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Pharmacokinetic study of docetaxel in intraoperative
hyperthermic i.p. chemotherapy for ovarian cancer
Eelco de Bree?, Hilde Rosingb, Jos H. Beijnenb, John Romanos?,
John Michalakis®, Vasilis Georgoulias® and Dimitris D. Tsiftsis®

The purpose of this study was to evaluate the pharmaco-
kinetics and toxicity of docetaxel in continuous hyperther-
mic perfusion peritoneal chemotherapy (CHPPC) after
cytoreductive surgery for peritoneal involvement of gyne-
cological malignancies, mainly ovarian cancer. Eighteen
patients, with a mean age of 64 years (range 51-80),
underwent cytoreductive surgery and subsequent CHPPC
with 75 mg/m? docetaxel at 41-43°C. One patient was
treated twice. In eight cases, peritoneal fluid and blood
samples were obtained for pharmacokinetic analysis.
Death occurred in two heavily pretreated elderly patients
with a high volume i.p. tumor recurrence, probably
reflecting poor patient selection (mortality rate 10.5%).
Other complications, mainly minor, were recorded after
63% of the procedures. Hematological docetaxel-induced
toxicity was limited, while the incidence of wound compli-
cations was relatively high and probably caused by the
direct exposure of the wound to docetaxel during CHPPC.
The maximal i.p. versus plasma concentration ratio ranged
from 17 to 95 (average 45), while the i.p. versus systemic
exposure ratio varied between 105 and 555 (average 207).
We conclude that the use of docetaxel in CHPPC following
cytoreductive surgery seems feasible and results in a high
i.p. versus systemic exposure ratio. The AUC for the

Introduction

Despite the high response rate of patients with advanced
ovarian cancer following primary cytoreductive surgery
and platinum—paclitaxel systemic combination che-
motherapy, the tumor ultimately recurs and the 5-year
survival rate remains about 20% [1]. Future directions for
the management of ovarian cancer to improve survival
include new regimens with novel drugs and different
timing, high-dose i.v. chemotherapy, i.p. drug delivery and
other experimental modalities [2]. Dose intensification
may overcome the problem of relative drug resistance of
the tumor [3,4]. Because ovarian cancer remains largely
confined to the peritoneal cavity, i.p. delivery of a variety
of cytotoxic agents has been investigated in an attempt to
increase drug exposure and dose intensity in the absence
of systemic toxicity [5,6]. Recently, two large randomized
trials demonstrated 8-9 months overall survival benefit
and an increased recurrence-free survival for patients
with minimal residual stage III ovarian cancer, when
treated by i.p. chemotherapy with cisplatin in comparison
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peritoneal cavity is on average 13-27 times higher after i.p.
administration of 75 mg/m? during CHPPC than the AUC
achieved in the systemic compartment after i.v. adminis-
tration of the recommended dose of 100 mg/m?2, while
docetaxel-induced systemic toxicity is highly limited. Anti-
Cancer Drugs 14:103-110 © 2003 Lippincott Williams &
Wilkins.
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with those treated by only systemic chemotherapy
following cytoreductive surgery as first-line treatment
[7,8]. Several phase II studies of second-line i.p.
chemotherapy in recurrent ovarian cancer reported a
moderate survival improvement [4]. However, a major
observation from early i.p. chemotherapy trials was that
ovarian cancer patients who failed to respond to prior
systemic chemotherapy did not respond to i.p. platinum,
suggesting that i.p. delivery of platinum was unlikely to
reverse a clinically platinum-resistant disease to a
platinum-sensitive one [9]. Therefore, other drugs should
be used in platinum-resistant tumors to improve survival.

Taxanes have shown considerable activity against ovarian
cancer and lack cross-resistance with platinum com-
pounds. Paclitaxel is currently the most commonly used
taxane, although docetaxel seems to be at least equally
effective in systemic chemotherapy for primary or
recurrent advanced epithelial ovarian cancer [1,10-12].
In vitro docetaxel seems to be even more potent in
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different cell lines and investigational models than
paclitaxel [12]. Since the majority of patients are
currently treated with a platinum—paclitaxel combination
as first-line chemotherapy, it is of major importance that
no cross-resistance exists. Docetaxel may be active not
only in platinum-resistant but also in paclitaxel-resistant
gynecological and breast malignancies [13,14]. Compar-
isons of various studies support a dose-response relation-
ship for taxanes in platinum-resistant recurrent ovarian
cancer [15]. Because taxanes have a high molecular
weight, non-vesicant properties and hepatic metabolism,
a high i.p. to systemic drug exposure ratio might be
achieved after i.p. delivery. Intraperitoneal administration
of paclitaxel has been demonstrated to be tolerable until
a dose of 125 mg/m* and active in patients with residual
ovarian cancer [16-19], whereas, as far as we know,
docetaxel has never been delivered i.p. in humans.
Recently, favorable pharmacokinetics and tissue distribu-
tion were demonstrated after i.p. administration of
docetaxel in a rat model [20].

