Hepatic fatty acid composition in NASH

pathology of NASH, such as the severities of steatosis,
inflammation, hepatocellular disorders, and fibrosis. To
the best of our knowledge, this is the first report on the
association of the liver tissue fatty acid composition
ratio with the severities of liver tissue inflammation and
hepatocellular disorders in NASH. The fatty acid con-
tent of liver tissue was expected to increase in patients
with advanced hepatic steatosis; however, significant
changes in the fatty acid composition ratios suggested
that not all fatty acids homogenously increase. Of the
changes in fatty acid composition ratios observed in the
SS and NASH groups, a decrease in the C18:0/C16:0
ratio and an increase in the C18:1n9/18:0 ratio (i.e. rela-
tive increases in C16:0 and C18:1n9) were associated
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with steatosis and insulin resistance, and an increase in
the C16:1n7/16:0 ratio (i.e. a relative increase in
C16:1n7) was associated with liver tissue inflammation
and hepatocellular disorders. These results revealed that
fatty acid components change depending on pathologi-
cal differences in liver tissue in NAFLD patients.

There are two main pathways of fatty acid accumula-
tion in the liver. The close involvement of insulin resis-
tance in both pathways has been clarified (20, 21). The
hydrolysis of fat tissue occurs in the presence of insulin
resistance and increases free fatty acid inflow into the
liver in one pathway. In the other, related genes, such as
the SREBP-1c gene and downstream SCD1 and FAS
genes, are activated in the liver in the presence of high
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Fig. 4. Relationship between the histopathological findings of the liver and the expression levels of fatty acid metabolism-related genes.
The association of the progression of the following items and expression of the fatty acid metabolism-related genes measured in liver tissue
using RT-PCR was investigated: (A) steatosis score, (B) lobular inflammation score, (C) hepatocellular ballooning score and (D) fibrosis.
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Table 4. Multivariate correlation between histological scores, insulin resistance and genes adjusted for age, gender and BMI

Steatosis score Inflammation score

Ballooning score Fibrosis score

UA MA UA MA UA MA UA MA
Coefficient P-value  P-value Coefficient P-value P-value Coefficient P-value P-value Coefficient P-value P-value
C18:0/ -0.610 <0,0001 0.0092 -0.315 0.0022 0.4248 -0.310 0.0016 0.3965 -0.289 0.0040 -
C16:0
C16:1n7/ 0.084 0.4071 - 0.339 0.0010 0.0191 0.255 0.0106 0.2753 0.141 0.1695 -
C16:0
C18:1n9/ 0.575 <0.0001 0.2387 0.224 0.0302 0.5603 0.243 0.0140 0.5163 0.184 0.0689 -
C18:0
HOMA-IR 0.070 0.5211 -~ 0.137 0.2268 - 0.112 0.3083 - —0.007 0.9485 -
QUICK ! —0.282 0.0108 0.1421 -0.183 0.1180 - ~0.271 0.0163 0.0200 -0.123 0.2901 -
SCD1 0.093 0.4725 - 0.266 0.0386 0.1785 0.321 0.0077 0.2904 0.067 0.5%04 -
ELOVLE 0.16 0.1941 - 0.161 0.2177 - 0.283 0.0201 0.8737 0.037 0.7673 -
SREBP-1c¢ 0.104 0.4349 - 0.249 0.0591 - 0.336 0.0064 0.0559 0.118 0.3534 -
FAS 0.148 0.2543 - 0.195 0.1340 - 0.320 0.0083 0.3309 0.085 0.4949 -
ACC 0.142 0.2902 - 0.159 0.2380 - 0.254 0.0441 0.1917 0.040 0.7539 -
PPARw. 0.131 0.3222 - 0.170 0.2005 - 0.232 0.0637 -~ 0.028 0.8227 -
PPARY 0.136 0.3243 - 0.155 0.2631 - 0.215 0.1003 -~ 0.030 0.8195 -

MA, multivariate analysis; PPARa, peroxisome proliferator-activated receptor-o; UA, univariate analysis.

blood insulin and glucose levels (22) and promote glu-
cose uptake in the liver, enhancing the de novo synthesis
of C16:0 through acetyl-CoA.

C16:0 is considered to be a toxic fatty acid for liver
tissue. TGs in the liver and microsomal saturated fatty
acids increased in mice fed a saturated fatty acid-
enriched diet, and elevations in the activity of liver cas-
pase-3 and transaminase levels were confirmed (23).
Saturated fatty acids, such as C16:0, are not readily
esterified and exhibit strong cytotoxicity in the liver
(24). It is assumed that toxicity is avoided by the con-
version of these saturated fatty acids to unsaturated fatty
acids, such as C16:1n7 and C18:1n9, through elongation
by ELOVL6 and desaturation by SCDI1. As both
ELOVLS6 and SCD1 were controlled by SREBP-1c, their
expressions are related to each other.

It has been previously reported that the expression of
these genes was associated with the pathology of NASH
in an animal model (25). Matsuzaka et al. have also
shown that the expression level of ELOVLS in the liver
was correlated with the inflammation of liver tissue in a
mouse model with NASH and was also increased in
NASH patients (26). These results are consistent with
our results. In this study, we evaluated the relationship
between fatty acid metabolism and NASH pathology by
the simultaneous examination of the fatty acid composi-
tion ratio around C16:0, fatty acid metabolic gene
expression and histopathology of the liver in the same
liver samples of many patients. The analysis of age-, sex-
and BMI-adjusted associations between the histological
scores of the liver and experimental parameters showed
that a decrease in the C18:0/C16:0 ratio, an increase
in the C16:1n7/16:0 ratio, and an increase in the expres-
sion of fatty acid metabolism-related genes including
SCD1 and ELOVL6 correlated with inflammation or
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ballooning of liver tissue. Taking our results together
with previous reports, fatty acid metabolism in the liver
according to the development of NASH can be
explained as follows.

First, a decrease in the C18:0/C16:0 ratio is because of
an increase in C16:0 without an increase in the fatty acid
metabolism-related genes. Next, an increase in the
expression of the fatty acid metabolism-related genes
including SCD1 and ELOVLG occurs and correlates with
inflammation and the ballooning of hepatocytes in liver
tissue. Finally, it becomes difficult to sufficiently convert
Cl6:0 to C18:0 by ELOVL6, and a compensatory
increase in the conversion of C16:0 to C16:1n7 con-
trolled by SCD1 occurs. Consequently, the increase in
C16:1n7/C16:0 correlates with inflammation in liver tis-
sue with the highest correlation coefficient. Therefore,
our results suggest that the acceleration of overall hepa-
tic fatty acid metabolism is more important for the
pathogenesis of NASH than the expression levels of
ELOVLEG in patients with NASH.

In conclusion, analysis of the liver tissue fatty
acid composition and gene expression showed that
an enhancement of the fatty acid metabolic pathway
centring on C16:0 contributed to the progression of SS
to NASH. Flucidating these changes in the metabolic
pathway may lead to the development of a drug that
could prevent the progression to NASH.
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between various factors (including age, sex, autoantibody
status and histological variables at baseline), biochemical
response to treatment and long-term outcomes were evalu-
ated in 164 Japanese PBC patients.

Results: Anti-gp210 positivity and a higher bile duct loss
score were signhificant risk factors for worse alkaline phospha-
tase (ALP) response (odds ratios [OR], 2.78 and 1.85, respec-
tively). Age, anti-gp210 positivity and anticentromere
positivity were significant risk factors for worse alanine ami-
notransferase (ALT) response (OR, 1.05, 4.0 and 2.77, respec-
tively). Anti-gp210 positivity and a higher hepatitis score were
significant risk factors for worse immunoglobulin (igiM
response (OR, 2.10 and 2.06, respectively). Worse ALP and
IgM response were significant risk factors for progression to

Hepatology Research 2014

late-stage disease without jaundice (OR, 2.27 and 2.32,
respectively). Worse ALT response was a significant risk factor
for progression to late-stage disease with persistent jaundice
(OR, 11.11).

