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Abstract Ovarian cancer is the leading cause of gyneco-
logical cancer-related death in Western countries. The pres-
ent treatment standards for ovarian cancer are based on the
association of debulking surgery with platinum-based che-
motherapy. Another strategy that could be further investi-
gated is intraperitoneal chemotherapy (IP). We previously
described that the 2-h administration of intraoperative IP
cisplatin did not reach satisfactory concentrations. In the
present study, we present the results of a pharmacokinetic
analysis performed after two consecutive 1-h IP 30 mg/l
cisplatin administrations. Twenty-seven patients with
advanced epithelial cancer classified FIGO stage ITIIC were
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included in the study. Blood and IP samples were taken
over a 24-h period, during and after IP treatment. Both total
and ultrafiltered (Uf) platinum (Pt) concentration levels
were analyzed. Biological and clinical toxicities were also
recorded. With this strategy, IP Pt concentrations stayed
above the target concentration (10 mg/l) for a satisfactory
length of time. The serum Pt concentrations were higher
than those observed with the “one-bath” protocol and they
induced the occurrence of recoverable renal toxicities (3
grade 1, 7 grade 2 and 4 grade 3). The best predictive
parameter for renal failure was the total Pt 24-h Area Under
the Curve (AUC) with a threshold value of 25 mgh/l
RR =0.31 (95% CI1 0.13 — 0.49, P < 0.01). Administration
of an increased amount of cisplatin is feasible and a
satisfactory level of IP Pt concentrations is obtained. How-
ever, this improvement is associated with an increase in
serum Pt levels and resulting renal toxicities. An attractive
solution would be to decrease Pt transfer from peritoneum
to bloodstream. A phase 1 study using intraoperative IP
epinephrine in order to decrease this transfer is presently
being carried out.

Keywords Pharmacokinetic - Cisplatin -
Ovarian neoplasms - Intraperitoneal Infusions

Introduction

Advanced epithelial ovarian cancer is the leading cause of
gynecological cancer-related death in Western countries
and the fourth most common cause of cancer-related death
among women. More than 75% of diagnosed cases present
with regional or metastatic disease. The associated 5-year
survival is around 30% with III and IV stage disease
[10, 11, 17].
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The standards for ovarian cancer treatments were ini-
tially based on the association of debulking surgery with
platinum-based chemotherapy [4, 9]. However, recent data
suggest that the combination carboplatin—paclitaxel associ-
ated with an aggressive surgical bulk reduction could be a
standard first-line treatment [4, 9, 20]. An additional strat-
egy can also be proposed: intraperitoneal chemotherapy.
The rationale for administering intraperitoneal (IP) chemo-
therapy to patients with ovarian cancer and peritoneal
involvement is that it has high drug concentration exposure;
this leads, however, to increased cytotoxicity and a high
level of systemic toxicity [6, 16]. Several multicenter phase
III clinical trials have shown a survival benefit [2, 3, 15],
and this improvement has been confirmed by a meta-analy-
sis of initial management of primary epithelial ovarian can-
cer which included eight randomized trials [12].

Intraoperative IP chemotherapy has been suggested as an
alternative approach to improve IP treatments. Indeed, one
of the reasons suggested for IP chemotherapy treatment
failure is inadequate diffusion in the peritoneal cavity, due
to adhesion barriers and/or anatomic niches. Administration
of chemotherapy during surgery is of interest as the sur-
geon, who stirs the cisplatin liquid in the peritoneum manu-
ally, controls the diffusion and the distribution near the
resected areas providing optimal peritoneal cavity expo-
sure. Moreover, along with the associated abdominal pain
and systemic toxicities, additional adverse effects occur
when an infusion catheter is used for the administration of
IP chemotherapy [12, 16, 18]. These complications are
common and include catheter obstruction, chemotherapy
leakage around the catheter or surrounding subcutaneous
tissues, infections, etc. [16]. To deal with these problems,
an “open” intraoperative IP administration can be per-
formed after optimal cytoreductive surgery by filling the
peritoneal cavity with saline containing chemotherapeutic
agents [1, 19]. Even if such method also presents disadvan-
tages such as insufficient exposure of the laparotomy
wound and, consequently, existence of small parts of the
peritoneum not exposed to chemotherapy leading to poten-
tial tumor recurrence, exposure of operation theatre person-
nel to chemotherapeutic drugs by spilling, direct contact
and aerosols, etc [23], this kind of administration eliminates
catheter perfusion and related adverse effects and it confers
best drug diffusion by manual mixing.

