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Background Systemic adjuvant chemotherapy can improve overall survival and reduce the incidence of distant
metastases for patients with advanced colon cancer. This study aimed to investigate whether regional chemotherapy
(given by intraperitoneal or intraportal methods) combined with systemic chemotherapy was more effective than
was systemic chemotherapy alone in terms of survival and recurrence for patients with stage II–III colorectal cancer.
The study also compared systemic chemotherapy with ﬂuorouracil and folinic acid with that of ﬂuorouracil and
levamisole.
Methods During surgery, 753 patients with stage II–III colorectal cancer were randomly assigned to systemic
chemotherapy alone (379 with ﬂuorouracil and folinic acid, and 374 with ﬂuorouracil and levamisole), and 748 to
postoperative regional chemotherapy with ﬂuorouracil followed by systemic chemotherapy with ﬂuorouracil and
folinic acid (n=368) or with ﬂuorouracil and levamisole (n=380). Regional chemotherapy was given intraperitoneally
(n=415) or intraportally (n=235) according to institution. The primary endpoint was 5-year overall survival.
Secondary endpoints were 5-year disease-free survival and toxic effects. Analyses were by intention to treat.
Findings Median follow-up was 6·8 years (range 0·0–10·1). 5-year overall survival was 72·3% (95% CI 69·0–75·6)
for patients assigned regional and systemic chemotherapy, compared with 72·0% (68·7–75·3) for those assigned
systemic chemotherapy alone (hazard ratio [HR] 0·97 [0·81–1·15], p=0·69). 5-year overall survival for all patients
assigned ﬂuorouracil and levamisole was 72·0% (68·7–75·2) compared with 72·3% (69·0–75·6) for all those
assigned ﬂuorouracil and folinic acid (HR 0·98 [0·82–1·17], p=0·81). The hazard ratios for 5-year disease-free
survival were 0·94 (0·80–1·10) for regional versus non-regional treatment, and 0·92 (0·79–1·08) for all ﬂuorouracil
and levamisole versus ﬂuorouracil and folinic acid. Grade 3–4 toxic effects were low in all groups.
Interpretation Fluorouracil-based regional chemotherapy adds no further beneﬁt to that obtained with systemic
chemotherapy alone in patients with advanced colorectal cancer.

Introduction
Randomised trials1–9 have shown that systemic adjuvant
chemotherapy can improve overall survival and reduce the
incidence of distant metastases for patients with stage III
colon cancer, and possibly for those with stage II disease.
Fluorouracil combined with folinic acid or levamisole was
the ﬁrst standard adjuvant treatment accepted for patients
with resected high-risk colon cancer.10–16 However, new
chemotherapy agents, such as capecitabine, oxaliplatin,
and irinotecan, have shown encouraging results when
used in adjuvant systemic-therapy regimens for patients
with high-risk colorectal cancer.17–19 Oxaliplatin combined
with ﬂuorouracil and folinic acid is more effective than
ﬂuorouracil and folinic acid alone17 in patients with stage
II–III carcinoma of the colon when given after complete
resection of the primary tumour. Irinotecan was also
assessed in combination with ﬂuorouracil and folinic acid
in the PETACC3 (Pan European Trials for Adjuvant
Treatment of Colon Cancer) study.19
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Adjuvant chemotherapy usually starts within weeks of
surgery and is given for 6 months.16,20 After a study by
Taylor in 1985,21 a meta-analysis of ten studies22 of
adjuvant chemotherapy delivered intraportally suggested
that early regional treatment of malignant disease
reduced the likelihood of liver metastases and thus
increased overall survival. Regional chemotherapy
delivers high concentrations of cytotoxic chemotherapy
directly to the site of the tumour, allowing more effective
targeting and inhibition of the development of
metastases. In colorectal cancer, tumour cells spread
haematogenously via the portal circulation, making the
liver the ﬁrst site of metastases in most patients.23
Intraportal
delivery
of
chemotherapy
targets
micrometastases that might spread to the liver via the
portal system.
Intraperitoneal chemotherapy is a less well known
cytotoxic treatment that is delivered into the peritoneal
cavity, where up to 60% of the total dose is absorbed
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1857 randomised

465 assigned systemic chemotherapy
with fluorouracil and levamisole

455 assigned regional chemotherapy
and systemic chemotherapy with
fluorouracil and folinic acid

471 assigned regional chemotherapy
and systemic chemotherapy with
fluorouracil and levamisole

