not eczematous’. Could they be alternative‐
ly  urticarial,  dermographical,  or  polymorphic?  When  the  rash  is  ‘eczematous’,  are  the
skin lesions haphazard or symmetrical? Had any of  these eczematous patients a history
of  delayed-type  hypersensitivity  and/or  was  he  subsequently  skin  tested?  Related  to
these circumstances, one should consider that the clinical grading of skin AEs (as descri‐
bed above),  and thus the possibility of driving decision-making algorithms, currently lie
on the need to assess severity of the skin rash through criteria that are not strict enough
to  prevent  some unpredictable  levels  of  intra-  and inter-observer  variability.  In  this  re‐
spect,  one  may consider  the  rather  significant  differences  existing  in  ‘rash  management
strategies’ conceived by different research groups (see Table 4.A and 4.B for comparison).
Consequently,  extensive  dermatologist-oriented surveys  are  still  warranted to  better  de‐
fine the clinical edges (if any) of ‘telaprevir dermatitis’ and possibly shed new light on the
pathophysiology of such largely unexplained occurrences.

The same insufficiencies observed in morphological assessment of AEs related to telapre‐
vir  also  involve  studies  carried  out  with  other  DAAs,  which  seem however  to  bear  an
overall  lower potential  of  inducing dermatological  unfavorable manifestations compared
to the former.  In this  regard,  in two recent  phase 3  trials  [99,  100]  in which boceprevir
was administered in combination with PEG-INF plus RBV for up to 44 weeks after a 4-
week ‘lead-in’ phase with SOC agents, skin AEs (such as, ‘rash’ and ‘dry skin’) were ob‐
served in consistently  lower rates  of  patients  compared to  telaprevir  studies,  and in no
case were they the reason for pre-term discontinuation of treatment. Interestingly, in the
trial  involving  naïve  subjects  [99],  frequency  of  ‘pruritus’,  ‘rash’  and  ‘dry  skin’  were
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found to  be  not  significantly  different  between SOC and boceprevir  groups.  Instead,  in
the trial  involving non-naïve subjects [100],  ‘rash’ and ‘dry skin’ were reported in up to
17  and  22%  of  patients,  respectively,  and  between-arm  differences  with  respect  to  this
were  found to  be  significant.  Reasons  for  the  above  discordances  appear  definitely  ob‐
scure.

Concerning possible reasons for the striking differences observed between telaprevir and
boceprevir in terms of cutaneous (and noncutaneous) pathogeneticy, the obviously differ‐
ent chemical structures of the two agents may well account for most of intrinsic differen‐
ces  in  specific  harmful  potentials.  However  the  different  treatment  protocols  applied
(telaprevir  associated with SOC agents  at  the  beginning of  the  trial  period,  while  boce‐
previr started only after a lead-in phase of SOC alone) could also be taken into consider‐
ation as  being able  to  influence  type and severity  of  undesired complaints.  Particularly
regarding skin AEs, one might speculate that PEG-INF and RBV, being delivered in asso‐
ciation with telaprevir from the beginning of the trial,  act as ‘proinflammatory boosters’
by virtue of their multifarious immunomodulating actions which would be able to create
a sort of synergy with telaprevir noxious capacity.

As for  other  developing  DAAs,  the  protease  inhibitor  BI  201335  has  also  to  be  consid‐
ered. A small trial enrolling 53 chronic HCV genotype-1 patients (34 treatment-naïve and
19 treatment-experienced subjects)  evaluated efficacy and safety profiles of ‘multiple ris‐
ing dose’ regimens of BI 201335 in the short-term (4 weeks) [101]. In this study, no skin
AEs during therapy with BI 201335 alone were reported.  ‘Mild rash or photosensitivity’
was observed only in four patients during combined treatment with SOC agents,  but in
no case  did this  cause  pre-term treatment  discontinuation.  It  should additionally  be  re‐
ported that,  according to interim (12 weeks)  outcome analyses of  an earlier  study of  BI
201335 with PegIFN/RBV in 288 patients in the long-term (24 weeks) [102], ‘mostly mild
to  moderate  rash  and  photosensitivity  reactions’  were  referred  to  as  the  most  frequent
adverse  events,  along  with  gastrointestinal  disorders.  ‘Severe  rash’  was  observed  in
0.7-1.3% of  subjects  receiving daily  BI  201335 doses  of  240mg,  while  this  rate  increased
up to 5.7% in patients undergoing daily doses of 480 mg. Finally, in a phase 1b open-la‐
bel  trial,  34  treatment-naïve  patients  with  chronic  HCV-1  infection were  randomized to
receive an association of the polymerase inhibitor BI 207127 (400 to 600 mg 3 times daily)
and  BI  201335  (120  mg  once  daily)  plus  RBV  (1000  to  1200  mg  per  day)  for  4  weeks
[103].  In this  study a ‘rash management plan’  was established and the intensity of  skin
AEs was accordingly graded as mild  (localized), moderate  (diffuse, 30% to 70% body sur‐
face area), or severe (diffuse generalized, mucous membrane involvement, organ dysfunc‐
tion,  signs  of  anaphylaxis,  or  life  threatening).  A  part  from  mild  gastrointestinal
disorders (diarrhea, nausea, vomiting), a mild ‘rash or photosensitivity reaction’ was ob‐
served in 42% of  subjects  receiving the highest  daily dosages.  Yet,  due to drug overlap
within the treatment regimens, it was not possible to ascribe any of these AEs to an indi‐
vidual  compound.  Nevertheless,  no  severe  AEs  were  observed,  and  no  AE-related  pre-
term discontinuation of treatment occurred throughout the study period.
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vir  also  involve  studies  carried  out  with  other  DAAs,  which  seem however  to  bear  an
overall  lower potential  of  inducing dermatological  unfavorable manifestations compared
to the former.  In this  regard,  in two recent  phase 3  trials  [99,  100]  in which boceprevir
was administered in combination with PEG-INF plus RBV for up to 44 weeks after a 4-
week ‘lead-in’ phase with SOC agents, skin AEs (such as, ‘rash’ and ‘dry skin’) were ob‐
served in consistently  lower rates  of  patients  compared to  telaprevir  studies,  and in no
case were they the reason for pre-term discontinuation of treatment. Interestingly, in the
trial  involving  naïve  subjects  [99],  frequency  of  ‘pruritus’,  ‘rash’  and  ‘dry  skin’  were
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found to  be  not  significantly  different  between SOC and boceprevir  groups.  Instead,  in
the trial  involving non-naïve subjects [100],  ‘rash’ and ‘dry skin’ were reported in up to
17  and  22%  of  patients,  respectively,  and  between-arm  differences  with  respect  to  this
were  found to  be  significant.  Reasons  for  the  above  discordances  appear  definitely  ob‐
scure.

Concerning possible reasons for the striking differences observed between telaprevir and
boceprevir in terms of cutaneous (and noncutaneous) pathogeneticy, the obviously differ‐
ent chemical structures of the two agents may well account for most of intrinsic differen‐
ces  in  specific  harmful  potentials.  However  the  different  treatment  protocols  applied
(telaprevir  associated with SOC agents  at  the  beginning of  the  trial  period,  while  boce‐
previr started only after a lead-in phase of SOC alone) could also be taken into consider‐
ation as  being able  to  influence  type and severity  of  undesired complaints.  Particularly
regarding skin AEs, one might speculate that PEG-INF and RBV, being delivered in asso‐
ciation with telaprevir from the beginning of the trial,  act as ‘proinflammatory boosters’
by virtue of their multifarious immunomodulating actions which would be able to create
a sort of synergy with telaprevir noxious capacity.

As for  other  developing  DAAs,  the  protease  inhibitor  BI  201335  has  also  to  be  consid‐
ered. A small trial enrolling 53 chronic HCV genotype-1 patients (34 treatment-naïve and
19 treatment-experienced subjects)  evaluated efficacy and safety profiles of ‘multiple ris‐
ing dose’ regimens of BI 201335 in the short-term (4 weeks) [101]. In this study, no skin
AEs during therapy with BI 201335 alone were reported.  ‘Mild rash or photosensitivity’
was observed only in four patients during combined treatment with SOC agents,  but in
no case  did this  cause  pre-term treatment  discontinuation.  It  should additionally  be  re‐
ported that,  according to interim (12 weeks)  outcome analyses of  an earlier  study of  BI
201335 with PegIFN/RBV in 288 patients in the long-term (24 weeks) [102], ‘mostly mild
to  moderate  rash  and  photosensitivity  reactions’  were  referred  to  as  the  most  frequent
adverse  events,  along  with  gastrointestinal  disorders.  ‘Severe  rash’  was  observed  in
0.7-1.3% of  subjects  receiving daily  BI  201335 doses  of  240mg,  while  this  rate  increased
up to 5.7% in patients undergoing daily doses of 480 mg. Finally, in a phase 1b open-la‐
bel  trial,  34  treatment-naïve  patients  with  chronic  HCV-1  infection were  randomized to
receive an association of the polymerase inhibitor BI 207127 (400 to 600 mg 3 times daily)
and  BI  201335  (120  mg  once  daily)  plus  RBV  (1000  to  1200  mg  per  day)  for  4  weeks
[103].  In this  study a ‘rash management plan’  was established and the intensity of  skin
AEs was accordingly graded as mild  (localized), moderate  (diffuse, 30% to 70% body sur‐
face area), or severe (diffuse generalized, mucous membrane involvement, organ dysfunc‐
tion,  signs  of  anaphylaxis,  or  life  threatening).  A  part  from  mild  gastrointestinal
disorders (diarrhea, nausea, vomiting), a mild ‘rash or photosensitivity reaction’ was ob‐
served in 42% of  subjects  receiving the highest  daily dosages.  Yet,  due to drug overlap
within the treatment regimens, it was not possible to ascribe any of these AEs to an indi‐
vidual  compound.  Nevertheless,  no  severe  AEs  were  observed,  and  no  AE-related  pre-
term discontinuation of treatment occurred throughout the study period.
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Table 4.A: Telaprevir - Skin AEs severity scale and rash management plan according with 
Jacobson et al [94] and Zeuzem et al [95] 
 

Rash severity Description Early intervention strategy protocol 

Grade 1 mild, localized to one or 
several sites Stable mild/moderate rash        

Medical management performed at the discretion 
of the investigator 

Grade 2 moderate, with a diffuse skin 
eruption involving up to 50% 
of the body surface 

Progressive moderate rash, or severe rash 
telaprevir discontinued 

Rash not improving within 7 days       
RBV ± PEG-INF discontinued (suggested) 
 

Grade 3 severe, involving more than 
50% of the body surface, or 
rash with the appearance of 
substantial systemic signs or 
symptoms 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.A Telaprevir - Skin AEs severity scale and rash management plan according with Jacobson et al [94] and
Zeuzem et al [95] Table 4.B. Telaprevir - Skin AEs severity scale and rash management plan according with Kumada 

et al [93]  

Rash severity Description Early intervention strategy protocol 

Grade 1 Localized skin lesions Routine, non specific management 
 

Grade 2 Diffuse or multiple skin lesions
 

Telaprevir discontinued 
PEG-IFN and RBV reduced or discontinued, 
as required 
Dermatologists’ consultation for diagnosis and 
specific cares 
 

Grade 3 Skin lesions covering >50% of 
the body surface or rashes with 
some characteristics such as 
bullae, ulceration of mucous 
membrane,  epidermal 
detachment detachment, target 
lesion or significant systemic 
signs

Grade 4 Stevens–Johnson syndrome 
and drug rashes with 
eosinophilia and systemic          
symptoms (DRESS) 

 

Table 4.B Telaprevir - Skin AEs severity scale and rash management plan according with Kumada et al [93]

4.3. Skin adverse effects related to treatment of HBV infection

Current mainstays of treatment for HBV infection are interferon (INF) and nucleotide/
nucleoside analogues (NAs), which are used following standardized guidelines in both ‘first
line, definite duration’ and ‘long-term, indefinite duration’ protocols [104]. Considering, on
one hand, the high diffusion of HBV infection in the general population [105] and the signifi‐
cant amounts of these agents that must have been, and are delivered worldwide accordingly,
and on the other hand, the vast arrays of skin unfavorable manifestations observed under
treatment for HCV infection (see above paragraph), the substantial paucity in the literature of
systematic reviews or clinical reports on cutaneous side effects occurring in association with
HBV treatment is somewhat surprising. The difference will be evident at a glance by comparing
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Table 3 and 5. One may confidently infer that NAs are overall biologically inert within the
‘skin milieu’, but interferon does remain a shared weapon in the treatment of both viral agents,
and has been the backbone tool in the management of HBV infection for many years before
the advent of NAs. Differences in the prevalence rates of HBV and HCV infection worldwide,
or mere underreporting could be well invoked in this respect. Yet, a possible explanation of
such striking divergence between INF impact on the skin of patients with HBV and HCV
infection could also lie in the more faithful hepatotropism of HBV compared to HCV. The latter
has indeed been found in many tissue other than liver [106, 107], skin included [108, 109]. These
circumstances might suggest a possible (yet indeterminable) synergy in skin pathogenicity
between INF and HCV, which could play some direct role in local promotion of INF-related
skin untoward manifestations in HCV but not in HBV patients. Another explanatory hypoth‐
esis could lie on the unique capacity of HCV (not ascribed to HBV) to induce B cell lympho‐
proliferation and trigger a number of autoimmune processes.

4.3.1. Skin events related to INF

Apart from the almost invariable occurrence of an erythematous roundish plaque at the
injection site (Figure 17), administration of INF in HBV patients has been implicated in the
following undesired effects (Table 5): skin necrosis at the injection site [110], angioedema-
urticaria syndrome [111], diffuse patchy erythematous rash [112], morbilliform exanthema
[113], psoriasis [114, 115], vitiligo [115], lichen planus [116], ocular trichomegaly [117].

4.3.2. Skin events related to NAs

The potential exhibited by these agents to sustain any skin pathogenicity appears to be overall
contained. Not better specified ‘rash and/or anaphylaxis’ have been recently assumed to be
‘infrequent’ [1/103 to 1/104: tenofovir), ‘common’ [1/10 to 1/102: lamivudine, telbivudine and
adefovir) or ‘with unknown frequency’ (entecavir) [104]. Reports on NAs-related skin
untoward effects are quite scanty in the literature. Lamivudine has been reported in relation
with an ichthyosiform eruption in a patient with chronic HBV infection [118]. Clinical and
histological iconography is also available of a severe, diffuse eczematous rash observed in an
additional case of HBV infection in a Korean-language paper [119]. Reports of other skin AEs
related to lamivudine refer to subject with HIV infection [120]. Entecavir has been reported to
cause a diffuse maculopapular rash in one HBV patient [121] and an ‘immediate allergy’
erythematous eruption in an additional HBV patient [122]. Tenofovir has been implicated in
development of a maculopapular rash on the face, extremities and trunk observed in HIV
patients [123]. Adefovir has been found to trigger a case of Stevens-Johnson/toxic epidermal
necrolysis overlap syndrome in a patient with HBV infection [124].

5. Virus-related liver hazards related to treatment of skin diseases

Treatment of a wide variety of skin inflammatory, immune mediated disorders poses a
concrete risk for hepatic disease and toxicity. Possible undesired liver injuries are constantly
a significant limitation in case management with a great number of pharmaceutical agents.
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Table 4.A: Telaprevir - Skin AEs severity scale and rash management plan according with 
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Table 4.B Telaprevir - Skin AEs severity scale and rash management plan according with Kumada et al [93]

4.3. Skin adverse effects related to treatment of HBV infection

Current mainstays of treatment for HBV infection are interferon (INF) and nucleotide/
nucleoside analogues (NAs), which are used following standardized guidelines in both ‘first
line, definite duration’ and ‘long-term, indefinite duration’ protocols [104]. Considering, on
one hand, the high diffusion of HBV infection in the general population [105] and the signifi‐
cant amounts of these agents that must have been, and are delivered worldwide accordingly,
and on the other hand, the vast arrays of skin unfavorable manifestations observed under
treatment for HCV infection (see above paragraph), the substantial paucity in the literature of
systematic reviews or clinical reports on cutaneous side effects occurring in association with
HBV treatment is somewhat surprising. The difference will be evident at a glance by comparing
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Table 3 and 5. One may confidently infer that NAs are overall biologically inert within the
‘skin milieu’, but interferon does remain a shared weapon in the treatment of both viral agents,
and has been the backbone tool in the management of HBV infection for many years before
the advent of NAs. Differences in the prevalence rates of HBV and HCV infection worldwide,
or mere underreporting could be well invoked in this respect. Yet, a possible explanation of
such striking divergence between INF impact on the skin of patients with HBV and HCV
infection could also lie in the more faithful hepatotropism of HBV compared to HCV. The latter
has indeed been found in many tissue other than liver [106, 107], skin included [108, 109]. These
circumstances might suggest a possible (yet indeterminable) synergy in skin pathogenicity
between INF and HCV, which could play some direct role in local promotion of INF-related
skin untoward manifestations in HCV but not in HBV patients. Another explanatory hypoth‐
esis could lie on the unique capacity of HCV (not ascribed to HBV) to induce B cell lympho‐
proliferation and trigger a number of autoimmune processes.

4.3.1. Skin events related to INF

Apart from the almost invariable occurrence of an erythematous roundish plaque at the
injection site (Figure 17), administration of INF in HBV patients has been implicated in the
following undesired effects (Table 5): skin necrosis at the injection site [110], angioedema-
urticaria syndrome [111], diffuse patchy erythematous rash [112], morbilliform exanthema
[113], psoriasis [114, 115], vitiligo [115], lichen planus [116], ocular trichomegaly [117].

4.3.2. Skin events related to NAs

The potential exhibited by these agents to sustain any skin pathogenicity appears to be overall
contained. Not better specified ‘rash and/or anaphylaxis’ have been recently assumed to be
‘infrequent’ [1/103 to 1/104: tenofovir), ‘common’ [1/10 to 1/102: lamivudine, telbivudine and
adefovir) or ‘with unknown frequency’ (entecavir) [104]. Reports on NAs-related skin
untoward effects are quite scanty in the literature. Lamivudine has been reported in relation
with an ichthyosiform eruption in a patient with chronic HBV infection [118]. Clinical and
histological iconography is also available of a severe, diffuse eczematous rash observed in an
additional case of HBV infection in a Korean-language paper [119]. Reports of other skin AEs
related to lamivudine refer to subject with HIV infection [120]. Entecavir has been reported to
cause a diffuse maculopapular rash in one HBV patient [121] and an ‘immediate allergy’
erythematous eruption in an additional HBV patient [122]. Tenofovir has been implicated in
development of a maculopapular rash on the face, extremities and trunk observed in HIV
patients [123]. Adefovir has been found to trigger a case of Stevens-Johnson/toxic epidermal
necrolysis overlap syndrome in a patient with HBV infection [124].

5. Virus-related liver hazards related to treatment of skin diseases

Treatment of a wide variety of skin inflammatory, immune mediated disorders poses a
concrete risk for hepatic disease and toxicity. Possible undesired liver injuries are constantly
a significant limitation in case management with a great number of pharmaceutical agents.
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Hepatotoxicity can derive directly from many drugs used in the treatment of psoriasis, such
as methotrexate, ciclosporin or retinoids. Potential hazards may also indirectly result from
drugs used to contrast unfavorable complications of dermatological treatment regimens, such
as reactivated tuberculosis necessitating isoniazid or rifampicin administration. Also, unsur‐
veyed administration of immunomodulating/immunosuppressive agents, ranging from
corticosteroids to TNF- α antagonists, may be also associated with exacerbation of an under‐
lying chronic viral hepatitis [125-127].

An in-depth analysis of all skin disorders the treatment of which may result in liver injury is
certainly beyond the scope of this chapter. Instead, I will only concisely focus on systemic
therapy of moderate-to-severe psoriasis (Table 6), in view of the fact that psoriasis is the leading
item in cutaneous immune mediated pathology affecting 1 to 3% of population in Western
industrialized countries [128]. Notably, it has been estimated that more than 11 million people
suffer from psoriasis in Europe [129, 130]. Severity of psoriasis is ‘quantitatively’ assessed
through so-called ‘psoriasis area-and-severity index’ (PASI), whose score ranges from 0 to 72

Injection site (local) reactions

-ill-defined, roundish, pruritic, self-recovering erythematous patches (figure 17)

-skin necrosis

Non local, or generalized reactions

-angioedema-urticaria syndrome

-diffuse patchy erythematous rash

-morbilliform exanthema

-psoriasis

-vitiligo

-lichen planus

-ocular trichomegaly

A – related to INF

Lamivudine:

-ichthyosiform eruption

-severe, diffuse eczematous rash

Entecavir:

-diffuse maculopapular rash

-erythematous eruption

Adefovir:

-Stevens-Johnson/toxic epidermal necrolysis overlap syndrome

B – related to NAs

Table 5. Skin adverse effects under treatment of HBV infection
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(with higher scores indicating more severe disease). Overall, patients with PASI scores of 12
or higher are candidates to systemic treatment. Yet, the magnitude of disease severity is also
to be evaluated ‘qualitatively’, considering that the skin condition may often lead to substantial
burden in terms of disability and psychosocial stigmatization (I believe that the reader will
readily agree on this view after taking a look at figures 25.A to -D). In this regard, it has been
calculated that impairment of physical and mental functioning in psoriatic patients is not
consistently different from that observed in subjects with major medical illnesses, such as
cancer, heart disease, chronic respiratory disease or type 2 diabetes [131]. Also, it should be
underlined that a striking discrepancy between the objective ‘weight’ of the disease on clinical
ground and the patients’ subjective appraisal of the skin problem ‘dimension’ often exists
[132]. The degree of patient dissatisfaction with treatment outcome is frequently high, and
significant levels of intentional noncompliance with prescribed regimens are not uncommon
accordingly [133].

Huge numbers of patients with psoriasis undergo systemic treatment, and thus are subject to
some risk of undesired liver injury. In this context, the possibility of reactivation of chronic
hepatitis B and C is of significant concern. As for Europe, the recently audited ‘European S3-
Guidelines on the systemic treatment of psoriasis vulgaris’ [134] reflect a high level of physician
awareness about this risk. ‘Active chronic hepatitis B’ and ‘hepatitis C’, respectively, are listed
as absolute and relative contraindications on use of many systemic treatments. Accordingly,
pre-treatment necessary measures include HBV/HCV serology and liver function tests. Liver
enzymes are also to be evaluated throughout the treatment period at regular intervals.
Moreover, some caveats concerning the use of anti-TNFα biologic agents (such as infliximab,
etanercept, alefacept, efalizumab) in chronic carriers of HBV and HCV have been explicitly
expressed [134]. Pre-treatment or concomitant use of antiviral agents has been assumed to
allow systemic treatment use in some trials involving non-dermatological (Crohn’s disease)
patients, with no reports of viral reactivation under high potency regimens [135]. Co-admin‐
istration of lamivudine has also been considered in the management of HBsAg carrier psoriatic
patients [136, 137]. However, concerns are raised by the recognized risk of viral resistance
development and acute disease flare occurrence after prolonged use of lamivudine. Thus, more
studies are warranted to reliably assess whether antiviral prophylaxis is a viable option in the
management of chronic inflammatory conditions.

5.1. Safety profile of traditional (‘nonbiologic’) and anti-TNFα (‘biologic’) agents in viral
hepatitis patients

First, it must be strongly emphasized that reliable assessment of the safety profile of systemic
agents employed in the treatment of moderate-to-severe psoriasis is inherently biased by many
factors. Available information from randomized trials is often poor owing to low sample size
and insufficient power to ascertain safety outcome conclusively [138]. Furthermore, clinical
trials typically involve healthy patients or, at least, not ‘difficult-to-treat’ cases. In this regard,
an inadequate representation in case populations of subjects with some relevant covariates,
such as pediatric or elderly age, pregnancy or breastfeeding, history of kidney or liver disease,
cancer, HIV, HBV and HCV infection, has been consistently documented [139-141]. Taken as
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(with higher scores indicating more severe disease). Overall, patients with PASI scores of 12
or higher are candidates to systemic treatment. Yet, the magnitude of disease severity is also
to be evaluated ‘qualitatively’, considering that the skin condition may often lead to substantial
burden in terms of disability and psychosocial stigmatization (I believe that the reader will
readily agree on this view after taking a look at figures 25.A to -D). In this regard, it has been
calculated that impairment of physical and mental functioning in psoriatic patients is not
consistently different from that observed in subjects with major medical illnesses, such as
cancer, heart disease, chronic respiratory disease or type 2 diabetes [131]. Also, it should be
underlined that a striking discrepancy between the objective ‘weight’ of the disease on clinical
ground and the patients’ subjective appraisal of the skin problem ‘dimension’ often exists
[132]. The degree of patient dissatisfaction with treatment outcome is frequently high, and
significant levels of intentional noncompliance with prescribed regimens are not uncommon
accordingly [133].

Huge numbers of patients with psoriasis undergo systemic treatment, and thus are subject to
some risk of undesired liver injury. In this context, the possibility of reactivation of chronic
hepatitis B and C is of significant concern. As for Europe, the recently audited ‘European S3-
Guidelines on the systemic treatment of psoriasis vulgaris’ [134] reflect a high level of physician
awareness about this risk. ‘Active chronic hepatitis B’ and ‘hepatitis C’, respectively, are listed
as absolute and relative contraindications on use of many systemic treatments. Accordingly,
pre-treatment necessary measures include HBV/HCV serology and liver function tests. Liver
enzymes are also to be evaluated throughout the treatment period at regular intervals.
Moreover, some caveats concerning the use of anti-TNFα biologic agents (such as infliximab,
etanercept, alefacept, efalizumab) in chronic carriers of HBV and HCV have been explicitly
expressed [134]. Pre-treatment or concomitant use of antiviral agents has been assumed to
allow systemic treatment use in some trials involving non-dermatological (Crohn’s disease)
patients, with no reports of viral reactivation under high potency regimens [135]. Co-admin‐
istration of lamivudine has also been considered in the management of HBsAg carrier psoriatic
patients [136, 137]. However, concerns are raised by the recognized risk of viral resistance
development and acute disease flare occurrence after prolonged use of lamivudine. Thus, more
studies are warranted to reliably assess whether antiviral prophylaxis is a viable option in the
management of chronic inflammatory conditions.

5.1. Safety profile of traditional (‘nonbiologic’) and anti-TNFα (‘biologic’) agents in viral
hepatitis patients

First, it must be strongly emphasized that reliable assessment of the safety profile of systemic
agents employed in the treatment of moderate-to-severe psoriasis is inherently biased by many
factors. Available information from randomized trials is often poor owing to low sample size
and insufficient power to ascertain safety outcome conclusively [138]. Furthermore, clinical
trials typically involve healthy patients or, at least, not ‘difficult-to-treat’ cases. In this regard,
an inadequate representation in case populations of subjects with some relevant covariates,
such as pediatric or elderly age, pregnancy or breastfeeding, history of kidney or liver disease,
cancer, HIV, HBV and HCV infection, has been consistently documented [139-141]. Taken as
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a whole, these circumstances dictate extreme caution in extrapolating results to the broader
population of patients in day-to-day clinical practice.

5.1.1. HBV setting

Many papers can be found in the literature reporting TNFα inhibitors to worsen chronic HBV
disease in subjects suffering from noncutaneous diseases, such as rheumatic conditions or
Crohn’s disease [142-144]. Instead, I found only one case concerning a patient with psoriasis
vulgaris and psoriatic arthropathy caused by adalimumab [126]. An additional case, related
to infliximab, was reported in the results of a questionnaire-based survey involving a nation‐
wide sample of physician members of the American Academy of Dermatology in 2011 [145].
As for nonbiologic treatment-related events, a retrospective study carried out on ninety-eight
patients undergoing prolonged corticosteroid treatment for psoriasis-unrelated skin condi‐
tions (namely, pemphigus vulgaris and dermatomyositis) showed only four cases of HBV
reactivation, two of whom had a fatal outcome [125].

Reasons for such low reporting rates remain to be fully clarified. A role of so-called ‘Weber
effect’ [146], or other factors possibly affecting spontaneous reporting of adverse events, might
be invoked. Alternatively, a consistently high level of alertness among dermatologists might
be assumed. In this respect, it can incidentally be considered that since 2005 all Italian derma‐
tologists involved in the management of psoriasis with ‘biologic’ and ‘nonbiologic’ systemic
agents have to mandatorily adhere to the well-established pharmacovigilance roadmap dictated
by the so-called ‘Psocare’ program.1 Moreover, another independent aim-oriented dermatolo‐
gy registry network, the Psonet (http://www.psonet.eu) [129, 147], has more recently branched
off from the Psocare program in order to merge data and strategy protocols from most European
countries, along with Israel and Australia. Properly surveyed administration of anti-TNFα
agents in HBV patients has been reported to be an overall safe treatment option in the setting
of both noncutaneous inflammatory conditions [148, 149] as well as psoriasis [136, 150, 151].
However, the use of systemic (‘biologic’ or ‘nonbiologic’) agents in psoriatic patients who are
chronic carriers of HBV is only an end-line tool in the ranking of therapeutic options, photother‐
apy and/or topical agents being more properly recommended (Table 7) [139].

5.1.2. HCV setting

Despite the wide range of noncutaneous inflammatory diseases in which TNFα inhibitors are
now used as well-established therapeutic tools, literature yields only few papers in which these

1 Psocare is an Italian joint venture of psoriasis patients, dermatologists, epidemiologists and drug safety experts who are
proactively involved since 2005 in a nationwide process linking drug prescription data to information on treatment outcome,
such as effectiveness and long-term safety. Registration and participation to Psocare program, which is funded by the
Italian Drug Administration Agency (AIFA), is mandatory to administer conventional treatments (including photothera‐
py) and new generation biologics. To date, Italian regional health authorities have appointed nearly 150 reference centers,
in which patients’ admission and follow-up visits are carried out, and demographic and lifestyle characteristics, disease
severity, treatment exposure, treatment outcome, and any medical event (i.e. new diagnoses, hospitalizations, outpa‐
tient specialist visits) are registered. Before starting therapy, and throughout the treatment period, patients are rigidly
evaluated according to standardized guidelines aimed at assuring the closest postmarketing surveillance of effective‐
ness and safety of systemic agents.
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agents are reported to worsen HCV disease in subjects suffering from sole rheumatoid arthritis
[141, 152-156]. TNFα inhibitors have also been assayed in HCV patients suffering from
psoriasis. In this context, a number of small case series or anecdotal cases have been reported
in which etanercept, efalizumab and alefacept do not induced HCV exacerbation. Of note, mild
improvement in viral load and/or liver function tests were also observed in many of these cases
[151, 157-170]. Only in one case, described by Ventura and coworkers [163], a significant
increase of viral load (from 1.52×104 to 1.94×106 IU/mL), not coupled with increased liver
enzymes, was observed after a 6-month therapy and led to treatment discontinuation. On the
basis of such evidence, the overall harmful impact of anti-TNFα therapies in the setting of
chronic HCV infection may appear to be lower than that exhibited in HBV infection. Indeed,
the TNFα cascade has been consistently involved in the pathogenesis of liver damage, scar
formation and fibrosis in chronic hepatitis C, and promising data have been reported sug‐
gesting a protective role of TNFα inhibitors against both INF-RBV-related undesired effects
and virus-related hepatocyte injury [171]. Nevertheless, treatment of HCV infected psoriasis
populations is subject to the same caution expressed by current guidelines for the management
of patients who are chronic carriers of HBV [134]. Concerning this aspect, two different
authority panels have recently audited all pros and cons, and drawn up a ranking list each of
therapeutic options for treatment of moderate-to-severe psoriasis in HCV patients (Tables 8.A
and B) [139, 172].

As for traditional ‘nonbiologic’ therapy, to the best of my knowledge, literature remains
substantially silent with regard to acute flares of hepatitis deriving from treatment of psoriasis
or other skin inflammatory conditions. I was able to find just one case of HCV reactivation
occurring in a psoriatic patient after reduction of daily ciclosporin dosage [127]. By contrast,
many cases of HCV reactivation have been reported during tapering of ciclosporin regimens
in noncutaneous disease settings, such as bone marrow transplanted subjects [173]. In my
opinion, reasons for possible underreporting in the dermatological literature of any drug-
related liver undesired effects in the HCV setting are very likely to be the same as those
discussed in paragraph 4.1.1.

