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Abstract

Purpose 5-Fluorouracil (5-FU) plus cisplatin (C) can be

considered a standard option for advanced gastric cancer

(AGC). Irinotecan (Ir) and docetaxel (D) are active agents

with no complete cross-resistance with C and 5-FU. Con-

comitant combination of Ir or D with C and 5-FU is fea-

sible, but with substantial toxicities. A different way to

include all active agents in first-line treatment of AGC may

be to use them sequentially. We aimed to evaluate the

activity and the safety profile of sequential chemotherapy

with 5-FU-based doublets with C, Ir and D in the first-line

treatment of AGC.

Methods We conducted a phase II study of first-line

sequential chemotherapy in metastatic GC. Treatment

consisted of 3 cycles of C ? infused 5-FU and leucovorin

(CFL) followed by 3 cycles of Ir ? 5-FU/LV (IrFL) fol-

lowed by 3 cycles of D ? 5-FU/LV (DFL). Primary end-

point was response rate.

Results Forty-six patients were enrolled, median age

60 years, sites of disease (single/multiple) = 9/37, PS

0/1 = 27/19, gastric/gastro-oesophageal junction = 39/7.

Median number of cycles was 9. Main grade 3–4 toxicities

were neutropenia (37%), febrile neutropenia (2%), diar-

rhoea (4%), stomatitis (9%). Response rate after the plan-

ned 9 cycles was 45% (15 partial and 5 complete responses

among 43 evaluable patients). Median PFS and OS: 6.8 and

11.1 months, respectively.

Conclusion This sequential treatment is feasible with a

favourable safety profile and produced encouraging results

in terms of activity and efficacy.

Keywords Gastric cancer � Cisplatin � 5-Fluorouracil �
Irinotecan � Docetaxel � Sequential chemotherapy

Introduction

Gastric cancer is the fourth most common cancer worldwide

[1]. While fundus and distal gastric cancer incidence

declines, the rate of gastro-oesophageal junction adeno-

carcinoma is rising [2]. Cure for patients with gastric cancer

is only available for those in whom a complete surgical

resection can be performed. Advanced disease is incurable,

and treatment is based on palliative chemotherapy [3].
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A meta-analysis of studies comparing polychemotherapy to

single-agent treatment showed a significant gain in median

survival with combination therapy establishing its role in

the palliative setting [4]. A number of different chemo-

therapy combination regimens has been developed using

the most active agents in advanced and metastatic gastric

cancer without establishing a universally accepted standard

regimen [5]. On the other hand, the combination of 5-flu-

orouracil (5-FU) and cisplatin remains an accepted treat-

ment option for this disease [6] both in Europe and North

America. The addition of an anthracycline is a widely

accepted option since a meta-analysis [4] that compared

5-FU/cisplatin-containing regimens with versus without

anthracyclines (HR = 0.77, 95% CI 0.62–0.95) showed a

significant (but relatively small) survival benefit for the

three-drug combination.

The disappointing results in terms of both progression-

free survival (PFS) and overall survival (OS), around 5 and

9 months, respectively, achieved by conventional treat-

ment regimens have sustained the investigation of new

drugs. Irinotecan and docetaxel are active agents in gastric

cancer and have been already tested in randomized phase II

and III studies.

A recent phase III randomized trial compared the

combination of irinotecan plus 5-FU (IF) to cisplatin plus

5-FU [7], demonstrating that IF was not inferior to the

standard doublet in terms of time to progression (TTP) in

the full-analysis population and resulted in a different

toxicity profiles compared to cisplatin-based treatment,

thus representing a possible platinum-free alternative in the

first-line treatment of advanced gastric cancer (AGC).

Docetaxel is the last chemotherapic agent that granted

approval for first-line treatment of AGC. This was achieved

for the results of the TAX-V325 phase III randomized

study, that randomly assigned AGC patients to the triplet

combination of docetaxel, cisplatin and 5-FU (DCF) or

cisplatin plus fluorouracil [8]. The taxane improved

response rate, TTP and OS, but with a substantial increase

in toxicity [6, 9]. Such considerations limit the routinary

adoption of DCF as a standard first-line for advanced or

metastatic gastric cancer [10].

Irinotecan and docetaxel have different mechanisms of

action and a non-complete cross-resistance with cisplatin

and 5-FU, but their concomitant administration is unfeasible.

A different way of including all most active agents in

the first-line treatment of AGC with a strong experimental

rationale is to use them sequentially to the other active

regimens. The use of docetaxel sequential to an intensive

weekly PELF regimen has been already studied in gastric

cancer with good activity results and an acceptable safety

profile [11].