Hyperthermia may enhance drug efficacy and penetration
depth, while it has also a direct cytotoxic effect [21].
During the last decade, continuous hyperthermic intra-
cavitary perfusion chemotherapy following cytoreductive
surgery has been used for malignant peritoneal and
pleural mesothelioma, pseudomyxoma peritonei, and
peritoneal dissemination of colorectal and gastric carci-
noma with promising results, regarding both overall and
disease-free survival, and control of malignant effusion
[22-26]. The experience with this treatment modality in
patients with peritoneal dissemination from ovarian
cancer is, however, still limited [27-34].

Since 1995, participants of our multi-disciplinary team
have been involved in the use of the latter treatment
modality for various primary and secondary peritoneal and
pleural malignancies [22-24,33-40]. Herein, we report
the pharmacokinetic analysis of docetaxel in intraopera-
tive continuous hyperthermic peritoneal perfusion che-
motherapy (CHPPC) following cytoreductive surgery in
patients with peritoneal involvement of ovarian or uterine
malignancies.

Patient and methods

Patient eligibility

Patients with peritoneal carcinomatosis of gynecological
malignancies and absence of evidence of extra-abdominal
and parenchymal metastases were treated by cytoreduc-
tive surgery and CHPPC with docetaxel. All patients
were previously operated for their histologically con-
firmed malignancy. The patient’s WHO performance
status had to be <2. Blood cell count and biochemical
liver and renal function tests had to be within the normal
range. The protocol was approved by the local ethics

committee and informed consent was obtained from all
patients.

Cytoreductive surgery and i.p. chemotherapy

The technique of cytoreductive surgery and CHPPC
used in our institution has been previously described in
detail elsewhere [38]. In short, the abdomen is ap-
proached through a median xyphoid-pubic incision.
Comprehensive adhesiolysis is performed. The primary
tumor is excised, if still present, and all visceral or parietal
peritoneal surface tumor deposits are removed as
completely as possible. If a deposit is infiltrating deeply
into an organ and it is impossible to peel the malignancy
from its surface, the involved organ or a segment of it is
excised. The objective of cytoreductive surgery is to leave
no macroscopic disease or, when this is impossible, tumor
deposits of less than 0.5cm in diameter behind.
Subsequently, after closing the skin of the laparotomy
wound only and placement of in- and outflow catheters,
the peritoneal cavity is perfused using a closed perfusion
model with a roller pump and a heat exchanger. The
system is filled with 4-91 of normal saline, in most cases
approximately 3.51/m? body surface area, resulting in a
mean intra-abdominal pressure of 12-26 mmHg. The
pump system is started and the circulating perfusate is
heated. When the i.p. temperature reaches 41°C, a dose
of 75mg/m” docetaxel dissolved in polysorbate 80 and
subsequently diluted in its solvent of 13% w/w ethanol in
water (Taxotere; Aventis Pharma, Antony Cedex, France)
is administered. The i.p. temperature is allowed to
fluctuate between 41 and 43°C, and the duration of the
perfusion is 2h. To facilitate uniform temperature and
drug distribution throughout the peritoneal cavity
vigorous agitation of the abdomen is performed con-
tinuously. The core temperature is kept below 38.5°C.
After completion of the CHPPC the abdomen is
reopened, and the canulae, temperature and pressure
probes are removed. The excess fluid is drained from the
abdominal cavity, but no attempt is made to dry the
abdominal cavity. One drain in Douglas’ pouch is left in
place for postoperative drainage. The abdominal wall is
closed in layers in the usual way. Perioperatively,
dexamethasone and antihistamines were administered
i.v. to minimize the chance on docetaxel-induced
hypersensitivity reactions and to delay the onset of
docetaxel-induced fluid retention as recommended in
different studies [10,41].

Pharmacokinetic study

From eight patients blood and perfusate samples were
obtained for measurement of docetaxel levels. Blood
samples were collected during and after CHPPC at 0.5, 1,
1.5, 2, 2.5 and 3h after administration of docetaxel.
Subsequently blood samples were obtained at 3-h
intervals until 24h after drug administration, at 6-h
intervals during the following 2 days and at 12-h intervals
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during the last 2 days. The last of the 27 blood samples
was collected 5 days after docetaxel administration.
During CHPPC perfusate samples were obtained just
after docetaxel administration (at 5min) and at the end
of the perfusion (at 2h). After S5min the drug was
considered to be equivocally distributed in the perfusate
and the sample at this moment represents the maximal
drug concentration in the perfusate. Postoperatively,
peritoneal fluid samples were obtained from the abdom-
inal drain which was left in place in Douglas’ pouch 24 h
after the start of the CHPPC and each consecutive day,
until the drain was removed or postoperative day 5 was
reached. After withdrawal, the samples were immediately
centrifuged (10 min at 2500¢), and the plasma layer was
removed and stored at —30°C. After completion of entry
of patients in this study, drug concentrations were
determined by means of a semi-automated reversed-
phase HPLC method, which has been described pre-
viously in detail [42]. The lower limit of quantification
was 10 ng/ml. The area under the concentration—time
curve (AUC) was calculated by the trapezoidal rule in
peritoneal fluid and in plasma. For peritoneal fluid the
time interval was from O to 120 h, whereas for plasma the
time period to the last detectable docetaxel sample was
used.

Toxicity

Toxicity and other complications were recorded in all
CHPPC procedures in which docetaxel was administered.
Hematological, cardiac, renal and other drug-related
toxicity was evaluated according to WHO criteria.

