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Impact of PNPLA3 polymorphisms on the development of
hepatocellular carcinoma in patients with chronic hepatitis

C virus infection

Masaya Sato,’ Naoya Kato,? Ryosuke Tateishi," Ryosuke Muroyama,? Norie Kowatari,?
Wenwen Li,? Kaku Goto,? Motoyuki Otsuka,' Shuichiro Shiina," Haruhiko Yoshida,’

Masao Omata® and Kazuhiko Koike’

'Department of Gastroenterology, Graduate School of Medicine, 2Unit of Disease Control Genome Medicine,
Institute of Medical Science, The University of Tokyo, Tokyo, and *Yamanashi Prefectural Hospital Organization,

Kofu, Japan

Aim: The PNPLA3 rs738409 C>G polymorphism (encoding
for 1148M) has recently been identified as a susceptibility
factor for steatosis-mediated liver damage. We evaluated the
influence of this polymorphism on hepatocarcinogenesis in
patients with chronic hepatitis C (CHC} virus infection.

Methods: We genotyped the rs738409 single nucleotide
polymorphism in 358 hepatitis C-associated hepatocellular
carcinoma (HCC) patients and correlated the age at onset
of HCC and the interval between hepatitis C virus (HCV)
infection and the development of HCC in patients with each
genotype.

Results: The frequencies of CC, CG and GG genotypes were
27.9% (100/358), 49.2% (176/358) and 22.9% (82/358), respec-

tively, and were in Hardy-Weinberg equilibrium. The median
age at onset of HCC for the GG genotype was significantly

younger compared to for non-GG genotypes (67.81 vs
69.87 years, P < 0.001), and the median interval between HCV
infection and the development of HCC was significantly
shorter in patients with the GG genotype (39.96 vs 40.85
years, P = 0.008). PNPLA3 GG genotype was also associated
with a higher aspartate aminotransferase level (69.5 vs
59.0 IU/L, P = 0.02), lower prothrombin time (73.0% vs 78.0%,
P =0.008) and a higher prevalence of histological steatosis
(40.0% vs. 22.2%, P = 0.01) at the time of HCC onset.

Conclusion: The PNPLA3 genotype GG may be associated
with accelerated hepatocarcinogenesis in CHC patients
through increased steatosis in the liver.

Key words: fibrosis, hepatocarcinogenesis, risk allele,
rs738409, steatosis

INTRODUCTION

EPATITIS C VIRUS (HCV) infection is a major
health burden, with 130-170 million people
infected, representing nearly 3% of the world’s popula-
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tion.! HCV infection is one of the major causes of
chronic hepatitis, liver cirthosis and hepatocellular
carcinoma (HCC).?

In epidemiological studies of chronic HCV infection
(CHC), age, duration of infection, alcohol consumption,
co-infection with HIV, low CD4 count, male sex and
HCV genotype 3 have been shown to be associated with
histological activity.>® We also reported higher body
mass index (BMI) as an independent risk factor for HCC
development in CHC patients.” Although these factors
explain part of the extreme variability seen in fibrosis
progression among HCV-infected patients, they do
not completely account for the differences. Genetic
host factors have long been suspected to play a role
in CHC.'""? Recently, two genome-wide association
studies (GWAS) carried out in Japan reported genetic
factors, MICA locus (rs2596542) and DEPDC5 locus
(rs1012068), associated with HCV-related HCC."***
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Because of the global epidemic of obesity, non-
alcoholic fatty liver disease (NAFLD) is rapidly becom-
ing the most common liver disorder worldwide.'>'®
Liver steatosis also has gained increasing attention as a
modifier of CHC progression. In fact, hepatic steatosis is
a common histological feature of CHC, seen in more
than half of patients, and has been associated with fibro-
sis progression and increased risk of HCC via overpro-
duction of reactive oxygen species.'”'

Adiponutrin encoded by PNPLA3 has been reported
to have both lipolytic and lipogenic properties.”
Recently, independent GWAS identified a single
nucleotide polymorphism (SNP; rs738409 C>G) in the
PNPLA3 gene on chromosome 22, encoding an isoleu-
cine to methionine substitution (p.1148M) of patatin-
like phospholipase A3 as a genetic determinant of liver
fat content or disease severity.”*** A recent meta-analysis
showed that this polymorphism has been related, in
NAFLD, to inflammatory activity and progression of
fibrosis.?” The previous basic research showed that the
PNPLA3 1148M impairs hydrolytic activity against
triacylglycerol in vitro and is thought to lead to accumu-
lation of triacylglycerol.** Other studies using mice
showed that the inactivation of PNPLA3 has no effect
on hepatic fat accumulation,? but the overexpression
of PNPLA3 1148M causes an increase in hepatic
triacylglycerol content.”® The rs738409 polymorphism
was also found to be associated not only with elevated
liver enzymes or prevalence of fatty liver histology in
healthy subjects,?° but also with disease severity and
fibrosis in NAFLD,**"3? alcoholic liver disease®™*' and
CHC.?>3¢ However, the influence of PNPLA3 (1s738409
C>G) polymorphism on HCV-related HCC still remains
controversial.**?**” In the present study, we focused on
the association between the 15738409 SNP and the age
at onset of HCC and the interval between HCV infection
and the development of HCC to evaluate the influence
of the PNPLA3 polymorphism on hepatocarcinogenesis
in CHC patients.

METHODS

Patients

HIS RESEARCH PROJECT was approved by the

ethics committees of the University of Tokyo
(no. 400). The patients analyzed in the present study
were derived from a HCV study cohort of the University
of Tokyo Hospital. All patients visited the liver clinic at
our institution between August 1997 and August 2009
and agreed to provide blood samples for human
genome studies along with written informed consent

© 2013 The Japan Society of Hepatology
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according with the Declaration of Helsinki. We enrolled
patients who had developed HCC and received initial
therapy for HCC at our institution by 31 January 2010,
and with samples available for genotyping. Exclusion
criteria were positivity for hepatitis B surface antigen
and presence of biliary disease. We also excluded
patients without information on BMI, daily alcohol
intake, HCV genotype and HCV viral load. Finally, 358
patients were enrolled, and all subjects were Japanese.
We analyzed the association of rs738409 C>G polymor-
phism with the age at onset of HCC and the interval
between HCV infection and the development of HCC.
Because we lacked knowledge of the exact date of hepa-
titis C seroconversion, the duration of HCV infection
was estimated indirectly, based on the year of the first
transfusion.

Diagnosis of HCC

Hepatocellular carcinoma was diagnosed by dynamic
computed tomography, and hyperattenuation in the
arterial phase with washout in the late phase was con-
sidered a definite sign of HCC. When the diagnosis
of HCC was ambiguous, an ultrasound-guided tumor
biopsy was performed, and a pathological diagnosis was
made based on the Edmondson and Steiner criteria.*®

Genotyping

Human genomic DNA was extracted from the whole
blood of each patient. Genotyping for the PNPLA3
1$738409 C/G polymorphism was performed by poly-
merase chain reaction (PCR) using the TagMan pre-
designed SNP Genotyping Assay (Applied Biosystems,
Foster City, CA), as recommended by the manu-
facturer. Allele-specific primers were labeled with
fluorescent dye (6-carboxyfluorescein or hexachloro-6-
carboxyfluorescein) and used in the PCR reaction.
Aliquots of the PCR products were genotyped using an
allele-specific probe of the SNP on a real-time PCR
thermocycler (MX3000P; Stratagene, La Jolla, CA, USA).
Samples were subjected to 45 cycles of denaturation for
15 s at 95°C, annealing of primers for 30 s at 60°C and
elongation for 30 s at 60°C.

Study end-point

We analyzed the relationship between host factors,
including PNPLA3 (13738409 C>G) polymorphisms,
sex, BMI, alcohol consumption and HCV genotype, and
the age at onset of HCC or the interval between HCV
infection and the development of HCC (the primary -
end-points of this study). We also examined the rela-
tionship between 15738409 polymorphisms and clinical
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findings at the onset of HCC (the secondary end-point),
such as biochemical markers and histological findings.
The histological grade of disease activity and the histo-
logical stage of fibrosis were assessed using the repro-
ducible METAVIR scoring system as follows: grades Al
to A3 for the degree of necroinflammatory activity
(A1 = mild to A3 = marked), and stages FO to F4 for the
degree of fibrosis (FO = no fibrosis to F4 = cirrhosis).*”*
The presence of steatosis was studied as a qualitative
(<5% vs 25%) variable.

