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Abstract

AIM: To assess the association between chronic
hepatitis C virus (HCV) infection and hepatocellular
carcinoma (HCC) in Pakistan, and the genotype
distribution among these HCC patients.

METHODS: One hundred and sixty-one subjects
with HCC were included in this study. Liver biopsy
was performed on 145 of the patients; sixteen were
excluded because they failed to fulfill the inclusion
criteria. Qualitative polymerase chain reaction (PCR)
was performed for hepatitis B virus and HCV. Samples
positive for HCV RNA were genotyped using genotype-
specific PCR and confirmed by HCV 5’ noncoding region
sequencing analysis.

RESULTS: Chronic HCV infection was identified a
major risk factor (63.44% of tested HCC patients) for

the development of HCC. The time from HCV infection
to appearance of cancer was 10-50 years. In the HCC
patient population, broader distributions of genotypes
were present with genotype 3a as the predominant
genotype. Using the type-specific genotyping method,
we found HCV genotype 3a in 40.96%, 3b in 15.66%, la
in 9.63%, and 1b in 2.40% of HCC tissue samples. About
28% of cases were found with mixed genotypes. Two
cases were unable to be genotyped because of low viral
load. Sixty-six percent of treated patients with cirrhosis
had an end of treatment response, but unfortunately
they relapsed quickly when the treatment was discontin-
ued, and HCC developed during a median 3.8 years.

CONCLUSION: There was a strong association
between chronic HCV infection and HCC in Pakistan,
and between HCV genotype 3a and HCC.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the commonest
cancers in the world, with an estimated incidence of
5000000 to 10000000 new cases every year'. Hepatitis C
virus (HCV) infection, hepatitis B virus (HBV) infection,
alcoholic liver disease, and non-alcoholic fatty liver disease
are the major causes of cirrhosis in patients with HCC?,
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Chronic HCV infection frequently leads to liver cirrhosis
and is associated with an elevated risk for progression
into HCC™., Epidemiological surveys have identified
HCV in 10%-80% of HCC patients reported in different
populations[s’()]. HCV has also been reported to be the major
cause of HCC in Japanm, Italym and Spainm, but is less
important in South Africa™ and Taiwan'". Association of
HCYV infection with HCC has also been well documented
in the United States'",

Etiology, clinical features, and survival of HCC vary
considerably in different populations“zj. In Pakistan,
HCC is a leading cause of death and accounts for
60%-90% of all primary liver malignancies'”. Some
studies have shown hepatitis B surface antigen (HBsAg)
positivity in 60% of patients with HCC"™". However,
some other studies have reported positivity for HCV
infection in up to 80% of patients with HCC"". Tt
is believed that HCV infection is a major etiological
factor for HCC"" however, not all patients with HCV
infection develop HCC. A number of host factors
such as male sex, older age at infection, long disease
duration, excessive alcohol consumption, and high
liver iron overload have been reported to influence
disease progression'™"”). Several additional studies have
noted variables such as chronic co-infection with HBV
and human immunodeficiency virus (HIV)™, obesity
and steatosis”", type 2 diabetes™, and asymptomatic
cryoglobuljnemiam’l8’23J. In addition to these host factors,
several viral factors such as genotype and peripheral
viral load have also been reported to influence disease
progression’””. Some studies have identified that cirrhotic
patients infected with HCV type 1b carry a significantly
higher risk of developing HCC compared to those
infected with other HCV types[zs’%
of other studies”™” are in disagreement with these
studies, and demonstrate no association of a particular
HCV genotype with the development of HCC.