As shown in Table 6, the management of moderate-to-severe psoriasis lies in a wide panel of
agents which may often be a double-edged weapon owing to their broad immunosuppressive
action. This concern is prompting continuous efforts to develop pharmacological agents (such
as the new anti-interleukin-17 antibodies) [174-176] which are able to interfere with the
TNFα cascade as downstream as possible, and are thus more likely to significantly lower the
risk for side-effects related to impaired immune surveillance. Nevertheless, in more or less
recent years (i.e., well after the breakthrough of ‘TNFα inhibitor era’) some faint interest has
been renewed for traditional psoriasis treatment modalities, eg so-called Goeckerman treat‐
ment [177] or oral ciclosporin [178, 179]. In my view, the debate ‘biologics versus nonbiologics’
for management of skin inflammatory conditions is on the whole still highly controversial,
and the decision-making process in daily clinical practice seems to be more conveniently left
to the physician’s wisdom.
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ness and safety of systemic agents.
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related liver undesired effects in the HCV setting are very likely to be the same as those
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agents which may often be a double-edged weapon owing to their broad immunosuppressive
action. This concern is prompting continuous efforts to develop pharmacological agents (such
as the new anti-interleukin-17 antibodies) [174-176] which are able to interfere with the
TNFα cascade as downstream as possible, and are thus more likely to significantly lower the
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recent years (i.e., well after the breakthrough of ‘TNFα inhibitor era’) some faint interest has
been renewed for traditional psoriasis treatment modalities, eg so-called Goeckerman treat‐
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Figure 25. Psoriasis

-Methotrexate -Alefacept

-Thioguanine -Efalizumab

-Ciclosporin -Ustekinumab

-Retinoids -Ixekizumab

-Fumaric acid esters -brodalumab

-Adalimumab -secukinumab

-Etanercept -tofacitinib

-Infliximab

Table 6. Systemic therapy for psoriasis

Rank Therapeutic option

1 UV-B narrowband

2 UV-B broadband

3 Topical corticosteroids

4 UV plus topical anthralin, or crude coal tar (*)

5 Topical steroids and calcipotriene

6 UV-A plus psoralen (P-UV-A)

7 UV plus acitretin

8 Efalizumab

9 Acitretin

UV = ultraviolet phototherapy; (*) Goeckerman treatment [177]

Table 7. Ranking of therapeutic options for treatment of moderate-to-severe psoriasis in chronic carriers of HBV.
From: Strober et al [139], modified
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Rank Therapeutic option

1 Etanercept

2 UVB narrowband

3 TNF-inhibitor (without concern for any individual drug)

4 Adalimumab

5 UVB broadband

6 Infliximab

7 Topical corticosteroid in combination with calcipotriene

8 Topical corticosteroids

9 Efalizumab

10 Alefacept

A: From: Strober et al [139], modified

Rank Therapeutic option

First line UVB narrowband

UVB broadband

Topical therapies

Second line Acitretin

Etanercept

Infliximab

Adalimumab

PUVA

Third line Alefacept

Cyclosporine

Efalizumab

Azathioprine

B: From: Frankel et al [180], modified

Table 8. Ranking of therapeutic options for treatment of moderate-to-severe psoriasis in chronic carriers of HCV
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1. Introduction

The following chapter deals with the clinical management of mental and behavioural disorders
that may occur in patients with chronic viral hepatitis C during alpha-interferon therapy.

Actually, in clinical experience, psychopharmacological and psychological interventions are
frequently found in patients with HCV-related chronic hepatitis. These interventions are often
requested by clinicians with hepatologic and infectious diseases competence, who deliver the
ambulatory care for the treatment of interferon in general hospitals.

These interventions are always complex due to several reasons:

a. they are multidisciplinary interventions that require a great collaboration between all
specialists involved and high patients management skills.

The clinician has to deal with complex and multi-problematic situations for both the under‐
lying disease and its complications and both the onset of psychiatric disorders, especially
anxiety and depressive symptoms. Psychotic symptoms are occasional, instead.

b. there are no specific treatment guidelines for mental disorders related to chronic viral
hepatitis. Therefore, the management of these patients can be different according to the
internal organization of a psychiatric service and to the one of the general hospital that
rarely provide a specific ambulatory care for the treatment and management of psychiatric
side effects during alpha-interferon treatment.

c. The clinical picture is often blurred reported and is characterized by heterogeneous
symptoms of anxiety and depression that vary from mild to severe degree and may also
have a pejorative evolution.
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d. The most common criteria for psychiatric diagnosis used in the international clinical
practice and scientific research are those of the DSM IV TR [1]. This means provides
diagnostic categories whose inclusion criteria are very restrictive. Mental disorders due
to a general medical condition and substance-induced mental disorders are included in
these diagnostic categories. This last diagnostic category even includes mental disorders
induced by drugs. Nevertheless, there is no explicit reference to either HCV or interferon
therapy in both diagnostic categories.

Moreover, the underlying causes of mental disorders in patients with chronic HCV hepatitis
seem to be very complex.

In Psychiatry it is widely recognized as valid the bio-psycho-social paradigm according to
which the causes of mental illness must be found not only in genetic and constitutional reasons
but also in psychological and environmental factors. This paradigm is even more appropriate
when the mental illness and the organic illness are present at the same time.

The psychological impact of diagnosis of HCV-related chronic hepatitis, interferon treatment
and hcv neurotoxicity are definitely important in the genesis of symptoms.

2. HCV infection as life event

The  role  of  stressful  psychosocial  events  or  "life  events"  in  the  unleashing  of  psychic
pathology is  generally  accepted by most  clinicians.  As a  matter  of  fact,  it  is  difficult  to
document a causal link between life events and mental illness and it is hard to think of
a real  direct  causality between these two factors.  Some authors have proposed a model
based on a circular relationship between the event and the psychopathological manifesta‐
tion,  rather  than  a  model  based  on  a  linear  cause-effect  relationship  [2].  Available  re‐
searches,  moreover,  show that  only some individuals  will  develop a specific  psychiatric
disorder at the presence of the same life events [3].

Different regulation scales are used to define the events that can be considered as stressful and
to value their psychological burden. A personal illness, especially if chronic, is certainly an
event characterized by great emotional and psychological impact [4]. Moreover, symptoms
such as mood changes and anxiety, which are commonly observed in patients affected by HCV,
can be related to the awareness of suffering from a chronic progressive disease and to the past
or current substance abuse [5].

As we have said, the aetiology of psychiatric disorders is multifactorial and several factors can
lead to the development of the manifestations: genetic factors, evolutionary factors, environ‐
mental factors and life events. The onset of an organic diseases can lead to the outbreak of a
psychiatric disorder, not only for the psychological impact that the disease has but even due
to the changes in the immune system that can establish in certain medical conditions.

Depressive symptoms are often found in pathologies such as AIDS [6], diabetes mellitus [7],
multiple sclerosis [8] and cardiovascular disorders [9].
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3. Proinflammatory cytokines and neurotransmitter systems

It is well known that the assumption of interferon α (IFN α) is associated with the onset
of depressive symptoms, similar to those observed in major depression [10], in fact, from
30% to 50% of patients receiving IFN develop depression during treatment [11].Many da‐
ta in literature show the very important role of pro-inflammatory cytokines in the onset
of the Depression [12,13-14,15].Since the 90s, several studies have highlighted that in cer‐
tain cases the alterations of the immune system can contribute to the development of de‐
pressive  symptoms,  favouring  the  acquisition  of  new  knowledge  about  the  so-called
Psychoneuroimmunology [16].

The Neuro- Endocrine System (SNE) and the Immune System (SI) are part of a totally in‐
tegrated biological circuit, in fact, the same biochemical signals are used both for the ex‐
change  of  information  between  the  components  of  the  same  system  both  for
communications  between  the  two  systems.  Numerous  researches,  in  fact,  have  shown
that the SI is able to modify its responses, either through automatic mechanisms of regu‐
lation either  by signals  coming from the  Central  Nervous  System (CNS)  and endocrine
system (SE).  In  turn,  the  cells  of  the  SI,  sending  signals  to  the  central  nervous  system
and to the SE, trigger specific neuroendocrine and behavioural responses. Pro-inflamma‐
tory cytokines are ones of the main messengers employed by SI to communicate directly
with the  SNE,  in  particular,  they stimulate  the  activity  of  the  locus  coeruleus  (LC)  and
the hypothalamic secretion of Corticotrophin-Releasing Factor (CRF) [17].

The immune cells communicate with the SNE also by means of several neuropeptides and
neuro-hormones, such as the CRF, adrenocorticotropic hormone (ACTH), the Growth
Hormone (GH), the Thyrotropin-Releasing Hormone (TRH), prolactin, the β-endorphin, etc.;
immune cells, in fact, possess specific membrane receptors, both for these mediators both for
neurotransmitters such as adrenaline, serotonin, histamine, GABA [18].

The existence of a bi-directional network of communication between SNE and SI is extremely
important since it allows to SNE to receive and respond to a wide range of non-cognitive
stimuli, which include stresses-induced stimuli and infectious, autoimmune or neoplastic
nature-stimuli, that it could not perceive otherwise. The relationship between the nervous
system, endocrine system and immune system has been highlighted by several studies. The
baseline concentration of soluble receptors for TNF and IL-6 were linked with the development
of depression during therapy with IFN α [19]. Moreover it was found that patients suffering
from cancer and depression showed higher levels of interleukin 6 (IL6) compared to patients
affected by cancer but without depression [20]. In patients suffering from HCV, concentrations
of receptors for IL-2, IL-6 and IL-10 are significantly higher in patients who develop a depres‐
sive symptomatology during therapy with IFN, compared to patients who did not develop it.
Therefore, a greater activation of the immune system may be predictive of the development
of depression during IFN therapy [21,22].

Let's  look now at the way through pro-inflammatory cytokines,  in particular IFN α,  act
in  the  genesis  of  psychiatric  interest  symptoms.  It's  well  known  that  serotonergic  and
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dopaminergic neurotransmitter systems are involved in depressive disorders and anxiety
disorders.  In  clinical  practice,  drugs  that  act  on  the  neurotransmitter  systems  are  com‐
monly  used.  The  role  of  IFNα  in  the  development  of  depression  and  anxiety  may  be
partly due to the action on serotonin metabolism. The administration of selective seroto‐
nin  reuptake  inhibitors  (SSRIs),  in  fact,  inhibits  the  development  of  depression  in  pa‐
tients  treated  with  IFN  α  [22].  The  administration  of  paroxetine  (SSRI)  reduces  to
approximately  4  times  the  risk  of  onset  of  depression  during  therapy with  IFN α [23].
The IFNα and cytokines in general,  would contribute to the alteration of  serotonin me‐
tabolism through the activation of an enzyme called indoleamine 2-3 deoxigenase (IDO),
which  converts  tryptophan,  an  amino  acid  precursor  of  serotonin,  in  kynurenine  [24],
leading  to  a  reduction  in  the  synthesis  of  serotonin.  In  fact,  it  has  been  demonstrated
that,  patients treated with IFN α, who develop depression, have lower blood concentra‐
tions of  tryptophan [25,26].  Patients who develop major depression during IFN-α thera‐
py,  compared  with  patients  who  did  not  develop,  show  in  the  peripheral  blood
significantly reduced level  of  tryptophan and increased levels  of  kynurenine [27].  These
data would support the hypothesis according to which the reduction of levels of trypto‐
phan and, consequently the reduction of the synthesis of serotonin, are consequent to ac‐
tivation of the IDO.

Another mechanism involved in the reduction of levels of serotonin induced by cytokines is
the activation of a protein kinase, called MAPK, by themselves.

The IFNα is a potent inducer of p38 MAPK; the activation of this protein kinase increas‐
es the expression and synthesis of serotonin transporters [28,29], thus resulting in the in‐
crease  of  serotonin  reuptake,  with  consequent  reduction  of  the  neurotransmitter  in  the
synaptic cleft. Recent studies have linked the increased function of serotonin transporters
with seasonal affective disorder [30].In addition to the reduction of serotonin, alterations
in metabolism of dopamine (DA), would also contribute to the onset of symptoms such
as psychomotor retardation and fatigue. In fact, the IFN and, more generally, pro-inflam‐
matory cytokines,  act on the metabolism of DA, especially at the level of the basal gan‐
glia, causing a symptomatology characterized by neuro-vegetative symptoms, anhedonia,
psychomotor retardation, fatigue [31,32-33].

Dopamine is involved in different circuits in mood, reward and motivation, motor activity,
sleep-wake rhythm, cognitive processes [34,35].

It has been shown that IFN α induces motor slowing and this slowing down is correlated,
significantly, to the development of depression and fatigue [31].

The mechanisms by which the IFN would act resulting in a reduction of DA in the synaptic
cleft are manifold; primarily cytokines, and therefore the IFN α as well, induce an increase of
nitric oxide (NO), which causes a reduction of tetrahydrobiopterin (BH4 ) that is a co-enzyme
for tyrosine hydroxylase, which converts tyrosine to L-DOPA, this causes a reduction in the
synthesis of DA [27].

It has also been shown that the action of IFN on BH4 is mediated by nitric oxide, in fact,
treatments that inhibit the synthesis of NO, block the inhibitory effect mediated by IFN on the
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concentration, at the level of the central nervous system, of tetrahydrobiopterin ( BH4) and DA
[36]. It was also demonstrated that the IL6 (whose blood concentrations increase after admin‐
istration of IFN α), reduces the tetrahydrobiopterin at the neuronal level [37].

Another mechanism by which the IFN α works reducing the levels of DA in the synaptic cleft
involves the Kynurenic acid (KA). As we have already said, with regard to the effect of
cytokines on the metabolism of serotonin, the IFN determines an activation of the enzyme
indoleamine 2,3 dioxygenase (IDO), which cleaves the tryptophan in kynurenic acid (KA). KA
reduces the release of glutamate. The glutamate, as well known, stimulates the release of
dopamine [37,38-39]. The final effect is, in this case as well, a reduction of the levels of DA in
the synaptic cleft. Finally, the IFN α, as we mentioned above, can activate some protein kinase,
the MAPK pathway, which results in the increase in the expression of those genes coding for
transporters of DA, this causes an increased DA reuptake with consequent reduction of the
available levels of DA in the synaptic cleft [40].

It is worth pointing out that, in addition to depressive and autonomic manifestations, symp‐
toms of anxiety and irritability may also occur during therapy with IFN α.

Several studies have shown that a significant number of patients develop anxiety symptoms
1 or 2 hours after taking the interferon therapy [41]. Some neuroimaging studies have shown
that one of the mechanisms by which cytokines may cause anxiety and hyper arousal, is related
to the increased activation of neural circuits in dorsal anterior cingulate cortex [42,43].

4. Neurotoxicity of HCV

With regard to the aetio- pathogenesis the third aspect to consider is the one of specific
neurotoxicity of HCV.

In the last years it has been supposed that psychiatric disorders that occur in patients affected
by HCV are due to a direct effect of the virus.

In particular, it has been suggested that there is no link between the onset of depressive
disorders in patients with HCV infection and the IFN α- therapy [44].

An interesting study using magnetic resonance spectroscopy (MRS), a non-invasive technique
that allows to get localized biochemical information from tissues and organs, has pointed out
several alterations of cerebral metabolites in patients with HCV infection [45]. These alterations
are very similar to those caused by HIV virus which can be found in the central nervous system
during the overt disease. [46,47]. These studies support the hypothesis according to which,
even the HCV would be able to infect cells of the central nervous system, causing changes in
the brain [48]. According to this hypothesis, the virus after infecting monocytes in circulation,
is introduced into the CNS thanks to a mechanism known as "Trojan Horse," resulting in
neuronal dysfunction. This hypothesis is supported by recent studies that have demonstrated
the presence of HCV gene sequences in post-mortem examined brain tissue [49]. Another
important aspect that rises from data in literature is that different viral genotypes correlate
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with a different response to the antiviral therapy with IFN-α. Up to now, according to
differences in nucleotide sequence, 7 different genotypes of HCV (in turn subdivided into
several subtypes) have been identified, with a different geographical prevalence. The most
common genotypes in Europe are 1a, 1b, 2a, 2b and 3 while in the USA is genotype 1a. Many
people believe that the genetic heterogeneity of the virus strains is the basis of the differences
in the development of disease and in the responsiveness to treatment. It is well known, in fact,
that the genotypes 1, 5 and 6 have a lower response to antiviral treatment. In particular, the
virus 1b leads to a more rapid progression to cirrhosis. In contrast, viral genotypes 2 and 3
have a better response to antiviral treatment [50].

5. Psychological aspects of the diagnosis of hepatitis C and consultation –
Liaison psychiatry

What has been argued so far gives an account of how much weight may have, in a bio-psycho-
social dimension, the diagnosis of HCV. The patient has, in fact, to live a chronic medical
condition, often without any physical and psychological resource to manage it, whose
treatment is not always effective and has serious side effects; in addition, an uncontrollable
factor, the constitutive genetic component indeed, may be decisive to a successful treatment.

The meeting with an illness, whatever it is, brings about such a big change of life to threaten
the own sense of identity so that the disease can be lived with deep anguish, hate, anxiety and
depression.

Organic disease, whatever is the form in which it may manifest, acute or chronic, mild or
severe, always represents a more or less significant break of the individual cycle of life and
therefore, it involves the psychological sphere.

Several times we have emphasized the complexity of the Psychiatrist role in patients with
HCV-related chronic hepatitis. Actually, these patients live a condition of severe insecurity,
both physical and psychological. They are forced to change their lifestyle, putting in practice
new behaviours and careful conduct rules in personal, social and relational context.

They live together with the fear of serious complications and death. The many disorders
related to hepatitis, depressive symptoms and interferon treatment, make them lose their
physical and mental energy to manage their disease condition. Typically, in fact, depres‐
sive  symptoms  reported  by  this  type  of  patients,  are  purely  somatic;  fatigue,  muscle
ache,  tiredness  are  the  most  common symptoms that  cause great  discomfort  to  patients
and most influence their quality of life. They are “carriers” of a deep sufferance but they
have no more own energy to deal with it. It is clear that these people are able to encour‐
age the clinician to work harder in order to match medical experience with psychological
and relational  competence.  They are  also  able  to  lead the  clinician to  overcome the  so-
called “mind-body dichotomy” and get  a  new clinic  view focused on the suffering per‐
son and not just  on the disease.  This aspect  is  really important because it  makes actual
an ethical problem that all health care professionals have to face in everyday clinical life:
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a sterile biological reductionism to the detriment of the centrality of the person [51]. The
Consultation  and  Liaison  Psychiatry  deals  with  the  application  of  psychiatric  theories
and practices for the care of patients with organic disease treated in hospitals and health
care services (e.g., primary care). The request for assistance from colleagues belonging to
other specializations is  so high that  since the mid 70's  specific  consultation-liaison units
have been provided within the departments of psychiatry even more frequently.

Specific  areas  of  Consultation  Psychiatry  include  the  study,  the  diagnosis,  the  treat‐
ment  and  the  prevention  of  psychiatric  morbidity  in  patients  affected  by  organic  dis‐
ease or  somatic  symptoms.

The continuous attention to the phenomena of the organic and psychological interaction
between body and mind is the operative height of the psychiatrist who operates outside the
psychiatric setting [52]. The Consultation and Liaison Psychiatry has been defined as a branch
of psychiatry that focuses on diagnosis, treatment, study and prevention of the psychiatric
morbidity in patients with organic diseases and in those who have somatic symptoms. It also
provides to organize psychiatric consultations, liaison activities and training for non-psychi‐
atric operators who belong to all types of clinical setting, especially in the general hospital [53].

It must be said that the setting of the psychiatrist's intervention is very different from the usual
one, and actually, it consists of a general hospital, inside of which should always be present a
consultation-liaison unit and, inside of it, it must be present an ambulatory for the management
of patients with chronic C hepatitis and IFN treatment or at least, specialized and trained
personnel to the management of this kind of patients.

In  everyday  clinical  practice,  psychiatric  work  consists  of  two  types  of  intervention:
the  psychiatric  consultation  and  liaison.  The  consultation  focuses  primarily  on  diagno‐
sis  and therapy.  The  diagnosis  relies  on  means  such  as  the  clinical  interview and psy‐
cho-diagnostic  tests.

The treatment involves both pharmacologic and psychotherapy interventions.

The specificity of the consultant psychiatrist is therefore, based on his training that allows him
to value the interactions between biological, psychological, social and psychodynamic
variables in clinical practice, in diagnostics, in the treatment plan and prognosis of a mental
disorder [49]. The consultant psychiatrist may also, if he deems it necessary, take charge of the
patient in a continuous way, going beyond the single psychiatric consultation [54]. This
possibility is not uncommon within the psychiatric ambulatories for the management of
patients with HCV in IFN treatment. Many of these patients already have a basic psychiatric
disorder, usually it is a medium degree disorder, never gone to the observation of psychiatrists.
This psychiatric disorder will reoccur or worsen after the diagnosis of HCV or during IFN
treatment, making continuous psychiatric cares necessary. In this regard, it should be said that
patients are hopeful when it is given a chance of cure to them, on the other hand, they are
frightened by the possibility of a therapeutic failure, the length of treatment and the possibility
of serious side effects, including psychiatric symptoms. Actually, patients are really frightened
of these latter symptoms because they have to face the spectrum of madness that, in their
fantasies, drives them to the anguish of losing the ownership of their actions and thoughts.
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sive  symptoms  reported  by  this  type  of  patients,  are  purely  somatic;  fatigue,  muscle
ache,  tiredness  are  the  most  common symptoms that  cause great  discomfort  to  patients
and most influence their quality of life. They are “carriers” of a deep sufferance but they
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age the clinician to work harder in order to match medical experience with psychological
and relational  competence.  They are  also  able  to  lead the  clinician to  overcome the  so-
called “mind-body dichotomy” and get  a  new clinic  view focused on the suffering per‐
son and not just  on the disease.  This aspect  is  really important because it  makes actual
an ethical problem that all health care professionals have to face in everyday clinical life:
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a sterile biological reductionism to the detriment of the centrality of the person [51]. The
Consultation  and  Liaison  Psychiatry  deals  with  the  application  of  psychiatric  theories
and practices for the care of patients with organic disease treated in hospitals and health
care services (e.g., primary care). The request for assistance from colleagues belonging to
other specializations is  so high that  since the mid 70's  specific  consultation-liaison units
have been provided within the departments of psychiatry even more frequently.

Specific  areas  of  Consultation  Psychiatry  include  the  study,  the  diagnosis,  the  treat‐
ment  and  the  prevention  of  psychiatric  morbidity  in  patients  affected  by  organic  dis‐
ease or  somatic  symptoms.

The continuous attention to the phenomena of the organic and psychological interaction
between body and mind is the operative height of the psychiatrist who operates outside the
psychiatric setting [52]. The Consultation and Liaison Psychiatry has been defined as a branch
of psychiatry that focuses on diagnosis, treatment, study and prevention of the psychiatric
morbidity in patients with organic diseases and in those who have somatic symptoms. It also
provides to organize psychiatric consultations, liaison activities and training for non-psychi‐
atric operators who belong to all types of clinical setting, especially in the general hospital [53].

It must be said that the setting of the psychiatrist's intervention is very different from the usual
one, and actually, it consists of a general hospital, inside of which should always be present a
consultation-liaison unit and, inside of it, it must be present an ambulatory for the management
of patients with chronic C hepatitis and IFN treatment or at least, specialized and trained
personnel to the management of this kind of patients.

In  everyday  clinical  practice,  psychiatric  work  consists  of  two  types  of  intervention:
the  psychiatric  consultation  and  liaison.  The  consultation  focuses  primarily  on  diagno‐
sis  and therapy.  The  diagnosis  relies  on  means  such  as  the  clinical  interview and psy‐
cho-diagnostic  tests.

The treatment involves both pharmacologic and psychotherapy interventions.

The specificity of the consultant psychiatrist is therefore, based on his training that allows him
to value the interactions between biological, psychological, social and psychodynamic
variables in clinical practice, in diagnostics, in the treatment plan and prognosis of a mental
disorder [49]. The consultant psychiatrist may also, if he deems it necessary, take charge of the
patient in a continuous way, going beyond the single psychiatric consultation [54]. This
possibility is not uncommon within the psychiatric ambulatories for the management of
patients with HCV in IFN treatment. Many of these patients already have a basic psychiatric
disorder, usually it is a medium degree disorder, never gone to the observation of psychiatrists.
This psychiatric disorder will reoccur or worsen after the diagnosis of HCV or during IFN
treatment, making continuous psychiatric cares necessary. In this regard, it should be said that
patients are hopeful when it is given a chance of cure to them, on the other hand, they are
frightened by the possibility of a therapeutic failure, the length of treatment and the possibility
of serious side effects, including psychiatric symptoms. Actually, patients are really frightened
of these latter symptoms because they have to face the spectrum of madness that, in their
fantasies, drives them to the anguish of losing the ownership of their actions and thoughts.

Chronic C Hepatitis, Interferon and Psychiatric Disorders
http://dx.doi.org/10.5772/54748

275



Fairly often when they come to the psychiatric interview they feel concerned, sometimes
distrustful. They often hide their fears and try to be light-hearted and cheerful. The classic joke
is: "Doctor, am I mad?

Whatever is the way they face the interview, the spectrum of madness, the anguish of losing
the integrity of their mind, after having already lost their physical integrity, shine through
their words. Sending patients to the psychiatry ambulatory is just a crucial moment. The
hepatologist should always motivate the consultation request, properly informing the patient
about the therapy that he is going to take. What is more, he should inform the patient of the
possible psychiatric side effects, reassuring him at the same time. Reassuring a patient does
not mean to say "do not worry, it's nothing" but it means to be empathetic and show under‐
standing and affectivity to themselves. An empathetic attitude together with clarity of
information and precision to show the therapeutic path, are interventions that reassure
themselves the patient. It is important, therefore, to pursue an empathetic attitude, that is
trying to get as close as possible to emotional experience and the experiences of the other
person, trying to perceive feelings and personal meanings experienced by the patient and
communicate him understanding. Empathic listening is, therefore, a psychological structure
of hospitality that is used to establish trust and strong therapeutic alliance [55].

Clinical experience shows that all patients and, in particular the multi- diagnosed ones, get the
most comfort from knowing that they are at the centre of an integrated and multidisciplinary
system of interventions. Confirming them the importance of their centrality, building around
the patient a set of integrated and coordinated interventions, certainly has positive effects on
collaboration, motivation and, finally, on the outcomes of the interventions.

The Liaison is a more complex and continuous type of intervention, which arises from the
request made by the doctors of department to the psychiatrist or to the clinical psychologist.
It consists of a great collaboration with the treating team that requested the consultation in
order to share the management of the patient's problems. The psychiatrist will discuss with
colleagues from other specialties about therapeutic strategies, he will involve all health
professionals in the care and in the project, he will deal with the relationship problems that
may occur into the staff or between the team and the patient, he will work to promote bio-
psycho-social cultural models within the department. [56] Therefore, interventions addressed
to one or more operators are the true liaison and they can focus on a specific case or on the
overall method of intervention adopted by the consultants. Interventions vary from simple
advice on the attitude to get in the therapeutic relationship to the interpretations of dynamics
that may develop between the patient and the treating team, up to the training programs [57].

Motivations that drive the hepatologist to ask a psychiatric consultation are:

1. a consultation focused on the patient who has already started a therapy with interferon α.

2. a consultation focused on the patient who is “candidate” for a therapy with interferon α.

In the first case, the aim is the one of defining the clinical manifestations and, if possible, the
formulation of the diagnosis and the treatment plan.

Practical Management of Chronic Viral Hepatitis276

In the second case, they are problematic patients since they have a personal story of psychiatric
disorders, a story of past or current psychopharmacological treatments, a story of abuse or
substance dependence. The consultation, therefore, has the purpose to set the patient from a
diagnostic and personological point of view, in order to support the requesting colleague in
his choice or orientating him towards different treatment choices. The psychiatrist could, for
example, suggest to postpone, if possible, the starting of interferon therapy after an appropriate
period of psychopharmacological treatment or even suggest to avoid interferon therapy. Any
decision must be shared by the patient and, if possible, one member of his family at least. This
kind of patients often needs to be taken in charge by the psychiatric service, for both pharma‐
cological and psychotherapeutic aspects.

It is clear that each component of the medical team will manage the situation with important
ethical implications. The ease of relationship, in terms of respect and recognition of roles,
responsibilities and tasks within the team, is the secret for all health care professionals to take
any decision with greater confidence.

Psychiatric consultation, therefore, can also be directed to the consultant: the patient will not
be visited since the focus is a diagnostic, therapeutic and relational problem.

6. Diagnosis and treatment of mental disorders in patients with HCV
infection during interferon treatment

In the following section we analyse the psychiatric symptoms most frequently found in these
patients.

According to literature, many studies concerning the onset of psychiatric disorders in patients
suffering from HCV, show that depressive symptoms are commonly found despite of the
assumption of antiviral therapy based on Interferon alpha (IFNα) and Ribavirin [58]. It has
been demonstrated that 35% of 293 patients suffering from HCV reported an increase of the
scores of depression even before starting antiviral therapy [59]. Also, it is well known the
interferon α therapy may induce depressive symptoms.

The most important symptoms include: depressive symptoms, anxiety symptoms, cognitive
symptoms, autonomic and somatic symptoms [11].

The autonomic and somatic symptoms tend to occur early during treatment with IFN-α and
persist over time; the symptoms relating to mood, anxiety and cognitive symptoms tend to
occur later during treatment [60,61].

The onset of neuro-vegetative symptoms (e.g. psychomotor retardation) and depressive
symptoms prior to antiviral treatment would increase the likelihood of developing depressive
symptoms [62,63-64,65].

The management of patients with HCV, candidate for therapy with interferon-α, is a vexed
question, considering the prevalence of hepatitis C, the likely presence of problems related to
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Fairly often when they come to the psychiatric interview they feel concerned, sometimes
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The Liaison is a more complex and continuous type of intervention, which arises from the
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It consists of a great collaboration with the treating team that requested the consultation in
order to share the management of the patient's problems. The psychiatrist will discuss with
colleagues from other specialties about therapeutic strategies, he will involve all health
professionals in the care and in the project, he will deal with the relationship problems that
may occur into the staff or between the team and the patient, he will work to promote bio-
psycho-social cultural models within the department. [56] Therefore, interventions addressed
to one or more operators are the true liaison and they can focus on a specific case or on the
overall method of intervention adopted by the consultants. Interventions vary from simple
advice on the attitude to get in the therapeutic relationship to the interpretations of dynamics
that may develop between the patient and the treating team, up to the training programs [57].

Motivations that drive the hepatologist to ask a psychiatric consultation are:

1. a consultation focused on the patient who has already started a therapy with interferon α.

2. a consultation focused on the patient who is “candidate” for a therapy with interferon α.

In the first case, the aim is the one of defining the clinical manifestations and, if possible, the
formulation of the diagnosis and the treatment plan.
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In the second case, they are problematic patients since they have a personal story of psychiatric
disorders, a story of past or current psychopharmacological treatments, a story of abuse or
substance dependence. The consultation, therefore, has the purpose to set the patient from a
diagnostic and personological point of view, in order to support the requesting colleague in
his choice or orientating him towards different treatment choices. The psychiatrist could, for
example, suggest to postpone, if possible, the starting of interferon therapy after an appropriate
period of psychopharmacological treatment or even suggest to avoid interferon therapy. Any
decision must be shared by the patient and, if possible, one member of his family at least. This
kind of patients often needs to be taken in charge by the psychiatric service, for both pharma‐
cological and psychotherapeutic aspects.

It is clear that each component of the medical team will manage the situation with important
ethical implications. The ease of relationship, in terms of respect and recognition of roles,
responsibilities and tasks within the team, is the secret for all health care professionals to take
any decision with greater confidence.

Psychiatric consultation, therefore, can also be directed to the consultant: the patient will not
be visited since the focus is a diagnostic, therapeutic and relational problem.

6. Diagnosis and treatment of mental disorders in patients with HCV
infection during interferon treatment

In the following section we analyse the psychiatric symptoms most frequently found in these
patients.

According to literature, many studies concerning the onset of psychiatric disorders in patients
suffering from HCV, show that depressive symptoms are commonly found despite of the
assumption of antiviral therapy based on Interferon alpha (IFNα) and Ribavirin [58]. It has
been demonstrated that 35% of 293 patients suffering from HCV reported an increase of the
scores of depression even before starting antiviral therapy [59]. Also, it is well known the
interferon α therapy may induce depressive symptoms.

The most important symptoms include: depressive symptoms, anxiety symptoms, cognitive
symptoms, autonomic and somatic symptoms [11].

The autonomic and somatic symptoms tend to occur early during treatment with IFN-α and
persist over time; the symptoms relating to mood, anxiety and cognitive symptoms tend to
occur later during treatment [60,61].

The onset of neuro-vegetative symptoms (e.g. psychomotor retardation) and depressive
symptoms prior to antiviral treatment would increase the likelihood of developing depressive
symptoms [62,63-64,65].

The management of patients with HCV, candidate for therapy with interferon-α, is a vexed
question, considering the prevalence of hepatitis C, the likely presence of problems related to
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substance abuse, the psychological question that the impact of the diagnosis of a disease with
poor prognosis determines and multi-systemic side effects that the therapy itself may cause.

