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Intermittent Continuous Infusion of S-Fluorouracil 
and Low Dose Oral Leucovorin in Patients with 
Gastrointestinal Cancer: Relationship between 
Plasma Concentrations and Clinical Parameters 

R.L. Poorter, G. J. Peters, P. J.M. Bakker, C.W. Taat, D.M. J. Biermans-van 
Leeuwe, G. Codacci-Pisanelli, P. Noordhuis, J. Oosting and C.H.N. Veenhof 

Modulation of Wluorouracil (5FU) by leucovorin and continuous infusion of S-FU can both result in enhanced 
therapeutic efficacy. Tbe main objective of this study was to determine the maximum tolerated dose (MTD) of 
oral leucovorin in combination with continuous infusion of 5FU for 14 days every 4 weeks at a dose of 300 mg/ 
m2/day in 30 patients with gastrointestinal cancer. The MTD of oral leucovorin was established at 10 mg/day. 
Dose-limiting toxicities were mucositis, diarrhoea and hand-foot syndrome. Plasma leucovorin concentrations 
were below the detectialn limit of the assay (<OS pm). Plasma 5FU concentrations varied considerably from 
0.06 to 11.3 pM. A relation between toxicity, response and plasma concentration of 5FU could not be established. 
Our data may indicate that even very low plasma concentrations of leucovorin are able to modulate S-FU. In 17 
patients with colorectal cancer the response rate was 24% (95% CI: 7-50%), which is comparable to other 
treatment schedules with leucovorin or to continuous infusion of S-FU alone. 
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INTRODUCTION 
IN PATIENTS with disseminated colorectal cancer, response rates 
of only l&20% have been reported after bolus injection with S- 
fluorouracil (5FU) [ 1, 21. Recently some progress has been 
made by biochemical modulation of S-FU [2-51 or by expanding 
theinfusiontimeof5FU[l, 6101. 

So far, biochemical modulation with intravenous leucovorin 
seems to have the best results [2, 11, 121, which is confirmed by 
a meta-analysis of all known randomised studies comparing 5- 
FU and leucovorin to 5-FU alone [ 131. No clear dose-response 
effect has been reported for leucovorin and identical response 
rates are obtained when intravenous leucovorin is replaced by 
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oral leucovorin [ 14-191, although the latter result has not been 
confirmed in a direct phase III comparison. 

Prolonged infusion of 5-FU is another way to improve the 
efficacy of 5-FU as shown in several randomised studies compar- 
ing continuous infusion with bolus injection of 5-FU [l, 6-101. 

In a previous study at our institution using an intermittent 
continuous infusion schedule of escalating doses of 5-FU, no 
doseresponse relation could be established. The overall 
response rate in that study was 11% (95% CI: l-33%) [20]. In 
order to improve the results of that study, we started the present 
study in patients with gastrointestinal cancer with intermittent 
continuous infusion of a fixed dose of 5-FU combined with 
escalating doses of oral leucovorin. The objectives were to 
determine the maximum tolerated dose of oral leucovorin and to 
examine if a relationship could be established between the 
plasma concentrations of 5-FU, leucovorin and response and 
toxicity. For the subgroup of patients with colorectal cancer the 
response rate was determined. 

Patients 
PATENTS AND METHODS 

30 patients with metastatic gastrointestinal cancer entered the 
study. The patient characteristics are shown in Table 1; 20 
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patients had colorectal cancer, 10 patients had other forms of 
gastrointestinal cancer. All patients had progressive measurable 
disease. Measurable disease was defined as a lesion measurable 
in two dimensions by computed tomography, ultrasound, chest 
X-ray or physical examination. Previous chemotherapy was not 
allowed. Radiotherapy was allowed, provided that the indicator 
lesion was outside the radiation field. Patients had to have a 
WHO performance status of 52, a leucocyte count of 
~-4.0 x 109/1 and a platelet count of 2100 x 109/1. Patients 
were ineligible for this study if they had any other malignancy, 
except basal cell carcinoma of the skin. Pretreatment assessment 
included a medical history, physical examination, tumour 
measurements, chest X-ray, electrocardiogram, complete blood 
cell count and blood chemistries. 

spectrometer of 3000 (10% valley), the absolute sensitivity of the 
method was 1 pg injected to the CC-MS system. The accuracy 
and sensitivity was improved by suppressing the chemical noise. 
The concentrations of leucovorin and 5-methyltetrahydrofolate 
were measured as described previously by Trave and associates 

1251. 

Statistical analysis 

Treatnwnt 
In all patients a subcutaneous infusion chamber (Port-a- 

Cath@) was implanted. Patients were treated with continuous 
infusion of 5-FU for 14 days every 4 weeks at a dose of 300 mg/ 
m*/day via a portable infusion pump (Parker@ micropump or 
Pharmacia CADD-PLUS@ pump). During the 5-FU infusion, 
oral leucovorin (Lederle) was administered at a dose of 5 mg/ 
day in the first 6 patients and was then escalated by 5 mg/day in 
every subsequent group of 6 patients until toxicity. The 
maximum tolerated dose (MTD) of leucovorin was defined as 
the dose of leucovorin that caused any toxicity > grade 2 (WHO) 
(except for mucositis and hand-foot syndrome for which grade 
1 applied) in 3 out of 6 patients. 

