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A B S T R A C T

Purpose
To compare epirubicin, cisplatin, and capecitabine (ECX) with fluorouracil, leucovorin, and
irinotecan (FOLFIRI) as first-line treatments in patients with advanced gastric or esophagogastric
junction (EGJ) adenocarcinoma.

Patients and Methods
This open, randomized, phase III study was carried out in 71 centers. Patients with locally
advanced or metastatic gastric or EGJ cancer were randomly assigned to receive either ECX as
first-line treatment (ECX arm) or FOLFIRI (FOLFIRI arm). Second-line treatment was predefined
(FOLFIRI for the ECX arm and ECX for the FOLFIRI arm). The primary criterion was time-to-
treatment failure (TTF) of the first-line therapy. Secondary criteria were progression-free survival
(PFS), overall survival (OS), toxicity, and quality of life.

Results
In all, 416 patients were included (median age, 61.4 years; 74% male). After a median follow-up
of 31 months, median TTF was significantly longer with FOLFIRI than with ECX (5.1 v 4.2 months;
P � .008). There was no significant difference between the two groups in median PFS (5.3 v 5.8
months; P � .96), median OS (9.5 v 9.7 months; P � .95), or response rate (39.2% v 37.8%).
First-line FOLFIRI was better tolerated (overall rate of grade 3 to 4 toxicity, 69% v 84%; P � .001;
hematologic adverse events [AEs], 38% v 64.5%; P � .001; nonhematologic AEs: 53% v 53.5%;
P � .81).

Conclusion
FOLFIRI as first-line treatment for advanced gastric and EGJ cancer demonstrated significantly
better TTF than did ECX. Other outcome results indicate that FOLFIRI is an acceptable first-line
regimen in this setting and should be explored as a backbone regimen for targeted agents.

J Clin Oncol 32:3520-3526. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Advanced gastric adenocarcinoma has a poor prog-
nosis with a spontaneous median survival of 3 to 6
months.1 Chemotherapy is the standard palliative
treatment in patients with an acceptable clinical sta-
tus because it provides better survival and quality of
life than supportive care. Many chemotherapy regi-
mens have demonstrated efficacy in advanced gas-

tric cancer (AGC). Combinations of cisplatin and
fluorouracil (CF) and combinations of epirubicin,
cisplatin, and fluorouracil (ECF) are old standards
that are still active andwidely used today. In the past
decade,more drugs, including oral fluorouracil, do-
cetaxel, oxaliplatin, and irinotecan, have proved to
be effective for this indication. New first-line regi-
mens demonstrated equivalence (epirubicin, cispla-
tin, and capecitabine [ECX]; epirubicin, oxaliplatin,
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and capecitabine [EOX]; and mFOLFOX) or superiority (docetaxel,
cisplatin, and fluorouracil [DCF]) to CF or ECF.2-4 Their long-term
benefit remains poor with overall survival still less than 1 year (7 to 9
months inmost studies). Second-line chemotherapyhas recentlybeen
validated in randomized studies5-7 in patients with a functional status
capable of tolerating it.

Recently, anti–human epidermal growth factor receptor 2
(HER2;Herceptin)was thefirst targeted therapy to showefficacy.This
drug was beneficial in a subgroup representing nomore than 25% of
all patients with gastric cancer with overexpression of HER2.8 No
other targeted therapy is currently available for thefirst-line treatment
of AGC because anti–epidermal growth factor receptor and anti–
vascular endothelial growth factor approaches failed to demonstrate
efficacy in recent phase III studies.9-11 Finally, for AGCwithout over-
expression of HER2, several first-line chemotherapy regimens that
combine two or three cytotoxic agents (including fluorouracil, an-
thracycline, platinum, and derived taxanes) are available.12 These reg-
imens are characterized by similar efficacy but different levels of
toxicity. In this palliative setting, toxicity profiles are particularly im-
portant and have to be considered before choosing a treatment.

Irinotecan has demonstrated activity in AGC as both a first-
and second-line treatment in several phase II studies and in one
phase III trial.13-15 In the Dank et al14 phase III trial, the combina-
tion of irinotecan with once per week 22-hour infusions of fluo-
rouracil was not inferior to CF and demonstrated amore favorable
safety profile and a trend toward a better quality of life.14,16 Despite
favorable data from these prior studies, the combination of irino-
tecan and fluorouracil has not gained acceptance as a therapeutic
option in the first-line treatment of AGC.

Our study compared fluorouracil, leucovorin, and irinote-
can (FOLFIRI), the usual combination of irinotecan and fluo-
rouracil widely used in colon cancer treatment, and ECX as
first-line treatment for patients with gastric or esophagogastric
junction (EGJ) adenocarcinoma.

PATIENTS AND METHODS

Study Population

Thisprospective, open, randomized,phase III studywasperformed in71
French centers and was a collaborative study conducted by the Fédération
FrancophonedeCancérologieDigestive, theFédérationNationaledesCentres
de Lutte Contre le Cancer, and theGroupeCooperateurMultidisciplinaire en
Oncologie (FFCD-Unicancer-GERCOR).

Patientswith histologically confirmed, unresectable, locally advanced
ormetastatic gastric or EGJ adenocarcinomawere eligible. Other inclusion
criteria were age 18 years or older, measurable and/or assessable lesions
according to RECIST criteria,17 WHO performance score (PS) � 2, ability
to take oral medications, no previous palliative chemotherapy (� 6
months from adjuvant chemotherapy was allowed), � 3 weeks from pre-
vious radiotherapy, sufficient bonemarrow function, creatininemia � 110
�mol/L, and bilirubinemia � 35 �mol/L.

