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Background and aim: Advanced gastric cancer accounts for a substantial portion of
cancer-related mortality worldwide. Surgical intervention is the curative therapeutic approach,
but patients with advanced gastric cancer are not eligible for the radical resection. The present
work aimed to investigate the efficacy and safety of palliative surgery combined with S-1, oxali-
platin, and docetaxel chemotherapy in the treatment of patients with advanced gastric cancer.

Method: A total of 20 patients who underwent palliative resection of gastric cancer in China—
Japan Union Hospital of Jilin University from 2010 to 2011 were evaluated. Days 20-30 post-
operative, these patients started to receive chemotherapy of S-1 (40 mg/m?, oral intake
twice a day) and intravenous infusion of oxaliplatin (135 mg/m?) and docetaxel (75 mg/m?).
After three cycles of chemotherapy (21 days/cycle), patients were evaluated, and only those
who responded toward the treatment continued to receive six to eight cycles of the treatment and
were included in end point evaluation. Patients’ survival time and adverse reactions observed
along the treatment were compared with those treated with FOLFOX.

Results: Out of 20 patients evaluated, there was one case of complete response, nine cases of
partial response, six cases of stable disease, and four cases of progressive disease. The total
efficacy (complete response + partial response) and clinical benefit rates were 50% and 80%,
respectively. Of importance, the treatment achieved a significantly longer survival time com-
pared to FOLFOX, despite the fact that both regimens shared common adverse reactions. The
adverse reactions were gastrointestinal reaction, reduction in white blood cells, and peripheral
neurotoxicity. All of them were mild, having no impact on the treatment.

Conclusion: Combination therapy of S-1, oxaliplatin, and docetaxel improves the survival of
gastric cancer patients treated with palliative resection, with adverse reactions being tolerated.
The clinical application of the chemotherapy warrants further investigation.

Keywords: gastric cancer, palliative resection, S-1, oxaliplatin, docetaxel, combination
chemotherapy

Introduction

Gastric cancer is the third leading cause of cancer deaths worldwide.'? The disease is
characterized by its heterogeneous histology and genetic background.* Surgical resec-
tion is potentially curative in patients with early gastric cancer, but for patients with
advanced cancer, the clinical outcomes are among the poorest of all solid-organ tumors
because of the high rate of distinct metastasis and recurrence.*> A better understand-
ing of cancer biology has allowed the development of molecular-targeted therapies,
for example, bevacizumab, sunitinib, and sorafenib, that inhibit angiogenesis.® The
usefulness of these novel agents remains to be further investigated, and chemotherapy
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is still the first-line therapy for patients with advanced gastric
cancer. Indeed, the addition of combination chemotherapy
after surgery has been demonstrated to provide benefits on
patients’ survivals and quality of life in different cohorts.”®
However, the gold standard of postoperative chemotherapy in
terms of the selection of doublet or triplet regimen has yet to
be established. There is a controversy over the use of triplet
regimen because of the potential toxicity.’

S-1, oxaliplatin, and docetaxel are chemotherapeutics that
have been widely used to treat gastric cancer. The present
work aimed to elevate the therapeutic efficacy of combina-
tion chemotherapy of S-1, oxaliplatin, and docetaxel in the
management of 20 patients with advanced gastric cancer
after palliative surgery. A control arm of FOLFOX-treated
patients was included. For the first time, data have suggested
that palliative resection combined with chemotherapeutics
S-1, oxaliplatin, and docetaxel would benefit the postopera-
tive prognosis of patients with advanced gastric cancer, and
of importance, the adverse reactions associated with the
chemotherapy were well tolerated.

