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Background Intraperitoneal (i.p.) epinephrine was shown
to increase the accumulation of i.p. cisplatin in tumours,
and thus its antitumour effect in a model of peritoneal
carcinomatosis in rats.

Methods To determine the tolerance to i.p. epinephrine
with cisplatin, 18 patients with recurrent ovarian carcinoma
were intraoperatively treated in this phase 1 study. After
maximal cytoreductive surgery, the peritoneal cavity was
filled twice for 1 h with 30 mg/I of cisplatin and increasing
concentrations of epinephrine (0, 1, 2, 3mg/l) in 31 of saline
solution at 37°C.

Results No deaths occurred. Three patients were treated
at each of the 0, 1 and 2mg/I epinephrine levels without
adverse events. Two of the three patients who received
3mg/l epinephrine experienced cardiac intolerance. Six
additional patients received 2 mg/| of epinephrine without
toxicity. A relationship between the serum concentration
of epinephrine and occurrence of cardiac toxicity was
established. A 60% decrease in serum area under the
curve of platinum was calculated in patients receiving

i.p. epinephrine compared with i.p. cisplatin alone. Renal
toxicity from cisplatin was not increased by epinephrine.
No haematological or neurological toxicity was recorded.

Introduction

The peritoneal cavity is the main site of disease
involvement in ovarian cancer [1]. Standard treatment
includes surgery followed by intravenous (i.v.) platinum/
taxane-based chemotherapy [2-5]. Postoperative intra-
peritoneal (i.p.) chemotherapy is an encouraging option
[6-8]. The rationale for i.p. treatment is based on its
ability to provide local high drug concentrations leading
to an increased antitumour effect and limited systemic
toxicity. However, it is often reported that postoperative
i.p. chemotherapy distributes poorly in the peritoneal
cavity owing to adhesion barriers and/or anatomic
sanctuaries [9]. Moreover postoperative i.p. chemother-
apy is hampered by frequent abdominal pain and catheter
dysfunction [7]. Intraoperative i.p. chemotherapy has
been proposed to overcome these problems. The clinical
efficacy of i.p. chemotherapy is mainly observed in
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The other grade 3-4 adverse events [thromboembolism
(5), peritonitis (1), abdominal bleeding (1), bowel fistula
(1)1 occurred as often as usually reported for this heavy
surgical procedure.

Conclusion The combination of i.p. epinephrine with
cisplatin as intraoperative chemotherapy after optimal
cytoreductive surgery is feasible. The recommended
concentration for further studies is 2 mg/I for i.p.
epinephrine. Anti-Cancer Drugs 21:320-325 © 2010
Wolters Kluwer Health | Lippincott Williams & Wilkins.

Anti-Cancer Drugs 2010, 21:320-325

Keywords: cisplatin, epinephrine, intraperitoneal chemotherapy, ovarian
cancer

Departments of ®Medical Oncology, °Surgery, °Pharmacology, *Anaesthesia-
Reanimation, University Hospital Jean Minjoz, ®Institut National de la Santé
et de la Recherche Médicale, Besangon Cedex, fRegional Anticancer Center
Georges-Frangois Leclerc, ®Institut National de la Santé et de la Recherche
Médicale, "Surgery and and Anaesthesia-Reanimation, University Hospital,
France

Correspondence to Dr Hervé Tixier, GF Leclerc Regional Anticancer Center,
1 Rue du Professeur Marion BP 77980, Dijon Cedex 21079, France

Tél: +33 3 80 73 75 00; fax: +33 3 80 73 77 16;

e-mail: herve_tixier@yahoo.fr

Received 5 October 2009 Revised form accepted 2 November 2009

patients whose residual tumours are smaller than 5 mm
in diameter after surgical debulking [6]. Most stage 3
ovarian cancers recur, often in the peritoneal cavity alone,
despite complete initial surgery and adjuvant i.v. or i.p.
chemotherapy. Secondary cytoreductive surgery has
emerged as a salvage option for a subgroup of patients
with recurrent ovarian cancer [10]. Meticulous resection
of all macroscopic nodules during surgery is recom-
mended. However, even in millimetric residual lesions,
interstitial pressure and the rapid draining of drugs
through the capillary network hamper drug penetration to
deep inside the tumour [11].

