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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/mz/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 1. 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
(HCCQ) 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,
4] and still unsatisfactory. Combining targeted agents and
cytotoxic drugs is one strategy to improve the effectiveness
of targeted molecular therapy. Several phase /Il 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 VI 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
I 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:
UMINO000007199). 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/pL; 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 II. 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 1 Phase 11
Age: year 62.4+13.2 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)

HBYV 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 I1
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, 4585 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-related 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 II No. (%)
AST elevation 24 (92.3)
Hyperbilirubinemia 24 (92.3)
Thrombocytopenia 21 (80.8)
Anemia 19 (73.1)
ALT 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(11.5)
Mucositis 3(11.5)
Hypocalcemia 3(11.5)
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Table 3 Summary of > grade 3 adverse events during phase II

N=26

Grade 3: Grade 4: Grade 5:

no. (%) no. (%) no. (%)
AST elevation 10 (38.5) 0 (0) 0 (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(0)
Hyponatremia 3(11.5) 1(3.8) 0(0)
Rash 3 (11.5) 0(0) 0 (0)
Hypophosphatemia 3(11.5) 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 (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 Il 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
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Fig. 2 Kaplan-Meier analysis of overall survival (OS) in phase Il (n=
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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