Conclusion: Biochemical response to treatment at 2 years,
which is influenced by autoantibody status and histological
variables at baseline, can predict long-term outcomes in Japa-
nese patients with PBC.

Key words: anticentromere antibody, anti-gp210 antibody,
bezafibrate, biochemical response to treatment, histological
staging and grading for primary biliary cirrhosis,
ursodeoxycholic acid

INTRODUCTION

RIMARY BILIARY CIRRHOSIS (PBC) is a chronic,

progressive, cholestatic autoimmune liver disease
characterized by intrahepatic bile duct destruction,
portal inflammation, cirrhosis and, eventually, hepatic
failure.’* It is well known that some patients remain at
an early stage of the disease for a long time, while others
progress to cirrhosis and hepatic failure requiring liver
transplantation. Therefore, in order to prevent disease
progression, the prediction of long-term outcome at
an early stage of the disease is important.’* For this
purpose, risk factors for disease progression have been
intensively investigated in the past two decades. Risk
factors identified to date include age, sex, baseline serum
biochemistry, histological variables on liver biopsy,**
autoantibodies such as anti-gp210 and anticentromere
that showed the significant association with the disease
activity and prognosis,”? and biochemical response to
ursodeoxycholic acid (UDCA) therapy.'*® Among these
risk factors, biochemical response to UDCA therapy
strongly predicts long-term prognosis, although treat-
ment response at 1 year (Paris-II criteria) has not been
adopted in dlinical practice.’® This criterion still needs
external validation'® and the relationship between treat-
ment response and other risk factors associated with
disease progression remains to be elucidated.

In the present study, we first studied the influence of
the known risk factors for disease progression (age, sex,
histological variables on liver biopsy, and presence of
autoantibodies such as anti-gp210 and anticentromere)
on the biochemical response to treatment in a cohort
followed by the Intractable Hepatobiliary Disease Study
Group supported by the Ministry of Health, Labor and
Welfare of Japan. We then studied the predictive value

© 2014 The Japan Society of Hepatology

of treatment response on long-term outcome using mul-
tivariate analysis; we found that a worse alkaline phos-
phatase (ALP) or immunoglobulin (Ig)M response was
a significant risk factor for progression to an advanced
stage without jaundice, while a worse alanine amino-
transferase (ALT) response was a significant risk factor
for progression to an advanced stage with persistent
jaundice. In addition to other risk factors such as auto-
antibody status and histological variables, these findings
regarding treatment response help identify PBC patients
who may need more intensive treatment to prevent pro-
gression to liver cirrhosis and hepatic failure.

METHODS

Patients

HREE HUNDRED AND twenty-eight PBC patients

who met at least two of the following internationally
accepted criteria for a diagnosis of PBC!-® were registered
in the present cohort study of the Intractable
Hepatobiliary Disease Study Group supported by the
Ministry of Health, Labor and Welfare of Japan: (i) bio-
chemical evidence of cholestasis based mainly on ALP
elevation; (ii) presence of serum antimitochondrial anti-
bodies (AMA); and (iii) histological evidence of non-
suppurative destructive cholangitis and destruction of
interlobular bile ducts. The registry consisted of 14 uni-
versity hospitals from October 2007 to November 2011.
After excluding patients with PBC~autoimmune hepati-
tis (AIH) overlap syndrome, chronic hepatitis virus B and
C infection, non-alcoholic steatohepatitis and alcoholic
liver disease, a total of 287 PBC patients (median age,
55.5 years |{range, 30-83]; female, 88.8%; AMA positiv-
ity, 92.3%) were enrolled in the current study.
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The diagnosis of PBC-AIH overlap syndrome
depended on at least two of the following accepted
criteria from Poupon et al:’ (i) ALT of more than 5
times the upper limit of normal (ULN); (ii) IgG of more
than 1.5 times ULN; (iii) anti-smooth muscle antibody
positivity; and/or (iv) a liver biopsy specimen showing
moderate or severe periportal or periseptal lymphocytic
piecemeal necrosis.

Definition of clinical stage

The presence of esophageal varices, liver cirrhosis,
ascites or hepatocellular carcinoma was evaluated by
gastrointestinal endoscopy, ultrasonography and com-
puted tomography. Clinical stage was defined as
follows: stage I (early stage), Scheuer stage 1 or 2
without signs of portal hypertension or liver cirrhosis on
liver biopsy; stage Il (late stage without jaundice),
Scheuer stage 3 or 4 on liver biopsy, or any stage with
signs of portal hypertension or liver cirrhosis but no
persistent jaundice (total bilirubin <2 mg/dL); and stage
ITI (late stage with persistent jaundice), any liver biopsy
stage with persistent or progressive jaundice (total bili-
rubin, 22 mg/dL).°

Histological evaluation

A total of 306 needle liver biopsy specimens from 287
PBC patients (Scheuer stage 1, n = 159; stage II, n=92;
stage 1II, n=43; stage IV, n=12) were re-evaluated
according to the new staging and grading system by
Nakanuma et al. using both hematoxylin-eosin and
Orcein staining.'*!® Orcein staining was used to evalu-
ate the deposition of copper-binding proteins in hepa-
tocytes. The degree of cholangitis, hepatitis, bile duct
loss, fibrosis and deposition of Orcein positive gran-
ules were graded as 0-3 by two independent observers
(Y. N. and M. L) as follows: cholangitis (0, absent; 1,
<1/3 of portal tract; 2, 1/3-2/3 of portal tract; 3, >2/3
of portal tract), hepatitis (0, absent; 1, mild; 2, mod-
erate; 3, severe), bile duct loss (0, absent; 1, 1/3 of
portal tract; 2, 1/3-2/3 of portal tract; 3, >2/3 of portal
tract), Orcein positive granules (0, absent; 1, 1/3 of
portal area; 2, 1/3-2/3 of portal area; 3, >2/3 of portal
area), fibrosis (0, none or limited to the portal tract; 1,
periportal fibrosis; 2, septal fibrosis; 3, cirrhosis).
When there was disagreement between the two inde-
pendent observers, consensus was reached on further
review by the same two observers (Y.N. and M. L)
after thorough discussion by observing the same speci-
mens under the same microscope.

Biochemical response and outcome in PBC 3

Evaluation of biochemical response

The enrolled patients were retrospectively and pro-
spectively studied for the course of medical treatment
and biochemical response in addition to histological
re-evaluation of liver biopsies. Among the 287
patients, there were 164 AMA positive PBC patients
(median age, 49.5 years [range, 32-78]; female,
89.6%), with data available on the biochemical
response to UDCA or UDCA plus bezafibrate at 2
years after initiation of UDCA treatment. The bio-
chemical response was defined as good (<SULN), fair
(£1.5 x ULN) or poor (>1.5 x ULN) based on ALT, ALP
and IgM values at 2 years after initiation of UDCA
treatment.”® In these 164 patients, 160 liver biopsy
specimens at the time of initial diagnosis (Scheuer
stage I, n=96; stage II, n=45; stage III, n=16; stage
IV, n=5; unknown, n = 2) were retrievable for analysis
of cholangitis, hepatitis, bile duct loss and fibrosis,
while 95 specimens were additionally evaluated for
Orcein positive granules according to the process
described by Nakanuma etal.'®® The observation
period (median, 61.5 months [range, 24-306]) was
defined as the time from the date of initial diagnosis
until the date of death, liver transplantation, death due
to non-liver-related disease or end of follow up, which-
ever came first. Although the start of follow up was not
totally the same as the date of liver biopsy or the date
of initiation of UDCA treatment, the liver biopsy was
performed in most cases (n = 134/160 = 83.8%) within
1 month before (n=119) or 3 months after (n=15)
the initiation of UDCA treatment. In other cases
(n=26/160 = 16.2%), the liver biopsy was performed
within 12 months (n=12) and at 48 months (n= 1),
68 months (n=1) and 84 months (n=1) before or
within 12 months (n=3), 36 months (n=3), 60
months (n=4) and at 78 months (n= 1) after the ini-
tiation of UDCA treatment.