Statistical analysis

Continuous variables are presented as medians with
1st and 3rd quartiles, whereas categorical variables are
expressed as frequencies (%). Categorical data were ana-
lyzed using the y’-test, and stepwise logistic regression
analyses were used to adjust the influence of the
PNPLA3 genotype by other covariates such as sex, BMI
(<25 or not) and alcohol consumption (<50 g/day or
not). For continuous data, the univariate associations
were evaluated using Student’s t-test or the non-
parametric Wilcoxon rank sum test as appropriate.
Because the age at onset of HCC and the length of
time between HCV infection and the development of
HCC (the primary end-points of this study) satisfied
the assumption of normal distribution (Kolmogorov-
Smirnov test, P> 0.05), we used stepwise regression
analysis for multivariate analyses. We evaluated the
association between the 15738409 mutant G allele and
each outcome using a recessive model of inheritance,
comparing G allele homozygotes (GG genotype) with
patients carrying one copy or no copies of the G allele
(CG or CC genotypes) because this was suggested to be
the most appropriate one by studies of the impact of

15738409 on CHC liver damage.***' The Jonckheere- -

Terpstra trend test for continuous variables and the
Cochran-Armitage trend test for categorical variables
were used to evaluate the increasing or decreasing ten-
dency of the findings across 1s738409 CC, CG and GG
genotypes. All statistical analyses were two-sided, and
the threshold of the reported P-values for significance
was less than 0.05. All statistical analyses were per-
formed using the R version 2.13.1 software (http://
WWW.I-project.org).

RESULTS

Patient characteristics

ATIENT CHARACTERISTICS ARE shown in Table 1.
Frequencies of the rs738409 CC, CG and GG
genotypes were 27.9% (100/358), 49.2% (176/358)

PNPLA3 and the risk of HCV-related HCC 3

Table 1 Clinical characteristics and genotype distributions of
the subjects (n=358)

Parameter Values

Median age at onset of HCC, years
Male sex

BMI >25

Alcohol consumption (>50 g/day)
PNPLA3 genotype

69.76 (63.88-75.35)
200 (55.9%)
67 (18.7%)
75 (20.9%)

cc 100 (27.9%)
cG 176 (49.2%)
GG 82 (22.9%)
G allele frequency 0.47
HCV genotype
Genotype 1 271 (75.7%)

Genotype 2 87 (24.3%)

Continuous variables are presented as medians with 1st and
3rd quartiles, and categorical variables as numbers and
frequency (%).

BMI, body mass index; HCC, hepatocellular carcinoma; HCV,
hepatitis C virus.

P =0.0006*

Age at onset of HCC

CcC CG GG
PNPLAS3 (rs738409) genotype

Figure 1 Box and whisker and dot plot: distributions of the
age at onset of hepatocellular carcinoma (HCC) in each
genotype. The dashed line connects the median value of each
genotype, and the solid line shows the linear regression. The
Jonckheere-Terpstra trend test showed a significant trend
across the CC, CG and GG alleles (P =0.005). *P-values after
adjustment for sex, body mass index and alcohol consump-
tion. tP-value by the Jonckheere-Terpstra trend test.

© 2013 The Japan Society of Hepatology
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and 22.9% (82/358), respectively. The SNP genotype
distribution was in Hardy-Weinberg equilibrium
(P-value was non-significant). The median age at onset
of the HCC patients was 69.76 years, and approximately
55% were male.

Primary end-point

Table 2 shows the age at onset of patients with HCC and
the associations among rs738409 genotypes, sex, BMI,
alcohol consumption, HCV genotype and HCV viral
load. The median ages (1st-3rd quartile) at onset in
patients with HCC for the rs738409 GG and non-GG
(CC/CG) genotypes were 67.8 years (range, 60.6-74.0)
and 69.9 years (range, 65.2-75.6), respectively. The
median age was significantly younger in patients with
the 1738409 GG genotype than in those with non-GG
genotype (P=0.004). In multivariate analysis, early
age at onset of HCC was independently associated
with 15738409 GG genotype (P < 0.001), male sex (P =
0.004) and higher BMI (P =0.03). The median ages at
onset of patients with HCC for the CC and CG
genotypes were 70.3 and 69.7 years, respectively. The
Jonckheere-Terpstra trend test showed a significant
trend across the GG, CG and CC alleles (P=0.005;

Table 2 Factors associated with the age at onset of HCC (n =358)

Hepatology Research 2014

Fig. 1). One hundred and sixty-six patients had histories
of blood transfusion. The median (1st-3rd quartile)
intervals between blood transfusion and the onset of
HCC in patients with rs738409 GG and non-GG (CC/
CG) genotypes were 39.96 (range, 33.43-45.84) and
40.85 years (range, 33.52-46.76), respectively. In mul-
tivariate analysis, the median interval between blood
transfusion and the onset of HCC was significantly
shorter in patients with rs738409 GG genotype
(P=10.008) and male sex (P < 0.001) (Table 3).

Secondary end-point

Table 4 shows the clinical findings and associations
between the rs738409 genotypes at the time of HCC
onset. The rs738409 GG genotype was significantly
associated with a higher aspartate aminotransferase
(AST) level (69.5 vs 59.0 IU/L, P=0.02), a lower pro-
thrombin time (72.95% vs 78.00%, P=0.008) and a
higher prevalence of histological steatosis (40.00% uvs.
22.16%, P=0.01) compared to the non-GG genotype
after adjustment for sex, BMI and alcohol consump-
tion. There were no significant associations between
15738409 genotype and histological stage of fibrosis or
histological grade of disease activity. Figure 2 shows the

Variable Median 1st-3rd quartile P-value
Univariate Multivariatet
PNPLA3 genotype 0.004 <0.001
GG 67.81 60.58-73.97
CC/CG 69.87 65.20-75.62
Sex <0.001 0.004
Male 68.59 62.09-74.20
Female 71.81 65.98-76.26
BMI 0.07 0.03
>25 68.95 63.05-73.50
<25 70.49 64.32-75.57
Alcohol consumption 0.02 0.11
>50 g/day 68.25 59.75-73.35
<50 g/day 70.12 64.80-75.47
HCV genotype 0.2
Genotype 1 69.87 64.35-75.53
Genotype 2 68.65 63.50-74.17
Viral load 0.09 0.06
High# 70.57 65.08-75.82
Low$ 68.89 63.75-74.59

tStepwise regression analysis for the age at onset of hepatocellular carcinoma (HCC; the dependent variable) using PNPLA3 genotype,
sex, body mass index (BMI), alcohol consumption, hepatitis C virus (HCV) genotype and HCV viral load as independent variables.

$At or above the median value.
§Below the median value.

© 2013 The Japan Society of Hepatology
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Table 3 Factors associated with the time between HCV infection and the development of HCC (n = 166)

Variable Median 1st-3rd Quartile P-value
Univariate Multivariatet
PNPLA3 genotype 0.47 0.008
GG (n=40) 39.96 33.43-45.84
CC/CG (n=126) 40.85 33.52-46.76
Sex 0.04 <0.001
Male 38.54 31.95-44.93
Female 42.45 35.67-47.25
BMI 0.75 -
>25 kg/m? 37.94 32.91-45.60
<25 kg/m? 40.85 33.70-46.87
Alcohol consumption 0.26 -
>50 g/day 40.13 28.55-45.33
<50 g/day 40.87 33.79-46.76
HCV genotype 0.09 -
Genotype 1 41.46 34.20-46.92
Genotype 2 37.80 28.70-45.44
Viral load 0.008 0.11
High# 41.81 35.18-48.28
Low$§ 38.53 30.79-45.12

tStepwise regression analysis of age at onset of hepatocellular carcinoma (HCC; the dependent variable) using PNPLA3 genotype, sex,
body mass index (BMI), alcohol consumption, hepatitis C virus (HCV) genotype, HCV viral load and the age at blood transfusion as

independent variables.
+At or above the median value.
§Below the median value.

histological findings for CC, CG and GG genotypes. The
increment in the G allele was significantly associated
with a higher prevalence of steatosis, as demonstrated
by the Cochran-Armitage trend test (CC 13.11% vs CG
28.45% vs GG 40.00%, respectively; P=0.004).

