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Abstract
Background This study was conducted to determine the
optimal dosage of the docetaxel-capecitabine-cisplatin (DXP)
regimen and to evaluate its eYcacy and safety in patients
with advanced gastric cancer.
Methods Patients with advanced gastric or esophagoga-
stric junctional adenocarcinoma received capecitabine
(days 1–14) and intravenous docetaxel and cisplatin (day 1)
every 3 weeks.
Results In the phase I study, 15 patients were treated with
4 diVerent dose levels. Asthenia and neutropenic fever
were the dose-limiting toxicities. For the phase II study,
1,125 mg/m2 of capecitabine was initially recommended
with 60 mg/m2 docetaxel and 60 mg/m2 cisplatin. How-
ever, frequent dose modiWcations at this dose level resulted
in a Wnal optimal dose of 937.5 mg/m2 capecitabine.
Among the 40 patients enrolled in the phase II study, 4
complete and 23 partial responses were observed, present-
ing objective response rate of 68%. Ten patients achieving
good response with complete disappearance of distant
metastases underwent surgery, and 4 pathologic complete
responses were identiWed. After the median follow-up of

83.7 months (range, 20.2–86.5) in surviving patients, the
median overall survival was 14.4 months and median pro-
gression-free survival was 7.6 months. The most frequent
grade 3/4 adverse events were neutropenia (62.5%) and
asthenia (37.5%). Ten per cent of the patients experienced
neutropenic fever, with one case of sepsis-induced death.
Conclusion DXP displays considerable antitumor activ-
ity, and may thus present eVective Wrst-line treatment for
advanced gastric cancer. Further investigation of the
eYcacy and safety of this regimen in both Wrst-line and
neoadjuvant settings is warranted.
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Introduction

The prevalence of gastric cancer has declined dramatically
over the past century in some countries, but the disease
remains the second leading cause of cancer-related death
on a global scale [1, 2]. Although the incidence of gastric
cancer is relatively low in the US, Canada and Australia, it
poses a serious health problem in Asia, South America and
Eastern Europe [3]. A high proportion of patients present
with unresectable locally advanced or metastatic disease at
diagnosis, and local and distant relapses are common even
after complete surgical resection. Palliative chemotherapy
oVers improved survival outcomes, compared with best
supportive care alone, for advanced gastric cancer (AGC)
patients, but response rates remain low (approximately
50% or less) and the duration of survival is disappointingly
short (median of approximately 9–10 months) [4]. To
improve these poor results, combination chemotherapy
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using established or novel cytotoxic agents has been the
focus of many clinical trials, because combination regi-
mens seemed to achieve better results than single-agent
regimens [5].

Since promising eYcacy of the Xuorouracil–cisplatin
(FP) regimen has been shown in phase II trials [6, 7], and
conWrmed in subsequent phase III trials [8, 9], this regimen
has been taken as reference treatment for chemotherapy-
naive patients with AGC. Combination therapy incorporat-
ing docetaxel into the FP regimen (DCF) was investigated
in a randomized phase III V325 study, with the aim of
improving the anti-tumor activity of FP. The data showed
signiWcantly increased time to progression, survival, and
response rate [10]. However, substantial toxicities (82%
grade 3/4 toxicities and 29% neutropenic fever) have lim-
ited the use of this drug combination as standard chemo-
therapy in daily clinical practice [10]. Thus, modiWcation of
DCF regimen was necessary to improve the safety proWles
and to be applied to more patients.

On the other hand, the FP and DCF regimens involve
the continuous infusion of Xuorouracil, which requires
placement of a central venous access device. This is an
inconvenient process associated with additional costs and
morbidity. Recently, capecitabine (Xeloda, F.HoVmann-La
Roche Ltd.), an oral Xuoropyrimidine presenting 20–30%
response rate and favorable tolerability in several phase II
trials for AGC patients as a single agent [11–13], has been
investigated as an alternative to intravenous Xuorouracil. A
previous phase II study on the capecitabine and cisplatin
(XP) combination regimen revealed comparable eYcacy
(response rate, 54.5%, and overall survival, 10.1 months)
and tolerability as Wrst-line AGC therapy in relation to the
FP regimen [14].

In this phase I/II study, we modiWed the DCF regimen by
substituting capecitabine for intravenous Xuorouracil and
adjusting the doses of docetaxel and cisplatin. The purpose
of this study was to determine the recommended dose
(phase I), and further evaluate the eYcacy and safety (phase
II) of the docetaxel-capecitabine-cisplatin (DXP) combina-
tion regimen in chemotherapy-naive patients with AGC.