No such studies on the association or otherwise of
HCV genotype with the development of HCC are available
from Pakistan. Therefore, this study was performed to: (1)
study various risk factors for the development of HCC;
(2) investigate the prevalence of HCV in patients with
HCCG; and (3) evaluate if there is any association between
particular HCV genotypes and HCC.

| However, the results

MATERIALS AND METHODS

Patients

For initial examination, 161 subjects with chronic
hepatitis managed as end-stage liver disease patients at
various hospitals of Punjab and North West Frontier
Province of Pakistan were enrolled. All these patients
underwent ultrasound-guided liver biopsy. Of these
161 subjects, 145 satisfied the inclusion criteria such as:
HCC was confirmed by liver imaging (ultrasonography
and computed tomography); histologically confirmed
HCC; chronic liver disease of any etiology, with ascites
and encephalopathy. Sixteen patients were excluded
from the study because they failed to fulfill the study

criteria (14 subjects) or were unwilling to participate in
the study (two subjects). The study was started in March
2001 and ended in April 2009. The clinical records of
these patients were examined to identify the etiology
of HCC. Documentation of the histology of liver
tissue surrounding the cancer, together with possible
sources of transmission and duration of blood-borne
infectious hepatitis, was made. The time of transmission
of HCV infection was calculated from the time of first
major/minor surgery or first blood transfusion; only
these patients were used to calculate the range/median
duration of infection. Serum samples were collected
and stored at -20°C, at the time of diagnosis of HCC.
All the liver biopsies were transported in liquid nitrogen
and stored at -70°C. Liver function tests such as alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase and bilirubin levels of
all the samples were estimated using an auto-analyzer
(Hitachi, Tokyo, Japan). Serum q-fetoprotein (AFP)
concentration was determined by solid-phase, two-site
chemiluminescent immunometric commercial diagnostic
assay, using an Immulite-100 automated immunoassay
system (Diagnostic Products, Los Angeles, CA, USA).
From all the subjects, written informed consent was
obtained. The study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki and was
approved by the Ethics Committee and Institutional
Review Board of the Centre.

ELISAs for HBsAg, anti-HBsAg, anti-hepatitis B core
antigen (HBc), anti-HCV and anti-HIV 1 and 2

All the patients were screened for HBsAg, anti-HBsAg,
anti-HBc, anti-HCV and anti-HIV 1 and 2 using third-
generation ELISA kits (DRG Instruments, Germany) as
described by the manufacturer.

HBYV qualitative polymerase chain reaction (PCR)
Hepatitis B viral DNA was extracted from 200 pL of
stored serum and 2-5 mg of liver tissue of each of the
patients using Gentra DNA Isolation Kit (PUREGENE,
USA). Qualitative detection of serum HBV DNA was
done by PCR amplification of the surface antigen gene
using specific forward (5’AGAACATCGCATCAGGAC
TC-3'; nt: 159-178) and reverse (5'CATAGGTATCTTG
CGAAAGC-3'; 642-623) primers. One microliter of the
first-round products was re-amplified using nested PCR
with internal forward (5’AGGACCCCTGCTCGTGTT
AC-3'; 181-200) and reverse (5’AGATGATGGGATG-
GGAATAC-3"; nt: 619-600) primers. The amplified
products were detected on agarose gel electrophoresis
after staining with ethidium bromide and visualization
on a UV transilluminatot.

Qualitative and quantitative detection of HCV RNA

HCV qualitative RT-PCR was carried out as described
previouslylz()]. HCV RNA was quantified using a
SmartCycler II Real-time PCR (Cepheid, USA), using
HCV RNA quantitative kits (Sacace Biotechnologies,
Italy) according to the kit protocol.
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Risk factor Value
Age £SD (yr) 58 £11
Male 107 (73.79)
ALT 61 (42.1)
AST 61 (42.1)
Alkaline phosphatase 145 (100)
Bilirubin 145 (100)
AFP elevation 125 (86.2)
Cirrhosis present 98 (67.58)
HBsAg-positive (alone) 18 (12.41)
Anti-HBc-positive (alone) 2(1.37)
Anti-HBs-positive 10 (6.89)
HBV-DNA PCR-positive (alone) 26 (17.93)
Anti-HCV-positive (alone) 92 (63.44)
HCV-RNA PCR-positive 83 (57.24)
HBV- and HCV-positive 19 (13.10)
No known etiology 6 (4.13)

HCC: Hepatocellular carcinoma; ALT: Alanine aminotransferase; AST:
Aminotransferase; AFP: a-fetoprotein; HCV: Hepatitis C virus; HBV:
Hepatitis B virus.