DISCUSSION

N THIS STUDY, we found that the risk allele of

PNPLA3, which was strongly correlated with signifi-
cant liver steatosis, also may be a risk factor for
hepatocarcinogenesis in CHC patients. Median age at
onset of HCC was significantly younger (P < 0.001), and
the median interval between blood transfusion and the
onset of HCC was significantly shorter (P=0.008) in
patients with the 13738409 GG genotype than in those
with non-GG genotypes after adjustment for sex, BMI,
alcohol consumption, HCV genotype and HCV viral
load.

Earlier age at HCC onset or shorter time between HCV
infection and the development of HCC in the GG geno-
type was thought to be caused by the acceleration of
liver fibrosis. The patients with the 1s738409 GG geno-

type may reach the stage of advanced cirrhosis and
develop HCC in their early age or shorter time after HCV
infection. Previous studies reported hepatic steatosis as a
risk factor for progressed fibrosis and HCC in CHC
patients.**? The PNPLA3 polymorphism was originally
reported as a determinant of liver fat content,”® and a
significant association between rs738409 SNP and his-
tological evidence of steatosis (=5%) was identified in
the present study. The PNPLA3 polymorphism was
thought to affect the susceptibility to HCC in CHC
patients via alteration of lipid accumulation in the
liver.

Although this was not confirmed histologically, the
PNPLA3 GG genotype was also significantly associated
with higher AST level and tended to be associated with
a higher prevalence of progressed histological fibrosis
compared to the non-GG genotypes (74.0% vs 60.5%,
P=0.11) at the time of HCC onset. Moreover, the GG
genotype was associated with a lower prothrombin
time, which suggests depressed liver function. Increased
lipid accumulation in the PNPLA3 GG genotype may
enhance the risks of hepatic inflammation, fibrosis and
impairment of liver function in CHC patients.

© 2013 The Japan Society of Hepatology
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Table 4 Associations between PNPLA3 genotype and clinical findings at the time of HCC onset (n = 358)

Variable Median/number (1st-3rd quartile)
GG Non-GG P-value Adjusted
P-valuet

Platelet count (x10%/uL) 10.05 (7.73-12.78) 10.30 (7.68-13.35) 0.53 -
AST (IU/L) 69.5 (49.0-88.5) 59.0 (43.0-83.5) 0.048 0.025
ALT (IU/L) 59.0 (42.0-93.3) 55.0 (37.0-86.3) 0.29 -
TB (mg/dL) 0.8 (0.6-1.1) 0.8 (0.6-1.1) 0.85 -
Albumin (g/dL) 3.7 (3.3-3.9) 3.7 (3.4-3.9) 0.41 -
PT (%) 73.0 (67.3-79.0) 78.0 (69.0-90.0) 0.004 0.008§
Viral load (log IU/mL) 4.73 (4.51-4.94) 4.75 (4.35-5.20) 0.90 -
LDL cholesterol (mg/dL) 77.2 (63.1-90.3) 74.7 (57.6-93.6) 0.77 -
Triglyceride (mg/dL) 82.0 (59.0-108.0) 87.0 (66.0-114.0) 0.32 -
Fasting plasma glucose (mg/dL) 100.0 (88.5-116.0) 103.0 (91.3-121.8) 0.20 -
Plasma insulin (pug/mL) 12.0 (8.0-18.0) 12.0 (9.0-19.0) 0.67 -
Histological findings (n = 235)
Fibrosis

Fo-3 13 73 0.11 -

F4 37 112
Activity

A0-1 30 112 0.93 -

A2-3 20 73
Steatosis?

<5% 30 144 0.02 0.019

>5% 20 41

tAdjusted for sex, BMI and alcohol consumption (independent variables). The dependent variables of each P-value are the items in the
leftmost fields of the corresponding row (e.g. platelet count, AST, ALT).

$+0dds ratio (95% CI) for the GG allele was 2.43 (1.24-4.77), and the 95% Cl of each proportion is shown in parentheses for this
outcome.

§P-value by stepwise regression analysis.

qP-value by stepwise logistic regression analysis.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CI, confidence interval; HCC, hepatocellular
carcinoma; LDL, low-density lipoprotein; PT, prothrombin time; TB, total bilirubin.

@) Fibrosis (b) Activity (€ Steatosis
80 P=012 70 P = 0.004
. 60
& & 50
S S 40
3 S 30
& &
& & 20
10
cc cC cG GG cc cG GG

PNPLAS3 (rs738409) genotype

PNPLA3 (rs738409) genotype PNPLAS3 (rs738409) genotype

Figure 2 Bar plot: prevalence of fibrosis (F1-3 vs F4, a), necroinflammation (A1 vs A2-3, b) and steatosis (<5% vs 25%, c) in 235
patients with chronic hepatitis C. The proportions are shown on the Y axis. P-values of the frequency distributions are shown
(Cochran-Armitage trend test). &, F1-3; B, F4 Al; B, A2-3; i, <5%; B, >5%.
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One study investigated the impact of the PNPLA3
polymorphism on liver steatosis and fibrosis in CHC
patients.>® In this study, the cumulative incidence of
HCC during the follow-up period was significantly
higher in patients with the GG genotype.*® The PNPLA3
polymorphism is also associated with susceptibility to
HCC in patients with other causes of hepatitis.**** Our
data suggest that the PNPLA3 1s738409 polymorphism
may provide important information that will assist
identification of patients at particular risk for HCC.

In the present study, early age at onset of HCC was
also independently associated with male sex and higher
BMI, and the median interval between blood transfu-
sion and the onset of HCC was significantly associated
with male sex. These results are consistent with previous
reports of male sex and higher BMI as independent risk
factors for HCC development in CHC patients.”***

A limitation of the present study is its retrospective
design. The histology samples at the time of initial treat-
ment were obtained via ultrasound-guided aspiration at
the time of percutaneous tumor ablation or surgical
resection. To minimize the risk of bleeding, ultrasound-
guided aspiration was not performed for patients with a
platelet count of less than 6 (x10*/uL). Therefore, the
histological samples were collected from a biased group
of patients. Another limitation is the cross-sectional
study design and the lack of controls without HCC. We
are unable to confirm whether the age at onset of HCC
(primary outcome of the present study) is an adequate
indicator of susceptibility to HCC from the current
study alone. Further prospective study is needed to
validate the current results.

In conclusion, the PNPLA3 15738409 C>G polymor-
phism may play a significant role in hepatocarcino-
genesis in CHC patients. Thus, this genetic factor should
be taken into consideration when determining a treat-
ment strategy intended to prevent the future develop-
ment of HCC in CHC patients.
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Abstract

Background: This study examined the measurement properties of the Japanese version of the European
Organisation for Research and Treatment of Cancer (EORTC) Hepatocellular Carcinoma-Specific Quality of Life
Questionnaire (QLQ-HCC18).

Methods: EORTC quality of life (QOL) translation guidelines were followed to create a Japanese version of the
EORTC QLQ-HCC18. This was then administered to 192 patients with hepatocellular carcinoma along with the
EORTC QLQ-C30 and FACT-Hep questionnaires. Tests for reliability and validity were conducted including
comparison of scores between the EORTC and FACT questionnaire and detailed assessment of the new scales and
items in clinically distinct groups of patients.

Results: Multi-trait scaling analysis confirmed three putative scales in the QLQ-HCC18, fatigue, fever and nutrition.
Cronbach’s alpha for these scales were between 0.68 and 0.78. The QLQ-HCC18 scales correlated with scales
measuring similar items in the FACT-Hep and the questionnaire was stable over time with an intra-class correlation
score of 0.70 for almost all scales. The questionnaire had the ability to distinguish between patients with different
Karnofsky Performance Status, and Child-Pugh liver function class.