Materials and methods

Patient characteristics

Patients with histologically or cytologically documented
gastric or esophagogastric junctional adenocarcinoma were
considered eligible if they met the following inclusion cri-
teria: age between 18 and 70 years, non-resectable disease
owing to metastatic or recurrent disease after curative
resection, Eastern Cooperative Oncology Group (ECOG)
performance status of 0–2, adequate bone marrow, renal

and liver function, no prior chemotherapy or radiotherapy,
and life expectancy of >3 months. Patients with gastric out-
let or intestinal obstruction or evidence of gastrointestinal
bleeding were excluded. For the phase II study, at least one
measurable lesion was required, according to the Response
Evaluation Criteria In Solid Tumors (RECIST) [15]. The
protocol was approved by the institutional review board of
Asan Medical Center, and all patients provided written
informed consent before enrollment.

Treatment schedule

The predeWned dose escalation scheme in the phase I part
consists of 4 levels as follows; level 1, capecitabine (X)
937.5 mg/m2 twice daily, docetaxel (D) 60 mg/m2 on day 1
and cisplatin (P) 60 mg/m2 on day1; level 2, X1,125 mg/m2, D
60 mg/m2 and P 60 mg/m2; level 3, X1,125 mg/m2,
D 75 mg/m2 and P 60 mg/m2; level 4, X1,250 mg/m2, D
75 mg/m2, and P 60 mg/m2, respectively. Standard 3 + 3
method was used and a minimum of 3 patients were treated
at each dose level.

Capecitabine was administered orally twice daily with a
standard intermittent schedule (14 days of treatment, fol-
lowed by a 7-day rest period every 3 weeks). The Wrst dose
was administered after infusion of both cisplatin and doce-
taxel (i.e., on the evening of day 1). Docetaxel was pro-
vided as a 1-hour intravenous infusion on day 1 of each
cycle, repeated every 3 weeks. As prophylaxis for potential
docetaxel hypersensitivity reactions, 8 mg of oral dexa-
methasone was administered twice daily (or equivalent) for
3 days, prior to docetaxel infusion at day 1. Cisplatin was
administered 3 h after the completion of docetaxel infusion
as a 1-hour intravenous infusion in 500 mL of saline with
a standard hydration method, repeated every 3 weeks.
Patients additionally received antiemetic therapy consisting
of intravenous ondansetron (8 mg) and dexamethasone
(10 mg). Prophylactic use of colony-stimulating factors
was not permitted. Treatment was continued at the discre-
tion of the investigator until evidence of progression,
unacceptable toxicity, or patient request for withdrawal.
A maximum of 12 cycles of treatment was provided.

Maximum tolerated dose (MTD) was determined based
on toxicity data from the Wrst cycle. Dose-limiting toxicities
(DLTs) were deWned as follows: granulocytes <0.5 £ 109/L
for more than 5 days, granulocytes <1.0 £ 109/L with
fever, grade 4 thrombocytopenia or any other non-hemato-
logical grade 3/4 toxicity (excluding alopecia) that did not
improve to at least grade 1 within 2 days of instituting the
appropriate therapy or leading to the interruption of cape-
citabine or delayed docetaxel and cisplatin treatment for
more than 2 weeks. If one of three patients experienced
DLT, three additional patients were entered for treatment at
that dose level. Dose escalation was continued until two or
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more of six patients experienced DLTs. This dose level was
deWned as MTD. We employed the dose level below MTD
for the phase II study. Patients not previously subjected to
surgery showing good response (i.e., disappearance of all
the metastatic lesions in imaging studies) were oVered
resection of the primary tumor in the stomach.

Evaluation of safety and dose modiWcations

Adverse events were evaluated before each treatment cycle
according to the National Cancer Institute Common Toxic-
ity Criteria, version 2.0. Hand-foot syndrome (HFS) was
assessed using the previously described 3-grade system
[14]. All patients were reviewed approximately 1 month
after the last cycle to document any late adverse eVects.

For commencement of each treatment cycle, patients
were required to have a white blood cell count of
¸3.0 £ 109/L, absolute neutrophil count of ¸1.0 £ 109/L,
platelet count of ¸100 £ 109/L and resolution of non-
hematological toxicities to grade 1 or better. A treatment
delay of up to 1 week was permitted without dose reduc-
tion. Doses were modiWed in the phase II study based
on the predeWned guideline. BrieXy, capecitabine and
docetaxel were reduced by 25% at neutrophil counts of
1.0–1.5 £ 109/L or platelet counts of 75–100 £ 109/L.
Docetaxel and cisplatin were reduced by 25% for grade 2
neuropathy, and discontinued in case of grade 2 neuropathy
lasting more than 3 weeks or grade 3/4 neuropathy.
Cisplatin was reduced by 50% in case of serum creatinine
1.5–2.0 mg/dL, and discontinued at >2.0 mg/dL, following
treatment delay of 1 week with hydration. Capecitabine
was reduced by 25% for grade 3 stomatitis or diarrhea.
Patients with HFS were managed according to the schedule
outlined by Kim et al. [14].

