Articles

Perioperative FOLFOX4 chemotherapy and surgery versus
surgery alone for resectable liver metastases from colorectal
cancer (EORTC 40983): long-term results of a randomised,
controlled, phase 3 trial
Bernard Nordlinger, Halfdan Sorbye, Bengt Glimelius, Graeme J Poston, Peter M Schlag, Philippe Rougier, Wolf O Bechstein, John N Primrose,
Euan T Walpole, Meg Finch-Jones, Daniel Jaeck, Darius Mirza, Rowan W Parks, Murielle Mauer, Erik Tanis, Eric Van Cutsem, Werner Scheithauer,
Thomas Gruenberger, for the EORTC Gastro-Intestinal Tract Cancer Group, Cancer Research UK, Arbeitsgruppe Lebermetastasen und–tumoren in
der Chirurgischen Arbeitsgemeinschaft Onkologie (ALM-CAO), Australasian Gastro-Intestinal Trials Group (AGITG), and Fédération Francophone
de Cancérologie Digestive (FFCD)

Summary
Lancet Oncol 2013; 14: 1208–15
Published Online
October 11, 2013
http://dx.doi.org/10.1016/
S1470-2045(13)70447-9
See Comment page 1148
Department of Surgery and
Oncology, Centre Hospitalier
Universitaire Ambroise Paré,
Assistance Publique–Hôpitaux
de Paris, Université de
Versailles, BoulogneBillancourt, France
(Prof B Nordlinger MD,
Prof P Rougier MD); Department
of Oncology, Haukeland
University Hospital, University
of Bergen, Bergen, Norway
(Prof H Sorbye MD);
Department of Radiology,
Oncology, and Radiation
Science, Uppsala University,
Uppsala, Sweden
(Prof B Glimelius MD); Aintree
University Hospital, Liverpool,
UK (Prof G J Poston MD); Charité
Comprehensive Cancer Centers,
Charité–Universitätsmedizin
Berlin, Berlin, Germany
(Prof P M Schlag MD);
Department of General and
Vascular Surgery, Klinikum der
Johann-Wolfgang-GoetheUniversität, Frankfurt am
Main, Germany
(Prof W O Bechstein MD);
University Department of
Surgery, Southampton General
Hospital, Southampton, UK
(Prof J N Primrose MD); Princess
Alexandra Hospital–University
of Queensland,
Woolloongabba, Brisbane,
QLD, Australia
(E T Walpole MBBS); University
Hospitals Bristol, Bristol, UK
(M Finch-Jones MD); Hôpital
Universitaire Hautepierre,
Strasbourg, France
(Prof D Jaeck MD); University
Hospital Birmingham,

1208

Background Previous results of the EORTC intergroup trial 40983 showed that perioperative chemotherapy with
FOLFOX4 (folinic acid, ﬂuorouracil, and oxaliplatin) increases progression-free survival (PFS) compared with surgery
alone for patients with initially resectable liver metastases from colorectal cancer. Here we present overall survival
data after long-term follow-up.
Methods This randomised, controlled, parallel-group, phase 3 study recruited patients from 78 hospitals across
Europe, Australia, and Hong Kong. Eligible patients aged 18–80 years who had histologically proven colorectal cancer
and up to four liver metastases were randomly assigned (1:1) to either perioperative FOLFOX4 or surgery alone.
Perioperative FOLFOX4 consisted of six 14-day cycles of oxaliplatin 85mg/m², folinic acid 200 mg/m² (DL form) or
100 mg/m² (L form) on days 1–2 plus bolus, and ﬂuorouracil 400 mg/m² (bolus) and 600 mg/m² (continuous 22 h
infusion), before and after surgery. Patients were centrally randomised by minimisation, adjusting for centre and risk
score and previous adjuvant chemotherapy to primary surgery for colorectal cancer, and the trial was open label.
Analysis of overall survival was by intention to treat in all randomly assigned patients. This trial is registered with
ClinicalTrials.gov, number NCT00006479.
Findings Between Oct 10, 2000, and July 5, 2004, 364 patients were randomly assigned to a treatment group (182 patients in
each group, of which 171 per group were eligible and 152 per group underwent resection). At a median follow-up of
8·5 years (IQR 7·6–9·5), 107 (59%) patients in the perioperative chemotherapy group had died versus 114 (63%) in the
surgery-only group (HR 0·88, 95% CI 0·68–1·14; p=0·34). In all randomly assigned patients, median overall survival was
61·3 months (95% CI 51·0–83·4) in the perioperative chemotherapy group and 54·3 months (41·9–79·4) in the surgery
alone group. 5-year overall survival was 51·2% (95% CI 43·6–58·3) in the perioperative chemotherapy group versus 47·8%
(40·3–55·0) in the surgery-only group. Two patients in the perioperative chemotherapy group and three in the surgery-only
group died from complications of protocol surgery, and one patient in the perioperative chemotherapy group died possibly
as a result of toxicity of protocol treatment.
Interpretation We found no diﬀerence in overall survival with the addition of perioperative chemotherapy with
FOLFOX4 compared with surgery alone for patients with resectable liver metastases from colorectal cancer. However,
the previously observed beneﬁt in PFS means that perioperative chemotherapy with FOLFOX4 should remain the
reference treatment for this population of patients.
Funding Norwegian and Swedish Cancer Societies, Cancer Research UK, Ligue Nationale Contre Cancer, US National
Cancer Institute, Sanoﬁ-Aventis.

