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Abstract
AIM: To investigate factors that accurately predict 
hepatocellular carcinoma (HCC) development after 
antiviral therapy in chronic hepatitis C (CHC) patients. 

METHODS: CHC patients who received pegylated 
interferon and ribavirin were enrolled in this cohort 
study that investigated the ability of alpha-fetoprotein 
(AFP) to predict HCC development after interferon (IFN) 
therapy. 

RESULTS: Of 1255 patients enrolled, 665 developed 
sustained virological response (SVR) during mean 
follow-up period of 5.4 years. HCC was occurred in 
89 patients, and 20 SVR patients were included. Pro-
portional hazard models showed that HCC occurred in 
SVR patients showing AFP ≥ 5 ng/mL before therapy 
and in non-SVR patients showing AFP ≥ 5 ng/mL 
before and 1 year after therapy besides older age, and 
low platelet counts. SVR patients showing AFP ≥ 5 
ng/mL before therapy and no decrease in AFP to < 5 
ng/mL 1 year after therapy had significantly higher HCC 
incidence than non-SVR patients showing AFP ≥ 5 ng/
mL before therapy and decreased AFP (P  = 0.043). AFP 
≥ 5 ng/mL before therapy was significantly associated 
with low platelet counts and high values of alanine 
aminotransferase (ALT) in stepwise logistic regression 
analysis. After age, gender, platelet count, and ALT 
was matched by propensity score, significantly lower 
HCC incidence was shown in SVR patients showing AFP 
< 5 ng/mL before therapy than in those showing AFP 
≥ 5 ng/mL.

CONCLUSION: The criteria of AFP < 5 ng/mL before 
and 1 year after IFN therapy is a benefical predictor for 
HCC development in CHC patients. 

Key words: Hepatitis C virus; Interferon; Hepatocellular 
carcinoma; Alpha-fetoprotein
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Core tip: What is current knowledge: (1) Alpha-
fetoprotein (AFP) values can predict development 
of hepatocellular carcinoma (HCC) after interferon 
therapy in patients with hepatitis C virus; and (2) The 
predictive value of AFP on HCC development after 
interferon therapy and its criteria remained uncertain. 
What is new here: AFP values before interferon therapy 
have strong predictive value on HCC development 
after interferon therapy. The simple criteria defined by 
AFP values before and 1 year after interferon therapy 
might work efficient to predict HCC development after 
interferon therapy. 

Takeuchi Y, Ikeda F, Osawa T, Araki Y, Takaguchi K, Morimoto 
Y, Hashimoto N, Sakaguchi K, Sakata T, Ando M, Makino 
Y, Matsumura S, Takayama H, Seki H, Nanba S, Moritou 
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INTRODUCTION
Hepatitis C virus (HCV) infection is the predominant 
cause of liver cirrhosis and hepatocellular carcinoma 
(HCC) in many countries, including Japan, the United 
States, and Europe[1-3]. HCV infection is resolved only 
rarely once it becomes chronic[4]. Chronic hepatitis C 
(CHC) may occasionally progress to liver cirrhosis and 
HCC after approximately 30 years without any disease-
related symptoms[5,6].

Interferon (IFN) therapy is effective for eliminat-
ing the virus and reducing the HCC incidence in CHC 
patients[7-11]. However, HCC sometimes develops even in 
patients with a sustained virological response (SVR) due 
to interferon (IFN) therapy[12]. Recent advances in anti-
HCV therapy have improved therapeutic efficacy and 
compliance, with more than half of patients obtaining 
SVR. Therefore, the importance of predicting HCC 
development after viral eradication in SVR patients is 
increasing. 

Recent studies on HCC development in CHC patients 
after IFN therapy have proposed that in addition to liver 
cirrhosis, old age, and male gender, the initial values 
of and changes in alpha-fetoprotein (AFP) during IFN 
therapy can predict HCC development[13-15]. However, 
the potential of AFP to predict HCC development after 
IFN therapy remains uncertain in CHC patients. We 
therefore conducted a large-scale, long-term cohort 
study of CHC patients receiving therapy with pegylated 
interferon and ribavirin to determine the ability of AFP 
to predict HCC development after IFN therapy and to 
define simple criteria for AFP values that can accurately 
predict HCC development after IFN therapy. 
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MATERIALS AND METHODS
Patients
The study enrolled 1318 CHC patients who had under-
gone combination therapy with pegylated interferon 
and ribavirin at the Okayama University Hospital or its 
affiliated hospitals between 2005 and 2011. We excluded 
44 patients who developed HCC before interferon 
therapy, and 19 patients who developed HCC within 1 
year after the completion of therapy. The data of the 
remaining 1255 patients were used for analysis. Written 
informed consent was obtained from all patients, and the 
study was conducted in accordance with the Declaration 
of Helsinki. All protocols were approved by the ethics 
committees of the institutes. 

