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Hepatitis C Virus Genotypes: Clinical Relevance and

Therapeutic Implications
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The incidence of hepatitis C virus (HCV) -related hepato-
cellular carcinoma (HCC) has been increasing in several coun-
tries including Taiwan. There are six main genotypes, each of
which contains closely related subtypes. Molecular epidemio-
logical studies have shown marked differences in the genotype
distribution by geographical region and between patient
groups. HCV genotype 1 may play a role in the development
of HCC, although some studies have argued against this. A
sustained virological response secondary to interferon
monotherapy or interferon/ribavirin combination therapy may
reduce the risk of HCC and improve survival in chronic
hepatitis C patients. The HCV genotypes are associated with
therapeutic response. Rapid virological response is also a pre-
dictor of therapeutic response. Although viral characteristics
have consistently been shown to be important predictors of
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treatment response, identification of additional host immune and genetic factors involved in
determining the outcome of antiviral therapy is necessary. Newly developed bio-techniques
(microarray, proteomes, bioinformatics), drugs, and treatment strategies may elucidate the
pathogenesis and improve the therapeutic response in HCV infection. (Chang Gung Med J

2008;31:16-25)
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Hepatitis C virus (HCV) is a major etiological
agent of chronic liver disease, with an estimated
170 million chronic carriers worldwide.” Chronic
HCYV infection may cause liver cirrhosis and hepato-
cellular carcinoma (HCC) over the course of two or
more decades.?* The incidence of HCV- related
HCC is increasing in North America, Europe, Japan,
and Taiwan.®® Thus, understanding the risk factors

for HCC development and providing effective treat-
ment for HCV are important for preventing progres-
sion to end-stage liver disease and HCC. The HCV
genotypes may be related to disease progression.
Furthermore, HCV genotypes are associated with the
response to antiviral therapy. Therefore, further
understanding of the clinical relevance and therapeu-
tic implications of the HCV genotype is crucial for
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designing individualized therapies for patients with
chronic HCV infection.

Epidemiology of HCV and HCV genotypes

In the United States and most other developed
nations, the prevalence of HCV infection is 1-2%.
Elsewhere, as in Egypt, the prevalence may be as
high as 10-20%. In Taiwan, 1-5% of the general pop-
ulation has HCV.®'? In some Taiwanese villages,
50% of the population are positive for anti-HCV."*'¥
Hepatitis C virus contains a positive-sense, single-
strand RNA genome approximately 10 kb in length,
with a similar genome structure and some sequence
homology with pestiviruses and flaviviruses.!>!®
HCV shows substantial nucleotide sequence varia-
tion throughout its genome, and at present is classi-
fied into six main genotypes, each of which contains
closely related subtypes.'™"® Molecular epidemiolog-
ical studies have shown marked differences in geno-
type distribution by geographical region and between
patient groups. Genotypes 1, 2 and 3 are widely dis-
tributed throughout the USA, Europe, Australia and
East Asia (Japan, Taiwan, Thailand and China),
whereas geographical distributions of other geno-
types are more restricted.!”"*?» Genotype 4 is largely
confined to the Middle East, Egypt and Central
Africa. Genotypes 5 and 6 are found predominantly
in South Africa and South East Asia, respective-
ly.072024

The hepatitis B virus (HBV) carrier rate is 15-
20% of the general adult population in Taiwan.®
Mass HBV vaccination programs have been greatly
effective in reducing HBsAg carrier rates and the
incidence of HCC in children in Taiwan.®® As a
result, an 80-85% decrease in HCC is anticipated in
Taiwanese adults within the next few decades.”” A
previous multicenter study in Taiwan revealed that
the percentage of HBV -related HCC in adults has
progressively decreased over the past 20 years.
However, this has not been due to a decreased inci-
dence of HBV- related HCC but rather to an
increased incidence of HCV -related HCC. Similar
trends have been reported in Japan®-® and the
USA.®" These studies have elucidated the important
pubic health issue of preventing viral hepatitis and
HCC.

