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Pharmacokinetic advantage of intra-arterial hepatic
oxaliplatin administration: comparative results with cisplatin
using a rabbit VX2 tumor model
Radan Dzodica, Gonzalo Gomez-Abuinb,c, Philippe Rougierb,d, Marc Bonnaya,
Patrice Ardouina, Alain Gouyettea,e,f, Olivier Rixeb, Michel Ducreuxb and
Jean-Nicolas Munckb

The aim of this study was to compare intra-arterial hepatic

administration (IAH) versus i.v. administration of oxaliplatin

and cisplatin in a VX2 tumor model in rabbits. VX2 tumors

were implanted in the livers of White New Zealand female

rabbits and 2 weeks later they received either cisplatin

(4mg/kg) or oxaliplatin (6mg/kg) administered by IAH or

i.v. Platinum pharmacokinetic parameters were measured

by atomic absorption spectrometry at baseline, 2, 5 10, 20,

40 and 60min, and then at 2, 4, 6 and 24h after drug

administration. Animals were sacrificed 24h after drug

administration to measure platinum concentrations in

various tissues. After IAH oxaliplatin administration, we

observed a significant decrease for total and filterable

platinum in the Cmax compared with i.v. administration (12.4

versus 18.2 lg/l; p=0.02 and 11.2 versus 17.3 lg/l; p=0.02,

respectively). Significant differences in various tissue

concentrations were reported when comparing IAH and

i.v. administration of oxaliplatin with IAH administration

offering an advantage over i.v. administration. No

differences in pharmacokinetic parameters or platinum

tissue accumulation were apparent between the IAH and

i.v. administration with cisplatin. We conclude that there is a

significant pharmacokinetic advantage to using oxaliplatin

for locoregional IAH chemotherapy compared with i.v.

administration. Anti-Cancer Drugs 15:647–650 �c 2004
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Introduction
The treatment of metastatic colorectal carcinomas

remains a difficult challenge. Along with the develop-

ment of new drugs for this disease, delivery of cytotoxic

chemotherapy to the liver via intra-arterial hepatic

administration (IAH) is an important tool in the therapy

of unresectable metastases.

IAH chemotherapy allows minimization of drug dilution,

drug metabolism and elimination before reaching the

liver, increased local drug concentration enhanced by the

preferential tumor blood flow, and decreased systemic

concentrations due to hepatic clearance [1]. As liver

metastases are mainly vascularized by the arterial system,

they are ideal targets for anti-tumor drugs administered

via the IAH route [2,3]. Several drugs, including

fluorodeoxyuridine (FUDR), 5-fluorouracil (5-FU), bi-

chloro-ethylnitrosourea (BCNU), mitomycin C and cis-

platin [4], have demonstrated increased exposure after

IAH compared to peripheral i.v. infusion. However,

despite reported improved response rates after IAH

chemotherapy compared to i.v. administration, the real

benefit to survival remains controversial. Several rando-

mized studies comparing FUDR to 5-FU i.v. or to best

supportive care have failed to demonstrate an improve-

ment in overall survival [5–12]. On the other hand, one

French multicentric study [8] showed an impact on

survival (15 versus 11 months), which was confirmed in

two studies [13,14] and a recent meta-analysis [15].

Oxaliplatin is a diaminocyclohexane (DACH) platinum

compound with a wide spectrum of activity and is

clinically active in cisplatin-resistant tumors [16]. The

observation that oxaliplatin is highly cytotoxic in the NCI

panel colon cancer lines, notably in comparison to

cisplatin, supports these clinical reports. This is of

particular interest for patients with colon cancer, in

whom cisplatin is not active [17].

Pharmacokinetic and pharmacodynamic advantages of

pirarubicin over doxorubicin after IAH administration

have been shown using the VX2 tumor model [18,19].

The activity of this anthracycline administered by IAH in

colorectal cancer was later proven, confirming the

0959-4973 �c 2004 Lippincott Williams & Wilkins DOI: 10.1097/01.cad.0000131684.06390.fe

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



preclinical insight [20]. This model is useful for the study

of regional cancer therapy because cell suspensions are

relatively easy to inject into the liver and tumor kinetics

can be followed from the stage of endoluminal thrombi to

that of macroscopic multiple nodules with secondary

metastases in the lungs. It also allows easy measurement

of intratumoral and hepatic drug concentrations. In the

current study, the pharmacokinetics of both oxaliplatin

and cisplatin are compared with respect to i.v. and IAH

administration using the VX2 tumor model.

