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Bbstract

The optimum dose of calcium folinate (leucovorin) as
modulator of fluorouracil has not been defined yet. We
conducted a randomized trial to compare the
pharmacokinetics/ pharmacodynamics of two doses of
calcium folinate. 16 patients with advanced colorectal cancer
were treated with 650 mg/m?/d fluorouracil as 5 day
continuous infusion and randomized to receive either 20
mg/m?2 or 100 mg/m? calcium folinate as short infusion
twice daily. The two diastereoisomers of calcium folinate
were analyzed separately by chiral HPLC to account for
differences in their pharmacokinetics. The pharmacokinetics
of fluorouracil was not affected by folinate dosing. Total
clearance of the active (6S)-diastereoisomer was found to be
lower after the higher dose of folinate which can be
explained by nonlinear metabolism. The incidence of
treatment-induced mucositis significantly increased with
(6S)-folinate exposure, whereas fluorouracil exposure was
not related to this type of toxicity. In conclusion, exposure to
folinate is more important for toxicity in this regimen than
fluorouracil pharmacokinetics. Therefore, monitoring of
fluorouracil plasma levels is not useful in this combination.
Our results show that folinate dose should be carefully
selected. Lower doses of folinate might be preferred because
of less toxicity compared to higher doses.
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Introduction

For more than 30 years fluorouracil has been used in
the treatment of gastrointestinal carcinomas. The
cytotoxic activity of fluorouracil is enhanced by coad-
ministration of calcium folinate (leucovorin) due to
more pronounced inhibition of thymidilate synthase
compared to fluorouracil alone. This effect is
explained by increased intracellular concentrations of
5,10-methylene-tetrahydrofolate which forms a
stable ternary complex with 5-fluoro-desoxyuridine
monophosphate (FAUMP), a metabolite of fluoroura-
cil, and thymidilate synthase [1]. The combination of
fluorouracil and calcium folinate represents one of the
current standard treatments of metastatic colorectal
cancer. Calcium folinate was shown to be superior to
other biomodulators [2]. Response rates range from
10 to 60% [3].

Although many different regimens of fluorouracil
and calcium folinate have been used the optimum
folinate dosage is still a controversial issue. The foli-
nates doses used varied from 20 mg/m2 weekly [4] to
500 mg/m?2 daily [5]. On one hand, inhibition of thy-
midilate synthase was found to be more pronounced
using higher doses of calcium folinate [6]. In a large
phase lll trial there was a trend toward longer survival
when high-dose folinate was used compared to lower
doses [7]. On the other hand, some authors favor low
doses because of less treatment-related toxicity [8,9].

Dosage recommendations should be based on clin-
ical trials as well as sound pharmacokinetic and phar-
macodynamic investigations. Commercially available
calcium folinate is a mixture of equal amounts of two
diastereoisomers. (6S)-folinate is converted to the
active metabolite 5,10-methylene-tetrahydrofolate,
whereas the inactive (6R)-folinate is mainly excreted
unchanged by the kidneys. Consequently, both dia-
stereoisomers differ considerably in their pharmacoki-
netics. (6S)-folinate exhibits a shorter half-life com-
pared to the (6R)-diastereoisomer [10 11 12]. Recent
investigations focussed on administration of pure
(6S)-folinate. These trials indicated that (6S)-folinate
pharmacokinetics does not exhibit major differences
when given separately or as diastereoisomeric mix-
ture [13 14].

Although the pharmacokinetics of fluorouracil and
the two diasteromers of calcium folinate was already
described in other clinical trials [10 11 12] there is no
randomized pharmacokinetic and pharmacodynamic
comparison of two different dosages of calcium foli-
nate in combination with fluorouracil. In order to clar-
ify which folinate dose should be preferred we con-
ducted this randomized trial in patients with
advanced colorectal cancer using continuous infusion
of fluorouracil combined with pulsed folinate. This
regimen has been shown to be effective as second-
line therapy in advanced colorectal cancer with
acceptable toxicity preserving the quality of life dur-
ing chemotherapy [15]. Our study design allowed to
reveal a potential effect of different folinate doses on
fluorouracil pharmacokinetics, to investigate a poten-
tial time- and dose-dependence of (6S)- and (6R)-foli-
nate kinetics, and to characterize relationships
between pharmacokinetics and pharmacodynamics
of fluorouracil/folinate.