Results

Patient characteristics

Eighteen women underwent cytoreductive surgery and
CHPPC with docetaxel for peritoneal carcinomatosis.
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One patient was treated twice by this modality. Fifteen
patients had epithelial ovarian cancer, while an endome-
trial carcinoma, a uterine Muellerian tumor and a uterine
adenocarcinosarcoma were the primary malignancies in
one case each. At the time of treatment the patients
varied from 51 to 80 years of age, with a mean and median
age of 64 years. Fifteen patients were heavily pretreated
with systemic chemotherapy, receiving an average num-
ber of 10 chemotherapy courses. Two patients had
received also CHPPC with cisplatin and, as previously
mentioned, one patient received for the second time
CHPPC with docetaxel. Samples for this pharmacoki-
netic study were obtained in eight cases, while a
complete set of samples was collected in five patients.
The characteristics of those patients are summarized in
Table 1.

Cytoreductive surgery and CHPPC

Optimal surgical cytoreduction, leaving no tumor noduli
larger than 0.5 cm behind, was achieved in 16 of the 19
procedures, while this was possible in seven of the eight
cases with pharmacokinetic data. The surgical procedures
performed, the patients’ body surface area, the total
administered dose of docetaxel, the initial perfusate
volume and complications are noted in Table 2 for the
patients with pharmacokinetic data. The mean intra-
abdominal pressure varied from 12 to 23 mmHg.

Toxicity

No intraoperative complications were observed. After 12
of the 19 procedures, mostly minor, complications
occurred, resulting in a morbidity rate of 63%. Wound
infection was seen in seven cases with one of those
developing evisceration. Transient atrial fibrillation re-
sponsive to medical treatment (grade 2) was observed
in two patients. Postoperative psychosis and pelvic

Table 1 Patients’ characteristics with prior treatment and reason for CHPPC
Patient Age Primary tumor FIGO stage Initial operative Prior chemotherapy Clinical Period after last Reason for
treatment response chemotherapy CHPPC

1 66  epithelial ovarian cancer 1l HBO 9 x cyclophosphamide— CR 6 months (second time)
carboplatin, 4 x paclitaxel— early i.p. recurrence
cisplatin for recurrence

2 51 endometrial carcinoma Ic HBO - - - i.p recurrence

3 75 epithelial ovarian cancer v HBO, Om, Chol, 3 x alkeran, 3 x NCP 5 months refractory disease

Transv, Splen paclitaxel—-cisplatin,

10 x CAP, 17 x paclitaxel

4 72  epithelial ovarian cancer 1} HBO, Om 3 x paclitaxel—-cisplatin, CR 3 months positive SLO
6 x carboplatin,
3 x docetaxel

ba 65  epithelial ovarian cancer 1} HBO, Om, App 6 x paclitaxel-cisplatin CR 3 months positive SLO

5b 56  epithelial ovarian cancer Chol CHPPC with docetaxel, CR 2 months positive SLO
4 x paclitaxel-cisplatin

6 61 epithelial ovarian cancer Ic HBO 6 X paclitaxel-carboplatin CR - consolidation

7 58  epithelial ovarian cancer 1} HBO 8 X epirubicin—cisplatin CR 6 months early i.p. recurrence

2Splenic metastases.

PRemission systemic metastases.

Initial operative treatment=operative treatment for primary tumour before cytoreductive surgery and CHPPC, HBO = hysterectomy with bilateral ovariectomy,
Om = omentectomy, Chol = cholecystectomy, App = appendectomy, Transv = transverse colon resection, Splen = splenectomy, CAP = cyclophosphamide, adriamycin,
cisplatin, CR = complete response, NC =no change, SLO = second look operation.
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Table 2 Data on cytoreductive surgery and CHPPC, docetaxel dose and postoperative complications
Patient. Cytoreductive Optimal/suboptimal BSA (m?) Total dose of Perfusate volume (1) Complications
surgery?® docetaxel (mg)

1 Om, Chol, App, cervix oC 1.60 120 6.0 wound infection

2 Om, Chol, App, cervix oC 2.08 160 7.5 wound infection,
thrombopenia grade 2

3 Partial gastrectomy SC 1.73 130 6.0 thrombopenia grade 2,
sepsis of unknown
origin, death
postoperative day 9

4 Om, Splen, Chol oC 1.47 110 6.5 thrombopenia grade 3,
wound infection, atrial
fibrillation

ba Chol oC 1.52 115 5.5 wound infection, pelvic
hematoma®

5b - oC 1.68 120 7.0 -

6 Om, Chol, Splen, oC 1.60 120 45 -

Pancr, Col
7 LAR, Om, Splen, Chol oC 1.88 140 7.0 wound infection
See Table 1.

“Besides excision peritoneal noduli.
PReoperation necessary.

Cervix =resection of cervix uteri and vagina, Pancr = peripheral pancreatectomy, Col = partial colectomy LAR =low anterior rectosigmoid resection, OC = optimal
cytoreduction, SC = suboptimal cytoreduction, BSA =body surface area, pod = postoperative day.

