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Abstract
Objective To evaluate the pharmacokinetic inter-patient
variability of 30-min hyperthermic intraperitoneal oxalipla-
tin chemotherapy.
Patients and methods Data were obtained from 24
patients who were treated according to two procedures of
heated intra-operative intraperitoneal oxaliplatin. For the
Wrst procedure (12 patients), the solution instilled within the
peritoneal cavity contained oxaliplatin, and a delay of 8–
10 min was necessary to reach a temperature of 42–43°C.
For the second procedure (12 patients), the cavity was ini-
tially Wlled only with the dextrose solution, and oxaliplatin
was added to the peritoneal instillate when temperature
reached 42–43°C. Plasma and peritoneal Xuid oxaliplatin
concentrations were analyzed according to a population
pharmacokinetic approach using NONMEM.
Results Peritoneal and total plasma data were simulta-
neously analyzed according to a three-compartment phar-
macokinetic model. The peritoneal half-life ranged between
18 and 42 min. The mean peritoneal clearance was 5.47 L/h
(§21%), and the mean plasma clearance was 3.71 L/h
(§47%). The heated intra-operative procedure did not have
any impact on oxaliplatin pharmacokinetics.

Conclusion The inter-individual variability was larger for
plasma pharmacokinetic parameters than that for peritoneal
parameters. However, the percentage of oxaliplatin dose
absorbed during a 30-min hyperthermic intraperitoneal
chemotherapy may vary from 40 to 68%. The present
pharmacokinetic model will be useful to implement phar-
macokinetic evaluation of further clinical trials of hyper-
thermic intraperitoneal chemotherapy based on platinum
compounds’ administration.
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Introduction

In the past two decades, the evolution of loco regional ther-
apy has changed the management of peritoneal surface
malignancies. Encouraging results of a randomized con-
trolled study of hyperthermic intraperitoneal chemotherapy
(HIPEC) in the management of peritoneal carcinomatosis
in colorectal cancer patients have been published [10].
HIPEC has also been proposed in ovarian cancers, perito-
neal mesothelioma and pseudomyxoma peritonei [9].
HIPEC administered in only one session, after complete
cytoreduction under direct surgical monitoring, might be
more applicable in clinical practice than in sequential intra-
peritoneal chemotherapy using permanent catheters [7].

Pharmacokinetics (PK) of heated intraperitoneal oxalipl-
atin have been previously reported [2–4]. However, no
model has been used to analyze the data. The aim of the
current study was to develop a PK model which is able to
simultaneously describe peritoneal and plasma oxaliplatin
concentrations versus time in order to obtain mean PK
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parameters and their interindividual variability. This model
has been applied to compare the impact of two procedures
of HIPEC on oxaliplatin PK.

Patients and methods

Patients and oxaliplatin administration

Data were obtained from 24 patients who were treated from
June 2005 to January 2007 for primary or recurrent perito-
neal carcinomatosis with debulking surgery and HIPEC.
Their primitive tumor type was ovarian (n = 17), colorectal
(n = 5), mesothelioma (n = 1), or pseudomyxoma (n = 1). All
except the two patients with mesothelioma, or pseudomyx-
oma, were previously treated by intravenous chemotherapy.

All patients provided written informed consent before
study enrolment. The main patient characteristics are
shown in Table 1. HIPEC procedures were conducted as
previously described by Elias et al. [4] with the “coliseum”
technique. Oxaliplatin was administered in a 5% dextrose
solution (2 L/m2) at a dose of 460 (n = 17) or 360 mg/m2

(n = 7). The initial dose (i.e., 460 mg/m2) was reduced for
the Wnal seven patients treated due to toxicity. The Wrst 12
patients were treated according to the Wrst HIPEC proce-
dure (group 1), and the following 12 patients to the second
procedure (group 2). For the Wrst procedure, the solution
instilled within the peritoneal cavity contained oxaliplatin,
and a delay of 8–10 min was necessary to reach a tempera-
ture of 42–43°C. For the second procedure, the cavity was
initially Wlled only with the dextrose solution, and oxalipla-
tin was added to the peritoneal instillate when the tempera-
ture reached 42–43°C. The extracorporeal circulation of the
Xuid was realized using the Performer LRT® System
(Medolla, MO, Italy). Perfusion duration was exactly
30 min from the time when optimum temperature (42–
43°C) was reached.

Sampling and platinum assay

Seven peritoneal Xuid samples were collected (every 5 min
during the 30-min HIPEC) per patient. An additional peri-
toneal sample was obtained just before the warm-up period
for the Wrst 12 patients (HIPEC procedure 1). Eleven blood

samples (5 mL) were collected: before the HIPEC, 0.167,
0.333, 0.5, 0.75, 1, 2, 4, 6, and 8 after the beginning of the
HIPEC. Blood samples were immediately centrifuged at
2,000£g for 10 min at 4°C. One milliliter of plasma was
ultraWltered using an Amicon MPS1 micro partition system
with YMT membranes (30,000 MW cut-oV) at 4°C for
20 min at 2,000£g.

