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Gemcitabine increases systemic S-fluorouracil exposure
in advanced cancer patients
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Abstract

A number of recent clinical trials testing the combination of 5-fluorouracil (5-FU) and gemcitabine in patients with advanced
pancreatic adenocarcinoma have shown a significant clinical response rate, but also significant toxicity. As the two antimetabolites
may interact at several biochemical levels along their pathways of activation, we investigated whether gemcitabine (GEM) affects
5-FU pharmacokinetics in cancer patients. Thus, we compared 5-FU pharmacokinetics in two groups of patients with various
cancers who received the same schedule of 5-FU and folinic acid (FUFA), with or without GEM. There was a significant increase in
systemic (5-FU) exposure and toxicity in the FUFA plus GEM group. Our finding may be useful in designing future studies of the
combination in order to reduce the occurrence of side-effects and to maximise the antitumour activity.

© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

5-Fluorouracil (5-FU), one of the major components in
the treatment of colorectal, breast, head and neck, and
pancreatic carcinomas [1-3], is a pro-drug that needs to
be converted into 5-fluoro-deoxyuridine-monophosphate
(5SFAUMP) and 5-fluoro-uridine-triphosphate (SFUTP)
in cancer cells [1-3]. GEM (gemcitabine; difluoro-2',2'-
deoxycytidine) is a pyrimidine antimetabolite that is
active against breast, pancreatic and biliary tract carci-
nomas [1-6]. It requires activation throughout the
synthesis of its metabolites difluoro-2’,2’-deoxycytidine
triphosphate (dFdCTP), which is incorporated in the
DNA and inhibits chain elongation, and difluoro-2',2’-
deoxycytidine diphosphate (dFdCDP), which is also
capable of inhibiting the activity of ribonucleotide

* Corresponding authors. Tel.: +39-0577-586469; fax: +39-0577-
586133; tel.: +39-011-39-0577-233279; fax: +39-011-39-0577-233102.
E-mail addresses: francini@unisi.it (G. Francini), giorgig@unisi.

it (G. Giorgi).

0959-8049/03/$ - see front matter © 2003 Elsevier Ltd. All rights reserved.

doi:10.1016/S0959-8049(03)00361-7

reductase [3,4]. On the basis of the results of preclinical
studies showing that 5-FU and GEM have synergistic
antitumour activity in vitro [7,8], a number of clinical
trials have investigated the combination of the two
drugs using different schedules and dosages [9-15].
Most majority of these studies involved patients with
advanced pancreatic carcinomas, and reported vari-
able objective response rates, no effect on patient
survival and a significant percentage of grade 3-4
haematological and gastroenteric toxicity and related
mortality [9-15]. One of these studies in pancreatic
carcinoma patients compared weekly GEM + 5-FU
with GEM, finding no superiority of the combination
in terms of the objective response rate, time to pro-
gression and overall survival [15]. As the two drugs
act synergistically, along their activation pathways
[7,8] and enhance their respective antitumour activity
by interfering with pyrimidine synthesis and catabolism
at different levels [7,8], we believe that the administra-
tion schedule may be extremely important in determin-
ing the toxicity and activity of the combination. We
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therefore investigated whether GEM affects 5-FU
pharmacokinetics in advanced cancer patients.

2. Patients and methods
2.1. Eligibility criteria

The inclusion criteria required a histological diagnosis
of malignancy, a performance status <2 according to
the Eastern Co-operative Oncology Group (ECOG) a
life expectancy >3 months, normal renal and hepatic
function, a white blood cell count >2500x10%/1, hae-
moglobin >90 g/, a platelet cell count >100x10°/l,
and normal cardiac function. The exclusion criteria
were any major organ failure, central nervous system
(CNY) involvement, second tumours and active infec-
tious disease. The study was approved by our local
(University) Ethics committee, and all of the patients
gave their written informed consent.

