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Introduction

Despite its decline in Western countries, gastric cancer 
remains the world’s second leading cause of cancer mor-
tality after lung cancer, accounting for approximately 
12% of all cancer deaths [1,2]. Radical surgery remains 
the only possibility of cure, though prognosis appears 
to be poor even for resected patients [3]; indeed, the 
5-year median overall survival for resected patients is 
about 30%. For this reason several trials, involving ad-
juvant and neoadjuvant treatments, are currently inves-
tigating the role of chemotherapy and radiotherapy [4]. 
Unfortunately, most patients relapse after surgery and 
many others are diagnosed when distant metastases are 
already present. For these patients only palliative che-
motherapy can be offered.

In the 1990s three randomized trials of combination 
chemotherapy demonstrated benefi ts in terms of overall 
survival and quality of life in comparison with best sup-
portive care [5–7]. The combination of 5-fl uorouracil 
(5-FU), doxorubicin, and mitomycin-C (FAM) was 
considered the standard regimen until the FAMTX 
schedule (including 5-FU, doxorubicin, high-dose meth-
otrexate, and leucovorin) was shown to be superior in 
terms of both response rates (41% vs 9%) and overall 
survival (42 vs 29 weeks) [8]. On the other hand, cispla-
tin (CDDP)-based regimens demonstrated response 
rates of between 37% and 72% in phase II studies [9,10], 
although these results were not confi rmed in phase III 
studies [11–13]. More recently, the ECF combination 
regimen of CDDP, epirubicin (EPI), and infusional 5-
FU proved very effective in phase II studies [14,15], and 
it was superior to FAMTX in terms of response rates 
(46% vs 21%; P = 0.0002) and overall survival (8.7 vs 
6.1 months; P = 0.0005) in a randomized phase III com-
parison, with mild toxicity (16). Since then the combina-
tion of CDDP and infusional 5-FU, with or without EPI, 
has become the most widely used regimen in front-line 
chemotherapy for advanced gastric cancer, even though 

Abstract
Background. In advanced gastric cancer few data are avail-
able on the effi cacy or safety of new drug combination regi-
mens after progression following fi rst-line chemotherapy.
Methods. Patients with histologically confi rmed advanced gas-
tric cancer and Eastern Cooperative Oncology Group (ECOG) 
performance status (PS) less than 2, progressing after fi rst-line 
chemotherapy, were eligible. Patients were treated with 
docetaxel 75 mg/m2 on day 1 and oxaliplatin 80 mg/m2 on day 
2, every 3 weeks, until progression or unacceptable toxicity.
Results. Between May 2002 and April 2005, 38 patients were 
enrolled. Men accounted for 73.7% of the patients and the 
median age was 59 years. The primary tumor was not resected 
in 47.4% of the patients; the peritoneum was the most fre-
quent metastatic site (60.5%). The fi rst-line treatment was 
cisplatin, epirubicin, and infusional 5-fl uorouracil (ECF) in 
81.5% of the patients and cisplatin and infusional 5-fl uoroura-
cil (CF) in 15.7%. The median number of cycles was 4.3. The 
treatment was well tolerated, with no toxic deaths. National 
Cancer Institute (NCI) grade III-IV neutropenia was frequent 
(26.3%), but no febrile neutropenia was reported. Severe 
asthenia (15.7%) and severe nausea (15.7%) required dose 
reductions in 2 patients and treatment discontinuation in an-
other. The overall response rate was 10.5%, and 18 patients 
(47.3%) experienced disease stabilization (7 of them with sig-
nifi cant clinical benefi t). Median time to progression was 4.0 
months (range, 2–8 months) and median overall survival was 
8.1 months (range, 3–26 months). Thirteen patients (34.2%) 
also received third-line chemotherapy, with an irinotecan-
containing regimen, and their median overall survival was 
higher than that of the other patients (16.3 vs 6.0 months)
Conclusion. The combination of oxaliplatin and docetaxel 
shows only marginal activity as second-line treatment, but it 
has a good tolerability profi le. This suggests that there is room 
for optimizing the schedule as well as for planning sequential 
treatments in gastric cancer.
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some authors have reported no signifi cant differences 
between CDDP and non-CDDP-containing regimens 
[17,18]. However, front-line chemotherapy for ad-
vanced gastric cancer has remained unsatisfactory, 
because overall survival does not generally exceed 10 
months.

