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Abstract. The majority of patients with hepatitis C virus
(HCV) in China were infected via blood transfusion prior to
the year 1996. In this systematic retrospective cohort study,
disease progression in 804 consecutive patients with transfu-
sion-acquired HCV is investigated. In addition, the occurrence
of compensated cirrhosis, decompensated cirrhosis and
hepatocellular carcinoma (HCC) is analyzed among these
patients, along with the risk factors for disease progression.
Patients with cirrhosis or HCC were classified as the serious
development group (SD group) and the remaining patients
with chronic hepatitis were classified as the hepatitis group
(H group). Significant differences were found between the two
groups in age at the time of infection, duration of infection and
age at the time of observation. SD group patients were signifi-
cantly older at the time of transfusion (33.73 vs. 23.56 years;
P<0.001), with a significantly longer mean duration of HCV
infection (21.88 vs. 21.15 years; P=0.029) compared with that
in the H group. Male gender and age at the time of transfu-
sion were significant risk factors for HCC (OR=2.48, P=0.031
and OR=1.07, P=0.002, respectively). Age was a significant
risk factor for disease progression in older Chinese patients
with transfusion-acquired HCV, and there were significant
differences in the prevalence of compensated cirrhosis,
decompensated cirrhosis and HCC between the age groups
(P<0.001), suggesting that more patients with HCV may
develop cirrhosis or HCC in their third and fourth decades
of infection. Results of the present study will be helpful for
predicting disease progression in Chinese patients with HCV
infected via blood transfusion.
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Introduction

The hepatitis C virus (HCV) is considered to be the primary
cause of chronic hepatitis, liver cirrhosis and hepatocellular
carcinoma (HCC) (1), and has a worldwide incidence of
3% (2-4). Based on China's National Seroprevalence Survey
(years 1992-1995), China has a slightly higher incidence of
~3.2% (5). Diagnosis of HCV is based on the detection of
anti-HCV antibodies and HCV RNA in the serum or liver (6,7).

Approximately 50-85% of patients with HCV develop
a chronic infection with persistent viremia (8). A previous
study demonstrated that, at 20 years after infection, 10-20%
of these patients develop cirrhosis and 1-3% develop HCC (9).
However, patients who achieved a sustained viral response
(SVR) after treatment showed low rates of disease progression
and end-stage liver disease at 35 years after infection (10).

The HCV genotype is thought to serve arole in determining
the disease course and prognosis of hepatitis C, and has been
shown to be associated with the sensitivity and specificity of
diagnostic tests for hepatitis C (11). HCV genotype 1 is the most
prevalent worldwide accounting for 83.4 million cases, which
represents 46.2% of all HCV cases (12). The HCV 1b genotype
has been found in 31.3% of chronic hepatitis cases, 50% of
liver cirrhosis cases and 57.1% of HCC cases (13). Genotype
affects the HCV treatment outcome. Pegylated interferon o
(PEG IFNo) administered once weekly in combination with
ribavirin was effective in 85% of patients with HCV infected
with genotypes 2 or 3, but only in 45% of patients infected
with genotypes 1 and 4 (14). Genotype 1 patients who are
treated with telapravir and boceprevir in combination with
PEG IFNa were shown to have increased SVR compared with
patients treated with PEG IFNa alone (15,16). Transfusion of
blood and blood products represents the primary transmission
route for HCV in China. The wide-spread implementation of
standardized HCV detection techniques in 1993 resulted in a
significant decrease in the number of new infections via blood
transfusions (17). However, since most transfusion-acquired
HCYV infections in China occurred between the years 1990
and 1996, individuals infected during that period have been
infected with HCV for ~20 years, and progression of fibrosis
puts them at risk of HCC (18).
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Although the natural history of HCV infection and
HCYV infection routes have been extensively studied, there is
limited information describing the association between the
progression of HCV infection and the HCV infection route.
Since blood transfusion remains an important mode of HCV
infection, it is important to understand the progression of the
disease in patients with HCV infected via blood transfusion.
The molecular mechanisms underlying the progression of
chronic HCV infection to cirrhosis and HCC remain largely
unclear. Based on the clinical experience at the First Affili-
ated Hospital of Zhengzhou University (Zhengzhou, China_,
a 20-year duration of HCV infection marks an important
time point at which to evaluate disease progression. However,
disease progression in patients with HCV has not been studied
systematically in patients who were infected with HCV via
transfusions twenty years earlier. In this systematic, retrospec-
tive cohort study, the progression of disease in patients who
were infected with HCV through blood transfusions, and who
did not receive antivirus therapy, is investigated.

