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I 559 with chronic hepatitis B or C infection underwent

I

gadoxetic acid-enhanced MRI

432 were excluded

> 420 with presence or history of HGC
9 with Child-Pugh class C

3 dropped out

g 127 included in this study !

——

18 hypovascular hypointense nodules
in the liver on the hepatocyte phase
Non-clean liver group

108 no hypovascular hypointense nodules
in the liver on the hepatocyte phase
Clean liver group

3-year follow up

Figure 1 Patient inclusion criteria. “De |

| 8 without typical HCC
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novo HCC” is a typical hepatocelluiar
carcinoma that developed at sites in
which no nodules had been seen on the
initial gadoxetic acid-enhanced mag-

4 “de novo HCC”

10 were diagnosed as typical HCC

8 HCC at the same site of the initial
hypovascular hypointense nodule

7 were diagnosed as typical HCC
7 “de novo HCC”

netic resonance imaging (MRI).

modalities led to diagnosis of HCC, recognizing
hypervascularization by more than one experienced
radiologist and other imaging modalities was regarded
as the time of diagnosis of HCC. When needle biopsy
was performed to investigate nodules, the time of
diagnosis of HCC was when the pathologists and phy-
sicianis examined pathological tissue and diagnosed as
HCC.

MRI

Magnetic resonance imaging was performed using a
superconducting magnet that operated at 1.5 Tesla
(Sigma EXCITE HD; GE Medical Systems, Milwaukee,
WI, USA) and an 8-channel phased-array coil. First, we
obtained fast spoiled gradient-echo Ti-weighted images
(TIWI) with dual echo acquisition and respiratory-
triggered fat-saturated fast spin-echo T,-weighted images
{T2WI). Dynamic fat-suppressed gradient-echo T1WI
were obtained using a 3-D acquisition sequence before
{precontrast) and 20-30 s, 60's, 2 min, 5 min, 10 min
and 20 min after the administration of gadoxetic acid
(Primovist; Baver Schering Pharma, Berlin, Germany}.
This contrast agent (0.025 mM/kg bodyweight} was
administrated i.v. as a bolus at a rate of 1 mL/s through
an iv. cubital line {20-22 G) that was flushed with
20 mL saline from a power injector. The delay time for
the arterial phase scan was adjusted according to a fluo-
roscopic triggering method.?® All images were acquired
in the wansverse plane. Sagittal plane TIWI were also

obtained during the hepatocyte phase at 20 min after
the injection of the contrast agent.

Statistical analysis

All continuous values are expressed as median (range).
Fisher's exact probability test was used for comparisons
between categorical variable and the non-parametric
Mann-Whitney U-test was used to compare differences
between continuous variables. Baseline clinical charac-
teristics, including blood test results, were evaluated
within 1 month of the initial MRI. We investigated
whether or not HCC development was associated
with age, sex, fibrosis, etiology (HBV or HCV), platelet
cowit, serum alanine aminotransferase {ALT), v
glutamyltransferase (y-GT), o-fetoprotein (AFP), and
the presence or absence of hypovascular hypointense
nodules.

Cumulative HCC development was estimated accord-
ing to the Kaplan-Meier method and differences in the
curves were tested using the log-rank test. Risk factors
for HCC development were determined according to
the Cox proportional hazard model. Subgroup analyses
with a Cox proporttional hazard model were applied to
estimation of the hazard ratio (HR) of the non-clean
liver group versus clean liver group in the dichotomized
subgroups. All statistical analyses were performed using
IMP software, version 10 (SAS Institute Japan, Tokyo,
fapan). A two-sided P-value of less than 0.05 was con-
sidered statistically significant.
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RESULTS

Characteristics of the patients and nodules

TOTAL OF 127 patients were enrolled, of whom 26

had chronic FIBY infections and 101 had HCV
infections, and 68 had virus-associated cirrhosis. No
statistically significant differences in the initial clinical
characteristics were found between the non-clean
liver and clean liver groups (Table1). Thirty-five
hypovascular hypointense nodules were found in 18
patients in the non-clean liver group (1-5 nodules per
patient) at baseline (data not shown). Twenty-four of
these 35 nodules were detectable only on the hepatocyte
phase MRI and were undetectable by US, CT and non-
hepatocyte phase MRI. None of the 35 nodules showed
high intensity on T2WI. The median nodule diameter
was 8 mmn (range, 4-13 mm; 33 nodules with =10 mm,
two nodules with 12 mm and 13 mm)}.

HCC incidence according to initial
MRI findings

Hepatocellular carcinoma was diagnosed in 17 patients,
10 in the non-clean liver group and seven in the clean
liver group; 14 of these patients had HCV infection.
Thirteen patients were diagnosed according to the
AASLD imaging criteria."” Four patients were diagnosed
pathologically by liver biopsies that were performed,
based on enlargement of the nodules of more than
10 mm in diameter during the observation period.
The cumulative 1-, 2- and 3-year HCC incidence rates
were 1.5%, 10.2% and 13.4%, respectively. As deter-
~mined by the Kaplan-Meier method, these rates
were 11.1% (95% confidence interval [CI}, 0.0-25.6%),
38.8% (95% CI, 16.3-61.4%) and 55.5% (95% CI,
32.6-78.5%) in the non-clean liver group, and 0.0%
(95% CI, 0.0-2.3%), 5.5% (95% CI, 0.0-9.8%) and

Table 1 Baseline patient characteristics
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6.4% (95% Cl, 1.8-11.0%) in the clean liver group; the
former group showed significantly higher rates of devel-
opment of typical HCC than the latter (P < 0.001) as
shown in Figure 2, The median imaging intervals were 3
months (range, 3-6) in the non-clean liver group and
4 months (range, 2-12) in the clean liver group. The
imaging interval of the non-clean liver group was
shorter than the clean liver group {3 vs 4 months,
P=0.015). The median intervals between the initial
MRI and HCC diagnosis was 16 months (range, 9-32)
in the non-clean liver group and 21 months (range,
16-35) in the clean liver group.

In 11 of 17 patients with HCC development, HCC
developed at sites in which no nodules had been seen
on -the initial gadoxetic acid-enhanced MRI, namely
de novo HCC. These HCC were found in four of 18
patients in the non-clean liver group (3-year HCC inci-
dence rates: 22.2%; 95% Cl, 4.3-51.0%) and 7 in 109
patients in the clean liver group (3-year FICC incidence
rates: 6.4%; 95% Cl, 1.8~11.0%). The incidence rates of
de novo HCC was significantly higher in the non-clean
liver group than the clean liver group (P = 0.003, Fig. 3).
In the remaining six patients, HCC developed at the
same site of the initial nodules exclusively in 18 patients
of a non-clean liver group by definition, and those HCC
arose among the nodules of 8 mm or more in the initial
MRI study.

Risk factors for HCC development

Univariate analyses showed that the significant risk
factors for HCC development included older age
(P=0.039), cirthosis (P=0.009), a low platelet count
{P=10.003), a high AFP concentration (P = 0.006) and a
non-clean liver (P < 0.001). Multivariate analysis with
these variables revealed that older age (hazard ratio
[HR], 1.08; 95% CI, 1.01-1.16; P=0.024), a low plate-

Characteristics Total (n=127) Non-clean liver (n=18) Clean liver (1= 109) P

Age, years 65 (30-88) 68 (46-82) 64 (30-88) 0.15
Male/female 68/59 10/8° 58/51 1.00
Non-cirrhosis/cirthosis 59/68 6/12 53/56 0.31
HBV/HCY 26/101 5/143 21/88 0.53
Platelet count (x10%/L) 122 (30-410) 102 (46-187) 125 (30-410) 0.07
ALT (IU/L) 32 (7-206) 32 (14-95) 32 (7-206) 0.97
¥GT (IU/L) 31 (9-305) - 31 (13-258) 31 (9-305) 0.68
AFP (ng/mL) 4 (1-582) § (2-181) 4 (1-582) 0.19

Continuous data are shown as medians (range).