Enzyme-linked immunosorbent assay (ELISA)

In brief, serial serum samples stored at —20°C at each
institution and serum samples obtained at various time
points were used to measure autoantibody titers over
the observation period. Titers of antibodies to the
gp210 C-terminal peptide amino acid 1863-1887
(SPNALPPARKA SPPSGLWSP AYASH) were measured
as described elsewhere.” Titers for recombinant cen-
tromere B proteins and mitochondrial M2 antigens
were measured using the CENP-B ELISA kit (MBL,
Nagoya, Japan) and the M2 Mesacup-2 kit (MBL),
respectively.®

© 2014 The Japan Society of Hepatology
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Ethics board approval

The present study was approved by the ethics board of
the NHO Nagasaki Medical Center and each participat-
ing university hospital. All subjects gave informed
consent for their serum samples to be used in advancing
medical knowledge on the causes of PBC.

Statistical analysis

Data are reported as means * standard deviation unless
otherwise stated. The association between histological
scores and autoantibody status was analyzed using an
ordinal logistic regression model. Associations among
clinical progression, biochemical response to treatment,
autoantibody status and histological variables were ana-
lyzed using ordinal logistic regression or multivariate
logistic regression with stepwise selection. Statistical
analysis was performed with SAS statistical software
(version 9.2; SAS Institute, Cary, NC, USA). All reported
P-values are two-sided; P < 0.05 was considered statisti-
cally significant.

RESULTS

Association between antibody status and
histological variables in 287 PBC patients

S SHOWN IN Table 1, male sex was a significant

risk factor for more severe hepatitis (odds ratio
[OR], 2.82; 95% confidence interval [CI], 1.44-5.56)
and Orcein positive granules (OR, 4.94; 95% CI, 1.88-
13.24). Age was a significant risk factor for more severe
cholangitis {OR, 1.03; 95% CI, 1.01-1.05) and fibrosis
(OR, 1.03; 95% CI, 1.01-1.05). Anti-gp210 positivity
was a significant risk factor for more severe hepatitis
(OR, 2.33; 95% CI, 1.49~3.66), bile duct loss (OR, 2.82;
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95% CI, 1.79-4.47), Orcein positive granules (OR, 4.23;
95% CI, 1.92-9.60) and fibrosis (OR, 2.21; 95% CI,
1.16-4.22).

Clinical course of the 164 patients who
were evaluated for biochemical response

At the time of initial histological diagnosis, the distribu-
tion of histological scores was as follows: fibrosis score
FO (n=46), F1 (n=66), F2 (n=33), F3 (n=15) and
not done (ND) (n = 4); cholangitis score, 0 (n=58), 1
(n=87),2(n=13), 3 (n=2) and ND (n = 4); hepatitis
score 0 (n=36), 1 (n=56), 2 (n=45), 3 (n=23) and
ND (n = 4); bile duct loss'score, 0 (n =43), 1 (n=57),2
(n=30), 3 (n=30) and ND (n = 4); and Orcein positive
granules, 0 (n=70),1 (n=14), 2 (n=4),3 (n=7) and
ND (n=69). Serum titers of antibodies against gp210
were usually measured every 6-12 months in the 164
patients whose biochemical response was evaluated.
AMA and anticentromere antibodies were measured
annually. In these 164 patients, AMA, anti-gp210 and
anticentromere antibodies were positive at the time
of initial diagnosis in 164 (100%), 50 (30.5%) and
52 (31.7%) patients, respectively. While AMA and
anticentromere antibodies did not seroconvert from
positive to negative or vice versa, anti-gp210 antibodies
seroconverted from positive to negative in 10 patients
and vice versa in 10 patients.

In this cohort of 164 patients, 139 were at clinical
stage I (early stage), 21 were at stage II (late stage
without jaundice) and four were at stage III (late stage
with persistent jaundice) at the time of initial diagnosis.
During the observation period (median, 61.5 months
[range, 24-306]), 115 patients {70.1%) were treated
with UDCA alone (300-900 mg/day), 34 patients
(20.7%) were treated with UDCA plus bezafibrate

Table 1 Association between autoantibody status and histological variables

Variable tOR (95% CI) for higher histological score
Cholangitis Hepatitis Bile duct loss Orcein positive Fibrosis
granules
Male sex 1.33 (0.68-2.65) 2.82 (1.44-5.56) 1.84 (0.99-3.41) 4.94 (1.88-13.24) 1.33 (0.68-2.65)

Age 1.03 (1.01~-1.05)
Anti-gp210 positivity 0.94 (0.58-1.52)
Anticentromere positivity  0.95 (0.57-1.59)

1.01 (0.99-1.03)
2.33 (1.49-3.66)
0.97 (0.60-1.56)

0.99 (0.97-1.01)
2.82 (1.79-4.47)
1.19 (0.72-1.94)

0.99 (0.96-1.02)
4.23 (1.92-9.60)
2.01 (0.83-4.86)

1.03 (1.01-1.05)
2.21 (1.16-4.22)
0.74 (0.40-1.37)

+Ordinal logistic regression.
Bolding indicates statistical significance.
CI, confidence interval; OR, odds ratio.
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(200-400 mg/day) and 15 patients (9.1%) were treated
with low-dose prednisolone (25 mg/day) in addition to
UDCA with or without bezafibrate. The daily dose of
UDCA was escalated from 300 mg to 600 mg or from
600 mg to 900 mg within 3-6 months of treatment
when the biochemical response of ALP was inadequate.
Administration of bezafibrate (200-400 mg/day) was
started at 3 months to 16 years (median, 30 months)
after the initiation of UDCA in some patients when the
biochemical response of ALP was inadequate.

When biochemical response was evaluated 2 years
after the initiation of UDCA treatment, 125 (76.2%)
were being treated with UDCA alone, 23 (14.0%) with
UDCA plus bezafibrate and 14 (8.5%) with UDCA
with or without bezafibrate plus low-dose prednisolone.
In addition, there was no significant difference in the
treatment among PBC patients with three different clini-
cal stages at the end of observation (¥ 4.3105;
P=0.3656).

The number of good, fair, and poor responders with
respect to ALT, ALP and IgM were as follows. ALT
response was graded as good in 124 patients, fair in 16
and poor in 24, ALP response was considered good in
107 patients, fair in 32 and poor in 25. IgM response
was classified as good in 88 patients, fair in 42, poor in
28 and ND in six. There were 19 out of 139 patients at

Table 2 Factors influencing biochemical response to treatment

Biochemical response and outcome in PBC 5

clinical stage I who progressed to clinical stage II, and
three progressed from stage I to stage III. In addition,
four out of 21 patients at clinical stage II progressed to
clinical stage III. Consequently, there were 117 patients
at clinical stage I, 36 at stage IT and 11 at stage III at the
end of the observation period.

