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Peritonectomy Procedures have been described by the inspiring leader in the field, 
Paul H. Sugarbaker. Cytoreductive Surgery with Heated Intraoperative 
Intraperitoneal Chemotherapy and Intraperitoneal Chemotherapy Applications 
have gradually evolved over the past three decades to manage peritoneal malignan-
cies. These procedures were extensively discussed in our first book entitled 
“Peritoneal Surface Malignancies: A Curative Approach” published in 2015 by 
Springer.

Following my extensive clinical fellowships with Yutaka Yonemura and Paul H. 
Sugarbaker, the approach in Turkey was established in which surgical approaches 
and chemotherapy applications are used. These procedures inspired my surgical 
brain and enthused me to establish the Peritoneal Surface Malignancy Center in 
Turkey as the basis of my life interest.

The initial descriptions in the management of peritoneal surface malignancies 
involve the treatment of epithelial appendiceal malignancies, peritoneal metastases 
of colorectal cancer, gastric cancer, and ovarian cancer, and primary peritoneal 
malignancies as peritoneal mesothelioma and peritoneal serous carcinomas.

Unusual cases with Peritoneal Surface Malignancies are challenging and clinical 
situations for these are often seen in international centers. Therefore, this book was 
written to unite the worldwide effort in this field.

The reader will learn about the management approaches for cases with peritoneal 
surface malignancies that are rarely seen. The Editor expresses deep gratitude to all 
authors of the book, Mr. Andre Tournois and Ms. Geetha Dhandapani and Evgenia 
Koutsouki from Springer, for their enormous efforts to make this work come true. 
This book seeks to promote the extension of the comprehensive approaches to 
unusual cases with peritoneal surface malignancies.

The proper and increased use of these modalities by the multidisciplinary team 
and the prompt referral of these patients for definitive management are the major 
goals of all the authors in this book.

Our international leaders Paul H. Sugarbaker and Yutaka Yonemura and all oth-
ers have suffered too much to establish that peritoneal metastasis can be pre-
vented and eliminated in cases with intraabdominal malignancies and gynecologic 
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malignancies. This is the time to increase the efforts to extend this knowledge to 
a younger generation of surgeons and medical oncologists and related clinical 
disciplins in all over the world.

Peritoneal Malignancy is a new frontier and this book discusses the treatment 
strategies for unusual cases. We all hope the reader will find this book useful. We 
publish this volume as the first series of contributions and we aim to update this 
periodically. We look forward to extend the international participation to this effort.

Istanbul, Turkey Emel Canbay
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Chapter 1
Peritoneal Metastasis from Small  
Bowel Adenocarcinoma Associated 
with Crohn’s Disease

Emel Canbay

1.1  Introduction

Crohn’s disease (CD) is a clinical condition characterized by inflammation of the 
intestines that may involve the entire thickness of the intestinal walls. CD most 
often involves the small intestine and colon. Over the past decades, intestinal adeno-
carcinoma has been recognized as a complication of CD.  The management of 
patients with peritoneal metastasis (PM) of small bowel adenocarcinoma (SBA) 
associated with Crohn’s disease (CD) has not been defined yet. This report will be 
structured as a case report of PM of SBA associated with CD.

From this data, other peritoneal surface oncology centers may wish to offer CRS 
and HIPEC to patients with similar features at early stages of this disease.

1.2  Small Bowel Adenocarcinoma Associated with CD

Small bowel adenocarcinoma (SBA) has been found to be associated with Crohn’s 
disease (CD). In 1956, SBA associated with CD has been reported by Ginzburg for 
the first time [1]. Since then, there are numerous studies that have published the 
occurrence of small bowel carcinoma developed from CD.

The relative risk of developing small bowel carcinoma in patients with CD was 
28.37 in 9,642 patients [2]. The mean duration of CD before the onset of adenocar-
cinoma was 9 (range 0.8–41) years [2]. Risk factors for small bowel are listed in 
Table 1.1.

E. Canbay, MD, PhD
Center for Peritoneal Surface Oncology, NPO HIPEC Istanbul,  
Guzelbahce Sokak No:15, Istanbul, Turkey
e-mail: drecanbay@gmail.com
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The most common clinical presentation of SBA associated with CD is obstruc-
tion with nausea, vomiting, and abdominal pain. Other presentations are hemor-
rhage, fistula, and perforation [3–4]. These symptoms are commonly seen in CD’s 
exacerbation, and it is almost always difficult to differentiate small bowel adenocar-
cinoma from those of the CD’s activation. Majority of the patients with SBA associ-
ated with CD are diagnosed at the time of operation or postoperatively and only less 
than 5% cases are diagnosed preoperatively [3]. Two indicators of the malignancy 
in patients with CD are exacerbation of the symptoms after long periods of the qui-
escence and small bowel obstruction refractory to medical treatments [4]. Therefore, 
it is important to consider surgical assessment of patients with long-standing symp-
tomatic CD who failed to respond to conservative treatments.

The age of diagnosis of SBA associated with CD is 45–55 years [3, 4]. Even 
though de novo SBA are seen all along the small intestine, SBA associated with CD 
is almost located within the inflamed areas of the ileum [4–6].

Diagnosis of SBA associated with CD is often challenging. Imaging techniques 
may miss lesions smaller than 0.5 cm and not be able to distinguish the affected 
areas from severe CD.

SBA staging can be 47% accurate with computed tomography (CT); however 
sensitivity is very low in the presence of CD [7]. CT exposes patients to radiation, 
and magnetic resonance (MR) imaging is not, but MRI takes much longer time and 
cost is expensive [8]. Enteroclysis is invasive and training is required for exact diag-
nosis of SBA associated with CD [9]. Positron emission tomography (PET) is used 
within limits in the diagnosis of SBA associated with CD due to chronic inflamma-
tion [10]. Multiphasic dynamic studies may have the potential to improve the diag-
nostic capacity of multidetector CT for SBA [11].

SBA associated with CD are mainly adenocarcinoma, very rare signet ring cell 
carcinoma [12].

The prognosis of SBA associated with CD has been reported to be poorer than 
the de novo small bowel carcinoma [13].

To date, there is no any report regarding the incidence and prognosis as well as 
management of peritoneal metastasis (PM) from SBA associated with CD. Here, we 
report our case of a patient with PM from SBA associated with CD who had a lim-
ited survival.

Table 1.1 Risk factors  
for developing small bowel 
carcinoma in patients  
with CD

Crohn’s related risk factors for small bowel adenocarcinoma

  Long duration of CD
  Area of CD inflammation
  Jejunal CD
  Strictures
  Fistula
  Bypassed segment
  CD medications
  Young age
  Male gender
  Tobacco-alcohol-diet

E. Canbay
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1.3  Case Report

A 51-year-old male patient with a history of Crohn’s disease for 30 years devel-
oped intestinal obstruction in June 2014. Through a midline incision, he underwent 
resection of the terminal ileum. Pathological investigations revealed adenocarci-
noma of the ileum developed from CD. He underwent a strictureplasty and small 
bowel resections 10 years ago due to CD. In July 2014, he developed an intestinal 
obstruction and returned back to the operating room for right hemicolectomy and 
segmental small bowel resection. The patient had five cycles of adjuvant systemic 
chemotherapy with FOLFOX, and he developed peritoneal metastasis after sys-
temic chemotherapy. Then, six cycles of FOLFIRI  +  bevacizumab were given. 
His PET scan shows the peritoneal metastasis due to seeding from his previous 
operations.

Positron emission tomography (PET), computerized tomography (CT), PET-CT, 
and computerized axial tomography (CAT) scans of the patient with PM from SBA 
associated CD are given in Figs. 1.1, 1.2, 1.3, 1.4, 1.5, and 1.6. The patient devel-
oped partial intestinal obstruction in December 2015. The patient was presented to 
the American Society of Peritoneal Surface Malignancy multidisciplinary team via 

Fig. 1.1 The mass in the 
anterior abdominal wall  
in axial CT scan. Arrow 
shows the intra- abdominal 
metastatic mass in patients 
with SBA associated  
with CD

Fig. 1.2 The mass in the 
anterior abdominal wall  
in axial CT scan. Arrow 
indicates the metastatic 
tumor in patients with SBA 
associated with CD

1 Peritoneal Metastasis of Small Bowel Carcinoma Associated with Crohn’s
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the Internet. Only a limited outcome has been introduced from all over the world. 
They all concluded that the management of PM from SBA associated with CD is 
poor. His perioperative findings revealed that he had a recurrence in the ileo- 
transversostomy site and with extensive peritoneal metastasis (Figs. 1.7, 1.8, and 

Fig. 1.3 The mass in the 
lower anterior abdominal 
wall in axial CT view. Arrow 
indicates the metastatic 
abdominal mass in patients 
with small bowel adenocar-
cinoma (SBA) associated 
with Crohn’s disease (CD)

Fig. 1.4 The mass in the 
lower anterior abdominal 
wall in axial CT view. 
Arrow indicates the 
metastatic abdominal mass 
in patients with small 
bowel adenocarcinoma 
(SBA) associated with 
Crohn’s disease (CD)

Fig. 1.5 The masses  
in the lower anterior 
abdominal wall in axial CT 
view. Arrows indicate  
the metastatic abdominal 
mass in patients with SBA 
associated with CD

E. Canbay
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Fig. 1.6 A PET-CT scan  
of the peritoneal metastasis 
of the patients with small 
bowel adenocarcinoma 
associated with Crohn’s 
disease. Arrow indicates  
the peritoneal nodules

Fig. 1.7 The anastomotic 
ileo-transversostomy site, 
transvers colon, left colon 
and sigmoid colon, upper 
rectum, and pelvic 
peritoneum are heavily 
involved with metastatic 
nodules

1.9). His perioperative PCI score was 30. He underwent a cytoreductive surgery and 
terminal ileostomy and hyperthermic intraoperative intraperitoneal chemotherapy. 
The small bowel was around 120 cm and had multiple metastatic nodules after the 

1 Peritoneal Metastasis of Small Bowel Carcinoma Associated with Crohn’s
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Fig. 1.8 Anastomotic site 
recurrence is detected 
preoperatively

a b

Fig. 1.9 (a) Small bowel surfaces are infiltrated with metastatic nodules. (b) Small bowel surfaces 
are infiltrated with metastatic nodules

cytoreduction. Small bowel mesenteric nodules are removed. He had a CC-3 resec-
tion and HIPEC. His postoperative period was uneventful. He was discharged on 
postoperative day 12. He had only 3 months free from symptoms. Then, best pallia-
tive care was initiated and he died in the end of April 2016, 22 months after his first 
diagnosis.

E. Canbay
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1.4  Discussion

Diagnosis and management of developed small bowel adenocarcinoma (SBA) and 
even peritoneal metastases (PM) from SBA-associated Crohn’s disease (CD) are 
challenging. Diagnosis of SBA represents difficulties even at early stages due to the 
lack of specific tumor markers and vague symptoms and limitations of imaging 
techniques.

So far, there is no any report presenting the PM from SBA-associated CD.
PM of SBA has been reported previously from other groups. These studies are 

listed in Table 1.2.
Systemic chemotherapy contributes to prolonged survival. A platinum com-

pound has been found to prolong survival than those who received only fluorouracil 
[20]. One largest study regarding the effects of systemic chemotherapy showed that 
30% response rates were detected in metastatic or locally advanced unresectable 
SBA with a median survival of 11 months [21].

Cytoreductive surgery and hyperthermic intraoperative intraperitoneal chemo-
therapy gradually gained an acceptance in the management of peritoneal metastasis 
from other origins. Even though the results are promising, the role of CRS and 
HIPEC in patients with PM of SBA still remains unclear. Evaluation of these data 
for efficacy of CRS and HIPEC is challenging because there are still no comparative 
studies.

The results of CRS and HIPEC in patients with PM of SBA associated with CD 
are even undefined.

Our patient might have longer survival if the patient underwent CRS and HIPEC 
or even treated with adjuvant normothermic intraperitoneal chemotherapy during 
his earlier interventions. These are all remains to be investigated.

Short life expectancy in these patients with present approaches indicates the 
careful evaluation and to perform new interventions to prolong survival and even 
cure in patients with PM of SBA associated with CD.

Future studies should clarify the exact role of CRS and HIPEC and intraperito-
neal chemotherapy applications in the management of PM from SBA associated 
with CD.

Table 1.2 Cytoreductive surgery and hyperthermic intraoperative intraperitoneal chemotherapy 
for PM of patients with small bowel malignancies

Studies performed cytoreductive surgery and HIEPC for peritoneal metastasis of small bowel 
malignancies

Authors
Pts 
number

CRS and 
HIPEC

Median 
survival Overall survival

Sun Y (2013) [14] 17 + 37 months 18.4 months
Jacks SP (2005) [15]
Marchetini and Sugarbaker (2002) [16] 6 + 12 months −
Chua TC (2009) [17] 5 + 12 months −
Elias D(2010) [18] 31 + 47 months 33.8% for 5 years
Liu Y (2016) [19] 21 + 36 months 12% for 5 years

1 Peritoneal Metastasis of Small Bowel Carcinoma Associated with Crohn’s
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Chapter 2
Selection of Chemotherapy in Hyperthermic 
Intraperitoneal Chemotherapy

H.J. Braam and F.J.H. Hoogwater

2.1  Introduction

The peritoneum consists of a layer of mesothelial cells covering all abdominal organs 
and the abdominopelvic wall. Peritoneal metastases are formed after exfoliation 
of free tumor cells from a primary tumor invading the peritoneum. Consequently, 
most peritoneal metastases originate from abdominal organs such as the colon, rec-
tum, stomach, or ovaria. Cancer cells spread in the abdominal cavity resulting from 
the natural flow of intraperitoneal fluids and subsequently outgrow into multiple 
nodular metastases on the peritoneum. Peritoneal metastases remain one of the 
most oncological challenges in current treatment of various intra-abdominal malig-
nancies [1]. Current systemic palliative chemotherapeutic regimes appear to have 
only a limited effect in treating peritoneal metastases, both in improving survival 
and decreasing symptoms of peritoneal metastases such as bowel obstruction or the 
formation of disabling amounts of ascites. New treatment strategies involving cyto-
reductive surgery combined with hyperthermic intraperitoneal chemotherapy have 
shown favorable results in numerous intraperitoneal metastasizing intra-abdominal 
malignancies, such as appendiceal and colorectal cancer. Following the random-
ized controlled trial by Verwaal et  al. [2], cytoreductive surgery combined with 
hyperthermic intraperitoneal chemotherapy (HIPEC) in patients with limited peri-
toneal metastases of colorectal cancer (CRC) is now regarded as standard treatment 
in selected patients (no extraperitoneal disease and sufficient performance status). 
The goal of cytoreductive surgery (CRS) is to remove all macroscopic malignant 
disease by performing several visceral resections and peritonectomy procedures. 

H.J. Braam (*) • F.J.H. Hoogwater 
Department of Surgery, St. Antonius Hospital, Nieuwegein, The Netherlands

Peritoneal Dissemination Treatment, Istanbul, Istanbul, Turkey
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This is followed by a 30–90 min intraperitoneal perfusion of the abdominal cavity 
using heated chemotherapy. The aim of this so-called hyperthermic intraperitoneal 
chemotherapy (HIPEC) is to eradicate any remaining microscopic tumor cells. The 
chemotherapy is generally heated up to 41–43 °C. This is performed for several 
reasons; first in vitro cancer cells sensitivity is increased in many chemotherapeu-
tic drugs. Additionally, some studies have shown improved pharmacokinetics of 
chemotherapy in hyperthermic conditions. Currently, various chemotherapeutic 
drugs, such as mitomycin or cisplatin, are used for HIPEC. Several factors influ-
ence the selection of the appropriate drug selection for the use in intraperitoneal 
chemotherapy. Important drug characteristics are systemic activity in the treating 
malignancy, concentration-related cytotoxicity, hyperthermic synergy, favorable 
intraperitoneal pharmacokinetics, adequate tissue penetration, acceptable local and 
systemic toxicity, and the safety of administration for hospital personnel. Drugs 
with a direct cytotoxic effect, i.e., not cell cycle specific, will have more potential 
as in HIPEC the exposure time of the chemotherapeutic drug is limited, and mul-
tiple administrations are not feasible in HIPEC. Different chemotherapeutic drugs, 
and combinations of these, are used for the use in intraperitoneal chemotherapeutic 
treatment. Table 2.1 gives an overview of current or investigated drugs for HIPEC 
treatment. The goal of the current chapter is to provide a comprehensive overview 
on the selection of chemotherapeutic drugs for intraperitoneal chemotherapy in 
various malignancies.

Table 2.1 Chemotherapy agents and their doses for hyperthermic intraoperative intraperitoneal 
chemotherapy in peritoneal metastases originated from different origins

Drug Category Systemic use
Area under 
the curve

Dose  
(mg/m2)

Carboplatin Platinum analog Ovarian, bladder, esophageal, 
sarcoma

10 300

Cisplatin Platinum analog Ovarian, bladder, endometrial 
esophageal, gastric

6.6 [3] 90

Oxaliplatin Platinum analog CRC, ovarian, esophageal, 
stomach, pancreas

13.2 [3] 460

Doxorubicin Topoisomerase 
II inhibitor

Bladder, endometrial sarcoma 78 [4] 15

Mitomycin C Antibiotic Stomach, pancreas 24–80 [5–7] 15
Melphalan Alkylating agent Ovarian 33 [8] 70
Etoposide Topoisomerase 

II inhibitor
Ovarian 47 [9] 25–350

Irinotecan Topoisomerase I 
inhibitor

CRC, esophageal, sarcoma, 
gastric, pancreas

3.7–14.8 
[10, 11]

200

Paclitaxel Taxane 
derivative

Ovarian, bladder, esophageal, 
gastric, sarcoma

153–976 
[12–15]

Docetaxel Taxane 
derivative

Gastric, bladder esophageal, 
sarcoma, ovarian

207–387 
[16, 17]

45

5-Fluorouracil Pyrimidine 
analog

CRC, gastric, pancreas, bladder, 
esophageal

403–1,400 
[6, 7]

650

H.J. Braam and F.J.H. Hoogwater
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2.2  Pharmacology

The use of intraperitoneal chemotherapy is more invasive and challenging than con-
ventional intravenous administration. Therefore intraperitoneal administration 
should have a pharmacologic advantage resulting in an increased cytotoxic effect on 
peritoneal tumor cells. The rationale of administrating chemotherapeutic drugs 
through the intraperitoneal route is based on the blood peritoneal barrier. The blood 
peritoneal barrier results in a decreased uptake of chemotherapy from the intraperi-
toneal cavity, which permits high concentrations of intraperitoneal chemotherapy 
with a limited systemic uptake. Consequently, intraperitoneal administration of che-
motherapy can result in significant intraperitoneal cytotoxicity with limited sys-
temic side effects. Importantly, selected drugs should have an increased cytotoxicity 
following dose intensification, resulting in an increased cytotoxicity after intraperi-
toneal administration.

The blood peritoneal barrier may decrease the effect of intravenous chemother-
apy, which may partly explain the limited effect of systemic chemotherapy on peri-
toneal metastases. Numerous studies have shown the limited effect of systemic 
chemotherapy on peritoneal metastases. Franko et al. showed in a pooled analysis 
of two large randomized controlled trials of 2,095 patients with metastasized 
colorectal cancer treated with modern systemic chemotherapy that patients with 
peritoneal metastases have a significantly shorter overall and progression-free sur-
vival compared to patients with peritoneal metastasis [18]. Population-based data 
has shown that although there is an increased usage of systemic chemotherapy in 
patients with peritoneal metastases of colorectal and gastric cancer, the overall 
survival in the entire patient group has hardly increased, which supports the para-
digm that systemic chemotherapy has only a limited effect on peritoneal metasta-
ses [19, 20].

The pharmacologic advantage of intraperitoneal administration of chemotherapy 
can be described by the area under the curve (AUC) ratio. The AUC is defined as the 
plot of concentration of drug in blood plasma or peritoneal perfusate against time. 
The AUC ratio is calculated by dividing the AUC in the perfusate by the blood 
plasma. Thus the AUC ratio reflects the increased exposure of the peritoneum com-
pared to blood plasma, i.e., a high AUC reflects high peritoneal concentrations and 
presumable high local efficacy. However, one important consideration is that AUC 
ratio does not reflect tissue penetration. A very high AUC ratio may reflect insuffi-
cient tissue penetration resulting in a decreased efficacy. It is difficult to adequately 
determine the tissue penetration of HIPEC treatment. Some studies have shown a 
penetration of several millimeters; however, penetration to only a few cell layers has 
also been described [21, 22]. Furthermore, tissue samples after cessation of the 
HIPEC are not available. Probably, part of chemotherapy remains incorporated in 
the tissues surrounding the peritoneal cavity. Rapid systemic metabolism and excre-
tion also influences the AUC ratio. Rapidly metabolized and excreted of the chemo-
therapeutic drug in the plasma results in less systemic toxicity.
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Interestingly, in a study of 145 patients with colorectal or appendiceal carcino-
matosis who underwent cytoreductive surgery combined with HIPEC using mito-
mycin, the number of peritonectomies did not influence the uptake of 
intraperitoneal chemotherapy [5]. Only large visceral resections such as total col-
ectomies and gastrectomies resulted in a decrease of uptake of intraperitoneal 
chemotherapy.

As in systemic chemotherapy, dosage of intraperitoneal chemotherapy is cur-
rently based on the body surface area of a patient (m2). As shown by cadaver stud-
ies, there is a correlation between the peritoneal surface area and body surface 
area, and the peritoneal surface area can be estimated by formulas used to calcu-
late body surface area [23]. However, peritoneal surface disease such as pseudo-
myxoma peritonei may significantly influence the peritoneal surface area; by 
forming large amounts of mucus, the size of peritoneal area may be increased. 
Furthermore, dosage on body surface area does not incorporate the volume of the 
peritoneal cavity, which can also significantly differ inter-individually. The chance 
of an inadequate dosing in a patient is probably larger when using a fixed dose of 
chemotherapy per patient (mg). For instance, in a patient with a limited peritoneal 
surface area, but with a relatively large peritoneal cavity, using a fixed concentra-
tion could result in a concentration on the peritoneal surface which is inadequate 
to induce cytotoxicity. Previous studies have used a standard concentration dosage 
(mg/l) in HIPEC; this could lead to toxic plasma levels in patients with a relatively 
large peritoneal surface area. Therefore a concentration based on the body surface 
of a patient currently seems to be the most appropriate dosing system in HIPEC 
treatment.

2.3  Colorectal Cancer

In colorectal cancer, mitomycin is the most frequently used and studied drug in 
the treatment of peritoneal metastases with HIPEC.  A first randomized clinical 
trial to compare CRS with HIPEC using mitomycin vs. systemic chemotherapy 
showed a survival benefit of 9 months with CRS and HIPEC arm (21.6 versus 12.6 
months, p = 0.032) [24]. Mitomycin is frequently dosed at 35 mg/m2 for 90 min 
HIPEC. Following the fast breakdown of mitomycin, administration is adminis-
trated at multiple times during the 90 min HIPEC. At initial stage of HIPEC, half 
of the dose is administered, and after 30 and 60 min another one-quarter is added 
to the perfusate. Mitomycin has favorable pharmacokinetics for intraperitoneal 
usage. Van der Speeten et al. investigated the pharmacokinetics of mitomycin in 
145 patients treated with a 90 min HIPEC with a single dose of 15 mg/m2 [5]. The 
authors calculated a AUC ratio in these patients of 27. At the start of the perfusion, 
the peak intraperitoneal concentration was 10  μg/mL, which was significantly 
higher compared to a peak plasma concentration of 0.25 μg/mL following 30 min 
of HIPEC.  After 90  min of perfusion, in the remaining perfusion fluid 29% of 
mitomycin was measured and 9% was excreted in the urine.
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Intraoperative administration of mitomycin has been shown to be safe and not 
produce a hazard to the surgical personnel [25]. Consequently, from its cytotoxic 
effect, local effects such as decreased wound healing and possibly increased rate of 
postoperative complications, such as anastomotic leakage, are shown in animal 
studies [26, 27]. However, mitomycin is the widely used drug in HIPEC in large 
groups of patients, therefore the local toxicity and systemic toxicity of mitomycin 
are described extensively, showing acceptable morbidity and mortality [28, 29]. In 
clinical studies, systemic and dose-limiting toxicity in mitomycin is neutropenia; 
however, in daily clinical practice, this is a relatively rare clinically relevant 
complication.

In vitro, multiple studies have shown that cytotoxicity of mitomycin is increased 
using hyperthermia [30, 31]. There is limited data on the clinical relevancy of heat 
augmentation in HIPEC treatment; however, the appliance of hyperthermia in intra-
operative intraperitoneal perfusion is not demanding or costly. Furthermore, no 
negative side effects of hyperthermia are currently reported.

Following the beneficial effect of oxaliplatin in colorectal cancer both as first- 
line systemic treatment and as an adjuvant chemotherapeutic drug [32, 33], Elias 
et  al. extensively investigated oxaliplatin as an intraperitoneal chemotherapeu-
tic drug for the use in HIPEC treatment [34, 35]. A pioneering dose escalation 
study showed that during a 30 min HIPEC a dose of 460 mg/m2 can be admin-
istered safely [36]. They performed HIPEC at an intraperitoneal temperature of 
42–44 °C. Additionally, plasma levels of intraperitoneal oxaliplatin (460 mg/m2) 
remained below historical reports of plasma levels after systemic administration 
of oxaliplatin. During intraperitoneal chemotherapy with oxaliplatin, intravenous 
5-fluorouracil (400  mg/m2) and leucovorin (20  mg/m2) was administered at the 
start of HIPEC perfusion. This strategy was chosen as oxaliplatin as monotherapy 
is considered to be relatively ineffective in systemic chemotherapeutic treatment 
regimens [37].

In early studies, oxaliplatin is used with a 5% dextrose carrier solution, as oxali-
platin is considered to be relatively unstable in chloride-containing solutions. 
However, recent in vitro studies have shown that degradation of oxaliplatin is lim-
ited, less than 10% after 30 min and less than 20% after 2 h [38]. Furthermore, using 
dextrose as carrier solution has been associated with severe hyperglycemia and 
electrolyte disturbances [39].

Two studies have compared HIPEC treatment with mitomycin or oxaliplatin. 
Hompes et al. performed a comparison of 39 patients treated with oxaliplatin and 56 
patients with mitomycin [40]. The extent of peritoneal spread was significantly 
higher in patients treated with oxaliplatin. Neutropenia only occurred in patients 
treated with mitomycin (26.8%). After statistical correction for the extent of PC, a 
comparable intra-abdominal complication rate was seen in both groups. In the 
oxaliplatin group, median recurrence-free survival was 12.2 months and 13.8 months 
in the mitomycin group (p = 0.87). Median overall survival is 37.1 months in the 
oxaliplatin group and 26.5 months in the mitomycin group (p = 0.45). The authors 
concluded that no clear benefit of either drug could be demonstrated in the study 
regarding recurrence-free and overall survival.
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In a comparison performed by the American Society of Peritoneal Surface 
Malignancies of 539 patients treated with either mitomycin of oxaliplatin after com-
plete macroscopic cytoreduction, median overall survival was 31.4 months for the 
oxaliplatin group and 32.7 months for the mitomycin group (p = 0.925) [41]. Also a 
stratified analysis was performed using the peritoneal surface disease severity score 
(PSDSS), a score incorporating clinical symptoms, extent of peritoneal spread, and 
histology. In patients with PSDSS 1/2 median overall survival rates was 54.3 months 
in those receiving mitomycin versus 28.2  months in those receiving oxaliplatin 
(p = 0.012). Median overall survival in PSDSS 3/4 patients was 19.4 months in the 
mitomycin group versus 30.4 months in oxaliplatin group (p = 0.427). The authors 
conclude that in patients with a low disease burden of colorectal peritoneal metasta-
ses mitomycin seems a superior drug compared to oxaliplatin.

