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Abstract—Eight patients with malignancies confined to the peritoneal space participated in this study.
Five hundred milligrams S-fluorouracil or 10 mg mitomycin C was diluted in 1L saline. The mixed
solution was injected intraperitoneally through the semi-permanent peritoneal catheter. Blood and
peritoneal fluid were collected after injection. 5-Fluorouracil concentrations in the peritoneal fluid
were 1000 times those in serum, while mitomycin C concentrations were 100 times those in serum. Areas
under the concentration vs time curve (AUC) were calculated by the trapezoidal method with extrapola-
tion to infinity. The ratio of peritoneal fluid AUC to serum AUC was about 1400 for 5-fluorouracil and 80
for mitomycin C. Patterns for the absorption and elimination from systemic circulation were similar for
both compounds. Drug concentrations in the peritoneal fluid and serum were analysed according to the
compartment model. The half-life in the peritoneal fluid (t} ) and the rate constant from the peritoneal fluid
to the systemic circulation (k,) were nearly equal for both 5-fluorouracil and mitomycin C (ti,, 1-0h for
5-fluorouracil and 1-3h for mitomycin C; k, 0-71 h~! for S-fluorouracil and 0-68 h-! for mitomycin C),
although the apparent volume of distribution (Vd,/F) and clearance in the peritoneal cavity (CL,) for
mitomycin C (78 Lm~2 and 1.8 Lh~! m~?) were about twice the values for 5-fluorouracil (149 L m-2 and

0-8Lh~' m-2).

Many patients with gastrointestinal and ovarian tumours
develop extensive peritoneal and serosal metastases. Intra-
abdominal tumours are often the primary cause of liver
metastases, spreading through portal venous drainage
(Wood et al 1976), and ascites leading to anorexia and
nausea. This area is also one of the most difficult to treat
with chemotherapy. A variety of approaches, including
radioisotopes, systemic chemotherapy and locally directed
chemotherapy, has been attempted to treat intra-abdominat
tumours. Within the last decade many oncologists have been
conducting locally directed intraperitoneal administration
through a semi-permanent peritoneal catheter using various
antitumour drugs and treatment schedules (Myers &
Collins 1983; Brenner 1986, McClay & Howell 1990).
Chemotherapy treatment by the intraperitoneal route
delivers high local concentrations to the peritoneal cavity
while producing low concentrations in the systemic cir-
culation. With this method of chemotherapy, various
adverse effects, such as nausea, vomiting, mucosites, bone
marrow suppression and renal impairment can be
eliminated or greatly reduced. In addition, repetitive
administration can be conducted easily in outpatients.
Recent reports have discussed the relationship between
drug concentration or exposure time and the cell-killing
effect for both cell cycle phase-specific agents and phase-
nonspecific agents (Ozawa et al 1988). We undertook this
study by fitting the compartment model to locally directed
intraperitoneal chemotherapy using S5-fluorouracil and
mitomycin C. Pharmacokinetic parameters were analysed
by measuring drug concentrations in both the peritoneal
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fluid and serum, and by estimating the pharmacokinetic
properties for each drug.

Materials and Methods

Materials

5-Fluorouracil and mitomycin C for clinical use were
purchased from Kyowa Hakko Kogyo Co. (Tokyo,
Japan). All standard reagents for analysis were donated by
the same company. Other chemicals were obtained from
standard chemical sources and were of analytical reagent
grade.

Patients

Eight Japanese patients hospitalized at Nagoya University
Hospital had been diagnosed histologically to be suffering
from gastrointestinal cancer. The characteristics and histol-
ogy of the patients are listed in Table 1. Informed consent
was obtained from each patient after a full explanation of
the procedure of the study.

Surgery and chemotherapy

Surgery was undertaken to remove any tumours. If the
malignancy was confined to the peritoneal space and was
considered a measurable or assessable disease by histology,
then a semi-permanent peritoneal catheter was inserted. The
standard Tenckhoff flexible Silastic peritoneal dialysis
catheter was inserted into the Douglas pouch and was
passed subcutaneously to a stainless-steel port as described
by McClay & Howell (1990).