Exclusion criteria were history of fluorouracil or anthracycline cardio-
toxicity, cardiac or coronary deficiency; known cerebral or meningeal metas-
tasis; other life-threatening cancer; being pregnant or breast-feeding; inability
tocomplete theEuropeanOrganisation forResearchandTreatmentofCancer
Quality of Life Questionnaire C30 (EORTC QLQ-C30) questionnaire; or
unable to plan regular follow-up for any reason. All participants gave their
written informed consent before inclusion. The study was approved by rele-
vant ethics committees.

Study Design, Patient Stratification, and Treatment

Patients were randomly assigned (1:1) to receive either ECX as the
first-line treatment (ECX arm) or FOLFIRI (FOLFIRI arm). Stratification
criteria were WHO PS (0 v 1 to 2), measurable or assessable lesions, center,
history of adjuvant chemotherapy or radiochemotherapy, tumor localization
(gastric v EGJ), and pathologic type (linitis plastica or not). The second-line
treatmentwas predetermined to reduce discrepancies in practices between the
arms: second-line FOLFIRI for patients in the ECX arm and second-line ECX
for patients in the FOLFIRI arm.

The ECX regimen consisted of epirubicin 50 mg/m2 (15-minute
intravenous [IV] infusion) plus cisplatin 60 mg/m2 (1-hour IV infusion)
on day 1 followed by oral capecitabine 1 g/m2 twice per day from day 2 to
day 15 every 3 weeks18; the maximum cumulative dose of epirubicin
authorized was 900 mg/m2.

TheFOLFIRI regimenconsistedof irinotecan180mg/m2 (90-minute IV
infusion) and leucovorin 400 mg/m2 (2-hour IV infusion) followed by a
fluorouracil 400 mg/m2 IV bolus and then fluorouracil 2,400 mg/m2 as a
46-hour continuous infusion every 2 weeks. Dose modifications, appropriate
hydration, and premedication were predefined in the study protocol.

The first-line treatment was dispensed until disease progression, unac-
ceptable toxicity, patient’s request to stop treatment, ordeath.The second-line
treatment was given after a minimum treatment-free interval of 3 weeks and
biologic and clinical recovery.

Before each chemotherapy cycle, a clinical examination and complete
laboratory assessments were performed. Every 8 weeks from random assign-
ment to progression, an electrocardiogram, a thoracoabdominal computed
tomography (CT) scan, and complete laboratory and quality-of-life (QoL)
assessments were performed.

Efficacy Criteria

The primary end point was time-to-treatment failure (TTF) for the
first-line therapy in the two treatment arms. TTF was defined as the time
between randomassignment and disease progression, treatment discontinua-
tion, or death.

The secondary end points were progression-free survival (PFS) defined
as the time between randomassignment and disease progression or death and
overall survival (OS) defined as the time between random assignment and
death. Toxicity was evaluated byNational Cancer Institute CommonToxicity
Criteria version 2.0 and QoL.

Tumor response was evaluated by investigators and classified accord-
ing to RECIST criteria.17 CT scans were performed before the start of
treatment and then every 8 weeks until disease progression for each treat-
ment line and in each arm. QoL was collected by using the EORTC
QLQ-C30 (15 dimensions) and the EORTC QLQ-STO22 (22 questions;
the gastric cancer module) questionnaires.19

Selection of Population Size

To detect an expected improvement in median TTF during first-line
treatment from 3.45 months with ECX to 4.60 months with FOLFIRI
(two-sided� � 5%,� � 20%), it was necessary to include 416 patients over
48 months to observe 379 events, taking into account a planned interim
analysis at 190 events. This interim analysis to test the superiority of
FOLFIRI was done when 349 patients had been included and 252 events
had been observed (67% of events required). Superiority could not be
reached (P � .78), so the study continued.20

Statistical Analyses

All efficacy analyses were performed on an intent-to-treat principle. The
safety populationwas defined as all patients receiving at least onedose of study
treatment. Qualitative variables are described as numbers and percentages,
and quantitative variables are described as means, standard deviations, and
medians and ranges (minimum-maximum). On-treatment variables (re-
sponse, duration of treatment) were compared by using the �2 test, Fisher’s
exact test, or a nonparametric Wilcoxon test, depending on the type and
distribution of the variables.
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Median follow-up was calculated according to reverse Kaplan-Meier
estimates. Survival curves were plotted by using Kaplan-Meier estimates and
were comparedbyusing the log-rank test.UnivariateCoxmodelswereused to
calculate the hazard ratio (HRs) with 95% CIs. To assess the assumption of
proportional hazards of Cox models, Schöenfeld residuals were plotted. QoL
scoreswere calculated according procedures defined in the EORTCQLQ-C30
scoring manual. An analysis of time until definitive deterioration of QoL
(decrease inQLQ-C30 scoreoffiveormorepointswithout any improvement)
was performed.All analyseswere performedbyusing SAS software version 9.1
(SAS Institute, Cary, NC). The level of statistical significance was P � .05.

RESULTS

Study Population

A total of 416 patients (ECX, n � 209; FOLFIRI, n � 207) were
randomly assigned to receive the study treatment between June 2005
andMay2008 (Fig1).The twogroupswerebalanced fordemographic
and clinical characteristics (Table 1). Median age was 61.4 years, 74%
of patients were male, and 82% had aWHOPS of 0 to 1.

Randomly assigned
(N = 416)

ECX/FOLFIRI
(n = 209)

FOLFIRI/ECX
(n = 207)

Excluded (without first line) (n = 9)
  Progression/death (n = 6)
  Other reason (n = 3)

Excluded (without first line) (n = 4)
  Progression/death (n = 3)
  Other reason (n = 1)

Received first-line ECX
(n = 200)

Received first-line FOLFIRI
 (n = 203)

Received second-line FOLFIRI
(n = 101)

Received second-line ECX
 (n = 81)

Excluded (without second line) (n = 99)
  Progression/death (n = 80)
  Other reason (n = 19)

Excluded (without second line) (n = 122)
  Progression/death (n = 108)
  Other reason (n = 14)

Fig 1. CONSORT diagram. ECX, epiru-
bicin, cisplatin, and capecitabine; FOLFIRI,
irinotecan, leucovorin, fluorouracil bolus,
and continuous infusion.