Materials and methods
VX2 tumor implantation and surgical procedure

The VX2 tumor (originating from spontaneously trans-

formed Shope papilloma) was provided by Dr G. Orth

(Institut Pasteur, Paris, France) and was maintained by

serial passage in carrier rabbits. Liver samples were

collected from one single animal and a fragment (20–

25mg) of a well-vascularized metastasis without central

necrosis was dissected out and immediately implanted in

the left median lobe of the liver of a female White New

Zealand rabbit weighing 2.5–3.0 kg. Hepatic implantation

was performed under general anesthesia using ketamine

hydrochloride (50mg/kg, Ketamine; Parke Davis,

Courbevoie, France) and xylazine 2% (0.1ml/kg, Rompun;

Bayer, Puleaux, France). Twelve days later, the VX2

metastasis was 13–18mm in diameter without major

central necrosis, satellite metastases or distant metas-

tases. At the time of drug injection 2 weeks after tumor

implantation, a tumor could be visualized at the liver

surface. At day 21, the percentage of metastases was

greater than 80%.

Drug administration

Cisplatin (4mg/kg; Lilly Laboratories, Suresnes, France)

or oxaliplatin (6mg/kg; Debiopharm, Lausanne,

Switzerland) were administered by either i.v. or by IAH.

Drugs were infused in 50–70ml of 5% glucose with a

pump over 10min via either an intra-arterial catheter for

IAH administration or the right auricular vein for i.v.

administration.

For the IAH infusion, the rabbit was put under general

anesthesia (see above) and a 24-gauge catheter was

inserted into the gastrointestinal artery with its distal

extremity at confluence with the hepatic artery. The

collateral duodeno-pancreatic arteries were ligated.

Fluorescein was injected through the catheter to monitor

the extent of perfusion. Experimental drug injection was

carried out 24 h after catheter positioning.

Blood sample collection

Heparinized systemic blood samples (2.5ml) were

collected prior to injection 2, 5, 10, 20, 40 and 60min,

then 2, 4, 6 and 24 h thereafter, and kept on ice. Blood

samples were centrifuged (3500 g, 10min) to obtain

1.5ml of plasma which was centrifuged (3800 r.p.m.,

30min) in Centrifree tubes (Amicon, Fantenay-Sous-

Bois, France) to obtain plasma ultrafiltrates. Samples

were frozen at –201C until spectrophotometric analysis.

Plasma platinum concentration determination

Samples were analyzed in a Perkin-Elmer Model 3030

Atomic Absorption Spectrophotometer with Zeeman

background correction. Platinum standards were prepared

by serial aqueous dilution of SPEX Aqueous Standard

Dilution cisplatin (1000 g/ml).

Tissue platinum concentration determination

Animals were sacrificed 24 h after drug administration.

Tissue samples (tumor and normal tissues such as liver,

lung and kidney) were collected and immediately frozen

at – 201C. One gram of tissue was digested with

concentrated nitric acid and incubated overnight at room

temperature. The samples were then boiled for 5min,

cooled to room temperature, 0.5ml of 30% H2O2 was

added, the solution boiled again, cooled to 51C and then

stored at room temperature. Tissue platinum concentra-

tions were determined in the same way as for plasma

samples (see above).

Pharmacokinetic analysis

Total AUC was determined using the trapezoidal method.

Other pharmacokinetic parameters were calculated ac-

cording to standard methods. Data are presented as the

mean value±SD. The Wilcoxon test was used to assess

differences between means.

Results
A total of 29 rabbits were randomly assigned to receive

treatment via either IAH or i.v. and within each of these

two groups, rabbits received either oxaliplatin or cisplatin,

giving a total of four treatment groups. Plasma and tissue

platinum concentrations (total and ultrafiltrate) were

determined as a measure of drug uptake after IAH and i.v.

oxaliplatin and cisplatin administration.