Many studies have shown, in fact, that the impairment of quality of life in these patients is
both linked to the severity of the disease [45] and to the previous substance abuse and side
effects of treatment [66.67 ]. On the other hand, it is also true that interferon therapy, slowing
down and, in some cases, arresting the progression of the disease, could improve the quality
of life of patients suffering from hepatitis C virus [68].

Psychiatric disorders more frequently found in HCV patients treated with interferon α include:
sleep disorders, fatigue, irritability, anxiety disorders, cognitive disorders with impairment of
concentration and memory, depressive episodes (mild, moderate or severe), confusion,
delirium, psychotic disorder, mania, craving (alcohol, drugs). It is worth stressing that
Depression does not just mean deflection of mood; this clinical picture, in fact, is characterized
by a collection of disorders, involving emotional, cognitive and neuro-vegetative changes,
which may occur in several combinations but usually tend to occur all together, resulting in
the so-called depressive spectrum. Some studies have highlighted that depression related to
interferon therapy is significantly different from Major Depression itself. The differences
would involve the ideational sphere mainly. Patients on interferon therapy, in fact, do not
present depressive ideations of guilt and ruin, ideas of inadequacy and worthlessness [69],
typically experienced by patients with major depression. The hypothesis might be that
depression occurring during interferon therapy should be included in the diagnostic category
of "Mood Disorder due to a general medical condition" or "substance-induced disorder",
according to the classification in the DSM IV TR [70 ]. According to the DSM IV TR, in fact, a
Mood Disorder due to a general medical condition, is "a significant and persistent alteration
in mood that is believed to be due to direct physiological effects of a general medical condition",
including degenerative neurological diseases, metabolic conditions, viral infections or other
infections as well. With regards to "Substances-Induced Mood Disorder", this is a condition
that can be induced not only by drugs of abuse but also by medication, toxins. These conditions
are not only characterized by a purely depressive symptomatology but also include symptoms
such as high, expansive or irritable mood. It is shown that manic symptoms [71] and psychotic
disorders [72] may also occur in patients receiving interferon.

It is also interesting to note that cognitive deficits often occur in patients suffering from chronic
hepatitis C [73, 74].

It should also be noted that drug addicts with hepatitis C are affected by psychopathological
alterations to a far greater extent than those who did not abuse substances [75].

In the guidelines of the EASL (European Association for the Study of Liver) [76] it states that
depression is the leading cause of discontinuation of antiviral treatment with interferon α.
According to these guidelines, patients with a documented story of depression should be
evaluated by a psychiatrist before the start of antiviral therapy, so that it could be assessed the
presence of possible psychiatric contraindications. These patients should be followed through‐
out the treatment to find out the onset of depression immediately and then, must be treated
with antidepressants-based pharmacotherapy, when depressive symptoms are recognized.

Practical Management of Chronic Viral Hepatitis278

Some studies have evaluated the possible use of antidepressants, in particular SSRIs, for
"preventative" purposes, showing actually a reduction in the incidence of depression during
treatment with interferon-α [77].

Regarding the abuse of alcohol, the EASL guidelines recommend not to exclude alcoholic
patients from any antiviral therapy, these patients should receive counselling interventions to
reduce and then stop the consumption of alcohol, as well as psychological support in order to
encourage the compliance with therapies. With regard to addicted patients, guidelines say that
these patients should have stopped the assumption of drugs or should be taking replacement
therapy from 6-12 months. In both cases, it is recommended a close follow up by a multidis‐
ciplinary team composed of the hepatologist, the psychiatrist and the psychologist.

The psychiatrist's figure in a multidisciplinary team for the care of patients with HCV is
therefore essential to evaluate before beginning the treatment: the presence of current anxiety
or depressive episode, history of anxiety or depression or other past psychiatric disorders,
previous psychiatric hospitalisations, history of abuse or dependence on alcohol, drugs and
medication, family history of anxiety disorders, depression or suicide attempts, the presence
or absence of a social support network. Patient must be informed on the risks of psychiatric
symptoms linked to the assumption of IFN-α, showing him all treatment options that are
available in case of psychiatric disorders. If psychiatric disorders were found under way, they
should be treated before starting any antiviral therapy.

Self-administered tests can be used as diagnostic tools for psychiatric assessment, for example,
the Zung Self Rating Depression Scale (ZSDS), the Zung Self Rating Anxiety Scale (ZSAS),
other tests that can be administered are the Hamilton Depression Rating Scale (HAM D) and
the Hamilton Anxiety Rating Scale (HAM A). These tests may be helpful to monitor patient
during therapy.

Regarding any interventions to take in case of psychopathological disorders, such as anxiety
disorders or depressive disorders, it should be said that they must be implemented as early as
possible. The best first choice in treating anxiety disorders is the one of anxiolytics (BDZ).
Among the benzodiazepine, those with little or no hepatic metabolism (oxazepam, lorazepam)
should be chosen. A brief psychotherapeutic intervention may be decisive in case of reactive
anxiety symptoms. SSRIs are the first choice for depressive disorders, especially paroxetine,
sertraline, citalopram, that is, those with the best tolerability profile, the fewer interactions, the
best demonstrated efficiency. If the severity of depressive condition is mild or moderate,
antiviral treatment can be continued. Even in this case psychotherapeutic support interven‐
tions are suggested. If depressive symptoms persist and therapy does not work (by 2-4 weeks),
it should be considered the use of another antidepressant with a different mechanism of action,
or the reduction or discontinuation of IFN treatment; this decision could be made jointly by
the infectious disease specialist, the consultant psychiatrist, the patient and a familiar at least.
If psychotic symptoms occurred, IFN therapy should be discontinued and, if necessary, started
again, only after the patient has been properly treated with antipsychotic drugs.

Depression induced by IFN α responds well to treatment with SSRIs, as it would be mainly
due to alterations involving the serotonergic circuits, while the so-called Neuro-vegetative
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substance abuse, the psychological question that the impact of the diagnosis of a disease with
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would involve the ideational sphere mainly. Patients on interferon therapy, in fact, do not
present depressive ideations of guilt and ruin, ideas of inadequacy and worthlessness [69],
typically experienced by patients with major depression. The hypothesis might be that
depression occurring during interferon therapy should be included in the diagnostic category
of "Mood Disorder due to a general medical condition" or "substance-induced disorder",
according to the classification in the DSM IV TR [70 ]. According to the DSM IV TR, in fact, a
Mood Disorder due to a general medical condition, is "a significant and persistent alteration
in mood that is believed to be due to direct physiological effects of a general medical condition",
including degenerative neurological diseases, metabolic conditions, viral infections or other
infections as well. With regards to "Substances-Induced Mood Disorder", this is a condition
that can be induced not only by drugs of abuse but also by medication, toxins. These conditions
are not only characterized by a purely depressive symptomatology but also include symptoms
such as high, expansive or irritable mood. It is shown that manic symptoms [71] and psychotic
disorders [72] may also occur in patients receiving interferon.

It is also interesting to note that cognitive deficits often occur in patients suffering from chronic
hepatitis C [73, 74].

It should also be noted that drug addicts with hepatitis C are affected by psychopathological
alterations to a far greater extent than those who did not abuse substances [75].

In the guidelines of the EASL (European Association for the Study of Liver) [76] it states that
depression is the leading cause of discontinuation of antiviral treatment with interferon α.
According to these guidelines, patients with a documented story of depression should be
evaluated by a psychiatrist before the start of antiviral therapy, so that it could be assessed the
presence of possible psychiatric contraindications. These patients should be followed through‐
out the treatment to find out the onset of depression immediately and then, must be treated
with antidepressants-based pharmacotherapy, when depressive symptoms are recognized.
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encourage the compliance with therapies. With regard to addicted patients, guidelines say that
these patients should have stopped the assumption of drugs or should be taking replacement
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ciplinary team composed of the hepatologist, the psychiatrist and the psychologist.

The psychiatrist's figure in a multidisciplinary team for the care of patients with HCV is
therefore essential to evaluate before beginning the treatment: the presence of current anxiety
or depressive episode, history of anxiety or depression or other past psychiatric disorders,
previous psychiatric hospitalisations, history of abuse or dependence on alcohol, drugs and
medication, family history of anxiety disorders, depression or suicide attempts, the presence
or absence of a social support network. Patient must be informed on the risks of psychiatric
symptoms linked to the assumption of IFN-α, showing him all treatment options that are
available in case of psychiatric disorders. If psychiatric disorders were found under way, they
should be treated before starting any antiviral therapy.

Self-administered tests can be used as diagnostic tools for psychiatric assessment, for example,
the Zung Self Rating Depression Scale (ZSDS), the Zung Self Rating Anxiety Scale (ZSAS),
other tests that can be administered are the Hamilton Depression Rating Scale (HAM D) and
the Hamilton Anxiety Rating Scale (HAM A). These tests may be helpful to monitor patient
during therapy.

Regarding any interventions to take in case of psychopathological disorders, such as anxiety
disorders or depressive disorders, it should be said that they must be implemented as early as
possible. The best first choice in treating anxiety disorders is the one of anxiolytics (BDZ).
Among the benzodiazepine, those with little or no hepatic metabolism (oxazepam, lorazepam)
should be chosen. A brief psychotherapeutic intervention may be decisive in case of reactive
anxiety symptoms. SSRIs are the first choice for depressive disorders, especially paroxetine,
sertraline, citalopram, that is, those with the best tolerability profile, the fewer interactions, the
best demonstrated efficiency. If the severity of depressive condition is mild or moderate,
antiviral treatment can be continued. Even in this case psychotherapeutic support interven‐
tions are suggested. If depressive symptoms persist and therapy does not work (by 2-4 weeks),
it should be considered the use of another antidepressant with a different mechanism of action,
or the reduction or discontinuation of IFN treatment; this decision could be made jointly by
the infectious disease specialist, the consultant psychiatrist, the patient and a familiar at least.
If psychotic symptoms occurred, IFN therapy should be discontinued and, if necessary, started
again, only after the patient has been properly treated with antipsychotic drugs.

Depression induced by IFN α responds well to treatment with SSRIs, as it would be mainly
due to alterations involving the serotonergic circuits, while the so-called Neuro-vegetative
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Syndrome induced by IFN, characterized by fatigue, anorexia, pain and psychomotor retar‐
dation, which is often found in association with depressive symptoms, would benefit from
drugs such as SNRIs (venlafaxine) and Bupropion [78].

Confusional episodes characterized by disorientation, somnolence, psychomotor retardation,
psychotic symptoms have also been documented in patients treated with IFN α [79, 80]. In
these cases it is necessary to discontinue therapy and administer neuroleptics or atypical
antipsychotics, including especially olanzapine[81].

It should also be considered the degree of hepatic impairment in these patients in order to
determine the optimal dosage of the drugs. In general, drugs should be used at the lowest
effective dose. It should be pointed out that paroxetine, fluoxetine and fluvoxamine may
reduce the metabolism of other drugs, increasing their blood levels.

It is also useful to consider that some side effects of antidepressants may be exploited for the
patient's benefit; such as weight gain and drowsiness that occurred during treatment with
mirtazapine may be useful in those patients affected by HCV, in which therapy with IFN α
and ribavirin caused hyporexia / anorexia and insomnia.

Another psychiatric symptom that may be found during therapy with IFN α, as already said,
is mania [82,83]. It is important to note that irritability which very often occurs in these patients
is a classic symptom of mania [84]. It seems that manic or hypomanic symptoms develop in
approx. 20% of HCV-positive patients treated with IFN-α and ribavirin [85]. It is very impor‐
tant to recognize dysphoric mania carefully. It is a clinical situation in which both elements
related to manic activation and depressive elements may occur together. The use of antide‐
pressants in dysphoric mania would induce the worsening of the manic picture. Indeed, it is
common that dysphoria may be sometimes confused with a depressive symptom and that is
why the opinion of the psychiatrist should be asked whenever a picture of psychopathological
alterations is suspected.

Finally, we must not forget that interferon therapy may increase the risk of suicide although
studies in this field are still few and results don't appear unique [86, 87]. It is clear that the
prognosis of viral disease itself, which, as well known, can result in cirrhosis and hepatocellular
carcinoma, may cause psychological reactions of despair that can lead to depression and
suicidal ideation. It is worth noting that, according to the DSM IV TR "Mood Disorder due to
a general medical condition increases the risk of suicide attempts and suicide" [1]. Even in case
of suicide then, we must consider several risk factors, ranging from psychological consequen‐
ces of diagnosis and prognosis to depression caused by the therapy.

7. Conclusions

In view of these considerations, it is understandable that the management of patients with
HCV treated or not with IFN α, requires several specialized figures that can deal with the many
aspects that this condition brings with it. The guidelines and literature recommend the
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presence of a multidisciplinary team, in which the psychiatrist plays a key role for the great
incidence of psychiatric disorders in these patients.

In a Consensus Conference held by European specialists in 2005 it was established that, in case
of psychiatric disorders, it is not necessary to delay or forego treatment if this is complemented
by a global care, where several specialists are involved, such as: Gastroenterologist, Infectious
disease specialist, Psychiatrist, Addiction Service Operators, Psychologist – Counsellor [88].
Then, in case of psychiatric disorders, treatment with IFN is strongly recommended, keeping
in mind that the psychological state must be stabilized before starting antiviral therapy.

Some studies have shown that psychiatric disorders may also occur several months after
discontinuation of therapy with IFN α and ribavirin [89], or may still persist even after
discontinuation of therapy [90]. It would be good practice then, that the control of the mental
state of patient continued even after discontinuation of antiviral treatment.

In view of these considerations, it is certain that interferon therapy acts causing mental status
changes that include mainly changes in mood and anxiety. The widespread of C virus is a
ubiquitous problem and therefore, it requires a strong attention that helps to do more and
more to deal with any organic and psychic problems "orbiting" around this condition. It would
be desirable that these patients may have assistance which allows them to continue antiviral
therapy, coping with possible side effects that would probably be a contraindication to
continue therapy, "condemning" the patient to a forced coexistence with the virus.
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presence of a multidisciplinary team, in which the psychiatrist plays a key role for the great
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discontinuation of therapy [90]. It would be good practice then, that the control of the mental
state of patient continued even after discontinuation of antiviral treatment.
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1. Introduction

Hepatitis C virus (HCV) is a member of the family Flaviviridae, genus Hepacivirus, and about
200 million people worldwide are thought to be infected [1]. Some 80% of HCV-infected
individuals will develop chronic hepatitis, with 10–20% eventually developing cirrhosis and
1–5% progressing to hepatocarcinoma [2]. The HCV genome is about 9,600 kb in length and
encodes a single protein from an open reading frame of over 9024 nucleotides. This single
polyprotein is subsequently cleaved into several structural and non-structural proteins. The
structural proteins consist of the core and two envelope proteins (E1 and E2), starting from the
5’ end [1]. The ion-channel protein p7 derives from E2 cleavage [3] and is followed by the six
non-structural proteins, namely, NS2, NS3, NS4A, NS4B, NS5A, and NS5B. During the
replicative stage, HCV genomic RNA is transcribed into a complementary RNA strand. This
“negative” strand constitutes a template for new genomic synthesis and its identification in
an infected host provides convincing evidence of active viral replication [4]. Viral proteins are
the result of the co- and post-translational cleavage of a single polyprotein, while host
peptidases catalyze the cleavage of structural proteins. The HCV particles form a membrane-
associated replication complex; after genome amplification and protein expression, progeny
virions are assembled and released [5, 6].

Although HCV is primarily hepatotropic, clinically it is characterized by the emergence of
several extrahepatic manifestations. In fact, after the identification of HCV as the etiologic
agent of non-A, non-B chronic hepatitis and the availability in the early 1990s of a serologic
test for the demonstration of IgG anti-HCV, several authors described an intriguing association
between HCV infection and “essential” mixed cryoglobulinemia (MC), an immune complex-
mediated vasculitis involving small vessels, with some geographic differences [7-9]. This
association was subsequently confirmed by the detection of viral genome in the sera of

© 2013 Lauletta; licensee InTech. This is an open access article distributed under the terms of the Creative
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cryoglobulinemic patients, with a selective concentration of viral RNA in cryoprecipitates [10,
11]. The incidence of HCV infection in MC ranges from 40 to 90% [12] whereas HCV-negative
MC accounts for about 5–10% of the total cases [13].

Since B-cell clonal expansion is a hallmark of MC [14], the malignant evolution of these cells
may reflect the occurrence of additional genetic accidents [15].

Here, we discuss the currently accepted pathogenetic mechanisms underlying cryoglobuline‐
mic vasculitis and its specific clinical manifestations, the molecular events proposed to explain
the potentially malignant evolution of MC, the many clinical features of the disease, and the
currently available therapeutic options for the treatment of MC and B-cell NHLs.

2. Mixed cryoglobulinemia: Clinical features

Cryoglobulins  are  immunoglobulins  (Igs)  that  are  insoluble  at  low  temperature  (below
37°C)  but  redissolve  after  warming.  In  1933,  Wintrobe  and  Buell  first  described  the
phenomenon of cryoprecipitation in the serum of a patient with multiple myeloma [16],
although  the  term  “cryoglobulin”  was  introduced  in  1947  by  Lerner  and  Watson  [17].
Meltzer et al., in a study of 29 patients, associated cryoglobulin production with a clinical
picture  characterized  by  a  typical  symptomatologic  triad  of  purpura,  weakness,  and
arthralgias. These patients were also observed to have increased serum levels of rheuma‐
toid factor (RF) and/or organ dysfunction [18].

According to Brouet’s immunochemically based classification, cryoglobulins are either single
(type I) or mixed (type II and III) in their composition [19]. Thus, type I cryoglobulinemia
consists of a monoclonal Ig, usually of IgM or IgG isotype. IgM cryoglobulins occur in ~6% of
malignant IgM paraproteinemias and IgG cryoglobulins in ~2% of all myelomas. Type I IgA
cryoglobulins are rare [20]. In type II MC, which accounts for 50–60% of all cryoglobulins, there
is an IgM monoclonal component, frequently consisting of light k chains, and polyclonal IgG.
IgM molecules have RF activity and are thus capable of reacting with intact IgG and/or its
F(ab)2’ fragment [21]. In type III MC, which accounts for 30-40% of cryoglobulins, a monoclonal
component is lacking. According to some authors, this type represents a transitional form that
evolves into type II MC [22].

Mixed cryoglobulins are potentially present in connective tissue and autoimmune diseases
and in chronic infections [23, 24]. The term “essential” defines cryoglobulinemic syndromes
without an underlying identifiable etiology. It is now accepted that MC most often occurs in
patients chronically infected with HCV [25], as the result of specific interactions between the
virus and the host immune system [11]. Thus, while initially considered as “essential”, MC is
now recognized as the most common HCV-related extrahepatic disease. It has been estimated
that 40–60% of chronically HCV-infected patients produce cryoglobulins, but only15–20% will
develop the full-blown clinical features of MC [26].

The prevalence of MC shows great heterogeneity in terms of geographic distribution. The
disease seems to be more common in Southern Europe and in the Mediterranean basin than
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in Northern Europe and North America [27]. Although MC is considered to be a rare disorder,
with an estimated prevalence of approximately of 1:100,000 (with a F:M ratio of 3:1), its true
prevalence is unknown because of a failure by the treating physician to recognize the clinical
symptoms such that patients are referred to several specialists and are often incorrectly
diagnosed.

Cryoglobulinemic syndrome can be considered an immune-mediated systemic vasculitis
preferentially affecting the small and medium-sized vessels. Although Meltzer’s symptoma‐
tologic triad of purpura, weakness, and arthralgias is considered diagnostic, the clinical
spectrum of cryoglobulinemic vasculitis varies depending on the exact organ involvement.

2.1. Skin tissue

Cutaneous manifestations are the most typical clinical sign of cryoglobulinemic vasculitis; they
range from palpable purpura of the lower limbs to chronic torpid cutaneous ulcers typically
located in the supramalleolar regions. Usually, the clinical course of the purpura consists of
recurrent flares in which the lesions spontaneously heal but leave a characteristic brown
pigmentation due to residual hemosiderin deposits. Less frequently, purpura can extend from
the abdomen, upper limbs, and thorax. Although small petechial lesions are typically seen on
the skin, other manifestations have been described, including Raynaud’s phenomenon, livedo
reticularis, urticaria, and edema. The cutaneous involvement is often complicated by the
occurrence of chronic leg ulcers with little or no tendency to heal and which spontaneously
cause pain and severe discomfort to the patient (Figure 1) [28].

The histopathologic features of palpable purpura include a non-specific inflammatory
infiltrate involving the small vessels (leukocytoclastic vasculitis), sometimes with a mononu‐
clear cells infiltration of the vessel walls. Endoluminal thrombi and fibrinoid necrosis of the
arteriolar walls have also been described [29].

As previously reported, skin lesions are almost invariable associated with arthralgias, which
often symmetrically involve the hands and knees. Weakness is nearly always present.

2.2. Kidney

Kidney involvement is a common feature of an immune-complex-mediated systemic vasculi‐
tis. Renal injury complicates MC in almost 30% of the cases and is present at the time of
diagnosis in 20% [12, 30, 31]. In about 50% of the cases, renal failure follows an indolent course,
whereas nephritic or nephrotic syndrome occurs in 14% and 21% of MC patients, respectively
[32]. The most common clinical features are hypertension, proteinuria, microhematuria, and
red blood cell casts. A definitive cryoglobulinemic glomerulonephritis evolves into chronic
renal failure in 14% of patients after a mean follow-up of 6 years [33].

Although kidney involvement is a common feature of systemic vasculitis, cryoglobulinemic
nephropathy is considered a distinct clinical and pathological entity and the etiological role of
HCV in the disease has been extensively investigated [34]. Type I membranoproliferative
glomerulonephritis is predominantly associated with HCV infection [35, 36]. Light microscopy
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the skin, other manifestations have been described, including Raynaud’s phenomenon, livedo
reticularis, urticaria, and edema. The cutaneous involvement is often complicated by the
occurrence of chronic leg ulcers with little or no tendency to heal and which spontaneously
cause pain and severe discomfort to the patient (Figure 1) [28].
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infiltrate involving the small vessels (leukocytoclastic vasculitis), sometimes with a mononu‐
clear cells infiltration of the vessel walls. Endoluminal thrombi and fibrinoid necrosis of the
arteriolar walls have also been described [29].

As previously reported, skin lesions are almost invariable associated with arthralgias, which
often symmetrically involve the hands and knees. Weakness is nearly always present.
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Kidney involvement is a common feature of an immune-complex-mediated systemic vasculi‐
tis. Renal injury complicates MC in almost 30% of the cases and is present at the time of
diagnosis in 20% [12, 30, 31]. In about 50% of the cases, renal failure follows an indolent course,
whereas nephritic or nephrotic syndrome occurs in 14% and 21% of MC patients, respectively
[32]. The most common clinical features are hypertension, proteinuria, microhematuria, and
red blood cell casts. A definitive cryoglobulinemic glomerulonephritis evolves into chronic
renal failure in 14% of patients after a mean follow-up of 6 years [33].

Although kidney involvement is a common feature of systemic vasculitis, cryoglobulinemic
nephropathy is considered a distinct clinical and pathological entity and the etiological role of
HCV in the disease has been extensively investigated [34]. Type I membranoproliferative
glomerulonephritis is predominantly associated with HCV infection [35, 36]. Light microscopy
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of biopsy samples shows a pronounced glomerular lobulation with a diffuse thickening of the
glomerular capillary walls and a monocytic infiltration. PAS-positive hyaline thrombi may be
observed inside capillary lumina [35, 37]. The mechanism of HCV-induced renal damage is
unclear. However, HCV core protein has been detected in a homogeneous distribution along
the glomerular capillary wall and tubulo-interstitial blood vessels [38] in association with an
anti-core activity, suggesting a major role for these immune complexes in the pathogenesis of
renal damage [39].

2.3. Nervous system

The involvement of the nervous system in the course of HCV-related MC ranges from 17% to
60% [40]. In some cases, however, peripheral neuropathy is the first clinical sign of cryoglo‐
bulinemia [41]. Peripheral nervous system involvement may complicate MC by causing a
sensory-motor neuropathy, especially of the lower limbs, with paresthesias as well as loss of
strength, pain, and burning sensations [42]. Central nervous system involvement, character‐
ized by transient dysarthria, hemiplegia, and confusional state, is less frequently seen [43].

Figure 1. Clinical manifestation of cryoglobulinemic vasculitis. (A) Typical purpuric lesions, seen here on the legs, may
become confluent (B). (C) and (D): livedo reticularis. (E) Chronic leg ulcers. (F) Ulcers healing after therapy
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2.4. Liver

As HCV infection represents the underlying condition characterizing MC, the liver is involved
in almost 70% of cases. In the majority, the clinical picture consists of a chronic hepatitis with
the histopathologic features of chronic active hepatitis, potentially leading to cirrhosis and
hepatocellular carcinoma [7, 44].

2.5. Gastroenteric and pulmonary systems

Gastrointestinal and pulmonary involvement are less common, occurring in 2–6% and 5% of
cases, respectively. Intestinal ischemia may arise, with acute abdominal pain. Intestinal
perforation and symptoms that mimic cholecystitis and/or pancreatitis have also been
described [45].

Lung involvement in MC is characterized by interstitial pneumopathy; these patients typically
present with dyspnea and dry cough. An acute alveolar hemorrhage with hemoptysis,
respiratory failure, and a radiologic demonstration of multiple infiltrates occurs only rarely
[46, 47].

2.6. Classification of cryoglobulinemic vasculitis

Currently, there are no commonly accepted classification criteria for cryoglobulinemic
vasculitis, even if accurate diagnosis and staging are crucial in order to establish a more precise
clinical and therapeutic approach to this multifaceted disease. Recently, the Italian Study
Group on Cryoglobulinemia (GISC) proposed preliminary classification criteria for cryoglo‐
bulinemic vasculitis [48]. Drawing on other classification systems designed to assess autoim‐
mune diseases such as Sjögren’s syndrome, the preliminary criteria for the classification of
cryoglobulinemic vasculitis include a questionnaire as well as clinical and laboratory param‐
eters. This approach yields good sensitivity and sensibility but it remains to be formally
validated.

3. Pathogenesis of HCV-induced MC

For many years, an infectious agent was thought to be the etiologic factor underlying MC. This
hypothesis gained significant support from the study of Meltzer and Franklin [18], in which
the pathogenetic role of a hepatotropic virus was suggested. Levo et al. [49] proposed hepatitis
B virus as the causative agent but this was ruled out because HBV viremia was rarely observed
in MC patients and anti-HBV antibody expression varies widely among different MC popu‐
lations. Currently, HBV is considered as a causative agent of MC only in about 5% of cases [50].

In the early 1990s, after the identification of HCV as the major etiologic agent of non-A, non-
B hepatitis, several authors reported the high prevalence of anti-HCV antibodies in MC
patients [9, 51]. This correlation was subsequently confirmed by the detection of HCV genomic
sequences, especially in the cryoprecipitates versus the corresponding supernatants [10]. In
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eters. This approach yields good sensitivity and sensibility but it remains to be formally
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the pathogenetic role of a hepatotropic virus was suggested. Levo et al. [49] proposed hepatitis
B virus as the causative agent but this was ruled out because HBV viremia was rarely observed
in MC patients and anti-HBV antibody expression varies widely among different MC popu‐
lations. Currently, HBV is considered as a causative agent of MC only in about 5% of cases [50].

In the early 1990s, after the identification of HCV as the major etiologic agent of non-A, non-
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addition, HCV-related proteins were demonstrated in the liver, skin, and kidneys of MC
patients [29, 38] as well as in their lymph nodes and circulating CD34+ hematopoietic progen‐
itor cells [52, 53].

The intrinsic mechanism by which HCV promotes cryoglobulin production remains unclear.
Viral persistence may provide a continuous stimulus for the host immune system, which is
unable to synthesize neutralizing antibodies [54, 55]. According to this scheme, cryoglobulins
may be considered the result of these interactions and the presence of IgM molecules with RF
activity a crucial event in the cryoprecipitating process [12]. These IgM molecules are almost
always associated with light chain 17.109 and heavy chain G6 [56] cross-idiotypes, considered
to be the product of a restricted expression of germline genes [24]. In the course of chronic
HCV infection, the IgM-17.109 RF immune complexes bind anti-HCV IgG [57]. Among viral
antigens, core protein plays a crucial role in cryoglobulin formation as it is the relevant ligand
for IgG (Figure 2) [39].

Figure 2. Serum cryoprecipitation at low temperature (+4°C) in a Wintrobe’s tube. Cryoprecipitating immune com‐
plexes are typified by IgM-RF, which binds IgG with anti-HCV specificity. Of crucial importance is the role of comple‐
ment fractions such as C1q.

The interaction between HCV and lymphocytes results in the modulation of cell functions. In
particular, the in vivo activation and expansion of CD5-positive B cells is considered the major
source of IgM RF molecules in type III MC [58, 59]. It has been postulated that the initial
activation of these cells is followed by the emergence of a dominant clone that synthesizes a
monoclonal RF, resulting in the development of type II MC after a transition phase in which
an IgM clonal heterogeneity reflects a type II–type III variant [22]. In the peripheral blood of
a subset of HCV-positive patients with MC, a clonal expansion of IgM+CD27+ B cells expressing
hyper-mutated RF-like Ig has been demonstrated in association with VH 1-69/JH4 and VH 3-20
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gene segment restriction [60]. These findings have been interpreted as a B-cell proliferation
induced by specific antigen stimulation, thus sustaining the notion that persistent B-cell
stimulation is a first step in the malignant evolution of MC [61].

An important role in the nature of cryoprecipitating immune complexes is played by the
complement system. Generally, complement binding reduces the size of immune complexes,
thus maintaining them in solution [62]. In the sera of MC patients, two different compartments
can be identified in which C3 and C4 fractions are present in larger amounts in the soluble
phase but are barely detectable in cryoprecipitates [12]. By contrast, C1q protein and C1q
binding activity are significantly enriched in cryoprecipitates [39]. These data support the
hypothesis that an efficient engagement of C1q protein by cryoglobulins is a crucial factor in
the pathogenesis of MC (Figure 2).

The receptor for the globular domain of C1q (gC1q-R) directly interacts with HCV core protein,
thereby altering host T- and B-cell immunity. Specifically, the gC1q-R/HCV core protein
interaction has been shown to modulate T-cell immune responses whereas circulating HCV
core protein engagement with gC1q-R expressed on the surface of B-lymphocytes allows the
virus to directly affect host immunity [63-65]. The widespread expression of gC1q-R on the
surface of circulating blood immunocytes and endothelial cells may determine specific binding
to HCV core protein containing immune complexes. Moreover, it was recently demonstrated
that higher levels of soluble gC1q-R reflect a higher specific mRNA expression by the blood
mononuclear cells of MC patients [66]. Soluble gC1q-R was shown to circulate as a complexed
form containing both C1q and HCV core protein binding to two different sites of the molecule.

Serum C4d protein levels were found to be lower in MC patients than in either chronic HCV
carriers or healthy subjects [66]. C4d is a low molecular weight fragment derived from the
cleavage of C4 complement fraction as part of the classical pathway of complement activation.
Deposits of the protein are present in almost all skin biopsy samples of patients with cryoglo‐
bulinemic vasculitis, suggesting that low circulating C4d levels are derived from sequestered
fragments in the vascular bed.

HCV core protein, in the presence of high levels of circulating gC1q-R, can exacerbate the
inflammatory state by activating the complement cascade, thus determining endothelial cell
activation and initiating an in situ inflammatory response. From a biological point of view, the
clinical response to antiviral therapy consists of a significant reduction in soluble gC1q-R in
association with increased levels of C4d and a lower viral load [66].

4. Clinical outcome

Cryoglobulinemic syndrome (CS) is a systemic vasculitis that changes the clinical outcome of
HCV-infected patients but its long-term impact on the course of HCV infection has not been
assessed. In 2004, Ferri et al. reported a significantly lower cumulative 10-year survival from
the time of diagnosis in their series of 231 cryoglobulinemic patients age and sex-matched with
individuals from the general population [41]. Other factors recognized as associated with a
poor prognosis are renal involvement, widespread vasculitis, and infectious processes [67, 68].
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Recently, we completed a prospective study of a cohort of 950 chronically HCV-infected
patients who were referred to our department over a period of about 15 years starting from
1990. MC was determined in 246 patients (28%), 184 (74.8%) of whom also had cryoglobuli‐
nemic vasculitis. The rate of progression of liver fibrosis was lower in patients with CS than
in those without but the probability of developing cirrhosis and hepatocellular carcinoma was
higher in the latter group (24.9% vs. 14.2%, p < 0.005 and 20.3% vs. 7.5%, p = 0.003, respectively).
Extrahepatic complications such as renal failure, neurological impairment, and the evolution
to a B-cell malignancy were more frequent in patients with CS than in those without (32.6%
vs. 3%, p < 0.0001; 31.2% vs. 4.8%, p < 0.0001 and 15% vs. 7.1%, p = 0.003, respectively; unpub‐
lished data, manuscript submitted). However, the 15-year survival rate was similar in HCV-
infected patients with or without CS, despite differences in morbidity and causes of death
(70.2% vs. 71.7%).