Chemotherapy was started one week after surgery and
was conducted once a week. Five hundred milligrams
S-fluorouracil, 10 mg mitomycin C or 50 mg cisplatin were
diluted in 1 L saline; the present study did not deal with the
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Table 1. Patient characteristics.
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Patient Age Sex Body Primary
no. (yr) wt (kg) tumour
1 52 M 64 Stomach
2 37 F 41 Stomach
3 58 F 475 Colon

4 48 M 53 Stomach
5 57 ‘F 34 Stomach
6 50 M 50 Stomach
7 52 M 57 Stomach
8 63 M 40 Stomach

Stage at Operation Treatment Response
laparotomy
v Partial 5-Fluorouracil, Complete
gastrectomy mitomycin C
11 Total 5-Fluorouracil, Stable
gastrectomy mitomycin C
v Colectomy S5-Fluorouracil  Stable
III Total S-Fluorouracil  Stable
gastrectomy
v Colectomy 5-Fluorouracil ~ Partial
v Colectomy 5-Fluorouracil, Progressive
mitomycin C disease
v Partial Mitomycin C Progressive
gastrectomy disease
1 Total Mitomycin C Stable
gastrectomy

cisplatin data. The mixed solution was then injected intra-
peritoneally. The method for selecting the drugs in this study
was according to the methylthiazol tetrazolium bromide
assay that has been widely used to evaluate the sensitivity
of cancer cells to agent (Wilson et al 1990; Yamauchi et al
1991). Peritoneal fluid samples were collected at 0-5, 1, 3, 6,
12, and 24h after the injection. Blood samples were also
taken at the same times as above with four of six patients for
S-fluorouracil and three of four patients for mitomycin C.
Serum was separated immediately after collection. Both
serum and peritoneal samples were stored at —30°C until
analysis.

Drug analysis

Concentrations of the two drugs in the peritoneal fluid and
serum samples were determined by high-performance liquid
chromatography (HPLC). HPLC analysis was carried out
using a Shimadzu LC-6A system (Shimadzu Co., Kyoto,
Japan) with a Cosmosil ODS column (4-6 i.d. x 25cm;
Nacalai Tesque, Kyoto, Japan). 5-Fluorouracil concen-
tration was assayed according to the method of Buckpitt &
Boyd (1980) with minor changes. Briefly, 250 uL distilled
water containing an internal standard (0-5 ug mL~! 5-chloro-
uracil), 100 4L 0-5M phosphate buffer (pH 8:0) and 6 mL
ethyl acetate were added to 500 L sample and then mixed
vigorously. The resultant organic layer was separated and
evaporated with N, gas at 50°C. The residue was recon-
stituted with the mobile phase (0-01 m KH,PO,, pH 4:0) and
injected onto the HPLC. Standard curves for determination
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FiG. 1. Compartment model for peritoneal administration.

of 5-fluorouracil were constructed by plotting the ratio of the
peak heights for drug and internal standard against the
known drug concentrations in standard samples.

The concentration of mitomycin C was determined by a
modification of the method previously reported (Kono et al
1979). One millilitre sample was extracted with 8§ mL ethy!
acetate. Seven millilitres organic layer was separated and
evaporated as described above, and the mobile phase
(methanol-water, 35:65) was added to the residue and
injected onto the HPLC. Standard curves were obtained by
plotting the peak heights against the amounts of mitomycin
C injected. The limits of quantitation were SngmL~" for
5-fluorouracil and 10 ngmL ™! for mitomycin C, respectively.
The intra-day and inter-day coeflicients of variation for both
drugs were less than 5%.

Pharmacokinetic calculations

Data were analysed according to the compartment model as
illustrated in Fig. 1. The drug was easily distributed through-
out the peritoneal cavity following a rapid intraperitoneal
injection after which it entered the systemic circulation and
suffered a first-pass effect. The drug was then metabolized, or
excreted into the urine from the systemic circulation.

The rate for drug loss from intraperitoneal administration
was calculated using equation 1. The drug, which entered
into the systemic circulation at an apparent first-order rate,
was likewise eliminated through a first-order process
according to equation 2. The results of these two equations
could subsequently be applied for equations 3 and 4.

9;% = kX, )

% = kaXp — kX, (2)

C, = Vx—(ie—kat (3)

G gam s ) (4)

where F is the fraction of the administered dose (X;) that
is absorbed following peritoneal administration, k, is
the apparent first-order absorption rate constant from the
peritoneal cavity to the systemic circulation, k. is
the apparent first-order elimination rate constant from the
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FiG. 2. Mean semilogarithmic plots of intraperitoneal (O) and
serum (@) concentrations for 5-fluorouracil vs time after an
intraperitoneal dose of 500 mg to six and four patients, respectively.

systemic circulation, X, and X, are the amount of drug in the
peritoneal cavity and in the systemic circulation, respectively,
X, is the amount of injection, Vd,, and Vd; are the apparent
volume of distribution in the peritoneal cavity and in the
systemic circulation, respectively, and t is time.

Vd, and the elimination half-life for the drug in the
peritoneal cavity (t3,) were calculated based on the perito-
neal drug concentration vs time curve using the nonlinear
least-squares method (Yamaoka et al 1981). The parameters
(k,, k., Vd,/F) represent the computer fitting curves gener-
ated by simultaneously solving the two differential equations
(3,4). The elimination half-life for the drug in the systemic
circulation was calculated from ti;= 0-693/k.. Areas under
the concentration vs time curves in the peritoneal fluid
(AUC,) and serum (AUC;) were calculated by the trapezoi-
dal method with extrapolation to infinity. Peritoneal clear-
ance (CL,) and systemic clearance (CL;) were calculated as
CL, = Dose/AUC, and CL; = Dose F/AUC;, respectively.

