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Figure 3. (A) Overall survival curve for the pre-operative TACE group according to the necrosis rate induced by TACE. (B) The 5-year overall and disease-
free survival for necrosis rate 270% was better than that for necrosis rate <70% (p=0.02).

Table III. Clinicopathological characteristics of the pre-operative TACE and non-TACE groups with tumor size =25 cm in diameter.

Variable Pre-operative TACE (n=83) Non-TACE (n=47) P-value
Age (years) 60.3x8.5 61.949.2 0.319
Gender (male/female) 71/12 37/10 0.304
HBs-Ag (+) 43 23 0.556
HCV-ADb (+) 28 19 0.575
Child-Pugh grade (A/B) 71/12 42/5 0.594
CLIP score (0/1-2/3-6) 32/44/7 15/26/6 0.632
Serum AFP (>5 ng/ml) 49 29 0.376
Serum PIVKA-II (>40 mAU/1) 52 28 0.270
Tumor size (cm) 7.9+3.5 9.6+13.8 0.281
Multiple tumor 36 22 0.585
Portal vein invasion (+) 10 8 0414
Intrahepatic metastasis (+) 34 21 0.640
TNM stage (I/IV/III/IV-A) 0/49/25/9 0/25/12/10 0.356

TACE, transcatheter arterial embolization; AFP, a-fetoprotein; PIVKA-IL, protein induced by vitamin K antigen II. Data are expressed as the

mean + SD.

after hepatectomy compared to the non-TACE group (p=0.04)
(Fig. 2), but no benefit in overall survival was noted (p=0.70).
There was no difference in the clinicopathologic background
between patients of the two groups with tumors =5 cm in
diameter (Table III). Additionally, to evaluate the influence
of tumor size, we divided patients into groups according to
1 cm differences in tumor diameter and analysed each group
regarding survival; there were no significant benefits between
groups except for neoplasms =5 cm. Analysis of sites of recur-
rence showed that 134 and 36 patients experienced intrahepatic
and extrahepatic recurrence in the pre-operative TACE group,
and 153 and 25 patients in the non-TACE group (p=0.09).

Effect of the rate of tumor cell necrosis on survival. To deter-
mine the prognostic importance of the extent of necrosis of
the tumor after TACE, patients treated with pre-operative
TACE were divided into two groups according to the degree
of tumor necrosis, and survival was calculated. The results
of the Kaplan-Meier method showed that the overall and
disease-free survivals over 5 years after hepatectomy for

patients with tumors showing 270% necrosis (n=145) were
superior to those with <70% necrosis (n=107). The 1-, 3- and
5-year overall survival rates were 97.1, 88.2 and 68.2% for the
>70% necrosis group, and 89.1, 70.3 and 58.1% for the <70%
necrosis group, respectively (p=0.02) (Fig. 3). The 1-, 3- and
5-year disease-free survival rates were 75.5, 46.9 and 36.5%
for the =70% necrosis group, and 60.8, 38.5 and 27.0% for
the <70% necrosis group, respectively (p=0.03). Analysis of
recurrence sites showed that 82 and 12 patients experienced
intrahepatic and extrahepatic recurrence in the >70% tumor
necrosis group, and 52 and 24 patients in the <70% tumor
necrosis group (p<0.01).

Patients with HCCs =5 cm exhibited a benefit of pre-
operative TACE for disease-free survival in our study. By
contrast, the necrosis rate was another prognostic factor in
overall and disease-free survival. Therefore, we performed
another analysis for patients with HCCs =5 cm and =70%
necrosis. A survival benefit was noted in both overall and
disease-free survival for patients bearing =5 cm HCCs in
the >70% necrosis group; the 5-year overall and disease-free
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Table IV. Studies on pre-operative TACE for HCC.
Author (Refs.) No. of Tumor factor % Overall survival % Disease-free survival Result
patients” TACE vs. control TACE vs. control
(years) (years)
Clinical trials
W et al (20) 24:48 Ts 210 cm 32 vs. 60 (5) 40 vs. 50 (3) Harmful
Yamasaki et al (21) 50:47 2<Ts<5cm 63 vs. 62 (5) 39vs.31(5) NS
Zhou et al (22) 52:56 Ts=5cm 31 vs. 21 (5) 13 vs. 9 (5) NS
Peng et al (9) 51:53 Vp 21 vs. 8.5 (5) NA Effective
Zhong et al (11) 59:59 Stage ITTA 23 vs. 18 (5) 9vs.2(5) Effective
Retrospective studies
Imaoka et al (17) 37:52 Ts <10 cm NA 72 vs. 54 (2) Effective
Monden et al (23) 71:21 63 vs. 62 (3) NA NS
Nagasue et al (27) 31:107 31vs.45(3) NA NS
Adachi et al (18) 46:26 Ts <5 cm,Vp(-), NA 52 vs. 49 (3) Effective (CN group)
Vv(-), IM(-)
Harada et al (15) 98:33 78 vs. 68 (3) 38 vs. 34 (3) Effective (CN group)
Uchida et al (28) 60:68 61 vs. 73 (3) 57 vs. 48 (3) Harmful
Majno et al (14) 49:27 57 vs. 47 (3) 33vs.22(3) Effective (downstage
or CN group)
Paye et al (24) 24:24 62 vs. 65 (3) 32vs. 16 (3) NS
Di Carlo et al (13) 55:45 Ts <5 cm 70 vs. 38 (3) 40 vs. 20 (3) Effective
Luetal (12) 44:76 50 vs. 52 (3) 32vs.36(3) NS
(24:57) 2<Ts <8 cm 42 vs. 61 (3) 21 vs. 43 (3) NS
(20:19) Ts =8 cm 53 vs. 33 (3) 32vs. 11 (3) Effective
Zhang et al (19) 120:1337 NA 51 (n=2) vs. 36 (n=1) Effective
vs. 21 (control) (5)
Gerunda et al (16) 20:17 Ts<5cm 43 vs. 38 (5) 57 vs. 21 (5) Effective (DFS)
Sugo et al (10) 13:73 NA 46 vs. 39 (3) NS
(58:35) Stage I, 11 NA NA NS
(55:38) Stage III, IV NA 41vs.21(3) Effective
Sasaki et al (25) 109:126 28 vs. 50 (5) 19 vs. 22 (5) Harmful
Choi et al (26) 120:153 NA 51vs. 47 (5) NS
Lee et al (29) 114:236 47 vs. 52 (5) 29 vs. 36 (5) Harmful

TACE, transcatheter arterial embolization; Ts, tumor size; Vp, portal vein invasion; Vv, hepatic vein invasion; IM, intrahepatic metastasis; NA,
not available; CN, complete necrosis. ‘Patients that received to those that did not receive TACE.

survival rates were 63.9 and 41.0% (n=43), and for patients
bearing 25 cm HCCs in the <70% necrosis group, 42.8 and
16.1% (n=40) (p=0.02 and p<0.01, respectively).

Changes in AFP mRNA in peripheral blood. Among the last
123 patients for whom serum AFP mRNA was measured pre-
operatively, 13 (11.6%) were positive. There was a significant
difference between the AFP mRNA-positive and -negative
groups in terms of protein induced by vitamin K antigen II
(PIVKA-II) (p<0.05), but not in the other clinicopathologic
parameters analyzed. Among 53 patients who underwent pre-
operative TACE, 5 patients were AFP mRNA-positive, and
pre-operative AFP mRNA was negative in 12 patients who
showed complete TACE-related necrosis, although the statis-
tical difference was not significant (p=0.20). Quantification of

AFP mRNA revealed that AFP mRNA-positive patients who
received pre-operative TACE had the worst overall survival
after hepatectomy compared to the AFP mRNA-negative
patients. Among the pre-operative TACE group, the 5-year
overall survival rates were 60.0% for the AFP mRNA-positive
group (n=5), and 88.8% for the AFP mRNA-negative group
(n=48), respectively (p=0.02). Also, AFP mRNA-positive
patients with a tumor size 25 cm showed similar results; the
S-year overall survival rates were 0% (n=2; each 0.4 and 1.25
years), and 83.3% (n=20), respectively (p=<0.01).