Evaluation before and during treatment

Prior to participation in the study, patients underwent a
number of assessments, including history, physical
examination, complete blood count with diVerential
counts, serum chemistry, electrolytes, determination of
coagulation parameters, urinalysis, electrocardiography,
chest X-ray, and computed tomography (CT) scanning
of the abdomen and pelvis. Other investigations, such as
bone scan and chest CT scan were performed if clinically
indicated metastatic disease. Physical examinations,
chest X-rays, complete blood count with diVerential
counts, and chemistry tests were repetitively performed
prior to each chemotherapy cycle. Patients with docu-
mented progressive disease were monitored every
3 months until death.

Tumor response, the primary end-point for the phase II
study, was evaluated every 2 cycles according to RECIST

criteria using the same imaging technique as at baseline
[15]. Complete or partial responses (PR) were conWrmed at
least 4 weeks later. Secondary endpoints included overall
and progression-free survival (PFS). PFS was measured
from the start of treatment to documented tumor progres-
sion or death from any cause, whichever occurred Wrst.
Overall survival (OS) was calculated from the start of treat-
ment to the date of last follow-up or death. Response dura-
tion was measured from the initiation of treatment to
documented tumor progression.

Statistical analysis

The phase II study was conducted using the one-sample
two-stage testing design of Fleming and Simon [16, 17]. At
the Wrst stage, if there were fewer than Wve responses out of
the initial 16 patients, the anticipated response rate was
expected to be less than 30%, and the study was conse-
quently terminated. Therefore, the probability of accepting
therapy with a real response rate of less than 30% and the
risk of rejecting treatment with a response rate of more than
40% would be less than 10% in both cases. Assuming a
dropout rate of 20% (due to protocol non-compliance), a
total of 41 patients were required. PFS, overall survival and
duration of response were estimated using the Kaplan–
Meier method.

Results

Phase I study

In total, 15 patients were recruited for the phase I study.
Groups comprising 3 patients each received DXP at dose
levels I, II and IV, and 6 patients were administered DXP at
dose level III. The baseline characteristics of these patients
are presented in Table 1.

The primary dose-limiting toxicities for the DXP regi-
men were asthenia and neutropenic fever (Table 2). Dur-
ing the 1st cycle, no DLT was observed at dose level I and
II. At dose level III, a DLT was noted in 1 patient out of 3.
So, three more patients were enrolled at dose level III but
no more DLT was observed. Dose was escalated to level
IV, and DLT was observed in 2 patients out of 3 enrolled
at dose level IV. So, according to the protocol, dose level
IV was MTD, and thus dose level III should become rec-
ommended dose. However, during the 2nd cycle of che-
motherapy, 3 patients experienced DLTs at dose level III,
which made us redeWne dose level III as the MTD. And,
Wnally, dose level II (capecitabine 1,125 mg/m2 twice
daily for 14 days, docetaxel 60 mg/m2 and cisplatin
60 mg/m2 on day 1) was recommended for the phase II
study.
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Phase II study

The baseline characteristics of the 40 patients enrolled in
the phase II trial are presented in Table 1. Although level II
was determined as the recommended dose based on the
phase I study, many patients required dose modiWcations
owing to toxicities during subsequent cycles, and the actual
dose intensity of capecitabine at this level was approxi-
mately 80%, equivalent to that for dose level I. Accord-

ingly, we decided to modify the recommended dose to level
I (capecitabine 937.5 mg/m2 twice daily for 14 days, doce-
taxel 60 mg/m2 and cisplatin 60 mg/m2 on day 1). As a
result, dose level II was used to treat 17 patients and the
subsequent 23 patients received dose level I. Median 6
(range, 1–11) cycles of chemotherapy were administered.
Ten patients (25%) underwent surgery after achieving com-
plete disappearance of distant metastatic lesions with
median 6 chemotherapy cycles (range, 4–9).

Table 1 Baseline patient 
characteristics

Characteristic Phase I Phase II

N (total = 15) % N (total = 40) %

Median age, years (range) 55 (24–64) 53 (33–68)

Male gender 9 60.0 28 70.0

ECOG performance status

0 0 0 4 10.0

1 14 93.0 30 75.0

2 1 7.0 6 15.0

Disease location

Cardia 1 7.0 1 2.5

Corpus 6 40.0 13 32.5

Antrum 8 53.0 24 60.0

DiVuse 0 0 2 5.0

Extent of disease

Metastatic 15 100 32 80.0

Recurrent 0 0 4 10.0

Locally advanced 0 0 4 10.0

Metastatic sites

Liver 6 40.0 20 50.0

Lung 1 7.0 2 5.0

Cervical lymph node 2 13.0 8 20.0

Abdominal lymph node 10 67.0 28 70.0

Peritoneum 6 40.0 8 20.0

Previous surgery 3 20.0 5 12.5

Table 2 Grade 3/4 adverse events in phase I portion (n = 15)

a Capecitabine/docetaxel/cisplatin doses in mg/m2; capecitabine given twice daily

