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Introduction n 

Ovariann cancer is the leading cause of death from gynaecologie malignancy. Due to 

latee symptoms the diagnosis is usually established at an advanced stage when spread 

hass already occurred within the abdominal cavity [1] . Standard therapy consisting 

off  cytoreductive surgery and cisplatinum/paclitaxel containing chemotherapy ini -

tiallyy leads to a complete remission in 60-80% of patients with stage II I disease, but 

onlyy 10-20 % of them achieves a prolonged survival [2] . Apparently ovarian cancer 

iss a chemosensitive tumour but complete eradication of tumour cells can usually 

nott be achieved by the current standard combination therapy. This makes ovarian 

cancerr an attractive tumour to study the effect of therapy intensification in an 

attemptt to induce cure. The current study is focused on intensification of the surgi-

call  phase. Our intensification strategy has been designed to make optimal use of the 

factt that in advanced ovarian cancer spread outside the abdomen is a rare and 

mostlyy very late occurring phenomenon [1] . 

Overr the past years growing attention has been paid to an aggressive surgical 

approachh in combination with intraoperative heated intraperitoneal chemotherapy 

(HIPEC)) in patients with disseminated malignancies confined to the abdominal cav-

ity .. Application of this approach in patients with pseudomyxoma peritonei, malig-

nantt peritoneal mesothelioma, peritoneal dissemination of gastric carcinoma and 

colorectall  adenocarcinoma has demonstrated promising results regarding feasibility 

andd survival benefit [3 -10]. Alberts et al. already found that postoperative nor-

mothermicc intraperitoneal cisplatin therapy in stage II I ovarian cancer patients with 

limitedd residual disease significantly improved survival [11]. In our study the effect 

off  extensive cytoreductive surgery (including large peritonectomy procedures) was 

thereforee boosted by intraoperative perfusion of the abdominal cavity with heated 

cisplatin.. The advantage of application of heat is threefold; hyperthermia can be 

cytoxicc itself, it enhances the penetration depth of - and shows synergism with cis-

platinn [12]. Earlier we reported our first experiences with this new treatment regi-

menn in ovarian cancer [13]. We now present the more mature results of the first 

111 patients treated by extensive surgery and hyperthermic intraperitoneal 

chemotherapyy (HIPEC). The feasibility, morbidity and toxicity of this aggressive 

treatmentt approach is described. 

Patientss and methods 

Patients s 

Firstt line responders with recurrent epithelial ovarian cancer were included, if they 

fulfille dd the following criteria: late recurrence (> 12 months disease free interval), 

1122 tumour limited to the abdominal cavity and considered to be resectable (i.e. no 
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residuall  tumour deposit exceeding 5 mm in its largest diameter) during surgery, age 

18-600 years, WHO performance status 0-2, adequate renal function (creatinine 

clearancee based on 24 hr. urine collection > 60 m l /m in ), adequate hepatic func-

tion,, normal bone marrow function (WBC >3.5 x l oV l , platelets > 100 x 109/ l ) , 

mentallyy and physically considered to be able to undergo major surgery. Written 

informedd consent had to be obtained before inclusion. The treatment protocol was 

approvedd by the local Medical Ethical Committee. 

Extensivee Cytoreductive surgery 

Thee abdomen was approached through a median incision from xyphoid process 

untill  the pubic symphysis. Comprehensive adhesiolysis was performed. The tumour 

distributionn was recorded according to the presence of tumour deposits in seven 

abdominall  areas: left and right subdiaphragmatic, subhepatic, omentum/transverse 

colon,, small intestine/mesenterium, ileocoecal and pelvic. Aggressive cytoreductive 

surgeryy was performed aiming to leave minimal residual disease (MRD) in order to 

optimisee conditions for intraperitoneal chemotherapy. Cytoreduction of the pelvis 

wass performed via the extra-peritoneal route with en bloc removal of the pelvic 

contentss (tumour bulk and uterus and ovaries if still present and usually removal of 

thee recto-sigmoid) [14]. Peritoneal metastases exceeding 5 mm were removed by 

strippingg the peritoneal layer according to the peritonectomy procedures described 

byy Sugarbaker [15]. If necessary (partial) resection was performed of intra-abdomi-

nall  organs such as stomach, spleen, small and large bowel. The results of tumour 

reductionn in the 7 different abdominal regions were recorded as complete (< 5 

mm)) or incomplete (> 5 mm). Anastomoses and reconstructions were made after 

thee completion of perfusion in order to prevent suture line seeding. 

