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Abstract

Background Only partial cross-resistance between doce-

taxel and paclitaxel has been demonstrated in breast and

ovarian cancers. Whether weekly paclitaxel is effective in

patients with advanced gastric cancer refractory to doce-

taxel-based chemotherapy remains unclear, and we aimed

to clarify the efficacy and safety of weekly paclitaxel in

such patients.

Methods Patients who had received docetaxel-based

regimens were assigned to the prior-docetaxel group, and

those who had never received docetaxel were designated

as the non-docetaxel group. Paclitaxel at 80 mg/m2 was

administered by intravenous infusion in all patients, and

this was repeated weekly for 3 weeks out of 4.

Results Between April 2006 and June 2011, 65 patients

were studied: 26 in the prior-docetaxel group and 39

patients were non-docetaxel group. The median age, gen-

der, performance status, histological type, history of gas-

trectomy, and the locations and numbers of metastatic sites

did not differ significantly between the two groups. In the

prior-docetaxel group, the response rate (RR) was 14.2%

(3/21) among patients with measurable lesions, median

progression-free survival (PFS) was 79 days [95% confi-

dence interval (CI), 47–135 days], and overall survival

(OS) was 123 days (95% CI, 90–215 days) from the ini-

tiation of paclitaxel treatment. In the non-docetaxel group,

the RR was 11.5% (3/26) among patients with measurable

lesions, PFS was 82 days (95% CI, 52–106 days), and OS

was 143 days (95% CI, 121–178 days). The efficacy of

weekly paclitaxel thus appeared to be similar in the two

groups.

Conclusions Weekly paclitaxel was modestly active in

patients with gastric cancer refractory to docetaxel-based

chemotherapy.

Keywords Gastric cancer � Weekly paclitaxel �
Docetaxel � Cross-resistance � Chemotherapy

Introduction

Recent epidemiologic studies estimate that about 0.9 mil-

lion cases of gastric cancer are diagnosed annually

worldwide. In more than half of all cases, the disease is

advanced at the time of diagnosis [1, 2]. Systemic che-

motherapy is thus essential for the management of

advanced gastric cancer, especially in patients with good

performance status (PS). Several chemotherapeutic regi-

mens have been established as first-line therapy, contrib-

uting to improved survival [3]. After first-line therapy,

30–70% of patients receive second-line chemotherapy. The

proportion of patients who receive second-line chemo-

therapy is particularly high in Japan [4–7], although its

clinical benefits remain unclear.

The taxanes paclitaxel and docetaxel are microtubule-

stabilizing agents that induce cell-cycle arrest at the G2/M2

stage. Both of these agents have been used to treat

advanced gastric cancer. The phase III V325 study showed

that adding docetaxel to cisplatin plus 5-fluorouracil
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improved the response rate (RR) and overall survival (OS),

establishing docetaxel as an effective drug for first-line

therapy [8]. Phase II studies of paclitaxel monotherapy

reported an RR of 17–28% for second-line as well as first-

line therapy [9–12]. Phase II studies of weekly paclitaxel,

found to be effective and feasible in several types of can-

cer, reported an RR of 16% for second-line therapy in

advanced gastric cancer [13, 14]. A recent retrospective

study of weekly paclitaxel showed similar efficacy even in

third-line therapy [15]. Weekly paclitaxel is therefore often

used after the failure of first-line therapy. To our knowl-

edge, however, the efficacy of weekly paclitaxel has not

been reported in patients with gastric cancer who had

previously received docetaxel-based regimens.

In vitro and in vivo analyses have indicated only

partial cross-resistance between docetaxel and paclitaxel,

although these drugs have similar mechanisms of action

[16, 17]. Phase II and III studies showed that patients

with metastatic breast cancer previously treated with

docetaxel responded to paclitaxel given as a 96-h infu-

sion, suggesting that paclitaxel might be effective for

breast cancer resistant to docetaxel [13, 18]. Partial

cross-resistance between docetaxel and paclitaxel has

also been reported in ovarian cancer and prostate cancer

[19, 20].

In this study, we aimed to clarify the efficacy and safety

of weekly paclitaxel in patients with advanced gastric

cancer refractory to docetaxel-based chemotherapy.

Subjects

We studied patients with unresectable or recurrent gastric

cancer who received weekly paclitaxel at two institutions.