We reported earlier that i.p. epinephrine lowered this
functional barrier by decreasing tumour blood flow in a
preclinical animal model [12-14]. Epinephrine increased
platinum concentrations in peritoneal tumour nodules
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and in the peritoneum of rats that received i.p. cisplatin.
The combination was able to cure animals with peritoneal
tumour nodules smaller than 2mm when i.p. cisplatin
alone did not. A safe 2h schedule of i.p. cisplatin and
epinephrine has been established in pigs [14].

On the basis of these experimental data, a first phase |
trial using i.p. cisplatin and epinephrine was performed in
patients with recurrent and unresectable peritoneal carci-
nomatosis [15]. Both drugs were given i.p. every 4 weeks
in nonanaesthetized patients through a Port-a-Cath device.
However, the major problem was poor fluid distribution
through the peritoneal cavity owing to adherences and
major abdominal pain.

We initiated a second phase 1 trial in which a fixed dose
of cisplatin was associated with increasing doses of epi-
nephrine for intraoperative i.p. chemotherapy for recur-
rent ovarian carcinoma after peritoneal cytoreduction.

Methods

Patient selection

This study was conducted in two French university
hospitals (Besangon, Dijon) and approved by the local
ethics board (Comité de Protection des Personnes de
Franche-Comté). All eligible patients had histologically
confirmed recurrent epithelial ovarian cancer, and all had
received i.v. chemotherapy with platinum-containing regi-
mens earlier. Patients who had evidence of extra-peritoneal
disease were not included. All of the following inclusion
criteria were required: age > 18 years, WHO performance
status 0 or 1 and written informed consent. Normal
haematological, renal and hepatic function was required.
Patients with a history of cardiac insufficiency, heart rhy-
thm disorders or chronic arteriopathy were excluded. Nor-
mal baseline electrocardiogram; cardiac ultrasonography;
ambulatory cardiac rhythm; and Doppler-ultrasound of the
lower limbs, renal arteries and neck vessels were required.

Treatment

The procedure was carried out either immediately after
the diagnosis of the relapse or after i.v. induction
chemotherapy using a platinum-containing regimen.
Complete debulking surgery aiming to remove all
peritoneal tumour nodules larger than 5mm was
performed. After surgical resection, the peritoneal cavity
was filled with 31 of isotonic saline solution preheated to
37°C, and then cisplatin and epinephrine were added
after 1 min. The cardiac rthythm was closely monitored.
The peritoneal cavity was bathed for 1h at 37°C using an
extracorporeal pump and a fluid heater to maintain the
temperature. The peritoneal cavity was then emptied and
refilled using the same procedure for 1 additional hour.
The homogenous liquid distribution was obtained by
continuous hand stirring. At the end of the procedure, the
peritoneal cavity was emptied and rinsed with drug-free
saline solution before closing. Concomitant i.v. hydration
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(to maintain > 100 ml/h urine output) was administered
to prevent cisplatin renal toxicity. Continuous cardiac
monitoring and serum troponin assays were performed
during the procedure and for 24 h after its completion.

Study schedule

The concentration of i.p. cisplatin was fixed at 30 mg/l
in the 31 of saline solution for two sequences of 1 h (total
dose 180 mg) on the basis of our earlier studies [16,17].
The first three patients were treated with cisplatin alone.
The dose escalation of epinephrine was planned according
to a Fibonacci sequence at 1, 2, 3, 5 and 8mg/l. The
starting dose was chosen on the basis of earlier pre-
clinical and clinical studies [18,19]. A minimum of three
assessable patients were entered at each dose level of
epinephrine. Toxicity was assessed using the Common
Toxicity Criteria of the National Cancer Institute, Version
3.0. Cardiovascular intolerance was predefined as a
tachycardia over 120/min, systolic blood pressure over
190 mmHg, more than 2/min ventricular extrasystoles
(VES), signs of left cardiac insufficiency, increase in serum
troponin concentration, or electric signs of myocardial
ischaemia. Occurrence of grade 3—4 intraoperative toxicity
meant that a nontolerable dose had been reached. Follow-
up was performed 1 month later and then every 3 months
after the 1.p. chemotherapy.