Hyperthermicc intraperitoneal perfusion with cisplatin 

Followingg cytoreduction intraperitoneal lavage of the abdominal cavity with cis-

platinn was performed under hyperthermic conditions. Perfusion was carried out 

intraa -operatively. A Tenckhoff inflow catheter (Curl Cath ™, Quinton, Bothell, 

WA,, USA) was introduced centrally into the abdominal cavity. Three silicone out-

flowflow drainage tubes (Dura-Sil, Biometrix Ltd., Jerusalem, Israel) were placed sub-

phrenicallyy on both sides and in the small pelvis. Temperature sensors (Mon-a-

thermm ™, Mallinckrodt Medical Inc., St.Louis, MO, USA) were attached to the 

catheters.. The catheters were connected through a reservoir with filter (Safe II 

Filteredd Cardiotomy Reservoir, Polystan, Copenhagen, Denmark) to the heat 

exchangerr (Baxter, Uden, the Netherlands) and roller pump (Polystan, Copenhagen, 

Denmark)) back to the patient. A basin was created by attaching the abdominal 

woundd edges to a ring retractor, placed 10-15 cm above the patient. This way peri-

toneall  cavity expansion was achieved, resulting in better exposure of the entire 

seroperitoneall  surface to the perfusate. The opening was covered with a plastic 113 



sheett to prevent spillage of perfusate and heat loss. In the centre a hole was made to 

alloww entrance of the surgeons' hand for manual stirring of the abdominal contents. 

Threee litres of 0.9 % saline were used as perfusion fluid. The cisplatin dosage was 

500 m g / m2 in 3 patients and 70 m g / m2 in all others and was added in a single 

boluss injection in the perfusion circuit. The cisplatin perfusion was carried out at 

40-411 °C for 90 minutes. To achieve uniform temperature and drug distribution 

thee perfusate and the bowel loops were gently stirred by the hand of the surgeon. 

Duringg and immediately after the HIPEC procedure, samples of blood, intraperi-

toneall  fluid and urine were collected every 15 minutes to assess cisplatin pharma-

cokinetics.. After completion of the perfusion the excess fluid was drained from the 

abdominall  cavity. Because of the expected prolonged gastric pareses, a gastrostomy 

wass performed for gastric decompression and a feeding tube was positioned in the 

proximall  jejunum for early postoperative enteral nutrit ion. Surgical complications 

andd toxicity attributed to cisplatin were recorded, according to the WHO grading 

forr chemotherapy toxicity. 

Follow-up p 

Afterr dismissal from the hospital patients were seen regularly at the out-patient 

clinicc starting 4 weeks after dismissal from hospital and every 2 months thereafter. 

Duringg follow-up late side-effects the HIPEC treatment were recorded. Depending 

onn the patients condition and choice adjuvant systemic treatment was offered. 

Althoughh effectiveness of treatment was not an endpoint of this feasibility study, 

patientss were also evaluated for disease status by physical examination and tumour 

markerss (CEA and CA125) at each visit and a CT scan of the abdomen and chest X-

rayy every 6 months. 

Results s 

Patientss characteristics 

Elevenn patients with a median age of 47 years (range 33 to 64 years) were included 

inn the study. At inclusion 1 patient showed a WHO performance status of 2 and 

anotherr patient a status of 1. All other patients presented with a performance status 

off  0. Al l patients had recurrent disease after having had complete remission on 

standardd primary treatment for advanced ovarian cancer consisting of debulking 

surgeryy (with a mean of 1 laparotomy, range 0-3) and 6 courses of 

cisplatinum/paclitaxel.. Two patients had also received hormonal therapy. In all 

patientss the primary tumour was a high or intermediate grade epithelial malignan-

cy.. The median disease free interval calculated from the end of primary treatment 

too inclusion in the study was 22 months (range 1 3 to 44 months). 