Methods

Patients

16 patients with advanced colorectal cancer were
investigated. Patients with histologically confirmed
metastatic unresectable tumor, estimated life expec-
tancy of more than three months and at least one



measurable tumor parameter were included in this
trial. Moreover, the following inclusion criteria were
defined: Karnofsky performance status = 50%, suffi-
cient blood cell counts (WBC > 4000/mm3, platelet
count > 100,000/mm?3), liver function (bilirubin level
< 1.75 mg/dl), and renal function (serum creatinine
level < 1.5 mg/dl). Patients with cardiac infarction up
to six months before start of treatment or pregnant
women were excluded from the study.

Four women and twelve men with median age of
63 years (range: 49-76 years), median weight of 72
kg (range: 55-105 kg) and median height of 168 cm
(range: 155-190 cm) were included in this trial.
Estimated body surface area resulted in a median
value of 1.8 m?2 ranging from 1.5 to 2.2 m2. All
patients gave written informed consent to participate
in the study. The study protocol was approved by the
local ethics committee.

Study design

Fluorouracil was administered as 5 day continuous
infusion in a dosage of 650 mg/m?/d. Patients were
randomized to receive either 20 mg/m2 or 100
mg/m? calcium folinate (Rescuvolin®) as diastereoiso-
meric mixture. Calcium folinate was given as short
infusion over 15 minutes every 12 hours during fluo-
rouracil infusion. In total, each patient received ten
short infusions of calcium folinate.

On the first treatment day and on day 3, 4 or 5
when steady-state of both folinate diastereoisomers
was reached serial blood samples of 4 ml blood were
drawn before start of infusion, at the end of infusion,
20, 40, 60, 90 minutes, and 2, 3, 4, 6, and 12 hours
after the end of infusion of calcium folinate. The same
sampling protocol was used on both days. Blood was
collected in heparinized tubes and immediately
mixed with 0.1 mg of ascorbic acid to avoid oxidation
of calcium folinate. After 10 min centrifugation (3000
rpm) plasma aliquots were stored at -70 °C until anal-
ysis.

Drug analysis

Plasma samples were analyzed for fluorouracil by
reversed phase ion-pair HPLC using an assay modified
from Christophidis et al. [16] and Quebbeman et al.
[17]. In brief, Spherisorb® S ODS 2.5 pym (Knauer
GmbH, Berlin, Germany) was used as stationary
phase. The mobile phase consisted of 0.05 M
Na,HPO, and 0.01 M tetrabutylammonium hydrox-
ide adjusted to pH 6.2. Fluorouracil was detected by
UV absorbance at 266 nm. The following extraction
procedure was used: 50 pl of an aqueous solution of
the internal standard bromouracil and 50 ul 1T M
phosphate buffer (pH 4.8) were added to 200 pl plas-
ma. Afterwards the sample was centrifuged with 3.0
ml of a mixture of diethylether and 1-propanol
(84:16, V/V). The organic phase was separated and
centrifuged with 200 pl 0.05 M phosphate buffer (pH
11) in order to extract fluorouracil and bromouracil.
The aqueous phase was separated, dried using vacu-
um evaporation and dissolved in 200 pl purified
water. 20 pl 0.07 M phosphoric acid was added to
obtain a pH of 7.0, and 80 pl of this mixture was
injected onto the column. The calibration curves were
linear between 30 and 570 ng/ml. Within-day preci-
sion of the assay was assessed by 10fold injection of
three different plasma samples spiked with a low,

medium and high fluorouracil concentration.
Coefficients of variation ranged from 0.4 to 3.2%.
Mean between-day precision using biologically
derived plasma samples was found to be 7.5%.

