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Abstract

Objectives: Recent reports indicated that reduced SLC22A7
(a gene-encoding organic anion transporter 2) expression
in noncancerous liver tissue predicts hepatocellular carci-
noma (HCC) recurrence after curative resection. Our study
aimed to elucidate the association between SLC22A7 ex-
pression and HCC development in chronic hepatitis C pa-
tients. Methaods: HCC recurrence after local ablation thera-
py and SLC22A7 expression in noncancerous liver tissue
were analyzed in 20 patients. Subsequently, the association
between de novo HCC development and SLC22A7 expres-
sion was examined at baseline in 38 hepatitis C patients
without HCC who subsequently developed HCC as well as

in 76 hepatitis C patients who did not develop HCC and
were matched for age, gender and stage of fibrosis. Results:
In the patients whose HCC had been cured, reduced
SLC22A7 expression in noncancerous liver tissue was sig-
nificantly associated with a high incidence of multifocal
HCC recurrence. In patients without HCC at baseline, cumu-
lative incidence of de novo HCC development was signifi-
cantly higher with a reduced SLC22A7 expression than with
a normal expression (p = 0.01). This difference remained sig-
nificant among patients without known risk factors for HCC
like age and advanced fibrosis. Conclusion: Reduced
SLC22A7 expression in the liver indicates a significant risk
for HCC development in chronic hepatitis C, independently
of other risk factors. ©2014S. Karger AG, Basel
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Introduction

Hepatocellular carcinoma (HCC) is the third most
common cancer worldwide [1] and the most frequent
primary liver cancer [2]. Chronic hepatitis C virus
(HCV) infection is a major risk factor for developing
HCC [3], increasing the risk by 17-fold when compared
with healthy individuals [4, 5]. Among HCV-positive
patients, several risk factors for HCC have been well
documented, including age, i)besity, sex, serum platelet
count and stage of liver fibrosis [6~10]. Advanced fibro-
sis, in particular, is the most significant risk factor for
HCC in chronic HCV patients. The response to inter-
feron therapy is also related to HCC risk {11, 12}, main-
ly because the treatment attenuates hepatitis in respon-
sive individuals. However, despite the absence of known
risk factors, younger patients and those with nonad-
vanced fibrosis also develop HCC. Thus, surveillance is
insufficient and additional risk analyses are required for
those chronic HCV patients without known risk factors
for HCC.

As for curatively treated HCC patients, tumor differ-
entiation or progenitor-cell feature markers of cancerous
tissue have been identified as predictors of recurrence
[13, 14]. In contrast, only several reports have mentioned
the importance of background noncancerous liver tissue
and the microenvironment; these are predictive of HCC
recurrences [15, 16]. Moreover, no specific features of
noncancerous liver tissue have been clarified to be associ-
ated with de novo HCC development.

A recent prospective study showed that reduced
SLC22A7 (organic anion transporter 2, OAT2) activity in
noncancerous liver tissue is associated with multifocal re-
currence after curative resection, independently of age
and stage of fibrosis [17]. Furthermore, this study re-
vealed that reduced SLC22A7 expression indicates a high
risk for poor prognosis [18]. This observation indicates
that the function of the transporter in noncancerous liver
tissue is related to hepatic carcinogenesis, which may ex-
plain HCC development in patients who have no other
known risk factors.

In this study, the use of SLC22A7 as a biomarker for
HCC recurrence after curative local ablation therapy was
assessed in order to validate and extend previously re-
ported observations. Subsequently, the propensity score
matching method was used to match patients with and
without HCC development as well as to elucidate the as-
sociation between SLC22A7 expression in hepatitis tissue
and the risk of HCC development in chronic HCV pa-
tients.
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Patients and Methods

Distant Recurrence after Radio Frequency Ablation Therapy

for HCC

Patients

To reveal the relationship between multifocal HCC recurrence
and SLC22A7 expression in noncancerous liver tissue, we conducted
a retrospective study enrolling patients who received curative local
ablation therapy. Twenty of the patients who enrolled in this cohort
fulfilled the following criteria: (1) their HCC was treated curatively
by radio frequency ablation (RFA); (2) they were infected with HCV
and (3) they underwent liver biopsy at least 6 months after curative
RFA. Written informed consent was obtained from all patients. The
study was approved by the Ethical Committee of the Musashino Red
Cross Hospital in accordance with the Declaration of Helsinki.