To determine the difference in plasma concentrations of 5-FU 
between days 7 and 14, a mixed model analysis of variance was 
used with the difference between days 7 and 14 as a fixed effect, 
the course number as a covariate and with patients as random 
factor. To determine the relationship between plasma concen- 
trations of 5-FU and toxicity, analysis by the random effects 
logistic-binomial regression model for distinguishable data was 
performed (Egret Statistical Software Package, Statistic and 
Epidemiology Research Corporation). 

RESULTS 

In the case of toxicity > grade 2, for mucositis and hand-foot 
syndrome > grade 1, or otherwise unacceptable toxicity for the 
patient, initially the dose of 5-FU was reduced by 25% and the 
dose of leucovorin left unchanged. If toxicity still persisted, the 
dose of leucovorin was subsequently reduced by 5 mglday. 
Treatment was stopped in the case of disease progression, patient 
refusal or unacceptable toxicity to the patient. 

Response and toxicity evaluation 
Patients were considered evaluable for response after at least 

two courses. Objective response was defined according to stan- 
dard WHO criteria. Toxicity evaluation took place every 2 
weeks. Toxicity was scored according to WHO toxicity grades 

PI. 

30 patients entered the study. A total of 144 courses (median 
4, range 1-16) were given with 1864 infusion days representing 
92% of the planned infusion duration. 3 patients were ineligible 
for this study because of pretreatment with continuous infusion 
of 5-FU. These patients were however evaluable for toxicity and 
for measurement of plasma levels of 5-FU and leucovorin. All 
30 patients were evaluable for toxicity. The first 6 patients 
received 5 mg of oral leucovorin daily for 14 days, and the next 
6 patients received 10 mg/day (Table 2). 

By definition, according to these results, the maximum toler- 
ated dose of oral leucovorin in this schedule was established at 
10 mg/day. All other 18 patients thus received 10 mg of oral 
leucovorin each day. Because of toxicity, dose reduction of 25% 
of the 5-FU was performed in 3 of the 6 patients who received 
5 mg of oral leucovorin. Dose reduction of 25% of the 5-FU was 
necessary in 13 of the 24 patients who received 10 mg of oral 
leucovorin. In 5 of the 13 patients toxicity decreased after 25% 
5-FU dose reduction. In the other 8 patients toxicity persisted. 
Eventually 5 of these patients had a 5 mg dose reduction of the 
oral leucovorin. 2 of these 5 patients had persistent toxicity and 

Table 1. Patient characteristics 

Measurement of 5-FU and leucovorin in plasma Characteristics No 
Plasma samples to measure steady state concentrations of 5- 

FU and leucovorin were taken on days 7 and 14 in the first 12 
patients and on day 14 in all subsequent patients. 

5-FU for analytical procedures was obtained from Sigma 
(St Louis, Missouri, U.S.A.); pentalluorobenxyl-bromide from 
Pierce Chemicals (Rockford, Illinois, U.S.A.). 1SN,[15N]fluor- 
ouracil (purity 99.9%) was obtained from Merck-Sharp and 
Dohme (Montreal, Canada). All other chemicals were of analyti- 
cal grade. Solutions were made in water purified by a Millipore 
Reagent Q system (Millipore, Bedford, Massachussetts, 
U.S.A.). All plasma concentrations of 5-FU were measured with 
gas chromatography coupled to mass spectrometry (CC-MS), 
essentially as described previously for human plasma samples 
[22]. However, for the present samples we exchanged the 
internal standard 5-chlorouracil for 15N,[‘5N]5-FU and samples 
were further processed as described previously [23]. 

Details of the GC-MS conditions have been previously 
reported [22, 241. The resulting detection limit for tissue 
samples was 1 pmol/ml. By using a resolution of the mass 

Sex 
Male 
Female 

Median age in years (range) 
Primary tumour 

Colonkctum 
Pancreas 
Stomach 
Small intestine 
Ullknown 

Site of indicator lesion 
Liver 
Lung 
(Retro)peritoneum 
Primary tumour 

Performance status (WHO) 
0 
1 
2 

12 
18 

56 (2%72) 

20 
7 
1 
1 
1 

22 
2 
2 
4 

11 
15 
4 
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Fii 1. Plasma S-FU concentrations io one patient during four 
subsequent courses of S-FU. Samples were taken at day 7 (solid bar) 

and at day 14 (hatched bar) at the same time of the day. 

from the patients clearly demonstrated that the mean plasma 
concentrations of 5-FU were significantly higher (P = 0.001) at 
day 14 (2.86 u,M) than at day 7 (0.70 PM). Since all leucovorin 
concentrations were below the detection limit of the assay 
(co.5 p,M) we did not attempt to discriminate between the D- 

and L forms of leucovorin. Statistical analysis showed no relation 
between plasma 5-FU concentrations and toxicity; also no 
relation with response rate could be established. 

