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Peritoneal carcinomatosis (PC) is a common evo-
lution of digestive cancer (48% of the gastric cancer

with serosal erosion [1]), and is the terminal stage of
the disease as most of the patients with PC are to die
within 6 months [2]. During the last decade, there has
been a renewed interest in peritoneal carcinomatosis,
and new aggressive therapeutic approaches have been
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The aim of this study was to estimate the results of a phase I�II prospective study in which peritoneal carcinomatosis
was managed with Peritonectomy Procedure (PP) associated with Intraperitoneal Chemohyperthermia (IPCH).
Methods: Twenty two patients were included for peritoneal carcinomatosis from colorectal cancer (14), ovarian cancer
(2), peritoneal malignant mesothelioma (2), gallblader cancer (1), gastric cancer (1), appendiceal cancer (1) and
peritoneal pseudomyxoma (1). Peritoneal carcinomatosis was mainly advanced disease (19 stage 3 and 4, 2 stage 2, 1
stage 1). All the patients underwent surgical resection of their primary tumor with PP as described by Sugarbaker and
IPCH (with mitomycine C, cisplatinium or both). IPCH used in this study was a �closed sterile circuit� device with
inflow temperatures ranging from 46 to 48°C. IPCH was performed on the same day as PP (12/22) or delayed (10/22).
Results: Significant down staging of peritoneal carcinomatosis was achieved for 18 patients. One patient died
postoperatively while morbidity rate was 7/22 (2 long postoperative ileus, 2 grade 3 leucopenia, 2 anastomotic
leakage and 1 biliary fistula).
Conclusions: PP combined with immediate IPCH is an aggressive treatment. Despite a high morbidity, this asso-
ciation appears to be an effective therapy in peritoneal carcinomatosis. Larger phase III studies are now needed to
demonstrate its efficacy on long-term survival.
Key Words: peritonectomy, intraperitoneal chemohyperthermia, peritoneal carcinomatosis, digestive cancer.

Ñîîáùåíû ðåçóëüòàòû ïåðâîé-âòîðîé ôàçû êëèíè÷åñêîé ïðîâåðêè ìåòîäîâ ëå÷åíèÿ áîëüíûõ ñ êàðöèíîìàòîçîì áðþ-
øèíû ñ ïîìîùüþ ïåðèòîíýêòîìèè (ÏÝ) â ñî÷åòàíèè ñ âíóòðèáðþøèííîé òåðìîõèìèîòåðàïèåé (ÂÒÕÒ). Èç 22 ïàöè-
åíòîâ ñ êàðöèíîìàòîçîì áðþøèíû, âêëþ÷åííûõ â èññëåäîâàíèå, ó 14 áûë ðàê òîëñòîé èëè ïðÿìîé êèøêè, ó 2 � ðàê
ÿè÷íèêîâ, ó 2 � çëîêà÷åñòâåííàÿ ìåçîòåëèîìà áðþøíîé ïîëîñòè, ó 1 � ðàê æåë÷íîãî ïóçûðÿ, ó 1 � ðàê æåëóäêà, ó
1 � ðàê àïïåíäèêñà è ó 1 � ïñåâäîìèêñîìà. Ó áîëüøèíñòâà ïàöèåíòîâ äèàãíîñòèðîâàíà äàëåêî çàøåäøàÿ ñòàäèÿ
êàðöèíîìàòîçà áðþøèíû (ó 19 � 3�4 ñòàäèÿ, ó 2 � 2 ñòàäèÿ è ó 1 � 1). Âñåì áîëüíûì âûïîëíåíà õèðóðãè÷åñêàÿ
ðåçåêöèÿ ïåðâè÷íîé îïóõîëè ñ ÏÝ ïî Øóãåðáåéêåðó è ÂÒÕÒ (ñ ìèòîìèöèíîì Ñ, öèñïëàòèíîì èëè îáîèìè ïðåïàðà-
òàìè). ÂÒÕÒ îñóùåñòâëÿëè ñ ïîìîùüþ ïðèáîðà, îáåñïå÷èâàþùåãî �çàìêíóòûé ñòåðèëüíûé êîíòóð� ñ òåìïåðàòóðîé
íà âõîäå îò 46 äî 48°Ñ. ÂÒÕÒ ïðîâîäèëè â òîò æå äåíü, ÷òî è ÏÝ (ó 12 èç 22 áîëüíûõ) èëè ïîçäíåå (ó 10 èç 22). Ó
18 áîëüíûõ íàáëþäàëè ñíèæåíèå ñòàäèè êàðöèíîìàòîçà áðþøèíû. Îäèí áîëüíîé óìåð â ïîñëåîïåðàöèîííûé ïåðèîä.
Îñëîæíåíèÿ íàáëþäàëèñü ó 7 èç 22 áîëüíûõ (ó 2 � êèøå÷íàÿ íåïðîõîäèìîñòü â îòäàëåííûé ïîñëåîïåðàöèîííûé
ïåðèîä, ó 2 � ëåéêîïåíèÿ òðåòüåé ñòåïåíè, ó 2 � íåñîñòîÿòåëüíîñòü àíàñòîìîçà è ó 1 � æåë÷íûé ñâèù).
Âûâîäû. Ðåçåêöèÿ áðþøèíû â ñî÷åòàíèè ñ ÂÒÕÒ, ïðîâåäåííîé íåïîñðåäñòâåííî ïîñëå ÏÝ, ÿâëÿåòñÿ àãðåññèâ-
íûì ìåòîäîì ëå÷åíèÿ. Íåñìîòðÿ íà âûñîêóþ ÷àñòîòó îñëîæíåíèé, ýòî ñî÷åòàíèå ïðåäñòàâëÿåò ñîáîé ýôôåê-
òèâíûé ìåòîä ëå÷åíèÿ áîëüíûõ ñ êàðöèíîìàòîçîì áðþøèíû. Íåîáõîäèìî ïðîâåäåíèå òðåòüåé ôàçû êëèíè÷åñ-
êîé ïðîâåðêè äëÿ ðåøåíèÿ âîïðîñà î âûæèâàåìîñòè áîëüíûõ.
Êëþ÷åâûå ñëîâà: ïåðèòîíýêòîìèÿ, êàðöèíîìàòîç áðþøèíû, ðàê îðãàíîâ ïèùåâàðåíèÿ.
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proposed and are currently under evaluation. We have
been using Intraperitoneal Chemohyperthermia (IPCH)
since 1989 in our department [3] and we previously re-
ported from phase I�II and III studies that IPCH was a
safe and reliable procedure to treat peritoneal carcino-
matosis from digestive origin [4]. From our experience,
the best efficacy of IPCH was achieved for stage 1 and
2 peritoneal carcinomatosis (Table 1) while stage 3 and
4 did not benefit from IPCH [5].