Great hope has been placed in new cytotoxic drugs, 
of which irinotecan (IRI), docetaxel (DTX), and l-
oxaliplatin (OXA) seem the most promising. Both IRI 
and DTX have been shown to be active as fi rst- or 
second-line therapy in combination with CDDP or 5-
FU in phase II studies [19–24]. A triple combination of 
DTX with CDDP and 5-FU proved signifi cantly more 
effective than CDDP plus 5-FU, but overall survival 
was no more than 10.2 months, at the cost of higher 
toxicity [25]. On the other hand, the combination of IRI 
plus infusional 5-FU was superior to IRI plus CDDP in 
a randomized phase II study, and the combination was 
also shown to be no less effective than CDDP plus in-
fusional 5-FU and to cause considerably less toxicity in 
a subsequent phase III trial [20,21].

Only a few studies of OXA in the treatment of ad-
vanced gastric cancer are available. In the wake of the 
satisfactory results achieved in colorectal cancer, it was 
widely used in combination with 5-FU (FOLFOX regi-
men), and was also found to show some activity in 
CDDP-pretreated patients [26]. As front-line chemo-
therapy in phase II studies, this combination yielded 
response rates and overall survival of up to 40% and 10 
months, respectively [27–29].

It has recently been shown that the combination of 
taxanes and OXA may be synergistic in vitro, when 
DTX is administered before OXA [30]; the same con-
clusion was reached in a phase I study [31]. Based on 
these data, we decided to evaluate a regimen that com-
bined OXA and DTX in pretreated patients with ad-
vanced gastric cancer.

Patients and methods

This mono-institutional phase II study was con-
ducted in accordance with the updated Declaration 
of Helsinki and with the rules of the local Ethics 
Committee.

Patient selection

Patients with histologically proven recurrent, locally ad-
vanced, or metastatic adenocarcinoma of the stomach 
or of the esophageal-gastric junction, not suitable for 
resection, were included. The patients also were re-
quired to be between 18 and 75 years of age, with ECOG 
performance status of 2 or less, to present bidimension-
ally measurable lesions according to WHO criteria, and 

to have a life expectancy of more than 3 months. Docu-
mented progression after at least one previous chemo-
therapy cycle was also required, while prior radiotherapy 
on the target lesion was cause for exclusion from the 
study. Patients with local recurrence were acceptable if 
they had at least one measurable affected lymph node; 
cytological or histological confi rmation of metastasis 
was mandatory if only one metastatic lesion was pres-
ent. All patients were required to have adequate 
hematological, renal, and hepatic function (hemoglobin 
≥10 g/dl; neutrophils ≥2.0 × 109/l; platelets [PLT] ≥150 × 
109/l; creatinine ≤1.25 times the upper normal limit; as-
partate aminotransferase [AST; SGOT] ≤2.5 times the 
upper normal limits [UNL]; alanine aminotransferase 
[ALT; SGPT] ≤2.5 times the upper normal limits; and 
total serum bilirubin ≤1.25 times the upper normal lim-
its; in those with liver metastasis: AST ≤5 times the 
UNL, ALT≤5 times the UNL, and total serum bilirubin 
≤1.5 times the UNL). Written informed consent was 
required from each patient.

Exclusion criteria included: gastric or esophageal 
cancer other than adenocarcinoma; central nervous 
system metastases; unresolved bowel obstruction or 
sub-obstruction; chronic diarrhea; other serious medical 
conditions (unstable cardiac disease requiring treat-
ment; uncontrolled angina pectoris; myocardial infarc-
tion within 6 months; active uncontrolled infections, 
uncontrolled diabetes with symptomatic peripheral 
neuropathy); any contraindication for DTX and OXA 
chemotherapy regimen; and history of other cancer, ex-
cept for curatively treated nonmelanoma skin cancer or 
in-situ carcinoma of the cervix.

