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A B S T R A C T

Purpose
Hepatitis C virus (HCV) contributes to one third of hepatocellular carcinoma cases worldwide.
Long-term predictors for HCV-related hepatocellular carcinoma are essential for early intervention.
Serum HCV RNA and ALT levels and HCV genotype were assessed for their predictability of
hepatocellular carcinoma risk.
Methods
A prospective cohort of 925 participants positive for antibodies against HCV and age 30 to 65 years
was recruited and followed from 1991 to 2006. Serum HCV RNA and ALT levels and HCV genotypes
at enrollment and during follow-up were examined. Newly developed hepatocellular carcinoma was
identified by health examination and computerized linkage with national cancer registration and death
certification profiles. Multivariate adjusted hazard ratios with 95% CIs were estimated using Cox
regression models.
Results
Fifty-five participants newly developed hepatocellular carcinoma during 8,476 person-years of follow-
up, giving an incidence rate of 648.9 per 100,000 person-years. The cumulative hepatocellular
carcinoma risk increased from 1.1% for HCV RNA seronegative status to 6.4% for low HCV RNA levels
and to 14.7% for high HCV RNA levels (P � .001). The cumulative risk also increased with elevated
serum ALT levels from 1.7% for persistently � 15 U/L to 4.2% for ever more than 15 U/L but never
more than 45 U/L and to 13.8% for ALT ever � 45 U/L (P � .001). Having HCV genotype 1 was
associated with a higher cumulative hepatocellular carcinoma risk (12.6%) than not having HCV
genotype 1 (4.5%; P � .001).
Conclusion
Elevated serum levels of HCV RNA and ALT and HCV genotype 1 infection are independent risk
predictors of hepatocellular carcinoma. These findings have strong implications for the manage-
ment of chronic HCV.

J Clin Oncol 28:4587-4593. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Hepatitis C virus (HCV) infects approximately 170
million people worldwide.1 It contributes signifi-
cantly to the increasing number of patients who
undergo liver transplantation in the United States.2

Chronic HCV can progress to hepatocellular carci-
noma,3 with a total of 195,000 cases worldwide.4 As a
result of successful hepatitis B virus vaccination pro-
grams,5 HCV-related health burdens are emerging
quickly in Asian countries where hepatitis B virus
infection is endemic.6

Current guidelines in the management of
chronic HCV recommend antiviral therapy for pa-
tients with detectable HCV RNA and liver histologic
abnormalities without other contraindications.7 How-

ever, current treatment is not completely satisfactory.8

A recent new antiviral agent seems to improve the
treatment response rate and allows a substantial re-
duction in treatment duration, but its adverse effects
may reduce the adherence.9 Only a proportion of
patients infected with HCV experience progression
to hepatocellular carcinoma; thus, it is crucial to
elucidate predictors capable to identify high-risk pa-
tients who need intensive care.

Serum HCV RNA level is an important sero-
marker for the diagnosis of active HCV infection
and the monitoring of virologic response to antiviral
therapy.10 HCV is classified into six major geno-
types that may be used to determine the duration of
therapy and the dosage of ribavirin.11 Both biomar-
kers have been recognized as prognostic factors for
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treatment,12 whereas their associations with hepatocellular carcinoma
risk remain inconclusive.13-17 Serum ALT level, a biomarker for liver
inflammation, is widely used in clinical practice.18 Its long-term pre-
dictability for hepatocellular carcinoma development in patients in-
fected with HCV remains to be evaluated.

Early HCV infections are often asymptomatic until irreversible
liver damage emerges. To identify high-risk population who should be
recommended for clinical management, we conducted a community-
based cohort study to evaluate the long-term predictability of serum
HCV RNA and ALT levels and HCV genotypes for hepatocellular
carcinoma development.