Pharmacokinetic study

Peritoneal and blood samples were taken 1, 30 and 59 min
after starting each peritoneal bath. Blood samples were
taken 4, 6, 8, 16 and 24 h after treatment. Samples were
centrifuged and total (T-Pt) and ultrafiltered (Uf-Pt)
platinum were separated using Amicon Ultra-4 units
(Millipore, Billerica, Massachusetts, USA). Platinum
assays were performed by inductively coupled plasma
mass spectrometry [17]. Intraperitoneal epinephrine was
determined using a high-performance liquid chromato-
graphic assay [20]. Serum epinephrine was assayed with a
radioenzymatic method [21]. The area under the curve
(AUC) of T-Pt or Uf-Pt in serum was calculated during
the 24-h period using a trapezoidal method. The half-life
was estimated by means of linear regression from the
slope of terminal decay.

Statistical analysis

Overall survival and disease-free progression were eva-
luated with Kaplan—-Meier nonparametric methods using
JMP software (SAS, Cary, North Carolina, USA). Non-
parametric analysis of variance (Kruskall-Wallis followed
by a Mann—Whitney post-hoc test) was used to compare
pharmacokinetic parameters.

Results

Patients and treatment

Twenty-five patients with recurrent and/or refractory
advanced epithelial ovarian cancer were included bet-
ween October 2004 and February 2007. One patient
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refused the operation after having signed the informed
consent form. Cytoreductive surgery was not possible
in four patients and there was no evidence of residual
disease after i.v. chemotherapy in two patients. Eighteen
patients thus underwent surgery and received the i.p.
treatment. The histological cancer types were serous
(13), endometrioid (3), clear cell carcinoma (1) and
mixed epithelial carcinoma (1). The median age was 60
years (range 27-69 years). The median interval between
the first diagnosis of ovarian cancer and recurrence was
21.6 months (range 3-42 months). The median number
of prior lines of i.v. chemotherapy was two (one to four),
including induction and adjuvant chemotherapy.

Tolerance

No procedure-related deaths occurred. No patients
enrolled at the 0, 1 and 2mg/l i.p. epinephrine levels
had cardiovascular intolerance (Table 1). No toxicity
occurred in the first patient treated at the 3mg/l
concentration of epinephrine. The second patient had
tachycardia over 120/min with more than 2/min VES,
electric signs of myocardial ischaemia and increased levels
of serum troponin. The third patient had tachycardia over
120/min with more than 2/min VES, but with no increase
in serum troponin or electric signs of ischaemia. For these
two patients with tachycardia, the i.p. procedure was
immediately stopped by emptying the abdominal cavity
and rinsing out the epinephrine. Six additional patients
were included at the lower level of 2 mg/l of epinephrine,
and none experienced limiting cardiac toxicity. No grade
3—4 haematological toxicity was observed. Recoverable
grade 1-2 delayed renal toxicity occurred in four patients.
The most frequent complication was urinary or pulmon-

Table 1 Toxicity National Cancer Institute — common toxicity
criteria grading)

Toxicity Grade (number of patients)

Vascular toxicity
No epinephrine
Epinephrine =1 mg/I 0 (0/3

Epinephrine=2 mg/I 0 (0/9
Epinephrine=3 mg/| 3 (2/3
Renal toxicity

No epinephrine 1 (2/3)

2 (1/3)
Epinephrine: 1 mg/I 1 (1/3)
Epinephrine: 2 mg/I 1(1/9)
Epinephrine: 3 mg/I 1(1/3)

Infectious complications
Urinary 2
Pulmonary 2
Intraabdominal abscess or peritonitis 4
Intraabdominal bleeding 4
Thromboembolic events 3
(Including pulmonary embolism) 4
Chronic diarrhoea 1
Chronic dysuria 2
Persistent abdominal pain 2
Bowel fistula 4
Haematological toxicity (0]
Neurological toxicity (0]

ary infection. Three patients developed peritonitis and
intraabdominal abscess requiring a second laparotomy
to clean up the peritoneal cavity. A second surgical
intervention was necessary for intraabdominal bleeding
in one patient. Surgical restoration for a bowel fistula was
necessary in one patient. Thromboembolic events were
reported in five patients, including pulmonary embolism
in three patients.