5. Therapy

In the pre-HCV era, the management of MC was conventionally based on the use of cortico‐
steroids and immunosuppressive drugs such as cyclophosphamide, with the aim of preventing
irreversible organ failure, reducing pain, and improving patients’ quality of life. In 1987,
recombinant IFN-α was empirically tested in seven patients with “essential” MC [69]. With
the subsequent demonstration of the pathogenetic role of HCV [11], IFN-α became a rational
therapeutic strategy. The introduction of pegylated IFN-α and subsequently of ribavirin
changed the therapeutic scenario for chronic hepatitis C, by increasing the virological response
[70-72]. This combination was shown to also be remarkably effective in HCV-related MC,
resulting in a complete clinical response and a sustained virological response (SVR) in 78% of
the patients [73]. In addition, serum levels of C3 and C4 complement fractions normalized in
80% of the treated patients and cryoglobulins disappeared in 56%. However, even if antiviral
treatment results in a resolution of the vasculitis, for patients with neuropathy or glomerulo‐
nephritis there is no or only partial improvement, suggesting that the clinical outcome is
conditioned by factors other than the virus [12].

Extra-hepatic manifestations of chronic HCV infection such as MC are characterized by B-cell
clonal expansions (including RF-synthesizing B-cells) [12, 74-76], which have been demon‐
strated in at least three different compartments, namely, liver, bone marrow, and the circula‐
tion. Consequently, the deletion of B-cell clonalities may provide a further approach to the
treatment of MC. It is well known that CD20 antigen, a transmembrane protein, is selectively
expressed on pre-B and mature lymphocytes and that CD20-positive cells are greatly expanded
and activated in patients with MC [77, 78].

On the basis of the demonstrated effectiveness of Rituximab (RTX), a chimeric monoclonal
antibody specifically directed at CD20 antigen, in autoimmune and lymphoproliferative
disorders [79-81], its use seemed logical in the treatment of HCV-related MC in patients
refractory to, or relapsing after, conventional antiviral therapy. Indeed, RTX was shown to be
effective, safe, and well tolerated in MC patients, both in those resistant to previous treatments
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and in those with recurrent disease [82, 83]. Thus, several papers subsequently addressed the
issue of using RTX in this setting, either alone or in combination with steroids [84, 85].

Since an increased viremia has been frequently reported in responsive patients, we proposed
a triple therapeutic approach (pIFN-α plus RBV plus RTX), designated with the acronym PIRR
[86]. This drug combination was administered to 22 HCV-positive MC patients whereas 15
additional patients with the same pathology received pIFN-α plus RBV with the exclusion of
RTX. All patients were followed for 36 months from the end of treatment. A complete response
was determined in 54.5% of the patients treated with PIRR, but in only 33.3% of those on pIFN-
α plus RBV without RTX (p<0.05). Even more interesting were the observations that: a) in the
large majority (83.3%) of the responders in the PIRR-treated group, B-cell populations in the
liver, bone marrow, and peripheral blood compartments underwent a conversion from
oligoclonal to polyclonal; b) CR was maintained in all patients in the PIRR group throughout
the follow-up period whereas this was the case in only 40% of those in the control group.
However, whether RTX should be administered to patients with cryoglobulinemic vasculitis
as first- or second-line therapy remains to be established [87].

Of particular interest are MC patients who do not achieve a SVR and those in whom there is
continuous cryoglobulin production despite viral eradication. In the former, the use of the new
direct-acting antivirals (DAAs) such as Telaprevir or Boceprevir (recently approved by the
FDA for the treatment of HCV genotype 1 chronic infection) may offer a further therapeutic
option [88]. The persistence of MC vasculitis in patients achieving a SVR represents an
emerging picture following antiviral and B-cell-depleting combined therapies [89, 90]. In these
patients differences in the immunochemical structure of circulating immune-complexes may
be postulated and the use of corticosteroids, cyclophosphamide, RTX, or novel anti-CD20
monoclonal antibodies such as Ofatumomab may be considered as alternative therapeutic
options [91]. Therapeutic apheresis is a palliative procedure that can be extremely useful for
the treatment of severe, life-threatening vasculitis [87] as well as for chronic leg ulcers in
patients resistant to other therapies [92].

Additional therapeutic approaches to MC, including the tyrosine kinase inhibitor imatinib and
anti-angiogenic drugs such as thalidomide, bortezomib (a proteasome inhibitor), and IL-2 have
been proposed but their therapeutic effectiveness in patients with MC remains to be deter‐
mined in controlled studies [93, 94].

6. HCV infection and malignant lymphoproliferation

About 15% of all human tumors are of viral origin. The percentage of virus-related cancer is
three-fold higher in developing than in developed countries, reflecting the higher prevalence
of infection with oncogenic viruses rather than exposure to tumor-enhancing co-factors [95].
The pathogenetic role of some viruses in human tumors has been clearly described. This is the
case for Epstein-Barr virus (EBV), which is etiologically linked to Burkitt’s lymphoma and
probably other tumors [96]. Other such viruses include human papillomavirus (HPV),
associated with cervical, ano-genital, skin and head and neck cancers [97]; human T-cell
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leukemia virus type 1 (HTLV-1), which causes adult T-cell leukemia [98]; and human herpes
virus type 8 (HHV-8), which may be involved in Kaposi’s sarcoma, primary effusion lympho‐
ma, and multicentric Castelman’s disease [99].

Among hepatotropic viruses, the role of both hepatitis B (HBV) and hepatitis C (HCV) viruses
in the etiopathogenesis of hepatocellular carcinoma (HCC) is well defined, although HBV and
HCV-induced cancerogenesis proceeds by quite different mechanisms. For HCV, initial
observations regarding the causative association between infection with the virus and NHL
[100] were subsequently confirmed in a large number of studies [101, 102]. In a meta-analysis
evaluating 15 studies [103], the relative risk (RR) of all NHL among HCV-positive patients was
2.5, with a 95% confidence interval (CI) considering case control studies, and a RR of 2.0 (95%
CI) in cohort studies. Early studies reported the prevalence of extranodal NHLs and histotypes
such as lymphoplasmacytic lymphomas in HCV-positive patients. These findings can be
ascribed to the occurrence of malignant lymphomas in HCV-positive patients with other low-
grade lymphoproliferative disorders such as MC (Figure 3) [104].

Figure 3. Demonstration of HCV E2 protein by immunofluorescence in the neoplastic B-cells of mucosa-associated
lymphoid tissue (MALT)-like gastric lymphoma (A), a neoplastic lymph node (B), splenic lymphoma (C) and bone mar‐
row infiltrates (D).

Currently, there are no clear differences concerning the association between HCV and major
histologic B-cell NHL subtypes such as diffuse large B-cell (DLBC), follicular, marginal zone,
and chronic lymphocytic leukemia/small lymphocytic lymphomas [105]. However, lymphoma
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subtypes that do not originate from germinal center or post-germinal center B-cells, such as
mantle cell (MC)-NHL, Burkitt’s lymphoma, T-cell lymphoma, and Hodgkin’s lymphoma,
have not been consistently linked to HCV infection [106]. This finding is in line with the notion
that the proliferation of specific B-cell clones following chronic antigenic stimulation is the
mechanism that drives the determination of NHL subtypes.

7. Clinical and histopathological features of HCV-associated NHLs

As previously stated, both clinical and biological observations strongly suggest a role for HCV
in a variety of extrahepatic disorders, including dermatologic, hematologic, endocrinologic,
and autoimmune diseases. Of interest here is the striking association between HCV infection
and MC, which has been convincingly demonstrated. However, MC can also develop as an
indolent B-cell lymphoproliferative disorder, with a potentially malignant evolution [12]. In a
long-term analysis, progression to NHL was demonstrated in 5–10% of HCV-infected patients.
Symptoms indicative of progression are usually mild and comprise an expanding spectrum
of autoimmune phenomena, including hemolytic anemia, thrombocytopenia, and granulocy‐
topenia [107-109].

It has been calculated that about 13% of patients with B-NHLs are HCV-positive [110] and that
about 10% of patients with HCV-associated MC will develop a B-NHL within the following
ten years [111]. Two different subsets of HCV-associated B-cell NHLs can be distinguished,
presenting as distinct clinical and pathological entities. The first is a low-grade NHL evolving
from MC, with possible bone marrow involvement and further evolution into an aggressive
phenotype. The second is an aggressive NHL without an underlying MC and with bone
marrow involvement [100, 107].

A peculiar feature of HCV-associated lymphomas is the extranodal involvement, with the
liver, salivary glands, bone marrow, and spleen most often affected [112]. The most common
histotypes are marginal zone lymphomas, lymphoplasmacytic lymphomas, and DLBC
lymphomas [113]. Splenic marginal zone lymphoma in particular seems to have a high
prevalence in HCV-infected patients with MC [114]. In addition, follicular and MC lymphomas
may also be associated with HCV infection [113], as can MALT lymphoma, in which HCV is
detected in about 35% of the non-gastric forms of these tumors [115].

8. Pathogenesis of HCV-associated NHLs

The chronic persistence of HCV provides a continuous stimulus for the host immune system
sustaining B-cell clonal expansions [15]. Thus, the monoclonal IgM RF synthesis that charac‐
terizes MC can be ascribed to the expression of one such single dominant clone [22, 59].
Accordingly, the capacity of HCV to directly modulate B- and T-cell function [116] can be
considered as one of the necessary criteria needed to define HCV as an etiologic factor in
lymphomagenesis.
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and autoimmune diseases. Of interest here is the striking association between HCV infection
and MC, which has been convincingly demonstrated. However, MC can also develop as an
indolent B-cell lymphoproliferative disorder, with a potentially malignant evolution [12]. In a
long-term analysis, progression to NHL was demonstrated in 5–10% of HCV-infected patients.
Symptoms indicative of progression are usually mild and comprise an expanding spectrum
of autoimmune phenomena, including hemolytic anemia, thrombocytopenia, and granulocy‐
topenia [107-109].

It has been calculated that about 13% of patients with B-NHLs are HCV-positive [110] and that
about 10% of patients with HCV-associated MC will develop a B-NHL within the following
ten years [111]. Two different subsets of HCV-associated B-cell NHLs can be distinguished,
presenting as distinct clinical and pathological entities. The first is a low-grade NHL evolving
from MC, with possible bone marrow involvement and further evolution into an aggressive
phenotype. The second is an aggressive NHL without an underlying MC and with bone
marrow involvement [100, 107].

A peculiar feature of HCV-associated lymphomas is the extranodal involvement, with the
liver, salivary glands, bone marrow, and spleen most often affected [112]. The most common
histotypes are marginal zone lymphomas, lymphoplasmacytic lymphomas, and DLBC
lymphomas [113]. Splenic marginal zone lymphoma in particular seems to have a high
prevalence in HCV-infected patients with MC [114]. In addition, follicular and MC lymphomas
may also be associated with HCV infection [113], as can MALT lymphoma, in which HCV is
detected in about 35% of the non-gastric forms of these tumors [115].

8. Pathogenesis of HCV-associated NHLs

The chronic persistence of HCV provides a continuous stimulus for the host immune system
sustaining B-cell clonal expansions [15]. Thus, the monoclonal IgM RF synthesis that charac‐
terizes MC can be ascribed to the expression of one such single dominant clone [22, 59].
Accordingly, the capacity of HCV to directly modulate B- and T-cell function [116] can be
considered as one of the necessary criteria needed to define HCV as an etiologic factor in
lymphomagenesis.
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Among the different cell-surface receptors that have been described as possible binding sites
for HCV [117, 118], the most well-studied is CD81, a tetraspanin present on the surface of B-
lymphocytes (Figure 4) [119].

Figure 4. Schematic representation of the interactions between HCV and B cells. CD81, which binds E2 protein, is the
best-studied cellular receptor. Active HCV replication in B-lymphocytes, in addition to continuous stimulation of the
host immune system, may lead to a “B-cell deregulation,” which eventually gives rise to oligo/monoclonal expansions.
Clinical evolution into autoimmune disease or monoclonal gammopathy of undetermined significance (MGUS) as well
as frank lymphoma may be conditioned by other factors, either alone or in combination, e.g., active viral replication,
viral protein interactions, cytokines, the host immune response, and genetic factors.

Interestingly, a higher cell-associated viral load due to the enrichment of HCV RNA in
circulating lymphocytes has been demonstrated in cryoglobulinemic patients [77] and appears
to reflect either a higher receptor density on the cell surface or the polymorphism of receptor
genes [120-122].

In addition, a direct stimulus for lymphocyte proliferation can be provided by direct infection
with HCV and active replication of the virus inside B-cells [123], further evidence that HCV is
an oncogenic virus. Since HCV is a single-stranded RNA virus with an RNA-dependent RNA
polymerase, detection of the viral RNA minus strand is the only molecular marker of an active
viral replication whereas detection of the plus strand RNA may be the result of passive cellular
contamination by circulating virions. A direct correlation between active HCV infection of B
cells and MC was established using a highly specific and sensitive method for HCV RNA minus
strand detection [124]. These results demonstrated the lymphotropism of HCV, in which
peripheral blood lymphocytes are another productive compartment of HCV infection in
addition to serving as a circulating reservoir of the virus (Figure 4) [125].
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A distinguishing feature seen in cryoglobulinemic patients is the presence of clonally expand‐
ed, RF-synthesizing B-cells [126]. By means of PCR amplification techniques, immunoglobulin
variable region (IgV) genomic sequences, as a molecular marker of B cell progeny, were
analyzed, providing evidence of an antigen-driven B cell clonal expansion. Heavy- and light-
chain IgV gene analysis indicated a high mutation rate as usually occurs from a germinal or
post-germinal center origin [127]. Little is known about the viral antigens capable of inducing
this clonal expansion and no viral protein identified thus far seems to be a specific ligand for
the B-cell receptor [128]. All expanded B-cell clones characterized by the somatic hypermuta‐
tion of IgV genes seem capable of recognizing a single epitope, suggesting that they arise from
a pool of cells selected for non-self antigens, probably in the course of a germinal center reaction
[127]. Interestingly, many expanded B-cell clones display a complementarity determining
region-3 (CDR-3) resembling CDR-3 of rheumatoid factor (RF CDR-3), suggesting that they
derive from autoimmune-oriented precursors with anti-IgG specificity.

B-cell proliferation is characterized by a continuous rearrangement of IgV genes that gives rise
to different mutants. PCR amplification of the VDJ region identifies the unique combinations
of N regions with DH and JH regions that can be considered as a clonal marker of cellular
progeny. This method was used to show that B-cell clonal expansions are present in the liver
tissue, rather than in the blood and bone marrow compartments, of almost 90% of HCV-
positive MC patients [126]. The detection of inflammatory infiltrates of the portal tracts
resembling follicle-like structures with a functionally active germinal center is a diagnostic
feature of liver biopsies from patients chronically infected with HCV [129, 130]. In addition,
the VDJ patterns determined in these patients show oligoclonality or monoclonality, thus
demonstrating that intrahepatic B cell expansions derive from a few cells or a single cell;
morevoer, each focus may derive from a different B-cell, resulting in the development of
unrelated clones [129, 130].

Intrahepatic B-cell clonal expansions are almost invariably associated with extrahepatic
manifestations such as MC, high serum levels of RF activity, monoclonal gammopathy of
undetermined significance, and B-cell malignancy. Sequence analyses of the IgH CDR-3 gene
segments of intraportal B-cell clonalities revealed a wide range of variations, suggesting that
they are also the result of an antigen-driven response [131]. Accordingly, it can be inferred that
B-cell clones begin to expand in the liver as the result of an IgH-VDJ upregulated mutational
activity, with subsequent migration of the cells to the peripheral blood and bone marrow [74].

Given that the liver is not only the primary target of HCV infection but also the main site of
inflammation, B-cell recruitment and expansion, identification of the factor(s) contributing to
the establishment and progression of this complex clinical spectrum is of crucial importance.
In this context, research focused on the molecules capable of prolonging B-cell survival is
particularly relevant. Among the compounds identified thus far, B-cell activating factor
(BAFF), a chemokine belonging to the tumor necrosis factor (TNF) family, seems to play an
important role in B-cell survival [30]. The most important effect of BAFF is probably the
inhibition of B-cell apoptosis. BAFF expression was shown to be higher in the intraportal
lymphoid aggregates and skin tissue of cryoglobulinemic patients. Synthesis is thought to start
in inflammatory sites such as the liver and skin and then arise the circle [132].
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One of the most important anti-apoptotic factors is Bcl-2 protein. Its upregulation due to t(14;
18) chromosomal translocation, is a specific feature of follicular B-NHLs and it also has been
described in cryoglobulinemic patients [133]. However, in an our previous study, Bcl-2/IgH
amplification was not detected in intraportal inflammatory infiltrates isolated from HCV-
positive patients by means of laser microdissection of liver biopsy tissue [134], suggesting that
heavy chain Ig gene rearrangement is not associated with Bcl-2/IgH chromosomal transloca‐
tion in the liver compartment. This discrepancy could reflect ethnic and/or environmental
factors in that Bcl-2/IgH rearrangement is less common in the Mediterranean region than in
northern Europe [134]. Alternatively, in non-neoplastic conditions such as MC, Bcl-2/IgH
rearrangement could be a transient effect due to the persistence of viral infection [134].

Activation-induced cytidine deaminase (AID) is an enzyme involved in the degradation of
pyrimidine nucleotides. It is also essential for somatic hypermutation and class-switching
recombination of immunoglobulin genes in B-cells [135]. Some studies have proposed a
pathogenetic role of AID in B-cell lymphomagenesis, in particular during the initiation and
progression of B-NHL because a deregulation in either of these two processes can determine
a chromosomal translocation and/or an aberrant somatic hypermutation, two of the main
causes of B-NHL-associated genetic accidents [136, 137]. It has been postulated that AID is
triggered by HCV core protein in human hepatocytes via NFkB activation (Figure 5) [138].

Figure 5. Detection of activation-induced cytidine deaminase (AID) protein in the lymph node of a patient with HCV-
associated B-cell NHL.

Together, these data support epidemiological observations of an association between HCV
chronic infection and B-NHL. Nonetheless, further studies will be necessary to better evaluate
the pathogenetic mechanisms and optimize the therapeutic approaches.
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9. HCV related NHLs: Therapeutic opportunities

As previously described, HCV chronic infection may well be a risk factor for the development
of “indolent” lymphoproliferative disease such as MC as well as for frank B-cell NHL, albeit
with a wide geographical variability.

The induction of a SVR following an effective antiviral therapy with pegylated interferon
plus ribavirin should exert a preventive effect on lymphomagenesis in patients chronical‐
ly  infected  with  HCV  [139].  In  addition,  based  on  the  observation  of  gastric  MALT
lymphoma regression after the eradication of H. pylori  infection, antiviral therapy should
induce the regression of NHL.

The efficacy of antiviral therapy was described by Hermine et al. [140] in patients with villous
lymphocytes splenic lymphoma, with complete remission achieved in eight of the nine HCV-
positive patients. Further studies confirmed these data. In a systematic review by Gisbert et
al. [141], about 75% of HCV-infected patients with a lymphoproliferative disorder achieved a
complete remission following antiviral treatment.

Recently, Arcaini et al. assessed the role of antiviral therapy in HCV-associated indolent B-cell
lymphomas [142]. According to the WHO classification, indolent lymphomas are poorly
symptomatic diseases belonging to low-grade lymphoma [143]. They include follicular
lymphoma, small lymphocytic lymphoma, marginal zone lymphomas, splenic marginal zone
lymphoma, primary nodal marginal zone lymphoma, extranodal marginal zone lymphoma
of mucosa-associated tissue (MALT), and lymphoplasmacytic lymphoma. In almost all such
patients a hematologic response was obtained subsequent to the virological response, rein‐
forcing the evidence for a causative link between HCV and lymphomas [142]. Further studies
will be necessary to establish the efficacy of novel direct antiviral agents, such as boceprevir
and telaprevir, which increase SVR rates in genotype 1 HCV infection while also increasing
the hematologic response rate of patients with more resistant infection. On the basis of
therapeutic regimens for HCV-associated MC that consist of a combination of RTX and
antiviral therapy [86, 144] a similar approach may be successful also in HCV patients with
indolent B-cell lymphomas.

The use of antiviral therapy in patients with HCV-positive aggressive B-cell lymphomas such
as DLBC and mantle cell lymphomas appears to be less effective. This lack of a response may
be related to the antigen-independent phase of lymphomagenesis, in which malignant
evolution occurs irrespective of viral persistence. These lymphomas require an adequate
chemotherapy with or without RTX, even if the development of hepatitis flares has been
described [145]. However, there are also some papers showing a clinical remission of DLBCL
[146] and mantle cell lymphoma [147] after antiviral therapy. While a combination of antiviral
therapy and immunochemotherapy has been proposed to prevent or treat hepatitis flares [148],
combination therapy consisting of interferon plus ribavirin usually results in an increased
hematologic toxicity, as previously reported [149]. A more interesting strategy may be a
sequential schedule consisting of immune-chemotherapy followed by pegylated interferon
plus ribavirin. The aim is to induce a SVR in patients obtaining a complete remission of their
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Figure 5. Detection of activation-induced cytidine deaminase (AID) protein in the lymph node of a patient with HCV-
associated B-cell NHL.

Together, these data support epidemiological observations of an association between HCV
chronic infection and B-NHL. Nonetheless, further studies will be necessary to better evaluate
the pathogenetic mechanisms and optimize the therapeutic approaches.

Practical Management of Chronic Viral Hepatitis304
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and telaprevir, which increase SVR rates in genotype 1 HCV infection while also increasing
the hematologic response rate of patients with more resistant infection. On the basis of
therapeutic regimens for HCV-associated MC that consist of a combination of RTX and
antiviral therapy [86, 144] a similar approach may be successful also in HCV patients with
indolent B-cell lymphomas.

The use of antiviral therapy in patients with HCV-positive aggressive B-cell lymphomas such
as DLBC and mantle cell lymphomas appears to be less effective. This lack of a response may
be related to the antigen-independent phase of lymphomagenesis, in which malignant
evolution occurs irrespective of viral persistence. These lymphomas require an adequate
chemotherapy with or without RTX, even if the development of hepatitis flares has been
described [145]. However, there are also some papers showing a clinical remission of DLBCL
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lymphoma after chemotherapy, in order to prevent hepatitis reactivation and to achieve long-
term control of their NHL [150], effectively and with good tolerance. However, this approach
needs further validation in larger prospective studies.

10. Conclusions

HCV infection should not be considered as a major cause only of liver disease; instead, several
different biological compartments are involved. In particular, B-lymphocytes are an important
site in which HCV may actively replicate, thereby serving as a viral reservoir.

Viral persistence represents a continuous stimulus for the host immune system, leading to B-
cell selection and clonal expansion as evidenced by the synthesis of IgM autoantibodies with
RF activity (IgM-RF), which characterizes MC. This process seems to occur in a microenvir‐
onment such as that provided by intraportal lymphoid follicles due to distinct selection events
probably supported by cytokine signaling, thereby sustaining B-cell activation and prolifera‐
tion. The unique clinical features of MC are the result of the biological activities of the immune
complexes constituted by IgM-RF, anti-HCV IgG, viral antigens, and complement fractions.
Of particular interest is the role played by C1q and the globular domain of the C1q receptor
(gC1q-R), which, in combination with viral proteins such as core protein, modulates immune
complex deposition in the vascular bed, leading to cryoglobulinemic vasculitis. The involve‐
ment of viral proteins also has been suggested for B-cell proliferation.

Thus, MC may be considered a low-grade, indolent, benign lymphoproliferative disease
reflecting an antigen-dependent B-cell clonal expansion with potential evolution into a
malignant phenotype. HCV-related malignant NHLs may accordingly derive from a benign
lymphoproliferation such as MC and usually occur as low grade/indolent lymphomas but,
over time, their phenotypes may become more aggressive. Alternatively, they may arise
directly, often involving extranodal sites, with an indolent phenotype similar to that of MALT
lymphomas or as highly aggressive lymphomas.

The definition of HCV as an etiologic agent in both benign and malignant lymphoproliferations
suggests the efficacy of antiviral therapy both in MC and in NHLs. The combination of antiviral
therapy with B-cell depletion, with its ability to induce long-term clinical, immunologic, and
virologic remission, may be considered the standard of care for cryoglobulinemic vasculitis.
In addition, a clinical remission of low-grade NHLs after antiviral treatments has also been
described. These results confirm the pathogenetic role of HCV in lymphoproliferative diseases
and offer new therapeutic options even if further studies are mandatory. Antiviral therapy
may also have a role in high grade NHLs in which the pathogenetic process can be considered
antigen-independent. In these patients, who require immune-chemotherapy, antiviral
treatment may be useful in preventing hepatitis flares as well as NHL relapse if a SVR is
obtained.

In conclusion, HCV infection should be considered a multifaceted disease, with a potentially
malignant evolution involving not only the liver compartment (i.e., hepatocellular carcinoma),
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but also other targets, such as lymphoid tissue. However, there are several further aspects that
need to be clarified regarding the pathogenetic mechanisms of HCV-induced lymphomagen‐
esis. In this regard, an evaluation of the impact of new direct antiviral agents as well as novel
target-therapies inducing B-cell depletion will be of great interest in the prevention of HCV-
related malignancies.
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1. Introduction

Hepatocellular cancer (HCC) accounts for approximately 80% of all primary liver cancers. It is
the fifth most common cancer worldwide and is the third leading cause of cancer related deaths
across the world, with a case fatality rate of 0.93 making it one of the most lethal malignancies [1].
In the majority of cases, HCC develops in the setting of cirrhosis and treatment with curative
intent is only possible in a minority of cases. The incidence of HCC continues to rise world‐
wide, due in part to the rising number of people who have hepatitis C virus (HCV) infection,
infection with hepatitis B virus (HBV), (but not to the same degree as HCV) and non-alcoholic
fatty liver disease (NAFLD). NAFLD is now the most rapidly rising cause of cirrhosis in the
developed world. The outcome from this disease is poor, with a median survival estimated at
around 1-year following diagnosis [2]. In keeping with global trends, the incidence and conse‐
quent mortality from HCC in the United Kingdom is also increasing, despite greater aware‐
ness for the need for surveillance in patients with cirrhosis, and improvements in and access to
imaging. This is thought to be secondary to the persistence of alcohol induced liver disease as a
significant cause of CLDs [3], the growing incidence of non-alcoholic fatty liver disease (NAFLD)
in the UK, immigration to the UK from HBV-endemic countries and the clinical impact of HCV
infected individuals, infected before HCV screening of blood products (in the 1990’s).

HCC is unique amongst solid cancers in that the outcome from it depends not only on the
performance status of the patient and biological behaviour of the tumour, but also on the
degree of liver dysfunction. The current treatment options are surgical (liver resection [LR],
liver transplant [LT]), ablative (radiofrequency or microwave ablation [RFA/MCT]), non-
surgical (trans-arterial chemo-embolisation, selective internal radiation therapy [yttrium90
spheres]) and medical - in particular the use of the targeted kinase inhibitor, Sorafenib. The
only curative treatments are the surgical modalities (LR or LT). However these treatments are
not suitable for the majority of patients but can achieve the best outcome in carefully selected
patients with early tumours or very early tumours. Sometimes LR and LT are complimentary,
particularly when LR is considered as a bridge to transplantation. When the liver parenchyma
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is normal [5% of the cases in Western countries, and for about 40% in Asia] the treatment of
choice is a liver resection (LR) [4]. However most patients also have underlying chronic liver
disease and for this group of patients, LT is the treatment of choice as it treats not only the
tumour but the underlying chronic liver disease which induces tumourigenesis in the first
place. However the relative scarcity of donor organs available for transplantation (NHSBT)
and the improved outcomes of LR amongst those with chronic liver disease (CLD) have led to
an increased interest in LR for HCC.

For patients with early HCC and CLD who have well-preserved liver function (the vast
majority of patients), establishing the best treatment is difficult as there are no well designed
randomized controlled trials to guide management. Proposed treatment modalities for
individual patients need to take into account not only tumour factors (stage of tumour) but
also the degree of underlying chronic liver disease and patient factors (performance status).
The Barcelona Clinic Liver Cancer (BCLC) algorithm which incorporates these variables into
a decision making process to help choose a specific management option has been found most
useful in clinical practice [5].

2. Liver resection as treatment for HCC

2.1. Selection criteria of patients with HCC for Liver Resection (LR)

Clearly extra-hepatic and or distant spread is a contra-indication for LR. This occurs in 60-80%
of cases. There is a significant geographical variation in the proportion of patients undergoing
surgery with curative intent, varying from 20% in East Asia, through 25-40% in Europe, to
50-70% in Japan. Superior outcomes being related to the implementation of effective screening
programs [6].

In addition to the patients overall performance status, the following specific factors need to be
considered

1. The Tumour:

a. Stage

b. Size

2. The Liver parenchyma

a. Underlying chronic liver disease (CLD) and portal hypertension (PHT)

b. Quality and volume of the “future functional liver remnant”(FLR)

3. Tumour specific factors

3.1. Staging of HCC

Resection of any cancer is based on pre-operative staging to a large extent. In addition, a proper
cancer staging is useful for evaluating prognosis of cancer patients, for tailoring therapy and
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monitoring therapeutic response. Generally prognosis in solid cancers is solely related to stage.
However HCC is unique in that cirrhosis underlies the cancer and thus outcome is related too
not only tumor but also to the extent of liver parenchymal damage. Therefore any staging for
cirrhotic patients with HCC should take into consideration the severity of the liver disease and
the extent of the tumour. Numerous staging systems have been described (at least 8), although
none has been universally accepted. The variables used in each classification as well as the
populations in which they were derived are different. Only 3 – BCLC, CLIP and JIS have been
validated in different cohorts of patients [7]- [12]. The BCLC and Cancer of the Liver Italian
Program (CLIP) staging systems have been the most popular in Europe and the USA, and the
Japan Integrated Staging Score (JIS) in Japan.

The Okuda staging system includes tumour size, serum albumin, bilirubin and ascites [13].
The Child’s classification does not discriminate enough for Child’s A or B patients in whom
resection is being considered in order to prevent postoperative liver de-compensation. The
Cancer of the Liver Italian Program (CLIP) is based on the Child–Pugh class, tumour progres‐
sion, alpha-fetoprotein (AFP) and presence of portal venous thrombosis. CLIP is the most
accurate for prognosis [12] especially in patients with advanced HCC and those undergoing
loco-regional therapy [14]. Specifically, a CLIP score of less than 2 predicts better response and
longer survival [15]. The BCLC system assesses tumour stage, liver function, physical status
and cancer-related symptoms, linking these in a widely used treatment algorithm [16], [17]
[18]. The BCLC is the only system that links prognosis with treatment recommendations, and
is therefore selected in several major trials of HCC therapy.

Conventional methods like TNM (e.g. TNM) exclude the functional status of the liver, which
is an important consideration in these patients. However in patients with intermediate or
advanced HCC who undergo surgery the AJCC/UICC system is useful [19]– the parameters
include tumour size and number, vascular invasion (micro/macro) and degree of fibrosis Ishak
grade. The 7th edition [20] has further refined prognostication for the intermediate/advanced
stages of the disease and this continues to be where this staging system is useful but does not
really improve discrimination for early HCC.

Other tumour factors known to impact on outcomes after LR include size of lesion, satellite
nodules, serum AFP, margin status, vascular involvement and UICC stage 3 or 4 disease. These
factors therefore need to be considered carefully prior to consideration of hepatectomy for HCC.