Type of IPCH. At the end of the surgical proce-
dure, or during the 21 postoperative days, an IPCH
session was carried out. Under general anesthesia and
general hypothermia (32°C), two inflow drainages were
inserted under left and right diaphragmatic cupula
(30 French silicone drainage, William Harvey, Bard Car-
diopulmonary Division, USA) while a third drainage (out-
flow drainage) was inserted in the Douglas� pouch
(32 French). Thermic probes (Mallinckrodt SA and Cair
SA, Lozanne, France) were also inserted within the ab-
dominal cavity (behind liver pedicula and nearby the 1st

jejunal loop). Other thermic probes were set up outside
the abdominal cavity: a) on the inflow and outflow drain-
ages (8 cm from the skin), b) inside the bladder within
a Foley catheter. Laparotomy was then closed and in-
flow and outflow drainages were connected to a closed
sterile circuit in which a 4 to 6 liter perfusate (Travenol
laboratory, Norfolk, England) was circulated by the
means of an electromagnetic pump at a flow rate of
500 ml/min. The closed sterile circuit was heated by
the mean of a thermal exchanger (Dideco, France) con-
nected to a heating circuit. Intra and extra abdominal
temperatures were connected to a thermic reader (Cair
SA, Lozanne, France) and monitored every 10 min
(Fig. 1). IPCH was performed during 90 min with close
monitoring of respiratory and haemodynamic parame-
ters at inflow temperatures ranging between 46 and
48°C.

Table 1. Peritoneal carcinomatosis staging

Stage Peritoneal carcinomatosis description
0 No macroscopic disease
1 Malignant granulations less than 5 mm in diameter

Localized in one part of the abdomen
2 Malignant granulations less than 5 mm in diameter

Diffuse to the whole abdomen
3 Malignant granulations 5 mm to 2 cm in diameter
4 Large malignant cakes (more than 2 cm diameter)

In 1995, peritonectomy procedure (PP) was de-
scribed as a new possible aggressive surgical approach
for peritoneal carcinomatosis [6]. We decided to per-
form PP to down stage peritoneal carcinomatosis and
we conducted a phase I�II study to evaluate the feas-
ability and the tolerance of the combination of PP and
IPCH in peritoneal carcinomatosis.