() number of patients experiencing adverse events at 2nd cycle

Grade Dose level [no. of patients]

I II III IV

(937.5/60/60)a (1125/60/60)a (1125/75/60)a (1250/75/60)a

[n = 3] [n = 3] [n = 6] [n = 3]

3 4 3 4 3 4 3 4

Neutropenia 2 (2) 0 (1) 1 (1) 0 (1) 2 (1) 0 (2) 0 0

Neutropenic fever 0 (1) 0 (0) 0 (0) 0 (0) 0 (3) 1 (0) 0 0

Thrombocytopenia 0 0 0 0 0 0 0 0

Asthenia 0 0 0 0 1 (2) 0 2 (1) 0
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EYcacy and survival

In total, 36 patients were evaluable in terms of treatment
eYcacy, and 4 patients could not be evaluated (3 withdrew
consent and the 1 was lost to follow-up after one cycle of
chemotherapy) (Table 3). Four complete and 23 PR were
observed with DXP, providing an overall response rate of
68% (95% conWdence intervals [CI], 53–83%) according to
intention-to-treat analysis. And, there was no signiWcant
diVerence in response rate between patients treated at dose
level I and II (69.6 and 64.7%, respectively). The median
follow-up duration of surviving patients was 83.7 months
(range, 68.7–86.5). Median overall survival was deter-
mined as 14.4 months (95% CI, 7.3–21.5) and median PFS
as 7.6 months (95% CI, 6.9–8.4) (Fig. 1). In 27 patients
showing response, the median response duration was
8.9 months (95% CI, 6.7–11.1). Details and survival curves
of the 10 patients subjected to surgery after achieving com-
plete response of distant metastasis are presented in
Table 4; Fig. 2. Following surgery, the surgical specimens
of 4 patients revealed pathologic complete response (CR).
Among these 4 patients achieving pathologic CR, 3 patients
are alive for 66–79 months without evidence of tumor.
Another one patient with pathologic PR is also disease
free and alive for 69 months. The patients who underwent

surgical resection of primary gastric tumor after DXP
chemotherapy had signiWcantly superior PFS (P = 0.002)
and OS (P = 0.006) to those who had DXP chemotherapy
alone.

Adverse events

The frequencies of treatment-related hematological and
non-hematological adverse events are summarized in
Table 5. The most common treatment-related grade 3 clini-
cal adverse events were asthenia, vomiting and constipation
occurring in 37.5, 17.5 and 17.5% patients, respectively.
Despite frequent development of HFS (82.5%), grade 3
HFS was observed only in one patient (2.5%). Grade 3 or 4
neutropenia was reported in 62.5% patients. Four (10%)
patients experienced neutropenic fever, and one neutrope-
nia-related death was recorded. Severe anemia and throm-
bocytopenia occurred in 10 and 7.5% of patients,
respectively (grade 3). Among the 36 patients continuing
treatment for more than 1 cycle, dose reduction was
required for 28 (78%) individuals and treatment was inter-
rupted over 7 days in 17 (47%) patients.

Discussion

Our results suggest that the DXP regimen in this study is
highly active as Wrst-line treatment in AGC patients. This
regimen showed good eYcacy, with an objective response
rate of 68%, median PFS of 7.7 months, and median OS of
14.4 months. The eYcacy of DXP may be due to the addi-
tive antitumor activity of the constituent agents reported in
preclinical and early clinical studies [14, 18–20].

These Wndings are pertinent in view of data obtained
from a large phase III trial comparing the eYcacy of DCF
with FP in chemotherapy-naïve AGC patients [10]. The
earlier study reported a statistically superior response
rate (37%) and time to progression (5.6 months) as well as
clinically signiWcant prolongation of overall survival
(9.2 months) with the docetaxel-containing regimen.
Although it is diYcult to compare directly, DXP triplet
seem to induce an improved response rate (68 vs. 55%) and
median OS (14.4 vs. 10.1 months), compared with XP dou-
blets [14], suggestive of a signiWcant contribution by doce-
taxel. Consistent with previous trials showing that oral
capecitabine is similar or superior to intravenous Xuoroura-
cil [21–23], the eYcacy data obtained with DXP in the
present study seem to be superior to those generated with
DCF reported by Van Cutsem et al. [10], in terms of overall
response rate (68 vs. 39%) and overall survival (14.4 vs.
10.2 months). Although these results require further conWr-
mation in a larger group of patients, they clearly support the
theory that the infused Xuorouracil component of DCF can

Table 3 Antitumor eYcacy in the phase II study (n = 40)

No. of patients % 95% CI

Overall response rate 27 68 52–83

Complete response (conWrmed) 4 10 0–20

Partial response (conWrmed) 23 58 41–74

Stable disease 8 20 7–33

Progressive disease 1 3 0–8

Not evaluable 4 10 0–20

Fig. 1 Progression-free survival and overall survival in the phase II
study
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be eVectively replaced with capecitabine, similar to the case
of epirubicin-cisplatin-Xuorouracil (ECF) [21].