114 4 
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Cytoreductivee surgery and HIPEC 

Inn all patients the tumour load was considerable with a maximal tumour diameter 

exceedingg 5 cm. In 14 patients extensive spread of tumour was found in the 

abdomenn with involvement of > 3 regions, while in 2 patients tumour spread was 

moderatee with involvement of < 3 regions. Nevertheless, optimal tumour reduction 

(onlyy tumour remnants < 5 mm) could be obtained in all but one patient. To 

achievee this, bowel surgery was required in almost all patients with (partial) resec-

tionn of the rectosigmoid during the en bloc pelvic procedure. A (temporary) colosto-

myy for safety reasons was made in 6 patients. In one patient it was anticipated that 

futuree reconstruction of the colorectal passage would be very difficul t or impossi-

ble.. For this reason the colorectal anastomosis was performed immediately, with a 

protectivee temporary ileostomy. No intra-operative complications were observed 

duringg cytoreduction and hyperthermic perfusion. As can be expected from major 

aggressivee surgery, mean blood loss (5.7 L, range 1 -13.5) and mean duration of sur-

geryy (9.25 hours, range 4.5-10, including 90 minutes of perfusion) were consider-

able. . 

Pharmacokinetics s 

Duringg and after the HIPEC procedure, samples of blood and perfusion fluid were 

collectedd and the cisplatin concentrations were measured. As shown in figure I mean 

00 5 15 30 45 60 75 90 

Timee (minutes) 

Figuree 1. Mean concentration curves (6 patients) of free cisplatin in perfusion fluid 
(( ) and plasma ( ) during intraoperative hyperthemic intraperitoneal 
chemotherapy. . 
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concentrationss of cisplatin in perfusate were about 10-15 times higher compared to 

serum.. The peak concentration of cisplatin in serum occurred shortly after the start 

off  abdominal perfusion. Earlier we have reported in detail on the pharmacokinetic 

dataa of the first 5 patients treated [16]. In summary, 75% of the total cisplatin dose 

wass absorbed during perfusion. Less then 10% of the absorbed dose was excreted in 

urine.. Measurements of the platinum DNA adduct formation in tumour marker 

lesionss taken from the abdominal cavity showed increased cisplatin activity when 

comparedd to (only) systemically exposed buccal cells. Cisplatin activity in tumour 

markerr lesions could be demonstrated to a depth of 3-5 mm. 

Postoperativee morbidity and toxicity 

AA common postoperative finding was a prolonged period of gastric paresis, with a 

meann of 12 days (range 6-18). Nevertheless, all patients could be fed by enteric 

routee by a jejunal tube. 

Postoperativelyy 1 patient developed pleural effusion after resection of a tumour 

masss on the right hemidiaphragm. In another patient a pulmonary embolism was 

diagnosedd and treated succesfully. Other complications were limited and reversible 

wit hh one exception. The patient who could not be debulked optimally (tumour 

remnantss of > 0.5- < 2 cm) developed a small bowel lesion that required relaparo-

tomy.. Afterwards she developed a bladder fistula, which was treated successfully by 

nefrostomyy and ureter-occlusion catheters on both sides. In all patients cisplatin 

toxicityy was limited (WHO grade 0-2) and mainly metabolic (hypocalcaemia and 

hypomagnesia).. Renal toxicity was not observed. Median hospital stay was 20 days 

(rangee 17-28) including the standard 5 days admission at ICU. After discharge one 

patientt required a brief re-admission due to hydration problems related to her 

ileostomy. . 

Follow-up p 

Sevenn patients received adjuvant systemic treatment, starting after full postoperative 

recovery.. One patient was treated with tamoxifen and another with a combination 

off  cisplatin and cyclophosphamide. Five patients received a (high dose) combina-

tionn of carboplatin, thiotepa and cyclophosphamide with autotransplantation of 

peripherall  stem cells. The remaining 4 patients did not receive any adjuvant treat-

ment. . 

Afterr a median follow-up of 39 months (range 27-65, mean 49) 4 patients were 

stilll  alive, 2 of them without evidence of disease (after respectively 64 and 32 

monthss of fol low-up). One patient died of massive liver metastases without any 

signn of intra-abdominal recurrence 3 months postoperatively. The remaining 6 

patientss died of a combination of intra-abdominal recurrence and distant metas-

tases. . 