Conclusions: The Japanese version of EORTC QLO-HCC18 is a reliable supplementary measure to use with EORTC

QLO-C30 to measure QOL in Japanese patients with hepatocellular carcinoma.
Keywords: EORTC QLQ-HCC18, FACT-Hep, Hepatocellular carcinoma, Quality of life, Questionnaire

Background -

Hepatocellular carcinoma (HCC) is the most common
malignancy in the world, accounting for more than half a
million new cases annually [1,2]. The highest incidence
rates are in eastern and south-eastern Asia, western and
central Africa [2]. The incidence is low in most developed
countries, however, Japan has a very high prevalence of
HCC, and 70% are caused by hepatitis C viruses [3].
Although the 5-year survival rates of up to 60 to 70% can
be achieved in well-selected patients, the recurrence rate
rernains very high [4,5]. The 5-year recurrence rate after
potentially curative liver resection is up to 80% [4-6]. In
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countries such as Japan, where cadaveric donor organs are
scarce, application of liver transplantation is limited [7,8].
Thus, most patients with HCC undergo repeated non-
transplant treatments such as surgical resection, percutan-
eous radiofrequency ablation and embolization. Although
survival data and information about the side effects of
treatment are widely available, much less is known about
how treatment for HCC impacts upon the patients’ quality
of life (QOL). Given the time course of the disease, and
the burden of repeated treatment, there are increasing
concerns about QOL associated with HCC. When decid-
ing upon treatment, consideration of QOL outcomes
could be as important as survival. However, there are no
HCC-specific QOL questionnaires in Japan.

At present, there are two disease-specific QOL question-
naires for evaluating the QOL of patients with HCC. One is

© 2012 Mikoshiba et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of theCreative
Commons Attribution License(http:/creativecommons.org/licenses/by/2.0), which permitsunrestricted use, distribution, and -
reproduction in any medium,provided the original work is properly cited.
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the European Organization for Research and Treatment of
Cancer (EORTC) Quality of Life Group questionnaire, the
QLQ-HCC18, and the other is the Functional Assessment
of Cancer Therapy (FACT) Hepatobiliary (FACT-Hep)
questionnaire [9,10]. As they are disease-specific, they are
combined with generic questionnaires such as the QLQ-
C30 and FACT generic questionnaires, respectively, to
produce a generic and a specific QOL assessment [11,12].
The major difference between FACT-Hep and EORTC
QLQ-HCC18 is that FACT-Hep targets not only patients
with HCC but also patients with pancreatic, biliary and
metastatic liver cancer, whereas the QLQ-HCCI18 is
designed specifically for patients with HCC. Currently
there is a lack of published data demonstrating the meas-
urement properties of EORTC QLQ-HCC18.

The objective of this study, therefore, was to develop a
Japanese version of EORTC QLQ-HCCI18, and to validate
its measurement properties in patients with HCC.

Methods

Translation of the Japanese version of EORTC QLQ-HCC18
The EORTC guidelines for translation of the QLQ-HCC18
was followed and authorized by the EORTC [13]. This
included a forward/backward translation of EORTC QLQ-
HCC18. The original English version was translated into
Japanese by two independent translators who were native
Japanese speakers with proficiency in English. The research
coordinator compared the two forward translations and
checked them for any discrepancies. The discrepancies
between the two translations were discussed with the trans-
lators until we agreed on one provisional forward transla-
tion. This forward translation was then back translated into
English by two independent translators who were native
speakers of English with proficiency in Japanese. The
English back translations and the original English version
were compared to assure that there were no differences in
the meaning of the questions in the questionnaires. The
provisional Japanese version was pilot tested on 10 patients
diagnosed with HCC who had satisfied the following eligi-
bility criteria: (1) age > 20 years; (2) ability to communicate
in Japanese; (3) ability to participate in this study, as judged
by an attending doctor; (4) confirmation of medical diagno-
sis; (5) no other concurrent malignancy; and (6) consent to
participate in this study. The pilot test was conducted
according to the manual provided by EORTC [13] as
of June 2008. The average time necessary for complet-
ing the QLQ-HCC18 was less than 5 minutes and the
questionnaire was well understandable and acceptable
in most patients. Results of the translation and the
pilot study were reviewed by the EORTC translation
coordinator and the original author of QLQ-HCCI1S,
to ensure the content and applicability was main-
tained, and the EORTC QLQ-HCC18 Japanese version
was authorized by the EORTC Quality of Life Group.
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The Japanese version of EORTC QLQ-HCC18 was
used in this validation study.

Data collection

This study recruited 200 patients diagnosed with HCC at
The University of Tokyo Hospital, one of the largest referral
centers for treatment of HCC in Japan, and written consent
was obtained. Patients were recruited between July 2008
and November 2008. The eligibility criteria were the same

.as for pilot testing. Patients completed each of the three

questionnaires: EORTC QLQ-C30, QLQ-HCC18, and
FACT-Hep, and a questionnaire about demographic charac-
teristics. To confirm test-retest reliability of the Japanese
version of QLQ-HCCI18, patients with stable disease were
invited to complete QLQ-HCCI8 for a second time after
two weeks. Medical data were collected by review of med-
ical care records. The researcher checked for absent
responses after receiving the questionnaire and wherever
possible asked the patients to respond to the missing items.
This study was conducted with the approval of the ethics
committee of The University of Tokyo.

Measurements

The EORTC QLQ-C30 core questionnaire (version 3.0) is
a generic QOL measure for cancer patients, and comprises
a global health status/QOL scale, five multi-item func-
tional scales, three multi-item symptom scales and single
items for the assessment of symptoms and the financial
impact of disease and treatment [11]. The reliability and
validity of the Japanese version of the EORTC QLQ-C30
has been demonstrated [14].

EORTC QLQ-HCC18 is an 18-item HCC-specific supple-
mental module developed to augment QLQ-C30 and to en-
hance the sensitivity and specificity of HCC-related QOL
issues [9]. EORTC QLQ-HCC18 was developed in four
stages on the basis of the EORTC guidelines for scale devel-
opment [9]. Briefly, items were created during phase one
after conducting a literature review and interviewing 32
patients with HCC from four different countries as well as
10 health professionals. In phase two, a preliminary ques-
tionnaire was constructed using the EORTC item bank as a
reference. In phase three, a pretest was administered to 158
patients with HCC from three countries to examine recep-
tivity and relevance. The original questionnaire is from the
end of phase three. The hypothesized scale structure and
single items address aspects of chronic liver disease
(nutrition, jaundice, fever, abdominal swelling), as well as
QOL issues specific to the primary tumor and its treatment
(fatigue, body image, pain).

The original English version contains six multi-item
scales addressing fatigue, body image, jaundice, nutrition,
pain and fever, as well as two single items addressing
sexual life and abdominal swelling. The scales and items
are linearly transformed to a 0 to 100 score, where 100
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represents the worst status. An international field test
(the phase 4 part of questionnaire development) is
currently being conducted to examine the validity and
reliability of the scores in several countries.

The reliability and validity of the original version of
FACT-Hep, another hepatobiliary cancer-specific scale, has
been demonstrated [10]. FACT-Hep is a 45-item self-report
instrument that comprises 27 FACT General (FACT-G)
items and an 18-item hepatobiliary subscale. The Japanese
version of the 18-item hepatobiliary subscale was used in
this study as a comparison instrument. All items are scored
from O to 4, with higher scores indicating better QOL.

Data analysis

Multi-trait scaling analyses [15] evaluated the scale struc-
tures of QLQ-HCCIS8. This technique is used to test for
item convergent and discriminant validity, and is based on
the examination of item-scale correlations. The Pearson
correlations of an item with its own scale (corrected for
overlap) and other scales were calculated. Evidence of item
convergent validity was defined as a correlation above 0.40
with its own scale. Evidence of item discriminant validity
was based on a comparison of correlation of an item with
its own scale and with other scales. Scaling success for any
scale is defined as the number of convergent correlation
coefficients significantly higher than the discriminant correl-
ation coefficient divided by the total number of correlations.
The mean scale and item scores were also calculated, and a
frequency analysis was performed.