In a previous study using this method, we described the
pharmacokinetic parameters of platinum with a 2-h intraop-
erative IP treatment and established that the IP platin target
concentration required for cytotoxicity was 10 mg/l [19].
The pharmacokinetic analysis showed that the platin perito-
neal exposure in our study fell below this threshold value
within 15 min after the beginning of intraoperative IP che-
motherapy administration. Also, patient exposure to platin,
expressed as the Area Under the Curve (AUC), after a
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50 mg/m? intraoperative IP treatment, was similar to an
intravenous 100 mg/m* administration. These results sug-
gest the use of two consecutive 1-h IP administrations of
30 mg/l of cisplatin instead of improving IP exposure by
increasing cisplatin dosage above 50 mg/m?. For this second
study, we preferred to express the cisplatin dosage in “mg/1”
to be closer to the desired IP target (10 mg/l). The resulting
pharmacokinetic analysis is presented in this study.

Patients and methods
Patients and treatments

Twenty-seven patients with advanced epithelial ovarian
cancer classified FIGO stage IIIC were included in the
study. Their Performance Scores (WHO) were 0-1 and the
median age at the time of diagnosis was 57.9 years (range
35.5-75.0). Tumors were undifferentiated carcinomas in 14
cases, and poorly, moderately and well-differentiated in 8, 4
and 1 cases, respectively. The cell types were mucinous in
ten cases, serous in 11 cases, papillary serous in four cases,
papillary in one case and endometrioid in one case.

The treatment scheme included 4-8 cycles of intrave-
nous (IV) induction chemotherapy with paclitaxel and car-
boplatin followed by debulking surgery during which
intraoperative intraperitoneal (IP) chemotherapy with cis-
platin was administered.

The debulking surgery consisted of optimal cytoreduc-
tive surgery removing all visible tumor, after which IP che-
motherapy was administered before closure of the
laparatomy. Intraoperative IP chemotherapy was performed
by filling the peritoneal cavity with 3 1 of 37°C-heated iso-
tonic saline containing a total amount of 90 mg of cisplatin
(i.e., a concentration of 30 mg/1). Gentle stirring was manu-
ally carried out by the surgeon. One hour after the begin-
ning of intraoperative IP chemotherapy, the peritoneal
cavity was cleared out, rinsed and refilled with the same
solution as the first bath. This second intraperitoneal bath
lasted 1 h, after which the peritoneal cavity was cleared out,
rinsed and closed up. Concomitant and post-surgical intra-
venous hydrations with a minimal administration of
3,000 ml of normal saline, 2.2 mM Ca2*, glucuronate, 1 g/l
Mg?*, 2 g/l KCl and 3 g/l NaCl were administered to try to
prevent renal toxicity.

This study was conducted according to the principles set
out in the Declaration of Helsinki and included complete
patient information and signed informed consent.

Pharmacokinetic study

Peritoneal sampling was performed 1, 30 and 59 min after
the beginning of each of the two baths. Blood samples were
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taken at the same time (i.e. 1, 30, 59, 61, 90 and 120), and
then 4, 6, 8, 16 and 24 h after the intraoperative IP treat-
ment. Pharmacokinetic samples were centrifuged at 4°C
and then divided into two fractions. One was used for total
Pt determination and was frozen after centrifugation. The
other fraction was ultrafiltered (Amicon Ultra-4, Millipore,
Bedford, MA, USA) for determination of ultrafiltered (Uf)
platinum (Pt) and was also frozen for measurement. Total
protein concentrations were measured in all samples by an
automated Biuret method (Dade Behring, Paris La Défense,
France). The other biological parameters: serum creatinine,
serum electrolytes (including K*, Na*, CI~, Mg?"), lactate
concentrations and blood counts were obtained by routine
procedure. The AUCs calculated during the 24-h period and
for both compartments were calculated using a trapezoidal
method. Total and Uf pharmacokinetic parameters were
calculated separately.

