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Abstract

Surgery remains the primary curative treatment for gastric cancer although the last 40 years has witnessed the increased util-

isation of chemotherapy. 5-Fluorouracil (5-FU or F), then more recently cisplatin (C) and their derivatives, have laid the foun-

dations for the use of chemotherapy and their activity has been modulated by combination with other anti-cancer drugs such as

epirubicin (E) or leucovorin (folinic acid, LV) to improve the outcome for patients with advanced gastric cancer.

In the palliative setting, despite recent efforts to refine and develop cisplatin/5-FU-based combinations and explore their effec-

tiveness in different settings and regimens, the response rate has remained at around 40% and the overall survival period has obstinately

refused to rise above 7–8 months. However, the last few years have seen renewed impetus in the struggle against advanced gastric

cancer, heralded by the introduction of a new wave of chemotherapy drugs, principally the taxanes and the topoisomerase inhibitor,

irinotecan. Recent early phase studies of drug combinations that use these new agents are reporting objective response rates of about

70% and overall median survival periods in excess of 10months. Importantly, these advances are beingmadewithout excessive toxicity.

In the adjuvant setting, recentmeta-analyses of adjuvant chemotherapy have suggested that systemic treatmentmay achieve a small,

statistically significant reduction in the risk of death. Preliminary data from an ongoing large, prospective phase III study of post-

operative chemo-radiotherapy (US Intergroup 0116) shows significantly improved disease-free and 5-year survival.However, as 54%of

patients appear to have had suboptimal surgery the observed benefit may arise from compensating for inadequate dissection. In the

MAGIC trial perioperative chemotherapy with ECF demonstrated a significant improvement in progression-free survival (hazard

ratio 0.70, P ¼ 0:002) and a potential improvement in overall survival (hazard ratio 0.80, P ¼ 0:063). Ongoing studies in the adjuvant

setting are evaluating the potential role of new active agents such as docetaxel and irinotecan.

Despite the improvements in therapeutic outcome, there is still muchwork to do as complete response rates are disappointingly low,

patients with poor performance scores do particularly badly and treatment-related toxicity remains an issue in what is a distressing

disease.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Surgical resection remains the primary curative treat-

ment for gastric cancer. In Western countries, between

50% and 70%of patients who undergo radical resection of

their primary tumour will relapse and die within 5 years.

Gains in surgical techniques, screening, epidemiology and

preventative education, will no doubt impact on this sit-
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uation. However, the use of chemotherapy (with or

without radiotherapy) along with advances in our mo-

lecular understanding of the behaviour and genetics

of cancer cells holds perhaps the greatest potential to

increase survival for those affected by this condition.

Chemotherapy has been used for the treatment of

gastric cancer since the 1960s but despite 40 years of

clinical research, many unresolved issues surround its
deployment. Most importantly, despite the costs and

toxicity issues associated with treatment, chemotherapy

has a justified role in the treatment of patients with

advanced disease, where quality of life may be a critical
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Fig. 1. An overview of the history of chemotherapy in the treatment of gastric cancer. 5-FU, fluorouracil; LV, leucovorin, FAM, fluorouracil/

doxorubicin/mitomycin C; FAP, fluorouracil/doxorubicin/cisplatin; FAMTX, fluorouracil/doxorubicin/methotrexate; EAP, etoposide/doxorubicin/

cisplatin; ELF, etoposide/leucovorin/fluorouracil; FUP, fluorouracil/cisplatin; ECF, epirubicin/cisplatin/fluorouracil; P, cisplatin.
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issue [1,2]. However, although chemotherapy is able to

prolong survival, several questions remain: does an op-

timum agent or combination exist? Is there an ideal set-

ting or regimen that predicts whether chemotherapy

should be provided before or after surgery in patients

with localised disease? What is the contribution of ra-

diotherapy to the adjuvant treatment of localised disease?