All subjects fulfilled the following criteria: (1) a histolog-

ically confirmed diagnosis of adenocarcinoma of the

stomach; (2) treatment with paclitaxel as second- or third-

line therapy; (3) refractory to prior chemotherapy; (4) a

performance status of 0–2 on the Eastern Cooperative

Oncology Group scale; (5) adequate bone marrow, renal,

and hepatic functions (an absolute neutrophil count of

C1500/lL, a hemoglobin level of C8.0 g/dL, a serum

creatinine level of B1.5 g/dL, and a serum bilirubin level

of B1.5 g/dL); (6) no synchronous double cancer or other

serious disease. The presence of measurable lesions was

not mandatory.

We divided the patients into two groups: patients who

had received docetaxel-based regimens were designated as

the prior-docetaxel group, and those who had never

received docetaxel were designated as the non-docetaxel

group. In the prior-docetaxel group, all patients were

refractory to docetaxel-based chemotherapy.

Treatment

Paclitaxel at 80 mg/m2 in 250 ml normal saline was

administered by intravenous infusion over 1 h, and this was

repeated weekly for 3 weeks out of 4. Short-term pre-

medication with dexamethasone 8 mg and ranitidine

50 mg was administered to prevent paclitaxel-induced

hypersensitivity reactions. Treatment was repeated until

disease progression, the occurrence of unacceptable tox-

icity, or the patient’s refusal to continue therapy.

Response and toxicity evaluation

We obtained all clinical data retrospectively from the

patients’ medical records. Response was assessed on com-

puted tomography (CT) scans every 2 months. Objective

responses of measurable lesions were evaluated according

to the Response Evaluation Criteria in Solid Tumors (RE-

CIST 1.0), and the response was confirmed by CT scans.

Patients without measurable lesions were excluded from the

analysis of RR. Symptomatic toxicity and laboratory data

were monitored every week at the outpatient clinic. Tox-

icity was evaluated according to the Common Toxicity

Criteria for Adverse Events, version 3.0 (CTCAE 3.0).

Statistical analysis

Progression-free survival (PFS) was measured from the day

of starting treatment with paclitaxel to the day on which

disease progression was confirmed or the final day of fol-

low-up without disease progression. OS was measured

from the first day of treatment with paclitaxel until the day

of death or the final day of follow-up. Median PFS and OS

were estimated by the Kaplan–Meier method.

The two groups were compared with the use of the

unpaired v2 test or Student’s t-test. Correlations between

the response to paclitaxel and the cumulative dose of

docetaxel were analyzed using Pearson’s correlation coef-

ficient. All statistical analyses were performed with using

JMP version 9 (SAS Institute, Cary, NC, USA), and

P values of \0.05 (two-sided) were considered to indicate

statistical significance.

Results

Patient characteristics

A total of 77 patients with unresectable or recurrent gastric

cancer received weekly paclitaxel as second- or third-line

therapy between April 2006 and June 2011. Twelve
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patients were excluded for the following reasons: eight

patients had poor performance status, two had hepatic

dysfunction, and two had renal dysfunction. Data on the

remaining 65 patients were included in the analysis: 26

patients belonged to the prior-docetaxel group, and 39

belonged to the non-docetaxel group.

The patients’ characteristics just before starting weekly

paclitaxel are summarized in Table 1. The mean age,

gender, performance status, histological type, history of

gastrectomy, location of metastases, and the number of

metastatic sites did not differ significantly between the two

groups. In the prior-docetaxel group, 19 patients had

received two regimens, and seven patients with peritoneal

dissemination had received one regimen before the weekly

paclitaxel. The proportion of patients who received weekly

paclitaxel as third-line therapy was greater than that in the

non-docetaxel group (P = 0.03). In the first-line chemo-

therapy in the prior-docetaxel group, 18 patients had

received cisplatin (40 mg/m2 on day 1), docetaxel (40 mg/m2

on day 22), and S-1 (80 mg/m2 on days 1–14 and days

22–35) every 6 weeks, and eight had received docetaxel

(40 mg/m2 on day 1) and S-1 (80 mg/m2 on days 1–14)

every 3 weeks. The median cumulative dose of docetaxel

was 220 mg/patient (range 50–715). In the first-line

chemotherapy in the non-docetaxel group, 17 patients had

received cisplatin (60 mg/m2 on day 1) and S-1 (80 mg/m2

on days 1–21) every 5 weeks, 13 had received S-1 mono-

therapy (80 mg/m2 on days 1–28) every 6 weeks, and nine

had received other regimens.