Platinum concentration measurements were performed
by Inductively Coupled Plasma Mass Spectrometry (ICP-
MS). A Hewlett Packard (Les Ulis, France) model 4500
ICP-MS was used. The flow of Argon gas was delivered
with an outer gas flow-rate of 15 1/min and a nebulizer
(Cross flow) flow-rate of 11/min. The MS was equipped
with a two-cone interface and a quadrupole mass analyzer.
The sample uptake rate was 0.2 ml/min. The ions selected
from Pt and bismuth (internal standard) were measured at
m/z of 195 and 209, respectively. Pt standard solution, bis-
muth solution and nitric acid were purchased from Merck
(Darmstadt, Germany). All chemicals and reagents were of
the highest available grade and were used without further
purification. The samples were prepared by diluting 50 pl
of serum with 4,950 pl of diluent containing 1% nitric acid
and 10 pg/l of bismuth (ca. 100-fold dilutions). Calibration
curves for Pt were prepared in serum obtained from healthy
volunteers, and spiked with standard working solution to
cover the concentration range of 0-1,000 pg/l. The stan-
dards were diluted 100-fold with the same diluent as the
samples before they were placed in the nebulization cham-
ber. The limit of detection, calculated as the mean blank
value + three times standard deviation (SD), was 0.01 pg/l.
The lower limit of quantification, defined as ten times the
SD above the mean blank value, was 0.2 pg/l. The calibra-
tion curves exhibited good linearity over the working con-
centration range of 0—1,000 pg/l. Recovery of Pt added to
serum was close to 100% at concentrations of 20 and
200 pg/l. Within-run and between-run coefficients of varia-
tion were less than 5% for both concentrations studied.

Toxicity study
The toxicity evaluation was performed via physical exami-

nation and routine laboratory tests until the end of the hos-
pitalization. Toxicities were defined according to the

National Cancer Institute Common Toxicity Criteria. Renal
toxicities were assessed by increase in serum creatinine
concentrations and hematological toxicities by assessment
of blood counts within 10 days after surgery.

Statistical evaluation

The analysis of the relationship between toxicities and
pharmacokinetic parameters was performed using the Chi-
square test. The results of the pharmacokinetic parameters
are expressed as mean = standard errors.

Results
Peritoneal pharmacokinetic parameters

The variation in IP Pt concentrations over time is shown in
Fig. 1. Uf and total Pt concentrations were similar. The
mean maximal values observed were 22.63 £ 8.13 and
23.43 £ 6.99 mg/l for Uf and total Pt, respectively
(Table 1). No difference was observed between the two
consecutive baths regarding the maximal values or the
AUCs. The AUCs calculated for the sum of these two baths
were 20.02 £ 6.31 and 24.44 £ 9.13 mg h/1 for Uf and total
Pt, respectively (Table 1). Interestingly, the time duration
with total Pt concentrations over 10 mg/l was 1 h and the
time duration with a total Pt concentration over 5 mg/l was
almost that of the total duration of the IP procedure.