The diastereoisomers of calcium folinate were ana-
lyzed separately by chiral HPLC [18]. The stationary
phase consisted of silica with covalently bound
bovine serum albumin (Resolvosil®, Macherey-Nagel,
Diren, Germany). The reference compounds were
kindly supplied by Medac, Hamburg, Germany. 0.05
M Na,HPO, adjusted to pH 5.2 was used as mobile
phase. Under these chromatographic conditions (6S)-
folinate had a shorter retention time compared to the
(6R)-diastereoisomer. Detection was performed by UV
absorbance at 290 nm. Before analysis, 500 pl plasma
was deproteinized by addition of 1000 pl acetonitril
and centrifuged. The supernatant was dried using
vacuum evaporation and dissolved in 50 pl purified
water. 20 pl of the solution was injected onto the col-
umn. The calibration curves of both folinate diaster-
eoisomers were linear between 50 ng/ml and 20
pg/ml. Within-day precision assessed as described for
fluorouracil ranged between 0.3 and 1.7% for (6S)-
folinate and between 0.2 and 1.1% for (6R)-folinate,
respectively. Mean between-day precision was found
to be 2.6% for both diastereoisomers.

Pharmacokinetic analysis

Pharmacokinetic parameters of fluorouracil were cal-
culated using non-compartmental methods. Since no
circadiane fluctuations were observed between 2
p-m. and 10 p.m. (see results and discussion) steady-
state concentrations were calculated as average plas-
ma concentration during this time interval. Total
clearance (CL) was calculated by dividing infusion
rate by steady-state concentration (C), area under
the plasma-concentration curve (AUC) was obtained
by the trapezoidal rule. The pharmacokinetic parame-
ters AUC, CL, V; and terminal t, , of the two folinate
diastereoisomers were estimated using a one-com-
partment model for (6S)-folinate and a two-compart-
ment model for (6R)-folinate. Curve fitting was per-
formed by a weighted least-squares optimization pro-
cedure (SIPHAR/Win, Simed, Créteil, France). Peak
plasma levels (C_,.) were taken directly from the
plasma level-time curve.

Pharmacodynamic analysis

For evaluation of response WHO criteria were used. In
addition, “minor remission” (MR) was defined as a
reduction of tumor parameters of less than 50% but
at least 25% without hint of enlarged or newly
detected metastases up to 4 weeks after treatment.
Toxicity was graded according to NClI criteria.

Statistical analysis

Statistical differences in mean pharmacokinetic
parameters were evaluated by either one-way or two-
way ANOVA (folinate dose and day of treatment) fol-
lowed by the Tukey test (Statgraphics, Statistical
Graphics Corp., Rockville, USA). The Kolmogoroff-
Smirnoff test was used to confirm normal distribution.
The AUC values of patients with and without toxicity
were compared using the Mann-Whitney test. All p
values < 0.05 were considered to be statistically signif-
icant.
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Results

Pharmacokinetics of fluorouracil

Figure 1 shows mean plasma levels of fluorouracil ver-
sus time of the day. All plasma levels under steady-
state conditions were hourly summarized. Whereas
there was a considerable variability, we did not
observe any major circadiane fluctuation during day-
time. Since concentrations around 11 a.m. tended to
be lower compared to afternoon and evening we
decided to calculate the steady-state concentration of
fluorouracil as mean concentration between 2 p.m
and 10 p.m. In one patient considerably lower fluo-
rouracil levels (< 50 ng/ml) were observed without
reasonable explanation. This patient was excluded
from pharmacokinetic and statistical evaluations for
fluorouracil. Steady-state concentrations, total plasma
clearance and AUC,,, , for each day of treatment
were calculated for all individual patients. Mean
parameters are listed in Table 1 separately for the dose
of calcium folinate and the day of treatment. No sig-
nificant effect of folinate dose or the day of treatment
on pharmacokinetics of fluorouracil was observed.
Although CL of patients receiving the higher dose of
calcium folinate seemed to be elevated the difference
between this group and the others was not significant.

Pharmacokinetics of (6S)- and (6R)-folinate

As expected considerable pharmacokinetic differences
were found between both diastereoisomers. (6S)-foli-
nate exhibited significantly lower peak levels, a higher
total plasma clearance and a shorter terminal half-life
compared to the inactive (6R)-diastereoisomer.
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Figure 1l
Mean plasma concentrations (+ standard error of the
mean) of fluorouracil (n=15; one patient with extremely
low concentrations was excluded, see text) versus time of
the day (plasma concentrations were hourly
summarized) during continuous infusion.

