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at 24 wk after the completion of IFN and ribavirin 
therapy (P  < 0.001, OR = 24.43, 95%CI: 4.11-238.67).

CONCLUSION: We suggested that the elevation of 
AFP and DCP levels at 24 wk after the completion of 
IFN and ribavirin therapy were strongly associated with 
the incidence of HCC irrespective of virological response 
among Japanese LC-C patients.
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Core tip: Interferon (IFN)-based therapy reduces the 
rate of hepatocellular carcinoma (HCC) development in 
patients with chronic hepatitis C virus (HCV) infection. 
However, HCC development has frequently been re
ported in HCV-related liver cirrhosis (LC-C) patients 
who achieved sustained virological response. We 
conducted a multicenter, retrospective study to evaluate 
the relationship between clinical factors and HCC 
development in Japanese LC-C patients treated with IFN 
and ribavirin therapy. We suggested that the elevation 
of Alpha-fetoprotein and des-γ-carboxy prothrombin 
levels at 24 wk after the completion of IFN and ribavirin 
therapy were strongly associated with the incidence 
of HCC irrespective of virological response among 
Japanese LC-C patients.

Shakado S, Sakisaka S, Chayama K, Okanoue T, Toyoda J, 
Izumi N, Matsumoto A, Takehara T, Ido A, Hiasa Y, Yoshioka 
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INTRODUCTION
Chronically hepatitis C virus (HCV) infection is the 
commonest cause of liver cirrhosis in the world[1]. HCV-
related liver cirrhosis (LC-C) patients are the high risk to 
the development of hepatocellular carcinoma (HCC)[2,3]. 
Many previous studies suggested that interferon (IFN)-
based therapy reduces the rate of HCC development 
in patients with chronically HCV infection, especially 
those with sustained virological response (SVR)[4-8]. 
Non-SVR, male sex, older age, and advanced liver 
fibrosis have been shown to be risk factors for HCC 
development in patients treated with IFN[9-13]. Therapy 
with IFN and ribavirin has been used for LC-C patients, 
leading to significant effects including SVR. However, 
the development of HCC has frequently been reported 
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Abstract
AIM: To investigate risk factors for development 
of hepatocellular carcinoma (HCC) in patients with 
hepatitis C virus-related liver cirrhosis (LC-C).

METHODS: To evaluate the relationship between 
clinical factors including virological response and the 
development of HCC in patients with LC-C treated with 
interferon (IFN) and ribavirin, we conducted a multi
center, retrospective study in 14 hospitals in Japan. 
All patients had compensated LC-C with clinical or 
histological data available. HCC was diagnosed by the 
presence of typical hypervascular characteristics on 
computed tomography and/or magnetic resonance 
imaging.

RESULTS: HCC was diagnosis in 50 (21.6%) of 231 
LC-C patients during a median observation period of 
3.8 years after IFN and ribavirin therapy. Patients who 
developed HCC were older (P  = 0.018) and had higher 
serum levels of pretreatment alpha-fetoprotein (AFP) (P  
= 0.038). Multivariate analysis revealed the following 
independent risk factors for HCC development: history 
of treatment for HCC [P  < 0.001, odds ratio (OR) = 
15.27, 95%CI: 4.98-59.51], AFP levels of ≥ 10 ng/mL 
(P  = 0.009, OR = 3.89, 95%CI: 1.38-11.94), and des-
γ-carboxy prothrombin (DCP) levels of ≥ 40 mAU/mL 
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in LC-C patients who achieved SVR[14,15]. The aim of 
this retrospective, multicenter study was to evaluate 
the relationship among pre- and post-treatment clinical 
factors, virological response, and HCC development in 
Japanese LC-C patients treated with IFN and ribavirin to 
elucidate the predictive markers for HCC development.

MATERIALS AND METHODS
Patient selection
We conducted a retrospective, multicenter study 
in 14 hospitals in Japan. All 290 patients with LC-C 
were treated with IFN plus ribavirin. A diagnosis of 
compensated LC-C was defined with the clinical or 
histological finding. We decided the presence of at least 
one of the following criteria: Liver biopsy demonstrating 
cirrhosis, multiple nodular appearance of liver surface 
on peritoneoscopy, liver stiffness greater than 12.5 
kPa on transient elastography, presence of esophageal 
varices, or positive values of cirrhosis criteria[16-18].