¥-GT, y-glutamyluansferase; AFP, o-fetoprotein; ALT, alanine aminotransferase; HBV, hepatitis B virus; HCV, hepatitis C virus,
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Development rates of typical HCC (%}

Figure 2 Cumulative incidence rates
of typical hepatocellular carcinoma
{HCC) development in the non-clean
and clean liver groups. , non-clean

30 -

HCC risk assessment using EOB-enhanced MRI 1343

p< 0.001

fiver group (n=18); --- dean liver
group {#n = 109}.

Years
Mo. of patients at risk
Non-clean liver 16 11 8
Clean liver 109 109 103 102

let count {HR, 1.17; 95% CI, 1.03-1.35; P=0.017)
and a non-clean liver (HR, 9.41; 95% CI, 3.47-25.46;
P <0.001) were the only independent risk factors for
HCC development {Table 2}.

We further assessed the effect of a non-clean liver on
the risk of HCC development in subgroups of these
patients (Fig. 4). We found that belonging to the non-

clean liver group was a significant risk factor in patients
without HBV. Notably, this designation was particularly
valuable for patients who are generally regarded as at
low risk for HCC development: those without cirrhosis
{HR, 37.23; 95% CI, 3.30-419.71; P=0.003) and those
with high platelet counts (HR, 33.42; 95% CI, 6.69~
166.94; P < 0.001).
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Table 2 Variables that predict HCC development: univariate and multivariate analyses

Variables Univariate Multivariate
Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Male 0.56 (0.29-1.95) 0.755

Age (per year) 1.06 (1.00-1.12) 0.039 1.08 (1.01-1.16) 0.024
Cirrhosis 14.37 (1.90-108.44) 0.009 3.54 (0.327-33.77) 0.231
HCVY (vs HBY) 439 (0.58-33.17) 0.151

Platelet count (per 10"/L) 1.19 (1.06-1.33) 0.003 1.17 (1.03-1.35) 0.017
ALT (per 1Li/L) 1.00 (0.99-1,02) 0.423

v-GT (per 1LU/L) 1.00 (0.99-1.01) 0.688

AFP >10 ng/ml 3.98 (1.47-10.77) 0.006 1.47 {0.49-4.33) 0.486
Non-clean liver ©12.36 (4.68-32.61) <0.001 9.41 (3.47-25.46) <0.001

v-GT, y-glutamyluansferase; AFP, a-fetoprotein; ALT, alanine aminotransterase; Cl, confidence interval; HBY, hepatitis B virus; HCG,

hepatocellular carcinoma; HCV, hepatitis C virus,

DISCUSSION

HIS STUDY REVEALED presence of hypovascular
hypointense liver nodules (non-clean liver) on
gadoxetic acid-enhanced MR, is a significant risk factor
for subsequent development of typical HCC not only at
the same sites but also at the different sites from the
initial nodules. The incidence of development of typical
HCC in the non-clean liver patients was more than 50%
during a 3-year follow-up period, indicating that these
higher risk patients should be rigorously investigated for
the early detection of HCC during follow up.
in the present study, six of the 18 patients in the
non-clean liver group developed typical HCC at the

same site of the initial nodules during the subse-
quent 3 years {(11.1%/year). Most of the hypovascular
hypointense nodules on gadoxetic acid-enhanced MRI
are considered precursor lesions of typical HCC, such as
early HCC or high-grade dysplastic nodules, on histo-
logical examination,'® ' while it has been reported that
most hypovascular nodules exhibiting high-intensity to
isointensity signals in the hepatocyte phase are benign
hepatic nodules.'*" Recent studies have suggested that
a reduction of organic anion-transporting polypep-
tide 1B3 (OATP 8) wansporier expression begins at
the eartliest stage of hepatocarcinogenesis,”** before
changes in vascularity such as decreased portal flow or
increased arterial flow. The progression rate of the small

HR (95% Cl) » value
Male i o et 789 (1.96-3174)  0.003
Female St et 18.54 (4.59-74.91)  <0.001
Age =65 years P PR 13.56 (4.38-40.05)  <0.001
Age <65 years 2 8.48 (1.19-60.28) 0.032
Cirrhosis . e 7.64 (2.83-20.65) <0.001
Non-cirrhosis . i3 1,23 (3.30-419.71) - 0.003
HCV ) e 14.23 (5.25-38.55) < 0.001
HBY B o 9.60 (0.86-106.18})  0.065
PLT 210x 10%mL; e e g 33.42 (6.69-166.94) <0.001
PLT <10x10%mLj= ~ - a 4.27 (1.14~15.97) 0.031 Figure 4 Stratified analyses of the
ALT =301U/L e 15.32 (4.94-47.46)  <0.001 non-clean liver as a risk factor for
ALT <30 IU/L 8 773 (108‘5497) 0.041 typica] HCC deye]oplnent_ AFP, ¢o-
g-GTP=40IUL e B e 13.64 (3.79-49.05)  <0.001 fetoprotein; ALT, alanine aminotrans-
g-GTP <40 IUL _ @ 11.06 (2‘46_39'61) <0.001 ferase; Cl, confidence interval; g-GTP,
iig ilg ggﬁl‘: MWM:W - 1522 ﬁgg;g; f)) <ggg; nglutain§rltransferase; HBV, hepgﬁﬁs B
R S virus; HCC, hepatocellular carcinoma;
0.1 i 10 1000 HCV, hepatitis C virus; HR, hazard
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hypovascular hypointense nodules to typical HCC was
reported as 10-17%jvear,”'? which is comparable 1o the
present study. Typical HCC arose exclusively among the
nodules of 8 mm or more, as in previous studies in
which the larger hypovascular hypointense nodules
were found to be the risk factor for progression to typical
HCC in the inidal MRI study.”'®

Hyperintensity on T2WI% or diffusion-weighted
images {DWI)'' also was reported to be useful for
prediction of typical HCC progress in hypovascular
hypointense nodules. In our patients, none of the
nodules in the non-clean liver group showed hyper-
intensity on T2WI, suggesting that the hepatocyte
phase is more sensitive for detecting the early stage
of hepatocarcinogenesis.'> DWI were not evaluated in
this study because this usually detects pathologically
advanced HCC of larger size or with hypervascularity.*
Thus, it is reasonable that the hepatocyte phase can
effectively recognize the earliest stage of HCC develop-
ment without T2ZWI or DWL

In 11 of 17 patients, typical HCC developed at
sites other than the initially detected hypovascular
hypointense nodules. As shown in Figure 3, the inci-
dence rates of such HCC in the non-clean liver group
was significantly higher than in the clean liver group
{P=0.003), indicating that a non-clean liver itself is a
risk factor for HCC development, apart from the detect-
able hypovascular hypointense nodules. In addition,
in four patients with nodules even below 8 mm,
two developed HCC at different sites from the initial
nodules during follow up {data not shown}. Taken
together, a non-clean liver has the higher potential for
hepatocarcinogenesis or for undetectable precursor
lesions. The non-clean liver may reflect more advanced
genetic or epigenetic changes in the background hepa-
tocytes, however, the detailed biological mechanism is
not clear in this study.

Non-clean liver was an independent risk factor
for the development of typical HCC, apart from well-
documented risk factors {Table 2}, such as cirrhosis,
ALT,* -GT,% age and AFP.¥ A non-clean liver is a
significant risk for HCC development also for those
without cirrhosis or with high platelet counts (Fig. 4).
This means patiénts at increased risk of HCC develop-
ment can be discerned as having a non-clean liver even
among low-risk subgroups.

Conversely, patients without such nodules (clean liver
group) showed a significantly lower risk of developing
typical HCC than those with non-clean livers (0.0% vs
11.1% at 1 year, 6.8% vs 55.5% at 3 vears of follow up;
P<0.001), suggesting that gadoxetic acid-enhanced

HCC risk assessment using EOB-enhanced MRI 1345

MRI could detect precursor lesions sensitively enough to
rule out imimediate {within 1 year) developmeni of
typical HCC. Although seven patients in the clean liver
group developed typical HCC only after 1 year, these
patients had other risk factors for HCC develop-
ment, including lower platelet counts, implying more
advanced liver cirrhosis or high AFP (data not shown).
Such HCC may arise from precursor lesions that cannot
be visualized by current imaging techniques.