91 did not have
stage II–III disease

87 did not have
stage II–III disease

91 did not have
stage II–III disease

48 did not start
regional chemotherapy

332 received regional chemotherapy
and were assigned systemic chemotherapy

379 had
stage II–III disease

374 assigned
systemic chemotherapy

379 assigned
systemic chemotherapy

50 did not start
regional chemotherapy

318 received regional chemotherapy
and were assigned systemic chemotherapy

24 did not start
systemic chemotherapy

16 did not start
systemic chemotherapy

12 received other
chemotherapy

5 received other
chemotherapy

296 received allocated
treatment strategy

38 did not start
systemic chemotherapy

6 received other
chemotherapy

297 received allocated
treatment strategy

27 did not start
regional chemotherapy

323 started allocated
systemic treatment

87 did not have
stage II–III disease

374 had
stage II–III disease

368 had
stage II–III disease

380 had
stage II–III disease

466 assigned systemic chemotherapy
with fluorouracil and folinic acid

330 received allocated
treatment strategy

35 did not start
systemic chemotherapy

2 received other
chemotherapy

342 received allocated
treatment strategy

35 did not start
regional chemotherapy

332 started allocated
systemic treatment

Figure 1: Trial proﬁle

through the portal route to reach the liver.24 Hepatic
extraction of ﬂuorouracil can be as high as 90%, and
thus only a small amount reaches the systemic
circulation, keeping systemic toxic effects to a
minimum. In a randomised phase III study25 of
267 patients, intraperitoneal chemotherapy alone did not
affect survival compared with that recorded for surgery

l
ll
lll

Regional and systemic chemotherapy

Systemic chemotherapy alone

Fluorouracil and
levamisole (n=471)

Fluorouracil and
folinic acid (n=455)

Fluorouracil and
levamisole (n=465)

Fluorouracil and
folinic acid (n=466)

91
182
198

87
197
171

91
190
184

87
197
182

Table 1: Tumour stage of all patients assigned treatment
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alone, but did reduce the risk of recurrence in stage II
disease.25 Theoretically, intraperitoneal chemotherapy
combines the effect of intraportal chemotherapy on the
liver with a direct effect on the peritoneum (a site with a
high frequency of recurrence) and the resection site.
Data therefore suggest that beneﬁt can be derived by the
combination of locoregional therapy, in particular by an
intraperitoneal route, and systemic therapy to decrease
the occurrence of local and distant metastases.
The aim of this international, multicentre phase III
trial was to investigate whether addition of regional
chemotherapy immediately after surgery to a standard
systemic adjuvant chemotherapy regimen could improve
survival and reduce recurrence compared with adjuvant
systemic chemotherapy alone. Regional chemotherapy
was given either intraperitoneally or intraportally in
http://oncology.thelancet.com Vol 6 July 2005
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accordance with the standard practice of the participating
institution. Furthermore, the trial aimed to compare
two established systemic regimens—ﬂuorouracil and
levamisole10 and ﬂuorouracil and folinic acid.8

Methods
Patients
Eligibility criteria for enrolment were: histologically
conﬁrmed adenocarcinoma of the colon or rectum
treated with curative intent (ie, R0 resection); no
evidence of metastatic disease, as assessed abdominal
ultrasonography and chest radiography before surgery
and by inspection and palpation during surgery (ie,
stage M0); stage II–III disease; white-blood-cell count
of more than 4109/L; platelet count of more than
100109/L; serum creatinine less than 1·25 times
upper limit of normal; bilirubin within normal range;
no history of substantial coronary insufﬁciency;
absence
of
non-malignant
systemic
disease
(eg, cardiovascular, renal, and hepatic); precluding
chemotherapy or long-term follow-up; no psychiatric or
addictive disorders; no history of other tumour except
adequately treated and cured squamous-cell or basalcell carcinoma of the skin, in-situ carcinoma of the
cervix that had been treated only with surgery,
well differentiated thyroid carcinoma, colorectal
carcinomas, and breast cancers cured and free of

Age (years)
Median (range)
Sex
Men
Women
Operative procedure*
Colon resection
Anterior rectal resection
Abdomino-perineal resection
Other
Missing data
Lymph nodes removed
Median (range)
Complications (number of patients)
Associated with surgery
Tissue invasion
Nervous
Vascular
Tumour site
Rectum
Colon
Right
Transverse
Left
Multiple
Colon and rectum
Missing data

relapse for more than 5 years. All patients had to be able
to attend follow-up visits every 6 months and had to be
well enough at randomisation to receive chemotherapy
after resection. All patients provided written informed
consent, and the study was done with approval of local
ethics committees. The primary endpoint was 5-year
overall survival; secondary endpoints were 5-year
disease-free survival and toxic effects. The trial
was unblinded.

