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ABSTRACT

ciÃ®-Diamminedichloroplatinum (100 mg/m2) was administered to the

same patients (n = 9) with advanced uterine cervical tumors, via i.v. and
intraarterial (i.a.) (bilateral hypogastric arteries) routes. Measurement
of plasma pharmacokinetic parameters enabled us to show up areas under
the curve (MO of free m-diamminedichloroplatinum versus time sig
nificantly (P < 0.01) lower after i.a. injection (mean value, 3.9 mg*h/
liter) than after i.v. injection (mean value, 5 mg'h/liter). However, the
increase in intratumoral concentrations after i.a. administration was only
at the limit of statistical significance ( /' = 0.05). Consequently, the

benefit of local i.a. administration, evaluated according to the method of
Collins, was small (1.2-2.3). An explanation of the phenomena observed
can be given using the generalized compartmental model of Collins. We
have demonstrated that the parameters of this model can be entirely
calculated by taking into account both the i.v. and i.a. pharmacokinetic
measurements. Calculations from experimental data of the model param
eters, clearances of the body (('1*1 and exchange rate between the site

of administration and the rest of the body (Q) were in accordance with
the physiological values. On the basis of the parameter values, it was
confirmed that the low benefit of i.a. administration was due to the fast
blood exchange between the injection site and the rest of the body and
the probable cis-diammintdichloroplatinum binding on healthy tissues
irrigated by the hypogastric artery.

INTRODUCTION

Local i.a.2 administration of antitumor agents has developed
extensively in recent years (1-3). Its goal is both more efficient
tumor treatment by enhancement of local drug concentration
and reduction in systemic toxicity by a decrease in circulating
drug concentration. Thus it is essential for both pharmacoki
netic conditions to be fulfilled before testing the clinical use of
this method of administration.

Pharmacokinetic studies comparing i.a. and i.v. injections
have already been carried out for certain drugs, including cis-
DDP (4-7). The latter is especially suitable for this kind of
study because the platinum atom can be detected not only in
plasma but also in tumors (7-9). Hence both circulating and
local drug concentrations may be evaluated. Results obtained
by other authors show a notable decrease in circulating platinum
levels after i.a. administration; on the contrary, tumor concen
trations several hours after administration are not significantly
different when i.a. and i.v. routes are compared (7). It is to be
noted, however, that these studies dealt only with i.a. and i.v.
administrations in different patients. Hence intraindividual var
iations, which are known to have a considerable effect on
pharmacokinetic parameters, added to the variation due to the
administration route.

In the present report we have compared the pharmacokinetic

parameters and intratumoral concentrations after local i.a. and
i.v. cis-DDP administration using the same protocol in the
same patients suffering from cancers of the uterine cervix.
Results were analyzed according to two different models in
order to evaluate the platinum distribution and the possible
pharmacokinetic gain that can be brought about by i.a. admin
istration.

MATERIALS AND METHODS

Patients. Nine patients with squamous carcinoma of the uterine
cervix were studied. They had a mean age of 48 years (range, 31-60).
Six patients had a bulky tumor without previous treatment. They
received two courses of cis-DDP chemotherapy (100 mg/m2) (patients
1-3 i.a., then i.v.; patients 7-9, i.v. then i.a.), the objective being a
tumor regression before radiotherapy. Three patients (patients 4-6)
had a recurrent tumor after surgery and/or radiotherapy; they received
first an i.a. course then an i.v. course.

Thus, cis-DDP administration was systemic 9 times and through
hypogastric arteries 9 times. Other administration modalities were
identical and were given between 10 a.m. and noon. Prehydration
conditions were: 2 liters of normal saline over 4 h; 10% mannitol, 250
ml over 30 min. cis-DDP in normal saline was injected over 30 min.
Posthydration conditions were: mannitol, 250 ml over 30 min; and 2
liters of normal saline over 4 h. The interval between each course was
3 weeks. Administration i.a. was performed through both hypogastric
arteries with equal amounts of drug into both arteries.

Blood samples were drawn at least five times after start of the infusion
(5, 30, 60, 90, and 120 min). In 9 cases blood was sampled, in addition,
at 15 min after start of infusion. Tumor biopsies (volume range, 10 to
50 mm3) were performed 24 h after each course, one biopsy being

performed before the second course in order to measure residual plati
num which was subtracted from the concentration obtained 24 h after
the second treatment.

Platinum Analysis. Platinum in plasma and tumor biopsies was
analyzed by flameless atomic absorption spectrometry (Perkin-Elmer,
model 2280) according to a previously described method (10, 11).
Biological samples were digested using nitric acid; after evaporation to
dryness, the residue was solubili/ed in water for analysis.