Patients and methods

Cohort characteristics

The clinical data of gastric cancer patients receiving palliative
resection from 2010 to 2011 in China—Japan Union Hospital
at Jilin University were retrieved. This study was approved by
the Institutional Review Board of Ethics Committee of China-
Japan Union Hospital. Analysis was made on the following
two different postoperative chemoregimens: Group 1 (n=20)
treated with combination therapy of S-1, oxaliplatin, and doc-
etaxel and Group 2 (n=24) received FOLFOX. In Group 1,
there were 12 males and eight females (age 38—72, mean age
59.2410.4), while Group 2 consisted of 13 males and eleven
females (age 48—70, mean age 60.516.9). Written informed
consents were obtained from all patients, and only cases who
fulfilled the following criteria were eligible for this study: 1)
histopathological diagnosis is available; 2) Karnofsky score
=60 with expected survival of =3 months; 3) normal bone
marrow reserve and liver/kidney function; 4) lesion size can
be clearly detected by computed tomography or magnetic
resonance imaging to give measurable outcome; 5) no second
primary tumor; and 6) no history of chemotherapy treatment.
Patients’ characteristics are summarized in Table 1.

Chemotherapy

During treatment, Group 1 received a combination therapy
of S-1, oxaliplatin, and docetaxel, of which, one course
of the treatment consisted of 21 days. On day 1, patients
were intravenously infused 75 mg/m? docetaxel (TXT) for

Table | Characteristics of patients in Groups | and 2

Characteristics Group |, Group 2, P-value
n=20 n=24
Age (year), mean + SD 59.2+10.4 60.516.9 0.623
Min 38 48
Max 72 70
Sex, n (%)
Male 12 (60.0) 13 (54.2) 0.697
Female 8 (40.0) 11 (45.8)
Pathological type, n (%)
Moderately differentiated 3 (15.0) 2 (8.3) 0.820
adenocarcinoma
Low differentiated 12 (60.0) 13 (54.2)
adenocarcinoma
Mucinous adenocarcinoma 3 (15.0) 5(20.8)
Signet ring cell carcinoma 2 (10) 4 (16.7)
Metastasis sites, n (%)
Lung 3 (15.0) 4(16.7) 1.000
Liver 5(25.0) 7(29.2)
Peritoneum 6 (30.0) 6 (25.0)
Local residues 6 (30.0) 7(29.2)

Abbreviations: SD, standard deviation; min, minimum; max, maximum.

1 hour and 135 mg/m? oxaliplatin (LOHP) supplemented
with 500 mL of 5% glucose for 3 hours. Oral S-1 capsules
(Gio capsules) were administered at a dose level of 40 mg/m?
twice daily after meals for 14 days consecutively, followed
by a 7-day rest. Patients were treated with three courses of
chemotherapy before they were subjected to an efficacy
assessment, in which responders were then given six to eight
courses of chemotherapy. During the treatment, patients were
administered prophylactic antiemetic and hepatoprotective
therapeutics and, whenever necessary, granulocyte colony-
stimulating factor. Dependent on the patient’s condition,
dexamethasone may have been given before and after the
intravenous infusion of docetaxel. At the end of the treatment,
safety and efficacy were evaluated again.

During treatment, Group 2 received FOLFOX regimen.
At the start of the treatment on day 1, patients were intrave-
nously infused 85 mg/m? oxaliplatin and 400 mg leucovorin
over 2 hours, followed by an intravenous bolus of fluorouracil
(5-FU) at a dose level of 400 mg/m?. Subsequently, a con-
tinuous intravenous infusion of 5-FU (2.4 g/m?) was applied
for 48 hours. Antiemetic prophylaxis and hepatoprotective
agents were given along with the chemotherapy. Granulocyte
colony-stimulating factor was given, if necessary.

Evaluation of treatment response and

adverse events

Treatment response of each patient was evaluated following
Response Evaluation Criteria In Solid Tumors; imaging
was taken every 3 weeks and was classified as complete
response (CR), partial response (PR), stable disease (D), and
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progressive disease (PD). Response rate was calculated as the
sum of CR and PR, and clinical benefit rate as the sum of CR,
PR, and D. Adverse reactions observed were assessed follow-
ing World Health Organization guidelines on the evaluation
of acute and subacute adverse reactions of anticancer drugs
into 0-IV severity degree. Patients were followed up after
chemotherapy until their death or unless the follow-up was
terminated. Time to progression (TTP) was defined as the
period from the start of chemotherapy to the appearance of
signs of disease progression. Median survival time (MST)
represented how long the studied patients remained alive
from the beginning of chemotherapy.