Table 3 Peak concentrations of docetaxel in perfusate (i.p.) and plasma
Patient Intraperitoneal Plasma Cip., 5min/ Cplasma, max
Csmin (mg/l) Cap (mg/l) Crnax (mg/l) Tnax (h)
1 11.21 4.09 0.466 0.5 24.0
2 15.16 8.10 0.159 2.0 956.3
3 15.44 5.08 0.256 1.0 60.3
4 5.66 3.38 0.339 2.5 16.7
ba 2.26 1.65 0.075 4.0 30.1
5b - - 0.089 1.5 -
6 - - 0.166 0.5 -
7 - - 0.299 1.5 -
Average 9.95 4.46 0.231 1.7 45.3

Cs min = concentration at 5 min after drug administration (= Cip, max for i.p. fluid), Co,, = concentration at 2 h, Cp., = maximal concentration.

hematoma, necessitating relaparotomy, were observed in
one case each. Hematological toxicity was noted in six
patients (33%), including grade 1-2 thrombopenia in four
cases, grade 3 thrombopenia in one case and grade 1
leukopenia in one case. No significant renal and hepatic
function disorders were observed. Increase in incidence
of nausea and vomiting was not significantly increased, in
comparison with major abdominal surgery without
CHPPC. No other chemotherapy-related morbidity was
observed. Two heavily pretreated elderly patients with
large volume i.p. tumor recurrence deceased during the
immediate postoperative period, resulting in a mortality
rate of 10.5%. One patient died after postoperative intra-
abdominal bleeding and leakage of a colorectal anasto-
mosis, while a second patient died of Gram-negative
sepsis of unknown origin in the absence of leukopenia.
The mean duration of hospitalization was 13 days.

Pharmacokinetic analysis

A complete set of samples was collected in five of the
eight patients for pharmacokinetic study of docetaxel
delivered during CHPPC. In one of those patients no

abdominal drain was left behind postoperatively, making
estimation of the total i.p. drug exposure inadequate. In
another case 24h after CHPPC docetaxel was not
anymore detectable in drain fluid. In the other cases
drug concentrations were detectable in drain fluid for at
least 4-5 days postoperatively. Docetaxel was detectable
in plasma 4-24 h after i.p. administration. Intraperitoneal
and plasma concentrations and AUCs as well as concen-
tration and AUC ratios are listed in Tables 3 and 4. When
the circulating perfusate volume is considered to be
constant during CHPPC, 8-38% (mean 20.5%) of the
total amount of initially administered drug was still
present in the perfusate at the completion of perfusion.

Discussion

In primary and secondary peritoneal malignancy, a higher
drug exposure to the tumor cells may be achieved by i.p.
drug administration. Limited and delayed drug absorption
from the peritoneal cavity and the first-pass effect from
the liver result in the combination of high locoregional
with low systemic drug concentrations with consequently
potentially higher efficacy and limited systemic side
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Table 4 Intraperitoneal and systemic exposure of docetaxel
Patient During CHPPC (0-2h) During and after CHPPC (0-T, h)

AUC;,, (h-mg/ AUCjasma AUG; , /AUCjasma AUC;,, (h-mg/ T, (h) AUCjasma T, (h) AUG; ,/AUCjasma

) (h-mg/l) )] (h-mg/l)

1 15.1 0.4202 36 15.1 2 0.5898 5.0 25.6
3 22.9 0.1624 141 143.0 120 0.2578 4.0 554.7
3 20.3 0.3225 63 146.1 96 1.3870 24.0 105.3
4 8.9 0.1736 51 - - 1.4620 21.0 -
ba 3.8 0.0649 59 36.2 120 0.2518 6.0 143.8
5b - - - - - 0.2304 6.0 -
6 - - - - - 0.8221 15.0 -
7 - - - - 1.1070 18.0 -
Average 14.2 0.2287 70.0 85.1 84.5 0.7634 12.4 207.4
T «=time until docetaxel is detectable.

Table 5 Drug absorption rate and average values of i.p. versus serum concentration and exposure ratios for various chemotherapeutic
drugs during intraoperative hyperthermic i.p. perfusion chemotherapy for ovarian cancer (the inter-patient variation is noted in
parentheses)

Drug Dose (mg/m?) Drug absorption rate (%) Cip., max/Cplasma, max AUC, ,/AUCjasma
Cisplatin [32-34,51] 50-400 42-85 10-15 (2-26) 138 (1.3-107)
Carboplatin [31] 800-1200 27-77 - (8-15) 3.6 (1.9-5.2)
Mitoxantrone [29] 28 - 50 (12-600) 49 (8.6-111)
Docetaxel 75 62-92 45 (17-95) 207 (26-555)

Drug absorption rate =the decrease in total drug amount in the perfusate during CHPPC, C,,,,=maximal concentration.

effects [43]. Because of the limited penetration depth in
tumor deposits of i.p. chemotherapy, this treatment
should be applied only in minimal residual diseases or
after optimal surgical cytoreduction [44].