This study is a retrospective study and has some
limitations. We included patients with HBV and HCV
together, because gadoxetic acid-enhanced MRI findings
or HCC development do not differ between these two
groups and HBV or HCV infection is not an indepen-
dent risk factor for typical HCC development. However,
the number of HBV patients was too small (n =26} to
statistically confirm the current result when limited
to HBV patients only. Prospective studies with larger
numbers of patients who have uniform liver disease
etiologies and imaging intervals are needed to verify
our findings in different settings. Although the imaging
interval of the non-clean liver group was shorter than
the clean liver group (3 vs 4 months: P =0.015), the
median intervals between the initial MRI and HCC diag-
nosis was 16 months in the non-clean liver group and
21 months in the clean liver group. They are short
enough for cumulative detection of HCC development
for 3 years and it is assumed that there was little influ-
ence on the conclusions.

In conclusion, patients with chronic viral liver disease
are at high risk for developing typical HCC at any sites of
the liver if they have hypovascular hypointense nodules
on gadoszetic acid-enhanced MRI. These patients should
be closely followed up for developing typical HCC not
only at the same site but also at different sites from the
initial nodule.
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Aim: The predictive value of the recently identified
interferon-A.  (IFNL)4 polymorphism on the outcome of
telaprevir (TVR), pegylated interferon (PEG IFN) plus ribavirin
(RBV) combination therapy for chronic hepatitis C is unknown.
Methods: We assessed predictive factors for sustained viro-
logical response (SVR) for TVR, PEG IFN plus RBV combination
therapy in 283 genotype 1 chronic hepatitis C patients. IFNL4
polymorphism ss469415590 was analyzed by Invader assay. -

Results: SVR rates for patients with IFNL4 TT/TT genhotype

were significantly higher than for those with'the IFNL4 TT/AG.

or AG/AG genotypes (93% and 59%, respectively, P < 0.0001).
In a multivariate regression analysis, prior treatment history
(treatment-naive patients or patients who relapsed during

prior treatment) (odds ratio [OR], 2.385; P = 0.028), rapid viro-
logical response (OR, 6.800; P <0.0001) and 55469415590
TT/TT genotype (OR, 8.064; P <0.0001) were identified as
significant independent predictors for SVR. In patients with
IFNL4 TT/AG or AG/AG genotypes, SVR rates for non-RVR
patients were significantly lower than RVR patients (22% and
75%, respectively, P < 0.0001).

Conclusion: Analysis of IFNL4 polymorphism is a valuable
predictor in patients receiving TVR triple therapy.

Key WOrds: chronic hepatitis C, inteferon lambda 4, rapid
virological response, sustained virological response,
telaprevir
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E447

INTRODUCTION

EPATITIS C VIRUS (HCV) infection is a common

cause of chronic hepatitis and hepatocarcino-
genesis worldwide.’”* To prevent the development of
hepatocellular carcinoma and advanced liver disease,
interferon (IFN)-based therapies are administrated to
patients with chronic HCV infection. Telaprevir (IVR), a
new direct-acting antiviral’ agent, has recently been
approved in several countries. Patients with high viral
load of genotype 1 are treated with a three-drug combi-
nation therapy of TVR, pegylated (PEG) IFN and
ribavirin (RBV) for 24 weeks. Because TVR is a selective
inhibitor of HCV non-structural 3/4A protease activity,
marked improvement in sustained v1rolog1cal response
(SVR) rates are expected.*-®
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Recent genome-wide association studies have shown
that common single nucleotide polymorphisms (SNP)
near the interleukin-28B (IL28B) gene (1s8099917 and
1$12979860) on chromosome 19 are strongly associated

with spontaneous clearance of FICV infection and.

outcome of PEG IFN plus RBY combination therapy.” "

Furthermore, [L288B polymorphisms are also associated
with triple therapy with TVR, PEG JEN and RBV.'!
More recently, Prokunina-Olsson et al. reported that a
polymorphism (ss469415590) within a gene encoding
the novel interferon-lambda 4 (IFNL4) protein is more
strongly associated with HCV dearance and outcome
after PEG IFN plus RBV combination treatment com-
pared to 1$12979860."%' IFNL4 protein can be pro-
duced by individuals who carry the AG allele of the
$84694 15590 variant (IFNL4-AG) but not by individuals
who are homozygous for the IFNL4-TT allele because of
a frame-shift in exon 1 caused by an insertion variant.*®
The 1$12979860 variant is located within intron 1 of
IFNL4. Linkage disequilibrium is strong between the
IFNL4-AG allele and the unfavorable 1s12979860-T
allele in individuals of European or Asian ancestry,
whereas this linkage disequilibrium is moderate in indi-
viduals of African ancestry. Compared to rs12979860,
$s469415590 is more strongly associated with HCV
clearance in individuals of African ancestry, although it
provides comparable information in Europeans and
Asians.

In the present study, we assessed efficacy and predic-

tive factors for SVR and the effect of the IFNL4 polymor-
phism on TVR, PEG IFN plus RBV triple therapy.

METHODS

Patients

TOTAL OF 283 patients with chronic genotype 1

HCV infection who were treated with TVR, PEG
IFN-0-2b plus RBV at Hiroshima University Hospital
and hospitals belonging to the Hiroshima Liver Study
Group were enrolled. All subjects gave written informed
consent to participate in the study. Inclusion criteria for
the therapy included remaining positive for genotype 1
HCV RNA for 6 months. Exclusion citeria included
patients with cirthosis. Patient characteristics are shown
in Table 1. Patients were classified according to response
to prior IEN therapy. Relapse was defined as undetect-
able HCV RNA by the end of the prior treatment, fol-
lowed by a return to detectable HCV RNA levels after
treatment had ended. Non-response was defined as con-
tinuously detectable HCV RNA throughout the prior
treatment. In this study, only three out of 283 patients

IFNL4 polymorphism for TVR/PEG IEN/RBV  E448

Table 1 Patient characteristics

Total
Sex (male/female)
Age (years)
Bodyweight (kg)
Body mass index (kg/m*)
HCV genotype (la/lb)
Level of viremia (log IU/mL)
Aspartate dminotransferase (IU/L)
Alanine aminotransferase (1U1/L)
¥Glutamyltransferase (IL1/L)
Serum creatinine (g/dL)
eGFR (%)
Leukocyte count (/mm?*)
Hemoglobin (g/dL)
Platelet count (x10"/uL)
o-Fetoprotein (ng/L)
Total cholesterol (mg/dL)
Previous treatment response
Naive/relapser/NR
Initial TVR dose (2 250/1 500 mg/
day)
Amino acid substitutions in HCV
genotype Ib
HCV Core70 wild (R)/mutant
(Q or H)/ND
11L.28B
1s8099917 genotype (TT/
TG+GG)
IFNL4 genotype
55469415590 genotype (TT/TT/
TI/AG + AGAG)
ITPA genotype
151127354 genotype (CC/
CA+AA) :

283
143/140
63 (25-79)
60 (36.2-95.7)
23.4 (14.6-42.2)
1/282
6.6 (1.2-7.8)
37 (5-200)
36 (10-286)
30 (9-669)
0.7 (0.42-1.80)
75.4 (30.6-145)
4900 (2 400-37 700)
13.8 (10-17.6)
16.0 (5.2-40.0)
5.2 (1-35.5)
172 (63-251)

60/118/105
162/118

108/83/92

179/104

176/107

279/4

Categorical data are represented as numbers of patients, and
continuous data is represented as median and range.

HCYV, hepatitis C virus; IFNL4, interferon-A 4; ITPA, inosine
triphosphate pyrophosphatase; ND, not determined; NR,

non-responder; TVR, telaprevir.

(1.1%) showed discrepant haplotypes (Table 2). All
three patients showed genotypes with rs8099917 TT,
88469415590 TT/AG and 151127354 CC. Two of the
three patients achieved SVR, and the third showed no
response.

