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Foreword

On the basis of the latest epidemiological data, peritoneal surface malignancies
(PSM) represent a pathology characterized by a high annual incidence, between
those of stomach and colorectal cancer.

The integration of cytoreduction surgery (CRS) and hyperthermic intraperitoneal
chemotherapy (HIPEC), variously combined with other adjuvant and neoadjuvant
chemotherapeutic regimens, is an example of the increasingly complex care strate-
gy for PSM.

There is a strong rationale behind combining CRS with HIPEC to create a pro-
cedure based on the evolutionary history of PSM, once considered to be caused
only by locally advanced malignancies of the abdominal cavity free of distant
metastases. Over the past 20 years, the consistency of results of this integrated pro-
cedure has led to it now being considered the treatment of choice for carcinomato-
sis from pseudomyxoma peritonei, mesothelioma and, recently, the colon, with low
peritoneal spread. Furthermore, the trend in using this procedure is increasingly
being applied to treat gastric and ovarian carcinomatosis and rarer forms of peri-
toneal diseases, such as peritoneal metastases from breast and pancreatic cancer
and sarcomatosis.

Experience to date using this treatment modality has identified the most signif-
icant prognostic parameters and the most important risk factors associated with the
procedure. This monograph is thus based on contributions from some of the major
Italian centers devoted to treating PSM. It provides the most significant updates on
diagnosis, treatment, and outcomes obtained so far. The text thoroughly summa-
rizes the state of the art on CRS plus HIPEC and identifies future development per-
spectives on related research.

Rome, September 2014 Giorgio De Toma
President, Italian Society of Surgery



Preface

A variety of tumors originating from intra- or extra-abdominal viscera and, more
rarely, from the peritoneal membrane, spread or metastasize to the visceral and
parietal peritoneum. The term peritoneal surface malignancy (PSM) encompasses
all these forms and thus identifies a heterogeneous family of primary or metastatic
tumors with epithelial or mesenchymal origin. The inclusion of various forms of
primary and secondary PSM under a unique definition is justified by the substan-
tial uniformity of their clinical evolution within the abdominal and pelvic cavity,
leading to production of tumor implants and ascites until fatal obstruction occurs.
Prognosis is poor, and palliative therapy has long represented the only treatment
option. In the natural history of PSM, evolution can be slow and metastatic devel-
opment late, so that many forms represent ideal targets for aggressive locoregional
therapies.

In the 1980s, Paul Sugarbaker theorized — following countless pharmacokinet-
ic and pharmacodynamic studies — about advantages of the association between
maximal surgical cytoreduction [peritonectomy (PRT)], aimed at removing all vis-
ible implants, and hyperthermic intraperitoneal chemotherapy (HIPEC), aimed at
treating microscopic or millimetric residues. Since the 1990s, this concept has grad-
ually gained acceptance and currently is the intervention of choice for pseudomyx-
oma peritonei and mesothelioma, but it is also diffusely used to treat carcinomato-
sis from colorectal, gastric, and ovarian cancer and peritoneal sarcomatosis. For the
most common forms of PSM treated with PRT plus HIPEC, experiences available
to date consistently show overall results better than or highly competitive with tra-
ditional treatment modalities. PSM forms that until two decades ago were consid-
ered untreatable surgically and for which progression was fatal within months of
diagnosis, today, after appropriate patient selection, are routinely treated with PRT
plus HIPEC, resulting in improved patient quality of life and long-term survival
rates. The combined procedure achieves acceptable postoperative morbidity and
mortality rates in relation to its complexity and duration (median 10 h) similar to
those of major abdominal and pelvic surgery.

However, the procedure has limited application considering the high overall
incidence of various forms of PSM and is not exempt from criticism. The limited

vii



diffusion of PRT plus HIPEC treatment is related to the long learning curve; avail-
ability of relevant human, technical, and economic resources; and skepticism
toward its effectiveness, particularly in reference to HIPEC, which is considered
potentially risky during the postoperative course. Furthermore, the main criticisms
concern the lack of prospective randomized phase III studies to define clearly the
role of HIPEC, given that the validity of maximum cytoreduction is accepted
worldwide. Indeed, to date, overall results of prospective trials for HIPEC are
scarce and heavily criticized for the general treatment approach, lack of homogene-
ity of surgical techniques, and wide dispersion of enrolled cases. Therefore, results
regarding overall significance of this procedure come mainly from multi-institu-
tional studies, reviews, meta-analyses, and studies conducted in single centres with
a high volume of PRT plus HIPEC activity. While taking into account the limita-
tions inherent in such studies, the magnitude of experience gained to date reveals
the overall trend of results. The great effort made by surgeons, oncologists, and
specialized centers dedicated to treating PSM using PRT plus HIPEC has brought
about the possibility of successfully treating aggressive locoregional tumors such
as PSMs. It now remains for the inevitable upcoming prospective studies to con-
firm the promising results obtained thus far with this combined treatment modali-
ty and to determine the most appropriate ways to address treatment for PSM.

The purpose of this monograph is to provide a summary of the knowledge base
supporting the rationale of associating maximum cytoreduction with HIPEC,
pathological assessment and diagnostic workup of patients with PSM, surgical and
HIPEC techniques, and management results of the most common forms of PSM.
In the world that revolves around PSM management, Italy plays a significant role,
as demonstrated by case series treated by the various PSM centers in this country
and the vast scientific contribution drawn from the literature and from acts of the
major international conventions. Collaboration between many of the most impor-
tant specialized Italian surgeons and treatment centers has helped provide an over-
all picture that illustrates the state of the art regarding PSM management. The top-
ics discussed, and the opinions, experiences, and conclusions expressed by the var-
ious authors of these chapters, provide an in-depth summary of experiences per-
taining to the most critical issues and outline goals to be achieved in the coming
years through collective and coordinated efforts.

Rome, September 2014 Angelo Di Giorgio
Enrico Pinto
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Peritoneal Surface Malignancies

Angelo Di Giorgio

1.1 Definition

The term Peritoneal Surface Malignancies (PSMs) identifies a wide range of
epithelial or mesenchymal neoplasms that originate from the primitive structure
of the peritoneum or spread over and through the peritoneum membrane as
metastases deriving from tumors of intra-abdominal, retroperitoneal, or extra-
abdominal organs or viscera (Table 1.1). PSM evolution depends on the degree
of aggressiveness of the various neoplastic forms: in contrast with benign or low
malignant forms, aggressive forms are able to produce fast and fatal disease
progression. The primitive forms are much rarer than secondary forms, and
mesotheliomas and serous tumors of the peritoneum are the most common
among them. Colorectal, gastric, and ovarian peritoneal carcinomatosis (PC) are
the most frequent forms of PSM arising from intraperitoneal viscera. PSMs
originating from retroperitoneal tumors, such as the pancreas, kidneys, or adren-
als, are rare and even less frequent are those originating from extra-abdominal
tumors, such as breast or lung cancer. Epithelial forms are far more frequent
than mesenchymal forms. Primary tumors of the peritoneum and carcinomato-
sis from gynecological or gastrointestinal tumors are overall the most wide-
spread and common PSMs treated in surgery and oncology. Irrespective of his-
tological differences, most PSMs have a common tendency to grow for a rela-
tively long period of time exclusively in the abdominal cavity, thus represent-
ing an ideal target for aggressive locoregional treatments.

A. Di Giorgio (<)

Department of Surgery “Pietro Valdoni”, Sapienza University of Rome,
Rome, Italy

e-mail: angelo.digiorgio@uniromal .it

A.Di Giorgio, E. Pinto (Eds), Treatment of Peritoneal Surface Malignancies, 3
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A.Di Giorgio

Table 1.1 Peritoneal surface malignancies

Malignant

Primary DMPM (Diffuse Malignant
Peritoneal Mesothelioma)

PPSPC (Primary Peritoneal Serous
Papillary Carcinoma)

DSRCT (Desmoplastic Small Round
Cell Tumor)

Secondary Intra-abdominal origin
Colorectal cancer
Gastric cancer
Ovarian cancer

PMCA (Peritoneal Mucinous Adeno-
carcinoma): pseudomyxoma
peritonei from mucinous
adenocarcinoma of appendix

Adenocarcinoid of appendix
Small-bowel adenocarcinoma
GIST (Gastrointestinal Stromal Tumor)
Retroperitoneal origin
Pancreatic cancer
Kidney, ureter, adrenal, bladder cancer
Sarcomas
Extra-abdominal origin
Breast cancer

Lung cancer

Borderline/low grade

WDPM (Well-differentiated Papillary
Mesothelioma); MPM (Multicystic
Peritoneal Mesothelioma)

Ovarian cancer

DPAM (Diffuse Peritoneal Adenomu-
cinosis):

pseudomyxoma peritonei from low-
grade mucinous tumors of appendix



Epidemiology: Extent of the Problem 2

Simone Sibio, Joseph Maher Fouad Atta, Alessio Impagnatiello,
Bianca Maria Sollazzo, and Daniele Marrelli

2.1 Introduction

Peritoneal carcinomatosis (PC) most commonly represents local or regional
evolution of an abdominal carcinoma. Sometimes it can be synchronous with
the primary tumor (primary carcinomatosis) but more often is present as recur-
rent disease (metachronous or secondary) after first-line treatment of the orig-
inating tumor. Patients with tumors from colon, ovary, and stomach cancer are
more likely to present with PC during their clinical course. Less frequently,
other abdominal malignancies, such as uterus, pancreas, small bowel, biliary,
or urinary tract, can involve the peritoneum. Tumors originating from the peri-
toneum itself are definitely rarer: mesothelioma, pseudomyxoma peritonei
(PMP), primitive peritoneal carcinoma, and desmoplastic small-round-cell
tumor. PC from extra-abdominal tumors, such as lung, breast, melanoma, or
peritoneal sarcomatosis, is exceptional, and few epidemiological data are
available on them. Statistical analysis of worldwide cancer incidence, preva-
lence, and mortality rate is available on GLOBOCAN 2012 [1]. In Italy, most
epidemiological data are available in the reports from the Italian Association of
Tumor Registries (AIRTUM) [2], which collects data regarding incidence,
prevalence, and mortality rates from all local and regional tumor registries,
covering at least 34% of total population. This data is considered a high-qual-
ity regional coverage by and international ranking system (GLOBOCAN 2012
rate B). An overview of available data suggests a global general consideration:
mortality related to cancer in general decreased from 75% of global incidence
of cancers in 1970 to 47% in 2010 despite a global increased incidence of 25%

S. Sibio (B<)

Department of Surgery “Pietro Valdoni”, Sapienza University of Rome,
Rome, Italy

e-mail: simone.sibio@uniromal..it
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in the same 40-year period in Western countries; these data appear related to the
strong impact on survival of new treatment strategies and drugs and concur
with observations for PC. In Italy 30,000-40,000 new cases of PC from various
primary tumors are expected every year. Table 2.1 shows the incidence of PC
(primary or secondary) in Italy in 2012 by age [Italian National Institute of
Statistics (ISTAT)]. Mortality rate for PC as first cause of death (Table 2.2) or
as one of multiple causes of death (Table 2.3) are reported for the previous 6
years in Italy; data are extracted from hospital discharge records by ISTAT and
include primary and secondary tumors.

Table 2.1 Incidence of primary (ICD-9-CM 1588-1589) or secondary (ICD-9-CM 1976) peri-
toneal carcinomatosis in Italy by age

Year 2012
Description Age
0-44 45-54 55-64 65-74 5+ Total

Malignant neoplasm of peritoneum 133 264 518 665 732 2,312
or retroperitoneum (primary)

Malignant neoplasm of peritoneum 2,862 6,028 10,364 13,605 11,753 44612
or retroperitoneum (secondary)

ICD-9-CM International Classification of Diseases, 9th Revision — Clinical Modification

Table 2.2 Mortality for peritoneal carcinomatosis (PC) in Italy (first cause)

ICD-10 Years

2006 2007 2008 2009 2010 2011
C48.0 270 222 286 261 257 230
C48.1 15 14 11 17 14 9
C48.2 159 155 198 182 124 125
C48.8 1
C78.6 272 288 233 276 302 316
Total 717 679 728 736 697 680

ICD-10 International Classification of Diseases, 10th Revision

2.2 Peritoneal Carcinomatosis from Colorectal Cancer

Globally, colorectal cancer (CRC) is the third most common cancer and ranks
as the fourth most common cancer-related cause of mortality [1]: it is the third
most common cancer in men [746,000 (10 %) cases] and the second most com-
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Table 2.3 Mortality for peritoneal carcinomatosis (PC) in Italy (multiple causes)

ICD-10 Years

2006 2007 2008 2009 2010 2011
C48.0 297 257 312 289 282 251
C48.1 17 17 15 19 19 11
C48.2 253 252 251 302 210 170
C48.8 1 1
C78.6 8,219 8,648 8,557 9,060 9,505 9,626
Total 8,787 9,174 9,235 9,670 10,016 10,059

ICD-10 International Classification of Diseases, 10th Revision

C48 Malignant neoplasm of peritoneum or retroperitoneum (primary)
C48.1 specified site

C48.2 unspecified site

C48.8 overlapping sites

C78.6 malignant neoplasm of peritoneum or retroperitoneum (secondary)

mon in women [614,000 (9.2%) cases]. Almost 55 % of cases occur in more
developed regions. There is wide geographical variation in incidence across the
world, and geographical patterns are very similar in men and women: incidence
rates vary tenfold in both sexes worldwide, the highest estimated rates being in
Australia/New Zealand and the lowest in western Africa (4.5 and 3.8 per
100,000, respectively). Mortality rate is lower [694,000 (8.5 %) deaths] but
with more deaths (52 %) in the less developed regions of the world, reflecting
a poorer survival in these regions. There is less variability in mortality rates
worldwide (sixfold in men, fourfold in women), with the highest estimated
mortality rates in both sexes in central and eastern Europe (20.3 per 100,000 for
men; 11.7 per 100,000 for women) and the lowest in western Africa (3.5 and
3.0, respectively) [1].

In United States, the incidence of CRC is about 149.000 new cases per year,
with a related mortality rate reaching 30 % [3]. A major component of treatment
failure is cancer dissemination within the peritoneal cavity appearing as local
recurrence of primary tumor or peritoneal metastases, which is estimated to
account for 40 % of all patients with CRC [4].

Thomassen et al. [5] studied the incidence of synchronous PC in patients
affected by CRC; data were extracted from the Eindhoven Cancer Registry over
a period of 15 years; results are reported in Fig. 2.1. In Italy, CRC has an inci-
dence of 38,000-41,000 new cases per year, with a 33 % mortality rate (13,000
deaths per year). Among these patients, about 15 % (6,000 per year) present with
primary PC, whereas 35 % of all mortality (4,600 per year) is related to peritoneal
recurrence alone, or 11 % of all patients with CRC [2]. Table 2.4 summarizes the
more significant experiences in the literature regarding PC incidence and local
recurrence from CRC in different series of patients [6—17].
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Fig. 2.1 Incidence of synchronous peritoneal carcinomatosis (PC) in patients with colorectal can-
cer (CRC) in a large, population-based study from Eindhoven Cancer Registry [5]

Table 2.4 Incidence of local recurrence and peritoneal carcinomatosis (PC) from colorectal can-

cers reported in th

e literature

Local recurrence (%)

Study [Reference] No. patients

Clinical series
Malcolm et al. [9] 285 39
Cass et al. [6] 280 23
Russell et al. [13] 94 7
Mendenhall et al. [10] 140 29
Olson et al. [12] 281 9
Minsky et al. [11] 294 9
Gilbert et al. [8] 31 36
Jayne et al. [17] 2,756 -4.9

Reoperation series

Gunderson et al. [14] 91 48
Tong et al. [15] 64 48

Autopsy series
Russell et al. [16] 53 38
Gilbert [8] 45 -

PC (%)

13
28
12
3

21
44

36
40
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23 Peritoneal Carcinomatosis from Gastric Cancer

Although the incidence of gastric cancer (GC) has decreased in recent years, it
is still the fourth most common newly diagnosed cancer worldwide and the sec-
ond leading cause of cancer-related death [5]. There are major differences in the
incidence of GC across countries and continents. Global incidence, as well as
primary tumor location and histological type, are constantly changing. In the
US and most of western Europe, there has been a marked decline in distal intes-
tinal GC, whereas the incidence of proximal and Barrett’s adenocarcinoma of
the gastric cardia and esophageal—gastric junction has been increasing. The
incidence of diffuse adenocarcinoma, on the other hand, is largely unchanged.
Adenocarcinoma of the body of the stomach and antrum predominates in devel-
oping countries, among African Americans, and in lower socioeconomic
groups, whereas proximal tumors are more common in developed countries,
among Caucasians, and in higher socioeconomic classes [18]. Nevertheless, GC
is common throughout Europe. In 2000, there were 192,000 new diagnoses,
with 158,000 deaths [19].

In Italy, the incidence accounts for 17,000 new patients per year, with high-
er mortality rates [10,900 (60 %) per year] [1, 2]. Outcome remains poor
despite advances in therapy, and an overall 5-year survival rate of about 20%
compares very unfavorably with that of 70% achieved in Japan [19]. Peritoneal
dissemination is the most frequent pattern of metastasis from GC and common-
ly occurs via intracoelomic dissemination or tumor spillage during surgery
[20]. PC is present at diagnosis in 5-20 % of patients and can affect 60 % after
curative treatment [21, 22]. Despite radical surgery and extended lymphadenec-
tomy, 20-50 % of patients will develop peritoneal recurrence during their fol-
low-up. Serosal involvement, Lauren diffuse histotype, and positive peritoneal
cytology are the most important risk factors for peritoneal recurrence after rad-
ical surgery [23]. Multicenter studies indicate a decrease in locoregional recur-
rence and an increase in peritoneal recurrence of GC in recent years, with
approximately one third having total recurrences after curative surgery [24].
Although there are few data available from cancer registries, PC form GC in
Italy is likely to reach 3,500—4,000 cases per year, with a very high mortality
rate [3,100 (30 %) of all deaths per year].

24 Peritoneal Carcinomatosis from Ovarian Cancer

Epithelial ovarian cancer (EOC) affects > 200,000 women and causes 125,000
deaths annually worldwide [25]. In the USA, the incidence is ~ 22,000 cases
per year and is the fifth most common cause of cancer death (15,500). In Italy,
there are 4,400 new cases every year, and there is a global mortality rate of
67.7 %. Worldwide, only 40-47 % of patients with EOC can be expected to sur-
vive > 5 years. Lifetime risk for OC is one in 70, but some women have a much



10 S.Sibio et al.

higher risk, especially those with germ-line mutations of BRCAI and BRCA2
tumor suppressor genes [26]. The incidence is low before menopause, but after
this, the incidence rises progressively. Median age at diagnosis is 63 years
worldwide [1, 27]. More than 70 % of EOC patients present with peritoneal
spread at first diagnosis (82 % in Italy), and > 80 % of deaths are due to PC.
Family history is the strongest risk factor for hereditary OC.

Three clinical manifestations of hereditary OC are recognized: site-specific
OC, breast and OC syndrome, and the hereditary nonpolyposis CRC (HNP-CC;
Lynch II) syndrome. The first two groups are associated with germ-line muta-
tions in the BRCAI and BRCA2 tumor suppressor genes, whereas HNP-CC is
associated with germ-line mutations in the DNA mismatch repair (MMR) genes,
primarily hkMLHI and hMSH?2. At least 10 % of all epithelial OC is hereditary,
with mutations in the BRCA genes accounting for ~ 90 % of cases and most of
the remaining 10 % being attributable to HNP-CC [26]. There are no certain
risk factors for sporadic EOC, although a study by Peterson et al. of 581 US
patients found lower socioeconomic status, estimated by neighborhood socioe-
conomic status, is associated with OC tumor characteristics indicative of more
advanced and aggressive disease; however, reasons for this remain unclear
[28]. Interestingly, another study by Bristow et al. demonstrated that prognosis
in EOC is highly dependent from epidemiological variables, such as socioeco-
nomic status, and access to high-volume care centers: high-volume physician
and annual hospital case volumes are associated with improved OC survival,
although access to high-volume care centers is yet limited [29].

2.5 Peritoneal Mesothelioma

Data on descriptive epidemiology of diffuse malignant peritoneal mesothe-
lioma (MPM) are available from many national registries, such as EUROCIM
[30], the US Surveillance, Epidemiology, and End Results Cancer Registry
(SEER) [27], and in Italy, AIRTUM [2]; diagnostic criteria have changed wide-
ly over recent years, which complicates adequate description of epidemiologi-
cal data. Age-standardized incidence rates range from 0.5 to ~ 3 cases per mil-
lion worldwide, with 2,500 new cases per year. However, higher rates are
reported in smaller areas with widespread past use of asbestos, such as the har-
bor of Genoa, where the incidence rate is 5.5 per million [31]. In Italy, inci-
dence varies from 0.1 to 6.4 per million, with 1,000 expected new cases per
year [2]. Peritoneal mesothelioma must be considered an increasing public
health problem because its incidence has been rising worldwide since 1970; an
increasing in mortality rate of 5-10 % is expected until 2020 [32].
Mesothelioma is three times more common in men than in women, and inci-
dence increases with age, being tenfold higher in 60—64-year-old individuals
than in 30—-40-year-olds. Asbestos is the main known cause of the disease, but
other risk factors are likely to be involved in its etiology and pathogenesis, such
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as radiation, viruses, or genetics [31]. SEER median survival data is 10 months,
and relative 5-year survival is 16 %. Survival is positively influenced by female
gender (related to asbestos exposure), younger age at diagnosis, and epithelioid
histology [33].

2.6 Pseudomyxoma Peritonei

In 1884, Werth [34] introduced the term pseudomyxoma peritonei, literally
translated as an untrue mucinous tumor of the peritoneum. PMP is a very rare
disease, with an incidence of one to two per million per year worldwide; it is
characterized by disseminated intraperitoneal mucous and mucinous implants
on peritoneal surfaces and omentum and in the subdiaphragmatic space. Global
overall 10-year survival is ~ 70 %.

PMP is thought to be associated with appendiceal mucinous neoplasms
(AMN). Because ovarian involvement is seen in the majority of female
patients, an ovarian primary has long been suggested as the cause of PMP.
However, results of several clinical, histopathological, immunohistochemical,
and molecular genetic studies strongly suggest that in patient with PMP, ovari-
an tumor deposits are almost always metastases of an appendiceal primary,
although other origins have been described as well [35]. It has also been report-
ed rarely in association with mucinous carcinomas of other organs, such as gall-
bladder and bile ducts, stomach, pancreas, colon, Fallopian tube, uterine cor-
pus, urachus, urinary bladder, breast, and lung. Although PMP may on rare
occasions arise from benign mucinous tumors, it is most commonly associated
with well-differentiated malignant tumors or those of borderline
malignancy.PMP occurs in approximately two of every 10,000 laparotomies
and is more common in women; 75 % of patients are women, with an average
age of 53 years [34].

A large population-based study in The Netherlands considered > 167,000
appendectomies performed in that nation in a 10-year period and found 1,482
of them presenting appendiceal neoplastic lesions (nine per 1 million) (Table
2.5), which is higher than worldwide general incidence, with a three- to eight-
fold incidence in women compared with men [36]. PMP can be synchronous
with the appendiceal lesion (77 %) or metachronous; median evolution time
from an appendiceal neoplasm to PMP is ~ 2 years but can be > 10 years.

2.7 Other Secondary Peritoneal Carcinomatosis

Occasionally, every solid tumor originating in the peritoneal cavity can involve
the peritoneal surface, such as urinary tract, pancreas, biliary tract, and uterus.
Among them, pancreatic carcinoma represents the most frequent histotype. In a
large population-based study, Thomassen et al. found 265 (9 %) of 2,924 patients
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Table 2.5 Incidence and gender distribution of appendiceal lesions and pseudomyxoma peri-
tonei (PMP) in 167,744 appendectomies in The Netherlands (by age)

Lesion type Appendiceal PMP

M/F Ratio M/F ratio
Mucocele 186/269 1:14 3/8 1:2.7
Mucinous neoplasms 203/371 1:1.8 31/83 1:2.7
Adenoma 153/268 1:1.7 18/52 1:2.9
Adenocarcinoma 50/103 1:2.1 13/31 1:24
Nonmucinous neoplasms  219/234 1:1.1 2/11 1:6.0
Adenoma 112/130 1:1.2 1/8 1:8.0
Adenocarcinoma 107/104 1:1.0 1/3 1:3.0
Total 608/874 1:14 36/102 1:2.8

M/F, male/female

affected by pancreatic cancer presenting with synchronous PC and observed an
increasing trend in patients treated with chemotherapy in more recent years (11 %
in 1995-1999 and 22 % in 2005-2009) [37]. PC from extra-abdominal tumors is
very rare, and most current literature is based on case reports; among them, breast
and lung cancer represent the most frequent tumors associated with PC. In a large
study of 1,628 patients with breast cancer, Tuthill et al. identified 44 patients
(2.7 %) with PC who had a very poor prognosis (1.57 months) in the UK [38].
Another study of PC from lung cancer in an autopsy series showed a global inci-
dence ranging from 2.7 % to 16 %, together with other sites of metastasis [39].
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Mechanism of Intraperitoneal Spread
of Free Cancer Cells

Giovanni Corso, Daniele Marrelli,and Franco Roviello

3.1 Introduction

Peritoneal carcinomatosis (PC) from cancer cell dissemination from a primary
tumor is considered a local cancer rather than systemic spread. Multiple primary
cancers are responsible of peritoneal metastasis (PM). Patients affected by pri-
mary epithelial tumors plus PM can benefit from an aggressive surgical
approach, such as the cytoreductive surgery (CRS), combined with hyperther-
mic intraperitoneal chemotherapy (HIPEC), which can result in long-term sur-
vival rates in selected patients [1]. Targeted indications are important for the
success of these treatments. Patient selection is performed routinely depending
on clinical parameters, preoperative tumor staging, and intraoperative findings.
However, the origin mechanism of PM underlying specific biological aspects;
in fact, some targeted molecules are responsible of tumor spread and peritoneal
cancer cells adhesion. These molecular biomarkers are introduced in clinical
practice to identify patients eligible for targeted therapies.

This chapter specifically focuses on describing cellular pathogenesis in PM
to evaluate its potential role in clinical application.

3.2 Pathophysiology

In PM, three independent mechanisms are responsible for cancer-cell implanta-
tion in the peritoneum:
e The primary pathway is dissemination of free cancer cells from a primary
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tumor, with exfoliation and direct peritoneal invasion [2]. Free cancer cells

cleave to the peritoneal surface via adhesion molecules [3];

* The second mechanism is dissemination of tumor cells through lymphatic or

venous vessels within the peritoneal cavity [2];

e The third mechanism is surgical manipulation or trauma [2].

Neoplastic redistribution is a PC that originates from transparietal spread in
individuals with low-grade tumors. This diffusion is associated with a nonran-
dom mechanism of metastasization due to gravity on biological fluids (i.e.,
ascites). This redistribution plays a preponderant role on the effect of viscosity.
Free cancer cells float into the peritoneal space forming cell aggregation in spot-
ted areas as a consequence of gravity and concentration in places of peritoneal
fluid absorption. Reabsorption of peritoneal fluids takes place at the omentum
and diaphragmatic peritoneum. The most frequently affected locations are
pelvis, subphrenic areas, parietocolic grooves, and the Morrison’s pouch [3]. In
the absence of tumor fluid production, cancer cell motility is limited, implanti-
ng close to the primary site. Distant areas are affected when the fluid carrier is
presents, such as at the Treitz ligament and the lesser omentum; in the absence
of fluid carriers, these sites are unaffected.

In general, in the early stage, the mesenteric surfaces and serosa of the small
intestine are spared; the presence of peristaltic motility inhibits cancer cell adhe-
sion. Conversely, fixed areas, such as the duodenum, ileocecal, and rectosigmoid
passages, are frequently involved by PM. The association of multiple factors,
such as peristalsis, gravity, fluid reabsorption, tumor histotype, and biological
features, defined this pattern of peritoneal invasion known as neoplastic redistri-
bution [4].

3.3 Molecular and Cellular Pathology

The pathophysiology of cancer spread, specifically peritoneal dissemination,
comprises different stages: (1) detachment of cancer cells from the primary can-
cer; (2) migration to distant sites, and (3) colonization and adaption in a new
microenvironment—in this case, the peritoneum [5]. PM pathophysiology is
depicted in Fig. 3.1.

3.3.1 Loss of Cell Adhesion and Increased Motility

After detachment from the primary cancer, free tumor cells show reduced adhe-
sion and increased motility to the peritoneum. In this phase, inactivation of
cell-cell adhesion molecules (CAMs) plays a pivotal role in changing the
cytoskeletal structure [6]. The CAM group comprises integrins, cadherins,
selectins, and some members of the immunoglobulin family. Moreover, among
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Fig.3.1 Cellular pathology of peritoneal invasion and colonization and molecular pathways

the mitogen-activated protein kinase (MAPK) cascade, epidermal growth factor
receptor (EGFR) and c-MET oncogenes are considered and important pathway
in cancer cell spread [7].

3.3.2 Anoikis Resistance

Anoikis is the term that designates the response of nontumor cells to loss of cell-
matrix contact due to specific apoptosis programming; metastatic cancer cells
are unable to anoikis. This factor causes their survival after detachment from the
primary tumor and their spread through vessels to other organs. Anoikis evasion
is, in fact, the preliminary step and thus a targeted study for the diffusion of free
cancer cells. Interestingly enough, anoikis restoration using targeted therapies is
a novel approach in modern medicine, called personalized medicine, for treating
patients affected by metastatic cancer [8].

Kallikrein-related peptidase (KLK) and V-Src sarcoma viral oncogene
homolog (Src) are involved in the homeostasis of anoikis, and deregulation is
responsible of PM.
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3.3.3 Migration and Adhesion to the Peritoneum

In this phase, free cancer cells have an increased pathogenic motility. They
adhere to the peritoneal surface, where they colonize and invade it. Pivotal mol-
ecules —integrin and cadherin proteins— guarantee adhesion between the extra-
cellular matrix (ECM) and tumor cells.

3.3.4 Peritoneal Invasion

For peritoneal invasion, the disruption of ECM by proteolytic enzymes is neces-
sary; cancer cells directly secrete these enzymes. Matrix metallopeptidase
(MMP) is a protein involved in this process facilitating cancer cell invasion by
ECM digestion [9]. At that stage, cancer cells are able to attach to the basement
membrane.

3.3.5 Peritoneal Colonization

Free cancer cells need to survive after detachment from the primary tumor and
so produce growth factors and receptors. Peritoneal colonization is associated
with stimulation by cancer cells of tumor-associated stroma to produce several
growth factors. This phenomenon is called homing; the homing of cancer cells
to the peritoneum represents a multistep process that involves malignant pro-
gression of the primary tumor, tumor invasion through the ECM, and settling of
tumor cells in the peritoneum. In the homing phase, insulin-like growth factor 1
(IGF-1) and vascular endothelial growth factor (VEGF) and their related recep-
tors play a preponderant role [10].

34 Conclusions and Remarks

PC remains a clinical entity with and aggressive pattern and unfavorable prog-
nosis, which is evidence of terminal progression in abdominal cavity disease.
CRS plus HIPEC represent an aggressive approach to PM treatment that demon-
strates favorable perspectives in long-term survival [1]. Targeted genes are
involved in the different PM phases, as abovementioned. It is thus reasonable
that targeted therapies can be considered in response to cancer cell behavior
[10].

Identifying predictive molecular biomarkers at HIPEC is the modern gold
standard in the area of cancer research; there are several candidate biomarkers
that predict response to antiblastic drugs, but their role in clinical practice is still
under investigation, and there is as yet no specific protocol. However, rapid
changes in medicine promise novel treatments with targeted therapies for per-
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sonalized medicine to improve diagnosis, treatment, and care of patients affect-
ed by PC.
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Pathology of Peritoneal Surface
Malignancies

Antonio Ciardi and Angelo Di Giorgio

4.1 Introduction

4.1.1 Role of Pathology in Diagnosis and Staging of Peritoneal
Surface Malignancy

The role of the pathologist in a team dealing with patients affected by PSM is
crucial. The steps of this work are not merely diagnostic; in fact, before diagno-
sis is achieved, the pathologist must collect a great deal of information neces-
sary for analyzing the individual case to enable the surgeon to interpret correct-
ly the macroscopic pattern presented by the patient. The majority of patients
undergoing surgical procedures for PSM have already been given systemic
chemotherapy, and the pathological pattern at the time of the surgical interven-
tion is affected by the grade of therapeutic response. In cases in which lesions
are not obvious, it is important to detect and analyze all areas of minimal alter-
ation, both in the serosal surface and in deeper locations (as in visceral speci-
mens such as large- and small-bowel tracts, uterus and adnexa, bladder, gall
bladder, and other such areas). It is even more important to apply this protocol
in cases in which superficial macroscopic lesions have virtually disappeared.
For correct staging, it must be determined with as much certainty as possible
that no microscopic residue remains.

For visceral specimens, after accurate exploration of the serosal surface,
maximal attention must be given to identifying all suspect deposits in the periv-
isceral subserosal adipose tissue and all mucosal abnormalities, which may be
an indication of a full-thickness, inverse (ab extrinseco) infiltration of the vis-
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ceral wall. Once again, tissue sampling must be extensive in order detect the true

extent of visceral-wall involvement.

Besides analysis of lymph node stations removed from specific sites, a thor-
ough search for other lymph nodes, especially in gastrointestinal (GI) segments,
is necessary to exclude metastatic seeding. Other specimens—for example, the
round ligament—require systematic sectioning due to the possible presence of
very tiny deposits of neoplastic tissue.

The pathologist’s actions as a protocol can be summarized in the following
steps:

e Detailed macroscopic analysis of all specimens, with particular attention to
minimal alterations;

* Thorough examination to detect minimal microscopic neoplastic residues;

* Accurate examination of all visceral tracts removed by the surgeon to identify
any area of potential neoplastic infiltration ab extrinseco of the visceral wall;

e Systematic search for perivisceral lymph nodes;

All these actions allow the pathologist to make a final pathological report that:
* Describes the exact nature of the lesion as to histologic type and grading;

e Measures the extent of lesions in all specimens and offers important informa-
tion regarding staging and prognostic evaluation, such as depth of visceral
wall involvement and presence of metastatic seeding in visceral lymph nodes.
The pathologist investigating PSM may be involved in different diagnostic

settings. A histocytological diagnosis may follow a laparoscopy/laparotomy pro-
cedure performed after an imaging evaluation showing widespread involvement
of the peritoneal cavity, curative surgical resection for malignancy elsewhere
that during the surgical procedure demonstrates unexpected deposits in the peri-
toneal serosa, and recurrence of a previously excised tumor. Peritoneal lavage
should be performed using a percutaneous closed technique or at the time of
laparoscopy or laparotomy. The sensitivity of peritoneal lavage cytology results
depends on the ability to completely lavage all regions of the peritoneal cavity
and detect cancer cells being shed into the peritoneal cavity by the tumor.

Whether the pathologist is actively involved in a team at a specialized insti-
tution treating PSM or discovers the disease incidentally, to obtain an accurate
histopathological diagnosis, the main goal is to obtain an adequate amount of
tissue in terms of quantity and quality. An inadequate specimen of nonneoplas-
tic tissue may be removed at laparoscopy when the surgeon fails to involve the
pathologist in choosing the specimen. Also, tissue size is of utmost importance,
as in the majority of cases, multiple immunohistochemical stainings are neces-
sary to clarify the origin of the lesion, particularly when the tumor is microscop-
ically poorly differentiated. Accurate pathological diagnosis is highly important
for the oncologist inasmuch as the choice of effective chemotherapy relies on it.

Following curative resection of surgical specimens, searching for the possible
presence of microscopic tumor foci revealing previously unsuspected peritoneal
diffusion should always be performed. This is particularly true for the omentum in
the setting of primary gastrointestinal (GI) or ovarian (OC)/gynecological cancer.



4 Pathology of Peritoneal Surface Malignancies 23

If a correct diagnosis is established preoperatively, different amounts of tis-
sue for pathological examination may be required after cytoreductive surgery
(CRS). The surgeon may remove entire organs or part of them, small or wide
segments of the peritoneum from different regions, variably sized peritoneal
implants, several different lymph node stations, etc. All specimens should be
appropriately fixed to allow correct macroscopic and histological examination.

Macroscopic or microscopic tumor foci should be identified, especially in
cases in which macroscopic findings are not clearly defined; hence, a careful
search for tiny nodules or areas with subtle modifications is essential. If these
are not identified, an exhaustive sampling is mandatory to confirm the persist-
ence of or certify the absence of pathology, which is necessary for accurate
patient staging.

4.2 Ovarian Carcinomatosis

The histological spectrum of lesions observed in peritoneal carcinomatosis (PC)

from OC overlaps that of epithelial tumors of the ovary. Worldwide accepted

classification of all ovarian tumors relies on categories referring to the cell/tis-

sue of origin, as follows:

* Epithelial ovarian tumors

* Germ cell tumors

e Sex-cord/stromal tumors

e Borderline epithelial tumors (subdivided in serous, mucinous, and
endometrioid)

* Metastatic tumors

Epithelial tumors are by far the most common, accounting for 85-90 % of all
OC. The well-characterized subtypes are defined depending on frequency, as
follows:

e Serous

e Endometrioid

e Mucinous

¢ Undifferentiated
e Clear cell

e Brenner type

This classification is based on the classic theory that epithelial tumors origi-
nate from the surface epithelium of the ovary, deriving from the embryonic
coelom, which differentiate into subtypes via several metaplastic changes that
give rise to the typical serous, endometrioid, and mucinous patterns, which
resemble fallopian tubal epithelium, endometrium, and cervical mucosa.

The histological hallmark of serous tumors is the predominant presence of
tiny papillae with the classic poor or absent stroma and variable grade of cellu-
lar lining atypia. The mucinous tumoral area classically comprises mucus-
secreting columnar cells, with tubule/tubulopapillary pattern and abundant
extracellular mucus. There are two types: classic and intestinal.
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Endometrioid tumors are characterized by neoplastic tissue that reproduces
the morphology of normal and neoplastic endometrium. Moreover, they are fre-
quently associated with synchronous uterine and ovarian endometrioid tumors.
To date, in the tumor/node/metastasis (TNM) classification of the Union
Internationale Contre le Cancer (UICC), grading these tumors comprises well-,
moderately, and poorly differentiated tumors. However, for serous tumors only,
a two-tier grading system has been proposed that divides them in two categories:
low-grade serous carcinoma [with no significant atypia and < 12 mitoses per 10
high power field (HPF)], and high-grade serous carcinoma (with significant
atypia and > 12 mitoses per 10 HPF).

Since the late 1990s, increasing evidence has challenged the conventional
view regarding the origin and development of such tumors [1]. Based on mor-
phologic and molecular genetic evidence, Kurman and Shih [2, 3] proposed a
model that groups epithelial OC into two categories: type I and type II. Type I
comprises low-grade serous, low-grade endometrioid, mucinous, and clear-cell
carcinoma. Type II comprises high-grade tumors of serous or endometrioid pat-
tern, undifferentiated carcinoma, and malignant mixed mesodermal tumors (car-
cinosarcoma). These two groups differ with regard to clinical behavior, with
type I mostly being indolent and confined to the ovary, whereas type II are
aggressive and present at an advanced stage. In addition, both groups show dif-
ferent genetic aberrations: Type I tumors are associated with mutations in KRAS,
BRAF, PTEN, PIK3A, CTNNBI, ARIDIA, and PPP2RIA genes [2, 4-6] that
result, via perturbed signalling pathways, in morphologic changes that reflect
progression from benign through varying degrees of atypia, to noninvasive and
invasive carcinoma. Type II (high-grade tumors) harbor numerous chromosomal
aberrations, the most frequent being in 7P53 and BRCAI/2 genes.

Several studies performed on women at high risk [7, 8] and confirmed subse-
quently in women with high-grade serous cancers who were not at high risk [9]
described the concomitant presence of occult noninvasive and invasive carcinoma
of the fallopian tube. These morphological observations prompted some investiga-
tors to propose, since 2003 [10], that occult tubal carcinomas may shed malignant
cells that then implant and grow on the ovarian surface, simulating primary OC.
The occurrence of serous tubal intraepithelial carcinoma (STIC) (Fig. 4.1) is only
described in association with high-grade serous carcinoma. STIC are characterized
by high nuclear-to-cytoplasmic ratio, pleomorphism, hyperchromasia, lack of cili-
ated cells, loss of polarity with or without epithelial stratification, and occasional
mitotic figures. Nuclei are rounded and enlarged, sometimes with prominent nucle-
oli. In addition, > 90 % of STIC harbor TP53 mutation and stain strongly and dif-
fusely with p53, the so-called p53 signature. Strong immunohistochemical staining
for p53 is indirect evidence of missense mutation, whereas nonsense mutations cor-
relate with negative staining. Moreover, a high (up to 38 %) Ki-67 labeling index
is typical of STIC, a 10 % value being considered the threshold.

Possible explanations for the role of STIC in the development of high-grade
serous OC are:
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Fig. 4.1 p53-positive staining of small
aggregates of neoplastic cells in the fimbria
(IHC-P, x 50)

e STIC are detected in > 50 % of all cases of sporadic, high-grade serous
pelvic carcinoma and in 10-15 % of fallopian tubes after prophylactic
removal from women with germ-line BRCA mutations. In the latter cases,
STIC morphologically resembles high-grade serous OC, with no similar
lesions found in the ovary;

* Laser-capture microdissection studies showed that 92 % of STIC have TP53
mutations, which are identical to those discovered in concordant OC;

* STIC frequently upregulate oncogene products, such as cyclin E1, Rsf-1, and
fatty acid synthase, which are overexpressed in high-grade serous carcino-
mas;

e The presence of STIC in prophylactic salpingectomy specimens in the
absence of carcinoma is among the most important pieces of evidence that
argue against the view that STIC represent lateral extension or metastasis
from the adjacent high-grade serous carcinoma;

e STIC associated with high-grade serous OC have shortened telomeres com-
pared with those of OC [11]. Shortened telomeres are some of the earliest
molecular changes in carcinogenesis; they cause chromosomal instability, a car-
dinal feature of high-grade pelvic serous carcinomas. A gene-expression study
demonstrated that expression profiles of high-grade serous OC more closely
resemble fallopian-tube epithelium than ovarian serous epithelium [12].

4.2.1 Pathology

What the pathologist receives after a CRS procedure is a complex puzzle of
specimens of different origin. One of them is the peritoneal layer removed
because of gross disease. Peritoneal specimens are sampled from the subdi-
aphragmatic region, left and right abdominal wall, pelvic and prevesical region,
and Morrison’s pouch. Specimens have different shapes, being quadrangular, tri-
angular, or very irregular with several projections and infoldings. The affected
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peritoneum usually shows punctiform hemorrhages and is slightly thickened by
edema or fibrosis of the subperitoneal connective tissue.

Whitish or pale gray nodules can be observed on the serosal surface, meas-
uring from very tiny spots up to several centimeters in maximum dimension
(Fig. 4.2a, b); on the cut section, they are seen to extend deep into the subperi-
toneal connective tissue or fat (Fig. 4.2c). Macroscopic foci of necrosis are often

Fig.4.2a-c a Small superfi-
cial nodules of the lesser
omentum. b Plaque-like
neoplastic growth in the
subdiaphragmatic region.

¢ Superficial deposit and deep
infiltrating neoplastic tissue in
the pouch of Douglas
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present in the larger nodules of several centimeters in diameter. Microscopically,
nests or sheets of cells growing in a solid pattern, with pleomorphic nuclei and
occasionally conspicuous nucleoli are observed. Alternatively, tumor cells may
form a papillary growth or microcysts.

In the smaller peritoneal tumor deposits, only tiny papillae or cell aggregates,
surrounded by desmoplastic fibrous tissue, are seen. Nodules can have an out-
growth on the peritoneal surface (Fig. 4.3a) or appear in the thickness of the
peritoneal sample growing toward the subperitoneal fat tissue (Fig. 4.3b) Often
they are multiple and very small (Fig. 4.4a) or are an incidental finding in an
apparently noninvolved area of the peritoneum (Fig. 4.4b).

In a minority of cases with very good response to chemotherapy, histology
demonstrates subperitoneal foci of desmoplastic tissue with psammoma bodies,
with no evidence, or a barely visible aggregate, of malignant cells after a thor-
ough search in multiple samples. In these cases, the psammoma bodies are the
distinctive hallmark of the previous solid or papillary neoplastic growth in the
subperitoneal tissue (Fig. 4.5).

The omentum (Fig. 4.6a) is always part of surgical resection, and its macro-
scopic aspect can vary from that of an omental cake to an intermediate multi-
and macronodular involvement, to that of very small nodules or irregular thick-
ening in the omental tissue. Omental cake and multimacronodular involvement
are associated with massive neoplastic microscopic infiltrates, resulting in dif-
fuse replacement of the omental adipose tissue by whitish, solid, homogenously
granular neoplastic tissue. Problems can arise in the macroscopically “normal”
omentum, in which an exhaustive sampling must be performed to avoid a mis-
leading diagnosis of absence of neoplastic tissue.

The round ligament (Fig. 4.6b) is also usually sampled and may present
superficial nodules or an even surface; however, often on serial sectioning, small
nodules can be observed in the subperitoneal fat or in fibrous cord residue of the
umbilical vessel. Microscopically, solid or papillary tumor deposits with infil-
trating edges are seen within adipose tissue or the fibrous cord.

Several specimens labelled as implant(s) are also received. These can be very
small fragments, of irregular shape and with variable texture and color; or they
may measure a few centimeters in maximum dimension. They are sampled from
the visceral peritoneum (small-bowel tracts, gastric wall, left or right colic
angles, large-bowel tracts, liver capsule, lesser omentum, Morrison’s pouch).
Histologically, all ranges of tumors involvement are possible—from massive
infiltration to absence of neoplastic tissue. Small- and large-bowel implants
often show tumoral deposits in the subserosa or in the muscle layer, whereas the
submucosa and mucosa are frequently involved. Liver-capsule implants are usu-
ally exophytic, with no involvement of the underlying liver parenchyma, as the
liver capsule can behave as a barrier to liver tissue.

Segments of small and large bowel are often sent for pathological examina-
tion and may present multiple micronodules on the serosa or in the subserosa
(Fig. 4.7a, b). These can be very small and easily confused with nonneoplastic
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Fig.4.3a, b a Exophytic nod-
ule on the peritoneal surface
(H&E, x 12.5). b Nodule
growing in the thickness of
the peritoneal subserosal
tissue (periodic acid-
Schiff-diastase x 12.5)

fibrous thickening of the subserosal fat; consequently, for this reason, any sus-
picious whitish gray lesion should be sampled. In the more advanced cases,
infiltrating lesions appear as a visible ulcerated thickening of the bowel wall,
with deeper growths involving the muscular layer (Fig. 4.7c) and possibly sub-
mucosa and mucosa (Fig. 4.8a—c). Perivisceral lymph nodes may be enlarged as
the result of metastatic growth. They are not necessarily adjacent or close to neo-
plastic lesions. The finding of lymph node “metastasis” in these specimens is not
because of direct invasion, which prompts the idea that after neoplastic nodule
establishment in the pericolic adipose tissue, there is diffusion via lymphatic
vessels that mimics diffusion of the advanced primary in the intestinal mucosa.
The fact that neoplastic cells shed from pericolic nodules and travel in the lym-
phatic network along the viscera could be a possible cause of recurrence. In a
study conducted at our institution [13] on a cohort of patients who underwent
CRS plus HIPEC for primary advanced or recurrent OC, we encountered two
interesting findings: First, the depth of colorectal wall invasion is an independ-
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Fig.4.4a, b a Multiple small
neoplastic intraperitoneal nod-
ules (H&E, x12.5). b
Microfocus of neoplastic cells
infiltrating the subperitoneal
tissue, with no macroscopic
alteration on the peritoneal sur-
face (H&E, x 50)

ent, unfavorable prognostic factor for overall survival (OS) equal to the amount
of residual disease; in fact this effect can be explained by multiple regression
analysis in which the depth of invasion correlates with more extensive peritoneal
spread and overall lymph node metastasis. Two other studies show conclusions
that agree, at least partly, with our finding [14, 15]. Second, we found a 42.3 %
metastatic spread to mesenteric lymph nodes, in keeping with another study
[16]. Other authors report figures that differ significantly from ours [15, 17] and
correlate it to certain pathologic variables, such as depth of colorectal-wall inva-
sion [15], spread to retroperitoneal lymph nodes [17], or both [18], or the
amount of the large bowel resected [14]. In our experience, whenever metastat-
ic peritoneal spread invades the colorectal wall, one can reasonably expect
mesenteric lymph node metastasis equal to or more frequent than that found in
the pelvic and interaortocaval (locoregional) stations. Regarding the site of
lymph nodes involved, we found that mesorectal lymph node metastasis was



30 A.Ciardi and A. Di Giorgio

e o . #ven s e 5 PO

2 o * Y . . o !
Fig. 4.5 Psammoma bodies inside fibrous desmoplastic tissue, with no or very minimal neoplas-
tic residue (lower right) (H&E, x 50)

present in 41.6 % of patients with mesorectal resection, justifying the preferred
surgical approach of an almost total mesorectal resection in patients with deep
infiltration of the peritoneal pouch and intraperitoneal rectum. Mesenteric
lymph node and concurrent locoregional metastases appear to worsen the prog-
nosis, and unsystematic removal of these lymph nodes could result in undiag-
nosed and residual metastatic disease, a fact that presumably could change this
observation, with a less favorable survival for patients with metastatic spread to
the mesenteric lymph node [13].

The pouch of Douglas is very frequently involved and shows gross exophyt-
ic lesions originating from subperitoneal fat (Fig. 4.9a, b); alternatively lesions
are more subtle, and only a thickening of the submesothelial tissue is observed,
which corresponds microscopically to small foci of papillary elements or solid
paucicellular nests surrounded by desmoplastic fibrous tissue. From the bottom
of the pouch of Douglas, lesions can expand to the colic wall or toward the
uterus and/or broad ligament. An appropriate sampling of these areas is manda-
tory when the pathology is not clearly obvious.

The spleen and adipose tissue of the splenic hilus are also typical sites of
involvement (see Chap. 9, Fig. 9.14). Usually, neoplastic nodules are contained
in the hilar adipose tissue, and, if large, may be visible on the peritoneal surface.



4 Pathology of Peritoneal Surface Malignancies 31

Fig.4.6a, b a Massive involve-
ment of the omentum (omental
cake). b Signet-ring-cell
carcinoma infiltrating fibrous
cord of round ligament

(H&E, x 50)

Also, the splenic fibrous capsule may present frank nodules or a microscopic
nest of neoplastic cells. Very rarely, we have observed neoplastic infiltration of
the splenic parenchyma, which in all cases was near the parahilar region, prob-
ably where the capsule is thinner and exceptionally we found involvement of an
accessory spleen (Fig. 4.10).

Regional lymph nodes for the ovary are located in the pelvis and along the
iliac artery. They have a typical elongated shape and usually do not harbor
metastasis after systemic chemotherapy. A frequent histological finding is that of
fibrous and hyaline tissue—often calcified—in the subcapsular sinuses, which
makes the lymph node hard and suspicious for metastasis.

If the uterus and adnexa are part of the surgical resection, the most frequent
observation is that of bilateral pathological ovaries, which are variably increased
in diameter, with frequent adhesion to the uterus and/or to the large bowel. The
surface of the ovary is rough due to the outgrowth of the tumor beyond it. In the
majority of cases, lesions are solid, with a variable portion of cystic aspect. In
the more florid cases, paratubaric tissues and broad ligaments can harbor the
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Fig.4.7a-c Superficial (a)
and subserosal (b) nodules (ab
extrinseco infiltrative growth)
(H&E, x 12.5]. ¢ Neoplastic
tissue infiltrating up to the
muscular layer of the gastroin-
testinal tract (H&E, x 12.5)

neoplastic tissue. The corpus uteri may show serosal nodules that may or may
not extend deep beyond the subserosal tissue to reach the myometrium directly.
The latter can be involved lymphatically, as well.
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Fig. 4.8a—c a Macroscopic evi-
dence of colonic mucosal infil-
tration. b Neoplastic involve-
ment of submucosa and deep
mucosa (H&E, x 50).

¢ Neoplastic growth in the
chorion of the mucosa and
mucosal-submucosal lymphatic
infiltration (H&E, x 50)

4.3 Peritoneal Carcinomatosis from Colorectal and
Appendiceal Tumors

Pseudomyxoma peritonei (PMP), also known as mucinous or gelatinous ascites,
is a rare condition, with an incidence of ~ 1/1,000,000 per year [19]. PMP is a
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Fig.4.9a, b a Nodules and
plaque-like growth in the pouch
of Douglas. b Nodules in the
pouch of Douglas (/eft) and
pelvic parietal peritoneum
(right)

Fig.4.10 Neoplastic infiltration
of accessory spleen
(H&E, x 12.5

clinical term and, therefore, should not be used as a pathological diagnosis. It
corresponds to the intraoperative clinical finding of mucus or gelatinous fluid in
a localized or generalized form occupying the pelvic or abdominal cavity with
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Fig.4.11a, b a Huge mucous
deposit on appendix serosal
surface (periodic acid-Shiff).
b Serial sampling of appendix
showing neoplastic alteration
at different levels
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involvement of the omentum. PMP is most probably the result of an appendiceal
(Fig. 4.11a) or, more rarely, another type of mucus-secreting tumor in the area
of the GI tract other than the appendix. Most cases of PMP originate from rup-
tured low-grade appendiceal tumors, as shown by molecular genetic and
immunohistochemical studies [20, 21]. In many cases, the appendiceal tumor is
not easily recognized grossly, and therefore, the entire appendix must be serial-
ly sectioned and submitted in its entirety for microscopic examination in order
to determine the primary site (Fig. 4.11b).

A proposed classification of mucinous tumors involving the peritoneal cavi-
ty recognizes two main categories based solely on pathologic features: dissemi-
nated peritoneal adenomucinosis (DPAM), and peritoneal mucinous carcino-
matosis (PMCA), the prognostic utility of which has been confirmed by follow-
up data with long-term survival for DPAM and very poor prognosis for PMCA
patients [22]. Microscopic criteria defining DPAM include disease characterized
by histologically bland to low-grade adenomatous mucinous epithelium associ-
ated with abundant extracellular mucin and fibrosis, often with an identifiable
appendiceal mucinous adenoma or a mucocele. Only rarely are lesions identified
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within lymph nodes or seen invading the parenchyma of abdominal or pelvic
organs. In patients with PMCA, the disease is characterized by peritoneal lesions
displaying cytologic and architectural features of mucinous carcinoma associat-
ed with extracellular mucin, often with an identifiable invasive mucinous adeno-
carcinoma of the GI tract. Not infrequently in these cases, parenchymal and
lymph node metastases are associated.

A third category has been described and named “peritoneal mucinous carci-
nomatosis with intermediate or discordant features (PMCA I or D).” This cate-
gory involves peritoneal lesions that combine DPAM and PMCA-I or markedly
atypical appendiceal adenomas associated with peritoneal lesions similar to
PMCA-D. However, resection specimens of multivisceral CRS show that in
PMP, both low- and high-grade features are seen concurrently at light-
microscopy examination. Additionally, several authors reported that despite the
low-grade histological features and the long-term prognosis of DPAM, multiple
disease relapses always occur, leading eventually to death. A claim for using the
term mucinous carcinoma peritonei, either low or high grade, for all cases of
PMP was recently made by Bradley et al. [23], who showed that the nomencla-
ture of the condition is still hindered by controversy and confusion.

In our experience, true cases of DPAM show multiple nodular formations—
soft, bubble-like, and translucent—covering wide areas of the peritoneum: sub-
diaphragm right and left (Fig. 4.12a), gastric, parietal right and left, spleen sur-
face, omentum, prevesical peritoneum, and pouch of Douglas areas. At micro-
scopic observation, we found mucus deposits covered by a very thin, fibrous,
and transparent capsule harboring neutrophils and plasma cells with a sheet of
adenomatous epithelium (Fig. 4.12b). The mesothelium appears hyperplastic,
with mesothelial cells showing variable size and shape and being polygonal or
elongated. These cells stain positively both with cytokeratin (CK) and vimentin,
featuring the immunoprofile of the mesothelium. In no cases have we found
infiltration of subserosal tissues.

PMC shows a more infiltrating tendency, and in this setting, we observed an
overlap of pathological involvement of the peritoneal cavity either from a
known primary tumor from a specific site in the GI tract (small and large bowel,
stomach) or from a tumor putatively originating from appendix.

Small, multiple nodular deposits may be observed that remain superficial or
subserosal; deeper lesions invade ab extrinseco toward the internal layers, reach-
ing the mucosa, with concomitant and progressively severe narrowing of the
lumen (Fig. 4.12c). Omentum is a preferred site of neoplastic deposits either from
advanced primary tumor or in metachronous PC if not previously removed. There
is usually involvement of the parietal peritoneum and the pouch of Douglas,
where neoplastic growth can be exophytic or invade the underlying adipose tis-
sue. The bladder and genital organs (uterus and ovaries, less frequently prostate)
are usually part of the pathological picture of PC, taking the form of direct infil-
tration from a sigmoid/rectal large-bowel tumor or as seeding of neoplastic cells
from tumors of more proximal tracts (i.e., Krukenberg tumor of the ovaries).
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Fig.4.12a-c a Soft, bubble-like
lesion on the liver—subdiaphrag-
matic surface typical of dissemi-
nated adenomucinosis. b Mucous
deposits with subtle fibrous lobu-
lation and inflammatory cells
(H&E, x 50). ¢ Signet-ring cells
and mucous infiltration of gas-
trointestinal wall (muscle layer
and submucosa) (periodic acid-
Schiff—diastase, x 12.5)

Ovarian mucinous adenocarcinomas associated with PC from GI cancer may
be erroneously considered as primary ovarian neoplasms, particularly if they are
discovered during the first operative procedure, but molecular analysis demon-
strates identical KRAS mutations in the large bowel/appendiceal tumor and syn-
chronous ovarian tumors. Ovarian metastases result from neoplastic mucinous
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cells being deposited on the ovarian surface or having penetrated the ovarian
stroma.

4.4 Peritoneal Carcinomatosis from Gastric Cancer (GC)

In the Far East, the most common pattern of disease failure after curative resec-
tion of GC is PC [24]. However, little is known about the actual incidence of PC
in the setting of GC. A study based on the Eindhoven Cancer Registry popula-
tion of 2,029 patients diagnosed with GC in The Netherlands found a 39 % rate
of metastatic disease, of which 35 % developed PC in the metastatic setting; in
24 %, the peritoneum was the only site of metastasis [25]. Prognosis of patients
with PC from GC is very poor, with median survival (MS) of 4.6 months for
patients with PC only and 3.3 months for patients with PC plus other metastatic
sites. Taking the hypothesis that PC is caused by serosal infiltration by the pri-
mary tumor and subsequent shedding of malignant cells into the peritoneal cav-
ity, it is acceptable to consider advanced T and N stages as risk factors for
patients with GC developing PC; risk appears to be greater if they are of younger
age. Other risk factors for both synchronous and metachronous PC are signet-
ring-cell histology of the primary tumor or linitis plastica [25].

Diagnostic laparoscopy with peritoneal cytology is the best procedure for stag-
ing advanced GC, and peritoneal cytology has been included as a staging proce-
dure, regardless of how it is obtained (peritoneal lavage, usually during staging
laparoscopys; ascitic fluid tapping if ascites is present). Positive peritoneal cytology
makes the disease stage I'V. Peritoneal cytology has yet to gain integration into the
clinical practice of surgeons, and with missing peritoneal cytology, surgeons are
accustomed to operating on GC cases without proper staging.

Cytology workup should include both Giemsa [Romanowsky, Diff Quick,
May-Grunwald Giemsa (MGG), or similar methods] and Papanicolaou stains, as
well as cell-block preparation (hematoxylin and eosin staining). In doubtful
cases, immunohistochemical stains can be performed —usually monoclonal car-
cinoembryonic antigen (CEA). Real-time polymerase chain reaction (RT-PCR)
to detect CK-20 and CEA messenger RNA (mRNA) expression as signs of
metastasis may also help in the routine workup [26].

The pathological picture of PC from GC differs in the setting of primary
advanced gastric lesion from that of PC following previous gastric resection. In
the first case, the main area of neoplastic deposits is the omentum, with possible
direct infiltration of the spleen or pancreas and lesser omentum, depending on
location of the primary tumor. Parietal, visceral, and pelvic implants are part of
the picture. Not infrequently, we have observed metastatic seeding at the ovaries
(Krukenberg tumor). We also observed two cases of PC from diffuse-type GC
involving the residual gastrocolic ligament and the transverse portion of the
large bowel, with the dominant pathological feature represented by diffuse per-
ineural neoplastic infiltration of the mesocolon and bowel wall (transparietal).
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4.5 Peritoneal Carcinomatosis from Endometrial Cancer

PC from endometrial cancer (EC) has been rarely reported. A MEDLINE search
retrieved only three articles: one concerned a wound recurrence of endometrial
cancer, and two consisted of a small series of patients with PC. All patients were
treated with complete CRS plus HIPEC [27-29]. The most recent series [27]
involved 13 patients, of whom seven were alive after a follow-up ranging from
1.56 to 124.83 months: three had recurrence and four did not. The other pub-
lished series was a small group of five patients, two of whom survived without
recurrence after 2 and 3 years, and two of whom were living with recurrence
after 1 and 3 years [28]. No reference was made in these articles to the overall
incidence of advanced EC. However, treatment resulted in an apparent benefi-
cial effect on survival of these patients with advanced disease. Eight cases of PC
from EC have been treated in our institution with peritonectomy (PRT) plus
HIPEC, with survival ranging from 12 to 95 months (see Chap. 22, Table 22.2).

Peritoneal involvement from endometrial neoplasms has a spectrum ranging
from limited peritoneal areas with tiny nodules to multiple sites of neoplastic
growth with nodular or plaque-like shape. Nodules can be of small or medium
size and often are observed in the mesocolon, mesosigmoid, adipose tissue of
splenic hilus and round ligament, and liver capsule. Plaque-like thickening is
frequently seen in the subdiaphragmatic peritoneum, small- and large-bowel
serosa, and subserosal adipose tissue, although nodular growth can be observed,
as well. These plaque-like formations induce partial stenosis of the intestinal
lumen. Macroscopic evidence of metastatic diffusion to the pericolic lymph
nodes is a frequent finding, and regional lymph node stations can show metasta-
tic nodules.

Microscopically, cases with low neoplastic burden are characterized by mul-
tiple foci of a small number of neoplastic cells, accompanied by desmoplastic
stroma, and sparse in the subserosal tissue of the parietal or visceral peritoneum.
Nodular and plaque-like formations show solid, papillary, cystic—papillary and,
less frequently, a tubular pattern. Fibrous septa of variable thickness are present.
These formations can be exophytic or invade subserosal adipose tissue.
Differently from OC, involvement of muscular or more inner layers of the bowel
is less frequent. Metastatic involvement of pericolic lymph nodes is usually an
epiphenomenon of extensive neoplastic growth in the subserosal adipose tissue.

4.6 Peritoneal Carcinomatosis from Breast Cancer

Peritoneal involvement from previous breast cancer (BC) is a rare event. It can
develop many years after the original diagnosis, with the longest reported inter-
val being 30 years (median 18 years). Most papers in the literature are case
reports. In one study [30], only 73 of 12,001 patients diagnosed with metastatic
disease secondary to BC were found to have histologically confirmed metastat-
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ic disease to the GI tract and peritoneum. Twenty-three patients had GI metasta-
sis only, with no involvement of the peritoneum. Lobular BC is prevalent in
peritoneal metastasis, with rates as high as 54 % of patients compared with the
10-12 % overall percentage of lobular type in breast primaries. MS in this set-
ting is very short, ranging from 1.5 months after treatment with chemotherapy
or hormonal therapy [31] up to 26 months after surgery (mostly palliation for
obstruction). A small group of five patients treated at our institution with CRS
plus HIPEC achieved long-term survival, with one patient surviving up to 10
years [32].

Ductal BC is associated with a less evident macroscopic involvement. Small
nodules (< 2cm in diameter) can be observed in the omentum (lesser and
greater), hilus of the spleen, round ligament, parietal (parietocolic right cleft)
and pelvic (pouch of Douglas) peritoneum, and subserosal adipose tissue of the
left colon and mesosigmoid; single implants may be present in the cecum,
mesorectum, mesentery, appendix vermiform, myometrium, paratubaric, and
paraovarian tissue, with penetration of ovarian stroma.

Lobular BC shows a macroscopic picture of multiple stenosis of the large
and small bowel, with tubular narrowing of the lumen due to deeper involve-
ment of the parietal layers up to the mucosa, which appears ulcerated; round lig-
ament, parietal peritoneum, and splenic capsule are also sites of neoplastic seed-
ing, as are the ovaries and Fallopian tubes (ovaries show massive involvement,
as in the Krukenberg type of tumor).

A panel of immunohistochemical stains is needed to confirm the diagnosis,
with positive stains for CK-7 and gross cystic disease fluid protein-15 (GCDFP-
15), whereas stains for Wilms’ tumor 1 (WT1), cancer antigen 125 (CA-125),
and CK-20 is negative. E-cadherin assessment is helpful in differential diagno-
sis between lobular and ductal BC.

4.7 Peritoneal Carcinomatosis from Pancreatic Cancer

Data regarding incidence, prognosis, and treatment opportunities of PC follow-
ing pancreatic cancer are sparse in the literature. Very few studies focus on this
topic. The most recent investigation is from The Netherlands [33]. The authors
searched for the diagnosis of nonendocrine pancreatic cancer in the Eindhoven
Cancer Registry over a period of 15 years. They found 2,924 cases, of which 265
presented with synchronous PC (mean incidence 9 %, increasing to 11 % in the
last 5 years of the study). Most cases presented with metastasis in other loca-
tions. The reported MS in patients with synchronous PC was only 6 weeks.
Other studies—an autopsy-based study [34] and a group of patients treated with
palliative chemotherapy [35] —report incidences as high as 31 %. Another paper
on disease recurrence after surgical treatment for pancreatic cancer found a PC
incidence of 30 % (21/69 patients), with a grim prognosis witnessed by an actu-
arial 5-year survival of only 6.8 %. The main pathological characteristic inde-
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pendently associated with PC was invasion of the portal vein. The authors stat-
ed that PC cannot be excised surgically because cancer cells are distributed ran-
domly across a large area of the peritoneum [36].