Serum pharmacokinetic parameters

The variation in serum Pt concentrations over time is
described in Fig. 2. This figure shows the two peaks of Pt
occurring during the two consecutive administrations of IP
cisplatin. These maximal Pt concentrations occurred at 30
and 90 min. The mean maximal values were 1.95 £ 0.41
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Fig. 1 Evolution over time of IP Pt concentrations. The concentra-
tions were measured during two consecutive 1-h administrations of
90 mg of CDDP diluted in 3 1 of isotonic saline. Uf Pt was separated
after ultrafiltration. The results are the mean + SD of 27 patients
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Table 1 Comparison of Pt pharmacokinetic parameters observed IP
or in serum

AUCs (mg h/l) Chax (mg/l)

Mean serum Pt pharmacokinetic parameters

Uf Pt 1 administration 3.72 £ 1.36 (24 h) 1.00 + 0.38
2 administrations ~ 5.90 &+ 1.21 (24 h) 1.95 £ 0.41

Total Pt 1 administration 1648 £4.62(24h) 1.36 +0.37
2 administrations ~ 25.24 +5.77 (24 h) 2.70 £ 0.43

Mean intraperitoneal Pt pharmacokinetic parameters

Uf Pt 1 administration 10.23 £2.91 2 h) 11.67 £3.35
2 administrations ~ 20.02 £ 6.31 (2 h) 22.63 £8.13

Total Pt 1 administration 11.73 £2.44 (2 h) 12.06 £+ 3.04
2 administrations  24.44 £+ 9.13 (2 h) 23.43 £6.99

The Pt pharmacokinetic parameters were obtained after two different
[P CDDP administration protocols: a protocol with one administration
of 50 mg/m> CDDP (labeled “1 administration”) and a protocol with
two consecutive 1-h administrations of 90 mg CDDP each (labeled “2
administrations”). Each administration of CDDP was diluted in 3 1 of
isotonic saline. The parameters studied were the mean £ SD value of
maximal concentration (C,,,) and the values of IP (2 h) and serum
(24 h) AUCs

max.

—— Uf Pt
—o— Total Pt

Ptconcentration (mg/L)

Time (hours)

Fig. 2 Evolution over time of serum Pt concentrations. The concen-
trations were obtained during and after two consecutive 1-h adminis-
trations of 90 mg of CDDP diluted in 3 1 of isotonic saline. Samples
were taken during the 24-h period and Uf Pt was separated after ultra-
filtration. The results are the mean + SD of 27 patients

and 2.70 £0.43 mg/l1 for Uf and total Pt, respectively
(Table 1). The difference between total and Uf Pt concen-
trations varied with time (Fig. 2). The respective AUCs cal-
culated for the 24-h period reflect the same phenomenon.
The values observed in Uf and total Pt were 5.90 & 1.21
and 25.24 £ 5.77 mg h/l, respectively (Table 1). The ratio
obtained between serum and peritoneal maximal Uf Pt con-
centrations was 1/12 whereas the same ratio in Uf Pt AUCs
was 1/3. The ratios obtained for total Pt were, respectively,
1/9 for C,,,, and 1/1 for AUCs.

max

Protein concentrations

Total peritoneal protein concentrations were assessed at the
same time as Pt concentrations. As shown in Fig. 3a, the
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peritoneal protein concentrations increased over time.
However, the concentration values were higher during the
first bath than those observed during the second bath. This
was probably due to the washing of the peritoneal cavity
before the second bath. The level of serum protein concen-
trations remained constant during intraoperative IP chemo-
therapy (see Fig. 3b). The concentrations were around 30 g/
1 during surgery and steadily increased afterwards, reaching
40 g/l at 24 h.

Toxicity evaluation

Excepted renal toxicities, none of the usually reported tox-
icities (abdominal pain, nausea/vomiting, neurotoxicity,
hematotoxicity) were encountered with the present modal-
ity of intraoperative IP chemotherapy. Of course, none of
the toxicities related to drugs delivery through IP catheter
were observed. Only transient renal toxicities were
observed: three cases of grade 1, 7 of grade 2 and 4 of grade
3 renal failures occurred within the first 10 days after the
treatment. Renal function recovered in all patients after
intravenous hydration with normal saline 2.2 mM Ca*t,
glucuronate, 1 g/l Mg?*, 2 g/l KCl and 3 g/l NaCl.