Although we may be some way from answering such
questions many feel that we are entering a new phase of

activity and vigour that is being driven by the advent of

a new generation of chemotherapy agents such as iri-

notecan, the taxanes, oxaliplatin, 5-fluorouracil (5-FU)-

prodrugs and ‘biotherapeutics’ (Fig. 1). If we are to

derive the true potential of these and other new agents

we must build on the lessons learnt from recent years. In

this review we take stock of the current situation, assess
the emerging data and evaluate what they can tell us

about the application of the next generation of chemo-

therapeutic agents.
2. The early development of chemotherapeutic strategies

It is clear from several trials that when compared with
best supportive care, chemotherapy alone provided im-

provements in response rates, progression-free survival

and overall survival [3–6]. The timing of the initiation of

chemotherapy relative to diagnosis and progression was

also shown to have an effect on outcome. Treatment at

diagnosis improved quality of life indicators (75% im-

proved versus 25%) and time to survival (10 months

versus 4 months) compared with treatment at progres-
sion for patients with advanced gastric cancer [7].
In the 1960s, 5-FU was introduced as the only active

agent for the treatment of gastric cancer (Fig. 1). In the

following decades combination regimens such as FAM

(5-FU, doxorubicin, mitomycin C) were developed and

considered as standard therapies as they provided re-

sponses in 30–50% of patients and extended median

survival to 7 months compared with 3 months in un-

treated patients. These combinations were further de-
veloped during the 1990s with for example, the

evolution of FAMTX where mitomycin C was replaced

with the antimetabolite methotrexate. Other regimens

also emerged during this period such as FUP (5-FU and

cisplatin), EAP (etoposide, doxorubicin, cisplatin), and

ELF (etoposide, leucovorin, 5-FU). Although such

combinations, and especially those containing cisplatin,

showed early promise and demonstrated improved re-
sponse rates, randomised trials failed to show an in-

crease over the earlier therapies in terms of overall

survival (see Table 1 and [8–11]). Of these combinations

FUP was considered to represent one of the standard

contemporary therapies based on its favourable re-

sponse rates (Table 1).
3. Current standards in chemotherapy

3.1. Agents of choice

The initial promise heralded by the early results with

the platinum-based combinations like FUP (Table 1)

was instrumental in the development during the mid-

1990s of combination therapies such as ECF (epirubicin,
cisplatin, infusional 5-FU), PELF (where bolus 5-FU



Table 1

Randomised trials of FAMTX versus CDDP combinations in the treatment of advanced gastric cancer

Author Regimen N Response rate (%) Analysis of RR (P) OS (months) Analysis of OS (P)

Kim [9] FP 103 51 NA 8.5 ns

FAM 98 25 6.7

5-FU 94 14 7.0

Kelsen [8] EAP 30 20 ns 6 ns

FAMTX 30 33 7

Wils [32] FEMTX–CDDP 51 28 ns 7.0 ns

FEMTX 50 26 7.0

Vanhoefer [11] FAMTX 132 12 ns 6.7 ns

ELF 133 9 7.2

FUP 134 20 7.2

N, number of patients; RR, response rate; P, probability; OS, overall survival; NA, not applicable; ns, not significant; FP, fluorouracil/cisplatin;

FAM, fluorouracil/doxorubicin/mitomycin C; EAP, etoposide/doxorubicin/cisplatin; FAMTX, fluorouracil/doxorubicin/methotrexate; FEMTX–

CDDP, fluorouracil/epirubicin/methotrexate/cisplatin; ELF, etoposide/leucovorin/fluorouracil; FUP, infusional fluorouracil/cisplatin.
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plus leucovorin was added to epirubicin and cisplatin).

A full evaluation of the effectiveness and usability of

these combinations is only now becoming possible and

as such they are representative of the standard regimens

in use today.

Unlike many of the other platinum-based combina-

tion therapies, in addition to an increased response rate,

ECF also demonstrated an apparent benefit over the
established treatment regimens of the early 1990s, such

as FAMTX, in terms of overall survival (Table 2). The

superior activity of ECF was confirmed in the final

analysis from the study of Waters et al. [12] where a

response rate of 46% and a median survival of 8.7

months were achieved.