HCV RNA levels

Hepatitis C virus RNA levels were measured using
COBAS Tagman HCV test (Roche Diagnostics, Tokyo,
Japan). The detection limit for the assay was 1.2 log
IU/mL. HCV genotype was determined by sequence
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Table 2 Characteristics of three patients with discrepant haplotypes

Case Sex Age, years 1s8099917 58469415590 1s1127354 Previous Treatment
genotype genotype genotype treatment response
response
1 M 58 T TT/AG CC -~ Relapser RVR, SVR
2 P 58 T TI/AG cC NR - NR
3 M 63 T TT/AG CC Relapser RVR, SVR

NR, non-responder; RVR, rapid virological response; SVR, sustained virological response.

determination in the 5"-non-structural region of the
HCV genome followed by phylogenetic analysis. Amino
acid substitutions at position 70 in the HCV core
protein {core70) were determined using direct sequenc-
ing of polymerase chain reaction products after extrac-
tion and reverse transcription of HCV RNA as in
Akuta et al.'’

SNP genotyping

We genotyped each patient for three SNP: rs8099917
(IL28B); 5469415590 (IENL4); and rs1127354, an
inosine triphosphate pyrophosphate SNP reported to be
associated with ribavirin-induced anemia.'®?' Samples
were genotyped using the Invader assay as described
previously.®*

Therapeutic protocol

All patients were administrated 750 mg of TVR (Telavic;
Mitsubishi Tanabe Pharma, Osaka, Japan) either three
times a day at 8-h intervals after meals (2250 mg/day)
or twice per day (1500 mg/day). The TVR dose-was
determined by each physician according to age, sex,
bodyweight and hemoglobin level. PEG IEN-0.-2b (PEG-
Intron; MSD, Tokyo, Japan) was injected s.c. at a median
dose of 1.5 ug/kg (range, 1.32-1.71) once per week.
RBV (Rebetol; MSD) 200-600 mg was administrated
after breakfast and dinner. The RBV dose was adjusted
by bodyweight (600mg for <60kg; 800mg for
60-80 kg; and 1000 mg for >80 kg). The triple therapy
with PEG IFN-0-2b, RBV and TVR was continued for 12
weeks and then switched to PEG IEN-0-2b and RBV dual
therapy for an additional 12 weeks.

Efficacy of the treatment

Sustained virological response was defined as undetect-
able serum HCV RNA at 24 weeks after the end of treat-
ment. Rapid virological response (RVR) was defined as
undetectable HCV RNA at week 4 of treatment.

Statistical analysis

Continuous variables are presented using the median
and range and were analyzed using the Mann-Whitney
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U-test. Categorical variables were compared using the
x*-test or Fisher’s exact test, as appropriate. Multivariate
analysis was conducted with a Cox proportional hazard
model using the stepwise selection of variables .or two
logistic analyses. All statistical analyses were performed
using the SPSS software package (version 12.0 for.
Windows; SPSS, Chicago, IL, USA), with P < 0.05 denot-
ing statistical significance.

RESULTS

Predictive factors associated with SVR

TOTAL OF 283 patients with chronic genotype 1

HCV infection were treated with TVR, PEG IEN-
0-2b plus RBV. Of these 283 patients, 226 (80%)
achieved SVR. SVR was more likely to be achieved in 51
treatment-naive patients (85%) and 111 patients who
relapsed during prior treatment (94%) compared to 64
patients with non-response to prior treatment (61%)
(Fig. 1). Significant univariate predictors for SVR
included clinical factors (younger patients, aspartate
aminotransferase, alanine aminotransferase, hemoglo-
bin, platelet count, HCV core70 wild, 1s8099917 geno-
type and ss469415590 genotype), previous treatment
response and on-treatment factor (RVR) (Table 3). Mul-
tivariate logistic regression analysis identified naive or
prior relapser (odds ratio [OR], 2.385 for previous non-
responders; P=0.028), RVR (OR, 6.800 for non-RVR;
P<0.0001) and 5469415590 TI/IT genotype (OR,
8.064 for TT/AG + AG/AG genotype; P < 0.0001) as sig-
nificant independent predictors for SVR. The median
adherence of TVR, PEG IEN-c-2b and RBV was 67%,
88% and 52%, respectively. Adherence to any of the
drugs was not identified as a significant independent
predictor for SVR.

Effect of RVR on SVR

Rapid virological response was achieved in 75% of
patients. The SVR rate was significantly higher for
RVR patients than non-RVR patients (88% vs 56%,
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Figure 1 SVR for triple therapy grouped by response to prior
interferon treatment. SVR, sustained virological response at 24
weeks after the end of therapy.

P <0.0001) (Table 3). The RVR rate was significantly
higher for treatment-naive patients and prior relapsers
than previous non-responders (82% vs 62%, P<
0.0001) (Table 3). In multivariate analysis, prior treat-
ment history (OR, 2.807 for previous non-responders;
P < 0.0001) was the only significant factor associated
with RVR.

Effect of IFNL4 genotype and response to
previous IFN treatment

We assessed the relationship between IFNL4 genotype
and SVR. Patients with $s469415590 TT/TT genotype
were significantly more likely to achieve SVR compared
to those with TT/AG or AG/AG genotypes (93% vs
59%, P < 0.0001) (Table 3). Based on the response to
lprevious IFN treatment, SVR rates for treatment-naive
patients and prior relapsers were significantly higher
than for prior non-responders in both $s469415590
TI/TT (96% vs 81%, P=0.00285) and TT/AG or AG/AG
genotypes (74% vs 50%, P < 0.0001) (Fig. 2a).

- Relationship of IFNL4 to SVR and RVR in
non-responders to prior treatment

In patients with IFNL4 TT/IT genotype, achievement of
RVR was not associated with SVR (96% vs 83%,
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P =0.00540). In contrast, in patients with IFNL4 geno-
types TT/AG or AG/AG, the SVR ratio was 75% in RVR
patients but only 22% in non-RVR patients (P < 0.0001)
(Fig. 2b). These results indicate that RVR was more
likely to be associated with SVR in patients with IFNL4
TT/AG or AG/AG genotypes.

Effect of initial TVR dose on
treatment response

In this study, 162 out of 283 (57%) patients were
treated with an initial TVR dose of 2250 mg, and the
remaining 43% of patients were treated with 1500 mg
(Table 1). Initial TVR dose was not associated with
SVR ratios either in IFNL4 TT/TT or TT/AG or AG/AG
genotypes. ‘

DISCUSSION

LTHOUGH TRIPLE THERAPY improves the eradi-

cation rate of treated patients, adverse effects of the
therapy may be severe.** Hence, it is important to
predict the effect of the therapy as early as possible. This
study was conducted to identify pretreatment factors
associated with SVR for triple therapy. Overall, 226 of
283 patients (80%) achieved SVR, but treatment-naive
patients (85%) and prior treatment relapsers (94%)
showed higher SVR rates than prior treatment non-
responders (61%). This suggests that treatment-naive
patients as well as prior treatment relapsers may be good
candidates for triple therapy without regard to other
predictive factors, including IFNL4 genotype.

Single nucleotide polymorphism ss469415590 in the
IFNL4 gene is strongly associated with HCV clearance
through both the innate immune reaction and by PEG
IFN plus ribavirin therapy.’>*¢ This IFNL4 genotype is
also important in predicting the probability of eradicat-
ing the virus by triple therapy. As shown in Table 3,
patients with treatment-favorable IFNL4 genotype TT/TT
showed a 93% eradication rate. Furthermore, the eradi-
cation rate was 81% even in patients with non-response
to prior therapy (Fig. 2a). Accordingly, treatment with
triple therapy is recommend for patients with this
genotype. In contrast, among previously treated patients
with unfavorable genotypes TI/AG or AG/AG, only
treatment-naive patients and prior relapsers had
excellent SVR rates (74%, Fig. 2a). As IFNL4 SNP
$s469415590 is in strong linkage disequilibrium with
IL28B SNP 158099917 and 1s12979860," only three out
of 283 patients (1.1%) showed discrepant haplotypes
in this study (Table 2). Among subgroups of patients
with genotype concordance between 158099917 and
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Table 3 Univariate and multivariate logistic regression analysis of host and viral factors associated with SVR and RVR

SVR Non-SVR Univariate RVR Non-RVR Univariate
(n=226) (n=57) analysis, (n=211) (n=72) analysis,