Despite the more severe toxicity proWle of DXP than XP
in terms of grade 3/4 neutropenia (62.5 vs. 32.5%) and
neutropenic fever (10 vs. 0%) [14], the DXP regimen
presented more favorable hematologic toxicity compared
with the DCF regimen. SpeciWcally, grade 3/4 neutropenia

was observed in 62.5% and neutropenic fever in 10%
patients, compared to 82 and 29% patients, respectively, in
the V325 study with DCF [10]. This reduced risk of infec-
tion is of course attributed to reduced dose of docetaxel and
cisplatin employed in DXP regimen. In addition to DXP,
several regimens have been evaluated to improve the safety
proWle and maintain the eYcacy of DCF, including the use
of oral Xuoropyrimidine or oxaliplatin for infusional Xuoro-
uracil or cisplatin, modiWed form of DCF at reduced dos-
ages [24, 25], docetaxel-capecitabine-oxaliplatin (DXO)
[26], and docetaxel-S1-oxaliplatin (DSO) [27].

Interestingly, compared to a previous study in which
patients were administered XP alone [14], the higher
response rate achieved in the present study by adding doce-
taxel to the XP regimen enabled a higher proportion of
patients to undergo gastrectomy (25 vs. 5%). Although this
was not a predeWned objective of the phase II study, it is
important to acknowledge the improved survival outcomes
observed in the 10 patients who received DXP followed by
surgery, compared with those administered DXP alone.
Among these individuals, pathologic CR was achieved in 4
patients and long-term disease-free survival over 5 years in
4 patients (3 pathologic CR), implying cure of disease.
Based on these Wndings, which strongly support the value
of the DXP regimen in a neoadjuvant setting, we performed
a phase II study involving DXP therapy for patients with
locally advanced disease, isolated para-aortic lymph node,
and limited peritoneal metastasis. In this study, a complete
resection rate of 71% was found for patients with locally
advanced disease who had been administered DXP [28].
Furthermore, a complete resection rate of 70% was
obtained for patients with isolated para-aortic lymph node
involvement (categorized as distant metastasis) who
received DXP [28]. This result, together with previous Wnd-
ings indicating that patients with isolated para-aortic lymph
node metastasis have a more favorable prognosis compared
with those with metastases to other sites [28, 29], suggests
that triplet regimens with high anti-tumor activity could be

Table 4 Overview of patients 
who received DXP followed by 
surgery (n = 10)

Age (years)/
sex

Initial 
clinical stage

Cycles of DXP 
prior to surgery

Response 
to DXP

Pathological 
stage at surgery

Postoperative 
status

47/F M1:PA LN 6 PR pT2N0M0 NED for 69 mo

35/F M1:PA LN 4 PR pT4N2M0 PD after 3 mo

60/M M1:PA LN 7 PR pT2N1M0 PD after 23 mo

49/F M1:PA LN 8 CR NED NED for 79 mo

64/M LA:HD LN 6 CR NED PD after 2 mo

71/M M1:Liver 7 PR pT2N1M0 PD after 9 mo

45/F M1:PA SC LN 9 PR NED NED for 74 mo

38/M M1:Liver PA LN 6 PR pT4N0M0 PD after 3 mo

59/M M1:PA LN 5 PR M1:peritoneum PD after 3 mo

61/M LA:GC LN 4 PR NED NED for 66 mo

GC greater curvature, F female, 
HD hepatoduodenal, LA locally 
advanced, LN lymph node, 
M male, M1 metastasis, mo 
months, NED no evidence of 
disease/residual disease, 
PA paraaortic, PD progressive 
disease, SC supraclavicular

Fig. 2 Progression-free survival (a) and overall survival (b) in
patients receiving DXP alone (n = 30) and DXP followed by surgery
(n = 10)
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recommended for this patient group with locally advanced
tumor or isolated paraaortic lymph node metastasis at the
expense of the associated toxicities.