Introduction
Surgery is the only potentially curative treatment for
resectable liver metastases; however, only 15–20% of
patients with hepatic metastases are initially eligible for a
radical surgical approach. The proportion of patients
who achieve 5-year survival after resection ranges from
20% to 50%.1,2 After liver resection with curative intent,
recurrences are reported in two-thirds of patients, half
occurring in the residual liver.3–5 The most likely

explanation for recurrence is the persistence of
microscopic residual disease after surgery. Therefore,
combining chemotherapy with resection of colorectal
cancer liver metastases is of major interest. So far, the
results of randomised trials of adjuvant chemotherapy
given after liver resection either intravenously or through
the hepatic artery have provided some indication that
prognosis has improved, but the beneﬁt of adjuvant
chemotherapy has not yet been formally proven.6–9
www.thelancet.com/oncology Vol 14 November 2013
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For that reason, our study group proposed to assess the
use of perioperative chemotherapy (ie, before and after
surgery) in a randomised phase 3 trial, even in patients
with resectable disease—the rationale being that this
method would treat micrometastatic disease. In patients
without (readily) resectable disease, further aims were to
increase the proportion of patients who have a complete
resection and to reduce the size of liver metastases,
therefore helping to improve results of hepatectomies.
Previously published results of the European
Organisation for Research and Treatment of Cancer
(EORTC) intergroup trial 4098310 (EPOC) showed that the
combination of perioperative chemotherapy with
FOLFOX4 (folinic acid, ﬂuorouracil, and oxaliplatin) and
surgery increases progression-free survival (PFS)
compared with surgery alone for patients with liver-only
metastases from colorectal cancer deemed resectable on
preoperative imaging. The absolute diﬀerence in the
proportion of patients alive and progression free at 3 years
was 7·3% (3-year PFS was 28·1% [95·66% CI 21·3–35·3]
in the surgery-only group compared with 35·4%
[28·1–42·7] in the perioperative chemotherapy group;
hazard ratio [HR] 0·79 [0·62–1·02]; p=0·058) in all
randomised patients. For all patients eligible for analysis
—ie, those who were assessed by the study coordinator to
fulﬁl eligibility criteria as deﬁned in the protocol—the
absolute diﬀerence in 3-year PFS was 8·1% (28·1%
[95·66% CI 21·2–36·6] in the surgery-only group vs
36·2% [28·7–43·8] in the perioperative chemotherapy
group; HR 0·77 [0·60–1·00]; p=0·041). A higher
proportion of patients had reversible postoperative
complications after chemotherapy with surgery than after
surgery alone (40 [25%] of 159 vs 27 [16%] of 171; p=0·0401).
However, the proportion of patients who were operated
on who had a non-therapeutic laparotomy was lower in
the perioperative chemotherapy group than in the
surgery-only group (eight [5%] of 159 patients vs 18 [11%]
of 171 patients; p=0·069).
After extended follow-up, we aimed to compare the
secondary outcome of overall survival in patients who
received perioperative chemotherapy with those who
received surgery alone.