Size of lesion: It is unsurprising that the size of the lesion impacts on outcome after LR. Larger
lesions indicating increased tumour load with increased risk of vascular invasion, need
increased liver mass to be resected and therefore contribute to a lesser future functional liver
remanant (FLR) on a background of underlying CLD. Smaller tumour size is a well-accepted
as an important independent prognostic indicator for overall survival [22]- [25] but not disease-
free survival. From a multi-institutional cohort of 557 patients, tumour size if less than 5 cm
resulted in 43% 5-year survival compared to 32% for larger tumours. HR (95% CI) for recurrent
disease and death if lesion more than 5 cm was 1.4 (1.1 – 1.9) [26]. In a series of 12,118 patients
from Japan, size less than 2 cm was an independent predictor of survival compared to larger
tumours (2 cm, 2-5 cm, 5-10 cm and more than 10 cm; 5 year survival 66%, 53%, 37% and 31%
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Okuda staging 
 Negative Positive Stage 
Tumour size <50% of Liver >50% of Liver I: no positive factors 
Ascites Absent Present II: 1-2 positive factors 
Bilirubin <51 mmol/L >51mmol/L III: 3-4 positive factors 
Serum Albumin >3g/dL <3g/dL  
Child-Turcotte-Pugh classification 
 1point 2 points 3 points Class 
Encephalopathy None Grade 1-2 Grade 3-4 A 5-6 points 

Bilirubin <2 2-3 >3 B 7-9 points 
PT/INR <1.7 1.7-2 >2 C 10-15 points 
Ascites None Controlled on Rx Refractory

Albumin (g/L)    
CLIP – Cancer of the Liver Italian Program 
Points CTP Tumour 

morphology 
AFP PV 

thrombosis 
0 A Uninodular 

≤50% of Liver 
 No 

1 B Multinodular 
≤50% of Liver 

 Yes 

2 C Massive>50% of 
Liver 

  

BCLC – Barcelona caner of Liver Clinic staging 
Stage Performance 

status 
Tumour stage PHT Bilirubin Classification 

A1 0 Single No Normal Very early 
A2 0 Single Yes Normal Early 
A3 0 Single  Yes Raised  
A4 0 3 tumours, <3 cm each Yes Raised  
B 0   Intermediate 
C 1-2 Vascular invasion Advanced 
D 3-4 Any tumour Terminal 
AJCC TNM 7th 
edition 

    

Stage T N M 
I T1 solitary tumour, no vascular invasion N0  M0 

II T2 Solitary tumor with vascular invasion 
or multiple tumors, none > 5 cm 

N0 M0 

IIIA T3a Multiple tumors > 5 cm N0 M0 
IIIB T3b Single tumor or multiple tumors of 

any size involving a major branch of the 
portal or hepatic vein 

N0 M0 

IIIC T4 Tumor(s) with direct invasion of 
adjacent organs other than gallbladder or 
with visceral peritoneum  

N0 M0 

IVA Any T N1 M0 
IVB Any T Any N M1 

 

Table 1. Table of various staging systems [21]
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respectively). In this study on multivariate analysis, tumour size less than 2 cm resulted in a
significantly better overall survival. Therefore the Liver Cancer Study Group of Japan (LCSGJ)
suggests a tumour cut-off size of 2cm as apposed to the 5 cm suggested by the TNM system [24].

Whilst there is little doubt that the results are superior for small tumours (<5 cm), several
studies have indicated that resection for larger tumours (>5 cm) [27], [28] is beneficial. The
Memorial Sloan–Kettering Group have analyzed the results of resection in 154 patients (out of
total of 412 seen at their institution over a 6 year period) and found that for tumors <5 cm, the
overall 5-year survival rate is 57% and the disease-free survival rate is 44%. Even for those with
large tumors (>10 cm), the 5-year survival rate was 32%, with disease-free survival rate is only
23% [27]. Therefore they concluded that LR was superior to other forms of treatment for larger
tumours and advocated partial hepatectomy as a safe, effective, and potentially curative
therapy of choice for HCC >5 cm. For tumors <5 cm, much more relevant is the comparison
between LR and ablative options. In a comparative study from China of 1000 small tumours
(less than 5 cm) versus 1366 large (more than 5 cm) [28] survival rates after LR at 5 years of
62.7% vs. 37.1% (p < 0.01) and at 10 years of 46.3% vs. 29.2% (p < 0.01) were seen on univariate
analysis. However compared with patients who had large HCC, those with small HCC had a
higher percentage of single tumor nodules (82.6% vs. 64.4%), a higher proportion of well
encapsulated tumors (73.3% vs. 46.3%), a lower proportion of tumor emboli in the portal vein
(4.9% vs. 20.8%) and better differentiation of tumor cells (Edmondson Grade 3–4; 14.9% vs.
20.1%), a higher resection rate (93.6% [1000 of 1068 patients] vs. 55.7% [1366 of 2451 patients];
P < 0.01), a higher curative resection rate (80.5% [805 of 1000 patients] vs. 60.7% [829 of 1366
patients]; p < 0.01) and a lower operative mortality rate (1.5% [15 of 1000 patients] vs. 3.7% [50
of 1366 patients]; p < 0.01). Importantly following multivariate analysis, four independent
covariates negatively influenced the survival rate: γ-glutamyl transpeptidase (more than 6IU/
mL), presence of cirrhosis, multiple tumors, and emboli in the portal vein. Size of lesion was
not an independent predictive factor.

The results of surgery in the so-called giant tumours (>10 cm) which would be exempt from
transplantation, are reassuring too; Chen and co-workers [29] reported on 525 patients with
tumours >10 cm noting a 2.7% perioperative mortality and a 5-year survival of 16.8%. Yeh and
colleagues reported 211 tumours greater than 10 cm in a series of 1196 patients thus repre‐
senting 17.6% of their patients. They noted resection to be safe and feasible with a reasonable
5-year survival of 16.7% for this cohort although this was significantly lower than the 39.5%
documented for tumours less than 10 cm [30]. In a study of 300 patients with tumours >10 cm,
the group from MD Anderson reported a 27% 5-year survival [31]. Therefore the value of
resecting large and otherwise ‘untreatable’ tumours was confirmed. It is clear that prognostic
indicators such as size can be used as a guide in the decision to operate or not, but cannot be
used alone to exclude patients from surgery - such decisions should be based on surgical risk
and resectability.

Vascular invasion: Again from the multi-institutional cohorts (vide supra) the presence of
vascular invasion appears to be an independent predictor of recurrent disease and death after
LR; HR (95% CI) for major vascular invasion – 2.1 (1.4 – 3.3), microvascular invasion – 1.6 (1.2
– 2.1) and 5-year survival with and without macrovascular invasion was 15% versus 41%
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LR; HR (95% CI) for major vascular invasion – 2.1 (1.4 – 3.3), microvascular invasion – 1.6 (1.2
– 2.1) and 5-year survival with and without macrovascular invasion was 15% versus 41%
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respectively [26]. In a cohort of 322 patients undergoing resection for HCC [32] the 5-year
survival of those with microscopic venous invasion (n = 140) versus macroscopic venous
involvement (n = 50) versus those without any venous invasion (n = 132) was 30.8%, 15% and
50% (p <0.05). Also, larger tumours were associated with higher incidence of venous involve‐
ment. Major vascular invasion (macrovascular invasion) into one of the main portal branches
or a hepatic vein is associated with a worse prognosis, presumably due to intra-hepatic and
systemic dissemination of tumour thrombi. From a multi-institutional study of 102 patients,
major portal invasion was associated with 1-, 3- and 5- year survival of 47%, 17% and 10%
respectively [31], however in the group which had major vascular involvement but without
moderate-severe fibrosis or high nuclear grade 5 year survival was 23% vs 5% and 21% vs 9%
respectively. Therefore the MD Anderson data suggests resection in spite of major vascular
invasion in the absence of moderate-severe fibrosis in the liver parenchyma and absent high
nuclear grade in the tumour. Similarly the incidence of microscopic vascular invasion is
increased with tumor size (≤3 cm, 25%; 3.1-5 cm, 40%; 5.1-6.5 cm, 55%; >6.5 cm, 63%) (p < 0.005)
[33]. Therefore it is clear that tumour size, which can be measured radiologically, is a good
surrogate marker for microvascular invasion, which can only be assessed on the resected
specimen. It is accepted that larger tumours (especially those more than 7 cm) and certain types
of growth patterns (single nodule with extra-nodular growth, contiguous multi-nodular
growth patterns) are highly predictive of microvascular invasion (as compared to a single
nodular type with clear demarcation) in lesions more than 5 cm in size [34]. However increas‐
ing size or number of lesions in the absence of vascular involvement does not impact on
survival [26].

3.2. Tumour number, multifocality and satellite nodules

The number of tumours present is another important factor for not only overall survival [35]
[31] [36] but for disease-free survival [36]- [39] as well.. The AASLD guidelines recommend
LR for a single liver lesion if there is no cirrhosis or significant impairment of liver function [4].
However results from a large multi-institutional cohort study [36] looking at the perioperative
and long-term outcomes of 404 patients with single small HCC (<5 cm) as compared to 380
patients with large or multinodular HCC demonstrated overall survival rates were signifi‐
cantly higher in the small HCC group (1 year, 88% vs. 74%; 3 years, 76% vs. 50%; 5 years, 58%
vs. 39%; p <.001). Among patients with the larger tumours, five independent prognostic factors
were identified to be associated with a worse overall survival: namely, symptomatic disease,
presence of cirrhosis, multinodular tumor, microvascular tumor invasion, and positive
histological margin. Multifocality may be a manifestation of one of 2 differing scenarios: either
multiple foci of primary tumour within an at-risk field or the presence of intrahepatic meta‐
stases from a primary lesion. It is impossible to determine which scenario is being displayed
pre-operatively but the latter carries a significantly worse prognosis.

3.3. Pre-operative Alpha-Fetoprotein (AFP) levels

AFP is a major plasma protein produced by the yolk sac and the liver during fetal development
that is thought to be the fetal form of serum albumin. Its levels decrease rapidly after birth and
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its functions in the fetus are not clearly known. Its levels are raised in HCC and germ cell
tumours. Raised AFP levels have been considered to be a marker of poor prognosis both for
overall survival [37] [27], [40] and disease-free survival [30], [37], [41], [42]. The relevance of
AFP levels has not been addressed specifically in relation to resection although in one study
an AFP level more than 100ng/ml was an independent risk factor [OR (95% CI) 2.56 (1.05 –
6.20)] along with microvascular invasion (OR 4.54 (1.86 – 11.09) in a cohort of small HCC who
underwent curative resection [43]. AFP levels are probably a reflection of tumour biology and
thus a surrogate marker for size/stage of the tumour.

4. Liver specific factors

4.1. Portal hypertension

It is well known that patients with a normal liver tolerate large hepatectomy without significant
risk of liver failure. However, in patients with chronic liver disease the tolerance to liver
resection and long-term outcome is reduced in parallel to the degree of liver function impair‐
ment and appearance of portal hypertension (PHT) [44]. Hemodynamic studies have shown
that the presence of a hepatic vein pressure gradient greater than 10 mmHg is associated with
a higher risk of postoperative liver decompensation and of poor long-term outcome after liver
resection for HCC [45]. Clinically relevant PHT can also be detected by the presence of
esophageal varices or splenomegaly associated with reduced platelet count. Assessment of
presence or absence of PHT is an important step in not only risk assessment and outcome
prediction, but importantly to ascertain suitability for resectional surgery and the extent of
such surgery [46]. Indeed a recent study has suggested that this is an essential part of assess‐
ment of these patients for resection [47]. HVPG is an invasive test but some interest and success
has recently been demonstrated for measurement of liver stiffness by elastography and its
correlation with HVPG [48]. While 5-year survival in patients without PHT exceeds 70%, those
patients with such adverse profile present a reduction to 50–60%. If liver disease is decom‐
pensated (ascites, jaundice), survival is even further decreased. Presence of PHT higher risk
does not translate into absolute contraindication for resection [49], as less extensive resection/
ablation etc. can be considered but the predicted outcome with surgery has to be weighed
against other available treatment options in an individual patient.

4.2. Future liver remnant/ Functional Liver Remnant (FLR)

One of the important limiting factors for LR in HCC is the amount of viable liver parenchyma
left behind- future liver remnant or more appropriately called functional liver remnant (FLR).
In a normal liver, removal of a part of the liver leads to rapid hypertrophy of the remnant to
reach the pre-operative liver-body weight ratio. Adequate FLR is not only an adequate volume
of liver remnant but also a remnant of adequate function sufficient to meet post-operative
physiological demands. Although the removal of up to 75% of the total liver volume is feasible
in a young patient (≤40 years of age) with normal hepatic parenchyma, resection must be more
conservative in the presence of underlying liver diseases (steatosis, steato-hepatitis, fibrosis,
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respectively [26]. In a cohort of 322 patients undergoing resection for HCC [32] the 5-year
survival of those with microscopic venous invasion (n = 140) versus macroscopic venous
involvement (n = 50) versus those without any venous invasion (n = 132) was 30.8%, 15% and
50% (p <0.05). Also, larger tumours were associated with higher incidence of venous involve‐
ment. Major vascular invasion (macrovascular invasion) into one of the main portal branches
or a hepatic vein is associated with a worse prognosis, presumably due to intra-hepatic and
systemic dissemination of tumour thrombi. From a multi-institutional study of 102 patients,
major portal invasion was associated with 1-, 3- and 5- year survival of 47%, 17% and 10%
respectively [31], however in the group which had major vascular involvement but without
moderate-severe fibrosis or high nuclear grade 5 year survival was 23% vs 5% and 21% vs 9%
respectively. Therefore the MD Anderson data suggests resection in spite of major vascular
invasion in the absence of moderate-severe fibrosis in the liver parenchyma and absent high
nuclear grade in the tumour. Similarly the incidence of microscopic vascular invasion is
increased with tumor size (≤3 cm, 25%; 3.1-5 cm, 40%; 5.1-6.5 cm, 55%; >6.5 cm, 63%) (p < 0.005)
[33]. Therefore it is clear that tumour size, which can be measured radiologically, is a good
surrogate marker for microvascular invasion, which can only be assessed on the resected
specimen. It is accepted that larger tumours (especially those more than 7 cm) and certain types
of growth patterns (single nodule with extra-nodular growth, contiguous multi-nodular
growth patterns) are highly predictive of microvascular invasion (as compared to a single
nodular type with clear demarcation) in lesions more than 5 cm in size [34]. However increas‐
ing size or number of lesions in the absence of vascular involvement does not impact on
survival [26].

3.2. Tumour number, multifocality and satellite nodules

The number of tumours present is another important factor for not only overall survival [35]
[31] [36] but for disease-free survival [36]- [39] as well.. The AASLD guidelines recommend
LR for a single liver lesion if there is no cirrhosis or significant impairment of liver function [4].
However results from a large multi-institutional cohort study [36] looking at the perioperative
and long-term outcomes of 404 patients with single small HCC (<5 cm) as compared to 380
patients with large or multinodular HCC demonstrated overall survival rates were signifi‐
cantly higher in the small HCC group (1 year, 88% vs. 74%; 3 years, 76% vs. 50%; 5 years, 58%
vs. 39%; p <.001). Among patients with the larger tumours, five independent prognostic factors
were identified to be associated with a worse overall survival: namely, symptomatic disease,
presence of cirrhosis, multinodular tumor, microvascular tumor invasion, and positive
histological margin. Multifocality may be a manifestation of one of 2 differing scenarios: either
multiple foci of primary tumour within an at-risk field or the presence of intrahepatic meta‐
stases from a primary lesion. It is impossible to determine which scenario is being displayed
pre-operatively but the latter carries a significantly worse prognosis.

3.3. Pre-operative Alpha-Fetoprotein (AFP) levels

AFP is a major plasma protein produced by the yolk sac and the liver during fetal development
that is thought to be the fetal form of serum albumin. Its levels decrease rapidly after birth and
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its functions in the fetus are not clearly known. Its levels are raised in HCC and germ cell
tumours. Raised AFP levels have been considered to be a marker of poor prognosis both for
overall survival [37] [27], [40] and disease-free survival [30], [37], [41], [42]. The relevance of
AFP levels has not been addressed specifically in relation to resection although in one study
an AFP level more than 100ng/ml was an independent risk factor [OR (95% CI) 2.56 (1.05 –
6.20)] along with microvascular invasion (OR 4.54 (1.86 – 11.09) in a cohort of small HCC who
underwent curative resection [43]. AFP levels are probably a reflection of tumour biology and
thus a surrogate marker for size/stage of the tumour.

4. Liver specific factors

4.1. Portal hypertension

It is well known that patients with a normal liver tolerate large hepatectomy without significant
risk of liver failure. However, in patients with chronic liver disease the tolerance to liver
resection and long-term outcome is reduced in parallel to the degree of liver function impair‐
ment and appearance of portal hypertension (PHT) [44]. Hemodynamic studies have shown
that the presence of a hepatic vein pressure gradient greater than 10 mmHg is associated with
a higher risk of postoperative liver decompensation and of poor long-term outcome after liver
resection for HCC [45]. Clinically relevant PHT can also be detected by the presence of
esophageal varices or splenomegaly associated with reduced platelet count. Assessment of
presence or absence of PHT is an important step in not only risk assessment and outcome
prediction, but importantly to ascertain suitability for resectional surgery and the extent of
such surgery [46]. Indeed a recent study has suggested that this is an essential part of assess‐
ment of these patients for resection [47]. HVPG is an invasive test but some interest and success
has recently been demonstrated for measurement of liver stiffness by elastography and its
correlation with HVPG [48]. While 5-year survival in patients without PHT exceeds 70%, those
patients with such adverse profile present a reduction to 50–60%. If liver disease is decom‐
pensated (ascites, jaundice), survival is even further decreased. Presence of PHT higher risk
does not translate into absolute contraindication for resection [49], as less extensive resection/
ablation etc. can be considered but the predicted outcome with surgery has to be weighed
against other available treatment options in an individual patient.

4.2. Future liver remnant/ Functional Liver Remnant (FLR)

One of the important limiting factors for LR in HCC is the amount of viable liver parenchyma
left behind- future liver remnant or more appropriately called functional liver remnant (FLR).
In a normal liver, removal of a part of the liver leads to rapid hypertrophy of the remnant to
reach the pre-operative liver-body weight ratio. Adequate FLR is not only an adequate volume
of liver remnant but also a remnant of adequate function sufficient to meet post-operative
physiological demands. Although the removal of up to 75% of the total liver volume is feasible
in a young patient (≤40 years of age) with normal hepatic parenchyma, resection must be more
conservative in the presence of underlying liver diseases (steatosis, steato-hepatitis, fibrosis,
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cirrhosis, cholestasis, chemo-therapy induced liver injury), elderly patients and in the setting
of excessive intra-operative blood loss [50]. An adequate FLR is generally considered to be
around 25%, 30% and 40% of the pre-operative liver volume in normal [51], steatotic and
cirrhotic livers [52] respectively, although it is accepted that volume is a poor correlate of
function in livers with chronic disease. Below a certain threshold, a liver remnant cannot
sustain metabolic, synthetic and detoxifying functions and liver failure results leading on to
the spiral of cholestasis, coagulopathy, sepsis, multiple organ failure and potentially death.
Various techniques of assessing the FLR have been described including assessment of volume
using axial imaging e.g. triple phase CT Liver, and MR Liver. Dynamic quantitative liver
function tests, such as the indocyanine green test and galactose elimination capacity, are more
accurate as they measure the elimination process of a substance that is cleared and/or metab‐
olized almost exclusively by the liver. However, these tests only measure global liver function.
Nuclear imaging techniques (Tc-galactosyl serum albumin scintigraphy and Tc-mebrofenin
hepatobiliary scintigraphy) can measure both total and future remnant liver function and
potentially identify patients at risk for post resectional liver failure [53]. A novel technique
described has been the utilization of a combination LiMAX test (Liver MAximum capacity)
and (triple phase CT, 3-D analysis – MeVIS, CT volumetry and virtual resection) and to
successfully predict FLR and postoperative outcome after hepatectomy pre-operatively [54].

Preoperative portal vein embolization of the lobe free of disease may induce compensatory
liver growth, allowing resection of larger volumes of tumour bearing liver [55] [56]. Indeed
pre-operative selective internal radiotherapy (SIRT/Transarterial radioembolization – TARE)
is being used to down-size liver tumors [57] including HCC [58] and increase FLR prior to
major hepatectomy.

5. Liver resection for HCC — Technical considerations

Both non-cirrhotic patients and cirrhotics could be subjected to surgical resections as long as
liver function was well-preserved and tumor had low burden (ideally single tumor). Usually,
best results of surgical approaches are obtained in experienced centers with a perioperative
mortality of less than 3% and a 5-year survival rate higher than 50% [6]. The correct selection
of candidates is very important for the outcome and all issues discussed above need to be
considered. Historically, patients with HCC and cirrhosis had a worse prognosis after LR but
those without extrahepatic disease and small tumours had early mortality much lower than
that reported for LT. Mortality rate related to LR in non-cirrhotics is approximately 1% [59].
The most common causes of death following LR are postoperative haemorrhage, liver failure
and sepsis, even in well-compensated Child’s A or B cirrhotics. Extended left and right
hepatectomy are well documented in cirrhotic patients with low complication rates, ensuring
a sufficient remnant hepatic function. The improvements of surgical techniques (e.g. Pringle’s
manoeuvre, anterior approach, low CVP anaesthesia), a better Knowledge of Couinaud’s
segmental anatomy, the development of ultrasonic dissectors and vascular staplers have
contributed to reduce postoperative morbidities, including bleeding complications. Therefore
LR for HCC should be an important treatment modality in the current era.
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5.1. The anterior approach and the hanging manoeuvre

During right hepatic resection for hepatocellular carcinoma (HCC), complete mobilization of
the right lobe of liver with the right hepatic vein controlled outside the liver before parenchy‐
mal transection had been advised by most surgeons in an effort to reduce blood loss. However,
this can be difficult, when resection for large HCC is being performed. The size of the tumor
may limit access to the posterior aspect of the right lobe of liver and the anterior surface of the
inferior vena cava, where the right hepatic vein and many caval branches are present. Injudi‐
cious mobilization and forceful retraction of the liver may cause profuse bleeding from
avulsion of the hepatic vein and caval branches, prolonged ischemia of the liver remnant from
rotation of the hepatoduodenal ligament iatrogenic tumor rupture, and scatter of tumoural
cells into peripheral blood. Alternatively, the anterior approach can be used in the more
difficult cases of right hepatic resection for HCC. The technique implies initial completion of
parenchymal transection before the right lobe is mobilized. Briefly following laparotomy,
intra-operative ultrasonography and hilar dissection to control the right hepatic artery and
portal vein, mobilization of the tumor and the right lobe of liver is not performed as in the
conventional approach. The plane of parenchymal transection, depending on the extent of
hepatic resection, is marked on the Glisson capsule with the help of intraoperative ultraso‐
nography and transection carried out from the anterior surface of the liver down to the right
side of liver hilum and down to the anterior surface of the inferior vena cava. The right hepatic
vein is then isolated, clamped, divided, and sutured outside the liver parenchyma. When the
specimen is completely disconnected from the inferior vena cava, the right hepatic lobe is
mobilized from the right abdominal cavity by dividing the triangular ligament and other
posterior attachments [25], [60]. This technique pioneered from Hong Kong demonstrated
significantly fewer intraoperative haemorrhages and blood transfusions, a lower hospital
death rate, a lower incidence of pulmonary metastases, and a better median disease-free
survival and median overall cumulative survival in n=54 patients as compared to patients who
underwent conventional approach n=106 to major liver resection for HCC more than 5 cm in
size [25]. A randomized controlled study from the same institute reported better operative
(lower blood loss, lower transfusion requirements, lower plasma albumin mRNA levels) and
survival outcomes [lower in-hospital mortality 91/60 vs. 6/60), overall survival but not disease
free survival] from anterior approach compared with the conventional approach [61]. How‐
ever the anterior approach can potentially be dangerous” because “torrential bleeding can
occur at the deeper plane of parenchymal transection” and “without prior mobilization of the
right liver and the tumor, and control of the right hepatic vein, bleeding can be substantial and
difficult to control. Therefore the anterior approach can be an effective alternative when
difficulty is encountered during liver mobilization utilizing the conventional technique [62].

5.2. Anatomic (AR) vs. Non-Anatomic Resections (NAR)

Microportal invasion and intrahepatic metastasis were considered to be the most important
factors leading to recurrence and were associated with poor prognosis [26], [63], [64]. Therefore
anatomic resection [65] (AR), which is the systematic removal of a hepatic segment/s bearing
the tumour/s. Theoretically, this procedure may be effective in eradicating intrahepatic
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cirrhosis, cholestasis, chemo-therapy induced liver injury), elderly patients and in the setting
of excessive intra-operative blood loss [50]. An adequate FLR is generally considered to be
around 25%, 30% and 40% of the pre-operative liver volume in normal [51], steatotic and
cirrhotic livers [52] respectively, although it is accepted that volume is a poor correlate of
function in livers with chronic disease. Below a certain threshold, a liver remnant cannot
sustain metabolic, synthetic and detoxifying functions and liver failure results leading on to
the spiral of cholestasis, coagulopathy, sepsis, multiple organ failure and potentially death.
Various techniques of assessing the FLR have been described including assessment of volume
using axial imaging e.g. triple phase CT Liver, and MR Liver. Dynamic quantitative liver
function tests, such as the indocyanine green test and galactose elimination capacity, are more
accurate as they measure the elimination process of a substance that is cleared and/or metab‐
olized almost exclusively by the liver. However, these tests only measure global liver function.
Nuclear imaging techniques (Tc-galactosyl serum albumin scintigraphy and Tc-mebrofenin
hepatobiliary scintigraphy) can measure both total and future remnant liver function and
potentially identify patients at risk for post resectional liver failure [53]. A novel technique
described has been the utilization of a combination LiMAX test (Liver MAximum capacity)
and (triple phase CT, 3-D analysis – MeVIS, CT volumetry and virtual resection) and to
successfully predict FLR and postoperative outcome after hepatectomy pre-operatively [54].

Preoperative portal vein embolization of the lobe free of disease may induce compensatory
liver growth, allowing resection of larger volumes of tumour bearing liver [55] [56]. Indeed
pre-operative selective internal radiotherapy (SIRT/Transarterial radioembolization – TARE)
is being used to down-size liver tumors [57] including HCC [58] and increase FLR prior to
major hepatectomy.

5. Liver resection for HCC — Technical considerations

Both non-cirrhotic patients and cirrhotics could be subjected to surgical resections as long as
liver function was well-preserved and tumor had low burden (ideally single tumor). Usually,
best results of surgical approaches are obtained in experienced centers with a perioperative
mortality of less than 3% and a 5-year survival rate higher than 50% [6]. The correct selection
of candidates is very important for the outcome and all issues discussed above need to be
considered. Historically, patients with HCC and cirrhosis had a worse prognosis after LR but
those without extrahepatic disease and small tumours had early mortality much lower than
that reported for LT. Mortality rate related to LR in non-cirrhotics is approximately 1% [59].
The most common causes of death following LR are postoperative haemorrhage, liver failure
and sepsis, even in well-compensated Child’s A or B cirrhotics. Extended left and right
hepatectomy are well documented in cirrhotic patients with low complication rates, ensuring
a sufficient remnant hepatic function. The improvements of surgical techniques (e.g. Pringle’s
manoeuvre, anterior approach, low CVP anaesthesia), a better Knowledge of Couinaud’s
segmental anatomy, the development of ultrasonic dissectors and vascular staplers have
contributed to reduce postoperative morbidities, including bleeding complications. Therefore
LR for HCC should be an important treatment modality in the current era.
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5.1. The anterior approach and the hanging manoeuvre

During right hepatic resection for hepatocellular carcinoma (HCC), complete mobilization of
the right lobe of liver with the right hepatic vein controlled outside the liver before parenchy‐
mal transection had been advised by most surgeons in an effort to reduce blood loss. However,
this can be difficult, when resection for large HCC is being performed. The size of the tumor
may limit access to the posterior aspect of the right lobe of liver and the anterior surface of the
inferior vena cava, where the right hepatic vein and many caval branches are present. Injudi‐
cious mobilization and forceful retraction of the liver may cause profuse bleeding from
avulsion of the hepatic vein and caval branches, prolonged ischemia of the liver remnant from
rotation of the hepatoduodenal ligament iatrogenic tumor rupture, and scatter of tumoural
cells into peripheral blood. Alternatively, the anterior approach can be used in the more
difficult cases of right hepatic resection for HCC. The technique implies initial completion of
parenchymal transection before the right lobe is mobilized. Briefly following laparotomy,
intra-operative ultrasonography and hilar dissection to control the right hepatic artery and
portal vein, mobilization of the tumor and the right lobe of liver is not performed as in the
conventional approach. The plane of parenchymal transection, depending on the extent of
hepatic resection, is marked on the Glisson capsule with the help of intraoperative ultraso‐
nography and transection carried out from the anterior surface of the liver down to the right
side of liver hilum and down to the anterior surface of the inferior vena cava. The right hepatic
vein is then isolated, clamped, divided, and sutured outside the liver parenchyma. When the
specimen is completely disconnected from the inferior vena cava, the right hepatic lobe is
mobilized from the right abdominal cavity by dividing the triangular ligament and other
posterior attachments [25], [60]. This technique pioneered from Hong Kong demonstrated
significantly fewer intraoperative haemorrhages and blood transfusions, a lower hospital
death rate, a lower incidence of pulmonary metastases, and a better median disease-free
survival and median overall cumulative survival in n=54 patients as compared to patients who
underwent conventional approach n=106 to major liver resection for HCC more than 5 cm in
size [25]. A randomized controlled study from the same institute reported better operative
(lower blood loss, lower transfusion requirements, lower plasma albumin mRNA levels) and
survival outcomes [lower in-hospital mortality 91/60 vs. 6/60), overall survival but not disease
free survival] from anterior approach compared with the conventional approach [61]. How‐
ever the anterior approach can potentially be dangerous” because “torrential bleeding can
occur at the deeper plane of parenchymal transection” and “without prior mobilization of the
right liver and the tumor, and control of the right hepatic vein, bleeding can be substantial and
difficult to control. Therefore the anterior approach can be an effective alternative when
difficulty is encountered during liver mobilization utilizing the conventional technique [62].

5.2. Anatomic (AR) vs. Non-Anatomic Resections (NAR)

Microportal invasion and intrahepatic metastasis were considered to be the most important
factors leading to recurrence and were associated with poor prognosis [26], [63], [64]. Therefore
anatomic resection [65] (AR), which is the systematic removal of a hepatic segment/s bearing
the tumour/s. Theoretically, this procedure may be effective in eradicating intrahepatic
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metastasis of HCC, leading to more favorable results in HCC patients. Although some authors
have reported that AR may prevent hepatic recurrence and prolong survival [7–9], others have
failed to detect survival benefits of AR [10–12]. Thus, the superiority of AR compared to non-
anatomic resection (NAR) remains controversial. A recent metaanalysis of 16 nonrandomized
studies involving 2,917 patients (AR n=1,577 vs NAR n= 1,340) reported that AR was charac‐
terized by better survival and lower local recurrence rates than NAR for the treatment of HCC
[66]. Patients in the AR group had lower prevalence of cirrhosis and hepatitis virus infection,
better liver function, and larger tumor size compared with patients in the NAR group. AR
provided a better 5-year overall survival than NAR (OR, 1.63; 95% CI, 1.15-2.32). Local
recurrence (OR, 0.28; 95% CI, 0.16-0.50) and early (≤2 years) recurrence (OR, 0.55; 95 CI,
0.34-0.89) were all significantly lower in the AR group. AR improved disease-free survival
significantly at 3 years (OR, 2.09; 95% CI, 1.52-2.88) and 5 years (OR, 2.24; 95% CI, 1.85-2.72).
There were no differences regarding postoperative morbidity, mortality, and length of hospital
stay between two groups. However another metaanalysis reported on nine comparative
studies comprising 1,503 patients (833 AR and 670 NAR) [67]. In the combined results, disease-
free survival was significantly higher in the AR group than in the NAR group (OR 1.78, 95%
CI 1.22-2.59, P = 0.003; heterogeneity P = 0.08). Given the heterogeneity in the studies the
authors cautioned against acceptance of the results. Presence of cirrhosis is a well-established
risk factor not only for both hepatocellular carcinoma occurrence but also for recurrence after
hepatic resection [2, 4, 5] in comparison to chronic hepatitis without cirrhosis. Since most of
cirrhotic patients were submitted to NAR to save the liver parenchyma as much as possible to
avoid postoperative liver failure, the end result of Zhou et al. is a natural consequence of this
fundamental bias of the study population therefore the jury regarding the superiority of AR
for HCC is still out [68].