At present, the issue of whether the DXP triplet regimen
is more eVective than the Xuoropyrimidine-platinum dou-
blet regimen for the general AGC population in a palliative
setting is unclear, because DXP presents considerable dis-
advantages in terms of safety. A previous phase II study
shows that docetaxel is eVective in patients displaying
treatment failure outcome with a Xuoropyrimidine and plat-
inum combination regimen (disease control rate of 57.1%,
median TTP of 2.5 months, and median OS of 8.3 months)
[30]. Thus, one reasonable option may be to reserve doce-
taxel for patients who fail to respond to doublet therapy.
Sequential treatment (i.e., XP ! docetaxel) may compen-
sate for the inferior activity of the doublet and reduce safety
concerns, compared to the triple combination regimen. In
view of the large numbers of patients receiving second-line
chemotherapy in Asian countries, particularly Korea [31]
and Japan [32], this approach may be more suitable for this
geographic area, compared with Western countries. How-
ever, this proposal should be considered cautiously, as to
date no studies have compared the triple combination and
sequential therapies.

On the other hand, in the era of targeted therapy, the
ToGA trial disclosed signiWcantly improved outcomes in
HER2-overexpressing gastric cancer [33]. Moreover, sev-
eral clinical trials on targeted agents are ongoing for AGC

[34]. Current trials selectively focus on doublet regimens as
partners for targeted agents, mainly due to possible addi-
tional toxicities. However, DXP as well as other triplets
may be useful as combination regimens with targeted
agents in a neoadjuvant setting, which requires greater
activity for downstaging.

The recommended dose of DXP regimen, which was
originally deWned in phase I part, was modiWed right after
phase I and during phase II study, because of cumulative
toxicities during subsequent cycles such as asthenia and
neutropenic fever. This modiWcation was inevitable to
maintain the relative dose intensities of chemotherapy and
treatment compliance. The eYcacy and tolerability of DXP
dose, which was Wnally determined in this study, was veri-
Wed in the other phase II study [28]. Because phase I studies
usually deWne MTD after Wrst cycle of chemotherapy,
cumulative toxicities which limit tolerability during whole
treatment period might not be deWnite at this point. There-
fore, this should be considered in conducting the phase I
dose-Wnding study. Based on this experience, we assessed
toxicities of Wrst two treatment cycles for determination of
MTD in several phase I studies [26, 35].

In conclusion, data from our phase I/II study strongly
suggest that DXP is an active regimen that can be eVec-
tively applied as Wrst-line treatment for advanced gastric
cancer. However, further clinical trials to evaluate the
eYcacy and safety of this regimen in both Wrst-line therapy
and the neoadjuvant setting are clearly warranted.

Table 5 Adverse events in the 
phase II study (n = 40)

Adverse event Grade 1 Grade 2 Grade 3 Grade 4

No. of 
patients

% No. of 
patients

% No. of 
patients

% No. of 
patients

%

Hematologic toxicity

Leukopenia 5 12.5 14 35.0 14 35.0 2 5.0

Neutropenia* 2 5.0 7 17.5 14 35.0 11 27.5

Anemia 14 35.0 20 50.0 4 10.0 0 0.0

Thrombocytopenia 6 15.0 6 15.0 3 7.5 0 0.0

Non-hematologic toxicity

Asthenia 7 17.5 16 40.0 15 37.5 0 0.0

Nausea 18 45.0 12 30.0 5 12.5 0 0.0

Vomiting 9 22.5 10 25.0 7 17.5 0 0.0

Stomatitis 13 32.5 17 42.5 3 7.5 0 0.0

Diarrhea 21 52.5 9 22.5 1 2.5 0 0.0

Constipation 10 25.0 10 25.0 7 17.5 0 0.0

Neuropathy 15 37.5 9 22.5 4 10.0 0 0.0

Hand-foot syndrome 21 52.5 11 27.5 1 2.5 0 0.0

Nail toxicity 10 25.0 11 27.5 0 0.0 0 0.0

Edema 11 27.5 5 12.5 0 0.0 0 0.0

Abdominal pain 3 7.5 8 20.0 5 12.5 0 0.0* Neutropenia includes 
neutropenic fever (10%)
123



1442 Cancer Chemother Pharmacol (2011) 67:1435–1443
ConXict of interest Yoon-Koo Kang: Consultant for Roche and
SanoW-Aventis and honoraria for Roche and SanoW-Aventis.