Patient distribution for both Uf and total AUCs for the
occurrence of renal toxicities is shown in Fig. 4. The 24-h
AUC of Uf Pt showed patients who experienced renal tox-
icities and those who did not. A threshold value was identi-
fied at 5.9 mgh/l for the 24-h AUC of Uf Pt: hazard
ratio = 0.75 (95% CI 0.27-1.24, P < 0.05). The best predic-
tive parameter for renal failure was total Pt 24-h AUC. A
threshold value was identified at 25 mg h/l for the 24-h
AUC of total Pt: risk ratio=0.31 (95% CI 0.13-0.49,
P <0.01). The other parameters studied were C,,, for Uf
and total Pt; IP AUCs were not significant for renal toxicity
occurrence.

Discussion

In a previous study, a clonogenic assay determined the peri-
toneal concentration associated with total cytotoxicity on
ovarian cancer-resistant cells (OVCAR-3) [19]. Incubation
of 10 mg/l of CDDP for 2 h was associated with a complete
inhibition of cell growth. Incubation of 5 mg/l of CDDP for
2 h inhibited cell survival by 90%. With the 10 mg/1 thresh-
old, the analysis of Pt pharmacokinetic parameters after 2 h
of intraoperative peritoneal treatment using 50 mg/m? of
CDDP, established that the exposure of the peritoneal cav-
ity cells to Pt was insufficient [19].

Based on these results, we modified the treatment pro-
cess and two consecutive 1-h administrations of CDDP
were administered to patients. This new protocol greatly
improved the peritoneal exposure to Pt. The time duration
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Fig. 4 Distribution of patients with and without renal toxicity. The Uf
and total AUC parameters observed in serum are shown for patients
who experienced renal toxicity (hatched boxes) and those who did not
(blank boxes). The results are expressed as the median (horizontal lines
in the boxes) and the 10th (upper “whisker”), 25th (top of the boxes),
75th (down of the boxes) and 90th (lower “whisker”) percentiles; dark
filled circle represents the outliers. Asterisk and double asterisk ex-
press statistical differences with P < 0.05 and P < 0.01, respectively,
for the Chi-square

with a peritoneal Pt concentration above 10 mg/l was more
than 1 h and the time duration with a concentration above
5 mg/l was almost 2 h.

Another possibility could be to simply add cisplatin in
the peritoneum without replacing the bath by a new one.
Such method allowed van Ruth et al. to increase maximal
tolerable total dose by approximately three times higher
than that of usual method [22]. However, even if such

Time

method seems to be more practicable, we preferred to
replace the bath 1 h after the beginning of the chemother-
apy. Indeed, our previous study has shown an important
interindividual variability which leaded to high IP concen-
trations with some patients [19]. Adding cisplatin in the
same bath may lead to very high IP and IV Pt concentra-
tions to these patients. We thus preferred two controlled-
concentration administrations of cisplatin.

Both peritoneal and serum concentrations were higher
with two cisplatin baths than with one bath. As demon-
strated in Table 1, the mean AUCs and maximal peritoneal
concentrations were clearly higher with the two-bath proto-
col. The present study was conducted with a selected dou-
ble dose as compared to the previous protocol (but
administered twice), resulting in a higher exposure than the
previous study.

Considering the administered doses, the AUCs of CDDP
in the present study are similar to those described by other
authors even if such data should be weighted by the doses
administered and the perfusion method. Kern et al.
described a Uf AUC of 29.27 + 9.08 mg h/1 for IP concen-
trations and 9.51 + 0.87 mg h/l for serum concentrations
with an IP-administered dose of 150 mg/m2 [13]. In the
study by Cho et al., the authors observed an AUC for total
Pt of 75.3 £29.2 mg h/l for an IP-administered dose of
300 mg/m2 [8]. The decrease in the administered doses in
our study resulted in logically lower exposure. For IP-
administered doses ranging from 50 to 70 mg/m?, van de
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Vaart et al. observed a Uf AUC from 1.44 to 2.19 mg h/l
[21] and in our previous protocol, for an IP-administered
dose of 50 mg/mz, we observed a Uf AUC of
3.72 &+ 1.36 mg h/1 [19].