364 patients randomly assigned

182 allocated to perioperative
chemotherapy
171 eligible
11 ineligible

182 allocated to surgery only
171 eligible
11 ineligible

11 did not receive preoperative
chemotherapy
7 eligible
4 ineligible

171 received preoperative
chemotherapy
143 received 6 cycles

22 were not operated on
1 unknown

159 were operated on
155 had received chemotherapy
4 had not received chemotherapy

7 did not have tumour resection
6 had more extensive disease
1 had liver disease

152 had tumour resection
148 had received chemotherapy
4 had not received chemotherapy

1 received preoperative
chemotherapy

8 were not operated on
3 unknown

171 were operated on

19 did not have tumour resection
because of more extensive
disease

152 had tumour resection

37 not given postoperative
chemotherapy*

115 received ≥1 cycle of
postoperative chemotherapy
80 received 6 cycles

107 died
85 disease progression
2 surgical complications
16 other
4 unknown

114 died
99 disease progression
3 surgical complications
10 other
2 unknown

Methods
Study design and patients
The EORTC intergroup trial 40983 was a randomised,
controlled, phase 3 trial. Details of the trial design and
study procedures have been reported previously.10 Patients
were recruited from 78 hospitals in Australia, Austria,
Belgium, France, Germany, Hong Kong, Italy, Norway,
Sweden, the Netherlands, and the UK. Eligible patients
were aged 18–80 years, with a WHO performance status
of 2 or less, histologically proven colorectal cancer, one to
four liver metastases that were resectable, and no detectable
extrahepatic tumours. The primary tumour had to be either
previously resected (R0 resection) or judged to be resectable
(in case of synchronous metastases) by a multidisciplinary
www.thelancet.com/oncology Vol 14 November 2013

Figure 1: Trial proﬁle
*37 patients who had a tumour resection were not given postoperative chemotherapy; 68 of all patients assigned
to perioperative chemotherapy were not given postoperative chemotherapy.

team at the treating hospital. Full inclusion and exclusion
criteria have been previously reported.10 The trial was
approved by the medical ethics committees of all
participating centres. Written informed consent was
obtained from all patients before randomisation.

Randomisation
Patients were randomly assigned (1:1) to perioperative
FOLFOX4 or surgery alone by the minimisation method
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Perioperative
chemotherapy
(n=182)
Age, years

Surgery only
(n=182)

62 (29–79)

64 (25–78)

Sex
Men

127 (70%)

114 (63%)

54 (30%)

65 (36%)

1 (1%)

3 (2%)

0

136 (75%)

150 (82%)

1

44 (24%)

31 (17%)

2

2 (1%)

1 (1%)

1

92* (51%)

96 (53%)

2

49 (27%)

45 (25%)

3

27 (15%)

23 (13%)

Women
No data documentation
(ineligible)
WHO performance status

Number of liver metastases

1–3 (exact number unknown)
4
>4 (ineligible)

2 (1%)

2 (1%)

12 (7%)

14 (8%)

0

2 (1%)

Synchronicity of liver metastases
Metachronous

121 (66%)

115 (63%)

Synchronous

61 (34%)

67 (37%)

Time from diagnosis of primary cancer to diagnosis of liver
metastases
<2 years

133 (73%)

139 (76%)

≥2 years

49 (27%)

43 (24%)

Tumour category of primary cancer
T1

3 (2%)

2 (1%)

T2

28 (15%)

26 (14%)

T3

124 (68%)

129 (71%)

T4

27 (15%)

21 (12%)

TX

0

4 (2%)

Lymphatic spread of primary cancer
N0

81 (45%)

72 (40%)

N1

69 (38%)

67 (37%)

N2

31 (17%)

37 (20%)

NX

1 (1%)

6 (3%)

Colon

95 (52%)

107 (59%)

Rectum

84 (46%)

68 (37%)

Location of primary cancer

Multiple sites

1 (1%)

3 (2%)

Unknown

2 (1%)

4 (2%)

Previous adjuvant chemotherapy for primary cancer
No
Yes, without oxaliplatin

104 (57%)

106 (58%)

78 (43%)

76 (42%)

Plasma CEA at diagnosis of liver metastases
≤5·0 ng/mL

66 (36%)

68 (37%)

5·1–30·0 ng/mL

55 (30%)

60 (33%)

>30 ng/mL

61 (34%)

54 (30%)

Data are median (range) and number (%). CEA=carcinoembryonic antigen. *One
patient was randomly assigned to a treatment group too early and was found to have
seven metastases on a later CT scan, and thus was ineligible.