Unbound platinum was determined by ultrafiltration of plasma sam
ples on membranes (Amicon Centriflo CF-50 filters; cutoff 50,000
daltons), the amount of platinum in ultrafiltrate being taken as the
unbound fraction.

Pharmacokinetic Equations. Evolution curves of ultrafiltrable plati
num in plasma were first analyzed by fitting to mono-, bi-, and triex-
ponential equations using the CFT4A program (12). The best fit
allowed determination of half-lives (r ) and AUC of platinum concen
tration (C) versus time, according to the standard methods.

The benefit of local i.a. administration (Hi/) was defined by both the
increase in local exposure to the drug and the decrease in systemic
exposure (1, 13, 14), i.e.,
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with

C*.,.,dt

rc-dt (B)

Complete plasma pharmacokinetic results and intratumoral plati
num measurements were then analyzed using the generalized model of
Collins (13) (Fig. 1). Taking into account the data of both i.a. and i.v.
administration in the same patient allowed full mathematical determi
nation of the model parameters [exchange rate between the site of
administration and the rest of the body (Q), clearance of the body
(CIB), and clearance of the injection site (Cls)] ("Appendix"). It also

allowed determination of the apparent mass of the injection site OM
(compartment 5 in Fig. 1) ("Appendix").

Calculation from experimental data of the integrals used in Equa
tions E, F, G, and J was performed as follow. The integral Jo Ca-dt
was assimilated to the AUC of plasma concentrations according to
recent physiological models of platinum distribution (15, 16) which
take the coefficient of unbound platinum distribution between plasma
and tissue as 1.

Integrals Jo C$-dt appear only in the form of a ratio r, defined by
Equation B. From Equation I and J ("Appendix") r can be evaluated

simply by

Qu.
CÂ«.,.

(Q

RESULTS

Evolution of ultrafiltrable platinum in plasma was studied in
nine patients treated using c/s-DDP (100 mg/m2). A monoex-

ponential equation may be used to describe the observed decays
(Fig. 2). Table 1 shows the tv, and AUC determined for both
administration types, i.a., via the hypogastric arteries feeding
the tumor, and i.v. Uterine cervical tumor biopsies were per
formed 24 h after c/s-DDP administration and intratumoral
platinum concentration was measured (Table 2).

The mean value observed for plasma t>/,was 0.68 h (extreme
values, 0.47-0.85) for i.v. administration and 0.69 (extreme
values, 0.47-1.1) for i.a. administration. Comparing the values
by a matched pair statistical test (t of Wilcoxon), no significant
difference was noted between the two injection routes.

However, AUC after i.v. injections were significantly higher
(P < 0.01) than those measured after i.a. injection with respec
tive mean values: 5 mg-h/liter (extreme values, 2.48-8.58); and
3.9 mg-h/liter (extreme values, 2.28-7.7).

Intratumoral platinum concentrations were also higher after
i.a. administration (mean, 2.9 ng platinum/mg tissue; extreme

G

(IV)

REST OF BODY

B

CI.

ADMINISTRATION

SITE
CI,

Fig. 1. Model of Collins for local and systemic drug administration. Q,exchange flow rate between B and .S1.-CI. clearances of the drug; G, input drug

rate.

E 3

TimÂ« ( Hours )

Fig. 2. Concentration of ultrafiltrable platinum in plasma after i.v. (A) or i.a.
(A) cisplatin injection (100 mg/m!). Patient I ( ) corresponds to the maximal
difference found between the two modes of administration. Patient 9 ( )
corresponds to the minimal difference found.

Table 1 Platinum pharmacokinetics parameters after i.a. and i.v. injection
ofcisplatin

Cisplatin (100 mg/m2) was injected i.v. and via both hypogastric arteries for
each patient over 30 min (patients 1-6, i.a., then i.v.; patients 7-9, i.v., then i.a.).
The interval between each course was 3 weeks.

Patients123456789Route
of

injectioni.V.

i.a.i.v.