Discussion

One of the reasons for the high recurrence rate in HCC is
postulated to be the potential hematogenous spread of cancer
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cells pre- or intra-operatively, even if curative resection is
performed. This possible phenomenon is probably due to the
characteristics of HCC or the surgical manipulation during
hepatectomy itself. Irrespective of the underlying etiology, it is
important to control this hematogenous spread of cancer cells,
and one of the purposes of pre-operative TACE is to prevent
such spread and improve the outcome after curative resection.

In order to improve the survival rate after surgery for HCC,
several researchers have tried pre-operative TACE; however,
its clinical benefits are still controversial (Table IV) (9-29).
Half of these studies including randomized controlled trials
(RCTs) demonstrated effective results regarding pre-operative
TACE while others did not or showed harmful results. Our
results showed that pre-operative TACE prolonged the disease-
free survival in patients with HCC tumors measuring 5 cm
or more in diameter. In these previous studies, some authors
supported our results, i.e., pre-operative TACE was effective
in large or stage III-IV tumors (9-12). On the other hand,
two RCTs showed the opposite results (20,22). However, the
background of these patients differed from ours; both studies
involved large tumor (=10 cm) in hepatitis B carriers.

Subgroup analysis based on other clinicopathological
factors, such as portal vein invasion, intrahepatic metastasis
and TNM stage, which are considered important factors in
the prognosis of HCC patients, showed that pre-operative
TACE had no significant benefits to survival. Several studies
have documented the poor response to TACE in patients with
satellite lesions, intrahepatic recurrence or tumor thrombosis
(12,13,25,26). The generally poor response of patients with
portal vein invasion, intrahepatic metastasis or advanced HCC
to pre-operative TACE and subsequently to surgery, may be
explained by the aforementioned reasons.

On the other hand, our results suggest that pre-operative
TACE is beneficial for patients with HCCs 5 ¢cm or more in
diameter. Of these patients, the mortality rate of AFP mRNA-
positive patients was worse, even when they underwent
pre-operative TACE. Although this finding may suggest hema-
tological spread of cancer cells before surgery, the change in
AFP mRNA levels should be analyzed before or after both
pre-operative TACE and surgery, since it is doubtful whether
pre-operative AFP mRNA was positive before TACE or
became positive after TACE. Nonetheless, AFP mRNA may
be a good prognostic marker of HCC.

The relationships between TACE-induced tumor necrosis,
tumor spread and survival remain controversial (10-18,22-26).
Our results showed that the 5-year overall and disease-free
survival of patients with tumors showing a necrosis rate of
70% or higher was more favorable than the survival of patients
with tumors showing less than 70% necrosis. In agreement
with these results, the pre-operative AFP mRNA of all 12
patients who showed TACE-related complete necrosis was
negative. Furthermore, the analysis of recurrence sites found
that patients bearing tumors with a necrosis rate less than 70%
were more likely to develop extrahepatic recurrence. Previous
studies reported a higher incidence of extrahepatic metastasis
in AFP mRNA-positive patients, either before or after TACE
(32). These data indicate that complete necrosis induced by
pre-operative TACE seems to inhibit extrahepatic metastasis
and may be a suitable marker of favorable patient outcome.

MURAKAMI et al: PREOPERATIVE TACE FOR HCC INCLUDING AFP mRNA

Although the necrosis rate was determined through
histopathological examination, some studies have evaluated
the therapeutic response of TACE using modalities including
dynamic CT, contrast-enhanced sonography, power Doppler
sonography, dynamic MRI and angiography (33,34). However,
we consider it insufficient to assess the effect of TACE
pre-operatively. On the other hand, although the number of
samples in this study was limited, the necrosis rate in 4 of
the 5 (80%) AFP mRNA-positive patients who received
pre-operative TACE was less than 70%. These findings
suggest differences in survival between patients bearing
tumors with a necrosis rate equal to or greater than 70 and
patients bearing tumors with less than 70% necrosis. Although
further examination is required, we can anticipate the efficacy
of AFP mRNA in peripheral blood for patient survival after
surgery following TACE.

In conclusion, pre-operative TACE may be beneficial
for patients with HCC tumors measuring more than 5 cm in
diameter. These patients should undergo TACE before cura-
tive resection to prolong disease-free survival. However, tumor
necrosis equal to or greater than 70% is necessary for more
favorable survival. Our results also showed that quantification
of AFP mRNA in peripheral blood after TACE is potentially
useful for the prediction of HCC recurrence.
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Isolated metastasis to the gallbladder from

hepatocellular carcinoma
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Aim: Metastasis to gallbladder (GB) from hepatocellular car-
cinoma (HCC) is rare, and it is difficult to determine indications
for surgery. We report eight cases of synchronous isolated GB
metastasis, and analyze their features retrospectively.
Methods: Among 439 HCC patients who underwent hepate-
ctomy from 1998 to 2008 at our institution, 393 (89.5%) under-
went concurrent cholecystectomy.

Results: Among them, eight (1.8%) had GB metastasis
without other distant metastases. None of these cases
showed evidence of direct invasion. All cases had advanced
portal vein thrombus (PVTT) and their main tumor located
near the GB bed. Five cases had apparent tumor mass in the

GB wall, and the other three cases had only tumor thrombus
in the GB veins. Six cases were treated postoperatively with
local infusion therapy with interferon, and three of them
showed long-term survival.

Conclusion: Our eight cases of GB metastasis from HCC
were closely related to PVTT. Surgical resection and multimo-
dal treatment would be necessary for long-term survival in
cases with isolated GB metastasis.

Key words: hepatocellular carcinoma, gallbladder
metastasis, portal vein tumor thrombus.

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) com-
monly shows intrahepatic spread, compared to
extrahepatic metastasis, even in advanced-stage tumors.
The majority of extrahepatic metastasis lesions are
found in the lung, bone, and distant lymph nodes."?
The gallbladder (GB) is a unique organ with respect to
metastasis of HCC because it is anatomically adjacent to
the liver, and advanced HCC commonly invades the GB
directly.’* On the other hand, an isolated metastasis to
the GB from HCC is rare, with only three cases reported
(two synchronous found unexpectedly and one metach-
ronous); all were resected.””’
We encountered eight patients, each with an isolated
GB metastasis from HCC, who also presented with
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portal vein tumor thrombus (PVTT). Here, we report
these cases and discuss the pattern of spread to the GB
and treatment.

PATIENTS AND METHODS

E ENCOUNTERED EIGHT patients with synchro-

nous GB metastasis among 439 patients who
underwent hepatectomy for HCC between 1998 and
2008. Of this group, 57 patients (13.0%) had PVTIT in
the right or left branch of the portal vein or in the main
trunk, 85 patients (19.4%) were in stage III, and 112
(25.5%) were in stage [V HCC.