The dose administered in the present study is lower than
that observed in other studies. The present study was car-
ried out with a fixed IP threshold, not with a concentration
determined by the body surface area using a maximal toler-
ate dose obtained after phase I study. This probably
explains why we administered lower doses. As well, the
ratios between IP and serum concentrations were lower in
the present study [5, 6, 14]. Such phenomenon may be
linked to the method used: open method and/or lower doses
administered versus others studies often performed with
hyperthermic intraperitoneal chemotherapy increasing Pt
uptake by peritoneal cavity [1, 6, 14, 16].

The increase in Pt concentrations observed in serum was
linked to the increased exposure to peritoneal Pt. The shape
of the curve of Pt concentrations over time, described in
Fig. 2, demonstrates clearly that at each peritoneal adminis-
tration, a marked increase in serum concentration was
observed. In the previous study, we speculated that the pro-
tein concentrations might be important for pharmacokinetic
parameters of Pt in serum [19]. This observation has been
confirmed by the present study as protein levels were also
low during IP chemotherapy and remained low afterwards
(Fig. 3b). This observation is linked to and explains the
differences between Uf and total Pt in serum (Fig. 2). The
highest difference was observed 4 h after the beginning of
intraoperative IP chemotherapy when both protein and Pt
concentrations were concomitantly the lowest and highest
respectively.

In our previous study with one bath of 50 mg/m?, we
found that the systemic exposure of patients to Pt was very
similar to that observed with a 100 mg/m? intravenous pro-
tocol [19]. In the present study, a great increase in serum Pt
exposure was observed, compared to the one-bath 50 mg/
m? protocol (Table 1). The serum exposure was above that
of the exposure observed after a 100 mg/m*> CDDP given
intravenously and could explain the occurrence of 11 cases
with grade 2-3 nephrotoxicities (Fig. 4). All patients recov-
ered from these toxicities. Considering these data, the
higher toxicity observed with intraoperative IP chemother-
apy performed with a 100 mg/m? dose IP as compared to a
75 mg/m* comparative intravenous arm pointed out in a
recent review is logical [16]. However, it seems important
to point out that the only adverse effect observed in our
study was renal toxicity. The preoperative administration of
platin can thus eliminate catheter infusion and all the
related adverse effects [2, 3, 16].

However, this method should not be routinely recom-
mended because of the high rate of renal toxicity. A way to
restrict the transfer of Pt from the peritoneum to the
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bloodstream needs to be found. Our results give additional
support to an ongoing phase I study with IP epinephrine
and cisplatin. Epinephrine is a vasoconstrictor which has
theoretically and experimentally reduced the Pt transfer
between peritoneum and bloodstream and increased intra-
tumoral Pt concentrations [6, 7]. The results of our study
are expected at the beginning of 2007.

To conclude, intraoperative IP chemotherapy with
CDDP is a feasible treatment option for ovarian cancer with
peritoneal involvement. In a previous pharmacokinetics
study, we observed that intraoperative IP CDDP using
50 mg/m? in one bath was insufficient in terms of peritoneal
exposure. In the present study, two consecutive intraopera-
tive IP administrations of CDDP at 30 mg/l provided an
optimal peritoneal exposure. This improvement induced a
significant increase in Pt concentrations in serum and tran-
sient nephrotoxicities, which were however, the only
adverse effects. To optimize intraoperative IP CDDP, fur-
ther studies aimed at decreasing the transfer from perito-
neum to bloodstream need to be carried out. After the
feasibility of IP epinephrine administration was performed
[7], a phase 1 study using intraoperative IP epinephrine for
this decrease is ongoing.

Acknowledgments The authors are very grateful to the staff of the
pharmacology department for their help in samples management. This
work was supported by a grant from the Ligue Contre le Cancer du Do-
ubs. The authors of this manuscript also state that they have no conflict
of interest in the present study.

