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study, we reviewed the clinical features of patients who de-
veloped HCC after undergoing HCV eradication. Although
the risk factors for hepatocarcinogenesis were not statisti-
cally analyzed due to the lack of data for non-HCC patients
with an SVR, the characteristics of a relatively large number
of patients may provide general information regarding the
clinical features and present state of patients who develop
HCC after obtaining an SVR in Japan.

At the time of HCC diagnosis, 117 patients had one or
two tumors, and the tumor size was <3 cm in 102 patients.
A total of 110 patients received curative therapy, suggesting
that SVR patients are receiving appropriate follow-up
care (23) in most of the hospitals that participated in this
study.

A majority of the patients were men, received IFN treat-
ment at an older age and had an advanced stage of liver fi-
brosis, as previously reported (15-21). A considerable num-
ber of patients had a background of alcohol intake, obesity
and diabetes mellitus prior to IFN treatment, irrespective of
the stage of liver fibrosis. These background characteristics
have synergistic effects on hepatocarcinogenesis in chronic
HCV patients (24-27). Some studies have suggested that al-
cohol intake is also a risk factor for HCC development
among SVR patients (16, 17). Arase et al. (28) recently re-
ported that both alcohol intake and diabetes increase the risk
of HCC development in SVR patients without cirrhosis and
non-SVR patients with cirrhosis, consistent with the findings
of this study. To clarify the associations between these fac-
tors, including obesity, prospective cohort studies involving
a large number of patients and data on the clinical features
of patients who have undergone HCV eradication and indi-
viduals with a relatively low volume of alcohol intake, espe-
cially female patients, are needed.

An advanced age at HCV eradication is considered to be
a rsk factor for HCC development in SVR pa-
tients (15-21, 29), and most patients in this study were >50
years when they received IFN therapy. Although 16 patients
received IFN therapy before 50 years of age, 12 had ad-
vanced fibrosis with cirrhosis or a lower platelet count, and
three patients were heavy alcohol drinkers before IFN treat-
ment. The number of heavy alcohol drinkers in this group
was higher than that of male patients >50 years old (56.3%
versus 29.7%, p=0.038), which suggests that alcohol intake
may influence hepatocarcinogenesis and the progression of
liver fibrosis in this group.

Nagaoki et al. (30) reported an older age at HCV eradica-
tion and heavy alcohol intake as risk factors for HCC devel-
opment within five years of HCV eradication. In this study,
an older age at IFN treatment initiation tended to be associ-
ated with an increased risk of HCC, and the development of
HCC within five years was significantly associated with
lower albumin and higher AFP levels at IFN treatment in-
itiation. Kurosaki et al. (31) reported Jower albumin levels
as one risk factor for HCC development within five years
among non-SVR patients without cirrhosis. However, it is
uncertain as to why lower albumin levels are correlated with

the occurrence of HCC. Regarding the AFP level, Asahina et
al. (32) recently reported that the posttreatment AFP level
(26 ng/ml) is correlated with the development of HCC
among IFN-treated patients; however, this is not the case
with the pretreatment AFP level. This suggests that patients
with a posttreatment AFP level of 26 ng/mL have a substan-
tial risk of developing HCC and that, of these patients, those
with a pretreatment AFP level of >10 ng/mL have a risk for
early HCC development. Therefore, patients with these char-
acteristics should be closely followed up during and after
IFN therapy.

In conclusion, our investigation revealed that most pa-
tients who develop HCC after obtaining an SVR are men
with advanced fibrosis and that lower albumin and higher
AFP levels before IFN treatment may increase the risk for
HCC development within five years of HCV eradication. In
contrast, the risk factors for HCC development after 10
years of IFN treatment are uncertain, and such patients are
not rare; therefore, all patients with chronic HCV should re-
ceive long-term follow-up care to monitor for the possible
development of HCC following HCV eradication.
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a-Fetoprotein Levels After Interferon Therapy and Risk
of Hepatocarcinogenesis in Chronic Hepatitis C

Yasuhiro Asahina,' Kaoru Tsuchiya,' Takashi Nishimura,'* Masaru Muraoka,™ Yuichiro Suzuki,"’
Nobuharu Tamaki, Yutaka Yasui,' Takanori Hosokawa,' Ken Ueda,' Hiroyuki Nakanishi,' Jun Itakura,’
Yuka Takahashi,' Masayuki Kurosaki," Nobuyuki Enomoto,” Mina Nakagawa,” Sei Kakinuma,*>
Mamoru Watanabe,” and Namiki Izumi’

The effects of interferon (IFN) treatment and the post-IFN weatment o-fetoprotein
(AFP) levels on risk of hepatocellular carcinoma (HCC) in patients with chronic hepati-
tis C (CHC) are unknown. To determine the relationship between AFP and alanine
transaminase (ALT) levels and HCC risk, a cohort consisting of 1,818 patients histologi-
cally proven to have CHC treated with IFN were studied. Cumulative incidence and
HCC risk were analyzed over a mean follow-up period of 6.1 years using the Kaplan-
Meier method and Cox proportional hazard analysis. HCC developed in 179 study sub-
jects. According to multivariate amalysis, older age, male gender, advanced fibresis,
severe steatosis, lower serum albumin levels, nonsustained virological response (non-
SVR), and higher post-IFN treatment ALT or AFP levels were identified as independent
factors significantdly associated with HCC development. Cutoff values for ALT and AFP
for prediction of future HCC were determined as 40 IU/L and 6.0 ng/ml., respectively,
and negative predictive values of these cutoffs were high at 0.960 in each value. The cu-
mulative incidence of HCC was significantly lower in patients whose post-IFN treatment
AIT and AFP levels were suppressed to less than the cutoff values even in non-SVR
patients. This suppressive effect was also found in patients whose pest-IFN treatment
ALT and AFP levels were reduced to less than the cutoff values despite abnormal pre-
treatment levels. Conclusion: Post-IFN treatment ALT and AFP levels are significantly
associated with hepatocarcinogenesis. Measurement of these values is wuseful for
predicting future HCC risk after IFN treatment. Suppression of these values after IFN
therapy reduces HCC risk even im patients without HCV eradication. (HEpatoLocy
2013;58:1253-1262)

epatocellular carcinoma (HCC), one of the
most frequent primary liver cancers,” is the
third most common cause of cancer mortality
worldwide.? Hepatitis C virus (HCV) infection is a
common cause of chronic hepatitis, which progresses
to HCC in many patients.” In the last two decades,
interferon (IFN) therapy has been used to treat
chronic hepatitis C (CHC) with the goal of altering

the natural history of this disease. Although HCV
eradication with IFN therapy for CHC has been
shown to prevent HCC,”” HCC sometimes develops
even after achieving viral eradication.” Because the
number of sustained virological responders (SVRs) is
increasing along with recent advances in the develop-
ment of effective anti-HCV therapy, it is very impor-
tant to determine factors responsible for HCC

Abbreviations: AFR o-fetoprotein; ALT, alanine aminotransferase; APRL, aspartate
lular carcinoma; HCY, Hep

puted womography; v-GTR gamma-ghitamyl sranspeptidase; HCC, hep

ase to platelet ratio index; CHC, chronic hepatitis C; CT com-
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imaging; PEG-, pegylated; RBV, ribavirin; ROC, receiver operator characteristic; SVR, sustained virological response.
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development among IFN-treated patients. However,
this information is difficult to determine because of
the paucity of large-scale, long-term cohort studies.