The following psychometric aspects were assessed: reli-
ability, i.e., internal consistency and test-retest reliability;
validity: known group comparison, and correlation analyses
with the FACT-Hep.

The internal consistency reliability of the multi-item
questionnaire scales was assessed by Cronbach’s alpha co-
efficient. Preferable reliability was indicated by coefficient
greater than 0.70. The test-retest reliability of the scales
and single items was assessed by the intra-class correlation
coefficient. Scale discriminant validity (clinical validity)
was tested by known group comparisons to assess whether
the questionnaire scores were able to discriminate between
subgroups of patients differing in clinical status by using
the Student t-test. The Karnofsky Performance Status
(KPS) and Child-Pugh grade for clinical parameters were
employed to form mutually exclusive patient subgroups.
Higher scores in KPS signify better performance status.
Liver function becomes worse in alphabetical order of
Child-Pugh grade A, B, C. We hypothesized that scores of
QLQ-HCC18 are low in patients with better performance
status (KPS 80-100) and better liver function (Child-Pugh
class A). Convergent validity was tested first by multi-trait
analyses, and we then conducted another convergent valid-
ity test by correlation analyses with FACT-Hep. Pearson’s
correlation coefficient was used to examine the correlation
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between similar items in FACT-Hep and QLQ-HCC18. We
hypothesized that if Pearson’s correlation coefficients were
more than 040 between scales, they were conceptually
related. P < 0.05 was considered as statistically significant.
Statistical analyses were performed using SAS software
(SAS for Windows, release 9.1; SAS Institute Inc., Cary NC,
USA).

Results

Participants

Responses were obtained from 192 patients (eight non

responders), and 139 completed the test-retest question-

naire two weeks after the first assessment.
Socio-demographic and clinical characteristics at baseline

are shown in Table 1. Most patients were male (64.1%), had

good performance status (86.5%) and had good liver func-

tion (66.2%).

Table 1 Socio-demographic and clinical characteristics of
the study subjects (n=192)

Male gender 122 (63.5)
Age, y* 68.1 (85)
Employed full time or part-time 77 (40.1)
Post compulsory education or above 155 (80.7)
Married or living with partner 151 (786)
Karnofsky Performance status

80-100 166 (86.5)
Comorbid liver disease

Hepatitis C virus 126 (65.6)
Hepatitis B virus 38(19.8)
Other or unknown 28 (14.6)
Child-Pugh class

A 127 (66.1)
B 53 (27.6)
C 12 (6.3)
Cancer stage

Stage 1/ I 161 (83.9)
Stage il / IV 31 (16.1)
Time since diagnosis, month* 396 (34.5)
Past medical history”

Hepatectomy 48 (25.0)
Percutaneous ablation 137 (71.4)
Chemoembolization 64 (33.3)
Systemic therapy 1(05)
No medical history 13 (6.8)

Values are numbers (%) otherwise specified. * Data was expressed as mean
(standard deviation). T Some patients underwent muitiple treatments.
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Psychometric testing

We initially performed multi-trait scaling analyses for the
putative scale structure, and the results showed that the ori-
ginal two-item scale of body image and jaundice had low
convergent and discriminant validity. After discussion with
the original author of QLQ-HCC18 (JMB) we decided to
split the scale into single items. The tests were then per-
formed on the remaining scales and four single items.
Results of the multi-trait scaling analyses are shown in
Table 2. A summary of the multi-trait scaling analysis and
internal consistency is shown in Table 3. The convergent
correlation coefficient of the scales for fatigue, nutrition and
fever varied from 0.23 to 0.75, and the scaling success rate
ranged from 87% to 100%. Cronbach’s alpha coefficient of
these scales was satisfactory, ranging from 0.68 to 0.78. The
convergent correlation coefficient of the scales for pain was
0.25, and the scaling success rate was 50%. Cronbach’s alpha
coefficient of this scale was 0.37.

The results of the descriptive statistics of the putative
scales/single items and test-retest reliability on the ques-
tionnaire are shown in Table 4. The intra-class correlation
coefficients of the scales varied between 0.67 and 0.88.
Ninety-four percent of the patients answered ‘not at all’ to
item 36, which asked patients whether they were concerned
by their skin or eyes being yellow. Responses to item 48,
which asked about sexual function, were missing in seven
patients (3.6%).

Results of the known group comparisons are shown in
Table 5. Patients with poorer performance status (KPS of
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70 or lower) reported significantly higher (worse) scores
for all scales except for abdominal swelling and sexual
interest than those with better performance status (KPS
of 80—100). Patients with worse liver disease (Child-Pugh
classes B and C) reported significantly higher (worse)
scores for all scales except for body image and pain than
those with better liver function (Child-Pugh class A).

Results of convergent validity are shown in Table 6. The
QLQ-HCC18 Japanese version scales had an acceptable
correlation (coefficient value over 0.40) with similar items
in FACT-Hep except for items of weight loss, appetite and
activity.

Discussion

This study describes psychometric testing of the Japanese
version of the QLQ-HCCI8 questionnaire, which is an
HCC-specific module of EORTC QLQ-C30. The overall
results show that this questionnaire is reliable and has
acceptable measurement properties for use with the
QLQ-C30 to assess health-related QOL in Japanese
patients with HCC.

Assessment of QOL in cancer patients is optimally per-
formed with a combination of a generic questionnaire and
a disease-specific questionnaire to ensure that common
problems are uniformly detected and reported as well as
specific issues related to disease site and treatment. This
framework for QOL assessment has been adopted and
popularized by the EORTC Quality of Life Group and the
Functional Assessment of Chronic Illness Therapy

Table 2 Item-scale correlations for multi-trait scaling analyses of the EORTC QLQ-HCC18

Hypothesized scales of the EORTC QLQ-HCC18"

Item Fatigue Nutrition Pain Fever
Fatigue

ltem46 Have you been less active than you would like to be? 0.68" 057 0.29 032
ltem45 Have you found it difficult to keep going or to finish things you started? 075" 055 032 035
ltem47 Have you needed to sleep during the day? 044" 029 0.24 0.14
Nutrition ‘

ltem31 Did you feel thirsty? 042 050" 030 023
ltem32 Have you had problems with your sense of taste? 0.30 050" 0.18 0.18
Item42 Have you worried about getting enough nourishment? 045 054" 031 051
ltem43 Have you felt full up too quickly after beginning to eat? 048 044" 030 027
ltem44 Have you worried about your weight being too low? 0.21 0237 0.04 0.28
Pain

ltem38 Have you had pain in your shoulder? 0.20 0.15 025" 0.11
ltem39 Have you had abdominal pain? 039 0.48 025" 036
Fever

ltem40 Have you had fevers? 0.34 046 0.27 052"
ltem41 Have you had chills? 052"

0.23 031 0.19

Correlations marked t were corrected for overlap.
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Table 3 Convergent and discriminant validity and internal consistency reliability for the EORTC QLQ-HCC18

Scale No. of items per Convergent validity  Discriminative validity = Scaling  Scaling success  Internal consistency reliability
scale (range of correlations) (range of correlations) success’ - rate ¥ (Cronbach’s a)
Fatigue 3 044-0.75 0.14-057 9/9 100 0.78
Nutrition 5 0.23-054 0.04-051 13/15 87 068
Pain 2 0.25 0.11-048 3/6 50 037
Fever 2 0.52 0.15-046 6/6 100 068

¥ Number of convergent correlations significantly higher than discriminant correlations divided by total number of correlations.

* Scaling success rate is the previous column as a percentage.