References

1. Ahmad SA, Kim J, Sussman JJ, Soldano DA, Pennington LIJ,
James LE, Lowy AM (2004) Reduced morbidity following cytore-
ductive surgery and intraperitoneal hyperthermic chemoperfusion.
Ann Surg Oncol 11:387-392

2. Alberts DS, Liu PY, Hannigan EV, O’Toole R, Williams SD,
Young JA, Franklin EW, Clarke-Pearson DL, Malviya VK, Du-
Beshter B (1996) Intraperitoneal cisplatin plus intravenous cyclo-
phosphamide versus intravenous cisplatin plus intravenous
cyclophosphamide for stage III ovarian cancer. N Engl J Med
335:1950-1955

3. Armstrong DK, Bundy B, Wenzel L, Huang HQ, Baergen R, Lele
S, Copeland LJ, Walker JL, Burger RA (2006) Intraperitoneal cis-
platin and paclitaxel in ovarian cancer. N Engl J Med 354:34-43

4. Bookman MA (2005) Standard treatment in advanced ovarian can-
cer in 2005: the state of the art. Int J Gynecol Cancer 15(Suppl
3):212-220

5. Chatelut E, de Forni M, Canal P, Chevreau C, Roche H, Plusquel-
lec Y, Johnson NP, Houin G, Bugat R (1991) Teniposide and cis-
platin given by intraperitoneal administration: preclinical and
phase I/pharmacokinetic studies. Ann Oncol 2:217-221

6. Chauffert B, Favoulet P, Polycarpe E, Duvillard C, Beltramo JL,
Bichat F, Rat P, Genne P, Benoit L (2003) Rationale supporting
the use of vasoconstrictors for intraperitoneal chemotherapy with
platinum derivatives. Surg Oncol Clin N Am 12:835-848

7. Chauffert B, Molucon-Chabrot C, Isambert N, Benoit L, Zanetta S,
Fraisse J, Guilland JC, Royer B, Monin-Baroille P, Flesch M,



Cancer Chemother Pharmacol (2008) 61:415-421

421

10.

11.

12.

13.

14.

15.

Fargeot M, Coudert B, Mayer F, Fumoleau P (2006) Feasibility of
using intraperitoneal epinephrine and cisplatin in patients with ad-
vanced peritoneal carcinomatosis. Anticancer Drugs 10:1211-
1217

. Cho HK, Lush RM, Bartlett DL, Alexander HR, Wu PC, Libutti

SK, Lee KB, Venzon DJ, Bauer KS, Reed E, Figg WD (1999)
Pharmacokinetics of cisplatin administered by continuous hyper-
thermic peritoneal perfusion (CHPP) to patients with peritoneal
carcinomatosis. J Clin Pharmacol 39:394-401

. duBois A, Quinn M, Thigpen T, Vermorken J, Avall-Lundqvist E,

Bookman M, Bowtell D, Brady M, Casado A, Cervantes A, Eisen-
hauer E, Friedlaender M, Fujiwara K, Grenman S, Guastalla JP,
Harper P, Hogberg T, Kaye S, Kitchener H, Kristensen G, Mannel
R, Meier W, Miller B, Neijt JP, Oza A, Ozols R, Parmar M, Pecor-
elli S, Pfisterer J, Poveda A, Provencher D, Pujade-Lauraine E,
Randall M, Rochon J, Rustin G, Sagae S, Stehman F, Stuart G,
Trimble E, Vasey P, Vergote I, Verheijen R, Wagner U (2005)
2004 consensus statements on the management of ovarian cancer:
final document of the 3rd international gynecologic cancer inter-
group ovarian cancer consensus conference (GCIG OCCC 2004).
Ann Oncol 16(Suppl 8):viii7-viiil2

Goodman MT, Howe HL (2003) Descriptive epidemiology of
ovarian cancer in the United States, 1992—-1997. Cancer 97:2615—
2630

