
Abstract. Background: As there is no standard treatment for
advanced gastric cancer refractory to first-line chemotherapy,
the feasibility of S-1 plus weekly docetaxel combined with
concurrent radiotherapy was evaluated. Patients and
Methods: Ten patients were enrolled in this study. Patients
were given S-1 at a daily dose of 40 mg/m2 and docetaxel at
a weekly dose of 20 mg/m2 for 5 consecutive weeks, with
concurrent radiotherapy (RT) amounting to a total irradiation
dose of 45 Gy or 50.4 Gy. Results: Hematological toxicities
were grade 3 or less except for anemia. Non-hematological
toxicities were all grade 2 or less, apart from one grade 3
asthenia. There was one treatment-related death, resulting
from melena, in a patient with a mechanical device in the
radiation field. Planned treatment was delivered with relative
dose intensity for S-1, docetaxel and RT as 94% , 98%  and
97% , respectively. Median survival time of 297 days was
obtained, with an objective response seen in 2 patients and
symptom relief achieved in all patients. Conclusion: S-1 plus
weekly docetaxel combined with concurrent RT exhibited a
tolerable toxicity profile with sufficient symptom palliation
and prolonged survival in patients with advanced gastric
cancer refractory to first-line chemotherapy. 

Surgical resection remains the mainstay for curative treatment
of advanced gastric cancer (AGC). However, even when a
complete resection can be achieved, postoperative recurrence
may occur. Once the disease relapses, it seems lethal.
Treatment mainstream for the recurrent disease is
chemotherapy. Various chemotherapy regimens have been
studied in patients with AGC. Although a median survival time

(MST) of 6-11 months has been obtained (1-6), the therapeutic
impact of these results on survival is considered to be modest
and there has been no generally accepted standard regimen for
the treatment of AGC so far. However, S-1 (an oral
fluoropyrimidine) plus cisplatin has recently shown an MST of
13 months in a phase III trial and holds promise of becoming
a standard first-line treatment for AGC (7). Contrary to these
developments in first-line chemotherapy for AGC, standard
regimen for second-line therapy still remains unclear as there
have been no randomized phase III studies. 

As for radiotherapy (RT), another treatment modality for
AGC, several studies have shown the efficacy of RT against
AGC concurrently used with chemotherapy either preoperatively
(8-11) or postoperatively (12). High pathological complete
response (pCR) rates of 20%  to 30%  and good local control
obtained by chemoradiotherapy (CRT) suggest that CRT
could also be a candidate for post first-line therapy in
patients with AGC. 

Although infusional 5-fluorouracil (5-FU) has been used
most commonly with RT because of its radiosensitizing
property (8-12), other agents such as cisplatin (11) and
paclitaxel (9, 10) have also been used in combination with
5-FU. There has been no generally accepted standard
chemotherapy regimen combined with RT against AGC.

S-1 is an active agent against AGC (13), composed of
tegafur (1-(2-tetrahydrofuryl)-5-fluorouracil; FT) and two
modulating agents, 5-chloro-2,4-dihydroxypyridine (CDHP)
and potassium oxonate (Oxo), at a molar ratio of 1:0.4:1 (14).
FT is converted primarily in the liver to 5-FU, a conventional
radiosensitizer. CDHP is a reversible competitive inhibitor of
dihydropyrimidine dehydrogenase (DPD) which degrades 5-
FU, and is also known to have a radiosensitizing property.
Therefore, S-1 can be anticipated as a suitable agent for CRT
against AGC because of its radiosensitizing properties as well
as its cytotoxic activity. Recently, synergism of S-1 with RT
has been confirmed in human cancer xenografts (15, 16).

Docetaxel, another active agent for AGC, has also been
identified clinically as an effective radiosensitizer in various
types of cancer with weekly dosing (17, 18). Docetaxel
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synchronizes the cell cycle to the G2/M-phase, which is the
most vulnerable period for radiation (19), and shows
synergistic cytotoxicity with RT in various human cancer cell
lines in vitro (20, 21).

Anticipating radiosensitizing effects as well as tumoricidal
effects by S-1 and docetaxel, we conducted the present
feasibility study of CRT employing S-1 and weekly
docetaxel in patients with AGC refractory to first-line
chemotherapy. 

