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Patients who underwent potential curative surgery for colonic adenocarcinoma were enrolled in a prospectively 
randomised, controlled clinical trial of combined intraperitoneal (i.p.) plus systemic intravenous (i.v.) chemo- 
therapy with 5-fluorouracil (5FU) and leucovorin (LV). We investigated whether this adjuvant treatment 
approach, specifically addressing the risk of peritoneal and hepatic recurrence, could improve disease-free and 
overall survival. Between May 1988 and December 1990,121 patients with resected stage III or high-risk stage II 
(T4NOMO) colon cancer were randomly assigned for observation (which was considered standard care until the 
NIH consensus conference) or adjuvant chemotherapy with LV (200 mg/m*) plus 5-FU (350 mg/m*), both given 
iv. (days 14) and i.p. (days 1 and 3) every 4 weeks for a total of six courses. After a median follow-up time of 4.6 
years, a comparative analysis between the two groups of patients suggested both an improvement in disease-free 
survival (75% versus 58%; P = 0.06) and a survival advantage (78% versus 63%; P = 0.05) in favour of adjuvant 
chemotherapy. The sites of recurrence were also different, i.e. local regional and intrahepatic tumour recurrences 
were observed in only 6158 (10%) and 5/58 (9%) adjuvant treated patients as compared to 11/60 (18%) and lo/60 
(17%) observed patients. The overall benefit of adjuvant therapy appeared to be greatest in patients with stage III 
colon cancer. Treatment-associated toxicity was infrequent and generally mild with only 5% experiencing severe 
(WHO grade 3) adverse reactions. Interim results of this adjuvant trial suggest that combined i.p. plus systemic 
i.v. chemotherapy with 5-FU and LV represents a potentially effective adjuvant regimen in stage II/III colon 
cancer. 

Key words: colon cancer, adjuvant chemotherapy, 5-fluorouracil, leucovorin, biochemical modulation, intraperi- 
toneal chemotherapy 
EurJ Cancer, Vol. 31A, No. 12, pp. 1981-1986,199s 

INTRODUCTION 
COLORECTAL ADENOCARCINOMA is the second most common 
type of cancer in the Western world and is responsible for 
approximately 4000 deaths a year in Austria [ 1, 21. According to 
most patient series, approximately halfthe patients who undergo 
potential curative surgery will eventually die from recurrent 
disease. There is no established means of preventing colorectal 
cancer, nor a reliable and cost-effective means of screening to 

ensure early diagnosis, and until recently, controlled trials of 
adjuvant therapy using various treatment modalities have failed 
to demonstrate convincing and reproducible evidence of signifi- 
cant benefit [3]. Since 1990, based on the results of the 
Intergroup trial [4], combined 5-fluorouracil (S-FU) and levami- 
sole has been recommended as standard adjuvant therapy for 
patients with stage III colon cancer [5]. Despite conclusive 
demonstration of a highly significant improvement in the recur- 
rence rate and mortality rate with the use of 5-FU plus levamisole 

Correspondence to W. Scheithauer. 
Revised 22 Mar. 1995; accepted 26 Apr. 1995. 

as compared to an untreated control, there is general agreement 
that the most favourable additive therapy for stage III and high- 
risk stage II colon carcinoma is not yet known. The adjuvant 
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5-FU/levamisole regimen has been defined empirically, the exact 
therapeutic role and mechanism of action of the antihelmintic 
drug levamisole is unknown, and in patients with metastatic 
disease this combination regimen does not show any advantage 
over 5-FU alone [6]. 

The most active chemotherapeutic regimen in patients with 
advanced colorectal cancer represents the biochemical modu- 
lation of 5-FU by leucovorin (LV). A number of prospective 
randomised trials have demonstrated its superior response 
activity compared to 5-FU monotherapy [7]. Prehminary data 
also suggest that 5-FUILV is likely to play an important role in 
the adjuvant treatment setting [8-l 11. 