Table 4 Descriptive statistics of the EORTC QLQ-C30 and
the QLQ-HCC18 and test-retest reliability

Scale Score* Intraclass correlation coefficient®
The QLQ-HCC18

Scalest

Fatigue 256%222 082
Nutrition 127141 0.88
Pain 135x171 0.80
Fever 53+£129 0.67
Single items

Body Image 1 (item33) 340x319 073
Body Image 2 (item35) 21.1+27.7 070
Jaundice 1 (item36) 277 +245 0.79
Jaundice 2 (item37) 222+274 0.82
Abdominal Swelling 158£236 0.78
Sexual Interest 1264252 077"
The QLQ-C30

Scales

Physical® 849+169 -
Role” 84.1+£223 -
Cognitive 842+170 -
Emotional™ 796 +205 -
Social™ 86.1£206 -
Global QOLT 665+21.63 -
Fatiguet 309£215 -
Nausea/Vomitingi 17464 -
Pain 128+206 -
Single items?

Dyspnea 158+216 -
Sleep Disturbance 21.5+275 -
Appetite Loss 1274225 -
Constipation 142+239 =
Diarrhea 781+164 -
Financial Impact 146+233 -

Data were expressed as mean * standard deviation. * Score range 0 to 100.
Data were assessed in 130 patients. *Higher score indicates lower QOL. ¥ Data
were assessed in 185 patients. ! Data were assessed in 127 patients. ¥ Higher
score indicates higher QOL.

(FACIT) Organization. For patients with primary and sec-
ondary liver tumors, cholangiocarcinoma or pancreatic
cancer, the FACIT system has developed a single hepato-
biliary-pancreatic module [10]. The EORTC QOL Group
has, however, focused in more depth on the specific
clinical experiences within each disease site and therefore
developed separate modules for pancreatic, primary and
secondary liver cancer. The separate modules may be
clinically more sensitive than a single questionnaire, al-
though this has not yet been formally examined. A second
advantage of the EORTC QLQ-HCC18 is that it provides
subscale scores for different domains of functioning.
FACT-Hep generates only a total score, which may
obscure findings in particular problem areas. EORTC
QLQ-HCC18 possesses a multi-dimensional QOL assess-
ment that may be more useful for clinicians to direct ther-
apy. A final advantage of the EORTC QLQ module is that it
was specifically developed for use in international trials; a-
large database will soon be available to facilitate compari-
sons across studies, and there is some assurance of cross-
cultural suitability.

In this study, we tested the reliability and validity, includ-
ing internal consistency reliability, test-retest reliability,
convergent and discriminant validity, known group com-
parison, of the Japanese version of QLQ-HCCI18. In the
descriptive statistics and frequency analyses, the item asses-
sing problems related to jaundice showed low scores. This
was because few patients were jaundiced at the time of the
data collection. In addition, because the Japanese belong to
a race with a yellowish skin complexion, jaundice tends to
be masked. The results of multi-trait scaling analyses
(convergent and discriminant validity), had a good scaling
success rate and acceptable Cronbach’s alpha (internal
consistency reliability) except for the scale for pain, which
had a low scaling success rate and a low Cronbach’s alpha.
One reason for this may be because shoulder and abdom-
inal pain are not necessarily related symptoms that occur
simultaneously. Furthermore, although pain scales have
been created in anticipation of pain caused by cancer treat-
ment and progression, few patients had advanced cancer.
The nutrition scale had a high rate of success. However, the
convergent validity of the item termed “concern about low
weight” was below the standard value. The nutrition scale
was assumed to involve problems caused by impaired liver
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Table 5 Known group comparison of differences in mean scores of scales and items

Karnofsky Performance status score

Child-Pugh grade

100-80 <80 t-test A Band C t-test
n=166 n=26 p value n=127 n=65 p
value

Scalest
Fatigue 210+178 5474259 < 0001 220+204 327241 0.001
Nutrition 108+114 249+220 < 0001 109+120 1624171 0.02
Pain 116£157 256+20.7 0.003 123%17.2 159£1638 0.17
Fever 43+102 115+230 0.003 35491 87177 002
Single items®
Body Image 1(item33) 307+296 55.1+388 0.004 2974303 426+336 001
Body Image 2 (item35) 1954265 321333 003 1974253 241+320 034
Jaundice 1 (item36) 12+62 128+284 0.04 08+5.1 67+19.7 002
Jaundice 2 (item37) 17.7+234 513£330 < 0001 165+237 333+306 0.002
Abdominal swelling 141+212 270340 007 1314215 2104267 0.04
Sexual interest 120+ 24.1% 167+316 047 93+21.1¢ 19.0+30.9" 003

Data were expressed as mean * standard deviation unless otherwise specified, * p < 0.05, *Higher score indicates worse QOL

¥ missing in 7, ¥ missing in 5, " missing in 2.

function, but items regarding weight loss may also have
been affected by cancer progression. Patients included in
the original article and patients in this study had almost
identical liver function, but the extent of cancer progression
differed, and many of our patients had cancer that was
detected at an earlier stage. The results of test-retest reliabil-
ity showed good intra-class correlation coefficients for most
scales. Results of known group comparisons showed that
the module had the ability to assess differences between
groups with different clinical characteristics in almost all of
the scales, showing the module has clinical validity. We

confirmed good correlations between the groups for most
scales/single items in the two questionnaires (QLQ-HCC18
and FACT-Hep). However, correlations between items of
weight loss, appetite, and activity in FACT-Hep and corre-
sponding scales in QLQ-HCC18 were low. This may have
occurred because of the reverse scoring used in appetite
and activity items in FACT-Hep which may have led to
confusion.

While the results show the Japanese version of EORTC
QLQ-HCC18 is a reliable instrument, some caution is
necessary. First, these results on the QLQ-HCCI18 are

Table 6 Pearson’s correlation coefficients between scales in the QLQ-HCC18 and the FACT-Hep

The FACT-Hep

The Abdominal Weight Appetite’ Appearance Fatigue Activity’ Jaundice Fever ltching Taste Chill Thirsty Abdominal
QLQ-HCC18 Swelling Loss Pain
Fatigue 033 0.26 02 042* 0.59*% 0.26 0.26 03 043* 032 017 037 042*%
Body Image 1 031 0.32 -1.7 0.46* -0.08 017 03 03 025 025 023 045 038
(item33)
Body Image 2 0.39 0.01 -0.05 0.4% 01 007 0.18 0.31 0.2 03 012 023 047
(item35)
Jaundice 1 0.25 0.19 -0.07 0.2 -0.13 0.73 0.53* 03 012 018 05 028 03
(item36)
Jaundice 2 0.25 0.05 -0.05 0.31 045 -0.01 018 028 0.83* 033 026 035 037
(item37)
Nutrition 0.32 0.34 0.31 032 0.38 0.23 0.31 028 026 0.44* 023 0.68* 033
Pain 0.32 0.11 0.14 0.28 032 0.14 0.21 026 034 015 02 03 0.40*
Fever 0.25 0.26 013 0.18 0.25 0.09 0.29 0.72* 035 0.18 0.61* 022 027
Abdominal 0.43* 007 0.03 0.16 0.29 0.06 0.23 03 03 015 028 024 042*
Swelling

0.26 0.14 -0.06 0.25 0.24 0.08 0.06 012 012 006 012 013 0.24

%exua! Interest

* indicates Pearson’s correlation coefficient larger than 0.4, _Underline indicates a pair of scales that should correlate theoretically, T Reverse scoring, * Data were

assessed in 185 patients.
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preliminary as this study was performed in a single insti-
tution using the Japanese version, few patients with se-
vere cirrhosis or advanced disease were recruited, and no
patient had undergone liver transplantation, which may
limit the generalizability of the findings.

Second, this study did not address longitudinal construct
validity and responsiveness for clinical validity. In future
work, the Japanese version of EORTC QLQ-HCC18 should
be performed in multicenter facilities to confirm the
generalizability of the findings and to increase the number
of liver transplantation groups and more severely ill patients.
Furthermore, testing the sensitivity of the instrument to
changes over time is needed to evaluate treatment effects.

There are currently a variety of treatment options for
patients with HCC. Molecular targeted therapy for HCC
has recently been introduced [16], and this will lead to
increased demand for evaluating the QOL in more detail.
In addition, Japanese patients with HCC are older than
in other countries, which make the Japanese version of
QLQ-HCC18 particularly valuable because treatment
effects on QOL are more important in older patients.