Treatment
During surgery, 926 patients were randomly assigned to
postoperative regional chemotherapy with ﬂuorouracil
(Fluorouracil Roche®, Roche, Neuilly sur Seine, France)
followed by systemic chemotherapy with ﬂuorouracil
and folinic acid (Elvorine®, Wyeth Lederle, Rungis,
France; n=455) or with ﬂuorouracil and levamisole
(Solaskil®, Sanoﬁ-Aventis, Paris, France; n=471), and
931 patients to systemic chemotherapy alone (466 with
ﬂuorouracil and folinic acid, and 465 with ﬂuorouracil
and levamisole). At this stage, 178 patients in the ﬁrst
group were found not to have stage II–III disease and
were excluded, as were 178 in the systemicchemotherapy-alone group, as per protocol. These
patients were, however, followed up for tumour
recurrence and survival, but are not reported here.
Regional chemotherapy was given intraperitoneally

Regional and systemic chemotherapy

Systemic chemotherapy alone

Fluorouracil and levamisole
(n=380)

Fluorouracil and levamisole
(n=374)

64·0 (56·0–74·0)

Fluorouracil and folinic acid
(n=368)
64·0 (57·0–69·0)

63·0 (56·0–69·0)

Fluorouracil and folinic acid
(n=379)
63·0 (54·0–70·0)

196 (52%)
184 (48%)

214 (58%)
154 (42%)

184 (49%)
190 (51%)

202 (53%)
177 (47%)

244 (64%)
74 (19%)
22 (6%)
40 (11%)
0

233 (63%)
72 (20%)
22 (6%)
40 (11%)
1 (1%)

238 (64%)
73 (20%)
19 (5%)
44 (12%)
0

235 (62%)
74 (20%)
22 (6%)
48 (13%)
0

11 (1–81)

10 (1–89)

10 (1–51)

12 (1–52)

50 (13%)

60 (16%)

40 (11%)

37 (10%)

54 (14%)
99 (26%)

39 (11%)
92 (25%)

48 (13%)
85 (23%)

44 (12%)
90 (24%)

62 (16%)
277 (73%)
93 (34%)
21 (8%)
156 (56%)
7 (3%)
7 (2%)
34 (9%)

54 (15%)
278 (76%)
94 (33%)
28 (10%)
154 (55%)
2 (1%)
1 (1%)
35 (10%)

57 (15%)
281 (75%)
90 (32%)
23 (8%)
163 (58%)
5 (2%)
1 (1%)
35 (9%)

61 (16%)
280 (74%)
92 (33%)
34 (12%)
148 (53%)
6 (2%)
5 (1%)
33 (9%)

*Percentage might not add to 100 because of rounding.

Table 2: Baseline characteristics of patients with stage II–III disease
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100
Overall log-rank test p=0·69

90
80
Overall survival (%)

70
60

Regional chemotherapy
No regional chemotherapy

50
40
30
20
10
0

Numbers at risk
No regional
chemotherapy

753

661

559

332

134

1

Regional
chemotherapy

748

649

535

342

125

1

B

100
90

Overall survival (%)

80
70
60

Fluorouracillevamisole
Fluorouracilfolinic acid

Wald test stratified for regional therapy p=0·81

50
40
30
20
10
0
0

2

4

6
Years

8

10

Fluorouracil
levamisole

754

644

552

343

136

0

Fluorouracil
folinic acid

747

666

542

331

123

2

Numbers at risk

Figure 2: Overall survival
(A) By regional chemotherapy versus systemic chemotherapy. (B) By ﬂuorouracil and levamisole versus ﬂuorouracil
and folinic acid.

(n=415) or intraportally (n=235) in accordance with
standard practice of the participating institution.
Patients were randomised centrally by use of phone or
computer by the European Organisation for Research
and Treatment of Cancer and Fédération Francophone
de Cancérologie Digestive data centres. Patients were
stratiﬁed by institution and localisation of the primary
tumour (ie, colon or rectum).
Regional chemotherapy with ﬂuorouracil was given
intraperitoneally for 6 days or intraportally for 7 days. The
catheter for intraportal delivery was inserted during
surgery and chemotherapy started immediately after
462