Materials and methods

Study participants. The present study was a systematic retro-
spective analysis of 804 consecutive patients with chronic
HCV infection who were admitted to the First Affiliated
Hospital of Zhengzhou University between January 2011 and
December 2013. Inclusion criteria were as follows: i) Patients
infected with HCV via blood transfusion prior to 1996, and
who did not receive antivirus treatment; ii) patients positive
for anti-HCV antibodies and for HCV viral load. Routine
screening of blood products for HCV using techniques and
kits with better specificity and sensitivity was implemented in
China in 1996. Therefore, the year 1996 was established as the
cut-off point for transfusion history. Patients who had a history
of blood transfusion prior to 1996, who were positive for
HCV RNA and who had no other risk factors for HCV, were
diagnosed with transfusion-associated hepatitis C. Factors
such as drug abuse, hemodialysis and sexual exposure were
excluded prior to concluding that HCV infection occurred via
blood transfusion. Reasons for transfusion included bleeding
associated with childbirth, ectopic pregnancy, surgery (breast,
lung and thyroid cancer or benign lesions), trauma or bleeding
disorders. No age-related issues were noted. The quantity of
blood transfused was not recorded. Among HCV patients
screened for inclusion in the present study, 43.7% had no
history of blood transfusion. Exclusion criteria, which were
established to rule out other possible causes of HCV infec-
tion, were as follows: i) Patients with other potential causes of
liver disease concurrent with HCV (such as hepatitis B surface
antigen-positive patients, patients with hepatitis A, hepatitis E,
drug-induced liver injury and EB virus infection); ii) excess
alcohol consumption (i.e., consuming >50 g of alcohol per
day); iii) infection with human immunodeficiency virus (HIV)
or presence of autoimmune or metabolic liver disease. In
addition, patients who had received multiple transfusions were
excluded. Demographic and clinical characteristics, including
age, gender, time of infection and alcohol consumption,
were collected from patient records. In addition, information
regarding known risk factors, such as intravenous drug use,
travel history, acupuncture, sexual habits and incarceration,
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was obtained from patient medical records. When the infor-
mation was not available in the medical records, a telephone
follow-up was performed. Body mass index data were not
collected.

The HCV genotype was identified in 53.6% of the enrolled
study patients. For the purpose of comparative analysis,
patients with cirrhosis or HCC were classified as the serious
development group (SD group) and the remaining patients
with chronic hepatitis were classified as the hepatitis group
(H group). Patients in the SD group were subdivided further
into those with compensated cirrhosis, decompensated
cirrhosis and HCC.

Ethical considerations. The internal review board of the First
Affiliated Hospital of Zhengzhou University reviewed and
approved the study protocol. Patients' records were reviewed
retrospectively without patient identity so informed consent
was waived for this study.

Laboratory and clinical evaluation of HCV infection. Serum
samples were collected from the patients and the presence of
anti-HCV antibodies was determined using commercially a
available third generation ELISA kit (cat. no. 1707-12; Diag-
nostic Automation, Inc., Calabasas, CA, USA) according to
the manufacturer's instructions. Seroreactive samples were
tested for HCV RNA by quantitative polymerase chain reac-
tion (PCR) using an ABI-7500 Fast Real-Time PCR System
(Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham,
MA, USA). The detection range of HCV RNA was >500 [U/ml,
and since HCV RNA values did not show normal distribution
and there was a large skewing of the data, logarithmic trans-
formations were performed.

Diagnosis of cirrhosis was based on imaging indicators,
such as irregular liver shape, presence of liver parenchyma
nodules, presence of widened portal vein, splenomegaly or
hypersplenism, or liver biopsy results which showed the forma-
tion of false lobules. Diagnosis of decompensated cirrhosis was
based on the presence of cirrhosis, bleeding in the esophageal
varices, ascites and hepatic encephalopathy. The diagnosis
of HCC was based on pathological, histological and clinical
criteria, and included evaluation of clinical manifestations,
serum AFP levels and imaging features of HCC obtained
through dynamic contrast-enhanced computed tomography or
magnetic resonance imaging (MRI), which was performed in
all patients. Among the typical imaging features noted were
heterogeneous enhancement of the space-occupying lesion
in the liver during the arterial phase of Multi-Detector-Row
Computed Tomography and (or) dynamic contrast-enhanced
MRI, which disappears during the venous phase or lag phase.
Twenty-three patients had follow-up pathological confirma-
tion of HCC diagnosis. Diagnosis of cirrhosis included the
following: i) Indicators based on imaging, such as irregular liver
shape, liver parenchyma nodule, widening of portal vein diam-
eter and splenomegaly; ii) hypersplenism; and iii) liver biopsies
revealing formation of false lobules. A total of 33 patients had
biopsy results and the remaining patients were diagnosed based
on the first and second criteria described above.