On the basis of results obtained in PC from CRC, Farma et al. [37] treated
seven patients with pancreatic carcinoma with radical surgery plus HIPEC,
achieving a mean survival of 16 (range 2—62) months but with a high incidence
of severe complications, from which they conclude that such treatment should
currently not be offered. A case report focused on successful combined IP and
systemic chemotherapy, with disappearance of peritoneal deposits and conse-
quent radical resection [38]. The main avenues of progression of pancreatic can-
cer outside the organ are liver metastasis, local retroperitoneal extension, includ-
ing periaortic lymph nodes, and peritoneal dissemination. This has been evalu-
ated as being as frequent as 31 % in postmortem studies of patients with pancre-
atic cancer [34]. The main areas of deposits in peritoneal spread of pancreatic
cancer are the omentum and tracts of the large and small bowel. Many of these
cases present with synchronous, often multiple, metastases in the liver, which is
an exclusive criterion for surgical treatment of PC from pancreatic cancer. PC is
not a rare event in the course of digestive endocrine tumors, especially in
patients with carcinoid tumors, with a prevalence of 27 % (8/30) [39].

4.8 Primary Tumors of the Peritoneum
4.8.1 Malignant Peritoneal Mesothelioma

Mesotheliomas are rare, aggressive tumors arising from serous surfaces: pleura
(65-70 %), peritoneum (30 %), tunica vaginalis testis [3-5%], and pericardium
(1-2 %). Malignant peritoneal mesothelioma (MPM) is the second rarest form of the
disease and accounts for approximately 20-25 % of all mesothelioma cases each
year. It generally affects men between the ages of 50 and 69 years. First described
in 1908 by Miller and Wynn [40], it is a rare neoplasm with a rapid, fatal course (MS
6—12 month). Only 50 % of patients with MPM of peritoneal origin have a history
of asbestos exposure. However, latency between exposure to asbestos and the devel-
opment of MPM symptoms can be anywhere from 20-50 years. There are two main
theories regarding how asbestos exposure leads to the development of MPM: (1)
asbestos fibers are ingested, and these fibers work their way from digestive organs
into the peritoneal membrane; (2) asbestos fibers are inhaled and travel to the peri-
toneal membrane via the lymphatic system. Most people with years of asbestos
exposure never develop mesothelioma, yet others with very brief exposure may
develop the disease. This indicates that other factors may be involved in the patho-
genesis of this disease. Some research indicates a link between mesothelioma and
Simian virus 40. Other possible risk factors include prior radiation exposure, expo-
sure to thorium, talc, erionite, or mica, as well as in patients affected by familial
Mediterranean fever and diffuse lymphocytic lymphoma.
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MPM can arise both from visceral and parietal peritoneum. It is diagnosed in
advanced stages in most cases, and it often takes considerable time to arrive at
the correct diagnosis, as the mean time from symptoms to diagnosis is 122 days
[41]. It may present as multiple tiny masses or as one dominant, localized mass
and generally little or no ascites, or shows widespread small nodules, no domi-
nant mass, and presence of ascites. The widespread progression of malignant
cells on peritoneal surfaces results in copious fluid production, which can be
attributed to retention of a functional property of normal mesothelial cells.
Neoplastic growth can involve the wall of several viscera (Fig. 4.13 upper
panel).

Cytologic analysis of ascites has a low diagnostic potential due to high cyto-
logic diversity of tumor cells and to the small number of malignant cells within
the fluid. When there is no effusion, sampling by fine-needle aspiration of the
tumor can be used to reach a diagnosis. Normally, a definitive diagnosis is
obtained through tissue biopsy obtained at peritoneoscopy or diagnostic surgery.

Mesotheliomas have three basic histologic forms: epithelioid (the most fre-
quent), sarcomatoid, and mixed (biphasic). More often, areas showing features
and admixtures of these three types may be encountered within a single tumor;
a sarcomatoid component is observed in 25 % of cases, but a pure sarcomatoid
variety is extremely rare. The epithelioid MPM can grow with four different pat-
terns: tubular, papillary (the most common, often found in association with other
patterns), diffuse, and deciduoid (cells with abundant, glassy-looking
eosinophilic cytoplasm). Atypia is a frequent feature but is typically mild; only
a few cases have moderate or severe atypia.

Immunohistochemistry is also useful to distinguish MPM from primary pap-
illary serous carcinoma of the peritoneum, serous OC, colorectal adenocarcino-
ma diffusely involving the peritoneum, and borderline serous tumors. In partic-
ular, calretinin, CK (Fig. 4.13, middle and lower panels), and thrombomodulin
are typically positive in patients with mesotheliomas and negative in those with
serous carcinomas. MPM usually remains confined to the peritoneal cavity for
most of its natural history, and the typical growth pattern is locally expansive
masses. Hematogenous or lymphatic metastasis is unusual.

Multicystic mesothelioma and well-differentiated peritoneal mesothelioma
typically occur in the peritoneum of women with no history of asbestos exposure
and show low malignant potential. Multicystic mesothelioma predominantly
affects the pelvic peritoneum of young women, has a high tendency to recur
locally, but shows no tendency to metastasize, and consequently requires only
surgical treatment.

4.8.2 Primary Peritoneal Serous Papillary Carcinoma

Primary peritoneal serous papillary carcinoma (PPSPC) is a papillary serous-
surface carcinoma affecting cells lining the peritoneum or abdominal cavity and
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plasmic staining [IHC (P), x 50];
typical perinuclear circular pattern
(c) of cytokeratin in mesothelioma
cells [IHC (P), x 100]

develops almost exclusively in postmenopausal women. Since the establishment
in 1959 of extraovarian peritoneal serous papillary carcinoma as a clinical enti-
ty, only a limited number of cases have been described, and its clinicopatholog-
ic features remain obscure. In early studies, it was thought to arise from the
mesothelium of the peritoneum [42]. However, since ovarian and peritoneal
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epithelium share common embryonal origin from the coelomic epithelium, it is
believed that serous carcinomas of the ovaries, uterus, fallopian tubes, and
cervix, as well as PPSPC, actually represent one entity; the fallopian tube may
be another source of PPSPC [43]. Expression of Miillerian-specific markers,
such as PAXS, and lack of coexisting precursors on the ovarian surface, also sup-
port an origin in the fallopian fimbriated end or Miillerian inclusions. Women
with BRCAI/2 mutation have a 5 % risk of developing PPSPC, even after pro-
phylactic oophorectomy. Schorge et al. [44] described BRCAI mutations in 48 %
of patients with PPSPC. However, only 10 % of ovarian and primary peritoneal
cancers are genetically linked.

PPSPC and serous OC appear identical microscopically. Tumor distribution
pattern in the abdominal cavity often differentiates PPSPC from OC. Patients
with PPSPC present with PC without evident gross tumoral disease and usually
have normal ovaries and tubes or only superficial involvement of the ovaries.
Criteria for PPSPC stipulated by the World Health Organization (WHO) and the
Gynecologic Oncology Group (GOG) are the following: (1) ovaries must be nor-
mal in size or enlarged by a benign process only; (2) extraovarian tumors must
exceed the ovarian tumors in size; (3) microscopic carcinoma in the ovary must
be superficial and < 5 x 5 mm.

Because of the similarities to OC, most scientists are applying the Fédération
Internationale de Gynécologie et Obstétrique (International Federation of
Gynecology and Obstetrics) FIGO staging criteria for epithelial OC to determine
PPSPC stage. Patients with PPSPC tend to be older and have higher-grade
tumors compared with patients with primary ovarian serous carcinoma, leading
to a shorter OS for PPSPC patients. Nearly all patients diagnosed will have stage
III or higher, because warning signs are typically few until cancer is widespread.

In our institution, 12 patients underwent PRT plus HIPEC for PPSPC, as
described (see Chap. 21, Table 21.1).

4.8.3 Desmoplastic Small Round-cell Tumor

First described in 1989, desmoplastic small round-cell tumor (DSRCT) is a rare
but highly aggressive neoplasm that typically occurs in adolescent boys and
young men. The male-to-female ratio is approximately five to one, and mean age
at diagnosis is 22 years [45]. DSRCT generally develops in the abdomen and has
a tendency toward peritoneal spread, with subsequent metastasis to distant
lymph nodes, liver, and lungs, as recorded in the vast majority (80 %) of
patients. Abdominal or pelvic tumors show sizes ranging from 3.5 to 23 cm.
Extra-abdominal sites, although rare, are described and involve prostate, testis,
shoulder, and thigh. Eighty percent of patients have evidence of metastasis at
presentation, with lungs and liver being the commonest sites. The reported MS
of DSRCT varies from 17 to 25 months, indicating a very poor outcome.
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Chemotherapy is the most frequently used therapeutic modality, but multimodal
treatment with chemotherapy, surgery, and radiotherapy appears to represent
optimal management. Moreover, two studies found that aggressive surgical
debulking of DSRCT is of prognostic significance [46, 47], and another report-
ed achievement of a longer MS [48]. The use of CRS plus HIPEC has also been
reported (heated cisplatin is given IP at a dose of 100—~150 mg/m?) [49-51].

At our institution we treated a young male patient with diffuse peritoneal dis-
ease with no extra-abdominal sites of involvement. Specimens from
abdominopelvic cytoreduction showed diffuse involvement of multiple sites:
right and left colon (ileocolic angle), sigmoid colon (including mesosigmoid),
rectum, bladder (adipose tissue), iliac fossa right and left, periappendicular adi-
pose tissue, obturatoria fossa bilaterally, liver capsule, splenic capsule,
Morrison’s pouch, omentum at the inferior border, subdiaphragmatic right and
left tissue, diffuse lymphadenopathy [paracaval, interaortocaval, retroinguinal,
iliac right and left, iliac bifurcation (interiliac), paraortic, left inguinal].
Macroscopic observations revealed mainly nodules, with smooth external sur-
face, whitish in color, and of firm consistency (Fig. 4.14a). The cut surface had
a fascicular appearance, nodule size ranged from 0.5 to 22 ¢cm, and—in particu-
lar—we observed multinodular disease in perivesical adipose tissue, where the
single maximum diameter measured 2 cm, with merging nodule reaching up to
8 cm. The periappendicular adipose tissue (Fig. 4.14b) and epiploic appendages
(at their apex) harbored small nodules (from 0.5 to 5 cm) of neoplastic tissue.
The omentum (7.5 cm), mesosigmoid (13 cm), and pararectal/pelvic site (22 cm)
showed the biggest nodular or mass-like deposition of the neoplastic process. At
subdiaphragmatic sites, we found wide plaque-like neoplastic growth.
Microscopically, the lesion is characterized by a nest, island, or anastomosing
ribbons of medium-sized cells with round or oval nuclei and scanty cytoplasm
with indistinct border immersed in abundant desmoplastic stroma. Neoplastic
tissue is mainly exophytic or infiltrating subserosal or perivisceral adipose tis-
sue, with focal involvement of the muscle layer of the large bowel (Fig. 4.14c).
Areas of necrosis are present, but not in all nodules, and often accompanied by
evident apoptosis. Immunohistochemical stains were positive for epithelial
membrane antigen (EMA), CK, synaptophysin, neuron-specific enolase,
MNF116, and WT1 (clone c19), whereas negative stain was recorded for CD99,
smooth-muscle actin (SMA), desmin, vimentin, human melanoma black 45
(HMB45), S100 protein, CD57, CD15, CEA; chromogranin A, and glial fibril-
lary acidic protein (GFAP), confirming that the cells of this tumor coexpress
epithelial, mesenchymal, myogenic, and neural markers [52]. A peculiar charac-
teristic is represented by diffuse metastasis in extraintestinal lymph nodes (peri-
colic, ileocolic, transverse, and mesocolic were negative); usually, lymph nodes
are enlarged and massively occupied by neoplastic tissue, often with multiple
foci of necrosis.
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Fig.4.14a-c a Desmoplastic
small round-cell tumor
(DSRCT), macroscopic pattern
of growth with multiple smooth,
whitish, and firm nodules
(omentum, splenic).

b Macroslide showing nodule
of DSRCT in adipose tissue
surrounding the appendix.

¢ DSRCT involving subserosal
and external muscle layer of
the gastrointestinal tract

4.9 Peritoneal Sarcomatosis

Peritoneal sarcomatosis (PS) is a rare, recently described, entity and can be
defined as the recurrence or spread of a soft-tissue sarcoma throughout the
abdomen in the absence of any extra-abdominal dissemination, or at least other
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sites of disease of major clinical concern. This gives rise to presentations in
which abdominal spread of disease is the dominating clinical factor, thus the
main therapeutic challenge [53]. Soft-tissue sarcomas comprise 0.8 % of all can-
cers and frequently metastasize to the lung, followed by bone and liver [54]. Of
all soft-tissue sarcomas, 30 % are located in the abdomen, with a recurrence rate
after therapy of 50-70 % [55]. Almost all tumors that evolve toward PS have
high-grade histology.

Sarcomatosis may arise from recurrent intra-abdominal sarcomas or may be
metastatic from extremity sarcomas. The possible explanations for the former
modality are tumor multifocality, ill-defined borders (an anatomic characteristic
that can affect completeness of resection), tumor rupture during its removal,
and—for uterine lesions —tumor “morcellation,” especially when the suspected
diagnosis is that of a benign leiomyoma. Over the years, PS has been treated
with surgery, chemotherapy, and radiotherapy with very poor results and often
only with palliative intent. The prognosis of PS is very dismal, and MS is < 1
year [55]. An exception to this rule is GI stromal tumors (GISTs), because the
natural history of these tumors is greatly affected by targeted medical therapy
based on imatinib.

The encouraging results of CRS plus HIPEC treatment in the setting of PC
have prompted some authors to investigate the impact of this method for treat-
ing PS. There are several reports on this topic, but the majority is observational
studies [56—59], and only one is a randomized trial [60]. The common feature to
all these studies is the small number of patients, with the Italian Society of
Locoregional Treatment in Oncology (SITILO) study having the highest number
of patients. MS range varies from 20 to 34 months [57], and the impact of
HIPEC/early postoperative intraperitoneal chemotherapy (EPIC) seems to be
irrelevant, as per conclusions of the randomized study by Bonvalot et al. [60]. In
addition, MS values did not differ significantly from those reported by Bilimoria
et al. [53], who treated PS with surgery and conventional chemoradiotherapy.
The interpretation of these results is affected by: (1) heterogeneity of histologi-
cal types across the case series, (2) different inclusion criteria, and (3) different
treatment modalities (HIPEC, EPIC) [61]. One possible explanation for these
poor results in PS might lie in the natural history of sarcomas, which tend to
spread across anatomical structures such as nerves and vessels, which in the
abdomen are retroperitoneal and are therefore not accessible to peritoneal
bathing [62]. It may be concluded that, at present, there is no sufficient evidence
to support treating patients with peritoneal sarcomatosis with HIPEC or EPIC,
and thus it should be all the more considered investigational for patients with
multiple peritoneal implants (true peritoneal sarcomatosis).

In general, PS does not manifest a specific clinical picture; however, unlike
carcinomatosis, the presence of ascites is variable in sarcomatosis [62].
Peritoneal lesions from recurrent or metastatic sarcomas are more often spheri-
cal and deforming and often vascular, whereas carcinomatosis implants tend to
be flat or ovoid and conform to adjacent structures. Bowel obstruction and
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hydronephrosis are less frequently seen with sarcomatosis.

Tumors that most frequently give rise to peritoneal sarcomatosis are
leiomyosarcomas [63-65], GISTs [66-68], and liposarcomas [69, 70]. Case
series published hitherto are heterogeneous inasmuch as they include different
histology with very small sample sizes. In the literature, in addition to the cited
histology, we found cases of hemangiopericytoma, solitary fibrous tumor, clear-
cell sarcoma of soft tissue, rhabdomyosarcoma, synovial-cell sarcoma, spindle-
cell sarcoma, fibrosarcoma, and desmoplastic round-cell sarcoma.
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Classification of Intraperitoneal Spread

Simone Giacopuzzi, Francesca Guerini, Andrea Zanoni,
and Giovanni de Manzoni

5.1 Introduction

An accurate staging system for cancer diseases aims at providing a prognostic
indication that is as accurate as possible. It also aids in treatment planning,
evaluating therapeutic results, and interchanging information between different
treatment centers. Peritoneal carcinomatosis (PC), once considered as an end
stage of neoplastic disease, now can and should be staged: the better under-
standing of the biology and pathways of tumor dissemination with intraperi-
toneal spread has, in fact, prompted the concept that PC is not a manifestation
of a systemic diffusion of the disease but is a locoregional entity. In particular,
when we speak about PC, we do not refer to a metastasis in the common sense
of the word because, as previously illustrated, this disease does not follow
hematogenous or lymphatic dissemination but spreads via different pathways.
Furthermore, Sugarbaker’s research [1] created a new mindset toward surgical
treatment of PC, the approach to which now has curative intent. In
Sugarbaker’s discussion, PC from different cancers is considered: gastroin-
testinal neoplasms, such as gastric cancer (GC), colorectal cancer (CRC), and
appendiceal cancer [pseudomyxoma peritonei (PMP)]; gynecological cancers,
such as ovarian cancer (OC); and malignant peritoneal mesothelioma (MPM).
All these pathologies have a frequent peritoneal spread, and all follow differ-
ent diffusion patterns. The classification of peritoneal metastasis considers
three factors: (1) extension of peritoneal involvement (2) type of primary, (3)
residual disease. These are the cornerstones of the staging system.
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5.2 Extension of Peritoneal Involvement

PC staging is difficult, even with imaging methods. Therefore, intraoperative
exploration is an important factor, and quantitative prognostic indicators play
an important role in guiding treatment selection. There remain many concerns
related to diagnostic descriptive methods, which are first of all based on the fact
that calculations are made by different surgeons. Nonetheless, studies in this
direction show good agreement. Two quantitative staging systems are current-
ly in use: the Gilly PC staging system, and the Peritoneal Cancer Index (PCI).

5.2.1 Gilly Peritoneal Carcinomatosis Staging

The Gilly PC staging format was first described in Lyon, France [2] in 1994.
This prognostic tool accounts for size and partially for distribution, localized or
diffuse, of malignant granulations (Table 5.1). Two advantages of this system
are ease of use and reproducibility. It also has an important prognostic role: it
allows identification of four different classes on the basis of different median
survival rates, and only patients with stages 1 and 2 are candidate to surgery
[3]. The usefulness of this technique was shown in the multicentric prospective
Evolution of Peritoneal Carcinomatosis (EVOCAPE) study [4], which gathered
data from 370 patients with PC from nongynecologic malignancies. Studies [5]
focusing on GC, moreover, observed that in a resectable neoplasia with carci-
nomatosis stages 1 and 2, the 1-year survival rates was 80 % versus 10 % for
patients with unresectable primary tumors in carcinomatosis stages 3 and 4.

A limit of the Gilly staging system is that it does not clarify whether peri-
toneal spread is potentially resectable or not [6]. A second weakness concerns
failure to quantify the distribution of peritoneal surface implants in stages 3 and
4 because in these categories, nodule distribution is not taken into account; only
size is considered. In fact, a different prognosis can be expected if carcinomato-
sis is confined to one portion of the abdomen, regardless of tumor implant size.
Despite these limitations, the Gilly staging system was proven to be an impor-
tant prognostic indicator in several clinical trials [7-9].

Table 5.1 Gilly peritoneal carcinomatosis staging system. (Modified from [2])

Stage Peritoneal carcinomatosis description

0 No macroscopic disease

1 Malignant granulations < 5 mm in diameter; localized in one part of the abdomen
2 Malignant granulations < 5 mm in diameter; diffuse to the whole abdomen

3 Malignant granulations from 5 mm to 2 cm in diameter

4 Localized or diffuse large malignant masses (> 2 cm in diameter)
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5.2.2 Peritoneal Cancer Index

The PCI was first described by Jacquet and Sugarbaker [10] and established at
the Washington Cancer Institute. This classification system scores lesion distri-
bution on the peritoneal surface on the basis of their size, producing a quanti-
tative score. First, the abdomen is divided in nine regions by two transverse and
two sagittal straight lines. The upper transverse plane is located beneath the
costal margin, and the lower transverse plane is placed at the anterior superior
iliac spine; the sagittal planes divide the abdomen into three equal sectors. The
regions are then numbered starting from the umbilical area, which is assigned
0, proceeding in a clockwise direction from space 1, under the right hemidi-
aphragm, to space 8, located in the right side. Regions from 9 to12 divide the
small bowel into upper and lower jejunum and upper and lower ileum. To make
the indexing tool more quantitative and reproducible, each region is also
defined by the anatomic structures located in each region (Table 5.2).

Second, the Lesion-Size (LS) score is determined to assess the diameter of
the largest tumor implant (Table 5.3). A confluence of disease is automatically
scored as LS-3; primary tumors or recurrences localized at the primary site and
that can be removed definitively are excluded from the assessment.

Lesion sizes are then added to obtain a number ranging from O to 39. In
invasive cancers in which cytoreductive surgery (CRS) and perioperative
intraperitoneally administered chemotherapy (IP-CHT) are used as treatment,

Table 5.2 Peritoneal Cancer Index (PCI). (Modified from [10])
Regions Anatomic structures
0 Central: Midline abdominal incision; entire greater omentum; transverse colon

1 Right upper: superior surface of the right lobe of the liver; undersurface of the
right hemidiaphragm; right retrohepatic space

2 Epigastrium: epigastric fat pad; left lobe of the liver; lesser omentum;
falciform ligament

3 Left upper: undersurface of the left hemidiaphragm; spleen; tail of pancreas;
anterior and posterior surfaces of the stomach

4 Left flank: descending colon; left abdominal gutter
Left lower: pelvic sidewall lateral to the sigmoid colon; sigmoid colon

Pelvis: female internal genitalia with ovaries, tubes, and uterus; bladder,
pouch of Douglas; rectosigmoid colon

7 Right lower: right pelvic sidewall; cecum; appendix

Right flank: right abdominal gutter; ascending colon

9 Upper jejunum
10 Lower jejunum
11 Upper ileum

12 Lower ileum



56 S.Giacopuzzi et al.

Table 5.3 Lesion-size (LS) score in Peritoneal Cancer Index (PCI). (Modified from [10])

Score Description

LS-0 No implants seen

LS-1 Implants < 0.5 cm

LS-2 Implants between 0.5 and 5 cm

LS-3 Implants > 5 cm or a confluence of disease

PCI gives a threshold value for favorable versus poor prognosis and moreover
allows estimation of the probability of complete cytoreduction.

There are two important limits: Sugarbaker and Jablonski [11] indicated that
PCI was a meaningful score for colon cancer but not for mucinous appendiceal
tumors, such as PMP, and for minimally aggressive mesothelioma. These dis-
eases are, in fact, noninvasive, and a PCI of 39 can easily be converted to 0
using CRS. Furthermore, there is a low probability of recurrences after com-
plete cytoreduction in these pathologies with perioperative intraperitoneal
chemotherapy; therefore, the PCI has no prognostic implication in such cases
[12]. A second limit of PCI staging is that it does not give a qualitative score of
the regions, considering the invasion of the hepatoduodenal ligament and
small-intestine mesentery, at the same level of other regions. Rather, invasion
of these structures is considered a contraindication to surgery.

5.3 Type of Primary

Several preoperative scoring systems have been advocated to predict the opti-
mal resectability of PC. Different classification systems have been developed
for different neoplastic pathologies in order to provide a detailed picture of
locoregional disease.

5.3.1 Peritoneal Carcinomatosis in Colon Cancer

In the sixth edition of the AJCC Cancer Staging Manual [13,15], stage pT4a
indicates tumors invading adjacent structures or organs, whereas pT4b indi-
cates tumors involving visceral peritoneum. In order to better classify this
stage, the PCI is used. This was, in fact, described for the first time in colon
cancer. At The Netherlands Cancer Institute [16], however, the Simplified PCI
(SPCI) has also been established, which has also been used for PMP staging. As
with the PCI, this system calculates tumour load, quantitatively scoring the vol-
ume of localizations in each region; however, it considers only seven regions,
reaching a maximum score of 21 (Table 5.4). The SPCI was developed for prac-
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Table 5.4 Simplified Peritoneal Cancer Index (SPCI). (Modified from [16])

Tumor size and abdominal regions
Tumor measured as

Large >5cm
Moderate 1-5 cm
Small <lcm
None -

Abdominal regions

Pelvis

Right lower abdomen

Greater omentum, transverse colon and spleen
Right subdiaphragmatic area

Left subdiaphragmatic area

Subhepatic and lesser omental area

~N N LR W =

Small bowel and small-bowel mesentery

tical convenience to maximize simplicity and proved useful in patients with
CRC. Using the seven anatomic regions, Verwaal et al. and Swellengrabe et al.
[17, 18] observed that in patients in whom five of the seven regions were affect-
ed or in whom SPCI > 12 was found, the possibility of treatment benefits were
significantly diminished. They also attempted to correlate SPCI and postopera-
tive course: patients with a high SPCI have greater morbidity and mortality.
However, there are two defects: First, the epigastric region—important because
it may influence the Completeness of Cytoreduction score (CC)—is not consid-
ered separately. Second is the Dutch group’s misuse of their own tool: in their
recent publications, they report a survival analysis and toxicity assessment with
SPCI, but regions only were evaluated, and tumor size was not indicated.

A separate consideration of prior surgical score (PSS) [19] is required.
According to Sugarbaker, who designed this simple scoring system, prior surgi-
cal exeresis plays a role in tumor cell diffusion over the peritoneum. PSS has
been identified as a prognostic factor in several studies, but its value resulted in
being of little interest. This classification system quantifies surgical extent prior
to definitive treatment: the first operation is equivalent to a prior attempt at com-
plete cytoreduction without using perioperative IP-CHT. The assessment uses a
diagram similar to that for PCI but excludes abdominopelvic regions 9-12 (Table
5.5). The PSS is of prognostic value in PC secondary to PMP and primary ovar-
ian tumors and MPM. In PMP treated using combined therapy, survival of
patients with a PSS 0-2 was 70% at 5 years; with a prior surgical score of 3, the
S-year survival was 51 % (p = 0.001) [20]. When managing carcinomatosis, the
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Table 5.5 Prior Surgical Score (PSS). (Modified from [19])

Score Description

0 No prior surgery or biopsy only

1 One region with prior surgery

2 Two to five regions previously dissected

3 More than five regions previously dissected

extent of prior resection before definitive cytoreduction with IP-CHT has, in fact,
a negative impact on survival. Essentially, PSS “shows that the greater the sur-
gery the poorer the results of carcinomatosis treatment” [19]. This occurs because
of the cancer-cell-entrapment phenomenon: cancer imbedded in scar tissue is dif-
ficult or impossible to remove by peritonectomy or to eradicate using IP-CHT.

5.3.2 Peritoneal Carcinomatosis in Gastric Cancer

In the most widely used staging system, the TNM, carcinomatosis is still asso-
ciated with stage M. In the latest (seventh edition) of the AJCC Cancer Staging
Manual [21], positive peritoneal lavage is considered an M1 (stage IV), similar
to macroscopic PC.

The Japanese Research Society for Gastric Cancer originally classified peri-
toneal disease from primary gastric tumors according to location; they also per-
form a cytological examination using peritoneal washing fluid. For the original
classification, a “P factor” is given to patients with carcinomatosis from GC,
which are then classified into five categories [22] (Table 5.6). The classifica-
tion is very simple, validated for gastric malignancy, frequently applied, and
also used in patients with carcinomatosis from recurrent GC. It was shown to
be an important prognostic factor in Japanese studies [23-26], which reported a
significantly lower survival rate after treatment in patients with P3 carcino-
matosis versus those with P2 or P1. One criticism is perhaps that PC size is not

Table 5.6 Peritoneal Carcinomatosis (PC) staging, Japanese Research Society for Gastric Cancer.
(Modified from [22])

Stage Description

PO/Cy0 No carcinomatosis seen by the surgeon or established at the time of surgery
P0O/Cy1 No macroscopic PC but a positive peritoneal wash cytology

P1 PC in the upper abdomen, immediately adjacent to the stomach and above

the transverse colon
P2 Scattered implants; countable pc in peritoneal cavity but few in number

P3 Numerous implants throughout the abdomen and pelvis
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taken into consideration. Furthermore, a major limit of the staging system is its
inability to describe carcinomatosis accurately by failing to indicate its distri-
bution within the different regions of the abdominal cavity. We believe, howev-
er, that in a context of aggressive and difficult unresectable carcinomatosis,
such as PC from GC, obtaining a photograph of intraperitoneal diffusion is not
so important: the fundamental distinction is the difference between carcino-
matosis confined to adjacent organs and diffuse and/or dotted carcinomatosis.

5.3.3 Peritoneal Carcinomatosis in Ovarian Cancer

Incomplete TNM staging in assessing peritoneal dissemination of OC, despite
it being a frequent occurrence of the disease, led to the development of differ-
ent carcinomatosis staging systems. Fagotti et al.[27] developed a laparoscopy-
based score for predicting surgical resectability. Eight laparoscopic features
were investigated as potential indicators of surgical outcome:
¢ Presence of ovarian masses (unilateral or bilateral)
¢ Omental cake
e Diaphragmatic carcinomatosis
* PC
* Mesenteric retraction
e Bowel invasion
e Stomach infiltration
e Liver metastases
These satisfied the basic inclusion criteria, and a final predictive index value
of 2 was assigned to each one. In the final model, a predictive index score = 8
identified patients undergoing suboptimal surgery with a specificity of 100 %.
Brun et al. [28] modified this score (Fagotti-modified score) and evaluated
its relevance in identifying patients appropriate for optimal CRS. It was at least
as accurate as the original Fagotti score in selecting patients with advanced-
stage OC who could possibly undergo optimal CRS. A modified score was con-
structed by selecting four of the seven parameters:
e Diaphragmatic carcinomatosis
* Mesenteric retraction
e Stomach infiltration
e Liver metastases
A modified score = 4 was associated with suboptimal cytoreduction, with a
specificity of 100 % and an accuracy of 56 %. Chereau et al. [29, 30] present-
ed a comparative analysis of different evaluation scores applied to a series of
patients who were candidates for interval debulking surgery. They found an
86 % success rate using the Fagotti score and 91 % with the Fagotti-modified
score, demonstrating a strong correlation between these scores and so justify-
ing their relevance in evaluating the spread of carcinomatosis. A prognostic role
was not an aim of that study.
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The numeric ranking system developed by Eisenkop et al. [31] is also appli-
cable for carcinomatosis from OC. It reflects the continuum of tumor involve-
ment from stage IIIC OC of five anatomic regions: right upper quadrant, left
upper quadrant, pelvis, retroperitoneum, and central abdomen. Disease in each
anatomic region is intraoperatively ranked according to the findings and awards
a numeric score from O to 15 to indicate disease extent. There were significant
differences in survival for patients with a total score ranging from O to 5 com-
pared with those ranging from 6 to 10 or 11. Moreover, the Eisenkop ranking
system provides valuable information regarding the exact distribution of carci-
nomatosis and furthermore reveals that cytoreduction to a visibly disease-free
outcome has a more significant influence on survival than does the extent of
metastatic disease present before surgery. A criticism is that numerical ranking
has similar findings with similar survival rates in patients with intermediate
(6-10) and high (> 10) scores and is thus better at discriminating outcomes in
patients with low scores with respect to those with higher scores. The Aletti
Score [32], unlike others, reflects surgery extent, not disease extent. All
patients are classified using the Surgical Complexity Score (SCS), where 1 cor-
responds to simple, 2 to intermediate, and 3 to complex.

The PCI and Fagotti-modified scores are the most important for predicting
the feasibility of a complete resection.

5.3.4 Peritoneal Carcinomatosis in Pseudomyxoma Peritonei
and Mesothelioma

In the seventh edition of the AJCC TNM staging system [33], appendiceal
tumors are classified separately from CRC. Peritoneal invasion within the right
lower quadrant is classified as stage T4a, whereas PC beyond it or PMP is clas-
sified as Mla. Precisely, these stages are modified because of the particular
nature of mucinous carcinomas. In patients with carcinomatosis from GC, inva-
sive implants are disseminated within the peritoneal cavity, but in two condi-
tions, biological aggressiveness of the disease has a broad spectrum: mucinous
appendiceal malignancies (oftentimes clinically designated PMP syndrome) and
MPM. In these diseases, a noninvasive process may be widely disseminated on
peritoneal surfaces. For PMP syndrome, histologic classification described by
Ronnett et al. [34, 35] has been the most widely used. The histopathologic exam-
ination distinguishes between a disseminated peritoneal adenomucinosis
(DPAM) and peritoneal mucinous carcinomatosis (PMCA) or a hybrid type. The
primary appendiceal tumor was described as a cystadenoma; intermediate type
showed predominantly adenomucinosis but was combined with focal areas of
mucinous adenocarcinomas, which showed invasion and atypia. Survival differ-
ences between patients with adenomucinosis and those with intermediate type or
mucinous adenocarcinoma were significant, with a P value of < 0.0001. This
result could be explained by the specific character of PMP, which is a minimal-
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ly aggressive peritoneal tumor despite a large amount of mucous ascites produc-
tion [36, 37]. The natural history of appendiceal malignancies is, in fact, charac-
terized by early peritoneal dissemination, but the mucinous localization has a
low biological aggressiveness and spreads in anatomic sites that are easily
resectable by peritonectomy [38, 39]. A noninvasive histopathology is extreme-
ly important in selecting patients who are most likely to benefit from this treat-
ment strategy [40-42]. PCI is now the most frequently used scoring system.

5.4 Pathological Staging

Similarly to staging every disease, carcinomatosis evaluation should consider
the pathological aspect. In fact, each method described above provides clinical
staging based only on intraoperative observations, without considering patho-
logical findings. We therefore proposed pathological staging of the disease, ver-
ifying in a retrospective study its correspondence with clinical observations. We
took into account patients suffering from PC diffusion or at risk of developing
this condition who were treated with hyperthermic intraperitoneal chemothera-
py (HIPEC) at our department. Our population consisted of patients with PC
from GC, CRC, OC, PMP, or MPM who underwent HIPEC and peritonectomy,
which was performed as described by Sugarbaker [1]. Tumor load was intraop-
eratively described by PCI. After CRS, every surgical specimen was sent for
pathologic evaluation, specifying the region from which it was removed. In the
pathological report, location and size of resected specimens were specified.

We identified 48 patients suffering from OC, 20 from CRC, 24 with PMP,
and 20 with GC. We excluded patients undergoing prophylactic treatment or
palliation, i.e., in whom residual disease was > 2.5 cm (CC2-CC3).
Furthermore, because of the small sample size, we excluded patients with PC
from GC treated with therapeutic intent. We divided cases into PC from OC
(40) and PC from intestinal cancer, colonic, or appendiceal tumors (28).

Histological examinations were reviewed for each case, and a histopatho-
logical PCI (pPCI) was calculated using the same criteria of clinical PCI (cPCI)
construction: localization according to the classic division of the abdomen into
13 quadrants and the size of every surgical specimen was specified.

We then compared the pPCI assigned with the cPCI. The first observations
led us to create some subgroups: within the group of OC patients, we consid-
ered separately those who received neoadjuvant chemotherapy (NACT) and
those who underwent other treatment modalities. Another group comprised
patients with intestinal PC, i.e., all those with PC from CRC (18); the remain-
ing group comprised patients with PC from PMP (21). In colorectal cases, we
distinguished mucinous neoplasia (8) from other histological type.

Thus, within the ovarian PC group, the NACT group comprised 19 patients;
the second group comprised 21 patients treated upfront who relapsed or under-
went second-look examination (non-NACT group). In patients with PC from
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Fig.5.1 Mucinous neoplastic
tissue

OC, there was good correspondence between cPCI and pPCI in 18/21 treated
with different protocols, except those who underwent NACT. We observed poor
correspondence in11/20 who underwent NACT.

Within the intestinal PC group, the first subgroup comprised 29 patients
with mucinous adenocarcinoma and the second comprised ten patients with
nonmucinous adenocarcinoma. In the latter subgroup, there was matching
between cPCI and pPCI in 8/10 patients; in the former, there was a correspon-
dence in only 6/29. Our observations reinforced doubts regarding the use of
PCI in mucinous colonic tumors or appendiceal neoplasms. In fact, the mis-
match between clinical observation and pathological findings does not quanti-
fy the disease, because many lesions removed are pure lakes of mucin without
cells (Figs. 5.1 and 5.2). Thus, PCI does not have a prognostic value or role in
intraoperative planning when approaching this kind of pathology.

The other finding was the result obtained in relation to patients undergoing
cytoreduction after NACT or perioperative chemotherapy. In such cases, in
fact, many lesions removed are the result of a fibrotic process and do not rep-
resent solid neoplastic lesions. The possibility of confounding with a fibrotic
lesion should be avoided when the observed amount of disease is a contraindi-
cation to surgery. Intraoperative evaluation for surgical planning requires an
extemporary pathologic finding, using a sampling, in order to guide the surgeon
accurately.
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Fig. 5.2 Lakes of mucin without cells

5.5 Residual Disease

The PCI guides the surgeon because it provides an indication for resection. This
occurs because of the intuitive and documented correlation described in the lit-
erature between the spread of disease and the possible benefit of its removal.
The size of tumor nodules remaining after cytoreduction is therefore important
because predicts prognosis by estimating the possibility of cancer eradication.
Results of several studies [43] show a direct correlation between CC score and
survival in patients with carcinomatosis from all primary cancer types. In clin-
ical practice, the R parameter identifies the absence or presence of residual
tumor after surgical treatment: the Lyon group [44, 45] successfully used com-
plete (RO) or incomplete (R1-R2) cytoreduction to assess completeness of sur-
gical clearance. In detail, RO indicates the absence of residual tumor, R1 the
presence of microscopic residual tumor, and R2 the presence of macroscopic
residual tumor. RO corresponds to a curative resection, and the prognosis is to
be considered unfavorable for R1-R2. Similarly but more specifically, Jacquet
and Sugarbaker [10] used the CC score to assess surgical clearance of carcino-
matosis. The CC score assesses residual disease after maximal surgical effort,
classifying residual disease extent after CRS into four categories (Table 5.7).
CC score is a prognostic indicator in both noninvasive and invasive peritoneal-
surface malignant disease; it has been used to accurately predict PMP and CRC



64 S.Giacopuzzi et al.

Table 5.7 Completeness of Cytoreduction (CC) score. (Modified from [10])

Score Description

CCO No visible residual tumor

CCl1 Residual tumor < 2.5 mm in diameter

cC2 Residual tumor between 2.5 mm and 2.5 cm

CC3 Residual tumor > 2.5 cm or confluence of disease present at any site

prognosis, but prognosis was worse in more diffuse disease (more than two
quadrants), no matter how good a cytoreduction procedure was performed. In
OC, CRS appears as the most important prognostic factor: survival results, in
fact, are mainly affected by CC score: CCO resulted in a median survival of
44-66 months [46, 47].

5.6 Clinical Role of the Peritoneal Cancer Index

The PCI is the most widely validated and precise quantitative prognostic indi-
cator and is a factor associated in determining whether or not complete CRS
can be achieved. It is used worldwide to assess PC from different tumors: for
patients with high-grade CRC, PMP, OC, or GCs, a PCI > 20 is a relative con-
traindication. In reality, however, every disease has a different behavior in car-
cinomatosis that must be assessed at the time of classification. The PCI, there-
fore, can be applied to all the above-mentioned pathologies but assumes a dif-
ferent role for each one: the cutoff PCI beyond which surgical intervention is
not recommended depends on tumor histology.

5.6.1 Colon Cancer

The PCI was first described for CRC, in which survival results were signifi-
cantly better when the PCI was < 16 [48]. Elias and colleagues [49] reported
that survival results were significantly better when the PCI was < 16 compared
with = 16. Sugarbaker [50] suggested that carcinomatosis from CRC with a PCI
> 20 should be treated only with palliative intent. In a series of patients with
CRC, Sugarbaker reported a 5-year survival rate of 50 % when PCI was < 10,
a rate of 20 % for an index of 11-20, and a rate of 0 % for an index > 20 [51].

5.6.2 Ovarian Cancer

A few years after PCI introduction, Tentes et al. [52] evaluated the score for
OC. OC with intraperitoneal dissemination can be effectively treated with CRS,
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even with a PCI score up to 30. The history of ovarian disease, which spreads
frequently to the peritoneum, moves the surgical cutoff. In particular, the dis-
ease-free survival, the high chemosensitivity, and the possibility of obtaining a
radical surgery [53, 54] play an essential role in surgical planning.

5.6.3 Gastric Cancer

GC is believed to have a more aggressive biological behavior than CRC. Glehen
et al. and Canbay et al. [55, 56] suggest that carcinomatosis from GC with a PCI
score > 12, or even > 7, should be treated with palliative intent without peri-
tonectomy. They report, in fact, that the survival of GC patients with a PCI score
< 6 was significantly better than those with a PCI score = 7. These important
studies show that regardless of CC, PCI affects survival, confirming its unique
prognostic value in the multivariate analysis. In the description of carcinomato-
sis from GC, spread beyond local mesenteric infiltration or over the annexes
(Krukenberg) is enough to exclude patients from surgical treatment.

5.6.4 Pseudomyxoma Peritonei

In less invasive mucinous appendiceal cancers or in PMP, CRS quality appears
to be the key for successful treatment. When considering such frameworks, is
also appropriate to consider the absence of therapeutic alternatives.

5.7 Conclusions

Every PC scoring system is an attempt to assess quantitatively tumor spread over
parietal and visceral peritoneum with the aim of standardized evaluation criteria
and allowing better comparison between studies. All scores discussed in this chap-
ter provide an intraoperative recommendation to the surgeon, but because of a lack
of objectivity toward disease variability and absence of pathological findings,
these tools are insufficient to dictate the indication for surgery. A classification of
peritoneal metastasis should also consider primary tumor type and attempt to pro-
vide a clear cutoff for each type; it should, moreover, clearly indicate the possibil-
ity of performing radical resection, which is the most important prognostic factor.
For this reason, a staging system cannot leave histology out of consideration.
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6.1 Introduction

Pretreatment and preoperative assessment of peritoneal carcinomatosis (PC) can
be very challenging in the field of imaging, and a comprehensive study could
require integration of multidetector computed tomography (MDCT), magnetic
resonance imaging (MRI) with conventional and diffusion-weighted sequences,
and positron emission tomography (PET) or PET/CT [1, 2]. These imaging tools
are able to provide accurate information on morphology, size, and location of
peritoneal implants, lymph node enlargement, and presence of ascites. A
detailed preoperative assessment of PC is essential to provide the surgeon with
a detailed preoperative map of carcinomatosis and allow evaluation of the radi-
ological Peritoneal Cancer Index (PCI) [3, 4]. This score correlates with patient
prognosis, and the ability to calculate it using CT and MR with diffusion-
weighted imaging (DWI) before any treatment is begun can guide therapeutic
management of the patient. It can differentiate patients who are candidates for
surgical intervention with hyperthermic intraperitoneal chemotherapy (HIPEC)
from those with a high radiological PCI and who are therefore candidates for
systemic chemotherapy [5]. The principal diagnostic techniques for accurate
evaluation of peritoneal malignancy are represented by MDCT, MRI, PET, and
combined PET/MDCT or PET/MRI. The role of ultrasound (US) imaging is
limited in peritoneal imaging. However, this imaging modality is often the first
one used when peritoneal disease is discovered incidentally, and it remains one
of the diagnostic techniques for image-guided biopsy to obtain a histological
diagnosis [1].
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6.2 Multidetector Computed Tomography
6.2.1 Imaging Technique

CT imaging is routinely performed using MDCT, particularly a 64-detector row
scanner. Patient preparation comprises fasting for 6 h, oral administration of at
least 500 ml of water 15-20 min prior to the study, and IV administration of
hyoscine butylbromide (Buscopan) can be considered. CT scanning is performed
with the patient in the supine position from the diaphragm to the ischial tuberosi-
ties before and after IV administration of contrast media. The arterial phase is
preferred if hypervascular primary tumors (i.e., hypervascular metastases from
breast cancer, neuroendocrine tumors such as carcinoid) are suspected and to
better depict vascular infiltration of implants located adjacent to vascular struc-
tures. A delayed phase, acquired from 5 to 10 min after contrast injection, can
increase contrast resolution in some small implants. Axial and other multiplanar
reformatted (MPR) images are useful to detect peritoneal disease and check the
common peritoneal site of pathological involvement and different patterns of
appearence (see Box 6.1 on page 18).

6.2.2 Advantages of Computed Tomography

MDCT represents the more versatile diagnostic method in evaluating peritoneal
disease due to its wide availability, rapid execution time, absence of misregistra-
tion artifacts, and the possibility of acquiring thin sections to obtain MPR
images covering a large volume of tissue [6] and detecting subcentimetric
implants. Using an adequate diagnostic technique (both section thickness and
reconstruction interval of 3 mm), the reported mean sensitivity for detecting
implants = 5 mm is 89 %, with a specificity of 92 % [7]. CT examination allows
exploration of the entire abdomen, especially certain sites that are difficult to
evaluate at surgery, such as diaphragm, splenic hilum, mesenteric root, and para-
aortic nodes [8, 9], which is clinically helpful for planning surgical intervention.

The use of MPR enables assessment of disease above the peritoneal surface.
In particular, in the pelvis, sagittal scans allow assessment of the vaginal cuff,
cul-de-sac, bladder, and rectosigmoid colon [10], whereas coronal images
enable better evaluation of paracolic gutters (Fig. 6.1), extension of omental dis-
ease, and number and location of implants over hepatic and splenic surfaces
(Fig. 6.2). IV injection of contrast material may also identify the enhancing
degree of masses [11] and depict the relationship of nodules to viscera and blood
vessels as it would appear at surgery, especially using 3D data display.
Moreover, on the basis of CT data, the radiologist can develop a radiologic scor-
ing systems for predicting surgical success based on the PCI, as proposed by
Sugarbaker, and to eventually determine whether patients are candidates for
neoadjuvant chemotherapy (NACT) prior to surgery [12-15].



6 Diagnostic Imaging and Laparoscopy 71

Fig. 6.1 Coronal contrast-enhanced computed tomography (CT) image showing (a) multiple
nodules with a diameter > 5 mm diffusely involving the tunica serosa over bowel loops and
paracolic gutters (arrows), (b) as documented during surgical intervention (arrow)

Fig. 6.2 Coronal computed tomography (CT) image showing (a) irregular soft tissue (arrow) of
inconstant extension formed by the confluence of multiple nodular implants in the right subdi-
aphragmatic space scalloping the liver surface and presenting a lower density than the parenchy-
ma (black asterisk) on contrast-enhanced scan. b During surgical intervention, the pathological
subdiaphragmatic tissue was confirmed (white asterisk)

6.2.3 Disadvantages of Computed Tomography

In the literature, overall sensitivity and specificity of contrast-enhanced (CE)
MDCT in identifying peritoneal deposits vary substantially, ranging from 25 %
to 93 % [6, 16] and from 78 % to 98 %, respectively [6, 17]. The reason for this
wide variability is multifactorial, including differences in tumor characteristics
(size or density), patient features (CT assessment of peritoneal metastases is
more difficult in very thin patients), radiologist expertise, diagnostic criteria
used in CT interpretation, and CT techniques. Coakley et al. reported an overall
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sensitivity of 85-93 % for implants > 10 mm that decreased to 25-50 % for
implants < 10 mm [16]. However, there was no information about the type of
spiral scanner used and section collimation was 5 mm, 7-8 mm, or 10 mm [16].
Even using an advanced CT technique, for small peritoneal nodules, detection
rate for peritoneal metastases is not greatly improved. In particular, when malig-
nant peritoneal deposits have a low volume (< 5 mm), reported CT sensitivity
tends to decrease [6, 18]. Marin et al., using a 64-row CT scanner with a more
accurate technique (effective section thickness and reconstruction interval 3
mm), assessed preoperatively PC in 18 patients with different neoplasm types.
They found a mean sensitivity of 89 % for lesions = 5 mm but a sensitivity of
only 43 % for lesions < 5 mm in diameter [7]. Identifying neoplastic implants in
challenging anatomic sites represents another disadvantage of CT. In the litera-
ture, the reported per-site sensitivity for the exact location of peritoneal implants
is only 25-37 % [14].

6.3 Magnetic Resonance Imaging
6.3.1 Imaging Technique

MRI for peritoneal malignancies is performed using a high-field system (1.5-3.0
Tesla). Larger phased-array surface coils or the use of two-array coils combined
provides simultaneous coverage of the abdomen and pelvis [2]. The protocol
includes patient fasting for 8 h, oral administration of water (500 ml), and intra-
muscular administration of hyoscine butylbromide (Buscopan) before pelvic
scans. Abdominal imaging comprises T2-weighted fast spin-echo (SE) axial and
coronal imaging and for the pelvis comprises high-resolution T2-weighted fast
SE sequences in axial, coronal, and sagittal planes. Gadolinium administration
IV is not mandatory for implant detection, but if it is administrated, posten-
hanced acquisitions should be performed with a delay of ~ 5 min. DWI should
be performed for both abdomen and pelvis, acquiring axial scans using breath-
hold, single-shot SE planar sequences. Sensitivity of DWI sequences for hyper-
cellular tissue can be increased by increasing the b value; acquisition using a b
value of 0 s/mm?, 800 s/mm?2, and 1,000 s/mm? is usually satisfactory. All axial
DWI images can also be depicted with black-and-white reverse-contrast display,
and apparent diffusion coefficient (ADC) maps are usually available to provide
quantitative assessment [2].

6.3.2 Advantages of Conventional Magnetic Resonance with
Diffusion-weighted Imaging

Over the last decade, the role of MRI in peritoneal malignancy has significantly
increased, primarily due to technical improvements and wider availability. Using
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Fig. 6.3 Axial computed tomography (CT) image showing (a) a solid nodule < 5 mm near the
splenic flexure (arrow) suspected to be fibrotic tissue in a patient with sigmoid cancer (pT3N+)
treated with surgical intervention and adjuvant chemotherapy 6 months earlier. b Axial T2-
weighted magnetic resonance image (MRI) better depicts the small, solid nodule (arrow) due to
the high-contrast resolution. ¢ At diffusion-weighted imaging (DWI), the nodule shows hypercel-
lularity and is strongly suspected to be a peritoneal metastasis

conventional sequences with DWI is comparable with MDCT for detecting peri-
toneal deposits (> 1 cm) and in certain cases surpasses that of CT sensitivity and
specificity [19-21]. The reported sensitivity and specificity of conventional MRI
with DWI is 90 % and 95.5 %, respectively [20]. Combining traditional MR
sequences and DWI increases accuracy for peritoneal implants measuring <
10 mm and for peritoneal implants located in sites difficult to evaluate on CT. In
particular, conventional MRI with DWI seems to improve detection of malignant
deposits over subdiaphragmatic spaces, hepatic hilum, Treitz ligament, small-
bowel wall, and mesenteric root [22-25], which are crucial sites to definitely or
temporarily exclude patient candidacy for surgery (Fig. 6.3). Moreover, using
high-resolution MR sequences to study the pelvis is the better imaging modality
for predicting primary or metastatic gynecological malignancies due to its supe-
rior spatial and contrast resolution [21, 22].

DWI is a functional magnetic resonance imaging (fMRI) technique in which
the signal comes from the restricted water mobility typically present within
hypercellular tumors. This high signal intensity of neoplastic nodules increases
the contrast between the site of neoplastic disease and surrounding tissue [20].
Increased contrast between malignant tissue and around normal tissue makes it
easier to detect smaller implants, which appear as hyperintense spots surround-
ed by hypointense normal tissue, due to signal suppression of surrounding
ascites, bowel contents, and fat, with an increased contrast-to-noise ratio (CNR).

DWTI also allows quantitative assessment by calculating the ADC of each
voxel, which occurs automatically on current MRI systems by assuming a mono-
exponential model of signal decay between two or more b values. Therefore,
once the ADC value is determined, the MR system can displayed a parametric
map that essentially reflects differences in tissue diffusivity at different b values
[22]. Integration between conventional MRI, dimensional criteria, and DWI
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seems also to improve the ability to assess metastatic lymph nodes by 17-21 %.
Many studies found that inflammatory lymph nodes present higher value on
ADC maps than metastatic nodes [26].

In the early posttreatment period, conventional MRI and DWI can be helpful in
distinguishing between inflammatory tissues and residual disease. In fact, high-
intensity signal on T2-weighted sequences, unrestricted signal on DWI, and high
value on ADC mapping is frequently related to postsurgical edema and inflam-
mation, whereas restriction on DWI and low ADC value is suggestive of active
tumor cells [26].

The correct way to quantify and assess tumor response to treatment is eval-
uation of tumor dimensional changes on CT or MRI and laboratory tests for
tumor markers. Furthermore, a high value on ADC mapping is related to a pos-
itive treatment response. That is because chemotherapy causes necrosis inside
the tumor, resulting in increased diffusion of water molecules and consequently
increased ADC value.

6.3.3 Disadvantages of Conventional Magnetic Resonance with
Diffusion-weighted Imaging

Disadvantages of MRI are represented by high cost, long acquisition time, and
motion and susceptibility artifacts. Disadvantages of DWI are mainly related to
low spatial resolution and some possible pitfalls. Sometimes, tissues presenting
long T2 relaxation time, such as cysts or postsurgery edema that may appear
hyperintense on high b values, is a phenomenon called T2 shine through. That
artifact can cause misinterpretation of radiological images, inducing false posi-
tive findings; ADC mapping can rectify this problem. On the other hand, a low
ADC value suggests real restriction of water diffusion [22], which indicates neo-
plastic disease.

As mentioned earlier, the increased cell density on DWI permits recognition
of neoplastic tissues due to restriction of water movement represented by high
signal intensity on high b value and low signal intensity on ADC mapping.
However, some types of tumor, such mucinous tumors and well-differentiated
adenocarcinomas, have a lower cell density and therefore may show low signal
intensity on high b values [22]. Moreover, some densely cellular normal tissue,
such as bowel mucosa, endometrium, and normal lymph nodes, present restrict-
ed diffusion appearing hyperintense in DWI with low ADC values. In posttreat-
ment follow-up, anatomical modification in the postoperative abdomen and the
small size of recurrent tumors decrease diagnostic accuracy due to formation of
fibrotic tissue that can present restricted diffusion and low ADC values [22].
Necrosis and abscesses also have high values on DWI sequences with high b
values but generally present higher values on the ADC map [22] and different
enhancement after contrast administration. Therefore, interpretation of DW
images needs to be performed in conjunction with conventional MRI.
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6.4 Positron Emission Tomography/Computed Tomography
6.4.1 Imaging Technique

In clinical practice, PET with ['8F]-fluorodeoxyglucose (FDG) PET has signifi-
cantly improved in diagnostic accuracy and now exerts a major impact on
patient management, in particular for diagnosis, staging, therapy monitoring,
and restaging recurrent disease. ['8F]-FDG-PET is based on identifying the
increase in glycolytic activity in malignant cells, which preferably concentrate
glucose due to increased membrane transporters of glucose (GLUT-1). Imaging
systems that combine [!3F]-FDG-PET and CT allow simultaneous evaluation.
Anatomical and functional total-body ['®F]-FDG-PET/CT imaging is routinely
performed using the Hamacher method of injecting patients with 5 MBq/kg of
['8F]-FDG hydrated with 500 ml of saline solution. PET/CT acquisition in 2D
mode begins 60 min after IV administration. The axis of both systems is
mechanically aligned to move the patient from the CT into the PET gantry by
moving the examination table by 60 cm. Finally, PET and CT images are coreg-
istered on hardware. Patients are usually scanned in the supine position, starting
from the head and moving to just above the first scanning position on the CT
scanner. Before scanning the patient, a scout view is obtained to define axial
imaging range. Acquisition parameters are 120 kV, 80 mA, tube-rotation time
0.8 s, pitch 1.5).

PET/CT is performed after CT, covering the same field of view (FOV) and
with acquisition time ~ 4 min per table position. Axial and other MPR images
can be used to detect peritoneal disease and check the common peritoneal site of
pathological involvement.

6.4.2 Advantages of Positron Emission Tomography/Computed
Tomography

Combining morphological and functional imaging has clear advantages in onco-
logical imaging, particularly for evaluating peritoneal malignancies. The role of
PET in diagnosing malignant neoplastic disease in the ovary remains controver-
sial. A recent study demonstrates good diagnostic accuracy in differentiating
malignant and benign ovarian tumors; ['8F]-FDG-PET shows 87-100 % sensi-
tivity, 74—100 % specificity, and 92-97 % accuracy [27]. Detecting ovarian can-
cer (OC) depends on lesion the size. This may be due to resolution limitations
with PET despite the availability of integrated PET/CT systems, for which diag-
nosing microscopic lesions remains barely feasible.

The key role of [!8F]-FDG-PET in PC evaluation is the presurgical evalua-
tion of abdominal and retroperitoneal lymph node and distant metastases (N/M),
in which functional imaging may have a higher morphology. Kitajima et al.
reported that in detecting pelvic metastases and para-aortic lymph nodes, CT
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sensitivity, specificity, and accuracy were, respectively, 37.5 %, 100 % and
86.5 %, whereas those of PET/CE-CT were 81.3 %,96.6 %, and 93.2 % [27, 28].

Morphological imaging, however, is limited in detecting early response to
therapy because anatomical changes are usually visible only 2—3 months after
therapy, whereas metabolic changes appear after two to three sessions of
chemotherapy. Functional imaging using PET/CT is somewhat crucial in identi-
fying nonresponsive patients, thus improving patient management, avoiding the
use of ineffective therapies, helping avoid adverse effects, and reducing delay
before administering a more effective treatment, thus decreasing costs.

Nishiyama et al. shown that reducing the standard uptake value (SUV) after
the first cycle of chemotherapy can predict response to chemotherapy or
chemoradiotherapy in patients with gynecological cancers (uterine, n = 13; ovar-
ian, n = 8) [29]: on the basis of histopathological analysis of surgical samples,
10 patients were responsive and 11 nonresponsive. Considering a cutoff SUV of
3.8 to differentiate between responsive and nonresponsive patients, ['3F]-FDG-
PET showed a sensitivity of 90 %, a specificity of 63.6 %, and an accuracy of
76.2 %; considering SUV variation of 65 %, [\8F]-FDG-PET showed a sensitiv-
ity of 90 %, a specificity of 81.8 %, and an accuracy of 85.7 %.

In the course of restaging after initial debulking surgery and chemotherapy
in first-line treatment, it is important to assess the possible presence of residual
or recurrence of disease during follow-up. Approximately 20-30 % of patients
with early-stage disease and 50-75 % with advanced disease who obtain com-
plete response after first-line therapy may experience subsequent relapse. The
clinical follow-up generally includes serum CA 125, physical examination, and
conventional imaging tests.

CT and MRI are the imaging methods most commonly used in patients with
suspected recurrence of OC; however, they have limitations in distinguishing
residual tumor from necrosis or fibrosis and in characterizing distant lymph
node, bone, and muscle metastases. ['8F]-FDG-PET compared with physical
examination and CT scan shows a sensitivity of 73—-100 %, a specificity of
71-100 %, and accuracy of 83—-100 % [30], primarily due to the high-contrast
resolution (Fig. 6.4). However, compared with ['8F]-FDG-PET plus histopathol-
ogy obtained during a second-look laparotomy evaluation, the diagnostic accu-
racy of ['8F]-FDG-PET alone tends to be lower, with a reported sensitivity,
specificity, and accuracy of 53-83 %, 40-86 %, and 63—-82 %, respectively [30].
These discrepancies are attributable to the fact that small lesions may not be
seen due to the lower resolution of [!8F]-FDG-PET. Therefore, [!8F]-FDG-PET
is a noninvasive imaging methodology that is more accurate for restaging, espe-
cially for assessing peritoneal spread and lymph node, bone, and muscle metas-
tases because it allows imaging of the entire body in a single examination.
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Fig. 6.4 Peritoneal cystic implants (arrows) above the liver surface (at the hilum, near the falci-
form ligament, and within Morison’s pouch) on (a) axial computed tomography (CT), (b) axial
magnetic resonance imaging (MRI), and (c) on positron emission tomography (PET/CT) in a
patient with metastatic ovarian cancer. PET/CT shows the highest contrast resolution

6.4.3 Disadvantages of Positron Emission
Tomography/Computed Tomography

The disadvantages of PET/CT imaging are mainly related to high costs and poor
availability of the equipment around the world, which often prevents its routine
use. Another important drawback of PET/CT is its lower spatial resolution and
lower sensitivity for lesions < 1 cm, resulting in reduced sensitivity in detecting
small implants, particularly during the first staging.

6.5 Preoperative Staging of Peritoneal Disease

The task of preoperative imaging is to determine accurate extension of peri-
toneal disease, stratifying patients who are good surgical candidates from those
who may be candidates for NACT in an attempt to reduce tumor burden. The
PCI, introduced by Jacquet and Sugarbaker [13], is considered the most accurate
system for staging PC from different primary tumor types based on quantifica-
tion and distribution of peritoneal implants found at laparotomy. According to
this method, the abdominopelvic area is subdivided into 13 sections (nine areas
plus relating to the small bowel) (Fig. 6.5). PC lesion size is rated on a four-
point scale ranging from 0 to 3 points, with a possible maximum score of 39: LS
0, no tumor detected; LS 1, tumor up to 0.5 cm maximum diameter, LS 2, tumor
> 0.5 cm up to 5 cm in maximum diameter; LS 3, tumor or confluent lesions >
5 c¢cm in maximum diameter [31].

The PCI score also represents a widely validated and precise quantitative
prognostic indicator [2, 3], predicting whether complete resection of peritoneal
implants can be achieved after cytoreductive surgery plus hyperthermic
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Fig. 6.5 Preoperative staging of
peritoneal carcinomatosis (PC).

r! o mt'_-m:_u The ;.ztb.domi.opelvis is virtuajllly
| Right Upper subdivided into 13 areas: nine
Epigastrium areas plus four relating to the
i Upper small bowel
4 Left flank
2 Left Lower
Pelvis
Right Lower
8 Right flank

9 Upper jejunum
10 Lower jejuncum
1 Upper ileum

12 Lower ileum

intraperitoneal chemotherapy (CRS plus HIPEC). Assessing potentially nonre-

sectable or nonoptimally cytoreducible disease that can contraindicate CRS plus

HIPEC comprises the following diagnostic criteria [32]:

¢ Extensive involvement of the small bowel or mesenteric root

¢ Involved lymph node superior to the celiac axis

e Pleural infiltration

e Pelvic sidewall invasion

e Bladder trigone involvement

* Hepatic parenchymal metastases or implants near the right hepatic vein or
the porta hepatis

e PCI > 12 for gastric and > 20 for colorectal cancer [21, 31]; > 30 for less-
invasive mucinous appendiceal and OC [33-36]

6.5.1 Preoperative Assessment of Peritoneal Cancer Index:
Comparison between Imaging Modalities

6.5.1.1 Multidetector Computed Tomography

MDCT, using an adequate diagnostic technique, has a high mean sensitivity of
89 % for implants measuring = 5 mm but a sensitivity of 43 % for implants with
a diameter < 5 mm [7].

Main advantages:

¢ Wide availability

e Short execution time

e Lower cost

e Multiplanar imaging

¢ Thin section (1-3 mm)
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* High spatial resolution

e Few or absent artifacts

Main disadvantages:

* Low contrast resolution

* Moderate sensitivity for implants < 5 mm

* Diagnostic accuracy strictly depending on CT technique and radiologist
experience

MDCT remains the modality of choice for primary staging, especially in patients

with poor compliance for diagnostic examinations, providing a great deal of

information about a large volume of tissue in just a few minutes and permitting

assessment of metastatic extraperitoneal disease.

6.5.1.2 Magnetic Resonance Imaging

MRI offers excellent soft-tissue contrast to depict small-volume peritoneal
tumors using both conventional and DWI sequences. The reported overall sensi-
tivity of conventional MRI with DWI for PC assessment is 90 % [21], and sen-
sitivity for lesions < 10 mm remains satisfactory, corresponding to 85 %, which
is higher than that of CT, which ranges from 25 % to 50 %.

Main Advantages:

e High-contrast resolution

* High sensitivity also for implants < 10 mm

* Free from radiation exposure

e Multiplanar imaging

* Higher spatial resolution in the studies of pelvic malignancies

* DWI with morphological unenhanced sequences offers an accurate alterative
method in case of reported allergy or renal failure, which contraindicate
enhanced MDCT

Main Disadvantages

* Every contraindication to MRI must be considered

* Lack of relative availability

* Not recommended in patients with poor compliance

e Higher costs in some centers

* Imaging artifacts

* Longer acquisition time

* Metastatic extra-abdominal disease is not evaluated

» Difficulties in differentiating between postsurgery edema, cysts, and other
benign findings

* Diagnostic accuracy strictly depends on MRI technique and radiologist expe-
rience
MRI with conventional and DWI should be always considered the modality

of choice for primary staging of abdominal disease, especially in young and tol-

erant patients. In those cases, additional CT to study the thorax should be also

considered.



80 F.lafrate et al.

MRI with conventional and DWI can be performed after MDCT in cases in
which CT is executed with a suboptimal technique or if equivocal CT findings
requiring a superior diagnostic method to achieve detailed surgical planning or
determine whether the patient needs neoadjuvant chemotherapy.

6.5.1.3 ['8F]-Fluorodeoxyglucose Positron Emission
Tomography/Computed Tomography

['8F]-FDG-PET/CT provides metabolic information enabling the identification
of malignant lesions with high-contrast resolution due to their augmented glu-
cose consumption. Klumpp et al. reported sensitivity and specificity values for
PET/CT of 92-93 % and 94-96 %, respectively, which is higher than MRI (sen-
sitivity 87 %, specificity 86-92 %) [37]. In a meta-analysis, Chang et al. report-
ed an overall pooled estimated sensitivity and specificity of FDG-PET or
PET/CT scans in PC detection of 72.4 % and 96.7 %, respectively [38].