The 70-kDa glycoprotein a-fetoprotein  (AFP),
encoded by a gene located on chromosome 4, is the
major serum protein during feral life.'® Shordy before
birth, AFP is replaced by albumin as the major serum
protein,’'? and thereafter, serum AFP levels remain
extremely low throughout life (<10 ng/mL). Because se-
rum AFP levels are frequenty elevated in patients with
HCC and germ-cell mumors, measurement of AFP is
widely used as a serological marker for these tumors.*"
However, AFP levels are sometimes elevated in patients
with chronic viral hepatitis and cirthosis who do not
have HCC.>" While one possible explanation for this
elevation is liver inflammation, in patients with CHC,
the relatdonship between AFP and markers of liver
inflammation such as alanine aminotransferase (ALT) is
unclear. Moreover, although several reports suggest that
pre-IEN treatment ALT and AFP levels in patents or
those in patients who did not undergo subsequent treat-
ment are associated with the development of HCC, it is
unclear whether post-IFN treatment ALT and AFP levels
are associated with hepatocarcinogenesis in patients with
CHC. Hence, to clarify these associations we conducted
a large-scale, long-term cohort study of patents with
CHC to analyze the influence of ALT and AFP levels
before and after IFN therapy on hepatocarcinogenesis in
addition to other host and virological factors.

Patients and Methods

Patients. Patents chronically infected with HCV
who had histologically proven chronic hepatitis or cir-
thosis and had undergone IFN treatment between 1992
and 2010 were enrolled in the cohort. HCC was defini-
tively ruled out by ultrasonography, dynamic compured
tomography (CT), and/or magnetic resonance imaging
(MRI) on enrollment. Patients were excluded if they had
a history of HCC at the time of liver biopsy, auroim-
mune hepatitis, primary biliary cirrhosis, excessive alco-
hol consumption (>50 g/day), hepatitis B surface
antigen, or antthuman immunodeficiency virus antibody.
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Based on these criteria, a total of 2,689 patients were
initially enrolled. Of these, 223 (8.3%) patients were
excluded from the cobhort because of loss to follow-up.
In the remaining 2,466 patients, 133 and 515 patients
were excluded from this analysis because of short follow-
up and retreatment with IFN-based therapy during the
follow-up period, respectively. Thus, the cohort compris-
ing 1,818 patients was analyzed in the present study.
Written informed consent was obtained from all patients
and the Fthical Committee of Musashino Red Cross
Hospital approved this study, which was conducted in
accordance with the Dedlaration of Helsinki.

Histological Fvaluation. To obtain liver speci-
mens, laparoscopic or ultrasound-guided liver biopsies
were performed with 13G or 15G needles, respectively.
The median length of specimen was 18 mm (range,
11-41 mm), and the mean number of portal tracts was
17 (range, 9-35). The stage of fibrosis and the grade
of inflammatory activity were scored by two patholo-
gists according to the classification of Desmet et al.**
The percentage of steatosis was quantified by deter-
mining the average proportion of hepatocytes affected.

IFN Therapy and Definitions of Response vo IFN
Therapy. All patients had chronic HCV infection at
liver biopsy, which was confirmed by the presence of
HCV-RNA in serum. All IFN therapies were initiated
within 48 weeks after liver biopsy. Among the 1,818
patients, 535 received IFNa or IFNS monotherapy for
24 weeks, 244 patients received IFNo ribavirin (RBV)
combination therapy for 24 weeks, 299 parients
received pegylated (PEG-) IFNo monotherapy for 48
weeks, and 760 patients received PEG-IFNo RBV
combination therapy for 48-72 weeks.

Patients negative for serun HCV-RNA 24 weeks af-
ter IFN therapy completion were defined as SVRs.
Patients who remained positive for HCV-RNA 24
weeks after therapy completion were defined as non-
SVRs. HCV-RNA was determined by the qualitative
Amplicor or TagMan HCV assay (Roche Molecular
Diagnostics, Tokyo, Japan).

Data Collection and Patient Follow-up. At
enrollment, patient  characteristics,  biochemical,
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Table 1. Characteristics of Patients Enrolied
in the Present Study

Factors Value
Patients, n 1818
Sex, n (%)

Male 833 (45.8)

Female 985 (54.2)
Age (SD), year 57.1 (12.0)
BMI (SD), kg/m? 23.1 (3.2)
Fibrosis stage, n (%)

F1/2 1384 (76.1)

F3/4 434 (23.9)
Activity grade, n (%)

AQ/1 964 (53.0)

A2/3 854 (47.0)
%Severe steatosis (>10%) 23.7
Albumin (SD), g/dL 4.0 (0.38)
ALT (SD), u/L 783 (71.0)
y-GTP (SD), IU/L 49.8 (50.6)
T. Bilirubin (SD), mg/dL 0.73 (0.34)
Fasting blood sugar (SD), mg/dL 113.4 (37.8)
LDL-Cholesterof {SD), mg/dL 101.6 (28.9)
T. Cholesterol (SD), mg/dL 176.2 (38.4)
AFP (SD), ng/mL 11.3 (28.3)
WBC counts (SD),/uL 4990 (15186)
Hb (SD), g/dL 14.0 (1.7)
Platelet counts (SD), x10°%/ uL 164 (54)

HCV load (SD), Kitl)/mL
HCV genotype, n (%)

1007 (1263)

1a 11 (0.56)
1b 1183 (67.4)
2a 361 (20.6)
2b 180 (10.3)
Others 20 (1.1)
%Core 70 a.a. mutation’ 34.2
%ISDR wild or 1 mutation® 63.9
IFN regimen, n (%)
IFN mono 758 (35.0)
IFN + RBYV 275 (12.7)
PEG-IFN mono 307 (14.2)
PEG-IFN + RBY 758 (38.2)

Unless otherwise indicated, data are given as mean (SD).

*HCV genotype was determined in 1755 patients.

THCV core mutation was determined in 409 patients with genotype 1b.

*ISDR was determined in 1264 patients with genotype 1b.

Abbreviations: BMI, body mass index; ALT, alanine aminotransferase; 7-GTF,
v-glutamy! transpeptidase; LDL, low-density lipoprotein; AFR u-fetoprotein; WBC,
white blood cell; Hb, hemoglobin; HCV, hepatitis C virus; ISDR, interferon sensi-
tivity determining region; IFN, interferon; RBVY, ribavirin; PEG, pegylated.

hematological, virological, and histological data were
collected. Age was determined at the time of primary liver
biopsy. Patients were examined for HCC by abdominal
ultrasonography, dynamic CT, and/or MRI every 3-6
months. Serum ALT and AFP levels were measured every
1-6 months. The surveillance protocols were in accord-
ance with the standard of care in Japan. If HCC was sus-
pected on the basis of the screening examination,
additional procedures (e.g., dynamic CT, dynamic MRI,
CT during hepatic arteriography, CT during arterial por-
tography, contrast-enhanced ultrasonography, and tumor
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biopsy) were used to confirm the diagnosis. HCC diagno-
sis was confirmed by needle biopsy, histology of surgically
resected specimens, or characteristic radiological findings.
To evaluate the effects of changes in serum ALT and AFP
levels during IFN therapy on hepatocarcinogenesis, the av-
erage integradon values of ALT and AFP in each patent
were calculated before and after IFN therapy. Dara
obtained more than 1 year prior to HCC development
were used 1o exclude AFP elevarion caused by HCC itself.