Response and survival

The responses to weekly paclitaxel are shown in Table 2. In

all patients with measurable lesions, the RR and the disease

control rate (DCR) for weekly paclitaxel were 12.8% (6/47)

and 57.4% (27/47), respectively. The RR and DCR were,

respectively, 14.2% (3/21) and 47.6% (10/21) in the prior-

docetaxel group and 11.5% (3/26) and 65.3% (17/26) in the

non-docetaxel group. The RR and DCR were similar in the

two groups. In the study group as a whole, the median PFS was

79 days [95% confidence interval (CI), 56–106 days], and the

median OS was 136 days (95% CI, 121–176 days). In the

prior-docetaxel group and non-docetaxel group, the median

PFS values were 79 days (95% CI, 47–135 days) and 82 days

(95% CI, 52–106 days), and the median OS values were

123 days (95% CI, 90–215 days) and 143 days (95% CI,

121–178 days), respectively (Figs. 1, 2). The efficacy of

weekly paclitaxel for second- or third-line therapy thus

appeared to be similar regardless of whether or not docetaxel

had been included in the first-line therapy. There was no

correlation between the cumulative dose of docetaxel and the

response to paclitaxel in the prior-docetaxel group (Fig. 3;

r2 = 0.013).

Adverse events

The hematological and non-hematological toxicities are

shown in Table 3. Hematological toxicities were relatively

common. The incidences of grade 3 or 4 leukopenia and

neutropenia were, respectively, 19 and 8% in the prior-

docetaxel group, as compared with 23 and 11% in the non-

docetaxel group. Anemia was the most common adverse

event, because 55 of the 65 patients had had anemia before

the initiation of paclitaxel. No patient in either group had

grade 3 or 4 thrombocytopenia. As for the non-hemato-

logical toxicities, anorexia and nausea were common. The

incidences of grade 3 anorexia and nausea were, respec-

tively, 15 and 4% in the prior-docetaxel group and 11 and

8% in the non-docetaxel group. The incidences of grade 3

fatigue and diarrhea were, respectively, 4 and 0% in the

prior-docetaxel group and 0 and 5% in the non-docetaxel

group. No patient had grade 3 or 4 vomiting, mucositis,

sensory neuropathy, motor neuropathy, edema, or allergic

reactions. The proportions of patients with hematological

and non-hematological toxicities were similar in the two

groups.

Table 1 Characteristics of patients in the prior-docetaxel group and

the non-docetaxel group

Prior-

docetaxel

(n = 26)

Non-

docetaxel

(n = 39)

P value

Age (years)

Median (range) 62 (38–74) 63 (43–87) 0.11

Gender

Male/female 18/8 27/12 1.00

Performance status

0–1/2 18/8 27/12 1.00

Histology

Diffuse/intestinal 15/11 26/13 0.46

History of gastrectomy

Negative/positive 22/4 25/14 0.10

Metastatic sites

Lymph node 21 28 0.19

Liver 13 11 0.08

Peritoneum 16 20 0.40

Bone 2 1 0.33

Number of metastatic sites

1/C2 3/23 10/29 0.16

Chemotherapy before paclitaxel

One regimen/two regimens 7/19 21/18 0.03
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Discussion

The present retrospective study evaluated the efficacy and

safety of weekly paclitaxel in patients with advanced gas-

tric cancer who had received docetaxel-based chemother-

apy. In the prior-docetaxel group, the RR was 12.8%, the

median PFS was 79 days, and the median OS was

123 days. Our results showed that weekly paclitaxel was

modestly active even in patients with gastric cancer

refractory to docetaxel-based chemotherapy, as reported

previously in other cancers [17, 18, 20, 21].

Our results are supported by preclinical and clinical

evidence. Although docetaxel and paclitaxel share major

parts of their structures and mechanisms of action, relative

differences may play a role in partial cross-resistance. For

example, docetaxel and paclitaxel have different affinities

for tubulin-binding sites, different microtubule polymeri-

zation patterns, different intracellular retention times and

concentrations in target cells, and different potencies for

the induction of bcl-2 phosphorylation and apoptosis [16,

17]. The results of preclinical analysis of partial cross-

resistance are supported by the findings of clinical studies

in several cancers. In phase II trials, weekly paclitaxel after

disease progression in women with breast cancer who had

previously received docetaxel produced an RR of 17–32%

[22–24]. On the other hand, docetaxel was found to be

active in small trials of patients with paclitaxel-refractory

breast cancer [18, 21].