Plasma platinum concentrations

Plasma platinum concentrations following i.v. and IAH

administration of either cisplatin or oxaliplatin are shown

in Tables 1 and 2. After IAH cisplatin administration, we

did not observe any significant variations for either total

or filterable platinum in the peak platinum plasma

concentrations (Cmax) or of the AUC when compared

with i.v. administration. In contrast, IAH oxaliplatin

infusion led to a small but significant decrease compared

with i.v. administration of total platinum for mean Cmax

(12.4 versus 18.2 mg/l, respectively; p=0.02). When

considering the ultrafiltrable platinum, mean Cmax was

also significantly lower when oxaliplatin was given via

IAH versus i.v. administration (11.2 versus 17.3 mg/l;
p=0.02). No significant differences were observed for
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either total or filterable platinum in the mean platinum

half-life, AUC and mean plasma clearance when oxalipla-

tin administration was given via IAH administration

compared to i.v.

Tissue platinum levels

Platinum concentrations in tumor tissues and other

tissues are presented in Table 3. After cisplatin admin-

istration, no significant differences in platinum accumu-

lation either in normal or tumoral tissues were observed

when comparing the two modes of administration.

However, levels of platinum accumulation in normal

tissues were lower after IAH oxaliplatin administration

compared with i.v. oxaliplatin infusion. These differences

were statistically significant for lung (3.6 versus 6.4 ng/

mg; p=0.003) and pancreas (1.0 versus 2.6 ng/mg;

p=0.02); however, they did not reach statistical sig-

nificance for kidney (10.8 versus 17.9 ng/mg; p=0.07)

and heart levels (3.1 versus 4.4 ng/mg; p=0.08). Tumoral

and hepatic platinum levels were not different when

oxaliplatin IAH and i.v. administration are compared.

Discussion
These results demonstrate the feasibility of oxaliplatin

IAH administration in the rabbit and that oxaliplatin has a

favorable profile for IAH chemotherapy in colorectal

cancer patients with liver metastases. We observed a

significant pharmacokinetic advantage when oxaliplatin

was used as locoregional IAH chemotherapy, notably with

decreased peak platinum plasma concentrations, com-

pared to i.v. administration which may improve the

therapeutic index. This is in contrast to the results

observed with cisplatin where the route of administration

resulted in no apparent change to these parameters. This

may be due to different physicochemical properties of

these two platinum derivatives. In addition, we observed

a significantly lower accumulation of oxaliplatin in

peripheral tissues when comparing i.v. and IAH admin-

istration. This difference did not reach statistical

significance in the kidney or the heart, probably due to

the variability of tissue platinum concentration and the

small sample size.

This favorable pharmacokinetic profile of IAH infusion of

oxaliplatin increasing local drug delivery could enhance

the efficacy of treatment of liver metastases in colorectal

cancer patients. The lower peripheral tissue exposure to

oxaliplatin after IAH administration may provide the

additional benefit of delivering low doses of chemother-

apy systemically, which may in turn allow combination

with active systemic chemotherapy, thus allowing control

Table 1 Pharmacokinetic parameters for total plasma platinum after administration of 4mg/ml cisplatin or 6mg/ml oxaliplatin

Treatment (route)

i.v. cisplatin (N=8) IAH cisplatin (N=5) i.v. oxaliplatin (N=8) IAH oxaliplatin (N=8)

Maximum concentration (mg/l) 16.5 ±2.2 15.2 ±1.3 18.2±4.3a 12.4±1.7a

Area under the curve (mg/l/h) 74.5 ±35.3 62.9 ±26.8 54.4±28.8 51.2±13.9
T1/2 (h) 37.3±6.3 35.5 ±15.6 19.4±2.8 22.6±6.9
Volume (l) 9.1 ±1.1 8.2 ±1.3 9.8±1.3 10.6±2.0
Plasma clearance (l/h) 0.19±0.04 0.20±0.07 0.38±0.04 0.37±0.1

ap value =0.02.

Table 2 Pharmacokinetic parameters for ultrafiltrable plasma platinum after administration of 4mg/ml cisplatin or 6mg/ml oxaliplatin

Treatment (route)

i.v. cisplatin (N=8) IAH cisplatin (N=5) i.v. oxaliplatin (N=8) IAH oxaliplatin (N=8)

Maximum concentration (mg/l) 15.6±2.4 14.2±2.2 17.3±4.4a 11.2 ±1.3a

Area under the curve (mg/l/h) 6.8±0.9 6.9±0.9 5.1 ±1.3 4.4 ±0.2
T1/2 (h) 0.47±0.1 0.50±0.1 0.84±0.8 2.48±1.4
Volume (l) 1.00±0.1 0.96±0.2 1.95±0.7 6.1 ±2.6
Plasma clearance (l/h) 1.83±0.3 1.7±0.2 4.43±1.4 4.23±0.9

ap value =0.02.

