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Abstract
Background. The recommendation of adjuvant chemotherapy for colon cancer with lymph node metastases, based on two
studies from USA, was reluctantly accepted by Norwegian medical doctors. It was therefore decided to assess the role of
adjuvant therapy with 5fluorouracil (5-FU) combined with levamisole (Lev) in a confirmatory randomised study. Material
and methods. Four hundred and twenty five patients with operable colon and rectum cancer, Stage II and III (Dukes’ stage B
and C), were from January 1993 to October 1996, included in a randomised multicentre trial in Norway. The age limits
were 18�75 years. Therapy started with a loading course of bolus i.v. 5-FU (450 mg/m2) daily for 5 days and p.o. doses of
Lev (50 mg � 3) for 3 days. From day 28 a weekly i.v. 5-FU dose (450 mg/m2) were administered for 48 weeks. From day
28 also p.o. doses of Lev (50 mg � 3) for 3 days were given every 14 days. In total 214 patients were randomised to
5FU/Lev and 211 were included in the control group with surgery alone. Some did not comply with the inclusion and
exclusion criteria, thus leaving 206 evaluable patients in each group. Results. There was no significant survival difference
between the two groups at 5 years: Disease-free survival (DFS) was 73% after chemotherapy, 68% (p�0.24) in the control
group, and corresponding cancer specific survival (CSS) 75% and 71%, respectively (p�0.69). There was no difference
between the two groups when analysed for colon and rectum separately. However, the subgroup of colon cancer with stage
III exhibited a statistically significant difference both for DFS, 58% vs. 37% (p�0.012) and CSS, 65% vs. 47% (p�0.032)
in favour of adjuvant chemotherapy. The benefit was further statistically significant for women but not for men. Toxicity was
generally mild and acceptable with no drug related fatalities. Conclusions. Colon cancer patients with lymph node metastases
benefit from adjuvant chemotherapy with 5-FU/Lev with acceptable toxicity. In a subgroup analysis females did better than
males. Rectal cancer does not benefit from this regimen.

The ‘‘National Institute of Health Consensus Con-

ference’’ concluded in 1990 that adjuvant che-

motherapy should be offered to patients with colon

and rectal cancer with lymph node metastases,

largely based on three positive studies [1�5]. How-

ever, previous results compiled in a meta-analysis

concluded that the survival benefit of 5-fluorouracil

(5-FU) alone was only marginal [6]. Despite that the

combination of 5-FU and Levamisol (Lev) had

raised substantial interest, the role of Lev as single

agent had earlier been widely used in different

cancers without convincing benefit [4,7�12]. The

study by Laurie et al. indicated a benefit from Lev

alone, while other studies indicated no benefit of this
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drug in stage III colon cancer [2,13]. These results

were widely discussed and according to a European

recommendation, stage III colon cancer patients

unable to enter clinical trials should be offered

5-FU and Lev regimen unless there were medical

or psychological contra-indications [3]. After a joint

discussion between oncologists and surgeons we

decided to perform a Norwegian confirmatory study

which was organised as a parallel study with several

other Danish and Swedish studies [14]. A joint

analysis for overall survival has been previously

presented for 2 225 patients included in these

parallel Scandinavian studies [15]. We here report

data not included in the joint report on cancer

specific survival (CSS), disease-free survival (DFS)

as well as toxicity from the Norwegian study which

recruited 425 patients.

Material and methods

The aim of the study was to confirm the important

data presented by Moertel et al. [4]. We therefore

decided to include all patients who had a radical

resection for an adenocarcinoma of the colon or

rectum, with no evidence of distant metastases

during surgery or by a standard work-up consisting

of chest x-ray, ultrasound of the abdomen or CT of

the abdomen, as well as standard blood count

including CEA. Age limits were set to 18�75 years,

the exclusion criteria are given in Table I.

Surgery

The surgery should follow each department’s fixed

routines. The type of surgery was classified as right-

sided hemicolectomy, left-sided hemicolectomy,

extended hemicolectomy, sigmoid resection, low

anterior resection, abdominoperineal resection with

sigmoidostomy or further specified surgical techni-

ques. From 1993 the total mesorectal excision

technique was introduced in a separate project in

Norway, and this technique was increasingly adopted

for rectal cancers as reported elsewhere [16,17].