Interferon therapy
All patients had HCV RNA in their serum, as confirmed 
by the qualitative Amplicor or TaqMan HCV assay (Roche 
Molecular Diagnostics, Tokyo, Japan). They received 
antiviral therapy with standard doses of Peg-IFN alpha-
2a or 2b with ribavirin. SVR was defined as undetectable 
HCV RNA in the serum 24 wk after the completion of 
therapy. 

Follow-up
The characteristics of the patients and their biochemical, 
hematological, and virological data were collected at 
enrollment. The patients were examined for HCC by 
abdominal ultrasonography, dynamic computed tomo-
graphy, and/or magnetic resonance imaging every 3-6 
mo before and after therapy. Serum AFP values were 
measured every 1-6 mo. The surveillance protocols were 
in accordance with the standard of care in the clinical 
practice manual of the Japan Society of Hepatology[16]. 
When HCC was suspected on the basis of the screening 
examination, additional procedures such as dynamic 
study, hepatic angiography, and/or tumor biopsy were 
used to confirm the diagnosis. The end of follow-up was 
defined as the time of HCC development or the last 
medical attendance until June 2011. The mean follow-up 
period was 5.4 years (range: 1.0-8.1 years). 

Statistical analysis
Data are expressed as mean ± SD or median (range). 
Proportional hazard models were used to estimate the 
factors associated with HCC development after interferon 
therapy in SVR and non-SVR patients separately. The 
cut-off value was defined for each parameter: median 
for age and AFP, lower limit of normal range for white 
blood cell, hemoglobin, and platelet count, and upper 
limit of normal range for alanine aminotransferase. 
The HCC incidence was estimated by the Kaplan-Meier 
method and compared among the patient groups 
using the log-rank test. Serum AFP values at different 
time points were compared using the paired t test. 
Factors associated with decreased AFP < 5 ng/mL 1 
year after therapy among the patients showing AFP ≥ 
5 ng/mL before therapy were analyzed using stepwise 
logistic regression analysis. The propensity score was 
estimated for each patient using a logistic regression 
model. Our study matched subjects using a caliper width 
within 0.1 of the propensity score. Using this method, 
comparable patient groups were identified. The baseline 
characteristics of the propensity score-matched pairs 
were almost identical. P values < 0.05 were considered 
significant. The statistical analyses were performed using 
JMP software (SAS Institute, Cary, NC, United States). 
The statistical review of the study was performed by a 
biomedical statistician. 

RESULTS
Change in AFP values during interferon therapy and 
analysis of factors associated with decreased AFP 
values
The characteristics of the patients enrolled in the study 
are shown in Table 1. The mean age was 59 years, 
and 581 patients (46%) were female. In the study, 
1255 patients enrolled and 665 (53%) achieved SVR, 
whereas 335 had virological relapse and 255 had partial 
or no virological response. AFP values in SVR patients 
gradually decreased during IFN therapy from a mean of 
7.3 ng/mL before IFN therapy to 3.9 ng/mL at the end 
of therapy (paired t test, P < 0.0001) and decreased 
further to 3.4 ng/mL 1 year after therapy (P = 0.025, 
Figure 1). Of the 274 SVR patients showing AFP values 
≥ 5 ng/mL before IFN therapy, the values decreased 
to < 5 ng/mL in 148 patients 1 year after IFN therapy, 
whereas decreased AFP values to < 5 ng/mL were not 
observed in 126 patients. Of the 580 non-SVR patients, 
252 had AFP values < 5 ng/mL before IFN therapy and 
328 patients had values ≥ 5 ng/mL. Of the 328 patients 
showing AFP values ≥ 5 ng/mL before IFN therapy, 93 
had decreased AFP values to < 5 ng/mL 1 year after 
IFN therapy, whereas no decrease in values to < 5 
ng/mL was observed in 235 patients. Stepwise logistic 
regression analysis showed that factors associated with 
AFP ≥ 5 ng/mL before therapy were low platelet count 
and high alanine aminotransferase (ALT) values (P = 
0.0040, and P = 0.028, respectively, Table 2). Non-SVR 
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Table 1  Characteristics of patients enrolled in the present 
study