Our routine preoperative examination for these
patients included computed tomography (CT) scanning
and magnetic resonance imaging (MRI), while hepatic
angiography and arterial portography was carried out if
indicated. In the patients with PVTT, we performed chest
and brain CT, and bone scintigraphy to rule out distant
metastasis. After these routine preoperative examina-
tions, partial or functional anatomical liver resection
was performed according to the preoperative or
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intraoperative findings.'"'" Briefly, the selected surgery 2
was based on the tumor stage and liver function tests, £ B
such as Child-Pugh grade (A or B) and the value of the 'é FEREEEE ¥ ¢ e
plasma retention rate of indocyanine green at 15 min é SZ2222 = § §_ é
(ICG-R15). Cholecystectomy was generally performed 2
before hepatectomy as a standard technique in the cases w SEenednao.gs
of hemihepatectomy or to prevent cholecystitis follow- - %_ g
ing transarterial chemoembolization (TACE) for recur- E = Z
rent HCCs, if necessary. We resected the GBs of 393 § - - 5|88
patients and examined samples histopathologically. 3 E28: 3552 Ty
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axis and formalin-fixed when no macroscopically appar- - = 8
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Figure 1 Computed tomography scan showing gallbladder
wall thickness.

chemotherapy with IFN (IFN/5-FU) as an adjuvant-
setting or multimodal approach (cases 1-6).

Table 2 details the histopathological characteristics
and postoperative outcomes of all patients.

Histopathological characteristics

All patients had PVTT in the right or left branch of the
portal vein or in the main trunk, but none had lymph
node metastasis. One patient showed invasion of the

Table 2 Histopathological characteristics and outcome

HCC with gallbladder metastasis 795

Figure 2 Histopathological staining showing representative
tumor thrombus in GB veins (hematoxylin and eosin, x100).

right hepatic vein (case 2) and another showed bile duct
invasion in the right hepatic duct (case 8). Postoperative
histopathological examination revealed poorly differen-
tiated HCC of the main tumor in seven cases. All cases
had tumor thrombus in the GB blood or lymph vessels
and three cases showed tumor thrombus in the GB vein
without apparent tumor mass in the mucosa or wall
(GBTT) only (cases 1-3, Fig. 2).

Adjuvant therapy and
postoperative outcome

Three patients exhibited a good response to IFN/5-FU
therapy and long-term survival postoperatively (cases 1,

Case PVIT n  Other Histological Edmondson
invasion site  type grade

1 Main 0 None Poor Il

2 Main 0 RHV Poor 111

3 Main 0 None Mod 11

4 Lt 0 None Poor 111

5 Main 0 None Poor Hr>1wv

6 Main 0 None Poor 11

7 Main 0 None Poor [

8 Main 0 RHD Poor 11

Distribution  DFS (day) Recurrence OS (day) Prognosis
of meta site

GBIT 597 Lung 1914 Alive
GBIT 121 None 121 Alive
GBTT 0 Liver/lung 185 Died

mp 1643 Lung 1643 Died

mp 0 Other 271 Died

mp 0 Liver 89 Died

sm 110 Liver 145 Died
m-mp 0 Liver/LN 175 Died

DES, disease-free survival; GBTT; gallbladder vein tumor thrombus; Lt, left; m-mp, mucosal layer-muscle layer; LN, lymph node
metastasis; mod, moderate; OS, overall survival; pm, the organ developed metastasis after surgery; PVIT, portal vein invasion; RHD,

right hepatic duct; RHV, right hepatic vein; sm, submucosal layer.
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2, and 4), although the same treatment was ineffective
for another three cases (Cases 3, 5, and 6). Although
case 4 subsequently died of liver failure without HCC
recurrence, the other deaths among IFN/5-FU-treated
patients after surgical resection were from recurrent
cancer, located mostly in liver or lung. Two patients
could not have any treatment due to liver failure (cases
7 and 8). Two of the three cases with GBTT only remain
alive.

Below we present two cases as representative of GBTT
only and metastasis to GB, respectively.

Case 1

A 53-year-old man was admitted to our hospital for
advanced HCC. CT and MRI scans showed tumor
located mainly in S7/8, with PVIT and GS. We per-
formed right hepatectomy, tumor thrombectomy, and
cholecystectomy. Although the macroscopic examina-
tion showed no tumorous lesion in the mucosa or wall
of the GB, histopathological examination showed GBTT
only (Fig. 2). The patient received IFN/5-FU therapy
postoperatively, followed by pneumectomy for metach-
ronous lung metastasis and chemotherapy with IFN.
The patient is still alive with no recurrence.

Case 8

A 74-year-old man had advanced HCC with tumor
located mainly in the posterior segment as well as PVTT.

© 2010 The Japan Society of Hepatology
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Figure 3 A typical case of gallbladder
metastasis (case 8). The tissue showed
(a.b) some small protruding lesion on
the mucosa and white nodes in the
GB wall on macroscopic examination,
while (c) histopathological examina-
tion revealed poorly differentiated
heptaocellular carcinoma cells in the
lamina propria and muscle layer of
the gallbladder, and invasion into the
submucosal vessels (hematoxylin and
eosin, x100).

Imaging showed an edematous and thick GB wall that
was not adjacent to the main tumor. We performed an
extended posterior segmentectomy, tumor thrombec-
tomy, and cholecystectomy. Macroscopically, the tissue
showed some small protruding lesions on the mucosa
and white nodes in the GB wall (Fig. 3a). Histopatho-
logical examination revealed poorly-differentiated
HCC, as seen in the main tumor, in the lamina propria
and muscle layer of the GB, as well as invasion of the
submucosal vessels (Fig. 3b). The diagnosis was there-
fore GB metastasis from HCC. The patient could not
have any treatment and subsequently died of liver
failure.

DISCUSSION

B METASTASIS FROM HCC is a rare clinical occur-

rence. Autopsy studies report the frequency of GB
metastasis as approximately 5%,"*"'” with the clinical
features of GB metastasis mostly described as advanced
stage with multiple metastasis sites.

In contrast, a resected isolated GB metastasis is rarely
encountered. Here, we considered three surgically
resected cases reported previously (Table 3).7° A com-
parison of these and our cases revealed that 10 of 11
cases had PVIT. HCC with PVTT is not usually an indi-
cation for surgical resection alone and requires instead a
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HCC with gallbladder metastasis 797

Table 3 Summary of reported cases of metastatic gallbladder tumors from HCC

Case  Period HCC Treatment Outcome Reference
Location PVIT Histology
48/M  Synchronous  $4/5 Yes Mod Hepatectomy + Cholecystectomy  Not described Nishida et al.’?
49/M  Metachronous S5/6/7/8 Yes Mod IFN + chemo Txt 13 months alive  Terashima et al.®
—Cholecystectomy

73/M  Synchronous  $4 None Mod

Hepatectomy + Cholecystectomy

32 months alive Maruo et al.”

tchemo Tx: Methotrexate (MTX) + cisplatin (CDDP) + 5FU + Leucovorin (LV). HCC, hepatocellular carcinoma; IFN, interferon; IFN,

interferon; mod, moderate; PVTT, portal vein tumor thrombus.

multimodal approach.'® Recently, we reported excellent
clinical outcomes with IFN/5-FU combination therapy
for highly advanced HCC with PVTT.'”** We propose
that some of the cases of advanced HCC that were
treated as inoperable already had undetected GB
metastasis. This background allowed us to identify the
eight cases of GB metastasis described in this report.
Analysis of patients with HCC and PVTT showed that
approximately 14.0% of patients with HCC and PVIT
had an isolated GB metastasis.

Based on the current and previously published data,
a link between PVIT and GB metastasis is feasible,
suggesting direct metastasis from HCC to the GB. In
support of this notion, most cases had PVTT and the
main tumors were located at or near the GB bed ($4 and
$5). In terms of primary GB malignancy, the GB vein is
thought to fully drain into the portal vein system and
thus is a possible metastatic route from the liver. This
suggests a possible interaction between the portal and
GB veins.?*"* In addition, cases 1-3 showed microme-
tastases and case 4 had GB vein dilatation on CT. These
data support our hypothesis that HCC cells could access
the GB vein via the portal vein adversely because of
portal hypertension associated with PVTT or liver cirrho-
sis, and then infiltrate outside the vascular wall to
develop tumor in the GB, especially in advanced HCC
cases with PVIT. The GB vein dilatation would be
caused by tumor thrombi in the GB vein.