Using an HCV line probe assay for genotyping,
it was demonstrated that the predominant HCV
genotype in southern Taiwan was 1b (45.5%), fol-
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lowed by 2a/2c (30.9%) and 2b (6.9%).* This is
compatible with previous studies which used the
primer specific method and showed that the preva-
lence of HCV genotype 1b was around 50-60% and
that of 2a around 30% to 40% in southern Taiwan.®*”
In contrast, the prevalence of HCV genotype 1b was
around 60-70%, followed by 2a at around 10-15% in
northern Taiwan in studies using the primer specific
method.*"*

Natural history of chronic HCV infection

Patients with acute HCV infection are frequent-
ly asympatomatic, and only 20-30% of patients show
symptoms. Fulminant hepatic failure is rare. Patients
with symptoms and women are more likely to clear
the virus. Most patients who clear the virus do so
within the first 12 weeks. Approximately 50% to
80% of patients who have acute hepatitis C will
develop chronic infection. Among these, 20% to
30% will develop progressive disease leading to liver
cirrhosis and HCC after 20 years to 30 years of
infection.®*

Previous studies conducted both in humans and
chimpanzees have clearly demonstrated that various
HCV genotypes are not associated with major bio-
logic differences. All the genotypes and subtypes
have been found to be both hepatotropic and patho-
genic. Importantly, all the HCV genotypes can
induce chronic infection.

The role of genotypes in the progression of
chronic HCV infection remains controversial.®”
Genotype 1b was reported to be associated with
more severe liver disease than infection with other
genotypes;“*” In contrast, different pathogenicity
was not observed between genotype 1 and 2.653%40
Although the reasons for these contradictory results
are still unknown, several confounding factors may
have contributed. Among them, the fact that patients
infected with genotype 1b were significantly older
than those infected with other genotypes® strongly
supports the hypothesis that a cohort effect could
explain the association between genotype 1b and cir-
rhosis or HCC. A recent study revealed that the
prevalence of genotype 1b in HCC patients was sig-
nificantly higher than in chronic hepatitis and liver
cirrhosis patients. Multiple logistic regression analy-
sis revealed that, after adjusting for age and serum
HCV RNA levels, HCV 1b infection was still a sig-
nificant risk factor for HCC,*» which was compatible



with previous studies.®**” Both the correlation of
genotype 1b with age (cohort effect) and intrinsic
characteristics of HCV genotypes may be responsi-
ble for the association between genotype and the
pathogenesis of HCV infection.®** Further large
scale and long term follow-up studies are necessary
to clarify the relationship between genotype and dis-
ease progression. Other risk factors for disease pro-
gression and development of HCC are male gender,
age at infection, diabetes, hepatic fibrosis (particular-
ly cirrhosis), and greater degrees of hepatic inflam-
mation, iron overload, steatosis, viral factors (viral
load and quasispecies), and host genetic factors.**
In addition, other potentially modifiable risks include
coinfection with HBYV, alcohol abuse, smoking, and
obesity.“?

Treatment of chronic hepatitis C and preven-
tion of HCC

Recent approaches to preventing HCC have
focused on eradicating HCV infection (which is
responsible for the inflammation and fibrosis), and
also on treating or reducing modifiable risks through
means such as hepatitis B vaccination and reduced
use of alcohol.