Follow-up was between the date of primary liver bi-
opsy and HCC development or the last medical
attendance until June 2011. The mean follow-up
period was 6.1 years (range, 1.0-20.8 years).

Statistical Analyses. Categorical data were com-
pared by the chi-square test or Fisher’s exact test. Distri-
butions of continuous variables were analyzed with
Student # test for two groups. All tests of significance
were two-tailed and P < 0.05 was considered statistically
significant. The cumulative incidence curve was deter-
mined by the Kaplan-Meier method, and differences
among groups were assessed using the log-rank test. Fac-
tors associated with HCC risk were determined by the
Cox proportional hazard model. As covariates in the
multivariate stepwise Cox model, age, sex, stage of liver
fibrosis, grade of histological activity, presence of hepatic
steatosis, serum albumin levels, y-glutamyl transpepti-
dase (y-GTP) level, fasting blood sugar levels, platelet
counts, pre-IFN ALT levels, pre-IFN AFP levels, post-
IFN ALT levels, post-IFN AFP levels, and virological
response were included. HCC development was the de-
pendent variable. Time zero was defined as the time of
primary liver biopsy. The proportional assumption was
supported by log[-log(survival)] versus log(time) plots
that showed parallel lines. Statistical analyses were per-
formed using the Statistical Package for the Social Scien-
ces software v. 18.0 (SPSS, Chicago, IL).

Results

Patient Characteristics and Factors Associated
With Risk of HCC. Table 1 shows patient characteris-
tics at the time of enrollment. During follow-up, HCC
developed in 179 patients. The cumulative incidence of
HCC for 5 and 10 years was 6.5% and 15.0%, respec-
tively. The final virological response to IFN therapy was
determined in all patients. The overall rate of SVRs was
50.2% (913/1818). The cumularive incidence in SVRs
was 2.3% and 5.5%, respectively, which was signifi-
cantly lower than that in non-SVRs (6.9% and 21.9%,
respectively; log-rank test, P < 0.0001).

Univariate analysis demonstrated factors that increase

the risk for HCC development (Table 2). According to
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multivariate stepwise Cox analysis, older age, male gen-
der, advanced fibrosis, severe steatosis, lower serum al-
bumin levels, non-SVR, and higher post-IFN treatment
ALT and AFP levels, but not pre-IFN treatment ALT
and AFP levels, were identified as independent factors
that were significantly associated with HCC develop-
ment (Table 2).

Association of Post-IFN Treatment ALT and AFP
Levels With HCC Development in SVRs and Non-
SVRs. Because our multivariate analysis identified
post-IFN treatment ALT and AFP levels as independ-
ent factors associated with HCC risk, we determined
the cutoff values of these factors for predicting the de-
velopment of HCC by receiver operator characteristics
(ROC) analysis. The area under the ROC curve for
post-IFN treatment ALT and AFP levels were higher
than that for pre-IFN treatment ALT and AFP levels,
suggesting that quantification of post-IFN treatment
ALT and AFP levels rather than pre-IFN treatment lev-
els of these values is useful for predicting HCC (Fig.
1A). From this ROC analysis, ALT <40 IU/L and
AFP <6.0 ng/mL were identified as cutoff values.
Negative predictive values were extremely high at
0.960 in each value, suggesting patients with ALT and/
or AFP levels below these cutoff values are at a lower
risk for HCC.

As shown in Fig. 1B, the hazard ratio determined
by Cox proportional hazard analysis after adjustment
for age, sex, stage of liver fibrosis, degree of liver stea-
tosis, serum albumin levels, and virological response to
therapy demonstrated that the hazard ratio for HCC
was dependent on post-IFN treatment ALT and AFP
levels. These hazard ratios increased predominanty
when post-IFN treatment ALT and AFP levels were
more than the cutoff values.

As shown in Fig. 2, the cumulative incidence of
HCC was closely related to post-IFN wreatment ALT
and AST levels and was significantly lower in patients
whose post-IFN treatment ALT and AFP levels was
suppressed to <40 TU/L and 6.0 ng/mL, respectively.
This suppressive effect was also notable in non-SVRs
(Fig. 2C,D). Moreover, the cumulative incidence of
HCC was significantly higher even in SVRs whose
post-IFN treatment ALT and AFP levels were not <40
TU/L and 10 ng/ml, réspecr_ively (Fig. 2E,F).

Changes in ALT and AFP Levels With IFN Ther-
apy and HCC Development. In the entire cohort,
the mean ALT and AFP levels significantly decreased
after IFN therapy (ALT =78.4 to 36.6 IU/L, 95%
confidence interval [CI] = 38.6-45.0, P<0.0001;
AFP=113 t 69 ng/ml, 95% CI=3.25-5.69,
P <0.0001; paired Student # test), and this significant
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Table 2. Factors Associated With Hepatocelluiar Carcinoma

Risk Factor Hazard Ratio (95% Cl) PVaiue
Univariate analysis
Age (by every 10 year) 1.82 (1.52-2.20) <0.0001
Sex

Female 1

Male 1.61 (1.20-2.17) <0.0001
Fibrosis stage

F1/F2 1

F3/F4 4.90 (3.64-6.61) <0.0001
Activity grade

AQ/AL 1

A2/A3 3.38 (2.41-4.74) <0.0001
Degree of steatosis

<10% 1

>10% 3.84 (2.62-5.63) <0.0001
Albumin (by every 1 g/dL) 0.18 (0.22-0.25) <0.0001
Pre-ALT (by every 40 {U/L) 1.04 (0.96-1.08) 0.525
Post-ALT (by every 40 I1U/L) 1.68 (1.55-1.81) <0.0001
+-GTP (by every 40 /L) 1.17 (1.08-1.27) <0.0001
Fasting blood sugar (by every 100 mg/dL) 1.82 (1.35-2.45) <0.0001
Pre-AFP (by every 10 ng/ml) 1.07 (1.05-1.09) <0.0001
Post-AFP (by every 10 ng/mi) 1.08 (1.06-1.12) <0.0001
Platelet counts {by every 10%/uL) 0.88 (0.85-0.90) <0.0001
Genotype

Non-1 1

1 2.27 (1.51-3.45) <0.0001
Core 70 mutation

Wild 1

Mutant 2.79 (1.19-6.53) 0.018
ISDR

More than 1 mutation 1

Wild or 1 mutation 1.27 (0.87-1.85) 0.216
Virological response

SVR 1
Non-SVR 3.66 (2.51-5.35) <0.0001
Muitivariate analysis
Age (by every 10 year) 2.18 (1.71-2.81) <0.0001
Sex

Female 1

Male 2.66 (1.86-3.80) <0.0001
Fibrosis stage

F1/F2 1

F3/F4 2.27 (1.58-3.27) <0.0001
Degree of steatosis

<10% 1

>10% 2.29 (1.49-3.50) <0.0001
Albumin (by every 1 g/dL) 0.35 (0.23-0.55) <0.0001
Post-ALT (by every 40 iU/L) 1.81 (1.55-2.12) <0.0001
Post-AFP {by every 10 ng/mL) 1.06 (1.02-1.10) 0.007
Virological response

