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In this phase III clinical trial conducted by the Gastrointestinal Tract Cancer Cooperative Group of 
the European Organization for Research and Treatment of Cancer (GITCCG-EORTC), we evalu- 
ated the effect of adjuvant intraportal infusion of heparin (HEP) and 5-fluorouracil (S-FU) on over- 
all survival, disease-free survival and time to progression in patients with resectable colon cancer. 
From January 1983 to June 1987, 235 patients were randomised from 14 institutions in seven Euro- 
pean countries: 79 patients made up the control group (control): 72 the portal vein infusion group 
given heparin alone (5000 IU daily x 7 consecutive days) (HEP); 84 the portal vein infusion group 
given heparin (5000 IU daily x 7 consecutive days) and 5-FU (500 mglm’ daily x 7 consecutive days) 
(HEPIS-FU); 34 patients were considered ineligible. The 199 patients considered eligible were well 
balanced for age, sex, Karnofsky index, tumour location, surgery, surgical procedure and Dukes’ 
stage. Four patients (2 control, 1 HEP, 1 HEPIS-FU) died of surgical complications. No differences 
were observed between control group and treatment groups (HEP, HEPIS-FU) for postoperative 
complications and number of hospitalisation days. Severe toxicity (grade 3-4, WHO) was found in 
12% of patients in tihe HEP group and 8% in the HEPIS-FU group. After a median follow-up of 9 
years, disease progression was reported in 40% of patients in the control group, 40% in the HEP 
group and 29% in the HEPIS-FU group. Five-year survival, time to progression and disease-free 
survival were 69%, !iS% and 56%, respectively, in the control arm, 61%, 58% and 56% in the HEP 
arm, and 71%, 69% and 65% in the HEPIS-FU arm. Based on all randomised patients, the effect of 
treatment was not statistically significant with respect to any of the endpoints. It is confirmed that 
intraportal 5-FU infusion is safe and has a tolerable toxicity, but cannot be considered standard 
treatment for patients with resectable colon cancer. 0 1997 Published by Elsevier Science Ltd. 
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INTRODUCTION invasion into the mesenteric vein, which causes the spread 

IT IS widely accepted that hepatic rnetastases are the major of malignant cells to the portal vein, may result in micro- 

cause of failure after surgery for colorectal cancer. Tumour scopic metastases [ 11. It has, moreover, been suggested [2, 
31 that during the early phases of growth the blood supply 
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of metastatic lesions originates in the portal vein, whereas 

Received 6 Aug. 1996; revised 19 Dec. 1996; accepted 20 Jan. well-established liver metastases are supplied by the hepatic 

1997. artery. It is therefore reasonable to assume that, in patients 
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with subclinical disease, infusion of chemotherapy via the 

portal vein might more closely simulate the route of tumour 
emboli, thus reaching the small deposits. 

Taylor and associates [4] were the first to suggest that 5- 
fluorouracil (5FU) might be effective as adjuvant therapy if 
infused via the portal vein. In a trial on 244 patients, in- 
itiated in 1975, they reported, after a median follow-up of 
50 months, a statistically significant improvement in survival 
(P= 0.002) in patients treated with 5-FU portal vein infu- 
sion (IV) (1000 mgiday, with heparin infused continuously 
for the first 7 postoperative days) compared to patients 

receiving surgery alone. 
The encouraging results of this trial [5] prompted differ- 

ent institutions and cooperative groups to conduct confir- 
matory randomised clinical trials. In January 1983, the 
Gastro-Intestinal Tract Cancer Cooperative Group 
(GITCCG) of the European Organization for Research and 

Treatment of Cancer (EORTC) initiated a randomised 
clinical trial on adjuvant intraportal infusion for resectable 
colon cancer (protocol No. 40812). In June 1987, due to 
low accrual of patients and in view of the feasibility of adju- 
vant intraportal infusion, the EORTC GITCCG closed the 
trial to patient entry, and designed a new large-scale clinical 
trial (protocol No. 40871) to include patients with rectal 
cancer. 

Here we present the results of the first study (No. 
40812), and discuss them in the light of those obtained in 

other studies in the literature. 