PATIENTS AND METHODS
Type of study. An open, non randomized, mono-

centric phase I�II study was designed, located in the
Surgical Department of Centre Hospitalo-Universitaire
Lyon-Sud. It was initiated in January 1997 and closed
in January 1999.

Inclusion criteria. a) age between 18 and 75 years,
b) ECOG index = 0 or 1, c) peritoneal carcinomatosis
from digestive or ovarian origin, d) no extra abdominal
metastasis, e) no intravenous chemotherapy adminis-
tration 1 month prior to the inclusion, f) normal white
blood cell count, g) no previous abdominal radiation
therapy, and h) signed informed consent.

Exclusion criteria. a) thoracic metastasis on pre-
operative CT scan, b) brain metastasis on preoperative
CT scan, c) patient with abnormal preoperative cardiac
ultrasonography, and d) patient with renal insufficien-
cy.

Type of peritonectomy. The peritonectomy pro-
cedure described by Sugarbaker [4] was used through
a median laparotomy (from xyphoid to pubis). Peri-
tonectomies were performed by 2 senior surgeons
working together. Peritonectomies were adapted to the
location of the malignant granulations as guided by the
surgeons� exploration and by extemporaneous biop-
sies (no systematic extensive peritonectomies were
performed). Locations of peritonectomy performed were
such as follows: 1) right diaphragmatic cupula, 2) left
diaphragmatic cupula, 3) great omentum, 4) lesser
omentum, 5) omental bursa, 6) right colon gutter, 7) left
colon gutter, 8) Douglas� pouch, 9) mesenteric perito-
neum (mesenteric peritoneum was not removed but
malignant granulations located on it were destroyed by
electrosurgical fulguration) and 10) Glisson�s capsule.

Fig. 1. IPCH procedure

Type of intraperitoneal chemotherapy. For peri-
toneal carcinomatosis from digestive origin, mitomy-
cine C was used at the dose of 0.7 mg/kg (maximum
dose of 60 mg). For peritoneal carcinomatosis from
ovarian origin, cisplatinium was used at the dose of
1 mg/kg (maximum dose of 80 mg). For peritoneal car-
cinomatosis from peritoneal malignant mesothelioma
or peritoneal pseudomyxoma, mitomycine C and cis-
platinium were intraperitonealy associated at the dose
of 0.5 mg/kg and 0.7 mg/kg respectively. Mitomycine C
and/or cisplatinium were inserted in the peritoneal di-
alysis liquid at the beginning of IPCH.

Patients. Twenty two patients with peritoneal car-
cinomatosis were included in the present study:
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10 males and 12 females, mean age 45.7 years, (SD =
13.7), ranging from 26 to 73 years. A great number of
selection factors operated before and after referral and
strongly influenced the composition of this patient po-
pulation: these treatments were employed only in a
small subset of patients with peritoneal carcinomatosis
and during the period of the study 138 patients with
peritoneal carcinomatosis were refered to our depart-
ment. Primary tumors were right colon cancer (8), left
colon cancer (6), ovarian cancer (2), peritoneal malig-
nant mesothelioma (2), gallbladder cancer (1), gastric
cancer (1), appendiceal cancer (1), peritoneal pseudo-
myxoma (1). For 10 patients, peritoneal carcinomato-
sis was synchronous and diagnosed at the time of the
primary tumor diagnosis: for 12 patients, peritoneal
carcinomatosis was diagnosed during the follow up of
a known and already treated primary malignancy (10/12
received systemic chemotherapy treatments before
being included in the present study). Details on perito-
neal carcinomatosis, pathologic differentiation and ini-
tial pTNM staging are underlined in Table 2. Surgical

Survival rates are calculated according to the Kaplan-
Meier method.

Table 2. PTNM staging, differentiation and peritoneal carcinomatosis
staging

PTNM PT2 = 1
PT3 = 10
PT4 = 8

PNO = 1
PN+ = 18

Differentiation WD = 5
MD = 8
PD = 6

Peritoneal carcinomatosis
staging

Stage 1 = 1
Stage 2 = 2
Stage 3 = 5

Stage 4 = 14
Malignant mesothelioma and peritoneal pseudomyxoma excluded from
pTNM and differentiation. WD � well differentiated, MD � Moderately
differentiated, PD � Poorly differentiated

Table 3. Details on peritonectomy procedures

Location of peritonectomy Number
Omentectomy 20
Right abdominal gutter 14
Left abdominal gutter 11
Douglas� pouch 11
Right diaphragmatic cupula 10
Left diaphragmatic cupula 5
Omental bursa 3
Lesser omentum 4
Mesenteric fulguration 16
Glissonectomy 1

Table 4. Results of peritonectomy procedure (PP) on peritoneal
carcinomatosis (PC) down staging