The results of simple instillation i.p. chemotherapy may
be impaired by limited tumor penetration and incomplete
irrigation of seroperitoneal surfaces by the drug-contain-
ing solution [4,44]. Optimal exposure of the entire
seroperitoneal surface to the chemotherapeutic agents
may be achieved by adhaesiolysis, mobilization of the
bowel and peritoneal cavity expansion [38]. The need for
cytoreductive surgery and improved drug distribution has
led to intraoperative application of this treatment
modality. Another advantage of intraoperative use is that
i.p. chemotherapy can be administered under hyperther-
mic conditions, which are poorly tolerated by a patient
who is awake. Hyperthermia is directly cytotoxic and
enhances the efficacy and penetration depth of many
drugs [21]. Finally, i.p. administration of some agents,
including cisplatin and paclitaxel, may cause severe
abdominal pain, which is better tolerated intraoperatively

[17].

Following a single i.p. administration of paclitaxel,
cytotoxic levels were observed to persist within the
peritoneal cavity for at least 3 days and the total exposure
to the drug of the peritoneal cavity exceeded that of the
systemic compartment by at least a factor of 1000
[16,17]. A similar favorable exposure ratio was found
after i.p. administration of docetaxel in a rat model [20].
In comparison, this ratio does not exceed a factor of 20 for

platinum compounds [43]. In the previously mentioned
experimental study significant higher gastrointestinal and
abdominal wall drug concentrations were achieved after
i.p. delivery than after conventional i.v. administration
[20]. Considering the above-mentioned data as well as
the suggested taxane dose-response relationship and the
lack of cross-resistance after platinum—paclitaxel combi-
nation chemotherapy, docetaxel seems to be an attractive
agent for ip. delivery in recurrent ovarian cancer.
Although docetaxel is heat stable and hyperthermia
seems to increase intracellular docetaxel accumulation,
a potential disadvantage of their use under hyperthermic
conditions is the lack of thermal enhancement for taxanes
in a few m vitro studies [45-47]. However, another i vitro
study [48] and two m vive studies [49,50] demonstrated
synergistic effect of taxanes and heat.

Agents active in ovarian cancer used in CHPPC include
cisplatin, carboplatin, mitoxantrone and paclitaxel [27-
34]. Pharmacokinetic analyses in CHPPC studies using
cisplatin, carboplatin and mitoxantrone are summarized
in Table 5 [29,31-34,51]. Unfortunately, no pharmacoki-
netic data from the use of paclitaxel in CHPPC are
available. As far as we know, this is the first study in
which docetaxel was administered during CHPPC.
Therefore, being cautious with this new administration
route, we administered a dose of 75 mg/m? docetaxel, that
is similar to the one i.v. used in the initial trials with i.v.
administration. Even when the entire drug amount
should be absorbed from the peritoneal cavity, systemic
toxicity was expected to be acceptable. When the
circulating perfusate volume is considered to be constant
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during the procedure, an average of 80% of the total
amount of initially administered docetaxel was lost from
the perfusate at the completion of 2h CHPPC in our
series. The decrease of the total drug amount in the
perfusate is explained by the aimed attachment at and
penetration of the peritoneal surface and its tumor
deposits, attachment to other structures, and absorption
from the peritoneal cavity to the systemic compartment.

Regional chemotherapy exposure advantage is best
expressed by the peritoneal versus plasma AUC ratio.
There exists a great inter-individual variability for this
ratio in CHPPC (Table 5) [29,31-34,51]. In the reported
studies the AUC for perfusate was measured only over
the 90min perfusion time and AUC for plasma was
measured over 90min or the first 24h after drug
administration. However, in clinical practice after drai-
nage of the perfusate at the end of CHPPC a certain drug
amount is left behind in the peritoneal cavity. After
single-dose i.p. administration of paclitaxel, highly
cytotoxic concentrations of the agent persist within the
peritoneal cavity for several days [17]. For this reason we
collected blood and drain samples during 5 consecutive
days and calculated the AUC over this time period. In
some of our patients docetaxel was detectable in
abdominal drain fluid for more than 4-5 days, despite
intraoperative drainage of the perfusate. Docetaxel
appears to have by far the most favorable AUC ratio. In
the present study, the AUC ratio varied during the 2 h of
CHPPC between 36 and 141 (mean 70), while during the
entire period this ratio was even more favorable for
locoregional exposure, varying from 26 to 555 (mean 207).
The AUC for the peritoneal cavity is averaged 13 to 27
times higher after i.p. administration of 75 mg/m* during
CHPPC than the AUC achieved in the systemic
compartment after i.v. administration of the recom-
mended dose of 100 mg/m? [10,52]. Significant differ-
ences between AUC ratios reported after simple i.p.
instillation chemotherapy and those observed after
CHPPC may be explained by the short duration of
CHPPC compared to the longer treatment duration for
instillation i.p. chemotherapy.