Patient characteristics n  = 1255

Age (yr) 59 (18-79)1

Gender (male/female)      674/581
HCV genotype (1/2/3) 846/406/3
White blood cell (/μL)   5076 ± 15062

Hemoglobin (g/dL) 14.0 ± 1.52

Platelet count (10000/μL) 16.7 ± 5.52

Alanine aminotransferase (IU/L)   56 ± 372

Alpha-fetoprotein (ng/mL)   4.6 (0.9-223)1

Therapeutic outcome (SVR/relapse/NVR)     665/335/255

1Median (range); 2Mean ± SD. SVR: Sustained virological response; NVR: 
Partial or null virological response.
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virological response developed HCC. The duration until 
detection of HCC was variable in non-SVR patients. As 
shown in Figure 2, the cumulative HCC incidence was 
2.8% at 5 years after IFN therapy in SVR patients, which 
was significantly lower than that in non-SVR patients 
(11.1%, log-rank test, P < 0.0001). As related to HCC 
development within 3, 4, and 5 years after IFN therapy, 
receiver operating characteristic curves were constructed 
to determine the best cut-off values for AFP in SVR 
patients. The results showed AFP values of 4.9, 4.3, 
and 4.3 ng/mL to be the best cut-off values with areas 
under the curves of 0.83, 0.81, and 0.82, respectively. 
The best cut-off values were also determined for non-
SVR patients, and the cut-offs were 5.6, 4.7, and 5.3 
ng/mL with areas under the curves of 0.81, 0.80, 
and 0.80, respectively. The desired sensitivity value > 
90% was achieved for the cut-off of 5.0 ng/mL, and 
the specificity was > 50% both in SVR and non-SVR 
patients. Therefore, AFP values 5 ng/mL were used as 
the cut-off values for further analyses. Table 4 shows the 
analysis of predictive factors of HCC development after 
IFN therapy for CHC patients in Cox proportional hazard 
models. Multivariate analysis in SVR patients showed 
old age, low platelet counts, and high AFP values before 

patients had significantly higher AFP values (12 ng/mL) 
than SVR patients before IFN therapy (P < 0.0001), 
and decreased AFP values 7.3 ng/mL at the end of 
therapy. The changes in AFP values between the end of 
therapy and 1 year after therapy were scarce (P = 0.20, 
Figure 1). Stepwise logistic regression analysis showed 
that decreased AFP values to < 5 ng/mL 1 year after 
IFN therapy among the SVR patients showing AFP ≥ 5 
ng/mL before therapy were significantly associated only 
with low ALT values 1 year after IFN therapy (P = 0.027, 
Table 3). As for non-SVR patients showing AFP values 
≥ 5 ng/mL before IFN therapy, low ALT values at the 
end and 1 year after IFN therapy were selected as 
significant factors associated with decreased AFP values 
to < 5 ng/mL 1 year after IFN therapy (P = 0.0040, and 
P = 0.028, respectively).

Predictive factors of HCC development after interferon 
therapy for CHC patients
During the mean follow-up period of 5.4 years, HCC was 
occurred in 20 SVR patients: within 4 years of follow-up 
in 18 patients (90%) and after approximately 6 years 
of follow-up in the remaining patients. Twenty-eight 
patients with relapse and 41 patients with partial or no 

Number SVR 665 665 648 595 490 383 261 104
at risk Relapse 335 335 328 310 260 199 153   84

NVR 255 255 238 202 167 134   91   50
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Figure 2  Cumulative hepatocellular carcinoma incidence after interferon 
therapy. Cumulative hepatocellular carcinoma incidence after interferon therapy 
was compared in groups of patients classified by the outcome of interferon 
therapy using the Kaplan-Meier method. HCC: Hepatocellular carcinoma; SVR: 
Sustained virological response; NVR: Partial or null virological response.