2.2. Treatment

2.2.1. Experimental group

These patients received chemotherapy with GEM
(1000 mg/m? in a 30-min intravenous (i.v.) on days 1, 8
and 16, plus folinic acid (FA) (100 mg/m?) and 5-FU
(400 mg/m?) administered by a 30-min i.v. infusion on
days 1-5 (1 h after GEM on day 1). The cycles were
repeated every 4 weeks. The doses were extrapolated
from previous studies of FUFA alone or in combina-
tions with GEM.

2.2.2. Control group

All of these patients received FA (100 mg/m?) and 5-
FU (400 mg/m?) administered by a 30-min i.v. infusion
on days 1-5 every 4 weeks [20].

2.2.3. Pharmacokinetic evaluation

In order to evaluate the impact of GEM on 5-FU
pharmacokinetics, 5-FU blood levels were monitored in
two groups of patients receiving 5-FU and folinic acid
(FUFA) (control group) or FUFA + GEM (experimental
group). The venous blood samples (5 ml) were drawn
and placed into heparinised tubes (Falcon) at 0, 5, 15,
30, 60 and 120 min after the beginning of 5-FU admin-
istration on days 1, 3 (in three patients) and 5 of the
first, third and sixth cycles, and the plasma was imme-
diately separated by centrifugation at 2000g for 10 min
at 4 °C. The plasma samples were then transferred into
polypropylene vials and frozen at —70 °C; they were
thawed immediately before the assay.

High-performance liquid chromatography (HPLC) as
described by Jung and colleagues [16] was used to
determine the plasma concentrations of 5-FU, and its
S5-fluorodeoxyuridine (5FdUrd) and S-fluorouridine

(5FUrd) metabolites after the samples had been depro-
teinised with 10% perchloric acid and filtered through
0.45-um filters (Millipore). 5-FU and the metabolites
were separated on a Hypersil ODS analytical column
(4.6x150 mm; 5 um particle size, Beckman Corp., USA)
using methanol/acetic acid/water (3/0.05/96.95 v/v) as a
mobile-phase at a flow rate of 0.8 ml/min, and assayed
using a Waters HPLC system (Milford, MA, USA) with
an ultraviolet (UV) detector set at 262 nm. The lower
quantification limit for 5-FU, 5FUrd and 5FdUrd were
all <23 ng/ml; the precision and accuracy rates eval-
uated as inter- and intraday variability were less than
10%. The area under the plasma concentration—time
curve (AUC), elimination half-life (#,,,), total plasma
clearance (Cly), apparent distribution volume in the
central compartment (Vp), and the maximum plasma
concentration (Cp,.x) of 5-FU were calculated for every
patient using MK Model Software (Version 5, Biosoft,
Cambridge, UK). As the short-term (30-min) infusions
were considered as 5-FU bolus [17,18], the data of each
course were fitted using a one-compartment model and
linear elimination kinetics. The AUC was calculated
from time zero to the last time point using the trape-
zoidal rule. Clt was determined by dividing the dose by
AUC. The t,,, was calculated using a least-squares
regression analysis of the data apparently belonging to
the elimination phase. Vp in the central compartment
was calculated as 5-FU dose/(elimination konstant
(Ko)xAUCQC). Cax Was determined by visual inspection
of the plasma concentration—time data [19].

2.2.4. Statistical analysis

Each experimental point was performed in triplicate.
The statistical significance of all the differences between
the mean values was determined using a two-tailed
Student ¢-test. The Statistical Package for the Social
Sciences (SPSS) (Version 6.0.1, 1994, SPSS Inc.) was
used to analyse the pharmacokinetic data.

3. Results
3.1. Study design and patient characteristics

The study was designed to compare 5-FU pharmaco-
kinetics in patients receiving the same FUFA treatment
plus or minus GEM. All of the patients in both groups
had metastatic gastroenteric carcinomas, and were treated
in our Institution from November 1997 to January 1998.