Table 1. Patients’ Demographic and Clinical Characteristics at Baseline

Characteristic

ECX Arm (n � 209) FOLFIRI Arm (n � 207) Total (N � 416)

No. % No. % No. %

Age, years
Median 61.4 61.4 61.4
Range 27.9-83.8 28.8-81.0 27.9-83.8

Male sex 154 73.7 155 74.9 309 74.3
WHO PS
0 61 29.2 71 34.3 132 31.7
1 108 51.7 102 49.3 210 50.5
2 36 17.2 27 13.0 63 15.1
Missing 4 1.9 7 3.4 11 2.6

Tumor location
EGJ 73 34.9 63 30.4 136 32.7
Gastric 133 63.6 138 66.7 271 65.1
Missing 3 1.4 6 2.9 9 2.2

Primary site resected 54 25.8 48 23.2 102 24.5
Linitis plastica 45 21.5 53 25.6 98 23.6
Metastatic disease 173 82.8 176 85.0 349 83.9
Previous treatment 23 11.0 20 9.7 43 10.3
Type of previous treatment
Chemotherapy plus radiotherapy 12 52.2 13 65.0 25 58.1
Chemotherapy alone 4 17.4 5 25.0 9 20.9
Other 7 30.4 2 10.0 9 20.9

Abbreviations: ECX, epirubicin, cisplatin, and capecitabine; EGJ, esophagogastric junction; FOLFIRI, fluorouracil, leucovorin, and irinotecan; PS, performance status.
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The location of the primary tumor was gastric in 65% of the
patients andEGJ in 33%; theprimary sitewas resected for 25%.Linitis
plasticawas present in 24%of the patients.Most of the patients (84%)
hadmetastatic disease (synchronous in 83% of the patients). Only 43
patients (10.3%) had received previous anticancer treatment in an
adjuvant or neoadjuvant setting (Table 1).

ACONSORTflowdiagram for the patients is provided in Figure
1. Nine patients in the ECX arm and four in FOLFIRI arm did not
receive any study treatment because of rapid disease progression,
death before treatment initiation, or for other reasons. These patients
were excluded from the safety analysis. All randomly assignedpatients
(n � 416) were eligible for the efficacy analysis on an intent-to-treat
basis, and 403 patients (ECX arm: 200; FOLFIRI arm: 203) were
eligible for the safety analysis.

Treatment Administered

First-line chemotherapy. The median number of cycles received
was six (range, three to 21) in the ECX arm and 12 (range, four to 72)
in the FOLFIRI arm.

Second-line chemotherapy. In all, 48% of patients in the ECX
arm and 39% in the FOLFIRI arm received second-line chemo-
therapy (P � .06). Themedian number of cycles receivedwas three
(range, three to 15) in the ECX arm and eight (range, four to 44) in
the FOLFIRI arm. Approximately 19% of patients received third-
line treatment (at the discretion of the investigator).

Primary End Point

After a median follow-up of 31months, the median TTF for the
first-line therapy was significantly shorter in the ECX arm (4.24
months; 95%CI, 3.48 to 4.65months) than in the FOLFIRI arm (5.08
months; 95% CI, 4.53 to 5.68 months; log-rank P � .008; HR, 0.77;
95%CI, 0.63 to 0.93; Fig 2).

Disease progressionwas themajor cause of treatment discontin-
uation inboth arms; itwas less frequent in theECXarm(48%) than in
the FOLFIRI arm (61%). Other causes of treatment discontinuation
were toxicity (14.5% [ECX] v 3.9% [FOLFIRI]), patient’s request to
stop (9.8% [ECX] v 6.4% [FOLFIRI]), change in general status (15%
in each arm), and death (6.5% [ECX] v 10% [FOLFIRI]).

PFS and OS

Therewas no significant difference inmedianPFS between the
ECX arm and the FOLFIRI arm (5.29months [95%CI, 4.53 to 6.31
months] v 5.75 months [95% CI, 5.19 to 6.74 months]; log-rank
P � .96; HR, 0.99; 95% CI, 0.81 to 1.21). Similarly, there was no
significant difference in median OS between the two arms (9.49
months [95% CI, 8.77 to 11.14 months] v 9.72 months [95% CI,
8.54 to 11.27 months]; log-rank P � .95; HR, 1.01; 95%CI, 0.82 to
1.24; Table 2).

Response Rate

The objective response rate (ORR) for the first-line-treatment
was determined in 189 of 209 patients in the ECX arm and 198
of 207 patients in the FOLFIRI arm. There was no significant
difference between the two arms (39.2% v 37.8%, respectively,
including 3.7% and 4% complete response rate). Similarly, the
ORR for the second-line treatment was not statistically differ-
ent: 13.7% in the ECX arm (receiving FOLFIRI as second-line
treatment) versus 10.1% in the FOLFIRI arm (receiving ECX as
second-line treatment).

HR, 0.77; 95% CI, 0.63 to 0.93; P = .008

ECX
FOLFIRI

TT
F 

(p
ro

po
rti

on
)

Time (months)
No. at risk
ECX 209 145 108 61 33 14 8 5 4
FOLFIRI 207 157 123 81 50 28 19 9 6

1614121062 840

1.0

0.8

0.6

0.4

0.2

Fig 2. Time-to-treatment failure (TTF) according to treatment arm (Kaplan-
Meier estimation). ECX arm: epirubicin, cisplatin, and capecitabine as the first-line
treatment; FOLFIRI arm: irinotecan, leucovorin, fluorouracil bolus, and continu-
ous infusion as the first-line treatment. HR, hazard ratio.