METHODS

Study Cohort Enrollment

Methods of enrollment and follow-up of this community-based pro-
spective study have been described previously.19,20 The flow of study partici-

pants is shown in Figure 1. Among 89,293 invited residents living in seven
townships in Taiwan, 23,820 provided written informed consent for interview,
health examination, and blood collection. Participants who were seropositive
for either anti-HCV or hepatitis B surface antigen at study entry were observed
by abdominal ultrasonography and serologic tests until the end of 2005.
Participants who were seropositive for hepatitis B surface antigen, patients
with hepatocellular carcinoma and liver cirrhosis at study entry, or partici-
pants observed for less than 5 years were excluded in the analysis of risk
predictors. The participants who developed hepatocellular carcinoma within 5
years after enrollment were consequently excluded because they were not at
risk for hepatocellular carcinoma after 5 years of enrollment. In addition,
participants who died within 5 years after enrollment would not develop
hepatocellular carcinoma after 5 years of enrollment (at risk) and thus were
also excluded. Finally, 925 participants who were seropositive for anti-HCV
were included in the analysis. Cumulative risk of hepatocellular carcinoma of
18,172 participants who were seronegative for anti-HCV was also calculated
for comparison purpose. The study protocol was approved by the Institutional
Review Board of the College of Public Health, National Taiwan University
(Taipei, Taiwan).

Included in the analyses Included as reference group

Followed > 5 years (n = 18,172)
HCC cases (n = 67)

Followed ≤ 5 years (n = 363)
HCC cases (n = 9)
Deaths (n = 354)

Cirrhosis cases (n = 11)
Followed ≤ 5 years (n = 38)
HCC cases (n = 9)
Deaths (n = 29)

HBsAg seropositive (n = 4,149)
  Men (n = 2,443)
  Women (n = 1,706)

Anti-HCV seronegative (n = 18,541)
  Men (n = 9,060)
  Women (n = 9,481)

Anti-HCV seronegative (n = 18,535)
  Men (n = 9,054)
  Women (n = 9,481)

Prevalent HCC cases
(n = 6)

Enrolled in the follow-up study (n = 23,820)
  Men (n = 11,973)
  Women (n = 11,847)

Invited to participate in 
1991-1992 (N = 89,293)
  Men (n = 47,079)
  Women (n = 42,214)

Retrievable for HBsAg and 
anti-HCV seromarkers (n = 23,785)
  Men (n = 11,968)
  Women (n = 11,817)

HBsAg seronegative (n = 19,636)
  Men (n = 9,525)
  Women (n = 10,111)

Anti-HCV seropositive (n = 1,095)
  Men (n = 465)
  Women (n = 630)

Retrievable for HCV RNA test (n = 975)
  Men (n = 425)
  Women (n = 550)

Prevalent HCC case
(n = 1)

Retrievable for HCV RNA test (n = 974)
  Men (n = 424)
  Women (n = 550)

Followed > 5 years (n = 925)
HCC cases (n = 55)

Fig 1. Flow of study participants. HBsAg,
hepatitis B surface antigen; anti-HCV, antibod-
ies against hepatitis C virus; HCV, hepatitis C
virus; HCC, hepatocellular carcinoma.
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Interview and Blood Collection

All participants were interviewed using a structured questionnaire by
public health nurses. Collected information included sociodemographic
characteristics, dietary habits, cigarette smoking and alcohol consumption
habits, and history of major diseases. All participants were invited for
health examinations and blood tests regularly until the end of 2005. Blood
samples were obtained from each participant using disposable needles and
vacuum syringes. The serum samples were fractionated within 6 hours
after collection and stored at �70°C until they were assayed.

Laboratory Examinations

Tests on hepatitis B surface antigen, serum ALT level, and anti-HCV
were performed using commercial kits, and laboratory procedures were de-
scribed previously.19 Serum samples positive for anti-HCV were further mea-
sured for HCV RNA by the COBAS TaqMan HCV test, v2.0 (Roche
Diagnostics, Indianapolis, IN), with a linear range from 25 to 3.9 � 108 U/mL.
Serum samples with detectable HCV RNA were examined for HCV genotypes
by LightCycler-based (Roche Diagnostics) polymerase chain reaction and
melting curve analysis, which could effectively differentiate different HCV
genotypes by showing different melting temperatures. In our test, genotype 1
and non-1 status determination can achieve a 100% accuracy by the cur-
rent design.21,22