HCYV genotyping. Direct sequencing of products generated by
nested reverse transcription (RT)-PCR was performed using
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the VERSANT HCV Genotype Assay (Siemens Healthcare
Diagnostics, Tarrytown, NY, USA), according to the manu-
facturer's instructions. Viral RNA was extracted using TRIzol
(Thermo Fisher Scientific, Inc.) and the first-round amplifica-
tion was performed by RT-PCR under the following cycling
conditions: 42°C for 30 min; denaturation at 94°C for 3 min;
followed by 25 cycles of 94°C for 10 sec, 55°C for 20 sec and
72°C for 30 sec. The product from the first round amplifica-
tion (1 pul) was used as the template for the second-round PCR
amplification under the following cycling conditions: 94°C
for 5 min; followed by 25 cycles of 94°C for 10 sec, 55°C
for 20 sec and 72°C for 30 sec. After digestion of the excess
dNTPs and primers in the reaction mix with shrimp alkaline
phosphatase (SAP), the PCR product was sequenced using the
ABI 3130 DNA Sequencer (DIAN Medical Diagnostic Center
Co., Ltd., Hangzhou, China), and the data were analyzed using
genotyping software (www.ncbi.nlm.nih.gov/projects/geno-
typing/formpage.cgi) of the National Center for Biotechnology
Information.

Statistical analysis. Continuous variables are presented
as the mean + standard deviations. Independent 7 test was
performed to compare the differences between two groups.
One-way analysis of variance with Bonferroni post-hoc test
was performed to compare the differences between more than
two groups. Categorical variables are presented as counts and
percentages, with chi-square tests or Fisher's exact tests for
group comparison, appropriately. Logistic regression models
were performed to detect the risk factors for patients with
serious, progressive hepatitis disease or with HCC. Factors
with P<0.05 in univariate analyses were included in the multi-
variate model. P<0.05 was considered to indicate a statistically
significant difference. The statistical analyses were performed
using SAS version 9.2 software (SAS Inc., Cary, NC, USA).

Results

Demographic and clinical characteristics of patients in
the chronic hepatitis and serious development groups. Of
the 804 subjects included in this study, 564 (70.15%) were
included in the H group and 240 (29.85%) were included in
the SD group. The study population comprised 333 males and
471 females with a mean age of 47.96 years. Fourteen subjects
were infected with HCV prior to the year 1980; 179 subjects
were infected during the years 1981-1990, and 607 subjects
were infected during 1990 and 1996. Data for the year of
HCYV infection were missing in 4 cases. A total of 431 patients
had diagnostic information for genotype. Genotype analysis
showed that 301 subjects had genotype 1b, 124 subjects had
genotype 2a, 4 subjects had genotype 1la, 1 subject had geno-
type 2b and 1 subject had genotype 6a. Genotype information
was not available for 373 patients. The mean age for blood
transfusion was 26.6 years, the mean duration of HCV infec-
tion was 21.38 years and the mean value of log HCV RNA was
14.9 (Table I).

The mean age of patients in the SD group was significantly
higher compared with that of patients in the H group at the time
of observation in this study (55.61 vs. 44.71 years; P<0.001).
Patients in the SD group had a significantly higher mean age
at the time of blood transfusion compared with patients in the
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H group (33.73 vs. 23.56 years, P<0.001). The mean duration
of HCV infection was significantly longer in the SD group
compared with that in the H group (21.88 vs. 21.15 years;
P=0.029). The mean log HCV RNA value was significantly
higher in the H group compared with that in the SD group
(15.12 vs. 14.37; P<0.001). No significant differences were
noted between the H and SD groups with regard to gender,
HCYV infected year, HCV RNA levels and genotypes (P>0.05).
In addition, there was no significant difference between the
two groups with regard to the incidence of diabetes and hyper-
tension, which were the major co-morbidities in these patients.
All study patients were screened for HBV. However, co-infec-
tion was rare, and only ~1% of patients were co-infected with
HBV (Table I).

