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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.
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Table 3. Factors associated with hepatic carcinogenesis according
to the Cox proportional hazards model

0.002
0.009

SLC22A7 (reduced expression)
Albumin (per 1 g/dl)

3.49 (1.56-7.83)
6.37 (1.56=25.6)

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 (33.9 vs. 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 24.0 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 ITHC 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-
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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 (>4.0 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-
era] 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
meéchanisms 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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independently associated with earlier recurrence exceeding the Milan criteria and

11 survival. The 3- and 5-year survival rates of patients with both risk factors were

onclusions
er AFP and HCC recurrence within 1 year after RFA are risk factors for exceeding

ilan criteria and overall survival. Early liver transplantation or adjuvant therapy
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oduction

atocellular carcinoma (HCC) is the most common primary malignancy of the liver,.

unting for 70%—85% of all cases, and a major cause of mortality; it is the fifth most

omen, it is the seventh most commonly diagnosed cancer and the sixth leading

e of cancer death (1, 2). At present, the major curative treatments for HCC consist

:
23g’oﬁ“ﬁféggep>.a\tic resection, ablation therapy, and liver transplantation (3). Although hepatic

resection 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

rrence and progressive liver disease. Liver transplantation for cirrhotic HCC

€, enabling complete ablation of an area up to 3 cm in diameter and is superior to

fxéowave coagulation and percutaneous ethanol injection therapy. In a recent study
7
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v when patients exceed the Milan criteria after initial RFA as a locally curative

H
eéapy for HCC. Hence, the aims of the present study were to identify the risk factors
E

2 opriate guidelines released during study period by the Liver Cancer Study Group of

e

%

3%‘;; n and BCLC staging system (11): 323 were treated by RFA, 35 by surgical resection,

@
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by transcatheter arterial chemoembolization (TACE), 10 by systemic cytotoxic

otherapy, 2 by percutaneous microwave coagulation, 4 by percutaneous ethanol

tion therapy, 2 by radiation therapy, and 20 by best supportive care. There were no

&1
%

nts who underwent liver transplantation. Of these 554 patients, 323 were treated

'd“i&i%xree or fewer lesions (none > 30mm), three or fewer lesions without major vascular
biliary invasion, total bilirubin concentration <2.5 mg/dL, platelet count >3 X

“104/mm3, and prothrombin activity >50%. Some patients refused hepatic resection and

Y

ge RFA voluntarily on the basis of concerns about complications or physician

%ipiétient who had severe heart disease, and the remaining 27 patients did not have any

John Wiley & Sons, Inc. -



Liver Transplantation

; g donors. Written informed consent was obtained from all patients; and this study

approved by the ethics committee of Musashino Red Cross Hospital and conducted

cordance with the Declaration of Helsinki.

- Wg? dlagnosm

diagnosis was confirmed by typical radiographic findings on dynamic computed

- ]

S %%o graphy (CT) with or without hepatic arterial and portal angiography and magnetic

senance imaging (MRI) or by needle biopsy. For triple-phase dynamic CT scans,

vi'ial, portal, and equivalent phases were set at 35, 70, and 150 s, respectively, after
tion of contrast agent. Spiral CT scans were obtained from 5-mm-thick sections.
Jard-certified radiologists diagnosed HCC on the basis of typical patterns, such as an
v-phase hyperattenuation area or late-phase hypoattenuation on dynamic CT or
‘2 ) - . . .
RI. Liver biopsy was performed when a definite diagnosis was not proved by imaging

echniques; and the final diagnosis was confirmed by certified pathologists who were

ware of the patient’s clinical data.

A procedure

|
et
) i’lé was perfouned under local anesthesia using the percutaneous approach (n = 279)

10
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eneral anesthesia using the laparoscopic approach (n = 44), both under real-time

3 v a 3.0—6.0 MHz convex probe using Aloka SSD-5500 (Aloka, Tokyo, Japan), Sonoline

4

Sl i
“E’Z‘r‘géra (Siemens, Erlangen, Germany), and Aplio XV (Toshiba Medical Systems, Tokyo,

n) systems. When the target nodule was > 20mm in diameter, we performed .

tested for indicators of liver function and the markers afetoprotein (AFP) and

%ﬁ"i‘ i in induced by vitamin K absence or antagonist-II (PIVKA-ID. A dynamic CT scan
11

John Wiley & Sons, Inc.



415

Liver Transplantation Page 12 of 35

: scheduled every 3—4 months, and chest CT or bone scintigraphy was performed if

hepatic recurrence was suspected. HCC recurrence was defined as the detecﬁon of
arly enhanced lesion by dynamic CT scan concomitantly with late washout. Local
orrprogression was defined as the appéaranc'e of viable cancer tissue touching the
?ally treated tumor and distant recurrence separated from the prih;ary site. When

rahepatic HCC recurrence was detected, RFA was performed if the recurrence met

g,

i"“eéinitial inclusion criteria. If there was no indication for RFA, we chose TACE,

~utaneous ethanol injection therapy, surgical resection, systemic chemotherapy, or

g

tomatic therapy accbrding to the guidelines established by the Liver Cancer Study

E

' p of Japan (11) and AASLD (3). The end of follow-up was tumor progression beyond

\ e Statistical analysis

-

e primary endpoint of the present analysis was tumor progression beyond the Milan
eria, and the secondary endpoint was death. The cumulative incidences of
tirrence exceeding the Milan criteria and survival after initial successful RFA were
ﬁnined by the Kaplan—-Meier method, and the risk factors associated with
f’é@%rrence exceeding the Milan criteria and death were identified using the Cox

12
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rtional hazards regression model independently for tumor progi*ession and death.

val analysis was performed on a per patient basis. The starting date of follow-up

 defined as the completion date of the initial RFA session. Multivariate analysis was
ormed using the Cox proportional hazards model, including variables with a

m;ginal p value of <0.05 by univariate analysis. All statistical analyses were

patient characteristics are shown in Table 1. The minimum follow-up period was 7

nths, and the median follow-up period was 47.4 months (range, 7-147 months).

g ’folloW'up, HCC recurred in 270 of 323 patients (83.6%), and local tumor

ectively. The cumulative recurrence rate exceeding the Milan criteria at 1, 3, and 5

s was 15.1%, 46.0%, and 61.1%, respectively. Major complications were observed in

13
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2 cases (0.6%): one was gastric penetration after ablation of segment 2 and the

was hemothorax after ablation of segment 7. Both cases recovered without

. nivariate analysis results showed that the higher AFP level (> 100 ng/mL), higher
<5
@%@x g

Eimﬂéﬂﬂ level (>100 mAU/mL), larger tumor size (diameter > 20mm ), and earlier

reciirrence of intrahepatic lesion (within 1 year after initial RFA) were significantly

g‘zﬁ% 0.‘0%1) were independent risk factors associated With_récurrence exceeding the Milan

%weift Table 3. Multivariate analysis with the Cox proportional hazards model indicated

{ the initial higher AFP level (hazard ratio 2.03, p = 0.0003), Child—Pugh B (hazard

14
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