Moving from the above reported considerations, we

conducted a phase II study to evaluate the feasibility and

the antitumoural activity of a sequential regimen involving

three different combinations of cisplatin, irinotecan and

docetaxel based on an infused 5-FU plus folinic acid

treatment repeated every 2 weeks.

Patients and methods

Patient selection

Eligible patients were required to have histologically con-

firmed metastatic adenocarcinoma of the stomach or of the

gastro-oesophageal junction, at least one measurable lesion

according to response evaluation criteria in solid tumors

(RECIST) criteria, age between 18 and 75 years, an Eastern

Cooperative Oncology Group performance status = 1 or

less for patients B70 years and = 0 for patients aged 71–75,

a life expectancy of at least 3 months, no prior palliative

chemotherapy (previous adjuvant and/or neoadjuvant che-

motherapy was allowed if more than 12 months have elapsed

between the end of adjuvant and/or neoadjuvant therapy and

first relapse), at least 6 weeks elapsed from prior radiother-

apy and 3 weeks from surgery, adequate bone marrow,

hepatic and renal function (haemoglobin C9.0 g/dl, absolute

neutrophil count C2.0 9 109/l, no blood transfusions within

2 weeks, platelet count C100 9 109/l, creatinine B1.25 the

upper limits of normal (ULN), total bilirubin B1.5 9 ULN,

aspartate aminotransferase and alanine aminotransfer-

ase B1.5 9 ULN, alkaline phosphatase B2.5 9 UNL,

except in case of bone metastasis without any liver disease).

Patients who had received prior treatment with platinum,

camptothecins or taxanes, patients with metastases to the

central nervous system, prior history of another malignancy

within 5 years of study entry except for basal cell carcinoma

of the skin or carcinoma in situ of the uterine cervix, patients

with bowel obstruction (or subobstruction) or history of

inflammatory enteropathy or extensive intestinal resection

([hemicolectomy or extensive small intestine resection with

chronic diarrhoea) were excluded from the study. All par-

ticipants provided written informed consent before they

entered the study, which was approved by local Ethics

Committee.

Treatment

The planned treatment consisted of a total of 9 cycles of

chemotherapy repeated every 2 weeks. Figure 1 repro-

duces a diagram of treatment schedule. The first 3 cycles

consisted of cisplatin 50 mg/m2 intravenous infusion (IV)

over 30 min on day 1 immediately followed by leucovorin

(LV) 200 mg/m2 over 2 h immediately followed by 5-FU

3.200 mg/m2 infused as a 48-h continuous infusion (CFL).

Cycles fourth to sixth consisted of irinotecan 180 mg/m2
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IV over 60 min on day 1 immediately followed by LV

200 mg/m2 over 2 h immediately followed by 5-FU

3.200 mg/m2 infused as a 48-h continuous infusion (IrFL).

The last 3 cycles consisted of docetaxel 50 mg/m2 IV over

60 min on day 1 immediately followed by LV 200 mg/m2

over 2 h immediately followed by 5-FU 3.200 mg/m2

infused as a 48-h continuous infusion (DFL).

Activity, efficacy and toxicity assessment

Pre-treatment evaluation included history and physical

examination, PS assessment, complete blood cell with

differential and platelet counts, complete blood profile,

carcinoembryonic antigen, electrocardiogram, computed

tomography (CT) scan of abdomen and chest. During

treatment, a physical examination and a complete blood

cell count were performed every 2 weeks. Toxic effects

were monitored weekly and were scored according to

standard NCI CTC criteria.

Every 3 cycles, sites of metastases were re-evaluated by

means of CT scan (i.e. at the end of each sequential dou-

blet) and a complete blood profile was performed.

Responses were evaluated according to RECIST [12]. A

CT scan was performed every 8 weeks after the end of

treatment until evidence of progressive disease. Patients

who received at least 1 cycle of treatment were considered

assessable for response and toxicity. PFS was calculated

from the first day of treatment to the date on which disease

progression was first documented or to the date of death or

of the last follow-up. OS was calculated from the first day

of treatment to the date of death or last follow-up.

Statistical considerations

The primary endpoint was the cumulative objective

response rate (complete plus partial responses according to

RECIST) after the planned 9 cycles of chemotherapy.

Secondary endpoints were response rates after 3 cycles of

every single doublet (cisplatin/5-FU, irinotecan/5-FU,

docetaxel/5-FU), progression-free survival, overall survival

and toxicity profile.