Â¡.a.i.v.

i.a.Â¡.V.i.a.i.v.

i.a.i.v.

i.a.i.v.

i.a.i.v.

i.a.i.v.i.a.'n

(h)0.69

0.470.58

0.530.7

0.760.59

0.740.85

0.790.79

0.680.47

0.50.74

1.10.67

0.6AUC(mg-h/liter)3.74

2.285.39

4.225.18

3.485.26

3.424.34

3.585.15

3.82.48

2.358.58

7.74.62

4.11

Table 2 Intratumoral platinum concentration (Ci) after i.a. and i.v. injection
ofcisplatin

CÂ¡(ng Pt/mg tissue) for patients

24 h after i.v. in
jection24

h after i.a. in
jection3

wk after i.v. in
jection3

wk after i.a. in
jection111.40.123.33.21.831.72.50.445.95.921.253.35.61.261.22.10.271.82.80.381.720.5910.90.2

values, 0.9-5.9) than i.v. (2.3 ng platinum/mg tissue; extreme
values, 1-5.9). However, comparison of the matched values
demonstrates that the difference is at the limit of statistical
significance (P = 0.05). Patients 2 and 9 exhibited lower (0.1
ng platinum/mg tissue) concentrations after i.a. injection, but
differences were in the range of measurement uncertainty.
Three weeks after the first dose (prior to the second course),
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the platinum tissue level was still measurable (mean, 0.7 ng
platinum/mg tissue; extreme values, 0.1-0.8).

In short, AUC values are significantly influenced by the
administration route but intratumoral concentrations are only
slightly modified. Moreover, no correlation was found between
intratumoral concentrations and the other determined phar-
macokinetic parameters, for either all the values or the same
values, taking into account the administration type.

The data were then analyzed according to the model of
Collins (Fig. 1). The different parameters of this model (Q, CIB,
Cls, Ms) were determined from Equations E, F, G, and J. The
values obtained are given in Table 3. In Table 3 only seven
patients are mentioned. Indeed, when post-i.v. intratumoral
concentrations were higher than i.a. ones (patients 2 and 9),
calculations determined negative body clearances. This result
being physiologically impossible it has not been given in Table
3.

The mean calculated value of plasma flow connecting com
partments B and S is 40.7 liters/h (extreme values, 21.8-72).
This value, which is calculated only from pharmacokinetic
measurements, is of a level corresponding to physiological
reality, i.e., the blood flow in main arteries. The mean com
partment A clearance, 14.7 liters/h (extreme values, 0.3-38), is
slightly higher than in compartment S, 12.8 liters/h (extreme
values, 4.2-32), without this difference being statistically sig
nificant. The mean apparent mass (Ms) is 21.7 kg (extreme
values, 5.3-50.1). In this case, as for all other parameters,
substantial interindividual variations were noted, yet no signif
icant correlation between the different model parameters was
found.

Lastly, the benefit linked to i.a. administration was evaluated
according to criteria established by other authors (1, 13, 14),
using Equations A and B. The Rd values, given in Table 4,
ranged between 1.2 and 2.3, with a mean value of 1.7.

DISCUSSION

The quantification of i.a. administration benefit compared
with i.v. administration is a complex problem. From the stand
point of clinical efficiency, evaluation needs prospective studies
based on a considerable number of patients treated using either
the i.v. or i.a. route. Before carrying out such work, it is essential

Table 3 Parameters of the model of Collins
Parameters are based on physiological compartment model of Fig. 1 and

equations listed in "Appendix."

Patients1345678Q(liters/h)36.125.861.22521.87243a,(liters/h)13.711.60.31615.7387.7CIS(liters/h)23.112.6325.37.84.24.9Ms(kg)50.125.5195.623.65.322.6

Table 4 Values of the benefit (Rd) of local administration for each patient
Benefit is evaluated according to the method of Collins (Ref. 13, Equation 4).

Patients Rd

2.3
1.2
2
1.5
2
2.3
1.6
1.3
1.2

to ascertain if the hypotheses on which the benefit of i.a.
administration is based are justified. These hypotheses are both
an increase in tumor drug concentrations and a decrease in
circulating drug amounts. Collins (13) proposed an evaluation
of the hypotheses by calculating

-g (D)

in which CT is tissue concentration and CB is systemic concen
tration.

However, it should be noted that measurement of Rd with
drug exposure instead of concentration (14) (Equation A) is
more general.

In the particular case of cis-DDP the drug exposure can be
evaluated by the irreversible binding of platinum onto tissue.
Indeed we had previously performed in vitro studies (17) to
establish that this binding was proportional to both the incu
bation time and the drug concentration of the medium in which
the tissues were placed (i.e., to drug exposure). Thus, in Rd
calculation, the ratio of the intratumor concentration integrals
versus time can be replaced by the tissue concentration after 24
h (Equation C). Consequently, Rd calculation requires a com
plete pharmacokinetic study including platinum measurement
in plasma and tumor after i.a. and i.v. injection.