Conclusion

This study showed that the Japanese version of the EORTC
QLQ-HCC18 demonstrated evidence for the measurement
properties of the questionnaire. These results suggest that it
would be a reliable instrument for measuring QOL in
patients with HCC in Japan.
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OBJECTIVES:

The combination of computed tomography with hepatic arteriography and arterial portography

(CTHA/CTAP) can detect additional hepatocellular carcinoma (HCC) nodules undetected by

conventional dynamic CT.

METHODS:

In this single-center, randomized, open-label, controlled trial, we randomly assigned 280 patients

who were diagnosed as having HCC by conventional dynamic CT, and eligible for radiofrequency
ablation (RFA), to undergo CTHA/CTAP before treatment, or to the control group. Newly detected
HCC nodules by CTHA/CTAP were intended to be ablated completely. The primary end point was
recurrence-free survival and the key secondary end point was overall survival. The analysis was con-
ducted on an intention-to-treat basis. Those with nonablated nodules were treated as for recurrence.

RESULTS:

A total of 75 nodules were newly diagnosed as HCC by CTHA/CTAP in 45 patients. Three patientis

(one in the CTHA/CTAP group and two in the control group) who refused treatment were excluded
from all analyses. The cumulative recurrence-free survival rates at 1, 2, and 3 years were 60.1, 29.0,
and 18.9% in the CTHA/CTAP group and 52.2, 29.7, and 23.1% in the control group, respectively
(P=0.66 by log-rank test; hazard ratio, 0.94 for CTHA/CTAP vs. control; 95% confidence interval
(C), 0.73-1.22). The cumulative overall survival rates at 3 and 5 years were 79.7 and 56.4% in the
CTHA/CTAP group and 86.8 and 60.1% in the control group, respectively (P=0.50; hazard ratio,

1.15, 95% Cl, 0.77-1.71).
CONCLUSIONS:

CTHA/CTAP may detect recurrent lesions earlier. However, CTHA/CTAP before RFA did not improve

cumulative recurrence-free survival or overall survival.

Am ] Gastroenterol 2013; 108:1305~1313; doi:10.1038/ajg.2013.109; published online 30 April 2013

INTRODUCTION

Hepatocellular carcinoma (HCC) ranks as the fifth most common
cancer worldwide (1). In Japan, ~35,000 patients die from HCC
every year (2), and the main cause of HCC is hepatitis C virus
infection. In chronic hepatitis patients, screening of HCC is usually
performed by ultrasonography, and the diagnosis is confirmed by
contrast-enhanced dynamic computed tomography (CT). Hyper-
attenuation in the arterial phase and hypoattenuation in the equi-
librium phase are considered to be definitive signs of HCC (3-7).
Hyperattenuation in the arterial phase is more emphasized when

contrast material is injected from the hepatic artery through a
catheter, because dilution of contrast material in the systemic cir-
culation is avoided, thus keeping a high concentration of contrast
material in the liver. This technique is called CT during hepatic
arteriography (CTHA) (6,8-10). Similarly, hypoattenuation in the
equilibrium phase is accentuated after injection of contrast mate-
rial into the superior mesenteric artery, which is referred to as CT
during arterial portography (CTAP) (11-14). The combination of
CTHA and CTAP gives higher sensitivity and specificity for HCC
detection than conventional dynamic enhanced CT (8).

Department of Gastroenterology, Graduate School of Medicine, University of Tokyo, Tokyo, Japan; ?Department of Gastroenterology, Mitsui Memorial Hospital, Tokyo,
Japan; *Department of Radiology, Graduate School of Medicine, University of Tokyo, Tokyo, Japan; ‘Department of Biostatistics, Graduate School of

Medicine, University of Tokyo, Tokyo, Japan; Yamanashi Prefectural Hospital Organization, Kofu, Japan; éThe first two authors contributed equally to this work.
Correspondence: Ryosuke Tateishi, MD, PhD, Department of Gastroenterology, Graduate School of Medicine, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku,

Tokyo 113-8655, Japan. E-mail: tateishi-tky@umin.ac.jp
Received 25 September 2012; accepted 12 March 2013

© 2013 by the American College of Gastroenterology

The American Journal of GASTROENTEROLOGY

1305




1306

Ohki et al.

If new HCC nodules are detected with CTHA/CTAP, in addition
to those detected with dynamic CT, the treatment of choice may be
changed (15,16). For example, surgical resection and liver trans-
plantation are usually contraindicated for multinodular HCC; that
is, exceeding three nodules. Percutaneous tumor ablation methods,
such as ethanol injection and microwave coagulation, have played
an important role as nonsurgical treatments that can achieve
high local cure rates without affecting background liver function
(17-20). Radiofrequency ablation (RFA) is currently considered
to be the most effective first-line percutaneous ablation protocol
because of its greater efficacy in terms of local cure as compared
with ethanol injection (21-24). However, even after complete abla-
tion, patients frequently encounter intrahepatic tumor recurrence
at arate of 50% in 2 years, the majority of which occurs at locations
distant from the primary ablated site (25). Considering the tumor
doubling time, many nodules diagnosed as recurrent within 2 years
were probably present at the time of first ablation. If nodules that
are undetectable by conventional dynamic CT could be detected
and ablated, the recurrence rate would be decreased.

Although CTHA/CTAP is one of the most sensitive techniques
available for detection of small HCC, its disadvantages include
invasiveness, high cost, and a high false-positive rate (26). The indi-
cation for CTHA/CTAP can be justified only when the expected
benefits exceed the risk and cost of the procedure. We conducted
a single-center, randomized, open-label, controlled trial to assess
the utility of CTHA/CTAP before RFA in patients with early-stage
HCC by comparing recurrence-free and overall survival.

METHODS

Patients

The study population consisted of patients with early-stage HCC
with an indication for RFA. Those who met the following crite-
ria were enrolled between September 2004 and February 2009:
(i) diagnosis of typical HCC on dynamic CT performed within
2 weeks, i.e., hyperattenuation during the arterial phase and
hypoattenuation during the equilibrium phase (5,6); (ii) tumor
size £3.0cm and no more than three tumor nodules; (iii) Child-
Pugh class A liver function; and (iv) age >20 years. Exclusion
criteria were: allergy to contrast media; portal or hepatic vein
tumor thrombosis; extrahepatic metastasis; diffuse and infiltra-
tive tumors; renal failure (serum creatinine >2.0mg/dl, or serum
urea nitrogen >30mg/dl); impaired coagulation (e.g., platelet
count <50><10%/ul, or prothrombin activity <50%); pregnancy;
or past history of choledochojejunostomy. We included those with
previous treatments as well as treatment-naive cases provided that
there was no local recurrence at enrollment. These inclusion cri-
teria and the study design did not change till the study completely
ended. The study design conformed to the Declaration of Helsinki
Principles and was approved by the ethics committee of our insti-
tution. The study was registered at the University Hospital Medical
Information Network (UMIN) Clinical Trial Registry (UMIN-
CTRO000000070). Written informed consent was obtained from
each patient. This study complied with the CONSORT guidelines
for reporting of clinical trials (27).
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Study design

Before receiving RFA, patients were randomly assigned to
undergo CTHA/CTAP or not in equal numbers. Patient registra-
tion and randomization were performed by computer-generated
allocation at a web-based data center (Internet Data and Infor-
mation Center for Medical Research) administered by UMIN. At
the time of randomization, patients were stratified either as treat-
ment naive, for whom RFA was planned as an initial treatment
for HCC, or recurrent, for whom RFA was planned for recurrent
HCC. The randomization was based on the Efron’s biased-coin
design (28). In principal, the assignment was not blinded to the
investigators and the participants. The interval between ran-
dom assignment and implementation of treatment for HCC was
<4 weeks. CTHA/CTAP was performed on the assigned patients
on the second day of admission, and RFA was performed 2 or 3 days
later, given that the total number of HCC nodules remained <4.
When 24 HCC nodules were detected on CTHA/CTAP, patients
first received transarterial chemoembolization (TACE) immedi-
ately after CTHA/CTAP, followed later by RFA to achieve com-
plete ablation of the tumor nodules.