Table 2. Efficacy Results for PFS and OS

Variable

ECX Arm (n � 209) FOLFIRI Arm (n � 207)

PNo. % 95% CI No. % 95% CI

PFS, months .96�

Median 5.29 5.75
Range 4.53-6.31 5.19-6.74
24-month survival 5.03 2.46 to 8.97 2.76 1.01 to 6.03

OS, months .95�

Median 9.49 9.72
Range 8.77-11.14 8.54-11.27
24-month survival 11.17 7.03 to 16.36 10.71 6.51 to 16.09

Abbreviations: ECX, epirubicin, cisplatin, and capecitabine; FOLFIRI, fluorouracil, leucovorin, and irinotecan; OS, overall survival; PFS, progression-free survival.
�Log-rank test.
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Safety

First-line treatment. The overall rate of grade 3 to 4 toxicity was
significantlyhigherwithECXthanwithFOLFIRI (84% v69%, respec-
tively; P � .001). High-grade hematologic adverse events were signif-
icantly more frequent with ECX than with FOLFIRI (64.5% v 38%,
respectively; P � .001), but no significant difference was noticed for
nonhematologic adverse events (53.5 v 53%, respectively; P � .81;
Table 3).

Second-line treatment. Nosignificantdifferencebetween the two
arms was observed (Table 3).

Deathas a result of toxicity. Atotal of 16 treatment-relateddeaths
as a result of toxicity occurred: sevenwith first-line ECX and twowith
second-lineFOLFIRI in theECXarm;fivewithfirst-lineFOLFIRI and
two with second-line ECX in the FOLFIRI arm. Six of the 16 events
were related to hematologic toxicities, five to global deterioration of
the patient, three to sudden death and/or stroke, one to acute renal
failure, and one to digestive toxicity.

QoL

More than 85% of patients in each arm completed at least one
QLQ-C30 questionnaire. The median number of questionnaires per
patient was two (range, one to 11) in the ECX arm and three (range,
one to12) in theFOLFIRI arm.ForQLQ-STO22, themediannumber
was two (range, one to 12) in each arm.

Our analysis focused on theQLQ-C30 global health score, phys-
ical score, and fatigue. There was no significant difference in any of

these scores between the two arms and no real trend toward a rapid
deterioration in QoL. This conclusion was confirmed by the time to
definitive deterioration. The median time was 7.6 months (95% CI,
6.1 to 8.9months) in the ECX arm versus 7.4months (95%CI, 6.2 to
8.6 months) in the FOLFIRI arm (P � .64). Further results for QoL
will be presented in a separate publication.

DISCUSSION

Optimalchemotherapy in thefirst-line treatmentofadvancedgastricand
EGJ adenocarcinoma is still a matter of debate. Several combinations of
twoor,morecommonly,threecytotoxicagentshavebeenvalidatedinthis
setting. In this phase III trial involving 416 patients, first-line chemother-
apy with FOLFIRI demonstrated acceptable response and survival out-
comes and was less toxic and better tolerated than ECX. The study
achieved the primary end point of superior TTF for FOLFIRI compared
with ECX, a key end point that factors in both disease status and therapy
toxicity, which lead to treatment discontinuation.

A recent updated meta-analysis provided evidence that
irinotecan-containing regimens procured a survival benefit in first-
line treatment of AGC.15 But a clear advantage of regimens that con-
tain irinotecan over those that do not has not been established. In
particular, thecombinationof irinotecanpluscisplatin, as evaluated in
Japanese studies, did not improve outcome in AGC,21 perhaps be-
cause of an unfavorable toxicity profile. Irinotecan plus a fluorinated
pyrimidine seems to be preferred. Several trials have indicated that
irinotecan plus fluorouracil could be effective and well tolerated22; in
particular, FOLFIRI could be an appropriate combination.

The survival data in our study are similar to those obtained inmost
phaseIIIstudies,whichhighlightsthepoorprognosisofAGC.23However,
compared with the pivotal British REAL-2 trial (Randomized ECF for
Advanced and Locally Advanced Esophagogastric Cancer), our results
withECXappeared inferior in termsofPFS (6.7months forREAL-2and
5.29monthsinourstudy)andORR(46.4%and39.2%,respectively).The
different schedules of the ECX regimen (14 days of capecitabine every 21
days in our study) probably did not interfere; the dose-intensity was the
same,andbothregimenswerevalidatedinAGC.ThelowerPFSandORR
are likelyexplainedbythegreaterrigor inourtrialofperformingCTscans
every 8weeks, rather than theMedical ResearchCouncil practice of per-
forming scans every 3 months, which probably inflated both PFS and
ORR. The ToGA study (ToGA Study—A Study of Herceptin [Trastu-
zumab] inCombinationWithChemotherapyComparedWithChemo-
therapyAloneinPatientsWithHER2-PositiveAdvancedGastricCancer)
is theonly recentphase III study todemonstrate amedianOSsuperior to
11 months in both arms. However, it was carried out in patients with
HER2-positive AGC and excluded patients with linitis plastica, although
our population had a linitis plastica prevalence of 24%.8 Because the
diagnosis of linitis plastica depended on the investigator’s appraisal, it is
possible that someof these caseswere limited to signet ring cell adenocar-
cinoma; however, this histologic characteristic is also a potential negative
prognostic factor.

Our study revives the important debate that there may be
nonplatinum-based chemotherapy alternatives in the first-line treat-
ment of AGC.Here, FOLFIRI clearly appears as an interesting option
for patients who are unable to take platinum-containing drugs. The
utility of epirubicin is also called into question; many continue to
debate whether anthracyclines should be used for therapy, given their
toxicity.23,24 Our results support abandoning their use.