Peritoneal and blood pharmacokinetics

Epinephrine concentrations in the peritoneal cavity
decreased with time after the bolus injection into the
peritoneal liquid (Fig. 1a). The mean epinephrine half-
life was 0.95h (% 0.02 h), with no difference according to
the dose or the order of the bath.

The mean endogenous concentration of epinephrine was
62.4 £ 38.3pg/l in the serum of patients who received
cisplatin alone (Fig. 1b). The addition of 1, 2 and 3 mg/l
of i.p. epinephrine to the peritoneal bath led to a
dramatic increase in its concentration in the serum.

Fig. 1
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The mean peak concentration was 606 pg/l and 2225 pg/l
for 1 and 2mg i.p. epinephrine, respectively. A higher
epinephrine serum concentration, 6327 and 7162 pg/l,
was recorded in the two patients who experienced cardiac
toxicity at the 3 mg/l level. Epinephrine concentrations in
serum returned to the baseline 4h after completion of
the i.p. treatment.

Platinum concentrations in the peritoneal cavity de-
creased with time after the bolus injection of cisplatin
into the bath. The pharmacokinetics was approximately
the same in the first and second bath, except for the first
determination performed 1min after the drug injection
(Fig. 2). As observed earlier [17], the values of T-Pt
and Uf-Pt were very close in this protein-poor medium
(always < 5g/l despite contamination of the peritoneal
liquid with blood). The half-life of T-Pt and Uf-Pt in
the peritoneal liquid was approximately doubled in
the presence of i.p. epinephrine (Table 2). Platinum
concentrations in the peritoneal liquid were generally
above 10 mg/l.
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cavity. Each value is the mean (£ SD) from two [3 mg/I intraperitoneal
(i.p.) epinephrine], three (0 or 1 mg/l i.p. epinephrine) or nine patients
(2mg/l i.p. epinephrine).
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Peak concentration (Fig. 3) and AUC (Table 2) of
platinum in the patient serum were dramatically de-
creased in the presence of i.p. epinephrine, whatever the
epinephrine dose (Fig. 3).

Clinical outcome

After a median follow-up of 14.7 months (2-27 months),
disease recurrence was recorded in 10 of the 18 patients.
The median duration of the response was 8.4 months
(2.2-19.8 months). The sites of relapse were the perito-
neum (five patients), retroperitoneal lymph nodes (two
patients), liver metastasis (four patients) and pleural
effusion (one patient). The median overall survival was
26.2 months (7.1-40.2 months).

Discussion

This study describes for the first time the use of
epinephrine combined with cisplatin for intraoperative
peritoneal chemotherapy in recurrent ovarian carcinoma
as a complement to surgical debulking. The role of
peroperative i.p. chemotherapy remains controversial
owing to the lack of randomized trials and the multitude
of proposed methods, varying in drugs, doses, schedules
and temperature. This study is an original step in the
search for an optimal intraoperative i.p. chemotherapy
regimen. The choice of the procedure using two
successive 1-h baths for i.p. cisplatin was based on earlier
clinical studies [16,17,20]. The 1-h bath did not allow
sufficient exposure to cisplatin above a targeted 10 mg/l
threshold. This threshold was previously determined
using a clonogenic assay to be the minimal concentration
that kills 95% of resistant human ovarian cancer cells after
2 h of exposure [20]. Interestingly, platinum concentra-
tion in the abdominal cavity exceeded this effective
threshold most of the time, with a slight advantage in the
presence of epinephrine. However, the 2-bath procedure
increased renal toxicity [16]. The predictive parameter
for renal toxicity was serum T-Pt 24-h AUC with a
threshold value of 25mgh/l. We show here that i.p.
epinephrine dramatically decreased the peak concentra-
tion and AUC (about 60%) of serum platinum. This
effect was related to vasoconstriction of the peritoneal
microvasculature and the consecutive reduction in
cisplatin diffusion, which might explain the moderate
renal toxicity. The mild renal grade 1 toxicity recorded in
four patients is lower than that reported in an earlier
protocol in which cisplatin was administered with the
same pattern and dose but without epinephrine [20].
Despite the relative systemic and renal protection offered
by epinephrine, the total dose of i.p. cisplatin did not
exceed 180 mg in this trial.