To check the possible degradation of serum HCV RNA during long-
time storage, adequate serum samples at last follow-up of 697 participants
(75%) were retrieved for HCV RNA test. The median time interval be-
tween study entry and last follow-up was 11 years. Among these partici-
pants, 218 (31.3%) and 208 (29.8%) had undetectable HCV RNA at study
entry and last follow-up, respectively. There was a significant correlation
between HCV RNA levels at study entry and last follow-up (r � 0.76;
P � .001). The mean, median, and quartiles of detectable serum HCV RNA
levels at study entry were consistently lower than those at last follow-up by
one log10, indicating a homogeneous decline of HCV RNA levels after
long-term storage. In this analysis, the median of detectable serum HCV
RNA levels (2.4 � 104 U/mL, equivalent to 3.5 � 105 U/mL in consider-

ation of the degradation from long-term frozen storage) at study entry was
used to classify participants with high and low HCV viral load.

Ascertainment of Newly Developed

Hepatocellular Carcinoma

Patients with newly developed hepatocellular carcinoma were iden-
tified by follow-up health examination and computerized linkage with
National Cancer Registration profiles from January 1, 1991 through De-
cember 31, 2006. To ensure complete ascertainment, computerized linkage
with National Death Certification profiles was also used to identify deaths
from hepatocellular carcinoma. Hepatocellular carcinoma was confirmed
in patients by histopathology, two imaging techniques (abdominal ultra-
sonography, angiogram, or computed tomography), or one imaging tech-
nique plus a serum �-fetoprotein level of � 400 ng/mL.23

Statistical Analysis

Because the assumption of linear increase in hepatocellular carcinoma
risk with the continuous increase in serum HCV RNA level might not be
justifiable, we used the median level as the cutoff point to assure an equal
number of participants allocated in the low and high serum HCV RNA groups.
Because serum ALT levels at study entry and follow-up examination may
fluctuate over time, we combined serial measurements of serum ALT levels in
the following groups to predict the risk of hepatocellular carcinoma: persis-
tently � 15 U/L, ever more than 15 U/L but never more than 45 U/L, and
ever � 45 U/L.

In this study, we aimed to elucidate the long-term predictability of
HCV seromarkers. Because serum HCV RNA and ALT levels may be
affected (probably lowered) by the end-stage liver diseases, the predictabil-
ity of these seromarkers may be underestimated. Therefore, we analyzed
the risk starting at the fifth year to avoid the biased estimation. The
person-years of follow-up were calculated for each person as the time from
the fifth year after enrollment to the date of hepatocellular carcinoma
identification, the date of death, or December 31, 2006, whichever came
first. Incidence rates of hepatocellular carcinoma per 100,000 person-years

Table 1. Incidence Rates of Hepatocellular Carcinoma by Sex, Age, Serum ALT and HCV RNA Levels, and HCV Genotypes in 925
Anti-HCV–Seropositive Patients

Baseline Demographic or
Characteristic

Participants
(N � 925)

No. of Person-Years of
Follow-Up (N � 8,476)

No. of Hepatocellular
Carcinomas

Incidence Rate of Hepatocellular
Carcinoma per 100,000 Person-YearsNo. %

Sex
Female 534 57.7 4,986 32 641.8
Male 391 42.3 3,490 23 659.1

Age at recruitment, years
30-39 159 17.2 1,539 1 65.0
40-49 209 22.6 1,987 7 352.3
50-59 372 40.2 3,382 29 857.5
60-65 185 20.0 1,568 18 1,147.8

Serum ALT level, U/L
Persistently � 15 199 21.5 1,839 3 163.2
Ever � 15 but never � 45 374 40.4 3,455 12 347.4
Ever � 45 352 38.1 3,183 40 1,256.8

Serum HCV RNA level�

Undetectable 292 31.6 2,803 3 107.0
Low 315 34.1 2,856 18 629.9
High 318 34.4 2,815 34 1,207.7

HCV genotypes†
Non-1 255 43.5 2,323 10 430.5
1 331 56.5 2,995 31 1,035.0

Abbreviation: HCV, hepatitis C virus.
�The median of detectable serum HCV RNA levels was used as the cutoff point.
†Unavailable for 47 participants with detectable serum HCV RNA levels.