Statistical analysis

Statistical analysis of the differences were performed by an
unpaired #-test. All parameters were considered significant at
P < 0-05.

Results

The mean semilogarithmic peritoneal and serum concentra-
tion vs time curves for 5-fluorouracil and mitomycin C are
shown in Figs 2 and 3, respectively. In the peritoneal fluid
both drug-concentration curves were characterized by a
mono-exponential decline which can be described as
apparent first-order elimination. 5-Fluorouracil was rapidly
absorbed from the peritoneal cavity and rapidly disappeared
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F1G. 3. Mean semilogarithmic plots of intraperitoneal (O) and
serum (@) concentrations of mitomycin C vs time after an intra-
peritoneal dose of 10mg to four and three patients, respectively.

from the systemic circulation. Its concentration in the
intraperitoneal cavity at any given time was more than
1000 times that in serum, while for mitomycin C the factor
was 100 times. Patterns observed in the absorption and
elimination were similar for both drugs.

The pharmacokinetic parameters in the peritoneal cavity
and serum are summarized in Tables 2 and 3. The half-life for
5-fluorouracil in the peritoneal cavity was 1-04h, which
correlated well with data from Arbuck et al (1986) (0-97-
1-13h). The half-life for S5-fluorouracil in the systemic
circulation (t}) was approximately 6 min. The mean perito-
neal AUC (AUC,) for S-fluorouracil was approximately
1400 times greater than that in serum (AUC;).

The half-lives for mitomycin C in the peritoneal cavity and
in the systemic circulation were 1-33h and 20 min, respec-
tively. The AUC ratio of peritoneal fluid to serum (AUC,/
AUC,) was about 80 for mitomycin C.

The pharmacokinetic parameters, ti, and k,, were not
statistically significantly different between the two drugs.
However, Vd,,, CL,, k., CL,/F and Vd,/F were significantly
different (P < 0-05), and CL, for mitomycin C was about
twice that for 5-fluorouracil.

Discussion

A number of studies have suggested that AUC might be the
best pharmacokinetic parameter for predicting the response
to cell cycle phase-specific and phase-nonspecific agents
(Levin 1986). Targeted drug treatment via intraperitoneal
injections enhances the effects of the drug as shown by the
ratio of AUC, to AUC;, whereby a greater value of the ratio
indicates the efficacy of such intraperitoneal treatment. One
important factor affecting this ratio, however, is the per-

Table 2. Pharmacokinetic parameters in the peritoneal cavity after intraperitoneal treatment
with 500 mg 5-fluorouracil and 10 mg mitomycin C.

Drug ti, vd

CL AUC

(®) (Lm-2) (LB m-2) (mghL-1)
5-Fluorouracil 1:04 £ 0-36 1-52 4+ 1-05 0-83 +0-32 475 +£ 215
Mitomycin C 1:33 £ 0-61 3124120 1-774+1:26 4-87 £ 206

Each value represents mean +s.d. (n = 6 for 5-fluorouracil and n = 4 for mitomycin C).
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Table 3. Pharmacokinetic parameters in the serum and peritoneal cavity after intraperitoneal treatment
with 500 mg 5-fluorouracil and 10 mg mitomycin C.

Drug k. (h-1) k, (h-1)* CL,/F AUC, Vd,/F
(Lh-'m-2) (ughL-1) (Lm-?)

S-Fluorouracil  694+226  071+026 940+ 281 346 + 154 149 + 34

Mitomycin C 208129 0681031  118+34 59+ 16 78 + 60

Each value represents mean % s.d. (n = 4 for 5-fluorouracil and n = 3 for mitomycin C). *No significant difference was
noted between 5-fluorouracil and mitomycin C (P > 0-5).

meability of the peritoneal membranes. Drug absorption
from the peritoneal membrane into the systemic circulation
is primarily due to a passive diffusion mechanism (Kraft et al
1968), and depends on a number of factors including mol. wt,
lipid solubility, ionization at the physiological pH for drugs,
and in the disease states for patients (Torres et al 1978).
Dedrick et al (1978) have reported an inverse relation
between intraperitoneal clearance and mol. wt. Animal
studies have also shown that the permeability of the perito-
neal membrane decreases as mol. wt increases (Lukas et al
1971). The results from this study did not support such
findings, showing that the mol. wt of a drug is a major
determinant in the penetration of that drug since mol. wts
for 5-fluorouracil and mitomycin C are 130-08 and 334-33,
respectively, although the penetration of the latter was
greater than that of the former based on the results of the
AUC,/AUC; ratios.