Patients with a direct extension of the tumour into

neighbouring organs like the bowels, uterus, vagina,

and bladder could be included if the affected areas

were radically resected (‘‘en block’’) as verified by

histopathological examination of the surgical speci-

men. The surgeons should always in a surgery form

indicate whether the operation was considered radi-

cal or if there was any suspected or verified residual

tumour. The operation specimens were sent to the

local pathology department where special attention

was paid to the selection of lymph nodes for analysis.

Chemotherapy

The treatment should start within 3 to 4 weeks,

maximally 42 days after surgery. We followed strictly

the Moertel regimen with administration of 5-FU as

a short intravenous (i.v.) infusion within 5 minutes

at a dose of 450 mg/m2 for 5 consecutive days the

first course. Lev was administered orally at a dose of

50 mg 3 times daily the first three days during the

loading course. Thereafter 5-FU was given weekly

from day 28 at a dose of 450 mg/m2 by a 5 minutes

infusion repeated for 48 weeks. The dose was

approximated to the nearest 50 mg. Lev was given

as 50 mg 3 times daily for 3 days every second week.

The administration of therapy was performed at the

outpatient section, either from the relevant surgical

or oncology department, based upon local tradition.

The cost of chemotherapy, diagnostic procedures

and follow-up was covered by the Norwegian

Labour and Welfare Organisation.

Recording and follow-up

There were fixed forms for recording data at the time

of randomisation and surgery, in addition the

pathologists had to fill out a trial specific pathology

form. For chemotherapy there were separate forms

with specific grading of toxicity after each course

using WHO grading criteria. After randomisation

there were follow-up forms scheduled for 6, 12, 18,

24, 36, 48 and 60 months. The routine examination

included rectoscopy if technically feasible, chest

x-ray, ultrasound of the abdomen as well as record-

ing of blood count and CEA. All patients had a

colonoscopy before surgery or within three months

after surgery, thereafter every 3rd year.

Randomisation

Patients were stratified according to hospital, loca-

lisation of tumour in colon or rectum and tumour

stages, Stage II and III (Dukes’ B or C). The

Table I. Exclusion criteria.

1 Other prior malignancy except basal cell carcinoma or uterine

cervix cancer in situ.

2 Prior cytotoxic therapy.

3 Pre- or postoperative radiation therapy.

4 Severe cardiac or pulmonary disease or other systematic

diseases precluding standard chemotherapy.

5 Serum bilirubin above 40 mmol pr. litre, serum creatinine

above 150 mmol pr. litre. Renal failure with creatinine clearance

less than 60 ml pr. min.

6 Patients who are not able to undergo the full treatment because

of psychological, social or geographic reasons.

7 Patients unlikely to start chemotherapy within 6 weeks from

the day of surgery due to postoperative complications.

8 Patients with ulcerating colitis or Chron’s disease.

9 Prior agranulocytosis or severe allergic drug reactions.
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responsible physician had to confirm the check list

by phone before the randomisation which followed a

computer procedure with weighted block randomi-

sation (unknown for the participants). The program

was constructed at the Regional Office for Cancer

Research, Health Region West (Bergen), but the

practical randomisation was performed at six regio-

nal offices where also the forms were collected. The

final data handling was centralised to Bergen.

Ethics

The patients were given written information and had

to sign a written informed consent form before

randomisation. The trial was approved by the official

Regional Ethics Committee of Health Region West,

and thus followed the official health regulations in

Norway.

Statistics

Based on a presumed 10% absolute improvement

from 50 to 60% cancer specific survival (CSS) at

5 years (30 to 40% in stage III and 65 to 75% in

stage II, a sample size of 1 076 patients was to be

recruited (pB0.05, power 0.90; 814 if the required

power was 0.80). At the start of the trial we had a

joint agreement with the other Scandinavian trials

that we should have an interim analysis of the joint

studies for overall survival. The time from randomi-

sation to diagnosis of local or distant recurrence was

recorded as disease-free survival (DFS), all other

events censored. For calculation of CSS death of

colorectal cancer or treatment complications were

recorded, all other death causes were handled as

censored. Survival was recorded by Kaplan-Meier

method and the log-rank test was used for assess-

ment of differences, regarding pB0.05 as statisti-

cally significant by two-tailed tests.

Results

In total, 425 patients were recruited into the trial

from January 1993 to October 1996. Two hundred

and eleven patients were allocated to the control

group with surgery alone and 214 were randomised

to chemotherapy. The patients’ characteristics

showed no difference in known prognostic factors

between the two groups (data not shown). The total

number of lymph nodes examined in the surgery

alone group was 8.4 median pr. patient and 9.0 pr.

patient in the chemotherapy group.