A comparison of three consecutive phase II studies

carried out by the Spanish Group for Gastrointestinal
Tumour Therapy (TTD) showed that high-dose con-

tinuous infusion with 5-FU could deliver a response rate

of 18% (95% CI, 10–25%) whilst addition of cisplatin
Table 2

Randomised trials comparing platinum-based combinations with non-platin

Author Regimen N Response rate (%)

Massuti [33] FLEP 75 26

FAMTX 73 9

Waters [12] ECF 126 46

FAMTX 130 21

Roth [34] FEP 54 43

5-FU+EPI 56 29

Cocconi [35] PELF 98 38

FAMTX 97 21

Ohtsu [10] 5-FU 105 11

5-FU-CDDP 105 34

5-FU-MMC 70 9

N, number of patients; RR, response rate; P, probability; OS, overall s

cisplatin; ECF, epirubicin/cisplatin/fluorouracil; FEP, 5-fluorouracil/epirubic

platin/fluorouracil/leucovorin; FAMTX, fluorouracil/doxorubicin/methotrexa
(i.e. FUP) increased the response rate to 44% (95% CI,

34–55%) [13]. The addition of epirubicin to the regimen

(i.e. ECF) had little effect on the response rate (37%;

95% CI, 29–44%) but increased toxicity (notably vom-

iting and leucopoenia).

An evolution of the ECF regimen is PELF in which

leucovorin is added and 5-FU is administered by intra-

venous bolus injection. However, this is associated with
toxicity issues that require the administration of gran-

ulocyte-colony stimulating factor. An early phase II

study indicated a response rate of 62% with median

survival of 11 months [14] but when compared with

FAMTX, PELF delivered significant improvements in

terms of response rate but not overall survival (Table 2).

These results would indicate that ECF, once regarded

as the great hope for the treatment of advanced gastric
cancer, may not increase survival over that seen with

other cisplatin plus 5-FU-based combinations. How-

ever, it is possible that by optimising the settings in
um combinations

Analysis of RR (P) OS (months) Analysis of OS (P)

0.008 7.2 ns

5.4

0.0002 8.7 0.0005

6.1

0.02 9.6 <0.05

7.1

0.003 7.7 ns

6.9

0.001 7.1 ns

7.3

6.0

urvival; ns, not significant; FLEP, fluorouracil/leucovorin/epirubicin/

in/cisplatin; FU+EPI 5-fluorouracil/epirubicin; PELF, epirubicin/cis-

te; 5-FU, 5-fluorouracil; CDDP, cisplatin; MMC, mitomycin C.
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which such combinations are administered, particularly

in the perioperative setting for localised disease, further

gains may be made. Better selection of patients, further

development of administration regimens, and combined

use with radiotherapy may all yield better results for
these contemporary therapies (see Section 4).
3.2. Chemotherapy for localised disease

When gastric cancer is unresectable, for example

where there is evidence of locally advanced disease or

distant metastasis, palliative chemotherapy may be the

only treatment option. However, in the case of localised

disease where surgery is indicated, three main strategies

have been explored for adjuvant treatment; post-oper-

ative chemotherapy, post-operative chemoradiation and

pre-operative or neoadjuvant chemotherapy.
3.2.1. Post-operative chemotherapy

The initial meta-analyses of post-operative adjuvant

chemotherapy, published in 1993 [15], included 11
studies and 2096 patients but found no significant dif-

ference over surgery alone with an odds ratio for death

of 0.88 (95% CI, 0.78–1.08). By comparison, more recent

meta-analyses have indicated that post-operative che-

motherapy provides a small but statistically significant

absolute benefit in survival of between 3% and 5% (odds

or hazard ratios for death ranging from 0.56 to 0.82

[1,16–18]). However, such meta-analyses have method-
ological limits: being literature-based introduces a se-

lection-bias, some include early studies that used older

chemotherapy regimens and had low statistical power,

and heterogeneous criteria may be used for patient se-

lection and analysis within studies.

Several studies published recently (and therefore not

yet included in meta-analyses) compare regimens such as

ELF (n ¼ 137 [19]), EAP followed by 5-FU/leucovorin
(n ¼ 274 [20]), 5-FU+MMC (mitomycin C) +AraC

(cytosine arabinoside) (n ¼ 252 [21]) and PELF (n ¼ 258

[22]) in the adjuvant setting versus surgery alone. The

data for 5-year overall survival in these studies suggest

moderate improvements of around 5% for the use of

post-operative adjuvant therapy but only one showed a

significant effect (n ¼ 137, P 6 0:01 [19]). However, the

positive result of this study is questionable given that
survival in the surgery only arm was 13% and the

number of patients was low (n ¼ 137).