The optimum two-stage sequential design described by

Simon [13] was used to determine the number of patients to

be included. Because responses with most widely used

standard combinations of 5-FU and cisplatin are observed

in *30% of patients, a response rate of *50% for a new

regimen that has acceptable toxic effects would be con-

sidered promising. Therefore, the design parameters p0

(response rate in null hypothesis) and p1 (response rate in

alternative hypothesis) selected were 0.30 and 0.50,

respectively. Considering in addition an alpha and beta

error probability of 0.05 and 0.20, the first stage of the

study required 15 patients, and if at least 5 objective

responses were observed, the second stage required a total

of 46 patients. If at least 18 patients responded after the

second accrual stage, treatment was considered promising

unless other considerations indicated otherwise. The dis-

tribution of PFS and OS were calculated using the Kaplan–

Meier method.

Results

Patient characteristics

A total of 46 patients were enroled. The baseline charac-

teristics are listed in Table 1. The median age was 61 years

(range 37–75 years). Thirty-nine patients (85%) had a

gastric adenocarcinoma and 7 patients (15%) had a gastro-

oesophageal junction adenocarcinoma. All patients had

distant metastases and no patients had a locally advanced

disease. Thirty-seven patients (80%) had two or more sites

of metastases. Twenty-six (57%) had liver involvement, 5

(11%) had lung metastases, 23 (50%) had distant lymph

node metastases and 17 (37%) peritoneal dissemination.

Response

In total, 330 cycles were administered with a median of 9

cycles per patient. Forty-three (93.5%) of 46 patients were

assessable for response. Three patients were not assess-

able for response because they did not undergo regular

CT scans. The overall response rate at the end of the

sequential treatment (ORR) was 45% (95% CI, 30 to

60%) by per-protocol analysis. There were 5 complete

responses (CRs) and 15 partial responses (PRs). With

regard to responses to each single doublet (i.e. responses

assessed comparing CT scans performed after each dou-

blet with those performed before starting that doublet)

Fig. 1 Treatment schedule: 3 cycles of each combination have been

administered (coloured arrows); response assessment has been made

after the end of each combination (discontinued arrows)
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were as follows: 10 out of 40 evaluable patients respon-

ded to CFL (25%; 95% CI, 12 to 38%, 6 patients were

not assessable for response to CFL), 24 obtained a disease

stabilization while 6 progressed. Thirteen out of 35

patients responded to IrFL (37%; 95% CI, 21 to 53%, 7

patients did not receive IrFL and 4 were not assessable

for response to IrFL), 18 obtained a disease stabilization

while 4 progressed. Seven out of 34 patients responded to

DFL (21%; 95% CI, 7 to 34%, 9 patients did not receive

DFL and 3 were not assessable for response to DFL), 21

obtained a disease stabilization while 6 progressed. Glo-

bal activity results and responses to each doublet are

resumed in Table 2. Upon disease progression, 23 patients

(50%) received a second-line treatment, including an

anthracyclin (n = 10), oxaliplatin (n = 5) or one of the

doublets already received in first-line (n = 8), judged by

the investigator the most active and/or better tolerated.

Among these last 8 patients, 6 received again the com-

plete sequence of 9 cycles as in first-line.

Progression-free and overall survival

All patients were included in the survival analysis. The

median follow-up duration was 23 months. The median

PFS was 6.8 months and the median survival was

11.1 months (Fig. 2).

Toxicity

All patients were assessable for safety. Table 3 summarizes

main toxicities per patient. There were no unexpected

toxicities. Main grade 3–4 toxic effects were as follows:

2% of patients experienced grade 3 nausea, 3% grade 3 and

1% grade 4 diarrhoea, 7% grade 3 and 2% grade 4 sto-

matitis, 27% grade 3 and 11% grade 4 neutropenia.

There was one treatment-related death after the first

cycle of CF in a 69-year-old man due to pneumonitis and

septicaemia developed after grade 4 stomatitis, grade 3

diarrhoea and grade 4 neutropenia. No other patients were

discontinued from the study due to toxic effects. Five

(11%) patients required dose reduction of at least one drug

and 7 (15%) were delayed [1 week due to grade 3 or 4

side effects. Prophylactic G-CSF was adopted for sub-

sequent cycles due to grade 4 neutropenia lasting [7 days

in one patient after the first administration of DFL.

Discussion

Prognosis of AGC is dismal, and the main role of che-

motherapy is to offer the best palliation. This means a

balance between survival prolongation and symptoms’

relief and improvement in quality of life, so that toxicity

profile of adopted treatments is of major importance. The

combination of 5-FU and cisplatin still represents an

accepted compromise between efficacy and tolerability, so

that it has been chosen as standard comparator arm in many

ongoing or recently closed phase III trials [14–16].