PATIENTS AND METHODS 
The criteria for eligibility were: (1) age less than 75 years; 

(2) Karnofsky performance status of 60 or more; (3) histo- 
logically confirmed and surgically excised colon adenocarci- 
noma; (4) no evidence of distant metastases or residual 
tumour following surgical resection (Dukes’ A, B and C); 
(5) no evidence of acute or chronic liver disease, portal 
thrombosis, infection, diabetes, leucopenia (~4000 mm’) or 
thrombocytopenia (~50 000 mm3); (6) no serious intra- 
operative complications; (7) no pre-existing or concomitant 
malignant neoplasms or pre-operative chemo and/or radio- 

therapy; (8) treatment to be started immediately after 
tumour resection and continued for the following 7 days. 

Treatment 

Before surgery the patients 
arms (Figure 1). 

Curative resection 
for colon cancer - 
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were randomised into three 

Treatment 1 
Control, no adjuvant infusion 

Treatment 2 
Portal vein infusion with 
5000 IU heparin daily x 7 days 

Treatment 3 
Portal vein infusion with 
500/mg/m* 5-FU + 5000 IU 
heparin per day x 7 days 

Figure 1. Schema of the EORTC study No. 40812. 

Control group. These patients did not receive postoperative 

chemotherapy, and the catheter was not inserted into the 
portal vein. 

Hepatin group (HEP group). In these patients, a catheter 
was inserted into the portal vein through the umbilical vein 
or portal vein tributaries (ileocolic, colic, inferior mesenteric 
or gastroepiploic vein). The tip of the catheter (a sterile 
paediatric finding tube) was checked by peri-operative radi- 
ography or by fluorescein injections to ensure that infusion 
of the two hepatic lobes had been achieved. A 24-h infusion 
of 1000 ml 5% dextrose plus 5000 IU heparin was started, 
using an infusion pump, and continued for a total of 7 con- 
secutive days. 

5-FU group (HERS-FU group). Catheter placement and 
infusion were the same as in the HEP group, but 500 mg 

5-FU per m2 per 24 h were added to the infusate, for a 
total of 7 consecutive days. 

Patients were seen by the investigators every day during 
the period of infusion, which was discontinued if any of the 
following reactions were observed: (1) stomatitis; (2) diar- 
rhoea (five loose stools a day or more); (3) dermatitis; (4) 
leucopenia (less than 3000/mm3); (5) thrombocytopenia 
(less than 100 000 mm’); (6) raised SGOT-SGPT (serum 
glutamic-oxalacetic transaminase/pyruvic transaminase) 
more than 3-fold normal values); (7) evidence of sepsis 
from catheter; (8) severe postoperative complications. All 
cases of toxicity and side-effects were reported according to 

the WHO scale. 

Follow-up 

The patients were evaluated every 6 months until the end 
of the second year and yearly thereafter. Follow-up examin- 
ations included an evaluation of the patients’ general con- 
dition, liver function tests, CEA (carcinoembryonic antigen) 
liver US (ultrasound) or CT scans, chest X-ray (yearly) and 
colonoscopy (yearly). During follow-up, documentation of 
recurrence was made by tissue diagnosis whenever possible. 
Typical metastatic nodules at US, CT scans, or chest X-ray 
were not confirmed histologically if they showed a definite 

change with respect to baseline studies. Changes in liver 
function or raised CEA levels prompted a search for disease 
progression, but on their own did not constitute evidence of 
recurrence. 

Statistical considerations 

The main endpoint of the study was survival. The trial 
was initially designed to detect a 30% increase in the me- 
dian survival in a pairwise comparison of the treatment and 
control arms. With a power of 80% and a one-sided signifi- 
cance level of 5%, 180 patients followed until death were 
required in each of the three treatments arms [6]. No cor- 
rection for multiple comparisons was taken into account. 

Randomisation was made using the minimisation tech- 
nique [7], patients being stratified according to their insti- 
tution, and by tumour location i.e. colon: ascending versus 
transverse versus descending versus sigmoid. 

Duration of survival and disease-free survival curves, esti- 
mated using the Kaplan-Meier technique [8], were com- 
pared using the Cox proportional hazards regression model 
[9]. The Cox model was also used to adjust for any prog- 
nostic factors. 

The main analysis was performed on all randomised 
patients according to the ‘intent-to-treat’ principle. Analysis 
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of toxicity was based on the treatment the patient actually 
received. 