Active (6S)-folinate showed an almost identical con-
centration-time profile on day 1 and day 3-5 with a
monoexponential decline (Figure 2). As half-life of the
active diastereoisomer is extremely short (15 to 21
minutes) plasma levels after administration of the
lower dose reached the lower limit of quantification
1.2 hours after the end of infusion. After the higher
dose of 100 mg/m?2 (6S)-folinate could be measured
up to 2.3 hours after the end of folinate infusion.
Comparing plasma levels after administration of the
two different folinate dosages a faster decline was
found after administration of 20 mg/m?2. Mean phar-
macokinetic parameters of (6S)-folinate are listed sep-
arately for folinate dose and day of treatment (Table
2). Peak levels (C,.,) and systemic exposure (AUC) of
(6S)-folinate were found to increase overproportion-
ally with dose. Patients receiving 20 mg/m? of foli-
nate exhibited a shorter half-life and higher total
clearance (p<0.05) compared to those with 100
mg/m?. Volume of distribution (V) did not differ sig-
nificantly between doses indicating that dose-depen-
dence of (6S)-folinate pharmacokinetics results from
nonlinear elimination.

Plasma levels of the inactive (6R)-folinate declined
biexponentially (Figure 3) with a terminal half-life
between 6.6 and 8.6 h. Consequently, cumulation of
the (6R)-diastereoisomer was observed during the 5
day treatment. As plasma levels of active (6S)-folinate
did not differ between day 1 and days 3-5 the
(6S/6R)-concentration ratio decreased continuously
until  (6R)-folinate levels reached steady-state.
Concentration-time profiles of (6R)-folinate after the
two administered doses were parallel. Table 3 sum-
marizes the pharmacokinetic parameters calculated
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Figure 2

Mean plasma concentrations (+ standard deviation) of
calcium (6S)-folinate after i.v. administration of 20
mg/m? (e day 1, o days 3-5) and 100 mg/m?

(A day 1, A days 3-5).

Tablel Pharmacokinetic parameters (mean * standard deviation) of fluorouracil (n=8)
Folinate dose (mg/m?) Day of treatment C,(ng/ml) CL(ml/min) AUC,_;, p(ngeh/ml)
20 1 203+ 75 4211 £ 1251 2426 + 1050
20 3-5 190 £ 47 4498 + 1522 2196 £ 617
100 1 165 + 74* 5715+1713* 1995+ 850*
100 3-5 216 £ 71 4172 +1147 2716 £ 937

*n=7 (one patient was excluded because of extremely low plasma concentrations, see text)



for the inactive (6R)-diastereoisomer. In contrast to
the active diastereoisomer, C_ .. and AUC proportion-
ally increased with dose. Accordingly, no significant
differences in total clearance, terminal half-life or vol-
ume of distribution between the two folinate doses
and between the different treatment days were
found. For this reason, linear pharmacokinetics of
(6R)-folinate can be assumed over the dose range
studied.

Relationships between pharmacokinetics and
pharmacodynamics

Tumor response and treatment-related toxicity are
summarized in Table 4. 14 out of 16 patients showed
a stable disease, one patient had a progressive dis-
ease, and in one patient a minor remission (MR) was
observed. The latter two patients did not show any
outstanding pharmacokinetic characteristics com-
pared to the others.

Dose-limiting toxicity in this regimen was mucositis
and hand-foot syndrome. Half of the patients experi-
enced treatment-induced mucositis (5 patients grade
2, 3 patients grade 3). Patients with mucositis had a

Plasma concentration (pg/ml)

Figure 3

Mean plasma concentrations (+ standard deviation) of
calcium (6R)-folinate after i.v. administration of

20 mg/m? (e day 1, o days 3-5) and 100 mg/m?