Association between autoantibody status or
histological score and biochemical response

We first studied the association between autoantibody
status or histological score and biochemical response to
treatment using ordinal logistic regression (Table 2).
Anti-gp210 positivity was a significant risk factor for
worse ALT, ALP and IgM response (ALT response, OR,
4.00; 95% CI, 1.58-10.10; ALP response, OR, 2.78; 95%
CI, 1.30-5.91; and IgM response, OR, 2.10; 95% CI,
1.02-4.31), while anticentromere positivity was a sig-
nificant risk factor for worse ALT response (OR, 2.77;
95% CI, 1.03-7.46) (Table2a). In addition, higher
score of bile duct loss was a significant risk factor for
worse ALP response (OR, 1.85; 95% CI, 1.21-2.82) and
worse ALT response (OR, 1.550; 95% CI, 0.950-2.525).
Higher score of hepatitis was a significant risk factor for
worse IgM response (OR, 2.06; 95% CI, 1.24-3.43)
(Table 2b). In contrast, higher score of cholangitis was a
protective factor against worse ALP response (OR, 0.551;

a

Autoantibody status as a risk factor for a worse biochemical response, OR (95% CI)t

ALT response

ALP response IgM response

Male sex 3.289 (0.863-12.500)
Age 0.944 (0.902-0.988)
Anti-gp210 positivity 4.000 (1.582-10.101)
Anticentromere positive 2.770 (1.033-7.462)

1.285 (0.374-4.405)
0.999 (0.963-1.035)
2.785 (1.307-5.917)
1.047 (0.460-2.381)

1.553 (0.462-5.076)
0.988 (0.956-1.021)
2.105 (1.026-4.310)
1.623 (0.779-3.378)

b

Higher histological score as a risk factor for a worse biochemical response, OR (95% CI)t

ALT response

ALP response

IgM response

Male sex

Age

Hepatitis score
Bile duct loss score
Cholangitis score
Fibrosis score

2.369 (0.679-8.264)
0.955 (0.914-0.998)
1.050 (0.553-1.996)
1.550 (0.950-2.525)
0.841 (0.390~1.815)
0.808 (0.341-1.915)

1.135 (0.323-3.984)
1.007 (0.971-1.045)
1.277 (0.746-2.183)
1.855 (1.215-2.825)
0.551 (0.283-1.074)
0.594 (0.286-1.231)

1.283 (0.374~4.424)
0.986 (0.953-1.019)
2.066 (1.24-3.436)

0.837 (0.563-1.243)
1.037 (0.577-1.862)
0.671 (0.342-1.315)

+Ordinal logistic regression.
Bolding indicates statistical significance.

ALP, alkaline phosphatase; ALT, alanine aminotransferase; CI, confidence interval; IgM, immunoglobulin M; OR, odds ratio.
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95% CI, 0.283~1.074). Fibrosis score was not associated
with any biochermical response (Table 2b). Age was a
significant protective factor against worse ALT response
(Table 2).

Association between PBC progression and
biochemical response, histological scores
and autoantibody status

The risk factors for the progression to clinical stage II or
III were analyzed by stepwise regression using all 164
patients at the end of observation. Worse ALT response
was a significant risk factor for progression to clinical
stage III (OR, 11.11; 95% CI, 4.16-50.0). Worse ALP

Table 3 Risk factors for progression to clinical stage II or III

Hepatology Research 2014

and IgM responses were significant risk factors for pro-
gression to clinical stage II (ALP response, OR, 2.27;
95% CI, 1.28-4.16; and IgM response, OR, 2.32; 95%
CI, 1.33-4.16) (Table 3a). In addition, higher scores for
hepatitis, bile duct loss and fibrosis were significant risk
factors for progression to clinical stage II (hepatitis, OR,
2.26; 95% CI, 1.22-4.39; bile duct loss, OR, 1.90; 95%
Cl, 1.14-3.29; and fibrosis, OR, 2.20; 95% CI, 1.14~
4.44) (Table 3b). Anti-gp210 positivity was a significant
risk factor for progression to clinical stage II (OR, 3.54;
95% CI, 1.49-8.82) and to stage III (OR, 29.88; 95% CI,
5.01-579.39), while anticentromere positivity was a sig-
nificant risk factor for progression to clinical stage II

a

A worse biochemical response as a risk factor for clinical progression

Variable tOR (95% CI) for progression to
Clinical stage II Clinical stage III
Male sex -~ -
Age (per year) 1.07 (1.03-1.13) -
ALT response - 11.11 (4.16-50.00)

ALP response
IgM response

2.27 (1.28-4.16) -
2.32 (1.33-4.16) -

b

Higher histological score as a risk factor for clinical progression

Variable

tOR (95% CI) for progression to

Clinical stage II

Clinical stage III

Male sex -
Age (per year)
Cholangitis score -
Hepatitis score
Bile duct loss score
Fibrosis score

1.07 (1.03-1.13) -

226 (1.22-4.39) -
1.90 (1.14-3.29) -
2.20 (1.14-4.44) -

C

Autoantibody status as a risk factor for clinical progression

Variable

+OR (95% CI) for progression to

Clinical stage II Clinical stage IIT

1.05 (1.01-1.10) 0.90 (0.83-0.96)
3.54 (1.49-8.82) 29.88 (5.01-579.39)
3.73 (1.58-9.27) -

Male sex

Age (per year)
Anti-gp210 positivity
Anticentromere positivity

tStepwise logistic regression.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; CI, confidence interval; IgM, immunoglobulin M; OR, odds ratio.
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Table 4 Multivariate analysis of risk factors for progression to dinical stage II or III

a

Autoantibody status, higher histological score and a worse biochemical response as risk factors for clinical progression

Variable

+OR (95% CI) for progression to

Clinical stage 1I

Clinical stage III

Male sex -
Age (per year)
Anti-gp210 positivity
Anticentromere positivity
Cholangitis score -
Hepatitis score

Bile duct loss score -
Fibrosis score

ALT response -
ALP response

IgM response -

1.08 (1.01-1.15) -
4.83 (1.26-21.98) -
23.59 (5.17-155.21) -
4.18 (1.79-11.33) -

3.83 (1.66-10.25) -

10.86 (3.98-55.55)

4.23 (1.85-11.36) -

b

Autoantibody status and a worse biochemical response as risk factors for clinical progression

Variable tOR (95% CI) for progression to

Clinical stage II Clinical stage III
Male sex - -
Age (per year) 1.08 (1.03-1.15) -

Anti-gp210 positivity

Anticentromere positivity
ALT response -
ALP response
IgM response

5.49 (1.89-17.89)
5.44 (1.87-17.74) -

13.94 (2.04-284.87)

10.10 (3.43~55.55)

2.43 (1.26-5.00) -
2.22 (1.19-4.34) _

tStepwise logistic regression.

ALP, alkaline phosphatase; ALT, alanine aminotransferase; C, confidence interval; IgM, immunoglobulin M; OR, odds ratio.

(OR, 3.73; 95% CI, 1.58-9.27) (Table 3c). Age was a
significant risk factor for progression to clinical stage I1
(OR, 1.05-1.07) (Table 3).

Multivariate analysis of risk factors for
PBC progression

When risk factors such as age, sex, autoantibody status,
histological score and biochemical response were ana-
lyzed at the same time using multivariate logistic regres-
sion with stepwise selection, anti-gp210 positivity,
anticentromere positivity, higher hepatitis and fibrosis
scores, and worse ALP response remained significant
risk factors for progression to clinical stage IT (Table 4a),
and worse ALT response (OR, 10.86; 95% CI, 3.98~
55.5) remained a significant risk factor for progression
to clinical stage III (OR, 10.86; 95% CI, 3.98-55.5)

(Table 4a). When variables involving histological scores
were excluded from the multivariate analysis, both anti-
gp210 positivity and worse ALT response remained sig-
nificant risk factors (OR, 13.94; 95% CI, 2.04-284.87
and OR, 10.10; 95% CI, 3.43-55.55, respectively) for
progression to clinical stage III (Table 4b). Anti-gp210
positivity, anticentromere positivity, worse ALP
response and worse IgM response remained significant
risk factors for progression to stage II (Table 4b).