The mean platelet count (PLT), WBC count and albumin
(ALB) levels of SD group patients were significantly lower
in the SD group compared with those in the H group (PLT,
59.37 vs. 143.86, respectively, P=0.001; WBC, 4.16 vs. 4.77,
respectively, P=0.004; ALB, 35.06 vs. 42.14, respectively,
P<0.001). The mean prothrombin time (PT), aspartate
transaminase (AST), y-glutamyl transferase (GGT) and total
bilirubin (TB) of SD group patients were significantly higher
compared with those of H group patients (PT, 12.74 vs. 9.89,
P<0.001; AST, 72.2 vs. 40.42, P<0.001; GGT, 63.00 vs. 43.00,
P=0.002; TB, 24.32 vs. 13.25, P<0.001) (Table I).

Risk factors in the serious development group. Risk factors
associated with the SD group are shown in Table II. Univariate
logistic regression analysis revealed that age at blood transfu-
sion, duration of HCV infection and log HCV RNA values were
all significant risk factors in the SD group compared with the
H group (P<0.001, P=0.02 and P<0.001, respectively). There
was a significant increase in risk with every year's increase
in age (OR=1.09, P<0.001) (data not shown), with every year's
increase in age at the time of blood transfusion (OR=1.09,
P<0.001) and with every year's increase in the duration of
HCYV infection (OR=1.05, P=0.02). However, the log HCV
RNA value significantly decreased with disease progression
(OR=0.87, P<0.001) (Table II).

Factors with P<0.05 in univariate analyses, including age
at the time of blood transfusion and duration of HCV infection,
were included in the multivariate logistic regression model.
log HCV RNA values were excluded since log HCV RNA is a
time-dependent variable. After adjusting for duration of HCV
infection and log HCV RNA values, the risk of progression
in SD group patients increased with every year's increase in
age at the time of blood transfusion (OR=1.1, P<0.001). After
adjusting for age at the time of blood transfusion and log HCV
RNA values, the risk of progression in SD group patients
increased with every year's increase in the duration of HCV
infection (OR=1.09, P<0.001) (Table II).

Demographic and clinical characteristics of the SD group.
The distribution of patients in the SD group is presented
in Table III. Of the 240 patients in the SD group, 157 had
compensated cirrhosis, 54 had decompensated cirrhosis and
29 had HCC. The mean age and age at the time of blood
transfusion were both significantly higher in the HCC group
compared with the compensated cirrhosis and decompensated
cirrhosis groups (age, 61.34 vs. 54.89 and 54.61, P<0.013; age
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Table I. Demographic and clinical characteristics of patients by group.
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Total (n=804) H group (n=564) SD group (n=240) P-value

Gender 0.141
Male 333 (41.42%) 243 (43.09%) 90 (37.5%)

Female 471 (58.58%) 321 (56.91%) 150 (62.5%)

Age (years) 47.96+12.42 44.71+11.81 55.61+10.3 <0.001*
Age at blood transfusion, years 26.6+12.25 23.56+11.62 33.73+10.66 <0.001*

Comorbidity
Diabetes 15 (1.87%) 12 (2.13%) 3(1.25%) 0.527
Hypertension 10 (1.24%) 8 (1.42%) 2 (0.83%) 0.482
HCV combined HBV 10 (1.24%) 3(0.53 %) 7 (2.92%) 0.942

HCYV infected year 0.08
<1980 14 (1.75%) 7 (1.25%) 7 (2.93%)

1981-1990 179 (22.38%) 118 (21.03%) 61 (25.52%)
>1990 607 (75.88%) 436 (77.72%) 171 (71.55%)

HCYV infected duration, years 21.38+4.03 21.15+£3.76 21.88+4.56 0.029*
HCV RNA, x107 2.75+27 3.40+32 1.19+3.23 0.106
log HCV RNA 14.9+2.29 15.12+£2.28 14.37+£2.24 <0.001*

Genotype® 0.555
Type 1b 301 (69.84%) 240 (70.80%) 61 (66.30%)