Long-Term Predictors of HCV-Related Hepatocellular Carcinoma

www.jco.org © 2010 by American Society of Clinical Oncology 4589
Downloaded from jco.ascopubs.org on May 6, 2013. For personal use only. No other uses without permission.

Copyright © 2010 American Society of Clinical Oncology. All rights reserved.



were calculated by dividing the number of patients with newly developed
hepatocellular carcinoma by person-years of follow-up. Kaplan-Meier
method curves were used to depict cumulative risks for hepatocellular
carcinoma by follow-up years, and the significance of their differences were
assessed using the log-rank test.

Cox proportional hazards models were used to examine the associations
between newly developed hepatocellular carcinoma and serum HCV RNA
and ALT levels and HCV genotypes after adjustment for age, sex, cigarettes
smoking, alcohol consumption, body mass index, and history of diabetes.
Hazard ratios with 95% CIs were estimated to assess the magnitude of the
associations between risk predictors and hepatocellular carcinoma. The pro-
portionality assumption of Cox models was examined, and the assumption
was not violated. All analyses were performed using the SAS statistical software
package (version 9.1; SAS Institute, Cary, NC).

RESULTS

Newly developed hepatocellular carcinoma occurred in 55 of 925
participants who were seropositive for anti-HCV during 8,476
person-years of follow-up. Among the patients who developed hep-
atocellular carcinoma, 38 (69%) were confirmed by histopatho-
logic examination.

The incidence rates of hepatocellular carcinoma by sex, age, se-
rum ALT and HCV RNA levels, and HCV genotypes are listed in Table
1. The incidence rates were similar in men and women (641.8 and
659.1 per 100,000 person-years) and increased with increasing age at
study entry. The incidence rates per 100,000 person-years were 163.2,
347.4, and 1,256.8 for serum ALT levels of persistently � 15 U/L, ever
more than 15 U/L but never more than 45 U/L, and ever � 45 U/L,
respectively; the incidence rates were 107.0, 629.9, and 1207.7 for
undetectable, low, and high serum HCV RNA levels at study entry,
respectively. HCV genotype 1 was associated with a higher incidence
rate of hepatocellular carcinoma than genotype non-1 (1,035.0 v 430.5
per 100,000 person-years, respectively).

The cumulative risks of hepatocellular carcinoma after the
fifth year of enrollment by baseline serum HCV RNA levels, serum
ALT levels, and HCV genotypes are shown in Figure 2. At the end
of follow-up, the cumulative risk was only 0.4% for participants
who were seronegative for anti-HCV. There was an increasing
cumulative risk of hepatocellular carcinoma for anti-HCV–
seropositive participants with undetectable, low, and high serum
HCV RNA levels (1.1%, 6.4%, and 14.7%, respectively; P � .001
for trend). Among participants who were seropositive for anti-
HCV, the cumulative risks were 1.7%, 4.2%, and 13.8% for serum
ALT levels of persistently � 15 U/L, ever more than 15 U/L but
never more than 45 U/L, and ever � 45 U/L, respectively (P � .001
for trend). Among participants with detectable serum HCV RNA
levels, the cumulative incidence was 12.6% for HCV genotype 1
and 4.5% for genotype non-1 (P � .001).

