Z Table 3. Relationship between liver fibrosis stage, RTE image features and LFI
E. —
5 HHGV e ; , Sapa
S — 5 , —— —— — value-
% coo U FL(n=179) 0 F}‘(H%@; ; o B(@=16) . . F4(n=31) gt
% RTE features
= MEAN 113.9(107.2,119.9) 109.6 (102.2, 115.1) 103.0 (94.8, 111.6) 93.4 (82.5, 105.0) <0.0001 117.8 (107.4,122.3) 119.0 (112.7, 121.8) 108.6 (103.1, 116.5) 101.4 (87.7, 109.7) <0.0001
og SD 52.3 (45.9, 58.7) 57.3 (50.6, 60.7) 59.6 (54.7, 63.4) 60.9 (57.6, 63.9) <0.0001 49.1 (44.6, 56.9) 50.6 (44.6, 54.2) 57.3 (52.2,61.5) 634 (56.9, 65.1) <0.0001
8 AREA 14.2 (7.6, 20.8) 19.1 (11.8,27.2) 25.2(16.3,33.7) 34.5(22.5,44.2) <0.0001 11.2(6.2,19.2) 11.3 (6.2, 16.2) 20.6 (13.5,27.7) 29.0(19.8,39.2) <0.0001
o COM 20.3 (18.5, 24.1) 22.8 (19.8, 26.2) 25.2(21.3,29.9) 31.3 (24.6,40.2) <0.0001 20.1 (18.5,25.8) 20.7 (19.6,21.8) 24.5 (21.3,30.2) 28.9 (23.6, 34.5) <0.0001
QH ASM 0.00025 0.00020 0.000212 0.000294 0.983  0.000209 0.000196 0.000177 0.000213 0.159
= (0.00019, 0.00035) (0.00017, 0.00032) (0.000178, 0.000315)  (0.000190, 0.000453) (0.000183, 0.000268)  (0.000170, 0.000220) (0.000175, 0.000188) (0.000177, 0.000285)
g‘ CON 229.6 (173.4,268.6)  250.0 (206.9,309.0)  261.2(213.5,324.0)  266.7 (233.8, 320.7) <0.0001 221.7 (18.08, 285.2) 239.1(198.4,283.7) 272.2(250.7,279.0)  294.1 (249.1,372.2) <0.0001
— COR 0.958 (0.947,0.965)  0.958 (0.950,0.966)  0.957 (0.950, 0.967)  0.962 (0.951, 0.966) 0.117  0.953 (0.944, 0.959) 0.946 (0.943,0.955)  0.956 (0.947,0.961)  0.954 (0.945, 0.968) 0.139
:Q ENT 3.83(3.76, 3.87) 3.85 (3.80, 3.89) 3.86 (3.81, 3.89) 3.84(3.76, 3.88) 0.052  3.81(3.74, 3.86) 3.80 (3.77, 3.86) 3.86 (3.84, 3.88) 3.84 (3.80, 3.89) 0.024
g IDM 0.110 (0.095,0.122)  0.101 (0.091,0.117)  0.096 (0.091,0.118)  0.108 (0.093, 0.122) 0.154  0.100 (0.091,0.111)  0.092 (0.088,0.100)  0.092 (0.089, 0.095)  0.100 (0.087, 0.106) 0.147
’%‘ SKEW 0.199 (0.071,0.300)  0.253 (0.122,0.361)  0.332(0.178,0.461)  0.429 (0.321, 0.679) <0.0001 0.116 (-0.517,0.260)  0.124 (0.025,0.219)  0.236 (0.178,0.289)  0.376 (0.213, 0.540) <0.0001
@ KURT 2.38 (2.24,2.57) 2.34(2.22,2.48) 2.29 (2.20, 2.40) 2.34(2.23,2.64) 0334 249 (2.31,2.68) 248 (2.31, 2.63) 2.33(2.29,2.43) 2.33(2.19,247) 0.001
1.81 (1.41,2.22) 2.10 (1.67, 2.56) 2.47 (1.97, 2.88) 2.97 (2.41, 3.45) <0.0001 1.52(1.16, 2.06) 1.61(1.31, 1.84) 2.16 (1.66, 2.58) 2.66 (2.15,3.13) <0.0001
Values are presented as median (first quartile, third quartile). The p values were calculated with the Jonckheere-Terpstra trend test.
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E o] Table 4. Relationship between etiology, RTE image features and LFI
© e — — - ~ — value
3 . HCV(n=179) HBV{(n=69) HBV (n=12) . HCV (n'=75) HBY (n=31) =
RTE features
MEAN 113.9(107.2,119.9) 117.8(107.4,122.3) 0.012 109.6 (102.2,115.1) 119.0(112.7,121.8)  0.003 103.0(94.8,111.6) 108.6 (103.1,116.5)  0.033  93.4 (82.5, 105.0) 101.4 (87.7, 109.7) 0.057
SD 52.3 (45.9, 58.7) 49.1 (44.6, 56.9) 0.091 57.3 (50.6, 60.7) 50.6 (44.6, 54.2) 0.006 59.6 (54.7, 63.4) 57.3(52.2,61.5) 0.162  60.9 (57.6,63.9) 63.4 (56.9, 65.1) 0.395
AREA 14.2(7.6,20.8) 11.2 (6.2, 19.2) 0.121 19.1(11.8,27.2) 11.3(6.2,16.2) 0.010 25.2(16.3,33.7) 20.6 (13.5,27.7) 0.055  34.5(22.5,44.2) 29.0 (19.8, 39.2) 0.109
COM  20.3(18.5,24.1) 20.1(18.5, 25.8) 0.985 22.8(19.8,26.2) 20.7 (19.6,21.8) 0.114  252(21.3,29.9) 24.5(21.3,30.2) 0.757  31.3(24.6,40.2) 28.9 (23.6, 34.5) 0.186
ASM 0.00025 (0.00019, 0.000209 (0.000183,  0.008 0.00020 (0.00017, 0.000196 (0.000170, 0.242  0.000212 (0.000178, 0.000177 (0.000175, 0.006 0.000294 (0.000190, 0.000213 (0.000177, 0.027
0.00035) 0.000268) 0.00032) 0.000220) 0.000315) 0.000188) 0.000453) 0.000285)
CON  229.6(173.4,268.6) 221.7 (18.08,285.2) 0.484 250.0 (206.9,309.0) 239.1(198.4,283.7) 0.673 261.2(213.5,324.0) 272.2(250.7,279.0) 0.488 266.7 (233.8,320.7) 294.1(249.1,372.2) 0.117
COR 0.958 (0.947, 0.965) 0.953 (0.944, 0.959) 0.003 0.958 (0.950, 0.966) 0.946 (0.943,0.955)  0.004 0.957 (0.950,0.967) 0.956 (0.947,0.961)  0.245 0.962(0.951,0.966) 0.954 (0.945,0.968)  0.534
ENT 3.83 (3.76,3.87) 3.81(3.74,3.86) 0.238 3.85(3.80, 3.89) 3.80(3.77, 3.86) 0.153  3.86 (3.81,3.89) 3.86 (3.84, 3.88) 0.990 3.84 (3.76, 3.88) 3.84 (3.80, 3.89) 0.629
IDM 0.110 (0.095, 0.122)  0.100 (0.091, 0.111) 0.002 0.101 (0.091,0.117) 0.092 (0.088,0.100)  0.071  0.096 (0.091,0.118) 0.092 (0.089,0.095)  0.026 0.108 (0.093,0.122)  0.100 (0.087,0.106)  0.019
SKEW  0.199 (0.071, 0.300) 0.116 (~0.517,0.260) 0.015 0.253(0.122,0.361) 0.124 (0.025,0.219)  0.039 0.332(0.178,0.461) 0.236 (0.178,0.289)  0.065 0.429 (0.321,0.679) 0.376(0.213,0.540)  0.083
KURT 2.38 (2.24, 2.57) 2.49 (2.31, 2.68) 0.005 2.34(2.22,2.48) 2.48 (2.31,2.63) 0.034  2.29(2.20,2.40) 2.33(2.29,2.43) 0.158  2.34(2.23,2.64) 2.33(2.19,2.47) 0.200
1.81(1.41,2.22) 1.52 (1.16, 2.06) 0.029 2.10(1.67, 2.56) 1.61(1.31, 1.84) 0.010 2.47(1.97,2.88) 2.16 (1.66, 2.58) 0.051 2.97 (2.41, 3.45) 2.66 (2.15,3.13) 0.042
) Values are presented as median (first quartile, third quartile). The p values were calculated with the Mann-Whitney U test.
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Table 5. Diagnostic performance of the