116 6 
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Discussion n 

Inn our study we investigated the feasibility of an aggressive approach in late recur-

rencee advanced ovarian cancer. The feasibility of therapy intensification during sur-

geryy in patients with other peritoneal surface malignancies by combining extensive 

cytoreductionn with HIPEC has previously been shown [17-20]. Performing large 

peritonectomyy procedures by using the diathermic knife, as introduced by 

Sugarbaker,, in combination with an aggressive surgical approach towards affected 

organss makes it possible to obtain maximal tumour reduction in most patients, 

leavingg tumour implants of only a few millimetres [15]. The effect of this aggres-

sivee surgical cytoreductive approach can be boosted by the combination of heat and 

intraperitoneall  chemotherapy [12]. Our previously reported study of pharmacoki-

neticss and cisplatin DNA adduct formation after HIPEC with cisplatin has confirmed 

thesee findings [16]. The results regarding postoperative morbidity and survival ben-

efitt in pseudomyxoma peritonei, mesothelioma, sarcoma and disseminated gastric 

andd colorectal cancer are promising [3-10]. In pseudomyxoma peritonei 5-year 

survivall  rates of 86% are reported after surgical cytoreduction and HIPEC [3] , com-

paredd to 50% after standard surgical treatment [21]. Randomized studies have 

shownn that prophylactic HIPEC in primary gastric cancer can significantly reduce 

thee risk of peritoneal dissemination [7,22,23]. 

Thee feasibility of extensive cytoreductive surgery followed by intraoperative hyper-

thermicc chemotherapy is confirmed by the current study. Extensive adhesions due 

too previous abdominal surgery made cytoreduction technically difficul t in almost all 

patients.. Despite this it was possible to obtain optimal cytoreduction, i.e. tumour 

remnantss < 5 mm , in all but one patient. This could only be achieved by using an 

aggressivee surgical approach. In most patients this meant (multiple) bowel resec-

tions,, peritoneal stripping or even splenectomy. These findings are comparable to 

thosee reported by others at secondary cytoreductive surgery for ovarian cancer 

[24,26].. Three patients developed surgery related postoperative complications 

(pleurall  effusion, pulmonary embolism and bowel/bladder perforation), resulting 

inn a morbidity rate of 27%. This is in accordance with reported morbidity rates 

foundd after aggressive surgery and HIPEC in other primary tumours [17,20,27]. The 

cisplatinn toxicity found was relatively mild (maximal WHO grade 2). Prolonged 

gastricc pareses was a common feature of the surgical intensification procedure. This 

mightt be due to the hyperthermia and/or to local toxic effects of cisplatin and the 

prolongedd manual manipulation of intra-abdominal contents during surgery and 

perfusion.. In one patient due to extensive tumour spread it was needed to perform 

multiplee small bowel resections which resulted in severe diarrhoea during adjuvant 

systemicall  treatment. 

Consideringg pharmacokinetics intraperitoneal cisplatin leads -as expected- to higher 

locall  concentrations compared to systemic concentrations [16]. However, the ratio 117 
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iss less pronounced compared to other intraperitoneal cisplatin studies [1,16]. This 

iss probably due to higher systemic uptake under hyperthermic conditions. 

Hyperthermiaa leads to increased activity and deeper penetration of cisplatin in 

tumourr tissue when compared to normothermic conditions [28,29]. 

Twoo patients (18%) have reached long-term disease-free survival after respectively 

644 and 32 months of follow-up. However, survival was not an end-point in this 

studyy and due to the number of patients included and the differences in adjuvant 

systemicc treatment, no firm conclusions can be drawn regarding response and (dis-

easee free) survival. The aim was to investigate the feasibility of the described com-

binedd treatment modality regarding major morbidity and toxicity. 

Conclusion n 

Complications,, morbidity and toxicity after extensive cytoreductive surgery and 

intraoperativee HIPEC with cisplatin are limited and acceptable. The effectiveness of 

thiss combined treatment regimen in ovarian cancer has now to be studied in ran-

domizedd trials. 

118 8 
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