Statistical analysis

Survivals and adverse reactions of the two treatment groups
were compared using log-rank test and chi-square test,
respectively. Difference with P-value <0.05 was regarded
as statistically significant.

Results
Clinical outcomes of combination
chemotherapy of S-1, oxaliplatin, and

docetaxel

After 3-week treatment, each of the 20 patients was clini-
cally evaluated for the outcomes and any adverse events
associated with the treatment. The total efficacy was 50%,
with one patient with CR and six patients presented PR. In
addition to these patients, nine and four patients demon-
strated D and PD, respectively, making the clinical benefit
rate 80%. Up to the last follow-up in June 2013, the median
TTP was 7.6 months, while MST was 10 months. For the
patients treated with FOLFOX, the median TTP and MST
were 5.5 months and 9 months, respectively. The differences
in MST and TTP between the two treatment groups were
statistically significant (P<<0.05).

Adverse events associated with the combination therapy
have also been assessed. The events could be catego-
rized into blood toxicity, gastrointestinal reaction, and
peripheral neurotoxicity. Myelosuppression was seen, in
which 85% of patients showed leukopenia. Other adverse
events included thrombocytopenia (65%), nausea and
vomiting (50%), diarrhea (40%), peripheral neurotoxic-
ity characterized by reversible limb parenthesis that was
aggravated by low temperature (50%), and alopecia (60%;
Table 2). Of importance, all adverse events were within
Grades I-1III, having no significant impact on treatment
efficacy. Besides, no treatment-related mortality was seen
during the study.

Table 2 Summary on adverse events of patients in Group |

Adverse event Grade of adverse events, n=20 (%) Total

I I m v n (%)
Leukopenia 6(30.0) 9(45.0) 2(100) 0(0.0) 17(85.0)
Thrombocytopenia 6 (30.0) 6 (30.0) | (5.0) 0(0.0) 13 (65.0)
Neurotoxicity 6(30.0) 2(10.0) 2(10.0) 0(0.0) 10(50.0)
Nausea and 4(200) 5(250) 1(50) 0(0.0) 10(50.0)
vomiting
Diarrhea 5(250) 1(50) 2(100) 0(0.0) 8 (40.0)
Alopecia 4(200) 6(30.0) 2(10.0) 0(0.0) 12 (60.0)

Combination chemotherapy of S-1,
oxaliplatin, and docetaxel prolonged

patients’ survivals after palliative resection
The survival times of patients receiving different regimens
were followed, and the results showed that those treated with
combination therapy of S-1, oxaliplatin, and docetaxel sur-
vived longer than their counterparts who received FOLFOX.
As determined by log-rank test, the difference between the
two groups was statistically significant (P=0.03; Figure 1).
Of note, both treatment regimens shared common adverse
reactions, including gastrointestinal reaction, blood toxicity
reaction, neurotoxicity, and alopecia (Table 3). None of these
reactions showed significant difference in incidence between
the two treatment groups as determined by chi-square test
(Table 3).

Discussion

Gastric cancer is highly prevalent, accounting for a
substantial portion of cancer-related mortality globally.
Surgical intervention is potentially curative for patients with
early gastric cancer. However, unfortunately, many patients
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Figure | Postoperative survivals of patients treated with combination chemotherapy
of S-1, oxaliplatin, and docetaxel (Group |) and FOLFOX (Group 2).
Note: The difference between the two groups was statistically significant (P=0.03).
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Table 3 Comparison on occurrence rate of adverse events
between Groups | and 2

Adverse event Group |, Group 2, P-value
n=20 (%) n=24 (%)
Gastrointestinal reaction 15 (75.0) 18 (75.0) 1.000
Blood toxicity reaction 13 (65.0) 16 (66.7) 0.908
Neurotoxicity 10 (50.0) 10 (41.7) 0.580
Alopecia 12 (60.0) 11 (45.8) 0.349

have locally advanced tumors or metastasis and are diagnosed
incurable at the time of presentation. Management of patients
with advanced gastric cancer is challenging, and thus far,
whether the patients should receive palliative resection has
remained controversial. Experiences accumulated from our
clinical practices suggest that palliative resection is beneficial
to patients’ outcomes because the surgery is able to signifi-
cantly mitigate cancer-related bleeding to ameliorate bowel
obstruction, and of importance, to enhance the efficacy of
chemotherapy by reducing tumor burden. In fact, in accor-
dance with our clinical experiences, studies from different
medical centers have collectively suggested that palliative
gastrectomy has positive impact on patients’ survivals and
quality of life.'