2.4  Ovarian Cancer

Primary or interval cytoreductive surgery combined with systemic chemotherapy is 
regarded as standard treatment in patients with advanced-stage epithelial ovarian 
cancer. As epithelial ovarian cancer confines to the abdominal cavity for much of its 
natural history, administering chemotherapy directly into the peritoneal cavity is 
attractive. In ovarian cancer, many studies have focused on multiple administrations 
through catheters of intraperitoneal chemotherapy following cytoreductive surgery. 
Meta-analysis of nine randomized controlled trials, investigating the beneficial 
effect of adding intraperitoneal chemotherapy to a standard treatment regime, has 
shown that intraperitoneal chemotherapy increases progression-free and overall sur-
vival in advanced ovarian cancer [42]. However, catheter-related adverse events are 
prevalent, and major complications have been described [43, 44]. Adverse events 
result in discontinuation of therapy in more than half of patients, before completing 
six cycles of intraperitoneal chemotherapy [45]. Hyperthermic intraoperative intra-
peritoneal chemotherapy may overcome the problems associated with repetitive 
catheter-based intraperitoneal chemotherapy. A meta-analysis of 37 studies investi-
gating cytoreductive surgery and HIPEC in advanced and recurrent epithelial ovar-
ian cancer showed improved survival rates both compared to CRS alone. Furthermore 
in this analysis, morbidity and mortality rates were similar [46].

Different chemotherapeutic drugs are used from HIPEC treatment in ovarian can-
cer. Cisplatin is currently the most frequent drug for intraperitoneal use in ovarian 
cancer (REFS). Selection of systemic chemotherapy in ovarian cancer is based on the 
platinum resistance or sensitivity [47]. In a randomized controlled trial by Spiliotis 
et al., cisplatin and paclitaxel were used in platinum-sensitive disease and doxoru-
bicin and paclitaxel or mitomycin in platinum-resistant disease [48]. Survival was 
significantly better in the HIPEC group with 26.7 months compared to 13.4 months 
in the group only undergoing cytoreductive surgery (p < 0.006). In the group treated 
with HIPEC, survival was not different between patients with platinum- sensitive 
disease or platinum-resistant disease (26.6 vs. 26.8  months). An analysis of the 
HYPER-O registry, an internet-based registry collecting data from collaborating 

H.J. Braam and F.J.H. Hoogwater



17

institutions, compared the effect of different chemotherapy agents on survival [49]. 
In the entire group of patients, carboplatin was associated with an improved overall 
survival compared to mitomycin (p = 0.003) or cisplatin (p = 0.003). When compar-
ing patients with platinum-sensitive recurrent ovarian cancer, carboplatin resulted 
in a significantly improved survival versus cisplatin (p  =  0.012) and mitomycin 
(p = 0.011). There was no significant difference between chemotherapeutic drugs in 
platinum-resistant disease. This study shows that platinum resistance may also be 
of importance in ovarian cancer treatment with HIPEC. Bakrin et al. described 246 
prospectively studied patients with ovarian cancer undergoing HIPEC with cisplatin 
in 95.5% of procedures, alone or in combination with doxorubicin or mitomycin. 
Median overall survival was 48 months for patients with platinum-resistant recur-
rent disease and 52 months for patients with platinum-sensitive recurrent disease, 
which is superior to historically reported survival rates in this patient group [50]. 
Currently five randomized controlled trials are being performed investigating the 
role of HIPEC in ovarian cancer; all are using cisplatin 75–100 mg/m2, and one 
added paclitaxel 175 mg/m2 to their intraperitoneal drug regime [51].

2.5  Gastric Cancer

In gastric cancer after potentially curative treatment, locoregional and peritoneal 
recurrences are the most frequent sites of treatment failure [52]. In patients with 
peritoneal carcinomatosis of gastric cancer, survival is poor, with a median survival 
of about 3 months [53]. In gastric cancer, many randomized controlled trials have 
been performed in Asia investigating the role of prophylactic HIPEC in patients at 
high risk for intraperitoneal recurrence. A recent meta-analysis concluded that this 
treatment may prevent local recurrence and improve survival [54]. In patients with 
established peritoneal metastases, one randomized controlled trial has been per-
formed investigating the efficacy and safety of HIPEC with cisplatin and mitomy-
cin. This study showed a significant median overall survival improvement in 
cytoreductive surgery combined with HIPEC group compared to cytoreductive sur-
gery alone (11.0 versus 6.5 months, p = 0.046) [55]. Complication rates did not 
differ in both groups.

Originating from its widespread usage and experience in other malignancies, 
mitomycin C is the most frequently investigated drug in HIPEC for gastric cancer. 
Mitomycin C has only limited effect in systemic treatment of gastric cancer, 
 therefore other agents should be investigated for the use in HIPEC in gastric cancer 
patients.

The platinum-based agents oxaliplatin and cisplatin have both been investigated 
for HIPEC in gastric cancer. In vitro and in systemic treatment, oxaliplatin seems a 
more potent drug in gastric cancer [56, 57]. Furthermore, pharmacological advan-
tages after intraperitoneal administration have been described for oxaliplatin com-
pared to cisplatin [3, 58]. The adverse effects of cisplatin and oxaliplatin following 
intraperitoneal administration are acceptable, and limited hematological toxicity 
has been described [59, 60]. There are currently no studies in humans comparing 
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intraperitoneal cisplatin and oxaliplatin. An enhanced in vitro efficacy in hyperther-
mic conditions has been demonstrated for oxaliplatin and cisplatin.

Systemic administration of taxane alkaloids has shown improved response rates 
in the systemic treatment of gastric cancer [61, 62]. The taxane alkaloids docetaxel 
and paclitaxel are dissolved in micellar preparations polysorbate 80 and Cremophor 
EL as these agents are barely soluble in other solvents. Preclinical data shows that 
the cell permeability of paclitaxel is significantly inhibited by its solvent, resulting 
in decreased tumor and cell uptake. Therefore docetaxel seems a more appropriate 
candidate for intraperitoneal perfusion [63]. Several studies have shown the favor-
able pharmacokinetics of intraperitoneally administered taxanes with high AUC 
ratios but with adequate tissue penetration [12, 13, 15, 64]. Additionally, several 
studies have shown the safety of using taxanes for HIPEC treatment [17, 65].

2.6  Future Perspectives

The many variables in HIPEC such as dosage, extent of cytoreduction, timing of 
HIPEC, temperature, duration of perfusion, carrier solution, and pharmacokinet-
ics warrant more experimental and clinical studies to investigate the role of each 
individual parameters and select the most suitable HIPEC regime for each different 
type of malignancy. Ideally, individual analysis on tumor biology and underlying 
molecular mechanisms could result in the development of a patient-tailored HIPEC 
schedule. For instance, de Cuba et al. have described that high VEGF expression 
levels in peritoneal metastases of CRC results in a worse overall survival after cyto-
reductive surgery and HIPEC [66]. The authors suggest that VEGF expression could 
help identify patients at risk for early recurrence. VEGF expression could be a useful 
parameter in selecting CRC patients for HIPEC treatment. Additionally, in patients 
with high VEGF expression, enhanced surveillance programs could be initiated to 
detect and treat early recurrence. In a study by the same group, apart from simpli-
fied peritoneal cancer index and age, VEGF expression levels and epithelial VCAN 
expression levels were independently associated with overall survival following 
HIPEC [67]. Furthermore, these biomarkers may be a potential target for adjuvant 
treatment strategies. To improve the outcome in treatment of peritoneal metastases, 
additional studies on the selection of the appropriate chemotherapeutic drug is of 
importance.
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Chapter 3
Treatment of Pseudomyxoma Peritonei 
from Non-appendiceal Primary Sites

Paul H. Sugarbaker

3.1  Introduction

Fann and colleagues reported that pseudomyxoma peritonei is a rare condition with 
a reported incidence of approximately one patient per million per year [1].

This is a condition characterized by mucinous ascites and tumor that is redistrib-
uted throughout the abdomen and pelvis in a characteristic manner. The largest vol-
ume of ascites and formed tumor is beneath the diaphragms, within the pelvis, and 
infiltrating the greater and lesser omentum [2]. The characteristic “omental cake” is 
not from neoplastic invasion of the omental tissue but results from phagocytic 
engulfment of mucinous tumor cells by the omental cells. The bowel, especially the 
small bowel, is relatively spared by formed mucinous tumor but can be adjacent to 
mucinous ascites. Usually, these mucinous neoplasms are low grade and minimally 
aggressive; however, moderate-grade adenocarcinoma can result in a similar clini-
cal picture. Cytoreductive surgery using parietal peritonectomy and visceral resec-
tion can sometimes result in complete visible resection of the mucinous neoplasm.

In most pseudomyxoma peritonei cases, this condition is associated with an 
appendiceal mucinous malignancy [3]. However, there may be a wide variety of 
rare primary sites. The pancreas has been identified as a primary site due to a col-
loid carcinoma [4]. Also, Zanelli et al. reported a pseudomyxoma peritonei patient 
after resection of an intraductal papillary mucinous neoplasm of the pancreas [5]. 
Frantz’s tumor of the pancreas has been a cause of pseudomyxoma peritonei [6]. 
There are also reports of pseudomyxoma peritonei from tumors of urachus [7], 
small bowel [8], gallbladder and bile ducts [9], fallopian tubes [10], stomach [11], 
and Hirschsprung’s disease [12]. In 1981, an infant who had a mucinous ascites 
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 associated with an adenomyoma of the pylorus was reported [13]. In these reports, 
 mucus- producing epithelial cells were thought to have been seeded directly into the 
peritoneal cavity and resulted in pseudomyxoma peritonei. These reports suggest 
that extreme care to prevent seeding of adenomatous cells into the free peritoneal 
cavity is warranted. If such spillage does occur, thorough washing of the peritoneal 
surfaces at risk with a cytocidal agent is necessary [14].

Also, there are reports of extra-abdominal tumors such as adenocarcinoma of the 
lung or colloid carcinoma of the breast as the primary site of intraperitoneal pseu-
domyxoma peritonei [15, 16]. Zanarini and Sugarbaker reported on patients with 
myxoid liposarcoma of the extremity who developed peritoneal myxoid sarcomato-
sis [17]. Together, these unusual cases show that mucinous tumors from a large 
number of primary sites can cause pseudomyxoma peritonei. The common features 
of all these tumors that may cause pseudomyxoma peritonei are a less invasive his-
topathology and a prominent mucus production. The slow progression of the dis-
ease and a mucoid ascites allow the characteristic pattern of peritoneal distribution 
and are common to all these malignancies. This is because the peristaltic activity of 
the small intestine limits implantation on the visceral peritoneum.

The goal of this manuscript is to review the world’s experience with cytoreduc-
tive surgery (CRS) and hyperthermic intraoperative chemotherapy (HIPEC) for 
patients with unusual abdominal and pelvic neoplasms causing pseudomyxoma 
peritonei that satisfy the criteria for long-term benefit. This report will be structured 
as a series of case reports followed by a literature review regarding the particular 
rare PM tissue type that was treated. From these data, other peritoneal surface 
oncology centers may wish to offer CRS and HIPEC to patients with similar prog-
nostic features.

3.2  Pseudomyxoma Peritonei from Mucinous Urachal 
Neoplasms

A common non-appendiceal primary site for pseudomyxoma peritonei is the ura-
chus. This section of the manuscript begins with the presentation of a patient suc-
cessfully managed by CRS and HIPEC. This is followed by a literature review of 
the world’s experience with this disease treated definitively by CRS and HIPEC.

3.2.1   Case Report

A 47-year-old man was evaluated at our institution after abdominal and pelvic CT 
suggested a diagnosis of mucinous peritoneal metastases (PM). The patient had 
intermittently experienced the urination of mucus for 8  years. One year prior to 
diagnosis, he noted increasing abdominal girth and abdominal cramping. Six 
months prior to diagnosis of PM, a left inguinal hernia was repaired using a laparo-
scopic approach with the insertion of mesh.
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Computed tomography showed a cystic mass directly above the bladder and 
mucinous PM with a distribution pattern characteristic of pseudomyxoma peritonei 
(Figs. 3.1, 3.2, and 3.3). A CT-guided biopsy of the omentum showed mildly atypical 
epithelial cells. A cystoscopy showed a small defect at the dome of the bladder and 
copious mucus in the bladder, but no tumor mass was evident. A laparoscopy was 
performed, which showed mucinous tumor located throughout the abdomen and pel-
vis and distributed in a characteristic fashion with large-volume disease beneath the 
right and left hemidiaphragms, omental caking, and an extensive mucoid fluid accu-
mulation within the pelvis. Tumor marker studies showed a cancer antigen 19-9 (CA 
19-9) level of 594 U/mL and carcinoembryonic antigen (CEA) level of 14 ng/mL.

The patient was taken to the operating room in February 2006. At the time of 
surgery, the primary tumor was a supravesical mass that communicated with the 
bladder through a patent urachus and could be dissected clear of the bladder with a 

Fig. 3.1 CT scan in a 
patient with urachal cancer 
through the upper 
abdomen showing large 
volume disease in the right 
upper quadrant, left upper 
quadrant, and lesser 
omentum (From 
Sugarbaker [59])

Fig. 3.2 CT scan in a 
patient with urachal cancer 
through mid-abdomen 
showing the “omental cake” 
characteristic of pseudo-
myxoma peritonei. The 
small bowel is compartmen-
talized beneath the omental 
cake (From Sugarbaker [59], 
with permission)
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negative margin. Large volumes of intravesical mucus were suctioned through the 
opening of the dome of the bladder. No other bladder abnormalities were identified. 
The appendix, dissected free of the surrounding tissue, was determined to be normal. 
The findings at surgery showed extensive tumor infiltrating the omentum, beneath 
hemidiaphragms, and in the pelvis. The small bowel was free of disease (Fig. 3.4).

Cytoreductive surgery required total anterior parietal peritonectomy, right upper 
quadrant peritonectomy, left upper quadrant peritonectomy, greater and lesser 
omentectomy, right colectomy, and pelvic peritonectomy including a rectosigmoid 
colectomy [18, 19]. Segmental cystectomy and closure of the bladder were per-
formed. The tumor, widely distributed within the abdomen and pelvis, was reduced 
to no visible evidence of disease by CRS. A diverting ileostomy was performed to 
protect a low colorectal anastomosis. The patient received hyperthermic intraperito-
neal mitomycin C (15 mg/m2) and doxorubicin (15 mg/m2) and simultaneous bolus 
intravenous 5-fluorouracil at 600 mg/m2 and leucovorin at 20 mg/m2 in the  operating 
room. Tubes and drains were positioned so that patient could receive early postop-
erative intraperitoneal 5-fluorouracil using 600 mg/m2 for 4 days.

Histopathologic examination showed a well-differentiated mucinous adenocar-
cinoma (Fig. 3.5). The patient’s postoperative course was uneventful. The ileos-
tomy was closed 1 year later. During this procedure, four small tumor nodules were 
visualized and removed without difficulty. In 2010, the patient had an abnormal 
CT 4 years after his definitive procedure. A repeat complete cytoreductive surgery 
(CCRS) was possible along with additional HIPEC. In 2014, a solitary recurrence in 
the epigastric region was shown on CT. Radiation therapy was used to control pro-
gression. However, in 2015 the mass again began to expand and interfere with gas-
tric function. A left upper quadrant exenterative procedure with total gastrectomy 
was able to achieve complete resection. Currently, at 10-year post-first procedure, 
the patient is free of disease.

Fig. 3.3 CT scan in a 
patient with urachal cancer 
through the lower abdomen 
showing a cystic mass 
directly above the bladder 
(From Sugarbaker [59], 
with permission)
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Fig. 3.4 Intraoperative 
photograph in a patient with 
urachal cancer showing the 
omental cake with 
normal-appearing small 
bowel beneath (From 
Sugarbaker [59], with 
permission)

Fig. 3.5 Photomicrograph 
from a patient with urachal 
cancer of the wall of the 
primary tumor mass showed 
a well-differentiated 
mucinous malignancy 
(hematoxylin and  
eosin ×400) (From 
Sugarbaker [59])
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3.2.2   Discussion

The medical literature was searched using PubMed for publications that reported a 
urachal adenocarcinoma concomitant with PM. The results of this survey are pre-
sented in Table 3.1 [7, 12, 19–28]. Mendeloff and McSwain recognized a direct rela-
tionship of mucinous PM and the urachal primary cancer [7]. Loggie et al. was the 
first to report a definitive treatment plan for the local-regional (LR) component of 
this disease [20]. In that patient, systemic metastases became evident at 20 months 
after diagnosis; the large-volume intraperitoneal component of the disease never 
recurred despite systemic progression of disease. Perioperative chemotherapy was 
used in the report by de Bree as well as in four of our five patients [12, 24]. The 
patient reported by de Bree et al. was alive and well at 9 years after treatment (per-
sonal communication).

3.2.3   Diagnosis of Urachal Pseudomyxoma Peritonei

In the patients reported in the medical literature and in our own five patients, the 
urachal mucinous neoplasm presented the clinical picture of pseudomyxoma peri-
tonei. The diagnosis of urachal mucinous adenocarcinoma is rarely made prior to 
the initial exploratory surgery; often, the necessary plans to definitively treat the 
disease are not formed. However, in the patient presented above, prior experience 
with this disease led to a diagnosis preoperatively, and definitive treatment with 
CRS and HIPEC occurred as a single event. The symptom of mucus noted upon 
urination should be recognized as an unusual complaint distinctively associated 
with this rare disease. Computed tomography showing a cystic mass anatomically 
related to the position of the urachus can also suggest the diagnosis. In some 
patients, this primary tumor mass may be noted prior to the development and pro-
gression of the extensive mucinous ascites described as pseudomyxoma peritonei. 
In our patient and others shown in Table 3.1, a greatly elevated CA 19-9 tumor 
marker was helpful in making a diagnosis of mucinous urachal PM and has been 
utilized in follow-up.

In patients who present with mucosuria and a cystic lower midline abdominal 
mass on CT or magnetic resonance imaging (MRI), a primary urachal adenocarci-
noma should be suspected. During the prolonged course of this disease prior to 
diagnosis, the urachal mucinous neoplastic cells gain access to the peritoneal cav-
ity. In this environment, they continue to disseminate as neoplastic cells in muci-
nous ascites moving with peritoneal fluid throughout the peritoneal cavity. This 
characteristic pattern of tumor dissemination associated with pseudomyxoma peri-
tonei is known as “redistribution phenomenon” [2, 29]. In some patients, the mucus 
from the primary tumor mass is also forced down a patent urachus into the bladder, 
causing mucosuria. A definitive treatment approach to this disease using CRS and 
HIPEC similar to that used for patients with pseudomyxoma peritonei from an 
appendiceal mucinous neoplasm may be of greatest benefit to these patients.
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3.2.4   Treatment of Urachal Pseudomyxoma Peritonei

Complete excision of a primary urachal adenocarcinoma with clear margins is the 
treatment of choice if primary cancer resection alone can achieve negative margins. 
The mucinous nature of this neoplasm and the possibility for stray cancer cells 
developing at a later time as pseudomyxoma peritonei must be considered. An en 
bloc resection of dome of the bladder and tumor is the preferred surgical strategy. 
The decision to proceed with a cystectomy versus simple resection of the superior 
aspect of the bladder with negative margins will depend on the anatomic extent of 
the disease and its biological aggressiveness. In the proper clinical setting, cystec-
tomy is not mandatory [30]. In patients with pseudomyxoma peritonei arising in a 
primary urachal adenocarcinoma, the disease is associated with a cystic primary 
cancer that produces copious mucus. In this type of primary cancer, deep invasion 
into the bladder is less likely to occur. In our patients and in the others reported in 
the literature, cystectomy was not required. Although the primary urachal cancer is 
usually manageable by surgical resection, the peritoneal spread presents a special 
problem in management requiring CRS and HIPEC.

3.2.5   Follow-Up of Urachal Pseudomyxoma Peritonei

Most of these patients have an elevated CEA and CA 19-9 tumor marker at the 
time of diagnosis of the pseudomyxoma peritonei (Table 3.1). In our patients, the 
tumor markers increased with disease recurrence and declined to normal with 
CCRS. These tumor markers should be used in a serial manner in follow-up. These 
mucinous tumors are well imaged by CT, especially if the bowel is filled by oral 
contrast. We recommend for follow-up tumor markers CEA and CA 19-9 every 
3 months and chest, abdominal, and pelvic CT every 6 months for 5 years post-
cytoreduction. Similar recommendations have been made for appendiceal malig-
nancies [31].

3.2.6   Pathology of Urachal Pseudomyxoma Peritonei

Urachal remnants are usually lined by transitional-type epithelium; however, focal 
glandular metaplasia may give rise to mucinous adenocarcinoma similar to that 
seen with colon cancer. These tumors are similar to appendiceal neoplasms in that 
there is a large spectrum of biological aggressiveness between patients. In some 
patients, the epithelial cells are described as bland, well differentiated, and non-
invasive and are thought to be of borderline malignancy [22]. In other reports, an 
aggressive signet ring histomorphology is reported [19]. We have suggested that 
the term “mucinous urachal neoplasms” be used to describe this clinical entity to 
include this broad range of histologic types of noninvasive- as well as invasive-
appearing tumors.

P.H. Sugarbaker
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3.3  Pseudomyxoma Peritonei from Small Bowel 
Adenocarcinoma

3.3.1   Case Report

In January 1995, the patient developed intestinal obstruction. He was originally 
explored through an appendectomy incision and found to have mucinous small 
bowel adenocarcinoma. Through a midline incision, he underwent a right colon 
resection with resection of the primary colon in the terminal ileum. He was treated 
with six cycles of intraperitoneal 5-fluorouracil with systemic mitomycin C. He also 
had radiation therapy for progressive tumor within the appendectomy incision.

In January of 1996, the patient developed partial small bowel obstruction and 
was taken back to the operating room for excision of tumor from the abdominal wall 
with resection of the right rectus abdominis muscle and a redo right colon resection.

The patient did well for 2 years but then had recurrent small bowel obstruction, 
and in January 1998, he had a third resection. The patient was found to have exten-
sive radiation fibrosis. An additional 3 ft of small bowel were removed along with 
resection of tumor in and along the right ureter. All specimens showed infiltrating 
metastatic mucinous adenocarcinoma. At the time of the third operation, the tumor 
had foci of poor differentiation with transmural involvement of the small bowel.

In February 1999, recurrent symptomatic tumor on the anterior abdominal wall 
was removed. In September 1999, hematuria developed and a cystoscopy showed 
mucinous adenocarcinoma infiltrating the wall of the bladder. Systemic chemother-
apy and then best palliative care were initiated. The patient died in September 2000, 
5 years and 9 months after his diagnosis.

3.3.2   Discussion

This patient demonstrates the gradual transition over time and with multiple inter-
ventions of tumor histology from low grade to higher grade. This change is associ-
ated with a less favorable outcome with repeated surgical interventions. The 
frequency of this change in the biology of a malignancy is not known but has been 
documented for pseudomyxoma peritonei of appendiceal origin [32].

Small bowel adenocarcinoma is a rare malignancy causing less than 5% of gas-
trointestinal cancer [33]. Only a fraction of small bowel adenocarcinoma patients 
will manifest pseudomyxoma peritonei. However, it does occur and can be success-
fully treated by CRS and HIPEC because of the relative sparing of the remainder of 
the small bowel by mucinous neoplasms [8]. The expected survival of small bowel 
adenocarcinoma with pseudomyxoma peritonei is not known. But a large multi- 
institutional experience with PM from small bowel adenocarcinoma is reported in 
the Monograph of the French Surgical Association [33]. They report on 45 patients 
who had a median survival of 32 months. The 1-, 3- and 5-year survival was 81%, 
47%, and 33%, respectively. The clinical factors influencing survival were the expe-
rience of the institution treating the patient (p = 0.048) and the completeness of 
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cytoreduction (p ≤ 0.001). The number of patients with mucinous peritoneal metas-
tases in this experience was not reported.

Evaluation of this data regarding the efficacy of CRS and HIPEC is difficult 
because there is little or no information regarding the survival of patients with PM 
from small bowel cancer treated by surgery alone. Fishman et al. have reported the 
largest series treated with chemotherapy demonstrating a 30% response rate. The 
use of palliative chemotherapy in this setting of metastatic and locally advanced 
unresectable disease achieved a median survival of 11 months [34]. Currently, com-
binations of systemic chemotherapy combined with CRS and perioperative chemo-
therapy can be recommended in patients having mucinous peritoneal metastases 
from small bowel adenocarcinoma with a moderate to low PCI and the possibility 
of a complete cytoreduction.

3.4  Mesenteric Cyst Resulting in Pseudomyxoma Peritonei

3.4.1   Case Report

A 38-year-old woman was presented in June 2008 with diffuse mucinous ascites 
with intra-abdominal and pelvic neoplasm. Her initial symptoms of fatigue, uri-
nary frequency, fever, weight gain, and moderate abdominal pain began after her 
pregnancy in 2003. The symptoms became more severe in December 2007, with 
increased abdominal fullness and pain. She sought medical advice and a diagnosis 
of pelvic inflammation was made. The antibiotic treatment she underwent was not 
helpful. A CT scan was performed which showed mucoid ascites in the abdomen 
and pelvis. An exploratory laparotomy was performed in January 2008. Mucoid 
ascitic fluid was drained during the surgical intervention. Copious mucoid tumor 
was found on the peritoneal surfaces, especially involving the greater and lesser 
omentum. A total abdominal hysterectomy, bilateral salpingo-oophorectomy, mes-
enteric cystectomy, omentectomy, and appendectomy were performed. A large mes-
enteric cyst was resected and is shown in Fig. 3.6a, b.

Because of uncertainty regarding the etiology of the primary tumor, the pathology 
specimens were sent to other medical centers for review. An ovarian teratoma present 
in the resected specimen was not considered to be the primary site because it did not 
contain epithelium or mucinous material. However, the ruptured mesenteric cyst con-
tained abundant borderline neoplastic mucinous epithelium. The diagnosis was pseu-
domyxoma peritonei originating from malignant transformation of a mesenteric cyst.

At our institution, the CT scan revealed residual mucinous tumor nodules at mul-
tiple sites within the abdomen and pelvis. Persistent tumor was layered out beneath 
the right hemidiaphragm, class 0 changes were present within the small bowel mes-
entery, and a mass had developed at the apex of the vagina.

