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Treatment of peritoneal surface neoplasms
with intraperitoneal chemotherapy in hyperthermia

Abstract

Effective treatment of peritoneal surface neoplasms is possible through the simultaneous use of cytoreductive surgery
with intraperitoneal chemotherapy in hyperthermia. It is successfully performed in patients with peritoneal pseudomyxoma,
mesothelioma, as well as a limited and resectable peritoneal carcinomatosis in the course of colorectal cancer. It can also be
used in patients with gastric or ovarian cancer but also metastatic colorectal cancer or metastases to the ovaries from gastric
cancer. Aggressive surgical management of patients with primary or secondary neoplasms of the peritoneal surface was initi-
ated by Sugarbaker’s research group.
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INTRODUCTION

The first cytoreductive surgery supplemented with intra-
peritoneal chemotherapy in hyperthermia was held at the
Department of Surgical Oncology, Medical University of
Lublin, on the 10th of November 2010 (Figure 1). It was
performed in a patient with pseudomyxoma of peritoneum
(lat. PseudoMyxoma peritonei; PMP) Since then, more than
200 patients were enrolled. The treatment with radical means
was performed in nearly a half of them. Intraperitoneal treat-
ment of peritoneal carcinomatosis (PC) in the course of can-
cers originating from gastrointestinal tract, female genital
tract and primary peritoneal cancers (mesothelioma, PMP)
is a promising method of therapy in oncology. PC occurs
in nearly 15% of patients with colorectal cancer (CRC) and
40% of patients with gastric cancer (GC), and a substantial
part of the population of patients with ovarian cancer (OC).
The progression of the disease if not treated, always leads to
intestinal obstruction, ascites, cachexia and eventually death
of the patient. The efficacy of systemic chemotherapy in
such cases is limited by the mucus-producing tumors. Metas-
tases to the peritoneal surface are relatively resistant to cy-
totoxic drugs administered intravenously due to their scanty
vascularization and the blood-peritoneum barrier. Combina-
tion of resection of macroscopically visible lesions through-
out the peritoneal cavity (CytoReductive complete Surgery;
CCRS) with simultaneous intraperitoneal chemotherapy
in hyperthermia (Hyperthermic Intra-Peritoneal Chemother-
apy; HIPEC), aimed at eliminating microscopic remnants of
the tumor, would significantly improve treatment outcomes
in patients with PC.

HIPEC as a method of treatment for PC was first de-
scribed in 1980, and in the following years popularized by
Paul Sugerbaker [1,2].

The main advantages of HIPEC include:

1. to provide the appropriate dose to overcome drug resist-
ance;

2. to ensure optimal conditions for uniform distribution of
cytotoxic drugs in the peritoneal cavity;

3. treatment in hyperthermia.

The selective effect of hyperthermia on cancerous cells
and its ability to enhance the effectiveness of chemothera-
peutic agents is a valuable supplement to chemotherapy
in the treatment of PC [3].

The effectiveness of HIPEC strictly depends on the proper
qualification based on a quantitative assessment of the stage
using the peritoneal carcionomatosis index (PCI). It is calcu-
lated and given as a score ranging from 0 to 39 points, which
describes the size of all the lesions throughout the peritoneal
cavity divided into 13 regions. Complete resection of the tu-
mor lesions has a significant impact on long-term survival of
patients with PC. The completeness of cytoreduction (CCR)
is defined in the 4 points scale: 0 — complete removal of all
the tumor tissues; 1 — remaining tumor foci do not exceed
2.5 mm (total cytoreduction, full penetration of cytotoxic
drugs into tumor tissue); 2 — lesions in size from 2.5 mm
to 2.5 cm — incomplete cytoreduction (moderate residual
disease); 3 — remaining lesions larger than 2.5 cm (macro-
scopic residual disease). The scope of cytoreductive surgery
depends on the location of the PC foci and consists of resec-
tion of peritoneum in each anatomical region (Table 1) [4].
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TABLE 1. Peritonectomy procedures and resections, that are complete
a cytoreduction procedure.