surgery with the following schedule: 500 mg/m2
ﬂuorouracil every 24 h (ie, 3500 mg/m2 planned total
dose) and 5000 IU heparin (Heparine Sodique®, Dakota
Pharmaceutical Laboratory, Creteil, France) every 24 h for
days 1–7 after surgery. The catheter for intraperitoneal
delivery was a calibre 12 French silicon jejunostomy tube
that was inserted during surgery through the abdominal
wall; the tip was left free in the peritoneal cavity. The tube
was secured to the abdominal wall and care was taken to
avoid leakage of ﬂuid during treatment. The abdominal
wound was closed very carefully. Intraperitoneal
chemotherapy was started as soon as the patient’s
condition allowed it—ie, after the patient passed gas and
had no intraperitoneal complications, usually 4–10 days
after surgery. 600 mg/m2 ﬂuorouracil was diluted in 1·5 L
dialysis ﬂuid and infused over 3 h with a pump on days
4–9 after surgery. The ﬂuid was not recovered, since it was
absorbed in the peritoneum. The amount of dialysis ﬂuid
infused in the peritoneum was calculated from the total
amount of intravenous infusion, with the aim
of delivering a planned total dose of 3600 mg/m2
ﬂuorouracil. Wide-spectrum prophylactic antibiotic
therapy was given in accordance with practice at the
participating institutions.
Systemic chemotherapy was planned to be started no
later than 35 days after surgery (after histological staging
of the tumour). Patients allocated ﬂuorouracil and
levamisole were scheduled to receive 450 mg/m2
ﬂuorouracil a day given by intravenous bolus on days
1–5 followed by this dose once a week from day 28, and
to 50 mg levamisole given orally three times a day on
days 1–3 and then for 3 days every 2 weeks. Treatment
was continued for a maximum of 24 weeks, or until
disease progression (as assessed clinically, radiologically, or both), occurrence of severe toxic effects, or
patient refusal. Patients allocated ﬂuorouracil and folinic
acid were scheduled to receive 375 mg/m2 ﬂuorouracil
given as an intravenous infusion for 30 min a day
followed immediately by 100 mg/m2 folinic acid given as
an intravenous bolus injection for 5 days every 4 weeks
and repeated from day 28 for a maximum of six cycles
(ie, 24 weeks’ treatment). The levogyre (L) form of folinic
acid was used in this regimen. Patients were examined
every 4 weeks during treatment, and blood counts were
done every 2 weeks.
If, on the ﬁrst day of any treatment, the neutrophil
count was less than 2000106/L or platelets were less
than 100109/L, systemic treatment was delayed for a
maximum of 1 week, and blood counts were taken twice a
week. The doses of treatment were modiﬁed if counts did
not return to within the normal range. The dose of
ﬂuorouracil was reduced to 75% of the initial dose for
WHO grade 1 neutrophils or platelets or for WHO grade 3
mucositis and diarrhoea, and to 50% for WHO grade 2
neutrophils or platelets. Treatment was discontinued if
the patient developed grade 2 or higher neutrophils or
platelets, or grade 4 diarrhoea or mucositis.
http://oncology.thelancet.com Vol 6 July 2005
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A

100
90
80
Disease-free survival (%)

Follow-up after completion of treatment was done
every 3 months during the ﬁrst year, every 6 months
during the second year, and every year thereafter.
Patients who had recurrence of disease received any
appropriate treatment. At every follow-up visit clinical
investigations, blood counts, liver ultrasonography or
CT scans, and chest radiography were scheduled.
Other investigations were done at the discretion of the
participating centres. In accordance with the protocol,
all patients with rectal cancer had radiotherapy by use
of the declared policy of the institution.

Role of the funding source
The sponsor of the trial had no role in the study design;
collection, analysis, or interpretation of data; or the
writing of the report. The corresponding author had
full access to all data in the study and had ﬁnal
responsibility to submit the paper for publication.
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Regional chemotherapy
No regional chemotherapy
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Statistical analysis

0
Numbers at risk
No regional
chemotherapy
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561

464

291

123
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748

560

466

312

116

1
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Disease-free survival (%)

Overall survival was deﬁned as the time from
randomisation to death from any cause. Patients who
are alive were censored at the date of last documented
visit. Disease-free survival was deﬁned as the time
from randomisation to disease recurrence or death
from any cause, whichever occurred ﬁrst. Patients alive
and free of disease at last follow-up were censored at
the date of last visit. A total of 532 events were needed
to detect a 30% difference in the median duration of
survival for each of the two treatment comparisons,
from 6·78 years to 8·81 years (hazard ratio [HR] for
calculation of sample size 0·769), by use of a two-sided
log-rank test with =0·05 and =0·15 (ie,
power=0·85).
The effect of systemic chemotherapy was analysed
after stratiﬁcation for regional chemotherapy. Overall
survival and disease-free survival were estimated by
use of the Kaplan-Meier technique. Differences in
survival were compared with the log-rank test on the
basis of intention-to-treat analysis.