5.3. Laparoscopic liver resection for HCC

Laparoscopic liver resection (LLR) was first reported in the early nineties as a novel procedure
and initially adopted for non-anatomical liver wedge resection for peripheral benign tumors
[69]. With increasing advances in instrumentation and techniques, LLR has been established
as a safe and feasible option for both benign and malignant liver lesions. A world review of
laparoscopic liver resection (2804 patients, 127 published papers, both malignant and benign
tumours) demonstrated that the procedure in experienced hands carries an acceptable
morbidity and mortality for both minor and major hepatectomy [70]. Intuitively it does appear
that for patients with a solitary HCC <5 cm in the periphery of the liver i.e. segments 2, 3, 4b,
5, and 6, compensated liver disease in the absence of significant portal hypertension, LLR has
an important role. A number of advantages have been recognized when comparing LLR vs
LR from case-matched analyses [71], [72] and case series - including reductions in postopera‐
tive pain, less blood loss, lower blood transfusion requirements, less operative morbidity [71],
and shorter length of hospitalization [71] with similar long-term outcomes [71] especially for
cirrhotic patients [72]. However to date there are no randomized trials comparing these 2
modes of surgery.
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At least 3 different meta-analyses [73] [74], [75] have been published in the last 20 months
comparing available evidence for and against LLR vs LR for HCC. All 3 analyses concluded
that LLR results in less blood loss, decreased rate of intraoperative transfusion and shorter
lengths of hospital stay with no adverse impact long-term oncologic outcomes or increased
risk of tumor recurrence. In fact for tumours in the periphery of the liver, resection can be
performed with reduced mortality and morbidity and equivalent oncologic outcomes, disease-
free survival, and overall survival when compared with similarly selected cirrhotic patients
undergoing open resection [76].

Importantly, because HCC recurrence remains high in the cirrhotic liver, treatment following
surgical resection mandates routine surveillance and further treatment of the recurrence either
by locoregional therapy, re-resection, or transplantation as appropriate - the latter two of which
are facilitated by an initial laparoscopic resection [76], [77].

6. Long-term outcome after liver resection for HCC

The majority of patients presenting with hepatocellular cancer are inoperable, largely due to
extent of disease and poor liver function. The overall resection rate is <40% with a long term
survival – of no more than 15%, due largely to the high post op mortality rate, intra-hepatic
recurrence, distant metastases, progressive liver disease and the lifelong risk of hepatitis –
although the new treatment options now available may reduce the risk in the long term.

Reviewing survival after resection for HCC in 17 series reported since 2000, each of which
included more than 100 patients Takayama [78] et al. reported median survival rates of 80%
(range 63 – 97%) at 1-year, 70% (34 – 78%) at 3 years and 50% (17–69%) at 5 years. Such wide
ranges of survival rates are attributed mainly to differences in the HCC stage among the
studies, but the survival rate is obviously much better for early-stage HCCs [79].

There is a large variation in the mortality rate following resection due to differences in
definitions thus making inter-series comparisons difficult, this being further complicated by
the mix of cirrhotic and non-cirrhotic patients, and various distributions of Child-Pugh status.
Irrespective of the presence or absence of cirrhosis, the median perioperative mortality rate
either 30 day or in-hospital mortality was a median of 4.7% with a range from 0 to 21.1%, with
lower rates seen in series with larger volumes irrespective of underlying liver disease [80].

HCC frequently recurs after curative liver resection. The post- operative 5-year recurrence rate
is 77–100%, and median survival after recurrence is 7–28 months [81]. Nonetheless, the long-
term survival after hepatectomy remains unsatisfactory because of the high incidence of
recurrence. Intrahepatic recurrences are the most common and are seen in up to 36.8–78% of
patients [82]. About 80% of recurrent tumors develop exclusively within the liver, and only
20% of such tumors are resectable. As a treatment option, repeat liver resection has plays an
important role in selected patients, yielding results similar to those after primary resection,
with a 5-year survival rate of about 50%. Japanese authors have proposed that repeat resection
is indicated for the treatment of recurrence in patients with a single HCC at the first resection,
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metastasis of HCC, leading to more favorable results in HCC patients. Although some authors
have reported that AR may prevent hepatic recurrence and prolong survival [7–9], others have
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risk factor not only for both hepatocellular carcinoma occurrence but also for recurrence after
hepatic resection [2, 4, 5] in comparison to chronic hepatitis without cirrhosis. Since most of
cirrhotic patients were submitted to NAR to save the liver parenchyma as much as possible to
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[69]. With increasing advances in instrumentation and techniques, LLR has been established
as a safe and feasible option for both benign and malignant liver lesions. A world review of
laparoscopic liver resection (2804 patients, 127 published papers, both malignant and benign
tumours) demonstrated that the procedure in experienced hands carries an acceptable
morbidity and mortality for both minor and major hepatectomy [70]. Intuitively it does appear
that for patients with a solitary HCC <5 cm in the periphery of the liver i.e. segments 2, 3, 4b,
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At least 3 different meta-analyses [73] [74], [75] have been published in the last 20 months
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patients [82]. About 80% of recurrent tumors develop exclusively within the liver, and only
20% of such tumors are resectable. As a treatment option, repeat liver resection has plays an
important role in selected patients, yielding results similar to those after primary resection,
with a 5-year survival rate of about 50%. Japanese authors have proposed that repeat resection
is indicated for the treatment of recurrence in patients with a single HCC at the first resection,
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a disease-free interval longer than 1 year and recurrent HCC with no portal invasion [78]. In
patients who met these criteria, the 5-year survival rate was 86% after the second resection [83].

Predictors of poor outcomes in HCC are common to all therapeutic approaches and include
more than three tumors, a tumor size larger than 5 cm, portal vein invasion, intrahepatic
metastases, absence of a tumor pseudocapsule, advanced TNM stage (III or IV), Hepatitis C
viral infection [84] and a Child – Pugh class of C [85]. The most important factors appear to be
vascular invasion and liver function [86].

7. Liver resection prior to liver transplantation (Salvage liver
transplantation)

Resection can be used as a treatment for HCC prior to LT in three different settings. First,
resection can be used as a primary therapy, and LT reserved as a ‘‘salvage’’ therapy for patients
who develop recurrence or liver failure. Second, resection can be used as an initial therapy to
select patients who might get benefit from LT, according to detailed pathological examination
of the tumor and the surrounding liver parenchyma. Third, resection can be used as a ‘‘bridge’’
therapy for patients who have already been enlisted for LT. Salvage LT has been performed
for recurrent HCC or deterioration of liver function after primary liver resection.

Resection as the first-line treatment for patients with small HCC with preserved liver function,
followed by salvage transplantation only for recurrence or liver failure is an attractive option.
Initial resection, which should be preferably an anatomic resection, gives rapid access to an
effective therapy, without the need for a donor, and offers 5-year survival rates exceeding 50%
with a good quality of life [87]. The main obstacle to this strategy is the risk of ‘‘loss of chance
of cure’’ in case of rapid and extensive recurrence not amendable to salvage LT. At the time of
recurrence, salvage LT is only applicable/gives best results in patients with a tumor within the
Milan criteria.

Another justification for resection prior to transplantation is that it helps refine the selection
process, giving access to detailed pathological examination of the tumor and the surrounding
liver parenchyma. Important prognostic information can be obtained, including differentia‐
tion, presence of satellite nodules, and the presence of microvascular and capsular invasions.
As a result, resection may help avoid transplantation in patients with tumors apparently within
the Milan criteria but with histological features of especially poor prognosis. In contrast,
resection may help decide on transplantation in patients with tumors slightly outside the Milan
criteria but with histological features of good prognosis.

Resection can also be used as a ‘‘bridge’’ therapy in patients already enlisted for LT. TACE
and radiofrequency ablation, which are the mainstays of ‘‘bridge’’ therapies, can be chal‐
lenged  by  resection,  which  provides  the  best  control  of  the  tumour,  allowing  accurate
histological assessment of both the tumour and the underlying liver status. Although limited
resection appears to be sufficient in this setting, it is associated with increased risk and is only
appropriate for patients with peripheral tumours and Child A cirrhosis. The subsequent LT
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may be made more difficult. The use of laparoscopic or transthoracic approaches for periph‐
eral tumours may further contribute to expand this strategy by minimizing technical difficul‐
ties  during  the  transplant  procedure  (vide  supra).  An  important  consideration  is  that
significant  adhesions  and  anatomical  distortion  exist  in  the  abdomen  following  LR,  al‐
though LLR seems to have a benefit to facilitate later LT by reducing these (vide supra).
Although it has been claimed that prior LR neither increases operative morbidity nor impairs
survival following cadaveric LT [88], this strategy is by no means universally acceptable [89].
This is due to LT after liver resection being associated with a higher operative mortality, an
increased risk of recurrence, and a poorer outcome than primary LT [89]. In addition, liver
resection as a bridge to LT impairs the patient transplantability and the chance of long-term
survival of cirrhotic patients with HCC [89]. Indeed a recent comparative analysis of prognos‐
tic factors for HCC recurrence in a Western and an Eastern HCC patient cohort revealed on
multi-variate analysis that that our independent risk factors for post-LT HCC recurrence:
micro- vascular invasion (odds ratio, OR = 4.88; p = 0.001), poor tumour grading (OR = 6.86;
p = 0.002), diameter of the largest tumour (OR = 4.72; p = 0.05), and previous liver resection
(LR) (OR = 3.34; p = 0.04) [90]. It is therefore suggested that primary LT should therefore remain
the ideal  choice of  treatment of a cirrhotic patient with HCC, even when the tumour is
resectable.  The salvage LT strategy should therefore be restricted to those patients  with
favourable oncological factors, thereby excluding patients with poor tumour grading, vascular
invasion, diameter >3 cm and presence of satellite nodules at pathological examination, as
recently suggested by the Belghiti group [91].

8. Liver transplantation for HCC

Liver transplantation (LT) is the treatment of choice for Child B and C patients with HCC but
LT is limited by the lack of donor organs (demand exceeds availability) and the therapy cannot
be given immediately (at least in the cadaveric LT setting)! One of the consequences of this
shortage is that access to transplantation is usually restricted by rules that take into account
need, transplant benefit, utility and distributive justice.

Liver transplantation for HCC before 1995 yielded disappointing results; 2-year survivals were
30% or less [92], [93], 3-year survival 3-year survival rates of 21% to 47% and the recurrence
rates were high after transplantation (29% to 54%) [94]. These results were due to a bias toward
performing transplantation for patients with unrespectable tumours. Through the 1980s and
early 1990s, hepatic resection remained the treatment of choice for patients with early HCC
and enough hepatic reserve to tolerate resection. Therefore, transplantation was often left to
those with unresectable tumours (large, multiple, or both). The disappointing results called
into question the value of transplantation for HCC [95]. However, within the total cohort of
HCC patients who underwent transplantation, centers also reported on subgroups with early-
stage disease that did well [96], [97]. Specifically, it was known that patients who had under‐
gone transplantation and were found to have incidental small HCCs on histological
examination of the explanted liver had excellent disease-free survival [98], [99].
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lenged  by  resection,  which  provides  the  best  control  of  the  tumour,  allowing  accurate
histological assessment of both the tumour and the underlying liver status. Although limited
resection appears to be sufficient in this setting, it is associated with increased risk and is only
appropriate for patients with peripheral tumours and Child A cirrhosis. The subsequent LT
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though LLR seems to have a benefit to facilitate later LT by reducing these (vide supra).
Although it has been claimed that prior LR neither increases operative morbidity nor impairs
survival following cadaveric LT [88], this strategy is by no means universally acceptable [89].
This is due to LT after liver resection being associated with a higher operative mortality, an
increased risk of recurrence, and a poorer outcome than primary LT [89]. In addition, liver
resection as a bridge to LT impairs the patient transplantability and the chance of long-term
survival of cirrhotic patients with HCC [89]. Indeed a recent comparative analysis of prognos‐
tic factors for HCC recurrence in a Western and an Eastern HCC patient cohort revealed on
multi-variate analysis that that our independent risk factors for post-LT HCC recurrence:
micro- vascular invasion (odds ratio, OR = 4.88; p = 0.001), poor tumour grading (OR = 6.86;
p = 0.002), diameter of the largest tumour (OR = 4.72; p = 0.05), and previous liver resection
(LR) (OR = 3.34; p = 0.04) [90]. It is therefore suggested that primary LT should therefore remain
the ideal  choice of  treatment of a cirrhotic patient with HCC, even when the tumour is
resectable.  The salvage LT strategy should therefore be restricted to those patients  with
favourable oncological factors, thereby excluding patients with poor tumour grading, vascular
invasion, diameter >3 cm and presence of satellite nodules at pathological examination, as
recently suggested by the Belghiti group [91].
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Liver transplantation (LT) is the treatment of choice for Child B and C patients with HCC but
LT is limited by the lack of donor organs (demand exceeds availability) and the therapy cannot
be given immediately (at least in the cadaveric LT setting)! One of the consequences of this
shortage is that access to transplantation is usually restricted by rules that take into account
need, transplant benefit, utility and distributive justice.

Liver transplantation for HCC before 1995 yielded disappointing results; 2-year survivals were
30% or less [92], [93], 3-year survival 3-year survival rates of 21% to 47% and the recurrence
rates were high after transplantation (29% to 54%) [94]. These results were due to a bias toward
performing transplantation for patients with unrespectable tumours. Through the 1980s and
early 1990s, hepatic resection remained the treatment of choice for patients with early HCC
and enough hepatic reserve to tolerate resection. Therefore, transplantation was often left to
those with unresectable tumours (large, multiple, or both). The disappointing results called
into question the value of transplantation for HCC [95]. However, within the total cohort of
HCC patients who underwent transplantation, centers also reported on subgroups with early-
stage disease that did well [96], [97]. Specifically, it was known that patients who had under‐
gone transplantation and were found to have incidental small HCCs on histological
examination of the explanted liver had excellent disease-free survival [98], [99].
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In the current era the benchmark for LT in HCC is the Milan criteria. Following years of
unrestricted use of LT for HCC with survival post LT being dismal (vide supra), the Milan
criteria were introduced [100]. This prospective study included single tumours up to 5 cm or
up to 3 tumours each not more than 3 cm and after four years their actuarial survival rate was
75%, the rate of recurrence-free survival was 83% and recurrence was seen in 8%. These results
have been duplicated other in large cohorts [101] [102]. The Milan criteria have been widely
implemented - the TNM staging system was modified such that T2 corresponds to the Milan
criteria, UNOS has adopted these changes into their policy on recipient prioritization for liver
transplantation and the BCLC staging system has incorporated the Milan Criteria into tis
algorithm.

9. Assessment of candidates for LT

Staging of HCC patients (Table 1) should not only assess the tumour in the liver but also take
into account the background liver disease and their performance status [103]. This will improve
the accuracy of prognostication and enable selection of specific treatment alternatives.

Despite significant technological advances in cross-sectional imaging techniques (ultrasonog‐
raphy, CT, and MRI), standard imaging methods can underestimate or overestimate the extent
of HCC in up to 25% of cases, compared with pathological findings of the explanted liver [104].
Conclusive imaging features rely on the presence of arterial enhancement followed by washout
on portal venous or delayed imaging [105]. Dynamic CT or MRI, including unenhanced,
arterial, portal venous, and delayed phases, provide improved sensitivity and specificity as
compared with standard techniques of the past. Currently, there is no data showing the
superiority of either MRI or CT. Dynamic ultrasonography has improved the accuracy of ultra
sonography, but is less useful than CT or MRI because of the inability to reliably acquire images
of the entire liver during a particular contrast phase. The American Association for the Study
of Liver Disease (AASLD) has proposed an algorithm for diagnosis of HCC based on availa‐
bility of state-of-the-art CT or MRI [106]. Bone scintigraphy has been used for evaluating bone
metastases; however, the technique is poor in terms of cost-effectiveness when used routinely.
There is insufficient data to propose [18] F-fluorodeoxyglucose (FDG)-PET for staging HCC
before liver transplantation although PET scans using other isotopes (carbon-11, Fluorine-18
choline) have been utilized in staging HCC [107].

10. UK guidelines

The criteria first published in 2003 [108] for selection to the transplant list for cases with HCC
has recently been revised. The current UK guidelines from May 2008 [109] (UK Guidelines for
the management of suspected hepatocellular carcinoma (HCC) in adults) advise the following:

1. Radiological assessment should include both multidetecor (MD) CT and MRI, with size
assessed by the widest dimensions of the neoplasm on either modality.
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2. A lesion (for the purposes of counting numbers) will require to be identified as an
arterialised focal abnormality with portal phase washout on MDCT or Gd enhanced MR.
Other lesions are considered indeterminate.

3. Tumour rupture and an AFP > 10,000 IU/l are absolute contraindications to transplanta‐
tion, as are extrahepatic spread and macroscopic vascular invasion.

4. The following are criteria for listing for transplantation; standard Milan criteria or the new
UK criteria, which include: up to 5 lesions all < 3 cm single lesion > 5 cm < 7 cm diameter
where there has been no evidence of tumour progression (volume increase by <20%; no
extrahepatic spread; no new nodule formation) over a 6 month period. Locoregional +/-
chemotherapy may be given during that time. Their waiting list place may be considered
from the time of their first staging scan.

5. Locoregional therapy should be considered for all transplant list cases.

6. Cases outwith current proposed selection criteria will not be selectable on to the transplant
list after their tumour has been downsized by surgical or loco-regional treatments.

When utilising staging systems; clinical based systems are probably of greater use rather than
the TNM (pathological classification) or the upto-7 criteria [110] (which relies on micro-
vascular invasion) given that clinical decisions can be made more appropriately and prognostic
information can be provided in counselling patients for such treatment. This is where the BCLC
treatment algorithm becomes useful and indeed has been validated in cohorts outside of spain
for this purpose. The International consensus report [103] recommended the use of BCLC
staging system when considering treatment options (Evidence level 2b Strong recommenda‐
tion) and the TNM system to assess prognosis after transplantation (Evidence level 2b Strong
recommendation).

11. Role of tumour biopsy

A tissue diagnosis of a suspicious liver lesion would be an ideal guide to appropriate treatment
in the setting of equivocal imaging and serology. Increasing advances in imaging (scanning
machines and techniques) resulting in better discrimination of hypervascular lesions into HCC
or other tumours has resulted in a decreasing need for pre-listing biopsy of tumours suspect‐
ed of being HCC. The accuracy of cross-sectional imaging in diagnosing small malignant liver
tumours (less than 2 cm), especially in the cirrhotic liver, however, remains problematic with
sensitivities for MRI detection of such lesions being 13–67% and approaching 100% for lesions
more than 3 cm [111] [112] [113]. Therefore the European Association for the Study of the Liver
(EASL) permitted needle biopsy of lesions ranging from 10 to 20 mm in diameter in patients
with cirrhosis [114] this has however been updated in 2012. Tumour biopsy is not required in
cirrhotic patients considered for liver transplantation who have high-quality dynamic CT or
MRI findings typical for HCC and a lesion larger than 1 cm according to current AASLD
guidelines [106]; and for patients with lesions smaller or equal to 10 mm or atypical find‐
ings, non-invasive imaging does not allow an accurate diagnosis, and should not be used to
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sensitivities for MRI detection of such lesions being 13–67% and approaching 100% for lesions
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with cirrhosis [114] this has however been updated in 2012. Tumour biopsy is not required in
cirrhotic patients considered for liver transplantation who have high-quality dynamic CT or
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make a decision for or against transplantation. These recommendations were incorporated
into  the  2012  International  consensus  conference  report  [103]  and  EASL endorses  these
guidelines [115].

A systematic review [116] of 8 studies (none were RCT) revealed a needle track risk of seeding
of 2.7% (CI 1.8 – 4) overall or 0.9% per year with a median time of about 17 (IQR 7- 48) months.
However whether this risk does impact on treatment delivery and outcome from it is open to
question [117]. In addition tumour biopsy has other limitations: The specificity of liver biopsy
is close to 100%, but sensitivity varies depending on location of the tumour, needle size (86–
90% with an 18 gauge cutting needle, 67% with 21–22 gauge needle), and tumour size (>90%
for nodules >1 cm vs 83% for nodules <1 cm) [103] [118], [119]. A positive tumour biopsy is
clinically relevant to rule in a diagnosis of HCC, but a negative biopsy is less useful. It is
however clear that in the presence of unequivocal evidence i.e. AFP levels greater than 400 ng/
L and imaging characteristics in a patient with known cirrhosis, there is no need for tumour
biopsy according to the UNOS recommendations.

The recently updated European clinical practice guidelines for the management of HCC [115],
referred to above, highlight the importance of preventive strategies and implementation of
surveillance in those at risk. Surveillance with either USS or a combination of USS with serum
alpha-fetoprotein is widely adopted with the intention of detecting early tumours in patients
fit enough for surgical treatment. The diagnostic criteria for HCC as referred to in the consensus
document are summarised in Table 2.

Size of nodule Cirrhotic patient only

Nodule <1cm 4 month recall

Nodule 1-2cm Non-invasive criteria i.e. typical features on one imaging technique, or biopsy

Nodule >2cm Non-invasive criteria, with biopsy if atypical radiological features or uncertainty.

Table 2. Table for Diagnosis of HCC

Non-invasive criteria can only be applied to cirrhotic patients and should be based on triple
or 4-phase CT scan or dynamic contrast enhanced MRI. The typical radiological hallmark of
HCC is a hypervascular lesion relative to non-tumour liver in the arterial phase of a scan, with
subsequent washout in venous or delayed phases. If features are suboptimal on one imaging
modality, especially for small lesions, a second imaging technique (i.e. MRI + CT, not contrast
enhanced USS) is recommended. In pathological diagnosis, in addition to assessment by an
expert liver histopathologist, immunostaining for glypican-3, glutamine synthase are recom‐
mended to differentiate high grade dysplastic nodules from early HCC. In non-cirrhotic
patients with a suspicious liver nodule (s), biopsy of non-tumour and tumour liver should be
performed to confirm the diagnosis in patients who are candidates for treatment.
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12. MELD prioritization points

Following publication of the Milan criteria, the suitability of certain patients with HCC for
LT led to an increasing number of patients being put forward for this procedure during the
1990s and early 2000s. Increasing demand and shortage of available organs led to long waiting
times and stage progression for these patients with HCC whilst on the W/L leading them
becoming unsuitable for Tx; in Spain the wait time increased from 62 to 162 days [44] and in
the USA 25% of HCC patients dropped off the list every year [120]. When the MELD-based
prioritization system for liver transplantation replaced the Child-Pugh system in February
2002, patients with HCC were given prioritization points as the MELD was not affected by
the presence of HCC. Earlier under the CTP system patients with T2 or lower HCC were
moved  into  a  higher-priority  group  (status  2B),  but  waiting  time  within  the  group  re‐
mained a significant factor and that was perceived as a significant injustice to HCC pa‐
tients. Under the MELD prioritization the system initially gave additional points (up to 24
for T1 HCC and 29 for patients with T2 HCC) with extra points being added every 90 days
spent on the waiting list - to represent a 10% increase in mortality. Although the average
waiting time decreased from 2.28 years before the MELD system to 0.69 years under MELD,
and >85% of HCC patients waited less than 90 days for transplantation and Tx for HCC tripled
it went too far. Non-HCC patients with MELD scores of 24 to 29 had a higher chance of dying
or dropping off the list because they often had more significant hepatic decompensation than
HCC patients with MELD plus points. Also, the increase in transplantations for HCC had an
adverse effect on organ allocation [121]. Fourteen percent of transplants performed for HCC
had no HCC on explant histology in the first 8 months of MELD system [122]. This pre-
transplantation false-positive diagnosis occurred more often for small, single lesions (e.g.,
T1). Moreover, data from the pre-MELD era indicated that patients with T1 lesions had less
than a 10% risk of dropout in the first year listed. Conversely, patients with T2 lesions were
responsible for much of the poor intention-to-treat outcomes under the old system [123].
Because of these data, the assigned MELD scores for patients with HCC were decreased to
20 and 24 for T1 and T2 lesions, respectively, in April 2003. Therefore the assigned MELD
scores for patients with HCC were decreased to 20 and 24 for T1 and T2 lesions, respective‐
ly, in April 2003. This change decreased the proportion of transplantations performed for
HCC from 21% to 14% [122]. Before MELD, the rate was 8%. More recently, the score upgrade
for T1 lesions (20 points) was eliminated, so that now only patients with T2 lesions may
receive a score upgrade (initially 24 points and now 22 points). The effects of these changes
are not yet known.

Expansion of Milan criteria: Proponents of expanding the current criteria are driven by the
increasing number of HCC patients in need of treatment and the observation that some
patients with tumour burdens exceeding the Milan criteria do have long, disease-free survival
after  transplantation.  Several  studies  have  reported  a  good  outcome  for  some  patients
transplanted outside these conventional criteria and the nature of these criteria has been
challenged for being too strict, because they exclude specific subgroups with meaningful,
although lower, chances to benefit from transplantation. Furthermore, some patients might
be excluded from transplantation as a result of the improvement in the accuracy of imaging
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make a decision for or against transplantation. These recommendations were incorporated
into  the  2012  International  consensus  conference  report  [103]  and  EASL endorses  these
guidelines [115].
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The recently updated European clinical practice guidelines for the management of HCC [115],
referred to above, highlight the importance of preventive strategies and implementation of
surveillance in those at risk. Surveillance with either USS or a combination of USS with serum
alpha-fetoprotein is widely adopted with the intention of detecting early tumours in patients
fit enough for surgical treatment. The diagnostic criteria for HCC as referred to in the consensus
document are summarised in Table 2.

Size of nodule Cirrhotic patient only

Nodule <1cm 4 month recall

Nodule 1-2cm Non-invasive criteria i.e. typical features on one imaging technique, or biopsy

Nodule >2cm Non-invasive criteria, with biopsy if atypical radiological features or uncertainty.

Table 2. Table for Diagnosis of HCC

Non-invasive criteria can only be applied to cirrhotic patients and should be based on triple
or 4-phase CT scan or dynamic contrast enhanced MRI. The typical radiological hallmark of
HCC is a hypervascular lesion relative to non-tumour liver in the arterial phase of a scan, with
subsequent washout in venous or delayed phases. If features are suboptimal on one imaging
modality, especially for small lesions, a second imaging technique (i.e. MRI + CT, not contrast
enhanced USS) is recommended. In pathological diagnosis, in addition to assessment by an
expert liver histopathologist, immunostaining for glypican-3, glutamine synthase are recom‐
mended to differentiate high grade dysplastic nodules from early HCC. In non-cirrhotic
patients with a suspicious liver nodule (s), biopsy of non-tumour and tumour liver should be
performed to confirm the diagnosis in patients who are candidates for treatment.
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the presence of HCC. Earlier under the CTP system patients with T2 or lower HCC were
moved  into  a  higher-priority  group  (status  2B),  but  waiting  time  within  the  group  re‐
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tients. Under the MELD prioritization the system initially gave additional points (up to 24
for T1 HCC and 29 for patients with T2 HCC) with extra points being added every 90 days
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it went too far. Non-HCC patients with MELD scores of 24 to 29 had a higher chance of dying
or dropping off the list because they often had more significant hepatic decompensation than
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adverse effect on organ allocation [121]. Fourteen percent of transplants performed for HCC
had no HCC on explant histology in the first 8 months of MELD system [122]. This pre-
transplantation false-positive diagnosis occurred more often for small, single lesions (e.g.,
T1). Moreover, data from the pre-MELD era indicated that patients with T1 lesions had less
than a 10% risk of dropout in the first year listed. Conversely, patients with T2 lesions were
responsible for much of the poor intention-to-treat outcomes under the old system [123].
Because of these data, the assigned MELD scores for patients with HCC were decreased to
20 and 24 for T1 and T2 lesions, respectively, in April 2003. Therefore the assigned MELD
scores for patients with HCC were decreased to 20 and 24 for T1 and T2 lesions, respective‐
ly, in April 2003. This change decreased the proportion of transplantations performed for
HCC from 21% to 14% [122]. Before MELD, the rate was 8%. More recently, the score upgrade
for T1 lesions (20 points) was eliminated, so that now only patients with T2 lesions may
receive a score upgrade (initially 24 points and now 22 points). The effects of these changes
are not yet known.

Expansion of Milan criteria: Proponents of expanding the current criteria are driven by the
increasing number of HCC patients in need of treatment and the observation that some
patients with tumour burdens exceeding the Milan criteria do have long, disease-free survival
after  transplantation.  Several  studies  have  reported  a  good  outcome  for  some  patients
transplanted outside these conventional criteria and the nature of these criteria has been
challenged for being too strict, because they exclude specific subgroups with meaningful,
although lower, chances to benefit from transplantation. Furthermore, some patients might
be excluded from transplantation as a result of the improvement in the accuracy of imaging
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techniques that enable the identification of very small lesions (<1 cm), which were undetecta‐
ble a decade ago. Most of the studies on patients exceeding Milan criteria, however, are
retrospective, with only a small number of patients, disease of variable severity, and short
follow-up [124] [6], [125] [126].

In the context of shortage of available grafts, decisions have to take into account the collective
benefit of all potential liver recipients, in addition to the benefit for the individual patient. Even
though a survival opportunity considerably lower than that achieved in non-HCC patients
might be considered worth the risk of surgery for some patients with HCC, the negative effects
on others on the donor list must be taken into consideration. The international consensus group
[103] recommended that liver transplantation should be reserved for HCC patients who have
a predicted 5-year survival comparable to non-HCC patients.

Milan criteria 5-year survival

Single tumour ≤ 5cm 85%

Not more than 3 tumours, largest ≤ 3 cm

UCSF

Single lesion ≤ 6.5 cm 80%

Multiple lesions ≤ 3 cm

Largest tumour diameter if multiple ≤ 4.5 cm

Total tumour diameter if multiple ≤ 8 cm

UK criteria

Single lesion lesion > 5 cm < 7 cm diameter where there has been no evidence of tumour

progression (volume increase by <20%; no extrahepatic spread; no new nodule formation)

over a 6 month period.

If multiple, up to 5 lesions all < 3 cm

Metro-ticket (up-to 7 criteria)

Single tumour 7 cm 71%

Multiple tumours seven as the sum of the size of the largest tumour [in cm] and the number

of tumours

* All survival figures depend on absence of vascular invasion. The metroticket model can predict for 3- and 5-year survival
with and without vascular invasion (http://www.hcc-olt-metroticket.org/calculator/)

Table 3. Liver Transplantation criteria for HCC

The UCSF group found that patients who had undergone transplantation with single tumours
up to 6.5 cm or no more than 3 tumours with maximum sum of diameters up to 8 cm and no
tumour larger than 4.5 cm had acceptable disease-free survival, similar to that of patients who
met Milan criteria [126]. This data was based on explant histology sizing and not on pretrans‐
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plantation imaging. A follow-up study on a larger number of patients confirmed an acceptable
5-year disease-free survival of 88.5%, compared with 93.8% for those who met Milan criteria
[123]. These findings have been subsequently prospectively validated based on pre-operative
imaging too [127]. Numerous other expansions of Milan have been proposed including single
lesions - 6 cm or up to 3 tumours, but none more than 5 cm where recurrence-free survival was
70% at 3 years [128], and the Up-to-seven criteria (Metroticket prognostication model -
hepatocellular carcinomas with seven as the sum of the size of the largest tumour [in cm] and
the number of tumours with or without vascular invasion) where a 5-year overall survival of
71 2% (64 3–77 0) was seen [110]. But these have not been validated prospectively. Therefore
the international consensus group [103] recommended only modest expansion of the Milan
criteria (in line with UCSF recommendations) but emphasised that this should occur on the
background of an individual centres waiting list of non-HCC patients, waiting list mortality
and the loco-regional scarcity/abundance of donor organs.

13. Role of downstaging

An attractive strategy to improve the results of liver transplantation for expanded criteria HCC
is downstaging to within Milan criteria using loco-regional therapy. The goal of downstaging
using therapy, as alcohol injection, radiofrequency ablation (RFA), transarterial chemoembo‐
lization (TACE), transarterial radioembolisation/selective internal radiotherapy (TARE/SIRT),
or liver resection, is to decrease the tumour size and number in patients initially presenting
with tumours that do not meet locally acceptable criteria for liver transplantation.

Theoretically, a downstaged tumour may carry a reduced risk of posttransplant recurrence
comparable to that of one initially within the Milan criteria. More importantly, downstaging
may allow selection of tumours with more favourable biology that respond well to treatment
and also do well after liver transplant.