Thus, these data suggest that adjuvant chemotherapy

may provide a small survival benefit of around 3–5%,

but such improvement has not yet been unequivocally

demonstrated in any single, randomised, large phase III

study. These findings support the future conduct of

larger studies with greater statistical power and combi-
nations containing the most active agents.
3.2.2. Post-operative chemoradiation

The current state of the art approach to combining

chemotherapy with radiotherapy is represented by the

SWOG 9008/INT 0116 trial. This study randomised 566

patients with resected stage IB to IV, M0 gastric carci-
nomas to either observation or to two cycles of 5-FU/

leucovorin, then radiotherapy with two further doses of

5-FU/leucovorin at the start and end, followed by two

further cycles of 5-FU/leucovorin [23]. The results

demonstrated statistically significant differences for dis-

ease free-survival in favour of the addition of chemo-

radiotherapy (median of 19 months versus 30 months,

P < 0:001) and overall survival (median of 27 months
versus 36 months, P ¼ 0:005). Importantly, the overall

benefit of the combined modality seemed to be derived

predominantly from improved local control. Whereas

the local relapse rate was 19% in the chemo-radiother-

apy arm and 29% among control patients, there was no

difference between groups for the risk of distant metas-

tases. This observation may be explained by the nature

of the surgical procedures where 54% of cases involved
less than a D1 dissection, a level that is generally judged

to be inadequate. It is therefore possible that the study

found a benefit for chemo-radiotherapy only because it

compensated for the effects of sub-optimal surgery.

3.2.3. Perioperative chemotherapy

The MAGIC trial is the only large randomised study

of perioperative chemotherapy so far conducted that has
an adequate follow-up period. It was initiated as a

randomised study to compare surgery only (S arm) with

perioperative chemotherapy where patients received

three pre-operative and three post-operative cycles of

ECF (CSC arm) [24]. In all, 503 patients were enrolled

with operable gastric (74%) or lower oesophageal cancer

(26%). Sixty-eight percent had a performance score of 0

and the median age was 62 years. More patients in the S
arm actually received surgery (92% versus 85%), and the

median time to surgery was shorter in the S arm (14 days

versus 99 days). Despite this, the proportion of patients

with curative resections was greater in the CSC arm (79%

versus 69%, P ¼ 0:018), and this is considered to be a

direct result of the patients receiving pre-operative ECF.

After 5 years the data showed a highly significant

effect in favour of the CSC arm over the S arm in terms
of progression-free survival (hazard ratio 0.70, 95% CI,

0.56–0.88, P ¼ 0:002) and a potential improvement in

overall survival although this failed to reach conven-

tional statistical significance (hazard ratio 0.80, 95% CI,

0.68–1.01, P ¼ 0:063).
The preliminary results from this large phase III

study demonstrate that pre-operative ECF has a quali-

tative effect on the tumour that increases the curative
resection rate as shown by downsizing and a histopa-

thologic down-staging effect in operable gastric cancer.

As with other adjuvant approaches, perioperative
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chemotherapy improves progression-free survival. It is

hoped that continued follow-up of the MAGIC phase

III trial will allow a more definitive conclusion to be

drawn with regards to the effect of perioperative che-

motherapy on survival in advanced gastric cancer.
4. New studies, new compounds

Recent developments can be divided broadly into

three classifications:

• continued evolution of the existing standard regi-

mens,
• new approaches to the settings and administration of

existing chemotherapy combinations,

• the introduction of new compounds or novel ana-

logues of existing compounds.

Some investigations are combining novel agents with

new approaches and settings.

4.1. Ongoing studies in the adjuvant setting

A number of new trials are examining existing cis-

platin-based combinations in the adjuvant setting as well

as new chemo-radiotherapy combinations such as ra-

diotherapy and continuous infusion of 5-FU preceded

and followed by ECF (Table 3). There are also several

studies that are evaluating pre-operative chemotherapy,

randomising patients to pre-operative versus post-
operative chemotherapy or to pre-operative chemo-

therapy versus surgery only. Finally, studies exploring

the potential role of new active agents such as docetaxel

and irinotecan are also ongoing (Table 3).