Three randomized trials tested treatment combinations

of infused 5-FU and irinotecan [7, 17, 18]. A phase III trial

randomized 333 patients to irinotecan plus high-dose 5-FU

and leucovorin (IF) or cisplatin and 5-FU (CF). The IF

regimen was not superior over CF for time to progression

(5.0 versus 4.2 months), median OS time 9.0 versus

8.7 months, or RR 31.8% versus 25.8%, but showed a

better safety profile: in fact, while increased rate of grade

3–4 diarrhoea was reported with IF, the incidence of grade

3–4 stomatitis and haematological toxicity, in particular

neutropenic fever, was significantly lower. [7]. According

to a meta-analysis, irinotecan regimens show a non-statis-

tically significant benefit in survival of about 1 month and

a lower rate of treatment-related deaths over the reference

regimen [3]. Taken together, all these data suggest that

irinotecan is efficacious almost as cisplatin, but has a dif-

ferent safety profile.

The TAX-V325 trial [8], which established the role of

docetaxel combinations in AGC, demonstrated a significant

increase in response rate (37 vs. 25%), in time to

progression (5.6 vs. 3.7 months) and in overall survival

(9.2 vs. 8.6, 23% risk reduction and 18 vs. 9% of patients

Table 1 Patients characteristics

Characteristics No. of patients %

Evaluable patients 46 100

Age (years)

Median 61

Range 37–75

Sex

Male 36 78

Female 10 22

ECOG performance status

0 27 59

1 19 41

Primary tumour

Gastric 39 85

Gastro-oesophageal junction 7 15

Prior adjuvant chemotherapy 4 9

No. of metastatic sites

1 9 20

[1 37 80

Sites of metastases

Liver 26 57

Lung 5 11

Nodes 23 50

Peritoneum 17 37
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alive at 2 years) for DCF over CF. The cost for such

advantages was high in terms of toxicity: in DCF arm, the

rate of G3-4 diarrhoea, G3-4 neutropenia and febrile neu-

tropenia was 19, 82 and 29%, respectively, and signifi-

cantly higher than with CF (8, 57 and 12%, respectively).

Moreover, 21% of patients treated with DCF experienced

G3-4 stomatitis and from these data, it is derived that in

many patients such adverse events were concomitant and

possibly life-threatening. Even if toxic deaths were not

increased by DCF, the rate of hospitalization was not

reported. Another reason for concern is that these results

have been obtained in a rather selected population with

good performance status (only 1% of the enroled patients

had a Karnofsky performance status of 70) and low median

age (55 years).

Given its spare feasibility, many experts questioned the

role of DCF as optimal first-line therapy [9, 10]. Mean-

while, in routinary practice, oncologists claim for a more

manageable scheme that could be more quietly adminis-

tered to unselected patients without the need for dose

adjustments or delays that inevitably raise concerns about

the efficacy of treatment in each single patient. For such

reasons, many investigators studied modifications of the

DCF regimen [19, 20]: weekly schedules or split-doses of

docetaxel lead to results that compare favourably with

those of DCF in terms of activity and efficacy, but with an

improved safety profile, especially for a low incidence of

grade 3–4 and febrile neutropenia (less than 5%).

In our study, we evaluated a sequential strategy incor-

porating irinotecan and docetaxel in addition to 5-FU and

cisplatin in the first-line therapy of metastatic gastric can-

cer with RR as main objective. Primary end-point was met

according to the statistical hypothesis. The median pro-

gression-free survival of 6.8 months and the median OS of

11.1 months compare favourably with those obtained with

Table 2 Per-patient response after 3 cycles of each combination

(CFL, IrFL and DFL) and cumulative response after 9 cycles of

sequential chemotherapy (CFL followed by IrFL followed by DFL)

Patient CFL IrFL DFL Cumulative

response

001 PR SD SD PR

002 SD PD NA PD

003 SD PR CR CR

004 SD SD SD SD

005 SD SD SD SD

006 SD SD SD SD

007 SD PR SD PR

008 SD SD SD SD

009 SD SD SD SD

010 PR SD SD PR

011 SD NA NA SD

012 SD PR SD PR

013 SD SD SD SD

014 CR NA NA CR

015 PD NA NA PD

016 PR PR SD PR

017 SD SD PD PD

018 PD PR SD PR

019 PR SD SD PR

020 SD PR PD SD

021 PD PD SD PD

022 SD NE PR PR

023 PR PR SD PR

024 NE SD SD SD

025 PD NA NA PD

026 NE PR CR CR

027 SD SD PR PR

028 SD SD PD PD

029 SD SD PD PD

030 SD PD NA PD

031 PR PR CR CR

032 SD PD SD PD

033 NE NE NE NE

034 NE NE NE NE

035 NE NE NE SD

036 PD NA NA PD

037 SD PR PD PD

038 PD NA NA PD

039 SD SD SD SD

040 SD SD PR PR

041 SD PR SD PR

042 PR CR CR CR

043 PR PR SD PR

044 SD SD PD PD

045 NE NA NA NE

046 PR SD SD PR

Table 2 continued

Patient CFL IrFL DFL Cumulative

response

Evaluable pts. = 43 (93%) CR = 5 (12%)