Table 2  Logistic regression analysis of factors associated with alpha-fetoprotein ≥ 5 
ng/mL before therapy

Univariate analysis Multivariate analysis

Factors OR (range1) P OR (range1) P
Age (1: ≥ 60 yr)   1.2 (0.96-1.5) 0.10
Gender (1: male)   1.2 (0.93-1.5) 0.19
HCV genotype (1: type 1)   0.72 (0.57-0.92)   0.007
White blood cell (1: ≥ 4000/μL) 0.78 (0.60-1.0)   0.061
Hemoglobin (1: ≥ 12.5 g/dL) 0.97 (0.74-1.3) 0.80
Platelet count (1: ≥ 130000/μL)   0.31 (0.24-0.41)  < 0.0001   0.35 (0.27-0.46) < 0.0001
ALT (1: ≥ 40 IU/L) 3.0 (2.3-3.8)  < 0.0001 2.7 (2.1-3.4) < 0.0001

195%CI. HCV: Hepatitis C virus; ALT: Alanine aminotransferase.
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Figure 1  Changes in alpha-fetoprotein values during interferon therapy. 
Alpha-fetoprotein (AFP) values before, at end, and 1 year after interferon 
therapy were classified by ≥ 10 ng/mL, 5-10 ng/mL, and < 5 ng/mL. The 
patient ratios with different AFP values were shown for sustained virological 
response (SVR) and non-SVR patients. 
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IFN therapy, but not high AFP values 1 year after IFN 
therapy, were significant factors associated with HCC 
development after IFN therapy in the follow-up period 
in SVR patients (P = 0.0092, P = 0.022, P = 0.017, 

and P = 0.49, respectively). As for non-SVR patients, 
male gender, HCV genotype 1, low platelet counts, and 
high AFP values before therapy and 1 year after IFN 
therapy were independent factors associated with HCC 

Table 3  Logistic regression analysis of factors associated with decreased alpha-fetoprotein 
< 5 ng/mL 1 year after therapy among the patients showing alpha-fetoprotein ≥ 5 ng/mL 
before therapy

Univariate analysis Multivariate analysis

Factors OR (range1) P OR (range1) P
SVR patients
   Age (1: ≥ 60 yr) 0.84 (0.50-1.4) 0.50
   Gender (1: male)   1.3 (0.77-2.2) 0.32
   HCV genotype 0.89 (0.54-1.5) 0.64
   White blood cell (1: ≥ 4000/μL) 0.79 (0.43-1.5) 0.45
   Hemoglobin (1: ≥ 12.5 g/dL) 0.55 (0.26-1.2) 0.12
   Platelet count (1: ≥ 130000/μL)   1.2 (0.66-2.0) 0.60
   ALT (1: ≥ 40 IU/L)   1.5 (0.82-2.8) 0.19
   ALT at end of therapy (1: ≥ 40 IU/L) 0.86 (0.43-1.7) 0.68
   ALT 1 yr after therapy (1: ≥ 40 IU/L)     0.27 (0.087-0.86)   0.027   0.27 (0.087-0.86)   0.027
Non-SVR patients
   Age (1: ≥ 60 yr) 0.89 (0.55-1.4) 0.64
   Gender (1: male)   1.2 (0.73-1.9) 0.53
   HCV genotype   1.1 (0.59-2.2) 0.70
   White blood cell (1: ≥ 4000/μL)   1.5 (0.86-2.7) 0.15
   Hemoglobin (1: ≥ 12.5 g/dL)   1.6 (0.91-2.8) 0.10
   Platelet count (1: ≥ 130000/μL) 1.8 (1.1-2.9)   0.019 1.5 (0.88-2.4) 0.14
   ALT (1: ≥ 40 IU/L)   1.2 (0.69-2.1) 0.53
   ALT at end of therapy (1: ≥ 40 IU/L)   0.31 (0.18-0.54)  < 0.0001 0.41 (0.22-0.75)     0.0040
   ALT 1 yr after therapy (1: ≥ 40 IU/L)   0.35 (0.21-0.59)  < 0.0001 0.53 (0.30-0.93)   0.028

195%CI. SVR: Sustained virological response; HCV: Hepatitis C virus; ALT: Alanine aminotransferase.