Table 1: Baseline characteristics
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via the online randomisation system of the EORTC
headquarters (the coordinating data centre), accessed by
authorised local investigators. Randomisation was
stratiﬁed according to centre, previous adjuvant
chemotherapy to primary surgery for colorectal cancer,
and a risk score developed previously by Nordlinger and
colleagues.11 The trial was open label.

Procedures
Patients assigned to perioperative FOLFOX4 received six
cycles of oxaliplatin 85mg/m², folinic acid 200 mg/m²
(DL form) or 100 mg/m² (L form) on days 1–2 plus bolus,
and ﬂuorouracil 400 mg/m² (bolus) and 600 mg/m²
(continuous 22 h infusion) before and after surgery. Each
cycle of chemotherapy lasted 14 days, with the subsequent
cycle starting on day 15. Details of this regimen have
been previously reported.12
Patients were assessed for PFS and overall survival
every 3 months for 2 years after the end of treatment and
every 6 months thereafter. Recurrence was diagnosed by
imaging and conﬁrmed by cytology, or histology if
clinically needed. After recurrence, patients were given
further treatment at the physician’s discretion.
We recorded the type of treatment given at ﬁrst
progression for all patients. Data on long-term adverse
events (eg, late side-eﬀects) were not systematically
obtained for this follow-up study.
The primary trial endpoint was PFS, and tumour
resectability and tumour response were other secondary
endpoints, the results of which have been published
previously.10 The objective of this present study was to
assess the secondary endpoint of overall survival. Overall
survival was deﬁned as the time interval between the date
of randomisation and the date of death.

Statistical analysis
The trial was planned to detect a 40% increase in median
PFS or, equivalently, an increase in 3-year PFS from
21·0% to 32·8%, in all patients randomly assigned to
perioperative chemotherapy (HR 0·714) with 80% power
at a two-sided 5% signiﬁcance level, requiring
278 progression events or deaths. The trial was expected
to provide this number of events after 6·5 years; however,
6·5 years after the trial’s start (Sept 20, 2006) the events
had not accumulated at the pace expected, but the
pressure from the medical community to disclose the
trial results was very strong. Therefore, a stopping
boundary for eﬃcacy was implemented and an interim
analysis was then done in November, 2006 (at 235 events)
and shown only to the EORTC independent data
monitoring committee, who recommended to release
updated results for the American Society of Clinical
Oncology (ASCO) meeting in June, 2007, because the
stopping boundary had been reached. The results were
updated in March, 2007, for the ASCO late-breaking
abstracts deadline (254 events, 4-year median follow-up)
and presented at the two-sided 0·0434 signiﬁcance level
www.thelancet.com/oncology Vol 14 November 2013
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because of the interim analysis. The trial’s ﬁnal data for
PFS were published while overall survival was still being
monitored.10
The trial was not powered upfront to detect an increase
in overall survival. A-posteriori calculations computed
that at least 194 deaths would be needed to reach 80%
power to detect an increase of 10 percentage points in the
proportion of patients alive at 3 years in the preoperative
chemotherapy group compared with the surgery alone
group, from 65% to 75% (HR 0·668), with a two-sided
log-rank test at a level of signiﬁcance of 5%.
After a median follow-up of 8·5 years and 221 reported
deaths, we compared overall survival between groups
with a two-sided non-stratiﬁed log-rank test at the
0·05 level of signiﬁcance. This length of time was not
prespeciﬁed in the protocol; rather, it was a compromise
based on the number of deaths we could reach given the
number of patients accrued. The primary analysis for this
trial (ie, the analysis of overall survival) was done in all
randomly assigned patients according to the intention-totreat principle. We estimated overall survival rates using
the Kaplan-Meier method13 and summarised eﬀects with
HRs and 95% CIs. We did sensitivity analyses using data
from eligible patients (some randomly assigned patients
were subsequently found to be ineligible) and patients
whose cancer was resected, and with adjustment for
stratiﬁcation factors. Patients who were still alive when
last traced were censored at the date of last follow-up.
We did a competing-risk analysis to investigate the
eﬀect of deaths from other causes on overall survival. We
estimated the cumulative incidences of deaths due to
cancer progression, protocol treatment, or unknown
causes (referred to as cancer-speciﬁc deaths), which we
compared using a Gray test.14 We estimated cancerspeciﬁc survival, deﬁned as the time interval between
randomisation and death due to cancer progression,
protocol treatment, or unknown cause using the KaplanMeier method and compared the results between
groups. We did all statistical analyses with SAS software
(version 9.3).
This trial is registered with ClinicalTrials.gov, number
NCT00006479.