Overall log-rank test p=0·44

70

Wald test stratified for regional strategy p=0·32

70
60
Fluorouracillevamisole
Fluorouracilfolinic acid
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0
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6
Years
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Fluorouracil
levamisole

754

550

457

297

120

0

Fluorouracil
folinic acid

747

571

473

306

119

2

Numbers at risk

Figure 3: Disease-free survival
(A) By regional and systemic chemotherapy alone. (B) By ﬂuorouracil and levamisole versus ﬂuorouracil and folinic acid.

Results
Between Feb 1, 1993, and June 30, 1998, 1857 patients
were enrolled into this multicentre study (ﬁgure 1).
634 patients were from institutions afﬁliated to the
European Organisation for the Research and Treatment
of Cancer, and 1223 from institutions from the
Fédération Francophone de Cancérologie Digestive.
1501 patients had pathologically conﬁrmed stage II or
III colorectal carcinoma (table 1), 748 of whom were
assigned regional and systemic chemotherapy and 753
of whom were assigned systemic chemotherapy alone
(ﬁgure 1). Table 2 shows baseline characteristics of
randomised groups.
5-year overall survival was 72·3% (95% CI 69·0–75·6)
for patients assigned regional and systemic chemotherapy, compared with 72·0% (68·7–75·3) in those
http://oncology.thelancet.com Vol 6 July 2005

assigned systemic chemotherapy alone (HR 0·97
[0·81–1·15], p=0·69). 5-year overall survival for all
patients assigned ﬂuorouracil and levamisole was 72·0%
(68·7–75·2) compared with 72·3% (69·0–75·6) for all
those assigned ﬂuorouracil and folinic acid (HR 0·98
[0·82–1·17], p=0·81; ﬁgure 2). Disease-free survival at 5
years was 63·9% (60·4–67·4) for patients allocated
regional treatment compared with 61·4% (57·9–64·9)
for those who were not allocated regional treatment (HR
0·94 [0·80–1·10], p=0·44). 5-year disease-free survival
for all patients assigned ﬂuorouracil and levamisole was
61·3% (57·8–64·8) compared with 64·0% (60·5–67·5)
for all those assigned ﬂuorouracil and folinic acid (HR
0·92 [0·79–1·08], p=0·32; ﬁgure 3). Comparison of
patients with stage II disease with those who had stage
463
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Intraportal
chemotherapy
(n=235)
Full dose
Median relative dose intensity (range)
Abdominal complications
WHO grade 3–4 toxic effects

Intraperitoneal
chemotherapy
(n=415)

201 (86%)
317 (76%)
99·0% (24·9–137·5) 98·3% (13·2–125·1)
22 (9%)
41 (10%)
17 (7%)
24 (6%)

Data are for patients who started regional chemotherapy.

Table 3: Regional chemotherapy: relative dose intensity and complications

III disease, and of patients with colon cancer with those
who had rectal cancer, showed that overall survival and
disease-free survival were much the same for both
groups (data not shown). Moreover, for all patients with
stage II or III disease and for patients only with stage II
disease, overall survival and disease-free survival did not
differ with the route of regional treatment (data not
shown). Of the 499 patients who died, 338 (68%) died
from malignant disease. Disease progression was noted
for 479 (32%) patients.
120 (48%) of 248 patients with stage II or III
adenocarcinoma of the rectum, or colon and rectum,
received radiotherapy before surgery, and 21 (8%) of 248
after surgery. 650 (87%) of 748 patients with stage II or
III disease who were allocated regional chemotherapy
received it. The most common reason for not starting
regional treatment was that the surgeon thought that the
postoperative status of the patient was not yet clear, and
that it was not safe to start chemotherapy shortly after
surgery as required by the protocol. 1327 (88%) of
1501 patients with stage II or III disease started the
systemic chemotherapy that had been assigned at
randomisation, and 1265 (84%) started the treatment
they were assigned at randomisation (ﬁgure 1). The
median follow-up was 6·8 years (range 0·0–10·1). 270
(18%) of 1501 patients were followed for more than
8 years, and 117 (8%) for more than 9 years.