Treatment and study parameters

In the 2 days preceding the fi rst course of chemo-
therapy, and before each cycle, patients underwent a 
complete physical examination and laboratory tests, in-
cluding blood count, serum chemistry, liver enzymes, 
urinalysis, and serum carcinoembryonic antigen (CEA). 
Blood count determination was repeated weekly. Base-
line tumor assessment with prospective identifi cation of 
index lesion(s) was conducted not longer than 4 weeks 
before the enrollment and included abdomino-pelvic 
and lung computed tomography (CT) scans.

Chemotherapy consisted of: DTX 75 mg/m2 on day 1 
as a 60-min infusion and OXA 80 mg/m2 on day 2 as a 
3-h infusion. The day before starting chemotherapy pa-
tients received intramuscular dexamethasone 8 mg to 
prevent taxane-related allergic reactions; dexametha-
sone was continued every 12 h for 2 days after DTX. 
Routine antiemetic prophylaxis, also including a 5-
hydroxytryptamine-3-receptor antagonist, was manda-
tory on day 1 and day 2. Treatment was repeated every 
3 weeks.
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Tumor response was assessed every three cycles by 
CT scan, according to WHO criteria. Chemotherapy 
was continued until disease progression, unacceptable 
toxicity, or the patient’s refusal. In the case of disease 
progression, patients were treated with other drug com-
binations at the discretion of the investigators. Patients 
were considered evaluable for response if they had 
received a minimum of two cycles of the treatment. 
Patients who progressed before two cycles were also 
considered evaluable.

Clinical benefi t was assessed through a trial-specifi c 
pain checklist that was completed at baseline and every 
two cycles thereafter while patients were enrolled in the 
study; patients also recorded daily data on analgesic 
consumption and kept a weekly record of pain intensity 
on a 100-mm linear analog scale.

Toxicity assessment and management

Toxicity was assessed according to the National Cancer 
Institute (NCI) common toxicity criteria. Oxaliplatin 
(OXA)-related sensory neuropathy was scored as fol-
lows: grade 0, no toxicity; grade I, mild paresthesia, loss 
of deep tendon refl exes; grade II, moderate paresthesia 
and objective sensory loss (without functional impair-
ment); grade III, functional impairment.

Chemotherapy was delayed until recovery if neutro-
phils decreased to less than 1.5 × 109/l or platelets de-
creased to less than 100 × 109/l or in case of mucositis 
or diarrhea greater than NCI grade I. Doses of DTX 
and OXA were reduced by 25% in case of NCI grade 
IV neutropenia, febrile neutropenia, NCI grade IV 
thrombocytopenia, NCI grade III-IV diarrhea and mu-
cositis, or NCI grade IV nausea. In the case of grade II 
neuropathy, OXA was reduced by 25%, while in cases 
of grade III neuropathy it was discontinued. Secondary 

prophylaxis of neutropenia with colony-stimulating fac-
tors was allowed.

Statistical considerations

The primary endpoint was the overall response rate 
(complete plus partial response). Patients were re-
cruited using a two-step phase II design according to 
Simon et al. [32]. If no objective response was observed 
in the fi rst 14 patients, a response rate greater than 15% 
could be excluded with 95% accuracy and recruitment 
would be discontinued. In the event of at least one par-
tial response, more than 30 patients would need to be 
recruited to determine an accurate response rate.

Secondary endpoints were time to progression and 
overall survival. Time to progression was calculated 
from the start of chemotherapy to the date of progres-
sion, and survival was defi ned as the interval time 
between recruitment and death. The Kaplan-Meier 
method was used to analyze time to progression and 
survival. All data have been updated to April 2006.

Results

Patients

Between May 2002 and April 2005, 38 consecutive 
eligible patients from a single institution were enrolled 
in the study. Their characteristics are summarized in 
Table 1. The median age of the patients (28 men and 
10 women) was 59 years (range, 33–75 years). Nineteen 
(50.0%), 12 (31.5%), and 7 (18.5%) had an Eastern 
Cooperative Oncology Group (ECOG) performance 
status of 0, 1, and 2, respectively. Many of them had not 
had surgery for primary tumor (47.4%). For 10 of the 

Table 1. Patient characteristics (38 patients)