Data Collection and Histological Evaluation

Patient characteristics, treatment details and biochemical, he-
matological, virological and histological data were collected at en-
rollment.

Liver biopsy specimens were obtained using 13-gauge needles
under laparoscopy or 15-gauge needles using an ultrasound guide.
Liver biopsy specimens were scored by board-certified patholo-
gists for stage of fibrosis and grade of inflammatory activity ac-
cording to the classification by Desmet et al. {19].

Immunohistochemical Staining of SLC22A7

All liver biopsy specimens were fixed in 10% neutral-buffered
formalin, embedded in paraffin, sectioned at 4 im and stained with
anti-OAT?2 (SLC22A) antibody (kindly provided by Dr. Anzai) at
a 1:20 dilution. Immunohistochemical (IHC) staining was per-
formed using an automated immunostainer (Ventana XT System;
Ventana Medical Systems Inc., Tucson, Ariz., USA), with the same
procedure as the previous study [17]. Cell staining was evaluated
along the entire length of the biopsy core (>30 high-power fields).
Staining was graded according to the following score: <25% = re-
duced staining of cells and >25% = normal staining of cells (fig. 1).
Scoring of SLC22A7 staining was performed independently by two
hepatologists (K.M. and A.K.) who were blinded to the clinical
outcome, and average scores were used for analysis.

Surveillance for HCC

Patients were examined for HCC every 3-6 months by abdom-
inal ultrasonography, dynamic computed tomography or magnet-
ic resonance imaging. Serumn alpha-fetoprotein levels were mea-
sured every 3 months. HCC diagnosis was confirmed from needle
biopsies, surgical resection specimens or according to the typical
radiological hallmarks of early enhancement and delayed washout.
The start date of follow-up was the date of Jiver biopsy and the end
date was HCC development or the latest medical attendance.

Relationship between SLC22A7 and de novo HCC

Development in Chronic HCV without HCC at Baseline

Patients

To elucidate the relationship between SLC22A7 and de novo
hepatic carcinogenesis, we conducted a study in an independent
cohort. A consort diagram of this study is shown in figure 2. Since
1992, 1,512 chronic HCV patients provided liver biopsies prior to
interferon therapy at Musashino Red Cross Hospital. A total of
1,003 of these patients did not achieve a sustained virological re-
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Fig. 1. IHC analysis of SLC22A7 in biopsy
specimens. a, b Normal SLC22A7 expres-
sion (225% positive cells) a x100. b x400.
¢, d Reduced SLC22A7 expression (<25%
positive cells). € x100. d x400.

Liver biopsy prior to interferon
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Fig. 2. Consort diagram of stratified analyses.

sponse (SVR) to therapy and among these, 132 developed HCC.
We enrolled 38 non-SVR patients who developed HCC and 76
matched non-SVR patients who did not develop HCC. Ninety-
four patients who developed HCC were excluded because their
liver biopsy specimens were of insufficient quality for IHC analy-
ses. Matching was performed using a propensity score matching
method. Histological evaluation, IHC staining and surveillance for
HCC were performed as above. The average duration of follow-up
was 6.6 years for all patients and 7.9 years for patients who did not

SLC22A7 Predicts Future HCC
Development

Fig. 3. Cumulative incidence of HCC recurrence after curative
RFA was compared between patients with normal and reduced
SLC22A7 expression.

develop HCC. As above, written informed consent was obtained
from all patients and the study was approved by the Ethical Com-
mittee of Musashino Red Cross Hospital in accordance with the
Declaration of Helsinki.