Of the 650 patients who started regional chemotherapy,
415 (64%) received intraperitoneal treatment and 235
(36%) intraportal treatment. 518 patients (80%) received
the full dose of regional chemotherapy (table 3). The
median time to starting intraportal treatment was 1 day
(range 0–8). 135 patients (57%) delayed starting
intraportal treatment for 1–8 days, but only 43 (18%) had
a delay exceeding 1 day. The median time to start
intraperitoneal treatment was 7 days (0–38). In 33 (8%)
patients the start of intraperitoneal chemotherapy was
delayed by more than 10 days. Both intraperitoneal and
intraportal regional chemotherapy had about the same
proportion of patients with complications.
Four of the 17 adverse events in the intraportal group
and ﬁve of the 24 in the intraperitoneal group were
judged as unrelated to chemotherapy (table 3). The
following toxic effects were recorded in the intraportal
group: haematological (n=1); intra-abdominal abscess or
peritonitis (n=2); hepatitis (n=1); diarrhoea or vomiting
(n=2); intra-abdominal bleeding (n=1); anastomotic
ﬁstula (n=1); evisceration (n=2); intestinal obstruction
(n=2); portal-vein thrombosis (n=2); cardiovascular event
(n=1); precordialgia (n=1); and cholecystitis (n=1). Three
patients, respectively, with abdominal infection,
anastomotic ﬁstula, and parietal haemorrhage died. In
the intraperitoneal group, the following were noted:
haematological (n=2); intra-abdominal abscess or
peritonitis (n=3); fever of unknown origin (n=1);
diarrhoea or vomiting (n=3); anastomotic ﬁstula (n=3);
intestinal obstruction (n=3); gastrointestinal bleeding
(n=1); abdominal pain (n=6); cholecystitis (n=1); and
cardiac arrhythmia (n=1).
The median total dose of ﬂuorouracil was 6090 mg
(range 412–8400) in the intraportal group and 6000 mg
(400–9100) in the intraperitoneal group. The dose
intensity deﬁnes the dose delivered per time unit,
expressed as mg/m2 per week. The relative dose
intensity is a ratio of the dose intensity received to the

Fluorouracil and levamisole
Regional and systemic
chemotherapy
(n=323)
Number of cycles
Median (range)
Treatment*
Full dose, no delay
Full dose, delay
Dose reduced, no delay
Dose reduced, delayed
Dose not given
Missing data
Relative dose intensity, median (range)
Fluorouracil
Levamisole
Folinic acid

6 (1–6)

Fluorouracil and folinic acid
Systemic chemotherapy only
(n=330)

Regional and systemic
chemotherapy
(n=332)

Systemic chemotherapy only
(n=342)

6 (1–6)

6 (1–6)

6 (1–6)

181 (56%)
52 (16%)
39 (12%)
17 (5%)
33 (10%)
1 (1%)

185 (56%)
52 (16%)
43 (13%)
11 (3%)
39 (12%)
0

185 (56%)
53 (16%)
31 (9%)
14 (4%)
49 (15%)
0

207 (61%)
51 (15%)
39 (11%)
13 (4%)
32 (9%)
0

99·5% (19·0–79·2)
100·0% (14·3–200·0)
NA

98·8% (36·4–129·4)
100·0% (7·1–200·0)
NA

98·0% (47·0–127·3)
NA
97·8% (22·3–189·1)

98·7% (19·9–248·2)
NA
98·8% (19·3–238·8)

NA=not applicable. *Might not add to 100% because of rounding.

Table 4: Systemic chemotherapy in patients with stage II–III disease who started allocated treatment: relative dose intensity
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Fluorouracil and levamisole
Regional and systemic
chemotherapy
(n=323)
Haemological
Leucocytes
Platelets
Gastrointestinal
Oral
Nausea and vomiting
Diarrhoea
Other
Cutaneous
Hair loss (grade 3)†
Infection (grade 3)†
Cardiac
Neurological (grade 4)‡
Constipation
Other

Fluorouracil and folinic acid
Systemic chemotherapy only
(n=330)

8 (2%)
2* (1%)

7 (2%)
0

1* (1%)
3 (1%)
6 (2%)

2 (1%)
5 (2%)
8 (2%)

1 (1%)
1 (1%)
1 (1%)
2 (1%)
0
0
16 (5%)

0
0
0
1 (1%)
1 (1%)
1 (1%)
13* (4%)

Regional and systemic
chemotherapy
(n=332)
2 (1%)
2 (1%)
12 (4%)
8* (2%)
26 (8%)
3 (1%)
2 (1%)
2 (1%)
3 (1%)
0
1 (1%)
7 (2%)

Systemic chemotherapy only
(n=342)

10 (3%)
0
14 (4%)
14 (4%)
28 (8%)
1 (1%)
2 (1%)
3 (1%)
0
0
1 (1%)
7 (2%)

*One patient died from these effects. †No grade 4 toxic effects. ‡No grade 3 toxic effects.