Table 4  Risk factors of hepatocellular carcinoma development after interferon therapy for chronic 
hepatitis C patients in Cox proportional hazard models

Univariate analysis Multivariate analysis

Factors HR (range1) P HR (range1) P
SVR patients
   Age (1: ≥ 60 yr) 4.7 (1.7-13)     0.0028 3.8 (1.4-11)     0.0092
   Gender (1: male)    1.3 (0.53-3.3) 0.55
   HCV genotype  0.84 (0.35-2.0) 0.71
   White blood cell (1: ≥ 4000/μL)    1.4 (0.41-4.8) 0.58
   Hemoglobin (1: ≥ 12.5 g/dL)    1.2 (0.35-4.0) 0.79
   Platelet count (1: ≥ 130000/μL)      0.20 (0.081-0.47)     0.0003    0.35 (0.14-0.88)   0.022
   ALT (1: ≥ 40 IU/L)   3.0 (0.87-10)   0.083
   ALT at end of therapy (1: ≥ 40 IU/L)    2.4 (0.81-7.2) 0.12
   ALT 1 yr after therapy (1: ≥ 40 IU/L)  0.99 (0.13-7.4) 0.99
   AFP (1: ≥ 5 ng/mL)    28 (3.7-208)     0.0012    13 (1.6-109)   0.017
   AFP at end of therapy (1: ≥ 5 ng/mL) 8.0 (3.2-20)  < 0.0001    1.9 (0.61-5.9) 0.27
   AFP 1 yr after therapy (1: ≥ 5 ng/mL) 5.5 (2.3-13)  < 0.0001    1.5 (0.50-4.2) 0.49
Non-SVR patients
   Age (1: ≥ 60 yr)    1.4 (0.87-2.3) 0.16
   Gender (1: male)  2.3 (1.4-3.9)   0.001  2.1 (1.3-3.6)     0.0035
   HCV genotype      0.15 (0.037-0.61)     0.0083      0.19 (0.046-0.78)   0.021
   White blood cell (1: ≥ 4000/μL)  0.64 (0.39-1.0)   0.076
   Hemoglobin (1: ≥ 12.5 g/dL)  0.90 (0.54-1.5) 0.69
   Platelet count (1: ≥ 130000/μL)    0.26 (0.15-0.42)     0.0025    0.47 (0.28-0.81)     0.0063
   ALT (1: ≥ 40 IU/L)  2.7 (1.5-4.9)     0.0014    1.0 (0.53-2.0) 0.92
   ALT at end of therapy (1: ≥ 40 IU/L)  2.8 (1.8-4.5)  < 0.0001    1.2 (0.69-2.0) 0.54
   ALT 1 yr after therapy (1: ≥ 40 IU/L)  2.4 (1.5-3.9)     0.0003    1.2 (0.69-2.0) 0.56
   AFP (1: ≥ 5 ng/mL)  13 (4.9-37)  < 0.0001   4.6 (1.4 - 15)   0.011
   AFP at end of therapy (1: ≥ 5 ng/mL) 6.5 (3.6-12)  < 0.0001  0.97 (0.40-2.3) 0.94
   AFP 1 yr after therapy (1: ≥ 5 ng/mL) 7.8 (4.1-15)  < 0.0001  3.0 (1.2-7.1)   0.014

195%CI. SVR: Sustained virological response; ALT: Alanine aminotransferase; AFP: Alpha fetoprotein.
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development after IFN therapy (P = 0.0035, P = 0.021, 
P = 0.0063, P = 0.011, and P = 0.014, respectively). 

The cumulative HCC incidence in the patient groups 
classified according to AFP values before therapy and 1 
year after interferon therapy
The cumulative HCC incidence was compared among 
the patient groups classified according to AFP values. 
Figure 3 showed that both SVR and non-SVR patients 
showing AFP values < 5 ng/mL before therapy had 
a significantly lower incidence than those showing 
values ≥ 5 ng/mL (log-rank test, P < 0.0001). No SVR 
patient showing AFP values < 5 ng/mL before therapy 
developed HCC during the follow-up period, except 
for one 69-year-old female patient. This patient had 
advanced cirrhotic liver disease, with a platelet count 
of 104000 cells/μL, AFP values 4.3 ng/mL, and alanine 
aminotransferase values 22 IU/L before IFN therapy. 
An HCC 1.2 cm in size was detected in her liver 20 
mo after IFN therapy. The cumulative HCC incidence 
was compared between the patient groups classified 
according to AFP values before therapy and 1 year 
after IFN therapy. The incidence was significantly lower 
in patients with decreased AFP values to < 5 ng/mL 
than in those without decreased values (P = 0.011 in 
SVR patients, and P = 0.0026 in non-SVR patients, 
respectively). It was noteworthy that SVR patients 
showing AFP values ≥ 5 ng/mL before IFN therapy and 
no decrease in AFP values to < 5 ng/mL 1 year after 
IFN therapy had a significantly higher HCC incidence 
than non-SVR patients showing AFP values ≥ 5 ng/mL 
before IFN therapy and decreased AFP values to < 5 
ng/mL 1 year after therapy (P = 0.043). 