Based on this hematogenous route of GB spread, it
would be difficult to define such “metastasis” according
to classical histopathological criteria; a better definition
could be “local extension”. In fact, we treated six of eight
patients with incidental GB metastasis with surgical
resection and IFN/5-FU therapy as local infusion
therapy. In four of these cases, liver recurrences were
well controlled and three are still surviving disease-free
(cases 1, 2, and 4). Based on our experience, an isolated
GB metastasis could therefore be treated by intensive
local control with surgical resection and local infusion

therapy (IFN/5-FU therapy or TACE) under the control-
lable condition of liver recurrence.

Finally, the indication of surgical resection for iso-
lated GB metastasis is summarized as follows. Since
most GB metastasis cases had PVTT, a suspicion of GB
metastasis on preoperative routine imaging should be
treated as HCC with PVTT; surgical resection including
the afferent portal vein and GB is recommended, fol-
lowed by IFN/5-FU therapy. On the other hand, cases of
advanced HCC with PVTT showing a normal GB on
preoperative imaging should be monitored carefully
during surgery for micrometastasis in the GB; we rou-
tinely perform concurrent cholecystectomy prior to
resection of HCC with PVTT.?® Such cases then require
IFN/5-FU therapy postoperatively to prevent HCC recur-
rence in remnant liver, and careful histopathological
examination to detect macro- or micro-metastasis in the
GB. In the case of early-stage HCC indicated for partial
hepatectomy, cholecystectomy is not always necessary
due to the low risk of GB metastasis.

In conclusion, GB metastasis could be caused by PVIT
via local hematological spread and should be treated as
local extension. Surgical resection and multimodal treat-
ment, such as [FN/5-FU therapy, could contribute to
long-term survival in cases with isolated GB metastasis.
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GASTROINTESTINAL IMAGING: Hepatocellular Carcinoma Transporter Expression Patterns at MR

Tsuboyama et al

adoxetic acid is a newly devel-
Goped liver-specific contrast agent
for magnetic resonance (MR)
imaging (1). This agent is characterized
by combined good extracellylar and
hepatocyte-selective properties (2). Ap-
proximately 50% of the administered
dose is taken up by hepatocytes and ex-
creted into bile, and this rate is much
higher than the hepatic uptake of another
liver-specific contrast agent, gadobenate
dimeglumine (3). As a result of the
hepatic uptake, maximal enhancement of
normal liver parenchyma is obtained in
the hepatobiliary phase, about 20 minutes
after injection of gadoxetic acid (4),
which thus allows for improved detection
of focal liver lesions that lack function-
ing hepatocytes (2,5-7
Positive enhancement at gadoxetic
acid-enhanced hepatobiliary phase im-
aging occurs not only in normal liver
parenchyma but also in focal liver le-

Advances in Knowledge

tive expression of OATP1B1 and/
B3, whereas 64% of nodules
with positive OATP1B1 and/or
_ -1B3 expression demonstrated
low enhancement.
- ® Combined with OATP1B1 and/or
~ -1B3 expression, two expression
atterns of a canalicular trans-
porter, multldrug resistance-
associated protein 2, contributed
i enhancement a ‘
d expression and an

sions of hepatocellular origin, such as
focal nodular hyperplasia (8,9). Some
investigators have reported that posi-
tive hepatocyte-selective enhancement
may also be observed in some patients
with hepatocellular carcinoma (HCC)
(7,8,10-12). This seemingly paradoxical
enhancement of HCC was limited to well-
differentiated HCC in some studies
(8,11), whereas it was also observed in
moderately or poorly differentiated HCC
in other studies (7,10,12). However,
little is known about the mechanism of
this enhancement of HCC or about the
characteristics of HCC thus enhanced.

It has been suggested that organic
anion transporting polypeptides (OATPs),
expressed at the basolateral membrane
of hepatocytes, mediate the uptake of
gadoxetic acid (13) and that multidrug
resistance-associated protein 2 (MRP2),
expressed in the canalicular membrane,
mediates the secretion from hepatocytes
(14). Of the OATP family, rat Oatplal was
demonstrated to be a carrier of gadoxetic
acid, whereas human OATP1A2 was not
involved in its uptake (15). This finding
was followed by cloning of the most dom-
inant OATPs in human liver, OATP1B1
and OATP1B3 (16,17), which are now
considered promising candidates as po-
tential transporters of gadoxetic acid in
human liver.

Some investigators (10,18-22) have
reported that HCC tumor cells expressed
the hepatocellular transporters, including
OATP1B1 and/or OATP1B3 (hereafter,
OATP1B1 and/or -1B3) and MRP2. We
therefore hypothesized that the degree
of expression of these transporters in
tumor cells may affect the kinetics of
gadoxetic acid in tumors.

The purpose of this study was to
investigate the mechanism of enhance-
ment of HCC on gadoxetic acid-enhanced
hepatobiliary phase MR images and to
characterize HCC thus enhanced.

Implication for Patient Care

Materials and Methods

Patients

Institutional review board approval for
this retrospective study was obtained
from Osaka University Hospital (Osaka,
Japan), and written informed consent
for research use of the resected speci-
men was obtained from all patients.
The surgery, pathology, and radiol-
ogy records of patients with HCC who
underwent surgery at our institution
between April 1, 2008, and June 30,
2009, were reviewed. Inclusion crite-
ria were preoperative gadoxetic acid-
enhanced MR examination and presence
of histopathologically proved nodular
HCC at surgery. Forty-eight patients
with 50 HCCs that were histopatho-
logically proved by surgical resection
were identified; 42 of these patients
had undergone preoperative gadoxetic
acid-enhanced MR examination within
2 months of the surgical procedure. Ex-
clusion criteria included preoperative
treatment, such as transcatheter arte-
rial chemoembolization, and the pres-
ence of abnormal signal intensity (SI) in
liver parenchyma adjacent to the tumor
on MR images, because the correlation

Radiology: Volume 255: Number 3—June 2010 = radiology.rsna.org
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Summary of Relative Enhancement Ratios, Expression of Transporters, and Bile Pigment Findings

Child- Tumor  Relative OATP1B1 and/or - MRP2 Expression Score ¥
Patient  Pugh Tumor  Size  Enhancement  1B3 Expression Bile Pigment Score
No.* Class  Cause® Background Liver ~ Grade! ~ (mm)  Ratio Score? Canaliculus$® Pseudogland!  and Location*
Nodules with High Enhancement **
1 A HCV Chronic hepatits M 25 1.48 1+ 2+ 2+ 2+, pseudogland
2 A HCV Cirrhosis w 14 1.39 2+ 2+ 2+ 1+, pseudogland
3 B HCV Cirrhosis M 28 1.13 2+ 1+ NCS 2+, cytoplasm
4 A Alcohol Chronic hepatitis M 27 113 2+ 1+ 1+ 1+, cytoplasm
5 A HCV Chronic hepatitis M 15 1.05 1+ 2+ 2+ 1+, pseudogland
~ Nodules with Low Enhancement'*
6 B Unknown  Normal M 29 0.86 0 NCS 2+ 0
7 A HCV Cirrhosis P kil 0.84 2+ 2+ 1+ 1+,ND
8 A HBV Cirrhosis P 30 0.84 1+ 2+ 14+ 0
9 B HCV Cirrhosis P 16 0.80 1+ 2+ NCS 0
3 B HCV Cirrhosis M 30 0.80 1+ 2+ NCS 1+, cytoplasm
10 A HCV Cirrhosis M 23 0.79 1+ 1+ NCS 0
1 A HBV Chronic hepatitis P 35 0.78 1+ 2+ 0 1+, pseudogland
12 A HCV Chronic hepatitis M 15 0.78 1+ 2+ NCS 0
13 B HCV Cirrhosis P 13 0.78 0 2+ NCS 1+,ND
14 A HCV Cirrhosis p 33 0.77 0 1+ 1+ 0
15 B HBV Cirrhosis M 24 0.76 0 2+ 1+ 1+, cytoplasm
16 A HBV Cirrhosis P 17 071 0 2+ NCS 0
17 A HBV Chronic hepatitis P 30 0.70 2+ 2+ 0 0
18 A HCV Chronic hepatitis M 10 0.69 0 2+ 2+ 1+,ND
19 A HCV Cirrhosis P 17 0.69 0 2+ 1+ 0
20 A HBV Chronic hepatitis = M 37 0.66 0 2+ 2+ 0
21 A Unknown  Normal P 58 0.66 0 1+ 0 0
22 A HBV Chronic hepatitis M 18 0.65 1+ 2+ NCS 0
23 A HCV Cirrhosis P 10 0.64 0 1+ NCS 0
24 B HCV Cirrhosis P 25 0.63 0 2+ 0 1+,ND
19 A HCV Cirrhosis P 21 0.52 0 1+ NCS 0
25 A HBV Chronic hepatitis M 32 0.52 0 2+ 0 B