HCV genotyping

Core HCV genotyping were performed as described
previously1301 for all HCV-RNA-positive sera and tissues.
Genotypes were confirmed by HCV 5’ noncoding region
(5 NCR) sequencing using ABI PRISM 3100 Genetic
Analyzer (Applied Biosystem Inc., Foster City, CA, USA)
in both directions. Sequences of isolates were aligned with
representative sequences for each major genotype and
subtype selected from the GenBank database with the help
of the Multalign program. The phylogenetic analysis of
HCV isolates was performed with MEGA 3.0 software”"
and phylogenetic trees were constructed by the neighbor-
joining method, using the bootstrap-resampling test from
the MEGA program (1000 bootstrap replications).

HCYV treatment

The medical records of the HCV-related HCC patients
showed that a total 21 patients had been treated previously
for HCV infection. These treated patients had received
3 MU recombinant interferon-q¢, three times weekly,
subcutaneously, and ribavirin (10 mg/kg per day) for a
total of 24 wk.

Statistical analysis

The data were analyzed and summary statistical analysis
was catried out using SPSS for Windows version 10.0. The
results for all variables were given in the form of averages
(SD). The */Fisher’s exact test and independent sample 7
test wete used for categorical/continuous vatiables.

RESULTS

Characteristics and biochemistry of HCC patients

Patient demographics and biochemical and clinical data
are shown in Table 1. HCC patients were older (58 *
11 years), were predominantly male (73.8%), and had
no history of chronic alcoholism. Data collection was

incomplete for one aspect, namely, exact duration of
illness. The time of HCV transmission was calculated
from the time of first major/minor sutgery or first blood
transfusion, which might not have been the exact date of
virus acquisition. All the patients with HCC had raised
levels of serum bilirubin (> 1.0 mg/dL) and alkaline
phosphatase (> 300 U/L). ALT and AST levels were
abnormal (ALT > 40 IU/mL, AST > 35 IU/mL) only in
42% of patients. AFP level was elevated (> 15 TU/mL)
in 86.2% of patients with HCC. Cirrhosis was present in
67.6% of HCC patients. All the patients were found to
be negative for anti-HIV.

Etiology of HCC

Out of the 145 patients with HCC, HCV antibodies
were present in 92 (63.4%) serum samples. Two patients
were found to be tissue-positive by PCR but no anti-
HCV antibodies were present. Eighty-one patients were
found to be tissue- positive by PCR out of 92 anti-HCV-
positive patients (88.04%). Of these patients with HCC
caused by HCV, 68 were male and 13 were female. The
mean age was 55 & 10 years for HCV-related HCC. HCV
RNA was detected in the serum of all these 81 tissue-
positive patients. All the patients with HCV-related HCC
had a history of chronic HCV infection. The peripheral
HCV RNA loads were as low as 10000 copies to as high
as 3.7 X 10° copies/ml.. No significance difference was
found between the viral loads in serum and tissues of the
same patients. Twenty-eight cases were caused by HBV,
of whom 18 (19.31%) also had markers for current HBV
infection (HBsAg-positive), and two patients (1.37%) had
markers for past infection (HBsAg-negative; anti-HBsAg-
positive; anti-HBc positive). The age was 65 * 12 years
for HBV-associated HCC patients. Nineteen (13.1%) of
the HCC cases had markers for HCV and HBV. Out of
these 19 cases with dual infection, two were HBV-DNA-
positive and HBsAg-negative. In 6 (4.13%) cases, the
etiology of liver cancer could not be determined from the
medical records or serology. All these six HCC patients
with unknown etiology were younger than the HCV-

related HCC patients (45-50 years).