The experimental group consisted of 20 patients (12
males and 8 females) with an average age of 66 years
(range 34-82 years) belonging to a cohort of 51 individ-
uals enrolled in a phase I-II clinical trial aimed at eval-
uating the toxicological and antitumour activity of
GEM +FUFA in combination in various advanced
gastroenteric carcinomas (the results have not yet been
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fully published). They all had advanced stage discase
and an ECOG performance status of <2. 12 had pan-
creatic carcinomas, 5 had colorectal carcinomas, 2 had
gallbladder carcinomas, and 1 a gastric carcinoma.

The control group consisted of 16 patients (9 males
and 7 females) with a median age of 64 years (range 36—
84 years) and an ECOG performance status of 0-2.
They received FUFA chemotherapy for the standard
treatment of various advanced stage disease gastro-
enteric carcinomas: 3 had pancreatic carcinomas, 5 had
colorectal carcinomas, 6 had gallbladder carcinomas,
and 2 had gastric carcinomas.

3.2. Pharmacokinetic analysis

The concentration—time curves of 5-FU in the
patients in the two groups are shown in the Fig. 1.
Analysis of the pharmacokinetic parameters showed
that the patients in the experimental group (begun 1 h
after the beginning of GEM administration) had a
higher 5-FU AUC, C,,.x, and plasma t,,, values, and
lower mean Clt and Vp (Table 1). None of the 5-FU
pharmacokinetic parameter values in the individual
patients changed significantly between day 1 and day 3
or day 5 of the first cycle (data not shown), thus sug-
gesting that effect of GEM on 5-FU pharmacokinetics is
a long-term effect and lasts longer than 5 days. Fur-
thermore, there was no difference in the individual 5-FU
pharmacokinetic parameter values between the first,
third and sixth cycles (data not shown), suggesting that
the effect of GEM on 5-FU pharmacokinetics is repro-
ducible and not lost during the treatment. The 5-FU
cytotoxic metabolite precursors, SFdUrd and 5FUrd,
were only detectable in the patients in the experimental
group (15 and 16 patients, respectively). The two
nucleoside metabolites did not interfere with the GEM
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Fig. 1. 5-Fluorouracil (5-FU) (pg/ml) concentration—time curves+ -
standard error in 20 patients receiving difluoro-2’,2’-deoxycytidine or
gemcitabline (GEM) plus 5-fluorouracil and folinic acid (FUFA) ()
and a control group of 16 patients receiving FUFA alone (at the same
dosage and schedule) (@).

Table 1

GEM + FUFA FUFA Statistical

significance

PK parameters

AUC (ng/ml/min)  555.2+£208.67 244+89.14 P <0.001
Chnax (ng/ml) 6.6+£3.00 4.54+2.34 P<0.02
plasma ¢; (mins) 22.2+10.35 14.5+£5.34 P<0.05
Cly (ml/min/m?) 903.6+429.05 1946.0+£896.72 P <0.001
Vb (1) 29.7+24.18 40.2+18.59 P <0.001

AUC, area under the plasma concentration time curve; Cp,,y, max-
imum plasma concentration; Cly, total plasma clearance; 1, elimina-
tion half-life; Vp, apparent distribution volume in the central
compartment; FUFA, 5-fluorouracil (5-FU) and folinic acid; GEM,
gemcitabine; Pk, Pharmacokinetic.

and GEM metabolite readings; in fact, in our assay, 1 h
after the beginning of the GEM administration, when
the 5-FU pharmacokinetic monitoring started, the
GEM metabolites were no longer detectable in the
plasma (data not shown), thus excluding the possibility
of an intra-assay interference.

4. Discussion

Our pharmacokinetic results suggest that GEM
enhances systemic exposure to 5-FU in cancer patients.
The 5-FU AUC, and its elimination half-life (¢;,,) were
significantly higher in the experimental group receiving
GEM + FUFA than in the control group receiving
FUFA alone.

