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Background: Interferon (IFN)-based therapies could eradicate hepatitis C (HCV) and reduce the risk of hepatocellular carcinoma
(HCC). However, HCC could still happen after sustained virological response (SVR). We aimed to develop a simple scoring system
to predict the risk of HCC development among HCV patients after antiviral therapies.

Methods: From 1999 to 2009, 1879 patients with biopsy-proven HCV infection treated with IFN-based therapies were analyzed.

Results: Multivariable analysis showed old age (adjusted HR (aHR)¼ 1.73, 95% CI¼ 1.13–2.65 for aged 60–69 and aHR¼ 2.20, 95%
CI¼ 1.43–3.37 for aged X70), Male gender (aHR¼ 1.74, 95% CI¼ 1.26–2.41), platelet count o150 � 109/l (HR¼ 1.91, 95%
CI¼ 1.27–2.86), a-fetoprotein X20 ngml� 1 (HR¼ 2.23, 95% CI¼ 1.58–3.14), high fibrotic stage (HR¼ 3.32, 95% CI¼ 2.10–5.22),
HCV genotype 1b (HR¼ 1.53, 95% CI¼ 1.10–2.14), and non SVR (HR¼ 2.40, 95% CI¼ 1.70–3.38) were independent risk factors for
HCC. Regression coefficients were used to build up a risk score and the accuracy was evaluated by using the area under the
receiver operating characteristic curve (AUC). Three groups as low-, intermediate-, and high-risk are classified based on the risk
scores. One hundred sixty patients (12.78%) in the derivation and 82 patients (13.08%) in the validation cohort developed HCC with
AUC of 79.4%, sensitivity of 84.38%, and specificity of 60.66%. In the validation cohort, the 5-year HCC incidence was 1.81%,
12.92%, and 29.95% in low-, intermediate-, and high-risk groups, with hazard ratios 4.49 in intermediate- and 16.14 in high-risk
group respectively. The risk reduction of HCC is greatest in patients with SVR, with a 5-year and 10-year risk reduction of 28.91%
and 27.99% respectively.

Conclusion: The risk scoring system is accurate in predicting HCC development for HCV patients after antiviral therapies.

HCV infection is one of the causative risk factors of chronic liver
disease and greatly contributes to the etiology of hepatocellular
carcinoma (HCC) (Lavanchy, 2009). HCC incidence in patients
with HCV-related cirrhosis has increased recently in several parts
of the world (Rahman El-Zayadi et al, 2001; El-Serag 2004;
Fattovich et al, 2004). Prevention of complications associated with
chronic HCV infection is one of the most important issues in
public health worldwide. Interferon/pegylated-interferon in
combination with ribavirin (RBV) therapy is widely used in the

treatment of chronic HCV infection (McHutchison et al, 1998;
Manns et al, 2001; Fried et al, 2002; Hadziyannis et al, 2004).
Curative therapy may prevent these complications (Papatheodoridis
et al, 2001; Craxi and Camma, 2005). Introduction of antiviral
therapy among high-risk patients could reduce the incidence of
hepatic decompensation and possibly the development of HCC
(Veldt et al, 2007). The IFN-based therapy can reduce HCC
development and prolong survival in patients especially in those
who have achieved a sustained virological response (SVR)
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(Papatheodoridis et al, 2001; Craxi and Camma, 2005). Therefore,
the accurate risk stratification for HCC development for HCV
patients is important. Risk factors for disease progression in
chronic hepatitis C could be host, viral, or environmental factors.
Host factors include older age at the time of infection, male
gender, genetic susceptibility, diabetes mellitus (DM) and obesity
(Abe et al, 2010; Fabris et al, 2011; Hung et al, 2011). Viral
factors include HCV RNA level and genotype (Bruno et al, 2007;
Lee et al, 2008; Hung et al, 2011). Increasing HCV RNA levels
have been associated with a stepwise increase in HCC risk
(Lee et al, 2010). HCV genotype is also a contentious risk factor
for HCC, such as genotype 1b (Lee et al, 2008; Hung et al, 2011),
and amino acid variations in the NS5A and E2-PePHD
region (Hung et al, 2008). In addition, environmental factors,
such as aflatoxin, Cannabis Sativa exposure, and alcohol use
also play a role in liver carcinogenesis (Chen et al, 2007; Mallat
et al, 2008).