LFI for liver fibrosis assessment HCV. i R HBV L -
P4  SF3  SF2 M 3P SR
AUROC 0.803 0774  0.73 0.821  0.806 0.744

Cutoff 2.45 2.42 2.31 2.07 1.94 191

Positive predictive value 37.8 58.2 58.7 80.6 78.7 66.1

Negative predictive value ~ 92.9 81.6 79.9 71.1 75.3 72.5

Intensity 74.7 65 79.3 47.2 64.9 67.2

Specificity 72.9 76.9 59.6 92 85.9 714

Accuracy 73.2 72.2 67.9 73.4 76.6 69.5

found to be significantly higher in HCV-infected patients
at stages F1, F2, and F4 (F1: HCV =181, HBV = 1.52,p =
0.029; F2: HCV = 2.10, HBV = 1.61, p = 0.010; F4:
HCV =2.97, HBV = 2.66, p = 0.042) and marginally high-
er in HCV-infected patients at stage F3 (HCV = 2.47,
HBV =2.16, p = 0.051) (table 4).

AUROC Analysis

The LFI cutoff values for each stage of fibrosis were
calculated by AUROC analysis to evaluate the diagnostic
performance of the LFI for liver fibrosis assessment. In
HCV-infected patients, the diagnostic accuracy was 73.2
at F4, 72.2 at >F3, and 67.9 at 2F2. In HBV-infected pa-
tients, the diagnostic accuracy was 73.4 at F4, 76.6 at 2F3,
and 69.5 at >F2 (table 5).

Data Mining Analysis

The LFI is the numerical value calculated from HCV.
Therefore, by using the LFI and the serological findings
for HCV as well as the 11 feature values of RTE and the
serological findings for HBV, the decision tree was cal-
culated. The HCV decision tree, which comprises LFI,
AST, ALT, GGT, T-Bil, PLT, HA, and type IV collagen,
had a diagnostic accuracy of 94.4% for F1, 54.1% for F2,
38.7% for F3, and 81.3% for F4. The HBV decision tree,
which comprises COM, CON, IDM, ALT, PLT, INR,
and HA, had a diagnostic accuracy of 97.1% for F1,
50.0% for F2, 43.8% for F3, and 80.6% for F4 (fig. 1;
table 6).

Discussion

The LFI, which is a multiple regression equation for
assessing liver fibrosis using liver fibrosis estimates from
biopsy and RTE image feature values obtained from pa-
tients with CHC or cirrhosis, is widely used as the pri-

68 Oncology 2014;87(suppl 1):63-72
DOI: 10.1159/000368147

mary diagnostic technique with RTE as it can easily be
measured with RTE diagnostic equipment. However, few
studies have examined differences in RTE images or the
LFI due to differences in etiology, and the usefulness of
the LFI for etiologies other than HCV has not been suf-
ficiently discussed. In this study, we found that the LFI
was significantly higher in HCV- than in HBV-infected
patients with the same stage of fibrosis. This was likely
influenced by differences in how fibrosis progresses in
these etiologies. Specifically, HCV-infected patients de-
velop micronodular cirrhosis, whereas HBV-infected pa-
tients develop macronodular cirrhosis. However, in cri-
teria for evaluating pathological fibrosis in viral liver dis-
eases (e.g., the new Inuyama classification), the stage of
fibrosis is based on the area where fibrosis develops rath-
er than the amount of fibrosis present. In essence, the
amount of fibrosis per unit of area would be higher in
HCV- than in HBV-infected patients with the same stage
of fibrosis because the progression of HCV-related fibro-
sis is micronodular, thereby making the LFI higher as
well. When using the LFI, the etiology of the patient must
be confirmed before assessing the fibrosis stage.
Although evaluation using AUROC yields a some-
what high diagnostic accuracy for liver fibrosis assess-
ment by the LFI, the stage of fibrosis when using LFI
alone in clinical practice is often not exactly clear due
to the large amount of overlap in the LFI between stag-
es. Whereas AUROC can be used only to evaluate the
diagnostic performance of assessment between two
choices, namely >F2/F1, 2F3/<F2 or F4/<F3, the deci-
sion tree can assess the exact stage of fibrosis (i.e., F1,
F2, F3 or F4). Furthermore, the decision tree construct-
ed in this study can be used to determine the specific
stage of liver fibrosis based on etiology, serological find-
ings, and RTE findings with very high diagnostic accu-
racy of each fibrosis stage, suggesting its utility in clini-
cal practice as well. However, the sample size in the F2

Yada et al.
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Fig. 1. Data mining for the diagnosis of the
fibrosis stage in chronic viral hepatitis: fi-
brosis diagnosis of CHC (a) and CHB (b).
Each bar graph shows the percentage of
cases. The pale blue, red, blue, and green
bars represent F1, F2, F3, and F4 fibrosis
stage, respectively (colors refer to the on-
line version only). T_Bil = Total bilirubin;
Collagen4 = type IV collagen.

Color version available online
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Table 6. Diagnostic performance of data mining with both ultrasound elastography and serological findings

~ Datamining diagnosis

oy - 0
5 m B om0 BB R
Pathological diagnosis
F1 169 (94.4) 8 (4.5) 2(1.1) 67(97.1) 0 0 2(2.9)
F2 42 (42.9) 53 (54.1) 1(1.0) 2(2.0) 5(41.7) 6(50) 0 1(8.3)
F3 10 (16.1) 10 (16.1) 24 (38.7)  18(29.0) 6(375) 0 7 (43.8) 3(18.8)
F4 3(4.0) 6 (8.0) 5(6.7) 61 (81.3) 5(16.1) © 1(3.2) 25 (80.6)

Values are presented as n (%).

or F3 stage is too small both in HCV and HBV, which
seems to be the reason of low accuracy of the F2 and F3
fibrosis stage.

In this study, we used the gold standard method of as-
sessing liver fibrosis stage with samples obtained by liver
biopsy, but, as mentioned previously, sampling error is
more likely with an assessment by liver biopsy than with
an assessment of hepatectomy specimens. Therefore, to
construct a more accurate decision tree, it would be ideal
to make the pathological diagnosis based on the hepatec-
tomy specimens. Furthermore, it is also necessary to try
to eliminate discrepancies in assessment between readers,
for example, by adding computer-aided pathological di-
agnosis. In light of these issues, further research must be
conducted to enable ultrasound elastography to be used
as a tool for obtaining a more accurate diagnosis in clini-
cal practice.
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Aim: The purpose of this study was to assess the clinical
outcome and identify prognostic factors following treatment
of patients with advanced hepatocellular carcinoma (HCC)
and extrahepatic metastasis with sorafenib.

Methods: Sixty-one HCC patients with extrahepatic metas-
tasis who were treated with sorafenib were enrolled in this
retrospective cohort study.