In the present study, we random&d patients between adju- 
vant 5-FU plus LV administered, both by systemic intravenous 
(i.v.) infusion and intraperitoneally (i.p.) and no further therapy 
following surgery (observation), which was considered standard 
therapy until the NIH consensus meeting held in May 1990 [5]. 
The rational for the combined i.v. and i.p. mode of drug 
administration was to counteract tumour dissemination via 
haematogeneousiIymphogeneous spread as well as peri-operative 
implantation of tumour cells in the resection site and in perito- 
neal surfaces, which represent the most common site of colonic 
cancer recurrence [ 121. Pharmacokinetic studies with i.p. 5-FU 
instilled in the (early) postoperative period have demonstrated 
that tumoricidal doses of the drug are present in the abdominal 
cavity for at least 8 h following instillation [ 121. In addition, up 
to 10 times the level of drug is seen in the portal vein than is 
noted in the peripheral blood [13, 141, so i.p. 5-FU/LV could 
protect peritoneal surfaces and give additionally high levels of 
the drug for the adjuvant treatment of tumour cells in the liver. 
Despite the attractive rationale of this treatment approach 
[15, 161, clinical experience with adjuvant i.p. with or without 
i.v. chemotherapy in colorectal cancer is limited, with only its 
feasibility and tolerance so far demonstrated [ 17, 181. 

PATIENTS AND METHODS 
121 patients who had undergone potentially curative en 

bloc resection for colonic adenocarcinoma were entered in this 
prospective, randomised trial, initiated in May 1988. Patients 
had to have histopathological diagnosis of stage II with invasion 
extending at least to the serosa or pericolonic fat (Dukes’ B2) 
or stage III (Dukes’ C) disease. Additional eligibility criteria 
included age 75 years or younger, a World Health Organisation 
(WHO) performance status less than 2, a haematological profile 
that would enable patients to receive the protocol-specific adju- 
vant therapy within 35 days after the definitive tumour resection, 
and informed consent according to institutional regulations 
before registration in the study. Patients were ineligible if they 
had rectal carcinoma (defined by this protocol as any lesion that 
required the opening of the pelvic peritoneum in order to define 
the distal extent of the tumour), a history of any other malignancy 
within 5 years, except for superficial skin carcinoma or in 
situ carcinoma of the cervix, or if they had any other severe 
concomitant disease that would preclude a life expectancy of at 
least 5 years. 

After informed consent was obtained, eligible patients were 
registered by telephone at the central statistical office. They 
were random&d either to observation or combined i.p. plus 
systemic iv. chemotherapy. The treatment assignment was 
determined by blocked randomisation for centre, stage (II versus 
III with G 4 or > 4 lymph nodes involved), sex and age (s 65 
versus > 65 years). 

Patients assigned to the control arm were observed after 

surgery with no planned treatment. During the first 2 years, 
they were evaluated every 3 months, thereafter every 6 months 
for a total of 5 years. These evaluations consisted of an interim 
history-taking and physical examination, haematological testing, 
and a blood chemistry panel including carcinoembryonic anti- 
gen. Chest radiography, liver sonography and examination 
of the entire colorectum (barium enema or endoscopy) was 
performed every 6 months and annually after the second year. 
Patients assigned to adjuvant chemotherapy had periodic evalu- 
ations at the same time as those who received no adjuvant 
therapy. Between 8 and 35 days after surgery, patients received 
200 mg/m* LV followed by 350 mg/m* 5-FU both administered 
by i.v. bolus injection daily for 4 consecutive days. On days 1 
and 3 of each treatment cycle, LV and 5-FU, each drug diluted 
in 500 ml of saline, were also given i.p. in the same sequence 
and the same dosage. This was usually performed with a 
peripheral venous catheter under local anaesthesia, although 
12 patients underwent surgical placement of an i.p. catheter 
attached to a subcutaneous reservoir permitting transdermal 
access to the catheter. Each 4-day course of adjuvant therapy 
was repeated every 28 days for a total of six cycles. This 
particular i.p.1i.v. dose schedule was based on a small pilot 
study, indicating minimal toxicity despite use of a cumulative 
dose of the drugs comparable with that of most conventional i.v. 
5-FU/LV regimens used in the palliative treatment setting. 
Toxicity was assessed according to WHO standard criteria [ 191. 
The dose of i.v. 5-FU was reduced by 25% for myelosuppression 
or non-haematological side-effects exceeding WHO grade 2, but 
there was no dose attenuation for i.p. 5-FU. Complete blood 
cell counts, serum electrolytes, liver and kidney functional 
parameters were obtained at the start of each cycle and every 2 
weeks thereafter. 

