Hepatocellular carcinoma (HCC) is the
most common liver neoplasm world-
wide. Based on its potent inhibition
of dihydropyrimidine dehydrogenase
(DPD), S-1 is expected to be more
active than other fluoropyrimidines
against HCC with DPD activity. This
systematic review was aimed to as-
sess the efficacy and safety of S-1 for
treatment of advanced HCC.

PubMed, the Cochrane Library, EMBA-
SE, and ClinicalTrials.gov were searched
using the terms “Hepatocellular Car-
cinoma” or “HCC” or “Hepatoma” or
“Liver cancer” and “S-1". Outcomes of
main interest included overall survival
(OS) and toxicities.

We identified four studies of S-1 treat-
ment alone from 1059 references, in-
cluding a total of 272 patients. There
were two original articles and two
conference abstracts. The percentage
of male patients ranged from 88 to
91.3% and median age ranged from
59 to 70 years. Median OS ranged
from 8.6 to 16.5 months. The inci-
dences of toxicity of more than 50%
were thrombocytopaenia and fatigue.
According to the original description,
toxicities were acceptable.

The current evidence from the avail-
able clinical studies suggests that
S-1 may be an effective and tolerable
treatment for advanced HCC. Further
clinical studies are warranted to fur-
ther investigate this treatment option.
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Introduction

Worldwide, hepatocellular carcinoma (HCC) is one of the most usual can-
cers. HCC ranks sixth regarding prevalence and third regarding mortality
among malignant tumours [1]. HCC accounts for 85-90% of all primary he-
patic malignancies [2]. Cirrhosis is a major risk factor for HCC, and 60-80% of
these tumours arise in patients with cirrhosis. The major chronic liver diseas-
es underlying the development of cirrhosis and HCC include chronic viral hep-
atitis (B and C), non-alcoholic steatohepatitis, and alcoholic liver disease. In
the United States, the incidence of HCC has increased from 1.4 cases/100,000
in 1976-1980 to approximately 5 cases/100,000 in 2003-2006 [3, 4]. Most pa-
tients diagnosed with HCC are not amenable to curative treatments because
of advanced stage according to Barcelona Clinic Liver Cancer (BCLC) criteria.

Systematic chemotherapy has been recognised as a palliative treatment
option for patients with advanced HCC [5], such as combination chemother-
apy of oxaliplatin and S-1[6]. Conventional chemotherapy, usually called in-
travenous chemotherapy, often implicates a pulsatile administration sched-
ule for the treatment of a patient using the maximum tolerated dose of
a cytotoxic drug. The prolonged break between two therapy cycles not only
allows recovery from all kinds of toxicities, but also provides an opportunity,
unluckily, for the drug-treated tumour to recover [7]. On the contrary, metro-
nomic S-1 chemotherapy is performed at frequent intervals using nontoxic
or low-toxic dose with no prolonged break. Some studies have confirmed
the effect of S-1 for HCC.

To our knowledge, sorafenib is the standard recommendation for ad-
vanced HCC. However, because of its adverse effects, modest efficacy, and
high cost, the availability of sorafenib is limited [8]. Sorafenib is a self-paying
drug in China. It costs ¥151,152 (approximately $22,931) for each patient. In
a developing country, most patients cannot afford this cost. However, S-1 is
gratifying in the content of Chinese medical insurance. If S-1 can improve
survival, it means that s-1is a promising treatment of advanced HCC accord-
ing to the principle of pharmacoeconomics.

Through the literature retrieval, there is not a systematic review of S-1 for
the treatment of HCC. We have conducted a systematic review to assess the
efficacy and safety of S-1 for the treatment of advanced HCC.

Material and methods
Search strategy

We followed the PRISMA recommendations for systematic literature anal-
ysis [9]. PubMed, the Cochrane Library, EMBASE, and ClinicalTrials.gov were
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searched using the terms “Hepatocellular Carcinoma” or
“HCC” or “Hepatoma” or “Liver cancer” and “S-1” in the
title or abstract fields. The date of the last search was De-
cember 14, 2015. We screened each abstract resulting from
these searches for eligibility. We also examined reference
lists of each selected original article or conference abstract
and the protocol registration system of clinical trials to
identify additional articles that might meet our eligibility
requirements. Any discrepancies among reviewers were
resolved by consensus discussion.