Role of the funding source
The study design, management, data analysis, and data
interpretation were done at the EORTC headquarters
(Brussels, Belgium) independently of any commercial
interest and from all funding bodies. BN and MM had
full access to all the data in the study. BN and MM had
ﬁnal responsibility for the decision to submit for
publication.

Results
As previously reported, between Oct 10, 2000, and July 5,
2004, 364 patients were randomly assigned to a treatment
group (182 patients in each group; ﬁgure 1). Baseline
tumour and patient characteristics were similar between
www.thelancet.com/oncology Vol 14 November 2013

Perioperative Surgery only
chemotherapy (n=182)
(n=182)
Survival status
Alive

75 (41%)

68 (37%)

Dead

107 (59%)

114 (63%)

85 (47%)

99 (54%)

Main cause of death
Progression of disease
Toxicity of protocol treatment

1 (1%)*

Complication of protocol surgery

2 (1%)

3 (2%)

15 (8%)

10 (5%)

Other

0

Toxicity of further cancer treatment

3 (2%)

3 (2%)

Cardiac death

4 (2%)

2 (1%)

Cerebrovascular accident

4 (2%)

0

Cerebral haemorrhage

1 (1%)

0

Pulmonary embolism
(new primary lung cancer)

1 (1%)

0

Bronchopneumonia

0

1 (1%)

Thoracic aneurysm

0

1 (1%)

Decrease of health status
(not progression)

1 (1%)

0

Suicide

1 (1%)

2 (1%)

Euthanasia

0

1 (1%)

4 (2%)

2 (1%)

Unknown

*One patient died suddenly (intercurrent death from unknown origin) while on
protocol treatment before planned surgery, the investigator reported the serious
adverse event as possibly related to protocol treatment.

Table 2: Survival status and main causes of death

the two groups, and 188 (52%) of all 364 patients had
only one metastatic liver lesion (table 1). Of the
182 patients in each group, 171 were considered to be
part of the eligible population for analysis and
152 underwent resection.
After a median follow-up of 8·5 years (IQR 7·6–9·5),
107 (59%) patients in the perioperative chemotherapy
group had died compared with 114 (63%) in the surgeryonly group (table 2). Only 29 patients were lost to followup at the time of the analysis (13 in the perioperative
chemotherapy group and 16 in the surgery-only group).
15 patients in the perioperative chemotherapy group and
10 in the surgery-only group died from causes other than
progressive disease, toxicity of the protocol treatment,
and complications of protocol surgery (table 2). More
details were provided by the investigators on other causes
of death (appendix). Six patients per group were judged
to have died from toxicity of protocol treatment,
complications of protocol surgery, or toxicity of further
cancer treatments (table 2). Of the three patients who
died from further cancer treatments in the perioperative
chemotherapy group, one died from liver failure after
further surgery for progression, one died from
septicaemia and urinary tract infection after second-line
treatment for progression, one did not start protocol
treatment, needed immediate surgery for colostomy
prolapse, and died from sepsis due to change of biliary

See Online for appendix
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Patients
(N)

Deaths
(n [%])

HR (95% CI)

Median overall survival
(months [95% CI])

Estimated 5 year overall
survival (% [95% CI])

Perioperative chemotherapy

182

107 (59%)

0·88 (0·68–1·14)

61·3 (51·0–83·4)

51·2% (43·6–58·3)

Surgery only

182

114 (63%)

1·00

54·3 (41·9–79·4)

47·8% (40·3–55·0)

Perioperative chemotherapy

171

101 (59%)

0·87 (0·66–1·14)

63·7 (52·7–87·3)

52·4% (44·6–59·7)

Surgery only

171

109 (64%)

1·00

55·0 (41·9–79·4)

48.3% (40·6–55·6)

Perioperative chemotherapy

152

84 (55%)

0·87 (0·64–1·17)

77·5 (59·4–94·6)

57·3% (49·0–64·8)

Surgery only

152

90 (59%)

1·00

73·3 (53·7–95·5)

54·4% (46·1–62·0)

Primary analysis in randomly assigned patients

p value
(log-rank)*
0·34

Sensitivity analyses
Eligible patients

0·30

Resected patients

0·35

HR=hazard ratio. *p value comparing overall survival between groups over the whole period of the study.