SVR 1

Non-SVR 1.58 (1.01-2.48) 0.044

Hazard ratics for development of hepatoceliular carcinoma were calculated by
the Cox proportional hazards analysis. ALT, alanine aminotransferase; 7-GTR
gamma-glutamyi transpeptidase; AFR alpha-fetoprotein; ISDR, interferon sensitivity
determining region; SVR, sustained virological responder. As covariates in the
multivariate stepwise Cox model, age, sex, stage of liver fibrosis, grade of histo-
logical activity, presence of hepatic steatosis, serum albumin levels, y-GTP level,
fasting blood sugar levels, platelet counts, pre-IFN ALT levels, pre-IFN AFP levels,
post-IFN ALT levels, post-IFN AFP levels, and virological response were included.

decrease was found not only in SVRs, but also non-
SVRs (Fig. 3A). Because post-IEN treatment ALT and
AFP levels rather than pre-IFN treatment levels were
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Fig. 1. Predictive values for ALT and AFP. and hazard ratios (HRs)
according to post-IFN treatment ALT and AFP levels. (A) ROC curve for
prediction of HCC. Area under the ROC curve, 95% Cl, cutoff value,
sensitivity, specificity, negative predictive value (NPV), and positive pre-
dictive value (PPV) are shown in the bottom of the figure. (B) Spline
curves of HR (solid line) and 95% Cl (dotied line) for HCC develop-
ment according to post-IFN treatment ALT and AFP levels. Curves were
fitted using polynomial regression.

significantly associated with the development of HCC
in non-SVRs, we determined the effects of changes in
ALT and AFP levels by IFN therapy on hepatocarcino-
genesis. Even in non-SVRs with equal or higher
pre-IFN treatment ALT or AFP levels than the cutoff
values, the cumulative incidence of HCC was signifi-
cantly suppressed in patients whose post-IFN treat-
ment ALT or AFP level was reduced to less than the
cutoff values (Fig. 3B). In contrast, persistence of post-
IFN weatment ALT or AFP levels to more than the
cutoff values after IFN therapy was associated with a
significantly higher incidence of HCC (Fig. 3B).
Relation Between AFP and ALT or Histological
Findings. Univariate analysis using logistic regression
determined factors that were associated with post-IFN
treatment ALT or AFP levels (Supporting Table).
Although many clinical factors were associated with post-
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IFN ALT and/or AFP levels, post-IFN ALT and AFP lev-
els were not correlated with each other (* = 0.050).
Therefore, the cumulative incidence of HCC was signifi-
cantly higher in patients with higher post-IFN treatment
AFP levels, even when patients were stratified by post-
IFN trearment ALT levels (Fig. 4A,B).

As shown in Fig. 4C-E the cumulative incidence of
HCC development was significantly lower in patients
whose post-IFN treatment AFP level was <6.0 ng/mL in
all subgroups stratified by stage of fibrosis and grade of
activity. Therefore, reduction in post-IFN treatment AFP
levels reduces HCC risk even in patients with advanced
fibrosis. Although pre-JFN treatment AFP levels corre-
lated with the advance of histological fibrosis and grade
of activity, such correlations became less significant with
post-IFN treatment AFP levels (data not shown).

Plateler Counts and Aspartate Aminotransferase-
to-Platelet Ratio Index (APRI) in Patients Without
Advanced Fibrosis. Because a substantial amount of
HCC cases developed in the patients without histolog-
ically advanced fibrosis (Fig. 4C), we characterized
these individuals using platelet counts and APRI*®
which are the readily available surrogate markers for
liver fibrosis. We first determined the cutoff values of
platelet counts and APRI for predicting HCC develop-
ment by ROC analyses. Accordingly, platelet counts
<150 X 10°/uL and APRI >0.96 were identified as
cutoff values, and the areas under the ROC curve for
platelet counts and APRI were 0.715 (95% CI: 0.675-
0.755) and 0.740 (95% CI: 0.701-0.779), respectively
(Supporting  Figure). Even in individuals without
advanced fibrosis (F1 and F2 patients), the proportion
of parients with plateler counts <150 X 10°/uL or
APRI >0.96 was significantly higher in patients with
HCC than in those without HCC (platelet counts,
53.0% [35/66] versus 31.3% [387/1238], P=0.0002;
APRI, 53.0% [35/66] versus 26.4% [325/1229],
P<0.0001). Moreover, the cumulative incidence of
HCC development was significantly higher in patients
with platelet counts <150 X 10°/uL or APRI >0.96
in the subgroups without advanced fibrosis (Support-
ing Figure). Therefore, patients with low plateler
counts or high APRI still have a substantial risk for
HCC development even though they were diagnosed
with mild fibrosis by liver biopsy.

Hepatic Steatosis and Post-IFN ALT and AFP
Levels in SVRs. To characterize SVRs withoutr ALT
and AFP normalization after IFN therapy, we eval-
uated the percentage of severe hepatic steatosis in these
patients. Accordingly, the percentages of severe hepatic
steatosis were significandy higher in SVRs without
ALT and AFP normalization than in those with normal
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Fig. 2. Cumulative incidence of HCC according to post-IFN treatment ALT and AFP levels. (A) Entire cohort stratified by post-IFN treatment ALT
levels (log-rank test: P < 0.0001). (B) Entire cohort stratified by post-IFN treatment AFP levels (log-rank test: P < 0.0001). (C) Non-SVRs strati-
fied by post-IFN treatment ALT levels (log-rank test: P< 0.0001). (D) Non-SVRs stratified by post-IFN treatment AFP levels (log-rank test:
P < 0.0001). (E) SVRs stratified by post-IFN treatment ALT levels (log-rank test: P < 0.0001). (F) SVRs stratified by post-IFN treatment AFP levels
(log-rank test: P < 0.0001). The number of HCC events and patients at risk at each timepoint are shown below the graphs.

ALT and AFP (ALT, 37.9% [36/95] versus 13.8% [77/
5571, P<0.0001; AFP, 31.6% [31/98] versus 14.8%
[82/554], P<0.0001). Therefore, it is likely that

presence of hepatic steatosis is associated with ALT
and/or AFP elevation, and it is one of the risks for
HCC development even after achieving SVR.
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Fig. 3. Changes in pre- and post-IFN treatment ALT and AFP levels, and their effects on HCC development. (A) Mean serum pre- (open col-
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Discussion

This large-scale, long-term cohort study establishes
important findings, which demonstrate a strict associa-
tion between hepatocarcinogenesis and post-IFN

treatment ALT and AFP levels in patients with CHC.
This association was notable in both SVR and non-
SVR subgroups, and suppression of these values by
IFN therapy reduced the hepatocarcinogenesis risk de-
spite failure of HCV eradication. These data, which
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Fig. 4. Relationship between AFP and ALT or histological findings. (A) The cumulative incidence of HCC stratified by post-IFN treatment AFP
levels in subgroups according to the post-iFN treatment ALT (log-rank test P < 0.0001 in both subgroups). (B) Cumulative incidence of HCC
stratified by post-IFN treatment AFP levels in subgroups according to the histological stage of fibrosis (log-rank test: P < 0.0001 in both sub-
groups). (C) Cumulative incidence of HCC stratified by post-IFN treatment levels of AFP in subgroups according to the histological grade of activ-

ity (log-rank test: P < 0.0001 in both subgroups).

demonstrate the efficacy of IFN against HCC develop-
ment associated with suppression of AFP, have clini-
cally important implications for physicians.