DISCUSSION 
Intermittent continuous infusion of S-FU in combination with 

oral leucovorin is feasible on an outpatient basis. In the study we 
used oral leucovorin for several reasons. Pharmacokinetic studies 
showed a potential advantage for oral compared with intravenous 
administration [28]. Furthermore similar response rates have 
been reported in phase II studies when intravenous infusion of 
leucovorin is replaced by high dose oral leucovorin [14-171. 
Another reason was the ease of incorporation of oral leucovorin 
into an outpatient-based schedule of intermittent continuous 
infusion of 5-FU. 

The MTD of oral leucovorin in our study was established at 
10 mgday. Two other studies also combined continuous 
infusion of 5-FU with oral leucovorin [18, 191 (Table 5). The 
MTD of oral leucovorin in one study was established at 20 mg 
every 8 h [ 181. The other study used a lixed dose of oral 
leucovorin [19]. The dose-limiting toxicities in these studies 
were also mucositis, diarrhoea and hand-foot syndrome, a 
pattern comparable to continuous infusion schedules of 5-FU 
alone [6, 7, 29, 301. However, the incidence of toxicity is higher 
and toxicity is also more severe. It can, therefore, be concluded 

from these studies that the maximum tolerated dose of oral 
leucovorin is strongly schedule-dependent and is mainly determ- 
ined by the dose and duration of 5-FU infusion. One patient in 
our study developed an acute myocardial infarction occurring at 
the start of the sixth course of 5-FU infusion. This patient had 
no history of ischaemic heart disease. Cardiotoxicity of 5-FU in 
the form of ischaemia has been reported [31]. The incidence is 
low and somewhat higher in patients with previously docu- 
mented ischaemic heart disease [32]. 

In our study all responses were seen in the subgroup of 
patients with colorectal cancer. The response rate of 24% 
is comparable to studies with a bolus injection of 5-FU in 
combination with an intravenous infusion of leucovorin [2, 131 
and also to continuous infusion of 5-FU alone [ 1,6-10,301. In 
two other studies the combination of continuous infusion of 5- 
FU with oral leucovorin differed especially in the duration of the 
5-FU infusion. This may be the reason for the difference in 
response rate, when compared with our study [18, 191 (Table 

5). 
All responses in our study occurred in the group of patients 

who received 10 mg of leucovorin. However, in 2 of the 4 
patients a dose reduction of 5-FU and leucovorin was necessary 
before the response was achieved. No dose-response relationship 
of oral leucovorin could be established, because of the low 
number of responders. Other studies using different schedules 
of 5-FU and leucovorin also did not find a clear dose-response 
relationship [2, 14-191. 

The explanation for the absence of a relation between the dose 
of leucovorin and response could be due to the fact that inhibition 
of thymidylate synthase occurs if intracellular folates exceed a 
certain threshold level, and that when this threshold level is 
reached, further dose escalation does not lead to a higher 
response rate [33]. 

It is not precisely known what concentration of leucovorin is 
necessary for maximal 5-FU binding and inhibition of thymidyl- 
ate synthase, resulting in an increase of cytotoxicity [33, 341. In 
vitro studies report variations from 0.1 to 10 l&I leucovorin 
[35, 361. 

Although plasma concentrations of leucovorin were below the 
detection limit of the assay, this may be enough to result in a 
modulatory effect, because we observed an increased toxicity of 
this schedule compared with other schedules with 5-FU alone; 
however, no relation to aIXiNmOUr activity could be established. 
A similar lack of correlation has been reported in two other 
Stud& with continuous infusion of 5-FU and oral leucovorin 
[18, 191. In two other studies, the level of leucovorin concen- 
trations measured was strongly dependent on the dose of leuco- 
vorin [ 14, 17].5-FU concentrations in our study were measured 

Table 5. Oral leucovorin and continuous infusion of 5-jhoruuracil(5-F U) 

5-FU dose Leucovorin dose per day 
Number of 

patients Response rate (%) Ref. 

100 mg/m*/day (protracted 

infusion) (fixed dose) 

225 mg/m*/day (protracted 
infusion) (escalating) 

15 mg in 3 doses (escalation until toxicity) 

(max. 67.5 mg) 

5 mg/m’ (fixed dose) 

27 

21 

- 

(97:R 
62 PRj 

WI 

v91 

max., maximum; “95% CI: 48_89%; CR, complete response; PR, partial response. 
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on days 7 and 14. There was a significant difference in the plasma 
concentrations between day:s 7 and 14, although a large variation 
was observed. A possible explanation for this large variation 
in plasma S-FU concentrations is described by Etierme and 
associates [37]. By using a portable pump with cartridges 
containing concentrated 5-FU solutions, plasma levels may vary 
tremendously, owing to the concentration of the 5-FU solution 
and the prolonged interval (compared with non-portable pumps) 
between the pulses of the portable pump. Diasio and Harris 
reported that no clear relation could be established between the 
plasma concentration and S-FU doses, although different doses 
(varying from 300 mg/m*/day to 175 mg&g/day) were used. 
Plasma concentrations varied from 0.8 to 71 PM [38]. 
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