DISCUSSION

N THE PRESENT study, we formally studied the
relationship among four variables (autoantibody
status, histological lesions, biochemical response to
UDCA or UDCA plus bezafibrate treatment, and disease
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progression) in a cohort of Japanese PBC patients that
were not previously studied.”® We clearly showed that
biochemical response to treatment at 2 years after ini-
tiation of UDCA treatment, which is significantly influ-
enced by baseline autoantibody status and histological
variables, is a useful biomarker for predicting long-term
outcomes in Japanese patients with PBC.

Many studies have shown that UDCA contributes to
improved liver enzyme levels, delayed histological pro-
gression and prolonged survival in patients with PBC,
particularly those who are diagnosed at an early stage.”!
In order to evaluate the effect of UDCA treatment on
long-term outcomes in patients with PBC in a clinical
setting, prognostic criteria such as biochemical response
to UDCA have recently been introduced into clinical
practice.*"> These include the Barcelona,'® Paris-I,"!
Rotterdam,'? Toronto'® and Ehime criteria,”* which
show that a good biochemical response at 1 to 2 years
after initiation of UDCA treatment is associated with
good prognosis, similar to estimates for matched con-
trols. In addition, the Paris-II criterion, which incorpo-
rates ALP and AST levels (<1.5 x ULN) after 1 year of
UDCA treatment, can predict the absence of adverse
outcomes including liver-related death, liver transplan-
tation, referral to a transplant unit, complications of
cirrhosis or histological evidence of cirrhosis in patients
with histological or clinical early stage PBC.* However,
the timing for assessing response to treatment with
UDCA remains under debate.’® Furthermore, progres-
sion to liver cirrhosis and hepatic failure with jaundice,
which are respectively defined as clinical stage II and III
in the present study, were not separately analyzed in
these studies, thus limiting the ability to predict the
most unfavorable outcomes of PBC.”®

Bezafibrate in combination with UDCA was recently
found to be effective for normalizing serum levels of
liver enzymes, especially ALP and IgM.?% Although
UDCA is currently the only drug approved for the treat-
ment of PBC, bezafibrate has been widely used in Japa-
nese patients with an inadequate response to UDCA
treatment alone since the first report of a favorable
effect with bezafibrate was observed in Japanese PBC
patients.? Bezafibrate is effective in approximately 80%
of PBC patients in whom liver enzymes do not normal-
ize on UDCA monotherapy within 6 months.*
However, the long-term effects of bezafibrate are not yet
clearly established, and criteria for interpreting the bio-
chemical response to bezafibrate have not been defined
to date.

In the present study, bezafibrate treatment was initi-
ated at 3-24 months after the initiation of UDCA treat-

© 2014 The Japan Society of Hepatology
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ment in approximately 22.5% of patients in whom ALP
levels did not normalize. In contrast, serum levels of
ALP, IgM or both continued to decrease in the second to
third year of UDCA treatment in some patients (data not
shown). Therefore, we arbitrarily defined biological
response to UDCA or UDCA plus bezafibrate with guid-
ance from previous studies'*? as good (<ULN), fair
(£1.5 X ULN) or poor (>1.5 x ULN) based on ALT, ALP
or IgM levels at 2 years after starting UDCA.*®

Although the present study includes both retrospec-
tive and prospective data, the analysis clearly showed
that: (i) a worse ALP or IgM response to treatment is
significantly associated with progression to clinical stage
II (Table 3a); and (ii) a worse ALT response to treatment
is associated with progression to clinical stage III
(Table 3a). In addition, the present study showed for the
first time that (iii) anti-gp210 positivity and more severe
bile duct loss are significantly associated with worse ALP
response (Table 2); (iv) anti-gp210 and anticentromere
positivity are significantly associated with worse ALT
response (Table 2); and (v) anti-gp210 positivity and
more severe hepatitis are significantly associated with
worse IgM response (Table 2). Although the mecha-
nisms underlying these association remain to be
elucidated, the present results strongly imply the
involvement of different pathophysiological mecha-
nisms in PBC progression, namely, bile duct damage or
destruction as represented by the ALP response, hepato-
cyte damage or destruction as represented by the ALT
response, and immunological alteration as represented
by the IgM response.’®*® Based on this hypothesis, more
severe bile duct damage (i.e. worse ALP response) is not
enough for progression to clinical stage III, but more
severe hepatocyte damage (i.e. worse ALT response) is
necessary for the progression to clinical stage III.
Because anti-gp210 positivity represents both more
severe bile duct and hepatocyte damage,”® our findings
in the present study seem to reasonably suggest that
anti-gp210 positivity contributes to the progression to
either clinical stage II or IIL

In order to find more feasible surrogate markers for
predicting the long-term outcome of PBC in the clinical
setting, we performed multivariate analysis with various
combinations of risk factors including age, sex, autoan-
tibody status, histological variables and biochemical
response to treatment. Multivariate analysis including
all of these factors revealed that worse ALT response is
the strongest risk factor for progression to clinical stage
111, whereas anti-gp210 positivity no longer remained a
significant predictor for progression to clinical stage III.
Anticentromere positivity became the strongest risk
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factor for progression to clinical stage II (Table 4a).
When histological variables were excluded from the
multivariate analysis, anti-gp210 positivity and worse
ALT response became the strongest risk factors for pro-
gression to clinical stage III, and anti-gp210 and
anticentromere positivity became the strongest risk
factors for progression to stage II (Table 4b). Worse ALP
and IgM responses were also significant risk factors for
progression to clinical stage II. Thus, histological vari-
ables dramatically affected the significance of autoanti-
body status for PBC progression to clinical stage IT or I1l.
However, because the number of PBC patients who
undergo liver biopsy is declining markedly in recent
clinical practice, we contend that the combination of
autoantibody status and biochemical response to treat-
ment is a feasible surrogate marker for identifying
patients at risk for a poor long-term outcome during the
initial phase of follow up. In order to establish the most
appropriate criteria for identifying patients who will
progress to clinical stage I or III, further studies are
needed in larger numbers of PBC patients with clinical
stage II and III in the prospective study.

In the present study, anti-gp210 antibodies disap-
peared in 10 out of 164 patients (6.0%) after the
initiation of UDCA treatment. All of these patients were
at clinical stage I and showed good ALP and ALT
responses. These patients had less severe hepatitis and
bile duct loss compared to clinical stage I patients who
were persistently positive for anti-gp210 antibodies with
good ALP and ALT responses {data not shown). These
results may support the hypothesis that anti-gp210 anti-
body production is closely associated with bile duct and
hepatocellular pathology specific to the pathogenesis of
PBC that is reversible by treatment with UDCA or UDCA
plus bezafibrate during the early stage of the disease.”
On the other hand, anticentromere antibodies were per-
sistently positive even after treatment with UDCA or
UDCA plus bezafibrate. They were not significantly asso-
ciated with any histological variables examined in the
present study (Table 1). In addition, six out of 27
patients positive for anticentromere antibodies (22.2%)
with good ALT and ALP responses to UDCA treatment
progressed from clinical stage I to II during the observa-
tion period. These results suggest that the presence of a
currently unknown mechanism is involved in disease
progression among patients positive for anticentromere
antibodies, beyond a more severe ductular reaction that
may lead to the progression of fibrosis.®

In conclusion, we demonstrated comprehensively for
the first time the association among risk factors for the
progression of PBC. These risk factors include autoanti-
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body status (i.e. anti-gp210 and anticentromere anti-
bodies), histological lesions and biochemical response
to treatment with UDCA or UDCA plus bezafibrate.