The patient underwent a complete CRS followed by HIPEC plus 5-fluoroura-
cil. Mitomycin C and doxorubicin were given by the intraperitoneal route and 
5- fluorouracil and leucovorin by intravenous administration [35]. The  pathology 
returned as disseminated peritoneal adenomucinosis (DPAM) (Fig. 3.7). The  decision 

P.H. Sugarbaker



33

a b

Fig. 3.6  Photograph of the mesenteric cyst removed at initial surgical intervention. (a) The cyst 
was perforated with mucus extruding from its surface. (b) The cyst was bisected to show its mul-
tilocular character and mucinous contents (From Sugarbaker [59], with permission)

Fig. 3.7 Photomicrograph of tumor in a patient with a mesenteric cyst taken from the pelvis 
showed adenomucinosis. The peritoneal lesions showed simple mucinous epithelial strips with 
abundant extracellular mucin. Bland epithelium had no cytological atypia or mitosis (hematoxylin 
and eosin ×500) (From Sugarbaker [59], with permission)
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was made not to recommend any further treatment. The patient is asymptomatic and 
on a 6-monthly CT scan regimen for the next 5 years. She remains well with no 
evidence of disease at 6 years.

3.4.2   Discussion

Mesenteric cysts can be seen within the leaves of the mesentery from the duodenum 
to the rectum and may be single or multilocular. The small bowel mesentery (50%) 
is the most frequent location, followed by the mesocolon (33%) and mesorectum 
(10%). The contents of the cyst may be mucinous, serous, chylous, bloody, or 
mixed. A majority presents with cuboidal or columnar epithelial lining with a lack 
of atypical morphology. Although unusual, malignant transformation of a mesen-
teric cyst may occur. In an extensive literature review by O’Brien et al., malignant 
transformation was described in four cases [36].

Our patient with pseudomyxoma peritonei arising from a ruptured mesenteric 
cyst was treated with CRS and perioperative chemotherapy. This treatment plan has 
been used extensively for the curative approach to pseudomyxoma peritonei of 
appendiceal origin [31]. The majority of mucinous appendiceal neoplasms are per-
forated at the time of diagnosis, and copious mucinous ascites with the pseudo-
myxoma peritonei are evident. The CRS procedure combined with HIPEC has 
resulted in long-term survival in a majority of these patients. By analogy, this treat-
ment for pseudomyxoma peritonei of appendiceal origin was applied in the patient 
described in this report.

Although the etiology of mesenteric cysts is poorly defined and its ideal manage-
ment has yet to be determined, ultrasound is the preferred imaging tool at the initial 
stages of investigation [37]. Computed tomography scan and MRI are helpful for its 
localization and anatomical definition. Complete excision is the goal of treatment 
and should be extended to the attached bowel, if necessary. If the cyst has ruptured 
and is extruding mucus-containing epithelial cells, a diagnosis of pseudomyxoma 
peritonei must be considered. In these patients, in addition to excision of the pri-
mary tumor, CRS and perioperative chemotherapy should be a standard of care.

3.5  Tailgut Cyst as a Cause of Pseudomyxoma Peritonei

3.5.1   Case Report

In December 2005, a 37-year-old woman was presented with abdominal discomfort, 
vaginal bleeding, and rectal fullness of 2-year duration. Intravaginal ultrasonogra-
phy and abdominal MRI were performed and revealed an ill-defined complex mass 
on the left side of the pelvis measuring 6.5 × 3.6 cm. The mass was thick walled and 
had a prominent cystic component. The left ovary and uterus were uninvolved.
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She underwent a local resection of a left-sided presacral tumor mass, appendec-
tomy, and left oophorectomy. The pathology report showed a well-differentiated 
mucinous adenocarcinoma arising in a retrorectal hamartoma. The appendix and 
left ovary were not involved and were excluded as primary sites. The piecemeal 
resection of the primary tumor mass was thought to be complete, but the resection 
was not en bloc. Because of the possibility of persistent disease and the absence of 
further treatment options at the outside institution, systemic chemotherapy was rec-
ommended. The patient was started on a systemic chemotherapy regimen including 
oxaliplatin, 5-fluorouracil, and Avastin. The treatment was followed by capecitabine 
and carboplatin.

In March 2007, disease progression was documented by computed tomography 
(CT) scan. She underwent a CT-guided biopsy of an omental nodule which con-
firmed the presence of mucinous adenocarcinoma. Additional systemic chemother-
apy with cisplatin and paclitaxel was administered at the outside institution because 
no other treatment options were considered appropriate.

Repeat CT performed in September 2007 showed mucinous tumor nodules 
located within the greater omentum, and a complex mucinous mass consisting of 
sigmoid colon, uterus, right ovary, and tumor filled the pelvis (Figs. 3.8 and 3.9). 
The radiological findings were consistent with a high-grade pseudomyxoma perito-
nei disseminated within the abdomen and pelvis.

Cytoreductive surgery was performed in September 2007 and included a total 
abdominal hysterectomy, bilateral salpingectomy, right oophorectomy, greater 
omentectomy, lesser omentectomy, pelvic peritonectomy, splenectomy, and left 
ureterolysis. Following optimal cytoreduction, HIPEC utilizing intraperitoneal 
mitomycin C and doxorubicin plus systemic 5-fluorouracil and leucovorin were 
administered at 42 °C. The selection of this combination of chemotherapy for this 
rare disease was based on pharmacological studies [35].

The histological findings were compatible with mucinous PM with intermediate 
features (Fig. 3.10). Extracellular mucin pools were associated with mildly atypical 
simple mucinous epithelium and focally stratified epithelium with moderate atypia. 

Fig. 3.8 CT scan in a 
patient with pararectal 
hamartoma through the 
mid-abdomen showing 
recurrent mucinous tumor 
involving the greater 
omentum. CT-guided 
biopsy of this omental mass 
showed adenocarcinoma. 
The mass is indicated by an 
arrow (From Sugarbaker 
[59], with permission)
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Immunohistochemical studies were not performed. The right ovary was normal. The 
hospital course was uneventful, and the patient was discharged home on her 15th 
hospital day. As of April of 2011, the patient was alive with local recurrence invad-
ing the sacrum. The peritoneal cavity has remained free of disease. Attempts at local 
excision of the sacral mass with cryosurgical treatment of the margins of excision 
were unsuccessful. The patient has received palliative external beam radiotherapy.

3.5.2   Discussion

Tailgut cyst or retrorectal hamartoma is a rare congenital lesion. It is believed to 
originate from the remnant of the tailgut, which is a primitive gut temporarily pres-
ent at the caudal portion of the embryo. The tailgut atrophies disappear completely 

Fig. 3.9 CT scan in a 
patient with pararectal 
hamartoma through the 
pelvis showing a complex 
mass consisting of sigmoid 
colon, uterus, ovaries, and 
mucinous tumor recurrent at 
the site of primary tumor 
resection. The predominant 
tumor mass is indicated by 
an arrow (From Sugarbaker 
[59], with permission)

Fig. 3.10 Histological 
findings in a patient with 
tailgut cyst of pseudomyx-
oma peritonei with 
intermediate features. Small 
areas of focally stratified 
epithelium that is moder-
ately pleomorphic suggested 
an intermediate type of 
peritoneal mucinous 
carcinoma. A great majority 
of the resected specimen 
was acellular mucus 
(hematoxylin and eosin 
×400). (From Sugarbaker 
[59], with permission)
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at an adult age. However, if vestigial remnants persist, these can be the origin of a 
retrorectal hamartoma. These cysts are lined with different epithelium types that 
may be found in the embryological gastrointestinal tract, including stratified squa-
mous, ciliated columnar, mucin-secreting columnar, and transitional-type epithe-
lium [38–40]. Tailgut cysts can occur at any age but are seen predominantly in 
middle-aged women. The female to male ratio is 3:1.

Malignant transformations, including development of adenocarcinoma or carci-
noid, are known to occur in retrorectal hamartomas. The incidence of this malignant 
transformation is not available from the surgical literature, but it is assumed to be 
rare. The adenocarcinomas are usually moderately to poorly differentiated and 
strongly positive for carcinoembryonic antigen [40]. The possibility of malignant 
degeneration of the otherwise benign-appearing cyst defines the need for complete 
surgical excision of the mass in the absence of tumor spillage.

The definitive treatment of the primary tailgut cyst is complete surgical excision; 
this may include en bloc resection of a portion of the rectum. Preoperative biopsy 
should not be attempted because of the risk of spreading dysplastic cells through a 
punctured cyst wall. If the mass is surgically unresectable at presentation, incisional 
biopsy can be attempted, but the surgeon should be aware that this approach may 
result in mucinous cancer dissemination.

Very rarely does a tailgut cyst spontaneously rupture into the peritoneal cavity. 
Local recurrences do occur after incomplete excision and spillage of cancer cells. 
This may result from the trauma of surgical excision causing implantation at the 
resection site and widespread mucinous PM. In our patient, a large mass of muci-
nous cancer to the left of the rectum was removed “piecemeal” along with an exten-
sive amount of mucinous tumor within the presacral region. This progression of a 
large volume of pseudomyxoma peritonei within the free peritoneal cavity occurred 
as a result of surgical trauma with resection of the primary tumor mass. Because of 
the intermediate invasive nature of this malignancy, at the time of CRS, optimal 
resection of the disease that was disseminated within the abdomen and pelvis was 
possible. Microscopic disease that may have remained in the peritoneal cavity fol-
lowing cytoreduction was treated with HIPEC.

Unfortunately, residual tumor along the left side of the rectum was contained in 
the scar tissue that was associated with the primary tumor resection and was not 
included as a rectal resection with CRS. It was not eradicated by perioperative che-
motherapy. The tumor was deeply invasive into the upper sacrum at the time of 
recurrence after CRS and perioperative chemotherapy. Similarly, rectal cancer 
recurrent after low-anterior resection or abdominoperineal resection with PM is 
rarely benefitted by CRS and HIPEC as a result of progression of pelvic cancer 
seeding [41].

To our knowledge, this is the first case of pseudomyxoma peritonei reported in 
the medical literature that had a retrorectal hamartoma origin. Pseudomyxoma peri-
tonei most frequently arises from a ruptured appendiceal adenoma and progresses 
with a large volume of mucinous tumor distributed throughout the abdomen and 
pelvis in a characteristic fashion. The standard of care for this disease is complete 
cytoreduction using visceral resections and peritonectomy procedures combined 
with HIPEC in an attempt to eradicate gross and microscopic disease [42, 43].
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3.6  Pseudomyxoma Peritonei Arising from Spilled Tumor 
Cells with Resection of the Colon or Rectal Polyps

3.6.1   Case Report

A 71-year-old woman underwent surgery to remove a large tubulovillous adenoma 
of the rectum. After resection of the rectosigmoid colon, examination of the speci-
men did not show the expected tumor mass. The adenoma was determined to be 
within the residual rectum. At the same operative procedure, a more extensive rectal 
resection was performed, and the tubulovillous adenoma was adequately resected 
at this time. Postoperative microscopic exam showed a rectal villous adenoma with 
dysplastic changes.

Three years later during a hernia repair, the surgeon observed mucous ascites 
coming from the peritoneal cavity. A few weeks later, the patient underwent a major 
debulking procedure. One year later, the CT showed tumor around the liver and 
another mass occupying the left side of her abdomen going down to fill the pelvis. 
She was referred to our service and underwent CRS followed by HIPEC with mito-
mycin C chemotherapy. Histopathology showed DPAM with areas of atypia. The 
pseudomyxoma peritonei was thought to arise from the spillage of tumor cells at the 
time the sigmoid colon polyp was removed 4 years prior. She remains disease-free 
after 3 years’ follow-up.

The first report of pseudomyxoma arising from colonic polyps was by Goldstein 
et al. who presented three patients with a colorectal polyp as the origin for pseudo-
myxoma peritonei [14]. As a result of copious mucus production, cells from these 
neoplasms spread throughout the peritoneal cavity with the same efficiency as a 
ruptured appendiceal adenoma. This case report demonstrates that when the sur-
geon performs an open resection of colonic polyps, great care should be taken to 
avoid spillage of dysplastic cells which may result in iatrogenic development of 
pseudomyxoma peritonei.

3.7  Pseudomyxoma Peritonei from Peritoneal Dissemination 
of an Ovarian Malignancy of Low Malignant Potential

In April 2002, a 34-year-old woman had a debulking procedure through a 
Pfannenstiel incision. The diagnosis was mucinous cystadenoma of ovarian origin. 
Almost immediately postoperatively, tumor progression was noted. She had multi-
ple paracenteses to remove fluid from the peritoneal cavity. Symptoms progressed 
until urinary and gastrointestinal functions were seriously compromised.

In September 2004, with complaints of massively distended abdomen, absence 
of urinary function, and near-complete bowel obstruction, the patient was seen at 
MedStar Washington Hospital Center. She underwent an 8-h cytoreduction with hys-
terectomy and bilateral salpingo-oophorectomy, left colectomy with low anastomosis 
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and pelvic peritonectomy. She was treated with HIPEC using cisplatin (5 mg/m2) and 
doxorubicin (15 mg/m2). At 10 years’ follow-up, the patient remains disease-free.

3.7.1   Discussion

To date, our service has treated three patients with extensive PM from mucinous 
ovarian malignancy. All three patients had large masses within the pelvis that 
resulted in ureteral obstruction. In the patient presented, both bilateral ureteral 
obstruction and sigmoid colon obstruction had occurred. The three patients remain 
free of disease at 7, 10, and 14 years postoperatively.

3.8  Pseudomyxoma Peritonei from Mucinous  
Endocervical Cancer

A 33-year-old woman with morbid obesity on a weight-loss program continued to 
gain weight. Her only pertinent history was a cone biopsy for cervical dysplasia 
performed in 2002. No invasive malignancy could be documented. Because of pain, 
she went to an emergency room where ultrasound showed a large amount of ascites 
with solid tumor in the pelvis. In May 2011, a paracentesis for 5  l of serous and 
mucinous ascites was performed. Cytology on the fluid was negative. Two weeks 
later, she was taken back to the operating room for a laparoscopy. Bilateral ovarian 
masses were visualized and biopsies taken. An additional 9 l of ascites were removed. 
One month later, 12  l of ascites were removed under CT control (Figs. 3.11 and 

Fig. 3.11 CT through  
the upper abdomen in a 
patient with debilitating 
ascites from cervical 
adenocarcinoma (From 
Sugarbaker [59], with 
permission)
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3.12). A preoperative colonoscopy was negative. In July 2011, the patient underwent 
a 9-h CRS procedure. Peritonectomy of the right upper quadrant and pelvis was 
required along with hysterectomy and removal of large ovarian masses (Fig. 3.13). 
After the CRS, HIPEC with doxorubicin and cisplatin plus systemic ifosfamide plus 
mesna were used. Postoperatively, the patient developed a wound infection treated 
by conservative measures.

Pathology of the hysterectomy specimen showed an in situ and invasive muci-
nous adenocarcinoma of the endocervix. The cervical stromal invasion was superfi-
cial despite examination of the cervix in its entirety. All of the specimens from 
abdominal and pelvic surfaces showed metastatic mucinous adenocarcinoma con-
sistent with a primary endocervical adenocarcinoma.

Fig. 3.12 CT through the 
mid-abdomen in a patient 
with debilitating ascites 
from adenocarcinoma of the 
cervix. The serous ascites is 
extensive. The small bowel 
is compartmentalized within 
the mid-abdomen and shows 
no evidence of dysfunction 
(From Sugarbaker [59], 
with permission)

Fig. 3.13 Intraoperative 
photograph of a patient with 
peritoneal metastases from 
adenocarcinoma of the 
cervix. Peritoneal surfaces in 
the right upper quadrant and 
pelvis were layered by the 
mucinous tumor. Both the 
right and left ovaries showed 
large mucinous metastases. 
The loops of the small bowel 
seen in the foreground of this 
photo are free of mucinous 
tumor (From Sugarbaker 
[59], with permission)
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3.8.1   Discussion

To our knowledge, this is the first patient with pseudomyxoma peritonei from a 
mucinous endocervical cancer who has been treated with CRS and HIPEC. Data 
regarding the long-term benefits from this approach had not yet been established. 
This patient has remained with no evidence of disease progression at 5 years.

The pathophysiology of cervical adenocarcinoma dissemination to the perito-
neal surfaces is not readily apparent. Recently, retrograde menstruation from the 
fallopian tubes has been suggested to cause what was previously identified as 
serous ovarian cancer [44]. It is possible that adenocarcinoma cells from the endo-
cervix could likewise, in unusual patients, spread into the free peritoneal space 
through a process of retrograde menstruation. Two of our three patients were young 
and nulliparous. These are the patients who are most likely to develop endometrio-
sis, which is a manifestation of normal endometrial tissue entering the peritoneal 
space through the process of retrograde menstruation. Also, in all three of our 
patients, there was extensive mucus and serous fluid produced by the malignancy 
leading to profound abdominal distention in all three patients. The demonstrated 
ability of endocervical adenocarcinoma to produce such copious amounts of fluid 
seems well documented by our three patients. Copious slippery fluid discharged 
into the uterus may be forced into the fallopian tubes and be expressed into the free 
peritoneal space. Of course, the fluid would be contaminated by mucinous cancer 
cells and would soon lead to the extensive mucinous ascites and peritoneal 
 metastases present in our patients.

Uterine perforation can result in direct inoculation of cancer cells into the free 
peritoneal space. Anecdotal reports from the gynecologic oncology literature docu-
ment this fact. In 1981, Mills, Sugg, and Mahnesmith reported the direct extension 
of a uterine adenosarcoma through the wall of the uterus and growing out as a pelvic 
mass attached to the uterine serosa [45]. The cancer inside and outside of the uterus 
was histologically identical. They identified this clinical situation as the first 
reported example of direct inoculation of a cancer into the peritoneal space follow-
ing myometrial perforation. Levine et al. noted trophoblastic tissue spread to the 
surface of the sigmoid colon following uterine perforation during dilatation and 
curettage. A laparotomy showed trophoblastic tumor implants at the perforation 
site, anterior uterine wall, and appendix epiploica of the sigmoid colon. Surgical 
removal and treatment with methotrexate enabled the patient to recover [46]. A pos-
sible mechanism of dissemination of endocervical adenocarcinoma into the free 
peritoneal cavity would be uterine perforation at the time of a cervical dilatation and 
curettage. However, no surgical record of uterine perforation was present in our 
patients, and the patients were not aware that such an event had occurred.

The applications of CRS and HIPEC have been evolving and expanding over 
the last 30 years. This combined treatment has been shown to be of benefit in the 
management of intraabdominal malignancies, especially those having a high pro-
pensity for peritoneal metastases [47]. To our knowledge, this is the first report 
of CRS and HIPEC for endocervical adenocarcinoma with ovarian and peritoneal 
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 metastases with the pseudomyxoma peritonei syndrome [48]. Further clinical stud-
ies are required to assess the durability of this approach to this unusual manifesta-
tion of endocervical adenocarcinoma.

3.9  The Use of Quantitative Prognostic Indicators to Select 
Patients for CRS and HIPEC

Pseudomyxoma peritonei is the clinical description of a low to moderate grade 
mucinous neoplasm with peritoneal dissemination. These neoplasms are the para-
digm by which the principles of the management of peritoneal surface malignancy 
have evolved. A large proportion but, as documented in this book chapter, not all of 
these conditions originate in the appendix.

The evaluation of patients using a series of prognostic indicators reliably used to 
select patients for CRS and HIPEC include (1) an estimate of the biological aggres-
siveness of the malignant process through histopathologic assessment [3, 49],  (2)
use of preoperative CT scan to exclude patients with confluence of disease associ-
ated with the small bowel [50–52], (3) estimates of the extent of disease through use 
of the peritoneal cancer index (PCI), and (4) determination of the completeness of 
cytoreduction (CC) score at the conclusion of the peritonectomy procedures and 
visceral resections [31, 53].

These principles of management not only apply to appendiceal malignancy, but 
they have also been used to more knowledgeably select patients with pseudomyx-
oma from non-appendiceal sites [54, 55]. With validation of these quantitative prog-
nostic indicators in a large number of malignancies associated with peritoneal 
dissemination, it may be possible to select patients with unusual abdominal and 
pelvic neoplasms that have PM for successful treatment by CRS and perioperative 
chemotherapy.

A summary of the clinical data for the use of quantitative prognostic indicators is 
as follows: Patient selection is restricted to those with a low PCI (<10) if the malig-
nancy is of an aggressive nature. For example, colorectal PM treated in patients with 
PCI ≤10 is expected to show a 50% long-term benefit from treatment. Patients with a 
PCI >20 rarely achieve more than palliative benefit [56]. In contrast, patients with low 
biological grade of malignancy can benefit if the CRS is complete despite very high 
PCI. For example, Sugarbaker showed that patients who had an appendiceal muci-
nous neoplasm with adenomucinosis and a PCI >20 had a 20-year survival of 65% 
[31]. There is a strong rationale that supports CRS and perioperative chemotherapy 
as a valid treatment option to be considered in patients with pseudomyxoma perito-
nei. Because of small bowel sparing and a noninvasive tumor biology, a PCI often 
>20, complete CRS, and long-term, disease-free survival have been documented. The 
results of treatment are in sharp contrast to those for PM from colon and rectal cancer 
or from gastric cancer, where treatment benefits are small with a PCI >20 even if 
cytoreduction is complete [47]. For appendiceal or non-appendiceal pseudomyxoma 
peritonei, the results of treatment are similar. Long-term survival is possible with a 
complete cytoreduction even though the PCI is >20 [31].
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The recent publications of Kalluri and Weinberg may provide a molecular basis 
for our results [57]. The hypothesis of epithelial-mesenchymal transition states that 
the aggressive biology of a carcinoma to an invasive and metastatic potential devel-
ops along with a fibrotic matrix. The growth factors that control this malignant 
transition are produced by transformed stem cells; the more plentiful the stem cells 
are, the greater the extent of the fibrous stroma. This fibrotic response results in a 
marked increase in chemotherapy resistance. The stem cells have increased intrinsic 
chemotherapy resistance, and the fibrosis interferes with chemotherapy access to 
cancer cells.

In many of the diseases presented in this book chapter, the epithelial to mesen-
chymal transition had not yet begun to express itself. The epithelial character of the 
malignancy was preserved, and a fibrous stroma was minimal facilitating a com-
plete cytoreduction. The prediction of a chemotherapy response of residual cancer 
cells after CRS would be supported by the Weinberg model. In summary, an absence 
of epithelial to mesenchymal transition would indicate a high likelihood of benefit 
from CRS and HIPEC.

3.10  Early Referral of Rare Causes of Pseudomyxoma 
Peritonei Indicated

In most of the patients presented in this chapter, a large extent of disease was 
documented, and patients were referred to our service as they became symptom-
atic late in the natural history of the disease. This clinical situation required a 
lengthy CRS with a large number of visceral resections and peritonectomy proce-
dures, which in turn requires a long hospital course and an extended period of 
recovery after hospital discharge. This extensive CRS may be avoidable. These 
patients often have clinical findings that suggest a high likelihood of progression 
of peritoneal surface malignancy at the time of their primary tumor excision. 
Perforation of the primary tumor, tumor rupture prior to or at the time of resection, 
ovarian Krukenberg-type metastases, and positive cytology are indications of a 
high likelihood of peritoneal surface progression of the neoplasm. Treatment at 
the time of primary cancer resection at a peritoneal surface oncology center would 
be the ideal management strategy. However, because these diseases are unusual, 
recommendation of a second look surgery 6–12 months postoperatively in a search 
for residual PM is an option in management [58]. Treatment of a large volume of 
disease with a high PCI (>20) is the least favorable treatment option for these 
patients.

Although the number of patients with non-appendiceal pseudomyxoma peritonei 
is small, the implications of success documented in these patient presentations may 
be quite meaningful. In the absence of special treatments, patients with pseudo-
myxoma peritonei from all diseases have a uniformly lethal outcome. The progres-
sion of the disease may be indolent, but the end result is always a terminal condition. 
Inclusion of CRS and HIPEC as an option should be considered as an addition to the 
treatments of these patients.
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This collection of non-appendiceal pseudomyxoma peritonei treated by CRS and 
HIPEC should not be considered as comprehensive. There are undoubtedly other 
malignancies that have not undergone the epithelial to mesenchymal transition that 
are candidates for these treatments. The experienced peritoneal surface oncology cen-
ter should be aware of the benefits offered by CRS and HIPEC for selected patients 
and be willing to consider these treatments as options for this group of patients.
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Chapter 4
Unusual Indications of Cytoreductive Surgery 
and Hyperthermic Intraperitoneal 
Chemotherapy: A Review of Outcomes 
and Report of the Literature

N. Alzahrani, S.J. Valle, W. Liauw, and D.L. Morris

4.1  Introduction

The occurrence of peritoneal carcinomatosis (PC) is serious in all malignancies and 
usually results in a poor prognosis. Cytoreductive surgery (CRS) and hyperthermic 
intraperitoneal chemotherapy (HIPEC) is an aggressive surgical approach combin-
ing visceral resections and peritonectomy procedures to remove macroscopic dis-
ease followed by HIPEC, targeting residual microscopic disease. CRS/HIPEC is the 
standard and potentially curative treatment for select patients with PC. This com-
bined approach, however, has consistently demonstrated improved survival out-
comes across a variety of disease types including appendiceal cancer, colorectal 
cancer, low-grade appendix mucinous neoplasm, peritoneal mesothelioma and 
ovarian cancer with peritoneal metastases [1–6], with randomised evidence demon-
strating the superiority of CRS/HIPEC for colorectal cancer PC [2]. Although peri-
tonectomy procedures are less likely to achieve disease control in selected patients 
with significant metastatic disease [7], CRS/HIPEC has been applied and reported 
in small series of patients with PC of unusual origin including tumours arising from 
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sarcoma, desmoplastic small round cell tumour (DSRCT) and neuroendocrine 
tumours [8–10]. The role of CRS/HIPEC in these patients remains uncertain with 
limited data on the clinical efficacy of this treatment, as many reports outline spe-
cific outcomes in large heterogeneous groups. This goal of this manuscript was to 
review our single institution experience with CRS/HIPEC for patients with PC of 
unusual primaries followed by a literature review of studies that reported on greater 
than five patients of each unusual primary.

4.2  Methods

4.2.1   Patients

From 1,025 patients that underwent CRS/HIPEC at St George Hospital, Australia, 
between 1996 and 2016, 31 patients had an unusual primary tumour. The tumour 
included sarcoma (n = 10), desmoplastic small round cell tumour (n = 3), biliary 
(n = 3), pancreatic (n = 3), neuroendocrine (n = 3), hepatocellular carcinoma (n = 3), 
primary peritoneal carcinomatosis (n = 2), urachal adenocarcinoma (n = 2), cystad-
enoma of the liver (n = 2), gastrointestinal stromal tumour (n = 2) and breast can-
cer (n = 1). Outcomes were retrospectively reviewed from a prospectively entered 
database.

4.2.2   Preoperative Management

All patients underwent standard preoperative investigations, which included physi-
cal examination; double contrast-enhanced computed tomography (CT) scans of the 
chest, abdomen and pelvis; and MR study of the liver with Primovist, positron emis-
sion tomography and blood tumour markers. All patients were discussed at a multi-
disciplinary team meeting prior to surgery.

