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Aim,~ and background: The optimal salvage therapy for recurrent
ovarian carcinoma has not been clearly established. Re-
sponse to second-line chemotherapy is low, with a short me-
dian survival (8.8-15 months). We investigated the effect of an
aggressive approach consisting of surgery followed by in-
traperitoneal drug delivery and local hyperthermia.
Patients and methods: In a phase Il clinical study, 27 patients
with advanced/recurrent ovarian carcinoma were treated with
cytoreductive surgery and intraperitoneal hyperthermic perfu-
sion. Median patient age was 53 years (range, 30-67) and
mean follow-up was 17.4 months (range, 0.3-36.0). Patients
had been surgically staged and heavily pretreated with cis-
platin-based, taxol-based or taxol/platinum-containing regi-
mens. Nineteen (70%) patients were cytoreduced to minimal
residual disease <2.5 mm. The intraperitoneal hyperthermic
perfusion was performed with the closed abdomen technique,
using a preheated polysaline perfusate containing cisplatin
(25 mg/m2/L) + mitomycin C (3.3 mg/m2/L) through a heart-
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Introduction quired drug resistance and simultaneously reduce sYs-
temic side effects. However, the approach is stilI con-
troversial, since most clinical trials have failed to show
a substantial impact on disease-free and overallsurviva1
when therapeutic results were compared to those ob-
tained using standard intravenous antineoplastic treat-
ment9-11. This may be due to several reasons such as
limited drug absorption by the tumor tissue in nonnoth-
ennic conditions or incomplete drug distribution due to
the abdomina1 postoperative adhesion12.

In an attempt to overcome the drawbacks, intraperi-
toneal chemotherapy in hyperthermic conditions has be-
come an area of growing interest as supported by exper-
imental observations. In fact, at 40-42 °C, neoplastic
cells become more chemosensitive due to an increase in
the intracellular concentration of drugs and in their acti-
vation process, especially for alkylating agents, and to
alterations in the DNA repair process13.14. Moreover, it
has been shown that such events have a greater intensity
in cisplatin-resis.tant than in cisplatin-sensitive ovarian
cancer celI lines. Formation of platinum-DNA adducts
after cisplatin exposure is enhanced and/or adduct re-

Ovarian cancer remains the most lethal ofall gyneco-
logical malignancies1, being responsible for about 50%
of all deaths for female genital tract caÌlcer2. It ranks
high as a cause of female deaths in Canada, New
Zealand, Israel and Northern Europe. Tumors of epithe-
lial origin account for 80-90% of ovarian malignancies,
and approximately 75% of cases are diagnosed at ad-
vanced stage III or IV2-4.

The conventional clinical approach for ad.vanced
ovarian cancer is based on debulking surgery followed
by systemic chemotherapy. In spite of its being a highly
chemosensitive tumor with 70-80% response rates to
first-line chemotherapy, most patients relapse and re-
spond poorly to salvage chemotherapy2.

Ovarian cancer dissemination most frequently occurs
intraperitoneally. The disease remains in the cavit.y for
most of its natural history~6, and such biological behav-
ior provides the opportunity for increasing drug concen-
tration selectively in the tumor area by direct intraperi-
toneal instillation 7.8 in order to overcome intrinsic or ac-
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lung pump (mean flow of 700 mUmin) for 60 min in the hyper-
thermic phase (42.5 °C).
Results: Two-year overall survival was 55%. Median times to
overall progression and local progression were 16 months
and 21.8 months, respectively. Variables that affected the
overall survival or time to progression were as follows: resid-
ual disease (P = 0.00025), patient age (P = 0.04), and lag time
between diagnosis and cytoreductive surgery + intraperi-
toneal hyperthermic perfusion (P = 0.04). Treatment-related
morbidity, mortality and acute toxicity (grade Il-111) rates were
11 %, 4% and 11 %, respectively. Eight (89%) of 9 patients had
ascites resolution.
Conclusion: Our results suggest that cytoreductive surgery +
intraperitoneal hyperthermic perfusion is a well-tolerated, fea-
sible and promising alternative in the management of selected
patients with recurrent ovarian cancer, but further randomized
controlled studies are needed in order to confirm our find-
ings.

erfusion, ovarian cancer, peritoneal carcinomatosis.
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moval is increased in heated cells, resulting in a rela-
tively higher DNA damagel5.