Table 3. Maximum Severity Grade for Toxicities

Toxicity and Grade

ECX Arm FOLFIRI Arm

P�No. % No. %

First-line 200 203
Nonhematologic .81
Grade 0 to 2 85 42.5 90 44.3
Grade 3 to 4 107 53.5 108 53.2
Missing 8 4.0 5 2.5

Hematologic � .001
Grade 0 to 2 60 30.0 120 59.1
Grade 3 to 4 129 64.5 78 38.4
Missing 11 5.5 5 2.5

Overall � .001
Grade 0 to 2 25 12.5 58 28.6
Grade 3 to 4 167 83.5 140 69.0
Missing 11 5.5 5 2.5

Second-line 101 81
Nonhematologic .39
Grade 0 to 2 50 49.5 36 44.4
Grade 3 to 4 47 46.5 44 54.3
Missing 4 4.0 1 1.2

Hematologic .89
Grade 0 to 2 53 52.5 44 54.3
Grade 3 to 4 44 43.6 35 43.2
Missing 4 4.00 1 1.2

Overall .73
Grade 0 to 2 29 28.7 22 27.2
Grade 3 to 4 68 67.3 58 71.6
Missing 4 4.00 1 1.2

Abbreviations: ECX, epirubicin, cisplatin, and capecitabine; FOLFIRI, fluorou-
racil, leucovorin, and irinotecan.

�P value from �2 test.
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Finally, the treatment schedules evaluated in our trial did not
include a taxane; this could be criticized because taxanes have demon-
stratednoticeable activity inAGC.4-6However, thebenefitofDCFwas
balanced by its substantial toxicity, andmedian survival in these trials
was the same order of magnitude as that observed in European and
Western phase III studies and in our trial.

The choice of TTF as the primary endpoint could be considered.
LikePFS,TTF includesnotonly tumorprogressionanddeathbut also
therapeutic failure. Thus, this end point introduces the idea of toler-
ance and overall acceptability of treatment, which ismore representa-
tiveof thebenefit-risk ratioofpalliative treatments. Inclinicalpractice,
appreciation of the benefit-risk ratio should help clinicians and guide
therapeutic decisions in palliative situations.

Ourstudyshowedthatfirst-lineFOLFIRIwas significantly less toxic
andbettertoleratedthanECX.Highratesofoverall toxicities, themajority
of which are clinically manageable, are common with most of the usual
chemotherapy combinations in the AGC setting. In first-line ECX, the
total for deaths as a result of toxicitywas 3%, and the overall incidence of
high-grade toxicities reached 83.5%; in first-line FOLFIRI, the total for
deaths as a result of toxicity was 1%, and the overall incidence of high-
grade toxicities was 69%. The difference in TTF largely stems from the
10% higher rate of therapy discontinuation as a result of toxicity in the
ECXarm.Morepatientsstoppedtreatmentbecauseofprogressivedisease
with first-line FOLFIRI comparedwithECX.

Second-linemonochemotherapies basedon irinotecanor taxane
are now validated in AGC. Three studies have demonstrated a slight
survival benefit compared with best supportive care.5-7 Although not
all patients are able to receive second-line treatment and because
strategic studies are infrequent in AGC, few data are available for
estimating the proportion and characteristics of these patients. In our
trial, the design included a second-line chemotherapy planned after
disease progressionunder thefirst-line treatment. Forty-threepercent
of patients received second-line therapywith no significant difference
between arms, suggesting that, although patients were treated for a
longer timewhenFOLFIRIwas thefirst-line therapy thanwas the case
withECX(4.8 v3months), the sameproportionofpatientshadaccess
to second-line treatment.

Thecombinationoftargetedtherapieswithcytotoxicchemotherapy
isapromisingapproachto improving the treatmentofAGC.Today,only
patients with AGC with overexpression of HER2 benefit from targeted
therapy.8 The other targeted therapies in first-line phase III clinical trials
failed. The addition of bevacizumab to fluorouracil-platinum demon-
strated no superior efficacy in the AVAGAST trial (A Study of Bevaci-
zumab in Combination With Capecitabine and Cisplatin as First-line
Therapy in Patients With Advanced Gastric Cancer [AVAGAST]).11

Likewise, recently published phase III studies that evaluated anti–
epidermal growth factor receptorswere alsonegative, suchas theREAL3
(REAL 3: ARandomisedOpen-labelledMulticentre Trial of the Efficacy
of Epirubicin, Oxaliplatin and Capecitabine [EOX] With or Without
Panitumumab in Previously Untreated Advanced Oesophago-gastric
Cancer) andEXPAND(Erbitux [Cetuximab] inCombinationWithXe-

loda and Cisplatin in Advanced Oesophago-gastric Cancer) trials.9,10

Moreover, a deleterious effect of the association of EOX plus panitu-
mumabwasnoted, possibly because of the suboptimal cytotoxic chemo-
therapyregimen.Thus, thechoiceof thebackbonechemotherapy should
beadeterminingfactorforthedevelopmentoftargetedtherapies inAGC.
Given the near universal failure to identify active targeted agents in first-
line therapy when using either fluorouracil-platinum or ECF-capecit-
abine–based chemotherapy regimens, FOLFIRI, which has already been
combinedwith targeted therapies inmetastatic colorectal cancer, should
be considered a serious option in treatingAGC.

In our study, FOLFIRI as the first-line treatment for AGC and
EGJ cancer demonstrated significantly better TTF than ECX. The
parity of other outcomes, including PFS, tumor response, and OS,
indicates that FOLFIRI is an acceptable first-line regimen in this set-
tingandshouldbeexploredasabackboneregimenfor targetedagents.