As expected, cardiac toxicity resulting from epinephrine
was dose limiting. One and 2 mg/l i.p. epinephrine was
well tolerated, whereas two of the three patients who
received 3 mg/l i.p. epinephrine experienced tachycardia
and VES, with an increase in serum troponin for one
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Table 2 Pharmacokinetic parameters of ultrafiltered and total platinum

Serum

Peritoneal cavity

Epinephrine doses AUC of total platinum

AUC of ultrafiltered platinum

Half-life of total platinum Half-life of ultrafiltered platinum

(number of patients) (mg/h/1) (mg/h/l) (h) (h)
0mg/l (3 patients) 28.50 (24.63-28.70) 6.16 (5.89-6.59) 1.311+0.46 1.23+0.44
1 mg/l (3 patients) 10.58 (8.71-7.27)* 2.41 (2.02-3.09)* 298+1.11* 2.83+1.14*%
2mg/l (9 patients) 12.08 (8.73-6.96)* 2.35 (1.97-2.75)* 3.28+1.16%* 2.83+1.14%*
3mg/l (2 patients) 12.39 (10.50-14.52) 3.01 (2.43-3.19) 2.78+0.77* 2.22+1.00*

Serum AUC was calculated over 24 h and expressed as the median (with range). Half-life of cisplatin in the peritoneal cavity was expressed as the mean + SD.

AUC, area under the curve.

*P<0.05 and **P<0.01 between the groups with or without intraperitoneal epinephrine (Mann—Whitney post-hoc test).

Fig. 3
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patient. Postoperative cardiovascular examinations did
not reveal any signs of cardiac necrosis. Intraperitoneal
epinephrine in the peritoneal bath dramatically increased
its serum concentration compared with the endogenous
baseline level. A link between i.p. epinephrine concen-
trations and clinical cardiac toxicity was assumed. A
serum concentration of approximately 2000 ng/l for the
2 mg/l i.p. epinephrine dose seemed to be well tolerated,

whereas a concentration that peaked at more than
6000 ng/l after 3 mg/l epinephrine was deleterious. Non-
cardiac morbidity was mostly related to the extensive
peritoneal surgery, and is common with this procedure
[18,19,21,22]. There was no evidence of a significant
increase in morbidity owing to epinephrine compared
with hyperthermia alone, which is also used to potentiate
the antitumor effect of cisplatin. For example, Lim e a/.
[19] reported 40% of grade III adverse events in 30
patients who received 75mg/l of ip. intraoperative
cisplatin at 41.5°C for 90 min.

In conclusion, 2 mg/l seems to be the maximal tolerated
dose for i.p. epinephrine in association with 30 mg/l
cisplatin for an intraoperative i.p. chemotherapy proce-
dure with two successive 1-h peritoneal baths. However,
the 1 mg/l epinephrine concentration could be sufficient,
as it produced the same reduction in platinum AUC
in serum and extended the half-life of cisplatin in the
peritoneal cavity. A phase III study could be designed to
compare an i.p. epinephrine/cisplatin regimen versus i.p.
cisplatin alone versus no i.p. chemotherapy as a comple-
ment to cytoreductive surgery in patients with recurrent
ovarian carcinoma.
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