4.3  CRS/HIPEC

An initial assessment of the volume and extent of disease was recorded using the 
peritoneal carcinomatosis index (PCI), as described by Jacquet and Sugarbaker [11]. 
CRS was performed using Sugarbaker’s technique [11]. All sites and volumes of 
residual disease following CRS were recorded prospectively using the completeness 
of cytoreductive (CC) score as previously described [12]. After CRS, HIPEC was 
performed by installation of a heated chemoperfusate into the abdomen using the 
coliseum technique at approximately 42 °C, depending on tumour types. However, 
there is no fixed protocol for PC from unusual primary and was at the discretion of the 
medical oncologist. Drug choices included cisplatin, mitomycin C and oxaliplatin.
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4.3.1   Postoperative Management

Perioperative complications in all patients were graded as previously described 
[13]. Major morbidity is defined as CDC grade III or IV. All of patients with the 
aggressive tumour were then followed up at 3-month intervals for the first 12 months 
and 6-month intervals thereafter until the last time of contact or death. The follow-
 up review included clinical examination, measurement of relevant tumour markers 
and assessment of abdominopelvic CT scans.

4.4  Results

The pathology and perioperative outcomes of patients are outlined in Table 4.1. 
Overall hospital mortality was 5.8% (n = 2). Major morbidity rate was 38% (n = 13). 
Mean ICU, HDU and total hospital stay was 4.5 days (standard deviation (SD) = 8.1), 
3.0 days (SD = 2.7) and 26.3 days (SD = 21.6), respectively.

Table 4.1 Baseline characteristics 
of the study cohort

Total n = 34

Gender n (%)
  Male 18 (52.9)
  Female 16 (46.1)
Age mean (SD) 48.4 (14.1)
Primary site

  Cystic adenoma 2 (5.8)
  Pancreatic cancer 3 (8.8)
  Breast cancer 1 (2.9)
  GIST 2 (5.8)
  Urachal carcinoma 2 (5.8)
  Primary peritoneal cancer 2 (5.8)
  Neuroendocrine 3 (8.8)
  Biliary adenocarcinoma 3 (5.6)
  DSCRT 3 (8.8)
  HCC 3 (8.8)
  Sarcoma 10 (31.2)
PCI mean (SD) 12.9 (8.3)
CC score

0 32 (100)
Transfusion mean (SD) 4.4(4.6)
Operation hours mean (SD) 7.4 (2.7)
HIPEC n (%)
  Yes 32 (94.1)
  No 2 (5.9)

(continued)
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Table 4.2 Summary of survival (months) for primaries with two or less patients

Cystic 
adenoma 
(n = 2)

Breast 
cancer 
(n = 1)

GIST 
(n = 2)

Urachal 
carcinoma 
(n = 2)

Primary peritoneal 
cancer (n = 2)

Patient 1 0.6 (alive) 0.6 (died) 51.1 
(alive)

21.3 (died) 41.4 (died)

Patient 2 12.0 (alive) 4.9 (died) 86.7 (alive) 27.4 (alive)

Table 4.3 Summary of median and overall survival for primaries with at least three patients

Total 
number 
(n)

1-year 
OS (%)

3-year 
OS (%)

5-year 
OS 
(%)

Median OS 
(months) 
(95%CI)

Median DFS 
(months) 
(95%CI)

Pancreatic cancer 3 66.7 NR NR 9.6 (−) 5.2 (−)
Neuroendocrine 3 100.0 33.3 NR 18.9 

(0–32.4)
14.6 (−)

Biliary carcinoma 3 33.3 NR NR 12.0 (−) 3.9 (−)
HCC 3 66.7 33.3 0 36.4 (−) 5.1 (−)
DSRCT 3 100.0 100.0 33.3 64.9 (−) 10.3 (−)
Sarcoma 10 60.0 60.0 0 50.5 (−) 6.6 (1.3–11.9)

NR not reached

EPIC

  Yes 21 (61.8)
  No 13 (38.2)
Mortality rate n (%) 2 (5.8)
Major morbidity rate n (%) 13 (38.2)
ICU stay mean (SD) 4.5 (8.1)
HDU stay mean (SD) 3.0 (2.7)
Total hospital stay mean (SD) 26.3 (21.6)

Table 4.1 (continued)

Median overall survival (OS) was 29.6  months (95%CI  =  13.8–35.5) with a 
1-year, 3-year and 5-year survival of 69.6%, 42.7% and 26.7%, respectively. Median 
follow-up time was 14.4 months (range = 0.2–86.7). Median disease-free survival 
(DFS) was 6.3 months (95%CI = 2.4–8.1). Survival outcomes by diagnoses and 
diagnoses with at least three patients were summarised in Tables 4.2 and 4.3, 
respectively.

4.5  Discussion

4.5.1   Desmoplastic Small Round Cell Tumour

Desmoplastic small round cell tumours (DSRCT) are a rare sarcoma with fewer than 
500 cases reported between 1989 and 2015 and is a highly aggressive sarcoma pre-
dominantly occurring in males aged between 5 and 35  years [14]. DSRCTs are 

N. Alzahrani et al.



51

located almost exclusively in intra-abdominal locations and classically involve a 
large intra-abdominal mass in the retroperitoneum, pelvis, omentum or mesentery, 
with diffuse peritoneal deposits that spread along peritoneal and mesothelial sur-
faces [15, 16]. We previously reported on our patients (n = 3) with this tumour and 
showed a similar outcome [17]. Treatment of isolated peritoneal disease relies on 
perioperative chemotherapy, most commonly with cisplatin, combined with com-
plete CRS and postoperative radiotherapy [18]. Hayes-Jordan et  al. showed that 
HIPEC has improved survival outcomes with patients receiving neoadjuvant chemo-
therapy followed by CRS/HIPEC having a 3-year survival of 71% compared to 26% 
(p = 0.021) in patients who did not receive surgery or HIPEC [14]. In a recent study 
by the same group with the largest experience internationally, the median survival of 
patients with DSRCT that underwent CRS/HIPEC and complete cytoreduction with 
no extraabdominal disease was 63.1 months with a 100% 4-year survival [19] (Table 
4.4). Our experience of these three patients showed that in concordance with the 
literature, disease-free survival was 10.3 months although the 3-year survival was 
100%. The role of HIPEC for this indication remains controversial; however, com-
plete CRS/HIPEC seems to be an effective therapy for patients with DSCRT.

4.5.2   Peritoneal Sarcomatosis

Approximately 36% of sarcomas originate in the abdominal viscera or retroperito-
neum, and metastatic disease is most common to the lungs, liver or directly to peri-
toneal surfaces and adjacent organs [20]. For patients amenable to resection, local 
recurrence for abdominal sarcoma ranges from 35% to 82% [21, 22]. Sarcomatosis 
is defined as the intra-abdominal dissemination of sarcoma and may be present at 
initial diagnosis but is more frequently observed at recurrence presumably as a result 
of tumour spillage during the initial resection [23, 24]. When CRS/HIPEC is applied 
to sarcomatosis, outcomes have been unclear [10, 22, 25–31]. The median overall 
survival on literature review of peritoneal sarcomatosis post-CRS/HIPEC ranged 
from 12 to 39.6 months [22, 23, 25–27, 32] (Table 4.4). We report that in our patients, 
the median overall survival was 50.5 months. Randle et al. [33] reported that although 
complete cytoreduction is related to improved survival, adding HIPEC in sarcoma-
tosis patients is controversial given the potential toxicity, significant recovery time 
and lack of a documented benefit. Highly selected sarcomatosis patients are still 
treated with CRS; however, they are no longer offered HIPEC [33]. A multi-institu-
tional review may be helpful in further defining the role of  CRS/HIPEC.

4.6  GIST

Gastrointestinal stromal tumour (GIST) has the highest incidence and prevalence of 
GI sarcomas, accounting for approximately 5% of all mesenchymal tumours [34]. 
GISTs may result in sarcomatosis that is chemotherapy resistant, previously leaving 
patients with few options in the pre-tyrosine kinase inhibitor (TKI) era. The role of 
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surgery for metastatic GIST in the post-TKI era remains uncertain. Bryan et al. [35] 
reported a median survival in patients who progressed on a TKI preoperatively was 
1.35  years post-CRS/HIPEC as compared with a median survival that was not 
reached in those without progression on TKIs (p = 0.007). The median overall sur-
vival for the entire cohort was 3.33 years post-CRS/HIPEC (Table 4.4). Of our two 
patients, one died at 4.9 months post-CRS/HIPEC and one was alive and well at 
51.1 months. Studies indicate that CRS in those who have progressed on preopera-
tive TKIs yields a poor outcome with a median survival of 1.09 years, which was 
evident in our short-surviving patient. It is suggested that offering CRS in patients 
with GIST sarcomatosis who on preoperative imaging have disease response or are 
stable on TKIs may be considered and should be performed in highly selected 
patients before developing TKI resistance [35, 36]. Progression on a TKI seems to 
be associated with poor outcomes even after a complete cytoreduction [36].

4.6.1   Breast Cancer

PC from breast cancer is rare [37–39], and no clear guidelines are available regard-
ing the role of CRS ± HIPEC for these patients [40, 41]. A median of 18 years 
(range 10–30) elapsed after breast cancer was diagnosed and PC developed. Previous 
reports describe breast cancer as one of the most slowly growing solid tumours 
given that metastases may appear even decades after the initial diagnosis [41, 42]. 
In one CRS study, of the five patients treated, four achieved long-term survival, one 
surviving even for 10 years with good quality of life [37, 42] (Table 4.2). Our single 
breast cancer patient died on day 18 postoperatively from sepsis. No clear guide-
lines are reported in literature regarding the treatment of these patients because 
cases are sporadic and rarely referred. Cisplatin is one of the most common chemo-
therapy agents used for HIPEC [43]. The long disease-free and overall survival 
observed in our small series suggests that in highly selected patients with no extra-
peritoneal disease and in whom surgery can achieve adequate cytoreduction this 
combined procedure is a promising approach for patients with PC from breast 
cancer.

4.6.2   Mucinous Carcinoma of the Urachus

The urachus is a remnant of foetal development that can give rise to benign or malig-
nant mucinous tumours [44]. Extension of these tumours into the peritoneal cavity 
results in a clinical picture similar to pseudomyxoma peritonei (PMP). Most urachal 
tumours are adenocarcinoma, and approximately 70% of urachal carcinomas are 
mucin producing [45]. With disease progression, mucin accumulates, leaks from 
the tumour and ruptured urachus and spreads through the peritoneal cavity. A 5-year 
survival rate has been reported in up to 40% of patients [46–48]. The  standard 
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approach for urachal tumours is to treat like PMP, by complete CRS/HIPEC, which 
has been reported to significantly improve patients’ survival and prognosis [3, 49, 
50, 51]. In 28 reported cases, 15 patients undergoing CRS/HIPEC had a median 
disease-free survival of 25 months. Honore et al. [44] reported on three patients; two 
were alive and disease-free at 20 and 37 months. The third patient developed early 
peritoneal recurrence and died after 14 months. All five patients reported by Krane 
et al. [51] successfully completed CRS/HIPEC with mitomycin C but developed 
local or distant disease recurrence at a median of 13 months postoperatively (range 
7–31) and median survival of 27 months (range 21–87) (Table 4.4). Our survival 
and recurrence data on the two patients are similar to these studies. As a result, we 
suggest that CRS/HIPEC can be considered in selected patients as a new option of 
treatment for PMP from urachus.

4.6.3   Primary Peritoneal Tumour

Primary peritoneal serous carcinoma is a very rare form of PC, occurring almost 
exclusively in females; however, the incidence is unknown [44, 52]. The largest 
study described 36 patients from nine European centres. After complete CRS/
HIPEC, it reported an overall 1-, 3- and 5-year survival of 94%, 72% and 57%, 
respectively, with a median recurrence-free survival of 17 months [53] (Table 4.4). 
There is no comparative study to determine whether CRS/HIPEC is of benefit to 
patients with primary peritoneal carcinoma. Both of our patients showed similar 
outcomes and these in comparison to reported survival and recurrence to those with 
epithelioid mesothelioma from our centre are similar [54], therefore we can suggest, 
along with others [53], that CRS/HIPEC be considered in patients with this tumour.

4.6.4   Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) represents the major subtype accounting for up to 
85% of primary liver cancers [55]. A subgroup of patients with HCC presents with 
peritoneal metastasis; the incidence of this is approximately 18% based on autopsy 
findings [56, 57]. The largest study reported by Lin et al. [10] investigated the sur-
vival of 53 HCC patients with peritoneal disease. The majority presented as a meta-
chronous peritoneal recurrence (81.1%). CRS was offered to a select group of 
patients (65.1%) either with or without combined repeat hepatectomy. Median sur-
vival of patients undergoing CRS was 12.5 months compared to 2.1 months with 
systemic chemotherapy alone. Tabrizian et al. [58] reported following CRS/HIPEC 
that the time to metachronous peritoneal recurrence was 23  months. The 3-year 
recurrence rate was 100%, and the median survival of the cohort that had a complete 
cytoreduction was 35.6  months (Table 4.4). CRS/HIPEC appears superior com-
pared to systemic chemotherapy alone in the treatment of peritoneal dissemination 
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of HCC.  Our experience also shows comparable results, and, although all our 
patients recurred within 6 months, we report a median survival of 36.4 months. PC 
reflects locoregional spread rather than systemic dissemination; it would therefore 
be warranted to further investigate the role of HIPEC in the treatment of peritoneal 
HCC.

4.6.5   Pancreatic Adenocarcinoma

Unfortunately, only 10–20% of patients diagnosed with pancreatic cancer are able 
to undergo potentially curative surgery [59]. Furthermore, long-term 5- or 10-year 
survival is rare, even after potentially curative complete resection, where disease 
recurrence has been documented in the local and regional area (50%), on peritoneal 
surfaces (40–60%) and within the liver as hepatic metastases (50–60%) [60]. The 
results of adjuvant treatment either with chemotherapy or with radiotherapy have 
been contradictory, and the incidence of local-regional recurrence remains high 
[61]. It has been shown both from laboratory and clinical studies that the intraperi-
toneal use of gemcitabine may effectively target local disease not only locoregion-
ally but also in the portal venous circulation [62]. Tentes et al. [61] reported on 21 
patients that underwent CRS/HIPEC with gemcitabine. The 5-year and median sur-
vival was 23% and 11 months, respectively. The recurrence rate was 50%, but no 
patient developed local-regional recurrence, which is quite remarkable. We report a 
median survival of 9.6 months. These limited results do suggest that patients with 
pancreatic cancer undergoing potentially curative resection in combination with 
gemcitabine HIPEC may be offered a survival benefit, and data suggested that local- 
regional recurrences may be greatly reduced by the application of HIPEC [61, 63].

4.6.6   Neuroendocrine Carcinomas

Neuroendocrine tumours (NET) are well-differentiated, hormonally active tumours. 
NET-derived peritoneal carcinomatosis arises mainly from gastrointestinal tumours 
and usually represents only a small part of the tumour load. NETs are associated 
with other sites of distant metastases, notably liver metastases. In addition, in 
60–70% of patients, the resection or ablation of multiple liver metastases is required. 
The incidence of PC from NET is approximately 17% [64, 65]. Our limited data 
shows that all three of our patients were alive at 1 year; however, one died shortly 
after from an unrelated illness. Elias et al. [8] reported in 50 patients that underwent 
complete resection with CRS ± HIPEC and showed an overall survival at 5 and 10 
years of 69% and 52%, respectively, and disease-free survival at 5 and 10 years of 
17% and 6%, respectively. At 5 years, PC and liver metastases recurred in 47% and 
in 66% of cases, respectively. Overall survival was not significant between patients 
treated with or without HIPEC; however, disease-free survival was greater in the 
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HIPEC group (p = 0.018), which was attributed to lower systemic disease (Table 
4.4). Despite limitations of this study and limited literature available, these results 
suggest that CRS may be feasible. The benefit of HIPEC in addition to CRS is, 
however, unclear. HIPEC offers the theoretic advantage of eradicating residual dis-
ease after CRS, although Elias reported no observed difference between the HIPEC 
and non-HIPEC group in terms of survival, the incidence of liver recurrences and 
the incidence of peritoneal recurrences [66]. The use of HIPEC should therefore be 
at the discretion of the multidisciplinary team.

4.6.7   Biliary Carcinomas

Gallbladder cancer is the most common malignant tumour of the biliary tract world-
wide [66]. It is also the most aggressive cancer of the biliary tract with the shortest 
median survival from the time of diagnosis [67]. This poor prognosis is due, in part, 
to an aggressive biologic behaviour and a lack of sensitive screening tests for early 
detection resulting in delayed diagnosis at advanced stage [68]. Intraperitoneal 
spread is common with ascites, omental nodules and peritoneal implants occurring 
in 24.6% of cases [66, 69, 70]. Surgical resection may provide cure; however, at 
initial presentation, only 10% of patients are candidates for surgery with a curative 
intent [67, 71]. Our patients had a poor disease-free survival of 3.9 months although 
did have a median survival of 12 months. A randomised trial compared systemic 
chemotherapy of gemcitabine plus oxaliplatin or 5-FU plus leucovorin versus best 
supportive care alone in 81 patients with unresectable gallbladder cancer and 
showed the median overall survival in best supportive care and 5-FU/leucovorin 
groups was 4.5 and 4.6 months, respectively, versus 9.5 months in gemcitabine plus 
oxaliplatin group [72]. A pooled analysis of 104 chemotherapy trials involving 
1,368 patients with biliary tract and gallbladder cancers showed superior response 
rate for gallbladder cancer compared with cholangiocarcinoma (36 versus 18%) but 
shorter overall survival for gallbladder cancer (7.2 versus 9.3 months) [73]. Patients 
with gallbladder cancer and cholangiocarcinoma with PC are not yet established as 
good candidates for CRS/HIPEC due to the very limited number of patients reported 
in literature as results tend to be reported as a heterogeneous cohort. Further studies 
are required to establish the potential benefit of CRS/HIPEC.

4.7  Conclusion

The finding of peritoneal dissemination from unusual primaries should not be a 
contraindication for CRS/HIPEC. The selection of patients suitable for this treat-
ment option is difficult. It is also difficult to draw conclusion on survival benefits 
provided by CRS/HIPEC due to the small number of patients in each group. Due to 
the rarity of these conditions, a randomised controlled trial comparing CRS/HIPEC 
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is not plausible. A larger cohort is necessary to become aware of outcomes follow-
ing CRS/HIPEC.  A multicentre review of each unusual primary is warranted to 
establish the benefit, or otherwise, of CRS ± HIPEC.
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Chapter 5
Management of Desmoplastic Small Round 
Cell Tumor

Andrea Hayes-Jordan

5.1  Introduction

DSRCT is a very newly described tumor, characterized in 1989 by Gerald and 
Rosai, who identified the EWS-WT1 translocation and fusion protein as pathogno-
monic. If this fusion protein cannot be identified in the tissue, the diagnosis of 
DSRCT cannot be made. DSRCT was a relatively unknown tumor that was consid-
ered by most clinicians to be an aggressive rare sarcoma that was lethal. Identifying 
the pathology and characteristic translocation was of key importance to developing 
any treatment strategies [1, 2]. Gerald and Rosai described not only the characteris-
tic translocation but also the histologic appearance. Nests of small round blue cells 
can be seen separated by desmoplastic stroma (Fig. 5.1). The translocation (11:22), 
(p13:q12) and the fusion protein of Ewing’s sarcoma (EWS) and Wilms’ tumor 
(WT-1), makes the diagnosis [1–3]. Confirming this translocation to make the diag-
nosis of DSRCT, by percutaneous or open biopsy, is necessary. The five survivals 
are estimated only at 15–30% [1–3]. If the EWS translocation is not identified, the 
diagnosis becomes challenging. One author describes the desmin reactivity and 
cytokeratin staining can be seen in either blastemal predominant Wilms’ tumor or 
DSRCT. Detection of an EWSR1-WT1 rearrangement and selective WT1 carboxy- 
terminus immunoreactivity (characteristic of DSRCT) or dual immunoreactivity for 
the WT1 amino-terminus and carboxy-terminus (characteristic of WT) remain the 
most discriminating diagnostic tools [4].
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5.2  Diagnosis and Staging

The age of presentation is typically 5–30 years, and 85–90% of the patients are 
male [5].

Large masses, in addition to visceral and parietal seeding of the peritoneum, are 
a typical presentation in DSRCT. Usually vague abdominal pain brings this to the 
attention of the patient and prompts imaging examinations. The dissemination of 
DSRCT throughout the abdominal cavity is characteristic. The reason a large tumor 
burden exists at diagnosis is few symptoms are present until the peritoneal surfaces 
are infiltrated with tumor and overwhelm the peritoneum, therefore impairing 
resorption of peritoneal fluid and causing ascites. Abdominal distension and dis-
comfort are the usual presenting symptoms. Patients can also have pain and consti-
pation. Because of the sarcomatosis seen, these patients are considered Stage 4 at 
diagnosis. It is rare for a patient to present with a single mass or one or two masses. 
This only occurs when the mass is found incidentally at the time of another opera-
tion or diagnostic radiologic exam for another entity.

Because of the frequent diffuse nature of the presentation of this disease, a new 
staging system is being considered, and now being used on a trial basis, by Hayes- 
Jordan and colleagues at MD Anderson Cancer Center. In this proposed staging sys-
tem, Stage 1 patients would have limited disease, localized to one or two sites in the 
abdomen or one site elsewhere. Stage 2 patients would have any amount of extensive 

a b c

Fig. 5.1 Low- (a-5 and b-20×) and high-power (c-40×) histologic sections of DSRCT from an 
omental biopsy. In figure (c), nests of small round blue cells (filled arrow) interdigitate between 
bands of fibrous stroma (line arrow)
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peritoneal disease; Stage 3, with liver metastasis and peritoneal disease; and Stage 4 
with peritoneal and liver disease and disease also outside of the abdominal cavity, 
including lymph nodes. This has not been validated and is under investigation.

5.3  Imaging Characteristics

On initial imaging, typically, CT (computed tomography) scans are done. MRI and 
ultrasound can also be helpful. On CT scan or MRI, usually multiple peritoneal 
implants can be seen, making the diagnosis of DSRCT highly suspicious. The most 
common site of initial organ metastasis is usually the liver. The lungs, pleura, and 
mediastinum are the next most common locations for metastasis. Lymph node 
enlargement in the groin and neck can also be seen. Therefore, PET (positron- 
emission tomography) scan imaging may be a helpful adjunct to evaluate distant 
metastasis at the time of staging [6].

The extent of disease seen on initial imaging includes many lesions in every portion 
of the peritoneal cavity. The most common areas are the omentum, right diaphragm, 
and pelvis (Fig. 5.2). The splenic hilum and various small bowel and colon mesenteric 
implants are also common. Retroperitoneal disease is very uncommon. In most cases, 
the disease seen on CT or MRI imaging underestimates the extent of the diseases. One 
to 2 mm metastasis and “sheets” of tumor in confluence are common intraoperative 
findings (Fig. 5.3). Metastatic disease outside of the abdominal cavity can be found in 
the mediastinum, pleura, supradiaphragmatic lymph nodes, lung, and bone.

a b

Fig. 5.2 Figure (a) shows a large omental mass in a newly diagnosed patient with DSRCT. Figure 
(b) shows a pelvic, paravesical mass, large and lobulated. Pelvic tumors are very typical of DSRCT 
sarcomatosis
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5.4  Chemotherapy

Since its description in 1989 by Gerald and Rosai at Memorial Sloan Kettering 
Cancer Center, multimodality chemotherapy has been used for DSRCT. Ewing’s 
type chemotherapy, aggressive surgery, tumor debulking, total abdominal radiation 
therapy, and high-dose chemotherapy followed by autologous stem cell rescue have 
all been used in the treatment of DSRCT, with little improvement in survival. 
Durable remissions remain rare [7]. Control of DSRCT with chemotherapy is most 
effective in children, with Ewing’s type chemotherapy. Ewing’s type chemotherapy 
is the standard because efficacy with this regimen has been demonstrated by Kushner 
et al. [7]. This chemotherapy is based on alkylating agents cyclophosphamide or 
ifosfamide along with vincristine and doxorubicin alternating with ifosfamide and 
etoposide. This regimen was shown to have a favorable outcome in a multidisci-
plinary approach in 12 DSRCT patients [7]. This chemotherapy regimen was used 
in combination with aggressive surgical complete excision and postoperative whole 
abdominal radiation, providing improved survival. With a median follow-up of 
22 months, the median disease-free survival was 19 months. The regimen can be 
quite toxic, and frequent admissions for fever and myelosuppression can be 
expected. An alternative more tolerable outpatient regimen has been utilized [8]. 
This includes neoadjuvant vincristine, ifosfamide, dexrazoxane/doxorubicin, and 

a b

c

Fig. 5.3 A “sheet” of sarcomatosis from DSRCT in the right diaphragm peritoneum. Figure (a, b) 
show the intraoperative dissection of the right diaphragm peritoneum. The final result (c) is one 
“sheet” of tumor without any diaphragm muscle removed
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etoposide. This is followed be aggressive surgical excision and removal of all gross 
disease, including 1–2  mm peritoneal implants. This was followed by adjuvant 
radiotherapy (30 Gy whole abdomen) and irinotecan and Temodar for a total of 12 
cycles. This regimen yielded a disease-free interval of approximately 2 years. The 
irinotecan and Temodar therapy provided an excellent quality of life with regular 
school attendance and participation in plan activities. This regimen may be used 
after surgery and radiotherapy [8].

5.5  Surgical Therapy

As mentioned, abdominal sarcomatosis is a common finding with tumor implants 
ranging from 1 mm to 40 cm or more. The extent of disease seen on initial imaging 
includes many lesions in every portion of the peritoneal cavity. Typically, omental 
disease is found in most patients in addition to peritoneal studding on the diaphragm, 
spleen, Morison’s pouch, abdominal wall peritoneum, small bowel mesentery, and 
almost certainly in the pelvis. Peritonectomies are required in these locations for 
effective complete gross resection and cytoreduction. In most cases, the disease 
seen on CT or MRI imaging underestimates the extent of the diseases. One to 2 mm 
metastasis and “sheets” of tumor in confluence are common intraoperative 
findings.

Because this is usually a very chemo-responsive tumor, the feasibility of surgi-
cal resection should not be assessed until a plateau of response from chemother-
apy has been reached. This is usually achieved after 4–6 months of neoadjuvant 
chemotherapy. The partial response to neoadjuvant chemotherapy in DSRCT is an 
important component to complete surgical resection. In a report of the impact of 
complete surgical resection of DSRCT, LaQuaglia and colleagues found a 3-year 
overall survival of 58% with complete resection and 0% when resection was not 
done, and the patients were treated with chemotherapy and radiotherapy alone [5].

In this setting, even after surgical resection of gross, visible disease, and cytore-
duction, microscopic residual can be expected. Hence, a regional approach to local 
control such as hyperthermic intraperitoneal chemotherapy (HIPEC) could be an 
effective strategy for DSRCT. HIPEC is a potential adjunct to complete surgical 
resection of DSRCT.  Figure 5.4. shows a schemata of a typical HIPEC setup, 
 including the infusion of heated chemotherapy (41.5  °C) which occurs over a 
90-min period in the operating room after complete cytoreduction (Fig. 5.4).

Complete surgical resection, including cytoreduction and hyperthermic intra-
peritoneal chemotherapy (HIPEC) for carcinomatosis, is standard therapy for 
appendical carcinoma and pseudomyxoma peritonei, among others [9–16]. 
Complete cytoreduction and HIPEC have been found to improve survival in many 
studies of carcinomatosis [14, 18–20]. Intraperitoneal therapy is currently the rec-
ommended approach in carcinomatosis of ovarian and mesothelioma origin [2, 
17–23]. In the context of a prospective randomized trial, gastric cancer patients with 
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carcinomatosis underwent cytoreduction accompanied by normothermic or hyper-
thermic mitomycin C. The overall 5-year survival of surgery alone, normothermic, 
or hyperthermic perfusion was 42%, 43%, and 61%, respectively [2]. In ovarian 
carcinoma, significantly superior survival has been found in the intraperitoneal che-
motherapy group compared to intravenous cisplatin and paclitaxel in a national pro-
spective randomized trial [23].