4.2. New compounds

The last few years has seen the introduction of several
new drugs into the clinical research setting: docetaxel
Table 3

Ongoing adjuvant studies in advanced gastric cancer

Group Study design

GISCAD (Italy) Surgeryfi 5-FU/LV (Mach

Surgeryfiw PELF· 8

EORTC (Europe) Surgery CDDP/5-FU/LV·
FRE-FNCLCC (France) Surgery CDDP/5-FU· 2–3

SAKK/IEO (Swiss/Italy) TCF· 4fi surgery

SurgeryfiTCF· 4

CALGB (USA) Surgeryfi 5-FU/LVfi 5-FU

SurgeryfiECFfi 5-FU c.i

ITMO (Italy) SurgeryfiMMC· 6
SurgeryfiFOLFIRI· 3fi

5-FU, 5-fluorouracil; LV, leucovorin; PELF, epirubicin/cisplatin/fluorou

uracil; 5-FU c.i. continuous infusion 5-fluorouracil; RT, radiotherapy; EC

irinotecan/5-FU/FA modified de Gramont; TXT, docetaxel (Taxotere�).
(Taxotere�), oxaliplatin (Eloxatin�), paclitaxel

(Taxol�), and irinotecan (CPT-11, Campto�).

4.2.1. Docetaxel

Initial reports from a phase III study in 460 chemo-
therapy-naive patients with unresectable metastatic

gastric cancer, where one randomised arm received do-

cetaxel in addition to the standard cisplatin–5-FU

combination, were extremely favourable [25]. Time to

progression was superior (5.2 months versus 3.7 months

for DCF and CF, respectively, P ¼ 0:0036), as was the
response rate (39% versus 23% for DCF and CF, re-

spectively, P ¼ 0:012) and overall survival (10.2 months
versus 8.5 months for DCF and CF, respectively,

P ¼ 0:0053). Toxicity, as indicated by the proportion of

National Cancer Institute Common Toxicity Criteria

(NCICTC) grade 3–4 adverse events was similar for the

two arms.

A phase I/II study is currently aiming to recruit and

randomise 240 patients to four cycles of docetaxel, cis-

platinum, 5-FU (TCF) as either pre- or post-operative
adjuvant therapy (see Table 3).

4.2.2. Oxaliplatin

Oxaliplatin is a third-generation platinum compound

that has shown some activity against pre-clinical tumour

lines, including some that are resistant to other platinum

compounds. A non-randomised phase II study in

patients with metastatic or advanced gastric cancer com-
bined oxaliplatin with 5-FU and leucovorin [26]. Forty-

nine patients were assessable and the overall response

rate was a promising 44.9%, time to progression was 6.2

months and overall survival was 8.6 months. Seven pa-

tients withdrew because of treatment-related toxicity.

Early data from a randomised phase III trial where

oxaliplatin was compared with cisplatinum in combi-

nations with epirubicin and 5-FU and capecitabine
showed that the two compounds had similar activity
Planned accrual

over)· 6 400 patients (closed)

2fi surgery 360 patients

fi surgery 250 patients

240 patients

c.i./RTfi 5-FU/LV 824 patients

./fiECF

820 patients

TXT/CDDP · 3

racil/leucovorin; CDDP, cisplatin; TCF, docetaxel/cisplatin/5-fluoro-

F, epirubicin/cisplatin/fluorouracil; MMC, mitomycin C; FOLFIRI,
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Overview of the current status for combination therapy in the treat-

ment of gastric cancer
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(overall response rates of 37% for cisplatinum and 38%

for oxaliplatin) and similar toxicity [27].

4.2.3. Paclitaxel

Paclitaxel has exhibited promising activity as a single
agent and has been used as a combination therapy with

carboplatin in the treatment of gastric cancer where

response rates of 33% have been reported with median

survival of 7.5 months [28].

4.2.4. Irinotecan

The alkaloid irinotecan is a potent topoisomerase I

inhibitor and has shown potent anti-tumour activity as a
single agent in the treatment of gastric cancer (see article

by Wilke et al. in this issue).