RESULTS 
From January 1983 to June 1987, 235 patients were ran- 

domised from 14 institutions in seven European countries: 

79 patients in the control group, 72 in the portal vein infu- 
sion group with heparin alone (HEP), and 84 in the portal 
vein infusion group with heparin and 5-FU (HEIW-FU). In 
December 1986, the Clinical Trial Committee closed entry 

into the heparin group, but continued to randomise patients 
into the remaining two arms. 

Two patients were excluded from the analysis because no 
case report forms were xeceived for them. 34 patients (14%) 
were considered ineligible for the following reasons: the pre- 
randomisation examination was incomplete (4 patients), dis- 
ease stage was inadmissible (Dukes’ D; 26 patients); physi- 
cal condition was poor (2 patients); lesions benign (2 
patients). The relatively high percentage of patients found 
to be ineligible was mainly due to the randomisation pro- 

cedure occurring before Isurgery. 
The present analysis is therefore based on 199 eligible 

patients (72 in the control group, 57 in the HEP group, and 

70 in the HEWS-FU group). Table 1 shows the patients’ 

characteristics at entry by treatment arm, and Table 2 the 
tumour location and pathology data by treatment arm, 
according to Dukes’ classification. 

Postoperative complications 
Postoperative complications (control versus HEP versus 

HEWS-FU) occurred in 7% versus 13% versus 5% patients, 
respectively. 4 patients (2%) died of surgical complications: 
2 in the control group, of myocardial infarction; 1 in the 
HEP group, of septic shock following perforating gastro- 
duodenal ulcer; 1 in the HEP/5-FU group, following recur- 
rent small bowel occlusion. 

The numbers of patients hospitalised for less than 10 
days, or more than 20 days were respectively: 14(19%) and 

10 (14%) in the control group; 6(11%) and 7 (12%) in the 
HEP group; 9 (13%) and 11 (16%) in the HEP/S-FU 

group. 

Compliance to treatment artd toxicity 
Of the 127 patients randomised to adjuvant therapy arms 

(HEP or HEP/S-FU), 15 did not receive treatment: 6/57 in 
the HEP arm (2 because it was technically impossible to 
insert the catheter, 2 patients refused treatment, and 2 for 

Table 1. Patients’ characteristics at entry by treatment arm 

Age (years) 

Control HEP HEP + 5-FU 

(72 pts) (57 pts) (70 pts) 
n (%) n (%) n (%) 

Median (range) 62 (31-74) 58 (22-74) 61 (30-74) 

Sex 
Male 33 (46) 32 (56) 35 (50) 
Female 39 (54) 25 (44) 35 (50) 

Karnofsky index 

80 5 (7) 4 (7) 5 (7) 
90 29 (40) 21 (37) 29 (41) 
100 37 (51) 31 (54) 33 (47) 

Unknown 1 1 3 

Table 2. Pathology data by treatment arm 

Control HEP HEP + 5-FU 

(72 pts) (57 pts) (70 pts) 
n (%) n (%) n (%) 

Ascending colon 22 (31) 14 (25) 16 (23) 
Transverse colon 5 (7) 
Descending colon 7 (10) 1: 

(9) 7 (10) 
(19) 
(47) 3: 

(13) 
Sigmoid colon 36 (50) 27 (54) 
Unknown 2 (3) 0 (0) 0 (0) 
Dukes’ stage 

A 6 (8) 5 (9) (11) 
B 41 (57) 32 (56) 4: (60) 
C 23 (32) 19 (33) 19 (27) 

Unknown 2 (3) 1 (2) 1 (1) 

reasons unknown) and 9/70 in the HEP/5-FU arm (7 
because it was technically impossible to insert the catheter, 
and 2 for reasons unknown). In the HEP group, 51 patients 
were started on treatment and in 1 of these (2%) the 
heparin dosage was reduced because of catheter displace- 
ment. In the HEP/5-FU group, 61 started treatment and in 
6 of these (10%) the HEP/S-FU dosage was reduced 

(because of catheter displacement in 1, complications due 
to the catheter in 1, gastrointestinal toxicity in 1, haemor- 
rhage in 1, and nausea and vomiting in 2). In 2 of 6 1 

patients (3%), treatment was delayed because of gastrointes- 
tinal toxicity in 1 and moderate haemorrhage in 1. Severe 
toxicity (grade 3-4 WHO scale) was reported in 5 out of 51 
patients (10%) in the HEP group (haemoglobin depletion, 
4; increase in SGOT-GPT, 1); and in 5 out of the 61 (8%) 
in the HEP/5-FU group (haemoglobin depletion, 2; nausea 
and vomiting, 2; cardiac complications, 1). 