Main advantages:

* High sensitivity and specificity

* Higher contrast resolution than conventional MDCT

e Multiplanar imaging

* Few or absent artifacts

e Better interobserver agreement in comparison with MDCT and MRI, as well
as better correlation

Main Disadvantages:

* Poor availability

* High cost

* Lower spatial resolution

* Long execution time

6.5.2 Personal Experience

In June 2008, our team created a tight connection with a group of surgeons from
the Department of Surgery, “Sapienza” University, Rome, who seldom use
HIPEC, in an attempt to evaluate MDCT accuracy in the preoperative definition
of the PCI in patients with advanced OC, colonic, and gastric cancer who under-
went peritonectomy (PRT) plus HIPEC. In our series, we evaluated up 120
patients affected by ovarian, gastric, and colonic carcinomatosis, attaining very
good sensitivity (up to 90 %) in evaluation of the 13 abdominopelvic areas, with
overall sensitivity of ~ 85 % and acceptable overall specificity for all regions
except for mesenteric root, pelvic sidewall invasion, and Treitz ligament region,
in which specificity values varied between reader experience from 40-65 %.
Due to the poor results in the latter instances, in 2012, we began using DW-MRI
for patients in whom results were unclear. In some patients, we obtained better
specificity in the mesenteric root, porta hepatis, and pelvic sidewall in compar-
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ison with MDCT. Of the 13 abdominopelvic areas, the best results were obtained
in the splenic hilum (region 3), with sensitivity 91 % and specificity 90 %, and
overall positive (PPV) and negative (NPV) predictive values of 95 % and 88 %,
respectively. This was also the case for both hemidiaphragms, with 94 % and
95 % sensitivity and specificity and PPV and NPV 90 % and 90 %, respectively
We found that there is a learning curve in radiological evaluation using the
PCI that is clearly related to the level of radiologist experience. This is true for
interpretation time as well as for sensitivity and specificity results.

6.5.3 Conclusions

MDCT, MR with DWI and CT/PET are accurate and complementary diagnostic
tools to recognize and report in detail spread of peritoneal disease offering a map
of neoplastic implants, and an accurate calculation of PCI score with final aim
to plan the optimal patient treatment.

6.6 Laparoscopy

Laparoscopy is increasingly being used among the many available diagnostic
tools as a promising means in diagnostic workup of patients with peritoneal sur-
face malignancies (PSM), providing direct access to the peritoneal cavity and
therefore allowing better evaluation of disease. There is as yet no general agree-
ment regarding its routine use, although it may be appropriately performed in
selected cases in which the other clinical and imaging techniques fail to provide
accurate assessment of intra-abdominal and pelvic disease spread. The main
indications for video laparoscopic surgery (VLS) are:
* Diagnosis:
- To confirm the presence of peritoneal metastases when other imaging
techniques give uncertain results
- To obtain tissue samples for histopathological study for diagnosing the
primary tumor
e Staging:
- To evaluate intra-abdominal tumor spread, assess resectability, and pre-
dict optimal CRS in primary and recurrent PC
- To assess response to neoadjuvant/adjuvant chemotherapy
While no there are no reported negative consequences of laparoscopy when
histological confirmation is needed, some controversy exists about its routine
use for staging purposes, especially regarding the possibility of providing more
information about actually disease extent compared with noninvasive diagnos-
tics. In the majority of patients, clinical data and imaging techniques (CT, MRI,
PET/CT) normally provide enough information for accurate staging and exclud-
ing patients with unresectable disease.



82 F.lafrate et al.

In high-volume specialized centers, optimal cytoreduction is achieved even
without laparoscopy in ~ 80-90 % of cases, with complete cytoreduction (CC)
in 60-70 % [39-41]. These data seem to suggest that current preoperative diag-
nostic workup, in which laparoscopy is not routine, allows appropriate
resectability evaluation and the possibility of optimal cytoreduction in most
cases selected for surgery. These data concur with literature reports in which
laparoscopy is included in the preoperative workup of patients with PSM in <
10 % of cases [42]. In our personal experience, we performed a laparoscopic
procedure in 43 (13.2 %) patients scheduled for CRS plus HIPEC.

In 2006, results of a survey reported at the Fifth International Workshop on
Peritoneal Surface Malignancy regarding consensus on preoperative investiga-
tions [43] showed that laparoscopy was fundamental in 9.4 %, useful in 78.1 %,
and useless in 12.5 % of cases by a worldwide expertise panel. More recently, a
Cochrane Review by Rutten et al. [44] on the role of laparoscopy to establish
resectability in patients with advanced OC concluded that “...laparoscopy should
not be a standard procedure in clinical practice” and that “...no statement can be
made on whether laparoscopy is more accurate than clinical and radiological diag-
nostic workup.” Nevertheless, some recent reports emphasize the efficacy of diag-
nostic laparoscopy to predict resectability and optimal CRS, achieving a PPV for
resectability ranging from 87.5-97 % of cases. Regarding optimal CRS pre-
dictability, Fagotti et al. reported a 100 % accuracy for anticipating possible opti-
mal CRS using a Predictive Index Score (PIS) in ovarian PC [45-49] (Table 6.1).

6.6.1 Personal Experience

In our personal experience with CRS plus HIPEC, we performed diagnostic
laparoscopy in 43 patients (Table 6.2). In two patients with recurrent disease,
laparoscopy could not be performed or completed due to adhesions or massive
abdominal invasion. Eleven patients underwent laparoscopy to achieve histolog-
ical confirmation, and four patients where investigated to assess results of
NACT and confirm indication and timing of CRS plus HIPEC. VLS to assess
resectability was performed in nine primary PSM and 19 recurrent PSM
patients. Regardless of indications, laparoscopic PCI evaluation was obtained
for all patients and compared with the PCI evaluated at open surgery (Table 6.3).
Results were substantially similar, confirming the accuracy of VLS in evaluat-
ing the extent of intra-abdominal disease; it was also able to predict resectabili-
ty in 95 % of cases, even if in patients with recurrent disease results were some-
what conflicting. In 39 patients, we could reach optimal cytoreduction (CC-0,
CC-1); two patients were unresectable, one due to massive tumor infiltration of
the first jejunal loop and the other of the porta hepatis.

To draw definitive conclusions when comparing VLS with other commonly
used and less invasive diagnostic tools, a cost—benefit analysis should be care-
fully evaluated considering:
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Table 6.2 Video laparoscopic surgery (VLS) in patients selected for cytoreductive surgery plus
hyperthermic intraperitoneal chemotherapy (CRS plus HIPEC) (43/326 patients)

No. patients VLS indications Histology Complications
11 Cyto-histological typization 4 ovarian 1 postoperative
2 mesothelioma  trocar ascitic
2 PMP leakage
3 other

Preoperative Assessment
4 Post-NACT 3 ovarian None
1 gastric

9 Primary PSM 5 gastric None
2 colorectal
2 ovarian

19 Recurrence PSM 11 ovarian 2 VLS unfeasible
4 colorectal
4 other

PSM, peritoneal surface malignancy; NACT, neoadjuvant chemotherapy

* Rate of VLS-related complications

* Intra-abdominal tumor spread influencing VLS feasibility

* Trocar-site metastases

Complication grade and rates are low in literature reports, even if invasiveness,
need for general anesthesia, and the sometimes poor clinical conditions of
patients have to be considered, especially when an early second major surgical
procedure is scheduled (CRS plus HIPEC).

Trocar-site metastasis after a laparoscopic approach for removing various
intra-abdominal tumors is reported in many papers [50]. However, no clear data
are available regarding trocar-site metastases after a diagnostic or staging
laparoscopy in patients with PSM for whom a higher incidence would be expect-
ed due to the presence in 60 % of cases of malignant ascites, which is consid-
ered a predisposing factor for their development [51-53]. Of the 53 patients in
our series who underwent a diagnostic or staging laparoscopy (41 done in our
institution and 12 performed elsewhere during previous hospitalizations), 22
(41.5 %) developed trocar-site metastases. Time interval between procedure and
metastases is highly variable and seems to be correlated with tumor type [51];
incidence seems also related to the number of trocars used. As excision of port-
site metastases is difficult, is therefore be recommended to use the least possi-
ble number of trocars and, if possible, place them all in the midline [54].

The general impression is that literature reports tend to minimize adverse
effects while emphasizing advantages in terms of diagnostic accuracy and pre-
dictivity of optimal cytoreduction. However, in specialized centers relying on
preoperative PCI or similar classifications to select patients for CRS plus
HIPEC, the use of laparoscopy seems to be growing and is routinely used in



85

6 Diagnostic Imaging and Laparoscopy

I'v6
001
001

6'06

(%) Kiiqeroosay

S on — >~ O

6€-LT

[4 0

S¢ 6

It S

9 0

[ €

L 1

9Tl €1-0
I5d S¥D

«— SU —
<~ SU —

«— SU —

<~ SU —

X

JUBOIIUSIS JOU ‘Su {AI2TINS 2ANONPAI0ILD ‘§Y) ‘Aderayjowayd jueanlpeosu JHVN

8 [

€ 6

€ S

0 I

4 L
6€-LT 9C—v1

1Dd drdoosorede

(4
€1-0

I
LT

1T

syuaned "oN

Ayiqe)oasarun)

[e10L

Q0URLINOY

Krewrtig

LOVN-1s0d

JuowIssasse aaneradoarg

uonezid4)
[e0130]03SIY-03AD)

SuoTeIIpu[

(syuoned 14) Kpiqerossar pue Awojorede] snsioa Adoosorede] Sutredwos ([DJ) XOpu] Jooue)) [eAUOILId] €£°9 d|qel



86 F.lafrate et al.

many centers, even if no clear data or prospective randomized trials are avail-
able to support its use in patients with peritoneal metastases from many primary
tumor types. VLS seems, instead, to play a relevant role in predicting resectabil-
ity in PSM from primary gastric cancer and to evaluate the efficacy of the
increasing use of aggressive neoadjuvant intraperitoneal and systemic chemo-
therapy (NIPS) [55].

6.6.2 Conclusions

In conclusion, laparoscopy can play an important role in diagnosing PSM, par-
ticularly for histological confirmation and resectability evaluation. For preoper-
ative staging, further prospective controlled studies are needed to confirm the
potential indications and efficacy of VLS compared with other noninvasive
diagnostic tools while considering risks and complications.

BOX 6.1 Different patterns of appearance of Peritoneal Carcinomatosis at Multidetector CT

Pattern Findings Image

Micronodular Tiny 1- to 5-mm milky spots of peritoneal
implants (arrow) diffusely involving the
tunica serosa and subserosal fat. Greater
omentum, lesser omentum, and mesentery
are typically involved, as shown in this
axial contrast-enhanced image

Nodular Nodules with a diameter > 5 mm diffusely
involving the tunica serosa and subserosal
fat. Nodules may have an oval shape with
rounded contours or present a stellate pat-
tern, with star-shaped appearance and spic-
ulated margins (axial contrast-enhanced
computed tomography image arrow)

Omental cake Omental cake can be defined as a stratified
consolidation of the omental fat due to dif-
fuse nodular involvement of the greater
omentum combined with a fibrotic tissue
reaction, as shown in this axial contrast-
enhanced computed tomography image
(asterisks)
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Plaque like

Confluence of multiple nodular implants
forms irregular soft-tissue thickenings of
inconstant extension that coat abdominal
viscera and peritoneal walls, usually scal-
loping liver (asterisks) and splenic surfaces
and presenting a lower attenuation than the
parenchyma on contrast-enhanced scans. It
is typically found in subdiaphragmatic
spaces and better depicted on coronal refor-
matted images

Mass like

Confluence of multiple nodular implants,
usually in the pelvis, leads to formation of
tissue mass that can reach sizes of several
centimeters. When a single mass is ~ 10 cm
in diameter or larger, it is called a bulky
tumor (axial contrast-enhanced computed
tomography, asterisks)

Teca aspect and
ileal freezing

Small-bowel loops appear completely en-
veloped by a thickened layer of visceral
peritoneum that covers the bowel loops as a
sleeve, a condition called Teca aspect: a
axial contrast-enhanced computed tomog-
raphy (arrow). b Sometimes, neoplastic tis-
sue that completely coated the small-bowel
loops causes small-bowel obstruction with
consequent dilatation of proximal loops
(asterisk), a condition called ileal freezing

Ascites

The presence of ascites within the peri-
toneal cavity is usually one of the first indi-
cations of peritoneal carcinomatosis (PC)
(asterisks). In patients with PC, increased
peritoneal fluid, or ascites, is usually seen.
In some cases, ascites is little or absent.
The mechanism of fluid formation includes
increased capillary permeability, fluid pro-
duction, and obstructed lymphatic vessels
with decreased absorption. At computed
tomography (CT) and magnetic resonance
imaging (MRI), respectively, scans are
acquired with the patient in the supine posi-
tion during and after inspiration. That is
why fluid accumulates especially in subdi-
aphragmatic spaces, paracolic gutters, and
epiploon retro-cavity
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Prevention and Management of Peritoneal 7
Metastases from Gastrointestinal Cancer:

A Short History of a Paradigm for

Peritoneal Surface Malignancies

Paul H. Sugarbaker

7.1 Introduction

Until the 1980s, carcinomatosis from gastrointestinal malignancy was a lethal
condition. The treatments directed at peritoneal dissemination were best sup-
portive care, palliative systemic chemotherapy, and palliative surgery when
necessary. None of these treatments were in any way satisfactory. Treatment
strategies that afforded prolonged survival or a chance for cure did not exist.
Over the last three decades, progress with two treatment innovations contin-
ued. As a result of cytoreductive surgery (CRS) combined with hyperthermic
perioperative chemotherapy (HIPEC), long-term survival has been demonstrat-
ed by institutions widely distributed around the globe. The term carcinomato-
sis has been abandoned because it implies this terminal condition with no sub-
stantial benefit from treatments. Rather, this dissemination of cancer into the
peritoneal space is now referred to as peritoneal metastases. This is now a
treatable condition in properly selected patients with gastrointestinal cancer,
and a goal in selected patients is a curative approach. In this chapter, we
explore the innovations that have resulted in this profound change in treatment
options of peritoneal metastases from gastrointestinal cancer. Also reported are
promising directions that require immediate exploration in order to continue
the optimization of CRS plus HIPEC for peritoneal metastases from gastroin-
testinal cancer.
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7.2 Cytoreductive Surgery and Hyperthermic Perioperative
Chemotherapy as Current Standard of Care

A question of profound importance emerged as the development of treatments
for peritoneal metastases progressed: Is its current acceptance by the oncologic
community as a standard of care appropriate? Recent reviews from prominent
centers of excellence in oncology would answer this question with a profound
yes. Elias and colleagues advocated that combining complete CRS plus HIPEC
can be expected to achieve cure in selected patients. They use CRS plus HIPEC
for treating pseudomyxoma peritonei (PMP), malignant peritoneal mesothe-
lioma (MPM), and colorectal peritoneal metastases with limited extent of dis-
ease on peritoneal surfaces. Also, in a limited setting, this combined treatment is
of value for gastric cancer (GC) and neuroendocrine cancer to prevent or treat
limited disease on peritoneal surfaces. The authors also indicate that certain rare
tumors with a propensity for peritoneal dissemination but a small likelihood of
systemic metastases should be considered for CRS plus HIPEC. Finally, prophy-
lactic CRS plus HIPEC for patients with primary disease and a high risk of peri-
toneal metastases can be considered of value. Results of second-look surgery in
selected patients must be considered an important treatment option. The authors
conclude that complete CRS plus HIPEC is an “indispensible tool in the oncol-
ogist’s armamentarium” [1].

A second prestigious center for cancer treatment, Memorial Sloan-Kettering
Cancer Center in the USA, described their current practice. Kelly and Nash
reviewed the literature and summarized the expected results for appendiceal
mucinous neoplasms (AMN), colorectal cancer (CRC), GC, and diffuse MPM.
They concluded that long-term survival is achieved for patients with AMN and
justifies the perioperative morbidity and possible mortality of this aggressive
approach. Cytoreduction with perioperative chemotherapy is “currently the stan-
dard of care for this disease.” They conclude that CRC has the likelihood for
systemic metastases, so that CRS plus HIPEC should be routinely combined
with systemic chemotherapy. Also, patients with extensive peritoneal disease
burden should be treated cautiously. However, CRS plus HIPEC can achieve
long-term survival in patients with peritoneal metastases from CRC. The authors
cite eight randomized trials evaluating patients with GC treated with CRS plus
HIPEC or early postoperative intraperitoneal chemotherapy (EPIC) to prevent
progression of peritoneal metastases. Also, they indicated promising results in
managing limited peritoneal metastases in patients who can undergo gastrecto-
my. Finally, although the authors could not report on randomized prospective tri-
als of CRS plus HIPEC for MPM, observational studies show superior median
patient survival rates compared with historical controls, with acceptable morbid-
ity and mortality. Currently, an aggressive regional approach to this disease is
indicated. Treatment should be limited to patients with epithelioid histology,
nuclear grades 1-3, and an absence of gross lymph node metastases [2].

Some institutions still do not recognize the great benefits that knowledgeable
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Table 7.1 Nations approving treatment guidelines for cytoreductive surgery (CRS) and hyperther-
mic perioperative chemotherapy (HIPEC) as a standard of care for selected patients at experienced
institutions. Approval is for appendiceal neoplasms, epithelial peritoneal mesothelioma, and col-
orectal cancer with limited peritoneal metastases

Nation Year approved Reference
France 2003 [3]
Holland 2003 [4]
Germany 2010 [5]
Spain 2012 [6]
United Kingdom 2013 [7]

and skillful application of CRS plus HIPEC have for managing peritoneal metas-
tases. For the most part, these institutions do not have significant experience
with these treatment modalities, have not seen the benefits that can be achieved
in this group of patients with otherwise poor prognosis, and have been unwill-
ing to invest in the requirements necessary to embark on this management strat-
egy. Table 7.1 lists national guidelines of several nations around the world that
now include CRS plus HIPEC as a standard of care for patients with AMN with
peritoneal dissemination, epithelioid MPM, and CRC with limited peritoneal
surface metastases. As shown in Table 7.1, these national guidelines occurred
first in France [3], then in Holland [4], Germany [5], Spain [6], and the United
Kingdom [7].

In the United States, the National Comprehensive Cancer Network guide-
lines have not as yet been changed to include CRS plus HIPEC for treating these
three diseases. However, nearly all insurance companies in the United States
authorize these treatments for their insured patients. Clearly, CRS plus HIPEC
must be considered a treatment option in nations where modern cancer treat-
ments are available.

7.3 Conceptual Changes that Contributed to the Progress of
Cytoreductive Surgery and Perioperative Chemotherapy

Over the last three decades, oncologic, physiologic, and pharmacologic
advances have contributed to the progress of CRS plus HIPEC treatment. No
doubt, the initial success treating PMP was a “proof of principle,” in which the
combination of complete CRS along with a perioperative chemotherapy lavage
of peritoneal surfaces could, in a select group of patients, result in long-term sur-
vival, and even a cancer cure. Two observations in patients with AMN were cru-
cial: First, these patients rarely developed metastases to lymph nodes or liver
[8]. Second, even though there was a large volume of mucinous malignancy
infiltrating diaphragm undersurfaces, the omentum, pelvic peritoneum, and
small bowel was uninvolved or uninvolved to the extent that CRS combined
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with the perioperative chemotherapy lavage could maintain the small bowel in a
disease-free state [9].

A second conceptual change in the surgical approach was the development of
five different peritonectomy procedures [10]. The loose attachment of the pari-
etal peritoneum allowed complete stripping of the peritoneum from the anterior
abdominal wall, the right and left subphrenic spaces, the pelvis, and the omen-
tal bursa. Because the visceral peritoneum was more intimately attached to
underlying structures such as stomach, small bowel, and large bowel, these peri-
tonectomy procedures were of necessity combined with visceral resections in
order to achieve complete CRS. As time went on, methodological refinements
whereby cancer nodules were removed from the small bowel were published by
Bijelic and Sugarbaker [11].

A third conceptual change involves the use of intraperitoneally administered
chemotherapy. Pharmacologically, a new concept regarding a peritoneal-space-
to-plasma barrier was described and provided the rationale for intraperitoneal
chemotherapy. The original pharmacologic principles regarding the movement of
large molecules placed directly into the peritoneal space in a large volume of
physiologic fluid were developed for the most part at the National Institutes of
Health, Bethesda, MD, USA. Early publications by Flessner et al. in the experi-
mental laboratory, and Myers and Collins and Speyer et al. in the clinic, suggest-
ed clinical utility of this new route of administration for cancer chemotherapy
[12-14]. The importance of drug selection and proper dosimetry of intraperi-
toneal chemotherapy for vesicant drugs such as doxorubicin and for liver-metab-
olized drugs such as 5-fluorouracil (5-FU) was described by Sugarbaker et al.
[15, 16]. The role of molecular size in maintaining this peritoneal-space-to-plas-
ma barrier was clarified early on by Myers and colleagues [13].

Although little has changed over the course of the last three decades in the
pharmacologic principles established by these early investigators, some clarifi-
cations of the use of chemotherapy within the peritoneal space have occurred
[17]. First, it was made clear that the extent of peritonectomy had little to do
with the continued presence of the peritoneal-space-to-plasma barrier. De Lima
Vazquez et al. established that the percentage of parietal peritoneum removed
had little or no impact on the pharmacology of intraperitoneal chemotherapy
with 5-FU [18]. Second, the volume of intraperitoneal fluid used to dilute the
chemotherapy solution and thereby fill the peritoneal space had an impact on the
pharmacology of intraperitoneal drug instillation. Both Elias and Sideris and
Sugarbaker et al. showed that a volume of intraperitoneal fluid had an impact on
chemotherapy clearance into the body [19, 20]. If both volume and dose of
chemotherapy were controlled, systemic exposure could be predicted, and
intraperitoneal and systemic effects remained constant from patient to patient.

Perhaps the most clearly demonstrated clinical finding for successful treat-
ment of peritoneal metastases is the absolute requirement for complete visible
clearing of malignant disease from the peritoneal space for intraperitoneal
chemotherapy to affect long-term survival [21].
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The peritonectomy procedures were described initially by Sugarbaker in 1995
[10]. Yonemura and colleagues published similar procedures especially adapted
for managing peritoneal metastases from GC [22]. Extensive visceral resections,
including total gastrectomy, allowed surgical technology extension and the result-
ing optimal cytoreduction to a larger number of cancer patients [23].

Surgical technical advances associated with complete cytoreduction with
peritonectomy involved the use of self-retaining retractors and ball-tip, high-
voltage electrosurgery. A recent advance, results of which have not yet been
completely realized, is the resurfacing of these extensive raw tissue surfaces
with antisclerotic agents. Also needed are instructions at treatment centers in the
advanced surgical technology required for complete CRS.

7.4 Early Postoperative Intraperitoneal Chemotherapy

The earliest reports of large numbers of patients with CRC and appendiceal
malignancy showing long-term benefit from CRS combined with intraperitoneal
chemotherapy were for treatment regimens using early postoperative intraperi-
toneal chemotherapy (EPIC) [21]. The most profound changes in the natural his-
tory of a peritoneal surface malignancy as a result of combined treatment seem
to be in the minimally aggressive peritoneal surface malignancies, such as
appendiceal cancer [24]. Elias and Pocard showed benefits from CRS with EPIC
in CRC patients [25].

At the time of writing this chapter, EPIC remained the favored treatment plan
for several chemotherapy agents when the intraperitoneal route of administra-
tion was favored. Drugs with a high rate of hepatic chemotherapeutic-agent
extraction—so that a large proportion of the drug is detoxified with a single pass
through the liver—are appropriate. These agents include 5-FU and doxorubicin
[15,26]. Also, taxanes, especially paclitaxel, are appropriate for EPIC. This drug
is not significantly augmented by heat, works as a cell-cycle-specific drug that
should be used over the long term, and is much better tolerated from the perspec-
tive of nausea and vomiting postadministration if given in divided doses over the
first 5 days postoperatively. This drug has an area under the curve ratio of 1,000
and prolonged retention within the peritoneal space [27]. Clinical investigators
are testing combinations of HIPEC and EPIC as a perioperative multidrug treat-
ment plan, which may determine the optimal combination of these treatment
strategies [28].

7.5 Heated Intraoperative Intraperitoneal Chemotherapy

The initial innovative efforts with heated intraoperative intraperitoneal
chemotherapy (HIPEC) were by the efforts of Spratt et al. in 1980 [29]. Shortly
thereafter, in 1988, Koga and colleagues at Tottori University, Japan, applied
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these treatments to patients with GC and peritoneal seeding [30]. Reports by
Fujimoto et al. from Chiba University, Japan, and Yonemura et al. from
Kanazawa University, Japan, should also be mentioned [31-34]. Studies from
Japan involved GC patients with demonstrated peritoneal seeding or GC with
adjuvant HIPEC.

Combining CRS with HIPEC was shown in a phase III trial to improve the
survival of patients with CRC peritoneal seeding [35]. Also, a large retrospec-
tive multi-institutional study documented that in ~ 25% of patients with CRC
treated with this combined therapy will be alive and disease free at 5 years [36].
All natural history studies suggest that these patients have a median survival
limited to < 6 months [37-39].

7.6 Evolution of Prognostic Indicators Useful for Patient
Selection

In the early efforts to manage carcinomatosis, patients were scored as carcino-
matosis present versus carcinomatosis absent. In a group of patients with peri-
toneal seeding, no survival at 3 years was expected in patients with gastrointesti-
nal cancer [37-39]. It became apparent that all patients with peritoneal metas-
tases were not the same. Four different scoring systems by which to quantitate
peritoneal metastases were described. Perhaps the original one was the “P fac-
tor,” utilized in the Japanese classification of GC: P1 (cancer seedlings limited
to the stomach itself), P2 (cancer seedlings limited to the space above the trans-
verse colon), and P3 (cancer seeding located throughout the peritoneal space)
stood the test of time as a useful quantitation of gastric carcinomatosis [40]. For
more precise quantitation of the distribution and extent of peritoneal metastases,
the Peritoneal Cancer Index (PCI) was developed. This scoring system combines
the distribution of peritoneal metastases and lesion size of nodules present
throughout the abdomen and especially emphasizes cancerous involvement of
the small bowel and its mesentery. The PCI can be scored preoperatively with a
computed tomography (CT), at the time of abdominal and pelvic exploration,
and after maximal efforts at cytoreduction have occurred [41]. Other methodolo-
gies for quantitating peritoneal cancer dissemination are the simplified PCI used
at The Netherlands Cancer Institute and the Gilly Staging System from Lyon,
France [35, 42].

As more publications on peritoneal metastases appeared, an assessment of
the completeness of cytoreduction was necessary. It was suggested that the
Completeness of Cytoreduction (CC) score will vary as the invasive character of
the malignancy and its response to neoadjuvant chemotherapy vary. A CC scor-
ing system is reported [41].

It is obvious to those working long term in this field that early interventions
in patients who have not had extensive prior surgery provides the best results in
terms of survival and the lowest incidence of morbidity and mortality. Some
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means of assessing the extent of prior surgery was found to be necessary; thus,
the Prior Surgical Score (PSS) was presented by Jacquet and colleagues and
shown to have a major impact in determining survival of patients with appen-
diceal malignancy or ovarian cancer [24, 41, 43].

An essential adjunct to assessing prognosis in these patients is renewed inter-
est in the histomorphology of peritoneal surface malignancy. The work of
Ronnett and colleagues clearly shows that the invasive character of a malignant
process, as estimated by histology, has a profound effect upon the success of
combined treatment [44]. Similar emphasis on histomorphology in the outcome
of combined treatment in patients with MPM was demonstrated by Cerruto et al.
and Deraco et al. [45, 46].

7.7 Hyperthermia

Perioperative chemotherapy treatments over the last two decades have applied
hyperthermia along with IP-CHT, with a presumed benefit. Hyperthermia in ani-
mal models increases drug cytotoxicity [47] and depth of chemotherapy penetra-
tion [48]; perhaps, if used long enough and at high enough temperatures, causes
apoptosis from the heat itself. A single report, by Yonemura and colleagues, sug-
gests that IP-CHT with heat is more effective than IP-CHT at body temperature
[49]. Other studies confirming the benefits of hyperthermia have not been forth-
coming. Also, studies show that EPIC is equivalent to HIPEC in maintaining a
complete surgical response and improving long-term survival [50]. Certainly, in
a patient who has undergone many hours of surgery with the abdomen and pelvis
widely exposed often has moderate to profound hypothermia. The 90-min of
hyperthermic lavage of the peritoneal space returns these patients to an optimal
physiologic condition. In this regard, hyperthermia is an essential part of peri-
operative cancer treatment.

7.8 Peritoneal Surface Malignancy Treatment Centers

To the credit of Heald and Moran [7], the importance of a treatment center in the
UK for patients with PMP was made clear and 1998 became a reality. Moran and
colleagues [7] added greatly to the quality of care of patients with appendiceal
malignancy in the UK. In 2002, a second center was established under the direc-
tion of O’Dwyer [7] and colleagues in Manchester, UK. Other designated treat-
ment centers throughout Europe have since developed.

New efforts to further develop and improve outcomes of patients with peritoneal
surface malignancy are underway. It is now clear that early treatment of mini-
mal residual disease is optimal for these patients. Certainly, a watch-and-wait
policy with referral of symptomatic patients to a peritoneal surface oncology
center is no longer acceptable. Second, perioperative treatments are now many
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and varied. A bidirectional approach is becoming standard of care. As reviewed
by van der Speeten and colleagues, some chemotherapy agents are most appro-
priate for intravenous use with heat targeting to the peritoneal cavity. Others are
more valuable because of their large molecular size, and heat augmentation is
used as part of the HIPEC regimen [51, 52].

Long-term intraperitoneal taxanes are now being explored, especially in
Japan, for GC. The high response rate of combined systemic and intravenous
application of chemotherapy reported by Yonemura et al. presents an exciting
new treatment direction for patients with a very poor prognosis [53]. Kitayama
et al. also continued applying adjuvant therapies for patients with peritoneal
seeding using a combination of chemotherapy via an intraperitoneal port and
systemic agents, which remains to be fully explored [54]. A summary of treat-
ment evolution for patients with peritoneal metastases is shown in Table 7.2.

Finally, to allow treatments to be extended beyond the operating theater, a
new interest in the use of antisclerotic agents to diminish adhesions postopera-
tively has occurred. Numerous agents are now available, including methylcellu-
lose, polylactide sheets, polyethylene glycol spray, and 5-FU early postoperative
irrigations. Continued studies to maintain the integrity of the peritoneal cavity
are needed.

Table 7.2 Evolution of treatments for peritoneal carcinomatosis from gastrointestinal cancer
(modified from [51])

Authors Year Event Reference

Spratt et al. 1980  Suggested a hyperthermic peritoneal perfusion system  [29]
with the administration of intraperitoneal chemotherapy.
University of Louisville, KY, USA

Speyer et al. 1981 Pharmacology of intraperitoneal 5-fluorouracil in humans. [14]
National Institutes of Health, Bethesda, MD, USA

Koga et al. 1984 Experimental study with prophylactic continuous [55]
hyperthermic peritoneal perfusion with mitomycin C.
A significant prolongation of survival was obtained when
41.5°C hyperthermia was combined with mitomycin C.
Tottori University, Japan

Flessner et al. 1985 Pharmacokinetic studies established the peritoneal [12]
plasma barrier. National Institutes of Health, Bethesda,
MD, USA

Sugarbaker et al. 1985 Randomized controlled study of intravenous versus [56]

intraperitoneal 5-fluorouracil documented a diminished
incidence of peritoneal carcinomatosis in patients with
colon cancer. National Institutes of Health, Bethesda,
MD, USA

Koga et al. 1988  First study of adjuvant intraoperative hyperthermic [30]
peritoneal perfusion with mitomycin C in gastric cancer.
Tottori University, Japan

(cont) >
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Table 7.2 (continued)

Fujimoto et al.

Sugarbaker

Sugarbaker

Yonemura et al.

Sugarbaker
and Jacquet

Yu et al.

Moran
and Cecil

Urano et al.

Pestieau and
Sugarbaker

Verwaal et al.

Glehen et al.

Elias et al.

Elias et al.

1988

1995

1995

1996

1996

2001

2003

1999

2000

2003

2004

2008

2008

Use of intraoperative hyperthermic peritoneal perfusion
with mitomycin C combined with extended surgery in
patients with gastric cancer and established peritoneal
carcinomatosis. After treatment, 12.8% survived 1 year

compared with 0% after surgery alone. Chiba University,

Japan

Trial of early postoperative intraperitoneal mitomycin C
and 5-fluorouracil in the management of carcinomatosis.
Washington Hospital Center, Washington, DC, USA

Peritonectomy procedures. Washington Hospital Center,
Washington, DC, USA

Suggested peritoneal cavity expander for optimizing
intraoperative intraperitoneal hyperthermic chemotherapy
delivery in patients with gastric cancer. Kanazawa
University, Japan

Published methodologies by which to quantitate
peritoneal metastases and their management

Positive results of randomized study on adjuvant early
postoperative intraperitoneal chemotherapy for gastric
cancer. Kyungpook National University, Taegu, Korea

Pseudomyxoma peritonei treatment center designated
for the UK. North Hampshire Hospital, Basingstoke,
England

In vivo chemohyperthermia parameters defined.
Memorial Sloan- Kettering, New York, NY, USA

Benefit of cytoreductive surgery and perioperative
chemotherapy in the management of primary colorectal
cancer with synchronous peritoneal metastases. Medstar
Washington Hospital Center, Washington, DC, USA

Prospective randomized trial showing superiority of
comprehensive CRS plus HIPEC for carcinomatosis
from colon cancer. The Netherlands Cancer Institute,
Amsterdam.

Multi-institutional study from 28 institutions describing
benefit of CRS and perioperative chemotherapy utilizing
prognostic indicators. Centre Hospitalo Universitaire
Lyon Sud, Pierre Benite cedex, France

Systematic second-look for patients at high risk for
recurrence. Institut Gustav Roussy, Villejuif, France

Association of French Surgeons Monograph describing
results of CRS and perioperative chemotherapy for
gastrointestinal and ovarian cancer plus peritoneal
mesothelioma. French guidelines declare CRS and
perioperative chemotherapy as standard of care for
appendiceal cancer, colorectal cancer, and peritoneal
mesothelioma.” Institut Gustav Roussy, Villejuif, France

[31]

[21]

[10]

[57]

[41]

[58]

[59]

[47]

[60]

[35]

[36]

[61]

[62]
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Cytoreduction and Hyperthermic
Intraperitoneal Chemotherapy (HIPEC)

Combined

Paolo Sammartino, Fabio Accarpio, Tommaso Cornali,
Daniele Biacchi, Maurizio Cardi, and Giammaria Fiorentini

8.1 Introduction

Diffuse peritoneal malignancy raises major therapeutic problems and puts the
patient’s life at high risk. In the past, systemic chemotherapy regimens func-
tioned as a purely palliative approach, and palliative surgery aimed merely at
reducing the symptoms, being unable to alter the natural course of the disease
[1]. At the beginning of the 1990s, thanks to Sugarbaker’s pioneering efforts,
research began to develop integrated procedures for treating peritoneal surface
malignancies based on a therapeutic approach. This approach involved cytore-
ductive surgery (CRS) (peritonectomy procedures) combined with perioperative
intraperitoneally administered chemotherapy (IP-CHT)—eventually integrated
with hyperthermia—done immediately after surgical cytoreduction ended
[hyperthermic intraperitoneal chemotherapy (HIPEC)], or during the early post-
operative course [early postoperative intraperitoneal chemotherapy (EPIC)] [2].
The therapeutic rationale underlying integrated treatment originates from
advances in systemic chemotherapy and improved knowledge about the phar-
macological mechanisms underlying endoperitoneal drug delivery. The ration-
ale for cancer chemotherapy hinges upon several well-known theoretical
hypotheses. According to the Gompertzian cellular kinetic model (the tumor-
growth profile can be depicted as an S-shaped curve), a tumor initially grows
slowly and then rapidly becomes fast growing [3]. As the tumor enlarges, its
blood supply and growth slows down, and a larger tumor cell percentage grad-
ually enters a nonproliferative cell-cycle stage (Fig. 8.1). At the same time as
the growth fraction slows down, tumor heterogeneity increases and drug sensi-
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tivity decreases. Advances in the Gompertzian model led to the Norton—Simon
hypothesis [4, 5]. According to this model, chemotherapy results in tumor
regression volume rates proportional to the growth rate expected for a tumor of
that size. Smaller tumors grow more rapidly and undergo greater log kill (cell
kill on a logarithmic scale) when chemotherapy is applied. If rapid regrowth
makes it impossible to eradicate all tumor cells (an essential requirement in the
Gompertzian model) cancer-killing efficacy is no longer reflected in cancer sur-
vival (Fig. 8.2). The Goldie—Coldman hypothesis is a mathematic model predict-
ing that tumor cells mutate to a drug-resistant phenotype at a time-dependent
rate related also to the tumor’s intrinsic genetic instability [6]. Drug resistance
is a selection process, and with each new cellular division, new subclones arise,
some becoming drug resistant. Even the smallest detectable cancers would con-
tain at least one drug-resistant clone. Expanding the Norton—Simon hypothesis
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and focusing on the heterogeneous cancer population, Norton proposed a thera-
peutic strategy intended to treat first the cell population in a growth phase and
then the other (slow-growing and chemotherapy-resistant) cell population. This
strategy entailed several cycles repeating an effective regimen A, followed by
several cycles repeating regimen B (AAA plus BBB), acquiring the dose inten-
sity for each regimen [7]. Even this approach failed to eradicate the disease, and
recurrent disease developed. These observations emphasized the need to drasti-
cally reduce tumor cell numbers before applying chemotherapy, thus opening
the way to integrated maximal cytoreduction plus systemic and locoregional
chemotherapy. Extensive debulking surgery to reduce the tumor mass decreases
the likelihood that resistance develops, thereby making it less likely that new
resistant subclones will appear. Equally important, cytoreduction stimulates the
remaining cells to enter into a proliferative phase that is potentially more
responsive to chemotherapy. Hence, the rationale underlying cytoreduction is
that the fewer tumor cells left after cytoreduction, the better they respond to
chemotherapy [8—10]. For various reasons, CRS and IP-CHT must be done at the
same time. First, because surgery alone could lead to fibrin entrapment of micro-
scopic intra-abdominal residual disease (tumor cell entrapment), thus causing
peritoneal surface malignancies to recur rapidly and progress. Second, because
if patients undergo IP-CHT after surgery, adhesions create multiple barriers to
the free access of fluid, with nonuniform drug distribution that may lead to treat-
ment failure. Third, undertaking IP-CHT weeks or months after surgery raises
difficulties and dangers related to long-term peritoneal access [2].

8.2 Intraperitoneal Chemotherapy: Physical and Biological
Principles

The pharmacological rationale behind endoperitoneal chemotherapy consists of
dose intensification determined by the peritoneal plasma barrier. The two com-
partments (peritoneal cavity and blood) are separated by a semipermeable mem-
brane that allows a high peritoneal drug concentration, thus optimizing its effect
on the endoperitoneal target and at the same time limiting drug passage into the
plasma stream, which causes treatment toxicity. From experience gained in peri-
toneal dialysis, Dedrick et al. stated that peritoneal permeability to a certain drug
is notably lower than the same drug’s plasma clearance. Peritoneal drug clear-
ance is inversely proportional to the square root of its molecular weight [11].
Figure 8.3 shows the equation that describes the pharmacokinetic advantages
gained by giving a drug by the endoperitoneal route rather than the intravenous
route and the traditional two-compartment model of peritoneal transport with the
equation showing the rate of mass transfer. Drugs pass in a parallel fashion from
the peritoneal cavity into the various surrounding tissues, and multiplying tissue
permeability by the area exposed to peritoneal fluid shows how much a given
tissue type contributes to overall transport (Fig. 8.4).
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8.3 Pharmacokinetic and Pharmacodynamic Variables

Related to Intraperitoneal Chemotherapy

One reason for delivering chemotherapeutic agents into the peritoneum is that
this route allows relatively lengthy contact between the drug and its therapeutic
target. The pharmacokinetic advantage of dose intensification arises from the
higher drug concentration achieved in the peritoneum than in the plasma, as
expressed by the area-under-the curve (AUC) ratio. The simplest way to illus-
trate the pharmacokinetic advantage is to construct a concentration-time curve.
The endoperitoneal AUC reflects therapeutic effectiveness, whereas the intra-
venous AUC expresses drug toxicity (Fig. 8.5) [12]. A high peritoneal drug con-
centration does not itself, however, guarantee therapeutic effectiveness insofar
as the real pharmacological aim is for the drug to penetrate into the target tumor.
An approximate measure of the result obtained is therefore provided by insert-
ing into the preceding graph the chemotherapeutic drug concentration achieved
within the malignant nodule (Fig. 8.6) [13]. Hence whereas pharmacokinetic
variables (dose, volume of the chemotherapy solution, duration, carrier solution,
and pressure) influence peritoneal drug bioavailability; a series of pharmacody-
namic variables (size of the malignant nodule, vascularization, interstitial pres-
sure, and temperature) reflect how much drug reaches the oncologic target.

8.3.1 Pharmacokinetic Variables

A major controversial problem is the wide variability in the chemotherapeutic
drug doses used for endoperitoneal chemotherapy. Most groups base the doses
delivered, as happens for systemic chemotherapy, on body surface area (BSA)



112 P.Sammartino et al.

Fig. 8.6 Doxorubicin
concentration in plas-
100 ma, peritoneal fluid,
=& Tumor nodules
) tumor nodules, and nor-
o =0~ Normal tissue . .
7:! e mal adjacent tissues.
S = 107 ‘ ph - TPy Data obtained from a
o £ N "Oau,, —1 . .
ro pET T single patient.
€2 (Reproduced from [13],
o ] . .
59 ! with permission)
=
2 e =&~ Peritoneal fluid
a 01 -o— Plasma
0.01 T T T T
0 15 30 _ 45 60 90
Time (minutes)

(mg/m?), considering BSA as a peritoneal surface area (PSA). Despite the sub-
stantial difference between BSA and PSA [14], BSA is a reasonably reliable
method for assessing predictable toxicity. Other groups use a concentration-
based method that calculates the pharmacological dose in mg/m? per liter per-
fusate and usually increase this dose up to 6 1 [15-17]. According to the afore-
mentioned Dedrick formula for transport through the peritoneal membrane, the
volume of IP-CHT will increase the solution contact area (A) and will improve
mass transfer from the peritoneal cavity to the plasma. The great advantage of a
concentration-based system is that the residual tumor nodules after cytoreduc-
tion are exposed to increased cytotoxicity, but this advantage pays the price of
highly unpredictable systemic side effects. Reported IP-CHT protocols vary in
duration from 30 to 120 min. According to a mathematical model proposed by
Gardner [18], the dose—response curves and their dependency on exposure time
reach a cell-kill plateau, after which prolonging exposure time offers no further
cytotoxic advantage. The most advantageous exposure time for cytotoxic effects
in peritoneal carcinomatosis (PC) should be weighed against systemic toxicity.
Other pharmacokinetic variables include perfusate osmolality (most perfusates
are isotonic saline or dextrose solutions) [19] and pressure as a determinant vari-
able reflecting drug penetration into tissues [20]. Hydrostatic pressure, especial-
ly for HIPEC, depends partly on the two principal technologies (open vs closed)
used, and despite debate over recent years on their advantages and disadvan-
tages, no definitive conclusions have been reached [21]. Two studies conducted
by Ortega-Deballon et al. and Facey et al. show in animal experiments (pigs) an
increased drug tissue penetration after HIPEC given with the open technique.
The investigators obtained the highest tissue concentrations by combining open
HIPEC with increased hydrostatic pressure obtained with a special device fixed
to the skin margins, and to a Thompson retractor equipped with a vertical latex
expander able to increase hydrostatic pressure to 25 cm of water [22, 23].
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Table 8.1 Multivariate modeling analysis to evaluate the association between clinicopathologic
factors and the area under the curve (AUC) ratio. (Reproduced from [12], with permission)

Clinicopathologic factors Analysis P value

Age Not significant 0.153

Gender Men have a significantly higher AUC ratio 0.025
than women

Completeness of cytoreduction Not significant 0.572

Peritoneal space Patients with a restricted peritoneal space have 0.002

a significantly higher AUC ratio

Number of peritonectomies The number of peritonectomies has a significant 0.003
negative correlation with the AUC ratio (a higher
number of peritonectomies tends to have a lower
AUC ratio)

Number of visceral resections  The number of visceral resections has a significant 0.001
positive correlation with the AUC ratio (a higher
number of visceral resections tends to have a
higher AUC ratio)

Pharmacokinetic variables also vary according to the surgical procedure used,
and surgical and clinical factors may require changes in chemotherapy adminis-
tration. In a study conducted on 145 patients with appendiceal cancer and col-
orectal carcinomatosis who underwent CRS plus HIPEC with doxorubicin as
part of a multidrug regimen, Sugarbaker et al. observed that the number of sur-
gical procedures (number of peritonectomy procedures or entity of visceral
resections or both) can influence the AUC ratio. Doxorubicin peritoneal clear-
ance differs as the number of peritonectomy procedures or the entity of visceral
resections done (gastrectomies or total colectomies) progressively increases
(Table 8.1) [12]. The number of peritonectomy procedures increases peritoneal
drug clearance, whereas the entity of visceral resections increases the AUC ratio.
This observation depends solely on the different rates at which doxorubicin pen-
etrates through the peritoneal-plasma diffusion pathways into the various organs
and structures [24].

8.3.2 Pharmacodynamic Variables

Pharmacodynamic variables, expressing what the drug does to the body, focus
on the tumor nodule, rightly considering it the pharmacological endpoint for
endoperitoneal therapies. The equations in Fig. 8.3 allow us to calculate the
pharmacological advantages of endoperitoneal chemotherapy and illustrate
drug-transfer mechanisms between the two compartments. However, they pro-
vide no information on the real mechanisms that regulate drug penetration into
tumor nodules. In vitro experiments with multicellular models show that most
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cytotoxic agents penetrate poorly into tumor tissue (< 1 mm) [25]. After
intraperitoneal cisplatinum administration in an animal model, Los et al., report-
ed a 1- to 2-cm penetration [26, 27]. As the model proposed by Dedrick et al.
[28] and the related equation show (Fig. 8.7), low-molecular-weight drugs (up
to 6,000 Daltons) present at a given concentration in the peritoneal cavity (Cp)
diffuse through the tissues (Ce) according to a concentration that diminishes
exponentially until it reaches the concentration in blood (Cb). Drug movement
through the tissues is measured by the drug’s diffusion constant (D) (cm?/min)
and the rate constant k (min -!), a variable that measures the amount that can be
removed from the tissue by blood capillary diffusion. The k constant takes into
account capillary permeability, the capillary surface per unit tissue, and capillary
blood flow per unit tissue volume. Last, x indicates the distance in centimeters
from the serosal surface, assuming that x0 is the distance from the serosal sur-
face at which the concentration difference between tissue and blood has
decreased to 37% of its maximum value. The distance from the serosa surface,
3x0, is a reference value at which the concentration difference decreases to 5%
of the maximum value. Obtaining increased tissue penetration for low-molecu-
lar-weight drugs is no easy task, because it requires an increased D value (diffu-
sion coefficient) or a reduced k value, or both. Drug diffusion into tissue
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depends on tissue structure and drug properties. In locoregional therapy, because
the drug has to pass from the periphery to reach the tumor center, a major influ-
ential factor is the interstitium and interstitial fluid pressure. Interstitial pressure
in tumors is usually increased. Because lymph flows from the tumor center
toward the periphery, it flows in the opposite direction to peritoneally adminis-
tered drugs [29]. Interstitium, or the so-called microenvironment, consists of
collagen fibers linked through adhesion molecules, such as beta-1 integrins to
fibroblast, parenchymal cells, and other interstitial cells. Emerging evidence
suggests that giving drugs such as bortezomib, a proteasome inhibitor, can dis-
rupt cell-cell adhesion, lower interstitial fluid pressure, and thus enhance drug
diffusion into tumor tissue [30]. Some researchers tried to reduce the k constant
with vasoactive agents able to regulate peritoneal-tissue blood flow, thus delay-
ing drug clearance from the peritoneal cavity. Because these studies using
vasoactive agents yielded conflicting data, mainly owing to the various experi-
mental systems used, further studies are needed before vasoactive agents can be
recommended [31].

Another pharmacodynamic variable is hyperthermia. Hyperthermia unites
the pharmacokinetic advantages inherent to intraperitoneal perfusion of cytotox-
ic drugs (regional dose intensification) with the direct cytotoxic effect induced
by heat. Combining hyperthermia with intraperitoneally perfused chemotherapy
agents increases tumor response through numerous mechanisms. Hyperthermia
> 41°C inhibits DNA repair mechanisms in neoplastic cells, denatures proteins,
induces lysosomal activation, and increases cell death [32, 33]. Hyperthermia
also potentiates chemotherapy drug activity inhibiting intracellular drug-detoxi-
fication pathways and drug-induced DNA adduct repair mechanisms [34]. Last,
hyperthermia helps drugs penetrate more deeply into tumor tissue. In a study
investigating this hypothesis, Leunig et al. reported that heat induced a dose-
dependent reduction in interstitial pressure, thereby increasing drug penetration
into tissues [35]. Piche et al., using a murine model, showed that increasing the
temperature for oxaliplatin HIPEC delivery increases tissue penetration without
changing the pharmacokinetic advantages of the administration route and even
reduces systemic toxicity [36]. Hyperthermia both induces and reverses certain
forms of drug resistance, although the clinical importance of these interactions
is still poorly understood. From a clinical point of view, the chance of reversing
drug resistance using hyperthermia outweighs the dangers of inducing thermo-
tolerance [37].

8.4 Bidirectional (Intraperitoneal plus Intravenous)
Intraoperative Chemotherapy

Some have proposed bidirectional chemotherapy (intravenous plus endoperi-
toneal) drug infusion to obtain a bidirectional diffusion gradient in peritoneal
neoplastic tissues. The first to propose this strategy was Elias et al., who sug-



116 P.Sammartino et al.

Fig. 8.8 Concentrations
of 5-fluorouracil in

100 —=— Plasma (ug/mL) plasma, peritoneal
g == Peritoneal fluid (ug/mL) fluid, and tumor nod-
= =o= Tumor nodules (ug/gm) ules after intravenous
£ 104 administration during
3 hyperthermic intraperi-
§ i_ e A toneal chemotherapy
= T // TN L e I (HIPEC) procedure.
8 i " (Reproduced from [41],
3 4 with permission)
= 0,1 0
o a
=1 d
[

0,01 T T T T T T

0 15 30 45 60 90 120

Time (minutes)

gested perioperative intravenous 5-fluorouracil (5-FU) and leucovorin in con-
junction with oxaliplatin-based HIPEC [38], thus extending information from
earlier studies suggesting that the two drugs induced a synergic effect [39, 40].
5-FU is a thymidylate synthase inhibitor, enters the cell directly, and is then
intracellularly metabolized to its active metabolite. Mild hyperthermia only
slightly increases the 5-FU-induced effect, and the drug is not chemically com-
patible with other drugs in mixed solution. A study investigating the pharmaco-
logical rationale for perioperative 5-FU intravenous infusion during HIPEC in
patients with PC from appendiceal cancer showed a definite pharmacologic
locoregional advantage [41] (Fig. 8.8). The 5-FU concentration in peritoneal
fluid is high 15 min after infusion, and this high drug level persists over 90 min.
Single heated tumor nodules harvested at 15-min intervals showed 5-FU pene-
tration. The study shows that perioperative bidirectional chemotherapy is phar-
macokinetically, useful given that intravenous 5-FU application reaches a high
concentration in the peritoneal fluid. By acting synergistically, bidirectional
chemotherapy provides a high drug concentration in the tumor nodule. The bidi-
rectional therapeutic approach is widely used by French and German centers for
treating colorectal carcinomatosis [42, 43]. Similar results have been obtained
after intravenous administration of ifosfamide (1,300 mg/m? per liter continuous
saline solution for 90 min) during HIPEC containing cisplatin and doxorubicin
in a series of patients who underwent peritonectomy procedures for PC or
mesothelioma [44]. This therapeutic strategy has enjoyed widespread use for
various cancers at different time points (neoadjuvant or adjuvant) before or after
surgical resection. Japanese investigators have obtained promising results by
associating systemic and normothermic IP-CHT in a neoadjuvant setting in
patients with advanced gastric cancers (GC) and neoadjuvant intraperitoneal and
systemic (NIPS) therapy [45, 46]. Sugarbaker and Bijelic proposed using bidi-
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rectional (systemic and normothermic intraperitoneal) chemotherapy in an adju-
vant setting to reduce locoregional recurrence after peritonectomy procedures
plus HIPEC [47].

8.5 Overview of Drugs Commonly Used in Protocols for
Perioperative Intraperitoneal Cancer Chemotherapy

8.5.1 Mitomycin C

Mitomycin C is an alkylating antibiotic (extracted from Streptomyces species)
that acts mainly through DNA cross-linking. Mitomycin C has been extensively
used in IP-CHT treatment protocols in appendiceal and colorectal carcinomato-
sis [48-50]. Although mitomycin is not regarded as a prodrug, it is not active
against cancerous tissue as is the unchanged molecule. The drug changes into its
active state as it enters the cell [51], and in vitro data suggest heat enhances mit-
omycin’s antitumoral activity [52]. Extending these findings, Jacquet et al.
reported that intraperitoneally infused mitomycin C had a clear pharmacokinet-
ic advantage over intravenous infusion, with an AUC IP/IV ratio of 23.5, find-
ings confirmed by Van der Speeten [53, 54]. Drug dosimetry differs notably
between the various research groups. Some institutions use mitomycin in a sin-
gle dose, others a double dose, and still others a triple dose infused over 90 mins
[55, 56]. A study from the Dutch Cancer Institute suggests that mitomycin at a
dose of 35 mg/m?2 yields the highest AUC IP/IV ratio with acceptable toxicity
[55]. To maintain the concentration throughout the 90-min perfusion time, the
dose was divided into three fractions: 50 % at the start, 25 % after 30 mins, and
25 % at 60 mins. Ample evidence describes the toxicity profile for mitomycin C,
including anastomotic dehiscence and impaired wound healing [57, 58].

8.5.2 Cisplatin

Cisplatin is a well-known chemotherapy drug. It was the first member in the
platinum family drug class, which now includes oxaliplatin and carboplatin.
These platinum complexes react in vivo, binding to DNA and causing DNA
crosslinking. Cisplatin induces cell death by causing DNA adducts to form [59].
The drug has been well studied for adjuvant IP-CHT in residual small-volume
ovarian cancers (OC) after CRS. Three randomized trials showed a significant
survival benefit [60-62]. For CRS plus HIPEC, cisplatin has been used for intra-
cavitary therapy in patients with OC, GC, and malignant peritoneal mesothe-
lioma (MPM). In their study, Urano and coworkers showed that cisplatin provid-
ed excellent in vitro and in vivo thermal augmentation [63]. Several groups have
studied cisplatin penetration into tumor nodules. For example, Los et al.
described intratumoral cisplatin distribution after intraperitoneal infusion and
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suggested that intraperitoneal cisplatin distribution reached its maximal advan-
tage versus the intravenous route in the first 1.5 mm [64]. In a similar study, van
der Vaart et al. investigated cisplatin-induced DNA-adduct formation and meas-
ured this drug-induced change 3-5 mm into the tumor tissue [65]. In an experi-
mental model, Esquis et al. reported enhanced cisplatin penetration when they
infused cisplatin at increased pressure [20].

8.5.3 Oxaliplatin

Oxaliplatin is a third-generation platinum compound that possesses a wide anti-
tumor effect in vitro and in vivo, a better safety profile than cisplatin, and no
cross-resistance with cisplatin or carboplatin. Oxaliplatin has a nonhydrolysable
diaminocyclohexane (DACH) carrier ligand, which the final cytotoxic drug
metabolites maintain. The bulky DACH ring retained by activated oxaliplatin is
thought to cause formation of platinum—DNA adducts. These platinum—-DNA
adducts seem more effective than cisplatin adducts at blocking DNA replication
and are more cytotoxic [66, 67]. The clinical use of oxaliplatin during bidirec-
tional intraoperative chemotherapy in patients with PC was pioneered by Elias
et al. [38, 68]. In a dose-escalation and pharmacokinetic study, they showed that
460 mg/m? in 2 L/m?2 of chemotherapy solution infused over 30 mins is well tol-
erated. The low AUC ratio is compensated by the rapid drug absorption into the
tissue. In contrast to cisplatin and mitomycin, oxaliplatin is unstable in chloride-
containing solutions and can only be given in 5 % dextrose, a solution that may
result in severe electrolyte disturbances and hyperglycemia during intracavitary
therapy [69, 70]. A recent study using oxaliplatin in a murine model confirmed
that heat increased its antitumoral activity [36]. In clinical practice, oxaliplatin
given during HIPEC has proven activity in colorectal and appendiceal malignan-
cies and has been used in patients with recurrent OC [71, 72].

8.5.4 Carboplatin

Carboplatin was introduced in the late 1980s and has since gained popularity in
clinical treatment, inducing far fewer adverse effects than its parent compound,
cisplatin. Carboplatin is a platinum compound with a higher molecular weight
than cisplatin. Carboplatin is mostly used in intraperitoneal normothermic and,
rarely, in hyperthermic chemotherapy protocols in patients with advanced OC
[73, 74]. In a clinical study, investigators reported that normothermic carbo-
platin achieves acceptable bioavailability (calculated as AUC values), remaining
at least six times higher in the intraperitoneal fluid than in the serum for 48 h
[75]. Continuing research into bioavailability, Los et al compared the ability of
carboplatin and cisplatin to penetrate into peritoneal cancer nodules in a rat
model, and even though intraperitoneally administered carboplatin had a clear
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pharmacokinetic advantage over cisplatin, it proved far less able than cisplatin
to penetrate into tumor cells [27]. A report showing opposite results has now
revived clinical interest in intraperitoneally administered carboplatin [76].

8.5.5 Doxorubicin

Doxorubicin, or hydroxyl daunorubicin, is an antibiotic belonging to the
anthracycline family. Although categorized as a DNA-intercalating drug, its
true mechanism of action involves its critical interaction with the cell-surface
membrane [77], and this interaction is influenced by temperature [78]. Given
its wide in vitro and in vivo activity against a broad range of malignancies, its
slow clearance from the peritoneal compartment due to the high molecular
weight of the hydrochloride salt (579, 99 Dalton), its favorable AUC ratio of
intraperitoneal to intravenous concentration times of 230, and the absence of
risk for dose-limiting cardiotoxicity in intraperitoneal infusion, made doxoru-
bicin a potential beneficial agent for perioperative intraperitoneal delivery. This
advantage received support from experimental and clinical pharmacokinetic
data [12, 13, 79]. Based on ex vivo studies, Pilati et al. suggested that during
hyperthermia, doxorubicin uptake increases, and tumor cells become more sen-
sitive to the drug [80]. Pegylated liposomal doxorubicin has generated interest
for HIPEC because of its favorable pharmacokinetics [81]. Doxorubicin-based
HIPEC has been used in peritoneal surface malignancy from appendiceal, GC,
OC, and colon cancer, and MPM.

8.5.6 Gemcitabine

Gemcitabine is a nucleoside analog in which the hydrogen atoms on the 2’
deoxycytidine carbon are replaced by fluorine atoms. As with pyrimidines, the
triphosphate gemcitabine analog replaces one of the nucleic acid building
blocks, in this case cytidine, during DNA replication. This process arrests tumor
growth, because only one additional nucleoside can be attached to the “faulty”
nucleoside, thus resulting in cell death. Another gemcitabine target is the
enzyme ribonucleotide reductase. Gemcitabine exerts widely ranging in vitro
and in vivo cytotoxic activity, particularly against pancreatic and lung cancer. To
extend knowledge on its actions, Pesticau et al. investigated intraperitoneally
delivered gemcitabine pharmacokinetics and tissue distribution in a rat model
[82]. The AUC ratio (IP/IV) after intraperitoneal infusion was 26.8 + 5.8 favor-
ing intraperitoneal use. Several investigators explored the use of normothermic
intraperitoneally delivered gemcitabine in advanced cancer outside the setting of
CRS [83, 84]. Resected advanced pancreatic cancer at high risk of locoregional
recurrence is a potential indication for intraoperative intraperitoneally delivered
heated gemcitabine in an adjuvant setting [85-87].
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8.5.7 Melphalan

Melphalan is an antineoplastic alkylating agent that causes interstrand DNA
crosslinks to form and the activity of which increases with heat [88, 89].
Melphalan remains the principal agent used in isolated limb perfusion for the
treatment of in-transit metastases from melanoma [90]. The first to investigate
the pharmacokinetics of intraperitoneally delivered melphalan were Alberts et
al., [91]. Later, Glehen et al. showed in an animal model that intraperitoneally
delivered melphalan combined with heat is effective in delaying tumor growth
and that the effect of hyperthermia on the pharmacokinetics and tissue distribu-
tion of intraperitoneally delivered melphalan indicated increased intra-abdomi-
nal tissue concentrations [92]. In a pharmacokinetic and phase II study of intra-
operative intraperitoneally delivered melphalan, Sugarbaker et al. showed that
90 % of the cancer chemotherapy drug was absorbed during the 90-min proce-
dure, with a 30-times higher exposure at the peritoneal surface than in the blood
and concentrations in tumor nodules ten times higher than concentrations in
blood [93]. In a later study, Bijelic et al., in a series of 34 patients treated with
hyperthermic intraperitoneally administered melphalan, showed an average peri-
toneal fluid-to-plasma AUC ratio of 35 and recommended a dosage of 60 mg/m?
for 60 mins, with a favorable pharmacologic and safety profile. These findings
warrant including melphalan in future studies, especially for patients with peri-
toneal recurrence after initial cytoreduction plus HIPEC [94].

8.5.8 Paclitaxel and Docetaxel

Paclitaxel and docetaxel are taxanes used for IP-CHT. The taxanes stabilize the
microtubule against depolymerization, thereby disrupting normal microtubule
dynamics [95], and exert cytotoxic activity against a broad range of tumors.
Owing to their high molecular weight, these agents have a remarkably high AUC
ratio— paclitaxel 853 and docetaxel 861 —which translates into a clear pharmaco-
kinetic advantage for the intraperitoneal route [96]. Data regarding possible tax-
ane-induced thermal augmentation are conflicting [97-99]. Taxanes have been
used in a neoadjuvant intraperitoneal setting as well as intraoperatively and post-
operatively. Their cell-cycle-specific mechanism of action makes them a particu-
larly good candidate for repeat application; for example, in EPIC, NIPS, or nor-
mothermic adjuvant postoperative IP-CHT [45, 61, 62]. Research efforts now
focus on developing novel taxane formulations to increase bioavailability [100].

8.5.9 Irinotecan

Irinotecan is a topoisomerase-I inhibitor that has little if any cytotoxic activity
and exerts its anticancer activity only through its metabolite SN-38. Irinotecan
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has a high molecular weight (677 Daltons) and was considered a pharmacokinet-
ically advantageous molecule for intraperitoneal infusion. In their pharmacoki-
netic study, Guichard et al. reported high CPT-11 and SN-38 AUCs and low
clearance rates from the peritoneal cavity after intracavitary infusion in mice
[101]. Conflicting human pharmacokinetic data were reported by Maruyama et
al., who showed in patients with malignant ascites from gastric and colon can-
cer that little or no CPT-11 was converted intraperitoneally to SN-38 after
intraperitoneal administration [102, 103]. In a phase I study, Elias et al. com-
bined intraperitoneally delivered oxaliplatin with escalating irinotecan doses
during HIPEC, and at 400 mg/m? reported a tissue concentration 16-23 times
higher than that in unbathed tissues despite grades 3—4 hematological toxicity
[104]. Heated combined intraperitoneal perfusion of oxaliplatin plus irinotecan
after cytoreduction has achieved disappointing results in recurrent ovarian gran-
ulosa-cell tumor [105].

8.5.10 Pemetrexed

Pemetrexed is a multitargeted antifolate that is a folinic acid analog and is in the
class of chemotherapy drugs called antimetabolites. It acts by inhibiting three
enzymes used in pyrimidine and purine synthesis. By inhibiting the formation of
precursor purine and pyrimidine nucleotides, pemetrexed prevents the formation
of RNA and DNA, the molecules required for normal cells and cancer cells to
grow and survive. Pemetrexed possesses cytotoxic activity against various
malignancies, especially mesothelioma, OC, and colon cancer. It acts mainly as
a thymidylate synthase inhibitor. Significantly improved survival rates after
intravenous infusion in patients with peritoneal and pleural mesothelioma, and
the drug’s favorable pharmacokinetics, generated interest in its intraperitoneal
use [106-108]. Pemetrexed is under investigation for intraperitoneal treatment
of MPM and OC [109].

8.6 Conclusions

The past two decades have witnessed advances in perioperative cancer
chemotherapy protocols for treating patients with PC. These efforts, combined
with improved surgical techniques and better postoperative care, have already
led to extremely satisfactory clinical results. Now that technical expertise in
high-volume tertiary referral centers has reached a plateau that is hard to over-
come, the time has come to concentrate our efforts on pharmacological advances
and seek further knowledge on tumor biology.
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Peritonectomy Techniques

Angelo Di Giorgio

9.1 Introduction

The treatment of peritoneal carcinomatosis (PC) and of primary tumors of the
peritoneum with peritoneal diffusion—two conditions known as peritoneal sur-
face malignancies (PSM)—currently includes peritonectomy combined with
hyperthermic intraperitoneal chemotherapy (PRT plus HIPEC). PRT plus
HIPEC consists of two phases: in the first phase, which lasts about 8 h, peri-
toneal disease is surgically removed; in the second phase, HIPEC is adminis-
tered over 30-90 min, depending on drug regimen. This integrated procedure
has a curative intent and aims to improve patient quality of life (QoL) and
increase survival rates.