There is consensus in guidelines about when and how to treat
this disease and who should be treated (European Association for
the Study of the Liver, 2011; Marc et al, 2011). Since antiviral
therapy could reduce risk of HCC, there is a lack of standard
guidance about the assessment of HCC risk in chronic hepatitis C
after antiviral therapy. Several scoring systems have been proposed
for chronic hepatitis, in which most studies were limited in HBV
carrier (Yuen et al, 2009; Yang et al, 2010, 2011).

For most clinicians, a simple risk score comprising routinely
measured parameters is preferred. In this study, we aimed to
develop and validate a simple scoring system for HCC from a
large cohort of chronic HCV patients after interferon based
therapies.

PATIENTS AND METHODS

From January 1999 to October 2009, 1879 consecutive patients
with biopsy-proven chronic HCV infection who have been treated
with interferon (IFN) or pegylated interferon (peg-IFN) plus
ribavirin therapies were enrolled. All patients had positive HCV
antibody, detectable HCV RNA in serum and elevated alanine
aminotransferase (ALT) levels for more than 6 months before
enrollment. Patients with decompensated liver disease, and
hepatitis other than hepatitis C (hepatitis B, autoimmune hepatitis
and alcohol abuse) were excluded. Patients with HCC developed
before treatment or within 6 months after the end of therapy were
also excluded. All patients underwent liver biopsies within
6 months before the start of therapy. Specimens of liver biopsy
were evaluated according to a modified Knodell histology index;
fibrosis score 4 was defined as cirrhosis (Desmet et al, 1994). None
of the patients had history of hepatic encephalopathy, esophageal
variceal hemorrhage or ascites before therapy. This study has been
approved by the institutional review board of Chang Gung
Memorial hospital.

Treatments and follow-up. For HCV therapy, the regimens
consisted of peg-IFN alfa-2a (Pegasys, F Hoffmann-La Roche,
Basel, Switzerland; 180 mg/week subcutaneously); peg-IFN alfa-2b
(Peg-Intron, Schering-Plough, Kenilworth, NJ; 1–1.5 mg/kg/week
subcutaneously) or IFN alfa-2b (Intron-A, Schering-Plough,
Kenilworth, NJ; 3 or 5 million units subcutaneously thrice weekly).
In addition, oral ribavirin (Rebetol, Schering Plough, Kenilworth, NJ)
was prescribed daily. The daily dose of ribavirin was 1000mg for
patients who weighed less than 75 kg and 1200mg for patients
more than 75 kg. Ribavirin dosing was modified according to the
drop of hemoglobin. The duration of therapy was 24 weeks for
genotype 2, and 48 weeks for genotype 1 patients. Serum HCV
RNA was assessed prior to, at the end, and 24 weeks after therapy.
SVR was defined as absence of serum HCV RNA at week 24 after

treatment. Detectable HCV RNA at week 24 after treatment was
defined as non-SVR. After completion of antiviral therapy, all
patients were regularly followed every 3–6 months. The end of
follow up was either the time of HCC development or the date of
last follow-up. The observation was closed on December 31, 2012.
Patients who died of non-HCC etiologies or who lost regular follow
up was treated as censored data. The follow-up studies included
clinical assessment, biochemical tests and HCC screening using
serum a-fetoprotein and ultrasonography (US). A new space-
occupying lesion detected or suspected at the time of US would be
further examined by computed tomography and/or MRI, selective
hepatic angiography or fine needle aspiration. Diagnosis of HCC
adopted the guidelines of the American Association for the Study
of Liver Disease in 2005 (Bruix et al, 2005). Except the histological
proof, HCC could be diagnosed if there is one typical HCC feature
on a dynamic image and/or a-fetoprotein 4200 ng/ml with tumor
size larger than 2 cm in a cirrhotic liver, or two typical HCC

