w\J

World Journal of
Hepatology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254 /wjh.v7.i19.2220

World | Hepatol 2015 September 8; 7(19): 2220-2228
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE

Retrospective Study

Alpha-fetoprotein before and after pegylated interferon
therapy for predicting hepatocellular carcinoma
development

Yasuto Takeuchi, Fusao Ikeda, Toshiya Osawa, Yasuyuki Araki, Kouichi Takaguchi, Youichi Morimoto, Noriaki
Hashimoto, Kousaku Sakaguchi, Tatsuro Sakata, Masaharu Ando, Yasuhiro Makino, Shuji Matsumura, Hiroki
Takayama, Hiroyuki Seki, Shintarou Nanba, Yuki Moritou, Tetsuya Yasunaka, Hideki Ohnishi, Akinobu Takaki,
Kazuhiro Nouso, Yoshiaki Iwasaki, Kazuhide Yamamoto

Yasuto Takeuchi, Fusao Ikeda, Hiroyuki Seki, Shintarou
Nanba, Yuki Moritou, Tetsuya Yasunaka, Hideki Ohnishi,
Akinobu Takaki, Kazuhiro Nouso, Kazuhide Yamamoto,
Department of Gastroenterology and Hepatology, Okayama
University Graduate School of Medicine, Dentistry and Pharma-
ceutical Sciences, Okayama 700-8558, Japan

Fusao Ikeda, Hideki Ohnishi, Kazuhiro Nouso, Kazuhide
Yamamoto, Department of Molecular Hepatology, Okayama
University Graduate School of Medicine, Dentistry and Pharma-
ceutical Sciences, Okayama 700-0914, Japan

Toshiya Osawa, Department of Internal Medicine, Okayama
Saiseikai General Hospital, Okayama 700-0013, Japan

Yasuyuki Araki, Department of Internal Medicine, Hiroshima
City Hospital, Hiroshima 730-8518, Japan

Kouichi Takaguchi, Department of Internal Medicine, Kagawa
Prefectural Central Hospital, Takamatsu 760-0065, Japan

Youichi Morimoto, Department of Internal Medicine, Kurashiki
Central Hospital, Kurashiki 710-0052, Japan

Noriaki Hashimoto, Department of Internal Medicine, Mihara
Red Cross hospital, Mihara 723-0011, Japan

Kousaku Sakaguchi, Department of Internal Medicine,
Fukuyama City Hospital, Fukuyama 721-0971, Japan

Tatsuro Sakata, Department of Internal Medicine, National
Hospital Organization Fukuyama Clinical Center, Fukuyama

720-0825, Japan

Masaharu Ando, Department of Internal Medicine, Mitoyo
General Hospital, Kanonji 769-1601, Japan

Yasuhiro Makino, Department of Gastroenterology, National

WJH | www.wjgnet.com

JRaishideng®

Hospital Organization Iwakuni Clinical Center, Iwakuni 740-0041,
Japan

Shuji Matsumura, Department of Internal Medicine, Sumitomo
Besshi Hospital, Nithama 792-8543, Japan

Hiroki Takayama, Department of Gastroenterology, Tsuyama
Central Hospital, Okayama 708-0841, Japan

Yoshiaki Iwasaki, Health Service Center, Okayama University,
Okayama 700-0914, Japan

Author contributions: All authors contributed to this manuscript.

Supported by In part a Research Program for Intractable
Disease by the Ministry of Health, Labor, and Welfare of Japan (to
Iwasaki Y).

Institutional review board statement: All protocols were
approved by the ethics committees of the institutes.

Informed consent statement: Written informed consent was
obtained from all patients.

Conflict-of-interest statement: No conflict-of-interest exists
for the article.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

September 8, 2015 | Volume 7 | Issue 19 |



Takeuchi Y et a/. HCC prediction using AFP in IFN-treated HCV patients

Correspondence to: Fusao Ikeda, MD, Department of
Gastroenterology and Hepatology, Okayama University Graduate
School of Medicine, Dentistry and Pharmaceutical Sciences, 2-5-1
Shikata-cho, Okayama 700-8558,

Japan. fikeda@md.okayama-u.ac.jp

Telephone: +81-86-2357219

Fax: +81-86-2255991

Received: March 18, 2015
Peer-review started: March 22, 2015
First decision: April 27, 2015
Revised: June 20, 2015

Accepted: June 30, 2015

Article in press: July 2, 2015
Published online: September 8, 2015

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
= 5ng/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

© The Author(s) 2015. Published by Baishideng Publishing
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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, Tkeda 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
Y, Yasunaka T, Ohnishi H, Takaki A, Nouso K, Iwasaki Y,
Yamamoto K. Alpha-fetoprotein before and after pegylated
interferon therapy for predicting hepatocellular carcinoma
development. World J Hepatol 2015; 7(19): 2220-2228 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i19/2220.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.119.2220

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!*®. HCV infection is resolved only
rarely once it becomes chronict. Chronic hepatitis C
(CHC) may occasionally progress to liver cirrhosis and
HCC after approximately 30 years without any disease-
related symptoms™®.