At the time of final analysis the forms revealed that

in the surgery group 3 patients had to be reclassified

as stage I (Dukes’ stage A), one patient had colonic

metastases from an uterine papillary adenocarci-

noma and one patient had pulmonary metastases

at staging, leaving 206 fully evaluable patients in the

surgery alone group. In the chemotherapy group six

patients were in stage I, whereas one patient also

had a mammary carcinoma and another had pre-

viously been treated for a rectal cancer, leaving 206

evaluable patients in the chemotherapy group. There

was no statistically significant difference in known

prognostic factors between the two evaluable groups

(Table II). The median number of chemotherapy

courses actually administered was 43 of scheduled

49, including the loading course. Despite not all

patients received the scheduled chemotherapy, all

evaluable patients are included in the final analyses

based on the intention-to-treat principle. Scheduled

start of chemotherapy was within 6 weeks, but the

therapy was actually instituted within this time limit

in 85% of the patients. Therapy was started within

8 weeks in 92% of the patients.

Tumour control and survival

For DFS there was no difference for the two

randomisation groups: The 3-year DFS was 73%

(95%CI 67�79%) after chemotherapy and 67%

(95%CI 61�74%) after surgery alone. The corre-

sponding 5-year DFS was 69% (95%CI 63�75%)

and 63% (95%CI 56�70%), respectively, exhibiting

a non significant difference of only 5.5% (p�0.24),

Figure 1A. This reflects the difference in distant

metastases, as there was no difference at all for local

tumour control (data not shown). There was no

difference between the two sexes as regards the

overall data.

When we analysed for CSS, the main goal of the

study, there was no difference between the two

groups as the chemotherapy group had 75.0%

(95%CI 69�81%) and surgery alone 71.5%

(95%CI 65�78%) 5-year CSS, respectively, a differ-

ence of only 3.5% (p�0.69), Figure 1B. Also for

overall survival (OS) there was no difference: che-

motherapy 71% (95%CI 65�78%) versus 66%

(95%CI 60�73%) after surgery alone, with 5%

difference (p�0.40). When the factors age, stage,

localisation (colon and rectum), sex, randomisation

group and total grade of side effects were included in

Cox multivariate analyses, only stage (pB0.001)

and randomisation group (p�0.047) remained sig-

nificant for DFS, while only stage (pB0.001) was a

significant predictive factor for CSS.

Subgroup analyses

When we analysed patients with primary tumours

localised in colon and rectum separately, there was

no statistically significant difference between the two
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locations with regard to the endpoints of the study.

However, patients with colon cancer stage III

exhibited a highly statistically significant difference

between the two groups: With chemotherapy the

patients obtained 58% (95%CI 44�71%) DFS at

5 years in contrast to 37% (95%CI 23�50%) after

surgery alone (p�0.012), Figure 1C. This differ-

ence was also reflected in a CSS of 65% (95%CI

53�78%) against 47% (95%CI 33�61%) at 5 years

(p�0.032), Figure 1D. When further analysing this

subgroup for sex, the female patients had a DFS

after chemotherapy of 69% (95%CI 52�86%)

against 33% (95%CI 15�52%) (p�0.001) after

surgery alone, Figure 2. This resulted in a CSS

benefit of 75% (95%CI 59�91%) after chemother-

apy in contrast to 33% (95%CI 15�52%) after

surgery alone (pB0.001). There was no significant

difference for male patients in stage III who had a

DFS of 44% in both groups and CSS survival was

also similar at 5 years, 48% (95%CI 28�68%) after

chemotherapy and 59% (95%CI 40�79%) in the

surgery alone group.

Toxicity

Three patients died of surgical complications, one in

the surgery group died of bleeding from varicous

veins after operation for a secondary adenocarcinoma

near the anastomosis, while two in the chemotherapy

group died of bleedings as complications to liver

Table II. Patient characteristics for evaluable patients.