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

Although all authors completed the disclosure declaration, the following
author(s) and/or an author’s immediate family member(s) indicated a
financial or other interest that is relevant to the subject matter under
consideration in this article. Certain relationships marked with a “U” are
those for which no compensation was received; those relationships marked
with a “C” were compensated. For a detailed description of the disclosure
categories, or for more information about ASCO’s conflict of interest policy,
please refer to the Author Disclosure Declaration and the Disclosures of
Potential Conflicts of Interest section in Information for Contributors.
Employment or Leadership Position: None Consultant or Advisory
Role: Rosine Guimbaud, Roche (C); Christophe Louvet, Pfizer (C),
Roche (C); Thierry André, Roche (C); Thomas Aparicio, Pfizer (C);
Olivier Bouché, Pfizer (C), Roche (C) Stock Ownership: None
Honoraria: Christophe Louvet, sanofi-aventis, Roche; Thierry André,
Baxter, Roche; Thomas Aparicio, Pfizer, Roche; Pierre-Luc Etienne,
Roche; Philippe Rougier, Pfizer; Olivier Bouché, Roche, Pfizer Research
Funding: None Expert Testimony: None Patents, Royalties, and
Licenses: None Other Remuneration: None

AUTHOR CONTRIBUTIONS

Conception and design: Rosine Guimbaud, Christophe Louvet, Marc
Ychou, Christine Rebischung, Philippe Rougier, Laurent Bedenne,
Olivier Bouché
Administrative support: Laurent Bedenne
Provision of study materials or patients:ChristopheLouvet,ThierryAndré,
SuzanneNguyen, Pierre-LucEtienne, EvelineBoucher,Olivier Bouché
Collection and assembly of data:MarcYchou,ThierryAndré, Jean-Marc
Gornet, ThomasAparicio, SuzanneNguyen,AhmedAzzedine, Pierre-Luc
Etienne, EvelineBoucher, PascalHammel, Laurent Bedenne,Olivier Bouché
Data analysis and interpretation: Pauline Ries, Emilie Maillard,
Thierry André
Manuscript writing: All authors
Final approval of manuscript: All authors

REFERENCES

1. Wagner AD, Grothe W, Haerting J, et al:
Chemotherapy in advanced gastric cancer: A sys-
tematic review and meta-analysis based on aggre-
gate data. J Clin Oncol 24:2903-2909, 2006

2. Cunningham D, Starling N, Rao S, et al: Cape-
citabine and oxaliplatin for advanced esophagogas-
tric cancer. N Engl J Med 358:36-46, 2008

3. Al-Batran SE, Hartmann JT, Probst S, et al:
Phase III trial in metastatic gastroesophageal adeno-
carcinoma with fluorouracil, leucovorin plus either
oxaliplatin or cisplatin: A study of the Arbeitsgemein-

schaft Internistische Onkologie. J Clin Oncol 26:
1435-1442, 2008

4. VanCutsemE,MoiseyenkoVM, Tjulandin S, et al:
Phase III study of docetaxel and cisplatin plus fluorouracil
compared with cisplatin and fluorouracil as first-line ther-
apy for advanced gastric cancer: A report of the V325
Study Group. J Clin Oncol 24:4991-4997, 2006

FOLFIRI Versus ECX in Advanced Gastric Cancer

www.jco.org © 2014 by American Society of Clinical Oncology 3525
Information downloaded from jco.ascopubs.org and provided by at INSERM on August 19, 2015 from 193.54.110.33

Copyright © 2014 American Society of Clinical Oncology. All rights reserved.



5. Kang JH, Lee SI, Lim do H, et al: Salvage
chemotherapy for pretreated gastric cancer: A ran-
domized phase III trial comparing chemotherapy
plus best supportive care with best supportive care
alone. J Clin Oncol 30:1513-1518, 2012

6. Ford H, Marshall A, Bridgewater JA, et al:
Docetaxel versus active symptom control for refrac-
tory oesophagogastric adenocarcinoma (COUGAR-
02): An open-label, phase 3 randomised controlled
trial. Lancet Oncol 15:78-86, 2014

7. Thuss-Patience PC, Kretzschmar A, Bichev D,
et al: Survival advantage for irinotecan versus best
supportive care as second-line chemotherapy in
gastric cancer: A randomised phase III study of the
Arbeitsgemeinschaft Internistische Onkologie (AIO).
Eur J Cancer 47:2306-2314, 2011

8. Bang YJ, Van Cutsem E, Feyereislova A, et al:
Trastuzumab in combination with chemotherapy
versus chemotherapy alone for treatment of HER2-
positive advanced gastric or gastro-oesophageal
junction cancer (ToGA): A phase 3, open-label, ran-
domised controlled trial. Lancet 376:687-697, 2010

9. Waddell T, Chau I, Cunningham D, et al: Epirubi-
cin, oxaliplatin, and capecitabine with or without panitu-
mumab for patients with previously untreated advanced
oesophagogastric cancer (REAL3): A randomised, open-
label phase 3 trial. Lancet Oncol 14:481-489, 2013

10. Lordick F, Kang YK, Chung HC, et al: Capecit-
abine and cisplatin with or without cetuximab for
patients with previously untreated advanced gastric
cancer (EXPAND): A randomised, open-label phase
3 trial. Lancet Oncol 14:490-499, 2013

11. Ohtsu A, Shah MA, Van Cutsem E, et al:
Bevacizumab in combination with chemotherapy as
first-line therapy in advanced gastric cancer: A ran-

domized, double-blind, placebo-controlled phase III
study. J Clin Oncol 29:3968-3976, 2011

