
Abstract. Advanced or metastatic gastric cancer, which is
one of the most common malignancies in Korea, is difficult
to cure by surgery alone and generally requires combination
chemotherapy. Paclitaxel is active against gastric cancer and
when combined with 5-fluorouracil/leucovorin and/or
cisplatin is effective in the treatment of gastric cancer. We
attempted to determine the effect and safety with the
combination of paclitaxel with split cisplatin and 5-fluo-
rouracil/leucovorin in advanced or metastatic gastric cancer.
Patients with histologically-proven locally advanced/metas-
tatic or recurrent gastric cancer with an ECOG performance
status 0-2 were enrolled. The patients received 135 mg/m2

of paclitaxel as a 3-h intravenous infusion on day 1 and 5-
fluorouracil (1200 mg/m2) plus leucovorin (20 mg/m2) as an
intravenous infusion over 12 h plus cisplatin (30 mg/m2) by
continuous intravenous infusion on days 1-3, every 21 days.
Between September 2003 and April 2005, 30 patients (26
evaluable patients) with a median age of 57 years (range
34-74) were enrolled and underwent 111 completed treatment
cycles (a median of 3 cycles per patient). Of the evaluable
patients, 12 patients showed a partial response and 8 patients
had stable disease. The overall response rate was 46.2%.
The median progression-free survival was 5.6 months (95%
CI. 3.76-7.4 months), and the median overall survival was
9.6 months (95% CI. 6.67-12.47 months). The hematologic
and non-hematologic toxicities were tolerable. The grade

III and IV hematologic toxicities were anemia (6.8%) and
neutropenia (2.6%). Febrile neutropenia was observed in 1
patients and 1 cycle. Other hematologic toxicities and grade
III and IV non-hematologic toxicities, except nausea (66.7%)
and vomiting (33.3%) were uncommon and not severe.
TPFL combination chemotherapy is effective and tolerable
with acceptable toxicities in patients with advanced/metas-
tatic, recurrent gastric cancer.

Introduction

Gastric cancer is one of the leading causes of cancer death
in Korea and Asian countries and is the most common
malignant tumor in Korea (1). Surgery is the only effective
treatment modality for localized resectable cases, but 65
to 75% of the patients with gastric cancer have advanced
disease (1). The outcome of patients who present with
metastatic or inoperable, locally advanced disease, as well as
those with post-operative recurrence, is poor. The median
survival time for such patients, if untreated, is <5 months
(2). Chemotherapy has demonstrated a survival benefit and
a positive impact on the quality of life for the patients with
metastatic or unresectable gastric cancer according to many
randomized studies (2). Thus, chemotherapy for advanced
gastric cancer is now widely accepted. Although there is no
generally accepted standard regimen, a number of chemo-
therapy regimens, such as 5-fluorouracil (5-FU), etoposide,
and cisplatin, were developed in the past 3 decades and have
shown an objective response rate of approximately 20-60%
(3-6). The combination chemotherapy regimens, usually based
on 5-FU, have achieved good response rates, ranging from 20
to 40% (3,4). The activity and tolerability of the combination
of 5-FU and cisplatin in patients with advanced gastric cancer
have been confirmed in several studies (5,6). Paclitaxel is an
antimitotic agent with a unique cytotoxic mechanism affecting
tubulin stabilization and polymerization, resulting in non-
functional microtubules. This agent has been shown in vitro
antitumor activity against various tumor cell lines, including
gastric cancer (7). Ajani et al (8) and Cascinu et al (9)
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obtained 17-22% clinical response rates using paclitaxel as
a single agent in patients with gastric cancer. Furthermore,
paclitaxel-containing combinations, including 5-FU, cisplatin
or etoposide yielded high response rates (50%) with a median
survival of 7-14 months (10-13).

5-FU acts synergistically with paclitaxel in a sequence-
dependent manner in which paclitaxel, followed by 5-FU,
was highly synergistic, while pre-exposure to 5-FU resulted
in antagonism against human gastric cancer cells (14). In
addition, there was no overlapping toxicity profile between
paclitaxel and infusional 5-FU. The combination of 5-FU/
leucovorin with paclitaxel have shown activity and tolerability
against gastric cancer in some studies (15,16).