Interferon (IFN) therapy is effective for eliminat-
ing the virus and reducing the HCC incidence in CHC
patients” !, However, HCC sometimes develops even in
patients with a sustained virological response (SVR) due
to interferon (IFN) therapy!'?. 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™™*), 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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Table 1 Characteristics of patients enrolled in the present
study

Patient characteristics n = 1255
Age (yr) 59 (18-79)"
Gender (male/female) 674/581
HCV genotype (1/2/3) 846/406/3
White blood cell (/pL) 5076 + 1506
Hemoglobin (g/dL) 14015
Platelet count (10000/ uL) 16.7 55
Alanine aminotransferase (IU/L) 56 + 37
Alpha-fetoprotein (ng/mL) 4.6 (0.9-223)"
Therapeutic outcome (SVR/relapse/NVR) 665/335/255

'Median (range); “Mean * SD. SVR: Sustained virological response; NVR:
Partial or null virological response.

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 TagMan 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!®.
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).
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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 2 Logistic regression analysis of factors associated with alpha-fetoprotein = 5

ng/mL before therapy

Univariate analysis

Multivariate analysis

Factors OR (range') P OR (range') 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/ uL) 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/ pL) 0.31 (0.24-0.41) <0.0001 0.35 (0.27-0.46) < 0.0001
ALT (1: = 401U/L) 3.0 (2.3-3.8) <0.0001 27 (2.1-3.4) <0.0001

195%CI. HCV: Hepatitis C virus; ALT: Alanine aminotransferase.

P =0.025 P =020
| 1
P < 0.001 P < 0.001 Bl = 10ng/mL
L — |

100 - . —_— . D 5-10 ng/mL
i ] I . D < 5ng/mL

80 - i

40 [

20 -

Patient ratio classified by AFP level (%)

Before At lyr Before At lyr
end after end after

SVR (7 = 665) Non-SVR (7 = 590)

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.

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

WJH | www.wjgnet.com
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NVR 255 255 238 202 167 134 91 50

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.

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

September 8, 2015 | Volume 7 | Issue 19 |



Takeuchi Y et a/. HCC prediction using AFP in IFN-treated HCV patients

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 (range') P OR (range') 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/ pL) 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/ pL) 1.2 (0.66-2.0) 0.60

ALT (1: = 4010/L) 1.5 (0.82-2.8) 0.19

ALT at end of therapy (1: = 40IU/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/ pL) 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/ pL) 1.8 (1.1-2.9) 0.019 1.5 (0.88-2.4) 0.14

ALT (1: = 401U/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 (range') P HR (range') 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/ uL) 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/ pL) 0.20 (0.081-0.47) 0.0003 0.35 (0.14-0.88) 0.022

ALT (1: = 401U/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: = 5ng/mL) 28 (3.7-208) 0.0012 13 (1.6-109) 0.017

AFP at end of therapy (1: = 5ng/mL) 8.0 (3.2-20) <0.0001 1.9 (0.61-5.9) 0.27

AFP 1 yr after therapy (1: = 5ng/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/ uL) 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/ pL) 0.26 (0.15-0.42) 0.0025 0.47 (0.28-0.81) 0.0063

ALT (1: =401U/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: = 5ng/mL) 13 (4.9-37) < 0.0001 4.6(14-15) 0.011

AFP at end of therapy (1: = 5ng/mL) 6.5 (3.6-12) <0.0001 0.97 (0.40-2.3) 0.94

AFP 1 yr after therapy (1: = 5ng/mL) 7.8 (4.1-15) <0.0001 3.0 (1.2-7.1) 0.014

195%ClI. SVR: Sustained virological response; ALT: Alanine aminotransferase; AFP: Alpha fetoprotein.