Table 1. Comparisons for derivation and validation sets

Demographic of clinical
characteristic

Derivation
N¼1252
No. (%)

Validation
N¼627
No. (%) P-value

Age group

o60 589 (47.04) 291 (46.41) 0.48
60-69 427 (34.11) 229 (36.52)
X70 236 (18.85) 107 (17.07)

Gender

Female 677 (54.07) 344 (54.86) 0.75
Male 575 (45.93) 283 (45.14)

ALT (U l�1)

o40 53 (4.23) 30 (4.78) 0.84
40–79 159 (12.7) 77 (12.28)
X80 1040 (83.07) 520 (82.93)

Platelet (�109 l�1)

o150 528 (42.17) 245 (39.07) 0.20
X150 724 (57.83) 382 (60.93)

AFP (ngml�1)

o20 1039 (82.99) 536 (85.49) 0.17
X20 213 (17.01) 91 (14.51)

Fibrosis stage

0–2 685 (54.71) 347 (55.34) 0.80
3–4 567 (45.29) 280 (44.66)

HCV genotype

non-G1b 712 (56.87) 366 (58.37) 0.53
G1b 540 (43.13) 261 (41.63)

DM

No 1030 (82.27) 507 (80.86) 0.46
Yes 222 (17.73) 120 (19.14)

SVR

Yes 847 (67.65) 431 (68.74) 0.63
No 405 (32.35) 196 (31.26)

Abbreviations: AFP¼ a-feto protein; DM¼diabetes mellitus; HCC¼ hepatocellular
carcinoma; HCV¼ hepatitis C virus; SVR¼ sustained virological response.
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features of dynamic images for tumor size between 1 and 2 cm in a
cirrhotic liver.

Laboratory investigations. Antibody to HCV was assessed using
third generation enzyme-linked immunosorbent array (Ax SYM
HCV 3.0, Abbott Laboratories, Chicago, IL). Qualitative detection
of HCV RNA was performed by a standardized qualitative reverse
transcription-polymerase chain reaction (RT-PCR) assay (Amplicor,
Roche Diagnostics, Branchburg, NJ), using biotinylated primers
for the 50 noncoding region. The lowest detection limit of this
assay was 100 copies/ml (50 IUml� 1). Serum HCV RNA levels
were determined by a branched-DNA (b-DNA) signal amplifica-
tion assay (VERSANT HCV RNA 3.0. Assay, Bayer Diagnostics,
Emeryville, CA, USA). This assay was a sandwich nucleic acid
hybridization procedure with a detectable limit at 3400 copiesml� 1.
Genotyping of HCV was performed by reverse hybridization assay
(Inno-LiPATM HCV II; Innogenetics NV, Gent, Belgium) using
the HCV-Amplicor products.

Statistical analysis. We randomly allocated our study patients
into model derivation and validation sets in a 2 : 1 ratio. The
derivation cohort was used to development the risk assessment
model, and the validation cohort was used to test the final model.
All analyses of data from the derivation cohort were performed
before the analyses of data from validation cohort. Chi-squared test
or t-test was used for comparison of categorical or continuous
variables. Time to HCC diagnosis was defined from the date
documented of SVR or not, to the date of HCC diagnosis. Kaplan–
Meier method and the log-rank test were used to compare the
cumulative risks of development of HCC in different groups of
patients. Cox’s proportional hazards model was performed to
determine the relationship between clinical variables and the
development of HCC. A simple risk score devised by using
significant variables obtained from forward multivariable analysis
with Pp0.05. The score was the weighted sum of those variables of
which the weights were defined as the quotient (rounded to nearest
integer) of corresponding estimated coefficients from a Cox’s