Intraperitoneal hyperthermic perfusion (IPHP) was
initially conceived for the treatment of advanced gastric
cancer and peritoneal carcinomatosisl6-19 following sur-
gical intervention, and a slight increase in morbidity in
patients treated by this local-regional approach has been
reported20. Recently, it has also been considered as a
potentially effective second-line and salvage therapy in
phase 1/11 clinical studies in the management of ad-
vanced ovarian cancerl-24.

We report the preliminary results of a phase II clini-
cal trial in which patients with advanced epithelial ovar-
ian cancer were treated by cytoreductive surgery (CRS)
and IPHP. The end points were toxicity, morbidity, qual-
ity of life, disease control and impact on patient sur-
vival.

low full access to the perineum during the surgical pro-
cedure. The position is essential to avoid intraoperative
skin or muscle necrosis. A three-way bladder catheter
was placed in order to permit a cold lavage during hy-
perthermia and to avoid mucosal damage. A large-bore
silastic nasogastric tube was used. The abdomen was
opened from the xyphoid to t~e pubis. Generous ab-
dominal exposure was achieved through the use of a
Thompson self-retaining retractor. A ball-tip electrosur-
gical handpiece was used to dissect the tumor on peri-
toneal surfaces from normal tissue.

The peritoneal carcinomatosis (PC) was classified as
follows: PCl = dissemination into pelvic localized peri-
toneum; PC2 = slight dissemination into remote peri-
toneum; PC3 = marked djssemination into remote peri-
toneum such as used fo? other peritoneal disseminating
disease25. Four (15%),6 (22%) and 17 (63%) patients
had PC1, PC2 and PC3 extension, respectively.

Cytoreductive surgery was performed in 18 (67%)
patients and included partial peritonectomy in 6 cases,
single intestinal resection in 7 cases, multiple intestinal
resection in 2 cases and omentectomy in 5 cases. Minor
surgical procedures, such as sample biopsy, were car-
ried out in 7 patients. The mean duration of the CRS +
IPHP procedure was 371 min (range, 240-600). The
completeness of cytoreduction was defined according to
Sugarbaker criteria in 4 classes26: CC-O, no residual dis-
ease~ CC-l, minimal residual disease <2.5 mm; CC-2,
residual disease 2.5 mm-2.5 cm; CC-3, residual disease
>2.5 cm.

Patients and methods

IPHP technique

After CRS, four silicone catheters were placed in the
abdominal cavity. Two inflow catheters were placed in
the right subphrenic cavity and at deep pelvic level, re-
spectively, and two further catheters were placed in the
left subphrenic cavity and in the superficial pelvic site.
During IPHP, continuous peritoneal temperature moni-
toring was performed by six thermocouples placed in
the abdominal cavity, peritoneal site and rhinopharynx
for central temperature. After abdominal skin closure,
the catheters were connected to the extracorporeal cir-
cuit. The technique was used for all patients. The pre-
heated polysaline perfusate containing cisplatin (25
mg/m2/L of perfusate) and mitomycin C (3.3 mg/m2/L
of perfusate) was instilled in the peritoneal cavity using
a heart-lung pump at a mean flow of 600 mL/min for 60
min from the true hyperthermic phase (42.5 °C). Fol-
lowing perfusion, the perfusate was quickly drained and
the abdomen closed after careful intraperitoneal inspec-
tion.