Distribution of HCV genotypes in HCC patients

Table 2 shows the results of HCV genotyping, A total
of 83 tissue samples (81 positive for HCV RNA and
anti-HCV, and two positive for HCV RNA and negative
for anti-HCV) were used for HCV genotyping. Using
the type-specific genotyping method, we found HCV
genotype 3a in 40.96%, 3b in 15.66%, 1a in 9.63%, and
1b in 2.40% of HCC tissue samples. Twenty-four tissues
(28.91%) were found with mixed genotypes. Of the 24
mixed genotypes, 10 were infected with genotypes 3a
and 3b, eight with 1a and 3a, and six with 1a and 3b.
Two tissue samples were found to be untypable as no
genotype was detected. Both of the untypable patients
had no cirrhosis and had a low viral load (< 10*1U/ mL).
The genotyping results for all single genotypes were
confirmed by sequencing. The sequence data of the
sequences were submitted to GenBank. The Accession
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HCV genotype No. of HCC cases Percentage
la 8 9.63
1b 2 2.40
3a 34 40.96
3b 13 15.66
3a+3b 10 12.48
la +3a 8 9.63
la + 3b 6 7.22
NT 2 240

'Eighty-one were positive for tissue/serum RNA by PCR and positive for
serum anti-HCV, and two were positive for tissue/serum RNA by PCR
but negative for serum anti-HCV. Eleven patients with HCC caused by
HCV were not genotyped, as these were anti-HCV-positive by ELISA, but
were HCV-RNA-negative, thus they could not be genotyped utilizing the
molecular genotyping method. NT: Not typed.

Numbers provided for our nucleotide sequences by
GenBank are EF173955-EF174011.

Anti-viral treatment history

The medical records of the patients showed that 21 of
94 patients with HCV-associated HCC had received pre-
vious standard interferon therapy for a total of 24 wk.
Of these treated patients, 13 were male and eight were
female. Cirrhosis was present in all of these 21 treated
patients. Twenty of these patients had genotype 3a (12
male and eight female) and one 3b (male). Fourteen
(66.7%) of these patients (eight male and six female; all
with genotype 3a) had an end of treatment response but
relapsed after discontinuation of treatment, with no sus-
tained viral response.

DISCUSSION

Several viral and host factors have been studied
extensively since the identification of HCV infection as
a major risk factor for the development of HCC™",
Among the viral factors, the presence of some HCV
genotypes adds to the list of risk factors for HCC. In the
present study, the etiology of 145 patients with HCC was
assessed with special emphasis on HCV genotype. More
than 73% of the enrolled patients with HCC were male.
It has been reported already that men have a higher
liver cancer rate than women, with a ratio between 2:1
and 4:1%”. The reasons for the higher proportion of
male patients with HCC might be the possibility that
more men are infected with HBV and HCV, consume
alcohol, smoke, have increased iron stores, higher body
mass index, and a possible involvement of male sex
hormones in the onset of HCC™, Most patients (96.5%)
in the current study were elderly and their ages ranged
from 58 to 68 years. They were possibly infected on
receiving injections or major/minor surgery at a median
time of 20 years previously. Our observation of late
onset of HCC is in agreement with eatlier reports from
other parts of the world where the transition from
acute infection to cirrhosis and detection of HCC took
20-30 years™, Tt is important to mention here that, in

recent years, with the increasing incidence of HCC, the
age of patients with HCC has been decreasing among
persons aged 45-60 years”. AFP elevation was observed
in the present study in about 86% of patients with
HCC. Cirrhosis was present in > 67% of HCC cases
studied. Previous studies have shown that cirrhosis
underlies HCC in > 80% of affected individuals”>,
Therefore, any agent that leads to cirrhosis should be
seen as a risk factor for the development of HCC. It
has also been reported that the risk among those with
cirrhosis increases in parallel with the impairment of
liver function, and in subjects with increased AFP
concentration””.