Statistical analysis 
Originally, it was planned that recruitment of patients would 

stop when 120 evaluable patients had been accrued in each arm 
of the study. Assuming a 5-year survival rate of 55% in the 
control group, it was expected that this level of recruitment 
would allow a 20% difference in outcome between the groups to 
be detected with 5% significance and a power of 90%. However, 
ethical concerns with regard to the untreated control (according 
to the NIH consensus statement in 1990) prompted early 
discontinuation of this trial. 

The proportion of patients disease-free or surviving was 
calculated by the Kaplan-Meier method [20]. The statistical 
difference between the life-table distributions by treatment 
was determined by the log-rank test [21]. Differences in the 
characteristics of patients were analysed using the &i-squared 
test, and forward stepwise Cox regression [22] was used in the 
evaluation of possible prognostic factors influencing survival. 
All tests were two-sided. 

RESULTS 
From May 1988 to December 1990, a total of 121 patients 

were entered in this study. 3 patients were considered ineligible 
(2 assigned to adjuvant chemotherapy and 1 to the control group) 
because of inappropriate stage of disease. These patients were 
treated at the discretion of the participating investigator and 
were excluded from the analyses. Thus the study population 
consisted of 118 random&d patients, 58 eligible patients in the 
combined adjuvant i.p. and systemic i.v. chemotherapy arm and 
60 who received no further therapy following the curative 
operation. The median follow-up time for this study is now 4.6 
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years (range 3-6.5). As shown in Table 1, patients’ character- 
istics in the two treatment arms were essentially similar with 
respect to age, sex, location of primary tumour, pathological 
stage, and in patients with stage III, the number of positive 
regional lymph nodes. There was also no notable imbalance in 
terms of peri-operative complications such as intestinal obstruc- 
tion or perforation (2 versus 3 and 4 versus 3 patients in the i.p./ 
i.v. and control group). 

Currently, 39 patients have had recurrences, 25 on the obser- 
vation arm and 14 on the combined i.p./i.v. chemotherapy arm. 
At 55 months, 75% of the patients who received adjuvant 
chemotherapy, and 58% of the patients who received no further 
treatment are free of recurrence according to Kaplan-Meier 
estimates. Plots of recurrence-free intervals for all eligible pati- 
ents are displayed in Figure 1, up to 62 months, at which point 
fewer than 20% could be followed up. Our data suggest that 
adjuvant treatment provides not only fewer recurrences, but also 
a delay in the observed recurrences. When patients were divided 
into subsets according to stage, the advantage for adjuvant 
chemotherapy was significant only in stage III (P = 0.023). 
Table 2 shows the effect of therapy on specific sites of initial 
recurrence. The rates of recurrence were reduced for both 
locoregional and distant sites. Only 5 of the patients in the 
chemotherapy arm had liver as the first site of treatment failure. 
There was one patient in the chemotherapy arm who experienced 
a second primary colonic cancer. 

At present, 33 patients with recurrent disease have died, 
22 on the observation arm and 11 who received adjuvant 

01 I I I I I I 

0 10 20 30 40 50 60 

Months since enrolment 

Figure 1. Comparison of disease-free survival between patients 
receiving adjuvant combined intraperitoneal (i.p.) and intravenous 
(i.v.) chemotherapy with S-fluorowacil (S-FU) and kucovocia (LV) 
(0) and patients receiving no additional treatment following curative 

resection(m). 

chemotherapy (including one peri-operative death during poten- 
tial curative resection of a liver metastasis) (x2 = 7.03; 
P < 0.01). The estimated reduction in the mortality rate by 
adjuvant chemotherapy treatment as compared with observation 
was 52% (95% confidence interval, 3668%). The data of the 5 
patients who died without evidence of recurrence (2 on the 
observation arm and 3 who received adjuvant chemotherapy) 

Table 1. Characteristics of eligible patients 

Characteristic 
Adjuvant chemotherapy 

(n = 58) 
Observation 

(n = 60) 

Age (years) 
Median 

Range 

Sex 
Male 
Female 

Site of primary tumour 
Caecum and right colon 
Flexures and transverse colon 
Left colon 
Sigmoid and rectosigxnoid 
Multiple primaries 

Depth of invasion 

pT1 
pT2 
pT3 
pT4 

Stage 
pT4pNOMO 
pTl-4pNlMO 
pTl-4pN2,3MO 

Tumour differentiation 
Well 
Moderate 
Poor 
Unclassitied 

64 67 
31-75 35-75 

32 (55) 27 (45) 
26 (45) 33 (55) 