' P-value P-value
Sex (male/female) 112/114 31/26 0.555 106/105 37/35 0.692
Age (<65/266) 154/72 30/27 0.031 137/74 47/25 1.000
Bodyweight (kg) 59.0+11.0 59.5+10.6 0.809 593+10.6 60.8+12.0 0.249
Aspartate aminotransferase (IU/L) 44 +28.3 58 £33.6 0.001 45+29.2 52+£31.5 0.080
Alanine aminotransferase (IU/L) 46+35.8 54+37.1 0.029 46+£37.2 55+41.5 0.521
eGFR(%) 77+15.1 79 +20.6 0.473 77 £15.780 80£203 - 0.207
Leukocyte count (/mm3) 5253 £1680 5286 £ 1456 0.116 5145 +£2734 5263 £ 1754 0.008
Hemoglobin (g/dL) 14.4+8.01 13.54+1.37 0.047 14.4+83 14.1+14 0.431
Platelet count (x10%/uL) 17.3+5.62 12.8+£4.76 <0.0001 16.0£55 15.8 £ 6.0 0.160
Platelet count (215/<15 x 10%/uL) 136/89 19/38 <0.0001 120/90 35/37 0.220
Previous treatment response (naive or relapse/NR) 162/64 16/41 <0.0001 146/65 32/40 <0.0001
Initial TVR dose (2 250 mg/1 500 mg) 127/98 35/20 0.364 119/90 43/28 0.697
TVR dose adherence (270%j/<70%) - 102/124 15/42 0.011 91/120 26/46 0.333
PEG IEN-0-2b dose adhererice (280/<80%) 156/70 20/37 <0.0001 136/76 41/31 0.325
Ribavirin dose adherence (260/60%) 106/120 15/42 0.007 93/118 28/44 0.492
RVR/non-RVR 186/40 25/32 <0.0001 - - -
HCV Core70 wild (R)/mutant (Q or H) 97/55 11/28 <0.0001 81/61 27/22 0.868
138099917 genotype (TT/TG+GG) 165/61 14/43 <0.0001 138/73 41/31 0.206
55469415590 genotype (TT/TAG + AGAG) 163/63 13/44 <0.0001 136/75 40/32 0.206
151127354 genotype (CC/CA+AA) 167/59 44/13 0.734 159/54 54/18 1.000

Continuous variables are expressed using the median and range. ) ‘
eGFR, estimated glomerular filtration rate; HCV, hepatitis C virus; NR, non-responder; PEG IEN-c-2b, pegylated interferon-oi-2b; RBV, ribavirin; RVR, rapid virological
response; SVR; sustained virological response; TVR, telaprevir. ’
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Figure 2 Relationship between interferon-A (IFNL)4 polymor-
phism and sustained virological response (SVR). (a) The fre-
quency of SVR for triple therapy grouped by ss469415590
genotype with respect to the response to prior interferon
therapy and (b) with respect to rapid virological response
(RVR).

35469415590, the two SNP theoretically show identical
association with treatment outcome irrespective of
which SNP confers the best predictability in the popu-
lation. In contrast, subgroup analysis of genotype dis-
cordant patients may be able to address the question of
which SNP is the best predictor of treatment response
even when the proportion of genotype concordant
patients is very small. Although the small number of
subjects with genotype discordance (n = 3) was not suf-
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ficient to provide statistically significant confirmation,
our findings suggest that ss469415590 is a better predic-
tor of treatment outcome than 1$8099917 in patients
with discordant SNP genotypes. It has been reported
that the strength of linkage disecuilibrium between the
two SNP differs considerably among populations.”
Considering that these two SNP are in strong linkage
disequilibrium in the Japanese population, our
results are not inconsistent with recent findings that
$8469415590 is a functional variant modulating
IENLA4 expression and is more strongly associated with
viral clearance than previously reported IL28B SNP.'®
Bibert et al. has reported that TI/AG polymorphism
(s5469415590) is a better predictor of spontaneous
HCV dearance than 1512979860 and that induction of
1L28B and 1P-10 relies on TT/AG but not r$12979860 in
Caucasian patients.” Thus, 5469415590 seems to con-
sistently show the strongest association among studies,
suggesting that the SNP is a true causal variant across
populations.

More. information is necessary for patients who are
expected to have poor response to the therapy, such as
patients with IFNL4 genotype TT/AG or AG/AG. For
such patients, the rapid change in HCV RNA levels early
in treatment is an important predictor of treatment
success. More than 80% of patients who achieved RVR
also achieved SVR. In contrast, patients with unfavor-
able IFNL4 genotypes who did not achieve RVR also
showed poor response to the therapy; only seven out of
32 patients (22%) in this group achieved SVR (Fig. 2b).

" Accordingly, prolongation of the therapy may be con-

sidered when patients with IFNL4 genotypes associated
with poor response fail to show RVR. )

In the present study, initial TVR dose (2250 mg vs
1500 mg/day) was not associated with treatment
response in patients with either the IENL4 TT/TT geno-
type or the TT/AG or AG/AG genotypes. Although TVR
improved the anti-HCV effect, severe adverse effects
have also been reported.*® The dose of TVR for use in
triple therapy was determined based on a dose-finding
study conducted in the USA and Europe,” which found
that the 2250-mg regimen achieved the greatest reduc-
tion of HCV RNA. However, bodyweights of patients in
the present study were 62 kg compared to 79-91 kg
among US and European patients who were treated with
boceprevir, PEG IFN and RBV combination therapy.* In
fact, RBV dose-reduction rates and discontinuation rates
of TVR treatment due to severe adverse events are higher
in Japan than in the USA and Europe Union.*® It was
reported that the anti-HCV effect of triple therapy was
similar when patients were given TVR at 1500 mg/day
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compared with those given at 2250 mg/day in the
Japanese patients.*”*®

" We demonstrated in this study that SVR may be antici-
pated in patients with the IENL4 TT/TT genotype who
are either treatment-naive or who experienced relapse

instead of non-response during prior IEN therapy.’

However, even among these patients, prediction of SVR
is not assured. Furthermore, we are unaple to predict
the outcome of TVR triple therapy using only pretreat-
ment predictors in patients who were previous non-
responders, especially among those with unfavorable
IFNL4 genotypes, until we can observe whether the
patient achieves RVR. More accurate pretreatment pre-
diction of the response is needed, and new treatments
should be developed to ensure adequate treatment of all
patients with chronic HCV infection, while avoiding the
severe side-effects of TVR triple therapy.
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PNPLA3 1148M associations with liver
carcinogenesis in Japanese chronic
hepatitis C patients
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Abstract

Aim: To investigate associations between patatin-like phospholipase domain-containing 3 (PNPLA3) genotypes and
fibrosis and hepatocarcinogenesis in Japanese chronic hepatitis C (CHC) patients.

Methods: Two hundred and thirty-one patients with CHC were examined for PNPLA3 genotypes, liver stiffness
measurements (LSM), and hepatoceliular carcinoma (HCC) from May 2010 to October 2012 at Fujita Health University
Hospital. The rs738409 single nucleotide polymorphism (SNP) encoding for a functional PNPLA3 1148M protein variant
was genotyped using a TagMan predesigned SNP genotyping assay. LSM was determined as the velocity of a shear
wave (Vs) with an acoustic radiation force impulse. Vs cut-off values for cirrhosis were set at 155 m/s. We excluded
CHC patients with a sustained virological response or relapse after interferon treatment.

Results: PNPLA3 genotypes were CC, CG, and GG for 118, 72, and 41 patients, respectively. Multivariable logistic
regression analysis selected older age (OR = 1.06; 95% Cl: 1.03-1.09; p < 00001), higher body mass index (BMI)
(OR=1.12; 95% Cl: 1.03-1.22; p = 00082), and PNPLA3 genotype GG (OR = 207; 95% Cl: 0.97-4.42; p = 0.0599) as the
factors independently associated with cirrhosis. When 137 patients without past history of interferon treatment
were separately assessed, multivariable logistic regression analysis selected older age (OR = 1.05; 95% Cl: 1.02-1.09;

p = 0.0034), and PNPLA3 genotype GG (OR = 3.35; 95% (Cl: 1.13-9.91; p = 0.0291) as the factors independently
associated with cirrhosis. Multivariable logistic regression analysis selected older age (OR = 1.12; 95% Cl: 107-1.17,

p < 0.0001), PNPLA3 genotype GG (OR = 2.62; 95% Cl: 1.15-5.96; p = 0.0218), and male gender (OR = 1.83; 95% Ci:
090-3.71); p = 0.0936) as the factors independently associated with HCC.