Death occurred in two heavily pretreated elderly patients
with a high volume i.p. tumor recurrence, reflecting
probably poor patient selection. The remaining morbidity
was mainly minor. Hematological docetaxel-induced
toxicity was highly limited. The dose-limiting toxicity
in phase I trials of systemic use of docetaxel was
neutropenia, which was dose, but not schedule, depen-
dent, whereas thrombopenia and anemia were not
significant in these trials [10]. We noted in only one
case grade 1 leukopenia, while thrombopenia documen-
ted in five patients was probably mostly related to blood
loss during this major surgical procedure. Transient atrial
fibrillation observed in two patients was attributed to

postoperative fluid shifts and seems not to be drug-
related, since continuous Holter monitoring, used in
selected phase I studies, did not disclose any cardiac
toxicity after iwv. administration of docetaxel [10].
Infusion-related hypersensitivity reactions, cutaneous
reactions and fluid retention were observed in more than
30% of cases after i.v. administration, but its occurrence
was significantly reduced by premedication [12,41]. In
our cases, using corticosteroids and antihistamines
perioperatively, no hypersensitivity or cutaneous reactions
were observed, while fluid retention was not significantly
increased in comparison with patients treated by CHPPC
with cisplatin in our department. Postoperative fluid
retention was probably mainly related to extensive
surgery and hyperthermia. Pleural effusions or recurrence
of ascites postoperatively were not observed. Neurotoxi-
city occurring rarely, and being mild and reversible after
systemic use was not observed in our patients. Since
diarrhea and nausea are generally mild and infrequent,
prophylactic anti-emetics are not recommended after i.v.
infusion [10]. In our series, the incidence of nausea and
vomiting was comparable to other abdominal surgery. The
relatively high incidence of wound complications may be
at least partly explained by the potential significant
delayed tissue injury of docetaxel reported after contact
with skin and s.c. tissue and the perioperative adminis-
tration of corticosteroids [53,54]. Additionally, a recent
study in our institution has demonstrated that docetaxel
has an important but reversible non-specific lymphopenic
effect that seems to be associated with an increased risk
for non-neutropenic infections [55].

In conclusion, this pharmacokinetic study confirms the
theoretical favorable characteristics of docetaxel for use in
CHPPC following cytoreductive surgery in patients with
peritoneal carcinomatosis from ovarian or uterine origin.
Intraperitoneal administration of docetaxel offers a large
pharmacokinetic advantage as result of a high i.p. to
systemic drug exposure ratio. Intraperitoneal exposure
after i.p. administration of 75 mg/m? docetaxel exceeds
many times the systemic docetaxel exposure after the
recommended i.v. administration of 100 mg/m?. Morbidity
is mostly surgery related, while docetaxel-induced
toxicity is minor, allowing an increase in docetaxel dosage
to optimize i.p. drug exposure.

References
1 Thigpen JT. Chemotherapy for advanced ovarian cancer: overview of
randomized trials. Semin Oncol 2000; 27(suppl 7):11-16.
2 Kaye SB. Future directions for the management of ovarian cancer. Eur J
Cancer 2001; 37:519-S23.
3 McGuire Il WP. High-dose chemotherapeutic approaches to ovarian cancer
management. Semin Oncol 2000; 27(suppl 7):41-46.
4 Ozols RF, Gore M, Trope C, Grenman S. Intraperitoneal treatment and dose-
intense therapy in ovarian cancer. Ann Oncol 1999; 10(suppl 1):S59-64.
5 Hofstra LS, de Vries EGE, Mulder NH, Willemse PHB. Intraperitoneal
chemotherapy in ovarian cancer. Cancer Treat Rev 2000; 26:133-143.
6 Markman M. Intraperitoneal therapy of ovarian cancer. Semin Oncol 1998;
25:356-260.

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



17
18

20

21

22

23

24

25

26

27

28

29

30

Alberts DS, Liu PY, Hannigan EV, O'Toole R, Williams SD, Young JA, et al.
Intraperitoneal cisplatin plus intravenous cyclophosphamide versus
intravenous cisplatin plus intravenous cyclophosphomide for stage Ill ovarian
cancer. N Engl J Med 1996; 335:150-155.

Markman M, Bundy B, Alberts DS, Fowler JM, Clark-Pearson DJ, Carson LF,
et al. Phase Il study of standard-dose intravenous cisplatin plus paclitaxel
versus moderately high-dose carboplatin followed by intravenous paclitaxel
and intraperitoneal cisplatin in small-volume stage lll ovarian carcinoma: an
Intergroup Study of the Gynecologic Oncology Group, Southwestern
Oncology Group, and Eastern Cooperative Oncology Group. J Clin Oncol
2001; 19:1001-1007.

Markman M, Reichman B, Hakes T, Jones W, Lewis Jr JL, Rubin S, et al.
Responses to second-line cisplatin based intraperitoneal therapy in ovarian
cancer: influence of a prior response to intravenous cisplatin. J Clin Oncol
1991; 9:1801-1805.

Cortes JE, Padzur R. Docetaxel. J Clin Oncol 1995; 13:2643-2655.
Kaye SB, Piccart M, Aapro, Francis P, Kavanagh J. Phase Il trials of
docetaxel (Taxotere) in advanced ovarian cancer. An updated overview. Eur J
Cancer 1997; 33:2167-2170.

Verweij J, Clavel M, Chevalier B. Paclitaxel (Taxol™) and docetaxel
(Taxotere™): not simply two of a kind. Ann Oncol 1994; 5:495-505.
Verschraegen CF, Sittisomwong T, Kudelka AP, Guedes E, Steger M,
Nelson-Taylor T, et al. Docetaxel for patients with paclitaxel-resistant
Mullerian carcinoma. J Clin Oncol 2000; 18:2733-2739.