This ratio represents yet another important factor: drugs
administered intraperitoneally are principally distributed via
portal venous drainage, although some of the drug is
absorbed into the lymphatics (Lukas et al 1971). The
primary characteristics of drugs with a high hepatic
extraction ratio are that when administered intraperi-
toneally, first-pass metabolism is significant and the
amount of drug reaching the systemic circulation may be
markedly low when compared with the dosage administered.
Thus, these first-pass effects, as well as the product of the
volume of distribution and elimination rate constant, repre-
sented as systemic clearance (k.- Vd;), can influence the
values of AUC;.

The ratio of AUC values for intravenous injection and other
routes of administration is commonly used for calculating F.
Finch et al (1979) reported the mean AUC of 5-fluorouracil as
8-45mghL~! after an intravenous administration of 500 mg.
When the F value in the present study was calculated based on
the AUC value from that study, the obtained F value was
0-041. This method of calculation is a non-compartment
method based on the statistical moment theory. Another
method which can be used to obtain the F value is from Vd,/
F, which depends on the compartmental model. The volume of
distribution for 5-fluorouracil in the systemic circulation at the
same dose as that used in this study has been reported to be
12:6 L (Fujita 1985). When calculated from these results, the
resulting F value was 0-057 (mean area of body surface (mz) =
1-481), a figure which is nearly equal to the value obtained by
the non-compartmental model described above. These find-
ings indicate that the compartmental model used in this study
is an adequate model and that only 4-6% of the 5-fluorouracil
dose is absorbed from the peritoneal cavity into the systemic
circulation,

Speyer et al (1981) have also reported that the mean
hepatic extraction ratio of 5-fluorouracil ranges from 0-71
to 0-74. Assuming that the disappearance of drug from the
peritoneal cavity after an intraperitoneal injection depends
only on the hepatic metabolism, the extract from the
peritoneal cavity may be merely 30% less than the dose.
From the results of their study coupled with the present
findings (F = 0-041) using non-compartmental methods, it
may be said that less than 86% of the administered dose is
lost from the peritoneal cavity in the absence of distribution
to the systemic circulation, probably due to factors such as
peritoneal metabolism, binding to proteins and tissues in the
peritoneal cavity, and through the lymphatics. Further
studies, however, are required in this respect.

F values for mitomycin C as calculated from the AUC
ratio (Fuyjita 1985) and Vd,/F (Verweij et al 1986) in the
same manner as described above were 0-:213 and 0-245,
respectively. The F value for mitomycin C was five times
that for 5-fluorouracil. In addition, the systemic clearance
of 5-fluorouracil has been reported to be about twice that
of mitomycin C (0-947 vs 0-597Lh™") (Fujita 1985; Gold-
berg et al 1988). These discrepancies can be explained by
observing the differences in the AUC ratio between the
drugs.

Several investigators have reported the AUC ratio of
5-fluorouracil for peritoneal fluid to serum with values of
85—1150 (Schilsky et al 1990), 124-461 (Arbuck et al 1986)
or 318 (Speyer et al 1981). These values are all lower than the
value (1400) obtained in our study in spite of the same dose
being used. We consider that the discrepancy is due to the
variations in the volume of dialysate solution for adminis-
tration, 1L in our study, 2L in the others. Furthermore, if
the transportation of the dialysate solution from the peri-
toneal cavity to the systemic circulation is faster than the
drug transportation, the expected values for drug concen-
tration in the peritoneal fluid may be overestimated as time
passes. When transportation of the dialysate solution was
negligible, the semilogarithmic plots for the peritoneal fluid
vs time curve would become more linear: concentrations for
5-fluorouracil and mitomycin C in the peritoneal cavity at
24 and 12h, respectively, were slightly elevated. Although
the exact absorption rate for the dialysate solution is
unknown, it might be influenced by concentrations of
various other substances or by osmotic pressure. It is
unlikely that the volume of dialysate solution has an effect
on the decline of the 5-fluorouracil concentration in the
peritoneal cavity, since the half-life in the peritoneal cavity,
using 1 L of dialysate solution, was in good agreement with
the data using 2L of solution reported by Arbuck et al
(1986).
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5-Fluorouracil and mitomycin C are active antitumour
drugs used to treat solid tumours in various organs. The
response of tumour cells to drugs increases as the con-
centration and duration of the particular drug increases.
Various side-effects induced by clinical use of systemic
chemotherapy, however, are limiting factors when adjusting
the dosage. The findings from this study suggest that
intraperitoneal administrations directly into the cavity con-
taining tumour cells is beneficial in reducing various systemic
side-effects.
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