9.2 Principles of Management

Surgical procedures aimed at maximal cytoreduction of PSM are known as PRT,
according to the definition given by Paul Sugarbaker [1]. This term identifies
the actual aim of such cytoreductive surgery (CRS): excision of parietal and vis-
ceral peritoneal areas in which the tumor is present. The rationale of those pro-
cedures is complete removal of macroscopically evident disease. Residual can-
cer cells or minimal implants, if present after cytoreduction, are exposed to the
action of HIPEC. A marked cytoreduction plays a crucial role in maximizing the
efficacy of HIPEC: indeed, during HIPEC, drugs penetrate tissues for ~4 mm,
allowing highest efficacy on microscopic or minimal cancer residuals. In addi-
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tion, surgical procedures include complete lysis of bowel adhesions and opening
of all intra-abdominal recesses: these actions permit adequate circulation of
chemotherapeutic agents during HIPEC and optimal exposure of the peritoneal
cavity and its contents to the drugs. Maximal cytoreduction represents the fun-
damental factor for the success of integrated treatment. Its prognostic value has
been confirmed for all forms of PSM, both in primary and recurrent settings.
PRT consists of a number of techniques, which can be used according to anatom-
ical districts and to dimensions and quality of carcinosis. Carcinomatosis can be
removed with wide resection of parietal peritoneum, visceral and parenchymal
exeresis, local excision, or in situ destruction of implants. It requires adequate
surgical instrumentation, which should include high-quality electrosurgery with
a full set of tips of various shapes and dimensions, argon-beam laser, Ultra-
Cision, radiofrequency, and all tools useful for removing malignant implants of
different shapes and to control bleeding. Particular attention must be paid to
hemostasis, vein ligation, and anastomosis, as sutures and ligations are poten-
tially susceptible to HIPEC aggression, particularly when administered via a
closed-abdomen technique (closed HIPEC). Vein ligations should always be
doubled. The use of metal clips should be reserved exclusively for treating small
vessels and should be avoided for medium and large vessels because of the long
duration of procedure, during which manipulation of anatomical structures is
particularly intense and may involve the risk of clip dislocation. In addition,
UltraCision for vascular sectioning and sealing should be used with care.
Anastomosis, even when performed with mechanical staplers, should be rein-
forced with continuous suture or single stitches, especially when closed HIPEC
will be performed. During PRT, large excisions require careful hemostasis. An
electrosurgical handpiece with ball tip, argon-beam laser, and adhesive products
(paste, foam, sheets) are especially useful. Radiofrequency tools help achieve
hemostasis in narrow and difficult-to-access areas.

Patients eligible for PRT plus HIPEC are enrolled into specific protocols for
each neoplastic form. The evaluation of eligibility to surgery is based on mor-
phological [computed tomography (CT), positron emission tomography (PET),
magnetic resonance imaging (MRI), ultrasound (US)] and clinical assessment.
In particular, criteria for absolute contraindications for surgery should be iden-
tified. These include massive involvement of the radix mesenterii or small
bowel, first intestinal loop, duodenum or pancreas (head, body), liver, diaphrag-
matic pillars, large vessels (vena cava), bladder, diffuse hepatic metastases, or
metastatic lymphadenopathy above renal vessels. For specific forms of carci-
nosis, the extension of endoperitoneal diffusion as assessed by specific protocols
can be indicative of ineligibility for surgery.
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Fig. 9.1 Skin resection in repeat laparoto-
my includes umbilicus. Incision drawing
is aimed at cosmetic umbilical reconstruc-
tion

9.3 Surgical Procedure
9.3.1 Incision

The patient is placed in a modified lithotomy position with legs extended.
Access is always performed by a complete midline incision from xiphoid to
pubis. In secondary cytoreduction, the scar should be completely removed,
including umbilicus, skin, musculoaponeurotic, and peritoneal margins, which
are common sites of disease diffusion in patients with recurrences (Fig. 9.1). In
patients with previous laparoscopy for treatment of the primary tumor or those
with a previous diagnostic laparoscopy, particular attention should be given to
trocar sites, which can be potentially contaminated by neoplastic implants.

9.3.2 Examination of the Abdominal Cavity

A complete abdominal lysis of adhesions is performed to evaluate the possibili-
ty of surgical exeresis and carcinosis extension. The latter can be classified
according to different criteria, the most frequently used being the Peritoneal
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Fig. 9.2 Parietal peritoneum

Cancer Index (PCI) [2]. Exeresis of parietal and visceral peritoneum represents
the fundamental step of PRT. This goal is achieved by evaluating localization,
type, extension, and number of carcinomatosis implants. Proper assessment of
these parameters allows correct planning of the extent of visceral exeresis and
parietal PRT and identifies the most suitable techniques for implant removal
and/or destruction.

9.3.3 Peritonectomy

PRT comprises:

* Removal of parietal peritoneum

* Removal of visceral peritoneum (visceral and parenchymal resections)
e Removal/in situ destruction of implants

* Resection of abdominal wall, muscle implants, and trocar sites

¢ Lymphadenectomy

9.3.3.1 Removal of Parietal Peritoneum
The peritoneum entirely covers the abdominal wall, pelvic cavities (Fig. 9.2) and
endoabdominal organs (visceral peritoneum). Several thickenings, such as liga-
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Fig. 9.3 Massive carcino-
matous infiltration of the
greater omentum: “omental
cake”

ments, connect visceral and parenchymal organs to each other and to the abdom-
inal wall, thus forming anatomical recesses, including omental bursa. Carcinosis
can affect all those areas and is promoted by the peculiar circulation of endoab-
dominal fluids and ascites, ligamentous obstacles to fluid circulation, and the
possibility of ascites trapped in natural or newly formed (e.g., due to previous
surgical interventions) cavities. Specific anatomical structure and function of
some abdominal districts can promote the development of carcinomatosis
implants. In particular, the high number of milky spots in the pelvic peritoneum
and epiploon—organs for ascites reabsorption—promotes implant formation
and penetration of neoplastic cells into the peritoneal lamina and underlying tis-
sues (Fig. 9.3).

The peritoneum is the substratum for carcinomatosis; however, it also repre-
sents an effective barrier, helping to maintain disease in the peritoneal cavity.
During PRT, cutting the ligaments and complete visceral adhesiolysis represents
a preliminary step necessary to evaluate disease extend and to perform HIPEC.
In fact, only complete cutting of ligaments and extended removal of adherence
allow adequate diffusion of HIPEC agents.

At a parietal level, exeresis comprises complete or partial removal of the
peritoneum, which covers the abdominal wall, the diaphragm, and the pelvis,
according to disease extension (Fig. 9.4). In the presence of carcinosis involving
the parietal peritoneum, there is general consensus on the need to remove only
the parietal peritoneum that presents implants, without removing unaffected
areas. When the abdominal wall presents extensive and deeply penetrating dis-
ease, removal of some tracts of the musculoaponeurotic layer may be necessary
(Fig. 9.5a, b). Wide peritoneal resection should be reserved to areas with exten-
sive disease, whereas a la demande resection is suggested when implants are
isolates with large areas of healthy tissue in between. If the healthy areas are
limited, large peritonectomies—which can include entire anatomical sectors or
even complete PRT —should be performed.
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Fig. 9.4 Pelvic parietal
peritonectomy

s : o ‘ e

Fig.9.5a, b En bloc resection of abdominal wall and ileum for carcinomatous involvement

When carcinomatosis involves pelvis and diaphragm, large excisions are
required: they should comprise pelvic PRT and PRT of iliac fossae below the
umbilical transverse line when the pelvis is involved, and diaphragm PRT asso-
ciated with resection of the falciform and round ligament when the diaphragm is
involved. Falciform and round ligament resection, in association with left hepat-
ic triangular ligament resection, should be performed in all PRT procedures,
with the aim of allowing correct placement of HIPEC catheters and optimal dif-
fusion of chemotherapy solution.

Diaphragmatic PRT is technically complex. The diaphragmatic peritoneum
adheres strongly to the diaphragm and tendinous center. Therefore —especially
when implants are deeply infiltrating—there is a high risk of opening the pleu-
ral cavity and it subsequently becoming contaminated by neoplastic cells. In
these cases, fluid penetration into the pleural cavity should be avoided by con-
stant use of the aspirator and by sealing the opening. When action is taken
immediately and the opening is sutured, the precautionary placement of pleural
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Fig. 9.6 Right-diaphragm peritonectomy: hepatic mobilization (a); exposition of vena cava and
right suprahepatic vein (b); stripping of the diaphragmatic perinoneum (c)

drainages is not necessary. If a PRT of both diaphragms is necessary, the right
and left resections should be performed separately. PRT of the right diaphragm
is the more complex of the two (Fig. 9.6a—c). It begins with the sectioning of the
falciform, umbilical, coronary, and triangular ligaments to allow complete liver
mobilization. Sectioning of the falciform ligament up to the coronary ligament
allows exposure of the precaval space and vena caval estrangement. Excision of
the diaphragmatic peritoneum should begin at the margin of the laparotomy inci-
sion and continued by detaching the serous membrane from muscles and ten-
dons, paying particular attention to preserving diaphragmatic and muscle ves-
sels. Removing the right diaphragmatic peritoneum is completed by traction on
the falciform and coronary ligaments. Glisson’s capsule is often involved: in
these cases, either removing the tracts of Glisson’s capsule or in situ destruction
of implants can be performed (see later chapters). The gall bladder is also fre-
quently involved and should be removed as necessary.
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PRT of the left diaphragm is based—as for the right diaphragm—on falciform,
umbilical, coronary, and left triangular ligament section. Detaching the peritoneum
is begun at the left margin of the middle abdominal incision and progresses back-
ward. Contemporary ligament traction helps in complete removal of the left peri-
toneum. The spleen is often involved, and in such cases, it should be removed.

The parietal PRT comprises stripping the omental bursa peritoneum and
resecting the greater and lesser omentum. Removing the greater omentum
should be performed in all surgical procedures for PC. In fact, the omentum is
rich in milky spots and therefore attracts neoplastic cells. Moreover, removing
the greater omentum is mandatory for treating different primary tumors associ-
ated with carcinosis, such as ovarian or stomach cancer. Removing the greater
omentum should be always complete and includes skeletonization of the greater
curvature of the stomach. Vessels of the omentum should be ligated and cut near
the gastric wall; ligation is safer than UltraCision. The right gastroepiploic vein
must be cut at the intersection with the middle colic vein. Involvement of the
omentum between the greater curvature and the spleen is often associated with
parenchymal spleen involvement or hilar lymph node metastases: in these cases,
splenectomy is mandatory (Fig. 9.7a—c)

Lesser omentum resection should save the arteries of the lesser curvature to
preserve stomach vascularization and innervation. Resection may be optionally
associated with pylorotomy to control loss of tone of gastric wall. Greater omen-
tum resection is always required and of the lesser omentum only when necessary
to expose the omental bursa. Cleaning the omental bursa can also include resect-
ing the upper sheath of the transverse mesocolon and prepancreatic peritoneum
and should extend to Morrison’s pouch and the gastrohepatic ligament peri-
toneum when infiltrated by carcinomatosis. Resecting the peritoneum of the
paracolic gutters, iliac fossae, and anterior wall does not present a technical
issue; however, caution must be taken to verify integrity of the epigastric ves-
sels to avoid postoperative bleeding (Fig. 9.8).

The pelvic peritoneum, analogously with the greater omentum, is rich in milky
spots that filter and reabsorb endoperitoneal liquid. Viable neoplastic cells are thus
concentrated, producing pelvic carcinomatosis. The degree of peritoneal infiltration
and volume of pelvic carcinomatosis influence the strategy of pelvic cytoreduction.
S mple pouch stripping without rectal resection can be performed when carcino-
matosis spread is superficial. More frequently, removing pelvic and iliac fossae is
associated with en bloc resection of endopelvic organs, such as female genitals and
rectosigmoid colon with mesorectum (Fig. 9.9). Urinary bladder and prevesical
peritoneal resection is frequent, whereas total cystectomy is exceptional.

The parietal peritoneum is stripped off the posterior rectus sheath starting at
the margins of the median laparotomy, round ligaments are cut (in women), and
the bladder and iliac fossae peritoneum is then detached to expose the retroperi-
toneum. In women, ovarian vessels are ligated and cut.

Ureters are identified and underpassed with vessel loops. Iliac vessels are
dissected; temporary clamping or ligation of the internal iliac artery below the
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Fig.9.7a-c a Peritoneal carcinomatosis
¥ of the lesser and greater omentum.

b Lesser omentectomy and stripping

of the peritoneum from hepatoduodenal
ligament. ¢ Lesser and greater omentec-
tomy

origin of the superior gluteal artery may be performed to prevent major pelvic
bleeding and is optionally associated with external iliac artery clamping.

Sigmoid colon and descending colon are mobilized. The inferior mesenteric
artery is ligated and cut at the aortic origin, and the inferior mesenteric vein is
ligated and cut at the ligament of Treitz; the descending colon is cut below the
splenic flexure.

After capsizing the left colon and dissecting the rectum and mesorectum,
uterine vessels are ligated where they cross the ureters. The bladder is dissected
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Fig. 9.9 Pelvic peritonectomy: en bloc resection of parietal peritoneum and endopelvic organs;
temporary ligature of the internal iliac artery below the origin of the superior gluteal artery is
optional
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from the uterus neck, and the vagina is opened to allow complete detachment of
the uterus neck. The vagina is then closed with interrupted sutures, and the ante-
rior rectum wall is further prepared. The rectum and mesorectum are dissected
up to the levator muscles; the rectum is stapled with a Roticulator, cut, and all
structures are removed en bloc (Fig. 9.10).

In patients with primary ovarian carcinomatosis, iliac-obturator lym-
phadenectomy is performed. In rare cases, pelvic peritoneum and, in particular,
the pouch of Douglas peritoneum, can be removed, saving endopelvic structures
(Fig. 9.11). The pouch peritoneum can be resected (douglassectomy) when
implants are superficial. In most female patients, douglassectomy is associated
with hysteroadnexectomy. Dissection of the pouch peritoneum from the rec-
tum—sigmoid colon anterior wall should be carefully performed, avoiding open-
ing viscera and being sure to insert muscle sutures in case of parietal injury.
Stripping the peritoneum from the bladder is aided by traction of the urachus and
sometimes may require partial bladder resection, in relation to implant depth,
whereas the need for total cystectomy is unlikely.

9.3.3.2 Removal of Visceral Peritoneum
The visceral peritoneum cannot be dissected from underlying layers and sepa-
rately removed, which is different from parietal and diaphragmatic peritoneum.
Thus, visceral PRT requires resecting viscera or organs in which peritoneal
serous membrane is involved by carcinosis. Less frequently, stripping the viscer-
al peritoneum only is an option; this occurs when carcinosis is restricted, does
not deeply infiltrate the visceral wall, and is related to specific tumors (peri-
toneal pseudomyxoma and mesothelioma) (Fig. 9.12). Resection/destruction of
single visceral implants in situ is mandatory for treating superficial carcinosis.
In primary cytoreduction, primary tumor exeresis is routinely performed
with radical intent: therefore, viscera or organs with primary cancer are removed
en bloc with regional lymph nodes. The initial phase of exeresis for the most fre-
quent primary forms is represented by total gastrectomy, colorectal resection,
hemicolectomy, total colectomy, and hysteroadnexectomy, all being associated
in principle with total greater omentectomy, appendicectomy, and bilateral
adnexectomy; resection of umbilical and falciform ligaments are routinely asso-
ciated. Then, exeresis of further organs or other structures affected by carcinosis
is performed: on principle all endoperitoneal organs can be removed if affected
by carcinosis. Sacrificing an organ or viscus depends on carcinomatosis entity,
implant size and location, and anatomic structure. Conservative treatments for
bowel implants with in situ destruction are possible for small lesions and are
mandatory when large resections could compromise intestinal function. When
an organ or viscus is involved in massive carcinosis, its removal is recommend-
ed; splenectomy, cholecystectomy, hysterectomy, adnexectomy, and small- and
large-bowel resection are the most common.
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Fig. 9.10 Pelvic peritonecto-
my: en bloc resection of rec-
tum, uterus, and adnexa com-
prising the pouch

Liver

Hepatic implants may involve Glisson’s capsule only or infiltrate the underlying
parenchyma less or more deeply. Removing hepatic Glisson’s capsule or locally
destroying implants are the most frequently used techniques, whereas atypical
resections of peripheral parenchyma are rarely required to remove deeply infil-
trating implants. In selected cases, hepatic resection is acceptable for hematoge-
nous metastases, as long as the lesions are single, small, and easy to resect. In
selected cases with multiple hepatic metastases that are small and few, intraop-
erative radiofrequency could be considered. However, treating hematogenous
metastases is justified only when it is possible to achieve complete cytoreduc-
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Fig.9.11 Douglassectomy

Fig.9.12 Stripping of visceral
peritoneum (peritoneal mesothelioma)
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Fig.9.13a, b a Stripping of anterior and posterior peritoneal sheath of hepatic pedicle; b exere-
sis of peritoneum and lymph nodes of hepatic pedicle

tion (CC-0). The carcinosis frequently involves the ligamentum teres in its intra-
hepatic pathway. Resecting round and falciform ligaments should be performed
in all carcinosis forms to guarantee optimal flow of chemohyperthermic solu-
tion. When a parenchymal bridge is present at the level of third inferior of the
round ligament, it should be sectioned to expose the umbilical fissure of the liver
and treat implants if present [3].

Carcinosis may involve the serous membrane of the gallbladder or hepatoduodenal
ligament: cholecystectomy is mandatory, and stripping the peritoneum requires
complete dissection of pedicle elements from the porta hepatis to the head of the
pancreas. Only in the case of superficial carcinosis in the anterior sheath of the lig-
ament is it technically possible to remove the serous covering or destroy in situ the
implants. Direct infiltration of the elements of the hepatoduodenal ligament does
not allow complete removal of implants, and the cytoreductive approach should
thus be re-evaluated. Lymphadenectomy in this area is essential during PRT for car-
cinomatosis from primary gastric cancer and is also useful in other forms of carci-
nosis when lymph node involvement is evident or suspected (Fig. 9.13a, b)

Spleen

The presence of carcinosis in the greater omentum, left hemidiaphragm, colonic
splenic flexure, or in the omental bursa may involve the perisplenic peritoneum,
spleen surface, or splenic hilum. In all these cases, splenectomy is mandatory
and may be associated with pancreatic tail resection, left and transversal colec-
tomy, and gastric-wall resection. Also, lymph node involvement of the splenic
hilum is a condition determining spleen removal (Fig. 9.14).

Bladder and Ureter

Involvement of pelvic and prevesical peritoneums is frequent, and removal is

usually associated with resection of other organs and endopelvic structures.

Vesical resection is performed when implants deeply infiltrate the wall.
Cystectomy is rarely suggested and should be indicated only in the case of

massive parietal and trigone infiltration. Cystectomy should be performed only
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Fig. 9.14 Splenectomy for carcinomatosis involving splenic hilum

if this sacrifice achieves CC score 0 and if carcinosis has good prognosis. Pelvic
PRT requires a mandatory and meticulous ureter preparation. In case of massive
carcinosis, ureters can be usually isolated, and sacrificing them must be an
exception. Isolating a long ureter tract as required during PRT does not generate
any particular risk if accurately performed and if periureteric vascularization is
preserved. Also, when the ureter seems to be totally encapsulated into the carci-
nomatous mass, correct preparation allows that structure to be preserved. Ureter
size and absence of dilatation upstream of carcinomatous masses are essential to
guarantee anatomical integrity and, therefore, stimulate maintenance. Only
when infiltration massively involves the ureteric wall with stenosis and
upstream dilatation is resection justified. In these cases, if a concomitant cystec-
tomy is not required, the ureter is reimplanted on the bladder, with the introduc-
tion of a double-J catheter as support.

Uterus and Ovaries

Carcinomatosis from primary uterine or ovarian cancer requires bilateral hys-
teroadnexectomy in association with removal of other viscera or endopelvic
structures if they are involved by primary tumor or concomitant carcinomatosis.
In all other forms of extraovarian carcinomatosis, ovaries should be always
removed, even if they appear macroscopically healthy, whereas the uterus
should be removed only if directly involved in the tumoral mass or if the pouch
or prevesical peritoneum are involved. In case of local and superficial involve-
ment, the uterus may be spared and treated locally.

Stomach and Duodenum

In extragastric carcinomatosis, implants prevailingly involve the lower third of
the stomach, the greater and lesser omentum, and the omental bursa. Generally,
subtotal or total gastrectomy is unnecessary, as the relevant depth of the gastric
wall allows partial-thickness resection or in situ destruction of implants. Major
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resections should be chosen only if complete CRS is possible. Distal gastrecto-
my is essential when antropyloric involvement causes stenosis.

Duodenal or duodenojejunal junction involvement rarely allows an effective
local treatment without risk of fistulization and represents a strong limitation for
optimal CRS. In selected cases, it is possible to destroy or remove nodules, but
when this is not achievable and when the risk of stenosis is high, it is useful to
perform a gastrojejunal bypass.

Small Intestine

Small intestine is one of the most involved structures in carcinosis. Correct eval-
uation of carcinosis quality and spread helps to determine the best treatment
approaches. The extent of small-bowel resection must be well balanced with
conservative treatments when other bowel resections or ostomy are needed; this
is necessary to reduce surgical risk and preserve adequate digestive function.
The percentage of expendable small intestine is < 50% of total intestinal length.
A single comprehensive resection comprising major regions involved in carci-
nosis using a single anastomosis to restore continuity is preferred in order to
reduce the risk of fistulization. When residual implants persist after optimal
small-bowel resection, it is possible to destroy them in situ using argon-beam
laser, ball-tipped electrosurgery, radiofrequency, (tissue link), or surgery to
remove local implants. The same procedure is used when implants in the small
intestine are few, small, and superficial and the distance between them is con-
siderable. Conservative treatments are very difficult for implants that involve
the small intestine at the bowel wall and mesentery junction. Partial exeresis or
local destruction should be carefully performed, and suturing should be done
whenever the intestinal wall is weak.

Colon and Rectum

In patients with diffuse carcinomatosis, colon involvement may require different
types of large-bowel resection, and partial or total colectomy should be per-
formed. Also, in extracolic carcinosis, all colorectal resections must be per-
formed according to the same radical criteria applied to primary tumors of the
large bowel. This approach allows resection of wide portions of mesocolon
where implants are present and adequate lymphadenectomy to treat a high per-
centage of lymph node metastases detectable regardless primary origin, as pre-
viously reported by us and other authors [4-6].

Rectal involvement is usual, because pelvic carcinosis is one of the most fre-
quent locations and often penetrates the pelvic—peritoneal barrier, thus involving
the mesorectum and requiring low rectal resection. In the presence of massive
involvement of colon and rectum, right hemicolectomy and Hartmann resection
may be performed contemporaneously, sparing transverse colon and splenic
colon flexure. In this way, colostomy is possible rather than total colectomy or
ileostomy, neither of which is generally well tolerated by patients (Fig. 9.15).

Pelvic involvement with deep infiltration of the pouch and rectal wall
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Fig.9.15 Right and left
hemicolectomy sparing
transverse colon

requires colorectal resection, including mesorectum, with a residual rectal stump
no longer than 5-6 cm.

In colorectal resection, it is preferable not to proceed to rectal anastomosis
when other gastrointestinal resections with multiple anastomoses have already
been performed. Indeed, the risk of fistulization is very high due to concomitant
chemohyperthermia and when patients have been operated on under
occlusion/subocclusion, without adequate colic cleaning. Rectal-stump anasto-
mosis may also be avoided when patients have received treatment with beva-
cizumab. Furthermore, the pelvis has the highest risk of recurrence when wide
pelvic carcinomatosis is present at first CRS. Thus, in these cases, restoring con-
tinuity can be postponed and performed at the end of adjuvant chemotherapeu-
tic treatment and after a further follow-up of at least 6 months.

Local exeresis or in situ destruction of colonic implants is difficult to attain
with safety because of the thin wall, especially at the level of the right colon, or
because of concomitant diverticular disease. Full-thickness resection of a small
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Fig.9.16 Appendectomy and
resection of periappendicular
ligaments

portion of the colonic wall and excessive use of in situ destruction on long tracts
are not recommended because of the risk of fistulization, especially in occluded
patients. Epiploic appendices, if macroscopically involved or edematous and
hypertrophic, must be removed. In the digestive tract, the colon can be sacrificed
with minor functional impact and major advantages in terms of radicality, unlike
in the small intestine; its resection with ostomy limits the risk of fistulization,
which is strongly related to HIPEC in the closed-abdomen technique and to
blood loss. Also, when the colon is macroscopically healthy, appendectomy is
routinely performed, with contextual resection of the peritoneal plica, which
defines the ileocecal fossa and peritoneal junction with the cecum (Fig. 9.16).

Removal/In Situ Implant Destruction
Treating peritoneal implants does not absolutely require exeresis of wide portions
of the peritoneum or mandatory sacrifice of wide tracts of gut or other structures
involved in the disease. In relation to quality, quantity, and macroscopic and micro-
scopic (histology) characteristics of carcinomatous implants, exeresis should
respond to general criteria to save structures and avoid useless tissue and visceral
sacrifice when local removal or in situ destruction with an appropriate technology
allow radical results. A conservative approach is achievable when implants are
superficial, few infiltrate underlying structures, and are prevailingly mucinous. In
these conditions, it is possible to save wide visceral resection, especially when the
small or large intestine is involved. Exeresis or local treatment can be assured effec-
tively with curved scissors, electric scalpels with various tips, radiofrequency
(Tissue Link), and argon-beam laser (Fig. 9.17). It is even possible to remove accu-
rately and effectively implants from anatomical sites difficult to reach.

The use of advanced technologies for in situ destruction of carcinomatous
implants is highly useful when it is not possible to totally free nonexpendable
structures from malignant nodules, e.g., ureter, large vessels, or hepatic pedicle.
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Fig.9.17 In situ destruction of carcinomatous implants with radiofrequency technology or argon-
beam laser

In these cases, cytoreduction with advanced technologies may allow significant
debulking of masses and major HIPEC efficacy in involved regions. In patients
have undergone neoadjuvant treatments, an additional contribution to HIPEC
efficacy is achieved using argon-beam or electric scalpels in peritoneal areas
where an apparent response to chemotherapy was achieved. These areas are
identified by the presence of specific morphological changes, including opacifi-
cation, thickening, fibrosis of serous peritoneal membrane, and presence of red
spots (Fig. 9.18) Extensive treatment on such areas with argon-beam or ball-tip
electrosurgery permits diffuse local damage and partial destruction of fibrosis.
The loss of structural continuity will permit deeper tissue penetration of
chemotherapeutics during HIPEC and better contact with eventual encapsulated
microscopic residuals in postchemotherapy fibrosis.

9.3.3.4 Abdominal Wall, Muscle Implant, and Trocar-site Resection
When PC infiltrates the abdominal wall, it is necessary to perform parietal resec-
tion proportional to implant size. Trocar access sites previously used in diagnos-
tic laparoscopy or in laparoscopic intervention for primary neoplasia should be
carefully evaluated. In the presence of macroscopic involvement by tumor tissue
or a suspected implant, full-thickness resections are performed. Parietal defects,
if small, may be sutured or used to pass drains and catheters for perfusion. If tro-
cars sites are massively involved, it is necessary to proceed with wide abdomi-
nal resection and then rebuild with dual mesh prosthesis and by sliding muscu-
loaponeurotic sheaths (Fig. 9.19). The umbilicus may be a frequent location for
carcinosis, regardless of previous laparoscopy, and its removal is justified espe-
cially in recurrent forms. A particular form of implant is represented by metas-
tasis in the context of psoas muscle, which is frequent in recurrent forms. Such
metastasis is generally endomuscular, and it is difficult to ascribe its presence to
local recurrence or hematogenous metastasis. Its exeresis is easy and effective
by opening or resecting muscle fibers.
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Fig.9.18 Effects of carcino-
matosis chemoreduction: red
spots; fibrosis; peritoneal
opacification

9.3.3.5 Lymphadenectomy

An important phase of PRT is represented by locoregional lymphadenectomy. In
the primary setting, lymphadenectomy is performed in relation to the specific
rules required for each primary tumor. In recurrences, locoregional lym-
phadenectomy is performed when it has not been performed in previous inter-
ventions or when lymph node recurrence in addition to peritoneal recurrence is
present. Carcinomatous infiltration of serosa and underlying layers of the wall
of the small and large intestine involves the subserosal lymphatic system in the
early stages, thus producing locoregional lymph node metastases. The high rate
of such metastases necessitates specific surgical approaches. Therefore in extra-
colic carcinosis, if the colon—-rectum is involved by carcinomatosis, locoregion-
al lymphadenectomy should be performed as in primary forms in these organs.
In case of small-intestine involvement, enlarged mesenteric lymph nodes must
be biopsied to evaluate metastatic spread and the advisability of continuing the
procedure. Guidelines for surgical treatment of primary epithelial ovarian can-
cer (EOC) suggest pelvic and para-aortic lymphadenectomy (Fig. 9.20). When
treating primary ovarian carcinomatosis, this procedure should be done routine-
ly. When treating recurrent ovarian carcinomatosis, lymphadenectomy should be
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Fig.9.19 Abdominal-wall
resection, including port sites
involved by tumor implants

done if not performed during the first CRS. The prognostic role of lymphadenec-
tomy is relevant, improving overall and progression-free survival [7-11].

9.3.4 Closing Abdominal-wall Drainages and Catheter
Positioning for HIPEC

After completing the surgical phase, it is important to clean meticulously the
peritoneal cavity with a solution of hydrogen peroxide to remove cellular debris
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Fig. 9.20 Para-aortic, iliac, and
obturator lymphadenectomy

and tissue fragments detached during cytoreduction procedures. It is crucial to
verify complete adhesion lysis and viscerovisceral sectioning and visceropari-
etal ligaments in allow optimal flow of chemohyperthermic solution, regardless
of the technique chosen for HIPEC: open or closed.

Before closing the abdominal wall or creating an abdominal tank (for open
coliseum technique or open/closed technique), three or four catheters, or fenes-
trated or spiral drains are positioned for drug solution inflow and outflow. The
catheters are placed as shown in Fig. 9.21:

* A catheter, introduced below the right costal arch, is placed under the
diaphragm and over the superior edge of liver;
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Fig.9.21 Hyperthermic intraperitoneal
chemotherapy (HIPEC) catheter
positioning

* A catheter, introduced at the level of the right iliac fossa, is placed along the
mesenteric root;

* A catheter, introduced under the left costal arch, is placed under the liver;

* A catheter, introduced from the left iliac fossa, is placed in the pelvis.
Catheters used for HIPEC are left in situ and will be useful as drains for post-

operative procedures. In closed HIPEC, anastomoses and ostomy are generally

performed before closing the laparotomy. In open HIPEC, anastomoses are per-

formed after completing chemohyperthermia.

924 Discussion

PRT procedures were described by Sugarbaker in 1995 and then integrated with
other publications [1, 2, 12, 13]. However, few technical contributions are
described in the literature, even if the importance of maximal cytoreduction is
recognized in all PSM as the most significant prognostic factor [14-20].

The main aim of CRS is to remove completely the evident disease or leave
a residual disease < 2.5 mm and allow HIPEC to sterilize microscopic or milli-
metric residuals. To date, achieving this goal is the main indication for success
when evaluating favorable prognostic scenarios after optimal integration of the
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procedure with neoadjuvant or adjuvant systemic chemotherapy. This approach
is valid both for primary and recurrent or plurirecurrent carcinomatosis. For
several types of PSM, some authors have indicated limits of PC spread deter-
mined by the PCI classification beyond which PRT should be avoided because
of poor impact on survival, and an increased risk of morbidity and mortality
[21-24]. To date, there is no evidence to confirm this hypothesis, and for sev-
eral forms of PSM, maximal cytoreduction represents a therapeutic advantage
irreplaceable with other therapies, even in the more advanced forms of the dis-
ease. Thus, the main factor pertaining to treating PSM, even when widely dif-
fuse, is represented by the technical feasibility of cytoreduction rather than
peritoneal extent of disease. Furthermore, maximal exeresis provides the only
possible palliation for patients with bowel obstruction or chemoresistance after
multiple chemotherapy lines.

PRT entails complex surgical procedures that require specialized knowledge
and practice of oncologic abdominal surgery and a strong technical basis of
gynecological, urological, and vascular surgery. The surgeon facing PRT must
know the various forms of PSM in order to choose the better surgical approach-
es. If the main aim of PRT is maximal removal of peritoneal disease, a correct
balance between wide exeresis and local conservative treatments should be
respected when implant quality and site permits in situ implant destruction or
local removal. This aspect must be especially considered when treating the
small intestine and is determined by the need to maintain an acceptable diges-
tive function. Alternately, when PC involves the colon-rectum, treatment must
be aggressive, with left colon, rectum, mesorectum, female genitals, and pelvic
peritoneum resection, according to studies that we and other authors have pre-
viously described [3-5]. Lymphadenectomy represents an essential element in
the treatment of primary carcinosis from stomach, colon-rectum, and ovarian
cancer. Indeed, it is inconceivable to perform extensive PRT without specific
radical treatment of primary neoplasia, including the corresponding lym-
phadenectomy.

Some recent reports emphasize the opportunity to treat PC using laparoscop-
ic techniques, but this approach is feasible only for minimal forms of peritoneal
disease and involves significant risk of undertreatment for carcinosis substadia-
tion [25, 26]. Indeed, for an exhaustive inspection and evaluation of all abdom-
inal and pelvic cavities, both direct visual and manual contributions are crucial.
Moreover, this technique —prevailingly, if not exclusively —is feasible in pri-
mary tumors and correlates with high risks of neoplastic contamination of trocar
sites, as demonstrated in the literature [27-29].
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10.1 Introduction

Peritoneal carcinomatosis has long been considered a terminal condition and
constitutes a difficult therapeutic challenge given the dismal prognosis asso-
ciated with this entity and the debilitating effect it exerts on affected patients.
Over the past decade, novel therapeutic approaches to peritoneal surface
malignancies have emerged. These new approaches are all based on a strong
rationale: most frequently, peritoneal carcinosis is a locoregional condition
that should be approached with locoregional treatments, such as cytoreductive
surgery and peritonectomy procedures for macroscopic disease in combina-
tion with perioperative intraperitoneal chemotherapy for microscopic residual
disease. In order to take advantage of this synergistic effect, different devices
and techniques have been developed. Perioperative intraperitoneal chemother-
apy is a milestone of the combined approach to peritoneal surface malignan-
cy. Two main modalities for administering chemotherapeutic agents have been
described: intraoperative hyperthermic intraperitoneal chemotherapy
(HIPEC), and early postoperative normothermic; the former has gained
greater acceptance among peritoneal surface malignancy centers.

10.2 Intraoperative Hyperthermic Intraperitoneal
Chemotherapy

Intraoperative administration of intraperitoneal hyperthermic chemotherapy
has been described using multiple names. The term HIPEC was adopted as the
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standardized acronym for this procedure during the fourth workshop on peri-
toneal surface malignancy held in Madrid in 2004 [1, 2]. HIPEC combines the
pharmacokinetic advantage inherent to the intracavitary delivery of certain
cytotoxic drugs, which results in regional dose intensification, with the direct
cytotoxic effect of hyperthermia. Hyperthermia alone, in fact, has a selective
cell-killing effect on malignant cells, potentiates the cytotoxic effect of certain
chemotherapeutic agents, and enhances tissue penetration of the administered
drug. In order to take advantage of this synergistic effect, different devices and
techniques have been developed.

10.3  Perfusion Technology

Basically, all devices for administering certain chemotherapeutic agents are
composed of a closed, continuous circuit, with a pump, a heater with a heat
exchanger, and a real-time temperature monitor. Different temperature probes
are positioned in different sites of the circuit and abdominal cavity to secure a
constant temperature: heat generator, inflow and outflow drains, bladder, liver,
and mesentery. A computerized, continuous recording of thermal data that may
be displayed in situ for monitoring during the procedure and then exported or
printed with different formats is usually included with the device. This adds
security and comfort for the patient, avoids the need to create written records,
and allows efficient data recording for clinical research [3].

Numerous compact HIPEC machines, approved by the US Food and Drug
Administration or with a CE marking have been developed and commercial-
ized since the late 1990s. The choice of a specific HIPEC device should be
based upon certain characteristics, such as its ability to achieve adequate
hyperthermia in a short period, adjustable flow rate, user-friendliness, ease of
assembly, ease of reading, and continuous registration of temperatures, avail-
ability of technical support, and affordability of the machine itself and the dis-
posable circuit tubing Kits.

10.4 Perfusion Techniques

HIPEC can be conducted in various ways, without clear proven advantage of
one method over the others. Four major perfusion techniques are described in
the literature: open-abdomen technique(coliseum technique) closed-abdomen
technique, peritoneal cavity expanders (PCE), and semiopen techniques .
Procedure duration varies from 30 to 120 min according to the surgeon’s dis-
cretion and drug used [4, 5].
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10.4.1 Open-abdomen Technique

The open method, first described by Sugarbaker, is usually performed using
the “coliseum technique” (Fig. 10.1) [6]. At the end of cytoreductive phase, a
Tenckhoff catheter and closed suction drains are placed through the abdominal
wall. Temperature probes, secured to the skin edge, are used for intraperitoneal
temperature monitoring: one in the inflow line and another one at a distance
from this point (pelvis). A silastic sheet is sutured over a Thompson retractor
and to the patient’s skin over the abdominal incision in order to prevent the
chemotherapy solution from splashing. Abdominal-wall suspension, obtained
with such a suture, will create a coliseum- or soup-bowl-like container for
instillation of the peritoneal perfusate. A slit in the plastic cover is made to
allow access of the surgeon’s double-gloved hand to the abdomen and pelvis
and manual manipulation of the intra-abdominal contents, thus preventing sta-
sis of the heated perfusate. A smoke evacuator protects operating-room (OR)
personnel from aerosolized chemotherapy liberated during the procedure.

A roller pump forces chemotherapy perfusion into the abdomen through the
Tenckhoff catheter and extracts it through the drains, with a flow rate ~1
L/min. A heat exchanger keeps the infused fluid at 43-45°C so that the
intraperitoneal fluid is maintained at 41-43°C.

Fig. 10.1 Hyperthermic
intraperitoneal chemothe-
rapy (HIPEC): peritoneal
cavity expander. (Courtesy
of Prof. Angelo Di Giorgio)
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The perfusate is first recirculated between the reservoir and the heat
exchanger so it can be heated to an adequate temperature. At this point, full
circulation of the perfusate in and out of the peritoneal cavity is established
until a minimum intraperitoneal temperature of 41.5°C is achieved and main-
tained. The drug is then added to the circuit, at which stage the perfusion timer
is started.

In centers in which bidirectional chemotherapy protocols are used, intra-
venous infusion of the appropriate drugs is started synchronously with peri-
toneal chemotherapeutic infusion, although some surgeons prefer to start it 1
h before the actual peritoneal therapy.

Use of the coliseum technique was identified by Elias et al. [7] as the best
technique in terms of thermal homogeneity and spatial diffusion. Those bene-
fits are due to the ability to manipulate the intra-abdominal viscera during per-
fusion, which allows homogeneous exposition of all peritoneal surfaces to the
therapy. Furthermore, as excessive heating of normal tissue is associated with
a more lasting postoperative ileus and increases the incidence of postoperative
perforation or fistula formation, this technique theoretically avoids these com-
plications. The disadvantages of open HIPEC are heat dissipation to the sur-
face of the perfusate, which makes it more difficult to achieve hyperthermia,
and possible increased exposure of operative personnel to the chemotherapeu-
tic agent, even if this is as yet only a theoretical risk.

10.4.3 Closed-abdomen Technique

Basically, this technique differs from the open technique only because the skin
is sutured following laparotomy so that perfusion is done in a closed, water-
tight circuit (Fig. 10.2). Patient position varies during perfusion, which is
achieved by tilting the surgical table into a Trendelenburg or anti-
Trendelenburg position and then laterally in an attempt to promote uniform
heat distribution. A larger volume of perfusate is generally needed to establish
the circuit compared with during the open technique, and a higher abdominal
pressure is achieved during perfusion that, as noted by Jacquet et al. [8], may
facilitate drug penetration into tissue.

After hyperthermic perfusion, the abdomen is reopened and anastomoses,
stoma, and drain placement are performed. The abdomen is then closed defin-
itively in a standard manner. Otherwise, even when the closed technique is
used, anastomoses and stoma are performed before abdominal wall closure.
This way, there is no need to reopen the abdomen at the end of HIPEC, and
catheters used for perfusion are used as drains during postoperative care.

The major advantage of the closed technique is the rapid achievement and
constant maintenance of hyperthermia due to minimal heat loss. Moreover,
exposure of OR personnel to aerosolized particles and contact with chemother-
apeutic agents is minimized.
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Fig. 10.2 Hyperthermic
intraperitoneal chemothe-
rapy (HIPEC): open techni-
que. (Courtesy of Prof.
Angelo Di Giorgio)
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The lack of uniform distribution of the heated intraperitoneal chemother-
apeutic agent is the main disadvantage of closed HIPEC. In fact, Elias et al.
[7] reported an uneven distribution of methylene blue after its instillation
during the procedure. Theoretically, inadequate circulation of heated
intraperitoneal perfusate leads to pooling and accumulation of heat and the
chemotherapeutic agent in the lower part of the body. This may result in
increased systemic absorption and focal hyperthermic injury, which may
prompt postoperative ileus, bowel perforation, and fistula [9]. However, no

author has reported any complications that may have been caused by inade-
quate circulation [10].

10.4.4 Peritoneal Cavity Expander

A variation of the open HIPEC—described by Fujimura et al. and mainly used
in Japan for treating or preventing gastric carcinomatosis—is the peritoneal
cavity expander (PCE) technique (Fig. 10.3) [11]. The PCE is an acrylic cylin-
der containing inflow and outflow catheters that is secured over the wound.
When filled with heated perfusate, the PCE can accommodate the small bowel,
allowing the small intestine to float freely and be manually manipulated in the
perfusate. The expander theoretically allows more uniform distribution com-
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Fig. 10.3 Hyperthermic
intraperitoneal chemothe-
rapy (HIPEC): closed tech-
nique. (Courtesy of Prof.
Angelo Di Giorgio)

pared with the closed technique. Its main disadvantage is the risk of OR per-
sonnel exposure to the chemotherapeutic agent, as occurs with the coliseum
technique [10].

10.4.6 Semiopen (or Semiclosed) Abdominal Technique

To create a watertight environment, edges of the incision are tightly stapled
with a soft abdominal cavity expander supported by a Thompson self-retaining
retractor positioned over the abdomen. This permits the level of the liquid to
rise above the level of the skin edges. Edges of the anterior-wall peritoneum
are constantly exposed to the liquid. Large-amplitude movements become pos-
sible: the surgeon can introduce both forearms, even both arms, into the
patient's abdomen without causing any liquid loss [12, 13].

10.5 Early Postoperative Intraperitoneal Chemotherapy

A second method of performing perioperative intraperitoneal chemotherapy is
early postoperative intraperitoneal chemotherapy (EPIC). This approach is not
favored by most surgical centers involved in treating carcinosis (Table 10.1).
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Chemotherapeutic agent administration is started immediately after the opera-
tion and continued during the first 1-5 postoperative days [14]. The EPIC sys-
tem is composed of a Tenckhoff catheter or a subcutaneous port placed through
the abdominal wall in the approximate area at greatest risk of recurrence fol-
lowing cytoreductive surgery. Closed suction drains are placed in dependant
areas in the pelvis and below each hemidiaphragm. EPIC has the advantages
of administering multiple chemotherapy cycles and increased exposure of
tumor cells to therapy, as the chemotherapeutic drug is not drained for at least
24 h. However, there is greater opportunity for significant systemic absorption
and its resultant adverse effects, as the chemotherapeutic agents remains in the
peritoneal cavity for such a long period. Using drugs with a high first-pass
effect after portal absorption—such as 5-fluorouracil (5-FU), the most com-
mon drug used with this technique—partially overcomes this problem [7].
Moreover, other complications related to long-term catheters (infections,
bowel obstruction) are reported: EPIC significantly increased the rate of post-
operative complications in the large, multicentric retrospective study of 504
patients with colorectal carcinomatosis treated with cytoreductive surgery
combined with perioperative intraperitoneal chemotherapy [15].

EPIC efficacy is limited by adhesion formation, which can cause pooling
of the chemotherapeutic agent in limited parts of the abdomen, with conse-
quent systemic toxicity; also, this treatment is not performed with hyperther-
mia. In fact, heat is cytotoxic in vitro at 42.5°C [16], and hyperthermia
enhances the antitumor effect of agents such as oxaliplatin, mitomycin, dox-
orubicin, and cisplatin by augmenting cytotoxicity and increasing drug pene-
tration into tissue [17-19]. Elias et al. compared two similar groups of
patients with colorectal peritoneal carcinomatosis, one treated with EPIC
using 5-FU and mitomycin C, and one treated with HIPEC using oxaliplatin
at 43.8°C (43°C). Mortality, morbidity, peritoneal recurrence, and overall sur-
vival rate all favored the HIPEC group. In particular, peritoneal recurrence
was reported as being doubled in EPIC group compared with the HIPEC
group [20].

Thus, the only acceptable use of EPIC seems to be for treating microscop-
ic residual peritoneal disease following HIPEC. An increased risk of postoper-
ative complications must therefore be taken in account if this combined
approach is chosen.

10.6 Drugs, Carrier Solutions, and Temperature
10.6.1 Drugs
When choosing a chemotherapeutic drug, some very important aspects must be

considered. Whereas in instillation intraperitoneal chemotherapy all categories
of active drugs can be used, in HIPEC procedures, a direct cytotoxic agent
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(cell cycle nonspecific) is needed; the agent should lack severe direct local
toxicity after intraperitoneal administration, have a well-established activity
against the malignancy treated, have a heat-synergized cytotoxicity, and
should not have to be metabolized systemically into its active form [21].
Intraperitoneally administered drugs inevitably have a variable, although usu-
ally limited, systemic absorption, which may, however, lead to toxicity.

Standardized drug dose and carrier-solution volume, assessed according to
the patient’s body surface area (BSA) (usually 1.5-2 L/m?), are recommended
in order to make exposure and toxicity predictable; drug dosage per liter of
perfusate or per body weight usually prevents untoward events secondary to
overdosing.

Different single-drug or combination regimens have been employed over
the years, as shown in Table 10.1. A dose reduction of 33% should be consid-
ered for patients > 60 years, those previously exposed to multiple lines of sys-
temic chemotherapy, those who require granulocyte-macrophage colony-stim-
ulating-factor (GM-CSF) rescue for febrile neutropenia while on systemic
chemotherapy, or those who have received radiation therapy to bone-marrow-
bearing regions. Typically, centers that associate HIPEC and EPIC use moder-
ate drug doses for HIPEC, whereas those that perform only HIPEC after
cytoreductive surgery use much higher doses.

Elias et al. were the first to report using bidirectional HIPEC regimens
(concurrent administration of intraperitoneal and IV chemotherapy). In partic-
ular, they administer 5-FU and folinic acid IV prior to performing HIPEC with
oxaliplatin due to the instability of the mixture of both drugs [22]. The advan-
tage of this strategy was demonstrated by Van der Speeten et al.: after IV
administration of 5-FU in a patient undergoing intraperitoneal hyperthermia,
the drug unexpectedly accumulated in the peritoneal cavity and in tumor nod-
ules [23].

10.6.2 Carrier Solutions

Different carrier solutions with varying chemical properties have been inves-
tigated [24]: 1.5% dextrose isotonic peritoneal dialysis solution is the most
commonly used in HIPEC centers rather than the regular crystalloid solutions
(normal saline or 5% dextrose in water). Hetastarch (6% hydroxyethyl starch),
a high-molecular-weight solution, is regularly employed as carrier for pacli-
taxel [25].

10.6.3 Temperature

Theoretically, what is the optimal temperature to use during HIPEC? The tar-
get range reported in the literature varies from 40° to 45.8°C; however, most
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authors agree that the desirable range at which to maintain intra-abdominal
temperature is 41.5-43°C, which necessitates maintaining an inflow tempera-
ture of 46-48°C [26].

To establish the optimal temperature during perfusion, it is useful to con-
sider several aspects, such as the interaction between heat and chemotherapeu-
tic agents, method of temperature control, and risk of side effects. Usually,
drug type does not constitute a problem, as all agents typically used for HIPEC
are chemically stable at temperatures as high as 50.8°C.

Synergism between various cytotoxic drugs and hyperthermia starts at
39.8°C but is stronger at higher temperatures; according to in vitro studies on
culture cells at 45.8°C, agent cytotoxicity is far more intense than at 41°C or
42 .8°C; thus it is intuitively reasonable to use the highest level of hyperther-
mia, restricted only by clinical tolerance. The limiting factor of temperatures
as high as 45.8°C is the tolerance level of the small bowel. Only one study
addresses thermotolerance, and that study was performed using an animal
model (rat). The authors concluded that 44.8°C for 30 min was the maximal,
well-tolerated temperature [27].

10.7 Choosing HIPEC Delivery Mode

Each HIPEC perfusion technique has its advantages and disadvantages (Table
10.2). No formal prospective controlled comparison of delivery methods has
been performed, and there is no evidence to establish the superiority of one
method over the others regarding patient outcomes, morbidity, or safety to sur-
gical staff. Thus, the following factors must be taken into account: (1) the per-
ceived risk of environmental chemotherapy exposure (the real risk is negligi-
ble if proper safety measures are followed); (2) concerns regarding possible
differences in uniform distribution of the chemotherapeutic agent or heat
throughout the peritoneal cavity, which may result in visceral thermal injury;
and (3) possible differences in dosage and perfusate volume inherent to the
closed method.

Table 10.2 Choosing the hyperthermic intraperitoneal chemotherapy (HIPEC) procedure

Feature Open Closed Semiopen
Uniform heat and chemotherapy distribution v v
Minor heat dissipation v

No direct contact of surgeon with chemotherapeutic agent v

Minimize risk of chemotherapeutic agent exposure to v Vv

operating-room staff
Minimize risk of thermal injury v v

User friendliness v



166 S.Virzi et al.

10.8 Environmental/Surgical-staff Exposure

During HIPEC, a so-called major spill of chemotherapeutic agents (defined by
the US Occupational Safety Health Administration as <5 g or 5 mL of undilut-
ed cytotoxic agent) is impossible to imagine, as chemotherapeutic drugs are
always diluted, and their doses are in micrograms. Nevertheless, the effects of
prolonged, repeated occupational exposure to low doses of chemotherapeutic
agents remain unknown. For this reason, all precautions and guidelines for
chemotherapy handling should be observed (Box 10.1) [28].

There are two major routes of exposure to chemotherapeutic agents: direct
contact, and inhalation of aerosolized or vaporized agent particles. Dermatitis
or mucositis are the consequences of direct contact with skin or mucous mem-
branes. Theoretically, systemic effects (bone marrow toxicity, gastrointestinal
toxicity, hair loss, and so forth) may be produced by frequent exposure and
absorption of low dose of such drugs, but such data are lacking in the litera-
ture [29].

Inhalation could occur if cytotoxic drugs vaporize due to the hyperthermia.
Using a smoke evacuator under the plastic sheet during HIPEC administration
with the coliseum technique, or using acrylic covers in semiopen methods,
minimizes this risk. Studies by Stuart et al. and Schmid et al. [30, 31] evalu-
ated personal safety during open HIPEC using the coliseum technique. The
studies assessed the level of mitomycin C in urine of members of the operat-
ing team and in the air below and above the plastic sheet, and the permeabili-
ty of sterile gloves commonly used in the operating room. No potential risk of

Box 10.1 Rules for safe administration of hyperthermic intraperitoneal chemotherapy (HIPEC).
(Modified from [29])

* Use impervious, disposable drapes; no textile cloth in surgical fields

*  Accurate lap-pad count should be obtained before HIPEC initiation

e Operating-room doors closed during HIPEC; signs placed outside the operating room
advising that HIPEC is in progress

* Restrict personnel circulation

* Place absorbent towels on the floor around the surgical table in the event of spills

* Use disposable, impervious gown (closed front, long sleeves, closed cuffs)and shoe cov-
ers; eye protection (goggles); high-power filtration mask (FFP-3); double, powderless,
latex gloving, outer ones elbow length; change of outer gloves should be made every 30
min

e Adequately ventilate the environment

* Use smoke evacuator continuously over surgical field (under plastic drape in coliseum
technique)

» Use rigid, leak-proof containers labeled “cytotoxic agents” for every material or bodily
fluid discarded during or after HIPEC and during the following 48 h
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exposure was found, and all assessments were in compliance with safety stan-
dards [30, 31]. A Swedish study detected no platinum in urine or blood of the
surgeon or perfusionist during HIPEC with oxaliplatin using the coliseum
technique. These studies confirm that, even in the method with a higher chance
of chemotherapy exposure for surgical staff, HIPEC is a safe procedure from
the occupational risk standpoint when standard protective measures are
observed [32].
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Marco Lotti, Fausto Catena, Federico Coccolini,
Giorgio Ercolani, Antonio Daniele Pinna,
and Luca Ansaloni

11.1 Introduction

Peritoneal carcinomatosis (PC) has commonly been considered a terminal dis-
ease stage: patients with PC have not been considered candidates for surgical
resection and still often receive only palliative surgery, if any, and are commit-
ted to systemic chemotherapy (CHT) with minimal improvement in their
chances of survival. This attitude arose from the traditional belief that PC is
just one of the different forms of cancer metastasis, such as hematogenous or
lymphatic metastasis, and is a signal that the disease has become systemic and
is no longer curable with surgery. This belief—challenged in recent years by
evidence that surgical resection of hepatic or limited pulmonary metastases
from colorectal cancer (CRC) is associated with improved survival—is now the
subject of an intense debate due to evidence that aggressive surgical treatment
of PC—coupled with intraperitoneal chemotherapy (IP-CHT)—is associated
with improved survival in patients with peritoneal malignancies such as
mesothelioma, pseudomyxoma peritonei (PMP), and PC from colorectal, gas-
tric and epithelial ovarian cancer.

The fact that several patients with gastric cancer and CRC develop PC with-
out any evidence of hepatic, lymphatic, or extra-abdominal metastasis, togeth-
er with the good results obtained with aggressive surgical treatment of PMP,
led to the concept that peritoneal dissemination is a process that involves spe-
cific molecular mechanisms that are different from hematogenous or lymphat-
ic dissemination and should still be considered a locoregional rather than a
metastatic disease. In recent years, great effort has been made to test molecu-
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lar markers to identify patients at risk for PC and peritoneal recurrence, further
clarifying the role of specific gene mutations in determining detachment of free
cells from the serosal surface of gastric [1] and colorectal [2] tumors, their
seeding in the peritoneal cavity, and their adhesion to the peritoneum and pen-
etration into peritoneal surface lymphatics [3, 4]. There is now little, if any,
doubt that PC should be considered in a quite different light: the risk of peri-
toneal dissemination should be evaluated in the preoperative staging of cancer,
and PC, if present, should be described in a precise manner and considered for
multimodal treatment that involves systemic chemotherapy and a surgical strat-
egy to obtain local control of peritoneal dissemination [5].

11.2  Model for Surgery: Pseudomyxoma Peritonei

PMP is a rare and low-grade malignancy developing usually from a ruptured
mucinous neoplasm of the appendix: the release of slowly growing mucin-pro-
ducing cells in the peritoneal cavity leads to the characteristic mucinous ascites,
with progressive symptoms of bowel obstruction and starvation [6]. PMP with
hematogenous or lymphatic metastasis is a rare occurrence: for this reason, the
traditional treatment of PMP consisted of repeated debulking surgery proce-
dures, which is a strategy still used in some centers, with a reported 5-year
overall survival (OS) rate of 50 %. This strategy is almost always followed by
recurrence, with increasing difficulty in performing debulking surgery due to
adhesions and small-bowel injury, and patients ultimately die because of surgi-
cal complications, bowel obstruction, or severe starvation [7]. Systemic CT for
PMP is ineffective because systemically delivered drugs have only limited peri-
toneal barrier penetration and do not reach effective intraperitoneal concentra-
tions. For this reason, in the 1980s, a new multimodal strategy was introduced
combining an aggressive surgical procedure aimed at reaching a zero macro-
scopic residual tumor [cytoreductive surgery (CRS)] and the delivery of cyto-
toxic drugs directly into the peritoneum (IP-CHT), with a dramatic increase in
10-year OS from 20-30 % to 70 % [8]. The positive results achieved with this
multimodal strategy made PMP a “model disease” for treating PC from other
malignancies.

Studies on the pharmacokinetics and pharmacodynamics of IP chemothera-
peutics further clarified the importance of surgery in reducing residual tumor to
a minimum due to the limited depth of penetration of the chemotherapeutics
into neoplastic nodules [9, 10]. All subsequent studies showed that the efficacy
of this multimodal strategy is maximal when complete removal of PC is
achieved by CRS and that the capability of surgery to obtain a zero residual
tumor is directly influenced by the IP tumor load.
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11.3  Defining Intraperitoneal Tumor Load: PCl Score

The Peritoneal Cancer Index (PCI) score is used to clearly define PC extent [11].
This score, proposed by Jacquet and Sugarbaker [11], quantitatively assesses
cancer distribution and implant size throughout the abdomen and pelvis. The
abdomen and pelvis are divided by lines into nine regions (regions 0-8). The
small bowel is then divided into four regions: 9 and 10 define upper and lower
portions of the jejunum, respectively; 11 and 12 define upper and lower portions
of the ileum. In each region, lesion size (LS) of the largest implant is scored as
follows: LS-0, no implants seen; LS-1, implants up to 0.5 cm are visible; LS-2,
nodules > 0.5 cm and up to 5 cm; LS-3, implants >5 cm or to confluent nodules.
Measurement is made after a complete adhesiolysis and complete inspection of
all parietal and visceral peritoneal surfaces. LS values for each region can be
summed as a numerical score (PCI score varying from 1 to 39) describing tumor
load in the peritoneal cavity as a whole. This score allows estimation of the
probability of complete cytoreduction (Fig. 11.1).

Regions Lesion size

0: central S, 6: pelvis ki 12: lower ileum ...

1: right upper e 7: right lower HERIE Total ieten

Ziepigastrium B8: right flank =

e . Lesion size score:
dleftupper e : upper jejunum —— 1 o b 5esd

d:leftflank 10: lower jejunum - 1: tumor up to 0,5 cm

S:leftlower e 1:upperileum ... = Z: tumor > 0,5 cm <= 5 cm

3: tumor > 5 cm or confluence

Fig. 11.1 Peritoneal Cancer Index (PCI) scoring system
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PERITONEAL CARCINOMATOSIS

mm/2,5/cm >2,5 cm

| residual disease
.S‘,-'.{qf-u}"..',-.f,{if-'i‘ maximum efficacy of HIPEC

Fig. 11.2 Completeness of Cytoreduction (CC) scoring system. HIPEC, hyperthermic intraperi-
toneal chemotherapy. (Modified from [12])

11.4 Defining Completeness of Cytoreduction: CC score

Completeness of cytoreduction is the most important prognostic factor after
CRS. Residual disease after CRS is properly described using the Completeness
of Cytoreduction (CC) score [12] (Fig. 11.2):

e (CC-0, no visible residual tumor

e CC-1, residual tumor nodules < 2.5 mm

e CC-2, residual tumor nodules between 2.5 mm and 2.5 cm

e (CC-3, residual tumor > 2.5 cm

Adequate cytoreduction is defined as CC-0 or 1 because only microscopic or
minimal residual nodules are targeted by IP-administered drugs; IP-CHT is not
indicated if a CC-2 or 3 score is obtained after CRS. The probability of ade-
quate cytoreduction is correlated with the extent of PC, as described by the PCI.

11.5 How can Surgery Achieve Complete Cytoreduction?
CRS, Peritonectomy, and Sugarbaker Procedures

The techniques required to accomplish complete surgical resection of PC were
detailed by Sugarbaker [13, 14] and consist of six different peritonectomy pro-
cedures (aimed at resecting peritoneal surfaces that contain tumor implants)
and visceral dissections, with maximal surgical effort to remove as much
macroscopic tumor as possible, followed by direct instillation of hyperthermic
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Table 11.1 Sugarbaker peritonectomy procedures

Greater omentectomy, right parietal peritonectomy, right colon resection

Left upper quadrant peritonectomy, splenectomy, and left parietal peritonectomy

1

2

3 Right upper quadrant peritonectomy and Glissonian capsule resection

4 Lesser omentectomy, cholecystectomy, stripping of omental bursa, and antrectomy
5

Pelvic peritonectomy with sigmoid colon resection with or without hysterectomy
and bilateral salpingo-oophorectomy

(o)}

Other intestinal resection and/or abdominal mass resection

Bowel anastomosis

intraperitoneal chemotherapy (HIPEC) to address microscopic residual disease
(Table 11.1).

The need to perform one or more CRS procedures to achieve complete
cytoreduction and the subsequent risk of postoperative complications is strict-
ly related to disease extent described by PCI score. Postoperative complication
and mortality rates after CRS range from 20 % to 50 % and from 2 % to 12 %,
respectively, so that proper patient selection and careful evaluation of disease
extent of are required prior to CRS [14]. In general, a PCI score > 20 is accept-
ed as indicative of poor chances of obtaining adequate cytoreduction [15]. For
PC from gastric cancer, some authors suggest a PCI < 12 as a threshold for
expecting a CC-0 surgery with minimal complication rates [11, 16]. The role of
adequate surgical technique and surgeon skill in reducing complications and
obtaining adequate cytoreduction is emphasized by several authors, as is the
importance of the learning curve for this complex surgical procedure. With ade-
quate experience, surgeons can achieve adequate cytoreduction with acceptable
risk, even in selected patients with PCI > 20 [17].

11.6 Cytoreduction Completeness and Patient Survival

When interpreting results of the CRS plus IP-CHT strategy, the relative contri-
bution of each CRS and IP-CHT in determining survival benefit remains
unclear. Nevertheless, there is uniform agreement that cytoreduction complete-
ness is the only variable clearly associated with increased survival rates, with
optimal results being achieved when a CC-0 is accomplished [18]. Even in PC
from CRC and gastric cancer, the impact of CC-0 surgery on survival benefit
clearly emerged from randomized controlled trials (RCTs). In PC from CRC, an
impressive 22-43 % 5-year survival rate was observed in CC-0 patients after
CRS plus HIPEC [19], with those results being maintained even after a long-
term follow-up [20].

Even without IP-CHT or HIPEC, an aggressive surgical strategy for obtain-
ing a zero-residual tumor is a mainstay of therapy in patients with advanced
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ovarian cancer, with systemic CHT being considerably less effective in women
with macroscopic residual tumor after surgery [21, 22]. In order to reduce the
IP cancer load before surgery and increase chances for adequate cytoreduction,
systemic neoadjuvant CHT has been proposed in ovarian and gastric cancer
patients. In some centers, IP-CHT is also administered together with systemic
CHT in a neoadjuvant setting for gastric PC [23]. In treating PC from gastroin-
testinal and ovarian cancer, CRS, IP-CHT, HIPEC, and systemic CHT become
part of a multimodal treatment strategy: all cases should be discussed in a mul-
tidisciplinary team including surgeon, clinical oncologist, radiotherapist,
pathologist, radiologist, and anesthesiologist in order to target therapy and
select patients suitable for a CC-0 surgery with a low risk for complications and
the greatest chance to benefit from this complex strategy.

11.7  Selecting Patients for CRS

There is much controversy among clinical oncologists and surgeons around this
subject, many of the former being convinced that the positive results obtained
with CRS and IP-CHT are mainly due to patient selection. There is no doubt,
however, that in selected patients (i.e., patients with PC load amendable by sur-
gery), CRS + IP-CHT, eventually followed by systemic CHT, provides better
results than systemic CHT alone [18].

PC patients are often denied surgery and sent for multiple cycles of systemic
CHT, which shows only limited effects. They are referred to the surgeon only in
case of bowel obstruction or perforation and are proposed for CRS plus IP-CHT
only after the failure of several cycles of systemic CHT, by which time the can-
cer load is massive and patients are usually physically wasted: in this setting,
there is little chance of obtaining a CC-0 operation; patients often require mul-
tiple peritonectomy procedures and multiorgan resections and are at maximum
risk for perioperative complications [24]. Early referral to surgery should thus
be encouraged, so that the tumor load is limited, a CC-0 resection is still possi-
ble with a reduced need for multiorgan resections, and the risk for complications
is minimal. In this scenario, patients recover better after surgery and are eventu-
ally fit for adjuvant systemic CHT, if indicated. On the other hand, patients with
massive PC (PCI > 20) who are not suitable for optimal cytoreduction should not
be treated with CRS plus IP-CHT, because they often require extensive surgical
resections and experience a high risk of complications and mortality, with little
chance of improving their survival and quality of life [14].

11.8 Reducing Complications after CRS

Patient selection and surgical quality are the most important factors in prevent-
ing postoperative complications [24]. Several factors are associated with risk of
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complications, including the number of anastomoses performed, the need for
diaphragmatic resection, scald injuries to the bowel due to HIPEC, the toxicity
of IP-CHT itself, and the number of blood transfusions required. In preventing
complications, a skilled anesthesiologist is required for careful intraoperative
patient management: during CRS plus HIPEC, patients face several dangers,
such as hyperthermia, abdominal hypertension, electrolyte abnormalities, coag-
ulopathies, increased cardiac index, reduced oxygen consumption, and
decreased systemic vascular resistance [25]. In the postoperative period, anas-
tomotic leakage, bowel obstruction due to adhesions, bowel perforation due to
scald injury, or direct toxicity of chemotherapeutic drugs are the most anticipat-
ed complications. In most centers, a diverting stoma is performed when there is
need for multiple anastomoses or rectal anastomosis. When complications
develop, it is often difficult to differentiate between morbidity resulting from
surgery and that attributable to IP-CHT or HIPEC: in order to optimize the
reporting of postoperative complications, the NCI-CTCAE classification
should be adopted [24, 26].

11.9 Learning Curve

Recent reports suggest that the initial high morbidity and mortality rates seen
with CRS and HIPEC decreases with increasing surgeon experience [27-29].
This is evident in specialized centers and includes improvements in patient
selection, surgical expertise and postoperative management. This increased
information base is culminating in a global learning curve and reduced compli-
cations rates (Table 11.2).

11.10 Conclusions and Directions

A well-trained surgical team can achieve a CC-0 resection in patients with
extensive PC, and better results are thus anticipated in preventing the develop-
ment or recurrence of PC in patients at risk.

Table 11.2 Mortality according to increasing experience using cytoreduction and HIPEC for peri-
toneal carcitomatosis

% Perioperative Mortality

Study [Reference] Initial Intermediate Recent
Moran [27] 18 3 3
Smeenk et al. [28] 8 6 4

Yan et al. [29] 7 - 1
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In patients with gastric cancer, careful preoperative staging, including endo-
scopic ultrasonography and computed tomography (CT) scan and adoption of
explorative laparoscopy and diagnostic peritoneal washing, helps in identifying
patients at risk for PC: these patients are eventually treated with HIPEC at the
time of surgical resection [30].

In patients with CRC, second-look surgery has been proposed in those at
higher risk for peritoneal recurrence (i.e., bowel obstruction or perforation or
synchronous ovarian metastases): in these patients, the chance of finding PC 1
year after the first surgical procedure ranges from 33 % to 75 %, even if CT
scan is negative. When present, PC could be treated with CRS plus HIPEC,
which achieves optimal results in terms of survival [31].