(A day 1, Adays 3-5).

slightly higher systemic exposure to fluorouracil com-
pared to those with no mucositis (Figure 4). However,
the difference in fluorouracil AUC (calculated as the
sum of the AUC values during the two observed days)
was not significant. In Figure 4 folinate dose is indicat-
ed for individual patients. It is evident that all patients
receiving the higher dose experienced mucositis
whereas only one patient with the low dose showed
this toxicity suggesting that mucositis mainly
depends on folinate exposure. In Figure 5 total AUC
of (6S)-folinate on both observation days is plotted
separately for patients with and without mucositis.
Patients with mucaositis clearly had a higher exposure
to the active (6S)-diasterecisomer compared to
patients without mucositis. Interestingly, the patient
exhibiting the highest AUC of the low-dose group
experienced mucositis. Thus, folinate exposure is
clearly an important factor for the incidence of muco-
sitis in fluorouracil/folinate regimens.

Four patients developed a hand-foot syndrome
which is characteristic for fluorouracil-containing regi-
mens [19]. Palms and soles were symmetrically swol-
len and showed marked erythema. On day 1 mean
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Figure 4

Relationship between fluorouracil AUC (mean tstandard
deviation) and treatment-induced mucositis

(* 20 mg/m? folinate, o 100 mg/m? folinate).

Table2 Pharmacokinetic parameters (mean + standard deviation) of calcium (6S)-folinate (n= 8)

Folinate dose  Day of Crax AUC CL ti2 Vi
(mg/m?) treatment (ug/ml) (ugeh/ml) (ml/min) (h) )
20 1 1.51+£0.24 0.79 £0.23 408 + 141 0.25+0.08 8.14+1.63
20 3-5 1.30+0.25 0.78+0.25 427 +180 0.31+£0.13 10.02+2.66
100 1 9.44 £ 2.35 6.10+1.27 255+ 82 0.35+0.05 7.58+2.13
100 3-5 9.15+2.07 5.77 £1.63 306 + 201 0.34+£0.08 8.33+3.52
Table 3 Pharmacokinetic parameters (mean * standard deviation) of calcium (6R)-folinate (n = 8)
Folinate  Day of Corox AUC CL t124 ti2p Ve
dose treatment  (ug/ml) (ugeh/ml) (ml/min) (h) (h) 0)
(mg/m?)
20 1 3.61+0.51 2575+ 6.70 12.39+3.79 0.50+0.14 820+3.18 7.90%2.52
20 3-5 492+0.63 2651+ 389 11.58+247 0.64+0.32 8.60+1.20 7.93+1.35
100 1 19.40+3.58 104.83+28.32 15.08+4.74 0.28+0.15 6.57+1.63 8.16+3.58
100 3-5 26.07+£5.85 122.01+33.12 13.10£4.68 0.37+0.15 7.37+1.68 7.99+4.09
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Figure 5
Relationship between calcium (65)-folinate AUC (mean
+ standard deviation) and treatment-induced mucositis.

fluorouracil plasma levels of patients with hand-foot
syndrome were slightly higher compared to those
without hand-foot syndrome but on days 3-5 plasma
levels were comparable. In addition, folinate kinetics
was not conspicuous in these patients. Thus, our data
do not suggest any relationship between drug expo-
sure and the development of a hand-foot syndrome.

Discussion

This trial investigated the pharmacokinetics and phar-
macodynamics of a combined treatment with fluo-
rouracil and calcium folinate. Calculated pharmacoki-
netic parameters for fluorouracil, (6S)- and (6R)-foli-
nate were comparable to those reported by other
authors [10,11,12].

Our data clearly show that repeated administration
of different doses of calcium folinate has no influence
on fluorouracil pharmacokinetics. After continuous
infusion circadiane fluctuations of fluorouracil kinetics
were reported [20,21]. Metzger et al. [21] investigat-
ed a similar dosage to the one used in this study and
reported maximum concentrations of fluorouracil
around 4 a.m. and minimum concentrations around
1 p.m. Since in our study no samples were drawn at
night, chronopharmacokinetics was less evident. The
lowest plasma levels were observed around 11 a.m.
The considerable differences in the pharmacokinetics
of the two diastereoisomers of folinate underline the
importance of separate analysis. Active (6S)-calcium
folinate exhibited a higher total clearance and a short-
er elimination half-life compared to the inactive dia-
stereoisomer. After repeated dosing only the inactive
diastereoisomer undergoes cumulation. Since (6S)-
folinate kinetics does not alter during the 5 day treat-
ment, it seems unlikely that the large excess of (6R)-
folinate inhibits intracellular uptake and efficacy of
(6S)-folinate which is in accordance with results of
Bertrand et al [22]. Nonlinear elimination of (6S)-foli-
nate was already suggested by Newman et al. [23]
comparing three dose levels consecutively in a dose
escalation study. For the first time we describe nonlin-
ear elimination of (6S)-folinate using a randomized
comparison of two doses. The lower clearance that