Median age (years) 59 (Range, 33–75)
Sex
 Male 28 (73.7%)
 Female 10 (26.3%)
Performance status (ECOG)
 0 19 (50.0%)
 1 12 (31.5%)
 2  7 (18.5%)
Surgery for primary tumor 20 (52.6%)
Sites of disease
 Liver and nodes 10 (26.3%)
 Peritoneum 23 (60.5%)
 Lung metastases  8 (21.0%)
 More than 3 organs  9 (23.6%)
Previous chemotherapy regimens
 ECF 31 (81.5%)
 Cisplatin and 5-FU  6 (15.7%)
 IRI and 5-FU  1 (2.6%)
Median time to progression (front-line)  7.7 Months
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38 patients (26.3%), the liver or lymph nodes were the 
only site of metastasis, while the peritoneum was the 
most frequent metastatic site in our series (23 patients; 
60.5%). Peritoneal carcinosis was the only site of dis-
ease in 5 patients. Eight patients (21.0%) had lung 
metastases and in almost one-quarter of the patients 
(23.6%) more than three organs were affected by 
disease.

All patients had failed to respond to at least one 
previous chemotherapy regimen. First-line treatment 
was a combination regimen of CDDP, EPI, and 5-FU 
(ECF) for most patients (31; 81.5%); only 1 patient 
(2.6%) had received IRI plus 5-FU and the other 6 
(15.7%) patients had been treated with a combination 
of CDDP and 5-FU (CF). Three of these 6 patients had 
disease progression 3–4 months after adjuvant chemo-
therapy with CDDP and 5-FU; for these patients, DTX 
and OXA was the fi rst-line treatment for advanced dis-
ease. Overall median time to progression after starting 
the fi rst-line treatment was 7.7 months (range, 2–17 
months)

Drug delivery and toxicity

A total of 164 cycles of DTX and OXA were adminis-
tered to the 38 patients, with a median number of cycles 
administered per patient of 4.3 (range, 1–8). Dose re-
duction was required in 7 cycles (out of 164), but no 
delay in the start of chemotherapy was required.

Dose intensity of both OXA and DTX was 98.9%. 
The median cumulative dose of OXA was 344 mg/m2.

The treatment was well tolerated and no toxic death 
occurred. The incidence of the main toxicities is sum-
marized in Table 2. The most common hematological 

side effect was neutropenia, though it was of grade 3–4 
in only 10 patients (26.3%), while there were no record-
ings of febrile neutropenia, severe thrombocytopenia, 
or severe anemia. Eight patients (21.0%) and 2 patients 
(5.2%) experienced grade 2 anemia and grade 1–2 
thrombocytopenia, respectively.

The most important nonhematological toxicities were 
grade 3 nausea/vomiting and grade 3 asthenia, both oc-
curring in 6 patients (15.7%). When these two side ef-
fects were simultaneously present (2 patients) quality of 
life was signifi cantly affected, and a 25% dose reduction 
was introduced. The same combination of toxic effects 
caused 1 patient to refuse a dose reduction and to with-
draw from the study. Grade 1–2 nausea was fairly fre-
quent (20 patients; 52.6%), but was easily controlled 
with the appropriate antiemetic therapy. Grade 1–2 as-
thenia was also common (34.2% of patients). Gastroin-
testinal side effects other than nausea and vomiting 
were rare: 6 (15.7%) and 4 patients (10.5%) experi-
enced grade 1–2 diarrhea and grade 1 stomatitis, respec-
tively. Seven patients (18.4%) had grade 1–2 constipation 
after chemotherapy, probably because of the high dos-
age of 5-hydroxytryptamine-3-receptor antagonists as 
antiemetic medication. During chemotherapy 1 patient 
(2.6%) developed a deep venous thrombosis of the left 
leg.

Oxaliplatin (OXA)-related peripheral sensory neu-
ropathy was a common side effect but it was generally 
mild, probably due to the low cumulative dose of OXA. 
Fourteen patients (36.8%) had grade 1 neuropathy and 
2 patients (5.3%), grade 2 neurotoxicity. Only 1 patient 
experienced grade 3 neuropathy, after the sixth cycle of 
chemotherapy. No allergic reactions to OXA or DTX 
were recorded.