Inclusion criteria

Studies were included in our review if they evaluated
the efficacy and safety of S-1 for treatment of advanced
HCC; reported data on at least one of the outcomes of me-
dian survival, overall survival (0OS), and disease-free sur-
vival (DFS) and were published on or before December 21,
2015.

Exclusion criteria

Exclusion criteria:
1) duplicated records,
2) case report,
3) not advanced hepatocellular carcinoma,
4) letters to the editor,
5) editorials,
6) research protocols,
7) review articles,
8) combination therapy studies,
9) nonhuman studies.

Data abstraction

The data extracted from each report were: country, con-
trol, study type (prospective or retrospective), publication
type (original article or conference abstract), number (No.)
of patients, percentage of male/female, median age of
study participants, Eastern Cooperative Oncology Group
(ECOG) performance status (PS) score, percentage of pa-
tients with Child-Pugh score A/B, percentage of patients
with hepatitis B/C, percentage of patients with cirrhosis,
related indicators of S-1 treatment (Dose of S-1, S-1 admin-
istration, one cycle, total cycles, and median cycles), medi-
an overall survival (OS), median progression-free survival
(PFS), median time to progression (TTP), tumour response
(CR, PR SD PD), disease control rate (DCR), and Toxicity
(anaemia, thrombocytopaenia, neutropaenia, elevated
AST, elevated ALT, fatigue, nausea, diarrhoea, and rash).

Results
Systematic review flow

The flow diagram of the systematic review is shown in
Fig. 1.

Our initial search yielded 1059 references including
114 from PubMed, 1386 from Embase, five from Clinical-
Trials.gov, and four from the Cochrane Library. In the step
of “preliminary titles screened”, the “search panel” of
endnote was used to search in a mass of references with
the terms “case”, “gastric cancer”, “colon cancer”, “breast
cancer”, and “pancreatic cancer” in sequence. Then we
deleted 726 unwanted references. In the step of “Full-text
articles screened”, one article was excluded by reading the
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Table 1. Baseline patient demographic and disease characteristics

Study  Country Control Study type  Publication No.of  Male/ Median ECOGPS  Child- Etiology  Cirrhosis
type patients Female  age score 0/1 Pugh A/B HBV/HCV (%)
(%)  (years) (%) (%) (%)

Yu 2015  China best retrospective conference 18 NA NA 91.3/8.7 NA NA NA

supportive abstract

care

Kudo Japan placebo NA conference 223 NA 70 NA 81/N NA NA
2015 abstract
Furuse  Japan none prospective original 23 91.3/8.7 68 91.3/8.7 69.6/30.4 13.0/60.9 NA
2010 article
Nagata  Japan none retrospective  original 8 0/12.0 59 NA 100/0 50.0/25.0 NA
2007 article

NA = not available; ECOG — Eastern Cooperative Oncology Group; PS — performance status

Table 2. Treatment of S-1

Study Dose of S-1  S-1 admini-  One Total Median
(mg/m?/day) stration cycle  cycles cycles
(days) (days) (times) (times,
range)
Yu 2015 80 1-14 21 63 3.5
2-7)
Kudo 80, 100 1-28 42 NA NA
2015 and 120
Furuse 80 1-28 42 85 NA
2010
Nagata 80 1-28 42 22 NA
2007 (1-5)
NA = not available
Table 3. Efficacy evaluation
Study Median OS Median PFS Median TTP
(months) (months) (months)
Yu 2015 15.12 NA 4.72
Kudo 2015 11.3° 2.67° NA
Furuse 2010 16.6 3.7 NA
Nagata 2007 8.6° 2.65° NA

@ compared to control group, p < 0.05

b days in original divided by 30, and then got months

NA — not available; OS — overall survival; PFS — progression-free survival; TTP —
time to tumor progression; DCR — disease control rate; CR — complete response;
PR — partial response; SD — stable disease; PD — progression disease

full text. Its title is “Pharmacokinetic evaluation of nov-
el oral fluorouracil antitumor drug S-1 in Chinese cancer
patients”. The objects of the study are gastrointestinal
cancer, non-small-cell lung cancer, head and neck cancer,
unresectable or recurrent breast cancer, and pancreat-
ic cancer, but not HCC [10]. Ultimately, four studies were
chosen for review including two original articles and two
conference abstracts.