Patients and Methods 

Eligibility criteria. Tumor assessment was performed within 4 weeks
before entry, and a complete blood cell count, liver and renal function
tests were carried out within 2 weeks prior to entry. Patients enrolled
in this study were required to fulfill the following criteria: (i)
histologically proven unresectable or recurrent GC with measurable
lesions, (ii) performance status of 1 or less on the Eastern
Cooperative Oncology Group (ECOG) scale, (iii) life expectancy of
at least 3 months, (iv) age of 80 years or younger, (v) at least one
prior chemotherapy for the disease before entry, (vi) no prior
radiation therapy, (vii) adequate bone marrow function (WBC count
3,000-12,000/mm3, platelet count ≥100,000/mm3, and hemoglobin
≥8.0 g/dl), hepatic function (total bilirubin ≤2.0 mg/dl, serum
transaminases ≤3.0 x upper institutional limit), and renal function
(serum creatinine ≤1.5 mg/dl), (viii) tolerance of oral feeding, (ix)
no other severe medical conditions, (x) no other concurrent active
malignancy, and (xi) provision of written informed consent.

Treatment schedule. The treatment schedule is illustrated in Figure 1.
S-1 was given orally twice daily after meals at a dose of 40 mg/m2/day
every Monday through Friday for 5 consecutive weeks. The dose of
S-1 was assigned according to the body surface area (BSA) of the
patient as follows: BSA<1.25 m2, 40 mg/day; 1.25 m2≤ BSA<1.5 m2,

50 mg/day; and BSA≥1.5 m2, 60 mg/day. Docetaxel was administered
intravenously at a dose of 20 mg/m2 over 60 minutes before irradiation
with a standard antiemetic prophylaxis every Monday for 5
consecutive weeks. Radiotherapy was also delivered concurrently with
chemotherapy every Monday through Friday for 5 consecutive weeks.
A total irradiation dose of 45 Gy was delivered in 25 fractions of 1.8
Gy over 5 weeks to the former 5 patients and 50.4 Gy in 28 fractions
of 1.8 Gy over 5.5 weeks to the latter 5 patients, consequtively. 

Chemotherapy was continued if the biological parameters still
conformed to the eligibility criteria, except for the leukocyte count
(≥2,000/mm3) and the platelet count (≥75,000/mm3). When the
patient developed non-hematological toxicity of grade 3 or more,
chemotherapy was suspended. 

Radiation fields encompassed the tumor with a 2-cm margin. The
fields were modified as needed to shield at least two-thirds of one
kidney. Linear accelerators delivered the radiation dosage using 10-
MV photons and, if necessary, a three-dimensional conformal
technique was used to spare the heart, lungs and spinal cord, and to
minimize the radiation dose to the small bowel and liver. While
undergoing RT, patients were evaluated weekly by a radiation
oncologist. The RT schedule was interrupted if the patient developed
grade 4 leukopenia, neutropenia, and/or thrombocytopenia.

Granulocyte colony-stimulating factor (G-CSF) was used when grade
4 leukopenia and/or neutropenia were observed. The treatment was
continued unless disease progression or intolerable toxicity occurred.

Evaluation of toxicity and efficacy. A complete blood cell count and
measurements of liver and renal function were assessed at least
every week during the treatment. Non-hematological toxicities were
also verified at least every week by patient interview and physical
examination. Toxicity was graded according to the National Cancer
Institute (NCI) common toxicity criteria version 3.0. 

Within 4 weeks after the completion of CRT, patients were
evaluated with abdominal computed tomography (CT) scans and
assessed for locoregional control according to the RECIST criteria. A

ANTICANCER RESEARCH 29: 3385-3392 (2009)

3386

Figure 1. Treatment schedule. RT, radiotherapy.



complete response (CR) was defined as complete disappearance of the
tumor by CT scan. A partial response (PR) was defined as shrinkage
in ≥30%  of the tumor diameter. An increase in ≥20%  of the tumor
diameter, or the appearance of new lesions, was defined as progressive
disease (PD). Stable disease (SD) was defined as not qualifying as a
CR, PR or PD. Patients were also assessed for symptom relief.

Overall survival (OS) time since the initiation of CRT to the date
of death of any cause or confirmed survival was recorded, and the
Kaplan-Meier method was used to draw the survival curve. Patients
who were alive at the time of our analysis were censored for survival. 