Results: The median survival time (MST) of all patients was
11 months. The median time to radiological progression was
4.2 months. The response rates (complete response [CR] +
partial response [PR]) by Response Evaluation Criteria in Solid
Tumors (RECIST) and modified RECIST were 3.0% and 8.0%,
respectively, while the disease control rates (CR + PR + stable
disease) were 49% and 49%, respectively. Multivariate
analysis identified T factor (intrahepatic tumor stage, T 0-2),
response to disease control and des-y-carboxy prothrombin

(<2600 mAU/mL) as significant and independent determinants
of survival. Intrahepatic tumor stage before treatment allows
stratification of prognosis of patients treated with sorafenib.
Four TO patients remained alive. The MST of patients with T1
(n=6), T2 (n =10), T3 (n = 23) and T4 (n = 18) of intrahepatic
tumor stage was 20, 23, 7 and 5 months, respectively. Among
the progressive disease group, patients with T0-2 intrahe-
patic tumor stage had better prognosis than patients with
T3-4.

Conclusion: In HCC patients with extrahepatic metastasis
who are treated with sorafenib, intrahepatic tumor stage was
a significant and independent prognostic factor.

Key words: extrahepatic metastasis, hepatocellular
carcinoma, intrahepatic tumor stage, sorafenib

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is one

of the most common malignant tumors world-
wide.'** Infection with hepatitis B or C virus is a risk
factor for hepatocarcinogenesis. Sorafenib is the current
standard drug for systemic treatment of patients with
advanced HCC who are not candidates for curative treat-
ments, such as surgical resection or locoregional thera-
pies.”® This multikinase inhibitor, with activities against
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Raf kinase and vascular endothelial cell growth factor
receptor, has been approved for the treatment of
unresectable HCC by the regulatory agencies of the
European Union, the USA and other countries.” The
approval was based on the positive results of a placebo-
controlled randomized phase III study of patients with
advanced HCC.? Subsequently, a phase III study con-
ducted in the Asia-Pacific region, where hepatitis B virus
infection is the predominant etiologic factor for chronic
liver disease, also demonstrated the survival benefits of
sorafenib.? For patients with advanced stage HCC and
extrahepatic metastasis, sorafenib is currently the only
standard treatment in many Western and Eastern coun-
tries. However, only a few studies have reported the
clinical outcome of sorafenib treatment in HCC patients
with extrahepatic metastasis.

A substudy of the Sorafenib Hepatocellular Carci-
noma Assessment Randomized Protocol (SHARP)
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reported that the overall survival (OS) and time to pro-
gression (TTP) of group C with Barcelona Clinic Liver
Cancer (BCLC) staging criteria were 9.7 and 4.9 months,
respectively.® To our knowledge, however, there is no
study that have examined the outcome of sorafenib
treatment in patients with metastatic HCC only. A phase
III study conducted in the Asia-Pacific region reported
that OS and TIP of patients with lung metastasis
were 5.6 and 2.4 months, respectively, while those
of patients with lymph metastasis were 5.6 and
2.8 months, respectively.’

To date, the prognostic factors remain unclear in
patients with extrahepatic metastasis. In general, the
stage of intrahepatic tumors could vary extensively in
HCC patients with extrahepatic metastasis, with some
patients having only extrahepatic tumors with tumor-
free liver tissue, while others have advanced intrahepatic
tumors. These differences could affect the clinical
outcome of sorafenib treatment. In fact, several studies
on the clinical outcome of patients with advanced HCC
and extrahepatic metastasis who received non-sorafenib
therapy demonstrated that intrahepatic tumor progres-
sion was a significant prognostic factor.*'*-'> Whether
the same applies to sorafenib treatment remains to be
determined. Specifically, the difference in the response
to sorafenib between patients with intrahepatic tumors
and those with extrahepatic tumors remains obscure.

Clinical evidence suggests that sorafenib therapy is
suitable for HCC patients with extrahepatic metastasis,
as demonstrated by the positive results of the placebo-
controlled randomized phase III study, SHARP study
and Asia-Pacific study of patients with advanced
HCC.>® However, these studies reported poor prognosis
of HCC patients with extrahepatic metastasis compared
to those without extrahepatic metastasis. For the devel-
opment of new therapies that can improve the progno-
sis of such patients, there is a need to study the clinical
outcome and prognosis of patients with extrahepatic
metastasis treated with sorafenib.

The present retrospective study assessed the clinical
outcome and prognostic factors in patients with
advanced HCC and extrahepatic metastasis treated with
sorafenib.

METHODS

Patients

HE SUBJECTS OF this retrospective cohort study
were all 61 HCC patients with extrahepatic metasta-
sis who had been treated with sorafenib at Hiroshima
University between June 2009 and September 2012.

Sorafenib for HCC with extrahepatic metastasis 1321

These subjects were considered unfit for surgery, liver
transplantation, repeat locoregional therapy, repeat
transcatheter arterial chemoembolization (TACE) or
repeat hepatic arterial infusion chemotherapy (HAIC).
The inclusion criteria for treatment with sorafenib
were Eastern Cooperative Oncology Group performance
status (ECOG PS) score of 2 or less, Child-Pugh liver
function class A and adequate hematological function
(platelet count, =5 x 10*/uL; hemoglobin, 28.5 g/dL),
adequate hepatic function (albumin, 22.8 g/dL; total
bilirubin, £3 mg/dL; and alanine aminotransferase and
aspartate aminotransferase, <5 times the upper limit of
the normal range), and adequate renal function (serum
creatinine, 1.5 times the upper limit of the normal
range) according to the SHARP study.’

The clinical characteristics of the study group are sum-
marized in Table 1. With regard to treatment received
before sorafenib, 18 patients were naive to HCC treat-
ment, eight were non-responders to TACE, 12 non-
responders to HAIC and 23 non-responders to systemic
chemotherapy. All patients were Child-Pugh A. Intrahe-
patic tumor stage was based on the Liver Cancer
Study Group of Japan/Tumor-Node-Metastasis staging
system of the Liver Cancer Study Group of Japan.'® Stage
I was defined by the presence of: (i) a solitary tumor; (ii)
measuring less than 2 cm in diameter; and (iii) without
any vessel invasion (n = 0; 0%). Stage II fulfilled two of
the above three features (n =0, 0%), stage III fulfilled
one of the above three conditions (n = 0, 0%), stage IVa
fulfilled none of the above three, with no distant metas-
tasis or intrahepatic condition with lymph node metas-
tasis (n=8, 13%), and those with stage IVb fulfilled
none of the above features with distant metastasis
(n=53, 87%).

As for the T factor, patients with TO had no hepatic
tumor (n =4, 6%), tumors in patients with T1 fulfilled
three features (with a solitary tumor measuring <2 c¢m in
diameter with no vessel invasion) (n =6, 9%), T2 ful-
filled two of the above three features (n =10, 16%),
T3 fulfilled one of the above three conditions (n =23,
37%) and stage T4 fulfilled none of the above three
(n =18, 32%).

The study was conducted in accordance with the
Declaration of Helsinki and the study protocol was
approved by the ethics committee of our hospital.
Written informed consent was obtained from each par-
ticipating patient.

Treatment regimens

All patients commenced treatment with sorafenib
between June 2009 and September 2012, at a dose of
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Table 1 Baseline characteristics of 61 HCC patients with extrahepatic metastasis treated with sorafenib

Age (years)

Sex (males/females)

Performance status (0/1/2/3)

Etiology (HBV/HCV/non-HBV, non-HCV)
Total bilirubin (mg/dL)*

Albumin (g/dL)*

Platelet count (x10%/uL)*

Child-Pugh (A/B)

HCC stage (IVa/IVb)

Size of hepatic tumor (mm) (range)
Intrahepatic tumor stage T (0/1/2/3/4)

No. of hepatic tumors (1-2/23)

Vp (0-2/3-4)

Tumor size relative to the liver (£50%/>50%)
AFP (ng/mL)*

DCP (mAU/mL)*

No. of organs with extrahepatic metastasis (1/2/3/4)
No. of extrahepatic metastasis lesion

Organ with metastases (lung/LN/bone/adrenal/peritoneum/pleura/fascia/kidney)
Treatment before sorafenib (systemic chemotherapy/HAIC/TACE/none)

64 (20-79)

56/5

50/9/1/1

30/18/13

0.8 (0.4-1.8)

3.9 (2.8-4.9)

13.5 (6.3-30.1)
61/0

8/53

30 (0-194)
4/6/10/23/18
23/38

47/14

44/17

290 (<5-2 650 000)
2684 (13-4 376 200)
39/18/3/1

4 (1-102)
39/20/15/5/3/1/1/1
23/12/8/18

Data are median (range).