Table 2. Baseline demographics and clinical characteristics of the study population

Derivation cohort Validation cohort

Demographic or clinical characteristic HCC (%) Non-HCC (%) P-value HCC (%) Non-HCC (%) P-value

Age group

o60 35 (21.88) 554 (50.73) o0.001 18 (21.95) 273 (50.09) o0.001
60–69 35 (21.88) 365 (33.42) 41 (50.00) 188 (34.5)
X70 63 (39.38) 173 (15.84) 23 (28.05) 84 (15.41)

Gender

Female 65 (40.63) 510 (46.7) 0.15 31 (37.8) 252 (46.24) 0.15
Male 95 (59.38) 582 (53.3) 51 (62.2) 293 (53.76)

ALT (U l�1)

o40 2 (1.25) 51 (4.67) 0.13 2 (2.44) 28 (5.14) 0.47
40-79 21 (13.13) 138 (12.64) 12 (14.63) 65 (11.93)
X80 137 (85.63) 903 (82.69) 68 (82.93) 452 (82.94)

Platelet (�109 l�1)

o150 119 (74.38) 409 (37.45) o0.001 59 (71.95) 186 (34.13) o0.001
X150 41 (25.63) 683 (62.55) 23 (28.05) 359 (65.87)

AFP (ngml�1)

o20 96 (60) 943 (86.36) o0.001 57 (69.51) 479 (87.89) o0.001
X20 64 (40) 149 (13.64) 25 (30.49) 66 (12.11)

Fibrosis stage

0–2 28 (17.5) 657 (60.16) o0.001 15 (18.29) 332 (60.92) o0.001
3–4 132 (82.5) 435 (39.84) 67 (81.71) 213 (39.08)

HCV genotype

non-G1b 66 (41.25) 646 (59.16) o0.001 35 (42.68) 331 (60.73) 0.002
G1b 94 (58.75) 446 (40.84) 47 (57.32) 214 (39.27)

DM

No 108 (67.5) 922 (84.43) o0.001 56 (68.29) 451 (82.75) 0.002
Yes 52 (32.5) 170 (15.57) 26 (31.71) 94 (17.25)

SVR

Yes 63 (39.38) 784 (71.79) o0.001 30 (36.59) 401 (73.58) o0.001
No 97 (60.63) 308 (28.21) 52 (63.41) 144 (26.42)

Abbreviations: AFP¼ a-fetoprotein; DM¼diabetes mellitus; HCC¼ hepatocellular carcinoma; HCV¼hepatitis C virus; SVR¼ sustained virological response.
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regression analysis divided by the smallest regression coefficient.
The discrimination capabilities was presented by receiver operating
characteristic (ROC) curve in the form of a plot depicting
sensitivity divided by 1 minus specificity based on the derivation
cohort. We excluded the subjects who did not complete 5 years of
follow-up without having the HCC and calculated the ROC curve.
The accuracy was measured by the area under ROC curve (AUC).
The score was then categorized into three groups, namely low-,
intermediate-, and high-risk, with different cutoff values. The final
model was applied to the validation cohort in predicting the risk of
HCC. All statistical tests were two-sided, and Pp0.05 was
considered statistically significant.

RESULTS

Table 1 lists the clinical and laboratory data of the derivation and
validation cohorts. There were 1252 and 627 cases in deviation and
validation cohorts respectively. No significant differences existed
between two cohorts.