Adjuvant chemotherapy is administered to patients
treated with palliative resection with an aim to eradicate
both cancer cells being sheared off during the surgery and
residual foci after tumor resection. The gold standard of such
chemotherapy has yet to be established. In this context, the
present work demonstrated for the first time that comparing
with FOLFOX, the combination chemotherapy of S-1,
oxaliplatin, and docetaxel achieved a better postoperative
prognosis in patients with advanced gastric cancer. Notably,
the severity of adverse reactions associated with the
chemotherapy did not compromise treatment efficacy despite
the debates over the use of triplet chemotherapy in the treat-
ment of cancer patients because of the toxicity observed.

In this work, S-1, oxaliplatin, and docetaxel have been
chosen with full consideration of their efficacy and safety.
The clinical uses of these chemotherapeutics have been
reported. S-1, which is an oral capsule, has been proved a safe
and efficient anticancer therapeutic by randomized controlled
clinical trials.''? Animal studies also collectively suggested
that S-1 is superior to 5-FU because of its less cytotoxicity and
enhanced therapeutic efficacy."® The favorable pharmacologic
property of S-1 is attributed to the actions of its three key com-
ponents: tegafur, gimeracil, and oteracil potassium. Tegafur
is metabolized by liver microsomal cytochrome P450 into
5-FU. 5-FU has profound anticancer efficacy and has been

used for the treatment of gastrointestinal and breast cancers
in Japan since 1957.!14 Gimeracil inhibits dihydropyrimidine
dehydrogenase (DPD) that metabolizes 5-FU. The inclusion
of gimeracil in S-1 capsule prolongs the half-life of 5-FU,
thus enhancing the treatment efficacy. Different individuals
express differential levels of DPD. Inhibition of DPD by
gimeracil also minimizes the difference of responsiveness
toward S-1 between individuals. Oteracil potassium prevents
gastrointestinal toxicity associated with the phosphorylation
of 5-FU." Docetaxel, which is taxane in nature, is a chemo-
therapeutic widely administered for treating gastrointestinal
cancers. Docetaxel inhibits cell division by interfacing micro-
tubules and induces apoptosis of cancer cells. Clinical use
of docetaxel has been well established. Monotherapy with
docetaxel treated 17%—24% of advanced gastric cancer in
a Phase II study,'® while combination therapy of docetaxel
with other anticancer drugs could further increase the success
rate to 26%—60%."

Platinum-based anticancer drugs are nonspecific cytotoxic
agents targeting DNA synthesis of cancer cells. Oxaliplatin is
the third generation of such agents, having advantages over
the predecessors cisplatin and carboplatin. Oxaliplatin acts in
synergy with 5-FU and does not show cross drug resistance
with cisplatin and carboplatin. Comparing with cisplatin, the
gastrointestinal toxicity associated with oxaliplatin is much
less severe. Myelosuppression commonly seen in cancer
chemotherapy is also milder in oxaliplatin than carboplatin.
Nephrotoxicity and ototoxicity are less observed in oxalipla-
tin treatment probably because of its much slower hydrolysis
rate than that in cisplatin and carboplatin. However, patients
treated with an elevating dose of oxaliplatin suffered from
peripheral neuropathy.'

Conclusion

To conclude, the present work provided evidence indicating
that palliative resection combined with triplet regimen of
S-1, oxaliplatin, and docetaxel can benefit the survival of
patients with advanced gastric cancer. The adverse reactions
observed are well tolerated. Strikingly, the use of S-1 capsule
renders the design of treatment regimen much convenience
and definitely shortens the length of hospitalization. The
combination therapy of S-1, oxaliplatin, and docetaxel war-
rants further systemic studies in larger numbers of patients
with gastric cancer.
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