AFP, o-fetoprotein; DCP, des-y-carboxy prothrombin; HAIC, hepatic arterial infusion chemotherapy; HCC, hepatocellular carcinoma;
HBV, hepatitis B virus; HCV, hepatitis C virus; LN, lymph nodes; TACE, transcatheter arterial chemoembolization; Vp 0, no tumor
thrombus; Vp, one tumor thrombus in the second branch of the portal vein; Vp 3, tumor thrombus in the first branch of the portal

vein; Vp 4, tumor thrombus in the trunk of the portal vein.

400 mg twice daily (standard dose). Treatment interrup-
tions and dose reductions (400 mg once daily) were
permitted for adverse drug reactions. Patients continued
therapy until death or met one of the following criteria
for cessation of therapy: (i) adverse events that required
termination of treatment; (ii) deterioration of ECOG PS
to 4; (iii) worsening liver function; or (iv) withdrawal of
consent. The criteria of liver function for the discontinu-
ation of treatment was total bilirubin of more than
3 mg/dL at 4 weeks after cessation of treatment. Even if
patients developed progressive disease with sorafenib,
sorafenib was continued to a maximum extent. After
progressive disease with sorafenib, second-line treat-
ment or local treatment was not administrated to
patients.

Assessment of response to therapy

Minimal treatment duration was considered 8 weeks in
the present study. In patients who continued sorafenib
therapy for more than 8 weeks, the response to treat-
ment was evaluated by the Response Evaluation Criteria
in Solid Tumors (RECIST) and modified RECIST
(mRECIST) at 8 weeks. Subsequently, each patient
underwent dynamic computed tomography or magnetic

© 2014 The Japan Society of Hepatology

resonance imaging every 2-3 months. OS was assessed
from the date of commencement of sorafenib therapy
until the date of death from any cause. The time to
radiologic tumor progression was defined as the time
from the date of commencement of sorafenib therapy
to disease progression, as assessed by RECIST and
mRECIST. We defined the minimal time interval for
determination of stable disease as 8 weeks.

The concentrations of serum tumor markers o-
fetoprotein and des-y-carboxy prothrombin (DCP) were
measured once a month after the start of sorafenib
treatment.

Follow-up protocol

Safety assessments included documentation of adverse
drug reactions, clinical laboratory tests, physical exami-
nation and measurement of vital signs. Adverse drug
reactions were defined according to the Common
Terminology Criteria for Adverse Events version 4.0
(CTCAE v4.0; http://ctep.cancer.gov).

Statistical analysis

Continuous variables were presented as mean + stan-
dard deviation, while categorical variables were pre-
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sented as absolute and relative frequencies. The time to
radiologic tumor progression and OS were calculated by
Kaplan-Meier survival curves with log-rank survival
comparisons and 95% confidence intervals (95% CI). A
Cox proportional hazards model was used to investigate
the prognostic factors for OS. P < 0.05 denoted the pres-
ence of statistically significant difference. We set cut-off
values of continuous variables on median. The median
of number of organs with metastases was one. There-
fore, we made the separation of 1 versus 2-4. According
to the macroscopic vascular invasion effect of survival in
the SHARP study, we made the separation of Vp 0-2
versus 3-4, because the major branch of the portal vein
is Vp 3-4. All statistical analyses were carried out with
the Predictive Analytics Software version 21.0 (SPSS,
Chicago, IL, USA).

RESULTS

Sorafenib treatment

HE MEDIAN DURATION of sorafenib therapy

was 5.3 months (range, 0.1-41.3), with a median
follow-up period of 8.1 months (range, 0.3-41.3).
Treatment was terminated within 8 weeks in four
patients due to side-effects (6%).

Safety and tolerability

The drug-related grade 3/4 adverse effects encountered
in this study were hand-foot skin reactions in one
(1.0%) patient, diarrhea in three (4%), general fatigue
in one (1.0%) and perforation of the colon in one (1%).
As stated above, three of the four adverse effects were the
reason for cessation of treatment within 8 weeks in one
patient (perforation of the colon).

Efficacy and response to treatment

The response to sorafenib therapy was evaluated by
RECIST and mRECIST at 8 weeks from the date of
administration of sorafenib. Four patients could not be
evaluated because treatment was terminated within
8 weeks in four patients due to side-effects. Based on
RECIST, the response to therapy was assessed as partial
response (PR) in two patients, and stable disease (SD) in
28. The response rate, defined as percentage of patients
who showed complete response (CR) or PR, was 3%,
and the disease control rate was 49%. Based on
mRECIST, CR was noted in one patient, PR in four and
SD in 25, with a response rate (CR+ PR) of 8% and
disease control rate of 49%. One patient evaluated as PR
by RECIST was evaluated as CR by mRECIST, while two

Sorafenib for HCC with extrahepatic metastasis 1323

patients evaluated as SD by RECIST were evaluated as PR
by mRECIST. The median time to radiologic tumor pro-
gression was 4.2 months by RECIST as well as mRECIST
(Fig. 1a).

Among all 27 PD patients, 10 patients were consid-
ered to have shown extrahepatic tumor progression
only without intrahepatic tumor progression, while the
remaining 17 patients showed intrahepatic tumor
progression.

Survival

The median survival time (MST) of the entire group was
11 months (Fig. 1b). The MST of patients who showed
PR, SD, PD and not evaluated (NE) was 20, 28, 5 and
3 months, respectively, by RECIST. On the other hand,
the MST of CR, PR, SD, PD and NE patients was 20, 13,
15, 5 and 3 months by mRECIST, respectively. Assess-
ment by mRECIST (P <0.0001) provided a similar
stratification of patients according to OS, compared
with assessment by RECIST (P < 0.0001).

The MST of HCC patients with lung, lymph and bone
metastasis was 13, 9.4 and 9.4 months, respectively.

Survival according intrahepatic tumor stage

The survival rate was also stratified by intrahepatic
tumor stage (P=0.003) (Fig. 2). All four TO patients
were alive during the follow-up period. The MST of
patients with T1 (n =6), T2 (n =10), T3 (n =23) and T4
(n =18) for intrahepatic tumor staging was 20, 23, 7
and 5 months, respectively. The survival rate worsened
with the progression of intrahepatic tumors. Assessment
of OS by Vp showed that the rate of Vp 0-2 was signifi-
cantly better than that of Vp 3-4 (P =0.004). The MST
of 47 patients with Vp 0-2 was 12 months while that of
14 patients with Vp 3-4 was 4 months (Fig. 3). Among
the disease control group (CR, PR and SD), patients
with TO-2 of intrahepatic stage (MST, 21 months)
tended to show a better survival than those with T3-4
(MST, 13 months), although the difference was not
significant (P=0.088) (Fig. 4a). On the other hand,
among the disease PD group, patients with TO-2 of
intrahepatic tumor stage (MST, 14 months) showed a
significantly better survival than those with T3-4 (MST,
7 months) (P =0.035) (Fig. 4b).

Determinants of OS

Finally, in 61 patients we investigated the relationship
between survival of the entire group after initiation of
sorafenib therapy and various clinicopathological vari-
ables by univariate analysis. Etiology (P =0.044), DCP
(P=0.004), TO-2 of intrahepatic tumor stage (P=
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Figure 1 Time to radiological progression and overall survival rate in patients treated with sorafenib.