Predictors of HCC and derivation of prediction score. At the
end of follow up, 160 of 1252 (12.8%) patients in the derivation
cohort developed HCC. Table 2 demonstrated the association
between clinical characteristics and HCC. Variables such as old
age, high ALT levels, low platelet counts, high AFP levels, advanced
fibrotic stage, HCV genotype 1b, diabetes mellitus (DM), and non-
SVR were significantly associated with HCC development.
Univariate analysis by Cox’s regression analysis revealed that the
development of HCC was significantly associated with old age
(hazard ratio (HR)¼ 2.18, 95% CI¼ 1.44–3.29 for aged 60–69
and 3.70, 95% CI¼ 2.45–5.60 for aged X70), high ALT levels
(HR¼ 3.20, 95% CI¼ 0.75–13.64 for aged 40-79 and 4.73, 95%
CI¼ 1.17–19.12 for aged X80), platelet count o150� 109 l� 1

(HR¼ 4.79, 95% CI¼ 3.36–6.84), AFPX20 ng/ml (HR¼ 4.38, 95%
CI¼ 3.18–6.02), HCV G1b (HR¼ 1.97, 95% CI¼ 1.44–2.70),
advanced fibrotic stage (HR¼ 6.32, 95% CI¼ 4.2–9.51), DM
(HR¼ 2.31, 95% CI¼ 1.66–3.21), and non-SVR (HR¼ 3.94, 95%
CI¼ 2.87–5.41). Further multivariable analysis revealed that old
age group (adjusted HR (aHR)¼ 1.73, 95% CI¼ 1.13–2.65 for aged
60–69 and aHR¼ 2.20, 95% CI¼ 1.43–3.37 for aged X70), male
gender (aHR¼ 1.74, 95% CI¼ 1.26–2.41), platelet count

o150� 109 l� 1 (HR¼ 1.91, 95% CI¼ 1.27–2.86), AFPX20ngml� 1

(HR¼ 2.23, 95% CI¼ 1.58–3.14), HCV G1b (HR¼ 1.53, 95%
CI¼ 1.10–2.14), advanced fibrotic stage (HR¼ 3.32, 95% CI¼ 2.10–
5.22), and non-SVR (HR¼ 2.40, 95% CI¼ 1.70–3.38) were indepen-
dent risk factors for HCC development after antiviral therapies
(Table 3).

Subsequently, a simple risk score devised by using significant
variables in the multivariable model according to its contribution
of regression coefficients (Table 4). The score ranged from 0 to 9.
To avoid bias, we excluded the subjects who did not complete the
5 years of follow-up without having the HCC and calculated the
ROC curve. ROC curve was performed and the area under ROC
was 79.4% (Figure 1). The optimal cut-off point was score 5. For
clinical and informative application, patients were further
categorized into three risk groups as low- (scorep4), median
(5p score p6), and high-risk group (scoreX7) with 703 (56.2%),
356 (28.4%), and 193 patients (15.4%) respectively. In the low-,
intermediate-, and high-risk groups, 25 (3.56%), 61 (17.13%), and
74 patients (38.34%) developed HCC respectively during the
period of follow-up (Po0.001) (Figure 2A). By applying the cutoff
point of 5, 135 patients with HCC were correctly identified and 678
without HCC were correctly identified Thus, the sensitivity and
specificity of this cutoff value to detect HCC was 84.38% and
60.66%. The positive and negative predictive values were 36.19%
and 93.62%. The 5- and 10-year HCC incidence rates were 2.68%
and 6.36% respectively in the low-risk category; 14.35% and
22.99% respectively in the intermediate-risk category (HR¼ 5.06;
95% CI, 3.18–8.06); and 25.75% and 58.37% respectively in the
high-risk category (HR¼ 12.89; 95% CI, 8.18–20.32).

We further illustrate four subjects with different risk factors.
Patient A indicated group of men gender with age between 60–70
years-old, plateleto150� 109 l� 1, AFPX20 ngml� 1, HCV G1b
genotype. Suppose his fibrosis stage was 3–4 and failure of
treatment, the 5-year and 10-year risk of HCC were 62.27% and
90.56% respectively. If he can achieve SVR, the 5-year and 10-year
risk may reduce to 33.36% and 62.57%, respectively. If his fibrosis
stage was 0–2, the 5-year and 10-year risks may reduce 13.95% and
25.27% when achieving SVR. For patient B with aged 60-70, male,
platelet o150� 109 l� 1, AFPo20 ngml� 1, HCV G1b genotype
and fibrosis stage 3-4, he changed from high risk group to
intermediate risk group if the HCV treatment had response. The
5-year and 10-year risks can reduce from 35.42% to 16.65% and