12. Park SC, Chun HJ: Chemotherapy for ad-
vanced gastric cancer: Review and update of current
practices. Gut Liver 7:385-393, 2013

13. Bouché O, Raoul JL, Bonnetain F, et al: Ran-
domized multicenter phase II trial of a biweekly
regimen of fluorouracil and leucovorin (LV5FU2),
LV5FU2 plus cisplatin, or LV5FU2 plus irinotecan in
patients with previously untreated metastatic gas-
tric cancer: A Federation Francophone de Cancerolo-
gie Digestive Group Study—FFCD 9803. J Clin
Oncol 22:4319-4328, 2004

14. Dank M, Zaluski J, Barone C, et al: Randomized
phase III study comparing irinotecan combined with
5-fluorouracil and folinic acid to cisplatin combined with
5-fluorouracil in chemotherapy naive patients with ad-
vanced adenocarcinoma of the stomach or esophago-
gastric junction. Ann Oncol 19:1450-1457, 2008

15. Qi WX, Shen Z, Lin F, et al: Overall survival
benefits for irinotecan-containing regimens as first-
line treatment for advanced gastric cancer: An up-
dated meta-analysis of ten randomized controlled
trials. Int J Cancer 132:E66-E73, 2013

16. Curran D, Pozzo C, Zaluski J, et al: Quality of
life of palliative chemotherapy naive patients with
advanced adenocarcinoma of the stomach or
esophagogastric junction treated with irinotecan
combined with 5-fluorouracil and folinic acid: Re-
sults of a randomised phase III trial. Qual Life Res
18:853-861, 2009

17. Therasse P, Arbuck SG, Eisenhauer EA, et al:
New guidelines to evaluate the response to treat-
ment in solid tumors: European Organization for
Research and Treatment of Cancer, National Cancer

Institute of the United States, National Cancer Insti-
tute of Canada. J Natl Cancer Inst 92:205-216, 2000

18. Cho EK, LeeWK, Im SA, et al: A phase II study
of epirubicin, cisplatin and capecitabine combination
chemotherapy in patients with metastatic or ad-
vanced gastric cancer. Oncology 68:333-340, 2005

19. Vickery CW, Blazeby JM, Conroy T, et al:
Development of an EORTC disease-specific quality
of life module for use in patients with gastric cancer.
Eur J Cancer 37:966-971, 2001

20. Guimbaud R, Bouché O, Rebischung C, et al:
Planned interim analysis of the intergroup FFCD-
GERCOR-FNCLCC-AERO phase III study comparing
two sequences of chemotherapy in locally advanced
or metastatic gastric cancers. J Clin Oncol 27:210s,
2009 (suppl 15s; abstr 4533)

21. BokuN,YamamotoS, FukudaH, et al: Fluorouracil
versus combination of irinotecan plus cisplatin versus S-1
in metastatic gastric cancer: A randomised phase 3
study. Lancet Oncol 10:1063-1069, 2009

22. Wang DL, Gu DY, Huang HY, et al: Irinotecan-
involved regimens for advanced gastric cancer: A
pooled-analysis of clinical trials. World J Gastroen-
terol 16:5889-5894, 2010

23. GASTRIC (Global Advanced/Adjuvant Stom-
ach Tumor Research International Collaboration)
Group, Oba K, Paoletti X, et al: Role of chemother-
apy for advanced/recurrent gastric cancer: An
individual-patient-data meta-analysis. Eur J Cancer
49:1565-1577, 2013

24. Enzinger PC, Burtness B, Hollis D, et al:
CALGB 80403/ECOG 1206: A randomized phase II
study of three standard chemotherapy regimens
(ECF, IC, FOLFOX) plus cetuximab in metastatic
esophageal and GE junction cancer. J Clin Oncol
28:302s, 2010 (suppl 15s; abstr 4006)

Support

Supported by Laboratoire Roche and Laboratoire Pfizer, Fédération Francophone de Cancérologie Digestive, Dijon, France; Fédération
Nationale des Centres de Lutte Contre le Cancer, Paris, France; and Groupe CoopérateurMultidisciplinaire en Oncologie, Paris, France.

■ ■ ■

Guimbaud et al

3526 © 2014 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Information downloaded from jco.ascopubs.org and provided by at INSERM on August 19, 2015 from 193.54.110.33
Copyright © 2014 American Society of Clinical Oncology. All rights reserved.



Acknowledgment

The authors thank the sponsor of the study (Centre Hospitalier Universitaire Toulouse, Centre Hospitalier de Toulouse, and la Ligue
Nationale Contre le Cancer); the patients who participated in this study; all of the investigators (A. Adenis, D. Arsène, P. Artru, Y. Becouarn,
M. Belkheir, M. Bennamoun, B. Bensoussan, V. Boige, O. Boulat, G. Breysacher, L. Cany, E. Carola, B. Chauffert, P. Chiappa, T. Conroy, J.
Dauba, G. Declety, B. Denis, G. Desguetz, F. Desseigne, F. Di Fiore, S. Dominguez, M. Duluc, A.C. Dupont-Gossard, O. Dupuis, J.L. Dutel,
J.L. Faroux, S. Fratté, G. Freyer, M.P. Galais, M. Garcia, D. Gargot, M.H. Gaspard, M. Gatineau, D. Genet, V. Guerin-Meyer, P. Guichard, M.
Hebbar, J. Jacob, P. Jouet, J.L. Jouve, M.C. Kaminsky, A. Khalil, F. Khemissa, P. Kieffer, J.P. Lafargue, B. Landi, S. Lavau-Denes, C. Lecaille, T.

Lecomte, A. Ledit, C. Lenoir, C. Lepère, G. Lepeu, G. Lledo, C. Locher, J.P. Lotz, D. Luet, M.Mabro, A. Madroszyk, H.Mahmoud, F.
Maindrault, S. Manfredi, T. Mansourbakht, J. Martin, M.Mesières, P. Michel, L. Mineur, E. Mitry, V. Moulin, B. Paillot, A. Patenotte, H.