Two prospective studies showed that survival after liver transplantation in patients with large
tumour burden successfully treated by downstaging was similar to survival in patients who
initially met the criteria for transplantation. Pinna et al. compared the outcome of patients
down-staged from outside Milan (n=48) to those within Milan (n=129) and reported similar LT
rates (67 vs 68%), 1- and 3-year survival rates (71% vs 80% and 71% vs 78% respectively)
between the 2 groups with no significant difference in actuarial intention to treat survival
between the 2 groups (56.3% vs 62.8%) [129]. Forty-three patients were downstaged to meet
the Milan criteria with a combination of liver resection, local ablation or TACE. Ten patients
dropped out before transplantation due to liver failure (n = 2) or tumour progression (n = 8)
and 32 underwent liver transplantation. The rate of dropout due to cancer progression was,
as expected, higher in the downstaging group (27.1% vs. 11.6%) with more advanced HCC
and the dropout should be regarded as a part of the selection process in order to achieve an
acceptable posttransplant outcome in these patients. The authors rightly stated in the discus‐
sion, ‘we clinically selected the HCCs with a more favourable biology’. Interestingly in this
series nearly 70% of the patients in this series of expanded criteria recipients had serum
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The UCSF group found that patients who had undergone transplantation with single tumours
up to 6.5 cm or no more than 3 tumours with maximum sum of diameters up to 8 cm and no
tumour larger than 4.5 cm had acceptable disease-free survival, similar to that of patients who
met Milan criteria [126]. This data was based on explant histology sizing and not on pretrans‐
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plantation imaging. A follow-up study on a larger number of patients confirmed an acceptable
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lesions - 6 cm or up to 3 tumours, but none more than 5 cm where recurrence-free survival was
70% at 3 years [128], and the Up-to-seven criteria (Metroticket prognostication model -
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71 2% (64 3–77 0) was seen [110]. But these have not been validated prospectively. Therefore
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criteria (in line with UCSF recommendations) but emphasised that this should occur on the
background of an individual centres waiting list of non-HCC patients, waiting list mortality
and the loco-regional scarcity/abundance of donor organs.
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is downstaging to within Milan criteria using loco-regional therapy. The goal of downstaging
using therapy, as alcohol injection, radiofrequency ablation (RFA), transarterial chemoembo‐
lization (TACE), transarterial radioembolisation/selective internal radiotherapy (TARE/SIRT),
or liver resection, is to decrease the tumour size and number in patients initially presenting
with tumours that do not meet locally acceptable criteria for liver transplantation.

Theoretically, a downstaged tumour may carry a reduced risk of posttransplant recurrence
comparable to that of one initially within the Milan criteria. More importantly, downstaging
may allow selection of tumours with more favourable biology that respond well to treatment
and also do well after liver transplant.

Two prospective studies showed that survival after liver transplantation in patients with large
tumour burden successfully treated by downstaging was similar to survival in patients who
initially met the criteria for transplantation. Pinna et al. compared the outcome of patients
down-staged from outside Milan (n=48) to those within Milan (n=129) and reported similar LT
rates (67 vs 68%), 1- and 3-year survival rates (71% vs 80% and 71% vs 78% respectively)
between the 2 groups with no significant difference in actuarial intention to treat survival
between the 2 groups (56.3% vs 62.8%) [129]. Forty-three patients were downstaged to meet
the Milan criteria with a combination of liver resection, local ablation or TACE. Ten patients
dropped out before transplantation due to liver failure (n = 2) or tumour progression (n = 8)
and 32 underwent liver transplantation. The rate of dropout due to cancer progression was,
as expected, higher in the downstaging group (27.1% vs. 11.6%) with more advanced HCC
and the dropout should be regarded as a part of the selection process in order to achieve an
acceptable posttransplant outcome in these patients. The authors rightly stated in the discus‐
sion, ‘we clinically selected the HCCs with a more favourable biology’. Interestingly in this
series nearly 70% of the patients in this series of expanded criteria recipients had serum
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alphafetoprotein < 30 ng/mL. Serum alphafetoprotein has been found to be an important
prognostic indicator for patients with HCC after liver transplantation and the incorporation
of serum alphafetoprotein into a scoring system [130] as selection criteria can help to identify
the high-risk, high-volume HCC for exclusion and the low-risk, low-volume HCC [131] for LT
after down-staging. It is likely that downstaging may simply provide another mode of selection
but its advantage over more simple selection criteria such as tumour size and number,
histologic features or serum alphafetoprotein remains to be confirmed by further studies.

In another prospective study [132], 43/61 (70.5%) patients were downstaged (TACE and RFA)
to UNOS criteria (vide supra) and after 3-months of progression free interval, 35(57.4%)
underwent LT. Treatment failure was observed in 18 patients (29.5%), primarily due to tumour
progression. In the explant of 35 patients who underwent LT, 13 had complete tumour necrosis,
17 met T2 criteria, and five exceeded T2 criteria and none demonstrated microvascular invasion
or poorly differentiated disease. The Kaplan-Meier intention-to-treat survival at 1 and 4 years
after down staging were 87.5% and 69.3%, respectively. The 1-year and 4-year post transplan‐
tation survival rates were 96.2% and 92.1%, respectively. No patient had HCC recurrence after
a median post transplantation follow-up of 25 months. The only factor predicting treatment
failure was pre-treatment alpha-fetoprotein >1,000 ng/mL. The main thrust of this study
appears to suggest that using response to locoregional therapy to select transplant recipients
provides an attractive alternative to simply expanding the existing criteria.

14. Managing patients on wait-list for LT

One of the consequences of waiting for transplantation is that during this time, the disease
may change or in other words allow the true biological nature of the neoplasm to be expressed
thereby aiding improved selection of patients for LT. Also the waiting time in which the disease
can evolve allows treatment strategies, which can be implemented to influence its course. The
seminal article of the BCLC study group [44] which compared the intention- to-treat (ITT)
outcomes of resection and transplantation for HCC, identified that the concept of dropout on
the waiting list was crucial, and it has become the equivalent of the risk of pretransplant
mortality addressed by the Model for End-Stage Liver Disease (MELD) priority system for
non-HCC patients. Therefore managing patients involves minimizing the drop-out rate and
successfully “bridging” patients to a LT.

The term “bridging” is for strategies that are implemented in patients who already qualify for
LT according to the accepted selection criteria so that they can wait until a graft is available.
A bridging strategy can be effective because (1) it allows candidates to wait for a longer time
or more candidates to wait for the same time (or both) or (2) it improves the results of trans‐
plantation by excluding patients whose disease will recur or by stopping the progression of a
tumour before extrahepatic spread has occurred. The word “down-staging” refers to the
reduction of the clinical stage of a disease from any initial stage (e.g., from T2 to T1), down-
staging in the context of LT for HCC is used for strategies allowing the transplantation of
patients who at first do not qualify for OLT because their tumours are outside the accepted
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criteria (T3 or higher). Down-staging strategies may use the same neoadjuvant treatments that
are used in bridging strategies.

Therefore the aims of managing patients whilst on a wait-list i.e. bridging strategies are

1. For patients to remain good candidates until a graft is available.

2. For the transplant program and society to exclude poor candidates even though on entry
they fulfilled restrictive selection criteria.

3. To improve the results after transplantation.

4. To be compatible with a treatment other than transplantation in the case of dropout.

5. To have an optimal cost and complication/effectiveness ratio.

Managing patients while they are waiting for a liver graft to become available involves
monitoring not only the tumour but also the background liver disease. With increases in
waiting times for liver transplantation, it is common practice to monitor patients with HCC to
ensure that they remain within the acceptability criteria for liver transplantation. Both imaging
and measurement of AFP levels are commonly utilised. There is no agreement about specific
timing or optimum imaging methods (dynamic CT, dynamic MRI, or contrast-enhanced
ultrasonography). In our Unit a 3-month interval between surveillance scans whilst on the
wait-list is adopted.

Locoregional therapies represent bridging strategies for patients on the waiting list, because
they can decrease tumour-related dropout rates and the incidence of recurrences after liver
transplantation, above all for patients that have to wait 6 months or longer [133]. There is,
however, no evidence that bridging strategies could be helpful in patients with United
Network for Organ Sharing (UNOS) T1 tumours (<2 cm). Bridging strategies might be
appropriate for patients with UNOS T2 lesions (one nodule 2–5 cm or three or fewer nodules
each ≤3 cm) who are likely to wait 6 months or longer. Therefore a recent consensus conference
[103] (clavien PA Lancet Oncol 2012) concluded that in patients with UNOS T2 (one nodule
2–5 cm or three or fewer nodules each ≤3 cm) HCC (Milan criteria) and a likely waiting time
of longer than 6 months, locoregional therapy may be appropriate. However no one particular
type of treatment was found superior although pathologically RFA was found to cause more
tumour necrosis [133]. They also recommended that patients found to have progressed beyond
criteria acceptable for listing for liver transplantation should be placed on hold and considered
for downstaging, if this was not appropriate/not effective, they should be removed from the
waiting list. Liver resection before transplantation in patients with well preserved liver
function, and newer strategies such as a combination of TACE with RFA and use of 90-yttrium
radioembolisation or targeted therapies, have shown some benefits in preliminary studies.

Two well-documented cohort  studies  -  Rochester  (54  patients)  [134]  and Innsbruck (116
patients) [135] have confirmed that TACE allows long waiting times [median 211 days (range
28-1099 days) in the Rochester study; median 274 days (range 36-1037 days) in the Inns‐
bruck study] with relatively low total dropout rates (9% and 14%, respectively). Recurrenc‐
es were rare in both studies and were not higher than what would be expected for T2 patients.
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may change or in other words allow the true biological nature of the neoplasm to be expressed
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can evolve allows treatment strategies, which can be implemented to influence its course. The
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outcomes of resection and transplantation for HCC, identified that the concept of dropout on
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non-HCC patients. Therefore managing patients involves minimizing the drop-out rate and
successfully “bridging” patients to a LT.

The term “bridging” is for strategies that are implemented in patients who already qualify for
LT according to the accepted selection criteria so that they can wait until a graft is available.
A bridging strategy can be effective because (1) it allows candidates to wait for a longer time
or more candidates to wait for the same time (or both) or (2) it improves the results of trans‐
plantation by excluding patients whose disease will recur or by stopping the progression of a
tumour before extrahepatic spread has occurred. The word “down-staging” refers to the
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criteria (T3 or higher). Down-staging strategies may use the same neoadjuvant treatments that
are used in bridging strategies.

Therefore the aims of managing patients whilst on a wait-list i.e. bridging strategies are

1. For patients to remain good candidates until a graft is available.

2. For the transplant program and society to exclude poor candidates even though on entry
they fulfilled restrictive selection criteria.

3. To improve the results after transplantation.

4. To be compatible with a treatment other than transplantation in the case of dropout.

5. To have an optimal cost and complication/effectiveness ratio.

Managing patients while they are waiting for a liver graft to become available involves
monitoring not only the tumour but also the background liver disease. With increases in
waiting times for liver transplantation, it is common practice to monitor patients with HCC to
ensure that they remain within the acceptability criteria for liver transplantation. Both imaging
and measurement of AFP levels are commonly utilised. There is no agreement about specific
timing or optimum imaging methods (dynamic CT, dynamic MRI, or contrast-enhanced
ultrasonography). In our Unit a 3-month interval between surveillance scans whilst on the
wait-list is adopted.

Locoregional therapies represent bridging strategies for patients on the waiting list, because
they can decrease tumour-related dropout rates and the incidence of recurrences after liver
transplantation, above all for patients that have to wait 6 months or longer [133]. There is,
however, no evidence that bridging strategies could be helpful in patients with United
Network for Organ Sharing (UNOS) T1 tumours (<2 cm). Bridging strategies might be
appropriate for patients with UNOS T2 lesions (one nodule 2–5 cm or three or fewer nodules
each ≤3 cm) who are likely to wait 6 months or longer. Therefore a recent consensus conference
[103] (clavien PA Lancet Oncol 2012) concluded that in patients with UNOS T2 (one nodule
2–5 cm or three or fewer nodules each ≤3 cm) HCC (Milan criteria) and a likely waiting time
of longer than 6 months, locoregional therapy may be appropriate. However no one particular
type of treatment was found superior although pathologically RFA was found to cause more
tumour necrosis [133]. They also recommended that patients found to have progressed beyond
criteria acceptable for listing for liver transplantation should be placed on hold and considered
for downstaging, if this was not appropriate/not effective, they should be removed from the
waiting list. Liver resection before transplantation in patients with well preserved liver
function, and newer strategies such as a combination of TACE with RFA and use of 90-yttrium
radioembolisation or targeted therapies, have shown some benefits in preliminary studies.

Two well-documented cohort  studies  -  Rochester  (54  patients)  [134]  and Innsbruck (116
patients) [135] have confirmed that TACE allows long waiting times [median 211 days (range
28-1099 days) in the Rochester study; median 274 days (range 36-1037 days) in the Inns‐
bruck study] with relatively low total dropout rates (9% and 14%, respectively). Recurrenc‐
es were rare in both studies and were not higher than what would be expected for T2 patients.
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However a multicenter case-control study compared matched patients with TACE (100) and
without TACE (100) and the survival rates 5 years after OLT were similar (59.3% versus 59.4%)
[136]. Nevertheless, there were fewer recurrences in the TACE group (13 versus 23) but more
non–tumour-related  deaths  (15  patients  versus  7  patients).  Therefore  TACE  may  allow
patients to wait longer than would otherwise be possible, and is not associated with more
recurrences (which may in fact be less frequent). If the option of TACE is chosen, it should be
pursued (if needed with multiple treatments) until the best possible effect on tumour necrosis
is obtained [133].

RFA was not at first sight an appealing treatment in pretransplant patients because of the risk
of local spread, and there were early reports of RFA in which seeding was frequent. Experience
with the technique and a well-conducted cohort study have shown that seeding and recurrence
are rare when patients and contraindications are selected carefully (i.e., subcapsular tumours
and direct nodule puncture) [137]. Other confirmatory studies have shown that the technique
can be used safely in pretransplant patients and that the percutaneous route is as safe as the
laparoscopic approach and less cumbersome [138], [139]. In pathological studies, the results
for RFA appear to be superior to those for TACE [140] [141] and RFA appears to be associated
with less tumour progression [142]. Therefore RFA appears to be safe and can be used as a
bridging strategy if this is indicated. Its ability to reduce dropout rates and its effects on post-
transplant results need to be proven in a prospective, comparative study. In some anatomical
situations – subcapsular lesions and very large lesions (more than 5-6 cm in diameter) optimal
treatment is difficult to achieve with RFA, however this can be overcome with use of probes
which can cause larger burns and those designed for use on the surface of the liver.

Although resection appears to be safe before transplantation (in terms of operative results and
long- term outcomes) and to have a place in decision analysis when the waiting time is longer
than 1 year, resection is very rarely used at the moment as a bridging strategy. This is further
discussed in the salvage transplantation section.

Radioembolization with yttrium-90 represents 5% to 10% of bridging LRT procedures in the
OPTN registry, but data on its impact are scanty. In a study that reported the correlation
between radiological and pathological findings in patients with HCC who underwent
radioembolization with yttrium-90 microspheres before transplantation, all target lesions
demonstrated some degree of histological necrosis, and 23 of 38 (61%) showed complete
pathological necrosis [143]. A recent study retrospectively analyzed transarterial radioembo‐
lization (TARE) and TACE in similar patients (122 and 123, respectively); 44 TARE patients
and 46 TACE patients were at stage T2 [144]. Although there was no survival benefit for TARE,
the time to disease progression and the AFP responses were significantly more favourable with
TARE, and this suggests that this treatment could be a promising modality before LT but
current data are too scanty to recommend the use of TARE for this, but this technique may be
an appropriate one to use and should be the object of further investigation.

Conformal radiotherapy (CRT) is known as a feasible and efficient therapeutic option for HCC
patients who are ineligible for a curative treatment (i.e., surgical resection or transplantation).
However, minimal data exists for the use of CRT as a bridging option for patients on the waiting
list and although CRT may be a safe and potent local bridging therapy for patients with
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advanced HCC who are on the waiting list for LT [145]. Further studies are warranted to
compare the effectiveness of CRT and other local therapeutic options in this setting.

It is important to emphasize that proof that bridging treatments does not result in more
recurrences and worse outcomes after transplantation is not yet available (the above quoted
studies may have a strong selection bias in the allocation of patients to treatment and no-
treatment arms). Therefore a RCT with a no-treatment arm is the suggestion from a recent
consensus conference [133] but the ethical and logistical problems in implementing such a trial
can be substantial.

15. Role of LDLT

Living-donor liver transplantation (LDLT) using the right or left hemiliver of a healthy donor
is the best therapeutic strategy for liver transplantation in some countries, especially in Asia,
because of limited availability of deceased-donor organs. LDLT has also been used in other
countries with well established programmes for organ donation from brain dead or non-heart-
beating donors for organ shortage, long waiting times associated with deaths on the waiting
list, drop-out due to medical reasons, or progression of tumours beyond acceptable criteria.

The main issue in LDLT is donor safety, because of the risk of complications or death, even if
small. The concept of double equipoise was proposed to describe the balance between the
recipient’s survival benefit with LDLT and the risk of a complication or death of a healthy
donor [146]. The physicians might discuss probable risks and benefits with their patients and
meet the test of equipoise.

Six studies compared deceased-donor liver transplantation (DDLT) and LDLT for HCC,
including a report from a multicentre US consortium of LDLT centres [147] [148] [149] [150]-
[152]. No convincing difference in outcome could be identified according to type of graft,
although a higher risk of recurrence was noted in fast-tracked patients, since a short delay
between diagnosis and liver transplantation might not allow enough time for the biological
behaviour of the tumour to manifest. Therefore the recent consensus conference [103] sug‐
gested a period of observation (e.g., 3 months) when offering LDLT in recipients with HCC
although it is not included in their recommendations. They did recommend that LDLT is
acceptable for HCC patients who have an expected 5-year survival similar to comparably
staged patients receiving a deceased-donor liver. However a more recent meta-analysis of 12
studies which provided information on disease free survival on a total of n=633 LDLT and
n=1232 DDLT concluded lower disease free survival for LDLT [153]. This result could no doubt
occur due to reporting bias but the fact that the boundaries of criteria for LDLT are more relaxed
as compared to DDLT. Most centres would transplant HCC without macrovascular invasion
and absence of extra-hepatic disease in the setting of LDLT whilst the same tumour load would
not be considered for DDLT and this practice has been cautioned against [154].
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situations – subcapsular lesions and very large lesions (more than 5-6 cm in diameter) optimal
treatment is difficult to achieve with RFA, however this can be overcome with use of probes
which can cause larger burns and those designed for use on the surface of the liver.

Although resection appears to be safe before transplantation (in terms of operative results and
long- term outcomes) and to have a place in decision analysis when the waiting time is longer
than 1 year, resection is very rarely used at the moment as a bridging strategy. This is further
discussed in the salvage transplantation section.

Radioembolization with yttrium-90 represents 5% to 10% of bridging LRT procedures in the
OPTN registry, but data on its impact are scanty. In a study that reported the correlation
between radiological and pathological findings in patients with HCC who underwent
radioembolization with yttrium-90 microspheres before transplantation, all target lesions
demonstrated some degree of histological necrosis, and 23 of 38 (61%) showed complete
pathological necrosis [143]. A recent study retrospectively analyzed transarterial radioembo‐
lization (TARE) and TACE in similar patients (122 and 123, respectively); 44 TARE patients
and 46 TACE patients were at stage T2 [144]. Although there was no survival benefit for TARE,
the time to disease progression and the AFP responses were significantly more favourable with
TARE, and this suggests that this treatment could be a promising modality before LT but
current data are too scanty to recommend the use of TARE for this, but this technique may be
an appropriate one to use and should be the object of further investigation.

Conformal radiotherapy (CRT) is known as a feasible and efficient therapeutic option for HCC
patients who are ineligible for a curative treatment (i.e., surgical resection or transplantation).
However, minimal data exists for the use of CRT as a bridging option for patients on the waiting
list and although CRT may be a safe and potent local bridging therapy for patients with
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advanced HCC who are on the waiting list for LT [145]. Further studies are warranted to
compare the effectiveness of CRT and other local therapeutic options in this setting.

It is important to emphasize that proof that bridging treatments does not result in more
recurrences and worse outcomes after transplantation is not yet available (the above quoted
studies may have a strong selection bias in the allocation of patients to treatment and no-
treatment arms). Therefore a RCT with a no-treatment arm is the suggestion from a recent
consensus conference [133] but the ethical and logistical problems in implementing such a trial
can be substantial.

15. Role of LDLT

Living-donor liver transplantation (LDLT) using the right or left hemiliver of a healthy donor
is the best therapeutic strategy for liver transplantation in some countries, especially in Asia,
because of limited availability of deceased-donor organs. LDLT has also been used in other
countries with well established programmes for organ donation from brain dead or non-heart-
beating donors for organ shortage, long waiting times associated with deaths on the waiting
list, drop-out due to medical reasons, or progression of tumours beyond acceptable criteria.

The main issue in LDLT is donor safety, because of the risk of complications or death, even if
small. The concept of double equipoise was proposed to describe the balance between the
recipient’s survival benefit with LDLT and the risk of a complication or death of a healthy
donor [146]. The physicians might discuss probable risks and benefits with their patients and
meet the test of equipoise.

Six studies compared deceased-donor liver transplantation (DDLT) and LDLT for HCC,
including a report from a multicentre US consortium of LDLT centres [147] [148] [149] [150]-
[152]. No convincing difference in outcome could be identified according to type of graft,
although a higher risk of recurrence was noted in fast-tracked patients, since a short delay
between diagnosis and liver transplantation might not allow enough time for the biological
behaviour of the tumour to manifest. Therefore the recent consensus conference [103] sug‐
gested a period of observation (e.g., 3 months) when offering LDLT in recipients with HCC
although it is not included in their recommendations. They did recommend that LDLT is
acceptable for HCC patients who have an expected 5-year survival similar to comparably
staged patients receiving a deceased-donor liver. However a more recent meta-analysis of 12
studies which provided information on disease free survival on a total of n=633 LDLT and
n=1232 DDLT concluded lower disease free survival for LDLT [153]. This result could no doubt
occur due to reporting bias but the fact that the boundaries of criteria for LDLT are more relaxed
as compared to DDLT. Most centres would transplant HCC without macrovascular invasion
and absence of extra-hepatic disease in the setting of LDLT whilst the same tumour load would
not be considered for DDLT and this practice has been cautioned against [154].
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16. Post-LT management

The role of immunosuppression in HCC patients after liver transplantation is still controver‐
sial, because experimental models would have shown oncogenic properties of immunosup‐
pressive drugs. Currently, most programmes are careful to balance the inherent risks of
rejection and tumour recurrence. However, there are no RCTs that have shown that lowering
immunosuppression reduces the risk of HCC recurrence after liver transplantation. One class
of immunosuppressive drugs, the mTOR inhibitors, might be useful for patients with HCC
who receive a liver transplantation, since experimental studies have shown that this drug has
strong immunosuppressive effects with concomitant anti-neoplastic properties [155]. Uncon‐
trolled pilot trials and retrospective analyses have suggested that sirolimus, an mTOR
inhibitor, was associated with lower tumour recurrence and improved survival after liver
transplantation [156], [157], these results have not been confirmed in an RCT. At present,
therefore, the type or dose of immunosuppression therapy influencing the incidence of HCC
recurrence or its prognosis are still much debated [103].

There is also no evidence to support the use of adjuvant treatment to decrease risk of post LT
recurrence [103]. Numerous uncontrolled studies and 4 RCTs (n=213) [158]- [162] do suggest
some benefit but the variety of drugs used and the varied inclusion criteria and end-points
make interpretation difficult. Sorafenib (multitargeted tyrosine-kinase inhibitor) and Licartin
[159] (131I-radiolabelled murine monoclonal antibody that specifically binds HCC cells) show
some promise but are not recommended for adjuvant use after transplantation at present.

The main problem after liver transplantation for HCC is the risk of tumour recurrence, which
occurs in 8–20% of recipients. HCC recurrence occurs usually during the first 2 years after liver
transplantation, and is associated with a median survival of less than 1 year (IQR 7–18 months)
from the time of diagnosis [163]. The routine use of imaging and α-fetoprotein monitoring has
allowed earlier detection of recurrence, with a likelihood of cure with ablation therapies in up
to a third of cases [164]. However no particular protocol for surveillance has been proven and
individual centres like ours tailor their imaging frequency based on AFP levels.

The treatment of HCC recurrence after liver transplantation is much debated. Retransplanta‐
tion is not appropriate since during most recurrences there is often systemic dissemination of
tumour cells [165]. Locoregional therapy for HCC recurrence, including liver resection [166],
radiofrequency ablation, or TACE, has been successfully used in selected patients with limited
disease, and might be considered when technically feasible. Sorafenib has been used after liver
transplantation recurrence, sometimes in conjunction with mTOR inhibitors with success and
with limited side-effects [167].

17. Concluding statements

The best results for liver resection are obtained in patients with small solitary tumours. While
multifocal disease may not impede resection as regards technical feasibility, most of the data
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suggests that long-term survival even in the absence of portal hypertension is poor with a high
rate of disease recurrence [44]. This is the major drawback of surgical resection (as well as of
ablation) and is due to two mechanisms. The most frequent is cell dissemination prior to
treatment. This gives rise to metastatic nests and its incidence is higher in tumours exhibiting
microscopic vascular invasion and/or satellites [168]. More than 80% of the patients with this
profile will suffer recurrence within the first two years of follow-up and their prognosis is
negatively affected. The second mechanism for recurrence is related to the oncogenic capacity
of the background liver parenchyma which is diseased that can give rise to metachronous
tumours [168]. They are more prevalent after the two years of follow- up and their potential
to be successfully treated is higher as compared with early recurrence that is usually multifocal.
Since the prevalence of vascular invasion/satellites increases along with tumour size, it is clear
that the larger the tumour, the higher the risk of these and of recurrence. However, there are
some infrequent patients with large solitary HCC in whom the expansive tumour growth has
not been associated with development of additional tumour sites. Hence, if after proper staging
of a large HCC there is no proven dissemination, surgery should not be contraindicated, but
physicians and patients should be aware of the statistics showing that the likelihood of
microscopic vascular invasion (and hence, early recurrence after surgery) parallels tumour
size. Indeed, intraoperative ultrasound may disclose additional tumour sites not detected
preoperatively and abort the proposed resection. Careful evaluation of the non-tumoural liver
parenchyma to be resected and of the expected remaining volume is mandatory prior to
operation.

Interestingly, the risk of HCC recurrence after transplantation is less than after resection or
ablation even if stratifying for the same pathology risk profile. Hence, with similar survival
and less recurrence, it would appear reasonable to consider transplantation as the first option
as it would solve HCC and the underlying oncogenic liver. This consideration has to be
tempered by the fact that liver transplantation is not a simple procedure. Morbidity and death
rate in the early and intermediate follow-up period are higher than after resection surgery in
optimal candidates. Also, while recurrence of hepatitis B and alcoholic liver disease may be
prevented, the status in patients infected with hepatitis C virus is not so encouraging [169]
[170]. Effective viral eradication is not common in cirrhotics (the underlying disease in most
HCC), treatment pre and post-transplantation may have severe side effects, reinfection of the
graft is the rule and the long-term outcome is significantly impaired as compared to the other
populations. All these facts have maintained surgical resection as the first line surgical option
in patients with optimal profile as defined by solitary HCC in a liver without clinically relevant
portal hypertension. Operative risk is very low and analysis of the resected tumour will allow
the classification of the tumor as at low risk for recurrence (no vascular invasion or satellites)
or as at high risk because of adverse pathology profile [171]. If this is the case recurrence will
impair prognosis and if the patient had been transplanted the risk and survival would have
been significantly better. Based on this, the recommendation in these high-risk patients is to
propose transplantation because of high risk of recurrence and not delay the decision to the
appearance of recurrence as at that time multifocality will be the rule and transplantation will
be contraindicated. By contrast, if the resected tumour does not have an invasive phenotype,
the patient can avoid liver transplantation and the associated risks, while being under strict
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some benefit but the variety of drugs used and the varied inclusion criteria and end-points
make interpretation difficult. Sorafenib (multitargeted tyrosine-kinase inhibitor) and Licartin
[159] (131I-radiolabelled murine monoclonal antibody that specifically binds HCC cells) show
some promise but are not recommended for adjuvant use after transplantation at present.

The main problem after liver transplantation for HCC is the risk of tumour recurrence, which
occurs in 8–20% of recipients. HCC recurrence occurs usually during the first 2 years after liver
transplantation, and is associated with a median survival of less than 1 year (IQR 7–18 months)
from the time of diagnosis [163]. The routine use of imaging and α-fetoprotein monitoring has
allowed earlier detection of recurrence, with a likelihood of cure with ablation therapies in up
to a third of cases [164]. However no particular protocol for surveillance has been proven and
individual centres like ours tailor their imaging frequency based on AFP levels.

The treatment of HCC recurrence after liver transplantation is much debated. Retransplanta‐
tion is not appropriate since during most recurrences there is often systemic dissemination of
tumour cells [165]. Locoregional therapy for HCC recurrence, including liver resection [166],
radiofrequency ablation, or TACE, has been successfully used in selected patients with limited
disease, and might be considered when technically feasible. Sorafenib has been used after liver
transplantation recurrence, sometimes in conjunction with mTOR inhibitors with success and
with limited side-effects [167].

17. Concluding statements

The best results for liver resection are obtained in patients with small solitary tumours. While
multifocal disease may not impede resection as regards technical feasibility, most of the data
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suggests that long-term survival even in the absence of portal hypertension is poor with a high
rate of disease recurrence [44]. This is the major drawback of surgical resection (as well as of
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treatment. This gives rise to metastatic nests and its incidence is higher in tumours exhibiting
microscopic vascular invasion and/or satellites [168]. More than 80% of the patients with this
profile will suffer recurrence within the first two years of follow-up and their prognosis is
negatively affected. The second mechanism for recurrence is related to the oncogenic capacity
of the background liver parenchyma which is diseased that can give rise to metachronous
tumours [168]. They are more prevalent after the two years of follow- up and their potential
to be successfully treated is higher as compared with early recurrence that is usually multifocal.
Since the prevalence of vascular invasion/satellites increases along with tumour size, it is clear
that the larger the tumour, the higher the risk of these and of recurrence. However, there are
some infrequent patients with large solitary HCC in whom the expansive tumour growth has
not been associated with development of additional tumour sites. Hence, if after proper staging
of a large HCC there is no proven dissemination, surgery should not be contraindicated, but
physicians and patients should be aware of the statistics showing that the likelihood of
microscopic vascular invasion (and hence, early recurrence after surgery) parallels tumour
size. Indeed, intraoperative ultrasound may disclose additional tumour sites not detected
preoperatively and abort the proposed resection. Careful evaluation of the non-tumoural liver
parenchyma to be resected and of the expected remaining volume is mandatory prior to
operation.

Interestingly, the risk of HCC recurrence after transplantation is less than after resection or
ablation even if stratifying for the same pathology risk profile. Hence, with similar survival
and less recurrence, it would appear reasonable to consider transplantation as the first option
as it would solve HCC and the underlying oncogenic liver. This consideration has to be
tempered by the fact that liver transplantation is not a simple procedure. Morbidity and death
rate in the early and intermediate follow-up period are higher than after resection surgery in
optimal candidates. Also, while recurrence of hepatitis B and alcoholic liver disease may be
prevented, the status in patients infected with hepatitis C virus is not so encouraging [169]
[170]. Effective viral eradication is not common in cirrhotics (the underlying disease in most
HCC), treatment pre and post-transplantation may have severe side effects, reinfection of the
graft is the rule and the long-term outcome is significantly impaired as compared to the other
populations. All these facts have maintained surgical resection as the first line surgical option
in patients with optimal profile as defined by solitary HCC in a liver without clinically relevant
portal hypertension. Operative risk is very low and analysis of the resected tumour will allow
the classification of the tumor as at low risk for recurrence (no vascular invasion or satellites)
or as at high risk because of adverse pathology profile [171]. If this is the case recurrence will
impair prognosis and if the patient had been transplanted the risk and survival would have
been significantly better. Based on this, the recommendation in these high-risk patients is to
propose transplantation because of high risk of recurrence and not delay the decision to the
appearance of recurrence as at that time multifocality will be the rule and transplantation will
be contraindicated. By contrast, if the resected tumour does not have an invasive phenotype,
the patient can avoid liver transplantation and the associated risks, while being under strict
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surveillance. Recurrence will likely correspond to a metachronous tumour and benefit again
of the same decision making process for treatment allocation [5].

Because of the lack of donor livers for transplantation, strict selection criteria were introduced
in order to achieve acceptable outcomes. Since the introduction of these Milan criteria in 1993,
LT for HCC has been associated with an overall 70% 5-year survival. Although the Milan
criteria have been criticised in recent years for being too restrictive, recent data has shown
them to have stood the ‘test of time’ and are as relevant today as they were 20 years ago.
Therefore any expansion of these criteria such as the UCSF or ‘Metro-ticket’ criteria must be
critically assessed.
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of the same decision making process for treatment allocation [5].