Conclusion: PNPLA3 genotype 1148M is one of risk factors for developing HCC in Japanese CHC patients, and is one of
risk factors for progress to cirrhosis in the patients without past history of interferon treatment.

Keywords: PNPLA3; HCC; Chronic hepatitis C; SNP; Cirrhosis; HCV

Background

It is estimated that 130-170 million people, appro-
ximately 2%—3% of the world’s population, are infected
with the hepatitis C virus (HCV) (Shepard et al. 2005).
Of the >500,000 new cases of hepatocellular carcinoma
(HCC) that occur each year, approximately 25% are
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" attributable to HCV infection (Block et al. 2003). In

Japan, there are an estimated 880,000 HCV carriers aged
16-69 years, and 33,000 deaths occurred each year be-
cause of HCC, 81% of which were attributed to HCV in-
fection (Yoshizawa et al. 2006). Treatments for chronic
hepatitis C (CHC) have improved and the sustained
virological response (SVR) rate has increased to 73%-
86% (Fried et al. 2013; Wada et al. 2014). However, HCC
still occurs in a large number of HCV carriers. There-
fore, the elucidation of factors associated with the

© 2015 Nakaoka et al; licensee Springer. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http7//creativecommons.org/licenses/by/4.0), which permits unrestiicted use, distribution, and reproduction
in any medium, provided the original work is properly credited.

— 689 —



Nakaoka et al. SpringerPlus (2015) 4:83

development of HCC is still an important task to be
continued.

The rs738409 single nucleotide polymorphism (SNP) en-
coding for a functional 1148M protein variant of the
patatin-like phospholipase domain-containing 3 (PNPLA3,
adiponutrin) gene is associated with hepatic steatosis, in-
flammation, fibrosis, and carcinogenesis in nonalcoholic
fatty liver disease (NAFLD) (Romeo et al. 2008; Rotman
et al. 2010; Kawaguchi et al. 2012; Kitamoto et al. 2013).
This PNPLA3 gene polymorphism has also been reported
to be associated with hepatic steatosis, fibrosis, treatment
response, and carcinogenesis with CHC (Valenti et al.
2011; Trepo et al. 2011; Cai et al. 2011; Valenti et al. 2012;
Clark et al. 2012; Dunn et al. 20145 Ezzikouri et al. 2014;
Moritou et al. 2013; Zampino et al. 2013; Trepo et al
20145 Sato et al. 2013). However, several reports did not
find an association of this PNPLA3 gene polymorphism
and some pathological features in CHC (Trepo et al. 2011;
Nischalke et al. 2011; Rembeck et al. 2012; Miyashita et al.
2012; Takeuchi et al. 2013; Nakamura et al. 2013; Guyot
et al. 2013). Therefore, the association of this PNPLA3
gene polymorphism and pathological features remains to
be validated.

Although liver biopsy is the gold standard for diagnos-
ing liver fibrosis, it is an invasive procedure and incurs a
high cost. Therefore, it is difficult to perform liver biop-
sies when numerous patients are involved. However,
noninvasive methods have been developed to assess liver
fibrosis. Liver stiffness measurements (LSM) by transient
elastography (TE) with a Fibroscan (Arima et al. 2010)
and the velocity of a shear wave (Vs) measured by an
acoustic radiation force impulse (ARFI) (Friedrich-Rust
et al. 2009; Nishikawa et al. 2014) are correlated with
the liver fibrosis stage in various liver diseases.

In the present study, we investigated possible associa-
tions of a PNPLA3 gene polymorphism with fibrosis and
the development of HCC in Japanese patients with
CHC. We used ARFI to assess hepatic fibrosis.

Results
PNPLA3 genotypes
For PNPLA3 (rs738409 C > G) genotypes, 118 patients
had CC, 72 had CG, and 41 had GG. The G allele fre-
quency was 33.3%. Vs values tended to be higher for pa-
tients with GG than for those with CG (p = 0.0636) and
were higher than for those with CC, although there was
no statistically significant difference (Figure 1). The fre-
quency of HCC was higher among patients with GG
than among those with CG or CC, although there was
no statistically significant difference (Figure 2). There-
fore, subsequent comparisons were made between pa-
tients with GG and those with CG or CC.

The patients with GG tended to have higher aspartate
aminotransferase (AST) levels (p = 0.0946) and higher

Page 2 of 11
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Figure 1 Vs values among PNPLA3 genotypes. Vs values tended
1o be higher for patients with GG than for those with CG (p = 0.0636)
and was higher than for those with CC, although there was no

statistically significant difference.
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Figure 2 Frequencies of hepatocellular carcinoma among
PNPLA3 genotypes. The hepatocellular carcinoma frequency was
higher for patients with GG than for those with CG or for those with
CC, although there was no statistically significant difference.
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total bilirubin levels (p = 0.0876) and had significantly
lower platelet counts (p = 0.0276), lower prothrom-
bin times (p = 0.0407), higher hyaluronic acid levels
(p = 0.0365), higher Vs values (p = 0.0126), and a higher
frequency of HCC (p = 0.0200) than those with CG or
CC (Table 1).

Factors associated with cirrhosis estimated by ARFI
Vs cut-off values for cirrhosis were set at 1.55 m/s, based
on a report by Sporea et al.(Sporea et al. 2012). A total of
117 patients had Vs values of = 1.55 m/s and were consid-
ered to have liver cirrhosis. As shown in Table 2, cirrhosis
was associated with older age (p < 0.0001), higher body
mass index (BMI) values (p = 0.0281), PNPLA3 genotype
GG (p = 0.0318), higher AST levels (p < 0.0001), higher
alanine aminotransferase (ALT) levels (p = 0.0195),
lower albumin levels (p < 0.0001), lower platelet counts
(p < 0.0001), lower prothrombin times (p < 0.0001), higher
hyaluronic acid levels (p < 0.0001), higher a-fetoprotein
(AFP) levels (p = 0.0452), higher protein induced by the
vitamin K absence or antagonist-II (PIVKA-II) levels
(p = 0.0023), HCV genotype 1 (p = 0.0283), and the pre-
sence of HCC (p < 0.0001).

Factors possibly associated with the progression to cir-
rhosis were assessed by multivariable regression analysis

Page 3 of 11

(Table 2). These factors included age, gender, BMI,
PNPLA3 genotype, and HCV genotype. AST, ALT, albu-
min, platelet count, prothrombin time, hyaluronic acid,
AFP, and PIVKA-II that were associated with cirrhosis
by univariate analyses were excluded because they were
apparently the result of cirrhosis but not the causes for
the progression to cirrhosis. Because gender was reported
to be associated with progression to cirrhosis (Poynard
et al. 1997), gender, which was not associated with cirrho-
sis by univariate analysis, was included among the factors
possibly associated with progression to cirrhosis. This ana-
lysis showed that older age (OR = 1.06; 95% CI: 1.03-1.09;
p < 0.0001), higher BMI values (OR = 1.12; 95% CL 1.03—
1.22; p = 0.0082), and PNPLA3 genotype GG (OR = 2.07;
95% CI: 0.97-442; p = 0.0599) were factors indepen-
dently associated with progression to cirrhosis, although
the association with PNPLA3 genotype GG was only a
tendency.