Analysis of the impact of AFP value on HCC 
development in SVR patients by propensity score 
matching
Propensity score matching was utilized to clarify the 
impact of AFP value on HCC development for the SVR 
patients; the significant factors associated with HCC 
development age, gender, platelet count, and alanine 
aminotransferase were matched for the SVR patients 
by propensity score. The comparison between the 
patients showing AFP < 5 ng/mL and ≥ 5 ng/mL before 
interferon therapy showed significantly lower cumulative 
HCC incidence in those showing AFP < 5 ng/mL than in 
those showing AFP ≥ 5 ng/mL (P <0.0001, Figure 4).

DISCUSSION
The present study was a large-scale, long-term cohort 
study of CHC patients receiving combination therapy 
with pegylated interferon and ribavirin. The results 
demonstrate that AFP values have a significant pre-
dictive impact on HCC development after IFN therapy 
besides age and liver fibrosis and elucidated that CHC 
patients showing AFP values < 5 ng/mL before IFN 
therapy and/or decreased AFP values to < 5 ng/mL 1 
year after IFN therapy may have a low risk of developing 
HCC, irrespective of the therapeutic outcome. AFP value 
before and 1 year after IFN therapy is a simple and 
useful marker for predicting HCC development during 
the follow-up period after IFN therapy. 

Recent advances in anti-HCV therapy have increased 
the necessity to establish useful predictors of HCC 
development after viral eradication in SVR patients. It is 
necessary to identify patients who require close follow-

Number A 391 391 389 356 295 229 156 59
at risk B 148 148 144 134 111   90   64 28

C 126 126 115 105   84   64   41 17
D 262 262 262 240 191 145 110 55
E   93   93   91   88   80   65   45 26
F 235 235 213 184 156 123   89 53
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C: AFP ≥ 5 ng/mL, SVR, no decreased AFP
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Figure 3  Cumulative hepatocellular carcinoma incidence after interferon therapy in the patient groups classified by the outcome of interferon therapy and 
alpha-fetoprotein values before and 1 year after interferon therapy. Cumulative hepatocellular carcinoma (HCC) incidence after interferon therapy was compared 
in groups of patients classified by the outcome of interferon therapy and alpha-fetoprotein values before and 1 year after interferon therapy using the Kaplan-Meier 
method. SVR: Sustained virological response; AFP: Alpha-fetoprotein.
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up for HCC development. In general, SVR patients have 
a significantly lower risk of developing HCC than non-
SVR patients. However, previous reports showed that 
high AFP values before and/or after IFN therapy are 
associated with HCC development after IFN therapy 
in CHC patients, although the criteria for AFP varied 
among reports[13-15]. 

We investigated the changes in AFP values before, 
at end, and 1 year after IFN therapy, and clarified 
the efficacy of the AFP values at different time points 
with regard to HCC development after IFN therapy 
in CHC patients. Precise comparisons of risks of HCC 
development among the patient groups classified 
by therapeutic outcomes and AFP values before and 
1 year after IFN therapy revealed that SVR patients 
showing AFP values ≥ 5 ng/mL before IFN therapy 
and no decrease in AFP values to < 5 ng/mL 1 year 
after IFN therapy required periodical survey of HCC 
development, because they have a significantly higher 
risk of developing HCC than non-SVR patients showing 
AFP values < 5 ng/mL before and/or 1 year after IFN 
therapy. 