Because of the lack of donor livers for transplantation, strict selection criteria were introduced
in order to achieve acceptable outcomes. Since the introduction of these Milan criteria in 1993,
LT for HCC has been associated with an overall 70% 5-year survival. Although the Milan
criteria have been criticised in recent years for being too restrictive, recent data has shown
them to have stood the ‘test of time’ and are as relevant today as they were 20 years ago.
Therefore any expansion of these criteria such as the UCSF or ‘Metro-ticket’ criteria must be
critically assessed.
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1. Introduction

Main objective patients and families know about the ways of monitoring, controlling and
managing  the  disease  on  completion  of  this  chapter  it  is  expected  that  a  patient  with
hepatitis:

• Describe the process of hepatitis

• Identify the various types of hepatitis

• Identify the transmission routs of hepatitis

• Describe diagnostic tests

• Define treatment measures

• Identify medication regimen

• Explain the medication's side effects

• Describe the prevention rules to prevent hepatitis from being transmitted to the households
and community

• Identify the precipitating factors of hepatitis

• Describe the required preparations related to the diagnostic test

• Explain the ways of managing sexual problems and its prevention measures

• State the importance of follow-up plan

• Discuss measures to manage complications
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• Explain the measures to protect liver

• Identify the involvement of other body organs

• Explain the pregnancy related issues in a patients with Hepatitis

• Identify the alternative and Complementary medicine to manage the condition

At the end of this chapter, it is expected that the family of patients with Hepatitis:

• Describe the process of hepatitis

• Identify the various types of hepatitis

• Identify the transmission routs of hepatitis

• Describe hepatitis diagnostic tests

• Name different treatment plans for hepatitis

• Identify safety measures to prevent transmission

• Describe the measures for providing

• Describe the measures for providing psychological to patients with hepatitis

2. What is hepatitis?

It is a systemic and viral infection, in which the inflammation of liver cells and necrosis occur
and these changes lead to biochemical and cellular clinical alterations. Literally, hepatitis
means the "inflammation of liver"[1]. The most important factors causing it are viruses.
Alcoholic drinks, medicines, poisons and some hereditary diseases also bring about hepatitis
[2]. Hepatitis is divided into two kinds of chronic and acute [3].

In acute hepatitis, the diseases lasts for less than 6 months and finally leads to the complete
removal of liver damage and the return of liver structure and function to normal level or leads
to the immediate progression of acute damage toward extensive necrosis and the demise of
patient. However, in chronic hepatitis, the process of disease lasts more than 6 months and
patients does not have clinical symptoms [4].

Most patients suffering from viral hepatitis do not have any symptoms and their disease is
diagnosed by doing medical tests. Nonetheless, the acute symptoms of disease exist in some
patients[5]. Following the contact with the virus causing hepatitis and going through a period,
which varies from a week to a few months and is called the latent period, the acute symptoms
of suffering from viral hepatitis would emerge, which include: lack of appetite, excessive
fatigue, exhaustion and vomit, abdominal pain, darkening of urine, paling of stool and turning
of skin into yellow [6]. The symptoms of the disease usually last for days or weeks and its
symptoms would be eradicated automatically. It must be attended that symptoms resembling
influenza could be seen as muscular pain, exhaustion, and slight fever days or weeks before
the emergence of the disease acute symptoms [2].
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3. Acute hepatitis symptom

Pain at the right and the upper abdominal area is due to the exposure of liver capsule to traction
and it is removed by the amelioration of the disease. Getting jaundiced means the yellowness
of the skin and eyes. It must be attended that most patients suffering from hepatitis A and C
do not have any symptoms of acute hepatitis, esp. jaundice. Some patients complain of bodily
irritation which could be rooted in liver damage. Joint-related pain is also a part of acute
hepatitis syndromes [7]. In case of the progression of hepatitis, there is the likelihood of swell
in stomach and inflammation of feet which could lead to digestive bleeding.

Five types of hepatitis have been found; A, B, C, D, and E. types A and E are akin with
regard to the way of transmission (the stool-oral path). Types B, C and D are also similar
to each other [8].

4. Viral hepatitis, type A

What is hepatitis A?: This type is more common in developing countries or in crowded places
with poor hygienic conditions. Its transmission way is through oral-stool path. Individuals are
afflicted with it by having water and seafood tainted with sewage. This disease is not trans‐
mitted through blood but it is likely to be transmitted via sexual contact and having oral-anal
contact [9].

Duration: The common course of the disease is 15 to 150 days and it could lat from 4 to 8 weeks.
This disease does not have chronic and carrier courses. In case of the emergence of jaundice,
the disease is not probably infectious [2].

Diagnosis: The diagnosis method is based on symptoms, signs, physical examination and
blood tests. Blood test usually remains as positive 5 days prior to the onset of symptoms up to
6 months after infection [10,11].

Treatment: Individuals must be reminded that this type of hepatitis does not have any
treatment, although most individuals might recuperate by supportive treatments. A person
with hepatitis A virus requires in-hospital treatment for liver functioning. The patient must be
trained to start walking slowly and progressively at once after feeling recuperated and to take
rest after each time of walking [2,12]. The food for these patients mustn't be kept more than 2
hours at the level of room temperature.

Cautions: It is better for individuals who travel to endemic areas to get injected by vaccine in
form of prophylaxis [8]. Hands ought to be washed thoroughly after bath taking, going to toilet
or nay kind of contact with body liquids (blood, phlegm, semen).

The suffering patient must not prepare any food for family members. Also, she/he must not
participate in carrying food to table (work prohibition at restaurants and fast food outlets)[13].

There ought not to be any sharing of bathroom toiletries between the suffering individual and
other family members. The individual suffering from hepatitis is detected through symptoms,
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• Explain the measures to protect liver

• Identify the involvement of other body organs

• Explain the pregnancy related issues in a patients with Hepatitis

• Identify the alternative and Complementary medicine to manage the condition

At the end of this chapter, it is expected that the family of patients with Hepatitis:

• Describe the process of hepatitis

• Identify the various types of hepatitis

• Identify the transmission routs of hepatitis

• Describe hepatitis diagnostic tests

• Name different treatment plans for hepatitis

• Identify safety measures to prevent transmission

• Describe the measures for providing

• Describe the measures for providing psychological to patients with hepatitis

2. What is hepatitis?

It is a systemic and viral infection, in which the inflammation of liver cells and necrosis occur
and these changes lead to biochemical and cellular clinical alterations. Literally, hepatitis
means the "inflammation of liver"[1]. The most important factors causing it are viruses.
Alcoholic drinks, medicines, poisons and some hereditary diseases also bring about hepatitis
[2]. Hepatitis is divided into two kinds of chronic and acute [3].

In acute hepatitis, the diseases lasts for less than 6 months and finally leads to the complete
removal of liver damage and the return of liver structure and function to normal level or leads
to the immediate progression of acute damage toward extensive necrosis and the demise of
patient. However, in chronic hepatitis, the process of disease lasts more than 6 months and
patients does not have clinical symptoms [4].

Most patients suffering from viral hepatitis do not have any symptoms and their disease is
diagnosed by doing medical tests. Nonetheless, the acute symptoms of disease exist in some
patients[5]. Following the contact with the virus causing hepatitis and going through a period,
which varies from a week to a few months and is called the latent period, the acute symptoms
of suffering from viral hepatitis would emerge, which include: lack of appetite, excessive
fatigue, exhaustion and vomit, abdominal pain, darkening of urine, paling of stool and turning
of skin into yellow [6]. The symptoms of the disease usually last for days or weeks and its
symptoms would be eradicated automatically. It must be attended that symptoms resembling
influenza could be seen as muscular pain, exhaustion, and slight fever days or weeks before
the emergence of the disease acute symptoms [2].
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3. Acute hepatitis symptom
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regard to the way of transmission (the stool-oral path). Types B, C and D are also similar
to each other [8].

4. Viral hepatitis, type A

What is hepatitis A?: This type is more common in developing countries or in crowded places
with poor hygienic conditions. Its transmission way is through oral-stool path. Individuals are
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Duration: The common course of the disease is 15 to 150 days and it could lat from 4 to 8 weeks.
This disease does not have chronic and carrier courses. In case of the emergence of jaundice,
the disease is not probably infectious [2].

Diagnosis: The diagnosis method is based on symptoms, signs, physical examination and
blood tests. Blood test usually remains as positive 5 days prior to the onset of symptoms up to
6 months after infection [10,11].

Treatment: Individuals must be reminded that this type of hepatitis does not have any
treatment, although most individuals might recuperate by supportive treatments. A person
with hepatitis A virus requires in-hospital treatment for liver functioning. The patient must be
trained to start walking slowly and progressively at once after feeling recuperated and to take
rest after each time of walking [2,12]. The food for these patients mustn't be kept more than 2
hours at the level of room temperature.

Cautions: It is better for individuals who travel to endemic areas to get injected by vaccine in
form of prophylaxis [8]. Hands ought to be washed thoroughly after bath taking, going to toilet
or nay kind of contact with body liquids (blood, phlegm, semen).

The suffering patient must not prepare any food for family members. Also, she/he must not
participate in carrying food to table (work prohibition at restaurants and fast food outlets)[13].

There ought not to be any sharing of bathroom toiletries between the suffering individual and
other family members. The individual suffering from hepatitis is detected through symptoms,
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signs, physical examination and blood tests. A positive blood test usually pops up 5 days before
the emergence of symptoms and remains unchanged up to 6 months after infection. There is
no treatment for hepatitis A, although most individuals recuperate by supportive treatments.
The individuals must be trained not to refer back to their work office or school until they have
fever or jaundice or their appetite returns. Throughout the recuperation period, it is mandatory
to refrain from drinking alcohol or taking non-prescribed medications.

There are two vaccines available for preventing Hepatitis A-related infection, namely as
VAQTA and HAVRIX. Those who receive two dosages of these vaccines would be immune
[14, 15].

5. Hepatitis E

What is hepatitis A? This type is transferred via the oral-stool tract and mostly due to polluted
water in areas that have weak and inappropriate sewage systems.

Duration: It common period is variable and lasts between 15 to 65 days.

Symptoms: It is akin to Hepatitis A with regard to clinical symptoms and transferring ways.
Jaundice almost always exists and avoidance from virus is made possible through rinsing
hands as the main prevention method of this disease. The effectiveness of immune globins in
creating immunity against Hepatitis E is unknown. The clinical symptoms of hepatitis A and
E are like influenza, appetite loss, indigestion, epigastria pain, vomiting, and irritation of
stomach and acidity of abdomen alongside hatred of cigarette smoke [2,16].

Treatment: It is better for these patients to use a diet full of protein (beans, meat, dairy, etc),
high calorie (cereals, potato, etc), balanced fat (at the chronic courses of the disease with a low-
protein diet), enough taking of liquids, eating food in several meals with low volume, avoiding
to drink alcohol at the chronic courses of the disease and 6 months after that.

Patients must have enough rest at the chronic phase of the disease. Patients can gradually
resume their activities after feeling healthy and examining their laboratorial tests. However,
after being active, they ought to rest and avoid taking part in drudgeries [14].

Caution: It is necessary to prevent these two types of hepatitis by training individuals about
the correct way of dumping sewage of houses and cities, exact observance of individual health,
correction and refining the process of food provision and distribution, community health
training programs, legal reporting of cases of hepatitis A and E to local health centers,
vaccinating the travelers going to developing countries, application of non-permitted medi‐
cations (injective and non-injective), homosexual individuals and those suffering from chronic
liver diseases, and injection of immune globins for family members and sexual partners
suffering from hepatitis A [8,14]

Rinsing and disinfecting fruits and vegetables, not using polluted water and foods (boiling
water for one minute deactivates hepatitis virus) and not using personal things of others [16].
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6. Hepatitis B

What is Hepatitis B? This type is transferred via blood (sub-phlegm and endodermal ways).
Its virus could be found in blood, saliva, semen and vaginal discharges and can be transferred
via the phlegmatic membrane and damaged skin. Also, pregnant mothers could be afflicted
through sexual contact after or during delivery [9].

Duration: Its common course lasts from 1 to 6 months [2].

Symptom: The symptoms and signs of hepatitis B might be quite arcane, deceitful and variable.
Respiratory and fever-related symptoms are rare. Some patients suffer from rash and joint
pain. Patients might lose their appetite and suffer from indigestion, abdominal pain, general
pain, ill health and weakness. Jaundice might occur or not. In case of its occurrence, it would
be accompanied by light color stool and dark urine. Clinically, it has a lot of similarities with
hepatitis A but its common course is longer [13]. More than 90 percent of infections can be
prevented in women suffering from HBV and their infants can receive the hepatitis B vaccine
and immune globins B in prophylaxis manner for preventing infection. Babies must undergo
serological test within 9 to 15 months of age [1].

It must be mentioned that at-risk individuals might be afflicted with the virus of hepatitis B
via using polluted blood products, contact of polluted blood with eyes, mouth, bleeding or
damaged skin of healthy people, transfer from mother to fetus, tattooing and cupping, sexual
contact, non-sterile dental and medical devices, esp. shared and non-sterile syringe, razorblade
or toothbrush. This virus is not transferred through shaking hand, kissing or going to pool [17].

Cautions:  Therefore,  individual  hygiene  is  the  basis  of  infection  control.  Disinfection
must be done on a  daily  basis  at  related laboratories.  Gloves must  be worn when con‐
tacting with patient's  blood or discharges and smoking and eating must be refrained at
work  site.  Patients  and their  families  must  be  reminded that  this  disease  is  contagious
and the pre-awareness of this disease is chronic. It  is essential that family members and
health personnel receive the hepatitis  B vaccine in three dosages intravenously within a
one-month interval from the second dosage and 6 months for the third dosage within six
months after the first dosage injection. Such immunization leads to the protection of pa‐
tient for at least 5 to 10 years [18,19]. These patients must be to have insight about their
disease and to know the transmission ways of this disease. Knowing this disease affects
the quality of life among individuals and their families [20].

The infant born from a mother infected with hepatitis virus B ought to receive immune globins
within 12hours after birth [9].

An individual who has been at exposure to hepatitis virus B and has not ever been afflicted
with hepatitis and has not received vaccine must receive the immune globins injection at most
24 hours after contact with the virus [8].

Patient must take rest till the ebbing of hepatitis symptoms like liver inflammation, jaundice,
and decrease in high liver enzymes (sometimes up to 3 to 4 months).
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signs, physical examination and blood tests. A positive blood test usually pops up 5 days before
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The individuals must be trained not to refer back to their work office or school until they have
fever or jaundice or their appetite returns. Throughout the recuperation period, it is mandatory
to refrain from drinking alcohol or taking non-prescribed medications.

There are two vaccines available for preventing Hepatitis A-related infection, namely as
VAQTA and HAVRIX. Those who receive two dosages of these vaccines would be immune
[14, 15].
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water in areas that have weak and inappropriate sewage systems.
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hands as the main prevention method of this disease. The effectiveness of immune globins in
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E are like influenza, appetite loss, indigestion, epigastria pain, vomiting, and irritation of
stomach and acidity of abdomen alongside hatred of cigarette smoke [2,16].

Treatment: It is better for these patients to use a diet full of protein (beans, meat, dairy, etc),
high calorie (cereals, potato, etc), balanced fat (at the chronic courses of the disease with a low-
protein diet), enough taking of liquids, eating food in several meals with low volume, avoiding
to drink alcohol at the chronic courses of the disease and 6 months after that.

Patients must have enough rest at the chronic phase of the disease. Patients can gradually
resume their activities after feeling healthy and examining their laboratorial tests. However,
after being active, they ought to rest and avoid taking part in drudgeries [14].

Caution: It is necessary to prevent these two types of hepatitis by training individuals about
the correct way of dumping sewage of houses and cities, exact observance of individual health,
correction and refining the process of food provision and distribution, community health
training programs, legal reporting of cases of hepatitis A and E to local health centers,
vaccinating the travelers going to developing countries, application of non-permitted medi‐
cations (injective and non-injective), homosexual individuals and those suffering from chronic
liver diseases, and injection of immune globins for family members and sexual partners
suffering from hepatitis A [8,14]

Rinsing and disinfecting fruits and vegetables, not using polluted water and foods (boiling
water for one minute deactivates hepatitis virus) and not using personal things of others [16].
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6. Hepatitis B

What is Hepatitis B? This type is transferred via blood (sub-phlegm and endodermal ways).
Its virus could be found in blood, saliva, semen and vaginal discharges and can be transferred
via the phlegmatic membrane and damaged skin. Also, pregnant mothers could be afflicted
through sexual contact after or during delivery [9].

Duration: Its common course lasts from 1 to 6 months [2].

Symptom: The symptoms and signs of hepatitis B might be quite arcane, deceitful and variable.
Respiratory and fever-related symptoms are rare. Some patients suffer from rash and joint
pain. Patients might lose their appetite and suffer from indigestion, abdominal pain, general
pain, ill health and weakness. Jaundice might occur or not. In case of its occurrence, it would
be accompanied by light color stool and dark urine. Clinically, it has a lot of similarities with
hepatitis A but its common course is longer [13]. More than 90 percent of infections can be
prevented in women suffering from HBV and their infants can receive the hepatitis B vaccine
and immune globins B in prophylaxis manner for preventing infection. Babies must undergo
serological test within 9 to 15 months of age [1].

It must be mentioned that at-risk individuals might be afflicted with the virus of hepatitis B
via using polluted blood products, contact of polluted blood with eyes, mouth, bleeding or
damaged skin of healthy people, transfer from mother to fetus, tattooing and cupping, sexual
contact, non-sterile dental and medical devices, esp. shared and non-sterile syringe, razorblade
or toothbrush. This virus is not transferred through shaking hand, kissing or going to pool [17].

Cautions:  Therefore,  individual  hygiene  is  the  basis  of  infection  control.  Disinfection
must be done on a  daily  basis  at  related laboratories.  Gloves must  be worn when con‐
tacting with patient's  blood or discharges and smoking and eating must be refrained at
work  site.  Patients  and their  families  must  be  reminded that  this  disease  is  contagious
and the pre-awareness of this disease is chronic. It  is essential that family members and
health personnel receive the hepatitis  B vaccine in three dosages intravenously within a
one-month interval from the second dosage and 6 months for the third dosage within six
months after the first dosage injection. Such immunization leads to the protection of pa‐
tient for at least 5 to 10 years [18,19]. These patients must be to have insight about their
disease and to know the transmission ways of this disease. Knowing this disease affects
the quality of life among individuals and their families [20].

The infant born from a mother infected with hepatitis virus B ought to receive immune globins
within 12hours after birth [9].

An individual who has been at exposure to hepatitis virus B and has not ever been afflicted
with hepatitis and has not received vaccine must receive the immune globins injection at most
24 hours after contact with the virus [8].

Patient must take rest till the ebbing of hepatitis symptoms like liver inflammation, jaundice,
and decrease in high liver enzymes (sometimes up to 3 to 4 months).
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At the chronic phase of the disease, which entails a limit on protein and fat intake, patient must
at several meals with a low volume of food intake.

In case of vomiting, taking of all medications must be avoided. If it is not stopped, patient must
refer to doctor and avoid drinking alcohol, refrain from sexual intercourse or in case of having
sex, condom must be used [2,8].

In case of need, medications must be taken only with doctor's prescription. After recuperation
(usually 18 months afterward), patient must refer to doctor for undergoing checkups and
laboratorial tests. It is recommended to healthy carriers to undergo the required checkups and
laboratorial tests once every six months at the first year of the disease and after that once every
year. In case of going to dentist's, doctor's, laboratory or anywhere in which the possibility for
the transmission of the virus exists, it is recommended to patient to inform the health personnel
there about the positive nature of their disease and show their special card [17]. Patient must
be trained not to use bathroom toiletries in a shared manner. Toothbrush, nail clipper, shaving
machine, thermometer and cosmetics must be absolutely personal.

7. Hepatitis C

What is Hepatitis C? A significant percentage of hepatitis cases are neither A, B nor D.
Consequently, they are referred to as hepatitis type C. Hepatitis C is transmitted through blood,
sexual contact, using septic syringe by the applicators of injective, intravenous medications,
the abrupt penetration of needle head and other kinds of injuries among health care personnel
[15] and also cutaneously (breathing in narcotics like cocaine) [17,21].

This virus is not transmitted through nestling, breastfeeding, sneeze, water, food, sudden
contact and shared dishes.

Duration: The latent course of this disease varies from 2 to 26 weeks. Most patients do not
show any overt symptoms. In case the virus exists in the individual's body for more than 6
months and gradually damages the tissues of liver, the chronic hepatitis C emerges [17].

Symptoms: Patient might complain about slight to severe lethargy and weakness, decrease in
appetite, spew and vomit, having pain at the upper and right sides of abdomen (below ribs),
fever and pain in joints [22,23]

Besides, they are recommended to drink abundant liquids (8 liters daily) and to eat foods that
have a lot of vitamin and minerals, like fresh fruit juices (without food limitations). In addition,
they are advised to eat foods at several meals in low volume and to use ginger for relieving
vomit [9,22].

Treatment: One of the main treatments about hepatitis C is taking the medication group of
interferon. Throughout undergoing treatment with interferon, patients must be examined
closely by virtue of the possible side effects. Therefore, immediate monitoring while under‐
going treatments is viable for reducing these side effects to some extent. These treatments
inevitably entail some degrees of side effects like fatigue, muscular pain, flu-like symptoms
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and change of mood and reduction in sexual desire which might bear negative effects on
patients' lives, their social interactions and their abilities for doing work and different activities.
The significance of the side effects emanating from treatments forms the basis of decision
making by patient and doctor for commencing with or quitting treatment before thoroughly
completing the treatment course. Stopping the treatment before completing the course
indicates patients' lack of tolerance. Hair loss, annihilation of bone morrow and psycho-
physiological impacts (depression, cognitive changes and apathy) are among the side effects.
The side effects of interferon group continue from a few hours after prescription and patients
get used to it after a few weeks of consumption [2,14,24,25].

Cautions: The hepatitis virus type C is transmitted through using septic blood products, the
contact of septic blood with eyes, healthy individuals' mouth and injured skin, toothbrush,
shaving machine and all septic personal things, tattooing and cupping, sexual contact, using
septic dental and medical devices, esp. non-sterile and shared syringe. Hence, it is recommend‐
ed to observe the personal hygienic points including of sterilizing the devices used in ear perfo‐
ration and tattooing, using gloves and rinsing hands and not using others' personal devices. It
is also recommended that individuals use condom when having sexual contact with the afflict‐
ed person [22]. The family members of the suffering individual and also the members of society
in which they live must be informed that there are no vaccines for hepatitis C. With regard to in‐
jective addicts, they ought to use new injection tools in every injection in case of being unable to
withdraw from their addiction and they are advised not use needle, syringe, swap, filter,
spoon, toothbrush and shaving razorblade and hair clipper in a shared manner. Besides, they
must be trained about the correct way of dumping the applied tools. By virtue of breastfeeding
women who suffer from hepatitis, it is advised that they examine their breast tips each time be‐
fore breastfeeding since Hepatitis C is a disease that can be transmitted through blood. In case
of having a crack, bleeding or any kind of blood at breast tips, breastfeeding must be stopped
temporarily and all the milk must be thrown away. It is also recommended to these mothers to
wean their infants once they start to grow teeth and feed them by bottle [14,15].

The individuals who are afflicted with Hepatitis C are recommended to inform the personnel
at medical centers, dentist's, laboratories or nay other places which entails the possibility of
virus transmission [22]. It must be explained to patient to refrain from taking acetaminophen,
anti-convulsion medications, alcohol, etc. In case of having dry mouth, they are recommended
to drink water frequently in a sipping manner and to chew sugar-free gums.

They are also advised to follow the hygiene of mouth and teeth. Cutting down on sugary drinks
and foods, using florid supplements once a day, using floss, snit-microbe mouthwash,
reducing cigarette and quitting it, regular examination of teeth, their whitening and taking
care of false teeth are among the tips given to these patients [9].

8. Hepatitis D

What is the hepatitis D? : In some cases, hepatitis B takes place due to the fact that its virus is
at exposure with the superficial antigen and risk of hepatitis D. Anti-delta antibodies within
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At the chronic phase of the disease, which entails a limit on protein and fat intake, patient must
at several meals with a low volume of food intake.

In case of vomiting, taking of all medications must be avoided. If it is not stopped, patient must
refer to doctor and avoid drinking alcohol, refrain from sexual intercourse or in case of having
sex, condom must be used [2,8].
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be trained not to use bathroom toiletries in a shared manner. Toothbrush, nail clipper, shaving
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Consequently, they are referred to as hepatitis type C. Hepatitis C is transmitted through blood,
sexual contact, using septic syringe by the applicators of injective, intravenous medications,
the abrupt penetration of needle head and other kinds of injuries among health care personnel
[15] and also cutaneously (breathing in narcotics like cocaine) [17,21].

This virus is not transmitted through nestling, breastfeeding, sneeze, water, food, sudden
contact and shared dishes.

Duration: The latent course of this disease varies from 2 to 26 weeks. Most patients do not
show any overt symptoms. In case the virus exists in the individual's body for more than 6
months and gradually damages the tissues of liver, the chronic hepatitis C emerges [17].

Symptoms: Patient might complain about slight to severe lethargy and weakness, decrease in
appetite, spew and vomit, having pain at the upper and right sides of abdomen (below ribs),
fever and pain in joints [22,23]

Besides, they are recommended to drink abundant liquids (8 liters daily) and to eat foods that
have a lot of vitamin and minerals, like fresh fruit juices (without food limitations). In addition,
they are advised to eat foods at several meals in low volume and to use ginger for relieving
vomit [9,22].

Treatment: One of the main treatments about hepatitis C is taking the medication group of
interferon. Throughout undergoing treatment with interferon, patients must be examined
closely by virtue of the possible side effects. Therefore, immediate monitoring while under‐
going treatments is viable for reducing these side effects to some extent. These treatments
inevitably entail some degrees of side effects like fatigue, muscular pain, flu-like symptoms
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and change of mood and reduction in sexual desire which might bear negative effects on
patients' lives, their social interactions and their abilities for doing work and different activities.
The significance of the side effects emanating from treatments forms the basis of decision
making by patient and doctor for commencing with or quitting treatment before thoroughly
completing the treatment course. Stopping the treatment before completing the course
indicates patients' lack of tolerance. Hair loss, annihilation of bone morrow and psycho-
physiological impacts (depression, cognitive changes and apathy) are among the side effects.
The side effects of interferon group continue from a few hours after prescription and patients
get used to it after a few weeks of consumption [2,14,24,25].

Cautions: The hepatitis virus type C is transmitted through using septic blood products, the
contact of septic blood with eyes, healthy individuals' mouth and injured skin, toothbrush,
shaving machine and all septic personal things, tattooing and cupping, sexual contact, using
septic dental and medical devices, esp. non-sterile and shared syringe. Hence, it is recommend‐
ed to observe the personal hygienic points including of sterilizing the devices used in ear perfo‐
ration and tattooing, using gloves and rinsing hands and not using others' personal devices. It
is also recommended that individuals use condom when having sexual contact with the afflict‐
ed person [22]. The family members of the suffering individual and also the members of society
in which they live must be informed that there are no vaccines for hepatitis C. With regard to in‐
jective addicts, they ought to use new injection tools in every injection in case of being unable to
withdraw from their addiction and they are advised not use needle, syringe, swap, filter,
spoon, toothbrush and shaving razorblade and hair clipper in a shared manner. Besides, they
must be trained about the correct way of dumping the applied tools. By virtue of breastfeeding
women who suffer from hepatitis, it is advised that they examine their breast tips each time be‐
fore breastfeeding since Hepatitis C is a disease that can be transmitted through blood. In case
of having a crack, bleeding or any kind of blood at breast tips, breastfeeding must be stopped
temporarily and all the milk must be thrown away. It is also recommended to these mothers to
wean their infants once they start to grow teeth and feed them by bottle [14,15].

The individuals who are afflicted with Hepatitis C are recommended to inform the personnel
at medical centers, dentist's, laboratories or nay other places which entails the possibility of
virus transmission [22]. It must be explained to patient to refrain from taking acetaminophen,
anti-convulsion medications, alcohol, etc. In case of having dry mouth, they are recommended
to drink water frequently in a sipping manner and to chew sugar-free gums.

They are also advised to follow the hygiene of mouth and teeth. Cutting down on sugary drinks
and foods, using florid supplements once a day, using floss, snit-microbe mouthwash,
reducing cigarette and quitting it, regular examination of teeth, their whitening and taking
care of false teeth are among the tips given to these patients [9].

8. Hepatitis D

What is the hepatitis D? : In some cases, hepatitis B takes place due to the fact that its virus is
at exposure with the superficial antigen and risk of hepatitis D. Anti-delta antibodies within
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the antigen in the blood sample ascertains the existence of hepatitis B. hepatitis D is prevalent
among the users of injective, intravenous medications, hem dialysis patients and receivers of
various blood donations.

Duration: Its common course is between 21 to 40 days.

Symptom: The symptoms of hepatitis D are akin to hepatitis B and its treatment is similar to
all other forms of hepatitis [2,9].

9. Cirrhosis

What is Cirrhosis? It is a chronic disease that is identified by the replacement of fibrosis instead
of the natural tissue of liver and consequently the deformation of liver's structure and
performance. There are three kinds of Cirrhosis of liver: alcoholic Cirrhosis, post-necrosis
Cirrhosis and bilious Cirrhosis [2].

Among the most important causes of Cirrhosis are chronic hepatitis B and C, excessive
consumption of alcoholic drinks, disturbances in the exiting tract of blood from liver, increase
of iron in liver, etc.

Symptoms: The symptoms of Cirrhosis at initial stages are fatigue, lethargy, loss of appetite,
vomit, weight loss, enlarging of blood vessels in shape of spiders under the skin, hair loss,
enlarging of nipples in men, accumulation of liquids in abdomen and feet, reduction in sexual
desire and potency in men, malodorous smell, oily diarrhea, emergence of dead blood cells
under skin, irritation and bloody vomit [17].

Treatment: Patient must be trained to use sufficient amount of fruit and vegetables.

They are also recommended to use all other proteins except red meat, including of herbal
protein, fish, chicken, etc. and also to refrain from drinking alcohol and take vitamins, esp., A,
C and K.

Eating foods in several mealtimes with low volume (instead of 3 meals, having six meals) and
having a nutritional diet full of calorie and average amounts of protein (1 gram per each
kilogram of protein) with limitations for using salt are among other tips [26,27]

Using ice cubes is conducive for relieving vomit and constipation alongside taking liquids and
exercising are also recommended. Skincare is possible through changing lifestyle, using
alcoholic soaps and liquids for cleansing the skin and applying softeners for massaging the
skin while exercising the joints and limbs.

They are also advised to go to doctor in case of having blood (clot, nasal or gum bleeding and
the existence of blood in stool) and to use soft-bristle toothbrush. Patients must gently clean
their nose and use cold compress for decreasing their bleeding. Eating foods full of vitamin C
is also recommended. Supportive measures are also recourse to for preventing deterioration.

Patients must measure their stomach with a meter on a daily basis and observe the limitation
on using salt and liquids, they ought to report any symptoms to doctor. There are no limitations
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on activities but in case of having fever, bleeding and all other problems, caution must be
exercised. Since the metabolism of most medicines is carried out through liver, it is recom‐
mended to avoid wishful consumption of medicines [25,26].

10. Sexual functioning training

Chronic hepatitis infection brings about changes in the hormone levels of body. In short, these
patients experience the following conditions:

• disturbance in the function of testicles

• body hair loss

• increase in breast size (genichomasty)

• improper distribution of fat in body (fat accumulation in special parts of body).

• disturbance in erection

• Irrespective of patients' gender, these patients experience sexual disturbances at different
dimensions and in case of consuming alcohol by these patients, they become susceptible in
sexual issues which require more serious and costly measures. The continuation of sexual
disturbances brings about effect on the quality of life among these individuals.

Hepatitis C information Center It is necessary to train these patients to consult with doctor or
nurse in case of having sense of stimulation, pain at the time of stimulation, incapability in
erection, incapability in maintaining erection for making sexual contact, delay in ejaculation
or lack of ejaculation despite having enough stimulants, lack of ability in controlling or
scheduling ejaculation and finally reaching to sexual climax. A good sexual partner has a
significant role in solving sexual problem [28,29].
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skin while exercising the joints and limbs.

They are also advised to go to doctor in case of having blood (clot, nasal or gum bleeding and
the existence of blood in stool) and to use soft-bristle toothbrush. Patients must gently clean
their nose and use cold compress for decreasing their bleeding. Eating foods full of vitamin C
is also recommended. Supportive measures are also recourse to for preventing deterioration.

Patients must measure their stomach with a meter on a daily basis and observe the limitation
on using salt and liquids, they ought to report any symptoms to doctor. There are no limitations
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• Irrespective of patients' gender, these patients experience sexual disturbances at different
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sexual issues which require more serious and costly measures. The continuation of sexual
disturbances brings about effect on the quality of life among these individuals.

Hepatitis C information Center It is necessary to train these patients to consult with doctor or
nurse in case of having sense of stimulation, pain at the time of stimulation, incapability in
erection, incapability in maintaining erection for making sexual contact, delay in ejaculation
or lack of ejaculation despite having enough stimulants, lack of ability in controlling or
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