* Patients are listed in descending order of values of relative enhancement ratios. Two nodules were assessed separately in patients 3 and 19.
1M = moderately differentiated HCC, W = well-differentiated HCC, P = poorly differentiated HCC.

*o=moaﬁwamwm.h:mdﬁvebmm«mwmmmmnammymab=mmammmmmm«mwmms=mmesp«xﬁwm.
§ Expression at canalicular membrane of frabecular structure.

! Expression at luminal membrane of pseudoglandular structure,

* The location of bile pigment was determined at microscopic examination. 0 = negative, 1+ = focal, 2+ = diffuse, ND = not detected.

** High enh nt = relative ratio greater than one,

1t Low enhancement = relative enhancement ratio less than one.

between the histopathologic and imag-
ing findings and the comparison be-
tween the SI of the tumors and the SI
of adjacent liver parenchyma were dif-
ficult. A total of 17 of 42 patients were
excluded; 14 patients with 16 HCCs
who underwent preoperative transcath-
eter arterial chemoembolization and
three patients with three HCCs (two
patients with recurrent tumor near the
site of previous surgery and one patient

with portal vein tumor thrombus) with
abnormal SI in the adjacent liver pa-
renchyma. Two HCCs included in this
study consisted of two distinct nodules
with different SI on contrast material-
enhanced MR images (Table 1, patients
3 and 19), and each nodule was assessed
separately. Finally, 25 patients with 27
HCC nodules were included in this study.

The patients ranged from 49 to 82
years of age (mean, 68 years). Twenty

patients were men (mean age, 68 years;
range, 49-82 years), and five were
women (mean age, 70 years; range,
63-78 years). Thirteen patients had
underlying liver cirrhosis and nine had
chronic hepatitis, caused by hepatitis B
virus (HBV) in eight patients and hepa-
titis C virus (HCV) in 14 patients. One
patient had alcoholic chronic hepatitis,
and two had a normal liver. In these pa-
tients, liver function was based on the
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Table 2

Summary of the MR Examination
A: Liver Acquisition with Volume Acceleration Sequence

Parameter Value*

Repetition time (sec) 45/36

Echo time (msec) 2217

Flip angle (degree) 12/12

Inversion time (msec) 715

Bandwidth (kHz) 62.5/83.8

Matrix 320 X 192/320 X 192

Fleld of view (mm) 340/340

Section thickness (mm) 4/4

Array spatial sensitivity-encoding technique factor 2/2

B: Gadoxetic Acid-enhanced Imaging Method

Feature Administration

Dose of gadoxetic acid 0.025 mmol per kilogram of body weight

Image delay
For arterial phase 10 sec after triggering®
For portal venous phase 70 sec after injection
For equilibrium phase 180 sec after injection
For hepatobiliary phase 20 min after injection

Note.—All images were obtained in transverse plane.
* Data are values for 1.5-T system/3-T system.

1Triggering = the arrival of contrast material at the abdominal aorta.

Child-Pugh classification: In 19 patients,
nodules were categorized as class A,
and in six patients, nodules were cat-
egorized as class B. Tumors ranged in
size from 10 to 58 mm (mean, 25 mm).
All nodules were hypervascular tumors,
showing hyperenhancement relative to
the surrounding liver parenchyma in
the arterial phase of the dynamic MR
examination.

MR Examination

The MR examinations were performed
with a 1.5-T MR system (Signa Excite
HD; GE Healthcare, Milwaukee, Wis)
in nine patients and with a 3-T system
(Signa HDx; GE Healthcare) in the
other 16 patients. An eight-channel
phased-array coil system for the ab-
dominopelvic region was used.

Images were obtained by using a
breath-hold T1-weighted three-dimen-
sional gradient-echo sequence (liver ac-
quisition with volume acceleration, or
LAVA) with fat suppression as follows:
at imaging before administration of
contrast agent, at dynamic triple-phase
imaging after administration of gadoxetic

acid (Primovist; Bayer-Schering Pharma
AG, Berlin, Germany), and at hepatobil-
iary phase imaging. The parallel imaging
technique (array spatial sensitivity encod-
ing technique, or ASSET) also was used.
The method for the MR examination is
summarized in Table 2. Hepatobiliary
phase imaging was performed 20 minutes
after injection of contrast agent.

Histopathologic Analysis
Four-micrometer-thick tissue sections
prepared from formalin-fixed paraffin-
embedded blocks were stained with
hematoxylin-eosin and were reviewed
by two authors (K.W. and N.M., with
28 and 18 years of experience, respec-
tively) who specialize in liver pathology.
Histopathologic grading was determined
according to criteria proposed previously
(23-25). One nodule was classified as a
well-differentiated HCC, 13 were classified
as moderately differentiated HCCs, and
13 were classified as poorly differentiated
HCCs. Pseudoglandular structures of var-
ious numbers and sizes were found in
17 nodules, and one ofthe tumors consisted
of only pseudoglandular structures.

Immunochistochemical Staining

Immunohistochemical staining of tumors
and the adjacent liver parenchyma was
performed with a staining kit (Vecta-
stain ABC Peroxidase Kit; Vector Labora-
tories, Burlingame, Calif) for OATP1B1
and/or -1B3 and MRP2 on 3.5-pm-
thick, formalin-fixed, paraffin-embedded
sections. Autoclave antigen retrieval in
10 mmol/L citrate buffer (pH 6.0) was
performed, followed by endogenous
peroxidase activity blocking with a 1%
H,O, solution in methanol. Serum
blocking was performed by using 10%
normal horse serum. The sections were
incubated at 4°C overnight with pri-
mary monoclonal antibodies against
OATP1B1 and/or -1B3 (clone mMDQ,
1:100) (Progen Biotechnik, Heidelberg,
Germany) and MRP2 (clone M2III-6,
1:50) (Monosan, Uden, the Nether-
lands). Secondary biotinylated anti-
mouse antibody (BA2000; Vector Labo-
ratories) was used at a dilution of 1:100
at room temperature. The immunopo-
sitivity was visualized by means of 3,3’
diaminobenzidine. Sections were coun-
terstained with hematoxylin.