Type 2a 124 (28.77%) 95 (28.02%) 29 (31.52%)
Type la 4 (0.93%) 2 (0.59%) 2 (2.17%)
Type 2b 1 (0.23%) 1 (0.29%) 0 (0%)
Type 6a 1 (0.23%) 1 (0.29%) 0 (0%)

Platelets, 10°/ul - 143.86+58.90 59.37+3547 0.001

WBC, 10°/ul - 4.77+1.81 4.16£2.25 0.004

Prothrombin time, sec - 9.89+1.32 12.74+2 .80 <0.001*

Albumin, g/l - 42.14£5.04 35.06+5.97 <0.001*

Alanine transaminase, U/l - 48.11+60.68 51.88+41.79 0.245

Aspartate, U/l - 40.42+34.58 72.20+£53.02 <0.001*

v-glutamyl transferase, U/l - 43.00+47.08 63.00+49.52 0.002

Total bilirubin, mg/1 - 13.25+10.26 24.32+29.09 <0.001*

*Significant differences between groups; Puse of Fisher's exact test. Continuous variables are presented as means and standard deviations, with
independent ¢ test for group comparisons. Categorical variables are presented as counts and percentages, with chi-square tests or Fisher's exact
test for group comparisons. There were 4 missing values in HCV infected year, and 374 missing values in genotype. Patients with cirrhosis or
HCC are classified as the serious development group (SD group) and the remaining patients with chronic hepatitis are classified as the hepatitis

group (H group). H group, HCV, hepatitis C virus; HBV, hepatitis B virus; WBC, white blood cell.

at blood transfusion, 39.59 vs. 32.68 and 33.63, P<0.043). No
significant differences were found between groups in gender,
year of HCV infection, duration of HCV infection, HCV RNA
levels, log HCV RNA values and genotype studies (P>0.05;
Table III).

Risk factors for HCC in the SD group. Risk factors for HCC in
SD patients are shown in Table I'V. Univariate logistic regres-
sion analysis showed that male gender and age at the time of
blood transfusion were significant risk factors for HCC among
SD patients with progressive disease (OR=2.35, P<0.037; and
OR=1.07, P=0.002, respectively) (Table IV).

Male gender and age at transfusion were included in multi-
variate logistic regression analysis. Since there was a high

correlation between variables of age at the time of observa-
tion and age at the time of blood transfusion, these variables
were separated into two models. Multivariate analysis showed
that males had a higher risk of developing HCC than females
(OR=2.48, P=0.031); after adjusting for gender, the risk of
HCC increased with every year's increase in age at the time of
blood transfusion (OR=1.07, P=0.002) (Table IV).

Prevalence of hepatitis and progressive disease within
different age groups. Fig. 1 depicts the prevalence of hepatitis
(H group patients) and disease progression (SD group patients)
in the different age groups (40-49, 50-59 and 60-69 years).
Prevalence was highest in H group patients at 40-49 years
old and SD group patients at 50-59 years old. A significant
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Table II. Risk factors for the serious development group.

Univariate Multivariate
OR (95% CI) P-value OR (95% CI) P-value
Gender (ref = female) 0.79 (0.58-1.08) 0.142
Age at blood transfusion 1.09 (1.07-1.10) <0.001* 1.1 (1.08-1.11) <0.001*
HCYV infected duration 1.05 (1.01-1.08) 0.02* 1.09 (1.05-1.14) <0.001*
log HCV RNA 0.87 (0.81-0.93) <0.001*
Genotype (ref = type 2) 0.92 (0.57-1.49) 0.746

“Significant risk genotypes were analyzed as Type 1 vs. Type 2. Logistic regression was performed for risk factor comparisons between both
groups; factors with P<0.05 in univariate analyses were included in the multivariate model. Log HCV RNA value was excluded from the multi-
variate analysis since it was a time-dependent variable. The significant effects in the multivariate model are shown in table. OR, odds ration; CI,

confidence interval; HCV, hepatitis C virus.

Table ITI. Characteristics of patients in the serious development group by disease type and progression.