Of the 290 patients, 59 developed HCC within 6 
mo of completing IFN and ribavirin therapy and were 
excluded from the study. All analyses used data from 
the remaining 231 cases. Table 1 shows pretreatment 
clinical characteristics. Of 231 patients, 189 patients 
were infected with HCV genotype 1 and 80 patients 
(34.6%) had received treatment for HCC previously. 
Eighty patients were treated for HCC with hepatectomy, 
transcatheter chemoembolization, or radio frequency 
ablation therapy in each hospital. More detail of 
treatment history was not investigated in this study. The 
average follow-up period was 3.8 ± 2.2 years.

Combination therapy with IFN and ribavirin
All 231 patients were treated with INF and ribavirin. 
Pegylated-IFN alpha-2b, pegylated-IFN alpha-2a or IFN 
alpha-2b were administered to 297 (85.3%), 19 (8.2%), 
15 (6.5%), respectively.

Surveillance for HCC
Hepatic ultrasonography, computed tomography (CT), 
and/or magnetic resonance imaging (MRI) were per
formed every 3 to 6 mo during follow-up period for HCC 
surveillance. HCC was diagnosed on the basis of the 
presence of typical hypervascular characteristics of CT 
and/or MRI findings.

Statistical analysis
We conducted statistical analyze with Fisher’s exact test 
or Student’s t-test. Univariate and multivariate analysis 
were used with JMP version 9.0 for Macintosh (SAS 
Institute, Cary, NC). The odds ratio and 95%CI were 
also calculated. 

RESULTS
Pretreatment clinical factors associated with HCC 
development
HCC was diagnosed in 50 (21.6%) of 231 LC-C patients 
treated with IFN and ribavirin during a median follow-
up period of 3.8 years (0.6-11.9 years). Patients who 
developed HCC were older (P = 0.018) and had higher 
serum levels of alpha-fetoprotein (AFP) (P = 0.038) 
than the non-HCC group (Table 1). In our study, no 
significant difference in HCC development was observed 
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Table 1  Pretreatment clinical characteristics of 231 hepatitis C virus-related liver cirrhosis patients 
treated with interferon and ribavirin

All patients (n  = 231) Non HCC (n  = 181) HCC (n  = 50) P -value1

Sex (M:F)   111:120 82:99 29:21 NS
Age (yr) 60.4 ± 9.2 59.6 ± 9.2 63.1 ± 9.1 0.018
BMI (kg/m2) 23.7 ± 3.4 23.7 ± 3.5 23.9 ± 2.9 NS
Total bilirubin (mg/dL)   1.1 ± 1.2   1.2 ± 1.4   0.9 ± 0.3 NS
Albumin (g/dL)   3.8 ± 0.5   3.8 ± 0.5   3.8 ± 0.3 NS
Prothrombin (%)   86.1 ± 15.2   86.1 ± 15.8   86.1 ± 13.2 NS
ALT (IU/L)   84.6 ± 64.4   86.6 ± 65.8   77.1 ± 59.6 NS
GGT (IU/L)     89.0 ± 124.0     89.0 ± 125.2     89.3 ± 122.1 NS
Hemoglobin (g/dL) 13.2 ± 1.8 13.1 ± 1.9 13.5 ± 1.7 NS
Platelets (104/mm3) 12.1 ± 6.8 12.2 ± 7.2 11.7 ± 5.1 NS
AFP (ng/mL)     94.1 ± 916.1   24.2 ± 38.0     355.1 ± 1994.9 0.038
DCP (mAU/mL)     261.5 ± 2687.8     328.6 ± 3057.3   26.5 ± 18.1 NS
IL28B (TT:non TT) 161:70 130:51 31:19 NS
Presence of EV 74/191 (38.7%) 60/146 (41.1%) 14/45 (31.1%) NS
HCC treatment history         80 (34.6%)         44 (24.3%)        36 (72.0%) NS
HCV genotype (1/2) 189:42 147:34 42:8 NS
IFN treatment (naive)       208 (90.0%)        162 (89.5%)     46 (92%) NS