We chose to study advanced uterine cervical tumors for two
reasons. Some of these respond to cis-DDP treatment and
tumoral biopsies can easily be performed without discomfort
for the patient. Furthermore administration may be carried out
by the local i.a. route using the catheterized hypogastric artery.

The results of the pharmacokinetic study after i.a. and i.v.
100 mg/m2 m-DDP injection are shown in Table 1. Only
measurement of unbound cis-DDP was taken into account since
it is accepted as being the sole form associated with antitumor
activity and systemic toxicity. The mean values of /./, were
identical with those found by other authors for both types of
administration (7, 18-20); i.e., they ranged between 0.5 and 1
h and did not depend on the injection route used. Conversely,
the decrease in free platinum AUC after i.a. injection shows
that this administration route should favor local exposure, but
only a moderate increase in platinum intratumoral concentra
tion after i.a. injection was observed as compared with i.v.
injection (Table 2). This finding is in agreement with those
obtained by comparing intratumor drug levels in different pa
tients (7) but seems to be more significant since, in our study,
i.v. and i.a. injections were performed on the same patient. This
moderate increase induces a small benefit with i.a. injection
(1.2 to 2.3) when evaluated according to the previously de
scribed method (Equations A and C).

It is to be noted that the gain values obtained from experi
mental data closely correspond to the theoretical evaluation
made by Collins (13). The latter had shown that the best
conditions for observing a substantial gain after i.a. injection
were a rapid body clearance of the drug and a low rate of
exchange between the infused site and the rest of the body.
Thus we attempted to define more precisely the generalized
compartment model of Collins (Fig. 1) in a quantitative fashion
by establishing that it could be entirely characterized by taking
into account the pharmacokinetic data after both i.a. and i.v.
injection ("Appendix").

The values of Q, CIB, Cls calculated from the data (Table 3)
show that, when the intratumoral concentration after i.a. injec
tion is higher than that observed after i.v. injection, the param
eters determined correspond to physiological values. The Q
value is only slightly higher than that of the blood from both
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the hypogastric arteries together and clearances CIB are in the
range of those found by authors using different models (7). As
the determined parameters did not undergo any adjustment and
were directly deduced from experimental data, we believe that
the model of Collins describes i.a. administration well. Conse
quently, as predicted by Collins, it is mainly the high flow in
hypogastric arteries and the low body clearance which account
for the fact that the tissue concentration of drug after i.a.
administration was not much greater than that achieved by i.v.
administration.

These facts, however, do not explain the decrease in the
amount of circulating drug after i.a. administration. Cisplatin
binding on healthy tissues nourished by injection arteries may
be considered. This seems confirmed by the very high values of
the apparent masses of injection site calculated from Equation
J (Table 3). The apparent masses are much higher than the real
tumor masses so that the injection site must include a notable
amount of healthy tissue.

This paper focuses on platinum pharmacokinetic parameters;
neither the number of patients studied nor the methodology
allow us to make a clinical evaluation of the therapeutic effect
(response, toxicity, etc.). The analysis of cis-DDP pharmaco
kinetic data after i.a. and i.v. administration in the same patient
has enabled us to quantify the pharmacological benefit of local
i.a. administration. In the case of injection using the hypogastric
arteries we observed that the benefit was small. This could be
explained by the low body clearance of c/s-DDP, the rapid
exchange rate between injection site and the rest of the body,
and the probable cis-DDP binding in healthy tissues nourished
by injection arteries.

APPENDIX

If it is considered that the internal characteristics of the model of
Collins (Q, CIB, Cls) do not depend on the administration route.
Equations Al and A5 in Ref. 13 can be applied both for i.v. and Â¡.a.
administration. The i.v. and i.a. infusions being performed at the same
rate G, integration of the equations between t = 0 and t = Â°Â°establishes
a linear system of equations which allow determination of the different
parameters:

0 =

CB.,,.dt

CIB=

D'r+Q'(j0 C" '" dt ~ r' I C"-'â€¢"â€¢dt

Cls = Q

(E)

(F)

(G)

If one considers that the platinum clearance from compartment S is
caused only by the drug-tissue binding, the total amount of bound
platinum in the tissue (I,,,,) may be expressed as

Am = J| Cls Cs dt = Cls J Csdt (H)

The total amount of bound drug and the measured intratumor tissue

concentration (CÂ¡)are related by

in which KS and Ms are, respectively, the volume and the mass of
compartment 5. In our case, the concentration being determined per
tissue mass, we will express this as Ms. Combination of Equation I
with the equation of Collins for i.a. and i.v. administration allows the
expression

(J)
CÂ«*A - CM,.- I . dt
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