This same principle was applied in the initial study of HIPEC in DSRCT. In the 
past, when evaluating a patient with DSRCT, surgeons were reluctant to offer surgi-
cal resection in the “face” of enormous disease burden in the abdomen and no 
known hope for disease control or cure. As in carcinomatosis, for sarcomatosis, 
HIPEC can provide control of microscopic disease in DSRCT after resection of 
100% of gross disease. A phase 1 clinical trial of HIPEC in pediatric patients was 
completed. This trial demonstrated safety of HIPEC in children using cisplatin. The 
maximum tolerated dose (MTD) was 100  mg/m2 with the dose-limiting toxicity 
(DLT) being grade 3 renal failure [24]. The addition of HIPEC has been used in 
DSRCT for effective local control. In a cohort of 26 DSRCT patients, who under-
went surgical resection and HIPEC after neoadjuvant chemotherapy, the complete-
ness of cytoreduction determined outcome. Median survival of only 26 months was 
reached when incomplete resection was accompanied by HIPEC compared to 
63 months, with complete resection [25].

Drugs

Heat
exchanger

Water heater
Roller
pump

Cardiotomy
reservoir

Thermistor

Monitor

a b

Fig. 5.4 (a) A representation of the HIPEC technique with a simple pump that pumps the heated 
chemotherapy into the abdominal cavity and recirculates, in a closed technique, over 90 min in the 
operating room, using cisplatin for chemotherapy in the case of DSRCT. (b) The closed abdomen 
of a patient after cytoreduction, ready to begin HIPEC. Temperature probes can be seen exiting 
from the midline skin closure that will be attached to a computer to provide a constant monitoring 
of the intra-abdominal temperature. Black arrow denotes inflow catheter, green arrow is outflow 
port, and blue arrow is the umbilicus of a supine patient
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Recently, results from a phase 2 study of HIPEC in 20 pediatric sarcoma patients, 
including DSRCT, revealed superior survival results for patients with DSRCT com-
pared to other sarcoma histologies. One-year survival for DSRCT patients was 
93%, compared to 67% for other histologies (p = 0.0073). DSRCT patients had an 
80% 30-month overall survival compared to children with other sarcoma histologies 
whom all succumbed by 15 months post-HIPEC [26]. There were no perioperative 
mortalities and no reoperations (“take backs”). Transient leukopenia or thrombocy-
topenia was seen in 15% of patients. Thirty-five percent of patients experienced 
serious complications including wound infections requiring drainage, urinary tract 
infections, and enterocutaneous fistula (in patients treated with abdominal radiation 
prior to HIPEC). (Operating time averages about 12 h.)

The technique of cytoreduction, decision for cytoreduction and HIPEC in 
DSRCT, is different from that done for adults with carcinomatosis. DSRCT is 
much more nodular and much less infiltrative than carcinoma, particularly in the 
area of the small bowel mesentery and pelvis. Dissection of tumors from the jeju-
nal and ileal mesentery peritoneum is most often possible and can be complete 
without small bowel resection. Also, what can appear to be pelvic tumor-encasing 
ureters can be dissected free of the ureter, bladder, and rectum in most circum-
stances (Fig. 5.5). This is usually not the case in carcinomas [27].

In summary, DSRCT is a unique type of sarcoma for which improvements in 
treatment strategies are being made that have resulted in longer survival. 
Chemotherapy treatment should be offered despite what may be extensive disease 
on imaging, since aggressive surgery to completely extirpate the disease is possible, 
if there is a response to chemotherapy.

a b

Fig. 5.5 (a) Pelvic peritonectomy in an 11-year-old male. (b) Appearance of pelvis after perito-
nectomy, demonstrating bladder, ureters, and vas deferens spared down to the seminal vesicles
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Chapter 6
Peritoneal Metastasis of Retroperitoneal 
Tumors

Andreas Brandl, Christina Barbara Schäfer, and Beate Rau

6.1  Introduction

Peritoneal metastases of retroperitoneal tumors are in general rare. Peritoneal metas-
tases can arise as synchronous peritoneal seeding of the primary tumor, e.g., colorec-
tal carcinoma or pancreas carcinoma or as a tumor recurrence after surgery affecting 
the peritoneum, e.g., liposarcoma or leiomyosarcoma. The mechanisms for the devel-
opment of peritoneal metastases are not completely understood. Cell shedding from 
the primary tumor is thought to be responsible for these peritoneal deposits, which 
may occur spontaneously or as a result of spillage during surgical procedures.

Retroperitoneal tumors can be divided in primary retroperitoneal neoplasms and 
primary tumors of retroperitoneal organs.

6.2  Primary Retroperitoneal Neoplasms

Primary retroperitoneal neoplasms are an extremely rare group of tumors. Due to 
their location and relatively unhindered growth where symptoms develop late, the 
size at presentation tends to be extremely large (average size 11–20 cm).

The retroperitoneum in the abdomen is the space between the posterior parietal 
peritoneum anteriorly and the transversalis fascia posteriorly. It extends from the 
diaphragm superiorly to continue into the extraperitoneal space in the pelvis inferi-
orly. The retroperitoneum is loosely divided into the anterior and posterior  pararenal, 
perirenal, and great vessel spaces. The anterior pararenal space is bordered between 

A. Brandl • C.B. Schäfer • B. Rau, MD, PhD (*) 
Department of General, Visceral and Transplantation Surgery and Department of General, 
Visceral, Vascular and Thoracic Surgery, Campus Virchow and Mitte, Charité, 
Universitätsmedizin Berlin, Charitéplatz 1, 10117, Berlin, Germany
e-mail: Beate.Rau@charite.de

mailto:Beate.Rau@charite.de


72

the posterior parietal peritoneum anteriorly, the anterior renal or Gerota fascia pos-
teriorly, and laterally by the lateroconal fascia. This space includes the pancreatico-
duodenal space and the pericolonic space. The posterior pararenal space lies 
between the posterior renal fascia and the transversalis fascia, whereas the perirenal 
space is located between the anterior and the posterior renal fascia. The great vessel 
space surrounds the aorta and the inferior vena cava and is anterior to the vertebral 
bodies and psoas muscles. The anterior and posterior pararenal spaces merge infe-
rior to the level of the kidneys, which communicates inferiorly with the prevesical 
space and extraperitoneal compartments of the pelvis [1].

Primary retroperitoneal neoplasms are a rare but an important group of neo-
plasms. They account for only 0.1–0.2% of all malignancies and arise outside the 
retroperitoneal organs [2]. Most primary retroperitoneal neoplasms develop from 
the mesodermal system. Liposarcoma, leiomyosarcoma, and malignant fibrous his-
tiocytoma are responsible for more than 80% of primary retroperitoneal sarcomas. 
The remaining primary retroperitoneal masses arise predominantly from the ner-
vous system [1].

Owing to the loose connective tissue of the retroperitoneum, these masses tend 
to be large (11–20 cm) at the time of presentation [1]. They can be identified inci-
dentally or may present clinically with a palpable abdominal or pelvic mass. Cross- 
sectional imaging has revolutionized the investigation of patients with retroperitoneal 
neoplasms. Both CT and MRI scan play an integral role in the characterization of 
these masses and in evaluation of their extent and involvement of adjacent structures 
and therefore in treatment planning.

6.3  Primary Tumors of Retroperitoneal Organs

The classification of retroperitoneal organs divides primary and secondary retro-
peritoneal organs due to the embryonic development. The characteristic between 
them is that secondary retroperitoneal organs lost their mesentery during develop-
ment, while the primary retroperitoneal organs never had a mesentery.

Major primary retroperitoneal organs are:

• Kidneys
• Adrenal glands
• Ureters
• Aorta
• Inferior vena cava
• Lower rectum

Major secondary retroperitoneal organs are:

• Duodenum (descending and horizontal part)
• Pancreas (head, neck, and body)
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• Ascending colon
• Descending colon
• Upper rectum

Most of the tumors of retroperitoneal organs are diagnosed by CT or MRI scan 
or by endoscopy.

6.4  Peritoneal Metastases and Treatment

6.4.1   Primary Retroperitoneal Tumors

Peritoneal metastases of primary retroperitoneal tumors are rare, and most of them 
occur as implant metastases described as local recurrence after surgical 
procedures.

6.4.1.1  Liposarcoma

Soft tissue sarcomas are rare mesenchymal tumors, accounting for 1% of all adult 
solid malignancies. Up to 30% of soft tissue sarcomas arise in the abdominopelvic 
cavity or the retroperitoneum. Retroperitoneal and both gastrointestinal and gyne-
cological visceral sarcoma are associated with high rates of local–regional relapse 
after surgical resection, due to anatomical and biological features. Peritoneal sarco-
matosis refers to a condition in which the intraabdominal soft tissue sarcoma spread 
is the dominant clinical picture. It may occur at first presentation or more often at 
the final stage of disease progression, especially when the primary tumor has been 
ruptured spontaneously or surgically [3, 4].

Peritoneal sarcomatosis has traditionally been viewed as a terminal disease with 
a median survival of less than 1  year, with surgery only reserved for associated 
complications such as intestinal obstruction and ureteral obstruction [4–6]. Bilimoria 
et al. found the median survival of patients with sarcomatosis treated with palliative 
surgery and/or chemotherapy to be 13 months with the only negative prognostic 
factor being tumor volume [4]. This result is in line with other published reports 
describing the experience with palliation that have found the median survival to 
range from 7 to 15 months [5, 6].

The addition of intraperitoneal chemotherapy to cytoreductive surgery (CRS) 
has not been shown to improve on the results achieved with CRS alone and is there-
fore currently not recommended in the treatment of sarcomatosis except in well- 
selected patients with low tumor burden after complete cytoreduction and as part of 
an experimental protocol preferably in centers with expertise in peritonectomy pro-
cedures using hyperthermic intraperitoneal chemotherapy (HIPEC) as the intraperi-
toneal chemotherapy modality [7].

6 Peritoneal Metastasis of Retroperitoneal Tumors
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6.4.1.2  Leiomyosarcoma

It is an uncommon malignant neoplasm of smooth muscle origin that tends to arise 
in the retroperitoneum, peripheral soft tissues, genitourinary tract, gastrointestinal 
tract, and large vessels and rarely in bones [8]. About 20–67% of cases of leiomyo-
sarcoma develop in the retroperitoneum. Complete surgical resection with wide 
margins reduces the rate of local recurrence; however, in retroperitoneum, it is dif-
ficult to procure wide margins all the way around the tumor due to the major vessels 
and other important structures [8]. Even when complete excision is believed to have 
been accomplished, local recurrence rates are as high as 40–77% [9]. 
Leiomyosarcomas have propensity for hematogenous spread and infrequently 
metastasize to lymph nodes. Distant metastases are present at the time of diagnosis 
in approximately 40% of cases, and most patients who survive the primary tumor 
will eventually develop metastases [9]. The liver and lungs are the most common 
sites of metastasis in patients with leiomyosarcoma [8, 10]. Other manifestations of 
tumor spread include mesenteric or omental metastases, retroperitoneal lymphade-
nopathy, soft tissue metastases, bone metastases, splenic metastases, and ascites.

Among leiomyosarcomas of all sites, the retroperitoneal leiomyosarcomas have 
the worst prognosis, and about 80–87% of these patients die within 5 years [9]. Cure 
of the primary tumor is difficult because of late presentation, origin within deep tis-
sue, inability to achieve wide surgical margins, and relative insensitivity to chemo-
therapy and radiotherapy [8, 9]. Single or few metastatic lesions have been surgically 
treated in various reports [11, 12].

There is no data about the effect of CRS and HIPEC in patients suffering from 
leiomyosarcoma.

6.4.1.3  Malignant Fibrous Histiocytoma

Malignant fibrous histiocytoma is a typically large deep-seated tumor showing pro-
gressive, often rapid enlargement. In addition, this tumor has high propensity for 
metastasis to other organs, such as the lung, bone, and liver.

The treatment of malignant fibrous histiocytoma remains uncertain. Radical 
excision and postoperative radiotherapy are thought to control local recurrence but 
are limited to localized tumor [13]. When distant metastasis is seen, surgical resec-
tion with curative intention is only possible for patients with limited pulmonary 
metastases who are also undergoing or have undergone complete resection of the 
primary tumor [14]. Actually, however, surgical resections of metastatic tumors 
may improve quality of life and manage complications related to metastasis although 
they did not prove the survival benefit.

Peritoneal metastases from malignant fibrous histiocytoma are described in a 
case report, which reflects that this is an extremely rare metastatic site from a rare 
tumor [15]. Treatment options in these patients have to be assessed on an individual 
base. Due to the fact of only one published case, CRS and HIPEC have not been 
described as therapeutic options for this indication.
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6.4.2   Primary Tumors of Retroperitoneal Organs

6.4.2.1  Kidney

Renal cell carcinoma spreads predominantly by direct extension, lymphatic dis-
semination, or venous invasion. Intraperitoneal metastatic spread of RCC involving 
mesentery and omentum is very uncommon.

To our knowledge, there are four case reports compiling six cases of peritoneal 
metastases of renal cell cancer [16–19].

The CT findings in three cases included extensive ascites, widespread omental 
infiltration, and peritoneal implants, as well as retroperitoneal metastases [17].

Besides the aggressive RCC subtypes with adverse histopathological features 
(sarcomatoid differentiation, presence of tumor necrosis, microvascular invasion 
and high grade), which can present with diffuse peritoneal metastases involving the 
omentum, also early stages of renal cell carcinoma are able to develop omental 
metastases after surgery [19].

The treatment of metastatic renal cancer is still controversial since large series of 
metastasectomies are reported in the literature, but little is known about the manage-
ment of metastasis in atypical sites, like the peritoneum.

Surgical resection remains a critical mode of achieving control of long-term dis-
ease in metastatic RCC patients.

6.4.2.2  Adrenal Glands

Adrenocortical carcinoma is an aggressive but rare malignancy with an incidence of 
0.5–2 cases per million per year [20–23]. Five-year survival rates vary from 16 to 40% 
and are largely dependent on the adrenocortical carcinoma stage at diagnosis [24].

Complete R0 resection of adrenocortical carcinoma is currently the keystone and 
only curative treatment modality for patients with this type of tumor. Unfortunately, 
ACC is a highly malignant tumor, with up to 70–85% of patients experiencing 
recurrence after surgical resection [25–28].

In a large national retrospective study, the best predictors of prolonged survival 
after first recurrence were time to first recurrence over 12 months and R0 resection. 
These data suggest that radical reoperation should be offered to patients with 
delayed recurrence [29]. In recurrent cases, a median survival of 179  days for 
patients who had no therapy, 226 days for patients managed without surgery, and 
1,272 days for those who had debulking surgery were demonstrated [30]. Based on 
these data, patients with recurrent ACC may benefit from operative intervention, 
with improvement in survival and symptoms.

Mitotane monotherapy is indicated in the management of patients with metastatic 
disease with a low tumor burden or more indolent disease, whereas patients with 
aggressive disease need cytotoxic chemotherapy like mitotane plus either a combi-
nation of etoposide, doxorubicin, and cisplatin (EDP) every 4 weeks or streptozocin 
every 3 weeks [31]. This therapy is now the established first-line cytotoxic therapy.
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6.4.2.3  Ureter

Peritoneal metastases from urothelial carcinoma of the ureter are rarely described. 
A recent study reported in 5 of 117 patients with upper urinary tract urothelial car-
cinoma initially treated with laparoscopic radical nephroureterectomy of peritoneal 
implants as atypic distant metastases [32].

Nevertheless, there is no data or recommendations about evidence-based, stan-
dardized treatment for these patients.

6.4.2.4  Aorta

Rhabdomyosarcomas of the large arteries are more common in the heart and aortic 
arch compared to the abdominal aorta.

To our knowledge, there is only one published case report about a rhabdomyo-
sarcoma of the abdominal aorta. The authors report an 11-year-old boy with retro-
peritoneal alveolar rhabdomyosarcoma at the aortoiliacal bifurcation. There is no 
data about peritoneal metastases of this disease so far.

6.4.2.5  Inferior Vena Cava

Primary leiomyosarcoma of the inferior vena cava is a rare neoplasia of the smooth 
muscle of the vein wall that accounts for approximately 0.5% of soft tissue sarco-
mas, with fewer than 390 cases reported in the literature [33, 34]. Surgery is the 
cornerstone of treatment for these tumors, but most inferior vena cava sarcomas 
recur even after complete resection and are associated with low disease-free sur-
vival rates [33, 35–37]. Nevertheless, good overall survival rates have previously 
been reported in patients treated in tertiary referral centers [33, 38].

Few publications discuss the management of recurrent inferior vena cava leio-
myosarcoma. As a result, a standardized approach has not been established. 
Currently, surgery is the only option offered for recurrent disease if associated with 
minimal morbidity, even for isolated metastatic disease. The most commonly per-
formed procedure is local excision for retroperitoneal recurrence and metastasec-
tomy in case of lung recurrence [37, 39–44]. Adjuvant chemotherapy based on 
doxorubicin or a combination of doxorubicin and ifosfamide may extend the time to 
recurrence and increase overall survival in sarcoma patients [45, 46].

6.4.2.6  Rectum: Ascending Colon, Descending Colon

It is estimated that up to 10% of patients with colon cancer and up to 5% of patients 
with rectal cancer eventually develop peritoneal metastases [47, 48]. Cytoreductive 
surgery (CRS) followed by hyperthermic intraperitoneal chemotherapy (HIPEC) 
has resulted in promising survival rates with acceptable treatment-related morbidity 
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and mortality [49, 50]. Many retrospective studies showed median overall survival 
rates >36 months and 5-year survival rates between 30 and 40%. Therefore, CRS 
and HIPEC are currently considered to be the standard of care in selected patients 
with colorectal peritoneal metastases in several countries [51]. The surgical treat-
ment goal is complete cytoreduction in these patients. To achieve this goal, common 
selection criteria in many centers are the extent of peritoneal metastases which is 
evaluated with the peritoneal cancer index (PCI). This index was first introduced by 
Paul Sugarbaker in 1996 and ranges from 0 to 39. The score assesses the extent of 
disease by classifying the tumor size and the involvement of the parietal peritoneum 
and the small bowel.

6.4.2.7  Duodenum (Descending and Horizontal Part)

Primary duodenal tumors are generally rare diseases. The most common are the 
adenocarcinoma and the gastrointestinal stromal tumor (GIST) of the duodenum. 
GIST are mesenchymal tumors of the gastrointestinal tract. Duodenal GIST are 
1–4% of all gastrointestinal stromal tumors [52]. Complete surgical resection 
remains the best option in the treatment of GISTs, although imatinib mesylate, a 
tyrosine kinase inhibitor, may be effective in c-kit-positive tumors [53, 54]. About 
40% of patients with primary GISTs who undergo complete resection are reported 
to have recurrent disease, most recurrences being local or liver metastases with a 
median follow-up of 24 months [55, 56]. For duodenal GISTs, the recurrence-free 
survival rate at 1–3 years of follow-up following resection has been reported to be 
100%, 86.7%, and 95.2%, respectively [53, 56, 57]. A good prognosis is particularly 
seen in those who have undergone complete resection of the tumor. However, in a 
series from the pre-imatinib era, Miettenen et al., while reporting on the outcome in 
156 patients who had surgery for duodenal GISTs, noted local recurrence, metasta-
sis, or both in 35% of their patients [55].

Data about peritoneal metastases or peritoneal implants are missing. Farma et al. 
(2005) reported in a single center study that two patients with adenocarcinoma of 
the duodenum in a series of foregut malignancies with peritoneal metastases were 
treated with optimal cytoreduction and HIPEC with cisplatin for 90  min. The 
median progression-free survival of the study group was 8 months (mean, 10 months; 
range, 1–47 months) with a median overall survival of 8 months (mean, 18 months; 
range, 1–74 months). They concluded that peritoneal perfusion with cisplatin used 
to treat foregut malignancies has a high incidence of complications and does not 
significantly alter the natural history of the disease [58].

6.4.2.8  Pancreas (Head, Neck, and Body)

Most patients with pancreatic cancer present with distant metastasis at diagnosis. 
Peritoneal carcinomatosis, which is one of the most frequently encountered modes 
of metastasis, can cause several burdensome manifestations such as massive ascites, 
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intestinal obstruction, and hydronephrosis [59]. Therefore, peritoneal carcinomato-
sis has been regarded as a far advanced disease amenable only to palliation of symp-
toms because it severely impairs the quality of life of patients.

Recently, several studies reported the advancement in intervention for gastroin-
testinal obstruction caused by peritoneal carcinomatosis [60–62]. These palliative 
procedures enable to maintain performance status well and therefore promote the 
use of aggressive therapy even in patients with peritoneal carcinomatous [63]. As a 
result, multidisciplinary treatment can be a choice of treatment in patients with sev-
eral types of cancer with peritoneal carcinomatosis.

A population-based study of 2,924 pancreatic cancer patients showed that syn-
chronous peritoneal carcinomatosis was observed in 9% of all patients, and an 
autopsy study reported that 22% of patients who died from pancreatic cancer had 
developed peritoneal carcinomatosis [64, 65].

One possible option for improving the management of peritoneal carcinomatosis 
might be intraperitoneal chemotherapy. It has been developed to enhance antitumor 
activity against peritoneal metastasis by maintaining a high concentration of the 
administered drug in the peritoneal cavity over a long period while sparing systemic 
host tissues from drug toxicity. Currently, a Japanese clinical trial comparing sys-
temic with intraperitoneal chemotherapy is ongoing for refractory pancreatic cancer 
with malignant ascites [66].

Schneitler et al. published a case report of one patient with peritoneal carcinoma-
tosis and liver metastases of the pancreas cancer treated with FOLFIRINOX (con-
sisting of 5-FU/folinic acid, irinotecan, and oxaliplatin) followed by CRS and 
HIPEC [67]. The follow-up of 11 months after operation proved complete onco-
logic remission. This therapeutic regimen might only be chosen in selected patients, 
while the majority of patients with peritoneal metastases of pancreatic cancer are 
treated with palliative chemotherapy either with FOLFIRINOX or gemcitabine 
monotherapy. FOLFIRONOX was reported to achieve an average life extension of 
11.1 months compared to the extension of 6.8 months that was achieved using gem-
citabine monotherapy [68].

6.5  Conclusion

Peritoneal metastases of retroperitoneal tumors are in general rare. Cytoreductive 
surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) can be an 
option for selected patients with colorectal cancer. The therapeutic regimen of all 
other tumor origins has to be individually discussed while palliative therapy is most 
common.

Large international databases may help to deliver more evidence for prognosis 
and treatment options in these rare diseases.
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Chapter 7
Management of Peritoneal Metastasis 
from Uterine Sarcoma

Carlos A. Muñoz-Zuluaga, Arkadii Sipok, and Armando Sardi

7.1  Introduction

Uterine sarcomas (US) are a group of rare heterogeneous mesenchymal malignan-
cies arising from uterine stromal musculature or connective tissue [1]. US represent 
only 1% of all female genital malignancies and 3–9% of uterine tumors [2]. Over 
the past decade, the incidence of tumors from the uterine corpus has been rising, 
making up 60,050 (20%) of new cases of all female genital tract tumors reported in 
the United States in 2016 [3]. Risk factors are difficult to estimate, due to the rarity 
of the disease. However, it is generally accepted that race (African descent) [4, 5], 
chronic tamoxifen usage (>5 years) [6, 7], and inherited syndromes and conditions 
(hereditary leiomyomatosis, renal cell carcinoma, and retinoblastoma) increase the 
risk of developing US [8, 9].

Peritoneal sarcomatosis (PS) is a rare condition that presents as an aggressive 
tumor involving the peritoneum. This may develop after removing the uterus lapa-
roscopically, transabdominally, or vaginally for benign or malignant conditions and 
is characterized by vague, nonspecific symptoms often leading to a delay in diagno-
sis and, as a result, poor prognosis [10–12]. Treatment outcomes depend on tumor 
size, histopathological type, and stage [13]. Patients with PS from leiomyosarcoma 
(LMS) reportedly have an overall survival (OS) of only 27 months [14]. Survival 
from high-grade endometrial stromal sarcoma ranges between 17 and 53 months, 
while low-grade endometrial stromal sarcomas have significantly better survival at 
more than 80 months [14–16].

Patients with disseminated US who are treated with optimal cytoreductive sur-
gery alone have a median OS of 23–29 months, with a 5-year survival from 4% to 
37% [17, 18]. Treatment with systemic chemotherapy has a reported median overall 
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survival of 15–18  months when using gemcitabine plus docetaxel as first-line 
agents, with median progression-free survival of 4–6 months [19, 20].

To date, there is no standard of care treatment for peritoneal dissemination of 
US. Treatment generally involves cytoreductive surgery (CRS) with systemic che-
motherapy for palliation, resulting in relatively poor outcomes [21]. In an attempt to 
improve patient survival, while reducing intraperitoneal recurrences, CRS, com-
bined with hyperthermic intraperitoneal chemotherapy (HIPEC), has been used as a 
treatment modality and has demonstrated promising results with a 5-year survival of 
65% [11, 12, 22–24].

7.2  Histopathology

According to the 2014 World Health Organization (WHO) classification, uterine 
corpus tumors are classified into six categories: epithelial and precursors, mesen-
chymal, mixed epithelial and mesenchymal, miscellaneous, lymphoid, and second-
ary tumors [25]. US appear in the mesenchymal and mixed epithelial and 
mesenchymal groups since they arise from uterine musculature or connective tissue 
and are characterized by malignant behavior [1]. The main histopathological sub-
types are depicted in Fig. 7.1.

Carcinosarcoma (CS) remains classified as mixed epithelial and mesenchymal 
tumors in the updated WHO classification 4th edition; however, it is still regarded as 
a subset of endometrial carcinoma based on its pattern of spread and the fact that 
mutation profiles resemble endometrial serous and endometrioid carcinomas [26–
28]. Sarcomatous transdifferentiation of the underlying endometrial carcinoma has 
been hypothesized [29–31], and CS is now considered and treated as a high-grade 
epithelial tumor [32]. Therefore, CS should not be categorized as uterine sarcomas.

1) Mesenchymal tumors

Leiomyosarcoma
Low-grade endometrial stromal sarcoma
High-grade endometrial stromal sarcoma
Undifferentiated uterine sarcoma

Adenosarcoma
carcinosarcoma*

2) Mixed epithelial and mesenchymal tumors

3) Epithelial tumors and precursors

Tumors of the
uterine corpus

4) Miscellaneous tumors

5) Lymphoid tumors

6) Secondary tumors

Uterine sarcomas

Fig. 7.1 WHO classification of tumors of the uterine corpus and histopathological subtypes of 
uterine sarcomas (4th edition, 2014) [25] (*Carcinosarcoma is no longer considered a uterine sar-
coma. WHO World Health Organization)
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LMS is a malignant smooth-muscle tumor and is the most common type of US 
with an incidence of 63% [27, 33]. Epithelioid and myxoid LMS are two histo-
pathological variants that differ from the ordinary spindle cell leiomyosarcoma 
[25]. LMS has a poor prognosis even in tumors confined to the uterus with only a 
slightly better 5-year survival in myxoid LMS (73%), compared to ordinary LMS 
(49%) [27, 34]. LMS at stage II has a 5-year survival of 25%, with no patients alive 
at 5 years when tumor spreads outside the pelvis [34]. Recurrence rates are from 
53% to 71% [2, 35].