Table 3: Overall survival

A

All randomly assigned patients
Surgery only
Perioperative chemotherapy

100
90

Overall survival (%)

80
70
60
50
40
30
20
10

Overall log-rank test: p=0·34

0
0
Number at risk
Surgery only 182
Perioperative 182
chemotherapy

B

1

2

3

4

5

6

7

167
165

138
145

116
120

94
107

79
88

72
72

58
66

3

4

5

6

7

69
70

56
64

8

All eligible patients

100
90

Overall survival (%)

80
70
60
50
40
30
20
10

Overall log-rank test: p=0·303

0
0
Number at risk
Surgery only 171
Perioperative 171
chemotherapy

1

2

Years since randomisation
159
158

133
139

111
114

91
103

76
86

Figure 2: Overall survival
Kaplan-Meier curves of overall survival in all randomly assigned patients (A) and all eligible patients (B) per
treatment group.
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stent. One patient in the perioperative chemotherapy
group died suddenly (intercurrent death from unknown
origin) while on protocol treatment before planned
surgery, and the investigator reported the serious adverse
event as possibly related to protocol treatment. In the
surgery-only group, of the three patients who died from
further cancer treatments, one died from septic shock
while receiving FOLFIRI (folinic acid, ﬂuorouracil, and
irinotecan) after progression, one died from portcatheter-related sepsis after starting second-line
chemotherapy for progression, and one died from
complications of further surgery for progression. Causes
of deaths were reviewed by the study coordinator to
assess their possible relation to protocol treatment and
further cancer treatments.
Overall survival in all randomly assigned patients did
not diﬀer signiﬁcantly between groups (HR 0·88, 95% CI
0·68–1·14; p=0·34) nor did overall survival in eligible
patients (HR 0·87, 95% CI 0·66–1·14; p=0·30; table 3).
Kaplan-Meier curves for overall survival in all randomly
assigned patients and all eligible patients are shown in
ﬁgure 2. In all randomised patients, median overall
survival was 61·3 months (95% CI 51·0–83·4) in the
perioperative chemotherapy group and 54·3 months
(41·9–79·4) in the surgery-only group. In the eligible
population median overall survival was 63·7 months
(52·7–87·3) and 55·0 months (41·9–79·4) in the
perioperative chemotherapy and surgery-only groups,
respectively. In all randomised patients, the absolute
diﬀerence between groups in the proportion of patients
with 5-year overall survival was 3·4% (95% CI –7·1 to
13·8); in all eligible patients it was 4·1% (–6·6 to 14·8).
The results of sensitivity analyses for overall survival
are presented in the appendix. Updated results on PFS
are displayed in table 4 and ﬁgure 3.
Of patients who had cancer progression (130 [71%] in
the surgery-only group vs 124 [68%] in the perioperative
chemotherapy group), 100 (77%) in the surgery-only group
received chemotherapy as part of ﬁrst treatment for
progression compared with 73 (59%) patients in the
www.thelancet.com/oncology Vol 14 November 2013
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Patients
(N)

Patients with
progression
events (n [%])

HR (95% CI)

Median PFS
(months [95% CI])

Estimated 3 year PFS
(% [95% CI])

Perioperative chemotherapy

182

136 (75%)

0·81 (0·64–1·02)

20·0 (15·9–27·6)

38·2% (31·1–45·2)

Surgery only

182

139 (76%)

1·00

12·5 (9·7–17·7)

30·3% (23·7–37·1)

Perioperative chemotherapy

171

129 (75%)

0·78 (0·61–0·99)

20·9 (17·1–28·9)

39·0% (31·7–46·3)

Surgery only

171

134 (78%)

1·00

12·5 (9·7–18·2)

29·9% (23·2–36·9)

Randomly assigned patients

p value
(log-rank)
0·068

Eligible patients

0·035

PFS was measured according to the protocol deﬁnition of the primary endpoint. HR=hazard ratio. PFS=progression-free survival.