A single-center case—control study analyzed the role of HIPEC for prevent-
ing peritoneal metastases after primary surgery in patients with CRC at high
risk for peritoneal spread. That study demonstrated that when such patients
were treated with a more aggressive surgical approach plus HIPEC, a statisti-
cally significant difference in disease-free and overall survival can be achieved
[33].

In patients with ovarian cancer, HIPEC is often performed only after recur-
rence. Some evidence exists that better results could be achieved when per-
forming HIPEC as a first-line treatment for advanced ovarian cancer, and an
RCT is ongoing [33].

Much research is being conducted pertaining to molecular mechanisms for
PC development: identifying specific gene mutations could lead to the avail-
ability of specific molecular biomarkers for selecting patients at risk for PC.
While awaiting those results, surgeons are invited to participate in a multidis-
ciplinary team, together with all other specialties involved in treating patients
with cancers at risk for PC, and to encourage early patient referral to centers
highly experienced in CRS plus IP-CHT.
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12.1 Introduction

Development of peritoneal carcinomatosis (PC) in metastatic solid tumors is
associated with poor prognosis and is usually more frequent in gynecological
and gastrointestinal (GI) malignancies. No standard systemic or local treatment
can eradicate PC definitively, and chemotherapy (CHT) and surgery alone seem
unable to improve patient survival, so that PC is usually considered a terminal
condition [1]. PC is commonly observed in ovarian cancer (OC), in which the
spread of disease is primarily locoregional and then to visceral sites. In this
pathology, complete PC removal is associated with improved survival. In GI
tumors, such as gastric and colorectal cancer (CRC), PC is seen less frequently,
and its cytoreduction is not considered mandatory due to the high percentage of
short-term recurrence and no effect on survival rates [2]. Systemic CHT has a
limited impact on the peritoneum, probably because the peritoneal cavity is a
“pharmacological sanctuary” in which intravenously administered drug diffu-
sion is difficult. This is due to a blood—peritoneal barrier, composed of stromal
tissues between mesothelial and endothelial cells, of ~90-um thickness, which
is difficult to overcome by many systemic agents [3]. Given this low effective-
ness of systemic therapies or surgery alone and the necessity to improve the
local action of drugs, in recent decades, new multimodal approaches have been
developed based on the association of cytoreductive surgery (CRS) with intra-
venous (IV) (neoadjuvant or adjuvant) and/or intraperitoneal (IP) administra-
tion of CHT (IP-CHT). Different combinations and integrations of these treat-
ments have been proposed and evaluated in randomized or nonrandomized tri-
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als in many cancer types.

IP-CHT enables delivery of high concentrations of drugs onto peritoneal
masses, thus providing an expected higher percentage of volume reduction com-
pared with IV treatments. Indeed, chemotherapeutic agents have a high molecu-
lar weight and are generally hydrophilic, so they easily remain in the peritoneal
space for a considerable length of time. This advantage of IP-CHT is expressed
by the area under the curve (AUC) ratios of IP versus plasma exposure: in par-
ticular, cisplatin, paclitaxel, docetaxel, gemcitabine, 5-fluorouracil, and doxoru-
bicin can be the best candidates for IP-CHT because of their high AUC ratio [4].
The ability to penetrate deep into the peritoneal surface and the diffusion dis-
tance of each drug (up to 1-2 mm) are other important parameters to consider.
Of course, the superiority of IP over IV delivery of chemotherapeutic agents is
limited to patients with very little peritoneal-tumor residual volumes [5].
Moreover, IP-CHT has an optimal chance of succeeding if it immediately fol-
lows surgery, if exposure of the entire peritoneal surface at risk is guaranteed,
and if IP hyperthermia is created. In fact, some drugs increase in activity when
combined with mild hyperthermia, and temperatures of ~41-43°C are able alone
to favor cell death until thermal tolerance develops due to activation of the heat-
shock protein pathway [6, 7]. These concepts are at the basis of the combination
between CRS and the hyperthermic intraperitoneal chemotherapy (HIPEC) tech-
nique, which shows good results in many cancer types. IP chemotherapy com-
bined with heat penetrates up to 3—6 mm into PC nodules, so even HIPEC acts
better on small peritoneal cancer volumes after optimal CRS.

In this chapter, we report data regarding the integration of systemic CHT
with CRS and HIPEC, particularly in patients with PC from gynecological, GI,
and peritoneal tumors.

12.2 Neoadjuvant and Adjuvant Systemic Chemotherapy,
Cytoreductive Surgery, and HIPEC

The combination of CRS and HIPEC has shown improved survival rates and
quality of life (QoL) over CHT alone for selected patients with PC [8]. The role
of neoadjuvant and adjuvant CHT in managing patients with PC, both before and
after CRS plus HIPEC, is not yet well recognized as a standard treatment due to
the lack of significant clinical trials focused on evaluating whether adding sys-
temic CHT to these locoregional treatments is effective. The potential advan-
tages of IV-CHT prior to surgery plus HIPEC include a reduction of tumor vol-
ume with a greater chance of obtaining complete surgical removal and organ
preservation with no macroscopic residual tumor. To quote Sugarbaker:
“Advances in powerful chemotherapies and the use of neoadjuvant therapies are
also contributing to the procedure’s evolving effectiveness” [9]. It is therefore
conceivable that CHT can contribute to making CRS more effective by shrink-
ing tumors before surgery, thereby increasing the outcome of HIPEC treatment.
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At the same time, neoadjuvant systemic CHT is useful in preventing extraperi-
toneal metastases and can favor prognosis and effectiveness of locoregional
therapies. Chemotherapeutic agents used for PC before HIPEC vary depending
primary on tumor type and extension. There is no standard duration for CHT
before surgery: the number of therapy cycles depends on tumor type, initial
tumor burden, and the patient’s clinical condition [2, 10-12]. A multidisciplinary
agreement is essential to identify the appropriate moment at which patients’ ben-
efit maximally from surgical and locoregional approaches. Few prospective and
some retrospective data about neoadjuvant CHT before CRS plus HIPEC are at
our disposal for many cancer types.

However, little information is available about the effectiveness of adjuvant
CHT after CRS plus HIPEC. This is because the most PC trials have focused on
demonstrating the superiority of HIPEC combined with CRS in comparison with
surgery or CHT alone [8, 11]. We know that CHT is not sufficient for treating
PC, independent of the primary tumor, but we still do not know whether manag-
ing peritoneal disease could be improved with adjuvant systemic treatments
after CRS plus HIPEC. We must consider that, as we are dealing with the
advanced stage of the illnesses, systemic treatment should be undertaken as
well: HIPEC is an effective therapy for treating peritoneal but not systemic dis-
ease, whereas IV-CHT is able to prevent recurrence in other organs, which is
critical for patient survival. In some trials on CRS plus HIPEC, some patients
underwent adjuvant CHT, even if generally this was not well predefined in the
study design and the effect of this systemic treatment was not well focused.
Some other trials investigated the efficacy of adjuvant CHT after CRS; thus, no
specific data regarding HIPEC are available. For these reasons, there are still no
selection criteria to determine which patients with PC could benefit from adju-
vant treatment after surgery plus HIPEC, regardless of the type of primary
tumor. The oncologist’s choice should be personalized case by case. Prospective
and randomized trials are therefore needed to better establish the algorithm of
integrated treatments (systemic and locoregional) for patients with PC in differ-
ent cancer types. Probably, as indicated by Franko et al. in 2010, surgery plus
HIPEC and systemic CHT should not be considered competitive but, rather,
complementary techniques [13].

12.2.1 Ovarian Cancer

Epithelial OC is one of the main causes of death from gynecological tumors in
the Western world. It represents 80— %90 % of all ovarian malignancies. The
disease most often presents in advanced stage [Fédération Internationale de
Gynécologie et Obstétrique (FIGO) stage III or IV], but dissemination is often
confined to the peritoneal cavity [14]. Current standard treatment for patients
with FIGO III or IV and predominant peritoneal disease consists of optimal CRS
to residual nodules < 1 cm and systemic CHT with IV administration of pacli-
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taxel and carboplatin. Six to eight cycles of this regimen are recommended for
patients with stage III epithelial OC on the basis of two prospective randomized
trials: the Gynecologic Oncology Group (GOG) 158 and AGO-OVAR 3 trials
[15, 16]. Even with optimal CRS and the best systemic CHT, 60-70 % of
patients experienced disease progression. Recurrent OC very often involves only
the peritoneum and adjacent intra-abdominal organs. Systemic therapy could be
ineffective for PC due to the blood—peritoneal barrier: even with high-dose CHT,
the response rate does not exceed 22 %.

Peritoneal recurrence from OC is the preferred—probably more so than in
other malignancies —context for locoregional treatments such as [IP-CHT. IV/IP-
CHT regimens were proven to increase survival rates for women with advanced
OC in three phase III trials: GOG 104, GOG 114, and GOG 172 [17-19]. In the
latter study, survival was increased from 49 months in the control arm (cis-
platin/paclitaxel given IV) to 65 months in the experimental arm (cisplatin/pacli-
taxel given IP combined with paclitaxel given IV). A limitation of the study was
the control arm, which today is not considered a standard: carboplatin/paclitax-
el given IV would be the appropriate comparator. The survival advantage in
GOG 172 came at the expense of increased toxicity, catheter-related complica-
tions, and reduced quality of life: patients in the IP group suffered more with
fatigue, pain, hematologic, GI, and metabolic and neurologic toxic effects than
the others [19]. This is why IV/IP-combined CHT regimen does not have a wide-
spread consensus among oncologists. It could be useful to better select patients
who benefit the most from IV/IP-CHT. This was the objective of an ancillary
data analysis of GOG trials published by Landrum et al. The study indicates that
young age at time of diagnosis, mucinous- or clear-cell histology, and minimal
residual disease after CRS are independent predictors of good prognosis in stage
III OC patients treated with IP-CHT [20].

PC from OC is also the most promising field of application of CRS plus
HIPEC, having the advantage in terms of progression-free (PFS) and overall
(OS) survival both in patients with PC at diagnosis and in those with a relapse
after primary treatments [2, 10, 21-23]. The first report on HIPEC for OC was
published in 1995 [24]. Since that time, there has been a large volume of stud-
ies evaluating this modality in conjunction with CRS. The published reports are
mainly case series and early phase II studies. Patients are in variable stages of
their disease, with HIPEC used as frontline, interval debulking, or adjuvant
treatment in recurrent disease. The use of HIPEC as frontline therapy following
CRS is presented in several studies, but the total number of patients is only
around 50. Rufian at al. reported data of 19 patients treated at the time of first
CRS with paclitaxel for 60 min at 41-43°C. Patients treated for primary OC with
optimal cytoreduction obtained survival rates up to 63 % at 5 years (if negative
lymph nodes) [25]. Similar results were demonstrated by Deraco et al. several
years later in 26 patients [26]. In both series, patients underwent systemic CHT
after HIPEC. Because of the small number of patients and the use of subsequent
IV-CHT, these trials are not able to determine the advantage of using frontline
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HIPEC after CRS compared with CRS followed by systemic CHT only.

In clinical practice, neoadjuvant systemic CHT in OC is considered, in case
of nonoperable tumors, to favor debulking and complete cytoreduction: data
about survival advantage are conflicting, and it seems that when radical surgery
is performed, there are no differences between pre- and postoperative systemic
therapy [27, 28]. There are, however, no definitive and prospective specific data
focusing on the efficacy of neoadjuvant CHT before CRS plus HIPEC.

The first report of the HYPER-O registry showed no significant differences
in survival between patients treated with CRS plus HIPEC versus CRS plus
HIPEC following neoadjuvant systemic therapy [29]. Ryu et al. reported a retro-
spective observation of 57 patients who received HIPEC at the time of interval
debulking or second-look surgery after IV-CHT and 60 patients receiving CHT
and CRS only (conventional treatment). Considering stage III OC patients only,
the survival rate was 53.8 % in the HIPEC group versus 33.3 % for convention-
al treatment (p = 0.0015). However, results of this trial did not focus on neoad-
juvant CHT but on HIPEC efficacy, which was found to be an independent prog-
nostic factor at multivariate analysis [hazard ratio (HR) 0.496,p =0.0176)] [30].
At the time this chapter was written, there was an ongoing phase III trial ran-
domizing patients with stage IIIC unresectable OC to receive CRS plus HIPEC
(cisplatin plus paclitaxel) versus CRS alone after three cycles of first-line CHT
(carboplatin/paclitaxel) [31].

Data regarding adjuvant systemic CHT after primary CRS plus HIPEC are
even more fragmentary and certainly not exhaustive. In 2011, Fagotti et al. pub-
lished the results of a study on OC that assessed 41 patients with platinum-sen-
sitive recurrence. They were treated with CRS and platinum-based HIPEC, fol-
lowed by six cycles of systemic CHT. The study concluded that CRS plus
HIPEC safely increases survival rate in this setting compared with CHT or sur-
gery alone, but the role of adjuvant treatment was not analyzed [32]. Carrabin et
al. conducted a nonrandomized trial on 22 patients with advanced OC who
underwent CRS plus HIPEC with no adjuvant CHT. The authors concluded that
HIPEC with no other systemic therapy could be feasible and safe with encour-
aging survival results, even though randomized trials are needed to establish bet-
ter this concept [33]. Of course, no definitive conclusion could be drawn from a
nonrandomized trial with so few patients.

HIPEC is an interesting and promising treatment in recurrent OC at the time
of secondary cytoreduction. A substantial number of studies reported good sur-
vival outcomes, especially for patients optimally treated with cytoreduction :
Helm et al. registered a DFS of 10 months with an OS of 31 months and a peri-
operative mortality rate of 6 %; Cotte et al. described data on 81 patients achiev-
ing a DFS of 19 months, a median OS of 28 months, and an OS of up to 55
months in those with < 0.25 cm residual disease [34, 35]. Di Giorgio published
data on 47 patients with advanced or recurrent (25) OC treated with CRS (peri-
tonectomy) plus HIPEC plus systemic CHT in a phase II nonrandomized study:
they achieved a median OS and DFS of 24 and 20 months, respectively, and a 5-
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year survival rate of 17%. Patients treated with optimal cytoreduction had an OS
of 26 months [23]. Bakrin et al. retrospectively selected 566 patients with PC
from OC who were treated with CRS plus HIPEC. This combined treatment
yielded a median OS of 45.7 months for recurrent OC [10]. Ansaloni et al. col-
lected data from a prospective phase II trial assessing 39 patients with primary
or recurrent peritoneal OC carcinomatosis receiving cytoreductive surgery plus
HIPEC. Median DFS was 14 months; microscopically complete cytoreduction
was achieved for 35 patients (90 %) [36].

Despite the lack of extensive evidence, CRS plus HIPEC is associated with
increased survival chances with a manageable toxicity profile in patients with
advanced or recurrent and prevalent peritoneal disease, in particular for patients
with no macroscopic residual disease. Data are still heterogeneous, optimal CRS
is not well defined, and randomized trials integrating systemic CHT in homoge-
neous populations are needed to better define timing and efficacy of this multi-
modal treatment.

12.2.2 Gastric Cancer

Peritoneal dissemination is the principal cause of death and most frequent (30
%) kind of recurrence in patients with gastric cancer (GC), and the probability
of its appearance is higher when primary tumor invades serosa (30-60 %), even
if it appears also in tumors not invading the gastric surface (5-11 %) [1, 37].
Medical and surgical treatments alone have only palliative effects. New multi-
modal and multidisciplinary strategies have been tested in an attempt to improve
survival rates in these patients, even though there remains a lack of trials specif-
ically assessing patients with PC.

IV-CHT alone has little effect on survival rates in patients with PC, even if it can
reduce the peritoneal cancer burden in responders: its combination with CRS
plus HIPEC seems to be more useful, especially when complete cytoreduction is
obtained [38], but the role of neoadjuvant CHT before these procedures is yet to
be well defined in large series, and actual clinical evidence is heterogeneous [2].
A phase II trial by Hultman et al. evaluated the feasibility and effectiveness of
neoadjuvant CHT plus HIPEC in a study evaluating 18 patients; the authors
concluded that preoperative therapy is not associated with prolonged OS in
patients with extensive PC from GC over radical surgery alone. The authors did
no recommend neoadjuvant treatment considering also the increased risk of
postoperative complications [39]. Costa et al. published data on ten patients
treated with three cycles of neoadjuvant docetaxel, 5-Fluorouracil (5-FU), plus
cisplatin (DCF) therapy followed by gastric resection with D2 lymphadenecto-
my plus HIPEC with mitomycin and by adjuvant systemic CHT (three cycles)
with the same regimen. No data on survival are available due to the short fol-
low-up, but the conclusion of the authors emphasized the feasibility of the asso-
ciation between perioperative CHT, gastric resection, and D2 lymphadenectomy
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plus HIPEC [40]. The role of neoadjuvant CHT with 5-FU, oxaliplatin, and doc-
etaxel (FLOT) followed by surgery plus HIPEC; adjuvant systemic treatment
was tested in 26 patients with PC from GC. Median OS was 19 months, with 38
% of patients alive at 2 years. Regression analysis showed that a Peritoneal
Cancer Index (PCI) > 12 was a negative prognostic factor. The authors conclud-
ed that neoadjuvant CHT with FLOT followed by surgery plus HIPEC increas-
es OS of patients with PC from GC, but this treatment seems not to be recom-
mended in cases of extensive peritoneal involvement and a PCI > 12 [41].

Yonemura et al. proposed a new type of neoadjuvant multimodal treatment for
PC in GC called neoadjuvant intraperitoneal and systemic (NIPS) therapy. This
bidirectional CHT acts on PC from both sides of the peritoneum—from the peri-
toneal cavity and from blood vessels— before CRS. A total of 96 GC patients
with PC and no other sites of disease were treated with both systemic and IP-CHT
administered through a peritoneal port system (BARD). Patients received TS-1
(composed of tegafur, gimestat, and otostat potassium) orally twice daily for 21
of 28 days; on days 1, 8, and 15, they received 30 mg/mq of docetaxel and 30
mg/mq of cisplatin were introduced through the peritoneal port. A laparotomy
was then performed in 82 patients without disease progression at the end of the
combined treatment. Total gastrectomy was performed in 67 patients, and 33
underwent visceral peritonectomy: 70.7 % (58) achieved complete cytoreduction.
Patients who underwent CRS lived longer than those who did not (14.4 versus 9
months, p = 0.032), as did patients who obtained complete cytoreduction (CC 0)
versus patients who did not (CC 1-3) (21.1 vs. 8.4 months, p < 0.001). In that
study, 2.1 % and 1 % of patients with grades 3 and 4 toxicities, respectively, were
registered; overall operative mortality rate related to multiple organ failure,
hepatic coma, or sepsis was 3.7 % (3/82) [42]. NIPS and minimal residual PC
after surgery were evaluated as good independent prognostic factors for GC
patients treated with CRS plus HIPEC [43]. Given the efficacy of this multimodal
strategy, better patient selection (i.e., patients who could truly benefit) and
improved surgeon expertise to avoid toxicities is necessary.

The role of adjuvant systemic CHT after CRS plus HIPEC has not been eval-
uated in clinical trials; however, early postoperative intraperitoneal chemother-
apy (EPIC) may be another option for GC patients undergoing CRS for PC. This
protocol should be started early after surgery, when tumor burden is minimal.
The greatest clinical experience was reported for 248 patients randomized to
receive surgery alone, or surgery and then a combination of IP-delivered mito-
mycin C and 5-FU. The latter group had a better OS, which was statistically sig-
nificant for patients with gross serosal invasion and lymph node metastasis. The
authors concluded that EPIC should be recommended for treating patients with
stage 3 or 4 advanced GC and T3 or N+ [44]. A systematic review of random-
ized controlled trials showed that a significant improvement in survival rates
after CRS was associated with HIPEC alone (HR = 0.60; 95 % CI = 0.43-0.83;
p =0.002) or HIPEC combined with EPIC (HR = 0.45; 95 % CI = 0.29-0.68; p
=0.0002), even though IP-CHT was also found to be associated with higher risk
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of intra-abdominal abscess [relative risk (RR) =2.37; 95 % CI = 1.32-4.26; p =
0.003) and neutropenia (RR =4.33; 95 % CI = 1.49-12.61; p = 0.007) [45].

In GC, HIPEC has even been tested for preventing PC: 82 patients with gross
serosal invasion but without peritoneal metastases were randomized to receive
surgery plus mitomycin-C-based HIPEC or surgery alone. The 5-year OS rate
for the first group was 64.2 % versus 52.5 % for the control arm, but this differ-
ence was not statistically significant. There was a trend toward lower mortality
rates for PC in patients treated with HIPEC (p = 0.0854), whereas peritoneal
recurrence was more frequent in the surgery-alone group [46]. Yonemura et al.
randomized 139 patients with GC to receive surgery alone (47) or surgery plus
HIPEC with mitomycin and cisplatin (48) or surgery plus IP-delivered perfusion
(44) with the same drugs. Five-year OS rates were 42 %, 61 %, and 43 %,
respectively; patients with nodal or serosal invasion showed a statistically sig-
nificant improvement in OS when treated with HIPEC, whereas IP-delivered
perfusion provided no survival benefit. HIPEC was an independent positive
prognostic factor, so its use seems to be advisable for patients with high-risk
resectable GC [47].

Further prospective data are required to establish more definitively the effi-
cacy of IV and IP treatments in patients with PC and GC, to test new combina-
tions of cytotoxic drugs and/or biological agents, and to better define patient
selection and optimal timing for multimodal treatments.

12.2.3 Colorectal Cancer

PC is a frequent site of progression in patients with CRC. Abdominal failure is
very frequent, in particular when bowel-wall penetration increases; peritoneal
seeding occurs in up to 30 % of patients with CRC and is the second highest
cause of death after liver metastases [48]. Because of its poor prognosis, PC in
CRC is considered a terminal condition in which surgery and CHT alone are pal-
liative only because they cannot completely eradicate peritoneal disease.

Over the past two decades, new and alternative therapeutic approaches have
developed based on the combination of different strategies, such as surgery,
CHT, and IP-delivered treatments, thus improving chances of survival for select-
ed patients with PC and CRC; even curative aims can sometimes be achieved.
Some clinical trials compared the efficacy of CHT versus CRS plus HIPEC in
patients with PC and CRC. Verwaal et al. randomized 105 patients to receive
systemic CHT with 5-FU with or without surgery (standard arm) or aggressive
CRC plus HIPEC followed by systemic therapy (experimental arm). Median sur-
vival rate of patients in the first group was 12.6 months versus 22.4 months for
those who received the more aggressive treatment (p = 0.032). The mortality rate
in the HIPEC group was 8 % (four patients); extent of peritoneal involvement
and number of peritoneal regions involved during CRS were prognostic factors.
The efficacy of cytoreduction was also important, because patients with no
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residual macroscopic disease had better prognosis than those with greater resid-
ual peritoneal involvement (p < 0.0001). Despite these significant results, it
must be recognized that this trial had some limitations, such as the fact that the
chemotherapeutic regime used is not an actual gold standard for treating
advanced CRC (not including irinotecan and oxaliplatin or biologic agents), the
HIPEC protocol was based only on mitomycin C perfusion, and the role of sur-
gery in the control arm was unclear [49].

Other prospective randomized trials comparing the same regimen were
closed due to lack of accrual and survival advantage in the HIPEC arm, so it
remains difficult to draw conclusions or to report a good level of evidence
regarding the usefulness of this treatment for patients with CRC [50, 51].

Some retrospective or case—control series reported good results. In 2010,
Elias et al. described the outcome of 523 patients with CRC and PC treated with
CRS and IP-CHT with or without hyperthermia. OS time was 30.1 months, 5-
year survival rate was 27 %, and 5-year DFS rate was 10 %; patients in whom
complete cytoreduction was obtained (84 %) had a median survival rate of 33
months. Postoperative mortality rate was 3 %, and grade 3—4 early morbidities
occurred in 31 % of patients. Positive independent prognostic factors in multi-
variate analysis were complete CRS, limited PC, use of adjuvant CHT, and
absence of nodal involvement; disease grade or liver metastases were not prog-
nostic [52]. A retrospective comparison between palliative CHT (based on 5-FU,
oxaliplatin, and irinotecan) and CRS plus HIPEC was published by Elias et al.
in 2009. Median survival was 23.9 months in the standard group versus 62.7
months in the HIPEC group (p < 0.05); 5-year OS rate was 51 % for the HIPEC
group and 13 % for the standard group [53]. Chua et al. retrospectively evaluat-
ed the outcome of 294 patients with PC treated with supportive care or palliative
CHT versus perioperative CHT (with both modern chemotherapeutic agents and
biological drugs), associated or not with HIPEC (with mitomycin C) and EPIC,
comparing a palliative versus a curative approach. The results showed that cur-
ative strategy is able to grant a total median survival of 38 months (95 % CI
30.2-45.2) versus 9 months of the palliative strategy (95 % CI 5.9-12.8) (p <
0.001) and confirmed that limited peritoneal involvement is a good prognostic
factor for patients receiving multimodal and more aggressive treatment (p =
0.002) [54]. All these data suggest that an optimal CRS associated with HIPEC
may play an important role in managing patients with PC from CRC, especially
in well-selected patients (according to lymph node involvement, comorbidities,
performance status, age, complete cytoreduction, and PCI value) [55].

The role of neoadjuvant CHT before CRS plus HIPEC is still not well
defined due to the lack of targeted trials. A study published by Rivard et al. who
assessed 68 patients with PC from CRC showed no advantage in terms of OS
between patients treated with preoperative CHT followed by surgery plus
HIPEC and patients who received no neoadjuvant treatment [56]. Several trials
included target therapies before CRS plus HIPEC but were inconclusive in eval-
uating its usefulness as neoadjuvant therapy. Eveno et al. randomized 182
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patients to receive CHT with or without bevacizumab followed by surgery plus
HIPEC. Patients treated with bevacizumab showed a significant increase in post-
operative complications (doubled risk of morbidity), including death (p = 0.04),
whereas the clinical benefit of bevacizumab before HIPEC remains to be deter-
mined [12].

An ongoing (at the time of this writing) phase II German study by Glockzin
et al. was designed to determine whether systemic neoadjuvant CHT with cetux-
imab [monoclonal anti-epithelial-growth-factor-receptor (anti-EGFR) anti-
body)] followed by cytoreductive surgery plus HIPEC with oxaliplatin would be
effective in patients with PC from colorectal KRAS wild-type tumor [57]. No
specific data are available regarding adjuvant IV-CHT after CRS plus HIPEC in
patients with PC from CRC. The lack of valid confirmation regarding the effica-
cy of CRS plus HIPEC, of a clear algorithm for patient selection (before and
after surgery), and of integration of systemic treatments still makes CRS and IP-
administered treatments a nonstandard approach for PC in CRC. Prospective
clinical trials are awaited.

12.2.4 Peritoneal Mesothelioma and Pseudomyxoma Peritonei

12.2.4.1 Peritoneal Mesothelioma

Malignant mesothelioma is an aggressive primary neoplasm arising from pleu-
ral, peritoneal, pericardiac, or tunica vaginalis lining. Diffuse malignant peri-
toneal mesothelioma (DMPM) is a very rare disease, often associated with
asbestos exposure and macroscopically characterized by multiple tumor nod-
ules, which may coalesce to form plaques or masses extending to the entire peri-
toneal surface.

The first case of DMPM was described by Miller et al. in 1908; nevertheless,
few therapeutic advances have occurred in the last century mainly because of the
rarity of the disease and the subsequent difficulty recruiting patients for random-
ized trials with endpoints of safety and efficacy [58]. Historically, DMPM was
treated with systemic CHT, palliative surgery, and abdominal radiotherapy.
Patient prognosis was poor: median survival was only 12 months [59, 60]. In the
early 2000s, the combination of CRS plus HIPEC was proposed for DMPM. The
rationale for this treatment was the prevalent abdominal localization of DMPM
and the inefficacy of CRS alone, especially in the presence of diffusion on the
intestinal surface.

Several observational studies report on CRS plus HIPEC, but no random-
ized controlled or comparative trials exist. In 2007, Yan et al. published a sys-
tematic review of seven observational studies. The objective of their review
was to evaluate the efficacy of CRS with perioperative IP-CHT for treating
DMPM. The IP regimen comprised HIPEC and/or EPIC; 240 patients were
evaluated. Median survival ranged from 34 to 92 months and the 3-year sur-
vival rate from 65 % to 43 %. Two studies also reported the 7-year survival rate:
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39 % and 33 %. Perioperative morbidity varied from 25 % to 40 %, and mor-
tality rate was < 8 % [61].

In 2009, a multi-institutional retrospective review was published assessing
405 patients affected by DMPM and treated with CRS plus HIPEC. The most
common HIPEC regimen was cisplatin/doxorubicin. Overall median survival
was 53 months, the 3-year survival rate was 60 %, and the 5-year survival rate
was 47 %. In the study four independent prognostic factors associated with a
good prognosis were identified: epithelial subtype, absence of lymph node
metastasis, optimal cytoreduction, plus HIPEC administration [62].

The efficacy of neoadjuvant CHT before surgery plus HIPEC was evaluated
in a retrospective study published by Deraco et al. The effects of perioperative
systemic therapy on short-term surgical and long-term oncological results in
patients with malignant peritoneal mesothelioma were evaluated. Of 116
patients, 60 received neoadjuvant treatment (platinum plus pemetrexed), 30
received adjuvant CHT, and 26 received no chemotherapeutic treatment. No dif-
ferences in OS, morbidity, and completeness of cytoreduction were detected
[63]. The rarity of DMPM is the main impediment to the feasibility of conduct-
ing a randomized clinical trial. Nevertheless, the combination of CRS plus
HIPEC provides a benefit in terms of survival, passing—on average—from 12
to 60 months, with acceptable toxicity. This makes CRS plus HIPEC the treat-
ment of choice in selected patients with peritoneal mesothelioma.

12.2.4.2 Pseudomyxoma Peritonei

Pseudomyxoma peritonei (PMP) is a rare disease affecting the abdominal cavi-
ty, with an incidence of two to three cases per million per year, which generally
originates from an appendiceal neoplasm. The condition, characterized by muci-
nous ascites and multifocal peritoneal epithelial implants, is called PMP syn-
drome [64]. PMP tends to remain confined within the peritoneal cavity, so ther-
apy mainly consists of regional treatments: traditional debulking procedures are
associated with a 5-year survival rate between 53 % and 75 % and a 10-year DFS
rate of 3—4 % [65].

The introduction of CRS combined with HIPEC changed the history of PMP.
There are no randomized controlled trials or comparative studies to demonstrate
the efficacy of this treatment; however, CRS plus HIPEC is considered the best
option for treating this disease. In 2007, Yan TD et al. published a systematic
review regarding the efficacy of CRS and perioperative IP-CHT. Ten observa-
tional studies were reviewed for a total of 863 patients with PMP. IP regimens
included HIPEC and/or EPIC, and median survival ranged from 51 to 156
months. The 5-year survival rate was 52-96 %, and overall morbility and mor-
tality were 33-56 % and 0-18 %, respectively [66]. An important consideration
coming from this analysis is that optimal CRS (residual peritoneal nodules < 2.5
mm after CRS) is primarily responsible for improved survival rates. The study
by Deraco et al., included in the systematic review, reported a surprising 10-year
survival rate of 78.9 % for patients affected by PMP who were treated with opti-
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mal CRS; however, for patients receiving incomplete cytoreduction, the 10-year
survival rate was zero [67]. In 2012, Chua et al. published the results of a retro-
spective multicenter registry that involved 2,998 patients, all of whom under-
went CRS, which was combined with HIPEC in 89 % of the overall population.
Median survival rate was 16.3 years and median PFS was 8.2 years. Overall 5-
and 10-year survival rates were 74 % and 59 %, respectively. HIPEC was asso-
ciated with an improved PFS, and mortality and morbidity rates were 2 % and
24 %, respectively [68].

In conclusion, considering these good results, improved survival rates, and
low morbility and mortality rates, CRS plus HIPEC can be considered the stan-
dard of care for PMP. An accurate preoperative understanding of each patient
and the disease, and the experience of the unit personnel, may predict and influ-
ence outcomes.

12.3 Conclusions

Systemic treatment alone may be no longer appropriate for patients with PC and
no other sites of disease because of its low impact on the peritoneum and sur-
vival rates. IP therapies, in particular, HIPEC, associated with good CRS, shows
promising results and the ability to control successfully PC, even though the
impact on patient prognosis is not always clear, probably due to extraperitoneal
recurrence. Given the limits of both IV-administered drugs and locoregional
approaches when used alone, their integration could be the right solution for
combining local control granted by surgery and IP treatments, with the systemic
protection of chemotherapeutic agents.

Determining the best way to maximize the efficacy of both systemic and
local treatments by combining them in a multidisciplinary therapy algorithm in
which the right method is used at the right time for the right patient. Given the
complexity of conducting dedicated studies on PC, especially for rare cancers,
an effort is necessary to create prospective trials that definitively answer open
questions and improve collaboration among different institutions regarding
patient enrollment. Creating specialized centers for patients with PC from dif-
ferent cancer types could improve the performance of surgeons and oncologists
alike in treating this condition and could help reduce the heterogeneity of clini-
cal results that makes it difficult to understand the precise efficacy of locore-
gional and systemic treatments.

Overcoming actual limits and improving patient outcomes requires a great
effort toward a multidisciplinary approach. Better knowledge of peritoneal dis-
semination biology is desirable.
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13.1 Introduction

Appropriate patient selection is of primary importance to successful cytoreduc-
tive surgery (CRS) plus hyperthermic intraperitoneal chemotherapy (HIPEC).
Given the high morbidity rate associated with these combined procedures, we
need to select patients who will derive maximum benefits from treatment and
who carry lower risks of postoperative complications and mortality. The high
morbidity and mortality rates, especially in treatment groups approaching this
type of surgery for the first time, have raised concern and often criticism [1, 2].
At the same time, besides problems linked to postoperative complications, cri-
teria for selecting patients to undergo integrated treatment must take into
account preoperative factors predicting a favorable oncologic outcome. Hence,
we need to know which tumors causing peritoneal spread this combined treat-
ments should target and to define the extent of peritoneal spread to use as a cut-
off beyond which these procedures are contraindicated. To rationalize this topic,
even though schematizing has its limitations, we divided selection criteria
according to whether they most directly address patients’ characteristics, the site
and histology underlying peritoneal spread, and the extent of peritoneal and
extraperitoneal malignant spread.

13.2 Patient Selection

Given that CRS plus HIPEC is an aggressive method for managing peritoneal
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surface malignancy (PSM), with an operation lasting = 6-10 h, patients’ gener-
al condition plays a crucial role, reflecting possible intraoperative and postoper-
ative complications. The presence of associated disease (cardiovascular, renal,
pulmonary comorbidity) will influence decision making and, if malfunction can-
not be corrected, CRS plus HIPEC may be contraindicated. The performance
status can be quantified using various scoring systems. The most commonly
used are the Eastern Cooperative Oncology Group Performance Status (ECOG
PS) and the Karnofsky Index. In a series of patients who underwent CRS plus
HIPEC for colonic adenocarcinoma or pseudomyxoma peritonei (PMP), Reuter
et al. show that patients with ECOG PS = 2 had a higher complication rate than
those with ECOG PS of 0 or 1 (89 % vs. 26 % [3]. In a report by Shen et al., pre-
operative ECOG PS correlated significantly with survival [4], but in other series
[3]—even though patients with lower ECOG PS tended to have better survival —
the difference failed to reach statistical significance. Subsequent reports con-
firmed ECOG PS as among the independent variables predicting major morbid-
ity and overall survival (OS) [5, 6].

Most prospective clinical trials in cancer either underrepresented or exclud-
ed elderly patients, a population at increased risk for postoperative morbidity [7,
8]. These data notwithstanding, age cannot be considered an absolute contraindi-
cation for CRS plus HIPEC. Nevertheless this combined treatment modality
should be offered only to a subset of elderly patients and only after stringent
patient selection based on type of primary tumor, possibility of achieving com-
plete CRS, and patient nutritional and performance status [9].

Obesity is a risk factor for a variety of cancers and diabetes, and obese
patients usually have nonalcoholic steatohepatitis and cardiovascular disease. A
recent report found no difference in overall major and minor morbidity rates
between obese and nonobese patients undergoing CRS plus HIPEC for PSM.
Obese patients were more likely than the nonobese cohort, however, to have a
late (31-90 days) readmission. Survival was similar for obese and nonobese
patients who underwent CRS plus HIPEC for PSM from colon cancer (CRC) or
high-grade appendiceal cancer. Subanalysis based on the degree of obesity dis-
closed a significantly worse prognosis for severely obese patients with low-
grade appendiceal cancer [10].

In PSM management, the extent of prior resection before definitive CRS plus
HIPEC has a negative impact on survival. Surgery opens tissue planes in which
the raw surface is a favored site for cancer-cell adherence (cancer-cell entrap-
ment phenomenon): the greater the surgery before definitive combined treat-
ment, the poorer the results of carcinomatosis treatment. The Prior Surgical
Score (PSS) proposed by Sugarbaker (Chap. 5) quantifies the extent of surgery
before definitive combined treatment, and a previous report showed that PSS has
a high prognostic impact [11]. Whereas reported results from many tertiary cen-
ters with expertise in PSM treatment show a substantial improvement in progno-
sis and quality of life, many patients undergoing CRS plus HIPEC will experi-
ence tumor recurrence [12]. Most failures after CRS plus HIPEC exclusively
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involve intra-abdominal sites. This finding supports the knowledge that a subset
of patients exists who will manifest intra-abdominal disease without manifesting
hematogenous metastases. Many investigators assume that in selected patients a
second CRS procedure combined with a second HIPEC may be of value.
Iterative procedures combining CRS and HIPEC are feasible and allow long-
term survival but may increase morbidity and mortality rates. Patients must be
carefully selected according to favorable tumor biology, duration of recurrence-
free survival, performance status, and the possibility of achieving complete
cytoreduction [13-15].

13.3  Origin of Peritoneal Spread

Tumor site and histology are important selection criteria. Indications for CRS
plus HIPEC are now validated for several diseases [pseudomyxoma peritonei
(PMP)], malignant peritoneal mesothelioma (MPM), carcinomatosis from
appendiceal and colorectal cancer (CRC). CRS plus HIPEC is now under eval-
uation in the treatment of peritoneal spread from gastric (GC), ovarian (OC), and
neuroendocrine tumors, whereas few reported series refer to CRS plus HIPEC
for carcinomatosis from breast cancer, desmoplastic small-round-cell tumors,
and Frantz tumor of the pancreas [16—19].

PMP has been considered the classic indication for using CRC plus HIPEC
in PSM. PMP is a rare disease, and most PMP arise from appendiceal tumors.
The main prognostic factor is histopathologic subtype classification according to
Ronnett et al.’s or Bradley et al.’s criteria [20, 21]. In a study of 2,298 patients
collected from 16 specialized units and with a treatment-related mortality of 2 %
and a major operative complications rate of 24 %, CRS plus HIPEC achieved a
10-year OS rate of 63 % and a 15-year OS rate of 59 % [22]. A multivariate
analysis with a Cox regression model showed that older age, major postopera-
tive complications, macroscopic residual disease [Completeness of
Cytoreduction (CC) scores 2-3], prior chemotherapy treatment, and peritoneal
mucinous carcinomatosis (PMCA) subtype were independent variables predict-
ing poorer OS [22].

The prognosis for patients with diffuse MPM (DMPM) has been improved
by CRS plus HIPEC, and as with other PSM, survival benefit is maximal when
surgery achieves complete surgical cytoreduction. From a prospective database
of 108 patients with DMPM undergoing complete cytoreduction (CCO/CC1)
plus HIPEC with cisplatin and doxorubicin, several patient-, tumor-, and treat-
ment-related variables were assessed by multivariate analysis with respect to OS
and progression-free survival (PFS) [23]. Median OS was 63.2 months and PFS
25.1 months; epithelial histological subtype, negative lymph nodes, and Ki67-
positive cells < 10 % correlated with increased OS and PFS. That study suggest-
ed that 7-year actual survival defines cure for at least 43.6 % of patients with
DMPM after CC and HIPEC [23].
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Peritoneal carcinomatosis (PC) from CRC has long been regarded as a termi-
nal condition with a dismal prognosis and a median life expectancy ranging
between 5.2 and 7 months after systemic chemotherapy [24]. Following the dis-
appointing results of systemic chemotherapy in patients with PC from CRC,
some investigators suggested that these patients could undergo aggressive ther-
apeutic regimens (CRS plus HIPEC) [25-27]. A prospective randomized trial
conducted by Verwaal et al. in 2003 documented a significantly increased medi-
an survival for patients with CRC and PC treated by CRS plus HIPEC and post-
operative systemic chemotherapy compared with those treated by systemic
chemotherapy alone with or without palliative surgery [28]. Long-term results
for the same study population clearly showed that patients with no residual dis-
ease after CRS plus HIPEC reached a median survival of 48 months and a 5-year
survival of 45 % [29]. These results received confirmation from several multi-
center studies [30-33].

Peritoneal dissemination from GC is common and arose in 5-20 % of
patients who underwent exploratory laparotomy for potentially curative resec-
tion [34]. Despite efforts to apply CRS plus HIPEC in patients with PC from
GC, the median survival rate remains disappointing (< 12 months); only in
patients who undergo surgery leaving no residual disease does the 5-year sur-
vival rate increase to 30 % [35-37]. In an attempt to improve outcomes,
Yonemura et al. introduced a bidirectional strategy (intraperitoneal normother-
mic plus systemic chemotherapy) before CRS plus HIPEC in patients with PC
from GC but obtained less beneficial results than expected [38].

Complete cytoreduction (CC) is a fundamental issue in surgery for peritoneal
spread from OC [39], and given the high recurrence rate after surgery (65 %),
HIPEC assumes a theoretical role for treating invisible residual disease. Although
ample evidence establishes that CRS plus HIPEC is a feasible option in advanced
OC, timing (upfront, consolidation, or at recurrence) and survival benefit are not
yet clarified [40]. CRS plus HIPEC has mainly been used in PC from recurrent
OC, and according to Bakrin et al. reporting on a French multicenter retrospec-
tive cohort study, chemosensitive and chemoresistant patients gained an equal
survival rate [41].

13.4 Extent of Disease

By far the most influential prognostic factor in patients with PSM is the complete-
ness of cytoreduction (CC). Hence, the main obstacle facing the surgeon is the
malignant mass at surgery. Because the diagnostic methods used for quantifying
the extent of malignant disease in the peritoneum and eventually in other extra-
abdominal sites are specifically addressed elsewhere in this book (Chaps. 5 and 6),
they are not discussed here. Although the presence of extra-abdominal metastases
limits survival in patients with PC and influences outcome [42], the presence of
widespread extra-abdominal malignant disease, including the frequent pleural
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involvement (pleural effusion) found in patients with advanced OC, does not pre-
clude treatment. In these cases [Fédération Internationale de Gynécologie et
Obstétrique//Union Internationale Contre le Cancer (FIGO-UICC) stage IV], espe-
cially after neoadjuvant chemotherapy, the percentage of optimal cytoreduction
achieved and the long-term prognosis, despite being considerably lower than for
IIIc tumors, seems to guarantee previously unhoped-for results [43].

In patients with PSM, the extent of abdominal disease is generally scored
with the Sugarbaker Peritoneal Cancer Index (PCI), as extensively described in
previous chapters. An especially high PCI severely reduces the likelihood that
the surgeon will achieve CC. Depending on the origin of the primary tumor, we
can consider a cutoff beyond which it would be inadvisable to continue PC treat-
ment. A French retrospective study of 523 patients with PC from CRC and treat-
ed with CRS plus HIPEC showed that when the PCI exceeded 20, long-term sur-
vival was no longer than that obtained with systemic chemotherapy alone [31].
This cutoff certainly holds true for CRC but is less valid for biologically less
aggressive tumor types or those more responsive to systemic chemotherapy,
such as PMP and advanced OC. In patients with low-grade PMP, a PCI > 20 will
not influence the prognosis as long as CC can be achieved [22, 44].

Besides assessing overall peritoneal spread using the PCI, the presence of
disease in certain critical anatomical areas regardless, of size, can provide a
selection criterion that can preclude complete CRS. These particular anatomic
circumstances can themselves be the borderline between obtaining or not obtain-
ing CC. They also involve other problems, such as the surgical team’s technical
expertise, making this factor a further selection criteria. In a patient with PC
chosen as a candidate to CRS plus HIPEC, an uninvolved small bowel offers the
best chance of CC. Conversely, if the small bowel is involved by gross disease
at the mesentery root or partial obstruction at several segmental sites, surgery is
no option [45].

Patients with a biliary or ureteral obstruction or both are usually considered
unresectable [46]. However, when biliary or ureteral obstruction depends simply
on compression by large tumor masses, particularly in patients with PMP, these
masses can be resected without segmental ureteral or bile-duct resection. When
Votanopoulos et al. analyzed results in a series of patients with PC who were
candidates to CRS plus HIPEC, all of whom had coexisting urinary tract
involvement, they did not consider urologic procedures as a contraindication in
patients with resectable PSM [47]. Disease affecting the lesser omentum and
gastrohepatic ligament should be managed with lesser omentectomy, cholecys-
tectomy, clearance of the hepatoduodenal ligament, and omental bursa-floor
stripping. During greater omentectomy, the right and left gastroepiploic vessels
are often resected, and if —as often is the case—disease necessitates splenecto-
my, the blood supply to the stomach can be guaranteed only by preserving the
lesser omental arcade or at least the left gastric vessels. The surgeon’s ability to
complete these site-specific cytoreduction maneuvers is itself a selection criteri-
on (Figs. 13.1 and 13.2).
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Fig. 13.1 Peritoneal carci-
nomatosis from ovarian
cancer: involvement of
lesser omentum and
hepatoduodenal ligament

Fig. 13.2 Lesser omentec-
tomy and stripping of the
omental bursa floor

Another challenging problem, especially in patients with CRC, concerns
coexisting PC with liver metastases. A meta-analysis conducted by Dutch inves-
tigators showed a trend toward lower OS after curative resection plus HIPEC in
patients with CRC metastases in the liver, as well as in the peritoneum, than in
patients with peritoneal metastases alone after the same treatment [48].
Although this approach can be used to treat PC and liver metastases during the
same procedure in selected patients, only patients who have limited peritoneal
spread (PCI < 12) and a limited extent of liver disease (liver metastases < 3)
really benefit from this approach, with a median survival of 40 months [49].

13.5 Decision Making

In his “Presidential Address to the Society of Surgical Oncology,” Blake Cady
stated that tumor biology is the king, patient selection is the queen, and techni-
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cal procedure the prince, of the kingdom. Only rarely does the prince usurp the
kingdom [50]. These considerations perfectly illustrate the problem being
addressing. Patient selection criteria must maintain the balance between oppos-
ing forces. On the one side is a frequently unfavorable and undoubtedly aggres-
sive tumor biology; on the other side is a surgeon convinced that technical
efforts will snatch the patient away from an ineluctable destiny. Ideal selection
criteria should indicate patients for whom surgery is most likely to have a suc-
cessful outcome and therefore in whom technical, organizational, and economic
efforts, necessitated by these procedures, should be invested.

Research over the past few years, limited to PC from CRC, has developed
a staging classification intended chiefly for preoperative use [Peritoneal
Surface Disease Severity Score (PSDSS)], which analyzes separately the enti-
ty of patient symptoms, the extent of peritoneal disease (PCI), and the
histopathologic tumor features (including lymphatic spread), yielding a specif-
ic score and then subdivided into four stages (Fig. 13.3) [32]. The American
Society of Peritoneal Surface Malignancies conducted a retrospective review
of 609 patients who underwent CRS plus HIPEC after PSDSS staging. Their
findings show that the PSDSS, assessed before surgery, can define a popula-

Peritoneal Surface Disease Severity Score Fig.13.3 Peritoneal Surface

(PSDSS) Disease Severity Score
of colorectal cancer with peritoneal spread (PSDSS). (Reproduced
from [52], with permission)
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tion with a statistically high or notably low likelihood of long-term survival
(Fig. 13.4) [51].

Regardless, whatever the pros and cons of one scoring system or another, the
intellectual rationale for selecting patients as candidates for CRS plus HIPEC
procedures never concerns the surgeon alone. The decision inevitably requires a
multidisciplinary contribution involving many specialists and includes the
patients themselves so as to offer an individualized treatment option. Especially
important is the need to alert the medical community (medical oncologists, the
message is for you) that PSM is not by definition incurable. Quite the contrary:
CRS plus HIPEC offers many of these patients a real chance of cure. Only keep-
ing these management options firmly in mind will increase the number of
patients referred to expert centers for treatment, help identify patients with PSM
at earlier stages and thus simplify patient selection.
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14.1 Introduction

Mortality and morbidity rates remain the most comprehensive measures used
to assess short-term outcomes of a specific procedure. Surgical complications
are frequently the main reason to modify patient treatment and ultimately attain
wide acceptance for a particular procedure by the medical community.
Nevertheless, these two outcome measures remain hard to asses and identify by
the surgical literature due to lack of standardization and underreporting. For
this reason, in the surgical field, there is an absence of a clear system to clas-
sify complications. These considerations are valid for cytoreductive surgery
(CRS) plus hyperthermic intraperitoneal chemotherapy (HIPEC), which is not
an exception to the rule. In fact, appreciable effort has been developed by sur-
geons performing CRS plus HIPEC to relate morbidity and mortality to the
procedure. However, the issue is relatively complex because the appearance of
postoperative complications related to intraoperative manipulation can be con-
founded with toxic side effects of the intraperitoneally administered
chemotherapy (IP-CHT).

14.2 Classification Systems

Among the numerous classification systems used to report surgical complica-
tions, some investigators preferred to use the Clavien system (Table 14.1) [1],
others the Feldman or modified Clavien system (Table 14.2) [2], and still oth-
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Table 14.1 Classification of complications according to Clavien et al. [1]

Grade I: Events carrying minor risks; complication, if left untreated, resolves spontaneously
or at most requires a simple bedside procedure. Analgesics, antipyretics, antiemetics,
antibiotics orally, and antidiarrheals are permitted

Grade II: Potentially life threatening; requires some form of intervention.
Grade Ila requires drugs other than above, parental nutrition, or transfusions.
Grade IIb requires invasive procedures (radiological or endoscopic) or reoperation

Grade III: Events with residual or lasting disability, including organ resection

Grade IV: Complications result in death

Table 14.2 Classification of complications according to Feldman et al. [2]

Grade I: Minor complications; resolves spontaneously if left untreated or requires a simple
bedside procedure. Analgesics, antipyretics, antiemetics, antibiotics orally, and antidiarrheals
are permitted. Examples include superficial surgical-site infection, urinary retention, lower uri-
nary tract infection, ileus requiring nasogastric tube

Grade II: Potentially life threatening; requires intervention that carries some risks. Grade Ila
requires other drugs, parental nutrition, or transfusions. Examples include pneumonia, arrhyth-
mia, or acute pancreatitis. Grade IIb requires invasive procedures (radiological or endoscopic)
or reoperation. Examples include computed-tomography-guided abscess drainage

Grade III: Events with residual or lasting disability or organ loss; includes cerebrovascular
events with residual disability and iatrogenic splenectomy. All complications categorized as
cardiac, respiratory, gastrointestinal, urinary, local, or other

Grade IV: Complications result in death

ers the Elias classification (Table 14.3) [3], the Bozzetti classification (Table
14.4) [4], or the National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI-CTCAE) [5] to report on both morbidity and toxicity.
This heterogeneity in the adopted systems impedes comparison between treat-
ment-related complication rates among the various reports. All these classifica-
tions systems, although different from each other, are not intended to account
for toxicities related to the use of chemotherapy during CRS plus HIPEC. For
this reason, Kusamura et al. [6] proposed using the World Health Organization
(WHO) toxicity scale (Table 14.5). This is a relatively simple four-grade scale
that comprises 12 categories for toxicity, with predetermined cutoff values
within each category by which to grade the adverse event. Others authors, such
as Elias et al. [3], Smeenk et al. [7], and Glehen et al. [8] prefer to use CTCAE
version 3.0 to relate toxicity to the procedure [5]. This classification, used to
record medication toxicity in randomized control trials, is a five-scale system
regrouping 310 types of complications within 28 categories based on anatomy
and/or pathophysiology of the complication. The main advantage of this classi-
fication is that it can be used to determine both toxicity and surgical morbidity.
Until now, accurate evaluation of the various classification systems raises the
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Table 14.3 Classification of complications according to Elias et al. [3]
Grade 0: No complication

Grade I: Complications requiring either no or minor intervention, such as antibiotics orally,
bowel rest, or basic monitoring

Grade II: Complications requiring moderate interventions, such medication intravenously
(e.g., antibiotics or antiarrhythmics), total parental nutrition, prolonged tube feeding, or chest-
tube insertion

Grade III: Complications requiring hospital readmission, surgical intervention, or radiological
intervention

Grade I'V: Complications producing chronic disability, organ resection, or enteric diversion

Grade V: Complications result in death

Table 14.4 Classification of complications according to Bozzetti et al. [4]
Grade I: No complication

Grade II: Minor complications; wound infection, urinary tract infection, pancreatitis, ileus,
deep vein thrombosis

Grade III: Major complications; requiring reoperation on intensive care admission
or interventional radiology treatment

Grade IV: In-hospital or intensive care unit mortality

Table 14.5 Categories in the World Health Organization (WHO) toxicity scale [6]

Hematological disorders Infections
Gastrointestinal disorders Hair disorders
Renal-bladder disorders Cardiac disorders
Pulmonary—allergic disorders Neurotoxicity disorders
Cutaneous disorders Constipation disorders
Fever, drug disorders Pain

following considerations: all classifications are different in terms of total num-
ber of classes (four or five grades); there is no correspondence between grades;
in all the systems analyzed, grade can be grouped in two main groups, minor
and major complications. Hence, in light of these considerations, in 2006, dur-
ing the Fifth International Workshop on Peritoneal Surface Malignancy,
CTCAE version 3.0 was adopted by an international panel of experts as the
definitive classification system for complications resulting from CRS plus
HIPEC. The rationale is that a numeric grading system seems to be the most
appropriate way to report complications related to this aggressive procedure



210 A.Macri et al.

and thus potentially standardize results. In 2009, an updated version, 4.0, of
CTCAE was published [9].

14.3 Risk Factors

Many risk factors associated with the appearance of adverse events during CRS
plus HIPEC are described by many authors. However it is not possible to com-
pare the various series due to the numerous variables used by the different
authors. Consequently, we report the most representative series: Kusamura et
al. [6], using univariate analysis, found the following variables have a statisti-
cally significant correlation with major morbidity: male gender (p = 0.016),
Eastern Cooperative Oncology Group (ECOG) performance status (p = 0.05),
no previous systemic chemotherapy (p = 0.004), carcinomatosis extent
(p = 0.027), number of bowel anastomoses > 2 (p = 0.028), procedure duration
(p =0.014), extent of cytoreduction (p = 0.019), and cisplatin (CDDP) dose for
intraperitoneal hyperthermic perfusion > 240 mg (p = 0.02). However, in mul-
tivariate analysis, no previous systemic chemotherapy [odds ratio (OR) 2.719;
95% confidence interval (CI) 0.984-7.512; p = 0.054], extent of cytoreduction
(OR 2.877; 95% CI 1.292-6.404; p = 0.01), and CDDP dose > 240 mg (OR
3.128;95% CI 1.239-7.900; p = 0.016) were independent risk factors for major
morbidity. Glehen et al. [9] carried out only a univariate analysis in which they
found that major morbidity was statistically linked with carcinomatosis stage
(p =0.016), duration of surgery (p = 0.005), and number of resections and peri-
tonectomy procedures (p = 0.042). Hansson et al., [10], in their multivariate
analysis, observed the adverse events were associated with stoma formation,
duration of surgery, perioperative blood loss, and Peritoneal Cancer Index
(PCI). Casado-Adam et al. [11], in their univariate analysis, found a statistical-
ly significant correlation between morbidity, histological grade (p = 0.0166),
PCI (p = 0.0049), small-bowel resections (p = 0.0493), colorectal anastomosis
(p = 0.0430), and the number of anastomoses performed per patient
(p = 0.0288). However, multivariate analysis showed that PCI was the only
independent risk factor for gastrointestinal complications (p = 0.0586). Finally,
Mizumoto et al. [12], in their univariate analysis, showed that PCI > 20, oper-
ation time > 5 h, and blood loss > 2.5 L were significant risk factors for post-
operative complications. On the other hand, the complication rate in patients
who received HIPEC was significantly lower than in patients treated without
HIPEC. Gender, age >/< 65 years old, origin of peritoneal carcinomatosis (PC),
and completeness of cytoreduction were not related to morbidity. Multivariate
analysis showed that PCI higher than 20 was the only significant factor that
increased the occurrence of postoperative complications. PCI > 20 was associ-
ated with 2.8 times increased risk of postoperative complications. In multivari-
ate analysis, patients who received HIPEC showed significantly lower mortali-
ty and morbidity rates than patients who did not.
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14.4  Analysis of the Literature

Peritoneal carcinomatosis has been regarded as an inoperable condition and
treated by systemic chemotherapy or palliative therapies. Based on the theory
that PC is a locoregional disease, CRS plus HIPEC has been applied in select-
ed patients with this pathology. It is clear, however, that the effects of this
regional chemotherapy are not limited to the peritoneal space. The profound
effect that these treatments have on wound healing is shown by the increased
incidence of gastrointestinal events. However Chua et al. [13], in a systematic
review, showed that morbidity and mortality rates of CRS plus HIPEC were
similar to other major gastrointestinal interventions. Literature reports major
morbidity rates ranging from 12 % to 57 % in high-volume treatment centers
[13, 14], even if, in recent publications, overall grades III-IV morbidity rates
are reported to be between 7 % and 41% [6, 8, 10—12, 15]. These results are due
to the high surgeon learning curve demonstrated in the expanded application of
CRS plus HIPEC. In fact, the literature reports that 130-140 cases are neces-
sary to minimize mortality and morbidity rates after the procedure [16, 17].
Among gastrointestinal events, small-bowel perforations and anastomotic
leaks are the most common and clinically significant complications reported
[6,8,10-12, 15, 18]; mortality is reported to range from 0.9 % to 11 % [13, 14,
19]. Comparing various data of the main literature reports that calculated the
incidence of gastrointestinal events grades III-IV, Kusamura et al. [6] conduct-
ed a study on 205 patients treated by CRS plus HIPEC with the closed abdomen
technique, in which overall postoperative morbidity rate, including all grades
III-1V, was 12 %. They reported 17 anastomotic leaks, six digestive perfora-
tions, one biliary fistula, two pancreatic fistulas, and four cases of ileus/gastric
stasis. The most severe complications in their series were intestinal leakages
due to anastomotic insufficiency and/or intestinal perforation. This morbidity
constituted ~ 70% of all cases with major morbidity. Glehen et al. [8] reported
on 207 patients treated by CRS plus HIPEC with the closed abdomen tech-
nique, finding an overall postoperative morbidity rate, including all grades
III-1V, of 24.5 %. They reported 14 digestive fistulas, 11 cases of prolonged
ileus, and five intraperitoneal abscesses. Hansson et al. [10] conducted a study
of 123 patients in which they observed an overall postoperative morbidity rate,
including all grades III-1V, of 41 %. Among gastrointestinal events, seven were
anastomotic leaks, 11 digestive-tract perforations, one pancreatitis, one bile
leak, and three cases of prolonged ileus. Youssef et al. [15] reported on 456
patients with pseudomyxoma peritonei (PMP) syndrome of appendiceal origin,
finding grades III-IV morbidity of 7 %: seven anastomotic leaks, five pancre-
atic complications, and eight intestinal fistulas. Casado-Adam [11], reporting
on 147 patients with appendiceal and colorectal carcinomatosis, found an inci-
dence of grades III-IV events of 8 %: five nausea/vomiting, three anastomotic
failures, three fistulas, one pancreatic fistula, one case of pancreatitis, one bile
leak, and one small-bowel obstruction. In the report of Mizumoto et al. [12],
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conducted on 284 patients with appendiceal, colon cancer, and gastric cancer
carcinomatosis, grades III-IV morbidity rate was 17 %, with 12 intra-abdomi-
nal abscesses, 13 gastric/ileus perforations, five cases of postoperative ileus,
six anastomotic leakages, one urinary disturbance, three intestinal fistulas, six
cases of postoperative bleeding, one case of respiratory distress, and one
diaphragmatic hernia.

14.5 Italian Multicenter Experience

A retrospective multicenter study from eight Italian centers* was performed [20].
From November 2000 to January 2014, 683 patients underwent CRS plus HIPEC.
To satisfy statistical criteria, only 507 patients were enrolled. Morbidity was eval-
uated in accordance with the NCI-CTCAE 4.0. [9]

Morbidity and mortality predictors [age, gender, body mass index (BMI), pri-
mary tumour site, American Association of Anesthesiologists (ASA) score, ECOG
score, ascites, neoadjuvant chemotherapy (NACT), HIPEC, PCI, operative time,
Completeness of Cytoreduction (CC) score] were evaluated with univariate and
multivariate analysis; p values < 0.05 were considered statistically significant.

Mean patient age was 56.6 years [standard deviation (SD + 11.5)], and 83 %
were women. There were 461 patients with peritoneal carcinomatosis: 293 of
ovarian, 106 of colon, and 62 of gastric origin; 46 patients had other peritoneal
malignancies. ECOG score was 0 for 193 patients (38.1 %), 1 for 150 (29.6 %),
2 for 136 (26.8 %), and 3 for 28 (5.5 %); 174 patients (50.7 %) had ascites. The
average PCI was 12 (SD + 9.4). The closed-abdomen technique was used in 396
cases (78.1 %) and the Coliseum technique in 111 (21.9 %); 387 (76.3 %)
patients did not have visible residual disease (CC-0), 73 (14.4 %) had residual
disease < 2.5 mm (CC-1), 29 (5.7 %) had residual disease between 2.5 mm and
2.5 cm (CC-2), and 18 (3.6 %) had residual disease > 2.5 cm (CC-3). Average
operative time was 504 min (SD + 156.2). Grades II-IV morbidity occurred in
280 patients (55.2 %), and mortality occurred in 18 cases (3.6 %). In univariate
analysis, older age (p = 0.027), ECOG score 3 vs. 0 (p = 0.016), greater PCI
(p =0.014) and CC score 2 vs. 0 (p = 0.044) were correlated with a higher mor-
tality rate, whereas older age (p < 0.01), presence of ascites (p < 0.01), ovarian
origin (p < 0.01), closed-abdomen technique (p = 0.015), greater PCI
(p = 0.014), longer operative time (p < 0.01), and CC-score 1 vs. 0 (p = 0.022)

*Macri A!, Arcoraci V!, Belgrano V23 Caldana M3, Cioppa T4, Costantini B3, Cucinotta E!, De
Cian F2, De Iaco P®, De Manzoni G?, Di Giorgio A7, Muffatti F®, Orsenigo E8, Pinna AD®,
Roviello F*, Sammartino P7, Scambia G, Saladino E'. ! University of Messina; 2 University of
Genoa; 3 University of Verona; 4 University of Siena; 3 Catholic University of Sacred Heart,
Rome; ¢ S. Orsola-Malpighi Hospital, Bologna; 7 Sapienza University, Rome; 8 San Raffaele
Scientific Institute, Milan.
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and 2 vs. 0 (p = 0.043) were predictors of higher morbidity rates. In multivari-
ate analysis, older age (p = 0.047) and greater PCI (p = 0.026) were correlated
with a higher mortality rate; older age (p < 0.01), ovarian origin (p < 0.01),
presence of ascites (p = 0.011), closed-abdomen technique (p < 0.01), and
longer operative time (p < 0.01) were predictors of higher morbidity rates.

In light of these results, to improve outcomes, patient selection, especially
with reference to age; ECOG score; and PCI, is necessary to improve treatment
outcomes.
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Carlo Vallicelli, Simone Sibio, Maurizio Cardi, Davide Cavaliere,
and Giorgio Maria Verdecchia

15.1 Introduction

The combined procedure of cytoreductive surgery and chemohyperthermic
intraperitoneal perfusion with antiblastic solutions (CRS plus HIPEC) is a
promising approach to the treatment of peritoneal carcinomatosis (PC).
Experienced surgical skills and multidisciplinary team working are required to
perform this complex and integrated procedure in dedicated surgical oncology
units of highly specialized centers. Ongoing and future studies will be able to
suggest this as the next standard of care for many patients with PC. This prom-
ising landscape emphasizes the importance of standardizing procedures, provid-
ing adequate technology and treatment centers, and increasing surgeons’ learn-
ing curve and awareness of the results of this procedure. Common protocols are
needed to ensure the maximum organizational efficiency and safety in the oper-
ating room (OR). Centers at which this type of treatment is performed began to
elaborate personal protocols and opened the way to such work.

Furthermore, CRS plus HIPEC is a very expensive procedure, and the hos-
pital discharge form does not adequately evaluate its economic component.
Therefore, hospitals treating patients with PC must bear this economic deficit.
Study protocols involving multiple experienced centers are needed to improve
evidence in the literature regarding CRS plus HIPEC results.

C. Vallicelli (P<)

Department of Surgery and Advanced Oncological Therapies,
“G.B. Morgagni- L. Pierantoni” Hospital,

Forli, Italy

e-mail: carlovallicelli@hotmail..it

A.Di Giorgio, E. Pinto (Eds), Treatment of Peritoneal Surface Malignancies, 215
Updates in Surgery
DOI: 10.1007/978-88-470-5711-1_15, © Springer-Verlag Italia 2015



216 C.Vallicelli et al.

15.2 Accredited Centers

The combined procedure of CRS plus HIPEC requires a high level of scientific
knowledge and proven surgical skills. Furthermore, the complexity of the proce-
dure demands integrated postoperative care. Therefore, patients with PC must be
treated in qualified centers. Surgeons who treat these patients must attain a spe-
cific learning curve, as must all personnel involved in the patient’s care.
Enhancing the cultural background and practical experience of a center and
achieving overall excellence, including in terms of organization, is mandatory for
successfully performing such complex procedures. Glehen et al. report data col-
lected from a multi-institutional study (25 institutions) related to a curative treat-
ment of 1,290 patients with PC from nonovarian origin using CRS plus HIPEC.
The authors noted that surgical center greatly affects not only survival but also
morbidity and mortality rates. The study found that center environment is an
independent predictor for postoperative complications (p < 0.0001) and influ-
ences prognosis: institutions or centers in which practitioner experience exceeds
7 years produce better survival rates (p < 0.001) [1]. Surgical studies of major sci-
entific relevance come from high-volume-activity centers [2-5]. Efficiency and
efficacy of centers treating peritoneal surface malignancies (PSM) are also based
on availability of advanced technologies and multidisciplinary teamwork.
Hospitals that attain a high level of trained experience must be considered as
referral centers (hub units) by other local or national hospitals in order to ensure
standardized and verified treatment protocols and avoid local differences in treat-
ment delivery. Data collection from hub centers in national shared databases is
highly recommended to enrich single-center experiences and to match results.
Appropriate health-care planning by regional or local authorities is needed to pro-
mote strategic integration in clinical and oncological networks and to improve
activity volume and quality in accredited PSM treatment centers.