However, it is difficult to draw firm conclusions from

our results with respect to partial cross-resistance between

the two drugs, because all the patients in our prior-

docetaxel group had received docetaxel-based combined

Table 2 Responses in the prior-docetaxel group and the non-docetaxel group

CR PR SD PD NE RR (95% CI) DCR (95% CI)

Total 0 6 21 19 1 12.8% (3.2–22.4) 57.4% (14.3–39.7)

Prior-docetaxel 0 3 7 10 1 14.2% (1.6–29.1) 47.6% (26.2–68.9)

Non-docetaxel 0 3 14 9 0 11.5% (1.1–23.7) 65.3% (47.0–83.6)

CR complete response, PR partial response, SD stable disease, PD progressive disease, NE not evaluable, RR response rate, DCR disease control

rate, CI confidence interval

Fig. 1 The median progression-free survival (PFS) was 79 days

(95% confidence interval [CI], 47–135) in the prior-docetaxel group

(black line) and 82 days (95% CI, 52–106) in the non-docetaxel group

(gray line)
Fig. 3 There was no correlation between response to paclitaxel as

second- or third-line therapy and the cumulative dose of docetaxel as

first-line therapy (r2 = 0.013)

Fig. 2 The median overall survival (OS) was 123 days (95% CI,

90–215) in the prior-docetaxel group (black line) and 143 days (95%

CI, 121–178) in the non-docetaxel group (gray line)
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chemotherapy, not monotherapy. In a Japanese phase II

trial, patients received docetaxel monotherapy at 60 mg/m2

every 3–4 weeks [25]. In a phase III study of docetaxel

and S-1, patients received docetaxel 40 mg/m2 on day 1

and S-1 80 mg/m2 on days 1–14 every 3 weeks [26]. In a

phase II study of docetaxel, cisplatin, and S-1, patients

received docetaxel 40 mg/m2 and cisplatin 60 mg/m2 on

day 1, and S-1 80 mg/m2 on days 1–14 every 4 weeks

[27]. Considering these studies, our dose, theoretically,

could have been low if the cancer cells had resistance

to chemotherapeutic agents other than docetaxel in

docetaxel-based chemotherapy. Paclitaxel monotherapy

may be active in such cases. Therefore, gastric cancers

refractory to docetaxel-based chemotherapy are consid-

ered to have two characteristics of resistance: one is being

refractory to chemotherapeutic agents including docetaxel,

and the other is being refractory to agents other than

docetaxel.

In the non-docetaxel group in the present study, the RR

was 11.5%, median PFS was 82 days, and median OS was

143 days. Two phase II studies of weekly paclitaxel as

second-line therapy and a retrospective study of weekly

paclitaxel as third-line therapy, respectively, reported RRs

of 16–24% and 23%, median PFS values of 2.6–4.2 months

and 105 days, and median OS values of 7.8–8.0 months

and 201 days [14, 15, 28]. In our study, most patients were

heavily pretreated, and a large proportion had a PS of 2

(31%). These factors may account for the relatively poor

response and survival as compared with the results of

previous studies.

Overall, we found that the toxicity of weekly paclitaxel

was acceptable. Grade 3 or 4 neutropenia occurred in only

8% of the prior-docetaxel group as compared with 11% of

the non-docetaxel group, and there was no febrile neutro-

penia. Grade 3 anorexia and nausea occurred in 15 and 4%

of the prior-docetaxel group and 11 and 8% of the non-

docetaxel group, respectively. Although the incidence of

anorexia was moderate, most patients with anorexia had

peritoneal metastasis before receiving paclitaxel. Thus,

weekly paclitaxel was well tolerated in the vast majority of

patients.

In conclusion, our study showed that weekly paclitaxel

was modestly active and safe in patients with advanced

gastric cancer refractory to docetaxel-based chemotherapy.

Our findings suggest that weekly paclitaxel might be a

novel treatment option for patients with advanced gastric

cancer who have disease progression after first-line ther-

apy. Further investigations, including controlled clinical

trials, are needed to confirm our findings.
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