Results 

Patient characteristics. The clinical characteristics of the
patients are shown in Table I. Ten patients, 8 males and 2
females with a median age of 70.0 years (range: 57-76),
entered this single-center study between October 2006 and
October 2008. All the patients had a performance status of 0
or 1. Five patients had previously undergone total
gastrectomy and 3 had distal gastrectomy, while two patients
had no gastrectomy because of the presence of distant
metastasis (M1). T stage of the primary tumor was T2 in 2
patients, T3 in 7, and T4 in 1. N stage of the primary tumor
was N1 in 5 patients, N2 in 2, and N3 in 3. Histologically, 4
patients had intestinal-type adenocarcinoma and 6 patients
had diffuse-type adenocarcinoma. Prior chemotherapy had
been given in all patients, with 1 regimen in 4 patients, 2
regimens in 4 patients, 3 regimens in 1 patient, and 4
regimens in 1 patient. As a target tumor of RT, lymph node
relapse was observed in 6 patients and local recurrence in 2
patients after prior gastrectomy, while 2 patients with M1
disease had primary tumor and lymph node, respectively. 

Toxicity. All the patients were assessable for toxicity. Table II
lists all adverse events. Hematological toxicities were grade
3 or less in all the patients but one. A 76-year-old female

developed grade 4 anemia accompanied by melena and grade
2 thrombocytopenia, resulting in treatment-related death
(TRD) immediately after the discontinuation of the treatment
despite hospitalization and blood transfusion. Non-
hematological toxicities were all grade 2 or less, apart from
grade 3 asthenia observed in one patient who had
chemotherapy withheld for the last three days during the
treatment. No patient suffered from febrile neutropenia of
grade 3 or more, neuropathy of any grade or radiation
dermatitis over grade 2. 

S-1 administration was skipped in 4 patients: for 3 days
in 2 and for 5 days in 2, due to grade 3 leukopenia in 2,
grade 3 asthenia in 1, and TRD in 1, respectively. Docetaxel
was delivered as scheduled in all the patients but one, who
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Table I. Patient characteristics.

Patient Gender Age PS Prior Gx T, N stage Histology Prior chemotherapy Target tumor RT dose
no. (years) (Gy)

1 M 68 1 Total T2N3 Intestinal S1/CPT, TXL Lymph node 45
2 F 74 1 Total T4N1 Diffuse S1/CDDP Local 45
3 M 57 1 Distal T3N1 Intestinal S1/CPT Lymph node 45
4 M 71 1 Total T3N1 Diffuse S1, CPT/CDDP, TXL Lymph node 45
5 M 57 1 (–) T3N2 Diffuse S1/CDDP/TXL, S1/CDDP Local 45
6 M 69 0 Distal T2N3 Intestinal S1/CDDP, S1/CPT Lymph node 50.4
7 M 67 1 Total T3N1 Diffuse S1 Local 50.4
8 F 76 1 Distal T3N2 Diffuse S1 Lymph node 36*
9 M 71 0 Total T3N3 Intestinal S1/CDDP, CPT/CDDP, TXL,TXT Lymph node 50.4
10 M 75 1 (–) T3N1 Diffuse S1/CPT, S1/CDDP Lymph node 50.4

M, Male; F, female; PS, performance status; Gx, gastrectomy; CPT, irinotecan; TXL, paclitaxel; CDDP, cisplatin; TXT, docetaxel; RT, radiotherapy.
Asterisk indicates the case of treatment-related death (TRD), in whom RT was discontinued at the dose of 36 Gy.

Table II. Toxicities recorded during the study. 

NCI-CTC Grade (n)

1 2 3 4 

Leukopenia 2   2  2
Neutropenia 2 4  1 
Anemia 5 0 3 1*
Thrombocytopenia 2  1*

Stomatitis 2
Diarrhea 2 1
Anorexia 4 1
Nausea 5
Vomiting 1
Asthenia 7 1 1
T-bil 1
AST/ALT 1

Asterisk indicates the case of treatment-related death (TRD).



could not receive the fifth weekly dose of docetaxel because
of TRD during the treatment. Received dose intensity was
37.6 mg/m2 per day for S-1 and 19.6 mg/m2 per week for
docetaxel, corresponding to a relative dose intensity of 94%
and 98% , respectively. 

RT was conducted as scheduled in 9 out of 10 patients,
excluding the case of TRD in whom RT was discontinued
after reaching a dose of 36 Gy. The relative dose intensity of
RT was 97% . 