Data are expressed as number (%) or mean ± SD. All demographic and clinical data are those at the start of antiviral 
treatment. 1Comparison between non HCC and HCC. HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; NS: Not 
significant; BMI: Body mass index; ALT: Alanine aminotransferase; GGT: Gamma glutamyl transpeptidase; AFP: Alpha-
fetoprotein; DCP: Des-gamma-carboxy prothrombin; IL28B: Interleukin 28B rs8099917; EV: Esophageal varices; IFN: 
Interferon.
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levels of AFP and DCP were the greatest risk factors for 
HCC development at 24 wk after the completion of IFN 
and ribavirin therapy. In patients who did not develop 
HCC, albumin levels increased from 3.7 g/dL at the 
completion of IFN and ribavirin therapy to 4.0 g/dL at 
24 wk after the completion of treatment. A change of 
those tumor markers after IFN and ribavirin therapy was 
shown in Figures 1 and 2.

In our study, SVR was not associated to HCC 
development. And the levels of AFP and DCP were not 
associated with HCC development in patients with a SVR 
(Table 3).

As shown in Table 4, the multivariate analysis 
revealed the following independent risk factors for HCC 
development after IFN and ribavirin therapy: History of 
treatment for HCC (P < 0.001, OR = 15.27, 95%CI: 
4.98-59.51), AFP levels of ≥ 10 ng/mL at 24 wk after 
the completion of IFN and ribavirin therapy (P = 0.009, 
OR = 3.89, 95%CI: 1.38-11.94), and DCP levels of 
≥ 40 mAU/mL at 24 wk after the completion of IFN 
and ribavirin therapy (P < 0.001, OR = 24.43, 95%CI: 
4.11-238.67). 

for male sex, platelet count, interleukin 28B genotype, 
presence of esophageal varices, HCV genotype, type of 
IFN or IFN treatment history (naive or non-naive).

Predictive factors associated with HCC development 
after IFN and ribavirin therapy
In this study, the duration of treatment with IFN and 
SVR were not associated with HCC development (Table 
2). Serum levels of AFP and des-γ-carboxy prothrombin 
(DCP) were focus to be risk factors for HCC development. 
Normal range of AFP and DCP were under 10 ng/mL 
and under 40 mAU/mL, respectively. In patients who 
developed HCC, serum levels of AFP decreased from 
355.1 ng/mL to 42.8 ng/mL during the course of IFN 
therapy and then increased from 42.8 ng/mL to 63.2 
ng/mL at 24 wk after the completion of IFN and ribavirin 
therapy. In patients who did not develop HCC, serum AFP 
levels at the beginning, completion, and 24 wk after IFN 
and ribavirin therapy were 94.1, 15.5 and 11.5 ng/mL, 
respectively. In patients who did not develop HCC, serum 
DCP levels at the beginning, completion, and 24 wk after 
IFN and ribavirin therapy were 328.6, 25.6 and 18.4 
mAU/mL, respectively. As with AFP, serum DCP levels 
were increased in patients who developed HCC. Serum 
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Figure 1  A change of the alpha-fetoprotein levels after interferon-based 
treatment. AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma. Figure 2  A change of the des-gamma-carboxy prothrombin levels after 

interferon-based treatment. DCP: Des-gamma-carboxy prothrombin; HCC: 
Hepatocellular carcinoma.
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Pre treatment           End of treatment           24 wk after treatment

Non HCC (n  = 181) HCC (n  = 50) P -value

IFN treatment duration (wk) 43.1 ± 21.5 44.1 ± 22.5 NS
Sustained virological response 63 (34.8%) 12 (24%) NS
Albumin levels at the end of IFN treatment (g/dL) 3.7 ± 0.6 3.7 ± 0.6 NS
Prothrombin levels at the end of IFN treatment (%) 86.0 ± 21.5 83.5 ± 11.1 NS
AFP levels at the end of IFN treatment (ng/mL) 15.5 ± 34.9 42.8 ± 96.0 0.009
DCP levels at the end of IFN treatment (mAU/mL) 25.6 ± 47.2 255.6 ± 863.2 0.017
Albumin levels at 24 wk after IFN treatment (g/dL) 4.0 ± 0.5 3.7 ± 0.5 0.004
Prothrombin levels at 24 wk after IFN treatment (%) 87.8 ± 17.9 86.6 ± 14.2 NS
AFP levels at 24 wk after IFN treatment (ng/mL) 11.5 ± 15.8   63.2 ± 193.2 0.002
DCP levels at 24 wk after IFN treatment (mAU/mL) 18.4 ± 12.7   354.0 ± 1887.5 NS