Compensated cirrhosis Decompensated cirrhosis HCC
n=157) (n=54) (n=29) P-value

Gender 0.105

Male 54 (34.39%) 20 (37.04%) 16 (55.17%)

Female 103 (65.61%) 34 (62.96%) 13 (44.83%)
Age, years 54.89+10.19 54.61+£9.76 61.34£10.342° 0.005
Age at blood transfusion, years 32.68+10.5 33.63+10.35 39.59+10.55*° 0.005
HCV infected year® 0.593

<1980 7 (4.49%) 0 (0%) 0 (0%)

1981-1990 40 (25.64%) 14 (25.93%) 7 (24.14%)

>1990 109 (69.87%) 40 (74.07%) 22 (75.86%)
HCV infection duration, years 22.22+5.07 20.98+3.29 21.76+3.36 0.226
HCV RNA, x107 1.13£2.64 1.69+5.14 0.65+1.27 0.355
log HCV RNA 14.51+222 14.13+2.31 14.06+2.33 0428
Genotype* 0.934

Type 1 55 (69.62%) 10 (66.67%) 7 (77.78%)

Type 2 24 (30.38%) 5(33.33%) 2 (22.22%)

Significant differences compared with the compensated cirrhosis group; °significant differences compared with the decompensated cirrhosis
group; ‘use of Fisher's exact test. Continuous variables are presented as means and standard deviations, with one-way analysis of variance and
Bonferroni post hoc test for group comparisons. Categorical variables are presented as counts and percentages, with chi-square tests or Fisher's
exact test for group comparisons. There was 1 missing value in HCV infected year, and 137 missing values in genotype. HCC, hepatocellular

carcinoma; HCV, hepatitis C virus.

difference was found in age between patients in the H and SD
groups (P<0.001; Fig. 1).

Prevalence of compensated cirrhosis, decompensated
cirrhosis and HCC within different age groups. Fig. 2
depicts the prevalence of compensated cirrhosis, decom-
pensated cirrhosis and HCC in the different age groups
(40-49, 50-59 and 60-69 years). The highest prevalence of
both compensated and decompensated cirrhosis was seen in
the 50-59 year-old age group and the highest prevalence of
HCC was seen in the 60-69 year-old age group. Significant
differences were found between different age groups in

the prevalence of compensated cirrhosis, decompensated
cirrhosis and HCC (P<0.001; Fig. 2).

Discussion

The detection of HCV antibodies prior to blood transfusion
has been mandatory in China since 1993, and routine HCV
screening using highly specific and sensitive kits has been
implemented since 1996. It is therefore likely that patients who
received transfusion prior to this time period, and who were
HCYV positive, had transfusion-associated HCV. The present
study investigated disease progression in patients with blood
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Table I'V. Risk factors for hepatocellular carcinoma in the serious development group.
Univariate Multivariate
OR (95% CI) P-value OR (95% CI) P-value
Gender (ref = female) 2.35 (1.05-5.24) 0.037* 2.48 (1.09-5.65) 0.031*
Age at blood transfusion 1.07 (1.02-1.11) 0.002* 1.07 (1.02-1.11) 0.002*
HCV infected year 0.98 (0.89-1.07) 0.631
log HCV RNA 0.92 (0.77-1.09) 0.322
Genotype (ref = type 2) 1.53(0.3-7.9) 0.613

“Significant risk factors. Logistic regression analysis was performed for risk factor comparisons between patients with hepatocellular carci-
noma and those with compensated cirrhosis; factors with P<0.05 in univariate analyses were included in the multivariate model. The significant
effects in the multivariate model are shown in the table. Genotypes were analyzed in Type 1 vs. Type 2. OR, odds ratio; CI, confidence interval;

HCYV, hepatitis C virus.
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Figure 1. Prevalence of patients in the H and SD groups within different age
groups. H group, hepatitis group; SD group, serious development group.

transfusion-acquired HCV who had not received antivirus
therapy. Significant differences were identified in the age at
the time of transfusion-acquired HCV infection, duration of
HCYV infection, age at the time of observation and HCV RNA
load at the time of observation between those with disease
progression to fibrosis and HCC (SD group) and those with
chronic hepatitis without disease progression (H group). The
two groups did not differ significantly in HCV genotype. Male
gender and age at the time of transfusion were significant risk
factors for HCC in these patients. Patients in the SD group who
had developed liver cirrhosis and HCC were significantly older
at the time of transfusion and had a longer mean duration of
HCYV infection compared to patients in the H group without
fibrosis or HCC. Based on clinical experience and results of
the present study, it can be proposed that a 20-year duration of
HCYV infection marks a critical time point at which to evaluate
disease progression in patients with transfusion-acquired HCV.