One hundred thirty seven patients without past history
of interferon (IFN) treatment were separately assessed.
Cirrhosis was associated with age (p = 0.0011), PNPLA3
genotype (p = 0.0113), AST levels (p < 0.0001), ALT
levels (p = 0.0027), albumin levels (p < 0.0001), total bili-
rubin levels (p = 0.0078), platelet counts (p < 0.0001),
prothrombin times (p = 0.0002), hyaluronic acid levels

Table 1 Characteristics of 231 patients studied and comparison among PNPLA3 genotypes

All patients Patients with GG Patients with CC or CG ~ Comparison between
-0 e oo S
Age (yrs) 629 =113 638 £ 106 627 £ 115 NS
Gender (male/female) 103/128 19/22 84/106 NS
BMI (1(g/m2) 225+ 35 233+ 36 223 £35 NS
Response to IFN treatment (NVR/no past IFN therapy) ~ 94/137 19/22 75/115 NS
PNPLA3 (GG/CG/CQ) 41/118/72
AST (U/L) 57.0 + 488 685 = 619 545 + 453 p = 0.0946
ALT (U/L) 629 + 761 638 £516 627 £ 805 NS
y-GTP (IU/L) 589 + 781 60.6 £ 635 585+ 810 NS
Albumin (g/dL) 41£06 40x£06 41+06 NS
Total bilirubin (mg/dL) 1008 12+08 0908 p = 0.0876
Platelet count («10%/pL) 134£56 1.7 £54 138+ 55 p = 00276
Prothrombin time (%) 943 + 186 889 +17.7 955 £ 187 p = 0.0407
Hyaluronic acid {(ng/mL) 236.6 + 3377 3405 + 4903 2145 +£ 2923 p = 0.0365
a-fetoprotein (ng/mLb) 79.1 £5283 663 £ 1935 819 + 5780 NS
PIVKA-I(mAU/mL) 247 =231 293 £ 364 237 £189 NS
HCV genotype (1/2/3) 188/41/2 34/7/0 150/37/2 NS
HCV RNA (log IU/mL) 6.1 +10 61+13 61 +£10 NS
Velocity of shear wave (m/s) 166 £0.52 191 =070 165 =057 p=00126
Hepatocellular carcnoma (present/absent) 48/183 14/27 22/9%6 p = 0.0200

PNPLA3, patatin-like phospholipase domain-containing 3; BMI, body mass index; IFN, interferon; NVR, non-virological response; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; y-GTP, y-giutamyltranspeptidase; PIVKA-II, protein induced by Vitamin K absence or antagonist-I; Vs, velocity of shear wave;

NS, not significant.
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Table 2 Comparison between the patients with Vs < 1.55 m/s and those with Vs 2 1.55 m/s in all the 231 patients

Patients with Patients with

Comparison between

Multiple regression analysis for

Vs 2 1.55 m/s Vs < 1.55 m/s patients with Vs < 1.55 m/s factors associated with 2 1.55 m/s
(n=117) (n =114) and those with Vs 2 1.55 m/s Odds ratio (95% p
confidence interval)

Age {yrs) 661 & 100 800+ 116 p < 00001 1.06 (1.03 - 1.09) P < 0.0001

Gender (male/female) 51/66 52/62 NS NS

BMI (kg/m?) 230+ 37 220432 p = 00281 1120003 -1.22) p = 0.0082

Response to IFN treatment 45/72 49/65 NS

(NVR/no past IFN therapy)

PNPLA3 (GG/CC - CG) 27/90 14/100 p = 00318 207 (097 - 442) p = 00599

AST (lUL) 70.2 =473 424 + 464 p < 00007

ALT (U/L) 74.0 4790 5064 4+ 713 p = 00195

y-GTP (U/L) 61.2 502 564 + 1004 NS

Albumin (g/dL) 38 +£07 44 & 04 p < 00001

Total bilirubin (mg/dL) 1.03 £ 0.56 087 £ 1.05 NS

Platelet count x10%/uL) 107 + 44 16.3 +£ 52 p < 0.0001

Prothrombin time (%) 88.0 + 14.8 101.2 + 200 p < 00001

Hyaluronic acid (ng/ml.) 348.1 £ 3307 1230 = 306.7 p < 00001

a-fetoprotein (ng/mlL 146.0 £ 7260 530 £52 p = 00452

PIVKA-IImAU/mL) 293 +29.8 200 109 p = 00023

HCV genotype (1/2/3) 101/14/2 87/27/0 p = 00283 NS

HCV RNA (log 1U/ml) 6.2 £09 6.1 + 11 NS

Velocity of shear wave (m/s) 198 £ 046 127 £0.26 p < 0.0001

Hepatocellular carcnoma 42/75 6/108 p < 0.0001

(present/absent)

Vs, velocity of shear wave; BMI, body mass index; IFN, interferon; NVR, non-virological response; PNPLA3, patatin-like phospholipase domain-containing 3;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; y-GTP, y-glutamyltranspeptidase; PIVKA-II, protein induced by Vitamin K absence or antagonist-Ii ;

NS, not significant.

(p = 0.0006), AFP levels (p = 0.0553), PIVKA-II levels
(p = 0.0072), and the presence of HCC (p < 0.0001)
(Table 3). Age, gender, and PNPLA3 genotype were
assessed for the factors possibly associated with the pro-
gression to cirrhosis by multivariable regression analysis
(Table 3). This analysis showed that older age (OR = 1.05;
95% CI: 1.02-1.09; p = 0.0034), and PNPLA3 genotype
GG (OR = 3.35; 95% CIL: 1.13-9.91; p = 0.0291) were
factors independently associated with progression to
cirrhosis.

Ninety four patients with non-virological response
(NVR) of past IFN treatment were separately assessed.
Cirrhosis was associated with age (p = 0.0026), BMI
values (p = 0.0274), albumin levels (p < 0.0001), platelet
counts (p < 0.0001), prothrombin times (p < 0.0001), hya-
luronic acid levels (p < 0.0001), AFP levels (p < 0.0001),
and the presence of HCC (p = 0.0017) (Table 4). Age, gen-
der, and BMI were assessed for the factors possibly asso-
ciated with the progression to cirrhosis by multivariable
regression analysis (Table 4). This analysis showed that
older age (OR = 1.08; 95% CI: 1.03-1.13; p = 0.0023),

and higher BMI values (OR = 1.20; 95% CI: 1.04-1.39;
p = 0.0156) were factors independently associated with
progression to cirrhosis.

Factors associated with the development of HCC

As shown in Table 5, HCC was associated with older age
(p < 0.0001), PNPLA3 genotype GG (p = 0.0200), higher
AST levels (p = 0.0158), lower albumin levels (p < 0.0001),
higher total bilirubin levels (p = 0.0010), lower platelet
counts (p < 0.0001), lower prothrombin times (p < 0.0001),
higher hyaluronic acid levels (p < 0.0001), higher AFP
levels (p = 0.0009), higher PIVKA-II levels (p = 0.0030),
and higher Vs values (p < 0.0001).

Factors possibly associated with the development of
HCC were assessed by multivariable regression analysis
(Table 5). These factors included age, gender, and
PNPLA3 genotype. AST, albumin, total bilirubin, platelet
count, prothrombin time, hyaluronic acid, AFP, PIVKA-I],
and Vs that were associated with HCC by univariate
analyses were excluded because they were apparently the
result of cirrhosis, which is a major risk factor for HCC,
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Tabie 3 Comparison between the patients with Vs < 1.55 m/s and those with Vs = 1.55 m/s in the 137 patients without

past history of IFN treatment

Patients with  Patients with

Comparison between Multiple regression analysis for

Vs2 155 m/s Vs < 1.55m/s patients with Vs < 1.55 m/s  factors associated with 2 1.55 m/s
n=72) (n = 65) and those with Vs 2 1.55 m/s Odds ratio (95% p
confidence interval)

Age (yrs) 67.3+103 609+120 P = 00011 1.05 (1.02 - 1.09) o = 0.0034

Gender (male/female) 33/39 31/34 NS NS

BMI (kg/m?) 226436 21734 NS

PNPLA3 (GG/CC - CG) 17/55 5/60 P=00113 335 (1.13-991) p = 0.0291

AST (U/L) 76.7+56.2 37.3+284 p < 0.0001

ALT (IUAL) 82.9+96.2 43.6£41.1 P = 00027

y-GTP (IU/L) 64.0+57.3 519+77.1 NS

Albumin (g/dL) 3706 4.3+£04 p < 0.0001

Total bilirubin (mg/dL) 1.1+£07 0.8+£0.6 P = 00078

Platelet count (x10%/uL) 104445 159453 p < 0.0001

Prothrombin time (%) 87.1£154 99.1x215 P = 0.0002

Hyaluronic acid (ng/mL) 385.0+383.0 148.8+371.4 P = 0.0006

a-fetoprotein (ng/mt) 233949391 6.8+10.8 P = 0.0553

PIVKA-II(mAU/mL) 32.9+36.1 200+119 P = 00072

HCV genotype (1/2/3) 61/10/1 48/17/0 NS

HCV RNA (log IU/mL) © 6.0+09 6.2+13 NS

Velocity of shear wave (m/s) 2144046 1.23+1.0 p < 0.0001

Hepatocellular carcnoma (present/absent)  28/44 3/62 p < 0.0001

Vs, velocity of shear wave; BMI, body mass index; IFN, interferon; PNPLA3, patatin-like phospholipase domain-containing 3; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; y-GTP, y-glutamyltranspeptidase; PIVKA-II, protein induced by Vitamin K absence or antagonist-ll ; NS, not significant.