Propensity Score Matching

In multivariate analyses of 1,003 non-SVR patients, age, gender
and stage of fibrosis were independent risk factors for HCC devel-
opment. Using this multivariate logistic regression analysis, pro-
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Table 1. Baseline characteristics of pa-

tients who underwent REA Normal SLC22A7 Reduced SLC22A7  pvalue
expression (n =9) expression (n = 11)
Age, years 66.5+5.0 629141 0.09
Gender (M/F) 4/5 3/8 0.64
Fibrosis (FO-2/F3-4) 5/4 4/7 0.65
Mean tumor size, mm 20.4x+11.3 18.8+6.0 0.91
Albumin, g/dl 4.0+0.3 3.920.3 0.71
Bilirubin, mg/dl 0.7£0.2 0.9+0.4 0.09
AST, 10U/ 82.0+47.1 74.2+30.6 0.84
ALT,TU/N 80.7+50.2 75.1+33.0 0.85
Glucose, mg/dl 100.3+£11.6 123.5+38.7 0.25
Cholesterol, mg/dl 164.0+21.5 166.6+33.8 0.93
Alpha fetoprotein, ng/mi* 6.8 (3.7-106) 19.3 (5.9-87.3) 0.46
DCP, mAU/mP? 32(14-129) 15 (14-26) 0.15

ALT = Alanine aminotransferase; DCP = des-gamma-carboxy prothrombin.
2 Values are shown with median and range.

Table 2. Baseline characteristics of pa-

tients enrolled in study 2 HCC cases Non-HCC matching  p value
(n=38) cases (n = 76)
Age, years 64.6+7.1 64.616.4 0.98
Gender (M/F) 19/19 39/37 0.99
Fibrosis (FO-2/F3-4) 15/23 31/45 0.84
BMI 23.8+3.1 235%3.2 0.60
Albumin, g/dl 3.9+0.3 4.1+0.3 0.007
Bilirubin, mg/dl 0.7+0.3 0.7+0.3 0.42
AST, 1U/1 83.5+39.2 66.2+37.7 0.07
ALT, IU/ 92.4+459 76.8+56.6 0.29
GGT, IU/1 74.6+59.0 63.2x£54.0 0.42
Platelets, 10%/pl 13.2%4.9 14.6143 0.12
Glucose, mg/dl 116.8+20.9 112.4+24.1 0.16
Cholesterol, mg/dl 163.6+32.6 171.1+28.0 0.14

ALT = Alanine aminotransferase; BMI = body mass index; GGT = gamma-glutamyl

transpeptidase.

pensity scores were calculated for each patient. These scores were
used to match patients who developed HCC (HCC cases) with
those who did not (non-HCC cases). Each HCC case was matched
with 2 non-HCC cases whose propensity scores were similar to
that of the HCC case (nearest-neighbor matching). Data analyses
were performed using the Statistical Package for the Social Sci-
ences software version 11.0 (SPSS, Chicago, Ill., USA).

Statistical Analysis

Continuous variables are reported as the mean and standard
deviation (SD) or median and categorical variables are shown as
counts and proportions. Statistical significance was assessed using
the Student t test (mean), the Mann-Whitney U test (median) or
the Fisher exact test. In all tests, 2-sided p values were calculated
and differences were considered statistically significant when p <
0.05. Statistically significant differences identified in univariate
analyses were further assessed in multivariate logistic regression
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analysis. The stepwise and multivariate Cox proportional hazard
models were used to explore independent factors that could be
used to predict HCC development. Statistical analyses were per-
formed using the SPSS software version 11.0.