Serum HCV RNA levels, HCV genotype, and serum ALT levels
were independent risk predictors of hepatocellular carcinoma in the
multivariate analysis, as shown in Table 2. Elevated serum ALT levels
were associated with an increased risk of hepatocellular carcinoma.
Compared with participants with undetectable serum HCV RNA
levels, who served as the referent group, the multivariate-adjusted
hazard ratios of developing hepatocellular carcinoma were 4.71 (95%
CI, 1.36 to 16.35) and 7.81 (95% CI, 2.34 to 26.11) for participants
with low and high serum HCV RNA levels, respectively (P � .001 for
trend). Participants with high serum HCV RNA levels had a signifi-
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P for entire cohort: < .001
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Low HCV RNA 315 314 308 299 293 281 277 271 266 253 137
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P for entire cohort: < .001
P for anti-HCV seropositives: < .001
P for HCV RNA seropositives: .01

No. at risk (HCV genotype)
HCV genotype 1 331 322 321 317 312 302 293 285 281 239 153
HCV genotype non-1 255 253 250 243 239 233 230 225 219 197 98
HCV RNA undet. 292 291 290 290 287 285 282 273 268 251 135
Anti-HCV ser. 18,172 18,081 17,981 17,885 17,752 17,621 17,468 17,302 17,125 16,951 8,358
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High HCV RNA levels
Low HCV RNA levels
HCV RNA undetectable
Anti-HCV seronegatives

ALT ever ≥ 45 U/L
ALT ever > 15 U/L but never > 45 U/L
ALT persistently ≤ 15 U/L
Anti-HCV seronegatives

HCV genotype 1
HCV genotype non-1
HCV RNA undetectable
Anti-HCV seronegatives

14.7%

6.4%

1.1%
0.4%

0.4%
1.7%

4.2%

13.8%

1.1%
0.4%

4.5%

12.6%

Fig 2. Cumulative incidence of hepatocellular carcinoma (HCC) by seromar-
kers at study entry. (A) Serum hepatitis C virus (HCV) RNA level. (B) Serum
ALT level. (C) HCV genotype. anti-HCV, antibodies against hepatitis C virus.
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cantly higher risk of developing hepatocellular carcinoma than those
with low serum HCV RNA levels, showing a multivariate-adjusted
hazard ratio of 1.99 (95% CI, 1.11 to 3.56; P � .02). Among partici-
pants with detectable serum HCV RNA level, infection with HCV
genotype 1 was associated with an increased risk for hepatocellular
carcinoma (multivariate-adjusted hazard ratio � 2.28; 95% CI, 1.10
to 4.70).

Multivariate-adjusted hazard ratios of developing hepatocellular
carcinoma for combinations of serum HCV RNA and ALT levels and
HCV genotype are listed in Table 3. Participants with detectable HCV
RNA levels, elevated serum ALT levels, and genotype 1 HCV infection
had the highest risk of hepatocellular carcinoma. Compared with
participants with undetectable HCV RNA levels and low serum ALT
levels, who served as the referent group, the multivariate-adjusted
hazard ratio was as high as 21.87 (95% CI, 5.09 to 93.95).

DISCUSSION

In this community-based long-term follow-up study, elevated serum
HCV RNA and ALT levels and genotype 1 HCV infection were found
to be independent risk predictors of hepatocellular carcinoma 5 or
more years before its diagnosis. To ensure that our study participants
received standard care, those who had abnormal serum levels of ALT

and �-fetoprotein or abnormal ultrasonographic findings were re-
ferred to medical centers for further management. However, patients
with chronic HCV in Taiwan rarely received antiviral treatment with
interferon because of its high cost and adverse effects until October
2003, when patients with abnormal serum ALT levels (� 82 U/L) and
moderate fibrosis proven by liver biopsy could be reimbursed for
treatment by the National Health Insurance. Therefore, this cohort
study may be considered a natural history study of chronic HCV.

The risk of hepatocellular carcinoma for anti-HCV–seropositive
participants with undetectable serum HCV RNA levels was much
lower than that for participants with detectable levels. This finding
suggests that spontaneous seroclearance of HCV RNA is favorable,
implying that patients with chronic HCV may be benefited from
lowering serum HCV RNA levels to undetectable by effective treat-
ment.24,25 Among participant with undetectable serum HCV RNA
levels, the incidence rate of hepatocellular carcinoma was moder-
ately high for those who ever had elevated serum ALT levels. This
suggests that serum ALT level is an important seromarker in the
clinical management for this group of patients who need to be
monitored periodically.