Endometrial stromal sarcomas (ESS) are the second most common mesen-
chymal tumor of the uterus (21%) and resemble the endometrial stroma in the 
proliferative phase [25, 33]. Currently, molecular studies have identified genetic 
signatures that support a subdivision of ESS into low- and high-grade entities, 
despite no typical histopathological features in this classification [36]. New evi-
dence support that JAZF1-SUZ12 (formerly JAZF1-JJAZ1) gene fusion caused 
by t(7;17)(p15;q21) translocation is present in low-grade ESS (LG-ESS) [15, 
37–39], while YWHAE- FAM22A/B translocation defines high-grade ESS 
(HG-ESS) [36]. Patients with LG-ESS and FIGO stages I and II have a 5-year 
survival rate greater than 90%, while patients with advanced stages of the dis-
ease have significantly lower rates between 40% and 50% [15, 40]. Recurrence 
in LG-ESS is common and greater in advanced stage disease. Patients with 
HG-ESS usually present with advanced stage disease, and progression is more 
common compared with LG-ESS. Mean OS is between 1 and 2 years [1]. At 
present, molecular analyses are not used in routine pathologic evaluation, but 
are helpful to classify difficult cases and are potential future therapeutic 
targets.

Undifferentiated uterine sarcoma (UUS) arises in the endometrium or myome-
trium with high-grade cytological features and no specific type of differentiation 
[25]. UUS lacks resemblance to the proliferative phase of endometrial stroma and 
exhibits a complex karyotype with no specific translocation [36]. It is a rare tumor, 
and the diagnosis is one of exclusions of the more commonly encountered differen-
tiated US, such as LMS and AS [36]. When patients are diagnosed with this aggres-
sive tumor, it is usually in the advanced stage (>60%) and has worse survival when 
compared with LG/HG-ESS. Five-year survival is <50%, and even patients with 
stage I tumors die within 2 years [25].

Adenosarcoma (AS) is a mixed tumor in which the epithelial component is 
benign or atypical and the stromal component is low-grade malignant [25].The stro-
mal component usually are low grade (approximately 90% of cases), but when at 
least 25% of the tumor corresponds with high grade, it is classified as an AS with 
sarcomatous overgrowth (ASSO). AS represents 5–10% of all US and ASSO is seen 
in 8–54% of AS [41, 42]. Recurrences are usually composed exclusively of mesen-
chymal elements and occur in 15–25% of AS or 45–70% of ASSO [1, 27]. Five-year 
survival for patients with AS in early-stage disease is 79% decreasing to 48% in 
patients with stage III disease. Mortality in patients with AS is 10–25% while in 
patients with ASSO can rise to 75%. Thus, patients with tumors exhibiting sarcoma-
tous overgrowth have the poorest outcomes [1].
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7.3  Clinical Presentation of Peritoneal Sarcomatosis

The mean age of presentation for US is 50  years, but it may arise at any age. 
Clinicians may encounter PS that has developed several years after hysterectomy or 
uterine surgeries for benign conditions. Frequently, retrospective reevaluation of 
pathology reports reveals sarcoma. Cases of PS after laparoscopic or robotic access 
with morcellation or slicing of uterine fibroids have been reported [10, 11, 43]. 
Considering the high risk of occult US in women over 50 years, caution should be 
used when minimally invasive surgery is performed [44]. Currently this treatment 
modality is under moratorium.

Patients usually experience symptoms that are nonspecific and that vary in inten-
sity secondary to pelvic involvement. As patients become symptomatic, it is due to 
either tumor invasion into the adjacent organs (urinary, rectal, or vascular symp-
toms) or mass effect in the peritoneal cavity, which is often described as early sati-
ety, bloating, or unintentional weight loss [21]. The problem of late diagnosis may 
be explained by the fact that the tumor has a lot of space to grow before any symp-
toms occur.

7.4  Management

In patients where a complete resection may be feasible, the first-line treatment for US 
is surgery, whether the disease is limited to the uterus or with metastatic spread [45].

7.4.1   Systemic Chemotherapy

Local recurrence or metastatic disease from US is a challenging condition to treat. 
There are a limited number of studies that evaluate the role of the different treat-
ment modalities available today; however, palliative surgery and systemic chemo-
therapy are the most commonly used treatment, which may also be the only 
treatment available for patients with locally advanced, recurrent, metastatic, or 
inoperable initial presentation of the tumor. The median OS of patients with 
advanced or metastatic US is less than a year, and the median PFS is only 4 months 
for patients treated with systemic chemotherapy and CRS [46]. In a phase III study, 
Reed et al. have shown that adjuvant chemotherapy in patients with LMS did not 
significantly improve OS [47].

The National Comprehensive Cancer Network (NCCN) guidelines recom-
mend either a single agent or a combination of two cytotoxic agents for systemic 
management of US based on the consensus of acceptable approaches to treatment 
by gynecologic and medical oncologists [32] (Table 7.1).

Historically, PS and advanced US with metastases have had very limited response 
to systemic chemotherapy. Patients who received anthracyclines and ifosfamide 
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(i.e., doxorubicin/ifosfamide) had a median survival of 1 year [48]. Gemcitabine 
with or without docetaxel has been used for palliative treatment. Demetri et al. dem-
onstrated the effectiveness of trabectedin in patients with advanced LMS, with 
median OS of 12 months in patients with metastatic LMS [49].

Pautier et al. showed significant improvement of PFS at 3 years (55%) in patients 
with LMS treated with doxorubicin/ifosfamide/cisplatin and subsequent radiother-
apy, although, this treatment had high toxicity rates [50]. Similar PFS (57%) with 
lesser toxicity was obtained in patients treated with docetaxel/gemcitabine followed 
by doxorubicin. This combination also has the highest response rate with median 
OS of 16 months as a first-line option in patients with metastatic US and 15 months 
as a second-line modality [20, 51, 52].

Different chemotherapeutic agents have been studied in order to find a mono-
therapeutic regimens or combinations of drugs for systemic chemotherapy in 
patients with advanced US. Complete response (CR) varied between 2% and 9% 
and partial response (PR) in the range of 13–44%. CR+PR have been found in 
10–53% patients with OS and PFS between 12–26 months and 4–7 months, respec-
tively (Table 7.2).

Eribulin, a microtubule binder which inhibits mitotic activity, shows better results 
than trabectedin as a single-agent modality in LMS patients with median OS of 
14 months, while dacarbazine has had a significantly lower median OS of 12, (p < 0.05) 
[57]. Trabectedin was not included by the NCCN, since it was only approved in 
October 2015 as therapy for LMS.

Hormonal treatment has been used in combination with chemotherapy and might 
be beneficial in some patients. US may express estrogen and progesterone receptors 
(ER/PR) and, therefore, a target for hormonal therapy with drugs such as medroxy-
progesterone acetate, megestrol, aromatase inhibitors, and gonadotropin-releasing 
hormone (GnRH) analogs [58]. Clinicians should bear in mind that the percentage 
of ER/PR positive tumors may vary among different histopathological types. It has 
been shown that among stromal sarcomas, 83% of LG-ESS express ER/PR, while 

Table 7.1 Systemic chemotherapy for 
uterine sarcoma

Single-agent options Combination regimens

Dacarbazine Docetaxel/gemcitabine
Docetaxel Doxorubicin/dacarbazine
Doxorubicin Doxorubicin/ifosfamide
Epirubicin Gemcitabine/dacarbazine
Eribulin Gemcitabine/vinorelbine
Gemcitabine
Ifosfamide
Liposomal 
doxorubicin
Pazopanib
Temozolomide
Trabectedin
Vinorelbine

Based on NCCN guidelines version 2. 2016
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only 10% of USS with nuclear uniformity express ER/PR [59]. ER/PR expression 
may be completely absent in USS with nuclear polymorphism, while LMS expres-
sion ranges between 30% and 80% [60, 61]. Patients with ER-negative sarcomas 
have demonstrated poor OS (median OS of 16  months) when compared to 
ER-positive sarcomas (median OS of 36 months), with ER positivity being an inde-
pendent predictor of improved OS [6, 58].

7.4.2   Radiotherapy

Various authors reported controversial results regarding radiotherapy in patients 
with US. Although radiotherapy has shown some efficacy in patients with uterine 
carcinosarcoma, there is no significant improvement of OS in patients after adjuvant 
radiotherapy in ESS, since tumor relapse of the tumor is predominantly distant [62]. 
In addition, LMS histopathological subtype does not respond well to this treatment 
modality [47]. Additionally, radiotherapy did not improve local or distant 

Table 7.2 Chemotherapy agents in metastatic uterine sarcoma with response rates and overall 
survival

Author Chemotherapy agent
No. for 
analysis CR PR

CR+PR 
rate (95% 
confidence 
interval)

Median 
OS time 
(mos)

Median 
PFS 
(mos)

Hensley 
et al. 
[19]

Gemcitabine/
docetaxel

34 9% 44% 53% 
(35–70)

17.9 5.6 
(4.3–
9.9)

Hensley 
et al. 
[20]

Gemcitabine/
docetaxel (1st line)

42 5% 31% 36% 16.1 
(4–41.3)

4.4 
(0.4–37)

Hensley 
et al. 
[51]

Gemcitabine/
docetaxel (2st line)

48 6% 21% 27% 14.7 
(0.8–
50.9)

6.7 
(0.7–27)

Omura 
et al. 
[53]

Doxorubicin 28 NR NR 25% 
(9–41)

12.1 NR

Look 
et al. 
[54]

Gemcitabine 42 2% 19% 21% 
(7–31)

NR NR

Sutton 
et al. 
[55]

Liposomal 
doxorubicin

32 3% 13% 16% NR NR

Monk 
et al. 
[56]

Trabectedin 20 NR 10% 10% 26.1 5.8

CR complete response, mos months, NR not reported, OS overall survival, PFS progression-free 
survival, PR partial response
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recurrence rates; however, local pelvic radiation and brachytherapy may be benefi-
cial in patients with cervical stromal involvement [63]. Meanwhile, Weitmann et al. 
have shown that radiotherapy in combination with surgical treatment may improve 
the OS (81% in 5 years) and provide local control in patients with ESS histopatho-
logical subtype of US [63].

While the overall role of radiotherapy is very limited, it may be useful in case of 
symptomatic recurrence or metastasis as a palliative treatment, when other treat-
ment modalities are not feasible or may not improve patient quality of life [63].

7.4.3   Palliative Surgery

US with PS has a wide variety of clinical presentations. As with most malignan-
cies, prognosis is better when detected early. Even with an aggressive surgical 
approach, including tumor debulking with negative margins and systemic chemo-
therapy, recurrence with locally advanced tumor may occur. These patients are the 
most difficult to manage, and often, the only treatment modality is a palliative 
approach [21].

The goal of palliative management is to alleviate symptoms, which in turn may 
improve the quality of life in suffering patients. Surgery is performed without cura-
tive intent; however, even palliative debulking of tumor may prolong life and 
improve quality of life. Additionally, surgery in incurable patients, may prevent 
development of bowel obstruction, respiratory difficulty, or ureteral and vena cava 
compression syndromes [21].

Patients with advanced, incurable malignancy should be considered candidates 
for palliative surgical treatment if resection, with or without radiation therapy, can 
be carried out with limited morbidity. Even partial resection of tumor with retroperi-
toneal extension can improve symptoms in up to 75% of patients [64].

7.4.4   CRS/HIPEC in Patients with PS from US

7.4.4.1  Introduction

Systemic chemotherapy, radiation therapy, and surgery have had minimal success in 
the management of patients with PS from US. Median OS using these modalities is 
between 15 and 29 months, supporting the necessity to develop new therapeutic 
approaches.

Patients with peritoneal disease from gastrointestinal or gynecological epithe-
lial cancers (peritoneal carcinomatosis) have demonstrated improved outcomes 
following cytoreductive surgery combined with hyperthermic intraperitoneal che-
motherapy [65–75]. The rational of this dual approach is based on the assumption 
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that surgery alone may not provide adequate local disease control; therefore, a 
complete cytoreduction, to remove all gross disease and reduce it to microscopic 
levels, coupled with delivery of hyperthermic intraperitoneal chemotherapy to 
eradicate microscopic tumor cells is required [76].

7.4.5   Previous Studies

The literature on CRS/HIPEC in patients with PS from US is limited. Several stud-
ies have evaluated this modality in patients with PS, but, due to the rarity of the 
disease, most studies consist of a combination of histopathological types. This 
tumor heterogeneity should be kept in mind, since tumor aggressiveness and bio-
logical behavior differ and will introduce bias when the overall outcomes are ana-
lyzed (Table 7.3).

One of the first studies that used CRS/HIPEC in patients with PS was carried out 
by Berthet et al. [77], who studied 43 patients with recurrent abdominopelvic sar-
coma from different origins between 1989 and 1996. The histological subtypes var-
ied with just four patients with tumors arising from the uterus. Intraperitoneal 
chemotherapy was performed in 30 patients with complete cytoreduction: 16 HIPEC 
with cisplatin/doxorubicin (n = 3) or cisplatin followed by early postoperative intra-
peritoneal chemotherapy (EPIC) with doxorubicin (n = 13) and 14 EPIC with cis-
platin/doxorubicin (n = 7) or doxorubicin (n = 7) alone. The remaining 13 patients 
were managed with cytoreductive surgery (n = 13) without any chemotherapy. The 
median survival was 20 months for all patients. Those with a complete cytoreduc-
tion plus intraperitoneal chemotherapy demonstrated an improved 5-year survival 
when compared to patients who received surgery alone (39% versus 0%, 
respectively).

Eilber et al. [78] published another prospective study in 54 patients with recur-
rent abdominal sarcoma enrolled between 1990 and 1997. Fourteen patients had 
primary US. Patients were divided by stage II (n = 35) or stage III (n = 19) accord-
ing to the presence of hepatic metastases at the time of presentation. All patients 
underwent CRS/EPIC with mitoxantrone (20  mg/m2). Forty-five patients (83%) 
recurred with a mean interval to recurrence of 11 months (median, 9 months, and 
range, 1–53  months). Peritoneal and liver recurrence rates were 48% and 69%, 
respectively. Overall 5-year survival was 31%, with the best results in the stage II 
group compared with the stage III group, 46% and 5%, respectively. Although the 
study did not describe how many patients with primary US were included in each 
group, they concluded that CRS/EPIC with mitoxantrone significantly lowered the 
rate of peritoneal recurrence and provides benefit for patients with disease limited 
to the peritoneum.

Between 1997 and 2002, Rossi et al. [23] conducted a multicenter prospective 
study in 60 patients with a diagnosis of advanced (multifocal primary or local recur-
rent disease), intra-abdominal visceral or retroperitoneal soft tissue sarcoma who 
underwent adequate cytoreductive surgery (tumor remnants <3  mm in greatest 
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dimensions) and HIPEC with doxorubicin (15.25 mg/L) and cisplatin (43 mg/L). 
Twelve of those patients (20%) had sarcomatosis arising from US, eight LMS and 
four ESS. The median overall survival and median time to local disease progression 
in all patients was 34 months and 22 months, respectively. No separate data for 
patients with PS from US was presented. There were no postoperative deaths and 
morbidity rate was 33%. They found that the extent of cytoreduction (no macro-
scopic evident tumor vs. tumor residuals <3 mm in greatest dimension) influences 
overall and local progression-free survival, supporting the pivotal role of surgery to 
control disease. It was also stated that the antineoplastic activity of HIPEC might be 
clouded by the intrinsic differences in the drug sensitivity of each tumor due to the 
heterogeneity of the histological types included. Their findings were encouraging, 
suggesting improved local control but with substantial toxicity and the need to fur-
ther explore this approach due to the absence of effective systemic agents.

Kusamura et  al. [22] reported the first homogeneous series of US treated by 
CRS/HIPEC. In their study, ten patients with primary (n = 2) or recurrent (n = 8) US 
treated with CRS/HIPEC were enrolled from 1997 to 2001. In nine cases complete 
cytoreduction (CC 0–1) was achieved, and HIPEC was performed with cisplatin/
doxorubicin (n = 8) or cisplatin/mitomycin-C (n = 2). No surgical complications, 
toxicity, or perioperative mortality occurred. Six patients recurred with a median 
PFS of 15 months after a median follow-up of 25 months (2–61 months). Five-year 
OS of 65% and 5-year PFS of 30% were encouraging, compared to historical con-
trols presenting with OS rates from 0% to 20% in advanced stages, suggesting that 
CRS/HIPEC might offer the best results in patients with PS from US. These find-
ings warrant further investigation.

Baratti et al. [13] performed a prospective database review of 37 patients who 
underwent CRS/HIPEC with cisplatin (45 ml/l) plus doxorubicin (15 mg/l) or cis-
platin (25  ml/m2/l) plus mitomycin-C (3.3  mg/m2/l) from 1996 to 2006 at the 
National Cancer Institute in Milan, Italy. Eleven patients (30%) had sarcomatosis 
arising from US; eight represented recurrences with 73% high-grade tumors. Thirty- 
one patients underwent a complete CRS (CC-0 and CC-1) of which ten had sarco-
matosis from US.  More than 20% of the patients presented with grade 3–4 
complications, and 1 surgical mortality was reported in a patient in the US group. In 
all patients, the median OS was 26 months (5-year OS of 24.3%) with seven patients 
demonstrating a survival over 40 months. The median locoregional progression-free 
survival (LRPFS) was 12 months, and the median distant progression-free survival 
(DPFS) was 80  months. Sarcomatosis from uterine LMS had the best median 
LRPFS and greater median OS rates (15 months and 30 months, respectively). Use 
of mitomycin-C and residual disease after CRS was correlated with low LRPFS and 
DPFS. Five of 11 patients with US were alive 4–10 years after CRS-HIPEC. This 
study highlighted the impact of a complete cytoreduction for patients with low- 
grade PS, with encouraging long-term results in patients with disseminated uterine 
LMS, which warrant further clinical investigations.

In 2016, Sugarbaker et  al. reported six patients with PS after morcellation of 
uterine LMS who underwent CRS/HIPEC with cisplatin (50 mg/m2)/doxorubicin 
(15  mg/m2) with the addition of continuous intravenous infusion of ifosfamide 
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(1300 mg/m2) during the 90 min HIPEC procedure. Patients then received EPIC 
with paclitaxel (20 mg/m2) on postoperative days 1 through 5. There was no associ-
ated mortality and grade III/IV complications occurred in two patients. Three 
patients recurred and one later died. They concluded that morcellation is currently 
under debate, and patients with risk of sarcomatosis after laparoscopic resection or 
morcellation should be referred for sarcomatosis prophylaxis using the therapy they 
described.

At our institution, a retrospective review of a prospective database of 647 patients 
who underwent CRS/HIPEC showed 7 patients with PS from US between 2001 and 
2014. Histopathological subtypes included LMS (n = 4), ASSO (n = 2), and ESS 
(n = 1). Complete cytoreduction was achieved in all patients and HIPEC was per-
formed with melphalan (50 mg/m2) in six patients with recurrent disease and with 
doxorubicin (7 mg/m2) plus cisplatin (50 mg/m2) in one patient with primary malig-
nancy. There were no grades III/IV complications or hospital mortality. Three 
patients recurred in the peritoneum and one patient in the liver. Two of three patients 
with recurrence died, and one underwent multiple procedures and is currently with-
out evidence of disease 28  months after the first CRS/HIPEC.  One patient with 
extraperitoneal metastatic disease underwent multiple procedures that included 
liver resection, wedge resection of lung, and a left ductal mastectomy. The patient 
has no evidence of disease 172 months after CRS/HIPEC and is 54 months out from 
resection of metastases. Five-year OS was 57% and 3-year PFS of 38% with a 
median PFS of 20 months. There are currently five patients with no evidence of 
disease with a median follow-up of 37 months (range 18–172 months). We found 
that among carefully selected patients, CRS/HIPEC can be safely performed in spe-
cialized centers and is a feasible treatment modality for PS from US, with complete 
cytoreduction, low morbidity, and promising survival.

A multi-institutional retrospective review is currently underway of patient data 
with PS from US treated with CRS/HIPEC to better understand the role of HIPEC 
in the management of this disease. Seven specialized centers around the world 
(Baltimore, MD USA; Washington DC, USA; Chicago, IL USA; Milan, Italy; 
Rome, Italy; Lyon, France and Osaka, Japan) are participating in the study. Thirty- 
six patients have undergone 38 CRS/HIPEC procedures from 2005 to 2014. 
Histopathology includes LMS, USS, LG-ESS, and AS in 17, 12, 3, and 3 patients, 
respectively. HIPEC was performed with cisplatin/doxorubicin (n = 22), cisplatin/
mitomycin (n = 2), melphalan (n = 10), mitomycin-C (n = 2), cisplatin (n = 1), and 
unknown in one case. Complete cytoreduction was achieved in 34 procedures 
(90%), and five patients (14%) experienced grade III–V complications. Two 
surgery- related deaths occurred on postoperative days 26 and 88. Fifty-six percent 
of patients with complete cytoreduction recurred: 16 in peritoneum, 8 chest, 3 ret-
roperitoneum, 2 liver, 1 bone, 1 vaginal stump, and 1 abdominal wall with 4 patients 
(11%) presenting with multiple sites of recurrence. Adjuvant chemotherapy was 
gemcitabine/docetaxel (n  =  5), doxorubicin/ifosfamide (n  =  5), and EPIC with 
paclitaxel (n = 5). OS at 1, 3, and 5 years was 75%, 53%, and 32%, respectively, 
with median OS of 37 months. PFS was calculated in 32 patients with complete 
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cytoreduction and sufficient available data. The 1-, 3-, and 5-year PFS was 67%, 
32%, and 32%, respectively, with median PFS of 19 months. CRS/HIPEC appears 
to be a promising treatment modality for patients with PS with a goal of complete 
cytoreduction similar across international centers. Unfortunately, there is a signifi-
cant discordance in selecting regional and systemic chemotherapy, and a global 
prospective registry of patients is needed to further assess the efficacy of CRS/
HIPEC.

7.4.6   Surgical Approach and Technical Considerations

The surgical approach of CRS/HIPEC has been well described by Sugarbaker [76] 
and others [79]. However, there are different characteristics in the presentation and 
the technical approaches needed for CRS/HIPEC in patients with PS from US when 
compared to peritoneal carcinomatosis from other malignancies.

 1. Rapid tumor growth may occur within the first few weeks or months following 
initial surgery and may result in patients presenting with large symptomatic 
masses and subsequently not being considered for surgery (Fig. 7.2).

 2. These tumors frequently have less involvement in the upper abdomen and are 
less infiltrative into the bowel; thus, extensive bowel resections are less 
common.

 3. The majority of these patients have had prior extensive and, often, multiple pel-
vic surgeries and wide-field radiation, therefore, making further resections dif-
ficult due to the degree of pelvic involvement. Consequently, surgery is complex 
due to peritoneal adhesions, tumor recurrence in scar tissue, and distortion of 
normal anatomy, resulting in prolonged surgical time. Furthermore, extensive 
pelvic peritonectomies with iliac vessel and ureter resections are common and 
the most challenging components of the surgery. These resections are generally 
not necessary in peritoneal carcinomatosis from other malignancies.

 4. The selection of intraperitoneal chemotherapy agents is a major consideration, 
especially in recurrent disease. Traditionally, cisplatin and doxorubicin have 
been used in the treatment of PS in patients undergoing CRS/HIPEC; however, 
sarcomas are generally considered chemoresistant tumors. Melphalan has been 
used for recurrent tumors of the gastrointestinal and gynecologic tracts with 
good results [80].

Melphalan has been described as a successful agent in the treatment of aggres-
sive chemoresistant neoplasms, such as soft tissue sarcomas and melanomas of 
the extremities [81, 82]. Alkylating agents such as melphalan, cyclophospha-
mide, and ifosfamide have the highest activation energy by hyperthermia [83, 
84], with melphalan having the greatest thermal cytotoxic enhancement and drug 
penetration into the tumor [85, 86]. Melphalan is also the primary drug of choice 
for primary PS at our institution, although no comparable studies are available.
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a

b

c

d

Fig. 7.2 Rapid tumor growth in a patient with peritoneal sarcomatosis from uterine leiomyosar-
coma. (a) Computed tomography (CT) scan 1 month after debulking of pelvic recurrence; no evi-
dence of disease. (b) Magnetic resonance imaging of the pelvis 2 months after the abovementioned 
debulking showing two pelvic masses (6 × 6 × 5 cm and 2 × 4 × 5 cm). (c) Abdominopelvic CT scan 
1 day before CRS/HIPEC and 3 months after debulking of recurrence showing rapidly growing 
tumors (15 × 11 × 14 cm and 3 × 11 × 9 cm). (d) CT scan 5 years after CRS/HIPEC showing no 
evidence of disease recurrence. CRS/HIPEC cytoreductive surgery and hyperthermic intraperito-
neal chemotherapy
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7.5  Conclusion

Peritoneal sarcomatosis from uterine sarcoma seems to have better outcomes with 
CRS/HIPEC when compared to peritoneal sarcomatosis of other origins.

Complete cytoreduction is the cornerstone in the management of these patients 
and the most important factor to improve overall and progression-free survival.

Hyperthermic intraperitoneal chemotherapy plays a role in the control of perito-
neal recurrence and provides benefit for patients with disease limited to the perito-
neum. This can be performed with acceptable morbidity and mortality when 
compared to historical controls.

The heterogeneity in histological types and intrinsic differences in the drug sen-
sitivity of each tumor are important variables when evaluating HIPEC. Further pro-
spective studies are needed.
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Chapter 8
The Role of Surgery and Tyrosine Kinase 
Inhibitors in the Management of Advanced 
or Recurrent GIST

Rebecca M. Dodson, Perry Shen, Edward A. Levine, 
and Konstantinos I. Votanopoulos

8.1  Introduction

Gastrointestinal stromal tumors (GISTs) are the most common gastrointestinal sar-
coma, accounting for 5% of all mesenchymal tumors and 1–3% of all gastrointesti-
nal tumors. The annual incidence is 10–13 per 1,000,000, with the majority arising 
in the stomach (50–60%) and small bowel (20–30%) and only a minority in the 
large bowel (5%) and esophagus (<5%) [1, 2]. GISTs arise from activating muta-
tions of tyrosine kinase receptors, most commonly by KIT (CD117) which is 
expressed in 95% of GISTs or platelet-derived growth factor receptor (PDGFR) 
which is mutated in 5–10% of GISTs. Yet, 10–15% have no known mutation in KIT 
or PDGRF and are wild type. The treatment of GISTs has dramatically changed 
since 2002 due to the FDA approval of imatinib/Gleevec, a tyrosine kinase inhibitor 
(TKI) of c-KIT. Imatinib has initial response rates of 75–80% [3].