Baseline patient demographic and disease
characteristics

Baseline patient demographic and disease characteris-
tics, which included a total of 272 patients of four studies,
are summarised in Table 1. Three studies came from Ja-
pan [11-13] and one study from China [14]. There were two

original articles [12, 13] and two conference abstracts [11,
14]. Two studies described control groups, one best sup-
portive care (BSC) [14], and one placebo [11]. Three stud-
ies described study type, one prospective study [12], and
two retrospective studies [13, 14]. The percentage of male
patients ranged from 88 [13] to 91.3% [12]. Median age
ranged from 59 [13] to 70 years [11].

Treatment of S-1

The relevant treatment data of S-1 can be seen in Ta-
ble 2. All studies described dose of S-1, days of S-1 admin-
istration, and one cycle. 80 mg/m?/day was the most com-
mon dose of S-1. S-1 was administered orally on days 1-28
of a 42-day cycle in three studies [11-13] and days 1-14 of
a 21-day cycle in one study [14]. Total cycles ranged from
22 [13] to 85 [12] in three studies. Median cycles were 3.5
(range: 2—7) fully reported in one study [14].

Efficacy evaluation

Efficacy evaluations of S-1 for treatment of advanced
HCC are summarised in Table 3.

Four studies provided precise OS, and Median OS
ranged from 8.6 [13] to 16.5 months [12]. In YU’s study, OS
was 15.1 months in patients treated with S-1, compared
with 8.3 months in the BSC group (p = 0.027) [14]. Medi-
an PFS ranged from 2.65 [13] to 3.7 months [12] in three
studies. in one study, median TTP was 4.7 months in the
S-1 group compared with 2.3 months in the BSC group
(p = 0.013) [14]. There was not CR in four studies. Three
studies in four described DCRs, which ranged from 37.4
[13] to 69.4% [12].

Toxicity

Toxicities of S-1 are shown in Table 4. According to the
original description, toxicities were acceptable. The inci-
dences of toxicity of more than 50% were thrombocyto-
paenia and fatigue in at least two studies. Three studies
described numeric toxicities, and one study showed that
the main adverse events (AEs) with S-1 were anorexia,
fatigue, elevated total bilirubin, and diarrhoea, and most
AEs were mild to moderate [11]. One study only reported
that the most common grade 3/4 toxicities were throm-
bocytopaenia (28.1%), neutropaenia (21.8%), elevated se-
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Table 4. Toxicity (%)

Study Anemia  Thrombocytopenia  Neutropenia Elevated Elevated Fatigue Nausea  Diarrhea Rash
AST ALT

Yu NA 28.1 21.8 15.6 NA NA NA NA 9.4

2015 (grade 3/4) (grade 3/4) (grade 3/4) (grade 3/4)

Kudo NA NA NA NA NA NA NA NA NA

2015

Furuse 82.6 78.3 73.9 333 NA 82.6 43.5 34.8

2010

Nagata 0 50 25 63 50 50 0 0 0

2007

NA —not available; AST — aspartate aminotransferase; ALT — alanine aminotransferase

rum aspartate aminotransferase levels (15.6%), and rash
(9.4%) [14].

Discussion

There is currently little information on S-1 for treatment
of HCC. This systematic review showed that S-1 treatment
was associated with an interesting OS and a short PFS to
advanced HCC. In the four studies, the median PFS ranged
from 2.65 to 3.7 months. The smallest median OS was 8.6
months, and three other median OS were more than 11
months. There were two case-controlled studies in four.
The study populations were from China and Japan, respec-
tively. In the Chinese study controlled to BSC, S-1treatment
prolonged OS by 6.8 months (from 8.3 to 15.1 months), and
the difference was statistically significant (p = 0.027) [14].
In the Japanese study controlled to placebo, S-1 treatment
failed to prolong OS (337.5 vs. 340.0 days) [11]. The two
uncontrolled studies of S-1 described OS as long as 16.6
months, but with no control group the contribution of S-1
to these outcomes is not clear.