Table 3 Tissue platinum concentrations after administration of 4mg/ml cisplatin or 6mg/ml oxaliplatin

Platinum concentration
(ng/mg)

Treatment (route)

i.v. cisplatin (N=8) IAH cisplatin (N=5) p i.v. oxaliplatin (N=8) IAH oxaliplatin (N=8) p

Tumor 10.1±4.6 15.3±1.7 NS 7.3±0.4 7.6±5.2 NS
Liver 5.0±2.8 3.7±2.3 NS 3.5±1.2 2.38±1.4 NS
Lung 5.3±1.7 6.5±1.3 NS 6.4±0.9 3.6 ±1.5 0.003
Kidney 25.6±11.4 19.1±13.9 NS 17.9±7.6 10.8 ±4.9 0.07
Pancreas 1.4±0.9 1.9±1.9 NS 2.6±1.7 1.0 ±1.0 0.02
Spleen 4.8±1.4 5.5±1.6 NS 6.6±2.2 6.7 ±2.8 NS
Heart 3.2±0.8 2.9±1.5 NS 4.4±1.4 3.1 ±1.1 0.08

NS=not significant.
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of residual microscopic disease. This lower peripheral

exposure may also reflect lower systemic toxicity, notably

with respect to nausea and vomiting, and possibly lower

neurotoxicity, and as such merits evaluation in clinical

trials.

Overall, it appears that the pharmacokinetic advantage of

IAH administration of oxaliplatin over cisplatin is of

particular interest in the treatment of colorectal carcino-

ma patients with liver metastases. These pharmacoki-

netic results need to be extended in phase I/II studies in

humans to examine the feasibility, the antitumor activity,

and tolerance of oxaliplatin IAH administration alone and

in combination with systemic chemotherapy. Preliminary

clinical observations using IAH administration of oxali-

platin are encouraging [21–23], notably by the efficacy

and the absence of hepatotoxicity. However, further

evaluations and extensive analyses are essential and are

warranted to confirm these data and to assess a

differentiated contribution to colorectal cancer patient

management.

Acknowledgments
We thank Dr Lasser and Professor Roche for their

support, and Dr S. Mackenzie for editorial assistance.

References
1 Ensminger WD, Gyves JW. Clinical pharmacology of hepatic arterial

chemotherapy. Semin Oncol 1983; 10:176–182.
2 Ridge JA, Bading JR, Gelbard AS, Benua RS, Daly J. Perfusion of colorectal

hepatic metastases. Relative distribution of flow from the hepatic artery and
portal vein. Cancer 1987; 59:1547–1553.

3 Ackerman NB. The blood supply of experimental liver metastases. IV.
Changes in vascularity with increasing tumor growth. Surgery 1974;
75:589–596.

4 Markman M. Regional ChemotherapyFClinical Research and Practice.
Totowa, NJ: Humana Press; 2000.

5 Allen-Mersh TG, Glover C, Fordy C, Mathur P, Quinn H. Randomized trial of
regional plus systemic fluorinated pyrimidine compared with systemic
fluorinated pyrimidine in treatment of colorectal liver metastases. Eur J Surg
Oncol 2000; 26:468–473.

6 Lorenz M, Muller H-H. Randomized, multicenter trial of fluorouracil plus
leucovorin administered either via hepatic arterial or intravenous infusion
versus fluorodeoxyuridine administered via hepatic arterial infusion in
patients with nonresectable liver metastases from colorectal carcinoma.
J Clin Oncol 2000; 18:243–254.

7 Earlam S, Glover C, Davies M, Fordy C, Allen-Mersh TG. Effect of regional
and systemic fluorinated pyrimidine chemotherapy on quality of life in
colorectal liver metastasis patients. J Clin Oncol 1997; 15:2022–2029.

8 Rougier P, Laplanche A, Huguier M, Hay JM, Ollivier JM, Escat J, et al.
Hepatic arterial infusion of fluorodeoxyuridine in patients with liver

metastases from colorectal carcinoma: long-term results of a prospective
randomized trial. J Clin Oncol 1992; 10:1112–1128.

9 Chang AE, Schneider P, Sugarbaker PH, Simpson C, Culnane M, Steinberg
SM. A prospective randomized trial of regional versus systemic continuous
5-fluorodeoxyuridine chemotherapy in the treatment of colorectal liver
metastases. Ann Surg 1987; 206:685–693.