Although there have been reports on the association
between baseline pretreatment AFP levels and HCC
risk,**% lirtle is known regarding the effects of IFN
therapy on change in post-JFN treatment AFP and its

relation to HCC risk.”® Although a previous report
demonstrated that a decrease in AFP levels in patients
receiving IFN  therapy reduced the incidence of
HCC,” this study was performed in a small number
of patients (n =382), and cutoff values, relation to
ALT, or histological findings were not determined.
Our study, performed in a large well-characterized
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cohort, had a greater advantage in that it allowed
determination of cutoff values for post-IFN treatment
ALT and AFP levels useful for predicting HCC devel-
opment. Although a higher cutoff value of 20 ng/mL
was used to determine the incidence of HCC in the
previous study,’® we propose a lower value for nega-
tively predicting HCC. From our results, those with
AFP levels >6.0 ng/mL have a substantial HCC risk,
even if it is <20 ng/mL. Therefore, post-JEN treat-
ment AFP levels should be <6.0 ng/mL to suppress
HCC risk in patients with CHC.

It should be noted that AFP produced by HCC
itself was carefully excluded in our study. Serum AFP
clevation is frequently observed in patients with
advanced CHC in the absence of HCC."%* Although
the precise mechanisms accounting for this observation
are unknown, Hu et al.>® found a correlation between
AFP and measures of liver disease activity, suggesting
that AFP production is enhanced in the presence of
necroinflammatory injury of the liver. However, in our
study post-IEN trearment ALT and AFP levels were
not correlated, and the cumulative incidence of HCC
was significantly higher in patients with higher post-
IFN weatment AFP levels, even when patients were
stratified by post-IFN treatment ALT levels. Moreover,
multivariate analysis confirmed that AFP and ALT are
independently associated with HCC risk. Therefore,
observed elevation in AFP levels in patients with sub-
sequent HCC development is not necessarily caused
by necroinflammartion of the liver. Alternatively,
increased AFP levels have been reported during liver
regeneration following hepatic resection and during re-
covery from massive hepatic necrosis, ! suggesting
that elevated AFP levels are a surrogate for proliferative
activity of liver cells, which may cause hepatocarcino-
genesis in patients with CHC.

Other possible reasons accounting for HCC risk
related to AFP are the close association between AFP
levels and the stage of liver fibrosis, which is consistent
with a previous report.3 > However, we further dlarified
the fact that correlation between post-IFN treatment
AFP levels and liver fibrosis was less notable in
patients without subsequent development of HCC
(data not shown). Cumulative incidence of HCC was
significantly higher in patients with higher post-IFN
treatment AFP levels at each stage when patients were
stratified by the histological stage of fibrosis (Fig. 4).
Therefore, post-IFN treatment AFP is not just a surro-
gate marker for liver fibrosis, and elevation of post-
IFN treatment AFP as a potential risk for hepatocarci-
nogenesis is not only the result of advanced liver fibro-
sis. Conversely, suppression of post-IFN treatment
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AFP levels may reduce HCC risk even in patients with
advanced fibrosis.

This study has a few limitations, the first being the het-
erogeneity of our cohort, which included various treat-
ment regimens with different treatment responses.
However, we obtained similar results in a more uniform
subgroup of HCV genotype 1b patients treated with
PEG-IFNwa/RBV (data not shown). The second limitation
is the ethnic homogeneity of the Japanese population.
Because the baseline incidence of HCC development dif-
fers among population groups, longer-term longitudinal
studies in larger cohorts with various population sub-
groups are required to verify the generality of our results.

With the development of potent direct-acting antivi-
ral agents combinations, IFN-free therapy is likely to
be approved in the near future. This raises the ques-
tion of whether postireatment ALT and/or AFP levels
will remain a significant predictor of HCC risk. More-
over, it is uncertain whether the suppressive effect of
viral eradication by IFN-free regimens on hepatocarci-
nogenesis will be identical to thar obtained by IFN-
based regimens. Therefore, it is extremely interesting
to prove these issues in future studies.

In conclusion, post-IFN trearment AT and AFP levels
are strictly associated with hepatocarcinogenesis risk in
patients with CHC. Measurement of these values is useful
for predicting future HCC risk in IFN-treated patients.
Suppression of these values after IFN therapy reduces
HCC risk even in patients without HCV eradication,
while SVRs with increased AL'T and/or AFP levels are at
risk for HCC development. The present results have
potentially important clinical implications for physicians
and may influence their decisions regarding treatment
strategy and HCC surveillance for individual patients.
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Abstract

Background We aimed to clarify the association between
single nucleotide polymorphism (SNP) located near inter-
leukin 28B and hepatocellular carcinoma (HCC).

Methods A cohort comprising 792 patients treated with
interferon for chronic hepatitis C was investigated. SNPs at
rs8099917 and rs12979860 were determined. Cumulative
incidence and HCC risk were analyzed by Kaplan-Meier
and Cox proportional hazard analyses for a mean follow-up
period of 4.9 years. Fibrosis progression rate (FPR) was
determined in these patients with a known time of infection
(n = 294).

Resulis  Cumulative HCC incidence was significantly
higher in rs8099917 nonTT (minor homozygote or het-
erozygote) patients than in rs8099917 TT (major
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homozygote) patients (20.8 vs. 10.5 % over 10 years,
logrank test, p = 0.002). This difference was notable in
patients infected with genotype 1 and those treated with
pegylated interferon and ribavirin. Among nonSVRs,
interferon had a limited effect in suppressing alanine
aminotransferase (ALT) and/or a-fetoprotein (AFP) levels
in nonTT patients. The suppression of these values after
interferon therapy was associated with a lower incidence of
HCC. FPR were similar in TT and nonTT patients.
Conclusions 1s8099917 nonTT is related to higher HCC
development in patients with HCV genotype 1 and those
treated with pegylated interferon and ribavirin. Higher
HCC incidence observed in nonTT patients partly results
from the limited suppression of ALT and/or AFP by
interferon in these patients.
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Introduction

Hepatitis C virus (HCV) infection is one of the major
causes of chronic hepatitis, which progresses to hepato-
cellular carcinoma (HCC) in many patients [1]. In the last
two decades, interferon (IFN) therapy has been used to
treat chronic hepatitis C (CH-C) with the goal of altering its
natural progression. Although HCV eradication with IFN
therapy in CH-C patients reportedly prevents HCC devel-
opment [2—4], factors responsible for HCC development in
IFN-treated patients are difficult to determine because of
the prolonged clinical course of CH-C.