To our knowledge, sorafenib is the only systemic thera-
py approved by the United States Food and Drug Adminis-
tration (FDA) for the treatment of unresectable HCC. Two
phase lll, randomised, placebo-controlled clinical trials
have explored the efficacy and safety of sorafenib in pa-
tients with advanced HCC. In these two trials, sorafenib
treatment prolonged OS by 2.3 to 2.8 months (one from
4.2 to 6.5 months [15], and the other from 7.9 to 10.7
months [16]). In addition, many studies using hepatic ar-
terial infusion chemotherapy (HAIC) have been performed
in advanced HCC. In these studies, the median OS ranged
from 6.9 to 10.2 months [17-20]. Recently, a multicentre,
randomised, open-labelled, clinical trial aimed to evaluate
the efficacy and safety of cisplatin/5-fluorouracil (5-FU)
HAIC (CF-HAIC) vs. adriamycin added to CF-HAIC (ACF-HA-
IC) in advanced HCC, and showed that the median OS in
the ACF-HAIC and CF-HAIC groups were 8.8 months and
11.1 months, respectively. Furthermore, there was a study
aimed at comparing the efficacy of HAIC and sorafenib in
advanced HCC patients with portal vein tumour thrombo-
sis (PVTT), which showed that the median OS was signifi-
cantly longer in the HAIC group than in the sorafenib group
(7.1 vs. 5.5 months, p = 0.011) [21]. At present, there is no
randomised controlled study of S-1 vs. sorafenib or S-1 vs.
HAIC reported in the literature. Therefore, it is not known
which treatment gives longer OS.

This systematic review showed that S-1 treatment also
had a favourable safety profile in this study. The most fre-
quently described toxicities of S-1 were anaemia, throm-
bocytopaenia, neutropaenia, elevated AST, elevated ALT,
elevated serum bilirubin, reduced serum albumin, fatigue,
nausea, diarrhoea, stomatitis, pigmentation, hand-foot
syndrome, and rash. Most of them were included in this
systematic review.

The incidences of toxicity reaction of more than 50%
were thrombocytopaenia and fatigue in at least two stud-
ies. S-1 (i.e. tegafur/gimeracil/oteracil potassium, known
as Tiji'ao capsule in China) was a novel oral 5-fluoro-2,4
(1 h, 3 h) pyrimidinedione (5-FU) analogue, which con-
tained tegafur and two biochemical modulators for 5-FU.
Tegafur was a metabolically activated prodrug of 5-FU, and
was effective as adjuvant chemotherapy after TACE [22].
5-Chloro-2,4-dihydroxypyridine can enhance the pharma-
cological actions of 5-FU by inhibiting its degradation by
dihydropyrimidine dehydrogenase (DPD). Potassium oxo-
nate was localised in the mucosal cells of the gastrointes-
tinal tract after oral administration. By means of suppress-
ing the activation of 5-FU in the gastrointestinal tract, it
reduced the incidence of gastrointestinal toxicities [23].
S-1 showed better anti-tumour activity and lower toxici-
ty compared to 5-FU. In all toxicities listed in Table 4, the
incidence of fatigue seemed to be the highest. Because
of inadequate data from two conference abstracts [11, 14],
it was difficult to perform further analysis, but according
to the original description, the toxicities were acceptable.
Other studies also supported this view. A single-centre
study aimed at evaluating the effects of continuing adju-
vant S-1 for one year on the prognosis of gastric cancer
patients demonstrated that common side effects included
diarrhoea, oral ulcers, and skin rash, and grade 3/4 tox-
icities occurred in 1.9% and 5.7% of patients, respective-
ly [24]. In A meta-analysis of S-1 vs. capecitabine for the
treatment of gastric cancer, the most frequent toxicities
of S-lincluded neutropaenia, thrombocytopaenia, nausea,
and hand-foot syndrome. Compared with the capecitabine
regimen, there were no significant differences. However,
hand-foot syndrome at any grade was more frequently
noted in the capecitabine group than in the S-1 group [25].

There were some limitations in this systematic review,
which should be acknowledged. Firstly, two of the four
studies included were case controlled studies while the
other two were not. Hence, the evidence from the other
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two studies was not of high quality. Secondly, there might
be publication bias in this research area. Taking into consid-
eration the conference abstracts, there were no further de-
tailed descriptions in standard publications. Thirdly, there
were clearly a lot of confounding factors (ECOG PS score,
age, S-1 administration, and aetiology) that led to analysis
and summary difficulties. Fourthly, efficacy evaluation ex-
cept for OS was not consistent among the different studies,
with three studies using PFS while the other was using TTP.

In conclusion, the current evidence from the available
clinical studies suggests that S-1 may be an effective and
tolerable treatment for advanced HCC. Prospective, ran-
domised, multicentric, controlled trials are warranted to
further investigate this treatment option for advanced
HCC. In addition, possible combinational therapies could
be researched with other locoregional treatments (e.g.
chemoembolisation/radioembolisation plus S-1, radiofre-
quency ablation plus S-1).
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