IFN therapy, but not high AFP values 1 year after IFN and P = 0.49, respectively). As for non-SVR patients,
therapy, were significant factors associated with HCC male gender, HCV genotype 1, low platelet counts, and
development after IFN therapy in the follow-up period high AFP values before therapy and 1 year after IFN
in SVR patients (P = 0.0092, P = 0.022, P = 0.017, therapy were independent factors associated with HCC
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F: AFP = 5 ng/mL, non-SVR, no decreased AFP

20 -

10 -

Incidence of HCC development (%)

tlyr

391 391 389 356 295 229 156 59
148 148 144 134 111 90 64 28

Number A
B
C 126 126 115 105 84 64 41 17
D
E
F

at risk

262 262 262 240 191 145 110 55
93 93 91 88 80 65 45 26
235 235 213 184 156 123 89 53

C: AFP = 5 ng/mL, SVR, no decreased AFP

E: AFP = 5 ng/mL, non-SVR, decreased AFP

B: AFP = 5 ng/mL, SVR, decreased AFP
D: AFP < 5 ng/mL, non-SVR
A: AFP < 5 ng/mL, SVR

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.

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/uL, 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).

Raishidenge ~ WJH | www.wjgnet.com

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-

September 8, 2015 | Volume 7 | Issue 19 |



Takeuchi Y et a/. HCC prediction using AFP in IFN-treated HCV patients

N
o
1

P < 0.0001

AFP = 5 ng/mL

AFP < 5 ng/mL

Incidence of HCC development (%)
—
o
T

o

0 1 2 3 4 5 6 7
tlyr
Number ~ AFP = 199 199 188 166 139 108 74 41
at risk 5 ng/mL
AFP < 199 199 199 182 144 106 83 42
5 ng/mL

Figure 4 Comparison of cumulative hepatocellular carcinoma incidence
after interferon therapy between the groups of sustained virological
response patients with different alpha-fetoprotein values with propensity
score matching. Age, sex, platelet count, and alanine aminotransferase were
matched for sustained virological response patients showing AFP values = 5
ng/mL or < 5 ng/mL before interferon therapy by propensity score. Cumulative
HCC incidence after interferon therapy was compared in groups of patients with
different AFP values using the Kaplan-Meier method. AFP: Alpha-fetoprotein;
HCC: Hepatocellular carcinoma.

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™™*,

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'’ 4, 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!***,
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
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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™®®. 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.
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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.

REFERENCES

1 Bruix J, Barrera JM, Calvet X, Ercilla G, Costa J, Sanchez-
Tapias JM, Ventura M, Vall M, Bruguera M, Bru C. Prevalence of
antibodies to hepatitis C virus in Spanish patients with hepatocellular
carcinoma and hepatic cirrhosis. Lancet 1989; 2: 1004-1006 [PMID:
2572739 DOI: 10.1016/S0140-6736(89)91015-5]

2 Colombo M, Kuo G, Choo QL, Donato MF, Del Ninno E,
Tommasini MA, Dioguardi N, Houghton M. Prevalence of
antibodies to hepatitis C virus in Italian patients with hepatocellular
carcinoma. Lancet 1989; 2: 1006-1008 [PMID: 2572740 DOI:
10.1016/S0140-6736(89)91016-7]

3 Hasan F, Jeffers LJ, De Medina M, Reddy KR, Parker T, Schiff
ER, Houghton M, Choo QL, Kuo G. Hepatitis C-associated
hepatocellular carcinoma. Hepatology 1990; 12: 589-591 [PMID:
2169456]

4  Yokosuka O, Kojima H, Imazeki F, Tagawa M, Saisho H,
Tamatsukuri S, Omata M. Spontaneous negativation of serum
hepatitis C virus RNA is a rare event in type C chronic liver diseases:
analysis of HCV RNA in 320 patients who were followed for more
than 3 years. J Hepatol 1999; 31: 394-399 [PMID: 10488695 DOI:
10.1016/S0168-8278(99)80028-2]

5 Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis
progression in patients with chronic hepatitis C. The OBSVIRC,
METAVIR, CLINIVIR, and DOSVIRC groups. Lancet 1997; 349:
825-832 [PMID: 9121257 DOI: 10.1016/S0140-6736(96)07642-8]

6 Yano M, Kumada H, Kage M, lkeda K, Shimamatsu K, Inoue O,
Hashimoto E, Lefkowitch JH, Ludwig J, Okuda K. The long-term
pathological evolution of chronic hepatitis C. Hepatology 1996;
23: 1334-1340 [PMID: 8675148 DOLI: 10.1002/hep.510230607]