Interferon (IFN)-based antiviral therapies have
been extensively adopted for treating chronic HCV
infection. Over the past several years, accumulating
evidence has indicated that IFN-based antiviral ther-
apies improve the histological features of inflamma-
tion and reduce the progression of fibrosis in chronic
hepatitis C patients.“*” Further, antiviral therapies
are reducing the incidence of HCC in chronic HCV
infection, especially in patients who have achieved a
sustained virological response (SVR).“"*" However,
the preventive effects are more apparent before the
onset of cirrhosis. Thus, whether antiviral therapies
decrease the HCC risk in HCV-cirrhotic patients
remains controversial.“**>*® Recent meta-analyses of
standard IFN monotherapy trials in patients with
HCV-related cirrhosis suggest that IFN plays a small
but significant role in reducing HCC develop-
ment.®**® In some studies, differences in the HCC
incidence between IFN-treated and untreated patients
did not attain statistical significance, which may be
due to the limited efficacy of IFN monotherapy in
HCV-cirrhotic patients.***® Thus, more efficient ther-
apies may affect clinical outcome. Currently IFN-
alpha or pegylated-IFN-alpha in combination with
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ribavirin (RBV) is the most common therapy for
chronic hepatitis C.°7*? A recent study assessed the
efficacy of IFN alpha-2b plus RBV therapy in 132
patients with HCV-related cirrhosis, and elucidated
the risk factors for HCC. Cox’s regression analysis
identified a non-SVR, male gender and older age as
independent risk factors for HCC, suggesting that
achieving an SVR with IFN alpha-2b plus RBV ther-
apy may decrease the incidence of HCC in HCV-cir-
rhotic patients.* A multicenter study in Taiwan fur-
ther demonstrated by multivariate analysis that pre-
existing cirrhosis, non-response, HCV genotype-1
and age were associated with HCC. In addition pre-
existing cirrhosis and non-response correlated with
mortality. An SVR secondary to IFN monotherapy or
IFN/ RBV combination therapy could reduce HCC
risk and improve CHC survival.®

To date, no long-term studies have elucidated
the effect of the currently recommended regimen of
pegylated-IFN and RBYV, and no current trials have
included untreated control groups. Studies of mainte-
nance pegylated-IFN therapy in virological nonre-
sponders are underway in hopes of demonstrating the
effectiveness of this approach in decreasing the risk
of HCC development.®

Predictors of therapeutic response

The SVR rate using IFN-o monotherapy is 15 to
25%, whereas combined IFN and RBV has doubled
the SVR rate. Recent large randomized controlled
trials have demonstrated that combined pegylated-
IFN alpha and RBV is superior to standard IFN-
alpha and RBV and achieved an SVR of 54-65% for
genotype 1 and 80-95% for genotype 2 patients.® 55>
) Antiviral therapy for HCV is both expensive and
associated with a number of adverse effects. Thus
identifying reliable predictors of treatment response
is essential. Several factors have been studied to pre-
dict the response to antiviral therapy for chronic
hepatitis C. Age, gender, duration of disease, histo-
logical features (absence of advanced fibrosis), pre-
treatment alanine transaminase (ALT) levels, RBV
and IFN dose, form of IFN, and pretreatment viral
characteristics have been found to be predictors of
treatment response.®’” A recent study reported that
significant predictors of SVR were non-genotype 1,
low pretreatment viral load, high ribavirin dose (= 14
mg/kg), high baseline ALT levels (= 120 U/L) and
high platelet levels (= 150000/mm?).”> Of these vari-
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ables, genotype is the strongest predictor of an SVR.
Present data strongly indicate that HCV genotype is
the key determinant of response to IFN-alpha based
treatment regimens.*’>™ Genotype should be deter-
mined in all HCV-infected persons prior to treatment
in order to determine the necessary duration of thera-
py and likelihood of response.“"*® Patients with
genotypes 1 and 4 generally exhibit a poorer
response to IFN-based therapy than those with geno-
types 2 and 3. HCV genotype 5 appears to be an eas-
ily treatable virus, with response rates compatible
with those of genotypes 2 and 3 after a 48-week
course of therapy.”’® Treatment response in geno-
type 6 HCV patients may be at an intermediate level
between that observed in genotype 1 and genotypes
2/3. The optimum duration of treatment (24 vs. 48
weeks) for HCV genotype 6 is unclear and currently
under investigation.”*"