Table 2  Risk factors for the development of hepatocellular carcinoma in hepatitis C virus-related liver 
cirrhosis patients treated with interferon and ribavirin

Data are expressed as number (%) or mean ± SD. HCC: Hepatocellular carcinoma; IFN: Interferon; NS: Not significant; AFP: 
Alpha-fetoprotein; DCP: Des-gamma-carboxy prothrombin.
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Cumulative incidence of HCC after IFN and ribavirin 
therapy
Patients with a previous history of treatment for HCC 
had a significantly higher cumulative incidence of HCC 
development after IFN and ribavirin therapy (P < 0.001) 
(Figure 3). The incidence of HCC was significantly 
lower in patients with AFP levels of < 10 ng/mL than 
in those with AFP levels of ≥ 10 ng/mL at 24 wk after 
the completion of IFN and ribavirin therapy (P = 0.004) 
(Figure 4) as in patients with DCP levels of < 40 mAU/
mL than in those with DCP levels of ≥ 40 mAU/mL at 
24 wk after the completion of IFN and ribavirin therapy (P 
< 0.001) (Figure 5).

DISCUSSION
In this retrospective, multicenter, cooperative study 
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Figure 3  Cumulative incidence of hepatocellular carcinoma according to 
the history of treatment for hepatocellular carcinoma. HCC: Hepatocellular 
carcinoma.
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Figure 4  Cumulative incidence of hepatocellular carcinoma according 
to alpha-fetoprotein levels. 1The value at 24 wk after the completion of 
interferon-based therapy (ng/mL). AFP: Alpha-fetoprotein; HCC: Hepatocellular 
carcinoma.

Table 3  The levels of alpha-fetoprotein and des-gamma-carboxy prothrombin with development of hepatocellular carcinoma in 
patients with sustained virological response

Patients with SVR (n  = 75) Non HCC (n  = 63) HCC (n  = 12) P -value1

AFP levels at pretreatment (ng/mL) 16.1 ± 20.2 17.8 ± 22.2 12.6 ± 14.9 NS
AFP levels at the end of IFN treatment (ng/mL) 13.7 ± 47.8 17.9 ± 57.8 5.1 ± 1.8 NS
AFP levels at 24 wk after IFN treatment (ng/mL)   6.7 ± 10.0 5.8 ± 4.1   8.0 ± 15.1 NS
Pre DCP levels at pretreatment (mAU/mL)   93.7 ± 374.1 131.3 ± 481.4 40.3 ± 69.8 NS
Post DCP levels at the end of IFN treatment (mAU/mL) 140.0 ± 637.9 226.9 ± 864.2 42.1 ± 83.3 NS
24 wk DCP levels at 24 wk after IFN treatment (mAU/mL) 33.9 ± 52.6 28.9 ± 37.4 39.3 ± 66.5 NS

Data are expressed as number (%) or mean ± SD. 1Comparison between non HCC and HCC. HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein; DCP: 
Des-gamma-carboxy prothrombin; NS: Not significant; SVR: Sustained virological response.

Risk factor Univariate analysis Multivariate analysis OR 95%CI

P -value P -value
Age (over 60 yr)    0.012 Not significant
HCC treatment history < 0.001 < 0.001 15.27  4.98-59.51
AFP levels at 24 wk after IFN treatment ≥ 10 ng/mL    0.003    0.009   3.89  1.38-11.94
DCP levels at 24 wk after IFN treatment ≥ 40 mAU/mL < 0.001 < 0.001 24.43 4.11-238.67

Table 4  Factors associated with hepatocellular carcinoma development (n  = 231)

HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein; IFN: Interferon; DCP: Des-gamma-carboxy prothrombin.