Patients

The study was conducted on 27 patients with histo-
logically confirmed advanced epithelial ovarian cancer
who were treated with CRS and IPHP. All the patients
had recurrent or progressive disease following primary
surgical staging associated with adjuvant chemotherapy.
Median patient age was 53 years (range, 30-67 years),
and mean follow-up was 17.4' months (range, 0.3-36.0

months).
Disease staging was carried out according to the FI-

GO criteria, with 1 (4%) patient classified at stage II, 23
(85%) at stage III, and 1 (4%) atstage IV. The informa-
tion was not available for 2 patients. Nine of 27 (33% )
patients presented malignant ascites. "

Histologic classification was performed according to
the WHO criteria. Serous tumors were the most fre-
quent type and were observed in 23 (85% ) patients; 3
(11 %) patients had mucinous tumors and 1 (4%)patient
had an undifferentiated lesion.

Of the 27 patients who entered this study, a11 but one
had received previous surgery and 23 patients had un-
dergone adjuvant systernic chemotherapy, 2 salvage in-
traperitonea1 chemotherapy, 1 immunotherapy, and 1. ra-
diotherapy. Of the 23 patients who had received adju-
vant chemotherapy, 13 (48.1%) had been given a taxol-
cisplatin combination, 2 (7% ) a taxol-based regimen,
and 8 (30% ) a platinum-based regimen. All pretreated
patients had received a mean of 3 chemotherapy lines
before entering the present study.

All patients presented a ~70 Karnofsky performance
status, no severe cardiac dysfunction, and normal hemato-
logical, biochernica1 liver function, and creatinine clear-
ance tests. Written informed consent, as defined by the
guidelines of the Ethics Comrnittee of the National Can-
cer Institute of Milan, was obtained from each patient.

Follow-up
In the postoperative period, patients were assisted in

the intensive care unit for at least 72 hr. They were eval-
uated with daily laboratory examinations. Physical ex-
amination, hematological parameters, tumor marker
(Ca125, CEA, CA19.9) determinations, creatinine
clearance test. and thoracic and abdominal CT scans

Cytoreductive surgery

Patients w ere placecrin a supine position with gluteal
folci~ ~civ~ncerl t.o the break on the oDeratin~ table to al-
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were performed every 3 months in the first year and
every 6 months, thereafter. A further laparotomy was
performed in 4 patients to assess tumor response or dis-
ease relapse. Analysis of chemotherapy-related toxicity
was performed according to the World Health Organisa-
tion criteria. Survival was calculated from the date of
surgery to date of death or time of last follow-up.

Overall survival

Statistical analysis

Estimated survival curve distribution was calculated
by the Kaplan-Meier method. The logrank test was used
to assess the significance of;survival distributions. o
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Clinical outcome

After salvage surgery, according to previously de-
scribed criteria, 15 (55%) patients presented CC-O; 4
(15%) patients, CC-l; 3 (11%) patients, CC-2; and 5
(19%) patients, CC-3 residual disease. Three months af-
ter CRS + IPHP treatment, complete response, defined
on the basis of previously described criteria, was
reached in 16 (59%) of the 27 patients (15 with CC-O
and 1 CC-l). Resolution of ascites was observed in 8 of
9 (89%) patients. As regards recurrences; 4 (15%) pa-
tients presented distant metastases (2 in the liver, 1 with
distant lymph nodes, and 1 in the lung), 5 ( 19% ) pa-
tients showed local-regional relapse, and 4 (15%) pa-
tients had local and distant metastases.

Two-year overall survival (OS) for the whole series of
patients was 55% (Figure lA). Progression-free survival
and local progression-free survival for the same period
were 21% and 44%, respectively (Figures lB, lC).
Moreover, median time to progression (MTP) for the
whole series of patients was 21.8 months, whereas me-
dian times to local progression were 16 months for the
overall series and 27 months for the subset of patients
with complete response to treatment. Variables that af -
fected outcome in terms of OS, MTP and/or median
time to local progression were: completeness of cytore-
duction, extension of carcinomatosis, patient age and in-
terval between diagnosis and CRS + IPHP treatment.