Only 22% of participants who were seropositive for anti-HCV
had high serum HCV RNA levels (� 105 U/mL) in this study. Com-
pared with clinical patients enrolled onto another study,26 the serum

Table 2. Multivariate-Adjusted Hazard Ratios of Developing Hepatocellular Carcinoma for Age, Serum HCV RNA and ALT Levels, and HCV Genotype

Baseline Characteristic

Model I Model II

Adjusted Hazard Ratio� 95% CI Adjusted Hazard Ratio� 95% CI

Age, in 1-year increments 1.09 1.05 to 1.13 1.08 1.04 to 1.13
Serum ALT level, U/L

Persistently � 15 1.00 1.00
Ever � 15 but never � 45 1.45 0.40 to 5.22 1.08 0.28 to 4.12
Ever � 45 4.52 1.36 to 15.01 4.29 1.28 to 14.37

Serum HCV RNA level
Undetectable (� 25 U/mL) 1.00
Low 4.71 1.36 to 16.35
High 7.81 2.34 to 26.11

HCV genotype
HCV RNA undetectable (� 25 U/mL) 1.00
Non-1 3.24 0.87 to 12.02
1 7.48 2.21 to 25.39

Abbreviation: HCV, hepatitis C virus.
�Sex, cigarette smoking, alcohol consumption, a history of diabetes, and body mass index were also included in Cox proportional hazards models.

Table 3. Multivariate-Adjusted Hazard Ratios of Developing Hepatocellular Carcinoma for Combination of Serum HCV RNA and ALT Levels and HCV Genotype

HCV RNA
Status

Serum ALT
Levels (U/L) HCV Genotype

No. of Participants
(n � 878)�

No. of Hepatocellular
Carcinomas

Incidence Rate per 100,000
Person-Years

Adjusted†
Hazard Ratio

95% CI for
Hazard Ratio

Negative Never � 45 245 2 85.7 1.0
Negative Ever � 45 47 1 213.2 2.01 0.18 to 22.32
Positive Never � 45 Non-1 136 1 80.1 0.97 0.09 to 10.65
Positive Never � 45 1 165 8 534.6 6.52 1.38 to 30.83
Positive Ever � 45 Non-1 119 9 838.0 11.96 2.57 to 56.70
Positive Ever � 45 1 166 23 1,534.6 21.87 5.09 to 93.95

Abbreviation: HCV, hepatitis C virus.
�HCV genotype data were unavailable for 47 participants with detectable serum HCV RNA levels.
†Age, sex, cigarette smoking, alcohol consumption, history of diabetes, and body mass index were also included in Cox proportional hazards models.
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HCV RNA levels of patients with chronic HCV in our study were
relatively low. This may be a result of a higher proportion of asymp-
tomatic participants and the possible degradation of serum HCV RNA
levels after long-term storage. From the tests of serum HCV RNA
levels at the last follow-up, we found a homogeneous degradation of
serum HCV RNA levels. There might be a one log10 decline in serum
HCV RNA level. The median value (2.4 � 104 U/mL) was equivalent
to 3.5 � 105 U/mL in consideration of the degradation from long-
term frozen storage.

Previous studies failed to find the association between serum
HCV RNA levels and risk of hepatocellular carcinoma,15,17,27 which
might have resulted from their methods of HCV RNA detection and
study design. Individuals with low-level viremia could not be distin-
guished without a sensitive assay.15,17 Moreover, it is considered diffi-
cult to assess the predictability of serum HCV RNA levels for
hepatocellular carcinoma at its diagnosis because late-stage liver dis-
ease status may interfere with RNA replication.27 Our study suggests
that serum HCV RNA level is a strong long-term (� 5 years) risk
predictor for hepatocellular carcinoma. It may be used for clinical
decision on early treatment by antiviral therapy.