Based on the activity of 5-FU and cisplatin in gastric
cancer and on the meaningful results of the combination
of 5-FU/leucovorin and paclitaxel, Honecker et al (10)
conducted a clinical trial to determine the activity and toxicity
of weekly paclitaxel and infusional 5-FU/leucovorin and
cisplatin in gastric cancer, and demonstrated an overall
response rate of 48% and good tolerablity. The hematologic
toxicity was lower, however, peripheral neuropathy was higher
than 3 weeks of paclitaxel.

Therefore, we conducted a phase II study to assess the
efficacy and safety of the combination of paclitaxel, 5-FU/
leucovorin and cisplatin every 3 weeks in patients with gastric
cancer to reduce peripheral neuropathy and lower hemato-
logic toxicity with comparable response to weekly paclitaxel.

Patients and methods

Patients. Patients with histologically-proven advanced or
metastatic gastric cancer were included in this study. Inclusion
criteria were as follows: initially diagnosed disease, which
was unresectable, locally-advanced or metastatic, or recurrent
disease after curative resection; ECOG performance status
0-2; presence of measurable disease; age between 18 and
75 years; life expectancy >3 months; no prior chemotherapy
(except adjuvant chemotherapy without platinum agents or
taxanes); adequate hematologic, renal and hepatic function,
as defined by a granulocyte count ≥1.5x109/l, thrombocytes
≥100x109/l, serum creatinine ≤1.5 mg/dl, bilirubin level
<2-fold and liver enzymes <3-fold the upper normal limits;
and written informed consent. All patients were required
to be available for follow-up evaluation.

Patients were excluded from the study for the following
reasons: active bleeding; a history of a secondary malig-
nancy, except for non-melanomatous skin cancer or carci-
noma in situ of the cervix; grade ≥2 peripheral neuropathy
according to the National Cancer Institute Common Toxicity
Criteria (NCI-CTC); brain metastasis; concurrent insufficiently
treated disease such as heart, renal or hepatic failure or
uncontrolled infections; prior chemotherapy; presence of a
concurrent psychiatric disorder; and pregnancy. Informed
consent from all patients was obtained before they entered
the study.

Treatment plans. On day 1, 135 mg/m2 of paclitaxel was
intravenously administered in 250 ml of normal saline as
a 3-h infusion. Within 2 h after completion of paclitaxel,
20 mg/m2 of leucovorin was administered as an intravenous

bolus injection, which was followed by both 1200 mg/m2

of 5-FU as an intravenous infusion over 12 h and 30 mg/m2

of cisplatin as a continuous intravenous infusion via a
separate line. Leucovorin, 5-FU and cisplatin was given
also on day 2 and 3. The treatment was repeated every 21
days. To avoid hypersensitivity reactions involving paclitaxel,
we gave dexamethasone (20 mg at 1 h), ranitidine (300 mg
at 30 min) and diphenylhydramine (50 mg at 30 min) before
paclitaxel. All patients also received adequate antiemetic
premedication prior to chemotherapy. Granulocyte colony-
stimulating factor (G-CSF) was not prophylactically admi-
nistered. Dose escalation after reduction was not allowed.
Chemotherapy was given until the occurrence of disease
progression, unacceptable toxicity or treatment withdrawal.
The treatment continued for a maximum of 6 cycles.

Response and toxicity evaluation. Prior to therapy, baseline
evaluation of each patient which included a clinical history
and physical examination, a complete blood count and serum
chemistries (including liver and kidney function tests), and
an electrocardiogram were obtained. A radiologic evaluation
was completed within 4 weeks prior to the treatment. During
treatment, physical examination, performance status, a
complete blood count and serum chemistries were recorded
prior to each subsequent cycle. Radiologic studies, including
computed tomography (CT), of the measurable lesion(s)
were repeated every two cycles.