Progression of disease and survival 
After a median follow-up of 9 years, no disease pro- 

gression was observed in 29 (40%) patients in the control 
group, 23 (40%) in the HEP group, and 20 (29%) in the 
HEP/5-FU group. The type and site of disease progression 
per treatment arm are detailed in Table 3. The liver was 
found to be the most common site of distant metastases. 

At analysis, a total of 73 deaths were reported: 32 (44%) 
in the control arm, 20 (35%) in the HEP group, and 21 
(30%) in the HEP/S-FU group. The cause of death was 
malignant disease in most patients (25, 19 and 16 in the 

Table 3. Site of disease progression by treatment arm 

Control HEP HEP + 5-FU 

(72 pts) (57 pts) (70 pts) 
)2 (%) n (%) II (%) 

No progression 43 (60) 34 (60) 50 (71) 

documented 

Progression 29 (40) 23 (40) 20 (29) 

Locoregional only 9 5 3 
Distant only 12 14 13 

Local and distant 7 4 3 

Unknown 1 0 1 

Site of distant metastases 
Liver only 7 11 7 

Lung only 2 0 4 

Liver + other 4 2 1 

Other 4 2 3 

Unknown 2 3 1 
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Figure 2. Duration of survival by treatment arm (n, number of patients; 0, observed number of events). 

control, HEP and HEPI5FU groups, respectively). 3 control and 1 in the HEW!%FU group), whereas the cause 
patients (1 on HEP, and 2 on HEW-FU) died of infection, of death was unknown for 2 patients in the control arm. 
4 died of cardiovascular disease (2 in the control and 2 in The survival, time to progression and disease-free survival 

the HEP/5-FU group), 4 died of other cancers (3 in the curves are shown in Figures 2-4. The analysis, made on all 
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Figure 4. Disease-free survival by treatment arm (n, number of patients; 0, observed number of events). 

randomised patients, showed that the effect of treatment 
was not statistically significant with respect to any of the 
endpoints. 

A multivariate model for survival was used to ascertain 
the effect of treatment after adjustment for possible prog- 
nostic factors. The following factors were tested: age (455 
versus 56-60 versus 61-65 versus 266 years), sex, 
Karnofsky index (100 versus 50-90), CEA (~5 versus >5 
q/ml), tumour location (sigmoid versus other sites), Dukes’ 
stage (A and B versus C), length of resected margin 
(<IO 2 10 cm) and tumour diameter (~5 versus 25 cm). 
Only age and Dukes’ stage were retained in the final multi- 
variate model at a 5% level of significance. Older patients 
were at a higher risk than younger patients (P= 0.042, a 
test for linear trend), and stage C patients had a relative risk 
(RR) of 2.34 with respect to stage A or B patients (95% CI 
1.45-3.77, PC 0.001). After adjustment for these two fac- 
tors, the effect of treatment was still not significant. 

Dl:SCUSSION 
Our findings confirm that intraportal adjuvant therapy 

with heparin and 5-FU following radical surgery for colon 
cancer is safe, and has a tolerable toxicity. During hospital- 
isation, the postoperative complications and toxicity 
observed in patients on ,portal infusion were comparable to 
those in patients who underwent surgery alone. The higher 
number of cases of anastomotic leakage found in patients 
on heparin alone (8157) was not related to treatment 
because this complication occurred in only 1 of the 70 
patients on heparin and 5-FU. Moreover, patients’ charac- 
teristics at entry, the tumour location and stage, and the 
surgical procedures were similar in the two groups. In 9 out 
of 127 patients (7%), catheter insertion was not possible for 

technical reasons. These failures are acceptable in view of 
the fact that they occurred in two institutions at the begin- 
ning of their experience. 