Peritoneal Xuid samples were collected: at the beginning
of the perfusion (for the 12 Wrst patients only), at the begin-
ning of HIPEC, and every 5 minutes during HIPEC.

Samples were kept at ¡20°C until analysis by Xameless
atomic absorption spectrophotometry, according to a previ-
ously described method [8]. The limit of quantiWcation was
10 ng/mL for both peritoneal Xuid and ultraWltrate, and
20 ng/mL for plasma.

Pharmacokinetic analysis

Peritoneal and total plasma data

Peritoneal and plasma data from the 24 patients were
simultaneously analyzed using NONMEM (version V,
level 1.1 running on Pentium 200 pro) [1] according to a
three-compartment pharmacokinetic model (Fig. 1) and a
Wrst-order conditional estimation (FOCE) method. A pro-
portional error model was used for residual and inter-
patient variability. Individual pharmacokinetic parameters
were obtained by Bayesian estimation using the POSTHOC
option. The impact of the HIPEC technique (TECH = 0,
or = 1 for the Wrst or the second procedure, respectively) on
absorption rate from peritoneal compartment to plasma,
Ka, was tested according to the following equation:
TVKa = �5 £ (1 ¡ �7 £ TECH) where �5 is the typical
value of Ka (TVKa) of patients for whom TECH = 0, and
�5 £ (1 ¡ �7) that of patients for whom TECH = 1. A Wrst
analysis was done by allocating a constant value of TECH
(either 0 or 1) for all samples during the HIPEC procedure.
A second analysis was done by coding TECH = 1 only for
samples during the warm-up period and then TECH = 0.
The two models with the covariate TECH were compared
to that without covariate by the �2 test of diVerence
between the respective objective function values (OBJs);
OBJ equal to minus twice the log likelihood of the data. A
change of at least 3.84 (P < 0.05, one degree of freedom)
was required to consider Ka as signiWcantly dependent of
the covariate TECH.

UltraWltrate plasma data

Since ultraWltrate (uf) plasma concentrations observed at
time 6 and/or 8 h were higher than those observed at previ-
ous sampling time for 12/24 patients, no attempt was made
to obtain a structural pharmacokinetic model to describe the

Table 1 Characteristics of the 24 patients 

Characteristics Mean Range

Gender (male/female) 2/22

Age (years) 53 32–68

Body weight (kg) 65 50–90

Dose of oxaliplatin (mg) 711 460–880
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observed uf plasma data. The pharmacokinetic parameters
corresponding to uf plasma concentrations were obtained
by model independent method using Kinetica software
(version 4.1, InnaPhase, Waltham, MA, USA). Mixed lin-
ear and logarithmic trapezoidal rule was used to calculate
the area under the curve of the uf plasma concentrations
versus time from time 0 to 8 h after the beginning of the
HIPEC (AUC0-8 h).

Results

Pharmacokinetics

Peritoneal and total plasma data

The structural pharmacokinetic model was found to
describe the data very accurately with a residual variability
of 8 and 13% for peritoneal and plasma concentrations,
respectively. Figure 2 shows the mean observed peritoneal
(Fig. 2a) and total plasma (Fig. 2b) concentrations versus
time, and concentrations corresponding to mean pharmaco-
kinetic parameters obtained by the model. The mean phar-
macokinetic parameters and their interindividual variability
are shown in Table 2. The inter-individual variability was
larger for plasma pharmacokinetic parameters than that for
peritoneal parameters. Figure 3 shows that the absorption
rate (Ka) of oxaliplatin from peritoneal compartment to
plasma was not dependent on the administered dose. The
mean peritoneal half-life (=ln 2/Ka) ranged between 18 and
42 min.

By considering the covariate TECH during either the
whole HIPEC procedure or only during the warm-up
period, no signiWcant decrease of the OBJ was observed
indicating that there was no change in Ka due to the HIPEC
technique. Figure 3 conWrms that individual values of Ka
were not dependent on the procedure.

UltraWltrate plasma data

The mean uf plasma AUC0-8 h was 13.7 �g/mL £ h (range:
8.0–20.0 �g/mL £ h). As previously stated to justify the
model-independent method to analyze these data, the mean
uf concentration (Fig. 4) at T + 8 h was slightly higher than
that at T + 6 h.

Fig. 1 Pharmacokinetic model with Ka = 0 when time > duration of
the peritoneal infusion, and peritoneal and plasma concentrations
corresponding to the peritoneal and central compartment, respectively
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Fig. 2 Mean (§SD) observed peritoneal (a) and total plasma (b)
oxaliplatin concentrations, and curve of concentrations versus time
corresponding to the mean pharmacokinetic parameters
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Fig. 3 Absorption rate (Ka) of oxaliplatin from peritoneal compart-
ment to plasma versus oxaliplatin dose; TECH = 0, or = 1 in case of a
delay, or not to reach the temperature of 42–43°C
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Toxicity

Major morbidity (grade 3 and 4) occurred in eight patients in
group 1 (Wrst HIPEC procedure), and in four patients in
group 2 (second HIPEC procedure). The most signiWcant
morbidities were abdominal bleeding, anastomotic leaks,
sensory alteration or paresthesia, infection complications,
systemic inXammatory response syndrome, and thrombocy-
topenia. Eight patients in group 1 and one patient in group 2
developed abdominal bleeding. Grade 3–4 thrombocytopenia
occurred in ten patients in group 1, and one patient in group
2. Systemic inXammatory response syndrome associated
with clinical peritonitis and a high level of C reactive protein
was seen in nine patients in group 1, and none in group 2.