Goodman MT, Howe HL,, Tung KH, Hotes J, Miller BA, Coughlin
SS, Chen VW (2003) Incidence of ovarian cancer by race and eth-
nicity in the United States, 1992—-1997. Cancer 97:2676-2685
Jaaback K, Johnson N (2006) Intraperitoneal chemotherapy for the
initial management of primary epithelial ovarian cancer. Cochrane
Database Syst Rev 1:CD005340

Kern W, Braess J, Kotschofsky M, Samel S, Becker H, Hidde-
mann W, Schleyer E (2002) Application of cisplatin as intraoper-
ative hyperthermic peritoneal lavage (IHPL) in patients with
locally advanced gastric cancer: analysis of pharmacokinetics and
of nephrotoxicity. Anticancer Res 22:3099-3102

Markman M (2003) Intraperitoneal antineoplastic drug delivery:
rationale and results. Lancet Oncol 4:277-283

Markman M, Bundy BN, Alberts DS, Fowler JM, Clark-Pearson
DL, Carson LF, Wadler S, Sickel J (2001) Phase III trial of

16.

17.

18.

19.

20.

21.

22.

23.

standard-dose intravenous cisplatin plus paclitaxel versus moder-
ately high-dose carboplatin followed by intravenous paclitaxel and
intraperitoneal cisplatin in small-volume stage III ovarian carci-
noma: an intergroup study of the gynecologic oncology group,
southwestern oncology group, and eastern cooperative oncology
group. J Clin Oncol 19:1001-1007

Markman M, Walker JL (2006) Intraperitoneal chemotherapy of
ovarian cancer: a review, with a focus on practical aspects of treat-
ment. J Clin Oncol 24:988-994

Pignata S, Pisano C, Di Maio M, lodice F, Casella G, Laurelli G,
Greggi S, laffaioli RV (2006) Medical treatment of resistant or
recurrent epithelial ovarian cancer. Ann Oncol 17(Suppl 7):vii49—
vii50

Quinn M, Avall-Lundqvist E, du Bois A, Vermorken J, Parmar M,
Pfisterer J, Stuart G, Thigpen T, Neijt J (2005) History, scope and
methodology of the 3rd international consensus workshop on
ovarian cancer 2004. Ann Oncol 16(Suppl 8):viiiS—viii6

Royer B, Guardiola E, Polycarpe E, Hoizey G, Delroeux D,
Combe M, Chaigneau L, Samain E, Chauffert B, Heyd B, Kantelip
JP, Pivot X (2005) Serum and intraperitoneal pharmacokinetics of
cisplatin within intraoperative intraperitoneal chemotherapy:
influence of protein binding. Anticancer Drugs 16:1009-1016
Stuart GC (2003) First-line treatment regimens and the role of con-
solidation therapy in advanced ovarian cancer. Gynecol Oncol
90:S8-S15

van de Vaart PJ, van der Vange N, Zoetmulder FA, van Goethem
AR, van Tellingen O, ten Bokkel Huinink WW, Beijnen JH, Barte-
link H, Begg AC (1998) Intraperitoneal cisplatin with regional
hyperthermia in advanced ovarian cancer: pharmacokinetics and
cisplatin-DNA adduct formation in patients and ovarian cancer
cell lines. Eur J Cancer 34:148-154

van Ruth S, Verwaal VJ, Zoetmulder FA (2003) Pharmacokinetics
of intraperitoneal mitomycin C. Surg Oncol Clin N Am 12:771-
780

Witkamp AJ, de Bree E, Van Goethem R, Zoetmulder FA (2001)
Rationale and techniques of intra-operative hyperthermic intra-
peritoneal chemotherapy. Cancer Treat Rev 27:365-374

@ Springer



	Improvement in intraperitoneal intraoperative cisplatin exposure based on pharmacokinetic analysis in patients with ovarian cancer
	Abstract
	Introduction
	Patients and methods
	Patients and treatments
	Pharmacokinetic study
	Toxicity study
	Statistical evaluation

	Results
	Peritoneal pharmacokinetic parameters
	Serum pharmacokinetic parameters
	Protein concentrations
	Toxicity evaluation

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