Evaluation of MR Images

MR images were reviewed by two abdom-
inal radiologists (H.O. and T.K., with 12
and 19 years of experience, respectively)
who specialized in hepatic MR imaging.
Quantitative analysis for tumor enhance-
ment at hepatobiliary phase imaging
was performed by the following method
(26). First, the SI of tumors and the SI
of the adjacent liver parenchyma were
measured in regions of interest (ROIs)
placed on precontrast and postcontrast
hepatobiliary phase MR images. The two
radiologists placed all ROIs at the sec-
tion level of the largest tumor diameter
devoid of necrosis in consensus. Tumor
ROIs were determined by tracing the
margin of the tumor, even though the SI
was heterogeneous in each of the ROIs
devoid of necrosis (mean ROI, 336 mm?;
range, 72-807 mm?). ROIs on the adja-
cent liver parenchyma were determined
by tracing the surrounding nontumor-
ous region approximately within 20 mm
from the tumor while avoiding vascular

structures (mean ROI, 904 mm?; range,
268-2544 mm?).
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Next, the relative intensity ratio was
calculated on precontrast and postcon-
trast MR images, with the following
formula: RIR = SI /SI, where RIR is
the relative intensity ratio, SI_, is the SI
of the nodule, and SIW is the SI of the
liver parenchyma. The enhancement of
nodules compared with that of the liver
parenchyma was defined as the relative
enhancement ratio of nodules and was
calculated with the following formula:
RER = RIR _“/RIRPN, where RER is the
relative enhancement ratio, RIRpos( is
the postcontrast relative intensity ratio,
and RIR  is the precontrast relative
intensity ratio. Tumor enhancement
was defined as high when the relative
enhancement ratio was more than one,
which meant that the tumor was en-
hanced more than the adjacent liver pa-
renchyma, and as low when the relative
enhancement ratio was less than one.

Evaluation of Immunohistochemical
Staining Results

Immunostaining of the tumors and that
of the adjacent liver parenchyma was
compared in terms of staining patterns
and stain intensities by the two previ-
ously described liver pathologists, in-
dependently and without knowledge of
the MR imaging data. Disagreement
was resolved with consensus. The re-
sults of immunohistochemical staining
for tumors were determined by using
the following three-point scale: score 0,
negative or minimal; score 1+, positive
to the same or lesser extent compared
with the adjacent liver parenchyma; and
score 2+, positive to a higher degree than
the adjacent liver parenchyma (Figs E1,
E2 [online]). Immunopositivity was de-
termined by staining of the membrane
of hepatocytes or tumor cells but not in
terms of cytoplasmic reactivity, if pres-
ent. MRP2 expression in tumors was as-
sessed separately on canaliculi and the
luminal membrane of pseudoglands.

Evaluation of Bile Pigment

The degree and the location of bile
pigment of HCC were evaluated mac-
roscopically on color images of the cut
surface of the resected specimens and
microscopically on sections stained with
hematoxylin-eosin by means of its green-

ish color. Two authors (H.A. and K.W.,
with 8 years of experience in hepatobil-
iary surgery and 28 years experience in
liver pathology, respectively) rated the
degree of bile accumulation in cqnsen-
sus with the following three-point scale:
score 0, negative; score 1+, focal; and
score 2+, diffuse.

Statistical Analysis

In regard to statistical analysis of OAT-
P1B1 and/or -1B3 and bile pigment, cate-
gories 1+ and 2+ were combined, although
the evaluation data were collected on a
three-point scale. In regard to statistical
analysis of MRP2, overall expression
was determined by combining the results
for expression on canaliculi and pseud-
oglands. When the degrees of expression
on the two structures were the same, the
same score was assigned for the overall
expression, and when the degrees of
expression on the two structures were
different, the higher score was applied
as the overall expression. The Student
t test was then used to compare the
relative enhancement ratio between the
two groups, specifically for the following:
nodules with positive (score 1+ or 2+)
versus negative or minimal (score 0) ex-
pression of OATP1B1 and/or -1B3, nod-
ules with increased (score 2+) versus de-
creased (score 1+) overall expression of
MRP2, and nodules with present (score
1+ or 2+) versus absent (score 0) bile
pigment. Tumor sizes were also com-
pared between nodules with high and
low enhancement by using the Student
t test. An analysis of variance was used
for multigroup comparison, and when
the results showed significant differences
among groups, comparisons between
groups were performed with the Scheffé
post hoc test. A P value of less than .05
was considered to indicate a significant
difference.

Expression of OATP1B1 and/or -1B3

Basolateral expressioninliver parenchyma
was strong in the centrilobular area,
moderate in the midzonal area, and
absentin periportal hepatocytes (FigEla
|online]), which is in agreement with the

data in previous studies (18,19). Positive
expression of OATP1B1 and/or -1B3 in
HCC was observed in 14 (52%) nod-
ules. The distribution of positive cells
was broad and diffuse (Fig E1b [online])
in five nodules and focal and sparse
(Fig Elc [online]) in nine nodules.

Expression of MRP2

Canalicular expression of MRP2 with-
out zomal variation was observed in
liver parenchyma (Fig E2a [online]).
All HCC nodules were positive for
MRP2, and the expression was local-
ized either in the luminal membrane
of pseudoglands (Fig E2b |online]) or
in the canalicular membrane of tumor
cells arranged in trabecular structures
(Fig E2¢, E2d [online]). Overall MRP2
expression was increased in 20 (74%)
nodules and unchanged or decreased in
seven (26%) nodules. Of the 20 nodules
with increased expression, six nodules
showed increased expression at the lu-
minal membrane of the pseudoglands
(Fig E2b [online]), and the remaining
14 nodules showed increased expres-
sion only at the canaliculi and decreased
or negative expression in the luminal
membrane of pseudoglands, if present
(Fig E2c |online]).

Relative Enhancement Ratio of Tumors

in Relation to Expression of Transporter
Proteins and Bile Accumulation

The mean relative enhancement ratio
for all nodules was 0.82. Nodules with
positive expression of OATP1B1 and/or
-1B3 showed a significantly higher rela-

- tive enhancement ratio than did nodules

with negative or minimal expression
(mean, 0.94 and 0.68, respectively;
P = .002) (Fig 1a). All five nodules with
high enhancement expressed OATP1B1
and/or -1B3, whereas nine (64%) of 14
nodules with positive OATP1B1 and/or
-1B3 expression showed low enhance-
ment similar to that of the nodules with
negative or minimal expression (Table 1).
There was no significant difference in
mean relative enhancement ratio be-
tween nodules with increased MRP2
expression and those with unchanged
or decreased MRP2 expression (mean,
0.82 and 0.81, respectively; P = .9)
(Fig 1b).
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Figure 1:  Box plots of relative enhancement ratios of nodules, indicating the median (horizontal line), the 75th (top of box) and 25th (bottom of box) quartiles, and
the smallest and largest values (whiskers). (a) OATP1B1 and/or -1B3 expression. Mean values were significantly higher for nodules with positive expression than

for nodules with negative or minimal expression. * = P =002, Student ¢ test. (b) MRP2 expression. Mean values were not significantly different for nodules with
increased expression and nodules with unchanged or decreased expression (P = .9, Student test). (c) OATP1B1 and/or -1B3 (OATP1B1/3) and MRP2 expression,
with comparison of four groups of nodules classified by expression patterns of both OATP1B1 and/or -1B3 and MRP2. Mean values were significantly higher for the
two groups: nodules with increased MRP2 expression at the luminal membrane of pseudoglands and nodules with decreased MRP2 expression, both combined with
positive OATP1B1 and/or -1B3 expression (Scheffé post hoc test). * = P= 047, #* = P= 002, #** = P < .001. 0+ = OATP1B1 and/or -1B3 positive, 0- =
OATP1B1 and/or -1B3 negative, M+(P) = increased MRP2 expression at luminal membrane of pseudoglands, M+(C) = increased MRP2 expression only at canaliculi,
M- = unchanged or decreased MRP2 expression. (d) Bile pigment. Mean values were significantly higher for nodules with bile pigment than for nodules without bile
pigment. * = P =004, Student {test.