Despite enormous progress in the treatment of HCV over
the past two decades, almost a third of treated non-responders
who fail to achieve SVR are at risk for disease progression (19).
It has been suggested that the mode of HCV acquisition does
not significantly impact the outcome of the disease (20).

S0
B Compensated cirrhosis
] Decompensated cirrhosis
HCC
40 — =
£ 30
g
c
K
[
3 20
a
104
0 -

<20 20-29 30-39 40-49 50-59 60-69 =70
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Figure 2. Prevalence of patients with compensated cirrhosis, decompensated
cirrhosis and HCC in different age groups. HCC, hepatocellular carcinoma.

Nevertheless, a number of studies have investigated risk
factors for disease progression in HCV patients, regardless of
mode of transmission, and results have varied. Age at the time
of infection, alcohol consumption and gender were shown to
be primary risk factors of disease progression, and the median
duration of infection associated with progression to cirrhosis
was 30 years (21). However, a number of clinical trials investi-
gating the incidence of cirrhosis have ignored the duration of
infection, transmission route, alcohol consumption, and other
associated factors, such as HIV co-infection in patients with
HCYV (22-25). In addition, numerous clinical trials failed to
perform continuous, long-term observation of disease progres-
sion, resulting in significant differences in the rate of disease
progression between various clinical trials (22-25). One report
showed that progression of mild fibrosis occurred over a
median interval of 52.5 months, while another reported that
progression of fibrosis occurred in patients with mild chronic
HCV within 5-10 years after infection and was associated with
age, alcohol consumption and inflammatory activity (26,27).
Although children with chronic HCV showed no significant
histologic progression of disease at 5 years after infection,
almost a third of the children showed increased severity of
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fibrosis (28). A long-term study of HCV infections acquired at
birth and followed for 35 years showed a slow disease progres-
sion and mild outcome (29). Results from another long-term
study showed that cirrhosis in transfusion-acquired HCV
patients was significantly associated with age at the time of
infection and disease activity (30).

The progression to cirrhosis is often clinically silent, and
some patients are not diagnosed with HCV until they present
with complications of end-stage liver disease or HCC (31).
Approximately 10-20% of patients developed cirrhosis and
1-3% of them developed HCC after 20 years of HCV infec-
tion (9). In the current study, based on clinical observations,
patients with HCV gradually progressed to severe liver disease
after ~20 years of HCV infection, and the progression seemed
more rapid after 20 years, suggesting that 20 years is an impor-
tant time point for evaluation. Since the majority of cases of
HCYV infection in China today were transfusion-acquired more
than twenty years earlier, it can be suggested that patients with
a 20-year duration of HCV infection are at a critical time point
in terms of disease progression and must be evaluated for signs
of progression.

It was previously reported that more than half of chronic
patients with HCV had a history of transfusion, with a mean
interval of 10 years, 21.2 years and 29 years between the time
of transfusion and the time of diagnosis of chronic HCV,
cirrhosis and HCC, respectively (32). Another study showed
that 15.3% of patients with post-transfusion chronic HCV died
from liver failure or HCC (33). These data suggested a slow,
sequential progression of HCV infection acquired following
transfusion. The lack of large-scale screening for hepatitis C in
China's blood product industry prior to 1993 resulted in a large
number of transfusion-related HCV infections.

Results of the present study indicated that patients in the
SD group with progressive disease were significantly older at
the time of observation compared with patients in the H group
with chronic hepatitis and no obvious progression. In addi-
tion patients in the SD group were significantly older at the
time of blood transfusion and had a longer mean duration of
HCYV infection compared with patients in the H group. In this
study, duration of infection signified the time between the
onset of HCV infection and the time at which the case was
closed. Age at the time of transfusion, duration of infection
and log HCV RNA values were significant risk factors for
serious development. The present study showed that a majority
of HCV-positive patients with HCC had also been diagnosed
with cirrhosis. This is in contrast with HBV-related HCC, in
which cirrhosis is present in a majority of cases (73-85%), but
HBYV infection is known to progress to HCC in the absence of
cirrhosis (34).