Table 4: Progression-free survival (long-term update)

Discussion
Our long-term overall survival analysis showed that there
was no signiﬁcant diﬀerence in overall survival between
perioperative chemotherapy and surgery alone; however,
median overall survival was longer in the perioperative
group, and a greater proportion of patients were alive at
5 years than in the surgery alone group (panel).
The failure to show a signiﬁcant diﬀerence in overall
survival might be explained by several reasons. First,
this trial was designed to detect a PFS beneﬁt and was
not powered for overall survival, which was a secondary
endpoint. The 4·1% absolute survival beneﬁt at 5 years
in the eligible population is similar to other positive
adjuvant trials in primary colorectal cancer. The
MOSAIC trial15 reported a 4·2% overall survival beneﬁt
at 6 years of follow-up. Of patients with stage III colon
cancer (672 patients in the FOLFOX4 group and 675 in
the LV5FU2 [bolus plus continuous-infusion
ﬂuorouracil plus folinic acid] group), the probabilities
of surviving at 6 years were 72·9% in the FOLFOX4
group and 68·7% in the LV5FU2 group (HR 0·80,
95% CI 0·65–0·97; p=0·023). Because a relatively large
sample size was used (1347 patients with stage III
cancer), generating signiﬁcant results, these ﬁndings
led to the establishment of oxaliplatin as standard of
care for adjuvant treatment of stage III colon cancer.
The National Surgical Adjuvant Breast and Bowel
Project (NSABP) C-07 trial16 (FULV [ﬂuorouracil plus
www.thelancet.com/oncology Vol 14 November 2013

A

All randomly assigned patients
Surgery only
Perioperative chemotherapy

100

Progression-free survival (%)

90
80
70
60
50
40
30
20
10

Overall log-rank test: p=0·068

0
0
Number at risk
Surgery only 182
Perioperative 182
chemotherapy

B

1

2

3

4

5

6

7

89
123

66
81

53
67

45
56

42
50

35
42

30
39

8

All eligible patients

100
90
Progression-free survival (%)

perioperative chemotherapy group (p=0·0029), 52 (40%)
in the surgery-only group versus 57 (46%) in the
perioperative group had repeat surgery, three (2%) versus
11 (9%) had radiotherapy, and eight (6%) versus 14 (11%)
received symptomatic treatment (appendix). Only data for
ﬁrst therapy for progression can be reported because data
for further successive treatments were not obtained
systematically.
The results of the competing-risk analysis and the
analysis of cancer-speciﬁc survival showed a trend
towards an increased diﬀerence in favour of the
perioperative chemotherapy group, especially with
respect to the long-term results, but this diﬀerence was
not statistically signiﬁcant (appendix).
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Figure 3: Progression-free survival (long-term update)
Kaplan-Meier curves of progression-free survival in all randomly assigned patients (A) and all eligible patients (B)
per treatment group.

folinic acid] vs FLOX [FULV plus oxaliplatin]) and a
multicentre colorectal cancer trial17 comparing XELOX
(capecitabine plus oxaliplatin) with bolus ﬂuorouracil
plus folinic acid as adjuvant therapy showed signiﬁcant
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Panel: Research in context
Systematic review
We did a systematic review to identify randomised studies on preoperative or
postoperative chemotherapy for resectable liver metastases from colorectal cancer by
searching electronic databases, scanning reference lists of articles, conference abstracts,
and trial databases, and consulting experts in the ﬁeld. We applied no language
restrictions. We searched PubMed (January, 1966–December, 1999), Embase
(January,1991–December, 1999), and conference abstracts from the American Society of
Clinical Oncology, European Cancer Organisation, and European Society For Medical
Oncology with the search terms “colon or rect* or colorectal”, “cancer or adenocar*”, “liver
metastasis”, “chemotherapy”, “randomized trial or random allocation or double-blind
method”, and “humans”. We only selected prospectively randomised trials. We identiﬁed
three studies,8–9,18 one of which assessed intravenous chemotherapy.18
Interpretation
Neoadjuvant chemotherapy combined with surgery is evolving as the standard of care in
many gastrointestinal malignancies. Our study is the largest ever trial to assess
perioperative chemotherapy for resectable liver metastases. The diﬀerence in survival
shown in this study is similar to that reported in other colorectal cancer studies into
adjuvant treatment for stage II and III cancer. Therefore, although our results were not
statistically signiﬁcant, we believe that perioperative chemotherapy with FOLFOX4
(folinic acid, ﬂuorouracil, and oxaliplatin) should be the reference treatment for resectable
liver metastases. More studies into its eﬀectiveness would be useful and clinicians should,
if possible, participate in new trials for resectable liver metastasis from colorectal cancer,
such as the BOS-2 trial (bevacizumab or panitumumab vs perioperative FOLFOX4
chemotherapy; NCT01508000).