Clinical efficacy. The objective response to treatment is
shown in Table III. A PR was achieved in 2 patients while the
remaining 8 patients showed SD, yielding a disease control
rate of 100% . 

Just prior to the CRT, two patients with lymph node
recurrence each complained of pain or obstructive jaundice.
Of the other 3 patients presenting with dysphagia because of
local relapse around the esophagojejunal anastomosis in 2 and
primary tumor of the gastroesophageal junction in 1, one
complained of pain as well. After the completion of CRT, pain
disappeared in 1 and decreased in 1, respectively. Dysphagia
improved in all 3 patients, greatly facilitating oral intake.  

The MST of all patients after the commencement of CRT
was 297 days, as shown in Figure 2. Seven patients died of
disease progression, and one patient suffered from TRD.
Additional chemotherapy was given after the completion of
CRT in 5 out of 10 patients. 

Discussion

The first-line treatment for recurrent gastric cancer remains
chemotherapy, despite the lack of a generally accepted
standard regimen. Recent advances have yielded a prolonged
MST of 13 months for AGC (7). Contrary to this
development in first-line chemotherapy for AGC, the optimal
modality for post first-line therapy is uncertain due to the lack

of any randomized phase III studies. On the other hand, CRT
has demonstrated superior local control against AGC when
used preoperatively (8-10) and significant improvement in
overall survival as adjuvant therapy (12). These findings lead
us to a growing interest in CRT as a post first-line treatment
in patients with recurrent gastric cancer. 

Concurrent CRT commonly employs infusional 5-FU at a
dose of around 300 mg/m2 because of its radiosensitizing
property (8-10). In this study, S-1, composed of tegafur and
CDHP, was administered instead of infusional 5-FU because
tegafur is converted to 5-FU and CDHP is also
radiosensitizing. S-1 at a dose of 40 mg/m2/day, the amount
delivered in this study, is known to be equivalent to protracted
venous infusion of 5-FU at a dose of 250 mg/m2/day in terms
of the area under the plasma concentration time curve (AUC)
of 5-FU (22). In addition, S-1, being an oral
fluoropyrimidine, can avoid the need for inconvenient and
troublesome indwelling catheters and portable pump systems
required for infusional 5-FU, which makes a striking
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Table III. Clinical efficacy. 

Patient no. Response Presenting symptom Symptom relief Alive/Dead

1 PR Pain Disappeared D
2 SD Pain and dysphagia Improved D
3 PR None D
4 SD None D
5 SD Dysphagia Improved A
6 SD None A
7 SD Dysphagia Improved D
8 SD Obstructive jaundice with PTCD D (treatment-related)
9 SD None D
10 SD None D

PR, partial response; SD, stable disease; PTCD, percutaneous transhepatic cholangiodrainage.

Figure 2. Overall survival. Circles indicate the censored cases. 



difference from conventional 5-FU-based regimens. Recently,
S-1 plus low-dose cisplatin combined with RT has been
reported to show a high response rate of 65%  as an initial
treatment for incurable or unresectable AGC (23).

Docetaxel is another potent radiosensitizer as well as
being an active agent for AGC. Through its synchronization
of the cell cycle to the G2/M phase (19), docetaxel shows
synergistic effect with RT on cancer cells (20, 21). When
used concurrently with RT, docetaxel is usually administered
on a weekly basis at a dose of 10-20 mg/m2/week (17, 18).
Weekly docetaxel is considered to inhibit progression of the
tumor by shortening the interval between drug
administration, and is known to show a better overall
tolerability profile than 3-week dosing (24).

In anticipation of additive radiosensitizing effects as well
as tumoricidal effects by both S-1 and docetaxel, we
combined these two drugs with RT in patients with recurrent
gastric cancer refractory to first-line chemotherapy. 

The overall toxicity of this combination therapy was
highly acceptable, as shown in Table II. Hematological
toxicities were favorable except for grade 4 anemia which
was related to a TRD. Non-hematological toxicities were
also mild, apart from grade 3 asthenia observed in only one
patient. In a recent phase II study of S-1 plus cisplatin
combined with RT for AGC, the incidence of adverse
reactions above grade 3 was 6.7%  for anemia, 66.7%  for
leukopenia, 33.3%  for thrombocytopenia, 6.7%  for
diarrhea, 23.3%  for anorexia, 23.3%  for nausea, and 6.7%
for renal dysfunction, including 13.3%  for grade 4 bone
marrow toxicity (23). Likewise, a high incidence of grade 4
toxicities over 20%  was reported when continuous infusion
of 5-FU plus weekly paclitaxel was given concurrently with
RT preoperatively (10). Although there are limitations to
comparing different studies because of variations in the
agents, dosage and schedule of chemotherapy, as well as
the extent of prior treatment, the toxicity profile of this
combination therapy seems highly acceptable compared
with those reported in other studies. Such a low toxicity
profile enabled the high relative dose intensity of
chemotherapeutic agents and RT obtained in this
combination therapy.