(a) The median time to

radiological progression was 4.2 months. (b) The median survival time for all patients was 11 months.

0.006) and response to disease control (P=0.0001)
correlated significantly with OS. The above parameters
were then entered into multiple Cox proportional
hazard model analysis. Multivariate analysis identified
response to disease control (P =0.001), T0-2 of intra-
hepatic tumor stage (0-2) (P=0.0001) and DCP
(<2600 mAU/mL) (P =0.046) as significant and inde-
pendent determinants of OS (Table 2).

We also investigated the relationship between survival
of 27 PD patients after initiation of sorafenib therapy
and various clinicopathological variables by univariate
analysis. T0O-2 of intrahepatic tumor stage (P = 0.035)
and lymph node metastasis (P =0.048) correlated sig-
nificantly with OS. The above parameters were then
entered into multiple Cox proportional hazard model
analysis. Multivariate analysis identified TO-2 of intra-
hepatic tumor stage (hazard ratio [HR], 3.3; 95% CI,
1.1-10; P=0.047) as significant and independent deter-
minant of survival (Table 3).

DISCUSSION

N THE PRESENT study, the prognosis of HCC
patients with extrahepatic metastasis was stratified
by intrahepatic tumor progression. Worsening of intra-
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Figure 2 Survival rate stratified by hepatic tumor.
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hepatic tumor stage was associated with poor prognosis
of patients with extrahepatic metastasis. In addition,
some patients showed different response of intra-
hepatic tumors compared with extrahepatic tumors. For

(a) Disease control group
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example, good prognosis was noted in intrahepatic
tumor with poor response of extrahepatic tumor.

In a phase IIl study conducted in the Asia-Pacific
region, the OS and TTP of patients with lung metastasis
were 5.6 and 2.4 months, respectively. On the other
hand, the OS and TTP of patients with lymph metastasis
were 5.6 and 2.8 months, respectively.” Our results
showed that the MST of 13 HCC patients with lung,
lymph and bone metastasis was 13, 9.4 and 9.4 months,
respectively. These findings point to better results com-
pared with the phase III study conducted in the Asia-
Pacific region. The reason for the better outcome could
be due to differences in the population sample with
intrahepatic tumor progression. In the PD group, intra-
hepatic tumor progression was identified as a significant
prognostic factor in HCC patients with extrahepatic
metastasis.

Previous studies examined the clinical outcome of
HCC patients with extrahepatic metastasis treated by
modalities other than sorafenib. Uka et al."® examined
patients with intrahepatic tumor stage T0-2 and con-
cluded that those free of portal venous invasion but with
extrahepatic metastasis showed improved survival. On
the other hand, Uchino et al.'! reported that the control
of intrahepatic lesions and performance status were sig-
nificant prognostic factors in patients with advanced
HCC and extrahepatic metastasis. Our results also iden-
tified intrahepatic tumor stage as a significant prognostic

(b) PD group

1.0- wlq
P =0.088 P =0.035
0.8~ 0.8
o 06 i T0-2 o6 %
© 4 = T0-2
E 3 4 -g
g s Lo 504 i
) T34 .., b
0.2+ e 0.2 L
0.0+ ) 0.0 E
T T ¥ ¥ T ¥ ¥
0 12 24 36 48 0 12 24 36 48
No at risk No at risk
T0-2 12 5 2 1 0 To0-2 8 4 1
T34 18 7 2 0 T34 19 2 1

Time after commencement of sorafenib therapy (months)

Figure 4 Overall survival according to intrahepatic tumor stage in the (a) disease control group and (b) progressive disease group.
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Table 2 Results of univariate and multivariate analyses for prognostic factors in 61 HCC patients with extrahepatic metastases

treated with sorafenib

Variable 95% CI p HR 95% CI P

Age (<65 vs 265 years) 0.3-1.1 0.1

Sex (males vs females) 0.2-2.6 0.8

Performance status (0-1 vs 2-3) 0.7-3.3 0.2

Etiology (others vs HBV) 1.0-3.5 0.044

Platelet count (x10%/uL) (<25 vs 225) 0.2-5.3 0.2

Intrahepatic tumor stage T(0-2 vs 3-4) 2-10 0.006 8.3 2.1-10.1 0.0001
AFP (ng/mL)* (<300 vs 2300) 0.9-3.1 0.09

DCP (mAU/mL)* (<2600 vs 22600) 1.3-4.9 0.004 1.9 1.01-3.8 0.046
Treatment before sorafenib (no vs yes) 0.2-1.0 0.07

No. of organs with metastases (1 vs 2-4) 0.6-2.4 0.4

No. of extrahepatic metastasis lesion (1-4 vs 5-102) 0.5-1.8 0.9

Lung metastasis (no vs yes) 0.2-1.0 0.053

Bone metastasis (no vs yes) 0.6-2.7 0.3

Lymph node metastasis (no vs yes) 0.8-2.9 0.1

Response to disease control 2-10 0.0001 6.25 2.5-11.1 0.0001

Patients with TO had no hepatic tumor, tumors of patients with T1 had three features (with a solitary tumor measuring <2 cm in
diameter with no vessel invasion), those with T2 fulfilled two of the above three features, while those with T3 fulfilled one of the above

three conditions and stage T4 fulfilled none of the above three.

AFP, a-fetoprotein; CI, confidence interval; DCP, des-y-carboxy prothrombin; HBV, hepatitis B virus; HR, hazard ratio.

factor in HCC patients with extrahepatic metastasis
treated with sorafenib.

We demonstrated that DCP was one of the indepen-
dent factors related with survival in Table 2. DCP is a
well-known tumor marker of HCC,' the expression

of which is significantly correlated with poor pro-
gnosis,'>'” which is the same in sorafenib treatment for
HCC patients with extrahepatic metastasis.

According to the current guidelines applied in
Western (BCLC) and Eastern (i.e. the Liver Cancer Study

Table 3 Results of univariate and multivariate analyses for prognostic factors in 27 PD patients

Variable 95% CI P HR 95% CI P
Age (<65 vs 265) 0.6-3.5 0.3

Sex (males vs females) 0.1-2.9 0.6

Performance status (0-1 vs 2~3) 0.6-6.3 0.2

Etiology (others vs HBV) 0.4-2.7 0.8

Platelet count (x10*/uL) (<25 vs 225) 0.5-3.1 0.5

Intrahepatic tumor stage T (0-2 vs 3-4) 1.1-8.3 0.035 33 1.1-10 0.047
AFP (ng/mL)* (<300 vs 2300) 0.5-3.2 0.4

DCP (mAU/mL)* (<2600 vs 22600) 0.6-4.2 0.3

Treatment before sorafenib (no vs yes) 0.2-1.1 0.1

No. of organs with metastases (1 vs 2-4) 0.9-5.2 0.08

No. of extrahepatic metastasis lesions {1-4 vs 5-102) 0.6-3.2 0.4

Lung metastasis (no vs yes) 0.4-2.7 0.7

Bone metastasis (no vs yes) 0.4-3.0 0.8

Lymph node metastasis (no vs yes) 0.9-5.6 0.048

Patients with TO had no hepatic tumor, tumors of patients with T1 had three features (with a solitary tumor measuring <2 cm in
diameter with no vessel invasion), those with T2 fulfilled two of the above three features, while those with T3 fulfilled one of the above

three conditions and stage T4 fulfilled none of the above three.

AFP, a-fetoprotein; CI, confidence interval; DCP, des-y-carboxy prothrombin; HBV, hepatitis B virus; HR, hazard ratio.
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Group of Japan) countries,'*'® sorafenib is the only

treatment available for patients with HCC and metasta-
sis. On the other hand, the results of the present study
and those of previous reports indicate that the con-
trol and/or down-staging of intrahepatic tumors by
locoregional therapy (e.g. resection or ablation) seems
to improve prognosis of patients with HCC metastasis.
However, when extrahepatic metastatic lesions pose a
clear threat to health (e.g. respiratory failure in the pres-
ence of multiple lung metastases), there is a need to treat
such extrahepatic lesions by local therapy and/or sys-
temic sorafenib therapy, without the need to continue
locoregional therapy of intrahepatic tumors. The new
finding of the present study was that in HCC patients
with extrahepatic metastasis treated with sorafenib,
intrahepatic tumor stage was a significant and indepen-
dent prognostic factor.