Figure 2

Figure 2: Moderately differentiated HCC with high
hepatocyte-selective enhancement in 65-year-old
man (Table 1, patient 1). (a) Precontrast MR image
shows tumor (arrow, also on b). (b) Gadoxetic acid—
enhanced hepatobiliary phase MR image shows that
tumor had higher enhancement than did adjacent
liver parenchyma. (c) Image shows that tumor had
diffuse greenish color on cut surface. (d) Photomi-
crograph of section stained with hematoxylin-eosin
shows bile pigment in lumina of pseudoglands.
(Original magnification, X 20.) Immunohistochemi-
cal staining showed prominent expression of MRP2
in luminal membrane of pseudoglands (Fig E2b
[online]). OATP1B1 and/or -1B3 expression was
positive (not shown).
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ABSTRACT

Background. Hepatocellular carcinoma (HCC) is a het-
erogeneous disease with recognized variability in virus
infection, genetic features, and clinical outcome. To date,
transcriptional profilings of HCC have been used to predict
recurrence or survival/prognosis. However, there remains a
challenge to identify specific genomic prints associated
with HCC recurrence, which could lead to novel therapies
or effective treatment. Here we examine the association
between biological signals and intrahepatic recurrence
using global gene expression profiles and powerful ana-
lytical methods.

Materials and Methods. Gene expression profiles were
generated in 24 HCC patients with hepatitis B infections
(B-type HCC) and 60 HCC patients with hepatitis C
infections (C-type HCC). Gene set enrichment analysis
(GSEA) was applied to the entire ranked gene lists related
to early intrahepatic recurrence, based on “ideal discrimi-
nator method.”

Results. GSEA revealed Ribosomal Proteins as a common
regulatory pathway in B-type (P <.001) and C-type
(P = .003) HCC recurrence. In addition, Proteasome
(P < .001) and Pentose Phosphate Pathway (P = .01)
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were identified as specific pathways in each type of HCC
recurrence, respectively.

Conclusions. Understanding these biologically common
and different mechanisms related to intrahepatic recurrence
in B-type and C-type HCC could be useful in the devel-
opment of new therapeutic strategies in our fight against
HCC.

Hepatocellular carcinoma (HCC) is the third major
cause of cancer-related deaths in Japan, and about half a
million new cases are diagnosed each year worldwide.! A
major obstacle in the treatment of HCC is intrahepatic
recurrence, which develops in 30-50% of patients who
undergo hepatic resection. Therefore, intrahepatic recur-
rence limits the potential of surgery as a cure for HCC.?
The major histopathological features that can be used to
predict HCC recurrence are vascular invasion, degree of
differentiation of the tumor, and multinodularity.’®

In general, it is considered that cancer cell metastasis is
a multistep, complex process including migration of
detached cells from the primary tumor through the sur-

rounding stroma, invasion of the cells into the circulatory

system, extravasation, and arresting at distant secondary
sites. In addition, metastatic cells have to undergo genetic
and epigenetic changes to acquire their aggressive pheno-
types.* For example, as clinical experience with HER-2
and epidermal growth factor receptor inhibition in breast
cancer has illustrated, identification and selection of
patients who are likely to respond to molecularly targeted
therapies are critical to the prevention of HCC recur-
rence.”® In this study, it was supposed that intrahepatic
metastasis might have been triggered by cell migration
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based on the activation of molecular signaling pathways,
and, if the inhibition of those pathways were possible,
novel therapeutic targets for HCC recurrence might be
identified and help the improvement of prognosis in HCC.

Gene-expression profiling has emerged as a powerful
technique to identify tumor subtypes, prognostic signa-
tures, and potential therapeutic targets in human cancer.”*
Comparisons of gene expression patterns between HCC
with hepatitis B infection (B-type HCC) and HCC with
hepatitis C infection (C-type HCC) has shown that HBV
and HCV cause f:epatocarcinogenesis through different
mechanisms.” Several recent studies have employed the
gene expression profiling to address the issue of HCC
recurrence following resection of the primary lesion.'*'?
The challenge no longer lies in obtaining gene expression
profiles, but rather in interpreting the results to gain
insights into biological mechanisms and in identifying
genetic determinants that are components of the specific
regulatory pathways altered in B-type and C-type HCC
recurrence. To date, a transcriptional approach to predict-
ing HCC recurrence has been used to highlight the
construction of molecular prediction systems and the
functional genomics focused on classifier genes.'”'*
However, since then approaches focusing on classifier
genes that exhibit differences between 2 states of interest
have failed to detect biological mechanisms that are dis-
tributed across the entire network of genes and subtle
mechanisms at the level of individual genes. Based on this
background, we used a powerful analytical approach
known as gene set enrichment analysis (GSEA) to identify
the main regulatory pathways associated with early intra-
hepatic recurrence out of several biological mechanisms, as
this approach can offer advantages over traditional ana-
lytical methods in identifying coordinately regulated gene
sets versus differences in expression of single genes.'>'®
To understand the biological mechanisms of B-type and
C-type HCC recurrence and design specific tailor-made
therapeutic strategies for each type of HCC recurrence,
it is essential to clarify the common and different
potential regulatory pathways associated with intrahe-
patic recurrence caused by HBV and HCV infection,
with a special focus on the entire genetic alterations
between the early recurrence group and the nonrecur-
rence group.

MATERIALS AND METHODS
Tissue Samples

Samples from 84 HCC tissues and 7 normal livers free
of virus infection were obtained with informed consent

from patients who underwent hepatic resection at Osaka
University Hospital from 1997 to 2006. The study protocol

was approved by the Institutional Review Board for Human
Use at the Graduate School of Medicine, Osaka University.
Taking into consideration that invasion of tumor cells into
the host tissue is regulated by the matrix microenvironment
at the tumor/host-tissue interface, we sectioned sample
tissues from peripheral region of specimens.'” Tissue
specimens for RNA isolation were stored at —80°C until
use. The histopathological characterization of HCC was
based on the Classification of the Liver Cancer Study
Group of Japan. Table 1 Eists the clinical and pathological
features of the 84 cases of HCC. Patients were classified
into 2 groups, those positive for HBs Ag (B-type HCC,
n = 24) and those positive for HCV Ab (C-type HCC,
n = 60); none were positive for both HBs Ag and HCV
Ab. The early recurrence group represents patients who
developed intrahepatic recurrences within 2 years after
resection of the primary HCC, and the nonrecurrence
group comprises patients with more than 2-year disease-
free survival (DFS) time. In this study, we selected the
patients who did not undergo neoadjuvant and adjuvant
chemotherapy.

Extraction and Quality Assessment of RNA

The —80°C storing period of each specimen that we
used for RNA isolation was less than 2 years. Total RNA
was purified from tissue samples using TRIzol reagent
(Invitrogen, San Diego, CA) as described by the manu-
facturer. The integrity of RNA was assessed on an Agilent
2100 Bioanalyzer and RNA 6000 LabChip kits (Yokokawa
Analytical Systems, Tokyo, Japan). In this study, we used
the samples with a RNA Integrity Number (RIN) above 7.0
for gene expression analysis. RNA extracts from 7 normal
liver tissues were mixed together as the control reference.