Treatment response was evaluated every 2 cycles according
to the guideline of the Response Evaluation Criteria in Solid
Tumors (RECIST) committee. Patients were considered
as assessable for response if they showed evidence of early
disease progression clinically or radiologically within 2 cycles,
or if they had received a minimum of 2 cycles of treatment
with at least one tumor measurement. A measurable lesion
was defined as 10 mm in the longest dimension, assessed
by a spiral CT scan. If a patient was documented as having
a complete (CR) or a partial response (PR), the response was
confirmed at least 4 weeks after the first evident response.

Progression-free survival (PFS) was defined as the time
elapsed from the start of treatment until disease progression
or death of any cause, and overall survival (OS) was defined
from the start of treatment to death.

All patients were evaluated for toxicity from the time of
the first cycle. Toxicity was evaluated as a grade according
to the NCI-CTC (version 2.0).

Study endpoints/statistical consideration. The primary end-
point of this study was overall response rate (ORR; CR + PR),
and the secondary endpoints were PFS, OS, disease control
rate (DCR) and safety. Survival was assessed on an intention
to treat basis. Time-dependent variables were estimated using
the Kaplan-Meier method.

Results

Patient characteristics. Between September 2003 and
September 2005, 30 patients were enrolled in this study. All
patients were assessable for survival parameters and toxicity
and 26 of the patients were evaluable for tumor response.
Four patients were excluded from analysis because they

JUNG et al:  TPFL REGIMEN IN ADVANCED, METASTATIC GASTRIC CANCER524

523-529  5/1/2009  12:58 ÌÌ  ™ÂÏ›‰·524



did not complete the minimum 2 cycles and they withdrew
their consent after the first cycle without any definite evidence
of disease progression or adverse events. The characteristics
of the patients are given in Table I. The median age of the
patients was 57 years (range, 34-74 years). The study group
included 24 males and 6 females, and the majority of patients
(57.3%) had a performance status of 1, according to the ECOG
scale. Most of the patients [26 (86.7%)] had metastatic
disease, and the liver [12 of 30 patients (40%)] and lymph
nodes [11 of 30 patients (36.7%)] were the most common
metastatic sites. All patients had measurable tumor lesions.
Thirteen patients (43.3%) had undergone gastrectomy prior
to chemotherapy.

Efficacy. Twenty-six patients were evaluable for tumor
responses. There were no CRs and 12 patients achieved a
PR, giving an ORR of 46.2% [95% confidence interval

(CI), 30.7-61.7)]. Stable disease was obtained in 8 patients
(30.8%) and progressive disease was observed in 6 patients
(23.1%). Therefore, the overall disease control rate (DCR)
was 77.0% (95% CI 67.5-86.5; Table II).

All patients were included in the survival analysis on
an intent to treat basis. The median follow-up period was 9.0
months (range, 2.5-39.2 months). At the time of analysis,
the median PFS was 5.6 months (95% CI 3.76-7.40 months)
and the OS was 9.6 months (95% CI 6.67-12.47 months).
The Kaplan-Meier estimated PFS and OS curve are shown
in Figs. 1 and 2, respectively.
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Table I. Patient characteristics.
–––––––––––––––––––––––––––––––––––––––––––––––––

No. of patients (%)
–––––––––––––––––––––––––––––––––––––––––––––––––
Total enrolled patients 30
Evaluable patients 26

Age, years (Median range) 57 (34-74)

Gender
Male 24 (80)
Female 6 (20)

ECO
0 6 (20)
1 17 (56.7)
2 7 (23.3)

Histology (adenocarcinoma)
Well differentiated 2 (6.7)
Moderately differentiated 5 (16.7)
Poorly differentiated 7 (23.3)
Unspecified 16 (53.3)

Previous gastrectomy
Yes 13 (43.3)
No 7 (23.3)

Disease site
Peritoneum 6 (20)
Pleura 1 (3.3)
Liver 12 (40)
Lung 1 (3.3)
Lymph node 11 (36.7)
Ovary 1 (3.3)
Total 26 (86.7)

Chemotherapy status
Chemonaive 20
Adjuvant chemotherapy 10
Oral doxifluridine 2
5-FU + mitomycin C 8

–––––––––––––––––––––––––––––––––––––––––––––––––

Table II. Response (n=26) and survival (n=30).
–––––––––––––––––––––––––––––––––––––––––––––––––

No. of patients (%)
–––––––––––––––––––––––––––––––––––––––––––––––––
Response

CR 0
PR 12 (46.2)
SD 8 (30.8)
PD 6 (23.1)

Survival
Median OS 9.6 months (95% CI 6.67-12.47)
Median PFS 5.6 months (95% CI 3.76-7.4)

–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Progression-free survival (n=26).