Active HCV RNA replication is associated with elevated se-
rum ALT levels, suggesting that HCV-induced liver disease may be
a result of immunologically mediated injury after inflammatory
response rather than direct cytopathic effect of the virus. In this
study, all of the ALT measurements at the study entry and
follow-up examinations were included in the analysis. Elevated
serum ALT levels were found to increase the risk for hepatocellular
carcinoma, emphasizing the importance of monitoring ALT levels
in the management of chronic HCV. The test of serum ALT level is
relatively insensitive, and a substantial proportion of patients in-
fected with HCV with normal ALT have been reported to have liver
inflammation or significant fibrosis on liver biopsy.28 However, the
value of this low-cost blood test is enhanced because of its long-
term predictability for hepatocellular carcinoma in our relatively
healthy and asymptomatic participants.

Among participants with detectable serum HCV RNA levels and
normal ALT, patients infected with HCV genotype 1 had a much
higher risk for hepatocellular carcinoma than those infected with
HCV genotype non-1. Therefore, patients with chronic HCV with
normal ALT should be considered for the HCV genotype test to guide
clinical decisions. Most HCV genotype 1 in this study may be classified
as HCV genotype 1b, which was found to be the most dominant
subtype in Taiwan.29 Similarly, a previous study also indicated that
patients with cirrhosis infected with HCV genotype 1b had signifi-
cantly higher risk for hepatocellular carcinoma development.13 How-
ever, HCV genotypes were not found to be associated with serum
HCV RNA level in our study. It is possible that some HCV variants
may be associated with rapid liver disease progression, which needs
further studies.

Additional risk factors, such as sex, habits of cigarette smoking or
alcohol consumption, obesity, and history of diabetes, were assessed in
this study. These risk factors were not found to be associated with
hepatocellular carcinoma among patients with HCV. Previous studies
indicated that male sex was associated with liver fibrosis progression or
hepatocellular carcinoma.13,30 However, we did not find an associa-
tion between sex and hepatocellular carcinoma. An effect of sex on
hepatocellular carcinoma may result from the lifestyle variables such

as alcohol consumption and cigarette smoking. Because these two risk
predictors were adjusted in our study, the sex effect on hepatocellular
carcinoma may be lowered. Most previous studies mainly enrolled
patients from clinics or hospitals,13,30 but our study participants were
enrolled from the community and were relatively healthy. The sex
effect may be different in study populations at different clinical stage.
Moreover, men had higher serum HCV RNA levels than women; thus,
the sex effect on hepatocellular carcinoma in this study might be
decreased after the adjustment for HCV viral load.

The major limitation of this community-based study was the lack
of liver biopsy data; thus, data on advanced fibrosis or cirrhosis were
not available. The occurrence of liver cirrhosis is an intermediate stage
that occurs in the natural history of hepatocellular carcinoma among
patients with chronic HCV. Thus, information on liver cirrhosis was
not included in the multivariate analysis. However, more than 80% of
patients with newly developed hepatocellular carcinoma who were
seropositive for anti-HCV in this study were found to have liver
cirrhosis detected by abdominal ultrasonography and/or an increased
ratio between serum levels of AST and ALT. In addition, the hepato-
cellular carcinoma risk might be better predicted if the exact time of
HCV infection were available. Unfortunately, it could not be deter-
mined in this community-based study the same as in most previ-
ous studies.

Patients with chronic HCV with elevated serum HCV RNA lev-
els, elevated ALT levels, or HCV genotype 1 infection have an in-
creased risk of hepatocellular carcinoma and need early interventions.
Unfortunately, patients with high HCV RNA levels or HCV genotype
1 have less favorable virologic response rates. Which patients with
chronic HCV need antiviral treatment is still disputed, reflecting the
complexities in the management of chronic HCV.31 Sustained re-
sponse rate, treatment-related adverse effects, and potential possibility
of irreversible liver damage as a result of treatment delay should be
balanced. Our findings provide information that is helpful in the
management of chronic HCV. The risk stratification of patients with
HCV based on serum HCV RNA and ALT levels and HCV genotype is
useful for clinical recommendations adapted to health care resource
availability. Patients seropositive for anti-HCV have an increased risk
of hepatocellular carcinoma and need to be periodically observed. In
particular, patients with HCV with elevated serum HCV RNA and
ALT levels or HCV genotype 1 infection should be recommended for
more intensive monitoring of liver disease progression and clinical
management to lower the viral load.
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