7 Yoshida H, Shiratori Y, Moriyama M, Arakawa Y, Ide T, Sata M,
Inoue O, Yano M, Tanaka M, Fujiyama S, Nishiguchi S, Kuroki
T, Imazeki F, Yokosuka O, Kinoyama S, Yamada G, Omata M.
Interferon therapy reduces the risk for hepatocellular carcinoma:
national surveillance program of cirrhotic and noncirrhotic patients
with chronic hepatitis C in Japan. IHIT Study Group. Inhibition
of Hepatocarcinogenesis by Interferon Therapy. Ann Intern Med
1999; 131: 174-181 [PMID: 10428733 DOI: 10.7326/0003-4819-1
31-3-199908030-00003]

8 Kasahara A, Hayashi N, Mochizuki K, Takayanagi M, Yoshioka
K, Kakumu S, Tijima A, Urushihara A, Kiyosawa K, Okuda M,
Hino K, Okita K. Risk factors for hepatocellular carcinoma and
its incidence after interferon treatment in patients with chronic
hepatitis C. Osaka Liver Disease Study Group. Hepatology 1998,
27: 1394-1402 [PMID: 9581697 DOI: 10.1002/hep.510270529]

9 Imai Y, Kawata S, Tamura S, Yabuuchi I, Noda S, Inada M,
Maeda Y, Shirai Y, Fukuzaki T, Kaji I, Ishikawa H, Matsuda Y,

JRaishideng®

WJH | www.wjgnet.com

2227

10

11

12

13

15

16

17

18

19

20

21

22

Nishikawa M, Seki K, Matsuzawa Y. Relation of interferon therapy
and hepatocellular carcinoma in patients with chronic hepatitis C.
Osaka Hepatocellular Carcinoma Prevention Study Group. Ann
Intern Med 1998; 129: 94-99 [PMID: 9669992 DOI: 10.7326/0003
-4819-129-2-199807150-00005]

Nishiguchi S, Kuroki T, Nakatani S, Morimoto H, Takeda T,
Nakajima S, Shiomi S, Seki S, Kobayashi K, Otani S. Randomised
trial of effects of interferon-alpha on incidence of hepatocellular
carcinoma in chronic active hepatitis C with cirrhosis. Lancet
1995; 346: 1051-1055 [PMID: 7564784 DOI: 10.1016/S0140-
6736(95)91739-X]

Serfaty L, Aumaitre H, Chazouilléres O, Bonnand AM, Ros-
morduc O, Poupon RE, Poupon R. Determinants of outcome of
compensated hepatitis C virus-related cirrhosis. Hepatology 1998;
27: 1435-1440 [PMID: 9581703 DOI: 10.1002/hep.510270535]
Asahina Y, Tsuchiya K, Tamaki N, Hirayama I, Tanaka T, Sato M,
Yasui Y, Hosokawa T, Ueda K, Kuzuya T, Nakanishi H, Itakura J,
Takahashi Y, Kurosaki M, Enomoto N, Izumi N. Effect of aging
on risk for hepatocellular carcinoma in chronic hepatitis C virus
infection. Hepatology 2010; 52: 518-527 [PMID: 20683951 DOI:
10.1002/hep.23691]

Osaki Y, Ueda Y, Marusawa H, Nakajima J, Kimura T, Kita R,
Nishikawa H, Saito S, Henmi S, Sakamoto A, Eso Y, Chiba T.
Decrease in alpha-fetoprotein levels predicts reduced incidence of
hepatocellular carcinoma in patients with hepatitis C virus infection
receiving interferon therapy: a single center study. J Gastroenterol
2012; 47: 444-451 [PMID: 22105231 DOI: 10.1007/500535-011-0
505-8]

Asahina Y, Tsuchiya K, Nishimura T, Muraoka M, Suzuki Y,
Tamaki N, Yasui Y, Hosokawa T, Ueda K, Nakanishi H, Itakura J,
Takahashi Y, Kurosaki M, Enomoto N, Nakagawa M, Kakinuma S,
Watanabe M, Izumi N. a-fetoprotein levels after interferon therapy
and risk of hepatocarcinogenesis in chronic hepatitis C. Hepatology
2013; 58: 1253-1262 [PMID: 23564522 DOI: 10.1002/hep.26442]
Oze T, Hiramatsu N, Yakushijin T, Miyazaki M, Yamada A, Oshita
M, Hagiwara H, Mita E, Ito T, Fukui H, Inui Y, Hijioka T, Inada M,
Katayama K, Tamura S, Yoshihara H, Inoue A, Imai Y, Hayashi E,
Kato M, Miyagi T, Yoshida Y, Tatsumi T, Kasahara A, Hamasaki
T, Hayashi N, Takehara T. Post-treatment levels of a-fetoprotein
predict incidence of hepatocellular carcinoma after interferon
therapy. Clin Gastroenterol Hepatol 2014; 12: 1186-1195 [PMID:
24321207 DOI: 10.1016/j.cgh.2013.11.033]