Effi cacy

All patients received at least one cycle of chemotherapy 
and 37 were assessable for response; 1 patient refused 
further treatment after the fi rst cycle of therapy. Evalu-
ation of response, with 95% confi dence intervals (CI), 
is reported in Table 3. No complete response was ob-
tained; 4 patients had a confi rmed partial response, with 
an overall response rate of 10.5% (95% CI, 0.8–20.8). 
Eighteen patients experienced stabilization of the dis-
ease (47.3%; 95% CI, 32.5–64.8); the disease progressed 
in 15 patients (39.4%). Among patients with only peri-
toneal disease, stabilization was the best response in 3 
of 5 patients. Seven of 18 the patients with stable disease 
experienced a clear clinical benefi t, with complete 
resolution of obstructive gastrointestinal symptoms 
(3 patients) and pain (3 patients) or resolution of hy-
dronephrosis (1 patient).

The median baseline serum CEA level in the 7 pa-
tients with stable disease and clinical benefi t (50.2 ± 

Table 2. Adverse effects according to NCI-CTC

 Grade 1–2 Grade 3–4

Toxicity (38 patients) n % n %

Hematological
 Neutropenia 19 50.0 10 26.3
 Thrombocytopenia  2  5.2 — —
 Febrile neutropenia — — — —
 Anemia  8 21.0 — —
Gastrointestinal
 Nausea/vomiting 20 52.6  6 15.7
 Diarrhea  6 15.7 — —
 Constipation  7 18.4 — —
 Stomatitis  4 10.5 — —
Oxaliplatin-related
 Neuropathy/neurotoxicity  16 42.1  1  2.6
 Allergic reactions — — — —
 Thrombosis  1  2.6 — —
Other
 Asthenia 13 34.2  6 15.7
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41.4 ng/ml) remained unchanged or decreased after 3 
and 6 months of treatment (27.5 ± 25.9 ng/ml and 17.4 ± 
21.9 ng/ml, respectively; Fig. 1A). In comparison, the 
median baseline serum CEA level (56.0 ± 70.3 ng/ml) in 
the other 11 patients with stable disease either remained 
unchanged or increased after 3 (65.3 ± 71.4 ng/ml) and 
6 months (100.5 ± 106.5 ng/ml) of therapy, but in no pa-
tient was it decreased (Fig. 1B).

Median time to progression was 4.0 months (range, 
2–8 months) and median overall survival was 8.1 months 

(range, 3–26 months), as reported in Figs. 2 and 3, 
respectively.

Thirteen patients (34.2%) maintained a good perfor-
mance status PS at the end of second-line treatment; 1 
of these had recorded a PR; 5, SD; and 7, PD during 
DTX and OXA. They were given third-line chemo-
therapy with a regimen containing IRI plus continuous 
infusion 5-FU, as previously reported [20]. The median 
overall survival of patients receiving third-line che-
motherapy was 16.3 months, while the remaining 25 
patients recorded a median overall survival of 6.0 

Table 3. Evaluation of response (37 patients)

Patients

 n %

Complete response — —
Partial response  4 10.5 (95% CI, 0.8–20.8)
Stable disease with signifi cant clinical benefi t  7 18.4 (95% CI, 6.3–31.5)
Stable disease 11 28.9 (95% CI, 15.0–44.5)
Progressive disease 15 39.4
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motherapy (Y) and patients who did not receive out-of-study 
treatment (N)

months (Fig. 4); this difference was statistically signifi -
cant (P = 0.00099).

Discussion

Despite the large number of clinical trials and combina-
tion treatments evaluated, the chemotherapy of ad-
vanced gastric cancer remains unsatisfying. In phase III 
studies the median survival does not exceed 10 months, 
even with combination therapies including new drugs 
such as docetaxel (DTX) [11–13,15,16,25]. These poor 
results are often obtained at the cost of a high incidence 
of hematological toxicity and diarrhea [25]. A possible 
strategy for improving the overall survival of patients 
with advanced gastric cancer could be an effective 
second-line therapy. A longer time to progression after 
second-line therapy might allow more patients to pre-
serve a good performance status (PS) and receive fur-
ther treatments. However, because the main therapeutic 
goal for most of these patients is palliation, second-line 
therapy has to be tolerable. We therefore studied a 
combination of DTX, which has established activity in 
advanced gastric cancer, and OXA, a platinum deriva-
tive whose adducts are not recognized by the mismatch 
repair (MMR) protein complex. In preliminary studies 
OXA yielded encouraging results in advanced gastric 
cancer in combination with infusional 5-FU, and was 
well tolerated [27–29]. Regimens and doses were se-
lected on the basis of a previous phase I study in which 
this combination was investigated in patients affected 
by advanced breast or lung cancer [31].