References

1. Terry MB, Gaudet MM, Gammon MD (2002) The epidemiology
of gastric cancer. Semin Radiat Oncol 12:111–127

2. Parkin DM, Bray F, Ferlay J, Pisani P (2005) Global cancer statis-
tics, 2002. CA Cancer J Clin 55:74–108

3. Ajani JA, Takiuchi H (1999) Recent developments in oral chemo-
therapy options for gastric carcinoma. Drugs 58(Suppl 3):85–90

4. Chang JC (1994) Perspectives on stomach cancer. J Korean Med
Sci 9:277–280

5. Wagner AD, Grothe W, Haerting J, Kleber G, Grothey A,
Fleig WE (2006) Chemotherapy in advanced gastric cancer: a
systematic review and meta-analysis based on aggregate data.
J Clin Oncol 24:2903–2909

6. Lacave AJ, Baron FJ, Anton LM, Estrada E, De Sande LM,
Palacio I et al (1991) Combination chemotherapy with cisplatin
and 5-Xuorouracil 5-day infusion in the therapy of advanced
gastric cancer: a phase II trial. Ann Oncol 2:751–754

7. Rougier P, Ducreux M, Mahjoubi M, Pignon JP, Bellefqih S,
Oliveira J et al (1994) EYcacy of combined 5-Xuorouracil and
cisplatinum in advanced gastric carcinomas. A phase II trial with
prognostic factor analysis. Eur J Cancer 30A:1263–1269

8. Kim NK, Park YS, Heo DS, Suh C, Kim SY, Park KC et al (1993)
A phase III randomized study of 5-Xuorouracil and cisplatin versus
5-Xuorouracil, doxorubicin, and mitomycin C versus 5-Xuoroura-
cil alone in the treatment of advanced gastric cancer. Cancer
71:3813–3818

9. Vanhoefer U, Rougier P, Wilke H, Ducreux MP, Lacave AJ, Van
Cutsem E et al (2000) Final results of a randomized phase III trial
of sequential high-dose methotrexate, Xuorouracil, and doxorubi-
cin versus etoposide, leucovorin, and Xuorouracil versus infusion-
al Xuorouracil and cisplatin in advanced gastric cancer: a trial of
the European Organization for Research and Treatment of Cancer
Gastrointestinal Tract Cancer Cooperative Group. J Clin Oncol
18:2648–2657

10. Van Cutsem E, Moiseyenko VM, Tjulandin S, Majlis A, Constenla
M, Boni C et al (2006) Phase III study of docetaxel and cisplatin
plus Xuorouracil compared with cisplatin and Xuorouracil as Wrst-
line therapy for advanced gastric cancer: a report of the V325
Study Group. J Clin Oncol 24:4991–4997

11. Hong YS, Song SY, Lee SI, Chung HC, Choi SH, Noh SH et al
(2004) A phase II trial of capecitabine in previously untreated pa-
tients with advanced and/or metastatic gastric cancer. Ann Oncol
15:1344–1347

12. Koizumi W, Saigenji K, Ujiie S, Terashima M, Sakata Y, Taguchi
T (2003) A pilot phase II study of capecitabine in advanced or
recurrent gastric cancer. Oncology 64:232–236

13. Sakamoto J, Chin K, Kondo K, Kojima H, Terashima M, Yamamura
Y et al (2006) Phase II study of a 4-week capecitabine regimen in
advanced or recurrent gastric cancer. Anticancer Drugs 17:231–236

14. Kim TW, Kang YK, Ahn JH, Chang HM, Yook JH, Oh ST et al
(2002) Phase II study of capecitabine plus cisplatin as Wrst-line che-
motherapy in advanced gastric cancer. Ann Oncol 13:1893–1898

15. Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS,
Rubinstein L et al (2000) New guidelines to evaluate the response
to treatment in solid tumors. European Organization for Research
and Treatment of Cancer, National Cancer Institute of the United
States, National Cancer Institute of Canada. J Natl Cancer Inst
92:205–216

16. Fleming TR (1982) One-sample multiple testing procedure for
phase II clinical trials. Biometrics 38:143–151

17. Simon R (1987) How large should a phase II trial of a new drug
be? Cancer Treat Rep 71:1079–1085

18. Ishitsuka H (2000) Capecitabine: preclinical pharmacology
studies. Invest New Drugs 18:343–354

19. Park YH, Ryoo BY, Choi SJ, Kim HT (2004) A phase II study of
capecitabine and docetaxel combination chemotherapy in patients
with advanced gastric cancer. Br J Cancer 90:1329–1333

20. Cassidy J, Tabernero J, Twelves C, Brunet R, Butts C, Conroy T
et al (2004) XELOX (capecitabine plus oxaliplatin): active Wrst-
line therapy for patients with metastatic colorectal cancer. J Clin
Oncol 22:2084–2091

21. Cunningham D, Starling N, Rao S, Iveson T, Nicolson M, Coxon
F et al (2008) Capecitabine and oxaliplatin for advanced esophag-
ogastric cancer. N Engl J Med 358:36–46

22. Kang YK, Kang WK, Shin DB, Chen J, Xiong J, Wang J et al
(2009) Capecitabine/cisplatin versus 5-Xuorouracil/cisplatin as
Wrst-line therapy in patients with advanced gastric cancer: a
randomised phase III noninferiority trial. Ann Oncol 20:666–673