PR = 14 (33%)

CR ? PR (response rate)

= 19 (45%)

SD = 11 (25%)

CR ? PR ? SD

(Disease control rate)

= 30 (70%)

PD = 13 (30%)

CFL cisplatin, 5-fluorouracil and leucovorin, IrFL irinotecan, 5-flu-

orouracil and leucovorin, DFL docetaxel, 5-fluorouracil and leuco-

vorin, NE not evaluable, NA not applicable (treatment not received),

CR complete response, PR partial response, SD stable disease, PD
progressive disease
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other regimens in major phase III trials, in particular,

considering that our population was clearly unselected and

representative of metastatic gastric patients who come to

our attention in routinary clinical practice. It has been

suggested that low median age and a good perfor-

mance status may have positively affected the results of

Fig. 2 Kaplan–Meier estimates

of progression-free survival

(PFS), (a) and overall survival

(OS), (b)

Table 3 Main haematological

and non-haematological

toxicities per patient

Treatment Toxicity Grade 1–2 (%) Grade 3–4 (%)

CFL (46 patients) Nausea–vomiting 62–9 0

Diarrhoea 22 2

Stomatitis 24 0

Neutropenia 29 13

Febrile neutropenia – 2

Thrombocytopenia 18 0

Anaemia 58 0

IrFL (42 patients) Nausea–vomiting 43–10 2–0

Diarrhoea 36 2

Stomatitis 38 5

Neutropenia 33 17

Thrombocytopenia 7 0

Anaemia 52 0

DFL (37 patients) Nausea–vomiting 19–5 0

Diarrhoea 16 0

Stomatitis 35 5

Neutropenia 32 22

Thrombocytopenia 3 0

Anaemia 54 0

Overall (46 patients) Nausea–vomiting 73–16 2–0

Diarrhoea 42 4

Stomatitis 51 9

Neutropenia 31 38

Febrile neutropenia – 2

Thrombocytopenia 18 0

Anaemia 69 0
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TAX-V325 study [9, 10], and this was not the case of our

series. At the same time, there were no patients with locally

advanced disease in our experience, while they represented

a significant subgroup (*22%) in the REAL-2 study [21]

that for the first time reported a median OS of more than

11 months for the epirubicin, capecitabine and oxaliplatin

arm, and this may have positively affected such results.

The safety profile of the sequential treatment was extre-

mely favourable with no toxicities exceeding the incidence

of 9% except for neutropenia that was febrile only in one

case. That patient died as consequence of treatment-related

toxicity, but this occurred after the first cycle of 5-FU/

cisplatin and therefore cannot be ascribed to the sequential

strategy, nevertheless this is consistent even with most

recent series of patients treated with such combination,

reporting 1–5% incidence of toxic deaths, mainly for

infections [8, 14].

One can argue that a possible limitation of our study

could reside in the choice of switching to a different reg-

imen in patients responding to the previous doublet after

only three cycles. However, in our opinion, this does not

preclude the use of the most active and better tolerated

doublet at the end of the planned 9 cycles. Activity and

feasibility of this strategy seems to be confirmed by results

obtained in the 10 patients of our study exposed in second-

line to a previously received doublet, deemed the best at

investigator’s choice. Meanwhile, it should be noted that

activity of treatment seemed to be progressively improved

throughout the course of sequential treatment, in fact only

2 previously responding patients progressed at the switch

of the doublet, while 14 improved their response and 4 of

them gradually obtained the complete disappearance of all

target lesions. In conclusion, in the present phase II trial, a

sequential first-line treatment with infused 5-FU-based

doublets containing cisplatin, irinotecan and docetaxel led

to interesting results in terms of activity and efficacy with a

very favourable toxicity profile in comparison with stan-

dard first-line regimens, especially if considering those

containing docetaxel. In particular, our regimen, other than

being a possible choice particularly for patients at higher

risk of toxicity with three-drugs combination regimens,

could be considered as a possible chemotherapic platform

for further phase II randomized studies with the aim to

investigate the addition of new molecularly targeted

agents.
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