Clinical Practice Guidelines for Hepatocellular Carcinoma - The
Japan Society of Hepatology 2009 update. Hepatol Res 2010;
40 Suppl 1: 2-144 [PMID: 20586808 DOI: 10.1111/j.1872-
034X.2010.00650.x]

Sherman M. Hepatocellular carcinoma: epidemiology, survei-
llance, and diagnosis. Semin Liver Dis 2010; 30: 3-16 [PMID:
20175029 DOI: 10.1055/s-0030-1247128]

Trevisani F, D’Intino PE, Morselli-Labate AM, Mazzella G,
Accogli E, Caraceni P, Domenicali M, De Notariis S, Roda E,
Bernardi M. Serum alpha-fetoprotein for diagnosis of hepatocellular
carcinoma in patients with chronic liver disease: influence of
HBsAg and anti-HCV status. J Hepatol 2001; 34: 570-575 [PMID:
11394657 DOI: 10.1016/S0168-8278(00)00053-2]

Cedrone A, Covino M, Caturelli E, Pompili M, Lorenzelli G,
Villani MR, Valle D, Sperandeo M, Rapaccini GL, Gasbarrini G.
Utility of alpha-fetoprotein (AFP) in the screening of patients with
virus-related chronic liver disease: does different viral etiology
influence AFP levels in HCC? A study in 350 western patients.
Hepatogastroenterology 2000; 47: 1654-1658 [PMID: 11149026]
Gebo KA, Chander G, Jenckes MW, Ghanem KG, Herlong
HF, Torbenson MS, El-Kamary SS, Bass EB. Screening tests
for hepatocellular carcinoma in patients with chronic hepatitis
C: a systematic review. Hepatology 2002; 36: S84-S92 [PMID:
12407580 DOI: 10.1053/jhep.2002.36817]

Arguedas MR, Chen VK, Eloubeidi MA, Fallon MB. Screening
for hepatocellular carcinoma in patients with hepatitis C cirrhosis:
a cost-utility analysis. A4m J Gastroenterol 2003; 98: 679-690
[PMID: 12650806]

Nguyen MH, Garcia RT, Simpson PW, Wright TL, Keeffe EB.

September 8, 2015 | Volume 7 | Issue 19 |



23

24

JBaishideng®

Takeuchi Y et a/. HCC prediction using AFP in IFN-treated HCV patients

Racial differences in effectiveness of alpha-fetoprotein for
diagnosis of hepatocellular carcinoma in hepatitis C virus cirr-
hosis. Hepatology 2002; 36: 410-417 [PMID: 12143050 DOI:
10.1053/jhep.2002.34744]

Liaw YF, Tai DI, Chen TJ, Chu CM, Huang MJ. Alpha-fetoprotein
changes in the course of chronic hepatitis: relation to bridging
hepatic necrosis and hepatocellular carcinoma. Liver 1986; 6:
133-137 [PMID: 2427909]

Bayati N, Silverman AL, Gordon SC. Serum alpha-fetoprotein
levels and liver histology in patients with chronic hepatitis C.
Am J Gastroenterol 1998; 93: 2452-2456 [PMID: 9860408 DOI:
10.1111/j.1572-0241.1998.00703.x]

WJH | www.wjgnet.com

2228

25

26

Goldstein NS, Blue DE, Hankin R, Hunter S, Bayati N, Silverman
AL, Gordon SC. Serum alpha-fetoprotein levels in patients
with chronic hepatitis C. Relationships with serum alanine
aminotransferase values, histologic activity index, and hepatocyte
MIB-1 scores. Am J Clin Pathol 1999; 111: 811-816 [PMID:
10361518]

Moritou Y, Ikeda F, Iwasaki Y, Baba N, Takaguchi K, Senoh T,
Nagano T, Takeuchi Y, Yasunaka T, Ohnishi H, Miyake Y, Takaki
A, Nouso K, Yamamoto K. Predictive impact of polymorphism of
PNPLA3 on HCC development after interferon therapy in Japanese
patients with chronic hepatitis C. Springerplus 2013; 2: 251 [PMID:
23772356 DOL: 10.1186/2193-1801-2-251]

P- Reviewer: Gnocchi D, Wong GLH ~ S- Editor: Ji FF
L- Editor: A E- Editor: Liu SQ

September 8, 2015 | Volume 7 | Issue 19 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2015 Baishideng Publishing Group Inc. All rights reserved.



	WJH-7-2220
	WJHv7i19-Back Cover