15.3  Treating Peritoneal Carcinomatosis

Treating primary or secondary PC from ovarian (OC), colorectal (CRC), gastric
(GC) cancers, and cancer of other origins is a relatively young experience com-
pared with other well-standardized surgical procedures. Significant skills and
standardized working protocols can be gained after the first 100 procedures:
Approximately 140—150 cases are deemed to be necessary for the treating physi-
cian to acquire competence in CRS plus HIPEC with adequate radicality and
acceptable safety; 80—100 cases are also deemed necessary to assure short-term
prognostic gains in rare PSM [6]. Health-care personnel, both physicians and
nurses, involved in this procedure must be adequately trained and qualified
through internships in specific centers with proven experience. A multidiscipli-
nary surgical oncological approach to PC is essential, because treatment requires
a strictly integrated collaboration between surgeon and oncologist, who togeth-
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er must coordinate all treatment phases and the other involved specialists.
Multidisciplinary meetings in which each individual case is studied and dis-
cussed and in which the patient must also be involved are mandatory to reach the
correct therapeutic decision. Patient participation to the final strategy workup is
essential because only very close cooperation ensures patient compliance to
what are sometimes very long-lasting and intensive treatment protocols. A close
relationship and awareness must exist among units (anesthesiology, medical
oncology, intensive care, surgery, pathology, pharmacy) in the same hospital.
The choice of chemotherapeutic drug is based on primary cancer type. Specific
programs calculate the dose and perfusate volume based on the patient’s body
surface area (BSA). Preparation and delivery of these items by the hospital phar-
macy is subject to confirmation by the surgical team according to cytoreduction
score obtained from results of surgery [7, 8]. Data must be carefully collected
from patients and procedures and should always include personal identification
data; surgical procedure [date, duration, Peritoneal Cancer Index (PCI),
Completeness of Cytoreduction (CC) score, number and type of surgical proce-
dures, number of anastomoses performed, whether or not an ostomy was creat-
ed, previous surgery for laparoscopy staging]; the primary neoplasm; post-
surgery recovery (length of hospital stay, grade of any complications, relative
treatment); follow-up (adjuvant therapy, global survival rate, disease-free sur-
vival rate, relapse, treatment). If possible, chemosensitivity tests are useful [9].
Standardized, optimized preoperative patient assessment protocols are
mandatory and must be evaluated with other specialists and units in every hos-
pital. In recent years, PSM centers have established dedicated, well-standardized
preoperative diagnostic and assessment methods for treating these patients.
Diagnosis and treatment start in the centralized surgical day service.
Preoperative evaluation includes blood count and blood chemistry, including
renal function and tumor markers. Full-body computed tomography (CT) with
integrated positron emission tomography (PET) scan and—on a case-by-case
basis—abdominopelvic magnetic resonance imaging (MRI) and gastrointestinal
(GI) endoscopy are performed. Laparoscopic staging and PCI assessment are
highly recommended before surgery. Heart and respiratory functions are careful-
ly evaluated, and an echocardiogram is always performed. If necessary, psycho-
logical support is also provided. When needed, and enterostomy specialist pro-
vides adequate support to guarantee ostomy toleration and autonomous manage-
ment by the patient. The day before surgery, bowel preparation is achieved.
Specific antibiotic and antimycotic prophylaxis must be delivered to the
patient before surgery, and specific protocols have been developed in agreement
with infectious disease specialists. The following drugs are administered on the
day prior to surgery: fluconazole 400 mg orally, Ceftazidime 2 g IV at 8 a.m. and
8 p.m., metronidazole 500 mg at 8 a.m. and 8 p.m., colimycin 2 million IU three
times a day, tobramycin 75 mg three times a day. On the days of surgery and
after surgery, the following is administered: fluconazole 400 mg, ceftazidime 2
g at 8 a.m. and 8 p.m., metronidazole 500 mg four times a day. Prophylaxis for
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thromboembolic injury includes low-molecular-weight heparin (enoxaparin
sodium 4,000 IU) administered on the eve of surgery and continued for 30 days
after discharge. While still in the OR, the patient is fitted with intermittent-pres-
sure compression boots, which will be removed when the patient is mobile. At
least 4 U of blood and 3 U of plasma must be available for the procedure.

On the day of surgery, preoperative preparation includes central venous
catheter (CVC) placement and bilateral mono-J ureteral stent placement when the
pelvis is massively involved and upstream ureter lumen dilated, especially in
patients with OC. Ureteral stents are removed after surgery. During surgery, in
addition to antibiotics provided by the protocol, methylprednisolone 4 g is admin-
istered [10]. CRS includes multiple visceral resections and peritonectomies con-
ducted according to Sugarbaker criteria [11, 12]. Immediate postoperative care
includes an initial stay in the intensive care unit (ICU) for at least 24—72 h. The
patient receives hypercaloric total parenteral nutrition by CVC and/or enteral
nutrition when needed. All patients are assessed by the clinical nutrition service to
create a tailored diet. Respiratory physiotherapy is begun early. The patient enters
a medical and oncological treatment follow-up of at least 5 years.

15.4 HIPEC: Perioperative Procedure and Safety

We developed a checklist to improve patient safety and reduce perioperative
morbidity and mortality rates [13] by adapting government guidelines to the
specificity of CRS plus HIPEC because of surgical complexity and duration.
Complexity pertains to the surgical procedures connected with peritonectomy
and the integrated locoregional treatment, which requires using different surgi-
cal devices. Duration may entail a personnel change because of shifts. This
requires creating and using a checklist of specific questions during the sign-in
and time-out phases and documenting that the information is passed on to the
next shift in the OR. Therefore, gauzes and surgical instruments are counted at
the end of the cytoreductive procedure, before perfusion and when anastomoses
are performed after HIPEC, before laparotomy suture. Sign out is essential. It is
the third and the last phase in the checklist, the phase in which information is
passed to personnel who will treat the patient in the postsurgical phase. Any
problems in the performance of major surgical devices in CRS plus HIPEC are
reported. Therefore, testing the perfusion device the night before is essential.
Several perfusion techniques have been described in relation to HIPEC, but
the most frequently used are the open and closed coliseum techniques [14].
During HIPEC, it is mandatory to monitor temperature continuously to adjust
the incoming temperature and perfusate volume. Perfusion duration and
chemotherapy drug type depend on the patient’s diagnosis; contemporary
administration of kidney-function-preserving drugs, such as amifostine, may be
useful [15]. Maintaining the patient’s thermal homeostasis during the entire sur-
gery, particularly during the HIPEC phase, is of critical importance. Following
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HIPEC induction, heat loss must be reduced using low-flow fresh gas and
actively warming up the patient by infusing heated liquids and using a thermal
drape. Thirty minutes prior to hyperthermic perfusion, active warming up is sus-
pended. During hyperthermic perfusion, if needed, the patient’s temperature
may be lowered with a refrigerated helmet, cold infusions, and refrigerated
packs placed on the carotid arteries. If body temperature reaches 38°C, the sur-
gical team is alerted; at 40°C, suspending the procedure is mandatory. The
closed technique is preferred for a more uniform thermal conservation, the need
for fewer personnel, minimizing environmental exposure to chemotherapeutic
drugs and fumes, for increasing tissue drug penetration, and distribution provid-
ed by perfusate pressure.

Despite many centers preferring the coliseum technique for optimal thermal
consistency and spatial distribution [16, 17], there is no general agreement or
guidelines regarding this issue. One of the disadvantages of the open technique
is that the open abdomen inevitably causes heat dissipation, making it more dif-
ficult to reach hyperthermia with high temperatures. Also, surgical personnel are
more exposed to the chemotherapy drug, although no trial has reported an
increased risk of drug exposure [18-20]. Regardless, there is the clear need to
implement all possible precautions to avoid any environmental or personnel
contamination. Precautionary measures must be taken in preparing the operating
theater. We use nonwoven fabric towels and disposable Mayor pillowcases. A
Steri-Drape is positioned to prevent the patient’s skin coming into contact with
the chemotherapy drug. Before starting the HIPEC procedure, a fluid-collection
bag is placed under the drainage tubes. The scrub nurse and operating-room
nurse perform a partial count of gauzes and surgical instruments, cover the serv-
ing trays with disposable towels, and ensure that all personnel in the OR are
wearing protective gowns.

HIPEC in the open modality is performed by one of the operating surgeons.
Other personnel are positioned away from the surgical table. If perfusion lasts
longer than 30 min, the surgeon performing this procedure is replaced by anoth-
er. The surgeon performs intra-abdominal manipulation of the antiblastic mix-
ture wearing protection devices that include nonwoven fabric disposable head
covering and footwear, goggles with side protection, filtering face mask, dispos-
able sterile gown with reinforced sleeves and front, disposable closure, dispos-
able sterile long-sleeve gloves, all of which must be free of dust, deproteinized,
and be specific for antiblastic handling. The surgeon performing the procedure
wears two pairs of gloves, which are replaced every 30 min. Environmental pro-
tection devices include the Coliseum cover in PVC to create an artificial
enclosed chamber. In our center, we routinely use an electric scalpel connected
with a suction system during the entire cytoreductive phase and a fumes aspira-
tion system during the entire abdominal chemotherapy perfusion. We use a dis-
posable, single-patient filter. Therefore, the fumes aspirator placed close to the
Coliseum cover draws the vapors from the antiblastic mixture that comes up
from the laparotomy. The fumes aspirator is enough in terms of environment
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Table 15.1 Common recommendations for operating room safety during hyperthermic peritoneal
chemotherapy (HIPEC)

Procedural safety recommendations

Surgical field Use of disposable drapes (not textile cloth)
Operating room Closed door, access restriction, prevent of possible spills
Caregivers Disposable impervious gown and shoe covers; double gloves,

the outer to be changed every 30 min; eye goggles;
high-power filtration mask

Environment Ventilation, smoke evacuator over surgical field

Residue Rigid dedicated containers during and 48-h after HIPEC

protection because the vapors of the antiblastic drug rise to < 5 cm from the edge
of the cut. At the end of the procedure, the remaining chemotherapy drug is dis-
posed of in a closed-circuit system or by aspirators equipped with a disposable
container. The residue, including antiblastic material and the final flush, are dis-
posed of in ad hoc containers. OR personnel who are not involved in chemother-
apy perfusion never come in contact with devices and/or substances containing
antiblastic medication.

Following HIPEC, patient blood and body fluids are considered contaminat-
ed for 48 h. Body fluids and postsurgery drain fluids are treated with the same
precautions used during the procedure. Drainage and urine collection bags are
disposed of in ad hoc containers. In case of accidental personnel contamination,
protocols provide for specific procedure and emergency response is determined
if chemotherapy drug diffusion occurs. The OR is equipped with an emergency
kit containing all that is needed to safely remove the chemotherapy drug and
reclaim the environment. Environmental and biological sampling to determine
the presence of antiblastic chemotherapy drugs from items such as gloves, air,
urine, or blood of OR personnel may be considered in order to determine the
safety of working conditions.

Many recent studies contributed to confirm that chemotherapy exposure dur-
ing CRS plus HIPEC is absent or of acceptable limkits according established
safety standards in the United States and Europe [20-22]. Recommendations
regarding OR safety during HIPEC reported by Gonzales Moreno et al. [23] may
useful and are summarized in Table 15.1.

15.5 Costs

The International Classification of Diseases, 9th revision, Clinical Modification
(ICD-9-CM) does not include the many surgical procedures distinctive of peri-
tonectomy, except visceral resections. Neither does it include coding for abdom-
inal-cavity hyperthermic perfusion with antiblastic drugs. Therefore, the
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Hospital Discharge Form, a data-collection tool for patients discharged from
public and private health-care structures in Italy, does not adequately evaluate
the economic commitment of CRS plus HIPEC. Furthermore, the form reports
no more than six procedures, and in many cases, it is difficult to prioritize pro-
cedures, which most of the time exceed six. In specialized literature, interest in
HIPEC costs is significantly lower than interest in its medical outcome, although
issues concerning this matter have been raised in recent years. Baratti et al. [24]
assessed the cost of > 380 CRS plus HIPEC procedures performed at the Milan
National Cancer Institution from 1995 to 2008, comparing it to reimbursement
obtained in the last 2 years. The authors calculated that the average cost for each
individual hospitalization was €36,015.89 (range €28,435.24-82,189.08), with
a total cost in 2007-2008, of €2,665,185.29. Total reimbursement in those 2
years was €804 ,483.30, resulting in a loss of €1,861,301.99. It is therefore clear
that in Italy, a project for treating PC does not receive adequate financial and
institutional support.

In fact, the Italian Classification of Diagnosis-Related Groups (DRGs) does
not include CRS or HIPEC. Therefore, hospitals that treat patients with PC must
bear this economic deficit. We analyzed the costs in our hospital and determined
the cost of the material needed for CRS was €2,792.51 per procedure (without
considering staplers), for a diagnostic laparoscopy was €553.14, and for the kit
for a single HIPEC procedure was €1,098. Considering mean operative times,
the cost of OR personnel (surgeons, anesthesiologist, nurses) was €3,434.12.
Moreover, the cost of the OR itself, excluding personnel, and the sterilization
procedure was €2,048.86. Evaluating mean ICU and hospital stay, the cost was
€13,247.45 per patient. Finally, the cost of preoperative examination of each
patient was €1,229.45. The hospital must assume this economic deficit. In
France, where the health system is similar to Italy, a similar test was conducted
[25]. The authors calculated that the average cost for a single hospitalization was
€39,358 (costs for HIPEC administration were excluded). Reimbursement from
the health system was €20,485 on average, with a loss of €18,873 per patient.
Over a period of 2 years, the deficit was €1,400,000, which is significantly
lower than the deficit calculated for Italy. Costs are closely connected to surgery
but also to the duration of the hospital stay and therefore to any postoperative
complication [25].

The CRS plus HIPEC technique is sometimes criticized, despite expanding
scientific evidence of its value, because of its high costs. An Australian analysis
[26] compared the cost of CRS plus HIPEC with the cost of lifetime palliative
care for PC patients. The analysis of the cost per life-year saved allowed the
authors to consider HIPEC as a cost-effective treatment for patients with PC
from appendiceal tumor, CC, pseudomyxoma peritonei (PMP), and malignant
peritoneal mesothelioma (MPM), and possibly also from other etiologies. Cost
analyses also emphasize the need to centralize treatments in tertiary referral cen-
ters. In analyzing the per CRS plus HIPEC procedure costs for PC from
advanced OC origin in centers with more or less experience, Bristow et al. indi-
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cated that there is an incremental cost-effectiveness ratio of US $17,149 per
quality-adjusted life year gained with referral to an experienced center [27].

15.6 Data Collection and Study Protocols

HIPEC is now the standard of care in treating PMP, MPM, and CRC with limit-
ed peritoneal involvement [28]. With regard to colorectal carcinomatosis, there
are different attitudes in international guidelines: the US National Cancer
Institute (NCI) does not even mention HIPEC among treatment options, where-
as French guidelines recommend it. An ongoing randomized trial, protocol IOV-
CAR-CRC-1-2012, in Italy evaluates the role of CRS plus HIPEC compared
with systemic chemotherapy in resectable CRC PC. HIPEC is in the evaluation
phase for PC from OC and GRC, but it is probably useful in particular settings
[28]. Two ongoing trials in Italy are evaluating the effectiveness of CRS plus
HIPEC in PC from OC: The CHORINE study (Cytoreduction and HIPEC in the
treatment of OvaRIaN cancer) is a prospective randomized trial that evaluates
stage III unresectable epithelial ovarian/tubal cancer with partial or complete
response after first-line neoadjuvant chemotherapy with three cycles of carbo-
platin (CBDCA) and paclitaxel. The trial compares CRS versus CRS plus
HIPEC, both treatment modalities being followed by three cycles of CBDCA
and paclitaxel. The Italian Hyperthermic Intra-peritoneal Chemotherapy in
Ovarian Cancer Recurrence (HORSE) trial is a prospective randomized study
that compares CRS with or without HIPEC in the first recurrence of OC, if plat-
inum sensitive. Further trials are necessary to improve evidence.

Most trials supporting the importance of CRS plus HIPEC are multi-institu-
tionally based [29-35]. This indicates the importance of study protocols for data
collection. A protocol must be adequately organized, structured, and shared by
the various participating centers. The objective is to evaluate what impact this
treatment has on patient survival in terms of disease-free (DFS) and overall (OS)
survival. A fundamental and specific element of the HIPEC research protocol is
timing the investigation of the procedure. For example, in order to assess the
effectiveness of CRS plus HIPEC in patients with OC, this therapy may be stud-
ied in the various stages of the cancer’s natural history. Patient inclusion and
exclusion criteria for the study must be shared among the various centers.
Sampling size required to achieve the specified objectives must be established.
Therefore, the minimum number of cases each center has to present for data col-
lection should be established. Data to be reported and made available in the
patient’s medical history file must be established and shared. Presurgery data
(past treatment, histological diagnosis, any relapse), intrasurgery data (PCI, CC
score, procedures performed, chemotherapy drug used for HIPEC), and post-
surgery data (morbidity and mortality, follow-up) must be assessed.

The informed consent issue is of critical importance. Patients must be provid-
ed with a thorough oral explanation and with written documentation. The patient
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must be fully aware of the study objectives and the reason he/she was selected to
be enrolled. Enrollment shall take place only after the informed consent is signed,
and all patient agreement must be on a voluntary basis. It must be specified that
if the patient does not want to be enrolled in the study, he/she will still receive the
best possible medical treatment based on available scientific evidence. Data con-
fidentiality must be guaranteed, and it must be made clear to the patient that the
study protocol was assessed and approved by an ethics committee.
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16.1 Introduction

Pseudomyxoma peritonei (PMP) is a rare, low-grade, peritoneal malignancy
predominated by mucus, with an estimated incidence of two to three cases per
million people per year [1]. Werth, in 1884, first described PMP as a rare,
unusual reaction of the peritoneum to a jelly-like substance, looking like a
myxoma, in relation to an ovarian neoplasm [2]. In 1901, Frankel described
PMP associated with an appendiceal cyst [3], but the first description of a
benign mucocele of the appendix was reported by Rokitansky in 1842 [4].

PMP is thought to originate in most cases from the rupture of an appen-
diceal mucinous neoplasm. It is characterized by the slow and progressive
extracellular accumulation of mucin and epithelial mucin-secreting cells in the
peritoneal cavity; over time, this syndrome results in massive symptomatic dis-
tension and associated mechanical and functional gastrointestinal obstruction
[5]. Experimental studies by Cheng et al. illustrate that obstruction of the
appendix by tumor is necessary for PMP development. The authors created
appendiceal mucoceles in rabbits by ligation only, with sterile perforation, and
the rabbits did not develop PMP [6, 7].

The pathogenesis of PMP has long been debated: mucinous adenocarcino-
ma originating from large bowel, ovary, or other intra-abdominal sites may
mimic PMP [8]. Synchronous ovarian metastases are not uncommon, and PMP
of appendiceal origin can be confused with primary ovarian cancer [9].
Immunohistochemical [10], genetic [11] and pathological [12] studies now
provide substantial evidence that in the vast majority of cases, the appendix
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can be identified as the origin [11, 13]. Immunohistochemical markers creati-
nine kinases CK7, 18, and 20 may be useful to distinguish primary ovarian neo-
plasms from metastases by determining their intestinal origin: in PMP,
immunoreactivity is particularly positive for CK18 and 20, whereas CK7 is
mostly negative [14—17]. CK20, caudal type homebox trascription factor — 2
(CDx-2), and MUC-2 expression seems to be correlated to prognosis [18]. True
PMP of ovarian origin has been associated with mature cystic teratomas and is
often associated with CK7-positive reaction [19, 20].

16.2 Definition

In 1996, Sugarbaker strictly defined PMP as a grade 1 mucinous adenocarcino-
ma arising from an adenoma of the appendix [5, 21]. However, within the
pathology literature, there was early recognition that the clinicopathologic enti-
ty of PMP could be classified into subtypes with different clinical outcomes and
histopathologic findings. Ronnet and colleagues proposed a classification dis-
tinguishing disseminated peritoneal adenomucinosis (DPAM), arising from a
primitive adenoma of the appendix, from peritoneal mucinous carcinomatosis
(PMCA), arising from an appendicular adenocarcinoma of the appendix.
DPAM represents the classic PMP, with paucicellular mucinous ascites and an
indolent clinical course; PMCA has a higher percentage of overtly malignant
cells and poorer prognosis. A refined system, in which PMCA was further
divided into PMCA and PMCA-I (intermediate), subclassified carcinomas into
lesions that would behave more like traditional colorectal cancer (PMCA) and
those more likely to have a progressive indolent course (PMCA-I) [12].
However, Ronnett’s classification is to date the most frequently used and is
reported in the majority of papers in the literature. Most recent purposed clas-
sifications are, at least, simplified models: Misdraji et al. classified appendiceal
mucinous tumors into low-grade appendiceal mucinous neoplasms (LAMN)
and high-grade mucinous adenocarcinomas (MACA) [22]. In 2009, Renehan et
al. purposed a classification for precursor lesions of disseminated PMP, the so-
called LAMN, subcategorized into LAMN-I (disease confined in the appen-
diceal lumen), and LAMN-II (Fig. 16.1) (disease in the appendiceal wall or
periappendiceal tissue) [23]. In 2010, the American Joint Committee on Cancer
(AJCC) and the World Health Organization (WHO) divided PMP into high-
grade or low-grade MACA on the basis of the grade of the epithelial cells with-
in the peritoneal mucin [24, 25]. Two particular subsets of disease are repre-
sented by signet-ring-cell tumor and goblet-cell carcinoids of the appendix.
Those two entities are, in the majority of cases, considered to behave similarly
to high-grade tumors, and aggressive treatment is usually recommended [22,
26, 27].
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Fig.16.1 Perforated appendiceal tumor [low-grade appendiceal mucinous neoplasms (LAMN II)]

16.3 Clinical Features

PMP usually manifests with the characteristic jelly belly (Fig. 16.2) appear-
ance, represented by the advanced stage of disease, when most of the abdomen
is filled with mucinous ascites and tumor. In fact, cancer cells deposit through-
out the entire peritoneal cavity, in contrast to nonmucinous colorectal cancer,
where the first metastases are often found near the primary tumor [28]. This
kind of presentation can be explained by the so-called redistribution phenome-
non consisting of a dissemination pattern associated with intraperitoneal fluid
current and gravity. The mobility of the small bowel probably explains why
mucus and tumor cells adhere significantly less frequently at these sites, in con-
trast to more fixed parts, such as antrum, ileocecal region, and rectosigmoid,
which are usually massively surrounded by mucus. Usually, patients at this
stage present abdominal distension and pain related to obstruction due to the
excessive amount of mucinous material. PMP can also manifest with localizing
symptoms mimicking acute appendicitis. In female patients, the initial symp-
toms may be pelvic pressure and palpable ovarian masses. In some cases, muci-
nous aggregates are discovered incidentally in surgical specimens, such as her-
nia sacs, thus necessitating the search for the primary neoplasms [29].
Hematogenic or lymphatic dissemination of PMP tumor cells is rare [5, 30-36]
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L :
Fig. 16.2 Disseminated peritoneal adenomucinosis [DPAM (jelly belly)]

16.4 Diagnosis

Most patients will have increases in serum tumor markers carbohydrate antigen
(CA) 199, and carcinoembryonic antigen (CEA), which are useful for both
diagnosis and, above all, managing treatment efficacy and recurrence following
therapy [37]. Many studies report that preoperative CEA and CA-19.9 levels are
useful in predicting disease extent (peritoneal cancer index [PCI]) and surgical
success, as well as progression-free (PFS) and overall survival (OS) in patients
treated with cytoreductive surgery and hyperthermic intraperitoneal chemother-
apy (HIPEC) [38—40] CA-125 is not widely used as a tumor marker for PMP, as
it is known to be elevated in a range of benign and inflammatory diseases, thus
influencing its specificity. The diagnostic sensitivity of CA-125 for PMP has
been examined and approached 60% [41]; the elevated value of this tumor mark-
er seems to be predictive of completeness of cytoreduction and disease-free sur-
vival (DFS) [18, 40, 42]. Imaging by ultrasound (US) can be misleading,
because the paucicellular mucinous ascites resemble free intraperitoneal fluid
[37]; in this case, computed tomography (CT) may be more helpful in preoper-
ative planning by demonstrating the extent of disease. Magnetic resonance
imaging (MRI) is scarcely described [43]. Positron emission tomography (PET)
in combination with CT might be useful for predicting peritoneal metastasis of
high-grade cases [44].
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Explorative laparoscopy is an important tool in the diagnosis process: it pro-
vides a wide view of the entire abdominal cavity without a large laparotomy, and
it may be helpful for definitive histological diagnosis of PMP in patients in whom
a primary disease site is not identified. Moreover, laparoscopy allows detection
of peritoneal dissemination and establishing ileus involvement from carcino-
matosis, which may contraindicate a further laparotomy with curative intent.

16.5 Treatment

Although tumor masses of PMP are often not locally invasive, the mucin is
locally destructive. PMP was once treated by iterative debulking operations,
which attained unsatisfactory results. Relapses occurred in most cases, and
repeated surgeries were more challenging when the disease progressed and scar-
ring, adhesions and distortion of the anatomy developed [45]. A recent study
reported the outcome differences between debulking surgery and CRS, both fol-
lowed by HIPEC, in patients with PMP: CRS and HIPEC were the most efficient
treatment modalities, even though associated with a higher morbidity [46].

A serial debulking protocol in patients with limited low-grade appendiceal
PMP resulted in a 10-year overall survival of 21-32% [47-49]. Patients with
adenocarcinoma who underwent debulking surgery were reported to have a 5-
year survival rate of 6% [50] associated with a 30-day postoperative mortality
rate of 2.7% [47].

As a result of pioneering work by Sugarbaker, CRS associated with HIPEC
have become the mainstays of treatment for PMP [51]. The aim of surgery is
complete cytoreduction, as described by Sugarbaker [52], which involves up to
six different peritonectomies in combination with visceral resections to remove
all macroscopic tumor or, if this is not possible, to leave tumor deposits <2.5
mm [53]. HIPEC attempts to eliminate microscopic residual disease; complete
cytoreduction is attempted, especially at the first operation, as intraperitoneal
chemotherapy is used selectively in patients who are able to undergo complete
or near-complete surgical cytoreduction.

Chemotherapeutic agents, dosage, temperature, and duration of intraperi-
toneal chemotherapy have not been subject to randomized trials but have been
chosen according to knowledge regarding agents’ intraperitoneal pharmacoki-
netics. The commonly used intraoperative agents are mitomycin C (MMC), cis-
platin, 5-fluorouracil (5-FU), or a combination of these, usually administered
for 30—120 min [54]. For early postoperative intraperitoneal chemotherapy
(EPIC), 5-FU, and cyclophosphamide are used for up to 6 days [53].

The cornerstone of successful PMP treatment is represented by correct diag-
nosis and appropriate treatment. Repeated debulking surgery in misdiagnosed
disease, often associated with systemic chemotherapy and especially when per-
formed for low-grade malignancies, leads to progressive decrease in intention-
to-treat cytoreductive surgery plus HIPEC. Thus, it is mandatory to refer sus-
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pect or certain PMP to a trained center. In fact, despite this treatment strategy,
the disease, especially if arising from high-grade primary tumors, may recur:
early detection of relapse may provide the opportunity for a further complete
CRS plus HIPEC, which may prolong survival [55].

16.5.1 Hyperthermic Intraperitoneal Chemotherapy (HIPEC)

There are two main procedures by which to deliver HIPEC: the open-abdomen
technique described by Sugarbaker (coliseum technique) and the closed
abdomen technique [56]. No significant differences in terms of results between
the two techniques are reported in the literature.

Originally, we perform a semiclosed HIPEC technique (using the computer-
assisted perfusion system PERFORMER HT, Rand), which avoids exposing
surgical personnel to chemotherapeutic drugs and could reduce the dissipation
that occurs with the coliseum technique, allowing the surgeon to mix the per-
fusate solution and visually check the peritoneal cavity [57]. The protocols we
use are based on administering cisplatinum (CDDP) 100 mg/m? plus MMC 16
mg/m? at a temperature of 41.5° C, or MMC as single drug at 35mg/m? for 60
min at a temperature of 40.5°C, according to the Netherland protocol [58].

16.6 Results
16.6.1 Literature Analysis

Recent evidence suggests that optimal surgical resection (complete cytoreduction
if possible) combined with HIPEC is the most fundamentally based strategy for
treating PMP. Although this treatment is still associated with a major risk of mor-
bidity, the increase in survival may be acceptable when proposing an alternative
to debulking procedures alone. As presented in a recent meta-analysis on the
improved survival rate of patients with PMP receiving cytoreductive surgery and
HIPEC, the mean mortality rate was 3.75 (median 2.45). The mean and median
morbidity reported were 35.75 and 40.0, respectively. Mean 3-, 5-, and 10-year
survival rates were 77.18%, 76.63%, and 57.3%, respectively. Median 3-, 5-, and
10-year survival rates were 77.85%, 79.5%, and 55.9%, respectively [59]. In
Tables 16.1 and 16.2, the most recent and significant studies and related results
in terms of outcome and postoperative complications are reported.

16.7 Our Experience

In our Institution, from 1995 to December 2013, ~800 operations for peritoneal
carcinomatosis were performed, and in 350 cases, surgical cytoreduction asso-
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Table 16.2 Morbidity and mortality of cytoreductive surgery combined with perioperative
intraperitoneal chemotherapy for pseudomyxoma peritonei

Study [Reference] Procedure Morbidity (%) Mortality (%)
Robella et al. (De Simone) 2013 [60] HIPEC 52.5 0
Arjona-Sanchez et al. 2013 [61] HIPEC 184 0
Chua et al. 2012 [62] (multicentric ) HIPEC 24 2
Sorensen et al. 2012 [63] HIPEC-EPIC 24

Chua et al. 2011 [64] HIPEC-EPIC 44 1
Youssef et al. 2011 [65] HIPEC-EPIC 7 1,6
Elias et al. 2010 [66] (multicentric) HIPEC-EPIC 40 44
Alves et al. 2010 [67] HIPEC-EPIC 9 2
Baratti et al. 2009 [18] HIPEC 0.98
Vaira et al. 2009 [68] HIPEC 45 0
Elias et al. 2008 [69] HIPEC 67.6 7.6
Smeenk et al. 2007 [70] HIPEC 54 29
Bradley et al. 2006 [26] HIPEC

Gonzalez-Moreno et al. 2006 [71] HIPEC-EPIC

Sugarbaker et al. 2006 [72] HIPEC-EPIC 40

Smeenk et al. 2006 [73] HIPEC 54 3
Deraco et al. 2003 [74] (multicentric) HIPEC 14 14

EPIC, early postoperative intraperitoneal chemotherapy; HIPEC, hyperthermic intraperitoneal
chemotherapy

ciated with HIPEC were carried out. We operated about 200 patients presenting
PMP; 107 of those underwent CRS plus HIPEC. Inclusion criteria for the pro-
cedure were the following:

- Presence of tumor confirmed by histology or cytology;

- Patients aged between 18 and 72 years;

- Performance status (PS) <2 according to the Eastern Cooperative Oncology

Group (ECOG);

- No evidence of extraperitoneal disease;

- Absence of concomitant uncompensated cardiopulmonary, hepatic, renal,
and metabolic disease;

- No prior abdominal radiotherapy for carcinomatosis or over a wide abdom-
inal area.

Preoperative evaluation always included thoracic and abdominal CT scan to
stage peritoneal disease and exclude distant metastases; upper digestive
endoscopy and colonoscopy generally completed tumor staging. A careful preop-
erative evaluation of the patient’s general conditions was always performed and
included complete blood tests, electrocardiogram, cardiac US, and spirometry.

Follow-up data are available for 95 CRS plus HIPEC performed in 86 patients
(11 patients were excluded because follow-up was too short or they were lost).
With a median follow-up of 41.6 months (range 3—167 months), we reported a 5-
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and 10-year OS of 81.6% and 67.9%, respectively. Median OS was not reached
at 10 years. Five- and 10-year DFS were 61.5% and 45.8%, respectively, with a
median of 72 months. Morbidity was 37.9% (36/95), with a major complications
rate of 22.1% (21/95). Reoperations were required in 13.7% of cases (13/95),
with no perioperative deaths. Our results in terms of OS, DFS, morbidity, and
mortality rates are comparable with those reported in the literature.

Twenty-eight patients recurred (20 PMCA and 8 DPAM). Most patients
relapsed within 2 years (median 23.7 months). A reiterative CRS was per-
formed in 50% of cases, whereas eight patients were treated with a second
CRS plus HIPEC; one patient underwent a third procedure.

Tumor histology (p=0.02), PCI >20 (p=0.074), and previous systemic
chemotherapy (p=0.038) were identified in the univariate analysis as independ-
ent predictors for a poorer long-term OS. Preoperative systemic chemotherapy
(p=0.008) and PCI >20 (p=0.001) have a strong negative impact on DFS. In our
study, contrary to what is reported in the literature, complete cytoreduction
(CC-0 vs CC-1) had a nonstatistically significant impact on outcome. This
result may be due to our selection policy, as we do not perform HIPEC if a CC-
2 or CC-3 surgical cytoreduction is obtained. In our casuistry, only 13 patients
were CC-1; as a consequence, we did not report a statistically significant
impact on OS and DFS regarding this factor.

The main prognostic factors influencing OS and DFS reported in the litera-
ture are:

- PCI

- Treatment center

- Pathology grade (PMCA vs DPAM)

- Gender

- Use of HIPEC

- Prior systemic chemotherapy

- Major postoperative complications [62, 66].

16.8 Challenging Problems
16.8.1 Recurrence, Treatment, and Repeated CRS plus HIPEC

Despite a much-improved understanding in terms of biology and immunohisto-
chemistry of the disease, the impact of therapy is still incompletely understood;
relapses are not uncommon, even if complete surgical cytoreduction is per-
formed, and multiple operations are sometimes required. In the literature, iter-
ative cytoreductive surgery associated or not with HIPEC, presents encourag-
ing results associated with a complications rate comparable with the first pro-
cedure. In our experience, disease recurrence occurs within 2 years of CRS plus
HIPEC (23.7 months). Histology PMCA is related to relapse in most cases
(71.4%). We reported a morbidity rate of 50% (4/8); in one case, reoperation
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was required for bleeding, but no perioperative mortality was recorded. We
detected a 3- and S5-year OS of 77.5% and 34%, respectively (the abrupt
decrease is due to the death of two patients from other causes).

A comparable trend is described in the literature, and a long-term DFS is
distinctly uncommon, whereas a long-term OS is frequently reported. Some
authors reported that most patients recur within 2 years, but a further treatment
(CRS, associated or not with HIPEC; or systemic chemotherapy) is feasible,
with acceptable morbidity and mortality rates and encouraging outcome results
[59]. A paper by Chua [64] who enrolled 113 patients with low-grade PMP,
reported a recurrence rate of 41% associated with poor outcome results in early
recurrence (<12 months). It is remarkable that patients have been submitted to
CRS without repeated HIPEC.

16.8.2 Radiotherapy Treatment for Local Multiple Recurrence

In our experience, 4/28 patients who relapsed presented a repeated, single-site,
local recurrence. They were submitted twice to radical surgical removal of
relapse, but the disease recurred a third time, and they were treated with radio-
therapy at the relapse site. At a median follow-up of 9 months (range 3-13), all
four patients were alive without disease progression. In the literature, an inter-
esting paper reported using whole abdominopelvic radiotherapy in palliative
treatment for intestinal bowel obstruction caused by recurrent PMP, with reso-
lution of clinical symptoms for 24 months [75].

16.8.3 Treating Appendiceal Mucoceles

The so-called LAMN, divided into LAMN-I and LAMN-II, are often a chal-
lenging problem for general surgeons [23]. It appears reasonable, in our expe-
rience —and we found a validation in literature reports —to treat LAMN-I dis-
ease by appendectomy, associated with multiple peritoneal biopsies and peri-
toneal washing for cytological examination, histological examination of
appendiceal lymph nodes, and margins of resection. We must emphasize that
either laparotomic or laparoscopic appendectomy must be performed safely in
order to maintain appendiceal-wall integrity. In case of negative biopsies,
resection margins, cytology, and lymph nodes, appendectomy is to be consid-
ered curative.

LAMN-II must be considered a precursor lesion of PMP syndrome: in the
literature, an incidence of progression ranging from 22.2% [76] to 16.6% [77]
is reported. In order to avoid inappropriate treatment, those patients, if not man-
aged in emergency, must be treated in specialized centers. In fact, in these
cases, it is generally recommended to combine HIPEC and surgery. An increas-
ing aggressiveness in operative procedures is required, shifting from a LAMN-
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II tumor with negative lymph nodes, resection margins, and cytology that
requires appendectomy + HIPEC, to a perforated tumor with positive cytology,
resection margins, and lymph nodes, which requires right colectomy associated
with a peritonectomy procedure and HIPEC [76, 78—80].

16.9 Trial Reports

No randomized trials report significant evidence regarding the real effective-
ness of cytoreductive surgery vs. HIPEC. A single meta-analysis on the out-
come of PMP treated with CRS plus HIPEC only reported on some single-cen-
ter and three multicenter studies; there were no data regarding independent fac-
tors influencing results in terms of morbidity and long-term survival rates [59].
A phase-II study evaluating the role of MMC and capecitabine in patients with
advanced, unresectable PMP enrolled 40 patients and showed stabilization or
reduction of mucinous disease in half of the patients; 89% reported improve-
ment in their global health status [81].

16.10 Conclusions and Future Perspectives

From the reported data, some key points may be summarized:

1. Treating PMP with CRS plus HIPEC is more than a promising option and may
be considered the gold standard for treating this rare and complex disease;

2. Repeated surgical debulking of disease or systemic chemotherapy in misdi-
agnosed PMP or in DPAM disease decreases, at the least, the intention-to-
treat using CRS plus HIPEC;

3. Treating LAMN-II, and the particular features and rarity of PMP, strongly
suggest addressing suspected or diagnosed PMP patients to a specialized
referral center in order to ensure the optimal diagnostic and therapeutic
course to the patients and to collect data for statistical analysis and treat-
ment improvement;

4. Multicentric studies and randomized trials based on relevant clinical end-
points and appropriate control groups are necessary in order to achieve a
better understanding of the role of surgery in PMP; in consideration of the
rarity of this disease, collecting large series of patients treated in specialized
centers is necessary to provide useful information for further treatment
improvement, focusing not only on first-presentation disease but also on the
optimal management of recurrent disease;

5. Some case reports in the literature explore alternative or experimental treat-
ment options in peculiar situations:

a. Possible new role of adjuvant systemic chemotherapy (FOLFOX4) in the
treatment of PMP [82];
b. Potential applicability of ascorbic acid and hydrogen peroxide for
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mucolysis on compact mucin secreted in PMP [83];

c. Possible benefit of bevacizumab-based combination therapy in advanced
cases in order to achieve disease stabilization and clinical improvement [84];

d. Recent studies highlight the possible role of bacteria in PMP disease:
these data may support the hypothesis that adding antimicrobials to the
standard PMP treatment could improve patient survival [85];

e. Potential application of anti-inflammatory drugs that seem to inhibit
extracellular mucin production in PMP, decreasing compressive symp-
toms and increasing the disease-free interval [86].

In conclusion, immunohistochemical, genetic, and pharmacological studies

may help our understanding and improve outcomes of a particular subset of or
recurrent PMP. Also, it seems appropriate that when recognized and diagnosed,
patients with this rare disease be referred to specialized centers to undergo state
of the art treatment.
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17.1 Introduction

Diffuse malignant peritoneal mesothelioma (DMPM) is an exceedingly uncom-
mon tumor arising from mesothelial cells. Macroscopically, the disease is char-
acterized by thousands of small tumor nodules that grow to form plaques, mass-
es, or layers covering all peritoneal surfaces. DMPM has been considered a
pathological entity without effective treatment options until the 1990s, when
initial surgical experiences integrating cytoreductive surgery (CRS) with hyper-
thermic intraperitoneal chemotherapy (HIPEC) showed a significant impact on
patient prognosis [1-3]. These encouraging results prompted clinical and basic
science researchers to intensify their efforts in an attempt to identify new prog-
nostic factors and therapeutic targets to optimize patient selection for treatment
and therapeutic strategies. The translation of these advancements into clinical
practice will be the challenge for the coming years [4, 5]. Treatment guidelines
and investigational perspectives concerning DMPM were defined by the
Consensus Conference, Milan (4—6 December 2006) [6].

17.2 Epidemiology

Epidemiological, biological, and clinical behaviors of DMPM are different from
its better know and more frequent pleural counterpart. From the Surveillance,
Epidemiology, and End Results (SEER) program and European Cancer
Incidence and Mortality (EUROCIM) data [7, 8], age-standardized incidence
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rates among men range from 0.5 to approximately three cases per million popu-
lation. About 2,500 new cases of mesothelioma are registered each year in the
USA. Higher rates are reported in smaller areas with widespread past use of
asbestos, such as the harbor city of Genoa, Italy (age-standardized incidence in
men in 1995 was 5.5/1,000,000) [9]. According to recent epidemiological data,
a 5-10 % increase in annual disease-related mortality will be observed world-
wide until 2020. The disease has likely reached its incidence peak in the USA,
but in Europe and Australia, the peak is expected during this decade [10].

17.3  Etiology

The role of asbestos exposure in DMPM origin is not clear, as in pleural forms.
It was estimate that 58 % of men and only 20 % of women with DMPM had past
asbestos exposure [11]. Therefore, it has been suggested that disease etiology
may differ between sexes [12]. Since no asbestos exposure is documented in
about 20-40 % of patients with DMPM, it has been suggested that other factors,
such as Simian virus 40 (SV40), may be implicated as possible cofactors in
mesothelioma oncogenesis. Furthermore, observations gathered in Cappadocia,
Turkey, resulted in the hypothesis of a genetic susceptibility with an autosomal
dominant pattern [13, 14]

17.4 Diagnosis
17.4.1 Clinical Presentation

DMPM growth is characterized by peritoneal seeding, eventually leading to
death because of intractable ascites, bowel encasement, and bowel obstruction.
Patients are usually diagnosed at an advanced disease stage. In an Italian series
of 81 DMPM patients, the most frequent symptoms leading to diagnosis were
ascites, abdominal pain, and asthenia. Weight loss, anorexia, abdominal mass,
fever, diarrhea, and vomiting were less common; presentation with abdominal
hernia occurred in 13 % of patients and thrombocytosis with anemia in 73 %. In
about 25 % of female patients, diagnosis was triggered by nonspecific gynecol-
ogical symptoms [15].

Cytological examination of ascitic fluid is mostly nondiagnostic. In the
Washington Cancer Institute series, diagnosis of DMPM was made by fluid sam-
pling in none of 68 patients. In 44 % of patients, diagnosis was obtained by
laparotomy, in 52 % by laparoscopy, and in 4 % by ultrasound/computed tomog-
raphy (US/CT)-guided biopsy [12]. CT-scan is the preferred radiological tool for
disease staging and patient selection for treatment [16].
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17.4.2 Histology, Inmunohistochemistry, and Staging

According to the 2012 update of the Guidelines for Pathologic Diagnosis of
Malignant Peritoneal Mesothelioma of the Consensus Statement from the
International Mesothelioma Interest Group (iMIG), DMPM can be classified into
epithelial, sarcomatoid, and biphasic variants, analogously to the pleural form.
Histological subtypes are outlined in Table 17.1 [17]. Epithelial DMPM is further
classified by its predominant patterns: tubulopapillary, solid, deciduoid, stori-
form-like, fascicular-like, papillary, microcystic, and granular. Tubulopapillary
areas are sometimes difficult to distinguish from well-differentiated mesothe-
lioma. There is usually some degree of nuclear pleomorphism. [17, 18].

Sarcomatoid DMPM can show the histologic patterns produced by any soft-
tissue tumor. A mixture of sarcomatoid and epithelial components gives rise to
biphasic or mixed variants (Fig. 17.1), which are usually aggressive tumors.
Occasionally, sarcomatous areas may be markedly hypocellular, resulting in
small biopsy specimens being misinterpreted as reactive fibrosis [17, 18].

It must be emphasized that conventional pathological techniques have low
sensitivity and specificity in the diagnosis of DMPM. Thus, misdiagnosis
between neoplasms originating from other abdominal organs is relatively com-
mon. Therefore, immunohistochemical studies play an important role in the
diagnostic workup. In particular, DMPM must be distinguished from benign
reactive lesions and metastatic carcinoma. At present, a specific marker for
mesothelioma is not available, and diagnosis relies on the combination of posi-
tive [calretinin, cytokeratin (CK)-5/6, monoclonal antibody (MAb) D2-40,
podoplanin, mesothelin, and Wilms tumor-1 (WT1)] and negative [claudin-4,
carcinoembryonic antigen (CEA), MAbs MOC-31 and B72.3, and antihuman
epithelial antigen (Ber-EP4) markers [17].

Table 17.1 Diffuse malignant peritoneal mesothelioma (DMPM) types and subtypes

Types Subtypes Percentage

Malignant Epithelial 75
Tubulopapillary nonglandular (solid) 13
Sarcomatous 6
Biphasic (mixed) 6
Undifferentiated Very rare
Desmoplastic Very rare
Lymphohistiocytic Very rare
Small cell Very rare
Deciduoid Very rare

Borderline/low malignant Well-differentiated papillary Rare

Multicystic Rare
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Thyroid transcription factor 1 (TTF-1) can assist in distinguishing DMPM
from lung carcinoma, homeobox protein CDX-2 from colon carcinoma, and
cytokeratin (CK)-7 and paired-box (PAX)-8 from ovarian carcinoma or serous
papillary peritoneal carcinoma. Renal cell carcinoma marker (RCC-Ma) may be
helpful in establishing renal origin [19, 20].

Gathering data from eight international centers, a new tumor/node/metasta-
sis (TNM) staging system for DMPM was recently proposed. Peritoneal cancer
index (PCI) was categorized into T1 (PCI 1-10), T2 (PCI 11-20), T3 (PCI
21-30), and T4 (PCI 30-39). T1 NO MO was defined as stage I, T2/T3 NO MO as
stage II, and T4 and/or N1 and/or M1 as stage III. The 5-year survival associat-
ed with stage I, II, and III disease was 87 %, 53 %, and 29 %, respectively [21].

17.4.3 Serum Tumor Markers

Although mesothelin and osteopontin showed their potential usefulness in diagnos-
ing and assessing prognosis of pleura mesothelioma patients, no information is avail-
able for DMPM [22]. The clinical role of serum markers was studied in 60 patients
with DMPM treated at the Istituto Nazionale Tumori (INT) in Milan, Italy. Baseline
diagnostic sensitivity was 53.3 % for cancer antigen (CA)125, 0 for CEA, 3.8 % for
CA19.9, and 48.5 % for CA15.3 [23]. These data may help in the initial evaluation
of peritoneal tumors from unknown site of origin. When therapy response was
assessed, CA125 normalized after adequate CRS plus HIPEC in 21/22 patients with
elevated baseline levels. CA125 remained high in all patients with persistent macro-
scopic disease after surgery. Also, CA125 became positive in 12/12 patients with ele-
vated baseline levels, developing disease progression after adequate CRS plus
HIPEC. A borderline prognostic significance for baseline CA125 levels was observed
only in individuals not previously treated with systemic chemotherapy (sCHT).
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17.5 Treatment Results
17.5.1 Systemic Chemotherapy

In our institution, we investigated the role of SCHT in 116 DMPM patients treat-
ed with CRS plus HIPEC. No significant survival difference was seen among
three subsets of patients: (1) those treated by sCHT before CRS plus HIPEC
(n = 60), (2) patients who had sCHT after CRS plus HIPEC (n =30), and (3) the
group receiving no sCHT (n = 26). However, administration of platinum com-
pounds plus pemetrexed was related with a statistically significant borderline
survival advantage (p = 0.09) [24]. Even looking at other centers’ experiences,
no high-quality clinical data to define the role of sCHT in DMPM management
is available.

DMPM is a poorly chemoresponsive tumor. A systematic meta-analysis of all
prospective clinical trials published up to 2001 involving pleural or peritoneal
mesothelioma demonstrated that cisplatin was the most active single agent and
that cisplatin with doxorubicin was the most active combination in terms of
treatment response [25]. However, these results should be interpreted with cau-
tion, as comparisons were not made in a randomized framework.

In a German series and the pemetrexed expanded access program, DMPM
response rates were comparable with those observed for pleural disease [26,
27]. Other agents showing activity in DMPM are vinorelbine and gemcitabine,
either alone or combined with platinum compounds. In historical case series,
standard therapy with palliative surgery and systemic/intraperitoneally admin-
istered chemotherapy (IP-CHT) was associated with a median survival of ~ 1
year [4]. However, the hypothesis that chemotherapeutic drugs have limited
efficacy seems to be confirmed by the poor median survival, ranging from 9 to
15 months, observed in individuals affected by DMPM who receive sSCHT
alone [2].

17.5.2 Cytoreductive Surgery plus Hyperthermic Intraperitoneal
Chemotherapy

The 2006 Milan Consensus Conference on Peritoneal Surface Malignancies con-
cluded that the standard treatment of DMPM is based on the integration of CRS-
HIPEC and sCHT [6].

The aim of CRS is complete removal of all neoplastic implants from the
abdominal cavity, which is possible only by peritonectomy (PRT) procedures
and multivisceral resections. The pattern of DMPM dissemination implies com-
plete distribution on peritoneal surfaces, and most cases are diagnosed with
widespread tumor (Fig. 17.2). Also, microscopic disease is frequently identified
at pathological examination, even when no evidence of disease is noted at
macroscopic intraoperative examination. Therefore, we recommend complete
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parietal PRT for this disease [28]. Conversely, organ resections are indicated
only in case of their massive involvement.

With the aim of consolidating macroscopic CRS, locoregional treatment
allowing high peritoneal (and low systemic) drug concentration is used. This
procedure, HIPEC, combines the pharmacological advantage with moderate
hyperthermia. CRS is performed according to the technique originally described
by Sugarbaker, with minor variations [29, 30] (Fig. 17.3) HIPEC is performed
according to the closed-abdomen technique with cisplatin (45 mg/L perfusate)
and doxorubicin (15 mg/L perfusate) for 90 min at a temperature of 42.5 C,
based on a recent dose-finding study [31]. Perfusate volume is 4-6 L, and mean
flow is 700 ml/min. The extracorporeal circulation device, Performer LRT®
(RAND, Medolla, Italy), is used.

Analysis of published data allows us to conclude that median survival grew
from 12 months with sSCHT to 53 months with CRS plus HIPEC plus sCHT
[32-34]. In our institutional experience, postoperative quality of life (QoL) was
satisfactory, related morbidity and mortality acceptable, and financial cost-effec-
tiveness reasonable [35, 36].

According to our most recent study, median overall (OS) and progression-free
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(PFS) survival were 63.2 and 25.1 months in 108 patients undergoing complete
CRS plus HIPEC (residual tumor < 2.5 mm). The survival curve reached a plateau
after 7 years, suggesting that patients surviving > 7 years may be cured. Actual
cure rate was 19/39 patients with potential follow-up of 7 years (43.6 %) [37].

17.6  Prognostic Factors

In a large collaborative study, the most significant prognostic factors were
epithelial subtype, no node metastases, completeness of cytoreduction (CC), and
administration of HIPEC [33]. In pattern-of-failure analysis, the small bowel
was the site most commonly involved at recurrence; residual tumor > 2.5 mm
was the only independent risk factor for recurrence [38]. CC has consistently
been one of the most predominant prognostic factors. It is related to the extent
of peritoneal involvement and surgeon skill to remove all peritoneal disease
[1-3, 32-34]. Lymph node metastases are rare in DMPM but correlate with poor
outcome. This supports the necessity that any suspicious node be systematically
removed during the CRS procedure [32, 33].
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Biphasic and sarcomatoid histological variants are correlated with poor prog-
nosis, although their clinical utility as prognostic factors is limited by their rar-
ity [1]. Other pathological prognostic variables are nuclear/nucleolar size, depth
of tumor invasion, and mitotic count.

In the above-mentioned series, a Ki67-positive cell rate < 10 % correlated at
multivariate analysis with better OS and PFS [37]. The role of proliferative
index for prognostic stratification was confirmed in an exhaustive clinicopatho-
logical analysis by Deraco et al. (personal communication) using the technolo-
gy of tissue microarray (TMA), results of which were presented at the Ninth
International Symposium on Locoregional Cancer Therapies, Steamboat
Springs, CO, USA, 15-17 February 2014.

17.7 Molecular Biology

In DMPM, molecular and cellular mechanisms underlying the proliferative
potential and resistance to therapy are still poorly understood. The biology of
this disease has been thoroughly investigated by clinical and basic science
researchers at Milan INT during the last decade. It has been demonstrated that
p16 expression is frequently absent or reduced in patients with DMPM and that
EGFR overexpression is more common in peritoneal than in pleural forms.
However, no correlation with prognosis of overexpression of EGFR and matrix
metalloproteases (MMP)-2 and -9 was found in patients treated in our institu-
tion [39].

Telomerase activity (TA) is expressed in the majority of DMPM and nega-
tively impacts prognosis [40]. In DMPM specimens from 38 patients undergo-
ing various therapies; we assessed TA using the telomeric repeat amplification
protocol. The alternative lengthening of telomeres (ALT) mechanisms were
studied by assaying ALT-associated promyelocytic leukemia nuclear bodies.
ALT or TA alone was found in 18.2 % and 63.6 % of cases, respectively; both
ALT and TA were positive in two cases. In the overall series, TA expression was
significantly associated with disease relapse (p = 0.018) and cancer-related
death (p =0.045); ALT was not associated with outcome. In a subset analysis, the
prognostic relevance of TA was confirmed in patients uniformly treated by CRS
plus HIPEC.

Overexpression of cytoprotective factors, including survivin and members of
the inhibitors of apoptosis protein (IAP) family, were demonstrated by Zaffaroni
et al. [5]. Those authors analyzed DMPM proliferative and apoptotic features
and tested a survivin knockdown approach in a human DMPM cell line. DMPM
cells were transfected with small-interfering RNA (siRNA) targeting survivin
messenger RNA (mRNA). Survivin expression, growth rate, and ability to
undergo spontaneous and drug-induced apoptosis was measured, showing low
proliferation rates and poor apoptotic activity in DMPM cells. Survivin was
expressed in 91 % of cases and the other IAPs in 69-100 %. Transfection of
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DMPM cells with survivin siRNA resulted in a survivin inhibition, a time-
dependent cell-growth decrease, and an enhancement of spontaneous and drug-
induced apoptosis. These results suggest that survivin may be a potential target
for biological treatments in DMPM.

We demonstrated by in vitro experiments that nortopsentin heteroanalogs
inhibit cyclin-dependent kinase (CDK)-1 activity, reduce cell growth, induce a
concentration-dependent cell cycle arrest in the gap 2/mitosis (G2/M) phase,
increase apoptotic rate, and downregulate survivin in a DMPM cell line.
Additionally, the combined administration of nortopsentin heteroanalogs and
paclitaxel further increased the cytotoxic effect.

In surgical samples from 20 DMPM patients undergoing CRS plus HIPEC at
our center, Perrone et al. studied the expression of tyrosin kinase receptors
(TKR) and the status of TKR downstream pathways, with mTOR and its effec-
tors S6 ribosomal protein (S6), and 4E binding protein 1 (4EBP1), through bio-
chemical and mutational analysis and fluorescent in situ hybridization (FISH).
By immunoprecipitation/Western blot, activation/phosphorylation was shown in
90 % of cases for EGFR, 75 % for PDGFR[}, and 45 % of cases for PDGFRa.
In 100 % of cases, no EGFR, PDGFRa, or PDGFR[3 mutation or gene amplifi-
cation was demonstrated. Primarily, AKT, extracellular signal-regulated kinase
(ERK) 1/2, mTOR, S6, and 4EBP1 were highly expressed and activated. No
mutations in PI3KCA, PTEN, KRAS, and BRAF genes were seen. The ligand-
and heterodimerization-dependent activation/expression of EGFR and PDGFRf3
was demonstrated. Taken together, these findings strongly suggest the potential
of TKR and their downstream effectors as targets for molecularly tailored treat-
ments. Based on the concurrent activation of TKR and their downstream effec-
tors, we designed a clinicobiological study to test the combination TKR and
mTOR inhibitors. In a further analysis, we evaluated the EGFR inhibitor gefi-
tinib, the mTOR inhibitor everolimus (RADO001), and the multiple TKR
inhibitor, sorafenib, in a DMPM cell line: gefitinib and RADOO1 alone showed
poor cytotoxic activity; sorafenib had a stronger effect on cellular proliferation,
and sequential treatment with RADOO1 followed by sorafenib induced a marked
synergistic effect in DMPM cells [41].

17.8  Multicystic and Well-differentiated Papillary Peritoneal
Mesothelioma

Multicystic (MPM) and well-differentiated papillary (WDPPM) PM are exceed-
ingly rare tumors with uncertain malignant potential. At Milan NCI, MPM and
WDPPM have been treated with CRS plus HIPEC because of their propensity to
recur locoregionally and to evolve into truly malignant neoplasms. We treated
four women with MPM and eight with WDPPM; one patient underwent a sec-
ond procedure due to MPM peritoneal recurrence. Seven patients had recurrent
disease after prior debulking. Due to the low aggressiveness of these diseases,
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uterus and ovaries were spared in four young women. Optimal CRS with micro-
scopic or minimal (< 2.5 mm) residual disease was achieved in 12/13 proce-
dures.

After a median follow-up of 27 (range 6-94) months, disease progression
developed in two patients and tumor-related death in one. At the time of this
writing, the first patient was disease free after the repeated procedure. In the sec-
ond patient, we documented a transition of typical WDPPM to biphasic DMPM,;
this woman died of disease progression after incomplete CRS followed by
HIPEC. Five-year OS and PFS were 90 % and 79 %, respectively. The differ-
ence in PFS after 11 debulking operations carried out in seven patients before
referral to the Milan NCI was statistically significant in favor of CRS plus
HIPEC (p = 0.016). According to these data, definitive tumor eradication by
CRS plus HIPEC is recommended as the standard option to prevent disease
recurrence or transition into malignant conditions [42].

17.9  Future Perspectives

During the last two decades, CRS plus HIPEC has become the standard treat-

ment for DMPM. Several studies have addressed DMPM biology and natural

history, identifying new biological prognostic factors and therapeutic targets.

However, there is still a critical need for effective systemic therapies for these

patients. Several research lines are currently active at the Milan NCI:

* A prospective study, supported by the Health Ministry, aims to evaluate the
potential efficacy of integrating CRS plus HIPEC and systemic treatment
into an individualized, comprehensive approach based on molecular charac-
terization of the disease.

* Further investigations on microRNA and other biological markers using the
TMA technique aim to identify new prognostic factors and therapeutic tar-
gets.

* New efforts should be taken to validate prospectively the proposed TNM
staging system.
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18.1 Introduction

Gastric cancer (GC) is the fourth most common cancer worldwide and the sec-
ond leading cause of cancer-related mortality [1, 2]. In addition to hematoge-
nous spread, GC may disseminate along the inside surface of the peritoneal cav-
ity, leading to a condition of peritoneal carcinomatosis (PC). In patients under-
going a potentially curative resection of GC, PC may occur in 5-20% [3]. PC of
gastric origin has an extremely poor prognosis, with a median survival estimat-
ed to be 1-3 months. Systemic chemotherapy has limited effects on this condi-
tion, with a median survival of 7-10 months [4-9]. Since 1990, cytoreductive
surgery (CRS) combined with hyperthermic intraperitoneal chemotherapy
(HIPEC) has been used to treat PC from gastrointestinal and ovarian malignan-
cies [10, 11]. CRS is used primarily to treat gross and macroscopic disease, as
experimental studies suggest that local chemotherapy may penetrate to a maxi-
mal depth of 3 mm [12]. Additionally, CRS also removes intra-abdominal adhe-
sions, allowing greater distribution of cytotoxic agents [13]. The ultimate intent
of CRS plus HIPEC is to excise all macroscopic disease and, upon completion,
treat the residual tumor or microscopic disease of the peritoneal cavity with
chemotherapy agents delivered directly to the site of disease. This higher local
concentration of cytotoxic chemotherapy reaches residual microscopic tumor
cells [12], and the combination of hyperthermia and chemotherapy has a syner-
gistic effect, thus augmenting the cytotoxicity of chemotherapeutics [13].
Another advantage of localizing chemotherapy within the peritoneum is that it
minimizes undesirable systemic effects [12]. The addition of hyperthermia has
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two potential benefits: First, it may induce apoptosis, denature proteins, and
impair DNA repair [14]. Second, it allows greater drug accumulation within
tumor nodules [15-17]. HIPEC can be performed with a closed, semiclosed, or
open technique; the most common chemotherapeutic agents used are cisplatin
and mitomycin, with the induction of intra-abdominal temperatures typically
between 40 °C and 44.8 °C. Treatment duration normally ranges between 30 and
120 min. Despite the paucity of evidence to support systemic chemotherapy for
treating PC, it is often used for patients with PC from GC. The lack of its effec-
tiveness for PC is related to the presence of a peritoneal barrier [18]; however,
the use of neoadjuvant chemotherapy is reported to reduce the burden of macro-
scopic PC [19, 20].

An important consideration for PC from GC is the timing of PC, specifical-
ly the presence of synchronous PC during the initial diagnosis versus metachro-
nous development of PC following initial treatment for GC. It may be speculat-
ed that metachronous PC represents disease progression; however, this specula-
tion remains controversial. Because PC is usually not visible on standard imag-
ing techniques (i.e., computed tomography), diagnosing metachronous disease
while it is still considered resectable may be difficult. For this reason, some sur-
geons may consider synchronous PC more treatable than metachronous PC.

PC of GC origin treated with CRS plus HIPEC demonstrated improved sur-
vival when complete cytoreduction (CC) is attained. In 1988, Fujimoto et al.
[21] were the first to report the application of HIPEC in 15 patients with PC sec-
ondary to advanced GC, with a low postoperative morbidity rate (13%) and a
mean survival of 7.2 months. This new treatment modality gradually gained
acceptance in many countries, and a number of groups have reported their expe-
riences with it in recent yers (Table 18.1) [22-26]. Elias et al. [14] report the
highest median survival (MS) for patients with Completeness of Cytoreduction
score (CC-0) to be 60 months; however, these results have not been repeated in
a randomized controlled trial.

In the world literature, nine studies reported a total of 24 treatment-related
deaths from a total of 467 patients, an overall mortality rate of 5.1% and mor-
bidity of 21.5% (Table 18.2) [23, 27-34]. A recent review of CRS plus HIPEC
for treating PC of any origin reported a mean mortality rate of 2.9%, with terti-
ary centers reporting a mortality rate ranging from 0.9% to 5.8% [35]. Combined
morbidity was reported to be 28.8 %; the most common complications follow-
ing CRS plus HIPEC were abscesses, fistulas, and anastomotic leaks [36]. CRS
plus HIPEC for PC from GC has comparatively similar mortality and morbidity
rates as for PC of other organ origins.

Since PC from GC is essentially a fatal disease with conventional treatment
options, these mortality and morbidity rates may be acceptable to patients. The
importance of achieving CC is emphasized in the literature, with a twofold
increase in MS with a CC score of 0 or 1. This suggests that CRS plus HIPEC
for PC from GC should only be considered in select patients if the surgeon is
very confident that a CC-0 is possible. The overall morbidity rate was reported
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Table 18.2 Mortality rates of CRS plus HIPEC

Study [Reference] Treatment- Mortality ( %) Cause of death
related deaths
Glehen et al. [23] 11 6.5 2 MOFs , 2 septic shocks,
1 fistula, 1 PE, 1 CVA,
1 toxicity
Yang et al. [27] 3 10.7 2 ileus, 1 ARDS, 1 pneumonia
Scaringi et al. [28] 1 11 Septic shock
Roviello et al. [29] 1 1.6 MOF
Farma et al. [30] 1 5.6 CVA
Yonemura et al. [31] 3 7 1 ARF, 1 A-leak, 1 bleeding
Mussa et al. [32] 1 14.3
Fujimura et al. [33] 0 0
Beaujard et al. [34] 3 3.6 1 PE, 1 MOF, 1 septic shock
Total; median 24 5.1

CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy; ARDS, adult
respiratory distress syndrome; MOF, multiple organ failure; CVA, cerebrovascular accident; ARF,
acute renal failure; A-leak, anastomosis leak; PE, pulmonary embolism

by eight authors to be 21.5% (Table 18.3) [27-31, 33, 34]. CRS plus HIPEC may
improve survival in select patients with with PC from GC: MS is increased to 15
months in patients with CC-0 compared with 3 months with only basic support-
ive therapy.

18.2  Role of Systemic Chemotherapy in Peritoneal
Carcinomatosis from Gastric Cancer

PC from GC is typically treated with systemic chemotherapy; however, its effi-
cacy is difficult to determine based on the literature. Three clinical trials found
that systemic chemotherapy improved MS in metastatic GC to 7-10 months;
however, patient populations were heterogeneous and inconsistently random-
ized, with the majority having no PC [5-7]. Similarly, Preusser et al. [37] report-
ed decreased response rates to systemic chemotherapy in patients with PC. No
clinical trials have directly compared CRS plus HIPEC vs. systemic chemother-
apy in patients with PC from GC.