23. Okines AF, Norman AR, McCloud P, Kang YK, Cunningham D
(2009) Meta-analysis of the REAL-2 and ML17032 trials: evalu-
ating capecitabine-based combination chemotherapy and infused
5-Xuorouracil-based combination chemotherapy for the treatment
of advanced oesophago-gastric cancer. Ann Oncol 20:1529–1534

24. Lorenzen S, Hentrich M, Haberl C, Heinemann V, Schuster T,
Seroneit T et al (2007) Split-dose docetaxel, cisplatin and leucovo-
rin/Xuorouracil as Wrst-line therapy in advanced gastric cancer and
adenocarcinoma of the gastroesophageal junction: results of a
phase II trial. Ann Oncol 18:1673–1679

25. Roth AD, Fazio N, Stupp R, Falk S, Bernhard J, Saletti P et al
(2007) Docetaxel, cisplatin, and Xuorouracil; docetaxel and
cisplatin; and epirubicin, cisplatin, and Xuorouracil as systemic
treatment for advanced gastric carcinoma: a randomized phase II
trial of the Swiss Group for Clinical Cancer Research. J Clin
Oncol 25:3217–3223

26. Sym SJ, Ryu MH, Kang HJ, Lee SS, Chang HM, Lee JL et al
(2010) Phase I study of 3-weekly docetaxel, capecitabine and
oxaliplatin combination chemotherapy in patients with previously
untreated advanced gastric cancer. Cancer Chemother Pharmacol
66:373–380

27. Zang DY, Yang DH, Kim MJ, Jang KM, Hwang SW, Yoo KS et al
(2009) Dose-Wnding study of docetaxel, oxaliplatin, and S-1 for
patients with advanced gastric cancer. Cancer Chemother Pharma-
col 64:877–883

28. Sym SJ, Chang HM, Ryu MH, Lee JL, Kim TW, Yook JH et al
(2010) Neoadjuvant docetaxel, capecitabine and cisplatin (DXP)
in patients with unresectable locally advanced or metastatic gastric
cancer. Ann Surg Oncol 17:1024–1032

29. Park IH, Kim SY, Kim YW, Ryu KW, Lee JH, Lee JS et al (2010)
Clinical characteristics and treatment outcomes of gastric cancer
patients with isolated para-aortic lymph node involvement. Cancer
Chemother Pharmacol. doi:10.1007/s00280-010-1296-y

30. Lee JL, Ryu MH, Chang HM, Kim TW, Yook JH, Oh ST et al
(2008) A phase II study of docetaxel as salvage chemotherapy in
advanced gastric cancer after failure of Xuoropyrimidine and
platinum combination chemotherapy. Cancer Chemother Pharma-
col 61:631–637

31. Moon YW, Rha SY, Jeung HC, Kim C, Hong MH, Chang H et al
(2010) Outcomes of multiple salvage chemotherapy for advanced
gastric cancer: implications for clinical practice and trial design.
Cancer Chemother Pharmacol. doi:10.1007/s00280-010-1295-z

32. Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi M
et al (2008) S-1 plus cisplatin versus S-1 alone for Wrst-line treat-
ment of advanced gastric cancer (SPIRITS trial): a phase III trial.
Lancet Oncol 9:215–221

33. Van Cutsem E, Kang Y, Chung H, Shen L, Sawaki A, Lordick F
et al (2009) EYcacy results from the ToGA trial: a phase III study
123

http://dx.doi.org/10.1007/s00280-010-1296-y
http://dx.doi.org/10.1007/s00280-010-1295-z


Cancer Chemother Pharmacol (2011) 67:1435–1443 1443
of trastuzumab added to standard chemotherapy (CT) in Wrst-line
human epidermal growth factor receptor 2 (HER2)-positive ad-
vanced gastric cancer (GC). J Clin Oncol 27: Abstract LBA4509

34. Kang YK, Yoon DH, Ryoo BY, Ryu MH (2010) Recent advances
in chemotherapy for advanced gastric cancer. APJOH 2(1):67–74

35. Lee JL, Kang HJ, Kang YK, Ryu MH, Chang HM, Kim TW et al
(2008) Phase I/II study of 3-week combination of S-1 and cisplatin
chemotherapy for metastatic or recurrent gastric cancer. Cancer
Chemother Pharmacol 61:837–845
123


	Phase I/II study of a combination of docetaxel, capecitabine, and cisplatin (DXP) as Wrst-line chemotherapy in patients with advanced gastric cancer
	Abstract
	Introduction
	Materials and methods
	Patient characteristics
	Treatment schedule
	Evaluation of safety and dose modifications
	Evaluation before and during treatment
	Statistical analysis

	Results
	Phase I study
	Phase II study
	Efficacy and survival
	Adverse events

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