Recent studies demonstrated that single nucleotide
polymorphisms (SNPs) near interleukin (IL) 28B were
strongly associated with the virological response to pegy-
lated IFNo (PEG-IFNo) and ribavirin (RBV) combination
therapy [5-7]. However, it remains unclear if the SNPs
near IL28B are associated with further consequences of
CH-C, such as HCC and liver fibrosis, in IFN-treated
patients because of the paucity of adequate cohort studies.
To address the important question of whether SNPs near
IL28B are associated with the development of HCC, we
analyzed the influence of this polymorphism on HCC risk
in a large-scale, long-term cohort of IFN-treated patients.

Methods
Patients

Patients chronically infected with HCV who had histologi-
cally proven chronic hepatitis or cirrhosis and had undergone
IFN treatment between 1992 and 2010 were enrolled in the
original cohort [8]. In this cohort comprising 1,818 patients, a
subgroup of 792 patients who were available for genotyping
of the SNPs near IL28B (rs8099917 and rs12979860) was
assessed in the present study. Patients were excluded from the
original cohort if they had a history of HCC at the time of liver
biopsy, autoimmune hepatitis, primary biliary cirrhosis,
excessive alcohol consumption (>50 g/day), hepatitis B sur-
face antigen, or anti-human immunodeficiency virus anti-
body. HCC was definitively ruled out by ultrasonography,
dynamic computed tomography (CT), and/or magnetic reso-
nance imaging (MRI) on enrollment. Written informed con-
sent was obtained from all patients, and the Ethical Committee
of Musashino Red Cross Hospital approved this study, which
was conducted in accordance with the Declaration of Helsinki.

Genotyping for SNPs near /L28B (rs8099917
and rs12979860)

Genetic polymorphisms in tagged SNPs located near IL28B
(rs8099917 and rs12979860) were determined by direct
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sequencing of PCR-amplified DNA, as reported previously
[9].

Histological evaluation

Laparoscopic or ultrasound-guided liver biopsy was
undertaken using 13-gauge or 15-gauge needles, respec-
tively. The median length of specimens was 18 mm (range
11-40 mm), and the median number of portal tracts was 18
(range 9-34). Fibrosis stage and grade of inflammatory
activity were scored by two pathologists according to
Desmet et al.’s classification [10]. In case of interobserver
disagreement in histological staging or grading, the diag-
nosis was confirmed by consensus.

IFN therapy and definitions of response to IFN therapy

All patients had chronic HCV infection at liver biopsy,
which was confirmed by the presence of HCV-RNA in
serum. All IFN therapies were initiated within 48 weeks
after liver biopsy. Of 792 patients, 71 patients received IFNo
or IFNf monotherapy for 24 weeks, 54 received [IFNo/RBV
combination therapy for 24 weeks, 118 received PEG-IFNa
monotherapy for 48 weeks, and 549 received PEG-IFNo/
RBYV combination therapy for 48-72 weeks.

Patients negative for serum HCV-RNA 24 weeks after
IFN therapy completion were defined as sustained viro-
logical responders (SVRs). Patients who remained positive
for HCV-RNA 24 weeks after therapy completion were
defined as nonSVRs. HCV-RNA was determined by the
qualitative Amplicor or TagMan HCV assay (Roche
Molecular Diagnostics, Tokyo, Japan).

Data collection and patient follow up

At primary liver biopsy, patient characteristics and bio-
chemical, hematological, virological, and histological data
were evaluated. Age at primary liver biopsy was deter-
mined. Patients were examined for HCC by abdominal
ultrasonography, dynamic computed tomography, and/or
magnetic resonance imaging every 3-6 months. Serum
alanine aminotransferase (ALT) and a-fetoprotein (AFP)
levels were measured every 1-6 months. Surveillance
protocols were in accordance with the standard of care in
Japan. If HCC was suspected on the basis of the screening
examination, additional procedures (e.g., dynamic CT,
dynamic MRI, CT during hepatic arteriography, CT during
arterial portography, contrast-enhanced ultrasonography,
and tumor biopsy) were used to confirm the diagnosis.
HCC diagnosis was confirmed by needle biopsy, histology
of surgically resected specimens, or characteristic radio-
logical findings. To evaluate the effect of changes in serum
ALT and AFP levels during IFN therapy on
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hepatocarcinogenesis, mean integration values of ALT and
AFP in each patient were calculated before and after IFN
therapy. In patients who developed HCC, data obtained
more than 1 year prior to HCC development were used to
exclude AFP elevation caused by HCC itself.

Follow-up was between the date of primary liver biopsy
and HCC development or the last medical attendance until
June 2011. The mean follow-up period was 4.9 years
(range 1.0-18.6 years).

Determination of changes in fibrosis stage over time

Changes in fibrosis stage over time were determined in
patients who showed evidence of a single blood transfusion
as a known time of HCV infection. Two hundred ninety-
four patients had a single blood transfusion before 1992,
indicating the known time of HCV infection (rs8099917
TT, n = 217; 158099917 nonTT, n = 77). In this subgroup,
221 (75.2 %) patients were infected with HCV genotype 1.
Annual fibrosis progression rate (FPR) was calculated as
the fibrosis stage at liver biopsy divided by HCV infection
duration, which was determined by the period between
blood transfusion and liver biopsy (mean duration,
35.1 years; range 12.0-60.0 years).

Statistical analyses

Categorical data were compared by Chi-square or Fisher’s
exact tests. Continuous variable disiributions were analyzed
with Student’s #- or Mann-Whitney U test. All tests of
significance were two-tailed. p < 0.05 was considered sig-
nificant. The cumulative incidence curve was determined by
the Kaplan—Meier method, and differences between groups
were assessed using the logrank test. Factors associated
with HCC risk were determined by the Cox proportional
hazard model. As covariates in the multivariate stepwise
Cox model, age, sex, stage of liver fibrosis, pre- and post-
IFN treatment ALT and AFP levels, virological response,
and IL28B genotype were included. HCC development was
the dependent variable. Time zero was defined as the time
of primary liver biopsy. The proportional assumption was
supported by log[—log(survival)] vs. log(time) plots, which
showed parallel lines. Statistical analyses were performed
using the Statistical Package for the Social Sciences soft-
ware (version 18.0) (SPSS Inc., Chicago, IL, USA).

Results
Patient characteristics and the SNPs near IL28B

Patient characteristics are demonstrated in Table 1. Fre-
quency of the rs8099917 genotype was as follows: major

homozygote (TT), 74.2 % (588/792); heterozygote (TG),
24.2 % (192/792); and minor homozygote (GG), 1.5 %
(12/792). Genotypic distribution of this SNP was consistent
with that in a recent report on Japanese patients [5]. The
frequency of the rs12979860 genotype was as follows:
major homozygote (TT), 73.4 % (581/792); heterozygote
(TG), 25.1 % (199/792); and minor homozygote (GG),
1.5 % (12/792). The genotypic discrepancy between
rs8099917 and rs12979860 was found only in seven
patients. Therefore, the genotypes of the two SNPs
(rs8099917 and rs12979860) were 99.1 % identical. All
seven patients had a major homozygote (TT) in rs8099917
but a heterozygote (CT) in rs12979860, and HCC devel-
oped in one of seven patients at 2.2 years after initiation of
the follow-up.