Thirty-two percent of our patients with HCC were
without liver cirrhosis, which showed that infection
with HCV and HBV could be correlated with the
emergence of HCC, even in the absence of liver cirrhosis.
It has been established that the mechanism for the
development of HCC in HBV-related cases is associated
with the integration of HBV DNA into hepatocytes[37].
However, such a mechanism has not been established
for HCV, because to date, integration of HCV RNA
into cellular DNA has not been reported, even when
there has been evidence for the direct involvement of
HCV in oncogenicity. According to recent reports, the
possible risks are involvement of various viral proteins
such as core, NS3 and NS4 in the induction of liver cell
proliferation, by interfering directly with the major cellular
transduction networks"” ",

Several major findings have emerged from the
current study. The first finding is the identification
of chronic HCV infection as a major risk factor for
the development of HCC in Pakistan, because anti-
HCV was observed in > 63% of patients with HCC.
The overall anti-HCV prevalence rate is 14%-15% and
HBYV carrier rate is 2%-3% in the general population of
Pakistan™*"
results of studies already reported from high-risk areas
for HCC such as Japan, Italy and Spain, where majority
of reported HCC cases are HCV-related®®. It is clear
from the present study and from others that the greatest
proportional increases have occurred recently in HCV-
related HCC worldwide, and that HBV-related HCC has
been stable and at its lowest rate'. The rate of HCV-
related HCC is likely to continue to increase, and it is
estimated that this increase will peak around the year
2010, not only in North America and Europem, but also
in the rest of the world including Pakistan. Presently, the
annual incidence of HCV-related HCC ranges between
2% and 8%

The second major finding of the current study is the
evidence that links HBV with HCC, with about 19%
of cases caused by HBV. This link was expected and is
unquestionable, as has been reported previously[w. Co-
infection with HBV was also found as an additional
etiological factor for HCC in the current study, which
supports other published studies™*. In two HCV-
RNA-positive patients, HBV DNA was detected even in
the absence of serological markers for HBV in serum.

. Overall, our data are consistent with the

Previously, it has also been reported that the rate of
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occult infection in such patients can be as high as 63%™,
It has been reported that the implementation of HBV
vaccination has resulted in a significant decrease in the
incidence of HBV-related HCC™. 1n 4.13% cases in the
present study, the etiology of liver cancer could not be
determined from medical records or from serology and
molecular biology. All these patients were non-drinking
males, but were chain smokers.

Another more interesting and somewhat surprising
finding in the present study was the observation that
HCV genotype 3a was the predominant genotype in
41% of HCC cases. This suggests that genotype 3a is
a major risk factor associated with the development of
HCC compared with other HCV genotypes. However,
the question whether HCV genotype plays a role in the
development of liver cirrhosis and HCC is still debatable.
Previously, the effect of HCV genotype 1b has been
scrutinized as a risk factor for HCC™**
some other studies have revealed no preferential role
of individual HCV genotypes in HCC®"*. Although
in our study HCV genotype 3a was predominant in
HCV-related HCC, this genotype has been reported

previously to induce a high sustained response, and has

I However,

been less responsible for severe disease as compared
to genotypes la, 1b and 4" Tt seems that the high
percentage of HCC in patients with HCV genotype 3a
might result from the fact that genotype 3a can equally
cause increased oncogenicity, as can other genotypes
such as 1a and 1b. Finally, patients with cirrhosis had no
sustained response rates and treatment did not reduce
the incidence of HCC. However, more studies with a
large number of cirrhotic patients, along with adequate
controls, are required to confirm this observation of the
current study.

In conclusion, HCC was found mostly in patients
with chronic HCV infection and with liver cirrhosis in
Pakistan. There also seemed to be a strong association
between chronic HCV infection with genotype 3a and
HCC, as the high prevalence of genotype 3a in the HCC
population reflected increased oncogenicity. Treatment
did not stop the development of HCC. However, studies
with larger numbers of patients could confirm that HCV
genotypes vary in their propensity to produce clinically
significant liver disease.
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