Table 3. Variables associated with hepatocellular carcinoma in the derivation cohort

Univariate model Multivariable model

Variable Comparison HR 95% CI P-value aHR 95% CI P-value
Age group 60–69 vs o60 2.18 1.44–3.29 o0.0001 1.73 1.13–2.65 0.0014

X70 vs o60 3.70 2.45–5.60 2.20 1.43–3.37

Gender Male vs Female 1.28 0.94–1.76 0.1229 1.74 1.26–2.41 0.0017

ALT (U l� 1) 40–79 vs o40 3.2 0.75–13.64 0.0275 �
X80 vs o40 4.73 1.17–19.12 �

Platelet
(� 109 l�1)

o150 vs X150 4.79 3.36–6.84 o0.0001 1.91 1.27–2.86 0.0001

AFP (ngml�1) X20 vs o20 4.38 3.18–6.02 o0.0001 2.23 1.58–3.14 o0.0001

Fibrosis stage 3–4 vs 0–2 6.32 4.20–9.51 o0.0001 3.32 2.10–5.22 o0.0001

HCV genotype G1b vs non-G1b 1.97 1.44–2.70 o0.0001 1.53 1.10–2.14 0.0119

DM Yes vs No 2.31 1.66–3.21 o0.0001 �

SVR No vs Yes 3.94 2.87–5.41 o0.0001 2.40 1.70–3.38 o0.0001

Abbreviations: AFP¼ a-fetoprotein; aHR¼ adjusted hazard ratio; DM¼diabetes mellitus; HCC¼ hepatocellular carcinoma; HCV¼hepatitis C virus; HR¼ hazard raio; SVR¼ sustained
virological response.
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from 65.31% to 35.65%, respectively. If fibrosis stage was 0–2
of patient B, the 5-year and 10-year risk may reduce 7.01%
and 14.89%. For patient C with aged 60–70, male, platelet
X150� 109 l� 1, AFPo20 ng/ml, HCV non-G1b genotype and
fibrosis stage 3–4, the 5-year and 10-year risk may reduce 7.86%
and 16.39% and changed from intermediate risk group to low risk
group. Even in the lowest risk patient D, although risk category
were all low, SVR still reduce HCC risk 6.45% in advanced fibrosis

and 2.06% in mild fibrosis patients at 10 years. These results
indicated that the HCC risk reduction is greater for patients with
higher risk score after SVR (Supplementary Table).

Validation of results. At the end of follow-up, eighty-two of 627
patients (13.1%) in the validation cohort developed HCC. 349
patients (55.66%) had scores less than 5 and 180 patients (28.71%)
had scores of 5 to 6; and 98 patients (15.63%) had scores X7. The
corresponding numbers of patients developing HCC were 12
(3.44%), 28 (15.56%), and 42 patients (42.86%) respectively. By
applying the cutoff score of 5, 70 patients and 337 patients with
and without HCC were correctly identified. Thus, the overall
sensitivity and specificity of this cutoff score to detect HCC was
85.37% and 60.42%. The positive and the negative predictive value
were 34.83% and 94.34%. The difference in HCC incidence among
the risk categories was significant (Figure 2B). The 5- and 10-year
HCC incidence were 1.81% and 6.78% respectively in the low-risk
category; 12.92% and 21.06% respectively in the intermediate-risk
category (HR¼ 4.49; 95% CI, 2.28–8.82); and 29.95% and
63.79% respectively in the high-risk category (HR¼ 16.14; 95%
CI, 8.48–30.70).

Finally, we have also identified a subset of patients who belong
to ‘no risk ’of HCC development. They are 6 patients with score 0,
and 104 patients with score 1. After IFN based treatment, these 110
patients with score 0–1 did not have HCC development until the
end of follow-up.