Results Primary tumor Initial PC
staging

Post PP
PC staging

Survival
(months)

Status

Residual
peritoneal

Gallblader 4 2 2 DFR

tumors less
than 5 mm

Left colon 4 2 5 DFR

in diameter Right colon 3 2 12 DFR
Right colon 3 1 14 DFR
Right colon 4 1 11 DFR
Right colon 4 0 4.5 AND
Stomach 3 2 5 AND
Ovary 4 2 6 AND
Right colon 4 1 7 AND
Mesothelioma 4 1 16 APD
Right colon 3 2 12 AND
Ovary 4 2 14 AND
Left colon 2 1 19 AND
Left colon 4 2 20 AND
Right colon 2 0 26 AND
Left colon 4 2 32 DFR
Pseudomyxoma 4 0 3 AND
Left colon 3 2 1 AND
Appendiceal 1 0 6 AND

Residual
peritoneal

Left colon 4 3 / POD

tumors more
than 5 mm

Right colon 4 3 8 DFR

in diameter Mesothelioma 4 3 1 AND
DFR � Died from recurrence, AND � Alive with no disease, APD �
Alive with progressive disease, POD � Postoperative death

resection consisted in 9 right colectomies, 3 left colec-
tomies, 2 subtotal colectomies, 17 small bowell resec-
tions, 3 liver metastasectomies, 4 bilateral oophorec-
tomies, 1 total gastrectomy, 2 partial gastrectomies,
4 hysterectomies, 9 cholecystectomies, 5 splenecto-
mies, 1 left pancreatectomy and 3 retroperitoneal lym-
phadenectomies: thirty eight digestive anastomosis
were so performed. Details on PP are underlined in
Table 3. Regarding IPCH treatments, 12 courses were
performed the same day as the surgical resection (be-
ginning of the series) and 10 courses were delayed (2 on
the 8th postoperative day, 5 on the 15th postoperative
day and 3 on the 21st postoperative day).

Patients follow up. All the patients included in the
present study were postoperatively transferred to an
intensive care unit for 24 hours and then referred in the
surgical department. Twelve of the included patients
received palliative systemic chemotherapy courses
during their follow up (5-fluorouracil, oxaliplatinium
and/or cisplatinium). Clinical, biologic and radiologic
follow up of the patients were done monthly after they
discharged from the surgical department.

Stastistical analysis. Data were captured on Stat-
view software (Abacus Inc. Berkeley, USA). Data are
expressed as mean, standard deviation (SD) and range.

RESULTS
No peroperative death occured. Duration of surgery

was 6 to 9 h (excluding the duration of IPCH treat-
ment). Among the 19 patients with stage 3 and 4 peri-
toneal carcinomatosis (i.e. malignant granulations more
than 5 mm in diameter) it was possible to reduce the
peritoneal tumor volume to stage 0, 1 or 2 (less than
5 mm in diameter) for 16 patients. Results of peritoneal
carcinomatosis down staging are underlined in Table 4.

One patient (4%) died on the 27th postoperative day
from peritonitis and septicaemia (massive leakage on
colorectal anastomosis). Postoperative morbidity was
7/22 (32%): 2 prolonged postoperative ileus (up to
10 days without re-operation necessity), 1 jejunal fis-
tula re-operated on on the 15th postoperative day,
1 transverse colon fistula (observed on the 19th post-
operative day and medically treated), 2 grade 3 leu-
copenia (from the 5th postoperative day up to the 20th)
and 1 biliary fistula (observed on the 2nd postoperative
day and medically treated). Morbidity rates were 2/10
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in the group of patients with delayed IPCH and 4/12 in
the group of patients with IPCH performed on the same
day as peritonectomy. Mean hospitalisation duration
was 15.1 days (SD = 8.3, range 6�40 days).

Up to now, mean follow up for these 22 patients is
9 months. One patient died in the postoperative peri-
od. Seven patients died from evolution or recurrence.
One patient is alive with progressive disease at
16 months and 13 patients are alive with no evidence
of disease (Fig. 2).

tumors and that drug penetration did not exist in the
central part of large and bulky tumors [16]. Theoreti-
cally, the cytoreductive approach by a surgical down
staging of peritoneal carcinomatosis, may lead to a
better efficacy of IPCH.