However, of note, one TRD was observed in this study. A
76-year-old female, who had a percutaneous transhepatic
cholangiodrainage (PTCD) tube inserted in the radiation field
because of obstructive jaundice due to lymph node
recurrence, developed TRD accompanied by melena and
grade 4 anemia. Although the origin of gastrointestinal (GI)
bleeding was unknown because the patient received neither
endoscopy nor angiography, RT might had been implicated
as bleeding from the PTCD tube placed in the radiation field
was observed. The incidence of GI complications associated
with RT delivered to the right upper quadrant of abdomen has
been reported to be 5.9%  for gastric ulcer, 9.2%  for duodenal

ulcer, 5.9%  for gastroduodenitis, 1.3%  for perforation, 7.2%
for bleeding, and 0.7%  for fatal bleeding in patients with
irradiated hepatocellular carcinoma (25). In addition, when
delivering CRT, careful management of the patient is needed
to monitor the safety of the treatment, especially in patients
with mechanical devices present in the radiation field. As for
the irradiated patients with esophageal stenting for advanced
esophageal cancer, high morbidity rates are reported,
including formation or worsening of esophageal fistulae
(28% ), massive hematemesis or GI bleeding (21% ), and
TRD (21% ), with an overall grade 3-5 nonhematological
toxicity rate of 51%  (26). Considering the risk of life-
threatening complications during RT, palliative intubation of
mechanical devices in the radiation field might have to be
delayed until CRT appears to have failed. 

The objective response to treatment is shown in Table III.
A PR was achieved in 2 patients, while the remaining 8
patients showed SD. Although high pathological CR rates of
13-26%  as well as good response to CRT were observed
when it was delivered as an initial treatment for AGC (10,
23), the response rate (RR) of 20%  obtained in this study
might be reasonable, given that all the patients had failed to
respond to first-line chemotherapy. Significant correlations
have been reported between the response to first-line
chemotherapy and the response to subsequent CRT in
patients with head and neck cancer and non-small cell lung
cancer (27, 28). Generally, in patients with AGC refractory
to first-line chemotherapy, objective response to second-line
treatment is considered to be around 20%  (29-31). In
addition, it is of interest that an objective response to CRT
was achieved only in patients with intestinal-type GC. The
associations of intestinal-type GC with good response to
CRT and better OS by CRT have already been reported
elsewhere (12, 32).

Patients were also assessed for symptom relief.
Satisfactory palliation of clinical symptoms such as pain and
dysphagia was achieved in all patients. The three most
frequent symptoms caused by AGC are pain, bleeding
(hematemesis, melena), and obstruction (dysphagia,
vomiting) (32, 33). These can have a significant impact on a
patient’s quality of life. RT has been used to alleviate these
symptoms and control rates for pain, bleeding and
obstruction have been reported to be 25-86% , 54-70%  and
25-81% , respectively (32, 33). 

The MST of all patients recruited into this study was 297
days from the commencement of CRT, as shown in Figure 2.
This result is considered acceptable because MST obtained
by second-line chemotherapy has been reported to be 8-9
months in patients with AGC refractory to first-line
chemotherapy (29-31). In addition, the MST of 10 months
shown in this study was comparable to the period of 12-14
months previously reported in patients with unresectable GC
treated with CRT as first-line treatment (34, 35).
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In conclusion, S-1 plus weekly docetaxel combined with
concurrent RT was demonstrated to exhibit a tolerable
toxicity profile with sufficient palliation of clinical symptoms
and prolonged survival in patients with unresectable or
recurrent GC refractory to first-line chemotherapy. Despite
the limited number of patients treated in this study, we believe
that this regimen could be a candidate for additional testing in
phase II trials, paying careful consideration to the added risk
of life-threatening complications associated with palliative
intubation of mechanical devices in the radiation field.
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