Table 5: Systemic chemotherapy in patients with stage II–III disease who started allocated treatment: grade 3–4 toxic effects

theoretical dose intensity speciﬁed in the protocol
(table 3). Three (1%) patients in the intraportal group
and four (1%) patients in the intraperitoneal group had
a relative dose intensity of more than 115% (this
intensity might be more than 100% becuase of
overestimation of body surface area between
investigators and data-centre recalculations).
Of the 1327 patients who started systemic
chemotherapy allocated at randomisation, 1126 (85%)
received six cycles of treatment as per protocol: 544
(83%) who were assigned ﬂuorouracil and levamisole,
and 582 (86%) who were assigned ﬂuorouracil and
folinic acid. The median time to starting systemic
chemotherapy was 27 days (range 3–391) in the
672 patients who did not receive regional chemotherapy
and 31 days (0–118) in the 655 patients who received
regional chemotherapy (one patient started systemic
chemotherapy before randomisation). 175 patients
(13%) started systemic treatment more than 35 days
after surgery, although 101 (58%) of these patients
started before day 45 after surgery. Most patients with
stage II or III disease who started the systemic
chemotherapy assigned at randomisation had a relative
dose intensity of higher than 98% (table 4). Of the
1327 patients who started systemic chemotherapy, 214
(33%) patients assigned ﬂuorouracil and levamisole and
201 (30%) patients assigned ﬂuorouracil and folinic acid
had at least one cycle delayed, received a reduced dose,
or both.
The most commonly recorded adverse events after
systemic treatment were haematological or gastrointestinal (table 5). Two deaths from toxic effects were
reported: one patient assigned regional chemotherapy
and systemic chemotherapy with ﬂuorouracil and
levamisole died from oral toxic effects and neutropenia,
and one patient allocated systemic chemotherapy only
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with ﬂuorouracil and levamisole had hypokalaemia and
severe diarrhoea, and died from cardiac arrest. Although
oral toxic effects, nausea, and diarrhoea were more
frequent in patients assigned ﬂuorouracil and folinic
acid, groups did not differ substantially in the frequency
of toxic effects. The main reasons for stopping systemic
treatment were patient refusal (61 [5%] patients), major
toxic effects (41 [3%] patients), and disease progression
(39 [3%] patients).
10 years after the start of the study, 499 (33%) patients
with stage II or III disease had died. The ﬁnal analysis
was done despite the required 532 deaths not being
obtained. This decision was made because deaths were
occurring slower than expected, the trial was running
beyond the planned deadlines, and because under the
conditions initially deﬁned by the protocol, 83% power
could be achieved with 499 deaths.