18.3 Role of HIPEC in Peritoneal Carcinomatosis from
Gastric Cancer

Tumor extent in the gastric serosa and lymphatic spread are the two most impor-
tant factors affecting prognosis in patients with GC [38-40]: when the gastric
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Table 18.3 Morbidity and complications of CRS plus HIPEC for PC from GC

Study Overall  Reo- Sepsis Fistula Abscess Hemato Ileus Anastomotic
[Reference] morbidity peration logic leak
(%) (%) toxicity
Yang 143 1 1 2 1

et al. [27]

Scaringi 27 9 5 2

et al. [28]

Roviello 279 8.2 5 2 5 1

et al. [29]

Farma 55.6 1 3

et al. [30]

Yonemura  21.5 1 6 6
etal. [31]

Fujimura 50 333 2

et al. [33]

Beaujard 9.6 4.8 3 2 1
et al. [34]

Median 21.5

CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy; PC, peritoneal
carcinomatosis; GC, gastric cancer

serosa is infiltrated, PC occurs frequently [41] (Fig. 18.1). In this condition, ~
50% of patients with advanced GC (AGC) will develop PC despite undergoing
radical surgery. PC is also common in GC, being already present in 5-20% of
patients explored for potentially curative surgery.

The presence of free peritoneal tumor cells (FPTC) in washing specimens
were identified in up to 24 % of patients with GC stage Ib and up to 40 % in
stages II and III [41]; in 10-38% of cases, the peritoneum was the only site of
recurrence [42-46] (Fig. 18.2).

The 5-year survival rate in patients with PC from GC is < 3% [47], with an
overall mean and MS of 6.5 and 3.1 months, respectively [34]. Saito et al. [48]
reported a 5-year survival rate of patients with advanced GC with FPTC of 15.3 %,
similar to that of patients having macroscopical peritoneal metastasis (14.8 %).

Systemic chemotherapy may improve MS up to 12 months in
advanced/metastatic GC, but a similar survival benefit has not been reported in
macroscopic PC. Yonemura et al. [49] affirmed that the use of adjuvant systemic
chemotherapy after radical resection in patients with FPTC showed a survival
benefit. Patients treated with adjuvant chemotherapy survived significantly
longer than patients in the control group: the 1- and 2-year respective survival
rates were 88 % and 44 % in the adjuvant group and 53 % and 9 % in the adju-
vant group and the control group. Neoadjuvant chemotherapy (NACT) has been
described to decrease the load of macroscopic PC from GC [50]. Yano et al. [51]
reported a small series of four of 26 patients (15.4 %) affected by PC from GC
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Fig. 18.1 Gastric cancer with serosal invasion

who attained complete remission of peritoneal metastasis after NACT. All these
patients subsequently underwent curative resection. Inokuchi et al. [52] report-
ed a partial response in nine of 13 patients (69 %). However, a further study sug-
gested that after NACT, detecting FPTC can change from positive to negative
and vice versa: ten of 42 patients (24 %) with negative peritoneal cytology shift-
ed to positive for FPTC during NACT, whereas seven of 19 (37 %) with FPTC-
positive cytology at staging laparoscopy turned negative.

GC peritoneal spread remains a major problem, and some authors finally
suggest that there is no role for surgery in these instances.

As with other types of PC, in PC from GC, HIPEC after CRS is performed
to eliminate FPTC and prevent or delay PC [53]. A number of studies have been
conducted with the aim of demonstrating a significant reduction in the rate of
subsequent PC and an increase in survival of patients with AGC when radical
surgery was combined with HIPEC [22, 54-57]. Yonemura et al. [58] demon-
strated that HIPEC could significantly improve the MS from 15 to 48 months
and the 5-year survival rate from 12 % to 42 % in patients with FPTC. However
results of CRS plus HIPEC treatment of PC from GC seem to be less encourag-
ing in terms of survival, morbidity, and mortality when compared with PC from
other tumor types [59-61]. In a French retrospective multicenter study, the PC
from GC group showed the worst outcome, with 3- and 5-year survival rates of
18 % and 13 %, respectively. In 2010, Li et al. [62] reported a series of 128
patients with PC from GC: the MS in the unresected group was 6 months, compared
with 11.8 months for resected patients. Moreover, the authors observed a signifi-
cantly improved survival in patients treated with surgery plus HIPEC compared
with those treated with surgery alone, but postoperative complications were more
frequent in HIPEC cases than in patients with resection alone (20.0 % vs. 13.2 %,
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Fig. 18.2 Free peritoneal tumor cells (FPTC) in washing specimen

P =0.34). Yang et al. [27] published the final results of a phase III randomized
trial to evaluate efficacy and safety of CRS plus HIPEC for treating PC from
GC. Median overall survival (OS) was 6.5 months in the CRS-alone group and
11 months in the CRS plus HIPEC group (P = 0.046). This outcome was even
more significant in patients with synchronous PC from GC (n = 51): median OS
was 12 months in the CRS plus HIPEC group (n = 24) and 6.5 months in the
CRS group (n = 27, P = 0.029). The 1-, 2-, and 3-year survival rates were,
respectively, 29.4 %, 5.9 %, and 0 % for CRS group and 41.2 %, 14.7 %, and
5.9 % for the CRS plus HIPEC group.

CC score has been demonstrated to influence survival, but HIPEC obtained
a significant advantage in patients with CC 0-1 compared with those with CC
2-3. Multivariate analysis recognized CRS plus HIPEC, synchronous PC, CC
0-1, systemic chemotherapy, and no serious adverse events as major independ-
ent predictors for better survival. HIPEC was ~ 2.6 times more likely to increase
survival. In a systematic review, Gill et al. [36] analyzed survival, mortality, and
morbidity in the treatment of PC from GC with CRS plus HIPEC: overall MS
was 7.9 months. In the subgroup of patients with residual nodules after CRS <
0.25 cm in diameter, MS rose to 15 months. The 1- and 5-year survival rates
were 43 % and 13 %, respectively. The treatment-related mortality rate was
4.8 % and morbidity 21.5 %.

In conclusion, in PC from GC, CRS plus HIPEC proved, with good evidence,
to improve survival, with acceptable morbidity and mortality rates. It is extreme-
ly important to obtain the diagnosis and the diffusion grade of PC from GC
before CRS plus HIPEC with the use of staging laparoscopy. The role of surgery
is fundamental; CC was strictly related to improved survival. In patients with PC
from GC, multimodal treatment is mandatory, with the pivotal role being HIPEC
after CRS.
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18.4  Surgical Cytoreduction and Hyperthermic
Intraperitoneal Chemotherapy

Two recent studies reported MS times > 15 months in patients with PC from GC
treated with CRS plus HIPEC [24]. Importantly, both studies also reported CC
score as an independent prognostic factor for survival. The experience of insti-
tutions and surgeons performing CRS plus HIPEC shows that CC seems to be
associated not only with survival but with both mortality and morbidity. The
multi-institutional study by Glehen et al. [23], which comprised 159 patients
from 15 institutions, reported that the institution at which CRS plus HIPEC was
performed was an independent prognostic factor of postoperative complications.
CRS plus HIPEC are considered technically challenging procedures with steep
learning curves. Smeenk et al. [63] performed CRS plus HIPEC for PC over a
10-year period and analyzed the rate of CC and postoperative morbidity over
three consecutive treatment periods. They reported a significantly increased CC
rate from 35.6 % to 65.1 % and a subsequent decreased postoperative morbidi-
ty from 71.2 % to 34.1 %. Furthermore, they reported that the peak of the learn-
ing curve was reached after 130 procedures. Yan et al. [64] compared morbidity
rates following CRS plus HIPEC for peritoneal surface malignancies (PSM) in
140 consecutive patients. They reported that severe morbidity rates decreased
from 30 % to 10 % when comparing the last 70 cases with the first 70 cases.
Controversy remains regarding the treatment of patients with PC from GC: sys-
tematic review demonstrates similar mortality and morbidity rates for CRS plus
HIPEC for PC from GC compared with PC from other organs. Survival
improved in these patients compared with basic supportive therapy; however,
systemic chemotherapy data specifically for this population is scarce.

A recent trial comparing gastrectomy, metastasectomy, plus systemic thera-
py versus systemic therapy alone (GYMSSA trial) was recently conducted in
patients with GC [65]. As a prospective phase III randomized trial, GYMSSA
has the potential to clarify whether an aggressive surgical approach combined
with HIPEC and systemic chemotherapy may benefit GC patients. However the
trial included patients with limited metastatic disease, including lung and liver
metastases, while HIPEC focused on PC from GC without evidence of distant
metastases.

18.5 Adjuvant Role of Hyperthermic Intraperitoneal
Chemotherapy

Peritoneal metastasis is the most common type of recurrence and cause of death
after surgery in patients with GC [66], developing in ~ 20-50 % of patients who
undergo a curative gastrectomy and increasing to 80 % for those with positive
peritoneal cytology [67—69]. Tumour-positive cytology has been clearly corre-
lated with intraperitoneal (IP) recurrence and is significantly associated with
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decreased disease-free (DFS) and OS rates [54, 55, 70] Intravenously adminis-
tered chemotherapy plus radiotherapy showed no significant survival advantage
as adjuvant treatment for patients with a high risk of PC from GC.

Several studies [29, 71-73], including a number of randomized clinical trials
(RCTs), have been performed to investigate the usefulness of HIPEC in a pro-
phylactic setting or as adjuvant treatment after potentially curative GC resection.
The RCTs conducted by Koga et al. [74] reported a considerably higher 3-year
survival rate of patients in the HIPEC plus surgery group (83.0 %) compared
with those in the control group (67.3 %), although this was not statistically sig-
nificant. Similar results were obtained from RCTs reported by Hamazoe et al.
[75], with a lower incidence of peritoneal recurrence and a higher 5-year sur-
vival rate of patients in the HIPEC group compared with the control group
(64.2 % vs. 52.5 %), although the survival benefit did not achieve a statistically
significant difference. The RCT conducted by Fujimoto et al. [76] was the first
to demonstrate significantly improved peritoneal recurrence and long-term sur-
vival rates in the surgery plus HIPEC group compared with surgery alone after
curative resection: in addition, peritoneal recurrence rate in the HIPEC group
was significantly lower (p < 0.0001) compared with that of the control group. In
their randomized trials, Fujimura et al. [33] and Yonemura et al. [77] showed a
significantly higher rate of survival after adjuvant HIPEC combined with sur-
gery compared with surgery alone: their results showed the independent and
synergistic effect of hyperthermia, along with chemotherapeutic agents, against
cancer cells, which seems to increase greatly at temperatures of 42.5 °C-43 °C.
Yonemura et al. [31] more recently confirmed similar results in an RCT involv-
ing normothermic intraperitoneal chemotherapy (NIPEC) procedures: the 5-year
survival rate of patients treated with the combination of HIPEC and surgery was
significantly higher, at 61 %, than those of the other two groups (NIPEC plus
surgery and surgery alone).

Overall, randomized clinical trials on adjuvant HIPEC procedures demon-
strate that the peritoneal recurrence rate decreased and survival improved with
this treatment modality in patients with advanced GC.

Xu et al. [78] reviewed all available randomized trials investigating the use
of HIPEC after radical, potentially curative, resection for locally advanced GC:
the authors found seven RCTs comparing surgery plus HIPEC with surgery
alone. Based on their results, HIPEC benefitted the patient after curative resec-
tion versus resection alone, and in particular, the combination of HIPEC or acti-
vated carbon particles was superior to other forms of HIPEC. Similarly, Yan et
al. [79] reviewed all clinical trials studying the adjuvant role of perioperative
IPEC in resectable GC: based on the meta-analysis of the pooled data from
1,648 patients, a significant improvement in survival was noted with HIPEC
alone or HIPEC plus EPIC. A trend toward survival improvement with normoth-
ermic IPEC (NIPEC) was also shown, whereas there was no significant trend
with either EPIC alone or HIPEC.
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18.6 Discussion

The combination of CRS plus HIPEC is to date the only therapeutic strategy
with a hope of long-term survival at 5-years in patients with PC of GC. HIPEC
could be performed with the aim of minimizing the rate of peritoneal recurrences
(adjuvant intent), but several RCTs confirm the survival advantage and the
potential adjuvant role of HIPEC in preventing PC in advanced GC.

Patients with serosa-invasive tumors or positive peritoneal cytology are the
high-risk groups that show a significant risk of PC and very poor survival
prospects: these groups can reasonably be considered for HIPEC and may par-
ticularly benefit from this treatment for preventing peritoneal recurrence.

The most recent TNM classification includes IP free cancer cell detection as
part of the staging process, denoting M1 when positive, but the incorporation of
peritoneal cytology into the algorithm of GC treatment is not universally accept-
ed. Advanced techniques, (immunoassays, immunohistochemistry, and reverse
transcriptase polymerase chain reaction) have better sensitivity in detecting IP
free cancer cells with better correlation to peritoneal recurrence compared with
the traditionally conventional cytological evaluation of peritoneal fluid. Thus, IP
free cancer cell detection should be a useful tool for clinical decision making in
both neoadjuvant and adjuvant settings, directing more or less aggressive strate-
gies, including chemoperfusion techniques.

The therapeutic approach may also be orientated based on whether patients
in whom IP cytology was or was not converted from positive to negative follow-
ing neoadjuvant therapy.

In conclusion, HIPEC is useful to improve survival in selected patients with
advanced GC by reducing the risk of peritoneal recurrence (adjuvant intent) and
in patients with peritoneal disease when CC can be achieved (curative intent);
patients with unresectable PC it should excluded from such treatment.

At this time, the new frontier is to evaluate the combination treatment with
both targeted locoregional and systemic therapies in these patients. The
European Union Network of Excellence (EUNE) for Gastric Cancer consequent-
ly drafted the following study protocol: patients with gastric cancer infiltrating
the serosa (T3-T4), lymph node metastasis (N1), or positive peritoneal cytology
will be included. All patients will receive three cycles of platinum-based thera-
py as defined by the MAGIC protocol [80], followed by D2. Patients will then
be randomized to undergo surgery with HIPEC using oxaliplatin or surgery
alone (GASTRICHIP, unpublished).

At the same time, new bidirectional chemotherapy, called neoadjuvant
intraperitoneal and systemic chemotherapy (NIPS), has been proposed to attack
PC from both sides of the peritoneum: in fact, after diagnosis of PC, the patient
receives simultaneously chemotherapy IP and intravenously (IV) and . In terms
of response rate and progression-free survival (PFS) in patients with advanced
GC, bidirectional therapy with HIPEC (cisplatin) plus chemotherapy IV (doc-
etaxel, 5-fluorouracil, and leucovorin) shows a significant advantage compared
with chemotherapy IV only.
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After NIPS, the disappearance of peritoneal free cancer cells has been report-
ed, and the incidence of CC has increased accordingly. Although severe compli-
cations post-NIPS were reported in four of 79 patients, this strategy achieved a
change in washing cytology from positive to negative in 41 of 79 patients
(63 %). Following NIPS, a surgical phase is accomplished by CRS plus HIPEC
to enable CC. After surgery, EPIC is performed on postoperative days 1-5, and
systemic chemotherapy is performed on postoperative days 30—40. This proto-
col is the example of maximum application of all combined therapies that at this
time are available to treat this disease [81].

In the past decade, a new drug for IP treatment of GC was developed in
Germany. Catumaxomab (trade name Removab®) is a rat—-mouse hybrid mono-
clonal antibody (MAb) composed of one “half” (one heavy chain and one light
chain) of an antiepithelial cell adhesion molecule (EpCAM) antibody and one
half of an anti-CD3 antibody, thus finally binding both EpCAM and CD3.
EpCAM is an epithelial differentiation antigen that is expressed on normal
epithelial cells and on almost all carcinomas (especially gastrointestinal and
ovarian carcinomas) and functions as a cell adhesion molecule [82]. In addition,
the Fc region can bind to an Fc receptor on accessory cells, such as other anti-
bodies, which has led to the drug being called a trifunctional antibody. Actually,
catumaxomab is used to treat malignant ascites, as in a phase III randomized
trial, IP application of this anti-EpCAM antibody showed significant benefits in
puncture-free survival (survival without repeated paracentesis) for patients with
malignant ascites [83]. The study demonstrated no statistically significant
increases in median OS for other cancers, whereas in patients with GC, a small
survival increase was associated with the use of catumaxomab.

18.7 Conclusions and Remarks

Based on current evidence, we can only conclude that CRS plus HIPEC may be
an efficacious treatment in patients with PC from GC when CC is achievable.
The correct patient selection, the use of new antidrug agents, and increasing
experience in specialized centers may contribute to a better result for select
patients presenting with GC and PC, and CRS plus HIPEC may eventually
become an accepted treatment strategy for these patients. Patients who show a
significant risk of PC and very poor survival prognosis can reasonably be con-
sidered for HIPEC and may particularly benefit from this treatment in order to
prevent peritoneal recurrence. The standardization of surgical procedures and
HIPEC techniques, integrated with new anticancer drugs and new bidirectional
chemotherapy protocols using NIPS is the goal to improve further the results of
this promising treatment strategy.
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from Colorectal Cancer

Antonio Sommariva and Carlo Riccardo Rossi

19.1 Introduction

In 2012, 447,000 new cases of colorectal cancer (CRC) were reported in
Europe [1]. In two large population-based studies, peritoneal carcinomatosis
(PC) was present in 4.8-8.3 % of all CRC patients [2, 3]. Incidence rates may
vary among study populations, as the incidence of PC is slightly higher
(> 10%) in hospital-based studies [4, 5], most likely related to selection bias.
In general, PC incidence is probably underestimated, as it is well known that
radiological imaging has a low sensibility for detecting peritoneal cancer nod-
ules with respect to other common metastatic sites (liver, lung, lymph nodes),
and not all patients undergo a surgical procedure for PC confirmation. PC is
reported as being isolated in 42-77 % of cases [2, 4, 6, 7] and is more often
associated with colon than with rectal cancer, with an approximate proportion
of 1:5 [3]. Colorectal PC can be distinguished as two different clinical entities:
synchronous (at the time of primary presentation) or metachronous (after pri-
mary treatment). In more than half of the cases, PC presents as synchronous
(49-61%) [4,5,6,7].

Substantially, CRC gives rise to the occurrence of PC in two ways:
intraperitoneal (IP) spread may occur before surgery as a transmural invasion
cancer, or after potential curative surgery, when tumoral cells fall into the
abdominal cavity directly from the tumor, from the bowel cavity, or from dis-
sected lymphatics and vessels [8]. Data from two large study populations
affected with CRC identified several risk factors (epidemiological, clinical,
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Table 19.1 Risk factors for peritoneal dissemination in colorectal cancer
T stage of primary (T4)
Lymph-node status (N1-2)
Mucinous/signet-ring-cell histology
Right-sided tumors
Positive peritoneal cytology
Emergency/nonradical surgery
Perforated/ruptured primary
Ovarian metastases
Previously resected peritoneal nodules

Young age

histological) for PC [2, 3, ,9]. Serosal involvement of the primary (T4 tumors)
is frequently associated with synchronous PC [2] and represents an established
risk factor for subsequent metachronous PC [3, 5, 9] (Table 19.1). Exfoliation
and subsequent seeding of malignant cells throughout the peritoneal cavity is
a logical explanation of this phenomenon, which can also be considered for
perforated/occlusive primary tumors (spontaneous or iatrogenic) [3, 10].
Right-sided colon tumors are also significantly associated with synchronous
PC [2] and represent an independent predictor for metachronous PC [3].
Lymph node status (N1/N2) is another significant predictor of peritoneal fail-
ure [3]. Younger patients seem to be at higher risk for PC (at presentation of
the primary or during follow-up) [2, 3, 5]. The reasons are unknown but may
in part be explained by the fact that older patients less frequently undergo a
surgical procedure for PC diagnosis or treatment; thus underestimation in this
population may explain this difference. Primary CRC with mucinous histology
seems more frequently associated with PC at presentation [2]. Preliminary
data on the identification of gene-expression profiling of CRC at risk of PC
would have the benefit of better defining therapeutic strategy and follow-up of
each individual patient [11, 12].

19.2  Role of Systemic Chemotherapy

Systemic chemotherapy has been considered for many years the only therapeu-
tic option for CRC patients with PC. In the era of 5-fluorouracil (5-FU)-based
therapy, the results of systemic chemotherapy for CRC PC were discouraging
[4, 6]. Considering a multivariate analysis on predictors of outcome in patients
with CRC stage IV disease treated with 5-FU, PC is associated with the worst
outcome (median survival 7.7 months) with respect to patients (median survival
11.6 months) with other site of metastases (liver, lung, lymph nodes) [13].
Significant progress has been made in the medical management of metastatic
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CRC. The introduction of oxaliplatin and irinotecan to 5-FU-based regimens,
coupled more recently with targeted biological therapy (bevacizumab and cetux-
imab) has improved outcomes for PC patients, leading to a median survival > 20
months [14—19]. The more adverse outcome of PC with respect to other sites of
metastatic disease was also confirmed within modern chemotherapy combina-
tion treatments, with an estimated 30 % reduction in overall survival (OS) for
patients with PC with respect to other unresectable metastatic sites [15]. A pos-
sible explanation can be that only patients with more advanced disease were
included in those trials, as “no measurable disease” by imaging techniques is a
frequent ineligibility criterion for randomized controlled trials (RCT). A part
from these considerations, median survival of patients with PC without other
sites of metastasis (isolated PC) ranges from 21.8 to 23.9 months [14, 18], sug-
gesting that metastatic CRC confined in the abdominal cavity represents a dis-
tinct biological entity with a more favorable prognosis. Although these retro-
spective and uncontrolled data indicate that modern systemic chemotherapy has
led to a better outcome for patients with PC, prospective studies investigating its
effect on the subset of patients with isolated PC are still lacking, as are data on
the most efficient treatment combination for this clinical entity.

19.3 Role of Surgery

Results of surgical resection for stage IV CRC in recent decades has led to the
change in indications for radical surgery of metastases, which are no longer
being considered an absolute contraindication. In selected patients with col-
orectal liver metastasis, though in the absence of prospective randomized clin-
ical trials, radical resection is now considered the standard of care, as a survival
benefit has been clearly deduced from historical controls since the late 1990s
[20]. For extrahepatic metastatic disease (lung, lymph node, peritoneum), a rea-
sonable number of published studies suggest a potential survival benefit in a
highly selected group of patients [21, 22]. The use of surgery for colorectal PC
was once restricted to complication palliation, such as intestinal obstruction or
perforation. A potential beneficial role of radical surgery in a subset of CRC
patients with peritoneal implants has been suggested by some retrospective
studies [23-26]. Radical removal of limited peritoneal implants (around the pri-
mary tumor or on the ovarian surface) is associated with improved prognosis,
whereas gross residual disease and tumor load at the completion of surgery are
factors negatively affecting survival.

19.4 Role of Surgery plus Intraperitoneal Chemotherapy

Based on the rationale of the “metastatic insufficiency” of some forms of PC
from CRC, the combined approach based on maximal CRS and IP-administered
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chemotherapy (IP-CHT) was proposed by Sugarbaker, who first demonstrated
the feasibility of this treatment and identified prognostic factors for patient
selection [27]. After this pioneering experience, several studies (single institu-
tion and multicenter) have investigated the utility of CRS associated with IP
drug delivery for selected patients with CRC peritoneal involvement, in most
cases under hyperthermic conditions [hyperthermic intraperitoneal chemother-
apy (HIPEC)] [28, 29]. These studies reported longer survival (median range
between 12.8 and 60.1 months) for patients undergoing surgery plus HIPEC
versus historical controls treated with systemic chemotherapy alone. However,
these results should be interpreted with caution. The selection criteria were
extremely heterogeneous; in some trials, patients with hematogenous (liver)
metastases were also included in the final analysis, whereas in others, more
favorable histology (appendix, pseudomyxoma) was present. Moreover, the
timing of IP-CHT (intra-/postoperative), HIPEC method (closed vs. open), and
drug type and dosage varied widely among studies. Nonetheless, results of
these studies appear much better than those reported in historical control
patients treated with chemotherapy alone. These encouraging results were con-
firmed by a randomized controlled trial promoted by The Netherlands Cancer
Institute, which compared standard [5-FU/leucovorin (LV) with or without pal-
liative surgery] with experimental (CRS plus HIPEC) treatment [30]. This trial
showed a significant advantage in survival (12.6 vs. 22.3 months) in favor of
CRS plus HIPEC group and was stopped prematurely for ethical reasons. These
results were confirmed by other comparative studies [17-19, 31] (Table 19.2).
Level of evidence at present justifies the use of CRS plus HIPEC in selected
patients in centers with significant experience in treating peritoneal surface
malignancies, preferably in the context of prospective trials. The decision-mak-
ing process should be based upon defined selection criteria, which should be
discussed in a multidisciplinary meeting involving surgeons, oncologists, and
radiologists. Different scoring systems have been proposed to identify with
good accuracy patients with severe colorectal PC and predicted short survival
outcome. However, none of studies was prospectively tested [32, 33]. A full
explanation of potential risks and benefits of CRS plus HIPEC should be given
to the patients, explaining treatment alternatives and taking into account the
individual motivation in undergoing this treatment (Fig. 19.1).

19.5 Selection Criteria
19.5.1 Cytoreduction Completeness

The maximum size of residual disease remaining after surgical cytoreduction
has a strong prognostic value for colorectal PC [34]. Median survival of patients
with incomplete surgery (i.e., residual disease > 2.5 mm) and IP—CHT is only
8 months. This observation leads to the conclusion that it is necessary to achieve
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Peritoneal carcinomatosis
from colorectal cancer

TUMOR
PATIENT l ,_—_I‘I CT scan/PET/aparoscopy

ECOG performance status 0-1 Limited disease (PCl <20)
No severe comorbidities No extra-abdominal metastases or un-resectable
Patient motivation disease

Liver metastasis <3 resectable

[Multidisciplinary discussion

Clinical trials? Neoadjuvant
Systemic Chemotherapy
Cytoreductive
Surgery
CCO-1 disease CC2 disease
iPust-ope:ative ] Maintenance/palliative
adjuvant Pa “at chemotherapy

chemotherapy

Fig. 19.1 Algorithm for selecting and treating patients with colorectal peritoneal carcinomatosis
at Veneto Institute of Oncology. HIPEC, hyperthermic intraperitoneal chemotherapy; ECOG,
Eastern Cooperative Oncology Group; C7, computed tomography; PET, positron emission
tomography; PCI, Peritoneal Cancer Index; CC, Completeness of Cytoreduction score

complete cytoreduction before treating a patient with HIPEC, as confirmed by a
consensus statement built on expert opinion [35]. The possibility of obtaining
complete cytoreduction depends on established clinical and radiological criteria
valid for all types of peritoneal malignancies selected for HIPEC. Biliary tract,
ureteral, and multiple small-bowel obstruction and extensive small-bowel
mesentery and gastrohepatic ligament involvement represent situations in which
direct penetration beyond the peritoneal barrier into unresectable or marginally
resectable structures make a complete or near complete cytoreduction unlikely
and are associated with an unacceptable risk of complication [36].

A learning-curve effect on cytoreduction has been demonstrated, with the
zenith of the learning curve (graded by the percentage of complete cytoreduc-
tions) reached after approximately 130 procedures. [37]. On this basis, the com-
plete cytoreduction rate reflects a center’s experience on patient selection and
treatment expertise, meaning that all colon cancers with peritoneal dissemina-
tion should be referred to an experienced peritoneal-surface malignancy center
for accurate clinical, radiological, and—possibly —surgical assessment of car-
cinomatosis resectability.
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19.5.2 Peritoneal Diffusion

Disease extent, calculated as the number of abdominal regions involved and
volume of nodules in each region, represents an important prognostic criteria in
colorectal PC patients selected for CRS plus HIPEC. Among the different scor-
ing systems, the Peritoneal Cancer Index (PCI) is the most frequently used for
staging and was elected the best intraoperative staging system in treating peri-
toneal surface malignancies [38], although other staging systems are proven to
have a prognostic value for colorectal PC [39, 40]. The prognostic cutoff val-
ues for PCI were investigated in a large multi-institutional retrospective study
of 523 patients treated with CRS and IP-CHT between 1990 and 2007. When
PCI is > 20, median survival is 18 months, which is no longer than after sys-
temic chemotherapy alone [34]. For these reasons, PCI > 20 is now considered
a relative contraindication to CRS plus HIPEC, a statement confirmed by one
international expert consensus [36]. Although computed tomography (CT) and
positron emission tomography (PET) technology and expertise in PC could
improve in the near future, at present, scores of preoperative radiological PCI
formulation before surgical exploration significantly underestimate intraopera-
tive PCI [41]. It has been calculated that 12 % of patients selected for CRS plus
HIPEC after CT scan became ineligible for treatment after surgical exploration
[42]. Laparoscopic exploration has been proposed as a complementary method
for predicting PCI in patients selected for CRS plus HIPEC [43]. Because a
clear underestimation of the laparoscopic PCI score compared with open PCI
has been shown [44, 45], a more defined clinical and radiological selection
process is necessary to understand which patients are eligible for pre-CRS plus
HIPEC laparoscopy workup. This would avoid unnecessary laparotomy in a
higher percentage of cases and contribute to a more cost-effective treatment and
better QoL for these patients.

19.5.3 Primary tumor

Primary tumor site is considered an important prognostic factor. Patients with
rectal cancer treated with CRS and peritoneal IP-CHT have a worse survival
rate with respect to colon cancer [46, 47]. Moreover, aggressiveness of primary
tumor histology (signet-ring-cell histology, grading, lymph node involvement)
suggests a worse prognosis [34, 48-50].

19.5.4 Extraperitoneal Disease

CRS plus HIPEC is usually contraindicated in the presence of systemic disease,
and colorectal patients with peritoneal carcinomatosis associated with
extraperitoneal metastases are usually deemed not suitable for treatment and
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are referred to an oncologist for systemic chemotherapy. Surgery for limited
and stable metastatic disease has sometimes been offered to patients with mul-
tiple disease sites (liver, lung, peritoneum), but the issue remains under inves-
tigation, and results of the few available studies are influenced by a high selec-
tion bias [21]. A single-center experience reported a 28 % 5-year survival rate
in patients who underwent an RO resection of extrahepatic disease simultane-
ously with hepatectomy for colorectal liver metastasis [51]. Although the
reported experience remains limited, an increasing number of studies on this
subject have been published [52]. Patients with metastases in the liver and peri-
toneum who were selected for curative resection and HIPEC showed a trend
toward a lower OS when compared with patients with isolated peritoneal dis-
ease treated with CRS plus HIPEC. However, patients with liver and peritoneal
metastases show a better survival trend after CRS plus HIPEC when compared
with modern systemic chemotherapy alone. Hence, there is insufficient evi-
dence to exclude patients with liver and peritoneal disease from a potentially
curative treatment. In these patients, the selection process should be more accu-
rate, taking into account the potential added morbidity of liver resection and
that only patients with low peritoneal burden (PCI < 10) and liver disease (< 3
metastases) will probably reap benefits from this combined approach [53-55].

19.6 Italian Experience

The Italian experience is collected in a prospective database that includes oper-
ative, postoperative, and follow-up data of patients treated in five Italian cen-
ters and represents the largest Italian study on multimodal treatment of colorec-
tal PC. A recent update investigating 146 consecutive patients treated during
from 1995 to 2007 confirms that the cytoreduction completeness represents the
most important prognostic factor, along with the presence of liver metastases
resected at any time during the disease, of unfavorable sites such as small intes-
tine, hepatic hilum, diaphragm, and of gross involvement of retroperitoneal
lymph nodes [56].

19.7 Open Questions
19.7.1 Need for Treatment Standardization

Among the oncological community, a main criticism regarding benefits of IP
administration of drugs for colorectal carcinomatosis is the absolute lack of
standardization. There is a high variability in HIPEC modality (open vs.
closed), chosen drugs (mitomycin vs. oxaliplatin based), drug dosage, perfusate
volume, inflow temperature, and perfusion duration [57]. Both mitomycin C
and oxaliplatin are considered for IP administration for their high molecular
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weight, resulting in a high IP concentration and limited systemic absorption and
toxicity. For mitomycin C, a dose-escalation study fixed the maximum tolerat-
ed dose as single agent at 35 mg/m? [58]. For oxaliplatin, a dosage of 460
mg/m? in 2 1/m? of 5 % dextrose at 42—44 °C over 30 min was recommended
[59]. In that protocol, IV administration of 5-FU (400 mg/m2) and LV (20
mg/m?) 1 h before HIPEC was proposed to enhance IP-administered oxaliplatin
activity. Combination drug therapies with a mitomycin C and oxaliplatin dose
reduction have been studied, some of which have been adopted by centers
worldwide, although not always tested in a phase I trial. The combination of
mitomycin C (15-20 mg/m?) and doxorubicin (15 mg/m?) has been tested in the
USA and Germany [60]. In Italy, the preferred drug combination is mitomycin
C (3.3 mg/m?/1) plus cisplatinum (25 mg/m?/1) for 60-90 min [56]. In a few
uncontrolled studies comparing mitomycin C and oxaliplatin-based regimens,
no clear difference in toxicity (hematological, renal), postoperative complica-
tion rate, disease free and OS were detected when comparing the two HIPEC
protocols [60, 61].

In absence of level I evidence, the choice of drugs and technique for HIPEC
administration remains mainly based on the tradition of the center rather than
on a critical evaluation of toxicity and efficacy. While waiting designed
prospective trials to determine the best HIPEC protocol, the first attempt for
achieving a consensus on this issue emerged in the fifth international workshop
on peritoneal surface malignancies held in Milan in 2006 [62]. In this context,
substantial agreement was obtained and published by the American Society of
Peritoneal Surface Malignancies (ASPSM) regarding the optimal HIPEC deliv-
ery method for colorectal carcinomatosis [63]. The standardization of HIPEC
delivery protocols in colorectal PC through consensus documents and multi-
institutional registries is the first step toward a clear definition of the optimal
treatment regimen in relation to morbidity, mortality, and long-term outcome.

19.7.2 Comparing CRS plus HIPEC and New Systemic CHT

Despite the substantial benefits of CRS plus HIPEC with respect to systemic
chemotherapy in colorectal PC demonstrated in a RCT and in several uncon-
trolled comparative studies, significant scepticism remains with regard to the
wide applicability of CRS plus HIPEC in terms of safety and efficacy.
Improved response and prolonged OS rates of patients with stage IV CRC
obtained after the introduction of modern chemotherapy (median survival > 20
months) raises the question of whether CRS plus HIPEC remains the optimal
treatment option for colorectal carcinomatosis. The question appears even more
urgent after the introduction of biologic therapy [vascular endothelial growth
factor (VEGF) and epithelial growth factor receptor (EGFR) inhibitors], is
reported to improve survival outcome compared with standard treatment alone
[17, 64]. The role of modern systemic chemotherapy in colorectal PC is poorly
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investigated, and few data are available regarding patients with isolated peri-
toneal involvement. A prospective study on systemic chemotherapy restricted
to peritoneal carcinomatosis has not yet been done. The question of whether
CRS plus HIPEC offers a significant advantage in terms of survival compared
with a highly selected and well-matched group of patients with colorectal PC
treated with “modern” chemotherapy regimens alone remains unanswered, and
some trials attempting to clarify this issue are ongoing at the time of this writ-
ing (Table 19.3). CRS plus HIPEC should be matched in the near future with
the improved results of systemic chemotherapy, keeping in mind that treatment-
related mortality and morbidity, side effects, and QoL play a pivotal role in
therapeutic planning in a population with a relatively short life expectancy.

19.7.3 Role of Adjuvant Chemotherapy

Systemic adjuvant chemotherapy in a patient population with carcinomatosis of
colonic origin selected for CRS and IP-CHT showed a positive prognostic
impact in two large registry studies [34, 48]. Half of the patients with isolated
PC treated with CRS plus HIPEC showed systemic recurrence during their life
course, and the rationale for treating those patients with systemic chemothera-
py was mainly directed at preventing hematogenous metastases (liver, lung,
bone). Moreover, neoadjuvant chemotherapy allows for better patient selection
for CRS plus HIPEC, excluding those with systemic progression and consider-
ing only those with a more favorable tumor biology (better drug responsive-
ness, lack of metastatic potential). The activity of systemic chemotherapy on
colorectal peritoneal nodules is largely unknown. As for rectal cancer and liver
metastasis, the radiological and histological response of peritoneal nodules to
neoadjuvant chemotherapy can theoretically provide important information on
tumor chemosensitivity and suggest the optimal postoperative regimen after
surgery (Figs. 19.2 and 19.3). At present, the few available data show that fail-
ure to respond to systemic adjuvant treatment before CRS plus HIPEC is not
necessarily associated with an unfavorable outcome [65, 66]. For this reason,
failure to respond to previous adjuvant systemic treatment should not be con-
sidered an exclusion criterion for treatment with CRS plus HIPEC. A possible
explanation for the supposed little efficacy of systemically administered drugs
could be the poor vascularization of peritoneal nodules, which prevents a ther-
apeutic drug concentration. A pilot study aimed at evaluating the response rate
and characteristics of patients with initially unresectable colorectal PC seems to
confirm a substantial unresponsiveness to systemically administered
chemotherapy [67]. In that study, all patients were evaluated with laparoscopy
before and after chemotherapy; and in none of them was systemic administra-
tion of chemotherapy able to convert unresectable PC into resectable PC, a con-
dition that would have made those patients potentially suitable candidates for
CRS plus HIPEC. At laparoscopy, 78 % of patients showed progressive disease,
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Fig. 19.2 Radiological response to neoadjuvant chemotherapy of peritoneal nodule from muci-
nous adenocarcinoma. Positron emission tomography/computed tomography (CT) (a) and CT (b)
before chemotherapy; CT scan before cytoreductive surgery (CRS) plus hyperthermic intraperi-
toneal chemotherapy (HIPEC) (¢) and 3 months after surgery (d)

and no macroscopic response was documented. Interestingly, laparoscopic
evaluation showed an important discrepancy with respect to that obtained with
radiological evaluation. These findings suggest a substantial unreliability of
disease response assessment based on preoperative imaging alone.

Moreover, the influence of neoadjuvant chemotherapy on surgical compli-
cations in patients selected for CRS plus HIPEC remains largely unknown.
Administration of bevacizumab before surgery with complete cytoreduction
followed by HIPEC for colorectal carcinomatosis is associated with a twofold
increase in morbidity rates. Therefore, the safety and efficacy of bevacizumab
before HIPEC remains to be evaluated [68]. The potential benefit of neoadju-
vant chemotherapy is under study in prospective trials (Table 19.4)

19.7.4 Role of HIPEC

Even though data from animal models confirm the efficacy of IP-CHT on
experimentally induced carcinomatosis [69, 70], the additive role of HIPEC in
treating colorectal PC has never been exhaustively investigated in clinical stud-
ies. Doubts about the effect of IP-CHT also spring from a randomized prospec-
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Fig. 19.3 Histological response of mucinous adenocarcinoma to peritoneal implants after neoad-
juvant chemotherapy before cytoreductive surgery (CRS) plus hyperthermic intraperitoneal
chemotherapy (HIPEC) (same patient as in Fig. 19.2; hematoxylin and eosin x 10). Fibrosis (a);
necrosis (b) exists with tumoral tissue (¢); mucinous lakes (d)

tive study that compared radical surgery of colorectal carcinomatosis associat-
ed with IP-CHT or not [71]. The study, interrupted due to poor enrollment, con-
firms the validity of complete surgical cytoreduction, whereas the therapeutic
impact of IP-CHT does not appear to be significant. This single observation
also supports the impression that the results of combined CRS and IP-CHT
seem not to be influenced by the type of perfusion technique used or by the
drugs employed [61]. This point remains controversial, as in the context of a
CRS protocol, HIPEC appears superior to normothermic IP-CHT, with
improved outcome and no significant increase in mortality or morbidity rates
[72]. In another nonrandomized trial, HIPEC confers a significant survival
advantage with respect to a control group (surgery only), even in patients in
whom the tumor was not optimally debulked [Completeness of Cytoreduction
(CC) scores 2-3) [73]. In addition to the question regarding the real therapeu-
tic value of HIPEC in CRS for colorectal carcinomatosis, another issue yet to
be clarified is its possible role in favoring postsurgical complications, estimat-
ed to be in the order of 12-52 % [74]. HIPEC determines a different incidence
of systemic toxicity (especially hematological and renal) depending on the drug
type and dosage. Its true role in the event of postsurgical complications (fistu-
las and abscesses) is quite difficult to determine and therefore remains inade-
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quately investigated. Only one study reports a rate of surgical complications
significantly correlated with chemotherapeutic drug dosage [75]. At this writ-
ing, a randomized multicenter trial was ongoing in France (Prodige 7) aimed at
evaluating whether the therapeutic advantage of multimodal treatment (CRS
plus HIPEC) in PC of colorectal origin is related to the synergistic effect of IP-
CHT with oxaliplatin [76].

19.7.5 Prophylactic HIPEC

The application of IP-CHT as prophylactic treatment in CRC patients at high
risk of peritoneal seeding represents an appealing strategy supported by
increasing evidence of the clinical and pathological risk factors for PC (Table
19.1) [2, 3, 9]. One review identified a high risk of peritoneal failure in the
presence of synchronous PC, synchronous isolated ovarian metastases, and per-
forated primary tumor [10]. At lower risk are patients with tumors with serosal
or adjacent organ invasion, mucinous/signet-ring-cell carcinomas, and positive
cytology. Prophylactic IP-CHT has been tested both in a postoperative setting
(normothermic) and for intraoperative (HIPEC) therapy (Table 19.5).

The outcome of prophylactic postoperative normothermic IP-CHT appears
controversial. A significant improvement in survival [77, 78] and locoregional
recurrence was noted in two RCTs comparing adjuvant IP-administered 5-FU
with I'V-administered chemotherapy alone, although results were not confirmed
by two successive RCT with a similar design [79, 80]. The lack of confirmed
efficacy regarding prophylactic IP-CHT may be related to the normothermic
drug-delivery method and the use of 5-FU, which is not considered the best
option for treating peritoneal implants. The necessity of narrower selection cri-
teria, which only includes patients with primary CRC at higher risk of PC, was
also investigated. An Italian case—control study investigated the role of prophy-
lactic HIPEC in a selected group of patients with colon cancer (T3/4 and muci-
nous/signet-ring-cell histology) [81]. The experimental group underwent resec-
tion of the primary together with omentum, ovaries, cecal appendix, and hepat-
ic round ligament, followed by oxaliplatin-based HIPEC. A significantly lower
rate of peritoneal recurrence and longer DFS were detected in the prophylactic
group with respect to retrospective selection of patients who fulfilled the same
inclusion criteria (4 % vs. 22 %; 36.8 vs. 21.8 months, respectively). The com-
parative study was nonrandomized, and no difference in OS was observed. In
another uncontrolled study, a group of CRC patients with positive cytology at
the time of primary resection were selected for postoperative IP administration
of mitomycin C. In a multivariate analysis, IP-CHT was the only significant
prognostic factor for peritoneal recurrence survival, even though OS was not
affected by the locoregional treatment [82]. These studies show that an aggres-
sive prophylactic surgical approach associated with IP-CHT may positively
modify the natural course of peritoneal disease and be of benefit in selected
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CRC patients at the moment of primary treatment, but this strategy should be
further investigated in RCT.

19.7.6 Second-look plus HIPEC

According to a similar rationale, a prophylactic HIPEC as completion of sec-
ond-look surgery has been proposed in the setting of patients at high risk of
peritoneal recurrence. A study on systematic second look surgery plus HIPEC
has been performed in a group of CRC patients at high risk of peritoneal recur-
rence (minimal peritoneal carcinomatosis resected with the primary, sponta-
neous tumor perforation or inadvertent rupture of the tumor, ovarian metasta-
sis) [83]. After six months of systemic chemotherapy and no clinical or radio-
logical evidence of disease, second-look surgery followed by CRS (if peri-
toneal carcinomatosis was present) and systematic HIPEC was performed. This
protocol revealed early carcinomatosis in 56% of patients with a mean PCI
ranging between 5 and 9. After a median follow-up of 30 months, the 5-year
disease-free survival (DFS) and OS rate were 44 % and 90 %, respectively.
Peritoneal recurrences occurred in 17 % of cases, mostly in patients with
macroscopic PC discovered during the second-look procedure. Three random-
ized control trials are ongoing in the USA [84] and Europe attempting to answer
several questions about what issues must be addressed: the real impact on out-
come (survival and morbidity) of this aggressive strategy with respect to sim-
ple follow-up, the timing of second-look surgery, and patients best suited to
undergo the regimen (Table 19.3).
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Peritoneal Carcinomatosis 20
from Ovarian Cancer

Angelo Di Giorgio, Paolo Sammartino, and Pierandrea De laco

20.1 Introduction

Peritoneal carcinomatosis (PC) is the most impressive and frequent form of
locoregional spread of epithelial ovarian cancer (EOC). For much of its natural
history, the disease remains confined to the peritoneal district, thus representing
the target for various combinations of surgery and systemic or locoregional
chemotherapy (CHT). PC is evident both in the primary setting, i.e., in patients
first treated for locally advanced EOC, or as a recurrence in patients previously
treated for OC at any Fédération Internationale de Gynécologie et Obstétrique
(International Federation of Gynecology and Obstetrics) (FIGO) stage.

20.2 Evolution of Peritoneal Carcinomatosis Treatment

Treating PC from OC is generally based on CRS associated with systemic CHT
and, more rarely, on normothermic IP-CHT (Intraperitoneal Chemotherapy).
However, it is arduous to identify accurately optimal treatment, or at least the
most widely accepted standard treatment, for ovarian carcinomatosis. The ther-
apeutic success of maximal CRS, aimed at complete removal of peritoneal dis-
ease, and the high chemosensitivity of EOC for first-line treatment with carbo-
platin and Taxol, threaten to make these two basic forms of therapy antagonis-
tic (surgery and systemic CHT) and give rise to conflicting therapeutic indica-
tions in the same settings. From a surgical point of view, the scenario is compli-
cated further by the inhomogeneity of specialists in charge of surgical proce-
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dures (gynecologic oncologists vs. surgical oncologists), whereas among med-
ical oncologists, factors that divide opinions are relate to the range of possible
strategies for CHT timing compared with surgery, drug choice, and CHT infu-
sion methods, either systemic or locoregional. Moreover identifying at least four
different evolutive settings of EOC as targets for therapeutic strategies leaves lit-
tle room for sharing therapeutic strategies, thus generating a compulsive demand
of prospective studies, which for this disease entity are difficult to conduct.

Following a similar pattern for other forms of PSM, from the second half of
the 1990s, the choice of peritonectomy (PRT) associated with hyperthermic
intraperitoneal chemotherapy (HIPEC) (PRT plus HIPEC) has progressively
become more widespread among the wide range of possible therapeutic strate-
gies for ovarian carcinomatosis. This trend derives from a long evolutionary
path in the field of surgery and CHT, which is based on a solid rationale and on
promising results of phase II studies rather than specific randomized controlled
trials.

20.2.1 Evolution of Surgical Treatment: From Debulking
to Peritonectomy

Since the 1970s, locally advanced OC was the main field of application of the
concept of surgical debulking, understood as a procedure aimed not only at pal-
liate clinical conditions resulting from IP spread of the disease but also at
improved survival [1]. The principle of debulking has gradually earned consent
by progressively emphasizing the impact of the level of cytoreduction on patient
survival-so much so that among gynecologic oncologists, tumor residual dimen-
sions indicative of optimal cytoreduction have progressively decreased from 2
cm to 0.5 cm [2]. Sugarbaker pioneered the concept of PRT, an all-encompass-
ing term for complex surgical exeresis aimed at maximizing cytoreduction of
parietal and visceral carcinomatosis with an optimal limit up to a maximum of
2.5 mm. Sugarbaker also standardized PRT procedures, defining protocols for
evaluating PC diffusion (the PCI), and level of surgical cytoreduction obtained
[Completeness of Cytoreduction (CC) score] [3, 4].

Since the first report by Griffith in 1975 [1], in the setting of primary cytore-
duction for locally advanced EOC, the most relevant prospective studies on the
role of the extent of cytoreduction have consistently demonstrated that survival
progressively decreases as the volume of residual nodules increases (Table 20.1)
[5, 6]. The most significant gap is observed between totally cytoreduced cases
and those with residue of any size [2]. A meta-analysis of 6,855 cases confirmed
these data and showed that each 10 % increase in maximal cytoreduction corre-
sponded to a 5.5 % increase in median survival [7].

More controversial is the role of CRS in the setting of recurrent disease in
which the prognosis is related to a large number of factors, such as patient age,
interval between initial diagnosis and relapse, presence of ascites, and histologic
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Table 20.1 Cytoreduction for locally advanced epithelial ovarian cancer (EOC). Residual tumor
size and survival

Setting Study [Reference]  No. Residual Survival
disease
Primary 5-year (%) Median (months)
cytoreduction
Hoskins (1994) [5] 41 RO 60
62 <lcm 35
77 >1cm 20-35
Chi (2006) [6] 67 RO 106
70 <0,5cm 66
328 >0,5 33-48
du Bois (2010) [40] 1,046 RO 99.1
975 <lcm 36.2
1,105 > lcm 29.6
Secondary
cytoreduction
Authors? 513 RO 30-63.2
441 Any residual 7.2-27.6

aEisenkop et al. 1995-2000 [8, 10]; Cormio et al. 1999 [9]; Gadducci et al. 2000 [11]; Tay et al.
2002 [17]; Gronlund et al. 2005 [12]; Onda et al. 2005 [13]; Benedetti et al. 2007 [14]; Oksefjell
et al. 2009 [15]; Tian et al. 2010 [16]

subtype. Even in the absence of prospective studies, multiple retrospective studies
[8-17] (Table 20.1) and a meta-analysis involving 40 studies and 2,019 patients
[18] confirmed the prognostic role of maximal cytoreduction in recurrent cases.
Even after tertiary and quaternary cytoreduction, total cancer removal is a reliable
prognostic factor, as constantly demonstrated in relevant publications, although
this assumption is based on the analysis of retrospective studies only [19-22].

Tumor reduction surgery has evident benefits: it improves the patient’s QoL,
enhances tumor susceptibility to CHT by stimulating the active division of cells,
and decreasing the likelihood of drug-resistant clones by removing gross necrot-
ic tumor masses. Maximum cytoreduction able to permit complete removal of
peritoneal disease is therefore the most significant prognostic factor in all set-
tings and currently represents the fundamental aim of surgery when this
approach is indicated.

20.2.1.1 Peritonectomy

PC is characterized by neoplastic involvement of both the parietal and visceral
peritoneum, and radical surgery involves removing the peritoneal areas affected
by carcinomatosis.
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In treating ovarian carcinomatosis, debulking, cytoreduction, and PRT—
even if considered as synonyms of the same concept, i.e. maximal removal of
cancerous tissue —express the progressive evolution toward more extensive sur-
gery and match criteria and techniques described in Chap. 9. All endoperitoneal
viscera and parenchyma are susceptible to partial or total excision, according to
the degree of invasiveness and the feasibility of in situ cytoreduction of
implants, as previously described (Fig. 20.1). However, some aspects need fur-
ther clarification, as they are related to visceral resection and lymphadenectomy.

Until now, type and extent of visceral resection for locally advanced EOC
have reflected the different attitudes of key figures dealing with these proce-
dures; there are clear-cut differences between the approach of oncologic sur-
geons engaged in PSM treatment and that of gynecologic oncologists. The aim
of the surgeon performing PRT is to achieve complete cytoreduction (CC-0) or
optimal CRS with residues up to 2.5 mm, whereas gynecologic oncologists —
with few exceptions—consider that optimal cytoreduction is achieved even
when residual disease includes nodules of 1 or 2 cm. Such limits in many cases
can result in residual disease classification of FIGO stage I1I, the same stage as
before cytoreduction. This low aggressive approach toward eradicating the dis-
ease is adopted especially when the carcinomatosis involves critical areas diffi-
cult to treat, such as the supramesocolic space or when there is an extensive
infiltration of the colon and rectum. Such cases of partial cytoreduction are
assigned to subsequent chemotherapies that are often carried out by the same
gynecologists, with the aim being more toward disease chronicity rather than
treatment radicalization. Recently, even oncologic gynecologists have begun
recognizing the importance of maximal cytoreduction in the supramesocolic
space, but it must be noted that few gynecologic centers have sufficient surgical
skills to address this technical challenge [23].

Particularly relevant is the problem of PC treatment when it involves the colon
and the rectum, as discussed in specific studies [24, 25] (Fig. 20.2). Widespread
pelvic disease, with involvement of the pouch and colorectal wall, entails resec-
tion of this viscus with the same criteria of radicality adopted when treating pri-
mary CRC (Colorectal Cancer), i.e., including mesorectal excision and sections of
mesenteric vessels at their origin. Similar radical colonic resections should be per-
formed when other large-bowel sectors are involved (Fig. 20.3). Using this pro-
cedure allows both removal of a large amount of mesocolon—frequently infiltrat-
ed by implants—and regional lymphadenectomy that removes lymph node sta-
tions, which are metastatic in > 50 % of cases [24, 26]. In primary CRS, pelvic
and para-aortic lymphadenectomy must be routinely performed in relation to the
high incidence of locoregional metastases. In secondary CRS, locoregional lymph
node dissection should be performed if not done during primary cytoreduction or
if there is evident of lymph node recurrence (Fig. 20.4).

In patients who undergo NACT and attain a complete or partial response,
persistent morphological alterations of the peritoneal membrane identify the
sites of previous carcinomatosis, as described in Chap. 4. Accurate evaluation of
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such morphological alterations is invaluable in planning a correct CRS strategy.
If there is no evidence of macroscopic disease, basic hysteroadnexectomy,
locoregional lymphadenectomy, complete omentectomy, appendectomy, and
resection of the ligamentum teres and falciform ligament should be performed

Fig.20.1 Visceral and parietal
peritonectomy for ovarian
carcinomatosis

ik %

Greater ome

Rightsbolo
. w-saddledm

Fig.20.2 En bloc hysteroadnexectomy, pelvic—parietal peritonectomy, and colorectal resection. In-
ferior mesenteric artery is ligated at the aortic origin



300 A.Di Giorgio et al.

Fig.20.3 Pelvic peritonectomy:
hysteroadnexectomy, colorectal
en-bloc resection, and pelvic
lymphadenectomy

according to criteria described in Chap. 9. In these cases, it is appropriate in
principle to perform a parietal PRT of the lower abdomen and pelvis below the
transverse umbilical line to remove the peritoneum, which is often involved in
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Fig.20.4 Pelvic, para-aortic, and paracaval lymphadenectomy

carcinomatosis. All other residual peritoneal areas with previously described
morphological alterations should be treated superficially and extensively with
argon or ball-tip electrosurgery to alter structural continuity of post-CHT fibro-
sis, thus allowing deeper penetration of drugs into the peritoneal membrane dur-
ing HIPEC.

20.2.2 Peritonectomy plus Hyperthermic Intraperitoneal
Chemotherapy

Removing all macroscopically visible tumor tissue is not an absolute guarantee
of neoplastic “sterilization” of the abdominopelvic cavity; persistence of micro-
scopic residual is possible. Therefore, a more suitable means of treatment is
required to ensure control over microscopic residual. From this perspective,
HIPEC at the end of the surgical phase is a logical method of addressing this
problem, as for other forms of PSM. The principles and rationale underlying the
association of PRT plus HIPEC, together with results from the largest multi-
institutional case studies, are the major factors supporting the adoption of this
integrated procedure in treating primary and recurrent ovarian carcinomatosis.
Cisplatin (CDDP), at doses varying from 50 to 100 mg/m?, is the most wide-
ly used drug for HIPEC in ovarian carcinomatosis. The isolated or combined
administration of other drugs in association with CDDP is used in some centers.
In most centers treating ovarian carcinomatosis with this combined procedure,
general criteria for patient inclusion are rather homogeneous and relate to
patients without extra-abdominal disease, with optimal American Society of
Anesthesiologists (ASA) and performance status (PS) scores and with surgical-
ly cytoreducible disease. Patient age is not a matter of absolute exclusion; even
patients in their 80s, particularly motivated, with good ASA and PS scores with
limited and easily resectable PC can be scheduled for the procedure. The pres-
ence of easily resectable and isolated liver metastases is not a contraindication
for the procedure if complete cytoreduction is achievable. The role of PCI as a
factor conditioning patient inclusion is not uniformly accepted for ovarian car-
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cinomatosis: some authors identify the levels beyond which PRT plus HIPEC is
inadvisable [27-29]; for others, limitation is related to the infeasibility of
cytoreduction. When the cytoreduction score is suboptimal, HIPEC is theoreti-
cally avoidable, as it is not effective in attacking residues > 2.5-3 mm; but if
ascites is present, then HIPEC can still be performed, as it is effective in pre-
venting ascites reproduction in a large percentage of cases.

PRT plus HIPEC is applicable in various phases of the disease and in rela-
tion to different evolutionary scenarios related to previous treatments.
Therefore, four possible treatment settings are predictable:

e After NACT (interval debulking)
* Consolidation
* Recurrence/persistence } secondary cytoreduction.

* Front line
} primary cytoreduction

20.3  Role of Peritonectomy plus Hyperthermic
Intraperitoneal Chemotherapy in Treating
Peritoneal Carcinomatosis from Ovarian Cancer

Since 2000, the use of HIPEC combined with maximum cytoreduction (PRT) for
treating PC from OC has gradually become more widespread. Results obtained
thus far, although drawn exclusively from phase 1 and 2 studies of small and
inhomogeneous case series, encourage the continuation of experience in this
field and continue to support the benefits for long-term survival in both primary
and recurrent forms, with acceptable morbidity rates when performed in high-
volume HIPEC centers. However, inhomogeneity when selecting patients for
neoadjuvant and adjuvant treatments and when assessing and classifying PC
spread and cytoreduction levels complicates comparative data analysis and
opens up the results of multicenter studies to criticism. Moreover PRT requires
a high number of surgical resections to eradicate a disease with multiform diffu-
sion, in the face of which surgical attitude is hardly comparable, so that the sur-
geon is a prognostic factor of considerable significance [30]. Furthermore, the
risk of high morbidity and lack of controlled studies further exacerbate this gen-
eral scepticism, particular regarding the role of HIPEC.

At present—and pending results of future prospective trials—the role and
limitations of applying the procedure are drawn from experiences from three
basic study types (Table 20.2):

e Collective reviews
e Multicenter studies
* Monocentric case studies produced by high-volume HIPEC centers
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Table 20.2 Peritonectomy plus HIPEC for treating ovarian carcitomatosis: literature review and
ongoing studies (2,419 cases)

Type of study Year Study Study design No. cases No. studies/
[Reference] centers
Collective 2012 de Bree and Collection of 1,102 22
reviews Helm [33] phase 11
Multicenter 2010 Helm et al. [34] Retrospective 141 9
(HYPER-O)
2011 Deraco et al. [35]  Prospective 26 4
phase II
2013 Bakrin et al. [29] Retrospective 566 13
2014 De Iaco, Multi Prospective 454 13

(unpublished) Institutional Italian phase II
Study (MILS)*
Monocentric 2014 Di Giorgio Prospective 130 1
(unpublished) phase 11

*CRO-Aviano; Riuniti Hospitals, Bergamo; Sant’Orsola-Malpighi Hospital, Bologna; Careggi
Hospital, Florence; Morgagni-Pierantoni Hospital, Forli; G. Martino Hospital, Messina;
Multimedica, Milan; Infermi Hospital, Rimini; Sapienza University of Rome, Roma; Catholic
University, Rome; National Cancer Institute, Rome; Santa Maria Hospital, Terni; Candiolo
Institute IRCCS, Turin

20.3.1 Collective Reviews

The most important available collective reviews are the studies by Bijelic et al.,
Chua et al., and de Bree [31-33]. In their (more recent) review, de Bree and
Helm present results of 22 studies, 12 and 9 of which are also considered by
Chua et al. and Bijelic et al. in their collections. These collective studies report
data from phase I and II studies that are remarkably heterogeneous, particularly
in terms of drugs used in HIPEC, post-HIPEC results, and duration of follow-
up. The reviews are primarily focused on evaluating survival, morbidity, and
postoperative mortality rates but summarize the other results of the individual
studies partially and rather inhomogeneously. Concerning survival, base param-
eters that impact prognosis, such as CC and PCI scores, are either not analyzed
or are only marginally considered: concerning morbidity, common risk classifi-
cations are not evaluated. Even if with some inaccuracy on data retrieval that
have been rectified or not taken into consideration in this analysis, the de
Bree/Helm review can be considered the most complete and to best represent
current results inferable from collective reviews.

20.3.2 Multicenter Studies

Multicenter studies are the most frequently reported in the literature, but simi-
larly to reviews, they show such a high degree of heterogeneity both in methods
and in contents that comparison between them is often difficult. Two studies are
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retrospective: the first [34] refers to the Hyperthermic Intraperitoneal
Chemotherapy In Ovarian Cancer (HYPER-O) US register, which refers to
seven centers; the second [29] is currently the major collective clinical report
and collects data derived from 13 French centers, including 246 cases already
reported in a previous work [28]. Two further studies are considered as prospec-
tive by their own authors: the Multi-Institutional Italian Study (MIIS), and
Deraco et al.’s Multi-Institutional Study [35]. The Italian study is ongoing, and
results reported here are as yet unpublished; to date, that study comprises 454
cases from 13 centers, including 109 cases from clinical records of the senior
author of this chapter. The primary aim of all these studies—except Deraco et
al.’s, which exclusively analyzes front-line-treated cases—is to evaluate long-
term survival and morbidity and consider the various settings in which the PRT
plus HIPEC procedure is administered. Survival is analyzed with uniform statis-
tical methodology, and in all studies, several types of prognostic factors are con-
sidered in univariate and multivariate analysis—except in Deraco et al.’s study,
which exclusively and generically analyzes overall (OS) and progression-free
(PFS) survival. Among prognostic factors, PCI and CC scores are the most fre-
quently considered. Heterogeneity is evident when morbidity is analyzed, with
the majority of reports referring generically to major complications that are clas-
sified with inhomogeneous protocols. Few studies analyze risk factors for com-
plication with univariate or multivariate analyses.

20.3.3 Monocentric Study: Personal Experience

Most relevant single-center studies have been included in the reviews described
above and summarized in de Bree and Helm’s review [33], but all examine a lim-
ited number of cases, with the largest study analyzing 81 patients. The single-cen-
ter clinical study reported here and until now unpublished represents the largest
monocentric study on treating PC from OC with PRT plus HIPEC: 130 cases of
PC derived from high-grade and FIGO stages IIIc/IV OC are enrolled in this non-
randomized prospective phase II study on treating ovarian carcinomatosis with
PRT plus HIPEC. The study analyzes clinical records of treatment performed
between November 2000 and December 2013 by a single surgeon as main oper-
ator (Di Giorgio) and assisted by the same surgical and anesthesiological staff.
The same team of pathologists analyzed surgical samples following a specific
protocol implemented at the beginning of the study. The same radiological staff
carried out investigations and reviewed morphological CT and MR images both
during the preoperative and follow-up phases. The database was organized
prospectively. At the beginning of 2013, part of this series was included in the
MIIS described above.



20 Peritoneal Carcinomatosis from Ovarian Cancer 305

20.4  Study Results

Clinical and anatomopathological characteristics and HIPEC techniques infer-
able from the analysed studies are summarized in Table 20.3.

De Bree and Helm’s review [33] does not describe or summarize these types
of data, even if they are reported more or less analytically in the original indi-
vidual studies. Anatomopathological characteristics and FIGO stage seemed
rather similar between studies reporting these specific data: the absolute major-
ity of patients had high-grade (G3) and FIGO stage III/IV tumors. Except for
Deraco et al.’s study [35], which includes only cases treated as front line, all
other studies refer to various settings in which PRT plus HIPEC was performed:
distribution of setting results was sufficiently homogeneous.

Chemosensitivity to platinum was analyzed in different ways in four stud-
ies: HYPER-O evaluated the response to chemotherapeutic treatments per-
formed as front line in all settings. Bakrin [29] described the pre-HIPEC
response exclusively in patients with recurrent or persistent carcinomatosis. In
our patients, chemosensitivity was evaluated for adjuvant CHT post-HIPEC
performed after both primary and secondary cytoreduction; in addition, NACT
sensitivity was considered in the primary setting. This evaluation was also per-
formed in the MIIS.

PCI score differs significantly between studies: in ours and in that of Deraco
et al., the median PCI score was the highest; the French study [28] reported the
lowest. Optimal cytoreduction scores were homogeneous among these studies.
In all studies except ours, combinations of drugs were used for HIPEC, with
platinum-based drugs being the most commonly used. Drug doses were very
variable: CDDP doses ranged from 50 to 100 mg/m?. HIPEC duration varied
from 30 to 120 min according to the drug used. Both open and closed HIPEC
techniques were used, except for in Deraco et al.’s and our studies, in which
only the closed technique was applied. In all studies, protocols provided for
adjuvant treatments, even if the percentage of their application was significant-
ly different.