Preparation of Fluorescently Labeled aRNA Targets
and Hybridization

Extracted RNA samples were amplified with T7 RNA
polymerase using the Amino Allyl MessageAmp aRNA kit
(Ambion, Austin, TX) according to the protocol provided
by the manufacturer. The quality of each Amino Allyl-
aRNA sample was checked on the Agilent 2100 Bioana-
lyzer. Then 5 pg of control and experimental aRNA
samples were labeled with Cy3 and CyS5, respectively,
mixed and hybridized on an oligonucleotide microarray
covering 30,336 human probes (AceGene Human 30 K;
DNA Chip Research Inc. and Hitachi Software Engineer-
ing Co., Yokohama Japan). As reported previously, the
experimental protocol is available at http://www.dna-chip.
co.jp/thesis/AceGeneProtocol.pdf.'"®'?  The microarrays
were scanned on a ScanArray 4000 (GSI Lumonics,
Billerica, MA).
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TABLE 1 Clinical and
pathological characteristics of

B-type HCC (n = 24)

C-type HCC (n = 60)

84 patients with HCC Nonrecurrence Early recurrence P value Nonrecurrence Early recurrence P value
(n = 6) (n=18) (n=21) (n =39
Sex 140 750
Male 4 17 17 29
Female 2 1 4 10
Age (years) 99° 26"
Mean 57.8 579 67.2 69.3
SD 8.1 9.3 79 59
» 'y &
AFP 024 .69
<400 ng/mL 6 8 18 35
>400 ng/mL 0 10 3 4
Edmondson grade 061° .025°
LI 5 6 18 22
I, 1Iv 12 3 17
Tumor size 28° .24°
<5 cm 6 12 20 32
CLIP score The cancer of the z5 cm 0 5 1 ?
Liver Italian Program score Venous invasion 99° 41°
L] By t test +ve 0 2 1 5
® By Fisher exact probability —ve 6 16 20 34
test CLIP score 28° 14°
All P values are for comparison 0,1 6 12 20 31
of nonrecurrence and early >2 0 6 1 8

recurrence groups

Analysis of Microarray Data

Signal values were calculated using DNASIS Array
Software (Hitachi Software Inc., Tokyo). Following back-
ground subtraction, data with low signal intensities were
excluded from further investigation. In each sample, the
Cy5/Cy3 ratio values were log-transformed. Then, global
equalization to remove a deviation of the signal intensity
between whole Cy3- and Cy5-fluorescence was performed
by subtracting the median of all log (Cy5/Cy3) values from
each log (Cy5/Cy3) value. Genes with missing values in
more than 20% of the samples were excluded from further
analysis. A total of 16,396 genes out of 30,336 remained.

Study OQutline and Ideal Discriminator Method

In order to list all genes according to their expression
levels in the early recurrence group, a heuristic method
based on Pearson correlation (“ideal discriminator
method”) was performed (an outline of this method is
shown in Supplementary Fig. 1).>**' An ideal discrimi-
nator is defined as a theoretical gene that is maximally
expressed in all early recurrence group samples and mini-
mally expressed in all nonrecurrence group samples, and
the Pearson correlation coefficient between each gene and

the ideal discriminator is calculated. The Pearson correla-
tion coefficient between the ideal discriminator [ = {I;}
and a vector of gene expression values x = {x;} is
given by,

Pearson Correlation Coefficient

_ E?=1 (& ~ I-)(x,- ~¥)
S (=D, (= 5

where ¥ and T are the average of I = {I;} and x = {x;},
respectively.

Moreover, permutation tests are performed by randomly
sampling half samples from the early recurrence group and
nonrecurrence group in order to evaluate whether such
correlation coefficient can be found by chance. All genes
are sorted by the average of the correlation coefficient
resulting from permutations (the distribution of the average
of correlation coefficient is shown in Supplementary
Fig. 2). The genes with higher average of correlation
coefficients relative to the ideal discriminator could be
regarded as the genes that are expressed stably high in the
early recurrence group and stably low in the nonrecurrence
group. To evaluate the predictability of the discriminator
genes, leave-one-out cross validation was performed based
on the signal-to-noise ratio and weighted vote algorithm.??
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Leave-One-Out Cross-Validation Procedure

At one time, we took one sample out and calculated

signal-to-noise ratio that is,
ot Sl a7

P o
where [y, ] and [u,, 0] denote the means and standard
deviations of gene i for the samples in the recurrence and
nonrecurrence) for each gene using the remaining samples.
Then, we predicted the outcome of the sample we left out,
incrementing the number of discriminator genes. In
weighted voting, the magnitude of the vote is p;v;, where
p; is a signal-to-noise ratio of gene i and

(1 — )

X; — ———

2

V=

reflects the deviation of the expression level in the sample
from the average of y, and p, (x; represents the expression
level of gene i in the sample we left out). The votes for
each class are summed, and the sample is assigned to the
class with the higher total vote. This procedure was repe-
ated until each of the samples was left out once.

Gene Set Enrichment Analysis

GenMAPP 2.1 and GSEA 2.0.1 (a publicly available
desktop application from the Broad Institute, at http:/www.
broad.mit.edu/gsea/software/software_index.html) were used
to assess significantly regulated pathways in the two data sets
(B-type and C-type HCC recurrence).'>** In GenMAPP
database, a total of 138 pathways were applied for gene set size
filters (min = 15, max = 500), whereas the remaining 67
gene sets were used in GSEA. The enrichment score (ES) of a
gene set S characterizes whether the set of genes is randomly
distributed across the list or falls mainly at the bottom or top of
the list L. The null hypothesis that a gene set S randomly
distributes across the ranked gene list L was tested with Kol-
mogorov—Smirnov test, with the statistical significance value
(nominal P value) estimated through 1000 random permuta-
tions of the phenotype label. The gene sets with a high
significance (P < .05) of enrichment are considered impor-
tant in separating the distinct phenotypes. To extract the core
members of high scoring gene sets that contribute to the ES,
the leading-edge subset is defined as those genes in the gene
set S that appear in the ranked list L at, or before, the point
where the running sum reaches its maximum deviation from
Zero.

Classification Based on Principal Component Analysis

Principal Component Analysis (PCA) is a mathematical
technique that reduces the effective dimensionality of gene

expression profile without significant loss of information.
The first principal component (PC1) accounts for as much
of the variability in the data as possible; it is taken to be
along the direction with the maximum variance. In this
study, we performed PCA-based classification of patients
using the expression profile of leading-edge subset genes.
Depending on whether the value of PCl1 is greater than 0 or
not, patients were divided into 2 groups of high or low acti-
vated in the corresponding pathway. Then, the Fisher exact
probability test was performed in order to investigate the
correlations between these groups and surgical pathology.

RESULTS

Prediction of Early Intrahepatic Recurrence of HCC
with Leave-One-Out Cross Validation and Evaluation
of Discriminator Genes

We performed ideal discriminator method with 500 per-
mutations to the 2 data sets (B-type HCC recurrence [n = 18]
and nonrecurrence [n = 6], and C-type HCC recurrence
[n = 39] and nonrecurrence [n = 21]). All 16,396 genes
were rank-ordered based on the average of the correlation
coefficient to the ideal discriminator (detailed data not
shown). In each design set, HCC recurrence was predicted
using full genes based on a WV algorithm with a leave-one-
out cross-validation approach (accuracy curves of each type
of HCC are shown in Fig. lab; sensitivity, specificity,
positive predicted values, and negative predicted values are
shown in Supplementary Fig. 3). The 101 discriminator
genes marked top accuracy (100%) in B-type HCC. The 119
discriminator genes marked top accuracy (91.7%) in C-type
HCC. The expression levels of the discriminator genes with
top accuracy that were overexpressed in B-type and C-type
HCC are shown in Fig. Ic, d, respectively (detailed infor-
mation is shown in Supplementary Tables 1 and 2). Next, we
examined whether or not 101 discriminator genes derived
from B-type HCC could subdivide C-type HCC into 2 sub-
types (early recurrence and nonrecurrence) and whether or
not 119 discriminator genes derived from C-type HCC could
subdivide B-type HCC into 2 subtypes (early recurrence and
nonrecurrence). The results showed no clear division of these
subtypes (data not shown). In addition, comparison of the
highly expressed discriminator genes with top accuracy in
each type of HCC did not identify commonly expressed
genes.

Identification of Characteristic Genomic Pathways
Associated with Early HCC Recurrence Using GSEA

Having defined the differentially expressed profiles of
B-type and C-type HCC recurrence, the challenge was to
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