Valero V, Jones SE, Von Hoff DD, Booser DJ, Mennel RG, Ravdin PM, et al.
A phase Il study of docetaxel in patients with paclitaxel-resistant metastatic
breast cancer. J Clin Oncol 1998; 16:3362-3368.

Reed E, Bitton R, Sarosy G, Kohn E. Paclitaxel dose intensity. J Infus
Chemother 1996; 6:59-63.

Markman M, Rowinsky E, Hakes T, Reichman B, Walter J, Lewis JL, et al.
Phase | trial of intraperitoneal Taxol: a Gynecologic Oncology Group study.
J Clin Oncol 1992; 10:1485-14891.

Markman M. Intraperitoneal Taxol. Cancer Treat Res 1996; 81:1-5.
Markman M, Brady MF, Spirtos NM, Hanjani P, Rubin SC. Phase Il trial of
intraperitoneal paclitaxel in carcinoma of the ovary, tube, and peritoneum:
a Gynecologic Oncology Group study. J Clin Oncol 1998; 16:2610-2624.
Padovani A, de Bennedetto A, Domini P, Martelli O, Cortesi E.
Intraperitoneal paclitaxel plus dose escalation of carboplatin in untreated
stage lll epithelial ovarian cancer. Proc Am Soc Clin Oncol 1998; 17:1433.
Marchettini P, Stuart OA, Mohamed F, Yoo D, Sugarbaker PH. Docetaxel:
pharmacokinetics and tissue distribution after intraperitoneal and
intravenous administration in a rat model. Cancer Chemother Pharmacol
2002; 49:499-503.

Zaffaroni N, Fiorentini G, De Giorgi U. Hyperthermia and hypoxia: new
developments in anticancer chemotherapy. Eur J Surg Oncol 2001;
27:340-342.

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

de Bree E, van Ruth S, Baas P, Rutgers EJ, van Zandwijk N, Witkamp AJ,
et al. Cytoreductive surgery and intraoperative hyperthermic intrathoracic
chemotherapy in patients with malignant pleural mesothelioma or pleural
metastases of thymoma. Chest 2002; 121:480-487.

de Bree E, Witkamp AJ, Zoetmulder FA. Hyperthermic intraperitoneal
chemoperfusion in the treatment of locally advanced intra-abdominal cancer.
Br J Surg 2000; 88:152-156.

Ceelen WP, Hesse U, de Hemptinne B, Pattyn P. Hyperthermic
intraperitoneal chemoperfusion in the treatment of locally advanced intra-
abdominal cancer. Br J Surg 2000; 87:1006-1015.

Pilati P, Rossi CR, Mocellin S, Foletto M, Scagnet B, Pasetto L, et al.
Multimodality treatment of peritoneal carcinomatosis and sarcomatosis. Eur
Surg Oncol 2001; 27:125-134.

Cavaliere F, Perri P, Di Filippo F, Giannarelli D, Botri C, Cosimelli M, et al.
Treatment of peritoneal carcinomatosis with intent to cure. J Surg Oncol
2000; 74:41-44.

Fujimura T, Yonemura Y, Fujita H, Michiwa Y, Kawamura T, Nojima N, et al.
Chemohyperthermic peritoneal perfusion for peritoneal dissemination in
various abdominal malignancies. Int Surg 1999; 84:60-66.

Nicoletto MO, Padrini R, Galeotti F, Ferrazzi E, Cartei G, Riddi F, et al.
Pharmacokinetics of intraperitoneal hyperthermic perfusion with mitoxantrone
in ovarian cancer. Cancer Chemother Pharmacol 2000; 45:457-462.
Orlando M, Huertas E, Salum G, Loza J, Colo F, Vilanova M, et al.
Intraperitoneal hyperthermic chemotherapy as consolidation treatment for
ovarian cancer in pathological complete remission. Proc Am Soc Clin Oncol
1998; 17:1432.

Intraperitoneal chemotherapy with docetaxel de Bree et al.

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

109

Steller MA, Egorin MJ, Trimble EL, Bartlett DL, Zuhowski EG, Alexander HR,
et al. A pilot phase | trial of continuous hyperthermic peritoneal perfusion
with high-dose carboplatin as primary treatment of patients with small-
volume residual ovarian cancer. Cancer Chemother Pharmacol 1999;
43:106-114.

Panteix G, Beaujard A, Garbit F, Chaduiron-Faye C, Guillaumont M, Gilly F,
et al. Population pharmacokinetics of cisplatin in patients with advanced
ovarian cancer during intraperitoneal hyperthermia chemotherapy.
Anticancer Res 2002; 22:1329-1336.

van de Vaart PJ, van der Vange N, Zoetmulder FA, van Goethem AR, van
Tellingen O, ten Bokkel Huinink WW, et al. 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 1998; 34:148-154.

van der Vange N, van Goethem AR, Zoetmulder FAN, Kaag MM, Van de
Vaart PJM, ten Bokkel Huinink WW, et al. Extensive cytoreductive surgery
combined with intra-operative intraperitoneal perfusion with cisplatin under
hyperthermic conditions (OVHIPEC) in patients with recurrent ovarian
cancer: a feasibility pilot. Eur J Surg Oncol 2000; 26:663-668.

de Bree E, Christodoulakis M, Tsiftsis D. Malignant peritoneal mesothelioma
treated by continuous hyperthermic peritoneal perfusion chemotherapy. Ann
Oncol 2000; 11:753-756.

de Bree E, Witkamp AJ, Zoetmulder FA. Peroperative hyperthermic
intraperitoneal chemotherapy (HIPEC) for advanced gastric cancer. Eur J
Surg Oncol 2000; 26:630-631.

de Bree E, Witkamp AJ, Zoetmulder FA. Intraperitoneal chemotherapy in
colorectal cancer. J Surg Oncol 2002; 79:46-61.