9 (16) 13 (22) 
13 (22) 11 (18) 
4 (7) 6 (10) 

31 (53) 29 (48) 
1 (2) 1 (2) 

1 (2) 2 (3) 
6 (10) 9 (15) 

19 (33) 16 (27) 
32 (55) 33 (55) 

29 (50) 31 (52) 
15 (26) 15 (25) 
14 (24) 14 (23) 

11 (19) 9 (15) 
41 (71) 42 (70) 

3 (5) 4 (7) 
3 (5) 5 (8) 

Figures are number (per cent) of patients. 
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Table 2. Sites offrst treatment failure following colonic resection 

Liver* 
Locoregional 
Lung 
Bone 
Soft tissue 
Second primary 

Adjuvant chemotherapy 
(n = 58) 

5 (9) 
6 (10) 
2 (3) 
- 
- 

1 (2) 

Observation 
(n = 60) 

10 (17) 
11 (18) 

1 (2) 
1 (2) 
1 (2) 
- 

* +/- Additional sites; figures are number (per cent) of patients. 

were censored. There are 6 patients still alive who had docu- 
mented recurrence, 3 on the observation arm, and 3 who received 
adjuvant chemotherapy. Survival among all eligible patients in 
the study is shown in Figure 2. The 5 year survival estimates 
were 63% for the observation arm and 78% for the combined 
i.p./i.v. chemotherapy arm (P = 0.05). Analysis of patients 
according to stage, again suggested that the treatment advantage 
was more distinct among stage III patients (P = 0.029) than in 
those with stage II (P = 0.25). Several potential prognostic 
factors, including sex, age, centre of surgery, stage, depth of 
invasion, nodal involvement and histological differentiation 
were analysed for their impact on survival. In this analysis, 
based on two-sided P values from a forward stepwise Cox 
regression model, only tumour stage and the number and 
location of metastatic lymph nodes (pN-classification) proved to 
be statistically significant prognostic factors for survival in this 
study, although adjustment for imbalances between the two 
treatment arms had no impact on our study results. 

Of the 58 patients assigned to adjuvant chemotherapy, 46 
(79%) completed the prescribed number of six treatment 
courses. Among the 12 patients in whom therapy was prema- 
turely discontinued (after a median of three courses), the most 
common reason was negative compliance. Whereas 6 patients 
requested abbreviation of therapy for personal reasons, re- 
operation of colostomy resulting in a treatment delay of > 2 
weeks in 4 patients, and documented drug toxicity in 2 patients 
were the principal reasons for premature discontinuation. 

The overall toxicity attributed to combined i.p./i.v. chemo- 
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Fii 2. Comparison of overall survival between patients receiving 
adjuvant combined intraperitoneal (i.p.) and intravenous (i.v.) 
chemotherapy witb S-Buorouracii (MU) and leucovorin (LV) 
(a) and patients receiving no additional treatment following curative 

resection (m). 

therapy was, in general, mild. Ten per cent of the patients 
experienced grade 1 or 2, and 2% had grade 3 haematological 
toxicities. Nausea was reported in 24% of the treated patients 
(compared with 2% in the observed control group). Other 
treatment-related adverse reactions, such as diarrhoea, stoma- 
titis and abdominal pain during or shortly after i.p. drug 
instillation were uncommon, generally mild and easily managed 
(Table 3). 

DISCUSSION 
The results of this study indicate that combined i.p. and 

systemic i.v. chemotherapy with 5-FU/LV reduces recurrence 
rates in patients with surgically treated stage III colon carcinoma. 
There is also evidence that this adjuvant regimen significantly 
reduces the overall mortality rate in these patients, at least 
during the first 4.5 years after surgery. Despite suggestion of a 
similar advantage of adjuvant treatment in patients with high- 
risk stage II (T4NOMO), the difference between the two treat- 
ment groups did not reach the level of statistical significance. It 
seems clear that a much larger trial would have been necessary 
to elucidate such an effect or firmly establish the overall effective- 
ness of adjuvant i.p./i.v. chemotherapy with 5-FU/LV; however, 
ethical concerns with regard to the (untreated) control arm 
prompted early discontinuation of this trial. A similar problem 
had also been encountered by other co-operative study groups 

19, 101. 