PERITONECTOMY

RESCTIONS

Anterior parietal
peritonectomy

Old abdominal incisions,
umbilicus end epigastric fat pad.

Left upper quadrant peritonectomy  Greater omentectomy and splen

Right upper quadrant
peritonectomy

Tumor on Glisson’s capsule
of the liver

Pelvic peritonectomy Uterus, ovaries and rectosigmoid

Omental bursectomy Gallbladder and lesser omentum

RESULTS

Pseudomyxoma peritonei is a rare neoplasm (1-2 per mil-
lion per year). It is characterized by the formation of large
amounts of mucous and gelatinous contents in the abdomi-
nal cavity, spreading over an area of peritoneal surface,
not through blood or lymphatic vessels. In more than half
of the cases, PMP originates from the appendix but it can
also occur in the course of mucosal cancers of the colon,
ovaries, pancreas, bile ducts. The traditional procedure, in-
volving repeated cytoreductive surgery with subsequent
systemic chemotherapy is not satisfactory. 10-year survival
rates ranges from 21 to 32%, and the recurrence of the dis-
ease is observed in nearly 90% of patients [5,6]. The use of
cCRS + HIPEC (with mitomycin C) allows to obtain many
long-term survival rates in the majority of patients (10-year
survival approx. 60%-70%) [7-9]. Sugarbaker et al. ana-
lyzed 385 patients diagnosed with PMP, treated with cCRS
(CCRO/CCR1) and HIPEC. The overall 5-year survival rate
was 86% [10]. In patients with peritoneal mesothelioma
(mesothelioma peritonei) cCRS in combination with HI-
PEC 5-year survival rates range from 40% to 60% [11-13].
The results largely depend on the extent and completeness of
the cytoreductive surgery preceding intraperitoneal chemo-
therapy.

PC is diagnosed in 10-15% patients with CRC. Relapses
confined to the peritoneal surface concerns approximately
10-15% of patients. In over a half of patients the disease is
limited to the peritoneal cavity, and 2/3 of these lesions are
limited to one quadrant of the abdomen [14]. Verwal et al.,
conducted a randomized clinical trial in 105 patients, com-
paring cCRS + HIPEC with conventional treatment of PC.
In the experimental group, 37% of patients underwent cCRS
and nearly half of patients had a complete cytoreduction (re-
sidual disease less than 2.5 mm).

HIPEC was performed with an open technique (Colos-
seum), using mitomycin C at 40°C for 90 minutes. After
a median follow-up of 22 months, the median survival was
13 months in a conventional treatment group compare to 22
months in the experimental group. The results of this, so far
only, randomized studies have recently been updated after
8 years of follow-up [15].

Five-year survival rates were 45%, in patients treated
with complete cytoreductive surgery and HIPEC. The results
of this study clearly indicate that the cCRS supplemented
with HIPEC significantly prolongs survival in patients
with PC in the course of CRC.

An example of the possibilities of modern treatment of
patients with macroscopic PC (without extra abdominal
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manifestation of the disease) in the course of CRC is com-
plete cytoreduction and HIPEC with oxaliplatin. It should be
noted that patients qualified to this method of treatment were
in good general condition, up to the age of 65 years, with no
evidence of bowel obstruction and clinically or radiological-
ly apparent PC. There were no postoperative deaths report-
ed and grade 2-3 toxicity was observed in 37% of patients.
At a median follow-up of 55 months, in 73% of patients re-
lapse was found after 14 months. 37% of patients suffered
from peritoneal relapse (also combined with distant metas-
tases). Patients with unresectable relapse received systemic
chemotherapy. The rates of overall survival at 2, 3 and 5
years were 73%, 53% and 49%, respectively, and disease-
free survival rates were 48%, 42% and 34%, respectively.
The median survival was 60 months [16].