Figure 2. Overall survival (n=30).
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Toxicity. Overall, 117 cycles were administered to the 26
patients (median, 4 cycles per patient; range, 1-6 cycles).
The median dose intensity of 5-FU, paclitaxel, and cisplatin
was 3600 mg/m2/cycle, 135 mg/m2/cycle, and 90 mg/m2/
cycle, respectively and an average dose intensity of this
regimen was 0.98 (range, 0.83-1.0).

The occurrence and the incidence of toxicities are
shown in Table III. There were no cases of grade 4 toxicity.
The most common toxicities were gastrointestinal. The
most common non-hematologic toxicity was nausea, and
grade 1 and 2 nausea, vomiting, diarrhea, and stomatitis
were reported in 66.7, 33.3, 20, and 20%, respectively. Grade
3 non-hematolgic toxicities were uncommon and included
diarrhea (3.3%) and alopecia (6.6%). The most common
grade 3 hematologic toxicity was anemia, which occurred
8 times (6.8%), and grade 3 neutropenia, which occured 3
times (2.6%). Febrile neutropenia was observed in one
patient in one cycle and recovered without complications.
There were no treatment-related deaths in this trial.

Discussion

The results of this phase II study indicate that the TPFL
regimen is effective and safe for the palliative treatment of
advanced, metastatic or recurrent gastric cancer, and has
excellent tolerability. 

In advanced or metastatic gastric cancer, systemic chemo-
therapy has been attempted for a palliative treatment, leading
to improvement of tumor responses, quality of life, and
survival compared to best supportive case (6). In phase II
trials, response rates of 30 to 70% have been reported for
major protocols such as 5-FU and cisplatin (FP) (6), 5-FU,
leucovorin, and cisplatin (FLP) (17), 5-FU, doxorubicin
and mitomycin C (FAM) (3,6), 5-FU, doxorubicin, and
methotrexate (FAMTX) (3,18), etoposide, doxorubicin, and

cisplatin (EAP) (19), epirubicin, cisplatin and 5-FU continuous
infusion (ECF) (20), and oxaliplatin-based regimens (21).
However, the results of the subsequent phase III trials have
often failed to confirm the relatively high response rates of
earlier reports (6,18,22). Furthermore, the survival benefit
was limited, with substantial treatment-related toxicities in
most trials. Therefore, the standard chemotherapy has not
yet been established. In Europe, anthracycline-containing
regimens, such as ECF (18,22), have been used as a reference,
while 5-FU plus cisplatin or 5-FU plus cisplatin or 5-FU
alone are preferred in Asia and the USA (6).

Recently, several new agents have been included in
third-generation regimens in gastric cancer including a
topoisomerase I inhibitor (CPT-11) or taxanes (docetaxel
and paclitaxel). Among these new agents, docetaxel was
the first agent which was tried in advanced gastric cancer,
showing an improved efficacy in phase II trials (23-25).
The combination of docetaxel, cisplatin and 5-FU (DCF)
showed better efficacy than FP in terms of tumor response
and survival in the V325 trial (24). However, severe
hematologic toxicities were observed in >80% of patients
with DCF in V325. These findings are consistent with
other trials involving docetaxel and 71% of grade 3-4
neutropenias including 12% of febrile neutropenias, was
reported, even with the prophylactic administration of G-
CSF in other phase II trial (25). Thus, the docetaxel
combination shows improved efficacy, but also substantial
hematologic toxicity.