Groups Surgery alone

Adjuvant

chemotherapy All patients p-value

Randomised 206 206 412 NS

Age (Years)

Median 62.3 60.3 61.3 p�0.50

Range 36.1�75.1 46.5�74.9 36.1�75.1

Mean 62.3 60.3 61.3 P�0.50

95% CI 61.1�63.5 59.0�61.7

Sex NS

Male 106 109 215

Female 100 97 197

Localisation

Caecum 28 19 47

Ascending colon 31 42 73

Transversal colon 18 23 41

Descending colon 12 7 19

Sigmoid colon 52 58 110

Rectum 65 57 122 NS

B5 cm 20 13 33

6�10 cm 21 26 47

11�15 cm 24 18 42

Tumour stage NS

T1 1 2 3

T2 21 9 30

T3 170 183 353

T4 14 12 26

Nodal stage NS

N0 126 121 247

N1 56 56 112

N2 20 26 46

N3 4 3 7

TNM stage NS

II (Dukes B) 126 121 247

Colon 90 95 185

Rectum 36 26 62

III (Dukes C) 80 85 165

Colon 51 54 105

Rectum 29 31 60

Interval from surgery to

randomisation (days, median)

25,0 23.8 NS

Range 4�46
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resections for advanced metastases and a misdiag-

nosed haemangioma, respectively. None of these

were related to administration of chemotherapy. In

total 190 (92%) of the 206 patients randomised to

chemotherapy actually started the treatment. We

obtained 186 complete forms on side effects which

revealed that the chemotherapy regimen was gener-

ally well tolerated and particularly the haematologi-

cal toxicity was low (Table III): 50% had no side

effects, 29% reported WHO grade 1 toxicity, 7%

grade 2 side effects, while 1% and 0.7% exhibited

WHO grade 3 and 4 toxicity, respectively. The

toxicity profile was similar in men and women. There

was no relation between the degree of toxicity and

freedom from progression and survival.

Discussion

Despite not showing a statistically significant benefit

of adjuvant chemotherapy with 5-FU and Lev for all

patients with rectal and colon cancer, we confirmed

that this regimen is effective after surgery for

adenocarcinoma of the colon with lymph node

metastases (stage III) both for DFS and CSS, as

previously reported for overall survival [2,4,18�21].

This is in accordance with current recommendations.

We could not disclose any benefit for patients with

primary tumours of the rectum or patients without

lymph node metastases (stage II), but one should

note that the study which was prematurely termi-

nated, was underpowered to demonstrate small

benefits. The role of adjuvant chemotherapy in stage

II is still an open question as the benefit remains

limited with 5-FU based regimens [18,19,22�26].

Lev was rapidly replaced by calcium folinate in

combination with 5-FU and Lev is not currently

used for colorectal cancer [27�33]. These studies also

revealed that 6 months with 5-FU and calcium

folinate was as effective as 12 months with 5-FU

and Lev.

For rectal cancer patients we could not demon-

strate any benefit of adjuvant 5FU and Lev. This is

in accordance with the pooled Scandinavian analysis

[15]. The type of surgery, standard or total mesor-

ectal excision was not recorded. However, based on

experience with postoperative chemotherapy and

Figure 1. Disease free survival (A) and cancer specific survival (B) for all randomised patients (206 patients in each group). Disease free

survival (C) and cancer specific survival (D) for colon cancer stage III patients. Fluorouracil and levamisol was administered for one year as

adjuvant chemotherapy after surgery versus surgery alone.

372 O. Dahl et al.



Figure 2. Subgroup analysis according to gender. Disease-free survival (A) and cancer specific survival (B) for men, disease-free survival

(C) and cancer specific survival (D) for women. Adjuvant therapy given was administration of fluorouracil and levamisol for one year.

Table III. Recorded chemotherapy toxicity.

WHO Grade 0 1 2 3 4

Nausea 115 58 11 2 0

Vomiting 180 2 3 1 0

Stomatitis 171 8 6 1 0

Diarrhoea 161 12 10 3 0

Gastrointestinal total 102 (54.8%) 53 (28.5%) 23 (12.4%) 7 (3.8%) 1 (0.5%)

Leucopenia 178 6 0 0 2

Thrombocytopenia 184 1 0 0 1

Anemia 182 4 0 0 0

Haematological toxicity 176 (94.6%) 8 (4.3%) 0 0 2 (1.1%)

Dermatological 175 6 5 0 0

Conjunctivitis 177 8 1 0 0

Alopecia 179 6 1 0 0

Arthralgia 178 4 4 0 0

Cardiac symptoms 185 0 1 0 0

Others 174 7 4 0 1

Total toxicity 93 (50.0%) 54 (29.0%) 30 (7.1%) 6 (1.4%) 3 (0.7%)
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radiation before introduction of the total mesorectal

excision technique and a joint analysis of three

Japanese trials of oral fluoropyrimidines added to

the same type of surgery, adjuvant 5-FU based

chemotherapy is widely recommended for four to

six months both in USA and Europe [34�39].