In order to better characterize practical and robust
surrogate markers for predicting long-term outcomes
and to better understand the mechanisms underlying
disease progression in PBC, a prospective cohort study
of biochemical response and genetic approaches includ-
ing genome-wide association study is currently
underway.?*-3?
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Summary Background Sorafenib is the sole molecular-
targeted agent showing a survival benefit in patients with
advanced hepatocellular carcinoma (HCC). We evaluated the
tolerability and effectiveness of a combination of S-1 with
sorafenib in patients with advanced HCC. Methods S-1 was
administered during days 1-14 and sorafenib was adminis-
tered every day. This treatment was repeated every 21 days. In
phase I, we determined the maximum tolerated dose (MTD)
and dose-limiting toxicities (DLTs). The dose of each drug
was planned as follows: cohort 1: S-1 48 mg/m*/day and
sorafenib 400 mg/day, cohort 2a: S-1 48 mg/m?*/day and
sorafenib 800 mg/day, cohort 2b: S-1 64 mg/m*/day and
sorafenib 400 mg/day, cohort 3: S-1 64 mg/m*/day and soraf-
enib 800 mg/day, and cohort 4: S-1 80 mg/m*/day and soraf-
enib 800 mg/day. In phase II, the patients were treated at the
MTD to evaluate safety and efficacy. Results Nineteen pa-
tients were enrolled in phase I. One of the six patients in
cohort 1 and one of the six patients in cohort 3 experienced
DLT. None of the three patients in cohort 2a experienced DLT
and three of the four patients in cohort 4 experienced DLT.
Therefore, cohort 3 was considered the MTD. Subsequently,
26 patients were enrolled in phase II. The most common grade
3/4 toxicities were an increase of aspartate aminotransferase
(38.5 %), thrombocytopenia (23.1 %), neutropenia (19.2 %),
hyperbilirubinemia (15.4 %), an increase of alanine amino-
transferase (15.4 %), hyponatremia (11.5 %), rash (11.5 %),
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and hypophosphatemia (11.5 %). Sudden death occurred in
one patient (3.8 %). A patient (3.8 %) had a partial response,
15 (57.7 %) had stable disease, and 10 (38.5 %) had progres-
sive disease. The median times to progression and overall
survival were 2.4 and 10.5 months, respectively. Conclusion
The MTD of S-1 and sorafenib in patients with advanced
HCC was 64 mg/m?/day and 800 mg/day, respectively. This
dose/regimen demonstrated substantial clinical activity among
patients with advanced HCC.

Keywords Hepatocellular carcinoma - Liver cancer - S-1 -
Sorafenib - Molecular-targeted agent

Introduction

Because of the poor prognosis, hepatocellular carcinoma
(HCC) is the sixth most common cancer worldwide and is
the third most common cause of death from cancer [1]. In
particular, advanced HCC that cannot be treated by loco-
regional therapies has a very poor prognosis. Sorafenib
(Nexavar, Bayer Healthcare, Leverkusen, Germany), an oral
multikinase inhibitor, blocks tumor cell proliferation by
targeting Raf/MEK/ERK signaling at the level of Raf kinase
and exerts an antiangiogenic effect by targeting tyrosine ki-
nase receptors, such as vascular endothelial growth factor
receptor and platelet derived growth factor receptor [2]. This
agent has been utilized as standard medical therapy for pa-
tients with advanced HCC. The efficacy of sorafenib in ad-
vanced HCC has been proven in two large-scale randomized
control trials [3, 4]. However, its survival benefit is modest [3,
47 and still unsatisfactory. Combining targeted agents and
cytotoxic drugs is one strategy to improve the effectiveness
of targeted molecular therapy. Several phase I/II studies on
combined treatment of sorafenib with a cytotoxic agent have
shown a tolerable toxicity profile and promising results [5].
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S-1 (Taiho Pharmaceutical Co., Ltd., Tokyo, Japan) is an
orally administered anticancer drug consisting of a combina-
tion of tegafur, 5-chloro-2,4-dihydroxypyridine, and oteracil
potassium in a molar concentration ratio of 1:0.4:1, respec-
tively [6]. S-1 is effective against a variety of solid tumors [7,
8], and also has an acceptable toxicity profile and promising
antitumor activity against HCC [9]. Moreover, S-1/sorafenib
combination therapy results in greater inhibition of tumor
growth and remarkable thymidylate synthetase suppression
when compared with sorafenib or S-1 alone in nonobese
diabetic/severe combined immunodeficiency mice with sub-
cutaneously inoculated HCC [10]. Based on this background,
we hypothesized that sorafenib and S-1 combination therapy
would be efficacious as first-line therapy in patients with
HCC.

In the present study, we conducted a phase I/II study to
determine maximum tolerated dose (MTD) and to evaluate
efficacy and safety of a combination therapy of S-1 and
sorafenib in Japanese patients with advanced HCC.

Patients and methods

We conducted prospective, open-label, non-randomized phase
1 and phase II trials to evaluate the safety and efficacy of
combination chemotherapy with sorafenib and S-1 in patients
with advanced HCC. Phase I was performed at Chiba
University Hospital, and Phase II was performed at Chiba
University Hospital and Kanazawa University Hospital. The
trials were approved by the ethics investigation committees of
each participating hospital, conducted in accordance with the
Declaration of Helsinki, and registered at UMIN Clinical
Trials Registry (Phase I: UMIN000002590, Phase II:
UMIN000007199). Informed consent was obtained from each
patient.

Patient selection

Eligibility criteria for study entry were: Patients who had been
diagnosed with HCC by histological examination or typical
diagnostic images; no indication for surgical resection and
local therapy (percutaneous ethanol injection, radiofrequency
ablation, microwave coagulation therapy, transcatheter arterial
chemoembolization, radiation therapy); systemic
chemotherapy-naive; measurable disease based on Response
Evaluation Criteria in Solid Tumors (RECIST) criteria (ver.
1.1) of at least one untreated target lesion; ECOG (Eastern
Cooperative Oncology Group) performance status 0-1; age
>20 years age; neutrophil count >1,500/uL; hemoglobin
>9.0 g/dl; platelets >50,000/uL; total bilirubin <3.0 mg/dL;
aspartate aminotransferase (AST)/ alanine aminotransferase
(ALT) < five times the upper limit of normal (ULN); albumin
>2.8 g/dL, serum creatinine < within the ULN; prothrombin
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time >40 %,; Child-Pugh score A; patients could take food and
drugs orally; and life expectancy >12 weeks. Exclusion
criteria for study entry were: Previous therapy for HCC within
30 days before study entry; major surgery within 30 days
before study entry or surgery within 15 days before study
entry; portal vein tumor thrombus in the primary trunk; un-
controllable hypertension; pleural effusion, ascites and peri-
cardial fluid requiring drainage or affecting the respiratory and
circulating dynamics; patients who received an albumin prep-
aration or a blood transfusion within 30 days before study
entry; hepatic encephalopathy or brain lesions with clinical
symptoms; central nervous system tumor (including brain
metastasis); bone metastasis with clinical symptoms; active
infection [except hepatitis B virus and hepatitis C virus (HCV)
infection]; evidence of serious gastrointestinal bleeding within
30 days before study entry; gastro-esophageal varices requir-
ing preventive treatment; pregnant or lactating woman; no
consent to use contraception during study treatment; second
primary malignancy (except in situ carcinoma or prior malig-
nancy treated >5 years ago without recurrence).