The most important result of our study is the high 
tolerability of the regimen, even though most patients 
had previously been treated with combination therapy 
including cisplatin (CDDP), and 50% of them had a PS 
of more than zero. No toxic death was observed, and 

the incidence of NCI-CTC grade 3–4 toxicity was very 
low. Only 26.3% of patients experienced NCI grade 3–4 
neutropenia, with no febrile neutropenia or neutro-
penic infections. Hematological toxicity, other than 
neutropenia, was rare and never greater than grade 2. 
Among nonhematological toxicities, both grade 3 nau-
sea/vomiting and grade 3 asthenia were experienced by 
15.7% of patients and required a dose reduction in only 
two patients on account of their simultaneous occur-
rence. Oxaliplatin (OXA)-related sensory neuropathy 
was not an important concern; although mild neurotox-
icity was common, only one patient experienced grade 
3 cumulative neuropathy during the last course of che-
motherapy, before progression was documented. The 
favorable toxicity profi le appears particularly advanta-
geous in patients with advanced gastric cancer, whose 
quality of life can be severely affected by the superim-
position of gastrointestinal side effects on the disease-
related symptoms.

The activity of our regimen is comparable to that 
described for second-line DTX monotherapy or com-
bination regimens, as reported mostly in non-CDDP 
pretreated patients [33–35]. Although a response rate 
of 10.5% is both low and lower than those reported in 
other phase II second-line studies with DTX or OXA-
containing regimens, a time to progression of 4.0 months 
is comparable to that reported in the same studies. This 
discrepancy might be related to the signifi cant and du-
rable relief of symptoms in some patients with stable 
disease. Furthermore, more than 60% of patients in our 
study had peritoneal metastases, whose shrinkage ac-
cording to WHO criteria is diffi cult to demonstrate. In 
effect, the simultaneous occurrence of relief of symp-
toms, a decrease in tumor markers, and stable disease 
cannot be unrelated to the action of chemotherapy, al-
though it cannot be classifi ed as a partial response. In 
agreement with these considerations, the median over-
all survival time of 8.1 months was longer than expected 
for a second-line chemotherapy in advanced gastric can-
cer and is even comparable to that obtained in some 
front-line studies [11,12,15,23,26]. In our opinion, the 
median overall survival time achieved with our treat-
ment could depend on the high level of tolerability of 
our treatment regimen, as well as on the possibility of 
third-line chemotherapy in a subset of patients. In fact, 
although only 34.2% of patients received further treat-
ment with an IRI-containing regimen, their median sur-
vival reached 16.3 months. This could be the consequence 
of a selection of long survivors, but also suggests that 
sequential treatments are possible in advanced gastric 
cancer, provided they are tolerable and not cross-
resistant. In effect, the combination of IRI with infu-
sional 5-FU has recently been demonstrated to be as 
effective as CDDP plus infusional 5-FU, but better 
tolerated [21].
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In conclusion, the combination of OXA and DTX is 
active to some extent as a second-line treatment of pa-
tients with advanced gastric cancer. The activity in a 
population of CDDP-pretreated patients is similar to 
that obtained with other DTX combinations in non-
CDDP-pretreated patients. Interestingly, the combina-
tion of OXA and DTX is well tolerated and enables the 
administration of sequential treatments, which, in other 
gastrointestinal malignancies, have brought about a sig-
nifi cant prolongation of overall survival rates [36–38]. 
This fi nding does not exclude the need not only to op-
timize the combination of OXA and DTX but also to 
search for more active fi rst-line combinations and well-
tolerated sequences.
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