Perrier, J.M. Phelip, C. Platini, L. Poincloux, P. Pouderoux, J. Provencal, A.M. Queuniet, J.L. Raoul, K. Richard, O. Romano, E. Samalin, J.F.
Seitz, I. Sobhani, N. Stremsdoerfer, J. Taieb, P. Texereau, J. Thaury, A. Thirot-Bidault, A.L. Villing, F. Viret, H. Zerazhi); F. Masskouri (data
manager); C. Choine, H. Fattouh, F. Guiliani, A. Kodjo, and N. Le Provost (Clinical Research Assistants); M.Moreau (the project manager of

the Fédération Francophone de Cancérologie Digestive [FFCD]); and C. Girault (administrative executive of the FFCD).

FOLFIRI Versus ECX in Advanced Gastric Cancer

www.jco.org © 2014 by American Society of Clinical Oncology

Information downloaded from jco.ascopubs.org and provided by at INSERM on August 19, 2015 from 193.54.110.33
Copyright © 2014 American Society of Clinical Oncology. All rights reserved.



ERRATA

TheMarch 10, 2015, article byDen et al, entitled “Genomic
Classifier Identifies MenWith Adverse Pathology After Radical
Prostatectomy Who Benefit From Adjuvant Radiation Ther-
apy” (J Clin Oncol 33:944-951, 2015), contained errors. In
Figures 2A, 2B, 4A, and 4B, data in the first and third rows of the
“No. at risk” tables below the figure parts were inadvertently
transposed.

In Figure 2A, in the first row of the table, the number of
patients at risk in the “CAPRA-S � 3” group was given as 79 at
0 years after radiotherapy (RT), 35 at 5 years after RT, and 16 at
10 years after RT, whereas it should have been 10 at 0 years after
RT, 6 at 5 years after RT, and 0 at 10 years after RT. In the third
row of the table, the number of patients at risk in the “CAPRA-
S� 5” groupwas given as 10 at 0 years after RT, 6 at 5 years after
RT, and 0 at 10 years after RT, whereas it should have been 79 at
0 years after RT, 35 at 5 years after RT, and 16 at 10 years after
RT.

In Figure 2B, in the first row of the table, the number of
patients at risk in the “GC � 0.4” group was given as 34 at 0
years after RT, 14 at 5 years after RT, and 5 at 10 years after RT,
whereas it should have been 77 at 0 years after RT, 44 at 5 years
after RT, and 11 at 10 years after RT. In the third row of the
table, the number of patients at risk in the “GC � 0.6” group
was given as 77 at 0 years after RT, 44 at 5 years after RT, and 11

at 10 years after RT, whereas it should have been 34 at 0 years
after RT, 14 at 5 years after RT, and 5 at 10 years after RT.

In Figure 4A, in the first row of the table, the number of
patients at risk in the “RT PSA � 0.1” group was given as 15 at
0 years after RT, 7 at 5 years after RT, and 3 at 10 years after RT,
whereas it should have been 12 at 0 years after RT, 7 at 5 years
after RT, and 2 at 10 years after RT. In the third row of the table,
the number of patients at risk in the “RT PSA � 0.5” group was
given as 12 at 0 years after RT, 7 at 5 years after RT, and 2 at 10
years after RT, whereas it should have been 15 at 0 years after
RT, 7 at 5 years after RT, and 3 at 10 years after RT.

In Figure 4B, in the first row of the table, the number of
patients at risk in the “RT PSA � 0.1” group was given as 43 at
0 years after RT, 18 at 5 years after RT, and 6 at 10 years after RT,
whereas it should have been 20 at 0 years after RT, 10 at 5 years
after RT, and 4 at 10 years after RT. In the third row of the table,
the number of patients at risk in the “RT PSA � 0.5” group was
given as 20 at 0 years after RT, 10 at 5 years after RT, and 4 at 10
years after RT, whereas it should have been 43 at 0 years after
RT, 18 at 5 years after RT, and 6 at 10 years after RT.

The online version has been corrected in departure from
the print. Journal of Clinical Oncology apologizes for the error.

DOI: 10.1200/JCO.2015.61.9759; published April 20, 2015
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TheNovember1, 2014, article byGuimbaudet al, entitled “Pro-
spective, Randomized, Multicenter, Phase III Study of Fluorouracil,
Leucovorin, and Irinotecan Versus Epirubicin, Cisplatin, and Cape-
citabine in AdvancedGastric Adenocarcinoma: A French intergroup
(Fédération Francophone deCancérologieDigestive, FédérationNa-
tionale desCentres de LutteContre leCancer, andGroupeCoopéra-
teurMultidisciplinaire en Oncologie) Study” (J Clin Oncol 32:3520-
3526, 2014), contained errors.

In the Treatment Administered section, under First-Line
Chemotherapy, “The median number of cycles received was
two (range, one to seven) in the ECX arm and three (range, one
to 18) in the FOLFIRI arm” should read “The median number

of cycles received was six (range, three to 21) in the ECX arm
and 12 (range, four to 72) in the FOLFIRI arm.” Also in the
Treatment Administered section, under Second-Line Chemo-
therapy, “The median number of cycles received was one
(range, one to five) in the ECX arm and two (range, one to 11)
in the FOLFIRI arm” should read “The median number of
cycles received was three (range, three to 15) in the ECX arm
and eight (range, four to 44) in the FOLFIRI arm.”

The online version has been corrected in departure from
the print. The authors apologize for the mistakes.

DOI: 10.1200/JCO.2015.62.0682; published April 20, 2015
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