Limitation of adjuvant chemotherapy to the patients

not previously exposed to preoperative radiation is

also proposed [40]. In a German randomised trial

preoperative chemoradiotherapy reduced the local

recurrence rate but had no effect on distant recur-

rence rate compared with postoperative chemora-

diotherapy [41]. Recently a benefit of adjuvant

chemotherapy also in rectal cancer was reported in

two groups each including 474 patients in the

Quasar study, with a relative risk of recurrence of

0.58 (p�0.01) and relative risk of dying of 0.77

(p�0.05) [42]. In an EORTC trial, preoperative or

postoperative chemotherapy added to radiation only

reduced local recurrences with no effect on distant

metastases [43]. A subgroup analysis indicated that

only good-prognosis patients benefited from adju-

vant chemotherapy as also shown as a non-signifi-

cant trend (p�0.09) in our joint Scandinavian

report for Stage II rectal cancer [15,44]. Thus,

despite widely practiced, prolonged adjuvant che-

motherapy except in conjunction with radiation,

remains based on limited evidence. More studies

on adjuvant chemotherapy should be carried out in

rectal cancer as still about one third of these patients

die from distant metastases.

In the present study the patients should start

chemotherapy as soon as possible, and not later than

6 weeks. Actually 85% of the patients had their first

treatment within this period, and 92% within

8 weeks. This may be the reason for our observed

benefit of chemotherapy for DFS and CSS in colon

cancer stage III. Some studies have indicated im-

proved survival in patients starting chemotherapy

within 8 weeks compared to those who started after

8�12 weeks [45�47], while others reported no sig-

nificant difference [48]. Also for breast cancer

delaying adjuvant chemotherapy start seems detri-

mental if started later than 3 months after surgery

[49]. As these data is based on retrospective analyses

with limited power, a firm conclusion cannot yet be

drawn. However it seems wise to start as soon as the

patients are fit for chemotherapy, and no later than

8 weeks after colon surgery [45].

Generally colorectal cancer localisation differ by

sex, females tend more often to develop right sided

cancers in higher ages, while men tend to develop

left sided tumours [50,51]. In our subgroup analysis

of colon cancer patients stage III, the observed

benefit was statistically significant for women only.

This observation may be due to low numbers or

chance, but has been previously reported in a

nonrandomised comparison of patients treated with

or without adjuvant chemotherapy from Australia

[52]. Mortality ratios show more favourable trends

for females with colon cancer in Europe and Norway

[53�55]. A similar observation has been reported

also for rectal cancer patients with postoperative

short-term chemotherapy and chemoradiotherapy

[56]. However, it must be underlined that this is

not a general finding based on fluoropyrimidines as

adjuvant chemotherapy [18,38].

Despite low toxicity of the adjuvant regimen, there

was reduced compliance – only 90% of randomised

patients actually started chemotherapy. The motiva-

tion of the patients to proceed with chemotherapy

was also low as many withdrew after experiencing

low grade toxicity, typically grade 1-2 diarrhoea or

general fatigue. This may reflect the written infor-

mation where it was clearly stated that the alternative

was no therapy at all. As most chemotherapy was

administered at the local surgical outpatient clinics

in this trial, it may also reflect lack of proper support

and motivation of the patients to proceed with

therapy despite some side effects. This is standard

for all established chemotherapy indications where

the therapy is regarded as necessary.

The addition of oxaliplatin to the combination of

5-FU and calcium folinate has more recently further

improved the DFS and CSS in randomised trials,

and the FOLFOX regimen is currently the interna-

tional standard therapy after curative resection of

adenocarcinomas of the colon stage III [57,58]. Oral

fluoropyrimidines is equally effective as 5-FU and

calcium folinate as adjuvant therapy in patients not

tolerating oxaliplatin based regimens [59,60]. De-

spite its efficacy in advanced colorectal cancer,

irinotecan failed to demonstrate improved tumour

control as adjuvant treatment [61]. This underlines

that adjuvant chemotherapy can not be based on

presumptions, but must rely on data from prospec-

tive trials.

Conclusion

Despite premature closure, the randomised study

which accrued 412 evaluable patients with colon and

rectal adenocarcinoma stage II and III (Dukes’ B

and C), confirms that adjuvant chemotherapy with

5-FU and Lev is an effective treatment for colon

cancer stage III but is ineffective for rectal cancer.

Females with colon cancer stage III benefited from

chemotherapy in a further subgroup analysis, while

there was no statistically significant effect in men.
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