10 Kemeny N, Daly J, Reichman B, Geller N, Botet J, Oderman P. Intrahepatic or
systemic infusion of fluorodeoxyuridine in patients with liver metastases
from colorectal carcinoma. A randomized trial. Ann Intern Med 1987;
107:459–465.

11 Hohn DC, Stagg RJ, Friedman MA, Hannigan J, Rayner A, Ignoffo RJ, et al.
A randomized trial of continuous intravenous versus hepatic intraarterial
floxuridine in patients with colorectal cancer metastatic to the liver:
the Northern California Oncology Group trial. J Clin Oncol 1989; 7:
1646–1654.

12 Martin Jr JK, O’Connell M,Wieand HS, Fitzgibbons RJJ, Mailliard JA, Rubin J,
et al. Intra-arterial floxuridine vs systemic fluorouracil for hepatic metastases
from colorectal cancer. A randomized trial. Arch Surg 1990; 125:
1022–1027.

13 Allen-Mersh TG, Earlam S, Fordy C, Abrams K, Houghton J. Quality of life
and survival with continuous hepatic-artery floxuridine infusion for colorectal
liver metastases. Lancet 1994; 344:1255–1260.

14 Kemeny N, Huang Y, Cohen A, Shi W, Conti J, Brennan M, et al. Hepatic
arterial infusion of chemotherapy after resection of hepatic metastases from
colorectal cancer. N Engl J Med 1999; 341:2039–2048.

15 Reappraisal of hepatic arterial infusion in the treatment of nonresectable liver
metastases from colorectal cancer. Meta-Analysis Group in Cancer. J Natl
Cancer Inst 1996; 88:252–228.

16 Tachiro T, Kawada Y, Sakurai Y, Kidani Y. Antitumor activity of a new platinum
complex, oxalato(trans-1-1,2,-diaminocyclohexane)platinum(II): new
experimental data. Biomed Pharmacol 1989; 43:251–260.

17 Rixe O, Ortuzar W, Alvarez M, Parker R, Reed E, Paull K, et al. Oxaliplatin,
tetraplatin, cisplatin, and carboplatin: spectrum of activity in drug-resistant
cell lines and in the cell lines of the National Cancer Institute’s Anticancer
Drug Screen panel. Biochem Pharmacol 1996; 52:1855–1865.

18 Munck JN, Riggi M, Rougier P, Chabot G, Ramirez LH, Zhao Z, et al.
Pharmacokinetic and pharmacodynamic advantages of pirarubicin over
adriamycin after intraarterial hepatic administration in the rabbit VX2 tumor
model. Cancer Res 1993; 53:1550–1554.

19 Ramirez LH, Munck JN, Bognel C, Zhao Z, Ardouin P, Poupon MF, et al.
Pharmacology and antitumour effects of intraportal pirarubicin on
experimental liver metastases. Br J Cancer 1993; 68:277–281.

20 Munck JN, Rougier P, Chabot G, Ramirez LH, Bognel C, Lumbroso J, et al.
Phase I and pharmacological study of intra-arterial hepatic administration of
pirarubicin in patients with advanced hepatic metastases. Eur J Cancer
1994; 30A:289–294.

21 Kern W, Beckert B, Lang N, Stemmler J, Beykirch M, Stein J, et al. Phase I
and pharmacokinetic study of hepatic arterial infusion with oxaliplatin in
combination with folinic acid and 5-fluorouracil in patients with hepatic
metastases from colorectal cancer. Ann Oncol 2001; 12:599–603.

22 Ducreux M, Ychou M, Laplanche A, Gamelin E, Boige V, Husseini F, et al.
Intra-arterial hepatic chemotherapy (IAHC) with oxaliplatin (O) combined
with intravenous treatment with 5FU+ folinic acid (FA) in hepatic metastases
of colorectal cancer (HMCC). Proc Am Soc Clin Oncol 2003; 22:278
(abstr 1115).

23 Boige V, Lacombe S, de Baere T, Pocard M, Elias D, Lasser P, et al. Hepatic
arterial infusion oxaliplatin combined with intravenous 5FU and folinic acid in
non resectable liver metastases of colorectal cancer: a promising option
for failures to systemic therapy. Proc Am Soc Clin Oncol 2003; 22:291
(abstr 1170).

650 Anti-Cancer Drugs 2004, Vol 15 No 6

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