Table 3. Toxic effects in the adjuvant chemotherapy arm (n = 58) 

Toxicity 

Gastrointestinal 
Nausea/vomiting 

Mild to moderate 
Severe 

Diarrhoea 
Mild to moderate 
Severe 

Stomatitis 
Mild to moderate 
Severe 

Haematologic 
Leucopenia 

< 400&> 2ooo/mm3 
< 2ooo/mm3 

Thrombocytopenia 
< 1oo,ooo-> 50,ooo/mm~ 
< 50,000/m3 

Other 
Alopecia 

Mild to moderate 
Severe 

Peripheral neuropathy 
Mild to moderate 
Severe 

Abdominal pain 
Mild to moderate 
Severe 

Infection 
Mild to moderate 
Severe 

No. (%) of patients 

12 (21) 

2 (3) 

4 (7) 
1 (2) 

3 (5) 
- 

6 (10) 
1 (2) 

2 (3) 
- 

5 (9) 
- 

1 (2) 
- 

4 (7) 
- 

3 (5) 
- 
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A major drawback of this study was its weakened statistical 
strength by early termination. The fact, however, that despite 
the small number of patients, a superior disease-free and overall 
survival could be demonstrated for patients who received adju- 
vant chemotherapy, supports the therapeutic potential of this 
novel adjuvant treatment approach. The site-of-recurrence- 
oriented adjuvant therapy with 5-FU/LV, currently representing 
the most active drug combination for treatment of patients with 
advanced colorectal cancer, resulted in both locoregional and 
intrahepatic tumour recurrences being reduced to half that 
which occurred in the observation alone group. The lower 
incidence of liver metastases in patients receiving adjuvant 
i.p./i.v. chemotherapy seems to contrast with the disappointing 
results of controlled adjuvant trials with portal vein drug admin- 
istration [23-281. This could be explained by (1) use of a more 
effective drug regimen utilising biochemical modulation of 
5-FU, (2) the additive effects of systemic intravenous and 
intraperitoneal drug administration, and (3) the much longer 
duration of treatment, i.e. 180 rather than 7 days as generally 
used in trials of adjuvant portal vein cytotoxic perfusion. Never- 
theless, the relative importance of instillation of chemothera- 
peutic drugs into the peritoneal cavity as performed in the 
present trial remains to be established by a randomised con- 
trolled study of this method versus simple i.v. administration of 
5-FU/LV. 

An important advantage of the adjuvant regimen used in this 
study represents the minimal treatment-associated toxicity and 
the resultant excellent patient compliance. The cumulative dose 
of 5-FU per treatment cycle used in this regimen (2100 mg/m’) 
is comparable with that of most 5-FU/LV regimens used in 
the palliative treatment setting (185&2000 mg/mz in case of 
monthly administration, 2400 mgim’ in case of weekly adminis- 
tration of 5-FU/LV) [7]. Yet, severe side-effects (WHO grade 3) 
were noted in only 5%. In fact, most of our patients did 
not experience any adverse reaction, suggesting an improved 
therapeutic index if chemotherapy (or at least one third of 
the drug dosage) is given i.p. [14]. Patient compliance was 
remarkable, with 80% completing the prescribed number of six 
adjuvant treatment cycles. In contrast, the proportion of patients 
prematurely discontinuing adjuvant therapy with 5-FU/levami- 
sole due to toxicity, was reported to be 30% after a median of 5 
months in the 5-FU/levamisole arm of the Intergroup study [4]. 
Since, in the large majority of patients, i.p. drug administration 
was performed on an ambulatory basis without use of a port-a- 
cath system, the costs of therapy were also acceptable. 

Despite its statistical shortfalls, the promising results of this 
adjuvant trial prompted us to follow this lead and initiate a 
successor trial in 1991 comparing i.p. plus i.v. 5-FU/LV versus 
5-FU/levamisole in the control group, as recommended by the 
NIH consensus conference in patients with stage III colon 
cancer. Should postoperative i.v. chemotherapy with 5-FU/LV 
be judged at least equal to 5-FU plus levamisole, a controlled 
trial to clarify the potential role of adjuvant i.p. drug 
(co-)administration should be considered. Clinical phase I stud- 
ies in patients with refractory cancer [29], and toxicity data from 
the present drug regimen suggest that a dose escalation of 5-FU/ 
LV could be safely undertaken in patients with a particularly 
increased risk of disease recurrence. 
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