DISCUSSION

In this study, we developed a simple score composed of routinely
available clinical and laboratory parameters to predict the risk of
HCC in chronic HCV patients after antiviral therapies. This
predictive score is accurate and reproducible. Patients with a
prediction score ofo5, 5–6, andX7 had distinctly different risk of
HCC development. Notably, patients with score 0–1 are ‘no risk’
of HCC. In both the training and validation cohorts, more than
half of the patients belonged to the low-risk category and had low
incidence of HCC (7% at 10 years). In contrast, approximately 21%
of patients had gradated risk of HCC development across the
intermediate to high-risk groups. Identification of patients risk
could initiate an individualized surveillance program for HCV
patients after antiviral therapies.

Compared with current guidelines (Bruix et al, 2005; Omata
et al, 2010), the present predictive score provides more refined and
systematic stratification of HCC risk for patients after antiviral
therapy. It was obvious that IFN-based therapy decreased the risk
of HCC in sustained responders. However, the incidence of HCC
may still gradually increase over a period of time. This suggested
that the risk of developing HCC was not completely eliminated
even in patients who achieved a sustained response to the IFN
therapy. In the present study, we found that 93 of 1185 (7.84%) of
SVR patients developed HCC during follow-up (Table 2). Based on
the estimated results of multivariable Cox’s regression model, if
patients can achieve SVR, the average five years risk reduction of
HCC is 4.8%, and the ten years risk reduction is 10.7% when taking
into account the effects of age, gender, platelet, AFP, fibrotic stage
and HCV genotype. The scoring system also suggests that patients
with histology of cirrhosis or with platelet level less than
150� 109 l� 1 have intermediate to high risk of developing HCC.
These findings concur with previous reports that patients with
cirrhosis or even liver decompensation are at substantial risk of
HCC development (Ueno et al, 2001; Kubo et al, 2004; Lu et al,
2006; Amarapurkar et al, 2009). In addition, among non-cirrhotic
patients, the risk of HCC development remains low unless patients
have age X60 years. These findings echo large epidemiologic
studies that demonstrated old age to be a risk factor for HCC

Table 4. Components of the HCC prediction score

Factors Score

Age (years)

o60 0
60–69 1
X70 1

Gender

Female 0
Male 1

Platelet (�109 l�1)

X150 0
o150 1

AFP (ngml�1)

o20 0
X20 1

Fibrosis stage

0–2 0
3–4 2

HCV Genotype

Non G1b 0
G1b 1

SVR

Yes 0
No 2

AFP¼ a-fetoprotein; HCV¼ hepatitis C virus; SVR¼ sustained virological response.
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Figure 1. ROC curve with simplified risk score to predict the HCC
development.
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development (Asahina et al, 2010). Notably, the HCC risk
reduction is greatest for patients with highest risk score when
SVR is acheieved. For example, in the present study, in
male patients with age between 60–70 years-old, platelet
o150� 109 l� 1, AFP X20 ngml� 1, HCV G1b genotype, and
advanced fibrotic stages (who is with the highest risk scores), the 5-
year and 10-year risk of HCC were reduced from 62.27% to 33.36%
and 90.56% to 62.57% respectively after SVR (Supplementary
Table). Furthermore, SVR also reduce the risk category in
advanced fibrosis patients. The information is very useful for
clinical practice.

The predictive score has potential clinical implications. In our
study found that an AFP level X20 ngml� 1 was a risk factor
development of HCC. Previous reports also revealed that AFP and
AFP-13 is an independent predictor for the HCC development
(Durazo et al, 2008). AFP-L3, an isoform of AFP, is an
independent predictor for the HCC development, with 10% as
the cut-off (Durazo et al, 2008). Unfortunately, check up of
AFP-L3 is not available in our hospital. According to previous
cost-effective analysis, annual or semiannual surveillance by
ultrasound scan and/or AFP is considered to be cost effective
when the incidence of HCC exceeds 1% to 2% per year (Andersson
et al, 2008; Nouso et al, 2008). In one study, the incremental cost-
effectiveness ratio of an HCC surveillance program by abdominal
ultrasonography was $56 000 when the annual HCC incidence was
1% but decreased to $29 900 when the annual incidence increased
to 4% (Nouso et al, 2008). In the present study, the score can help
to identify no risk or low-risk patients for whom close HCC
surveillance may not be cost effective. This maybe important for
patients who have undertaken antiviral therapies, as well as regions
where universal screening may not be feasible.