Data from the present study showed that male gender
and age at the time of blood transfusion were significant risk
factors for HCC in patients with transfusion-acquired HCV.
However, other studies have suggested that females may be at
higher risk for HCC. Approximately 62.5% of asymptomatic
patients with post-transfusion HCV who underwent biopsy
for cirrhosis were female, and the median duration of infec-
tion was 21.5 years (35). However, that study reported a low
progression to cirrhosis (20%), possibly because subjects
were middle-aged, asymptomatic and infected at a young age.
In contrast, a recent study in Italy by Zavaglia et al (36) of
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248 previously transfused patients with HCV infection agreed
with the data in the current study and showed that age at trans-
fusion and male gender were independent predictors of HCC
development; in fact, age at transfusion was shown to affect the
risk for decompensation. In the present study, although gender
was not a risk factor for the progression of liver disease, among
those who showed the development of progressive disease
(SD group), males had a higher risk of progression to HCC
compared with females. This suggested that sex hormones
may serve a role in HCV-related HCC. This finding of gender
disparity is similar to results of previous studies (37,38). The
Shimizu and Ito (39) study has suggested that estrogens protect
against oxidative stress in liver injury and hepatic fibrosis.

Importantly, the present study demonstrated that patients
with cirrhosis and HCC had significantly lower HCV RNA
titers compared with patients with chronic hepatitis. This
may possibly be due to hepatocyte damage induced by HCV
replication and the immune response, resulting in necrosis
of a large number of liver cells and a subsequent decrease in
viral replication. A previous study indicated that HCV RNA
in serum tended to increase with the progression of histo-
pathological changes in the liver (40), while other data have
demonstrated that patients with chronic active hepatitis had
significantly higher HCV RNA titers compared with patients
with chronic persistent hepatitis and those with cirrhosis or
HCC (41). Although the data in the current study demonstrated
a correlation between HCV RNA titers in patients with chronic
hepatitis, cirrhosis and HCC, the HCV RNA titers reported in
this study represent the titers at the time of patient enrollment,
and not over the entire course of the disease.

A number of studies have investigated the role of HCV
genotype in determining the severity and outcome of disease
in HCV-infected patients (42). Genotype 1b was shown to be
more prevalent among patients with decompensated cirrhosis
and HCC (2,11,43). In addition, HCV genotype 1b was shown
to influence the risk of HCC in patients with cirrhosis (44-46).
However, other studies concluded that there was no signifi-
cant association between HCV genotype and occurrence of
cirrhosis (47,48). In the present study, although not statisti-
cally significant, a higher number of patients with HCC had
genotype 1, compared with genotype 2, and genotype was
not a significant risk factor for HCV disease progression in
the selected geographic area. In future studies, the aim is to
investigate further whether HCV genotypes serve a role in the
pathogenicity of HCV disease in China.

Results of the present study are limited by several factors.
First, this was a retrospective study, which precludes inferring
direct causation. The retrospective nature of the study also
precluded access to direct evidence of HCV-positive donor
status. Secondly, the study focused on the progression of HCV
infection and risk factors associated with transfusion-acquired
disease, and did not investigate other risk factors for progres-
sion, such as obesity, insulin resistance, organ transplantation
and tobacco smoking. In addition, the study did not collect data
on the number of patients with HIV-positive status, although
all enrolled patients were HIV negative. Additionally, almost
half the patients were not genotyped, either due to economic
considerations, or because their physicians did not recommend
it (possibly because the majority of Chinese patients are known
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to have genotype 1b) (49). Samples which were genotyped were
grouped into the SD or H groups based on disease severity.
The number of samples in the two groups was therefore not
the same, and it is not possible to make a definitive conclusion
regarding the influence of genotypes on outcomes. In addi-
tion, it is acknowledged that a study based on anti-HCV and
HCV-RNA seropositivity may introduce bias regarding higher
progression rates. Future large multicenter prospective cohort
studies are necessary to confirm the findings of the present
study and to further define the role of HCV genotypes in the
outcomes of Chinese patients with transfusion-acquired HCV
infection.

In conclusion, Chinese patients with HCV aged >50 years,
who were infected for more than 20 years with transfu-
sion-acquired HCV, showed significant disease progression.
There was a positive correlation between the duration of
HCYV infection and the possibility of progressing to chronic
hepatitis. Male gender and age at the time of transfusion were
significant risk factors for HCC development. The exponential
progression of transfusion-acquired HCV makes this disease a
serious challenge for infected patients in the third and fourth
decades after infection. Although the present study did not
demonstrate a significant correlation between genotype and
disease progression, the results will be particularly helpful for
clinical nursing staff and physicians to predict the progres-
sion of transfusion-acquired HCV infection based on patients'
gender and age at the time of transfusion-acquired infection
and duration of infection.
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