Paclitaxel, another taxane, has a wide range of anti-
tumor activities and a synergistic effect with other various
chemotherapeutic agents (cisplatin and 5-FU) in combination
therapy in gastric cancer. In combination with 5-FU and/or
platinum compounds, response rates ranging from 32 to
65% were reported in many trials conducted in different
settings (10,11,26-30); paclitaxel was delivered weekly or
every 3 weeks. In other studies, cisplatin or carboplatin
in combination with paclitaxel and 5-FU (intravenous or
oral fluoroyrimidine) were administered; the subjects were
chemonaive patients and/or previously treated patients.
However, relatively high incidences (14-45%) of grade 3
or 4 neutropenias were significant adverse effects in these
studies (11,15,26,28,29).

Continuous infusion of 5-FU combined with leucovorin
has been an acceptable regimen in gastrointestinal
malignancies, because this combination regimen is less
toxic and relatively more effective. It was evaluated
mainly as a salvage therapy for patients with gastric cancer,
even those in poor general condition, such as acute
disseminated intravascular coagulation (31,32). In this
study, we chose paclitaxel as a mainstay agent and
combined 5-FU/leucovorin and continuous cisplatin. The
nationale behind this strategy was: i) the synergistic effect of
the combination; ii) no overlapping toxicity; iii) recent
results of 5-FU, cisplatin and paclitaxel combination (11);
and iv) less myelotoxicity of paclitaxel than docetaxel
(30,33).

The ORR of 46.2% (95% CI, 30.7-61.7%) and the median
OS of 9.6 months (95% CI, 6.67-12.47 months) in this study
were within the ranges [30-70% (5.5-11 months)] obtained
by previously reported major protocols such as FP (6), FLP
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Table III. Severity and incidence of toxicity.
–––––––––––––––––––––––––––––––––––––––––––––––––

Grade 1 Grade 2 Grade 3 Grade 4
–––––––––––––––––––––––––––––––––––––––––––––––––
Hematologic No. of cycles (n=117) (%)
toxicity

Anemia 19 (16.2) 34 (29.0) 8 (6.8) -
Neutropenia 16 (13.7) 10 (8.5) 3 (2.6) -
Thrombocytopenia 9 (7.7) - - -

Non-hematologic No. of patients (n=30) (%)
toxicity

Nausea 9 (30.0) 11 (36.7) - -
Vomiting 4 (13.3) 6 (20.0) - -
Diarrhea 3 (10.0) 3 (10.0) 1 (3.3) -
Stomatitis 5 (16.7) 1 (3.3) - -
Neuropathy 2 (6.7) 4 (13.3) - -
Alopecia 3 (10.0) 7 (23.3) 2 (6.6) -
Renal 3 (10.0) 2 (6.6) - -
Hypertrans- 1 (3.3) - - -
aminasemia

–––––––––––––––––––––––––––––––––––––––––––––––––
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(17), FAM (3,6), FAMTX (3,18), ECF (20), and oxaliplatin-
based (21).

There was no additional benefit in increasing paclitaxel
dose over 175 mg/m2 with respect to tumor response and
survival in a phase III trial (34). Moreover, paclitaxel binding
site plasma steady-state concentrations achieved by dose
≥135 mg/m2 (24-h infusion), and cytotoxicity was observed
to plateau in vitro on increasing the paclitaxel concentration
(35). On the other hand, the hematologic toxicity, especially
neutropenia, was aggravated with increasing dose of pacli-
taxel. In order to increase the dose intensity, yet at the same
time to reduce hematologic toxicity, Honecker et al used
paclitaxel at a weekly dose of 80 mg/m2, instead of a dose of
175 mg/m2, every 3 weeks (10). In this study, we chose the
dose of a paclitaxel dose of 135 mg/m2 every 3 weeks to reduce
hematologic toxicity with comparable efficacy. As a result,
the ORR and median OS were comparable to the results of
the previous studies (10,15,27,33) and grade 3 neutropenia
was observed in only 2.6% with no treatment-related deaths.

Peripheral neuropathy is the most troublesome toxicity
for patients receiving paclitaxel-containing regimens, and
paclitaxel dose intensity is related to the occurrence of severe
neurologic toxicities, especially when combined with cisplatin,
therefore cisplatin is commonly replaced with carboplatin.
However, the paclitaxel/carboplatin regimen causes more
myelosuppression. In this study, peripheral neuropathy
developed in 20% of patients receiving low-dose paclitaxel
and split-dose cisplatin without grade 3-4 neuropathies. This
frequency of peripheral neuropathy for low-dose paclitaxel/
cisplatin regimen is lower than paclitaxel and carboplatin
regimens, which showed 50-85% peripheral neuropathies of
all grades and 0-8% grade 3 or 4 peripheral neuropathies,
respectively (29). No patients discontinued protocol treat-
ment due to paclitaxel-related neuropathy.