but not the causes of cirrhosis or development of HCC.
Because gender was reported to be associated with the de-
velopment of HCC (Asahina et al. 2010), gender, which
was not associated with HCC by univariate analysis, was
included for multivariable analysis. This analysis showed
that older age (OR = 1.12; 95% CI: 1.07-1.17; p < 0.0001),
PNPLA3 genotype GG (OR = 2.62; 95% CI: 1.15-5.96;
p = 0.0218), and male gender (OR = 1.83; 95% CI: 0.90-
3.71; p = 0.0936) were factors independently associated
with the development of HCC, although the association
with gender was only a tendency.

One hundred thirty seven patients without past history of
IFN treatment were separately assessed. HCC was associ-
ated with age (p = 0.0002), PNPLA3 genotype (p = 0.0928),
AST levels (p = 0.0032), albumin levels (p < 0.0001), total
bilirubin levels (p < 0.0001), platelet counts (p = 0.0008),
prothrombin times (p = 0.0002), hyaluronic acid levels
(p = 0.0002), AFP levels (p = 0.0016), PIVKA-II levels
(p < 0.0001), and Vs values (p < 0.0001) (Table 6). Age,
gender, and PNPLA3 genotype were assessed for factors
possibly associated with the development of HCC by mul-
tivariable regression analysis (Table 6). This analysis
showed that older age (OR = 1.09; 95% CI: 1.04-1.15;

p = 0.0006) was an only factor independently associated
with the development of HCC.

Ninety four patients with NVR of past IFN treatment
were separately assessed. HCC was associated with age
(p < 0.0001), PNPLA3 genotype (p = 0.0871), albumin
levels (p < 0.0001), platelet counts (p = 0.0008), prothrom-
bin times (p = 0.0295), hyaluronic acid levels (p = 0.0002),
AFP levels (p = 0.0005), PIVKA-II levels (p = 0.0134), and
Vs values (p = 0.0002) (Table 7). Age, gender, and
PNPLA3 genotype were assessed for the factors possibly
associated with the development of HCC by multivariable
regression analysis (Table 7). This analysis showed that
older age (OR = 1.19; 95% CI: 1.08-1.32; p = 0.0007), and
PNPLA3 genotype GG (OR = 3.95; 95% CI 1.00-15.61;
p = 0.0497) were factors independently associated with
the development of HCC.

Discussion

In this study, we demonstrated that a PNPLA3 gene
polymorphism was associated with the progression of
fibrosis to cirrhosis and development of HCC, although
the association with cirrhosis was only a tendency by
multivariable analysis in all the 231 patients studied.
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Table 4 Comparison between the patients with Vs < 1,55 m/s and those with Vs = 1.55 m/s in the 94 patients with

NVR of past IFN treatment

Patients with  Patients with

Comparison between Multiple regression analysis for

Vs 2 155 m/s Vs < 1.55m/s patients with Vs < 1.55 m/s  factors associated with 2 1.55 m/s
(n = 45) (n = 49) and those with Vs 2 1.55 m/s Odds ratio (95% p
confidence interval)
Age {yrs) 64.53+9.4 5774108 P = 00026 1.03 (1.03-1.13) p = 00023
Gender (male/fernale) 18/27 21728 NS NS
BMI (kg/rr@‘,: 237438 22.2+28 P = 00274 1.20 (1.04 - 1.39) p = 00156
PNPLA3 (GG/CC - CG) 10/35 9740 NS
AST (U/L) 59.6422.0 5174639 NS
ALT (lU/L) 58.6+312 62.8+98.8 NS
y-GTP (IU/L) 57.2+371 6214122, NS
Albumin (g/dL) 39+07 44403 < 0.0001
Total bilirubin (mg/dL) 09403 1.0+1.4 NS
Platelet count (x10/ul) 111444 16751 p < 0,0001
Prothrombin time (%) 88.5+14.1 104.0£16.5 D < 0.0001
Hyaluronic acid (ng/mlL) 305.24229.7 89.3x170.5 p < 0.0001
a-fetoprotein (ng/ml) 20.1£18.0 49436 p < 0.0001
PIVKA-(mAU/mL) 23.5£139 19993 NS
HCV genotype (1/2/3) 40/4/1 39/10/0 NS
HCV RNA (log IU/mL) 6.3+09 6.0+1.3 NS
Velocity of shear wave (m/s) 2.20+0.50 1.23£0.16 p < 0.0001
Hepatocellular carcnoma (present/absent)  14/31 3/46 P = 00017

NVR, non-virological response; IFN, interferon; Vs, velocity of shear wave; BMI, body mass index; PNPLA3, patatin-like phospholipase domain-containing 3;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; y-GTP, y-glutamyltranspeptidase; PIVKA-Il, protein induced by Vitamin K absence or antagonist-ll ;

NS, not significant.

When the patients without past IFN treatment and those
with NVR of past IFN treatment were separately ana-
lyzed, a PNPLA3 gene polymorphism was selected as a
factor independently associated with progression to cir-
rhosis in those without previous IFN treatment but not
in those with NVR of past IFN treatment. A PNPLA3
gene polymorphism was selected as a factor independ-
ently associated with development to HCC in those with
NVR of past IFN treatment but not in those without
past IFN treatment.

PNPLA3 polymorphisms have been reported to be as-
sociated with hepatic steatosis, inflammation, fibrosis,
and carcinogenesis in NAFLD (Romeo et al. 2008;
Rotman et al. 2010; Valenti et al. 2010; Sookoian and
Pirola 2011; Burza et al. 2012; Kawaguchi et al. 2012;
Kitamoto et al. 2013). PNPLA3 polymorphisms have also
been reported to be associated with hepatic steatosis,
fibrosis, treatment response, and carcinogenesis in CHC
(Valenti et al. 2011; Trepo et al. 2011; Cai et al. 2011;
Valenti et al. 2012; Clark et al. 2012; Dunn et al. 2014;
Ezzikouri et al. 2014; Moritou et al. 2013; Zampino et al.
2013; Trepo et al. 2014; Sato et al. 2013). However,

several reports have not found an association of
PNPLA3 polymorphisms with fibrosis and carcinogen-
esis in CHC (Trepo et al. 2011; Nischalke et al. 2011;
Rembeck et al. 2012; Miyashita et al. 2012; Takeuchi
et al. 2013; Nakamura et al. 2013; Guyot et al. 2013).

A significant association was reported between a
PNPLA3 polymorphism and HCC in patients with CHC
(Valenti et al. 2011; Ezzikouri et al. 2014), while other
studies did not find a significant association(Nischalke
et al. 2011; Guyot et al. 2013). A meta-analysis performed
by Trepo et al. showed that a PNPLA3 polymorphism was
strongly associated with HCC, although the association
was stronger in patients with alcoholic liver disease
(OR = 2.20; 95% CI: 1.802.67; P = 4.71 x 10*°) than that
in patients with CHC {OR = 1.55; 95% CIL 1.03-2.34;
P = 3.52 x 107%) (Trepo et al. 2014). In Japanese studies,
Moritou et al. reported that a PNPLA3 polymorphism was
significantly associated with serum AFP level (Moritou
et al. 2013), and Sato et al. reported that the median time
between HCV infection and the development of HCC was
significantly shorter for patients with the PNPLA3 GG
genotype in HCV-related HCC (Sato et al. 2013). The

— 694 —