The results obtained by Taylor and associates [4] 
suggested that the anticoagulative effect of heparin might 
have a role in preventing the settling of micrometastases in 
the liver. An additional arm with heparin alone was there- 
fore included in our trial. Two studies using heparin [lo, 
1 l] and one using urokinase [12] failed to show a statisti- 
cally significant difference between the survival of patients 
treated with anticoagulants or fibrinolytics alone and that of 
patients who received no postoperative infusion. Our find- 
ings confirm that when used alone, intraportal heparin infu- 
sion neither prevents liver metastases nor prolongs survival. 

The specific aim of adjuvant portal infusion is to prevent 
liver metastases as a first recurrence by achieving higher 
5-FU concentrations in the liver. This goal was fulfilled in 
the first trial, which was performed in Liverpool [4], and in 
another two studies [ 11, 121, but not by us or by other 
authors in four different “confirmatory” trials [lo, 13-151. 
Some [ 15, 161 have suggested that intraportal infusion 
might prolong survival without reducing the incidence of 
liver metastases because of the systemic effect of intrapor- 
tally administered 5-FU. Moreover, the timing of 5-FU 
infusion in the immediate postoperative period might con- 
trol the ‘in transit’ cells more effectively. 

Taylor [4], like other authors [ 13, 151, observed that 
intraportal 5-FU infusion has a positive effect on survival. 
An improvement in survival was also observed in a sub- 
group of patients (Dukes’ C) [ 111. These positive results, 
however, were not confirmed by our findings or by those in 
other studies [lo, 12, 141. 
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It is important to consider whether the 5-FU dose 
(500 mg/m’ x 7 days) in our trial was optimal. In Taylor’s 
study [4, 51 a fixed dose of 1000 mg was given, which is ap- 
proximately 600 mgim’ for the average patient. Other trials 
have utilised 600 mg/m’ 5-FU daily for 7 days [ 11, 131. In 
another two trials, mitomycin C was added to 5-FU [lo, 
153. Positive effects on survival have not been observed with 
respect to controls when the 5-FU dosage has been 
increased to 600 mg/m2 [l 1, 121 or mitomycin C added to 
5-FU [lo]. Differences in treatment for recurrences may 
have an impact on survival. No data on treatment given 

after recurrence were recorded on the case report forms. It 
is, however, unlikely that different treatments would have 
been given by different institutions, whether or not patients 
had received adjuvant PVI. A bias in disease-free survival 
may have been caused by systemic adjuvant chemotherapy, 
but this type of treatment was not widely used in the early 
1980s. Moreover, when it was used, it is unlikely to have 
been administered to the three groups using different mod- 

alities. 
A meta-analysis based on individual data was conducted 

in nine randomised trials, including the study presented 

here, for a total of 3824 patients [ 171. The risk of death was 
significantly lower in the liver infusion arm (risk reduction: 
13% f 6%, P= 0.02) after a median follow-up of 5 years. 
Benefit from liver infusion was more evident in terms of dis- 
ease-free survival (risk reduction: 14% & 5%, P= 0.007) 

and time to metastases (risk reduction: 27% k 8%, P= 
0.0008). 

This meta-analysis confirms the need for large-scale clini- 
cal trials in which adjuvant treatments are tested. A 5% 
increase in the 5-year survival would mean thousands of 
lives saved every year in a disease as common as colorectal 
cancer. In order to detect the small benefits that can reason- 
ably be expected from adjuvant therapy, large numbers of 
patients should be accrued for new studies [18, 191. 

In a successive large-scale clinical trial (No. 40871), con- 
ducted by the EORTC GITCCG in 1987-1993, 1235 
patients were accrued and randomised to receive either PVI 
or no further therapy after curative surgery. After a median 

follow-up of 63 months, no differences were found in the 
main endpoints [20]. If these data are included in the meta- 
analysis [17], the benefit will probably become less signifi- 

cant. 
In conclusion, intraportal 5-FU infusion cannot be con- 

sidered a standard treatment for patients with resectable 
colon cancer, especially in view of the positive results 
obtained recently with systemic adjuvant chemotherapy 
using 5-FU + levamisole [21, 221 or 5-FU + leucovorin 

1231. 
The question under investigation by the current multi- 

centric trial (No. 40911) of the Gastrointestinal Tract 
Cancer Cooperative Group of the EORTC is whether intra- 
portal infusion and systemic chemotherapy together could 
have an additive effect. 
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APPENDIX Germany (W. Stremmel); Instituto Portuges de Oncologia, Porto, 
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