Tsiftsis D, de Bree E, Romanos J, Petrou A, Sanidas E, Askoxylakis J, et al.
Peritoneal expansion by artificially produced ascites during perfusion
chemotherapy. Arch Surg 1999; 134:545-549,

Witkamp AJ, de Bree E, Kaag MM, Witkamp AJ, de Bree E, Kaag MM, et al.
Extensive cytoreductive surgery followed by intraoperative hyperthermic
intraperitoneal chemotherapy with mitomycin-C in patients with peritoneal
carcinomatosis from colorectal origin. Eur J Cancer 2001; 37:979-984.
Witkamp AJ, de Bree E, Kaag MM, van Slooten GW, van Coevorden F,
Zoetmulder FA. Extensive surgical cytoreduction and intra-operative
hyperthermic intraperitoneal chemotherapy in patients with pseudomyxoma
peritonei. Br J Surg 2001; 88:458-463.

Piccart MJ, Klijn J, Paridaens R, Nooij M, Mauriac L, Coleman R, et al.
Corticosteroids significantly delay the onset of docetaxel-induced fluid
retention: final results of a randomized study of the European Organization
for Research and Treatment of Cancer Investigational Branch for Breast
Cancer. J Clin Oncol 1997; 15:3149-3155.

Rosing H, Lustig V, Koopman FJ, ten Bokkel Huinink WW, Beijnen JH.
Bioanalysis of docetaxel and hydroxylated metabolites in human plasma by
high-performance chromatography and automated solid-phase extraction.
J Chromatogr B 1997; 696:89-98.

Markman M. Intraperitoneal chemotherapy. Semin Oncol 1991; 18:248-
254,

Dedrick RL, Flessner MF. Pharmacokinetic problems in peritoneal drug
administration: tissue penetration and surface exposure. J Nat/ Cancer Inst
1997; 89:480-487.

Dumontet C, Bodin F, Michal Y. Potential interactions between antitubulin
agents and temperature: implications for modulation of multidrug resistance.
Clin Cancer Res 1998; 4:1563-1566.

Rietbroek RC, Katschinski DM, Reijers MH, Robins HI, Geerdink A, Tutsch
K, et al. Lack of thermal enhancement for taxanes in vitro. Int J Hyperthermia
1997; 13:525-533.

Leal BZ, Meltz ML, Mohan N, Kuhn J, Prihoda TJ, Herman TS. Interaction of
hyperthermia with Taxol in human MCF-7 breast adenocarcinoma cells. Int J
Hyperthermia 1999; 15:225-236.

Ohtman T, Goto S, Lee JB, Taimura A, Matsumoto T, Kosaka M.
Hyperthermic enhancement of the apoptotic and antiproliferative activities of
paclitaxel. Pharmacology 2001; 62:208-212.

Cividalli A, Cruciani G, Livdi E, Pasqualetti P, Tirindelli Danesi D.
Hyperthermia enhances the response of paclitaxel and radiation in a mouse
adenocarcinoma. Int J Radiat Oncol Biol Phys 1999; 44:407-412.
Cividalli A, Livdi E, Ceciarelli F, Piscitelli M, Pasqualetti P, Cruciani G, et al.
Hyperthermia and paclitaxel-epirubicin chemotherapy: enhanced cytotoxic
effect in a murine mammary adenocarcinoma. Int J Hyperthermia 2000;
16:61-71.

Cho H-K, Lush RM, Bartlett DL, Alexander HR, Wu PC, Libutti SK, et al.
Pharmacokinetics of cisplatin administered by continuous hyperthermic
peritoneal perfusion (CHPP) to patients with peritoneal carcinomatosis.

J Clin Pharmacol 1999; 39:394-401.

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



110 Anti-Cancer Drugs 2003, Vol 14 No 2

52 Rosing H, Lustig V, van Warmerdam LJ, Huizing MT, ten Bokkel Huinink 54 Raley J, Geisler JP, Buekers TE, Sorosky JI. Docetaxel extravasation
WW, Schellens JHM, et al. Pharmacokinetics and metabolism of docetaxel causing significant delayed tissue injury. Gynecol Oncol 2000;
administered as a 1-h intravenous infusion. Cancer Chemother Pharmacol 78:259-260.

2000; 45:213-218. 55 Kotsakis A, Sarra E, Peraki M, Koukourakis M, Apostolaki S, Souglakos J,

53 Ascherman JA, Knowles SL, Attkiss K. Docetaxel (taxotere) extravasation: a et al. Docetaxel-induced lymphopenia in patients with solid tumors: a
report of five cases with treatment recommendations. Ann Plast Surg 2000; prospective phenotypic analysis. Cancer 2000; 89:1380—-1386.
45:438-441.

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