Other groups have also evaluated the use of predictive models
for HCC in patients with chronic HCV (Lee et al, 2012). In recent
one study derived a risk function normogram from 3644 Taiwan
patients observed for a mean of 11 years (Lee et al, 2012).
A normogram comprising sex, age, ALT, liver cirrhosis, and HCV
RNA/genotype had good accuracy in predicting HCC. The main
strengths of the study include the large number of patients and the
multicenter design. However, most of the patients initially were not
treated, thus just representing patients seen in the primary care
setting. Hence, the predictors in that study will be less helpful to
general practitioners taking care of patients in hospital base. Our
study model has several unique features. The present scoring
system devised from large cohorts of treated patients observed for a
long period. The large number of patients developing HCC (171 in
the derivation cohort and 73 in the validation cohort) allowed
accurate evaluation of different risk factors. Second, the score was

validated with another sizable cohort, and was confirmed with high
accuracy. Third, the seven parameters used in the score could be
commonly measured in clinic, and the simple calculation of the
score could facilitate implementation of routinely clinical use.

Our study still has a few limitations. First, it is a retrospective
study. Second, all patients were Taiwanese residents in a single
center with relative uniform of patients. Risk factors for HCC may
differ in other countries and different races in which the
therapeutic response to HCV therapy may be different. Therefore,
the scoring system needs to be further validated before general-
ization to western populations. Anyway, the scoring system is
applicable and reproducible in other geographic areas.

As for the time interval between surveillance tests, both the
AASLD (Bruix et al, 2005) and the Asian Pacific Association of the
Study of Liver (APASL) (Omata et al, 2010) recommend serum
AFP level measurements, combined with US, for HCC surveillance
at 6-month intervals for patients with chronic hepatitis. However,
no study was conducted to determine the ideal surveillance interval
for patients after antiviral therapies, especially for patients
achieving SVR. Therefore, the ideal surveillance interval for
treatment-experienced patients should be different, and may range
from 3 to 12 months. In our study, we propose that surveillance of
high-risk patients should be performed with 3–6 month interval.
However, a 12 month-interval for surveillance may be enough for
low-risk patients.

In conclusion, as we know, SVR of HCV could reduce the risk of
HCC. For the high risk patients who did not achieve SVR before,
we have to do more effort to eradicate the HCV virus in order to
reduce HCC. In patients who could not achieve SVR or who are
still within high risk category even after SVR, selection of an
intensive HCC surveillance program is important to early detect
HCC, followed by early treatment which could increase patients’
survival.

ACKNOWLEDGEMENTS

The work is partially supported by the grant from Chang Gung
Memorial Hospital, CMRPG8A0401.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

100
A B

90
High risk

Intermediate risk

Low risk

80

70

60

50

40

30

20C
um

ul
at

iv
e 

ris
k 

fo
r 

H
C

C
 (

%
)

10

0

100

90
High risk

Intermediate risk

Low risk

80

70

60

50

40

30

20C
um

ul
at

iv
e 

ris
k 

fo
r 

H
C

C
 (

%
)

10

0

Time (months) Time (months)

0 12 24 36 48 60 72 84 96 10
8

12
0

13
2

14
4

15
6

16
80 12 24 36 48 60 72 84 96 10
8

12
0

13
2

14
4

15
6

16
8

Figure 2. Cumulative risk for HCC in chronic hepatitis C patients with low, medium, and high prediction scores in the derivation cohort (A) and
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