For localized disease, complete resection is the primary treatment and only 
chance of cure [1, 4]. Although complete resection is possible in 85% of patients, 
40% recur within 18–24 months after complete resection [5–7]. Risk of recurrence 
is associated with increased mitotic rates (>5/50HPFs), tumor size, tumor perfora-
tion, and small bowel location [8]. Adjuvant imatinib is recommended for patients 
with high or intermediate risk.
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Metastatic disease occurs in 15–47% of patients and most commonly in the 
liver, peritoneum, and omentum and only rarely in lymph nodes. Extra-
abdominal  metastasis including the lungs or bone represents advanced disease. 
In advanced disease that is either unresectable or metastatic, imatinib has sig-
nificantly improved progression- free survival (PFS) and overall survival (OS). 
TKIs are the primary treatment of metastatic GISTs. Prior to imatinib, median 
survival was 10–20 months with a 5-year survival of less than 10%. Imatinib 
has allowed for median OS of 50–60 months and a 5-year OS of approximately 
50% [9].

8.2  Role of Surgery in Metastatic Disease

In selected patients with limited metastatic disease, resection of isolated peritoneal 
and liver metastasis has shown benefit [10–13]. The National Comprehensive 
Cancer Network (NCCN) recommends resection in cases of limited disease pro-
gression, locally advanced disease, or previously unresectable tumors following a 
favorable response to treatment. Optimal timing of resection has been disputed in 
the setting of metastatic disease. There are two strategies that have been recom-
mended. The first, proposed by Haller et al., is to treat with TKI and reserve for 
surgery until there are signs of resistance [14]. The second strategy employs surgery 
at least 6  months after the initiation of TKI therapy to maximize the period of 
responsiveness to TKI and prior to the appearance of resistant disease. This strategy 
has been employed by DeMatteo et  al. from Memorial Sloan Kettering [15]. A 
multi-institutional study between Duke, Pittsburg, and Johns Hopkins of 39 patients 
that underwent hepatectomy for metastatic GISTs also supports this approach. In 
this study, 59% received preoperative TKI, and median duration of imatinib was 
18 months. Patients who had >18 months of preoperative TKI had poorer DFS and 
OS [12]. Receipt of postoperative TKI therapy was associated with significantly 
improved survival.

Current literature supports resection of responsive disease after 6 months, but 
prior to 2 years. Waiting at least 6 months has been recommended to allow for 
maximal response, which typically occurs 6–9 months after initiation of imatinib, 
and to allow for determination of response to therapy. The response to TKI has 
significant prognostic value, as patients with disease progression on a TKI will 
have poor outcomes despite complete resection. At baseline, nearly 14% of 
patients have primary resistance, and half of patients develop secondary resistance 
by 2 years. It is therefore also recommended that patients undergo resection by 
2 years to avoid resistant clone proliferation. Additionally, patients should resume 
TKI therapy as early as possible postoperatively, essentially once the patient is 
able to tolerate oral intake.
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8.3  Cytoreductive Surgery (CS)

8.3.1   Pre-imatinib Era

Prior to TKI/imatinib therapy, response rates to standard chemotherapy were 
extremely low, less than 10%. Complete macroscopic resection (R0/R1) of GISTs 
was the only chance of obtaining improved survival and cure [16–18]. DeMatteo 
et al. studied 127 patients from 1983–2002 that underwent complete (R0/R1) resec-
tion of primary GISTs [19]. RFS at 1 and 5 years was 83% and 63%, respectively. 
This Memorial Sloan Kettering Cancer Center (MSKCC) group found the follow-
ing risk factors for recurrence: ≥5 mitoses/50 high-power fields, tumor size ≥10 cm, 
and small bowel primary tumor. They also determined that specific KIT mutations 
had prognostic importance: (1) KIT exon 11 point mutations and insertions had a 
favorable prognosis, (2) KIT exon 9 mutations and KIT exon 11 deletions had a 
higher rate of recurrence, and (3) patients without tyrosine kinase mutations had 
intermediate outcome.

Gold et al. studied 199 patients with metastatic GISTs prior to the use of ima-
tinib [20]. In this retrospective study, 68% of patients with metastatic disease 
underwent resection with improved overall survival compared to the 42% that 
underwent conventional chemotherapy only. Median survival for the entire cohort 
was 19 months, 2-year survival was 41%, and 5-year survival was 25%. In con-
trast, after imatinib treatment, median survival was extended to 58 months and 
2-year survival rates to 72%.

8.3.2   Post-imatinib Era

8.3.2.1  Adjuvant Treatment

Studies of adjuvant imatinib therapy demonstrate decreased risk of recurrence. 
Duration of adjuvant treatment has been extended from 1  year to 3–5  years for 
patients with high-risk features. One of the first trials to test adjuvant imatinib was 
ACOSOG Z9000, which administered imatinib at a dose of 400  mg daily for 
12 months to 106 patients [21]. This trial found factors associated with decreased 
RFS including increasing tumor size, small bowel origin, mitotic rate, age, and KIT 
exon 9 mutations. ACOSOG Z9001, a phase III double-blinded study, randomized 
patients with primary localized GISTs to 1 year of postoperative imatinib therapy in 
317 patients versus placebo in 328 patients [22]. This study was closed early due to 
the significantly fewer recurrence events in the imatinib arm. In this study, RFS was 
improved by imatinib therapy 98% vs 83% in favor of imatinib (HR 0.35, 95% CI, 
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0.22–0.53). In addition, this study also found that patients with exon 11 deletions 
had longer RFS on imatinib. The Scandinavian Sarcoma Group (SSGXVIII/AIO) 
trial compared imatinib therapy at 400 mg daily for 1 year versus 3 years and found 
that 3  years of therapy was associated with improved RFS and OS in high-risk 
GISTs, as well as patients with exon 11 mutations [23].

8.3.2.2  Neoadjuvant Treatment

Andtbacka et al. in a retrospective review of 46 patients that were treated with neo-
adjuvant imatinib at a dose of 400 mg daily found that imatinib decreased tumor size 
and was associated with complete resection [10]. This study included 11 patients 
with primary GISTs and 35 patients with recurrent or metastatic GISTs. All primary 
GIST patients underwent complete resection, whereas only 11 of the 35 patients with 
recurrent/metastatic GISTs underwent complete resection. Patients with PR had 
higher R0/R1 resection rates. The RTOG 0132/ACRIN 6665, a phase II trial of neo-
adjuvant imatinib followed by 2 years of adjuvant imatinib, prospectively studied 30 
patients with resectable primary GISTs and 22 patients with potentially resectable 
recurrent or metastatic disease [24]. The authors found 7% PR, 83% SD, 83% PFS, 
and 93% 2-year OS in patients with primary resectable disease versus 4.5% PR, 91% 
SD, 77% PFS, and 91% 2-year OS in patients with recurrent/metastatic GISTs. This 
study was limited to only patients that responded to therapy. The median duration of 
preoperative imatinib in the recurrent/metastatic group was 2.1  months, which is 
potentially shorter than that needed to achieve maximal response.

8.3.2.3  Neoadjuvant Therapy for Locally Advanced, Recurrent, 
and Metastatic Disease

Studies of TKIs in the neoadjuvant setting for metastatic disease are limited and 
support surgery for limited metastatic disease, disease that demonstrates response to 
TKI therapy, and disease that can be completely resected [10, 15, 25–28].

 1. Bauer et  al. reported their European multi-institutional study of preoperative 
imatinib in 239 patients with metastatic disease [25]. In this study, median dura-
tion of preoperative imatinib therapy was 1.1 years, and an R0/R1 was performed 
in 74% of patients. Patients who had a complete resection had an 8.7-year OS vs 
5.3-year OS in patients that had an R2 resection (P = 0.0001). PFS in patients 
with an R2 resection was 1.9  year and had not been reached in R0/R1. The 
authors conclude that survival benefit can be achieved for metastasectomy if 
completely resected.

 2. Raut et al. reported on a single institutional study of 69 patients with advanced 
GISTs and their responsiveness to preoperative TKI [28]. R0/R1 was performed 
in 78% with SD, 25% with limited disease progression (LDP), and 7% in gener-
alized disease progression (GDP). Response to therapy was related to both PFS 
and OS at 12  months. PFS for SD, LDP, and GDP was 80%, 33%, and 0%, 
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respectively (P < 0.001). OS was 95%, 86%, and 0% for SD, LDP, and GDP, 
respectively (P < 0.001). The authors conclude that cytoreductive surgery has a 
limited role in patients demonstrating disease progression while on TKI.

 3. Gronchi et al. reported a single institution experience from Milan of 37 patients 
with advanced/metastatic GIST that underwent surgery after imatinib [27]. The 
authors found that DSS at 12 months was 100% for patients responding to imatinib, 
whereas DSS was 60% for patients progressing on imatinib. The authors conclude 
that patients progressing on imatinib do not have major benefit from surgery.

 4. DeMatteo et  al. reported on 40 patients with metastatic GISTs treated with a 
median of 15 months of preoperative TKI therapy [15]. Response to therapy was 
graded as responsive disease, focal resistance (one tumor growing), or multifocal 
resistance (more than one tumor growing). Overall survival at 2 years for respon-
sive disease was 100%, focal resistance was 61%, and multifocal resistance was 
31%. PFS of responsive was 61% at 2 years, focal resistant disease progressed at 
a median of 12 months, and multifocal resistant disease progressed at a median 
of 3 months. The authors conclude that patients with metastatic GIST that have 
responsive disease or focal resistance to TKI can benefit from resection; how-
ever, patients with multifocal resistance do not have significant benefit from 
resection.

 5. Zaydfudim et  al. reported on a single intuitional experience from the Mayo 
Clinic of 87 patients with recurrent or metastatic GISTs from 2002 to 2011 [13]. 
Of these 87 patients, 54 underwent exploration and 36% had R0 resection. TKI 
was used preoperatively in 32 patients of which 40% had partial response, 31% 
had stable disease, and 28% had progressive disease. The authors found that OS 
and PFS were strongly associated with response to TKI and R0 resection (all 
P = 0.002).

 6. Bischof et al. reported on a multi-institutional study of 87 patients with locally 
advanced GISTs and 71 patients with recurrent/metastatic GISTs from 1998 to 
2012 [26]. Complete resection was performed in 87% of patients. Preoperative 
TKI was received by only 56% of patients. Responses were as follows: 5% had 
a complete response, 49% had a partial response, 28% had stable disease, and 
18% had progressive disease. Median OS was 17.1 months for PD and had not 
yet been reached for patients with SD or PR. The authors conclude (1) that there 
was underutilization of preoperative TKIs, (2) that high rates of R0 resection 
could be achieved with preoperative TKI, and (3) that patients who have respon-
sive or stable disease experience improved RFS and OS.

8.4  Cytoreductive Surgery and Hyperthermic 
Intraperitoneal Chemotherapy (HIPEC)

There are several studies of peritoneal sarcomatosis and the use of cytoreductive 
surgery combined with HIPEC [29–34]. The role of HIPEC procedures in the man-
agement of patients with gastrointestinal stromal tumor (GIST)-induced 
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sarcomatosis is not well defined. Prior to 2002, patients that developed GIST-
induced sarcomatosis had limited options as their disease was relatively resistant to 
standard chemotherapy.

To combat sarcomatosis, a few patients were offered HIPEC. Eilber et al. report 
on the UCLA Sarcoma Study Group’s experience of 46 patients who had cytoreduc-
tive surgery with or without post for recurrent GISTs from 1988 to 1998 [33]. 
Postoperative intraperitoneal therapy with mitoxantrone was used in 33 patients and 
given in four to six courses at 2–3-week intervals. The median DFS, 1-year recur-
rence rates, and peritoneal recurrence rates for the cytoreductive alone versus post-
operative HIPEC were 8 vs 11 months, 85% vs 52%, and 92% vs 39%, respectively. 
Liver recurrence rates were similar 85% vs 82% and a key determinate in overall 
survival.

In a retrospective review by Bryan et al. from 1992 to 2013 of a single institution 
performance of 1,070 cytoreductive surgeries with HIPEC, only 18 HIPECs were 
performed for GIST-induced sarcomatosis [35]. These 18 HIPECs were performed 
on 16 patients. Patients had similar high rates of morbidity (30%) and mortality 
(5%) following HIPEC as other primaries. Neoadjuvant and/or target therapy was 
used in 63% of patients, and R0/R1 was achieved in 72% of patients. The midpoint 
of the study is at the introduction of TKI therapy. Preoperative and/or postoperative 
TKI therapy was used in 10 out of 16 patients. Although not significant due to low 
power of the study, the mean survival of patients that received a TKI was 7.89 years 
versus 1.04 years for patients that did not receive a TKI.

On subgroup analysis of patients that underwent optimal surgical therapy (R0/
R1), median survival for patients that did not receive a TKI was 1.09 years versus a 
median survival that was not yet reached for those that did receive a TKI. Another 
important finding in this study was that the response to TKI therapy was associated 
with survival. The median survival for patients that progressed on TKI was 
1.35 years after HIPEC versus a median survival that had not yet been reached for 
patients that did not progress on TKI after HIPEC (P = 0.007). In addition, patients 
that progressed on preoperative TKIs had a higher rate of incomplete resection. The 
results from this study suggest that the improvement in survival is not related to the 
HIPEC procedure, but instead to TKI therapy. The authors found that HIPEC could 
achieve similar long-term survival as that reported from standard cytoreduction 
without HIPEC.

The subgroup of patients that were referred for HIPEC after progression on TKI 
did extremely poorly. Therefore, cytoreduction should be performed prior to the 
development of TKI resistance, as progression on TKI was associated with poor 
outcomes even when complete cytoreduction could be obtained. In conclusion, the 
authors support cytoreductive surgery without HIPEC for GIST sarcomatosis when 
patients have either responsive or stable disease on preoperative imaging to TKI 
therapy.
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Chapter 9
Treatment of Peritoneal Metastases 
from Breast Cancer by Maximal 
Cytoreduction and HIPEC

Paolo Sammartino, Maurizio Cardi, Tommaso Cornali, 
Bianca Maria Sollazzo, Rosa Marcellinaro, Alessio Impagnatiello, 
and Di Giorgio Angelo

9.1  Introduction

Breast cancer (BC) is the most frequently occurring cancer and the leading cause of 
cancer death among females worldwide with an estimated 1.7 million cases and 
more than 500,000 deaths in 2012 [1, 2]. The current 5-year relative survival rates 
of 97% and 78% for localized and regional disease, respectively, indicate that a 
significant proportion of BC patients will experience prolonged survival [3]. 
Although the risk of BC recurrence diminishes over time, late recurrences well into 
the second decade of surveillance can occur. Metastatic BC represents an important 
challenge for specialists, and typical metastases sites include, in order of frequency, 
bones, liver, lungs, and brain. As local and systemic treatments improve, BC metas-
tasis patterns are changing so that metastatic disease now manifests at unusual sites. 
Peritoneal metastases (PM) have been reported in 0.7% of patients with BC [4], and 
these patients are typically considered as having a terminal and incurable disease 
and justifiably treated by palliation with a very poor prognosis. In general, PM are 
long term confined to the peritoneal cavity without other distant metastasis, and 
therefore a regional approach seems reasonable in selected patients. No clear guide-
lines are available regarding the role of cytoreductive surgery (CRS) with or without 
hyperthermic intraperitoneal chemotherapy (HIPEC) in PM from BC. Over the past 
two decades, a novel therapeutic approach that combines cytoreductive surgery 
(CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) has emerged. This 
treatment radically changed the outcome of patients with peritoneal surface 
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malignancies (PSM) and is now regarded as the standard of care for pseudomyxoma 
peritonei, peritoneal mesotheliomas, and moderate to small volume PM from 
colorectal cancers [5–7]. Many studies also reported prolonged survival with this 
combined approach for the treatment of peritoneal metastases from ovarian and 
gastric cancers [8, 9]. Expanding literature reports helped to identify not only the 
primary tumors for which CRS plus HIPEC offer a clear advantage but also those 
with rare or unusual primary tumors who may benefit from this treatment modality 
[10–13]. This chapter reports our single-institution experience with CRS plus 
HIPEC in the treatment of patients with PM from BC.

9.2  Patients and Methods

From the clinical records of 363 patients admitted in our institution from November 
2000 to December 2015 with a diagnosis of PM from various primary tumors and 
treated by maximal CRS and HIPEC with a standardized surgical technique [14], 
we selected for this retrospective review the patients with a clear histological diag-
nosis of PM from BC; performance status 0–2 WHO [15]; adequate cardiac, hepatic, 
renal, and bone marrow function; and resectable disease.

Exclusion criteria were progressive and unresponsive disease, other malignan-
cies, unresectable disease and active infections, or severe associated medical condi-
tions. To rule out the differential diagnosis with other malignancies, PM from BC 
were assayed with a specific immunohistochemical panel [16].

At laparotomy, the extent of peritoneal spread was recorded using the peritoneal 
cancer index (PCI) according to Sugarbaker’s criteria [17]. Surgical cytoreduction 
was then undertaken with the aim to leave no macroscopically visible residual dis-
ease. The completeness of cytoreduction (CC) score was calculated according to 
Sugarbaker’s criteria [18]. HIPEC was then given with the closed technique [19]: 
four surgical drains were positioned for inflow/outflow and temperature monitoring 
and connected to a sterile closed extraperitoneal circuit with up to 6 L of perfusate 
circulating by means of a peristaltic pump at a flow rate of 500 ml/min. HIPEC was 
given at temperatures ranging from 42 to 43 °C for 60 min with cisplatin at a dose 
of 75 mg/m2. Trendelenburg/anti-Trendelenburg and latero-lateral inclinations were 
changed every 5 min to guarantee that the whole peritoneal surface would be per-
fused. As a final step, the abdomen was rinsed with 3–4 L of sterile saline solution 
at 37 °C.

During the immediate postoperative period, patients were assisted in an ICU unit 
for at least 24 h. Treatment-related morbidity and mortality were recorded using the 
Clavien-Dindo classification [20]. Patients were referred to the medical oncologist 
staff to plan eventual systemic adjuvant chemotherapy. A total body computed 
tomographic (CT) scan was acquired to evaluate eventual measurable residual dis-
ease. Patients with residual disease (CC > 0) were advised to undergo adjuvant sys-
temic treatment, according to tumor biological features (ER, PR, and HER2 
expression) and patient clinical conditions. Aromatase inhibitors were used for 

P. Sammartino et al.



113

postmenopausal ER or PR-positive peritoneal disease or both, and patients with 
HER2-positive tumor expression at histology underwent combination therapy with 
trastuzumab. Patients with no residual disease (CC0) were advised to undergo adju-
vant systemic chemotherapy as a precautional option. Every 6  months, patients 
underwent assessment of clinical conditions, serum markers, and CT scan findings 
as well as other diagnostic measures as needed.

9.3  Results

Of the 363 patients who underwent maximal cytoreduction and HIPEC for various 
primary cancers, we considered for the study seven patients who had a histological 
diagnosis of peritoneal carcinomatosis from BC. Mean age at cytoreduction and 
HIPEC was 63.6 years (range 52–77). The clinical characteristics and related treat-
ments are reported in Table 9.1. Immunohistochemical features of the primary BC 
and peritoneal relapse in the seven patients are reported in Table 9.2.

None of the patients were breast cancer gene (BRCA) mutation carriers, and all 
patients’ tumors tested negative for WT1 and Ca-125 and positive for GCDFP-15. 
Surgical-related morbidity and mortality are shown in Table 9.3. After receiving 
HIPEC, one patient experienced a transient grade II cisplatin renal toxicity reversed 
by medical treatment and one patient a moderate pancreatitis requiring medical 
treatment. The mean PCI was 19 (range 15–24). Long-term survival is reported in 
Table 9.4. Of the seven patients, four are presently alive and disease-free at 11, 58, 
117, and 135 months.

Table 9.1 Clinical characteristics related to the primary breast cancer

Patient
Age 
(years) Histology Stage Surgery Radiotherapy

Adjuvant 
chemotherapy

Pt 1 58 IDC T2 N1 Radical 
mastectomy

No CMF

Pt 2 54 ILC T2N3 Quadrantectomy Yes Refused
Pt 3 55 ILC T2 N1 

M1 
(bone)

Radical 
mastectomy

No CMF

Pt 4 77 IDC T2 N1 Radical 
mastectomy

No Refused

Pt 5 53 IDC T1 N0 Radical 
mastectomy

No None

Pt 6 70 ILC T2N1 Radical 
mastectomy

Yes CMF+ H-Th

Pt 7 63 ILC T2 N0 Radical 
mastectomy

No H-Th

IDC infiltrating ductal carcinoma, ILC infiltrating lobular carcinoma, CMF cyclophosphamide/
methotrexate/5-fluorouracil regimen, H-Th hormone therapy
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Table 9.2 Immunohistochemical panel findings in the seven patients at primary diagnosis and at 
peritoneal relapse

Patient

BRCA
carrier
Status

ER
PR
HER-2 WT1 GCDFP-15

CK7
CK20
Ca-125

Primary Relapse Primary Relapse Primary Relapse Primary Relapse

Pt 1 Neg + +++ Neg Neg Neg + Pos Pos

+ Neg Neg Neg

Neg Neg Pos Neg

Pt 2 Neg + + Neg Neg Neg + Pos Pos

Neg Neg Pos Neg

+ ++ Neg Neg

Pt 3 Neg + ++ Neg Neg Neg ++ Pos Pos

Neg Neg Neg Neg

Neg ++ Pos Neg

Pt 4 Neg Neg Neg Neg Neg Neg ++ Pos Pos

Neg Neg Neg Neg

Neg Neg Neg Neg

Pt 5 Neg Neg ++ Neg Neg Neg +++ Pos Pos

Neg + Neg Neg

Neg Neg Neg Neg

Pt 6 Neg ++ ++ Neg Neg Neg ++ Pos Pos

+ + Neg Neg

+ + Neg Neg

Pt 7 Neg +++ ++ Neg Neg Neg +++ Pos Pos

+++ ++ Pos Pos

Neg Neg Neg Neg

BRCA breast cancer gene, ER estrogen receptors, PR progesterone receptors, HER2 human epider-
mal growth factor receptor-2, WT1 Wilms’ tumor 1 suppressor gene, GCDFP-15 gross cystic dis-
ease fluid protein, CK7 cytokeratin-7, CK20 cytokeratin-20

Table 9.3 Perioperative data

Patient
Postoperative stay 
(days)

Length of 
procedure 
(min)

Blood 
loss (cc)

ICU 
stay 
(h)

Morbidity (grade, type) 
Clavien-Dindo [20]

Pt 1 16 220 1,300 18 II, wound infection
Pt 2 24 230 2,000 18 −
Pt 3 20 200 1,100 12 IVa, TIA
Pt 4 21 210 1,400 24 II, pleural effusion, wound 

infection
Pt 5 11 190 600 12 −
Pt 6 14 200 700 15 III-b, anastomotic leakage
Pt 7 13 180 400 17 II, anemia
Mean 17.0 205 1,100 16.6 −
TIA transient ischemic attack, ICU intensive care unit
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9.4  Case Presentations

Patient 1 In 1994, this 58-year-old patient underwent a left radical mastectomy for 
a T2 N1 IDC, followed by six cycles of cyclophosphamide/methotrexate/5- 
fluorouracil (CMF). In September 2004, an ovarian mass and peritoneal carcinoma-
tosis developed with ascites, nodules on the Douglas pouch, bilateral ovarian 
masses, malignant disease infiltrating the rectum and left colon, and diffuse small 
nodules on the transverse and right colon (PCI 15). Her ECOG performance status 
was 1. The patient underwent pelvic peritonectomy, total colectomy with ileorectal 
anastomoses, greater omentectomy, and HIPEC (CC0). An aromatase inhibitor was 
prescribed for 5 years. The patient is alive and has been disease-free for more than 
11 years.

Patient 2 This 54-year-old woman underwent a left radical mastectomy for T2 N1 
ILC in 1997 and refused adjuvant chemotherapy. In March 2006, she was referred 
to our Institution to investigate ascites. The diagnostic workup disclosed a bilateral 
ovarian mass and peritoneal carcinomatosis. Laparotomy showed peritoneal disease 

Table 9.4 Cytoreduction and HIPEC in patients with PM from BC – survival and QOL

Patient

Years 
after 
breast 
cancer Surgery PCI CC

Survival 
(months)

QOL 
(3 months)

Pt 1 11 PP + total colectomy greater 
omentectomy

15 0 Alive DF, 135 8.1

Pt 2 30 PP + small bowel resection, 
greater omentectomy, 
splenectomy appendectomy

22 1 Alive DF, 117 7.4

Pt 3 21 PP + right colectomy, small 
bowel resection, greater 
omentectomy

22 2 Dead, 56 for 
disease 
progression

5.3

Pt 4 14 PP +, greater omentectomy, 
splenectomy, appendectomy

24 1 Dead, 63 for 
disease 
progression

6.7

Pt 5 18 Hysteroadnexectomy, greater 
omentectomy, appendectomy

18 0 Alive DF, 58 7.8

Pt 6 14 Right colectomy, greater 
omentectomy, splenectomy, 
bilateral oophorectomy, RUQ 
peritonectomy

20 1 Alive, 22 
with disease 
progression

7.1

Pt 7 17 PP + left colectomy, 
hysteroadnexectomy, 
appendectomy, greater 
omentectomy

15 0 Alive DF, 11 7.5

PCI peritoneal cancer index, CC completeness of cytoreduction, QOL quality of life, PP pelvic 
peritonectomy (en bloc removal of uterus, ovaries, rectosigmoid colon, parietal peritonectomy to 
the transverse umbilical line), RUQ right upper quadrant, DF disease-free
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involving the pouch, omentum, right and sigmoid colon, small bowel, and spleen 
(PCI 22). Her ECOG performance status was 1. The patient underwent pelvic peri-
tonectomy, right colectomy omentectomy, splenectomy, multiple ablation proce-
dures for small scattered small bowel and mesenteric implants, and HIPEC (CC1). 
Immunohistochemistry disclosed an HER2-positive tumor (++), and the patient 
underwent a 2-year treatment course with Herceptin (trastuzumab) and hormone 
therapy combined. In January 2014, she underwent the ablation of a spinal menin-
gioma. She is currently alive with no evidence of disease at nearly 10  years 
follow-up.

Patient 3 In 1986, this 52-year-old woman underwent a radical mastectomy for T2 
N1 M1 (bone) ILC followed by adjuvant chemotherapy with CMF. In May 2007, 
she was admitted in emergency for intestinal obstruction. At operation, she was 
found to have peritoneal carcinomatosis involving the omentum, bilateral ovarian 
masses, implants of the small bowel and ascending colon, and ascites (PCI 22). Her 
ECOG performance status was 2. The patient underwent pelvic peritonectomy, right 
colectomy, small bowel resection, and omentectomy. Scattered small peritoneal 
implants in the pouch, lateral colic gutters, and small bowel mesentery were ablated 
by argon beam coagulation. Visible residual disease <2.5 cm was left in the pelvis 
attached to the presacral fascia (CC2). HIPEC was given to prevent ascites develop-
ing. HER2 testing was positive (++), and the patient underwent a 2-year treatment 
course with Herceptin combined with hormone therapy. In 2009, the patient experi-
enced progressive disease and died in December 2011.