AFP is widely used as a serological marker for HCC 
and germ-cell tumors[17-22]. AFP value 10 ng/mL is 
generally regarded as the upper limit of normal range, 
with presence of cancer suspected when AFP value 
increases above this value. However, AFP value is 
sometimes elevated in CHC patients without HCC[23-25]. 
The precise mechanisms of elevation in AFP values 
remain uncertain. The present study demonstrated that 
increased AFP values in CHC patients were significantly 
associated with low platelet counts and higher values of 
ALT, reflecting advanced liver fibrosis and high hepatitis 
activity. Furthermore, the predictive value of AFP value 
on HCC development was evaluated for the SVR patient 

groups with different AFP values, matched of age, 
gender, platelet count, and value of ALT with propensity 
score matching. The results showed that SVR patients 
showing AFP values ≥ 5 ng/mL before IFN therapy 
have a significantly higher risk of HCC development 
than those showing AFP values < 5 ng/mL, responsible 
for elevated AFP values besides advanced liver fibrosis 
and high hepatitis activity. These results are consistent 
with a previous report on the association of AFP values 
with patient characteristics in CHC patients showing that 
AFP values correlate with liver fibrosis, steatosis, and 
hepatitis activity[26]. Elevated AFP values may therefore 
combine with several risk factors other than cancer. 

Interestingly, the results revealed that the changes 
of AFP values during IFN therapy were correlated with 
the changes of the values of alanine aminotransferase, 
and that decreased AFP values < 5 ng/mL 1 year before 
therapy were significantly associated with normal ALT 
values 1 year after IFN therapy in both SVR and non-
SVR patients. Therefore, it is possible that major effects 
of IFN therapy on HCC development is associated with 
decreased AFP values by reduced hepatitis activity. 

In conclusion, the results suggest that patients 
showing AFP values < 5 ng/mL before therapy or 
decreased AFP values < 5 ng/mL 1 year after therapy 
have a significantly lower risk of developing HCC than 
patients showing AFP values ≥ 5 ng/mL 1 year after 
therapy. Strict follow-up is therefore required for SVR 
patients without a decrease in AFP values to < 5 ng/
mL 1 year after IFN therapy because of high risk of 
developing HCC after IFN therapy. This simple criteria 
of AFP concentrations ≥ 5 ng/mL before and 1 year 
after IFN therapy is thus a useful predictor for HCC 
development in CHC patients. 

Future study might be needed to analyze the 
development of HCC for CHC patients with oral therapy 
with direct antiviral agents, and compare with patients 
in this study. 

COMMENTS
Background
Improvement in antiviral therapy increases the obtaining a sustained viral 
response (SVR) in chronic hepatitis C (CHC) patients. However, there are some 
patients who develop hepatocellular carcinoma (HCC) after SVR. The authors 
need simple and useful marker for predicting HCC development during the 
follow-up period after interferon (IFN) therapy. 

Research frontiers
Recent advances in anti-hepatitis C virus therapy have increased the necessity 
to establish useful predictors of HCC development after viral eradication in SVR 
patients. Alpha-fetoprotein (AFP) values have a significant predictive predictive 
value on HCC development before and/or after interferon therapy in CHC 
patients besides age and liver fibrosis. 

Innovations and breakthroughs
It is necessary to identify patients who required close follow-up for HCC 
development. In general, SVR patients have a significantly lower risk of 
developing HCC than non-SVR patients. However, previous reports showed 
that high AFP values before and/or after IFN therapy are associated with HCC 
development after IFN therapy in CHC patients, although the criteria for AFP 
varied among reports. The authors investigated the changes in AFP values 
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before, at end, and 1 year after IFN therapy, and clarified the efficacy of the 
AFP values at different time points with regard to HCC development after IFN 
therapy in CHC patients.

Applications 
The results suggest that patients showing AFP values < 5 ng/mL before therapy 
or decreased AFP values of < 5 ng/mL 1 year after therapy have a significantly 
lower risk of developing HCC than patients showing AFP values ≥ 5 ng/mL 1 
year after therapy. 

Terminology
Strict follow-up is therefore required for SVR patients without a decrease in AFP 
values to < 5 ng/mL 1 year after IFN therapy because of high risk of developing 
HCC after IFN therapy. Simple criteria of AFP values ≥ 5 ng/mL before and 
1 year after IFN therapy is a useful predictor for HCC development in CHC 
patients.

Peer-review
The manuscript is very interesting, and the topic is indeed of broad significance 
for different kinds of readers. The statistical methods you used are good and 
well chosen, and the Tables and Figures well realised and clear. 
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