Radiographic procedures

For the diagnosis of HCC at study entry, intravenous contrast-
enhanced dynamic CT was performed on an outpatient basis
using an X-ray CT device with 4, 8, or 16 detector rows (Aquilion
4/16; Toshiba, Tokyo, Japan; LightSpeed Qx/I, LightSpeed Ultra;
GE Healthcare, Milwaukee, WI). Images were obtained during the
early arterial, late arterial, and equilibrium phases at 28, 40, and
1205 after starting the intravenous bolus injection of iopamidol
(Iopamiron; Nihon Schering, Osaka, Japan) or iohexol (Omni-
paque; Daiichi Sankyo, Tokyo, Japan) at a rate of 2.3-3.3 ml/s with
a power injector. The total dose of iodine was 0.7 g/kg body weight,
with an upper limit of 37 g iodine. The injection time for the con-
trast material was 30s. Images were reconstructed with a section
thickness of 2.5 mm and a reconstruction interval of 1.5mm, and
were reviewed by experienced radiologists.

CTHA/CTAP was performed on an inpatient basis. First, a
4-Fr modified Shepherd-hook catheter and a 4-Fr hepatic-curve
catheter were placed in the celiac artery and superior mesenteric
artery, respectively, through bilateral femoral arteries, according
to Seldinger’s method. Digital subtraction angiography was per-
formed from the celiac artery to evaluate hepatic artery anatomy.
A microcatheter was inserted through the 4-Fr catheter and placed
in the proper or common hepatic artery for hepatic arteriography.

The CTAP catheter was placed in the superior mesenteric artery
inall cases. Inthe case of a replaced or accessory right hepatic artery,
the catheter was inserted well beyond the origin of the hepatic artery
to prevent contrast medium overflow into the hepatic artery. Less
than 30 ml of contrast agent, which was diluted to 100 mg I/ml, was
used before the CTHA/CTAP study. First, CTAP was performed
using 90ml nonionic contrast medium diluted to 100mg I/ml,
and then CT scanning was performed 30s after the start of the
injection at a rate of 3.0ml/s. Multidetector-row CT images were
obtained during a single breath hold in a longitudinal direction
with collimation of 1 mm, table speed of 30 mm/s, 120kVp, and
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300mAs. CTHA was performed at least 5min after CTAP, using
the same parameters. CT scanning was performed at 10 and 45s
after the start of contrast medium injection into the microcatheter
at a rate of 2.0-2.5ml/s. A total of 30-50 ml contrast agent diluted
to 100mg I/ml was used. When the liver was perfused by two or
more hepatic arteries such as a replaced right hepatic artery, acces-
sory right hepatic artery, or left hepatic artery-downstream of the
left gastric artery, CTHA was performed from each of the respec-
tive arteries. A diagnosis of typical HCC on CTHA/CTAP was
defined as a round hypervascular nodule on CTHA with a defect
on CTAP, accompanied by corona enhancement during the second
phase of CTHA or hypoattenuation during the equilibrium phase
of prior dynamic CT (10,29).

TACE was additionally performed when 24 HCC nodules were
detected on CTHA/CTAP, as evaluated at the time by the oper-
ating radiologist. The procedure used 3.0ml contrast medium,
30mg doxorubicin (Adriacin; Kyowahakko Kirin, Tokyo, Japan),
and 3.0 ml iodized oil (Lipiodol Ultra-Fluid; Guerbet Japan, Tokyo,
Japan). The amounts of contrast medium and iodized oil in this
suspension were arbitrarily adjusted according to tumor size.
This agent was injected into each feeder of the HCC, followed
by infusion of 2-mm-diameter gelatin sponge particles (Gelpart;
Nihonkayaku, Tokyo, Japan).

CTHA/CTAP images were scrutinized by two experienced
radiologists, who made the final diagnosis. The radiologists were
not blinded to information regarding the preceding conventional
dynamic CT. Preceding intravenous contrast-enhanced dynamic
CT was retrospectively reviewed for nodules newly diagnosed by
CTHA/CTAP to determine whether the nodules could have been
detected on dynamic CT.

Radiofrequency ablation

RFA was performed on an inpatient basis. The precise procedure
of RFA is described elsewhere (30). All RFA procedures were per-
formed percutaneously under ultrasonographic guidance. We
used a 17-gauge cooled-tip electrode (Cool-Tip; RF Ablation Sys-
tem, Covidien, Boulder, Colombia, CO) for RFA. Radiofrequency
energy was delivered for 6-12min for each application. For
large tumors, the electrode was repeatedly inserted into different
sites, such that the entire tumor could be enveloped by assumed
necrotic volumes. A CT scan with a 5-mm section thickness was
performed 1-3 days after RFA to evaluate technical effectiveness.
Complete ablation was defined as hypoattenuation of the entire
tumor. We intended to ablate not only the tumor but also some
of the liver parenchyma surrounding it. When we suspected that
some portion of tumor remained nonablated, RFA was repeated.
We did not predefine the procedure number in a treatment: treat-
ment was generally continued until CT imaging demonstrated
necrosis of the entire tumor.

Follow-up

The follow-up regimen after RFA consisted of blood tests and
monitoring of tumor markers in an outpatient setting. Ultra-
sonography and dynamic CT were performed every 4 months.
Tumor recurrence was defined as a newly developed lesion on a
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dynamic CT that showed hyperattenuation in the arterial phase
with washout in the late phase. Recurrent site was categorized as
intrahepatic recurrence distant from ablated nodules, local tumor
progression defined as the appearance of viable cancer tissue
touching the ablated nodules, and extrahepatic metastasis (31).
The follow-up was censored in February 2011 when 2 years had
passed after the enrollment of patient 280. No interim analysis
was specified in the protocol.

End points

The primary end point was recurrence-free survival, where both
recurrence and death were treated as an event. We intended to
ablate all detected nodules in both groups. When additional nod-
ules were detected by CTHA/CTAP, the newly detected nodules
were also ablated. When >3 nodules were diagnosed as HCC by
CTHA/CTAP, we performed TACE and subsequently intended
to ablate all of the nodules. When nonablated viable tumors
were detected by CT for treatment evaluation, those cases were
treated as an event 120 days after randomization. Even when
newly detected nodules showed dense Lipiodol deposits after
TACE, the nodules were considered as viable if the nodules were
nonablated.

Secondary end points were the number of additional nodules
detected by CTHA/CTAP, the proportion of patients with com-
plete ablation, overall survival, and safety of CTHA/CTAP and
RFA. Complications were defined according to the guidelines
of the Society of Interventional Radiology (32). According to
the guidelines, major complications were defined as those that
required therapy or prolonged hospitalization, or left permanent
adverse sequelae, or death.

Statistical analysis

This study was designed to detect a 15% increase in 2-year recur-
rence-free survival in the CTHA/CTAP group from an antici-
pated 35% in the control group. To detect this difference with a
power of 80% and type I error of 5% (two-sided test), we needed
280 patients (140 for each arm). Differences between groups for
each characteristic were tested for significance with Fisher’s exact
test for categorical varjables and t-test for continuous variables.
All data necessary for analysis was corrected in the main
computer server system of University of Tokyo, Department of
Gastroenterology.

Recurrence-free survival and overall survival were calculated
using the Kaplan-Meier method and were compared by the
log-rank test. Cox proportional hazard regression was used to
calculate hazard ratios with 95% confidence interval (CI) between
the groups in univariate and multivariate settings. The primary
end point was evaluated in subgroups according to the following
characteristics: age, sex, body mass index, treatment naivety, hepa-
titis B surface antigen (HBsAg) positivity, hepatitis C virus anti-
body positivity, tumor size, tumor number, platelet count, tumor
marker positivity for o-fetoprotein (AFP), lens culinaris aggluti-
nin-reactive fraction of AFP, and des-y-carboxy prothrombin. An
adjusted hazard ratio comparing the groups was calculated using
multivariate Cox regression with factors that showed significance
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