For the further improvement of survival in patients
with extrahepatic metastasis, in addition to sora-
fenib therapy, combination therapy (e.g. locoregional
therapy, TACE, HAIC) with sorafenib may be necessary
for intrahepatic tumor according to T factor.

This study indicates that a further clinical study of
treatment of intrahepatic tumors in HCC patients with
extrahepatic metastasis may be necessary.

Our results showed that worsening of intrahepatic
tumors was associated with poor prognosis of patients
with extrahepatic metastasis. The OS of patients with Vp
3-4 was especially poor (MST, 4 months), thus limiting
the use of sorafenib therapy for patients with Vp 3-4. In
subanalysis of the SHARP study and Asia-Pacific study,
macrovascular invasion was identified as a poor prog-
nostic factor even in patients with extrahepatic metasta-
sis.’® On the other hand, HAIC for patients with
macrovascular invasion (e.g. Vp 3-4) was reported pre-
viously to be associated with a response rate of 30-40%,
as well as improvement of prognosis of patients
with disease control.””** The response to HAIC before
sorafenib therapy may improve the prognosis of
patients with extrahepatic metastasis and Vp 3-4. These
issues are currently being examined in two ongoing
clinical trials; the HICS 55 (UMIN000009094) and
SCOOP-a. (UMIN000006147).

Previous studies reported poor response and OS of
patients with Vp 3-4 and extrahepatic metastasis com-
pared to that of patients without extrahepatic metasta-
sis.?® Patients who show poor response to HAIC need to
be switched to sorafenib therapy. In this regard, the
Randomized Controlled Trial Comparing Efficacy of
Sorafenib versus Sorafenib in Combination with Low-
dose Cisplatin/Fluorouracil Hepatic Arterial Infusion

Sorafenib for HCC with extrahepatic metastasis 1327

Chemotherapy in Patients with Advanced Hepatocellu-
lar Carcinoma (SILIUS Phase I1I) (IMIN000004315) is
currently underway. Improvement of such therapy may
render it suitable for patients with extrahepatic metasta-
sis with Vp 3-4.

In conclusion, the results of the present study dem-
onstrated that intrahepatic tumor stage was a significant
and independent prognostic factor in HCC patients with
extrahepatic metastasis treated with sorafenib. Although
the sample number is relatively small, the results may
help establish a new treatment strategy in patients with
HCC-related extrahepatic metastasis.
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Fatty liver creates a pro-metastatic microenvironment for
hepatocellular carcinoma through activation of hepatic
stellate cells
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Fatty llver (FL) is assoc:ated w:th development of hepatocellular carcmoma (HCC) However whether L |tself promotes the pro-
gressmn of HCC is. unclear We recently found that hepatsc stellate cells (HSCs) were prommently actlvated m the steatotlc

Non-alcoholic fatty liver disease (NAFLD) is one of the most drome and NAFLD. Recently, there is increasing evidence that
common hepatic disorders in developed countries. The epi- NAFLD, including the more aggressive non-alcoholic steatohe-
demic of obesity in developed countries has increased along patitis (NASH), is associated with hepatocellular carcinoma
with its attendant complications, including metabolic syn- (HCC).!™ Diabetes and obesity are established independent
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Abbreviations: CDD: choline-deficient diet; CM: conditioned media; DMEM: Dulbecco’s modified Eagle’s medium; ELISA: enzyme-
linked immunosorbent assay; FL: fatty liver; FBS: fetal bovine serum; HCC: hepatocellular carcinoma; HGF: hepatocyte growth factor;
HSCs: hepatic stellate cells; HSCFL: hepatic stellate cells isolated from fatty liver; HSCNL: hepatic stellate cells isolated from normal
liver; HFD: high-fat diet; HIF: hypoxia inducible factor; IL-la: interleukin-lo; IQGAPIL: IQ muotif containing GTPase activating protein
1; MMPs: matrix metalloproteinases; MTT: methyl thiazolyl tetrazolium; MAPK: mitogen-activated protein kinase; NAFLD: non-alco-
holic fatty liver disease; NASH: non-alcoholic steatotic hepatitis; NL: normal liver; ROCK: Rho-associated kinase; SASP: senescence-asso-
ciated secretory phenotype; SDF-1: stromal derived factor-1; TIMP-1: tissue inhibitor metalloproteinase-1; TGF-BRIL: TGE-B receptor II;
TGF-B: transforming growth factor-B; VEGE: vascular endothelial growth factor
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Brief description: Although fatty liver is associated with hepatocarcinogenesis, it is unclear whether fatty liver promotes hepatocellular carci-
noma (HCC) progression. Through and in vivoimodels, we investigated whether steatotic liver promotes HCC progression and whether stea-
totic liver hepatic stellate cells (HSCs) are associated with HCC progression. Activated fatty liver HSCs significantly contributed to HCC
proliferation and migration, and exhibited increased secretion of interleukin-, vascular endothelial growth factor, and transforming growth
factor-B in the tumor microenvironment.

Grant spensor: Ministry of Education, Culture, Sports, Science and Technology; Grant number: 21591748

DOl 10.1002/ijc.29096

History: Received 8 Dec 2013; Accepted 10 July 2014; Online 23 July 2014

Correspondence to: Hirotaka Tashiro, Department of Gastroenterological and Transplant Surgery, Applied Life Sciences, Institute of
Biomedical & Health Sciences, Hiroshima University, 1-2-3, Kasumi, Hiroshima 734-8551, Japan, Tel.: +81-82-257-5222, Fax: +81-82-257-
5224, E-mail: htashiro@hiroshima-u.ac.jp

Int. ). Cancer: 136, E3-E13 (2015) © 2014 UICC

— 86 —




=
=
=
opn

O
=
3
S
o

E4

, What’s new’ ,

Fatty liver favors HCC metastasis

Fatty liver is assocrated wrth hepatocellular carcmoma (HCC), but. rts exact role has been unclear In thrs study, the authors k
k _‘found that HCC metastasrs was rncreased in ‘rats whose lrvers were steatotlc They also found that when hepatrc stellate cells ,

- (HSCs) from rats with steatotrc livers were

Jected wrth HCC cells mto normal rats, the resultmg tumors we

si gmfrcantly

k' larger than when normal HSC cells were used The |ncreased levels of cytokmes secreted by actrvated fatty lrver HSCs may

; enhance prolrferatron and mrgratlon of HCC

risk factors for the development of HCC,” and obesity is
reported to be an independent risk factor for HCC recurrence
after curative treatment, such as hepatectomy in patients with
NASH.* It has been reported that obesity and fatty liver (FL)
promote a chemical carcinogen-induced hepatocarcinogene-
is.>® However, the functional impact of FL on the progression
and metastasis of HCC remains largely unexplored.

Hepatic stellate cells (HSCs) are key contributors to liver fibro-
sis and portal hypertension.” Recently, these cells were postulated
to form a component of the pro-metastatic liver microenviron-
ment because they can transdifferentiate into highly proliferative
and motile myofibroblasts, which have been implicated in desmo-
plastic reactions and metastatic growth.'®'" Moreover, HSC activa-
tion has been shown to correlate with the severity of hepatic
steatosis.">"? Therefore, activated HSCs in FL may enhance the
progression of HCC, but this possibility has not been fully
explored. Therefore, we investigated whether FL in rats has a
microenvironment that can promote the progression of HCC, and
whether the HSCs in FL enhance the progression of HCC.