Response to IFN therapy

The final responses to IFN therapy (SVR or nonSVR) were
determined in all patients. SVR rate was significantly
higher in TT patients than in nonTT patients (58.3 vs.
279 %, p < 0.001) (Table 1). SVR rates for each thera-
peutic regimen in TT and nonTT patients, respectively,
were as follows: IFN monotherapy, 35.7 % (20/56) vs.
26.7 % (4/13), p = 0.759; IFNo/RBV combination ther-
apy, 46.3 % (19/41) vs. 15.4 % (2/13), p = 0.057; PEG-
IFNo. monotherapy, 63.2 % (55/87) vs. 35.5 % (11/31),
p = 0.008; PEG-IFNo/RBV combination therapy, 61.6 %
(249/404) vs. 27.6 % (40/145), p < 0.001.

Factors associated with the SNPs near IL28B

NonTT patients were significantly associated with higher
v-glutamyl transpeptidase levels, lower low-density lipo-
protein cholesterol levels, higher hepatic steatosis fre-
quency, glutamine or histidine mutations at amino acid
position 70 (70QH) in the HCV core region, and one or no
mutation in the IFN sensitivity-determining region in the
HCV nonstructural 5A gene (Table 1).

Cumulative incidence of HCC according to the SNPs
near /L28B

During follow-up, 53 patients developed HCC (Table 1).
At 3, 5, and 10 years, the overall cumulative incidence of
HCC was 3.4, 7.4, and 13.1 %, respectively. The cumula-
tive incidence of HCC at 5 and 10 years was significantly
higher in nonTT patients than in TT patients (13.0 and
20.8 % vs. 5.4 and 10.5 %, respectively; logrank test,
p = 0.002) (Fig. 1a). Among SVRs, no significant differ-
ence was found in the cumulative HCC incidence between
TT and nonTT patients (Fig. 1b). However, the cumulative
incidence of HCC among nonSVRs was significantly
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Table 1 Characteristics of

. . Characteristics Total rs8099917 TT 158099917 nonTT p value*
patients and comparison
between the SNPs near IL28B Patients, n 797 588 204
Sex, n (%) 0.3207
Male 310 (39.1) - 236 (40.1) 74 (36.3)
Female 482 (60.9) 352 (59.9) 130 (63.7)
Age (SD), year 58.6 (10.7) 58.5 (10.6) 58.8 (11.0) 0.684*
BMI (SD), kg/m? 22.8 (3.2) 22.9 (3.2) 227 (3.3) 0.382¢
Fibrosis stage, n (%) 0.751%
F1/2 612 (77.3) 456 (77.6) 156 (76.5)
F3/4 180 (22.7) 132 (22.4) 48 (23.5)
%Severe steatosis (>10%) 25.3 21.4 35.4 <0.0017
ALT level (SD), TU/L 63.4 (52.5) 64.9 (50.1) 59.0 (42.9) 0.170*
¥-GTP level (SD), IU/L 45.9 (45.3) 41.5 (43.5) 583 (47.9) <0.001%
LDL-C level (SD), mg/dL 99.8 (26.8) 102.0 (26.6) 93.6 (26.8) 0.034%
AFP level (SD), ng/mL 103 (26.7) 8.24 (12.2) 16.4 (47.9) <0.001*
Platelet counts (SD), x10*/uL 164 (52) 163 (51) 167 (56) 0.422
HCV load (SD), KIU/mL 1550 (1465) 1612 (1465) 1392 (1457) 0.107¢
HCV genotype, n (%)* 0.065"
la 8 (1.0) 5(0.9) 3 (1.5)
1b 588 (74.8) 422 (72.4) 166 (81.7)
2a 118 (15.0) 96 (16.5) 22 (10.8)
2b 63 (8.0) 52 (8.9) 11 (5.4)
* Comparison between IL28B Others 9 (1.1) 8 (1.4) 1(0.5)
;”aj"f. and minor genotypes %Core 70 a.a. mutation® 345 26.2 57.1 <0.0011
X Chi-square test %ISDR wild or 1 mutation® 67.4 64.0 76.1 0.005"
Student’s r-test Duration (SD), year 49 3.0) 50 (3.1) 48 (2.8) 0.480*
:ieifnvﬁng:; (i)rt1y$§6wsztiems (n: IFN regimen, n (%) 0.798"
1L28B major = 583, IFN mono 71 (9.0) 56 (9.5) 15 (7.4)
minor = 203) IFN + RBV 54 (6.8) 41 (7.0) 13 (6.4)
® HCV core mutation was PEG-IFN mono 118 (14.9) 87 (14.8) 31 (15.2)
determined in 313 patients with PEG-IFN + RBV 549 (69.3) 404 (68.7) 145 (71.1)
genotype 1b SVR, n (%) 400 (50.5) 343 (58.3) 57 (27.9) <0001
° ISDR was determined in 585 o g 53 (6.7) 30 (5.1) 23 (113) 0.0021

patients with genotype 1b

higher in nonTT patients than in TT patients (15.5, and
24.8vs.7.2 %, and 154 % at 5, and 10 years, respectively;
logrank test, p = 0.016) (Fig. 1c). Similar results were
obtained when the rs12979860 genotype was used as a
reference. That is, the cumulative incidences of HCC at 5
and 10 years in overall patients were 13.1 and 20.5 % in
nonCC patients and 5.2 and 10.4 % in CC patients (logrank
test, p = 0.001); those in SVRs were 3.8 and 4.9 % in CC
patients and 4.9 and 4.9 % in nonCC patients; and those in
nonSVRs were 15.9 and 25.1 % in nonCC patients and 6.8
and 15.0 % in CC patients (logrank test, p = 0.008).

Ten subjects [rs8099917 TT, n = 9; nonTT, n=1:
SVR, n=28; nonSVR, n=2: mean follow-up peri-
od = 4.3 years (range 1.1-8.3 years)] were lost to follow-
up during the last 2 years. These patients were censored
from the cumulative incidence analyses at the time of the
last visit.
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In this study cohort, only three (one TT, n = 1; nonTT,
n = 2) patients died during follow-up, and no patient
underwent liver transplantation. These deaths were HCC-
related. Therefore, it is unlikely that competing risks would
have affected our results regarding differences in HCC
incidence between TT and nonTT patients.

Because the SNPs near /L28B affects treatment responses
particularly in patients infected with HCV genotype 1 and/or
those treated with PEG-IFNo/RBV combination therapy,
the cumulative incidences of HCC were analyzed in a sub-
group of the patients. In patients infected with HCV geno-
type 1 (n = 596), the cumulative incidence of HCC was
significantly higher in nonTT patients than in TT patients
(15.2 and 24.9 % vs. 6.4 and 10.5 % at 5, and 10 years,
respectively; logrank test, p = 0.001) (Fig. 1d). In patients
treated with PEG-IFNo/RBV combination therapy
(n = 549), the cumulative incidence of HCC was also
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Fig. 1 Cumulative incidence of
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significantly higher in nonTT patients than in TT patients
(17.9, and 22.7 vs. 2.6, and 3.6 % at 5, and 9 years,
respectively; logrank test, p < 0.001) (Fig. 1le). Particularly,
in patients infected with HCV genotype 1 who were treated
with PEG-IFNw/RBV (n = 443), the cumulative incidence
of HCC was significantly higher in nonTT patients than in

TT patients (19.5, and 24.5 vs. 2.2, and 3.2 % at 5, and
9 years, respectively; logrank test, p < 0.001) (Fig. 1f).
Among patients infected with HCV genotype non-1 or those
treated with other than PEG-IFNo/RBV therapy, no signif-
icant difference was found in the cumulative HCC incidence
between TT and nonTT patients.
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Influence of the SNPs near IL28B on progression
of fibrosis over time

Among the 294 patients with evidence of a single blood
transfusion, the annual FPR was similar between TT and
nonTT patients (p = 0.758, Fig. 2). No difference was
found in age at blood transfusion (26.0 [SD, 9.7] years old
vs. 26.5 [SD, 9.6] years old, p = 0.658) and duration of
HCV infection (34.7 [10.0] years vs. 36.1 [9.9] years,
p = 0.291) between TT and nonTT patients.