Discussion
This trial has shown that postoperative adjuvant regional
chemotherapy before systemic chemotherapy does not
increase overall survival or disease-free survival
compared with systemic chemotherapy alone in patients
with stage II or III colorectal carcinoma. Moreover,
folinic acid was not more effective than was levamisole
when both agents were combined with ﬂuorouracil.
Previous comparisons of the use of regional adjuvant
chemotherapy with systemic therapy with that of
systemic chemotherapy alone for advanced colorectal
cancer have shown conﬂicting results.22 This trial has
assessed issues of sample size and timing of treatment.
Although some delays were reported, regional
chemotherapy was generally delivered per protocol—ie,
on the day of surgery for intraportal treatment and
between 4 days and 10 days after surgery for
intraperitoneal treatment.
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Homogeneous distribution of the drug within the
peritoneal cavity is a key factor for intraperitoneal
chemotherapy,26 for which 1–2 L of ﬂuid are needed.
Furthermore, intraperitoneal adhesions resulting from
surgery or from peritoneal carcinomatosis might limit
diffusion of the chemotherapeutic agent. In this trial,
intraperitoneal chemotherapy was given within a few
days after surgery, before adhesions could develop fully.
Distribution of the chemotherapeutic agents in the
peritoneal cavity was veriﬁed to be homogeneous by
ultrasonography or CT scanning.
Comparison of intraperitoneal ﬂuorouracil after
surgery with resection alone in patients with stage II or
III colorectal cancer by Vaillant and colleagues25 showed
that adjuvant ﬂuorouracil increased 5-year disease-free
survival in patients with stage II cancer but not in those
with stage III cancer. The researchers concluded that
regional chemotherapy is effective in patients with
disease still conﬁned to the abdomen, whereas it might
not be sufﬁcient in patients with metastatic lymph
nodes. Thus combination of intraperitoneal and
intraportal treatment might ensure better control of
cancer spread.
The lack of survival beneﬁt for regional chemotherapy
combined with systemic chemotherapy in this trial
suggests that no cumulative effects were obtained.
Patients given chemotherapy with either ﬂuorouracil
and levamisole or with ﬂuorouracil and folinic acid
might respond irrespective of how it is given. By
contrast with the beneﬁt of regional chemotherapy
noted in the study by Vaillant and colleagues,25 the lack
of beneﬁt recorded in the trial reported here could have
been because systemic chemotherapy was given to all
treatment groups. Sugarbaker and co-workers27 did
a randomised comparison of adjuvant systemic
chemotherapy
and
intraperitoneal
regional
chemotherapy, and noted no survival beneﬁt but a
reduced frequency of peritoneal carcinomatosis
in patients assigned intraperitoneal chemotherapy.
Scheithauer and colleagues28 compared adjuvant
systemic chemotherapy with ﬂuorouracil and
levamisole with systemic chemotherapy with the same
agents and intraperitoneal regional chemotherapy given
to 236 patients during the perioperative period and on
days 1 and 3 of every treatment cycle every 4 weeks for
6 months. The researchers concluded that survival did
not differ between groups. Labianca and colleagues29
randomly assigned 1084 patients with stage II or III
colon cancer to systemic infusion of ﬂuorouracil and
folinic acid for 6 months, portal-vein infusion of
ﬂuorouracil for 7 days, or to a combination of the two
regimens, and reported that the combined regimen had
no beneﬁt over either of the single regimens. These data
suggest that regional chemotherapy combined with
systemic chemotherapy confers no additional survival
advantages over that obtained with systemic
chemotherapy alone.
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Although regional chemotherapy has not fulﬁlled its
initial promise in the adjuvant setting it has become a
very useful aid in the treatment of patients with
colorectal cancer who have isolated liver metastases. In
this setting hepatic arterial infusion is the treatment of
choice and can decrease tumour size before surgery or
adjuvant chemotherapy.30
The trial reported here shows no difference in overall
or disease-free survival between ﬂuorouracil and
levamisole, and ﬂuorouracil and folinic acid. These
ﬁndings are consistent with those of the INT-0089 trial,4
in which patients with high-risk stage II and stage III
colorectal carcinoma were randomly assigned to
postoperative ﬂuorouracil and levamisole (standard
treatment), ﬂuorouracil and low-dose folinic acid,
ﬂuorouracil and high-dose folinic acid, or to
ﬂuorouracil, folinic acid, and levamisole. The
researchers reported no differences between groups,
except that overall survival was signiﬁcantly increased
for patients with stage III disease who were assigned
ﬂuorouracil, folinic acid, and levamisole compared with
those assigned ﬂuorouracil and levamisole (65% vs
60%, p=0·0054).
Several studies have reported in favour of either
levamisole or folinic acid combined with ﬂuorouracil for
the adjuvant treatment of colorectal carcinoma.4,5,16
However, this trial shows that these two regimens do not
differ in effectiveness. The dose of L-folinic acid used in
our study (100 mg/m2 per day) theoretically has the same
activity as the 200 mg/m2 per day DL-folinic acid used in
other studies.
Fluorouracil combined with folinic acid is a basic
regimen for adjuvant treatment of colorectal carcinoma
after resection. Modiﬁed doses and method of use
(ie, bolus vs infusion) have improved its effectiveness.
More commonly, ﬂuorouracil and folinic acid are
combined with cytotoxic drugs such as irinotecan and
oxaliplatin.
An alternative to the standard regimens of ﬂuorouracil
and folinic acid for adjuvant treatment is oral therapy
with ﬂuoropyrimidines such as capecitabine,31,32 and is
being assessed in several trials.
After results from a randomised phase III study
showed that bevacizumab (a monoclonal antibody that
targets vascular endothelial growth factor) combined
with ﬂuorouracil, folinic acid, and irinotecan was
efﬁcacious in patients with metastatic colorectal
carcinoma,31,33 the drug is now being assessed with other
cytotoxic agents in the adjuvant setting.
Cetuximab (a monoclonal antibody against epidermal
growth factor receptor) might be useful in the adjuvant
setting because it has been approved for patients with
advanced colorectal carcinoma who become refractory
to agents such as ﬂuorouracil and irinotecan.34,35
Further trials are needed to investigate fully the
potential of cetuximab and other new agents in the
adjuvant setting.
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In conclusion, this trial showed no additional beneﬁt
of ﬂuorouracil-based regional chemotherapy with
systemic chemotherapy for patients with advanced
colorectal carcinoma. Whether the synergism between
systemic chemotherapy and regional chemotherapy will
remain absent with new agents such as irinotecan,
oxaliplatin, or biological agents is unknown.
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