Material and Metheds

Animals

Four-week-old male Buffalo and F344 nude rats were pur-
chased from Clea Japan, (Tokyo, Japan), and F344 rats were
purchased from Charles River Breeding Laboratories (Osaka,
Japan). Four-week-old rats were fed a choline-deficient diet
(CDD) (Oriental Yeast Co., Tokyo, Japan) for 6 weeks or a
high-fat diet (HFD) for 16 weeks (F2HFD2, 82% kcal fat; Ori-
ental Yeast Co.) to promote the development of FL. All animal
experiments were performed according to the guidelines set by
the United States National Institutes of Health (1996).

Cell lines

The rat HCC cell line McA-RH7777 was obtained from the
American Type Culture Collection (Rockville, MD). The rat
HCC cell lines C1 and L2 were kindly provided by Dr. K.
Ogawa, National Institute of Health Sciences (Tokyo, Japan).
The McA-RH7777 cell line originated in Buffalo rats, whereas
the C1 and L2 cell lines originated in F344 rats. The cells
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum (FBS)
in a humidified atmosphere of 5% CO, at 37°C.

Isolation of HSCs
HSCs were isolated from rat livers according to previously
described procedures.’* The purity of the cells was estimated

through ordinal light and fluorescence microscopic examina-
tions and by indirect enzyme immunoreactivity with an anti-
desmin antibody (Dako, Versailles, France).

Conditioned medium

Conditioned medium (CM) was harvested from cultured
HSCs after incubation in serum-free DMEM for 48 hr. At
the end of the incubation period, the medium was stored at
—80°C until use.

Proliferation assay

HCC cells were seeded at 5,000 cells per well in 96-well plates
and cultured overnight in DMEM supplemented with 10%
FBS. The medium was then changed to serum-free DMEM
and CM. Incubations continued for 24 hr before the addition
of 3-(4, 5-methylthiazol-2-yl)-2, 5-diphenyl-tetrazolium bro-
mide [methyl thiazolyl tetrazolium (MTT), nonradioactive pro-
liferation assay; Promega Corp, Madison, WI] for 4 hr.
Cellular MTT was solubilized with acidic isopropanol, and the
optical density was measured at 570 nm by using a 96-well
plate reader. The survival fraction was then quantified.

Migration assay

For studies of HCC cell migration, 8-pm-pore size Transwell
chambers (Corning, NY) were used. In total, 5 X 10° HSCs
were seeded into the lower chamber that was coated with col-
lagen type I in 1 mL of medium containing 10% FBS, and
cultured for 48 hr. No HSCs were added to the control wells.
The medium was changed to 750 pL of RPMI supplemented
with 0.1% bovine serum albumin, and 2 X 10* HCC cells in
200 pL of RPMI with 0.1% bovine serum albumin were
added to the upper chamber. After incubation at 37°C in 5%
CO, for 24 hr, the non-migrating cells on the upper surface
of the membrane were removed with a cotton swab. Cells
were fixed in 4% paraformaldehyde and stained with propi-
dium iodide solution (Dojindo, Kumamoto, Japan). Migrating
cells were counted at 200X magnification in nine adjacent
microscope fields for each membrane.

Enzyme-linked immunosorbent assay

The amount of vascular endothelial growth factor (VEGF),
tissue inhibitor of metalloproteinases 1 (TIMP-1), matrix
metalloproteinase-9 (MMP-9), transforming growth factor-g1
(TGF-B1), and interleukin lo (IL-1at) were quantified using
ELISA kits, according to the manufacturer’s instructions
(R&D Systems, Minneapolis, MN).
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Western blot analysis

Cells were cultured in DMEM without 10% FBS overnight.
Thereafter, the cells were incubated in the presence of CM for
10 min before being homogenized in lysis buffer (Cell Lysis
Buffer; Cell Signaling Technology, Danvers, MA). Western blot
analysis was performed as described previously.'* Antibodies
to P-actin were purchased from Abcam (Tokyo, Japan). Anti-
bodies to Akt, p-Akt, anti-p44/42, mitogen-activated protein
kinase (MAPK), and anti-phospho-p44/42 MAPK antibodies
were purchased from Cell Signaling Technology (Beverly,
MA). The phosphorylation levels were normalized to the levels
of total Akt or MAPK protein expression.

Experimental model of intrahepatic HCC metastasis

HCC cells (5 X 10° cells or 5 X 10° cells/body) were
implanted into the livers of rats via portal vein injection. In
rats that were fed on a CDD, normal diets were given after
the injection of the HCC cells, whereas in rats fed with a
HFD, the HFD was continued until the study was completed.
At the end of the experiment, rats were humanely sacrificed.
The area of the liver occupied by tumor was calculated by
averaging the percentage of the liver area occupied by tumor
in microscopic sections continuously cut at 5-mm intervals.

Confocal immunofluorescence and histology

Phalloidin staining of isolated HSCs was performed as
described previously."* Samples were observed under a con-
ventional fluorescence microscope or a laser confocal micro-
scope. For histological analysis, formalin-fixed liver tissue
sections were cut, stained with hematoxylin-eosin, and exam-
ined microscopically. To assess the grade of the steatosis, sec-
tions were stained with oil red O.

HSC/tumor cell co-implantation model

C1 cells (5 X 10° cells/body) were implanted into the subcu-
tis of F344 nude rats, either alone or in combination with
HSCs isolated from F344 rats (5 X 10° cells/body). Successful
implantation of HSCs was determined via frozen section
analysis of the co-implantation of fluorescently labeled HSCs
and HCC cells. The HSCs were fluorescently labeled with red
fluorescent linker dye (PKH26 Red Fluorescent Cell Linker
Kit; Sigma, Sigma-Aldrich, St Louis, MO) according to the
manufacturer’s instructions. At the end of the experiment,
rats were humanely sacrificed. The largest tumor diameter
and the tumor weight were measured 4 weeks after implanta-
tion. The survival of HSCs and cellular proliferation were
assessed by immunohistochemical analysis of desmin and Ki-
67 (BD Pharmingen, San Jose, CA), respectively.

Treatment of HSCs by Y-27632

The specific Rho-associated kinase (ROCK) inhibitor,
Y-27632, was purchased from Wako (Osaka, Japan).
Activated HSCs were deactivated by incubation with Y-27632
(10 uM) in serum-free DMEM for 3 hr.
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Statistical analysis
The survival rates of rats were compared using the Kaplan—
Meier method and were analyzed using the log-rank test. The
tumor engraftment rates were compared by the chi-square
test. One-way analysis of variance was used for multiple com-
parisons. All the data are expressed as the average (=SE).
p Values less than 0.05 were considered statistically signifi-
cant. Statistical analyses were performed with the SPSS soft-
ware, version 16 (SPSS Japan, Tokyo, Japan).

Technical and material details of the cytokine assay are
given in the Supporting Information Materials.

Results

CDD induced FL, activation of HSCs and increased

secretion of cytokines

Feeding on a CDD for 6 weeks resulted in severe steatotic
changes (60% macrosteatosis) (Supporting Information Fig.
Sla). The purity of the isolated HSCs was estimated by fluo-
rescence microscopic examination and by indirect enzyme
immunoreactivity with an anti-desmin antibody, and was
found to be >90% (Supporting Information Fig. S1b). HSCs
isolated from FL (HSCFL) of rats fed on a CDD for 6 weeks
had significantly increased stress fiber formation compared to
HSCs isolated from normal liver (HSCNL) (Supporting Infor-
mation Fig. Slc). We assessed the mediators secreted by cells
in monoculture by performing cytokine arrays on CM sam-
ples. TIMP-1 and VEGF were detected in CM harvested
from HSCFL, whereas they were not detected in CM har-
vested from HSCNL (Supporting Information Fig. S1d-S1f).