Cisplatin is an active drug and used for the treatment of
gastric cancer, especially as a component of combination
treatment. However, the use of cisplatin has been limited
because of its toxicities, such as renal toxicity, neurotoxicity
and high emetogenic potential. Belliveau et al (36) have
demonstrated that the area under the curve of the concen-
tration of non-protein-bound cisplatin, which is related to the
antitumor activity of cisplatin, was substantially higher in
patients given a continuous infusion of cisplatin than after
similar doses given as a bolus. Moreover, Drewinko et al
(37) have suggested that a protracted infusion of low dose
cisplatin provides better antitumor effects. With respect to
toxicities, the acute nausea and vomiting are dramatically
reduced by daily continuous infusion of cisplatin without
reduction of antitumor activity (38). There have been many
attempts to reduce toxicities and increase the dose intensity
of cisplatin (39-41). We used a continuous infusion of cisplatin
for 3 days at a dose of 30 mg/m2 every 3 weeks. Nausea is
the most common non-hematologic complication (66.7%)
and vomiting was observed in 33.3% of the patients, which
was not uncommon but manageable. However, grade 3 or 4
nausea and vomiting was not observed. Renal toxicity
associated with cisplatin, was uncommon (16.6%) in this
study.

Advanced gastric cancer includes considerable proportion
of non-measurable diseases such as peritoneal seeding or

gastric mass. In recent reports, the most frequent site of
recurrence in gastric cancer was demonstrated as peritoneal
seeding, especially in an Asian population (42). In addition,
the prognosis was different between measurable and non-
measurable disease (43). It is well-known that, in the long-
term, those who usually respond to the treatment will do
better than the others, while the clinical response is not a
valid surrogate of survival (44). On the other hand, the
PFS can reflect tumor growth and be assessed before the
determination of a survival benefit without confounding by
subsequent therapy (45). Therefore, we also agree with the
theory that PFS can reflect the chemotherapy benefit more
precisely. Recently, the number of studies in which PFS
was used as the primary endpoint has been increasing, which
needs more trials to evaluate the adequacy of PFS as the
primary goal in phase II trial. The median PFS interval of 5.6
months in this study was comparable with those observed
in other studies (10-12,15).

The benefit-to-risk ratio might be very important issue in
the treatment of advanced gastric cancer. Although several
chemotherapy regimens have been introduced, the benefit
in survival or response appears to be marginal but the
treatment-related toxicities are usually inevitable (46,47). In
addition, there is no consensus on a strategy for the sequential
use of chemotherapy for advanced/metastatic or recurrent
gastric cancer, such as the recommendation of aggressive
chemotherapy for the first-line setting or the reservation of
strong chemotherapy for salvage chemotherapy. Although
there is no rule, we treat patients with gastric cancer using
an individualized approach. It seems to be reasonable to
use more aggressive regimens to gain longer survival for
fit patients. On the other hand, it might be better to use
drugs without severe toxic effects to achieve palliative goal
for unfit patients who are elderly or have poor performance
status. Therefore, the combination of paclitaxel, infusional 5-
FU/leucovorin and continous cisplatin, which was used in
this study, is a meaningful therapeutic option, especially in
elderly patients or those in poor condition.

In conclusion, the combination of paclitaxel and 5-FU/
leucovorin and continuous split-dose cisplatin (TPFL)
appears to be an active chemotherapy regimen with high
tolerability, suggesting the use of TPFL regimen as an
alternative modality of treatment for patients with advanced/
metastatic or recurrent gastric cancer, especially in patients
with relatively poor performance status. These results need to
confirm the efficacy of this regimen and to determine the
optimal paclitaxel dose and combination schedule to improve
treatment outcome in further trials.
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