In their study, Chua et al., analyzed 2492 patients with PC
in the course of CRC. 1084 patients were treated with cCRS
+ HIPEC. Overall survival ranged from 20 to 63 months, me-
dian 33 months and five-year survival rates ranged from 17%
to 51%, median 40%. Overall survival of 1408 patients who
underwent palliative surgery and / or chemotherapy ranged
from 5 to 24 months and the median was 12.5 months. 5-year
survival rates range from 13% to 22%, median 13% [17].
The risk of complications in patients with esophageal cancer
and pancreatic cancer is comparable to the complication rate
in patients treated with the cCRS with HIPEC for PC the
course of CRC, however long-term results are significantly
improved [18]. After HIPEC + cCRS patients should be con-
sidered for further systemic therapy. It is particularly impor-
tant that the qualification for the treatment with HIPEC was
done at the earliest stage of PC, and not as a salvage therapy.

Advanced GC has a very poor prognosis. In 10-20%
of patients potentially eligible for radical resection,
and in 20-50% of patients after resection of GC, PC is di-
agnosed. The role of cCRS + HIPEC in the treatment of PC
in the course of GC remains the subject of discussion.
One of the first studies was published by Fujimoto et al.,
in 1988. The median survival in the group of treated patients
was 7.2+4.6 months [19]. Similar results (median overall
survival: 6.1-10.1 months) were published by other authors
[19-21]. Yang et al., published the results of a randomized
trial comparing cCRS + HIPEC and cCRS alone. The com-
bination of cytoreductive surgery with HIPEC improved
median overall survival by 4.5 months (11 vs 6.5 months)
[22]. Indications regarding preventive HIPEC procedure

FIGURE 1. The first cytoreductive surgery supplemented with
intraperitoneal chemotherapy in hyperthermia.
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in patients with high risk of PC in the course of GC not
clear. However this technique can be considered in patients
with positive peritoneal washing cytology, as studies show an
improvement in overall survival in this clinical situation [23].

Despite the improvements in the treatment of OC in the
last decade, treatment results in an advanced stage of the dis-
ease unsatisfactory. Surgical treatment involving resection of
all visible tumor lesions in the abdominal cavity with com-
plementary chemotherapy is the main method of treatment.
Effectiveness of cCRS + HIPEC in patients with relapse af-
ter first or second line of systemic treatment was confirmed
in numerous cohort studies and phase II trials. The rates of
5-year survival ranges from 16% to more than 50%, which
is significantly improved in comparison to patients receiving
only chemotherapy [24-27].

Contraindications for the use of HIPEC

Absolute contraindications for HIPEC include: poor
overall condition (Karnofsky performance status <70), un-
resectable extra abdominal metastases, the inability to obtain
cCRS (invasion of mesenteric vessels, celiac trunk, the aorta,
diffuse infiltration of retroperitoneal space), which usually
indicates that the PC is advanced and disseminated. Relative
contraindications are progression of PC and/or the inability
to eliminate ascites during preoperative systemic chemother-
apy, which usually indicates the presence of unresectable le-
sions, multiple metastases to the liver, progression after neo-
adjuvant chemotherapy [28]. In case of limited, resectable
metastases from colorectal cancer to the liver, the prognosis
is not significantly inferior as compared to patients without
metastases [29].

CONCLUSION

In recent decades, significant progress in the treatment
of patients with primary and secondary neoplasms of the
peritoneal surface has been observed. So far, patients with
diagnosis of PC have been reffered to supportive treatment
or palliative chemotherapy. Early detection of PC followed
by radical surgical resection in conjunction with HIPEC,
allows for achieving optimum treatment results. However,
there is a need for further research on the use of HIPEC as
PC prophylaxis in patients with high risk of this route of can-
cer spreading. Only palliative treatment of limited PC in the
course of colorectal, ovarian and appendix is insufficient.

Treatment of PC must be multidisciplinary, involving on-
cological surgeon (complete cytoreductive surgery; cCRS),
clinical oncologist (selection of cytostatic doses used intra-
peritoneally), perfusionist (supervision over the operation
of the peritoneal perfusion system and controlled hyperther-
mia) and anesthesiologist (safe anesthesia during multiorgan
resections).
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