Peritonectomy procedures in digestive cancers is
a new concept first described by Sugarbaker in 1995
[6]. Because residual tumor burden is minimal just af-
ter peritonectomy, intraperitoneal chemotherapy with
or without hyperthermia may have the most powerful
effects on the residual cancer cells. However Sugar-
baker [17], in 181 appendiceal and colorectal can-
cers, treated by peritonectomy procedures with intra-
peritoneal chemotherapy reported 3 postoperative
deaths and 21 postoperative bowel perforations or
anastomotic leakages. Elias [18], in a phase II study
including 54 peritoneal carcinomatosis from digestive
origin, treated by peritonectomy procedures with im-
mediate intraperitoneal postoperative chemotherapy
reported a 61% morbidity rate. It was concluded that
morbidity rates were highly correlated with the exten-
sion of peritonectomy and with the number of anasto-
mosis performed [18]. As far as these aggressive
treatment results are concerned, morbidity and mor-
tality rates would appear as important ones. More-
over, it is to be underlined that the included patients
from Sugarbaker and Elias� series (as well as our own
patients) were strictly selected (young patients in good
general status, no previous abdominal radiation the-
rapy, no extra abdominal metastasis, no renal insuffi-
cency, acceptable cardiac function, no systemic che-
motherapy administration 1 month prior to the inclu-
sion). It is also to be underlined that 10 of our 22 IPCH
treatments were delayed from the peritonectomy pro-
cedures. Moreover, the dose rate of chemotherapy
decreased: using IPCH alone, mitomycine C was used
at a dose of 1 mg/kg but we believe that peritonecto-
my reduces the impact of the peritoneal barreer re-
sulting in higher drug absorption in serum: new phar-
macokinetic studies are currently ongoing in our de-
partment to evaluate the difference of drug absorption
between IPCH alone and IPCH associated with PP.

Regarding the peritonectomy procedures, we de-
cided to use adapted peritonectomy guided by the lo-
cation of malignant granulations on the peritoneum: no
systematic extensive peritonectomy was performed on
area with no malignant granulation. Only 3 patients of
our series required an omental bursa exeresis which
represents the most difficult peritonectomy according
to Sugarbaker; one patient Glisson�s capsule peritonec-
tomy because of high hemmorhage risk. At least, one
could be surprised by using such aggressive therapies
in peritoneal carcinomatosis, but peritoneal carcinoma-
tosis may be a metastatic situation similar to other met-
astatic sites in which aggressive approaches are now
performed. The survival of patients and the effect of
chemotherapy are inversely related to the residual tu-
mor burden. Moreover, unexpected long term survivals
(up to 5 years) have already been reported for patients
with peritoneal carcinomatosis treated by IPCH alone

DISCUSSION
Peritoneal carcinomatosis (PC) from colorectal ma-

lignancy always has been regarded as a lethal clinical
condition and as a situation only to be palliated [2]. From
the last decade, new possible aggressive therapies
have been reported for peritoneal carcinomatosis treat-
ment as intraperitoneal chemohyperthermia, immedi-
ate intraperitoneal postoperative chemotherapy and
peritonectomy procedures [5, 7�10]. Intraperitoneal
chemohyperthermia has been safely performed in pa-
tients with various intraabdominal malignancies. Hy-
perthermia, which can enhance the cytocidal effect [11],
the submesothelial drug-penetration distance and the
intracellular drug concentration, when combined with
chemotherapy [12] has been tried as a treatment op-
tion for PC. Mitomycine C and cisplatinium are com-
monly used chemotherapeutic agents in combination
with hyperthermia because it represents a marked phar-
macokinetic advantage with intraperitoneal administra-
tion [5, 13�15].

The preliminary results showed that IPCH was ef-
fective for the small nodular type of peritoneal dis-
semination with diameter less than 5 mm (43% at
3 years in gastric cancer for stage 0, 1 and 2) but not
for the large nodular type or diffuse infiltrating type
(0% at 12 months for stage 3 and 4) [5]. Such prelim-
inary results seem logical taking into account that ther-
mal and drug penetrations are limited to 2 to 3 mm in
depth [16]. Pharmacokinetics study performed during
IPCH courses clearly demonstrated that drug absorp-
tion was important in the superficial layer of peritoneal

Fig. 2. Overall survival rate of patients treated by peritonectomy
procedure combined with IPCH (Kaplan�Meier method)
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or combined with immediate postoperative intraperito-
neal chemotherapy or with peritonectomy procedures
[5, 9,18�21].

CONCLUSIONS
PP combined with IPCH appears to be an effective ther-

apy. It allows a down staging of PC. The high morbidity
leads us to strongly recommend a strict selection of pa-
tients and to delay IPCH 8 to 21 days after PP for patients
with several digestive anastomosis. After this phase I�
II study, we are going to evaluate this association on long-
term survival in colon cancer with PC, in a phase III study.
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