Results

SLC22A7 Expression and Distant Recurrence after

Curative RFA

Baseline characteristics of patients who received RFA
are shown in table 1. No significant differences were ob-
served between patients with normal SLC22A7 expres-
sion and those with reduced SLC22A7 expression. Fig-
ure 3 shows the cumulative rates of distant recurrences

Yasui et al.
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Fig. 4. Percentage of patients with normal SLC22A7 expression according to baseline clinical findings. No sig-
nificant differences in the percentage of patients with normal SLC22A7 expression were observed after stratifica-

tion by age, gender, fibrosis stage, albumin and/or AST.

after curative HCC treatment. Patients with reduced
SLC22A7 expression had significantly higher rates of
distant recurrence than those with normal SLC22A7
expression.

SLC22A7 Expression and de novo Hepatic

Carcinogenesis in Chronic HCV Patients

Patient characteristics at the time of enrollment are
shown in table 2. Age, gender and stage of liver fibrosis

SLC22A7 Predicts Future HCC
Development

were matched using propensity scores. The distribution
of serum albumin levels differed significantly between
HCC cases and non-HCC cases. Serum aspartate amino-
transferase (AST) levels were higher in patients with HCC
than in those without HCC, although this was not statisti-
cally significant. Other factors, including body mass in-
dex, platelet count, serum glucose and serum cholesterol,
which are known risk factors for HCC, were not signifi-
cantly different between the patient groups.

Oncology 2014;86:53-62 57
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Table 3. Factors associated with hepatic carcinogenesis according
to the Cox proportional hazards model

Factors Multivariable analysis

HR (95% CI) p value
SLC22A7 (reduced expression) 3.49 (1.56-7.83)  0.002
Albumin (per 1 g/dl) 6.37 (1.56-25.6)  0.009

Normal SLC22A7 expression was found in 58 patients
(51%) and reduced SLC22A7 expression was found in 56
patients. No significant differences in baseline character-
istics were observed between these groups. When strati-
fied by the matched risk factors age, gender and fibrosis
stage, no significant differences were observed in the per-
centage of patients with normal SLC22A7 expression.
Similarly, no significant differences were identified be-
tween the groups that were stratified by unmatched se-
rum albumin and AST, which differed between HCC and
non-HCC cases (fig. 4). In contrast, the percentage of pa-
tients with normal SLC22A7 expression was lower in
HCC cases than in non-HCC cases (37 vs. 58%, respec-
tively, p = 0.05). Furthermore, among patients aged <60
years, the percentage with normal SLC22A7 expression
was significantly lower in HCC cases than in non-HCC
cases (p = 0.02). This difference was observed in male pa-
tients (p = 0.001) and in patients with nonadvanced fibro-
sis (i.e. stages FO-2; p = 0.05; fig. 5). However, no signifi-
cant differences were observed among patients aged >60
years, among female patients or among those with ad-
vanced fibrosis (i.e. stages F3~4).

The cumulative incidence of HCC was significantly
higher in patients with reduced SLC22A7 expression than
in those with normal SLC22A7 expression (33.9vs. 13.8%
after 5 years, respectively, p = 0.01). This difference re-
mained significant in patients without a known risk of
HCC development, such as older patients and those with
advanced liver fibrosis (fig. 6). Importantly, in patients
aged <60 years, the cumulative incidence of HCC after 5
years was 60 and 0% in those with reduced and normal
SLC22A7 expression, respectively (p = 0.02). In patients
with nonadvanced liver fibrosis, the cumulative inci-
dence of HCC after 5 years was 31.3 and 12.0% in patients
with reduced and normal SLC22A7 expression, respec-
tively (p = 0.02). Because serum albumin levels differed
between HCC and non-HCC cases, we assessed the cu-
mulative incidence of HCC after stratification by this
variable. Receiver operating characteristic analyses re-

58 Oncology 2014;86:53-62
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vealed that a level of 4.0 g/dl of serum albumin was the
most appropriate cut-off for predicting HCC develop-
ment. Therefore, we divided all cases into 2 groups with
this cut-off. In patients with >4.0 g/dl of serum albumin,
the cumulative incidence of HCC was significantly high-
er in patients with reduced SLC22A7 expression than in
those with normal SLC22A7 expression (23.5 vs. 5.9% af-
ter 5 years, respectively, p = 0.03). In contrast, among pa-
tients with <4.0 g/dl of serum albumin, the cumulative
incidence of HCC after 5 years was 50.0 and 22.7% in
those with reduced and normal SLC22A7 expression, re-
spectively (p = 0.06; fig. 6).