CDD-induced FL has a permissive microenvironment for

HCC metastasis

To assess the effects of FL. on HCC metastasis, we first
implanted McA-RH7777 cells (5 X 10° cells/body) via the
portal vein into the livers of syngeneic Buffalo rats. One of
seven rats with normal livers (NLs) developed a small, single
nodular HCGC; all seven rats survived more than 8 weeks after
inoculation of the HCC cells. In contrast, all ten rats with FL
fed on a CDD for 6 weeks developed diffusely distributed
tumors, and five of ten died of HCC within 8 weeks (Figs.
la-1c). Volumes of the HCC tumors were significantly
greater in rats with FL than in rats with NL (Fig. 1d).

In other experiments, L2 cells (5 X 10° cells/body) were
injected into the portal veins of F344 rats that were fed on
either a CDD or a normal diet. In all eight rats fed on a CDD
for 6 weeks, multiple nodular liver tumors developed within 8
weeks, and four of these rats also developed pulmonary metas-
tases. In contrast, none of the five rats fed on a normal diet
developed tumors (Supporting Information Figs. S2a and S2b).

HSCFL stimulate HCC cell proliferation and migration in vitro

First, we investigated whether HSCFL could induce the pro-
liferation of McA-RH7777 and Cl1 HCCs. When these cells
were cultured with CM harvested from syngeneic HSCFL,
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Figure 1. Choline deficient diet-induced FL has a permissive microenvironment for HCC metastasis. (@) Macrography of liver tumors in NL
and FL. One of seven rats with NL developed a single nodular tumor (arrow) after inoculation of HCC cells (McA-RH7777 cells, 5 X 10°
cells/body), whereas all ten rats with FL developed diffusely distributed liver tumors. (b) Hematoxylin-eosin-stained images of liver tumors
in NL and FL. (¢) Kaplan—Meier curve documenting the survival of rats inoculated with HCC cells. (d) The graph shows the percentage of
tumor volume (tumor volume/liver volume). Results are presented as means (=SE).
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their rate of proliferation increased, whereas when the cells
were incubated with CM harvested from HSCNL, no increase
in tumor cell proliferation occurred (Fig. 2a, Supporting
Information Fig. S3a). We then examined whether HSCFL
could induce migration of HCCs. HSCFL promoted HCC
migration to a significantly greater extent than did HSCNL
(Fig. 2b, Supporting Information Fig. S3b).

Factors secreted from HSCFL enhanced activation of MAPK
and Akt pathways in HCC cells

To determine the signaling pathways that may be involved in
the tumor-promoting effects of HSCFL, we examined McA-
RH7777 cells treated with CM harvested from a monoculture
of HSCFL for activation of Akt and MAPK by western blot-
ting. The phosphorylation levels of Akt and ERK were signifi-
cantly increased in cells treated with CM harvested from
monoculture of HSCFL in comparison with CM harvested
from HSCNL (Fig. 2¢).

HCC-HSC cross-talk is bidirectional

We analyzed the secretion of VEGF, TGF-B1, IL-1la, MMP-9
and TIMP-1 by HCC cells and HSCs in monoculture and co-
culture, using ELISA kits. Only an additive effect of VEGF
and TGF-B1 was noted, and their levels were significantly
increased in the CM harvested from co-culture of HCC cells
and HSCFL compared with the levels in CM harvested from
co-culture of HCC cells and HSCNL (Figs. 2d and 2e).
Although HSCNL, HSCFL, and HCC cells barely secreted IL-
la and MMP-9, both factors were secreted in CM harvested
from co-culture of HCC cells and HSCNL. Furthermore, the
concentrations of IL-la and MMP-9 were significantly
increased in CM harvested from co-culture of HCC cells and
HSCFL, due to a synergistic effect, compared to concentra-
tions in CM harvested from co-culture of HCC cells and
HSCNL (Figs. 2f and 2g). However, the concentration of
TIMP-1 was significantly lower in CM harvested from
co-culture of HCC cells and HSCFL compared to CM har-
vested from monoculture of HSCFL because of an inhibitory
effect (Fig. 2h). These results suggested that cytokine secre-
tions are altered through HCC-HSC interactions.

Co-implantation with HSCFL promotes HCC growth in vivo

We examined the effect of HSCFL on HCC growth in vivo.
C1 cells, originating from F344 rat HCC cells, were
implanted to the subcutis of syngeneic F344 nude rats, either
alone or in combination with HSCFL or HSCNL from F344
rats. HSCNL and HSCFL were implanted to a similar extent,
according to frozen section analysis, 2 days after the co-
implantation of HSCs labeled by PKH26 and non-labeled
HCC cells (Supporting Information Figs. S4a and S4b).
When C1 cells (5 X 10° cells/body) were implanted into the
subcutis of syngeneic F344 nude rats, three of the nine rats
implanted with HCC cells alone and six of nine rats
implanted with HCC cells and HSCNL developed tumors at
the site of implantation, but all nine rats implanted with
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HCC cells and HSCFL developed tumors. Moreover, the rats
implanted with HSCFL in addition to HCC cells developed
significantly larger tumors than those implanted with HCC
cells and HSCNL (Figs. 3a-3d). The presence of desmin-
positive cells was determined by immunohistochemical analy-
sis. The number of desmin-positive cells in the tumors of
rats co-transplanted with HSCFL was comparable with those
co-transplanted with HSCNL, whereas only a few desmin-
positive cells were noted in tamors of rats implanted with C1
cells alone (Supporting Information Figs. S4c and S4e). In
addition, we used immunohistochemistry to examine the
expression of nuclear Ki-67, a cellular proliferation marker.
The number of Ki-67-positive cells was significantly greater
in the tumors of rats co-transplanted with HSCNL than in
the tumors of rats transplanted with C1 cells alone. Further-
more, the number of Ki-67-positive cells was significantly
increased in the tumors of rats co-transplanted with HSCFL
compared with those co-transplanted with HSCNL (Support-
ing Information Figs. $4d and S4f).

Rho-kinase inhibitor attenuates HCC progression through
deactivation of HSC-FL

We have previously shown that HSCFL exhibited increased
stress-fiber formation and F-actin expression as compared to
HSCNL," and increased stress-fiber formation and F-actin
expression in HSCFL were suppressed by treatment with the
ROCK inhibitor, Y-27632. However, HSCFL were re-
activated within 48 hr of Y-27632 administration (Fig. 4a).
In this study, we investigated whether the ROCK inhibitor
can deactivate activated HSCFL and suppress tumor progres-
sion in co-culture. First, we investigated the effect of Y-
27632-treated HSCFL on the proliferation of McA-RH7777
cells by performing the MTT assay. When McA-RH7777 cells
were cultured with CM harvested from Y-27632-treated
HSCFL, cell proliferation was suppressed compared with that
in CM harvested from untreated HSCFL (Fig. 4b). Thereafter,
a migration assay showed that the migration of McA-
RH7777 cells was significantly suppressed in co-culture with
Y-27632-treated  HSCFL compared with co-culture with
untreated HSCFL (Fig. 4c). Furthermore, the enhancement in
the proliferation and migration by Y-treated HSCFL were sig-
nificantly greater than those of HSCNL (Figs. 4b and 4c). In
addition, the phosphorylation levels of Akt and ERK were
significantly decreased in HCC cells treated with CM har-
vested from monoculture of Y-27632-treated HSCFL com-
pared with phosphorylation levels in HCC cells treated with
CM harvested from untreated HSCFL (Fig. 4d). Moreover, an
ELISA study showed that the levels of TGF-B1 were signifi-
cantly lower in CM harvested from Y-27632-treated HSCFL
than levels in CM harvested from untreated HSCFL (Fig. 4e).
Moreover, the concentration of IL-la was significantly
decreased in CM harvested from a co-culture of HCC and
HSCFL treated with Y-27632, compared to that in CM har-
vested from a co-culture of HCC and untreated HSCFL (Fig.
4f). However, the levels of VEGF and TIMP-1 in CM
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