The data from a recent, randomised phase II study

indicates that irinotecan in combination with 5-FU

provides an overall response rate of 42% [29]. This figure

was significantly better than the corresponding data for

the combination of irinotecan with cisplatin (26%) in the

same study.
Another recent phase II study, performed in France

(FFCD 9803 [30]), compared LV5FU2 (leucovorin, 5-FU

bolus and 5-FU c.i. [de Gramont]), alone (n ¼ 45) or in

combination with either cisplatinum (n ¼ 44) or irino-

tecan (n ¼ 45) in patients with metastatic gastric cancer.

LV5FU2 alone provided an overall response rate of 13%

compared with 27% in the LV5FU2+platinum arm and

40% in the LV5FU2+ irinotecan arm. The 1-year survival
rates for each of the arms were 31% (LV5FU2), 43%

(LV5FU2+platinum), and 43% (LV5FU2+ irinotecan).

However, whilst the addition of either cisplatinum or

irinotecan to the LV5FU2 regimen increased the survival

by similar magnitude, the irinotecan arm showed less

toxicity. In the platinum arm, the incidences of WHO

grade 3–4 adverse events were; neutropenia (61%), anae-

mia (30%), nausea/vomiting (23%), and febrile neutro-
penia and infection (16%). In the irinotecan arm these

were neutropenia (40%), diarrhoea (22%), anaemia

(16%), febrile neutropenia and infection (11%), and alo-

pecia (11%). In the platinum arm there was one toxic

death and treatment was stopped by 14% of patients due

to toxicity. There were no toxic deaths in the irinotecan

arm and only 4% of the patients stopped treatment due to

toxicity.
Combination Phase Approximate

response rate (%)

Median survival

(months)

ECF III 40 9

Inf.5-FU/LV/cis IIa 40 10

DCF IIIb 40 10.2

Irinotecan/5-FU/

LV

IIa 40 11.3

ECF, epirubicin/cisplatin/fluorouracil; inf.5-FU, infusional fluoro-

uracil; LV, leucovorin; cis, cisplatin; DCF; doxorubicin/cisplatin/

fluorouracil.
aRandomised phase II.
b Interim analysis.
5. Where we are and where we are going

Since the first meta-analysis was published showing

little role for adjuvant chemotherapy in advanced gastric

cancer [14] there have been numerous studies with

greater numbers of patients, better designs, and im-
proved agents and treatment regimens. This sizeable

body of evidence indicates that there is real potential for

the adjuvant use of chemotherapy in improving the
prognosis for patients. The realisation of this potential

will depend on several factors including the development

of the most appropriate delivery of adjuvant treatment,

its applicability to the various patient and/or disease

subtypes and the continued exploration of the role for
the new agents that are showing promise in this setting.

There is little doubt that gastric cancer represents a

chemosensitive tumour and it is possible to achieve re-

sponse rates in the region of 40% if not greater [31].

ECF, PLF, FOLFIRI, AIO+ irinotecan and DCF are

all effective but currently the duration of the responses is

short. The ongoing development of new regimens and

agents, such as docetaxel and irinotecan, has improved
the prognosis for patients such that median survival is

starting to extend beyond 10 months (Table 4). There

are further issues that still need to be addressed. The

complete response rate remains disappointingly low,

and patients with a better performance status have a

higher probability of a beneficial effect than those with a

performance score of two or more.

Many of the studies that are currently being per-
formed will add valuable new information in the pursuit

of an improved prognosis for patients with advanced

gastric cancer (see Table 3). However, the data that

these studies generate will need to be assimilated into

those being designed today that will utilise the next

generation of chemotherapy agents such as irinotecan

and docetaxel. One such study, which combined irino-

tecan with 5-FU/LV and biweekly cisplatinum, has de-
livered a promising response rate of 74% (of which 4 of

the 14 responses were complete) in phase I/II and this is

confirmed in the early analysis of the subsequent full

phase II component [31].

Thus, there is a huge unmet medical need for im-

proved chemotherapy options in the treatment of gastric

cancer. Encouraging data from randomised trials of new

regimens containing for example, docetaxel and irino-
tecan may set new standards. Large randomised trials

are needed to assess the role of these new agents in the

adjuvant setting. Contiguous with this is the need for
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reduced toxicity that will allow better treatment of the

elderly and those patients with a poor performance

status.
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