Multivariate analyses confirmed that serum albumin
levels (odds ratio 3.1 and p = 0.003) and SLC22A7 expres-
sion (odds ratio 2.6 and p = 0.01) were independent risk
factors for HCC in this cohort (table 3).

Discussion

This study demonstrates higher cumulative rates of
multifocal HCC recurrence after curative treatment in
patients with reduced SLC22A7 expression. Moreover,
SLC22A7 expression in chronic HCV tissue specimens
was a significant predictor for future development of
HCC in chronic HCV patients. These analyses indicate
the importance of SLC22A7 expression as a predictor of
multifocal HCC, de novo and after curative treatment. In
particular, among patients without known risk factors for
HCC, the cumulative incidence of HCC was significantly
higher in those with reduced SLC22A7 expression.

A recent study showed that reduced SLC22A7 expres-
sion is an independent risk factor for recurrence after
HCC resection [17]. We hypothesized that SLC22A7
might be an IHC marker for the multifocal occurrence of
HCC. Initially, we validated the previously reported util-
ity of SLC22A7 as a biomarker for HCC recurrence after
curative therapy in HCC patients treated with RFA in-
stead of resection. Subsequently, we revealed a significant -
association between SLC22A7 expression in hepatitis tis-
sue and the risk of future HCC in chronic HCV patients.
Indeed, previous studies show several risk factors for
HCC in these patients, including failure to achieve SVR,
older age, male gender, obesity and advanced fibrosis and
steatosis of the liver [20-22]. According to current data,
assessments of transporter function in liver biopsies con-
tribute an additional valuable predictor. This was further
emphasized in patients who lacked known risk factors,
such as older age and advanced fibrosis. Given the pau-
city of known risk factors for HCC among younger pa-

Yasui et al.
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tients without advanced fibrosis, SLC22A7 expression
can provide an important cost-effective screening tool.
Moreover, we confirmed previous knowledge of low se-
rum albumin levels as an independent risk factor for HCC
development in patients matched for age, gender and
stage of liver fibrosis. Nonetheless, in patients with high-
er serum albumin levels (24.0 g/dl), reduced SLC22A7
expression remained a significant independent risk factor
for HCC.

The SLC22A7 gene encodes OAT2, which is distrib-
uted mainly in the liver and kidney. As a protein predom-
inantly expressed in the liver [23], OAT2 transports sev-
eral antiviral drugs as well as prostaglandins. A recent
study in rats showed that OAT2 is responsible for the up-
take of orotic acid [24], which reportedly promotes liver
carcinogenesis [25, 26]. In the clinical setting, orotic ac-
iduria was also observed in HCC patients without liver
cirrhosis [27]. Moreover, a previous study using gene-set
enrichment analysis revealed that SLC22A7 expression is
significantly correlated with mitochondrial oxidoreduc-
tase activity and fatty acid metabolism. Mitochondrial
dysfunction and oxidative stress are considered key
mechanisms for the development of HCC. Collectively,
these studies indicate that reduced SLC22A7 expression
promotes hepatic carcinogenesis by increasing the con-
centration of orotic acid around hepatocytes and promot-
ing oxidative stress and mitochondrial dysfunction. Our
study suggests that these microenvironmental changes
might occur in patients with chronic HCV in an early
stage. As for HCC recurrence after surgical resection,
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frequency ablation (RFA) is an effective and safe noninvasive treatment for
»epétocellular carcinoma (HCC) gnd may be useful as a bridging therapy in liver
isplantation. Prognosis after liver transplantation in patients within the Milan
;ria is excellent. The study aimed to identify risk factors associated with exceeding
th }\dilan criteria after initial locally curative RFA therapy.