Administration and dose escalation

In phase I, we escalated the S-1 and sorafenib dose levels. The
S-1 and sorafenib dose levels were as follows: cohort 1, day
(D) 1-14 S-1 48 mg/m*/day (60 % of standard dose) + D1-21
sorafenib 400 mg/day; cohort 2a, D1-14 S-1 48 mg/m*/day +
D1-21 sorafenib 800 mg/day; cohort 2b, D1-14 S-1 64 mg/m?/
day (80 % of standard dose) + D1-21 sorafenib 400 mg/day;
cohort 3, D1-14 S-1 64 mg/ m*/day + D1-21 sorafenib
800 mg/day; and cohort 4, D1-14 S-1 80 mg/m*/day + D1-
21 sorafenib 800 mg/day. The treatment was repeated every
3 weeks and each treatment cycle was 21 days. The dose was
escalated according to the cohort and was not increased in the
same patient. If none of the first three patients had dose-
limiting toxicities (DLTs) during the first cycle, the dose was
increased in the next cohort. If a DLT occurred in one of the
three initial patients in a particular cohort, then three additional
patients were enrolled in the same cohort for a total of six
patients. If a DLT developed in three or more of six patients, it
was decided that the dose of this cohort was beyond the MTD.
Thus, the preceding cohort’s dose was defined as the MTD
and designated as the recommended dose for phase I If fewer
than three of the six patients experienced DLTs in the last
cohort, then this cohort’s dose level was recommended for
phase II. No intra-patient dose escalation was allowed.

DLT

A DLT was defined as any of following events observed
during the first cycle of therapy: grade 4 thrombocytopenia,
grade 4 neutropenia lasting >7 days, grade 3 or 4 febrile
neutropenia, non-hematological toxicity > grade 3, and AST
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or ALT >20 times the ULN. Safety was assessed every week
for the first treatment cycle. Adverse events (AEs) were eval-
uated according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE), ver. 3.0
(URL:http://ctep.cancer.gov/protocolDevelopment/
electronic_applications/). All AEs were evaluated until
21 days after the last cycle.

Duration of treatment and follow-up

In the absence of treatment delays due to AEs, treatment
continued until one of the following criteria applied: disease
progression, intercurrent disease that prevented further admin-
istration of treatment, unacceptable AEs, and patient with-
drawal. Patients were followed for 6 months after removal
from the study or until death, whichever occurred first.
Patients removed from study due to an unacceptable AE were
followed until the resolution or stabilization of the AE.

Response and toxicity evaluation

Radiological (chest X-ray and computed tomography) studies
to assess response were performed after every two cycles of
therapy until disease progression. Response definitions were
made according to RECIST ver. 1.1. Time to progression
(TTP) was defined as the time from the date of registration
to the date of the first documentation of radiological or clinical
disease progression. Overall survival (OS) was defined as the
time from the date of registration to the date of death.
Surviving patients were censored at the last confirmed date
of survival. The Kaplan—-Meier method was used to estimate
the median values of time-to-event variables, such as OS and
TTP. The severity of all AEs was evaluated according to
CTCAE ver. 3.0. The attending physicians initially assessed
the duration of all AEs and their relationship to the combina-
tion therapy.

Statistical analysis

The primary endpoint for phase I was to determine the MTD
for combination therapy with S-1 and sorafenib for patients
with advanced HCC. The primary endpoint in phase II was
TTP from time of registration. At the time when this study was
designed, the available data about the clinical efficacy of
sorafenib in Asia-Pacific patients included a phase III trial of
sorafenib vs. placebo reported by Cheng et al. [3]. Sample size
was calculated on the assumption of an o error=0.05, and a 3
error=0.30. The null hypothesis and the alternative hypothesis
were set at TTP of 2.8 months and 5.6 months, respectively.
The reported TTP for sorafenib mono-therapy in Asian pa-
tients was 2.8 months [3]. The data were analyzed using SPSS
software (IBM Corp., NY, USA). All the statistics were per-
formed for an “intent-to-treat population”, which was defined

as patients who received at least one dose of the study drugs.
The TTP and OS were analyzed using the Kaplan—Meier
method.

Results
Phase I
Patient characteristics

Nineteen eligible patients, consisting of six patients in cohort
1, three patients in cohort 2a, six patients in cohort 3, and four
patients in cohort 4, were enrolled in phase 1. The patient
characteristics are summarized in Table 1.

MTDs and toxicities

One of the six patients in cohort 1 experienced a DLT (grade 4
AST/ALT elevation). No patient in cohort 2a experienced a
DLT. One of the six patients in cohort 3 experienced a DLT
(grade 3 gastrointestinal bleeding). A DLT occurred in two of
the three initial patients and one additional patient in cohort 4
[two with grade 3 hand-foot skin reaction (HFSR) and one

Table 1 Patient characteristics

Variable Phase I Phase I
Age: year 62.4413.2 65.5+9.4
Sex: no. (%)

Male 17 (89.5) 23 (88.5)

Female 2 (10.5) 3 (11.5)
Viral infection: no. (%)

HCV only 9(47.4) 15 (57.7)

HBV only 8 (42.1) 6(23.1)

Other 2(10.5) 5(19.2)
ECOG Performance status — no. (%)

0 15 (78.9) 19 (73.1)

1 4(21.1) 7 (26.9)
BCLC stage: no. (%)

B (intermediate) 6 (31.6) 7(26.9)

C (advanced) 13 (68.4) 19 (73.1)
Macroscopic vascular invasion: no. (%) 5(26.3) 5(19.2)
Extrahepatic spread: no. (%) 10 (52.6) 16 (61.5)
Child-Pugh points: no. (%)

5 points 17 (89.5) 22 (84.6)

6 points 2(10.5) 4(15.4)
History of prior treatment: no. (%) 18 (94.7) 25(96.2)

Resection 12 (63.2) 12(46.2)

Local ablation therapy 5(26.3) 13(50.0)

Transarterial chemoembolization 14 (73.7) 19(73.1)
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with grade 3 infection with normal absolute neutrophil count].
Eventually, cohort 3 (D1-14 S-1 64 mg/m?*/day + D1-21
sorafenib 800 mg/day) was considered the MTD.

Phase II
Patient characteristics

Twenty-six patients were accrued into phase II. All patients
were eligible for the evaluation of toxicity and efficacy. The
characteristics of the patients (23 men and three women; mean
age, 65.5+9.4 years (range, 45-85 years)) are summarized in
Table 1. At study entry, 19 of 26 (73.1 %) patients were the
Barcelona Clinic Liver Cancer (BCLC) stage C and seven of
26 (26.9 %) patients were the BCLC stage B.

Treatment-velated toxicity

In the 26 patients who were evaluated for toxicity data, one
died by sudden death; the patient was a 76-year-old man with
no medical history except that of a chronic HCV infection
before inclusion in the study. He had no symptoms and there
were no signs before his sudden death. Because an autopsy
could not be performed based on the will of his family, an
accurate cause of death was not elucidated. In other toxicity
data, HFSR, fatigue, hyperbilirubinemia, AST and ALT ele-
vation, neutropenia, thrombocytopenia and anemia occurred
in >50 % of the patients (Table 2). Summary of > grade 3 AEs

Table 2 All adverse

events in >10 % of sub- N=26
jects during phase I No. (%)
AST elevation 24 (92.3)
Hyperbilirubinemia 24 (92.3)
Thrombocytopenia 21 (80.8)
Anemia 19(73.1)
AIT elevation 18 (69.2)
Hand-foot skin reaction 16 (61.5)
Fatigue 15(57.7)
Neutropenia 13 (50.0)
Hyponatremia 12 (46.2)
Anorexia 12 (46.2)
Rash 11 (42.3)
Hypertension 11 (42.3)
Alopecia 9 (34.6)
Hypophosphatemia 6(23.1)
Diarrhea 5(19.2)
Fever 5(19.2)
Bleeding 3(1L5)
Mucositis 3(11.5)
Hypocalcemia 3(11.5)
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Table 3 Summary of > grade 3 adverse events during phase I