The volume of residual disease significantly influ-
enced the OS (P = 0.00025). Patients with microscopic
or minimal residual disease (CC-O/l) had a 77% proba-
bility of survival at 2 years with a MTP of 20.3 months,
whereas alI patients with residual disease >2.5 mm
(CC-2/3) died within 20.3 months and showed a MTP
of 4.3 months (Figure 2A). Moreover, patients with
CP1/CP2 extension of carcinomatosis prior to the sal-
vage surgery showed only a trend of a higher survival
probability compared to patients with CP3 dissemina-
tion (2-year OS 63% vs 50%, p = 0.09) (Figure 2B).
Another factor that was correlated with OS was patient
age. Patients older than 53 years of age presented 67%
2-year OS whereas younger patients showed 40% 2-
year OS (P = 0.04) (Figure 2C). Finally, patients who
were treated with cas + IPHP within 18 months of di-
agnosis had a statistically significant advantage in terms

Local pro2ression free survival
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Figure 1 -A, Overall surviva1; B, Progression-free survival; C, Local pro-
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of 2-year OS compared to those treated after the same
period (71% vs 43%, p = 0.04) (Figure 2D).

Toxicity, morbidity, and mortality

The acute toxicity (grade II-III) rate was 11% after
CRS + IPHP treatment. Two (7% ) patients presented
grade II rena1 toxicity. There was 1 (4%) case of grade
III hemato1ogica1 toxicity (hemog1obin = 6.5 g/dL; 1eu-
cocytes = 1,8 x 103 u/L; p1ate1et = 25 x 103 u/L) detect-
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Overall survival according to residual disease
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Figure 2 -A. Overall survival according to residual disease; B, Overall survival according to extension of
to age distribution; D, Overall survival according to interval between diagnosis and CRS + IPHP treatment.
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ed on the 10th day after the procedure. The event re-
solved spontaneously after 3 weeks, without further
clinical compIications. Thirteen (48%) patients present-
ed microscopic hematuria. One patient presented chron-
ic toxicity with a persistentIy eIevated serum amyIase
IeveI, with no reIated symptoms, untiI the end of her
foIIow-up (6.1 months). One patient died of intravascu-
Iar disseminated coagulopathy one week after treat-
ment, producing a treatment-related mortaIity rate of
4%. The resultant treatment-reIated morbidity was 11 %.
There were onIy 2 patients who presented minor surgi-
cal compIications: one deveIoped fever in the postoper-
ative period and the other presented postoperative ab-
dominaI bleeding that resoIved spontaneously.

DiscIJssion

Clinical studies have shown that (;isplatin- or taxol-
based first-Iine chemotherapy achieves the highest re-
sponse rates (around 70-80% ), with a high proportion of
complete responses, in patients with epithelial ovarian
cancers~7.28.. How~vir, ne.gative second-Iook laparoto-
my, WhlCh IS achlevable m only 20-40% of cases29-35,

does not necessarily mean the patient is cured. Up to
47% of these patients relapse within 5 years; disease-
free survival does not generally exceed 18 months, and
5-year survival ranges from 42 to 80%36-38. Moreover,
when previous effective drug combinations fail, there is
virtually no chance of inducing a significant response
with second-line treatment. A partial response and con-
trol of ma1ignant effusions can be achieved occasiona1-
ly, and they are usually associated with a short
survival2.

Severa1 groups of investigators have studied innova-
tive forms of second-line or salvage therapy, such as
new drugs or high-dose chemotherapy with autologous
bone marrow support or intraperitoneal chemotherapy.
Available data (Table 1) show a somewhat higher re-
sponse rate to carboplatin + ifosfamide and intraperi-
tonea1 chemotherapy in platinum-sensitive than in plat-
inum-resistant patients. According to different studies39-
46, the response rate to salvage therapies in the latter
subgroup never exceeds 22%, and median survival
ranges from 8.8 months to 15 months.

Following high-dose chemotherapy, a fairly high re-
sponse rate has been observed, which, however, did not