In the era of treatment with conventional IFN
alpha plus ribavirin, the duration of treatment in
chronic hepatitis C patients was tailored according to
HCV genotype and baseline viremia. HCV patients
with genotype 1 and high baseline viremia were
treated for 48 weeks, while those with genotype 1
and low baseline viremia, as well as those with geno-
types 2 or 3 were treated for 24 weeks.“**® Recently,
inability to detect HCV-RNA at week 4 of treatment
(rapid virological response [RVR]) was reportedly
the single best predictor of SVR to pegylated IFN
plus RBV therapy. Genotype 1 patients with an RVR
may be treated for 24 weeks with pegylated IFN plus
RBV therapy.”™ On the other hand, a shorter 12-16
week course of therapy with peg interferon alpha-2b
and RBV was reported as effective as a 24-week
course in patients with genotypes 2 or 3 HCV who
had an RVR at week 4. Dynamic changes in
HCV RNA during treatment, defined at week 12 as
an early virological response (EVR), is useful for
identifying individuals unresponsive to therapy.©®
Discontinuation of antiviral therapy may be consid-
ered in genotype 1 patients when an EVR is not
achieved.©""

Resistance to antiviral therapy remains an
important and controversial issue, especially in
chronic HCV-1b infection. A previous Japanese
study suggested that the responsiveness to IFN in
HCV-1b infected individuals may correlate with
mutations in the amino acid sequence between codon
2209 and 2248 of the NS5A region, commonly
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known as the “interferon sensitivity determining
region” (ISDR).7 In contrast, data from studies in
the United States and Europe do not support this cor-
relation.”™™ A recent study in Taiwan showed that
NSS5A-ISDR mutations were correlated with an SVR
to combined IFN plus RBV therapy in chronic HCV-
1b patients.®” Our recent study further demonstrated
that ISDR mutations correlated with SVR to
PeglFNa-2b plus RBV therapy in HCV-1b patients
(unpublished data). On the other hand, a similar con-
troversy has been observed between the response to
therapy for HCV and mutations in the NS5B region,
which exhibit RNA-dependent RNA polymerase
activity and are essential in viral replication.®"*¥
Although viral characteristics have consistently
proven to be important predictors of response, identi-
fication of additional host immune and genetic fac-
tors determining the outcome of antiviral therapy is
necessary. For example, G protein 3 subunit
(GNB3) C825T polymorphism has been shown to
affect immune cell function in vitro, and the C825C
genotype was found to be associated with non-
response in HCV-1 infection.® The G-> A transition
in the tumor necrosis factor (TNF) a promoter region
at position -308 (TNF 308.2) revealed an indepen-
dent association with an SVR particularly in patients
with HCV genotype 1b infection and > 200,000 TU
/ml of HCV RNA.® Recently, real-time RT-PCR
was used to quantify hepatic expression of IFN
receptor mRNA (IFNAR2c mRNA) and indicated
that hepatic IFNAR2c mRNA may not be useful for
predicting the response to IFN plus RBV therapy in
patients with HCV-1b infection, but apparently cor-
related inversely with fibrosis stage and age.®® Large
scale studies are needed to confirm this hypothesis.
A recent multicenter study®” used single nucleotide
polymorphism (SNP) of seven genes as a haplotype,
i.e.: adenosine deaminase, RNA-specific (ADAR),
caspase 5, apoptosis-related cysteine peptidase
(CASPS), fibroblast growth factor 1 (FGF1), inter-
feron consensus sequence binding protein 1
(ICSBP1), interferon-induced protein 44 (IF144),
transporter 2, ATP-binding cassette, subfamily B
(TAP2), and transforming growth factor, beta recep-
tor associated protein 1 (TGFBRAP1) for the respon-
siveness trait in 317 chronic hepatitis C patients
receiving IFN plus RBV therapy. A prediction model
with both the host genetic and viral genotype factors
was constructed and demonstrated a sensitivity of



80.7% and specificity of 67.2% for an SVR.

Future study

In addition to the factors mentioned above, other
viral factors, and environmental and host factors may
influence disease progression and therapeutic effects.
Recently developed methods of genomic study using
gene chip microarrays have helped to elucidate dif-
ferent signaling pathways in HBV- and HCV- related
pathogenesis.®® Recent proteomic studies have also
revealed the potential to help identify biomarkers for
the diagnosis of HCC and to determine predictors of
therapeutic response for chronic hepatitis C.*** New
drugs and treatment strategies, such as proteinase
inhibitors, albumin IFN, large dose Peg IFN and
large dose RBV have also had an impact on the treat-
ment response for chronic hepatitis C.“"*?
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