Patient 4 This 77-year-old woman underwent a left upper quadrantectomy and 
lymph node dissection for a T2 N1 IDC in 1994. After operation, she refused adju-
vant chemo and radiotherapy. In 2008, an ovarian mass developed with peritoneal 
carcinomatosis and bilateral uveitis with hypopyon, considered as an immune 
response to the concurrent tumor and successfully treated with corticosteroid ther-
apy. Laparotomy disclosed diffuse peritoneal disease including the omentum, bilat-
eral ovarian masses, Douglas pouch, bilateral latero-colic gutters, small bowel 
mesentery, and splenic hilum, with no ascites (PCI 24). Her ECOG performance 
status was 1. The patient underwent pelvic peritonectomy, appendectomy, omentec-
tomy, splenectomy, and HIPEC (CC1). Considering her age and biological tumor 
features, no adjuvant treatment was proposed. At 45 months, the patient showed a 
supraclavicular LN recurrence. Histology at excisional biopsy confirmed the BC 
origin. In February 2014, the patient developed peritoneal recurrence and under-
went palliative treatment. She died for disease in May 2014.

Patient 5 This 71-year-old woman underwent a left radical mastectomy for a T1 
N0, IDC in 1993. About 18 years later, in February 2011, she was referred to our 
Institution to investigate a bilateral ovarian mass and peritoneal carcinomatosis. At 
operation, no ascites was found, and metastatic disease involved ovaries, the omen-
tum, pouch, pelvic peritoneum, and small bowel mesentery (PCI 18). Her ECOG 
performance status was 0. The patient underwent total hysterectomy, bilateral 
oophorectomy, appendectomy, omentectomy, multiple ablation procedures for 
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small scattered small bowel, and mesenteric implants followed by HIPEC, leaving 
no visible residual disease (CC0). She received an aromatase inhibitor and is alive 
and disease-free at 5 years.

Patient 6 In 1999, this 70-year-old patient underwent a left radical mastectomy for 
T2 N1 ILC followed by adjuvant chemotherapy (CMF) + hormone therapy + radio-
therapy for 5 years. In 2013, a retro-orbital mass (metastasis of breast cancer) was 
treated with CyberKnife, and bone metastases at cervical spine (C7) were palliated 
by radiotherapy. In February 2014, she was admitted in our department in emer-
gency for intestinal obstruction. At operation, we found peritoneal metastases 
involving the ascending colon, greater omentum, bilateral ovarian masses, the 
spleen, and small bowel implants. PCI score was 20. Her ECOG performance status 
was 2. The patient underwent bilateral oophorectomy, omentectomy, right colec-
tomy, splenectomy, and multiple ablation procedures for small implants in the small 
bowel and mesentery. Visible residual disease was <2.5 mm (CC1). She received 
adjuvant chemotherapy for six more cycles, and she is actually alive with disease.

Patient 7 This 63-year-old woman underwent a right radical mastectomy for a T2 
N0 ILC in 1998. She had been treated with tamoxifen for 5 years subsequent to her 
mastectomy. About 17 years later, in January 2015, she was admitted in our depart-
ment with a CT scan showing ascites and omental and peritoneal implants in the left 
paracolic gutter at the rectosigmoid junction. Her ECOG performance status was 1. 
After a laparoscopic procedure and biopsies confirming the mammary origin, the 
patient underwent a Hartmann procedure, a hysterectomy and bilateral oophorec-
tomy, omentectomy, appendectomy, and pelvic peritonectomy. PCI score was 15. At 
the end of the procedure, she was left with no macroscopic residual disease (CC0). 
Immunohistochemistry showed an ER and PR-positive tumor, and she was subse-
quently continued on hormone therapy. She is presently alive and disease-free at 
1 year.

9.5  Discussion

Peritoneal metastases from BC are relatively uncommon but are a great challenge 
for both medical and surgical oncologists. They include a spectrum of disease rang-
ing from microscopic disease found incidentally at the time of surgery for other 
indications to widespread symptomatic intraperitoneal metastases. It is reported that 
about 19% of women dying from nongenital and nonhematologic malignancies 
have ovarian metastases at autopsy [21], breast cancer representing the single most 
common nongenital solid tumor metastasizing to the ovary [22], while gastrointes-
tinal metastases are reported to occur in 4–18% of patients with known dissemi-
nated BC [23]. Moreover, Curtin et al. found that in 121 women with BC subsequently 
developing an adnexal mass, 50% were benign and 50% were malignant [24]. Of 
the malignant cases, 27% were due to metastatic BC, and the remaining 73% were 
primary ovarian or tubal cancers. This suggests that approximately one in four 
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women with BC that develop a malignant adnexal mass will have intraperitoneal 
spread. BC is one of the most slowly growing solid tumors, and metastases may 
appear many years, even decades, after the initial diagnosis [23, 25]. In our patients, 
a median of 18 years (range 11–30) elapsed between primary BC and PM. This 
lengthy time lapse accords with other published series describing an interval reach-
ing up to 30 years [25–27]. Considering the increasing number of women with BC 
and the more protracted disease course, it is likely that the number of women requir-
ing intervention for intraperitoneal breast cancer will increase.

A sensitive factor in assessing women with intraperitoneal BC is confirming 
tumor pathology, given the increased risk of ovarian cancer in women with BC. In 
our study, the histopathological reports allowed us to compare the features for the 
primary BC and the metastatic cancer. As reported by other authors [28], the panel 
of immunohistochemical stains showing combined negative WT1 and Ca 125 tumor 
expression associated with positive GCDFP-15 expression in the peritoneal disease 
invariably strengthened the diagnosis. WT1 is a tumor-suppressor gene that is posi-
tive in over 90% of primary ovarian tumors [29] and never found in primary or 
metastatic BC. Ca 125 is a glycoprotein expressed in up to 90% of ovarian malig-
nancies and from 10% to 30% of primary BC [30]. GCDFP-15 is a relatively spe-
cific and sensitive marker for BC (expressed in about 50% of the cases) [31], and 
never in ovarian malignancies [28].

During the last decades, the progress in loco-regional treatments allowed a sig-
nificant improvement in breast metastases control. The development of targeted bio-
logical drugs against some specific BC subtypes, the possibility of using bone 
cement to treat destructive bone metastases, the use of interventional radiological 
techniques in liver metastases, minimally invasive surgery against lung lesions, and 
the use of gamma knife in brain metastases are just some examples. Our study pro-
vides therefore previously unavailable information about the control of intraperito-
neal BC spread with cytoreductive surgery and HIPEC.  Using this combined 
approach, of the seven patients treated, five achieved long-term survival, two of 
them surviving even for 10 years. Moreover, four are alive and disease-free after 
cytoreduction with maximal residual disease <2.5 mm (CC 1) and after adjuvant 
chemotherapy.

Unlike gynecologic malignancies, to date no clear guidelines are available for 
the surgical treatment of intraperitoneal metastatic BC, and surgeons are often 
faced with the dilemma of whether to proceed with an aggressive debulking of 
all visible disease when an intraoperative diagnosis of metastatic BC is suspected 
or confirmed by frozen sections. In a study investigating the role of aggressive 
surgery for managing metastatic malignancies to the ovaries, Ayhan et al. noted 
a better mean survival rate (39 vs. 23 months; P = ns) advancing from biopsy 
alone to aggressive debulking [32]. In 1997, Abu-Rustum et al. reported on 40 
patients with metachronous intraperitoneal BC.  The median survival for all 
patients was 24.1  months, and examining the influence of residual disease, 
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although not statistically significant, they noted a trend toward a better survival 
in patients left with no gross residual disease: 41.6% compared with 16.1% and 
18.6% in patients left with gross residual disease (<2 and >2 cm, respectively) 
[25]. In 2003, Eitan et al. reexamined the role of surgical resection on 59 women 
with intraperitoneal BC as an update to the report of Abu-Rustum et al. Once 
again, they found that the amount of disease left in the abdomen was a factor 
influencing survival, reaching clinical but not statistical significance, with 
patients who had no residual disease at the end of surgery enjoying a survival 
benefit (54 vs. 21 months), as well as with those patients who were optimally 
debulked to less than 2 cm (36 vs. 20 months). Moreover, they found that the 
presence of metastases outside the abdomen was not a factor that should influ-
ence the decision on whether to perform debulking surgery or not [33]. In 2010, 
Bigorie et al. reported their experience with 29 patients affected by peritoneal 
spread from BC. At a median follow-up of 2 years, the median global survival 
was 3  years (range 0.5–9  years), and statistical significance was reached in a 
comparison between patients who underwent nonoptimal cytoreduction (median 
survival 2 years) and patients in which was reached an optimal cytoreduction 
(median survival not reached; p = 0.015) [34].

After maximal cytoreduction and HIPEC, morbidity and mortality rates in our 
patients were in line with those reported for similar procedures [35]. Three patients 
experienced grade II complications reversed by medical treatment, one patient had 
a grade III complication (anastomotic leakage) requiring surgical intervention, and 
one patient had a grade IVa complication (TIA) requiring readmittance in ICU.

Cytoreduction and HIPEC is already regarded as the standard of care in patients 
with peritoneal metastases from pseudomyxoma peritonei [5], peritoneal mesothe-
liomas [6], and moderate to small volume colorectal PM [7], and it is also providing 
promising results from various other primary cancers such as ovary [8] and stomach 
[9]. Cisplatin is one of the most used chemotherapy agent for HIPEC [36]. In the 
management of untreated and pretreated metastatic BC, patients with intravenous 
platinum compounds (cisplatin and carboplatin) have shown activity both as single 
agents and in combination regimens [37, 38]. Considering its well-known systemic 
activity and its proved safety in HIPEC technique also reported in our previous 
experience [19], cisplatin has been considered the drug of choice for our limited 
series of PM from BC treated with cytoreduction and HIPEC. In conclusion, the 
long disease-free and overall survival observed in our small series suggests that in 
highly selected patients in whom surgery can achieve adequate cytoreduction, this 
combined procedure is a promising approach for patients with peritoneal metastases 
from BC. From the results of this study, it is not possible to state whether survival 
in our patients depended on cytoreduction, HIPEC, or both [39] or do our findings 
indicate the need for adjuvant systemic chemotherapy. These issues warrant further 
investigations in larger studies.
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Chapter 10
Benign Types of Peritoneal Mesothelioma

Emel Canbay and Yutaka Yonemura

10.1  Introduction

Management of diffuse malignant peritoneal mesothelioma (DMPM) has been 
explained in our previous book, Peritoneal Surface Malignancies: A curative 
Approach [1]. In this book, we captured on management of rare peritoneal surface 
malignancies in unusual cases.

Benign multicystic peritoneal mesothelioma (BMPM), well-differentiated papil-
lary peritoneal mesothelioma (WDPPM), and benign adenomatoid mesothelioma 
(BAM) are the common types of benign peritoneal mesothelioma that are extremely 
rare tumours originate from peritoneal mesothelial cells. There is no consensus 
statement for management of these diseases. Many consider cytoreductive surgery 
(CRS) as a standard of care for benign types of peritoneal mesothelioma. However, 
a high rate of local recurrence [2] and malignant potential [3, 4] make these tumours 
potentially target to treat with CRS and hyperthermic intraoperative intraperitoneal 
chemotherapy (HIPEC).

This report will be structured as a basic knowledge for benign types of peritoneal 
mesothelioma. Then, integration of CRS and HIPEC into the management of benign 
types of peritoneal mesothelioma will be reviewed.
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10.1.1   Benign Multicystic Peritoneal Mesothelioma

Benign multicystic peritoneal mesothelioma (BMPM; peritoneal inclusion cyst, 
multilocular inclusion cyst, and benign multicystic mesothelioma) is a very rare 
multilocular cystic tumour which arises from the peritoneal mesothelium [5, 6]. 
BMPM was first described by Plaut in 1928, and then its mesothelial nature was 
identified by Mennemeyer and Smith in 1979 [7]. BMPM represents only 3–5% of 
peritoneal mesotheliomas (PM), whose incidence is 1 per 1,000,000 [8]. BMPM is 
an exceedingly rare disease that makes its origin, pathogenesis, diagnosis, and man-
agement challenging.

Benign multicystic peritoneal mesothelioma (BMPM) usually originates from the 
pelvic visceral peritoneal mesothelial cells but may develop from intraperitoneal and 
retroperitoneal areas [9]. This disease usually affects women of reproductive age and 
shows indolent clinical behaviour [5]. Natural history of development of BMPM is 
unclear, but previous abdominal surgery or pelvic inflammatory disease has been 
described [5]. There is no history of asbestos exposure for development of BMPM.

The clinical and imaging features vary among these subtypes of benign type of 
peritoneal mesothelioma (Table 10.1) [9]. The pathogenesis of BMPM is unknown; 
malignant transformation or reactive nature has been considered [3, 5, 6]. Malignant 
transformation is not certain due to the lack of long-term follow-up data as previ-
ously reported [3].

Table 10.1 Clinical features of benign type of peritoneal mesotheliomas [9]

Type of benign mesothelioma

Characteristics
Benign multicystic 
mesothelioma

Well-differentiated 
papillary 
mesothelioma

Benign adenomatoid 
type of mesothelioma

Predilection Young to middle-aged 
women

Reproductive age 
women

Reproductive age 
women and men

Predisposing 
factor

Previous surgery or 
pelvic inflammatory 
disease

Not known Not known

Clinical course Hormone sensitive Indolent course, rare 
malignant change

Indolent course, rare 
malignant change

Computerized 
tomography 
imaging

Multilocular cystic 
mass, multiple 
unilocular thin walled 
cysts, or unilocular 
cystic mass

Peritoneal 
thickening, multiple 
peritoneal nodules, 
omental infiltration, 
and ascites

Non-specific

Differential 
diagnosis

Cystic lymphangioma
Endometriosis
Cystic epithelial 
neoplasms of the ovaries
Pseudomyxoma 
peritonei

Peritoneal 
metastases
Serous papillary 
carcinoma of 
peritoneum
Tuberculous 
peritonitis

Solid type of metastatic 
intraperitoneal and 
retroperitoneal tumours
Testicular tumours
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10.2  Diagnosis

Most patients are diagnosed incidentally, and clinical findings are also non-specific 
such as nausea, vomiting, and abdominal pain. However, retroperitoneal mass [10] 
or acute abdomen due to incisional incarcerated hernia [11] could also be devel-
oped in some cases. The palpable fixed mass always presents with tenderness on 
physical examination. We have reported a case with an incisional hernia, an 
abdominal discomfort, and a mass surrounded to the umbilicus due to BMPM [12].

Laboratory findings are non-specific for diagnosis of BMPM.  An association 
between BMPM and increased serum CA 19–9 concentration has been described, 
and a minimally invasive laparoscopic approach enabled both diagnosis and surgi-
cal treatment of the disease [13].

Imaging features vary according to the appearance of this tumour. BMPM usu-
ally consists multiple cysts but it could be unilocular. Multiseptated cysts can be 
demonstrated by ultrasonography. However, computerized tomography (CT) is nec-
essary to provide information about the extent and anatomic localization of the dis-
ease (Fig. 10.1). In some cases, the omentum can be invaded with multicystic 
mesothelioma. In our previous report, an intraperitoneal hypodense cystic mass sur-
rounded the umbilicus and extended between the great curvature of the stomach, 
spleen, and tail of the pancreas extending caudally to the upper margin of the pelvis 
and resulted with hernia from midline incision scar with CT (Fig. 10.2) [12].

BMPM can also be determined with magnetic resonance imaging (MRI) that 
shows hypointense well-defined lesions on T1-weighted images and isointense 
clear watery fluid as intermediate signal intensity on T2-weighted images [14].

Radiological differential diagnosis is made with cystic lymphangioma, cystic 
epithelial neoplasms of the ovaries [9]. Pseudomyxoma peritonei may rarely resem-
ble BMPM.

Fig. 10.1 T2-weighted coronal MRI image shows multiloculated cysts which occupied nearly the 
entire abdominal cavity and omental metastasis of BMPM.  Cysts are noncommunicating in 
abdominal viscera but scalloping to small bowel and its mesentery
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Because BMPM is extremely rare disease, preoperative diagnosis is also challeng-
ing. Laparoscopy remains the best diagnostic method that enables to establish the 
definitive diagnosis with obtaining biopsy. Therefore, we recommend diagnostic lapa-
roscopy and laparoscopic biopsy both from cystic fluid and from tissue specimens.

Multiple floating cysts (Fig. 10.3), widespread multicystic nodular thickening of 
the visceral peritoneum (Figs. 10.4, 10.5, and 10.6), can be determined during lapa-
rotomy or laparoscopic exploration.

A

C

B
Fig. 10.2 Computed 
tomography images of the 
BMPM: the arrows 
indicate the incisional 
hernia (A), multicystic 
mass surrounded to 
umbilicus (B), and 
intraabdominal extension 
(C)

Fig. 10.3 Peritoneal floating cysts (*) and cysts connect with thin stalk to the peritoneal surface
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10.3  Pathology

BMPM is a localized tumour arising from mesothelial cells. Pathological evaluation 
of BMPM shows that the tumour is composed of a multiple mesothelial-lined cystic 
structure containing thin watery secretions and lined by a single layer of mesothelial- 
like cells. Immunohistochemical analysis revealed positive expression of mesothe-
lial cells (Fig. 10.7), calretinin (Fig. 10.8).

a b

Fig. 10.4 (a) Resected BMPM showing multiple fluid-filled cysts on the uterus. Cysts connected 
with fine stalks from uterine surface. (b) Cysts are connected with serosal surface of the visceral 
organs and omentum

a b

Fig. 10.5 Resected multicystic mesothelioma showing fluid-filled cysts on the caecum (a). Cyst 
was also found on greater omentum with haemorrhagic fluid (b)
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b

c d

a

Fig. 10.6 (a) Cysts on greater omentum above the hepatic flexure of the colon and (b, c) BMPM 
in greater omentum. (d) The cysts are connected with colonic serosa

Fig. 10.7 Anti-Ki-67 antibody immunoreaction of cuboidal mesothelial cells lined on the inner 
surface of cysts (×100)
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10.4  Management of BMPM

Surgery remains the mainstay of treatment with complete removal of the cystic 
lesions to avoid local recurrence even though there are no evidence-based treatment 
strategies for BMPM. Even the complete removal of the disease, high recurrence 
rates [15, 16] and malignant transformation [3, 4] have been reported. There is only 
two series of BMPM treated with aggressive surgery followed by heated intraperi-
toneal chemotherapy (HIPEC) [17, 18].

In first report, five cases of BMPM, four females and one male, were reviewed 
by Sethna et al. [17]. All patients were symptomatic, and in one patient prolonged 
conservative treatment for over 10 years resulted with transformation to the inva-
siveness with lymph node metastasis. Disease control of both ascites and pain in the 
abdomino-pelvic region was achieved in all patients treated with cytoreductive sur-
gery with HIPEC. They concluded that BMPM should no longer be referred to as 
“benign” cystic mesothelioma and an aggressive treatment approach with complete 
disease eradication is the correct goal of treatment.

In second report, four patient of BMPM were reviewed by Baratti et al. [18]. All 
patients were symptomatic and recurrent cases. Disease control was achieved in 
three patients treated with cytoreductive surgery with HIPEC. One patient had a 
recurrence of BMPM and underwent to second-time cytoreductive surgery and 
HIPEC. They concluded that complete cytoreduction and HIPEC were more effec-
tive in preventing recurrence and transformation to malignancy of BMPM.

Fig. 10.8 Positive immunoreaction to anti-mesothelin antibody was detected on mesothelial-like 
cells in inner surface of peritoneal floating cyst (×100)
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In our experience (unpublished data), we have eight recurrent patients with 
BMPM.  Of those, one of them has recurrent case of BMPM with incisional 
hernia [12]. We have performed complete cytoreductive surgery and HIPEC to 
these patients. So far, none of them had a recurrence or malignant 
transformation.

These results suggest that cytoreductive surgery to remove all visible tumour and 
heated intraoperative intraperitoneal chemotherapy to control microscopic residual 
disease will help patients with BMPM to remain disease-free and to obtain long 
overall survival with a single surgical intervention.

Disease eradication may prevent the transition to an aggressive and fatal disease 
process.

Hormonal therapy, sclerotherapy, and thermotherapy as other treatment 
options have not been proven to provide therapeutic effects for management of 
BMPM.

The prognosis is excellent. In one of the largest series reported by Weiss and 
Tavassoli [5], only two cases of death were reported [5].

The observation of malignant transformation mandates systematic clinical fol-
low- up of these patients. Further follow-up is compounded by the fact that there are 
no reliable clinical or imaging features or tumour markers for BMPM.

10.4.1   Well-Differentiated Papillary Peritoneal Mesothelioma

Well-differentiated papillary peritoneal mesothelioma (WDPPM) is an uncommon 
subtype of epithelioid mesothelioma [19]. WDPPM, very rare, appears in the peri-
toneum of young women but may also present itself in the lining of the pleura. 
WDPPM rarely involves the testicular tunica vaginalis [20]. The clinical and imag-
ing features of WDPPM are given in Table 10.1 [9].

This type of mesothelioma is defined as benign, but it may develop into a malig-
nant form of mesothelioma. A new classification system proposed by Brimo et al. 
[20] has allowed stratification of mesothelioma into three categories: (1) well- 
differentiated papillary mesothelioma (WPDM), (2) mesothelioma of uncertain 
malignant potential, and (3) malignant mesothelioma.

The pathogenesis of WDPMP is poorly understood. Occasionally, asbestos 
exposure has been associated with development WDPPM [21]. Both malign 
such as gynaecologic renal, colorectal, pancreatic, and breast cancers and 
benign diseases such as adenomyosis, ovarian serous cystadenoma, mucinous 
cystadenoma, and teratoma have been proposed in the development of WDPPM 
[22]. However, there is no definitive etiologic factor that has been confirmed 
with reliable studies yet. WDPPM may occur in combination with other rare 
type of benign mesotheliomas such as BMPM and benign adenomatoid meso-
thelioma [23].
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10.5  Diagnosis

Although WDPMP is usually seen in young women, it can occur in age ranges from 
2 to 74  years [21]. WDPMP can present with acute and chronic abdominal pain, 
weight loss, chronic pelvic inflammatory disease, and ascites [19]. However, WDPMP 
is frequently asymptomatic and often an incidental finding during surgery or a radio-
logic examination for other reasons. WDPPM has rarely been described in the radiol-
ogy literature due to the lack of specific radiologic features. The size of WDPPM 
tumour nodules ranges from 0.5 cm to several centimeters in diameter. WDPPM may 
present with plaque calcification that diffusely involves the visceral and parietal peri-
toneum without the presence of a significant associated soft tissue mass [24].

10.6  Pathology

WDPPM is characterized by uniform, coarse, or branching papillae covered by a 
single layer of mesothelial cells with only slight cellular atypia (Fig. 10.9a). Cystic 
areas were lined by papillary and tubulopapillary structures (Fig. 10.9b).

There is no gold standard immunohistochemical panel to cover all the diagnostic 
“mesothelial cells originated pathologies”. The International Mesothelioma Panel 
recommends at least two mesothelial markers and two markers for the other tumour 
(dependent on the differential diagnosis based on morphology) besides a pancyto-
keratin. Tumour cells can be positive for D240 and anti-mesothelin (Fig. 10.9c). The 
Ki-67 index might be low in WDPPM (Fig. 10.9d).

10.7  Management of WDPPM

Most WDPPM have been reported to behave in a benign or indolent fashion, and 
death due to WDPMP is highly unusual [25]. However, WDPMP should be consid-
ered as a low-malignant potential due to tumour recurrence and occasional malig-
nant transformation after resection of primary tumour. These findings support the 
designation of WDPPM as a low-grade tumour [26, 27].

Management of WDPMP still remains controversial. Patient outcome is usually 
favourable after tumour debulking surgery, without adjuvant therapy.

In Hoekstra et al. [27] series, 7 out of 38 cases with WDPPM died during follow-
 up although two of them were unrelated to the disease.

However, after complete tumour debulking surgery, the patient can show a recur-
rence on short-term follow-up [19]. Adjuvant therapy can be successfully a treat-
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ment of choice in these cases. Close observation or serial biopsy for surveillance of 
WDPMP is necessary for early recognition of possible recurrences and malignant 
transformation [25]. Few cases of WDPPM progressed to epithelial type of diffuse 
malignant peritoneal mesothelioma (DMPM) [26, 28].

High recurrence rates and transformation into truly malignant and potentially 
lethal mesothelioma of DMPPM have been reported supporting the rationale of an 
aggressive approach with CRS and HIPEC.

b

a

c d

Fig. 10.9 (a) Papillary mesothelioma tumour shows numerous papillary, tubulopapillary, and 
spheroid/glomeruloid structures arranged in a solid pattern with few inflammatory cells (H&E, 
×100). Papillary mesothelioma. (b) Cystic area is lined with distinct papillary and tubulopapillary 
structures and filled with foamy macrophages and lymphocytes (H&E, ×100). (c) The tumour cells 
are positive for mesothelin (×100). (d) Ki-67 staining of WDPPM
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There is only one series of DMPPM treated with aggressive surgery followed by 
heated intraperitoneal chemotherapy (HIPEC) [18]. In this report, eight cases of 
BMPM were reviewed by Baratti et  al. [18]. Disease control was achieved in all 
patients treated with cytoreductive surgery with HIPEC except one patient who died 
of disease progression due to transformation into malignant biphasic mesothelioma.

They concluded that WDPPM is capable of transformation into invasive and 
potentially lethal process. Therefore, the definition of low-malignant potential 
tumours seems more appropriate to describe their nature.

In our experience (unpublished data), we have three patients with BMPM. We 
have performed complete cytoreductive surgery and HIPEC to these patients. So far, 
none of them had a recurrence or malignant transformation.

These results suggest that cytoreductive surgery to remove all visible tumour and 
heated intraoperative intraperitoneal chemotherapy to control microscopic residual 
disease will help patients with BMPM to remain disease-free and to obtain long- 
term overall survival.

Based on these findings, definitive tumour eradication with complete cytoreduc-
tion with peritonectomy procedures and HIPEC seems to be the optimal treatment 
to prevent either disease progression and recurrence or transformation to aggressive 
type of mesothelioma.

10.7.1   Benign Adenomatoid Mesothelioma

Benign adenomatoid mesotheliomas (BAMs) are benign rare tumours primarily 
found in the genital tract organs [29]. BAM can also develop in extra-genital sites 
including the heart, pleura, mediastinum, adrenal, intestinal mesentery, and omen-
tum [30]. The clinical and imaging features of BAM are given in Table 10.1 [9].

Because these tumours are benign and usually diagnosed incidentally, there has 
been some controversy regarding the histologic origin of these tumours, but recent 
evidence has supported a mesothelial origin [30]. BAM are benign diseases, and 
therefore surgical excision of the tumours is both diagnostic and therapeutic, with-
out the need for further intervention. None have ever been observed to recur or 
undergo malignant degeneration [29]. Therefore, there is no need to consider 
aggressive surgery and HIPEC in this type of benign tumours originated from meso-
thelial cells.

10.8  Conclusion

Benign multicystic mesothelioma and well-differentiated papillary peritoneal meso-
thelioma may have recur and transform malignant form of mesothelioma. An 
aggressive surgical approach with complete disease eradication is the goal of 
treatment.
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From worldwide experience, cytoreductive surgery to remove all visible tumour 
and heated intraoperative intraperitoneal chemotherapy to control microscopic 
residual disease will help patients with benign multicystic peritoneal mesothelioma 
and well-differentiated papillary peritoneal mesothelioma to remain disease-free 
with a single surgical intervention. Disease eradication may prevent recurrence and 
transformation to an aggressive and fatal disease process.
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