increases in disease-free survival with the regimens
containing oxaliplatin, but not in overall survival, as in
our trial, despite more than 1800 patients included in
both trials. Such numbers of patients are most likely
impossible to accrue in trials on resectable colorectal
cancer liver metastases. Future progress in this
specialty will probably have to rely on surrogate
endpoints for overall survival such as PFS or
pathological response.
Next, the good long-term outcome in the surgery-only
group meant that demonstration of a treatment beneﬁt
for perioperative chemotherapy was more diﬃcult.
3-year PFS in the surgery-only group was 28·1% and
higher than expected (21%) for all randomly assigned
patients when the trial was originally designed.10 Mitry
and colleagues18 reported a median overall survival of
62·2 months in patients randomly assigned to adjuvant
chemotherapy after successful complete resection of
colorectal liver or lung metastases compared with
47·3 months in the surgery-alone group.18 In our trial,
median overall survival was 73·3 months in the surgeryonly group for resected patients (a comparable group to
that in Mitry and colleagues’ study18), which is even
higher than the median overall survival reported by
Mitry and colleagues in the adjuvant chemotherapy
group. The high proportion of surviving patients
reported in this trial might be due to high surgical
quality or better preoperative imaging excluding smaller
1214

metastases in the remaining liver or at other sites. Both
studies included mainly patients with only one
metastatic liver lesion (67% in the pooled analyses of
Mitry and collagues and 52% in our study).
Finally, overall survival is subject to competing risks in
a long-term follow-up, as is PFS. The higher number of
deaths that were not cancer related in the perioperative
chemotherapy group than in the surgery group could
have also contributed to the lack of diﬀerence between
the two groups. Also, overall survival is a composite
endpoint that is heavily aﬀected by the treatment, either
surgical or medical, of the recurrences. The fact that
chemotherapy was administered more frequently at ﬁrst
progression to patients in the surgery-only group might
have aﬀected the overall survival results. The reason for
this imbalance is unclear and we are restricted in our
conclusion by the fact that data for treatments
administered for second and further progressions were
not obtained systematically.
So far, the evidence is unclear as to whether adjuvant
(postoperative) chemotherapy only would be an
alternative to the perioperative chemotherapy approach.
The pooled analysis18 done by Mitry and colleagues on
278 patients enrolled in two diﬀerent randomised
clinical trials showed a marginal statistical signiﬁcance
in favour of adjuvant chemotherapy with a ﬂuorouracil
bolus regimen after complete resection of colorectal
cancer metastases. However, these results are diﬃcult
to compare with ours because in trials of postoperative
chemotherapy, patients are randomly assigned after a
successful surgical procedure, so the patient population
is selected upfront. By comparison, the perioperative
chemotherapy approach has been assessed in all
patients initially judged to be resectable by imaging,
including those with unsuccessful radical surgery.
Furthermore, as already mentioned, median overall
survival of resected patients in our surgery-only group
was better than the median overall survival in the
adjuvant chemotherapy group reported by Mitry and
colleagues. Finally, we believe the chances for patients
to receive chemotherapy as part of the treatment strategy
for their resectable liver metastases are higher if
chemotherapy is administered before surgery than after
surgery.
Perioperative chemotherapy with FOLFOX4 improves
PFS in the treatment of resectable colorectal cancer
liver metastases. However, our trial was not powered
a priori to detect a survival diﬀerence and in
combination with the remarkably long survival of
patients who received only surgery, we cannot report a
statistically signiﬁcant survival diﬀerence. Nonetheless,
we believe that our ﬁndings do not modify the
conclusion of the previous publication—ie, that
perioperative chemotherapy with FOLFOX4 is
compatible with major liver surgery and reduces the
risk of events of progression-free survival in eligible
patients.
www.thelancet.com/oncology Vol 14 November 2013
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