Table4 Response rates and toxicity

Patient Treatment Response Toxicity
cycle rate
1 1 SD none
2 1 SD none
3 1 SD mucositis grade 2
hand-foot syndrome
grade 3
4 1 SD none
5 5 PD mucositis grade 2
6 3 SD mucositis grade 2
hand-foot syndrome
grade 3
7 1 SD mucositis grade 2
8 3 SD hand-foot syndrome
grade 2
9 1 SD mucositis grade 3
10 2 SD hand-foot syndrome
grade 1
11 1 SD mucositis grade 2
12 3 MR none
13 1 SD diarrhea grade 2
14 3 SD mucositis grade 3
15 2 SD nausea grade 2
16 1 SD mucositis grade 3

we found after the high folinate dose might be
explained by saturable metabolism. This interpreta-
tion is supported by the fact that the (6R)-diastereo-
isomer which is not metabolized does not show dose-
dependent kinetics. Schilsky and Ratain [24] found a
considerably lower total clearance and longer half-life
of (6S)-folinate after administration of a much larger
dose (1000 mg) of folinate to 5 healthy volunteers
compared to our data. On the other hand, clearance
and half-life of (6R)-folinate were similar to those
reported in our study.

Some adverse drug reactions associated with fluo-
rouracil chemotherapy depend on the administration
mode of the drug. When fluorouracil is given as bolus
injection, hematotoxicity is dose-limiting, whereas
continuous infusion is mainly associated with muco-
sitis [25, 26]. Our data do not indicate a significant
relationship between fluorouracil kinetics and the
incidence of toxicity. This is in contrast to Thyss et al.
[27] who established a relationship between individu-
al fluorouracil exposure and treatment-induced toxic-
ity in head and neck cancer patients receiving fluo-
rouracil as continuous infusion over 5 days without
folinate coadministration. Although our patients with
mucositis exhibited slightly higher fluorouracil AUC
values, the difference was not significant. However,
our data clearly demonstrate the importance of foli-
nate dose and exposure for toxicity. Patients who
received 100 mg/m? of calcium folinate had a signifi-
cantly increased risk of treatment-related mucositis.
Routine monitoring of fluorouracil plasma levels
might hence be of less value for minimizing toxicity
when the drug is combined with folinate. A careful
selection of the appropriate folinate dose seems to be
of more relevance. Moreover, the higher folinate dose
apparently did not improve treatment outcome in
our patients. This observation is in accordance with a



recent multicenter trial of Jager et al. [8] who com-
pared 20 mg/m?2 and 500 mg/m?2 calcium folinate
combined with 500 mg/m? fluorouracil given as
intravenous bolus injection in patients with advanced
colorectal cancer. They reported comparable
response and survival in both groups of patients but a
significantly higher incidence of severe diarrhea with
the high folinate dose.

In conclusion, our pharmacokinetic/pharmacody-
namic results indicate a preference for the lower foli-
nate dose when combined with fluorouracil. Higher
exposure to (6S)-folinate increased the incidence of
treatment-induced mucositis in  patients with
advanced colorectal cancer. Minimization of toxicity
is of great importance since an acceptable quality of
life is one of the major goals of palliative treatment of
colorectal cancer. Fluorouracil pharmacokinetics
seems to be of minor relevance for toxicity in fluorou-
racil/folinate regimens. Routine pharmacokinetic
monitoring and individualized dosing of fluorouracil
might hence be less useful when folinate is coadmin-
istered as biomodulator. The significance of nonlinear
metabolism of (6S)-folinate for fluorouracil biomod-
ulation remains to be elucidated.
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