The two metabolite precursors, SFUrd, and SFdUrd,
were only observed in the experimental group. As these
metabolites are diffusible across the membrane, and
their concentrations are in equilibrium with the extra-
cellular compartment, their enhanced serum concen-
tration is assumed to indicate a higher intracellular
production. This observation may be of interest because
the two intracellular 5-FU cytotoxic metabolites,
SFAUMP and SFUTP, are the final products of the
subsequent phosphorylations of 5FdUrd and 5FUrd,
respectively. The results of most clinical trials testing the
combination of the two drugs suggest that the GEM
plus 5-FU (4+FA) administration given by short or
prolonged 1i.v. infusion has significant anti-tumour
activity in patients with pancreatic carcinoma and other
gastroenteric cancers, including colorectal carcinoma
[7-15]. One of the largest of these study, the E2297
phase III trial, by the ECOG, compared a weekly sched-
ule of GEM (1 g/m?) plus FU (600 mg/m?) with GEM
alone in patients with pancreatic carcinoma and repor-
ted very disappointing results: the combination, in fact
showed no advantage in terms of overall survival (6.7
versus 5.4 months), progression-free survival (3.4 versus
2.2 months) or the response rate (5.6% versus 6.9%)
and was burdened by a higher degree of therapy-related
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toxicity [15]. We have recently concluded the first phase
I-IT clinical trial testing GEM+5-FU and FA in
patients with advanced cancers (including pancreatic,
colorectal and biliary tract carcinomas), which was
designed on the basis of previous in vitro studies
demonstrating synergistic antitumour activity and positive
pharmacological interactions between GEM and 5-FU
(and FA) in colon carcinoma cell lines. These studies
showed that the two drugs have synergistic antitumour
activity and induce apoptosis when GEM is given
before 5-FU [22]. As mentioned in the Results section,
the patients in the experimental group of the present
study belonged to a cohort of 51 patients enrolled in the
above described phase I-II trial. In that study, 8 patients
were not evaluable for response because of a premature
treatment discontinuation due to side-effects (6 patients)
or sudden life-threatening tumour-related complications
(2 patients) during the first cycle of treatment cycle. A
demonstrable clinical response was observed in eleven
patients (8/36 with pancreatic carcinoma, 1/8 with colon
carcinoma, and 2/5 with biliary tract carcinoma) and
there were 19 disease stabilisation (17 pancreatic carci-
nomas, one colon carcinoma and one unknown primary
site carcinoma), some of which were not responsive to
5-FU or GEM as single agents [21]. The study was
unfortunately hampered by the occurrence of 5 cases of
grade 4 gastroenteric toxicity, 3e of which are reported
in the present study, with two toxic deaths; an observa-
tion that leads of to believe that GEM can effectively
enhance the antitumour activity of FUFA, but also
increases the toxicity in cancer patients. The synergy of
the two drugs is probably due to intracellular interac-
tions along their respective biochemical pathways of
activation and metabolism; however, our pharmacoki-
netic findings may partially explain the clinical effects
observed when GEM and 5-FU are given in combi-
nation. It has been previously shown that there is a very
close relationship between changes in plasma 5-FU
pharmacokinetic parameters and its antitumour activity
and toxicity in cancer patients [22], and so the enhanced
5-FU systemic exposure found in the presence of GEM
may well explain the higher level of toxicity and anti-
tumour activity observed in this clinical trial.

We do not yet have data to explain the mechanism
causing the occurrence of such events, but it is very
likely that #, 5, Cly, AUC, Cy,ax and Vp, alterations are
due to GEM or GEM metabolite interactions in 5-FU
metabolism and elimination (e.g. 5-FU re-uptake by the
renal tubules). Different administration schedules may
therefore explain the different results of studies testing
the two drugs in combination, and also partially explain
the failure of the E2297 phase III trial.

Our pharmacological results should be taken into
account when designing clinical trials testing GEM and
5-FU in combination in order to maximise the anti-
tumour effects and reduce the occurrence of side-effects.
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