Mean ALT and AFP levels after IFN therapy according
to the SNPs near JL28B

Because we recently reported that post-IFN treatment ALT
and AFP levels are significantly associated with hepato-
carcinogenesis {8], the influence of ALT and AFP levels
after IFN treatment was determined in TT and nonTT
patients to address possible reasons associated with higher
HCC development observed in nonSVRs with rs8099917
nonTT. Overall, mean serum ALT and AFP levels were
reduced after IFN therapy. However, the reduction
observed in mean ALT and AFP levels after IFN therapy
was less in nonTT patients than in TT patients among
nonSVRs (Fig. 3). The cutoff values of ALT and AFP after
IFN treatment for predicting patients without HCC devel-
opments were determined as ALT <40 IU/L and AFP

<6.0 ng/mL by the receiver—operator characteristics
curves analysis in the original cohort [8]. The cumulative
incidence of HCC development in nonSVRs was less in
patients whose post-IFN ALT or AFP levels were below
these cutoff values (Fig. 4a, b). Even in patients whose
ALT =40 IU/L or AFP >6.0 ng/mL before IFN therapy,
patients with a reduction of ALT <40 IU/L or AFP

<6.0 ng/mL after IFN therapy showed significantly lower
cumulative development of HCC than those without

o p=0.758
T 025 ®
14 -
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25 °
o> 015 ®
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2 2 0.104 _,_
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>~ J [ ]
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Fig. 2 Changes in fibrosis staging over time. Analysis in patients
who showed evidence of a single blood transfusion as a known time
of HCV infection (n = 292)
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reduction in both TT and nonTT subgroups (Fig. 4c—f).
However, the proportion of patients with reduction of ALT
<40 IU/L. or AFP <6.0 ng/mL after IFN therapy in
nonSVRs was significantly smaller in nonTT patients than
TT patients (Fig. 5).

As reported in the recent study [8], the persistence of
post-IFN treatment ALT or AFP levels to more than the
cutoff values after IFN therapy was associated with a sig-
nificantly higher incidence of HCC in both SVRs and
nonSVRs (Supplementary Figure). In contrast, even in
nonSVRs with an equal or higher pre-IFN treatment ALT
or AFP level than the cutoff values, the cumulative inci-
dence of HCC was significantly suppressed in patients
whose post-IFN treatment ALT or AFP level was reduced
to less than the cutoff values (Supplementary Figure).

Influence of the SNPs near /L28B on HCC risk

Univariate analysis demonstrated that nonTT was one of
the factors that increased the risk ratio for HCC develop-
ment (Table 2). In the multivariate Cox model, age, sex,
stage of fibrosis, pre-IFN treatment AFP level, post-IFN
treatment ALT and AFP levels were independently asso-
ciated with HCC risk among covariates including age, sex,
stage of fibrosis, pre- and post-IFN treatment ALT and
AFP levels, virological response and the SNPs near IL28B
(Table 3). In patients infected with HCV genotype 1 who
were treated with PEG-IFNo/RBV combination therapy,
the SNPs near IL28B as well as age, sex, post-IFN treat-
ment ALT level and pre-IFN treatment AFP level were
identified as independent factors associated with the
development of HCC among covariates including age, sex,
stage of liver fibrosis, pre- and post-IFN treatment ALT
and AFP levels, and virological response (Table 4).
Although pre-IFN treatment AFP levels were significantly
higher in patients with nonTT (Table 1; Fig. 3), our results
for the multivariate analysis in this subgroup suggests that
higher HCC incidence in nonTT patients is not fully
explained by higher pre-IFN treatment AFP levels.

Discussion

By analyzing a large-scale, long-term cohort, we demon-
strated that rs8099917 nonTT is significantly associated
with HCC development particularly in patients infected
with HCV genotype 1 who were treated with PEG-IFNo/
RBV combination therapy. The possible relationship
between the SNPs near /L28B and the risk of HCC
development is controversial [11-13] mainly because of
the lack of a longitudinal cohort study such as ours.
Another possible reason for this controversy is the influ-
ence of antiviral therapy because the SNPs near IL28B are
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strongly associated with the antiviral response. Recent
cross-sectional studies in patients without IFN treatment
could not ascertain the relationship between the SNPs near
IL.28B and HCV-related HCC [12, 13). From this view-
point, our cohort is unique in that it includes only IFN-

treated patients. In the Kaplan-Meier analyses, signifi-
cantly higher incidence of HCC in nonTT was observed in
patients infected with HCV genotype 1 and/or those treated
with PEG-IFNo/RBV combination therapy, whereas it was
not in patients infected with HCV genotype non-1 and
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Fig. 4 Cumulative incidence of
HCC stratified by mean
integration values of post-IFN
ALT and AFP levels.

a Stratified by post-IFN
treatment levels of ALT in all
patients. Logrank test:

p < 0.001. b Stratified by post-
IFN treatment levels of AFP in
all patients. Logrank test:

p < 0.001. ¢ According to
changes in mean ALT levels
before and after interferon
therapy in patients with
1s8099917 TT. Logrank test:

p < 0.001. d According to
changes in mean AFP levels
before and after interferon
therapy in patients with
rs8099917 TT. Logrank test:

p < 0.001. e According to
changes in mean ALT levels
before and after interferon
therapy in patients with
1s8099917 nonTT. Logrank test:
p = 0.040. f According to
changes in mean AFP levels
before and after interferon
therapy in patients with
158099917 nonTT. Logrank test:
» < 0.001

those treated other than PEG-IFNo/RBV. Moreover, our
multivariate analyses demonstrated that an independent
association between 1s8099917 nonTT and HCC develop-
ment was only found in patients infected with HCV
genotype 1 who were treated with PEG-IFNo/RBV com-
bination therapy. Because the SNPs near IL28B affects
antiviral response particularly in patients infected with
HCV genotype 1 and/or those treated with PEG-IFNo/RBV
therapy, impact of the SNPs near /L28B on HCC risk may
be indirect and is largely influenced by treatment effect.
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Because a significantly higher incidence of HCC in
nonTT patients was observed even in nonSVRs, higher
HCC risk related to nonTT was not fully explained by the
poor virological response rates observed in nonTT patients.
Although we have reported that higher post-IFN treatment
ALT and AFP levels were significantly associated with the
risk of HCC [8], the relationship between IL28B SNPs and
post-IFN treatment ALT and AFP levels has not yet been
elucidated. Hence, to further address the higher HCC risk
in nonTT patients, we directed our study at post-IFN