Figure 5  Cumulative incidence of hepatocellular carcinoma according 
to des- gamma-carboxy prothrombin levels at 24 wk after the completion 
of interferon-based therapy. 1The value at 24 wk after the completion of 
interferon-based therapy (mAU/mL). DCP: Des-gamma-carboxy prothrombin; 
HCC: Hepatocellular carcinoma.
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conducted in Japan, we evaluated risk factors of HCC 
development in LC-C patients treated with IFN and 
ribavirin. A history of treatment for HCC was a strong 
risk factor for the development of HCC in our patients. 
Although HCC has a high recurrence rate, even after 
curative surgery, a suppressive effect of IFN on HCC 
recurrence after previous curative treatment has been 
reported in several studies[19-23]. Furthermore, particularly 
in Japan, IFN is used as an anti-cancer drug for the 
treatment of HCC[24-27]. Unfortunately, in LC-C patients 
treated with IFN and ribavirin, most notably in those 
with a history of treatment for HCC, IFN therapy did 
not reduce recurrence rates in our study. Many studies 
reported that IFN-based therapy not only improves 
hepatic fibrosis and inflammation but also reduces the 
incidence of HCC, particularly in patients who achieve 
SVR[4-13]. In our study, a history of treatment for HCC 
was a stronger risk factor for HCC development than 
achieving SVR. In those patients receiving IFN and 
ribavirin therapy, long-term surveillance for HCC should 
be conducted even after antiviral therapy with SVR.

In our study, serum levels of AFP decreased after 
IFN and ribavirin therapy compared to baseline levels 
in both HCC and non-HCC groups. Serum levels of AFP 
were further decreased at 24 wk after IFN and ribavirin 
therapy in the non-HCC group. However, serum levels 
of AFP were increased at 24 wk after the completion 
of IFN and ribavirin therapy in patients who developed 
HCC. Therefore, serum AFP levels at 24 wk after the 
completion of IFN and ribavirin therapy may be a strong 
predictor of HCC development in LC-C patients treated 
with IFN and ribavirin. Serum levels of DCP were also 
increased at 24 wk after the completion of IFN and 
ribavirin therapy in patients who developed HCC. Both 
AFP and DCP serum levels at 24 wk after the completion 
of IFN and ribavirin therapy were more strongly asso
ciated with HCC development than those of pre- and/or 
post-IFN treatment.

Previous studies reported that a low or decreased 
AFP level during IFN therapy is associated with a 
reduced incidence of HCC[28-30]. Serum levels of AFP after 
IFN-based therapy are also informative, and a higher 
post-treatment AFP (≥ 6 ng/mL) was a risk factor for 
HCC development[11,31]. 

Recently, DCP was demonstrated as a tumor marker 
for the detection of HCC[32,33]. However, it was unclear 
whether DCP had value in detecting HCC in patients 
with LC-C who received IFN and ribavirin therapy. We 
demonstrated by multivariate analysis that elevated 
serum levels of AFP (≥ 10 ng/mL) and DCP (≥ 40 
mAU/mL) at 24 wk after the completion of IFN and 
ribavirin therapy were independently associated with 
HCC development. In clinical practice, even in patients 
with SVR, careful surveillance for HCC is required in 
patients with LC-C with an AFP of ≥ 10 ng/mL or a DCP 
of ≥ 40 mAU/mL at 24 wk after the completion of IFN 
and ribavirin therapy. A randomized controlled study 
demonstrated that the LC-C patients who were treated 

with long-term pegylated-IFN had a low risk of HCC 
development[34]. Therefore, LC-C patients with an AFP of 
≥ 10 ng/mL or a DCP of ≥ 40 mAU/mL at 24 wk after 
the completion of IFN and ribavirin therapy should be 
considered for long-term maintenance treatment with 
pegylated-IFN, irrespective of whether SVR is achieved.

Recently, therapies with direct-acting antivirals 
without IFN have demonstrated great efficacy against 
HCV[35-38]. However, it is currently unknown whether 
serum AFP levels and HCC incidence are decreased in 
patients treated with IFN-free regimens using direct-
acting antivirals.

Although this present study had some limitations, all 
included patients were diagnosed with well-established 
cirrhosis without chronic hepatitis. Thus, our findings 
provide valuable information.

In conclusion, we suggested that elevated serum 
levels of both AFP and DCP at 24 wk after the completion 
of IFN and ribavirin therapy are strongly associated 
with HCC development, irrespective of the virological 
response, among Japanese LC-C patients. In these 
patients, additional surveillance for the development of 
HCC may be required.
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