Discussion

Pharmacokinetics of oxaliplatin given by HIPEC has been
previously reported, but this study was the Wrst based on a

population approach allowing to analyze all peritoneal and
plasma data from 24 patients simultaneously. The mean
value of 29 min (range 18–42 min) obtained for the perito-
neal half-life was consistent with those previously reported
(i.e., 30 min [2] or 40 min [3]). The absorption process was
not dependent on the dose (Fig. 3). The NONMEM meth-
odology also allowed us to evaluate if the procedure had an
impact on the absorption speciWcally during the warm-up
period: Ka was not signiWcantly diVerent during this period
in comparison with the period with peritoneal liquid at 42–
43°C. Since the pharmacokinetic model well described the
peritoneal data it is possible to estimate the mean absorbed
dose of oxaliplatin according to the mean Ka and the dura-
tion of the HIPEC procedure: half of the dose is absorbed
after 30 min of HIPEC. However, although the interindivid-
ual variability on Ka was limited (i.e., coeYcient of varia-
tion of 22%), there was a ratio of 2 between the extreme
values indicating that for some patients the percentage of
dose absorbed during a 30-min HIPEC may vary between
40 and 68%. This diVerence contributed to the variability of
the plasma oxaliplatin concentrations that was also the con-
sequence of the interindividual variability in plasma phar-
macokinetic parameters (i.e., 47% for plasma clearance).

The proWle of ultraWltered plasma oxaliplatin concentra-
tions was unexpected. For most of the patients, concentra-
tions at time 6 or 8 h were higher than those at previous
sampling time. This was also observed in the experimental
model of HIPEC in pigs [5]. We can make the hypothesis
that platinum compounds are released from the peritoneal
membranes lately after the end of the HIPEC. This fraction
does not necessarily correspond to unchanged oxaliplatin.
Indeed, we could make the hypothesis that oxaliplatin may
be conjugated with glutathione by the glutathione-S-trans-
ferase within the cells constituting the peritoneal mem-
branes and then transported out of the cells to the plasma
compartment by the MRP transporters. Since platinum glu-
tathione S-conjugates are relatively small molecules [6],
they would contribute to this rebound of the uf plasma con-
centrations.

A signiWcant correlation was observed between uf
plasma AUC and platelet count at nadir (r = ¡0.58,
P < 0.01, data not shown). However, the diVerence in
hematologic toxicity may be explained by considering only
the oxaliplatin dose: mean (§SD) nadir count of platelets
was signiWcantly lower (P < 0.001) after 460 mg/m2 of oxa-
liplatin than after 360 mg/m2: 86,900 (§69,600)/mm3 and
198,400 (§29,700)/mm3, respectively. The previous
hypothesis relative to platinum glutathione S-conjugates
could explain why pharmacokinetic–pharmacodynamic
relationship is not stronger than that between dose and tox-
icity. Moreover, thrombopenia was also the consequence of
post-operative hemorrhage that was more frequent for
patients for whom the Wrst HIPEC procedure was

Table 2 Mean peritoneal and plasma oxaliplatin pharmacokinetic
parameters

CV coeYcient of variation

* Harmonic mean

** Extreme values

Parameter Mean CV (%)

Peritoneal

Volume of distribution (L) 3.95 17

Clearance (L/h) 5.47 21

Ka (h¡1) 1.40 22

T1/2 (h) 0.49* 0.30–0.70**

Plasma

Central volume of distribution (L) 15.3 27

Clearance (L/h) 3.71 47

T1/2�((h) 0.21* 0.18–0.22**

T1/2�((h) 12.9* 5.33–38.08**

Fig. 4 Mean (§SD) observed ultraWltered plasma oxaliplatin concen-
trations
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performed. Since all of them received 460 mg/m2 of
oxaliplatin, whereas 7 of 12 patients with second HIPEC
procedure received 360 mg/m2, HIPEC procedure probably
contributed as much as the oxaliplatin doses or plasma con-
centrations to this hematological toxicity. Besides the phar-
macokinetic results, this study showed the impact of the
HIPEC procedure on toxicity. Detailed clinical (both toxic-
ity and eYcacy) results will be reported elsewhere.

In conclusion, the present pharmacokinetic model
allowed us to quantify the respective interindividual vari-
ability to peritoneal and systemic processes. It will be use-
ful to implement pharmacokinetic evaluation of further
clinical trials of HIPEC based on oxaliplatin administration
that is planned.

Acknowledgment We thank Miss Tracy Chapman for editorial
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