N=26

Grade 3: Grade 4: Grade 5:

no. (%) no. (%) no. (%)
AST elevation 10 (38.5) 00 0
Thrombocytopenia 6(23.1) 0(0) 0(0)
Neutropenia 5(19.2) 0(0) 0(0)
Hyperbilirubinemia 4 (15.4) 0(0) 0(0)
ALT elevation 4(15.4) 0 0(0)
Hyponatremia 3 (11.5) 1(3.8) 0(0)
Rash 3(11.5) 0(0) 0(0)
Hypophosphatemia 3(1L5) 0(0) 0(0)
Anemia 1(3.8) 0(0) 0(0)
HFSR 1(3.8) 0(0) 0(0)
Bleeding 1(3.8) 0@ 0(0)
Sudden death 0 (0) 0(0) 1(3.8)

is shown in Table 3. Two patients stopped treatment because
of AEs.

Treatment efficacy and survival analysis

The phase II response rate is shown in Table 4. Among the 26
patients in whom a response could be evaluated, one had a
partial response, 15 had stable disease, and ten had progres-
sive disease. The TTP and OS are shown in Figs. 1 and 2,
respectively. The median TTP was 2.4 months [95 % confi-
dence interval (CI), 0.4-3.4 months]. The median OS was
10.5 months (95 % CI, 2.8-18.2 months).

Discussion

In this study, we determined that the MTDs of S-1 and
sorafenib in Japanese patients with advanced HCC were
64 mg/m*/day and 800 mg/day, respectively. Treatment with
sorafenib alone is tolerated, but AEs including HFSR, rash,

Table 4 Response rates using the response evaluation criteria in solid
tumors

Response Number of patients (%)
Complete response 0(0)

Partial response 1(3.8)

Stable disease 15 (57.7)

Progression disease 10 (38.5)

Disease control rate (DCR) 10 (38.5)

The disease control rate was defined as the proportion of patients who had
a best response rating of a complete response, partial response, or stable
disease that was maintained for >4 weeks from the first manifestation of
the rating
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Fig. 1 Kaplan-Meier analysis of time to progression (TTP) in phase II
(n=26). The median TTP was 2.4 months

and liver failure occur more frequently in Japanese patients
with HCC than those in patients from other regions [11]. This
may be the reason that the MTD of S-1 when added to
sorafenib was lower in our study than that in a previous study
performed in Korea [12].

The common AEs in phase I were AST elevation (92.3 %),
hyperbilirubinemia (92.3 %), thrombocytopenia (80.8 %),
anemia (73.1 %), ALT elevation (69.2 %), HFSR (61.5 %),
fatigue (57.7 %) and neutropenia (50.0 %). The toxic profiles
are very different between sorafenib and S-1 monotherapies
[3,4,9, 11, 13]. Common AEs of sorafenib alone are HFSR,
rash, and elevation of liver enzymes [11] and those of S-1 in
patients with advanced HCC include bone marrow suppres-
sion [9]. In our study, the frequencies of HFSR and rash were
similar to that of sorafenib monotherapy, and the frequency of
bone marrow suppression is similar to that of S-1 monother-
apy. The frequency of elevated liver enzymes was higher than
that of both monotherapies. The toxicity profile of the S-1 and
sorafenib combination appeared similar to the added toxic

1004
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Fig. 2 Kaplan-Meier analysis of overall survival (OS) in phase II (z=
26). The median OS was 10.5 months

profiles of S-1 and sorafenib. In addition, three severe AEs
occurred (sudden death, G4 hyponatremia, bleeding) in our
study. The patient who died suddenly met the inclusion and
exclusion criteria, and he had no major medical history, no
symptoms, and no obvious AEs before death. The exact cause
of death was not determined because no autopsy was per-
formed. From these findings, it can be inferred that the toxicity
of combination therapy was more severe than that of S-1 and
sorafenib monotherapies.

Only one patient had a partial response in phase II. The
tumor response rate and disease control rate of the combina-
tion therapy in our study did not increase compared with those
of sorafenib alone reported previously [3, 4, 11, 13]. Median
TTP was only 2.4 months, and it was not longer than that of
sorafenib monotherapy [3, 4, 13]. However, median OS in our
study was modest at 10.5 months, and it appeared to be
dissociated from the result of the median TTP. Dissociation
of TTP and OS in Japanese patients with advanced HCC was
reported in several studies [9, 13], and the reason is attribut-
able to various treatments after progressive disease, including
hepatic arterial infusion chemotherapy, and palliative care.

In conclusion, the MTD of S-1 and sorafenib in Japanese
patients with advanced HCC was S-1 64 mg/m?*/day D1-14
and sorafenib 800 mg/day D1-21 every 3 weeks. Although the
toxicities were slightly severe, similar results were seen in the
therapeutic effects of the combination therapy compared with
those observed in sorafenib monotherapy. Other new drugs or
combination therapy with sorafenib is needed to improve the
prognosis of patients with advanced HCC.
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P53, hrTERT, WT-1, and VEGEFR2 are the most suitable targets
for cancer vaccine therapy in HLA-A24 positive pancreatic
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Abstract Cancer vaccine therapy is one of the most
attractive therapies as a new treatment procedure for
pancreatic adenocarcinoma. Recent technical advances
have enabled the identification of cytotoxic T lympho-
cyte (CTL) epitopes in various tumor-associated anti-
gens (TAAs). However, little is known about which TAA
and its epitope are the most immunogenic and useful
for a cancer vaccine for pancreatic adenocarcinoma. We
examined the expression of 17 kinds of TAA in 9 pan-
creatic cancer cell lines and 12 pancreatic cancer tis-
sues. CTL responses to 23 epitopes derived from these
TAAs were analyzed using enzyme-linked immunospot
(ELISPOT), CTL, and tetramer assays in 41 patients,
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and factors affecting the immune responses were inves-
tigated. All TAAs were frequently expressed in pancre-
atic adenocarcinoma cells, except for adenocarcinoma
antigens recognized by T cells 1, melanoma-associ-
ated antigen (MAGE)-Al, and MAGE-A3. Among the
epitopes recognized by CTLs in more than two patients
in the ELISPOT assay, 6 epitopes derived from 5 TAAs,
namely, MAGE-A3, p53, human telomerase reverse
transcriptase (hTERT), Wilms tumor (WT)-1, and vascu-
lar endothelial growth factor receptor (VEGFR)2, could
induce specific CTLs that showed cytotoxicity against
pancreatic cancer cell lines. The frequency of lympho-
cyte subsets correlated well with TAA-specific immune
response. Overall survival was significantly longer in
patients with TAA-specific CTL responses than in those
without. P53, hTERT, WT-1, and VEGFR2 were shown
to be attractive targets for immunotherapy in patients
with pancreatic adenocarcinoma, and the induction of
TAA-specific CTLs may improve the prognosis of these
patients. ‘

' Keywords Epitope - Immunotherapy - Cytotoxic

T lymphocyte (CTL) - Enzyme-linked immunospot
(ELISPOT)

Abbreviations

CTL Cytotoxic T lymphocyte

TAA Tumor-associated antigen

ELISPOT Enzyme-linked immunospot

MAGE Melanoma-associated antigen

hTERT Human telomerase reverse transcriptase
WT-1 Wilms tumor-1

VEGFR  Vascular endothelial growth factor receptor
PBMC Peripheral blood mononuclear cells

PCR Polymerase chain reaction
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