hods

)’c;ng 554 primary HCC patients, 323 with early stage HCC following RFA were
‘ {yzed (mean age, 66 years; HCV/HBV/others, 249/33/41; Child-Pugh A/B/C,
67/0). The cumulative overall survival and recurrence rate exceeding the Milan
criteria were analyzed by Kaplan—-Meier analysis, and factors associated with overall
'vs;l were determined by Cox proportional hazards analysis.

Results

’overa]l cumulative survival rates at 1, 3, 5, and 10 years were 96%, 84%, 70%, and
, respectively, without liver transplantation. The cumulative recurrence rate
eding the Milan criteria at 1, 3, and 5 years were 15%, 46%, and 61%, respectively.

}étoprotein (AFP) >100 ng/mL and recurrence within 1 year after initial ablation
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g independently associated with earlier recurrence exceeding the Milan criteria and
1l survival. The 3- and 5-year survival rates of patients with both risk factors were
% and 22.6%, respectively, in spite of early stage at initial ablation.

jonclusions

cher AFP and HCC recurrence within 1 year after RFA are risk factors for exceeding
Milan criteria and overall survival. Early liver transplantation or adjuvant therapy

: 1d be considered for patients with both risk factors.
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duction

tocellular carcinoma (HCC) is the most common primary malignancy of the liver,
nting for 70%—85% of all cases, and a major cause of mortality; it is the fifth most
ently diagnosed cancer and the second most frequent cause of cancer death in men.
omen, it is the seventh most commonly diagnosed cancer and the sixth leading
of cancer death (1, 2). At present, the major curative treatments for HCC consist
b patic resection, ablation therapy, and liver transplantation (3). Although hepatic
ection and ablation therapy often show excellent effects in HCC, they cannot prevent
rence in the remnant liver or eliminate other complications caused by concurrent
cirrhosis. On the other hand, liver transplantation has become a favored option for
treatment because it provides not only local cure but also decreases the risks for

rence and progressive liver disease. Liver transplantation for cirrhotic HCC

i nté who meet the Milan criteria (4) [solitary tumor < 50mm or three or fewer
Jesions (none > 30mm)] offers long-term survival similar to that observed in patients
nsplanted for nonmalignant liver disease (5, 6). Some recent studies (7-9) reported
radiofrequency ablation (RFA) is an effective and safe noninvasive treatment for
, enabling complete ablation of an area up to 3 cm in diameter and is superior to

qiowave coagulation and percutaneous ethanol injection therapy. In a recent study
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for recurrent HCC within the Milan criteria, the 1-, 3-, and 5-year tumor-free
al rates for salvage liver transglantation were all 60%; the corresponding rates
70.2%, 48.0%, and 48.0% for hepatic resection and 41.0%, 20.3%, and 10.9% for
RFA (P=0.004). The patients in this study underwent either hepatic resection or RFA as
pltial treatment for HCC within the Milan criteria. Therefore, it is very important to
w when patients exceed the Milan criteria after initial RFA as a locally curative
terapy for HCC. Hence, the aims of the present study were to identify the risk factors

ciated with recurrence exceeding the Milan criteria and clarify prognostic factors

verall survival in early stage HCC patients who received RFA as an initial therapy.

MATERIALS and METHODS

Between July 1999 and July 2005, 5654 primary HCC patients were admitted to the

artment of Gastroenterology and Hepatology, Musashino Red Cross Hospital (Tokyo,

n). The patients received the following appropriate therapies according to the
opriate guidelines released during study period by the Liver Cancer Study Group of

pan and BCLC staging system (11): 323 were treated by RFA, 35 by surgical resection,
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