20.4.1 Survival and Prognostic Factors

The majority of studies analyzed survival in relation to various settings in which
CSR plus HIPEC was performed. Deraco et al.’s study is an exception, as it is
totally dedicated to front-line cases. Our monocentric study, the MIIS (unpub-
lished), and de Bree and Helm’s [33] review describe similar long-term results
after primary and secondary CRS respectively (Tables 20.4 and 20.5). For pri-
mary CRS, survival at 5 years was remarkably variable in the de Bree and Helm
review, ranging from 33% to 84%; in multicentric analyses and in the monocen-
tric study, survival was more homogeneous, with a median value almost 50 % at
5 years for primary CRS and 40 % for secondary CRS. The HYPER-O registry
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Fig.20.4 Part | - PRT plus HIPEC in ovarian carcinomatosis treatment. Survival and prognosis

factors

Study [Reference]

SETTING

frontline

interval debulking
consolidation

recurrence

Primary

Recurrence

Maximal cytoreduction
CC O (primary)

CC 0 (recurrence)
Prognostic factors

CC score

PCI

PS

Platinum response
setting

blood loss

ca 125

Lymph-node metastases
age

HIPEC drugs number
HIPEC drug type(carboplatin)
duration of perfusion (90 min)
Study [Reference]

SETTING

frontline

Multicentre Studies
HYPER-O [34]

5 yr OS 5 yr PES median OS
% % months
333 19,7 41,7

50,2* 9,6 63.,6"
424" 242" 53,7

18 9,6 235

254 13 30,3

26,7 - 37

median PFS
months
248

168"

29,6

13,7

13,7

Univariate or Multivariate Analyses - p value

0.025

nr

nr

0.048

ns

0,005

nr

nr

nr

nr

0011

0,047

DERACO [35]

5 yr OS 5 yr PES
% %
60,7 15,2

median OS
months

not reached

* unreliable because of the small number of events

median PFS
months

30
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Fig.20.4 Part Il - PRT plus HIPEC in ovarian carcinomatosis treatment. Survival and prognosis
factors

Multicentre Studies

Study [Reference] BAKRIN [29] MIIS (unpublished)

5 yr OS median OS 5 yr OS median OS
SETTING % months % months
frontline 33,7 52,7 43 73
interval debulking 16 36,5 34 53
consolidation 12,5 334 - -
recurrence 37 45,7 32,16,307 45,29 477
salvage - - 28 30
Primary 17 354
Recurrence 37 457
Maximal cytoreduction
CC 0 (primary) 23.6 415 495 54
CC 0 (recurrence) 40.2 51.5 41,8 482
Prognostic factors Univariate or Multivariate Analyses - p value

Primary Recurrence Primary Recurrence
CC score 0.005 0.0001 ns 0,001
PCI 0.0012* 0.0001** 0,01 0,001
PS ns 0.0224
Platinum response nr ns p<0,005
setting nr nr
blood loss nr nr
ca 125 0.0241 0.2131 ns ns
lymph-node metastases  nr nr ns ns
age 0.0574 0.0314 ns ns
HIPEC drugs number 0.9689 0.0176
HIPEC drug type 0.2653 0.7098
(carboplatin)
duration of perfusion nr nr
(90 min)

A 15T recurrence Platinum sensitive, insensitive after 2"dchemotherapy;
*multivariate(0,005)

**multivariate(0,001)

nr, not referred; ns, not significant
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[34] demonstrated significantly lower survival values in secondary CRS (18 %
at 5 years and a median of 23.5 months) compared to all other studies. Across
studies, PFS values at 5 years range from 13 % to 50 %; in the monocentric
study, PFS is higher than other studies and closer to OS (Fig. 20.5).

In conclusion, except for the HYPER-O study, no other substantial difference
after primary and secondary CRS in terms of OS and PFS is reported. Also, com-
parative analysis of survival in relation to single-center settings shows no signif-
icant differences in terms of OS or PFS (Fig. 20.6). Nevertheless, in primary
cytoreductions, front-line cases tend to have a better prognosis than those treat-
ed at interval debulking, except in the HYPER-O study. The scarce number of
patients in the setting of consolidation generates less reliable data and makes it
difficult to identify a consistent survival trend. In all studies, completely cytore-
duced patients demonstrated median survival rates ranging from 37 to 66
months, with small differences between primary and secondary CRS. Two stud-
ies [33, 35] did not analyze prognostic factors; in the other four studies (Tables
20.4,20.5) [48, 53, MIIS (unpublished), Di Giorgio (unpublished)], CC and PCI
scores were more constantly analyzed as prognostic factors and significantly
influenced survival on univariate and multivariate analysis.

The prognostic significance of platinum chemoresistance was analyzed in
four studies (Table 20.3) [29, 33, MIIS (unpublished), Di Giorgio (unpub-
lished)], even though each had different criteria; and in three studies (Tables
20.4, 20.5) [35, MIIS (unpublished), Di Giorgio (unpublished)], chemoresis-
tance was statistically correlated with survival and negatively influenced the
prognosis. In our monocentric study, univariate and multivariate analyses
showed that the level of carcinomatous infiltration of the intestinal wall from

100 - — overall survival
progression free sur

75 1
5
u
r

% 50

3 - - 48,1
: 52
I

25 4 median OS: 50,5(33,2-66)

median PFS: 24,3(19,6-52)
0 15 30 45 60

months

Fig.20.5 Monocentric study: peritonectomy and hyperthermic intraperitoneal chemotherapy (HI-
PEC) in ovarian carcinomatosis treatment. Overall and progression-free survival using the
Kaplan—-Meier method
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Fig.20.6 Monocentric study: peritonectomy and hyperthermic intraperitoneal chemotherapy (HI-
PEC) in ovarian carcinomatosis treatment. Overall and progression-free survival according to all
settings; consolidation survival curves are unreliable because of small number of cases

serosa to mucosa negatively influenced the prognosis. HIPEC duration and the
use of different drugs had little impact on survival.

Ultimately the analyzed studies permit the evaluation of the overall impact
of PRT plus HIPEC on prognosis of patients with ovarian carcinomatosis, even
with the methodological limitations previously described. However, two funda-
mental aspects must be defined:
¢ The role of HIPEC in comparison with traditional treatments
e The role of HIPEC in various settings
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Thus, it is necessary to verify whether the integrated procedure of PRT with
HIPEC creates advantages in terms of survival in comparison with CRS associ-
ated with systemic or normothermic IP-CHT and whether it is effective in the
various settings in which carcinomatosis requires treatment.

20.4.1.1 HIPEC versus No HIPEC

In a general evaluation of treatment for ovarian carcinomatosis, comparison
between traditional treatments based on CRS and systemic or, more rarely, IP-
CHT and PRT plus HIPEC is difficult and inconclusive due to the lack of spe-
cific controlled studies. Therefore, comparison on the basis of results of current-
ly available studies is arduous due to the wide inhomogeneity of patients and
methods, and particularly to the different approach between PSM centers that
are mainly proponents of HIPEC and gynecologic—oncologic centers that prima-
rily use standard treatments. Indeed, one significant example is sufficient to
demonstrate the profound differences between these approaches and refers to the
evaluation of optimal debulking. In the gynecological context, a limit of 1 cm is
tolerated, whereas in the HIPEC context, this limit is 2.5 mm. This observation
alone is sufficient to render insignificant the comparison between such different
experiences.

In the first report of the HYPER-O registry [34], Helm compared survival
results in 20 front-line cases treated with HIPEC with those obtained from the
GOG 172 protocol [36] in patients with similar characteristics and treated with
systemic or IP-CHT. This comparison shows consistent results among these
studies, even if the comparison was limited to 2-year survival and cases involved
in the GOG protocol were far more numerous.

Major clarity is inferred from case—control studies that compare results of
CRS plus HIPEC with controls treated with conventional procedures for EOC.
In all these studies, HIPEC results were consistently superior, guaranteeing bet-
ter survival rates than traditional protocols in various settings, both primary and
secondary (Table 20.6).

20.4.1.2 HIPEC in Primary CRS-HIPEC in Front-line and
Interval-debulking Treatment

In primary CRS plus HIPEC, the most discussed problem is the role of NACT.
Theoretically, primary forms with diffuse PC are the ideal target for neoadjuvant
treatments based on CarboTaxol due to the high percentage of chemosensitivity
in front-line treatment (~ 80 % of cases). However, the expected results do not
demonstrate a clear advantage of NACT when compared with front-line treat-
ment with CRS followed by adjuvant CHT, nor with CRS plus HIPEC.

NACT in Traditional Treatment

The EORTC 55971 trial evaluated the role of NACT in patients with stages III
and IV ovarian cancer. In that study, patients were randomized in two groups:
standard CRS plus adjuvant CHT vs. NACT and interval debulking surgery.
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Results showed an increased rate of optimal cytoreduction (residual < 1 cm;
80.6 % vs. 41.6 %) and a decreased incidence of postoperative complications in
patients treated with NACT versus those treated with primary debulking surgery
(PDS), without any difference in terms of OS (median 30 vs. 29 months) and
PFS (12 months for both arms). The most significant prognostic parameter was
optimal cytoreduction [37]. The study is the subject of several criticisms [38]
that undermine the overall validity of results. However, conclusions from a prac-
tical point of view tend to favor the choice of neoadjuvant treatment in patients
with bulky disease and at risk of incomplete cytoreduction or in patients with
metastatic disease (stage IV). Alternatively, for patients for whom obtaining
optimal cytoreduction is feasible, PDS should be preferred.

NACT in CRS plus HIPEC

Review data in this regard are conflicting, and no evident survival trend with
its use emerges (Tables 20.4 and 20.5). However, a better understanding of the
role of NACT in this setting can be obtained from analysis of its efficacy on
carcinomatosis before cytoreduction. Indeed, patients who undergo NACT
present several degrees of response that generate minimal or null variations in
staging the initial carcinosis, up to total eradication of ovarian and peritoneal
disease. Comparison of prognoses based on different responses to NACT can
contribute to specifying its role and identifying patients who may benefit the
most from its use.

In our monocentric and the Italian MIIS study, patients who received NACT
and nonresponders to a preoperative Taxol plus platinum-based regimen demon-
strated a significantly worse prognosis in comparison with patients treated front
line or those who responded to NACT both having similar prognoses (Fig. 20.7).
In our study and the Italian MIIS study (unpublished), NACT was performed in
patients with major peritoneal diffusion or with systemic metastases; thus, the
good prognostic result obtained in chemosensitive NACT patients, similar to
those obtained with front-line treatment, leads to the positive consideration of
NACT in more advanced cases. In NACT nonresponders, prognosis was signif-
icantly worse and CRS plus HIPEC did not appear to modify significantly the
negative evolution of the disease, even if the rates of optimal cytoreduction were
similar to those obtained in front-line cases and in NACT-sensitive cases. In our
clinical records, complication rates are similar in the different settings of pri-
mary cytoreduction.

The role of NACT appears uncertain also in HIPEC studies, with results
similar to those regarding the role of NACT in traditional treatment, thus induc-
ing a personalized choice regarding these treatment options based primarily on
PC extent and presence of hematogenous or extra-abdominal metastases sus-
ceptible to systemic treatments at first diagnosis. Different therapeutic strate-
gies are worth consideration for NACT unresponsive patients, and results from
current clinical trials regarding the role of NACT pre-HIPEC could give more
significant indications.
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Fig.20.7 Monocentric study: peritonectomy and hyperthermic intraperitoneal chemotherapy (HI-
PEC) in ovarian carcinomatosis treatment. Overall survival in primary setting with and without neoad-
juvant chemotherapy (NACT)

In our monocentric study, 45.5 % of patients treated with primary cytoreduc-
tion had lymph node metastasis, which negatively influenced survival and
resulted as a significant prognostic factor in univariate and multivariate analy-
ses. Nevertheless 33.4 % of patients with lymph node metastases showed a 5-
year survival, thus confirming the therapeutic role of lymphadenectomy in the
presence of locoregional lymphatic diffusion (Table 20.5). The role of lym-
phadenectomy in advanced ovarian carcinomas is controversial. Some authors
support its need on the basis of favorable prognostic results [39-41]; others are
sceptical [42] or think that systematic lymphadenectomy should be not per-
formed in principle. The high percentage of locoregional lymph node metastasis
and the need to radicalize the intervention in lymph nodes as well as in the peri-
toneal cavity justify systematic lymphadenectomy in primary settings.

Lymph node diffusion in PC from advanced EOC may also involve other sec-
tors, such as the hepatic pedicle and perigastric and mesenteric stations, rather
than locoregional lymph nodes. In these compartments, the extent of lym-
phadenectomy should be performed as necessary.

20.4.1.3 HIPEC in Consolidation Treatment

Patients treated with PRT plus HIPEC as consolidation therapy are worthy of spe-
cific evaluation. First, the concept of consolidation needs to be defined, as this is
inhomogeneous in various studies. In general, consolidation therapy is defined as
a cancer-specific treatment planned in patients already treated and who show no
apparent recurrent disease. Consolidation treatment may be performed after
exclusive systemic CHT or after integrated surgical and chemotherapeutic treat-
ment. It can consist of surgery or CHT, either alone or in combination.
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In the majority of studies that consider HIPEC as consolidation therapy, the
procedure was performed in patients without apparent endoperitoneal recurrence
on second-look surgery and after first-line treatment consisting of CRS plus sys-
temic CHT, as in studies by Bae et al., Gori et al., Kim et al., and Pomel et al.
[43-46]. In these studies, consolidation is prevalently performed with HIPEC
associated with multiple peritoneal biopsies; further secondary cytoreductions
are rare and only used in cases with macroscopic recurrence at second look.

Other authors [46—48] identified the use of PRT plus HIPEC as consolida-
tion after NACT. Kim et al. [45], in a series of patients previously treated with
PDS and systemic CHT, used PRT plus HIPEC both as consolidation and as
secondary cytoreduction, without specific discrimination between the two
series. Given that all patients during PRT plus HIPEC presented peritoneal
metastases, the study more aptly refers to cases of secondary cytoreduction for
recurrence and not for consolidation treatment. The HYPER-O study reports
12 cases treated as consolidation without specifying previous treatment; the
relative survival results are reported as being unreliable by the same authors
due to the small number of cases examined. These data confirm inappropriate-
ness in identifying the consolidation setting in series treated with HIPEC.
More accurate is identifying the use of PRT plus HIPEC as consolidation in
patients who undergo NACT for diffuse PC and who obtain complete remis-
sion. In our opinion, these patients, even if apparently disease free, require an
integrated procedure aimed not only at excising genital organs and other struc-
tures described above, but also using HIPEC to treat sites previously affected
by peritoneal metastases.

In the analyzed studies, it was not possible to identify significant groups of
patients in this specific setting. Cases treated with this procedure in our single-
center experience were too few to provide useful indications; however, all seven
patients treated with consolidation therapy were alive and disease free at this
writing, with a follow up ranging from 2 to 7 years.

It should be also considered that the percentage of cases developing recur-
rence after negative second-look surgery is significantly high, ranging from
30 % to 56 %, in relation to the risk of undertreatment for the reason previous-
ly indicated. Thus, novel treatment strategies should be verified for this peculiar
set of patients in future trials [47, 48].

20.4.1.4 HIPEC for Recurrence

In almost all studies dealing with PRT plus HIPEC, patients treated for recur-
rence are significantly more numerous than those treated for primary forms,
except in our monocentric study. These data conflict with traditional treat-
ments, which suggest limited use of CRS for recurrence, using that approach
only for patients with intestinal obstruction, with single symptomatic or slow-
growing localization, and with platinum-sensitive recurrence. Patients affected
by platinum-resistant or platinum-refractory disease with progression during
first-line treatment are not considered suitable candidates for CRS.
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Concerning traditional treatments, two multicentric randomized studies in
progress are aimed at proving the efficacy of surgical treatment in patients with
platinum-sensitive recurrence: GOG 213 and AGO-OVAR DESKTOP III studies
[38]. In the study by Harter et al. comprising 250 patients who underwent CRS and
treated for recurrence from EOC, overall median survival was 29.5 months, which
decreased drastically to 19.9 months in patients with diffuse PC [51]. In Bristow
et al.’s meta-analysis [18] involving 2,019 patients who underwent secondary CRS
for platinum-sensitive recurrence, median OS was 30.3 months. These survival
values are significantly lower than those reported in studies summarized in Tables
20.4 and 20.5, in which patients were prevalently treated for diffused carcinomato-
sis rather than for localized forms, as in Bristow et al.’s study, and without distin-
guishing first or multiple recurrences. Also, case—control studies in Table 20.6
clearly demonstrate that in secondary forms, CRS plus HIPEC guarantees median
survival rates higher than standard treatments without HIPEC.

It is interesting to note that among multicenter studies reported in table 4 and
in relation to patients treated for recurrence only, the HYPER-O study showed a
negative prognostic influence of platinum resistance; in Bakrin et al.’s study, the
most extensive dealing with HIPEC; in this author’s monocentric study, and in
the MIIS study, platinum resistance showed no significant influence on survival
in comparison with chemosensitive cases. In HIPEC studies on recurrence, anal-
ogous to primary forms, CC and PCI scores were the most significant prognos-
tic factors. Infiltration grade of the intestinal wall by carcinomatosis resulted in
a significant prognostic factor in the monocentric study, confirming results of a
previous report and those of other studies [24-26]. In secondary forms, lym-
phadenectomy is necessary when it has not been performed in previous primary
CRS or when metastatic lymph nodes are present; the aim is to radicalize exere-
sis at the lymphatic level.

In our monocentric study, 62.5 % of recurrent cases presented lymph nodal
metastases, but this involvement did not significantly influence prognosis. These
data confirm the significance and need for lymphadenectomy, as exeresis of
metastatic lymph nodes guarantees similar survival to that observed in patients
with negative lymph nodes.

Results of ongoing trials will elucidate the real role of CRS plus HIPEC for
treating recurrent ovarian carcinomatosis. On the basis of analyzed experiences,
CRS plus HIPEC is a promising choice, which can guarantee long-term survival
rates higher than those of standard treatment and similar to those in primary
forms. It is also appropriate for both platinum-sensitive and -resistant forms.

20.5 Morbidity and Mortality

Most relevant complications after PRT plus HIPEC primarily involve toxicity
derived from CHT during HIPEC and the complexity of adverse events strictly
related to the procedure (Table 20.7). Hematological toxicity with grades 3 and
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4 leukopenia was reported in Deraco et al.’s [35] and Bakrin et al.’s [29] stud-
ies, with a maximum incidence of 11 %; renal toxicity ranged from 6 % to 8 %.
In Bakrin et al.’s study, 2 % of patients developed a chronic renal failure and 1 %
required long-term dialysis. The incidence of major complications (grades 3 and
4) was variable, ranging from 14 % to 56 %, with a mortality rate ranging from
0 % to 10 %. The rate of reintervention with surgical, endoscopic, or radiologi-
cal procedures varied between 13 % and 19.2 %. Only two studies (Table 20.7)
[27, Di Giorgio (unpublished)] used both univariate and multivariate analyses to
assess risk factors for complications. High PCI score and incomplete cytoreduc-
tion were significantly correlated with increased morbidity in both studies. A
study by Cascales Campos et al. involving 91 patients treated with PRT plus
HIPEC for ovarian carcinomatosis in various settings [52] used multivariate
analysis to determine the role of PCI as a risk factor for major complications
associated with performing digestive anastomoses.

It is difficult to compare various experiences mainly because of the differ-
ent criteria by which complications are defined and the different classifications
with which morbidity levels are synthesized. The number of possible complica-
tions after PRT plus HIPEC is high, and the possibility of achieving a complete
scenario of all adverse events is difficult and depends on the accuracy with
which databases are designed and on prospective or retrospective modalities
with which data are updated.

Among the criticisms regarding PRT plus HIPEC, the high percentage of
major complications and the role of HIPEC as a morbidity risk factor are well
known. It is difficult, if not impossible, to establish the precise responsibility of
HIPEC, even if its role as cofactor cannot be ignored. Among the analyzed stud-
ies, only Bakrin et al.’s multicenter study and the author’s monocentric study
reported results of multivariate analyses of risk factors, and both studies identi-
fied PCI and CC scores as most relevant parameters correlated to the occurrence
of major complications.

These results logically correlate with operative mortality and reintervention
rates, as reported in Deraco et al.’s [35] and Di Giorgio’s monocentric study
(unpublished), which include cases with the highest mean PCI value. Such results
also correlate with lowest morbidity rates observed in patients treated as consol-
idation and who were free of disease at second look. An exception is represented
by Pomel et al.’s prospective study [46] dedicated to cases treated as consolida-
tion with oxaliplatin-based HIPEC [Hyperthermic Intra-peritoneal Chemotherapy
using Oxaliplatin as Consolidation Therapy for Advanced Epithelial Ovarian
Carcinoma. Results of a phasell prospective multicentre trial (CHIPOVAC)];
this study was interrupted for excessive morbidity. Procedure duration was a risk
factor in the monocentric study, as in other reports of PRT plus HIPEC treatment
in both ovarian and extraovarian carcinosis [53, 54].

In summary, in the presence of notable variability of data from analyzed
studies, incidences of complication and mortality appear limited and compara-
ble with those related to major abdominal and pelvic surgery. Controlling mor-
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bidity rate is possible in highly active centers with consolidated experience and
specialized medical, nursing, and logistic organization, as reported in previous
chapters. Results of trials in progress regarding the specific role of HIPEC shall
furnish significant data about its related morbidity, whereas the use of specific
protocols and prospective databases related to multi-institutional experiences
can provide useful data to limit morbidity in the mid-term.

20.6 Conclusions

Using the integrated procedure of PRT plus HIPEC for treating ovarian carcino-
matosis is the most discussed issue among PSM. The main criticism regards the use
of HIPEC, since the need for maximal cytoreduction is consolidated and does not
raise any doubts. Lack of prospective randomized studies on the role of HIPEC and
the differing opinions between oncological surgeons, who are more likely to use
HIPEC; and oncologic gynecologists and medical oncologists, who are more like-
ly to use standard treatment with cytoreduction associated with systemic CHT or,
more rarely, isothermic IP-CHT, plays a relevant role in such a scenario.

Communities of surgeon and oncologic gynecologists who believe in the role
of HIPEC have started controlled clinical trials aimed at clarifying the role of
PRT plus HIPEC, but conducting these studies with the aim of achieving reliable
results is lengthy and difficult. Furthermore, the use of innovative drugs or com-
binations of drugs to treat OC, which is basically highly sensitive to first-line
treatment with CarboTaxol and susceptible to benefits from second- and third-
line CHT for attaining disease chronicity, contributes to further questions
regarding the role of HIPEC in ovarian carcinomatosis.

To date, the major criticisms of HIPEC involve its potential influence on sur-
vival and morbidity. Therefore, it is necessary to verify whether PRT plus
HIPEC can guarantee better survival when compared with standard treatments
and whether the incidence of related morbidity is acceptable in comparison with
other types of treatment. To answer these questions, we must rely on available
literature reports and unpublished data of research in progress that maximally
corresponds to studies analyzed in this chapter and which comprise almost 2,400
cases, representing a solid base by which to identify a trend in results, regard-
less of the study limitations discussed above.

On the basis of possible comparison of overall results drawn from the ana-
lyzed studies, it is reasonable to state that PRT plus HIPEC guarantees better OS
and PFS values than those derived from traditional treatments in all settings.
Notwithstanding, some specific aspects, including the role of chemoresistance
and neoadjuvant treatment, should be clarified by further experience and results
of on-going trials.

Criticism pertaining to morbidity rate is generally poorly posed and tends to
attribute to HIPEC responsibilities that it cannot be objectively sustained while
decreasing the weighting of morbidity attributable to standard treatments.
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Moreover, PRT plus HIPEC and standard treatments are not fully comparable
realities: PRT has the fundamental aim of total exeresis of peritoneal disease and
tolerates remarkably more severe limits for optimal cytoreduction than standard
treatments performed by oncologic gynecologists. For this reason, a greater
number of visceral resections, longer procedure duration, and greater blood —
loss all related to PRT—may constitute risk factors for postoperative outcomes.

Furthermore, as reported in various studies, specialized PSM centers treat

patients with more advanced PC than do gynecological centers.

Except for well-tolerated bone marrow and renal toxicity exclusively attrib-
utable to HIPEC, it is difficult to discriminate the negative impact on morbidity
of the surgical phase from that of chemohyperthermia. The incidence of morbid-
ity from PRT plus HIPEC is no different from that related to major
abdominopelvic surgery. Moreover, the impact of traditional systemic and/or IP-
CHT on morbidity and the related QoL merits further consideration. In a recent
review comparing IP-CHT and IV-CHT treatments, Chan et al. showed that
related morbidity and mortality rates were similar to those related to PRT plus
HIPEC, which includes the surgical phase. In addition, related complications
cause a significant reduction of complete application of both procedures (i.e. IP-
CHT and I'V-CHT) [55].

On the basis of results analyzed, the following conclusions regarding the cur-
rent role of PRT plus HIPEC can be drawn:

e PRT plus HIPEC can guarantee significant percentage of long-term PFS and
OS survival in primary and recurrent settings.

* In all settings, complete cytoreduction represents the most significant prog-
nostic factor.

* High PCI levels do not constitute a limitation for this procedure if optimal
CRS is technically feasible.

e The prognostic role of NACT is uncertain: NACT-chemosensitive cases
demonstrate similar prognoses to patients treated with front-line PRT plus
HIPEC, whereas chemoresistant patients show a significantly worse progno-
sis.

* Platinum-based chemoresistance requires a more specific definition and
tends to assume a negative prognostic role.

*  Major complications and mortality rates are similar to those related to major
abdominal pelvic surgery and are not different after primary or secondary
cytoreduction. PCI and CC scores represent the most significant risk factors
for major complications.
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21.1 Introduction

Primary peritoneal surface malignancies (other than mesothelioma) are serous
papillary carcinoma (PPSPC) and desmoplastic small round cell tumor
(DSRCT). According new histogenetic theories, PPSPC and ovarian cancer
(OC) originate from the tubal epithelium. Primary treatment in foreseen as
being the application of maximal cytoreduction (peritonectomy procedures)
combined with hyperthermic intraperitoneal chemotherapy (HIPEC).
Evaluation of results must be done using the staging system comprising
Peritoneal Cancer Index (PCI) and Completeness of Cytoreduction (CC) score.
DSRCT is a rare and aggressive neoplasm, and patients typically present with
an advanced stage with multiple peritoneal-based lesions. Despite multiple ther-
apeutic strategies that include chemotherapy, aggressive debulking surgery, and
abdominal-wall radiation, durable remission remains rare. A new staging system
is proposed by the MD Anderson Cancer Center in the US, where peritonecto-
my procedures plus HIPEC are being applied with interesting results.

21.2  Primary Peritoneal Serous Papillary Carcinoma

Primary peritoneal serous papillary carcinoma (PPSPC) has heretofore been
considered a rare malignant tumor originating from single or multiple foci start-
ing from the peritoneum and first described by Swerdlow in 1959 [1]. The first
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observation identifying PPSPC as a separate clinical entity whose histological
and immunohistochemical features overlap those of high-grade ovarian serous
tumors came from a paper describing its onset in patients who had undergone
prophylactic oophorectomy for a family history of ovarian cancer [2]. The diffi-
culty in distinguishing PPSPC histologically from other high-grade ovarian
malignancies made it extremely hard, especially in patients with advanced stage
tumors, to assess epidemiologically the true incidence of PPSPC, which is esti-
mated by some as ~ 10 % of all ovarian cancers (OC) [3]. To facilitate the diag-
nosis and thus avoid possible misclassifications, the Gynecologic Oncology
Group (GOG) formulated recommendations intended to make PPSPC easier to
identify [4]. These criteria comprised:

* Normal-size or enlarged ovaries due to a benign process;

* Absent ovarian involvement or limited to the surface or superficial cortex or

both, with no tumor nodule within the ovarian cortex > 5 x 5 mm;

* Serous histology;
* Extraovarian disease volume significantly exceeding that in ovarian disease.

The histogenetic hypotheses proposed in recent years for ovarian tumors
[5-7] now raise doubts as to whether PPSPC exists as a separate clinical entity.
Even though the single layer covering the ovarian surface, the ovarian surface
epithelium (OSE), accounts for < 1 % of the total glandular mass, > 90 % of ovar-
ian malignant tumors originate from the epithelium. The hypothesis that the OSE
might give rise to OC emerged from the paper by Fathalla [8], who identified as
the oncogenic stimulus unceasing ovulation, hence trauma and ovarian repair.
Arguing against the hypothesis that OSE might act as a source for OC is the
observation that these patients constantly lack a precancerous lesion on the ovar-
ian surface. In addition, most OC (serous, mucinous, endometrioid) fit in poorly
with the proposed cellular origin (OSE) given the histological features and some
biomarkers (HOXA, PAXS8 genes) typically found in Miillerian epithelia but not
expressed in the OSE [5, 9]. According to Kurman and Shih [6, 7], who first pro-
posed these new histogenetic criteria, rather than constituting a single disease
entity, OC arises through a dualistic ovarian carcinogenesis model comprising
two broad categories designated as type I and type II tumors, exhibiting widely
differing clinicopathologic features and behaviors, and both types, including
PPSPC, originating from the tubal epithelium [10, 11] (Fig. 21.1).

Type I tumors comprise low-grade serous, low-grade endometrioid, muci-
nous, and clear-cell carcinomas. These tumors typically present as large cystic
masses confined to one ovary, have a relatively indolent course, are genetically
relatively stable, and typically display various specific mutations, including
KRAS, BRAF, PTEN, PIK3CA, CTNNBI, ARIDIA, and PPP2RIA genes. These
molecular alterations result in morphologic changes that progress in a stepwise
manner from benign through varying degrees of atypia (borderline tumor) to
noninvasive and then invasive carcinoma. Traditional thinking maintains that
these low-grade precursor lesions correlate with epithelial inclusion cysts and
derive from ovarian surface epithelium invaginations that later, owing to estro-
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Fig. 21.1 Proposed models for the development of types 1 and 2 tumors of the ovary. SCOUT,
secretory cell outgrowths; P53, tumor protein 53; STIC, serous tubal intraepithelial carcinoma;
PPSPC, primary peritoneal serous papillary carcinoma; HGSC, high-grade serous cancer; LGSC,
low-grade serous cancer. (Modified from [11])

gen hormone stimulation, progress to Miillerian type metaplasia [12].
Observations from a study conducted by Li et al. [13] show that most epitheli-
um lining inclusion cysts are immunohistochemically and phenotypically
PAX8(+), closely resembling tubal epithelium. Given the close anatomical rela-
tionship between the fimbriae and the ovarian surface, when ovulation disrupts
the ovarian surface epithelium, tubal mucosa may implant on the ovary and
become entrapped within the ovarian cortex [14]. Hence, according to a putative
evolutionary model [10], papillary tubal hyperplasia (PTH) of the tubal mucosa
through KRAS/BRAF mutations may be responsible for the development of atyp-
ical proliferative serous tumors (APST) and endosalpingiosis. As they progress
further, APST subsequently develop into serous borderline tumor and invasive
low-grade serous carcinoma.

Type II tumors comprise high-grade serous carcinoma (HGSC), high-grade
endometrioid carcinoma, malignant mixed mesodermal tumors (carcinosarco-
mas), and undifferentiated carcinomas. These tumors are usually in an advanced
stage at onset (> 75 %), grow rapidly, and are highly aggressive. Type II tumors
are chromosomally highly unstable, in more than 95 % of cases harbor TP53
mutations, and rarely display mutations found in the type I tumor. BRCA is inac-
tivated in up to 40-50 % of HGSC [6]. During the past few years, abundant his-
tological and molecular evidence has emerged that strongly suggests that most
high-grade ovarian and peritoneal serous carcinoma originate in the fallopian
tube, specifically from a serous tubal intraepithelial carcinoma (STIC), thus
implying that ovarian and peritoneal spread is metastatic [15—17]. Despite pos-
sible exceptions, including a rare serous borderline tumor evolving into high-
grade serous carcinoma [18], histological and molecular evidence shows that
nearly all ovarian and peritoneal high-grade serous carcinomas derive from
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STIC and arise in the fallopian tube. Tubal carcinogenesis manifests with
increased positive immunohistochemical staining for nuclear p53 in the tubal
secretory epithelium (so-called p53 signature), which would evolve into STIC
characterized by increased positive staining for Ki-67 up to overt HGSC with a
TP53 gene mutation [5].

These histogenetic theories imply that the term pelvic serous carcinoma
might be more appropriately applied to describe a single disease characterized
by a high-grade serous carcinoma, an entity previously differentiated into
PPSPC, tubal cancer, and OC. These findings notwithstanding, the literature on
PPSPC in recent years contains numerous case reports, some referring to men
[19, 20], and a few case series, most including no more than 10-20 patients [21,
23]. Apart from classification problems, the therapeutic principles overall
resemble the treatment schemes applied for OC, the same staging procedures
apply [International Federation of Gynecology and Obstetrics (FIGO)], and
studies analyzing treatment results or data for follow-up procedures usually
combine the two types [24—-28]. Equally important, studies conducted in recent
years and designed to compare PPSPC (identified according to the GOG crite-
ria) and serous OC, have, as expected, failed to identify substantial differences
[22, 29]. Outcome data for patients with PPSPC treated according to GOG cri-
teria and provided by the major international studies [21-23, 29], including
experience obtained in our own department (Table 21.1), dictate the following
conclusions. First, the advanced intra-abdominal spread already present when
PPSPC becomes clinically manifest makes published results extremely difficult
to assess without quantifying the amount of disease present at the first thera-
peutic approach. As Table 21.1 shows, the only groups who assessed this vari-
able with an adequate score [the Peritoneal Cancer Index (PCI)] are research
centers used to treating peritoneal surface malignancies. Hence, only they can
provide this descriptive variable, without which even the FIGO classification
fails to provide all the necessary information. Another essential point to empha-
size again, especially given the new histogenetic theories on OC, is that a dis-
ease resulting in severe peritoneal spread cannot be staged with the FIGO clas-
sification given that FIGO staging considers together in the subgroup Illc
patients with severe peritoneal spread along with those with minimal peritoneal
spread and a single lymph-node metastasis [30, 31]. Any disease-staging sys-
tem that omits the PCI risks losing much information. A second concern is that
these patients often undergo preoperative neoadjuvant chemotherapy. Even
though the precise role of neoadjuvant chemotherapy in these neoplasias and in
the so-called OCs remains undefined [32], peritoneal spread can make complete
cytoreduction hard to achieve, so that an optimal surgical outcome means
recourse to downstaging chemotherapy. Earlier studies have already used this
approach in patients with PPSPC [33]. A final possible concern regards the
therapeutic procedures depending on the clinical characteristics of OC.
Obviously in these cases, the definition used for surgical cytoreduction, albeit
integrated with the adjective “optimal” (a term that apart from anything else
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Table 21.1 Literature review

Study No. Age Stage of  Surgical Cytore- Pre- Survival
[Reference] cases (years) disease procedures duction operative
obtained  chemo
therapy
Liu et al. 22 56.2 FIGO IIIC  Pelvic - 227 % 21
2011 [21] (54.5 %)  peritone- months
ctomy +
lymphade-
nectomy
Kawaguchi 22 67 - Pelvic Optimal 909 % 265
et al. 2012 peritone-  cytore- months
[29] ctomy + duction

lymphade- <1 cm,
nectomy 54.5 %

Chaoetal. 38 63 FIGO IIIC Cytoredu- Optimal - 62
2013 [22] (81.6%) ction NOS cytore- months
duction
<1 cm,
719 % =
Bakrin 36 60.5 Median PRT + Complete 972 %  5-year OS
et al. 2013 PCI 10 HIPEC cytoredu- 574 %
[23] ction 75 %
Di Giorgio 12 59.7 Median PRT + Complete 50 % 61
(unpubli- PCI 14.8 HIPEC cytoredu- months
shed data) ction 75 %

FIGO, International Federation of Gynecology and Obstetrics; PCI, Peritoneal Cancer Index;
PRT, peritonectomy; HIPEC, hyperthermic intraperitoneal chemotherapy; OS, overall survival

foresees substantial residual disease), provides few elements for judgment. In a
disease such as PPSPC, inherently involving extensive peritoneal involvement,
the only approach that seems to answer the need for a rational therapeutic pro-
gram is to use peritonectomy procedures, hence defining the extent of surgical
cytoreduction obtained according to standardized criteria [Completeness of
Cytoreduction (CC) score]. Among the studies we review in Table 21.1, the
only series to report obtaining in most patients a percentage of complete cytore-
duction without macroscopically evident residual disease, thus yielding an
acceptable outcome, is the case series collected by Bakrin et al. [23] and data
collected in our department. A final consideration merits integrating the peri-
tonectomy procedure with hyperthermic intraperitoneal chemotherapy
(HIPEC), as generally done when surgery ends in centers specialized in treat-
ing peritoneal surface malignancy [34]. Although this combined approach is
now considered standard care for treating pseudomyxoma peritonei (PMP)
[35], malignant peritoneal mesothelioma (MPM) [36], and selected patients
with colorectal carcinomatosis [37], HIPEC combined with cytoreduction sur-
gery (CRS) remains highly controversial in patients with peritoneal spread
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Fig. 21.2 Desmoplastic
¢ small round cell tumor
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from gynecological malignancies, and the controversy concerns HIPEC itself
[38]. The chief objection regards a possible increase in morbidity and the lack
of randomized controlled studies to assess the eventual benefits accruing from
HIPEC plus CRS. While awaiting the results of numerous ongoing trials, to
which this book devotes a specific chapter, the increasingly encouraging results
obtained with normothermic adjuvant intraperitoneally applied chemotherapy
(IP-CHT) seem to envisage an ever growing space for using HIPEC when sur-
gical cytoreduction ends, especially insofar as the two techniques, rather than
being alternatives, could be complementary [39, 40].

21.3 Desmoplastic Small Round Cell Tumor

Desmoplastic small round cell tumor (DSRCT) is a rare and highly aggressive
neoplasm involving children, adolescents, and young adults that begins and
spreads on the peritoneal surface. Approximately 300 DSRCT cases have been
reported in the literature since the tumor was initially described by Gerald and
Rosai in 1989 [41]. Histologically, DSRCT consists of desmoplastic stroma con-
taining small round blue cells in nests (Fig. 21.2) and is associated with a char-
acteristic chromosomal translocation, t(11;22)(p13;q12), which fuses the N-ter-
minus of the Ewing sarcoma (EWS) gene to the C-terminus on the Wilms tumor
(WT-1) gene [42, 43]. The reference standards for diagnosis include cytogenetic
evaluation to confirm the characteristic translocation and EWS-WT-I fusion.
DSRCT usually arises from abdominal or pelvic peritoneum as a diffuse multi-
focal disease similar to carcinomatosis, even though it sometimes arises also in
solid organs, such as ovaries, liver, kidneys, pancreas, and brain [44]. Patients
typically present in an advanced stage with multiple peritoneal-based lesions
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and, despite multiple strategies that include several chemotherapy regimens,
aggressive debulking surgery, and whole abdominal radiation, durable remission
remains rare, with a 15 % 5-year overall survival [45]. Current guidelines
include neoadjuvant chemotherapy, debulking surgery, adjuvant chemotherapy,
and radiation therapy. The MD Anderson Cancer Center group was the first to
apply the HIPEC procedure when satisfactory (CC-0/1) cytoreduction ended
[46]. The standard regimen is dose-intense neoadjuvant chemotherapy (recently
combined with irinotecan and bevacizumab) with cyclophosphamide, doxoru-
bicin, vincristine alternating with ifosfamide, and etoposide [47, 48]. According
to the MD Anderson Cancer Center, case series patients were evaluated after
receiving chemotherapy for 4-6 months; those having a partial response and
found to be candidates for complete cytoreduction underwent surgery including
HIPEC using cisplatin at 100 mg/m? with a maximum dose of 130 mg for 90 min
[45]. One of the main prognostic factors is the completeness of surgical resec-
tion. In their Cox regression analysis, Zhang et al. identified this variable as the
only independent outcome indicator (Table 21.2) [49]. After chemotherapy and
maximal surgical debulking, multimodal protocols included whole-abdomino-

Table 21.2 Cox regression analysis for overall survival in desmoplastic small round cell tumor
(DSRCT) patients. (Reproduced from [49], with permission)

Parameter SE OR 95 % CI P value
Age 442 587 0.247—1.397 228
Gender 496 986 0.373-2.606 971
Site 528 769 0.273-2.163 618
Size 335 698 0.348-1.401 312
Complete surgery 470 266 0.106-0.670 005
Chemotherapy 380 529 0.251-1.114 094

SE, standard error; OR, odds ratio; CI, confidence interval

Table 21.3 Proposed desmoplastic small round cell tumor (DSRCT) staging criteria. (Reproduced
from [51], with permission)

Stage PCI Liver metastasis Extra-abdominal
metastasis

I <12 No No

II > 12 No No

I Any PCI Yes No

v Any PCI Yes or no Yes

PClI, Peritoneal Cancer Index
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pelvic radiation therapy (WAP-RT) (30 Gy) with or without focal boost accord-
ing to the minimal residual disease eventually present [46]. A recent report from
the Memorial Sloan-Kettering Cancer Center shows that intensity-modulated
radiation therapy (IMRT) for consolidative WAP-RT after surgical debulking
reduces toxicity and improves the therapeutic index [50].

Despite several efforts, therapy for DSRCT achieves disappointing results,
and new approaches are therefore urgently needed to treat this devastating and
refractory disease. An appropriate strategy for managing DSRCT might be one
that includes HIPEC in the therapeutic schedule and applies the treatment crite-
ria generally used in peritoneal surface malignancy. Seeking a new staging sys-
tem for patients with DSRCT, Hayes-Jordan et al. used the PCI, even though it
does not in itself predict outcome, together with the extent of liver and extra-
abdominal disease (Table 21.3) [51]. They showed, despite a small study sam-
ple, that this new classification stratified recurrence-free survival and identified
a trend toward stage-specific survival. According to this staging system, a
patient with a large tumor burden but no liver metastases or extra-abdominal dis-
ease when neoadjuvant chemotherapy ends can still have a prolonged disease-
free interval after CRS plus HIPEC. Investigating HIPEC in a small cohort of
patients, Hayes-Jordan et al. showed an increased 3-year survival in patients in
whom they combined this procedure with cytoreduction than in those who
underwent debulking surgery alone [46, 51].
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Enzo Naticchioni, Daniele Biacchi,and Angelo Di Giorgio

22.1 Introduction

Patients with peritoneal metastasis (PM) are typically considered as having a
terminal and incurable disease [ 1-3]. Since the late 1990s, a novel therapeutic
approach, has emerged combining cytoreductive surgery (CRS) performed to
treat all visible disease, plus hyperthermic intraperitoneal chemotherapy
(HIPEC) used to treat microscopic residual disease [4, 5]. This treatment radi-
cally changed the therapeutic approach to patients with peritoneal surface
malignancies and is regarded as the standard of care for pseudomyxoma peri-
tonei from appendiceal cancer and peritoneal mesotheliomas [6, 7]. It also pro-
vides improved survival rates for treating PM from ovarian [8-10], gastric [11,
12], and colorectal cancers [13-15].

PM often complicates the clinical course of many patients with other pri-
mary digestive and non-digestive-system cancers [16, 17], for which CRS plus
HIPEC has not yet shown a survival advantage over standard treatments
[18-21]. The main reasons may be that CRS plus HIPEC is still regarded by
many oncologists with scepticism, mostly due to treatment complexity, the
reported high complication rate, and because reports of CRS plus HIPEC for
PM from unusual primary tumors is sporadic and the numbers are too small to
draw conclusions on survival benefit.

This chapter reports our single-institution experience with CRS plus HIPEC
for patients with PM from rare or unusual primary tumors and discusses possi-
ble indications, results, and peculiar issues related to each tumor type, with the
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aim of contributing to the body of knowledge about treating PM using this com-
bined approach.

22,2 Managing Peritoneal Metastases from Breast Cancer

Breast cancer (BC) is among the most frequent malignancies in Western countries
[22, 23]. As local and systemic treatments improve, BC metastasis patterns
change so that metastatic disease now manifests in unusual ways. Among them,
peritoneal carcinomatosis (PC) is a rare event but one that carries high morbidi-
ty and mortality rates [24-26]. No clear guidelines are available regarding the
role of CRS with or without HIPEC in PC from BC [22, 27]. Literature reports
are sporadic, and only Gusani et al. (one patient in 2008) and Glehen et al. (two
patients in 2010) [1, 12] report PM from BC treated by CRS plus HIPEC. In our
institution, we treated five patients with PM from BC with CRS plus HIPEC [28];
no patient carried the BRCA. The Peritoneal Cancer Index (PCI) score ranged
from 15 to 24. Optimal cytoreduction [Completeness of Cytoreduction score
(CCO, CC1)] was achieved in fur patients. Patients with residual disease (two
with CC1 and one with CC2) were advised to undergo adjuvant systemic treat-
ment according to tumor biological features [estrogen receptor (ER), proges-
terone receptor (PR), human epidermal growth factor receptor (HER)-2 expres-
sion] and patients’ overall clinical condition. Aromatase inhibitors were used for
postmenopausal ER- or PR-positive peritoneal disease or both, and patients with
HER-2-positive tumor expression at histology underwent combination therapy
with trastuzumab. Patients with no residual disease (CCO) were advised to under-
go adjuvant systemic treatment as a precautional option. The clinical characteris-
tics and related treatments are reported in Table 22.1. Of the five patients, four
were alive and disease free at 13, 45, 74, and 128 months, respectively.

Our study provides previously unavailable information on treating women
with PM from BC. In our patients, a median of 18 years (range 10-30) elapsed
after BC was diagnosed and PC developed, which accords with previous reports
describing breast carcinoma as one of the most slowly growing solid tumors
given that metastases may appear many years, even decades, after the initial
diagnosis [22, 29]. Of the five patients treated, four achieved long-term sur-
vival, with one of them surviving for 10 years.

In patients with PC and an ovarian mass and history reporting previous BC,
reaching a correct diagnosis can be difficult but is essential. As reported by
other authors [30], immunohistochemical staining showing combined negative
wild-type 1 (WT1) and cancer antigen (CA-125) tumor expression associated
with positive GCDFP-15 expression in peritoneal disease invariably strength-
ened the diagnosis.

Our study extends current knowledge, showing that once the correct diag-
nosis is established, these patients can benefit from treatment. The study also
possibly argues against previous reports describing poor prognosis. After max-
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imal cytoreduction plus HIPEC, morbidity and mortality rates in our patients
were in line with those reported for similar procedures. This combined treat-
ment allowed good survival and quality of life (QOL). Although maximal
cytoreduction plus HIPEC cannot be proposed as standard care for patients with
PM from primary BC, survival rates observed in our small series suggest that
in highly selected patients with no extraperitoneal disease and in whom surgery
can achieve adequate cytoreduction, this combined procedure can offer patients
with PC from BC a promising approach for long-term survival. This finding
merits further investigation in larger studies.

22.3 Managing Peritoneal Carcinomatosis from Small-bowel
Adenocarcinoma

Management strategy for patients with PM from small-bowel adenocarcinoma
is unclear, and literature reports are episodic, even though PM is a frequent
manifestation of small-bowel carcinoma [31]. Typically, these tumors present
after a significant delay in diagnosis due to symptom vagueness and imaging
difficulty, leading to poor prognosis and survival rates varying from 10 to 40
months. Marchettini and Sugarbaker [32] reported a median survival of 12
months in two of their patients treated with CRS plus HIPEC, with prolonged
survival of 57 and 59 months, respectively. Chua et al. [33] published a review
of seven patients treated with CRS plus HIPEC [mitomycin C and early post-
operative intraperitoneal chemotherapy (EPIC) with 5-fluorouracil (FU)],
reporting a median disease-free survival (DFS) of 12 months. They also report-
ed a Kaplan—Meier analysis for a combined group of 19 patients treated with
CRS plus HIPEC with a median overall survival (OS) of 29 months. Shen et al.
[34] reported a median OS of 45 months after treatment with CRS plus HIPEC.
A large, multi-institutional experience is reported by the French Association of
Surgery [35], with a median OS for patients treated by CRS plus HIPEC of 32
months. In the four patients treated in our institution, one, who presented with
intestinal obstruction, had a mean PCI of 17 (range 7-26). Mean OS was 31.2
months, with two patients alive and disease free at 43 and 22 months, respec-
tively, and two alive with disease at 33 (pulmonary metastases) and at 27
(abdominal recurrence) months, respectively. The rarity of small-bowel carci-
noma makes impossible the design of prospective trials. However, all series
reported show better results compared with conventional treatments. Moreover,
it must be considered that CRS plus HIPEC could represent the only valid sur-
gical option for palliation in obstructed patients in whom a simple surgical pro-
cedure aimed at bowel decompression is often impossible due to small-bowel
mesentery retraction or in those with associated ascites. Although it is impossi-
ble to conclude that CRS plus HIPEC is a treatment option for patients with PM
from small-bowel adenocarcinoma, this combined treatment modality should
be considered as a valid alternative in selected patients.
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22.4 Managing Peritoneal Carcinomatosis
from Endometrial Cancer

Endometrial cancer remains the most common cancer of the female reproduc-
tive tract. Treatment is surgery alone or in combination with brachytherapy
and/or radiotherapy. Survival rates are approximately 90% at 5 years [36].
However, in cases of PM, patient management becomes more complex and
prognosis is poor, with a median survival < 1 year. Bakrin et al. [37] reported
on five patients with endometrial cancer treated by this combined modality,
with a median survival of 19.4 months. Two patients experienced recurrent dis-
ease and died; three patients were alive and disease free at 7, 23, and 39
months, respectively after treatment. Glehen et al. [38], in a multi-institutional
review of the French Surgical Association of 1,290 patients with PM from var-
ious primary tumors, reported in 2010 the treatment of 17 patients with uterine
adenocarcinoma (13) and epidermoid carcinoma (four); however, their report
did not provide specific survival data for this specific group of patients. Delotte
et al. [36], in 2014, reported CRS plus HIPEC treatment in 13 patients with
endometrial cancer. Five patients died of disease, three were alive with disease
at 14, 26, and 28 months, and four were alive and disease free at 1, 60, 60, and
124 months, respectively. In our institution, from 2002, we treated eight
patients with a diagnosis of uterine adenocarcinoma using CRS plus HIPEC.
Mean PCI was 16, and complete cytoreduction was achieved in five patients;
three patients had residual CC1 disease. In four patients, we observed recurrent
disease: two died of disease at 9 and 13 months; two were alive with disease at
19 and 26 months; four were alive and disease free at 9, 14, 26, and 33 months.
Treatment strategies for stage IV endometrial cancer remain controversial.
Some reports highlight the histologic characteristics and extent of the disease
as the main prognostic determinants; others favor the effects of a more aggres-
sive surgical cytoreduction. Long-term survival reported in these observational
studies were higher compared with those reported in the literature using con-
ventional treatments, which seems to justify a more aggressive surgical
approach with the aim of leaving patients without residual visible disease. CRS
plus HIPEC could therefore represent a valid alternative to more conservative
treatments, and survival results seem to justify future randomized trials.

22,5 Managing Peritoneal Carcinomatosis from other
Unconventional Miscellaneous Tumors

The increased interest in and reports of increased survival in treating PM with
CRS plus HIPEC led many specialized centers to treat rarer and unusual pri-
mary tumors metastatic to the abdominal cavity and for which there no clear
and accepted indications. The optimal management of these patients is a matter
of intense debate. Systemic chemotherapy for PM has improved but remains
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Fig. 22.1 Peritonectomy plus hyperthermic intraperitoneal chemotherapy (HIPEC) for various
primary tumors: 5-year survival (Di Giorgio, unpublished). CC, Completeness of Cytoreduction
score

limited because of poor drug diffusion into the peritoneum; however, the fre-
quent tumor localization within the peritoneal cavity makes an appealing ther-
apeutic option for selected cases. This is why many authors [1, 28, 34, 39-46]
report small observational series of patients with PM from various unconven-
tional tumors treated by CRS plus HIPEC (Table 22.1). This combined treat-
ment modality has been used in PM from pancreatic, gastrointestinal stromal
tumor (GIST), abdominal sarcomas, and gallbladder, liver, cholangiocarcino-
ma, adrenal, urachal, esophageal, and kidney tumors. In a multi-institutional
review of the French Surgical Association on 1,290 cases of PM from various
primary tumors treated with CRS plus HIPEC [38], there were 29 unconven-
tional indications. Mortality was 4.1%, with a rate of major (grades 3 and 4)
complications of 33%, similar to those reported after other major surgical pro-
cedures. Obviously, the numbers are too small to draw conclusion on survival
figures for each specific primary tumor, but an overall median survival of 34
months, with a 5-year DFS of 22% compares favorably with survival figures
reported in the literature regarding palliative treatment for the same tumor
types.

Results of peritonectomy plus HIPEC at our institution for treating PC from
various primary tumors are summarized in Fig. 22.1 and Table 22.2. Differently
from other authors, we treated a significant number of PC from BC (five
patients) and uterus cancer (eight patients). Median survival was 56 months,
and 5-year OS rates were 40.3 %. Ten patients were alive and disease-free at
the time of this writing, and eight were alive with disease.
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Table 22.2 Peritonectomy plus HIPEC for PC from various primary tumors (literature review)

Study [Reference]

Jacks et al. 2005 [45]
Gusani 2008 [1]

Shen et al. 2009 [34]

Chua et al. 2009 [33]
Kerscher et al. 2010 [39]
Glehen et al. 2010 [38]

Randle et al. 2010 [46]
Turrini et al. 2012 [41]

Primary

Small bowel

Unknown
Breast
GIST
Gallbladder
Liver
Adrenal
Esophagus

Unknown
Pancreas
GIST
Sarcoma
Gallbladder
Adrenal
Small bowel
Urachus

Small bowel
Small bowel

Unknown
Breast
GIST
Sarcoma
Liver
Adrenal
Urachus
Small bowel
Esophagus
Kidney
Sarcoma

Pancreas

No.

o -

6
2
1
6
1
1
1
1
2
5
1
1
3
1
6
5
7
3
8
2
3
2
2
3
4

45
1
2

10
1

HIPEC, hyperthermic intraperitoneal chemotherapy

Median
(months)

30

262

222

25

34

21

Survival

1 year 3years 5 years

(%)

66

57

77

(%)

49

40

20

49

(%)

27

37

43

22.6 Conclusions

Disseminated malignant PM has traditionally been considered a terminal dis-
ease and justifiably approached only with palliative therapeutic options. An
increasing interest since the late 1990s led many centers to develop a combined
treatment modality in which CRS is used to remove all visible abdominal dis-
ease, followed by HIPEC to treat microscopic residual disease. This treatment
option shows promising results in treating PM from many primary tumors and
is regarded as the standard attempt to cure PM from pseudomyxoma peritonei,
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malignant peritoneal mesothelioma, and—for some authors—from colorectal can-
cer. It is also under evaluation for treating PM from ovarian, gastric, and neu-
roendocrine cancers. A number of studies suggest a survival benefit, but oncol-
ogists remains sceptical mostly because of treatment complexity, the perceived
high complication rate, and the need to treat patients in highly specialized cen-
ters only.

Despite such scepticism, as described in this chapter, there are many reports
of using CRS plus HIPEC in treating PM from unconventional primary tumors
for which no clinical controlled study showed a survival benefit. Fist, the small
number of these observational series makes it unlikely that prospective trials
will be designed. Second, diagnosis of the primary tumor is often very difficult,
becoming clear only after CRS. Third, death in these patients typically occurs
after intractable bowel obstruction, as the disease is frequently confined to the
peritoneal cavity. A regional approach therefore appears reasonable. Moreover,
the presence of intractable malignant ascites and bowel involvement with
mesentery retraction make it impossible to perform even limited palliative sur-
gery, such as a simple ostomy. Fourth, most observational studies report a clear
survival benefit over patients treated by conventional palliative treatments.

We conclude that CRS plus HIPEC should not be excluded a priori for treat-
ing PM from unconventional primary tumors. This combined multimodal ther-
apeutic approach, when performed in a highly experienced peritoneal surface
malignancy center, is safe, and it provides survival benefit over conventional
palliative treatments.
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23.1 Introduction

During the last two decades, cytoreductive surgery associated with hyperther-
mic intraperitoneal chemotherapy (CRS plus HIPEC) has received increasing
attention as a promising treatment for peritoneal carcinomatosis (PC) from sev-
eral primary tumor types. However, many patients with advanced disease have
no indications to be treated either by this procedure or by any other systemic
therapy. Chronic pain, development of malignant ascites (MA), and bowel
obstruction are often reported by the majority of those patients, with detrimen-
tal physiological and psychological status affecting quality of life (QoL) and
leading to very poor prognosis [1-6]. Even if still controversial, CRS plus
HIPEC may play an important role in palliative treatment, especially when
associated with a less invasive approach to obtain the best results with limited
morbidity and mortality.

23.2 Malignant Ascites and Palliative HIPEC

MA is a condition in which fluids originating from and containing cancer cells
accumulate in the peritoneal cavity. Pathogenesis is multifactorial, and several
factors such as tumor burden, portal pressure, oncotic pressure, lymphatic
resorption, and increased microvascular permeability play a role in its onset [7,
8]. In general, ascites complicating an intra-abdominal malignancy accounts for
10 % of all ascites [9]. The presence of MA is estimated to occur in ~ 90 % of
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patients with PC, with a reported median survival of 5.7 months, being better for
ovarian carcinoma (OC) (median 30 weeks) and worse for gastrointestinal (GI)
adenocarcinomas (10 weeks) [10]. Furthermore, in 52-54 % of patients, MA rep-
resents the first sign of an intra-abdominal malignancy [11, 12]. Cytologic exam-
ination results of peritoneal fluid are still a controversial issue: some authors
report it to be highly sensitive (up to 97 %) [13], whereas a more recent study
reports it should not be considered as conclusive for a definitive diagnosis [14].
Onset of MA affects QoL and carries poor prognosis. Most symptoms reported
are due to progressive abdominal distension that causes abdominal pain, dyspnea,
anorexia, hemorrhagic complications, bowel obstruction, and systemic disorders
such as protein depletion and hydroelectrolyte disorders [15, 16].

Standard treatments include salt-restricted diets, diuretics, repeated paracen-
tesis, permanent drains, and peritoneal venous shunts in resistant cases [17].
Their real efficacy in treating ascites and improving QoL is difficult to assess
due to scarce reports and knowledge about the natural history of MA formation
[18]. Due to the lack of randomized controlled trials, no treatment can be con-
sidered the standard of care. Nevertheless, traditionally, paracentesis is the most
frequently used (98 %) and the most effective (89 %) procedure [19]. It is con-
sidered simple and safe, providing at least temporary symptom relief in 93 % of
patients [20, 21] However, benefits are time limited (often within 72 h) [18], and
potential complications such as bowel perforation, hypotension, and peritonitis
can occur in a small but significant number of patients. Peritoneal-venous shunt
is used to reduce the need for repeated paracentesis in patients with rapid ascites
formation and poor response to diuretics and diet. It provides ascites control in
75-78 % of patients, but the operative mortality rate is high (10-20 %) [22] and
complications are frequent [10]. Diuretics when administered in high doses [20,
21] appear to be effective in 43-44 % of patients but with relevant systemic side
effects. New treatments are emerging, mainly directed to intraperitoneal (IP)
delivery of chemotherapeutic drugs or biological agents, but no definitive selec-
tion criteria, guidelines, or results (ascites reduction, QoL evaluation) are yet
available [23].

In the last two decades, CRS plus HIPEC has gained increasing attention as
a promising treatment in patients with PC from various primary tumor types.
Administering chemotherapy directly to the tumor site can achieve higher tissue
concentration than can systemic treatments, and association of hyperthermia
enhances tissue penetration of cytotoxic agents, with lower systemic absorption
and therefore less toxicity [24-32]. Hyperthermia increases drug tissue penetra-
tion up to 5 mm and directly inhibits cellular mechanisms of replication and
repair [18]. HIPEC can be administered by an open or closed technique: the
open technique is believed to achieve homogeneous distribution of thermal ener-
gy; the closed technique accounts for increased intra-abdominal pressure, which
is believed to drive deeper drug penetration. In patients with PC with sympto-
matic MA who are not candidates for CRS, HIPEC can be administered by
laparoscopy to provide ascites control. The advantages are less pain, lower mor-
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bidity and mortality rates, shorter hospitalization, and maintaining the possibil-
ity of performing a minimal adhesiolysis to achieve homogeneous drug spatial
distribution. In the literature, laparoscopic HIPEC for MA palliation is reported
in small retrospective studies as having a high rate of success, low morbidity,
and no mortality (Table 23.1) [33-39]. Drugs and procedural duration vary
depending upon primary tumor type and other parameters, such as tumor burden,
ascites volume, patient’s general condition, previous chemotherapies, drug
resistance, and personal experience of care providers. No clear data are available
on the effects on QoL after laparoscopic HIPEC, although some studies report-
ed a generic improvement in performance status [34, 35]. Literature data report
control of MA in almost 100 % of patients, with no improvement in survival
rates. A large study by Randle et al. on the efficacy of CRS plus HIPEC in MA
management demonstrated that HIPEC alone is highly effective in long-term
MA control in patients with macroscopic residual disease after surgery,
although, again, the treatment does not provide any survival advantages [40].
This is also reported by other studies, regardless of primary tumor and drugs
used, and the reason for these results is not clear. Drugs such as doxorubicin
seem to produce sclerosis of the peritoneal surface, preventing capillary extrava-
sation and inducing peritoneal adhesions [41]. Cisplatin and mitomycin-C do not
seem to cause this same activity [42, 43] and have a direct cytotoxic effect on
cancer cells, occluding lymphatic vessels and producing capillary permeability
mediators; however, evidence of these results is merely experimental [44].

New drugs and new IP administration modalities are being studied: Kobold
et al. reviewed current evidence suggesting that IP administration of the anti-
vascular endothelial growth factor (VEGF) antibody, bevacizumab, might pre-
vent local fluid accumulation [45—48]. Other studies considered the possibility
drug delivery using a nebulized aerosol driven throughout the abdominal cavity
by the pneumoperitoneal pressure [pressurized IP aerosol chemotherapy
(PIPAC)]. Tempfer et al. applied compassionate treatment to 18 patients affect-
ed by unresectable PC from platinum-resistant OC, primary malignant peri-
toneal (PMP), and fallopian-tube cancers: Ten underwent PIPAC only; in eight,
CRS was associated. Cisplatin at 7.5 mg/m? and doxorubicin at 1.5 mg/m? were
perfused for 30 min at 37°C. In eight patients, PIPAC was repeated up to six
times. Treatment was well tolerated and achieved an objective tumor response in
six of eight patients who underwent more than one PIPAC treatment, although
the rate of ascites control was not reported [49]. These results match with other,
similar studies, on CRC, GC, and appendiceal cancers, suggesting PIPAC is a
feasible and promising new modality of IP drug delivery [50, 51].

In conclusion, in patients with PC and MA who are not candidates for CRS,
laparoscopic HIPEC can be safely and effectively administered, achieving satis-
factory results, good MA control, and improved QoL. Other benefits are short
hospitalization and very low morbidity and mortality rates, but there is no sur-
vival benefit. New drugs and new perfusion modalities are being studied to
improve these promising results.
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23.3 Palliative Surgery and Managing Bowel Obstruction in
Peritoneal Carcinomatosis

Malignant bowel obstruction is a common event in patients with locally advanced
cancers, reaching an incidence of 28 % in GI cancer and 51 % in OC [1, 2].
Symptoms are related to the level of obstruction and usually include severe
abdominal pain and distension, nausea, vomiting, and inability to pass gas and
stool [52]. In patients with advanced or end-stage digestive or gynecological can-
cers, the onset of bowel obstruction may be insidious, evolving over several weeks
and presenting spontaneous remissions between acute relapses [53]. Malignant
bowel obstruction may have both mechanical and functional origin: the former is
related to direct compression or infiltration by tumor masses of bowel loops, and
the latter is related to impaired intestinal motility, resulting from tumor infiltration
of mesenteries, nerves involved in intestinal motility, massive ascites, or chronic
opioid therapies. Computed tomography is the gold standard for diagnosing malig-
nant bowel obstruction, as it has a specificity and sensitivity > 90 % [54]. CT can
exclude nonneoplastic causes of obstruction, which can occur in 15-30 % of
patients with carcinomatosis and are mostly related to adhesions, hernias, and
eventration [55, 56]. It can also identify the presence of a surgical emergency, such
as perforation, volvulus, or strangulation, all of which are surgical indications
even for palliative care. Decision making is very difficult in these patients.
Medical conservative treatment is often not effective to relieve symptoms, and
major surgical procedures should be avoided in patients who have limited life
expectancy and who are poor surgical candidates because of malnutrition and
underlying disease [57]. A large review by Laval et al. proposed recommendations
and practical clinical guidelines to guide decision making, reserving surgery for
patients with nonneoplastic mechanical obstruction, emergency situations, and
limited obstruction with no indications to endoscopic prosthesis. Conservative
medical management is preferred for patients with single stenosis suitable for
endoscopic treatment, in poor general condition, or with extensive carcinomatosis,
multiple areas of stenosis, or mesentery-root invasion. Age, comorbidities, nutri-
tional status, previous radiotherapy, and level of obstruction are also identified as
poor prognostic factors for surgical treatment [52] (Table 23.2).

Conservative management of patients with malignant bowel obstruction
includes fasting, intravenously delivered rehydration, total parenteral nutrition,
nasogastric tube (NGT) placement, and antiemetic, antisecretory, analgesic, and
corticosteroid drug administration. Antisecretory drugs, which reduce digestive
secretions such as octreotide, are particularly important in relieving patient dis-
tress; if vomiting does not stop, a venting gastrostomy rather than long-term
NGT may be considered [52]. Endoscopic prosthesis must be preferred to sur-
gery when technically possible due to its lower morbidity and mortality rates;
PC must not be considered a contraindication to stent placement in patients with
a single-site bowel obstruction [58]. Complications are rare and include perfo-
ration (0.5-4 %) and stent migration (8—12 %) and obstruction (0.5-10 %).
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Table 23.2 Prognostic factors influencing surgical treatment of malignant bowel obstruction in
unresectable peritoneal carcinomatosis

- Advanced age

- Presence of comorbidities

- Poor performance status

- Extent of peritoneal carcinomatosis; particularly, presence of multiple levels of obstruction

- Small-bowel rather than large-bowel obstruction

- Previous abdominal or pelvic radiotherapy

Technical failure is more frequent in long-standing stenosis [59].

A surgical approach should be carefully considered when conservative treat-
ment fails or is not possible. Surgical procedures include ostomies (colostomy,
ileostomy, jejunostomy), small- or large-bowel resections and/or bypass, and
lysis of either malignant or inflammatory adhesions. Surgical strategy is deter-
mined upon intraoperative findings, and no standard guidelines are available.
Several studies demonstrated benefits in symptoms relief with resumption of
oral intake after palliative surgery for malignant bowel obstruction in 32-100 %
of patients [60—-66]. QoL measures are not reported by any available study. The
literature reports that perioperative morbidity and mortality and rates are high,
ranging from 7 % to 44 % and from 6 % to 32 %, respectively [60-62, 65,
67-69]. A frequent complication, occurring in from 6 % to 47 % of patients, is
reobstruction [61-63, 66, 69]. Furthermore, duration of symptom relief may be
short [66, 69] and hospital stay considerable in relation to patients life expectan-
cy, which ranges from 1 to 94 days [70]. When obstructive symptom resolution
is achieved and is long lasting, survival advantage may be significant, rising
from 26 to 36 days to 154 to 192 days in some series [62, 71]. Table 23.3 sum-
marizes the most relevant experiences and results in surgical treatment of malig-
nant bowel obstruction in patients with PC. Authors experience is detailed in
Table 23.4: overall median survival was 96.1 days (OC 100.3 days, GI cancer
83.5 days, CRC 104.5 days), and mean hospital stay was 9.6 days (range 6—14).
Operative mortality occurred in two patients (17 %): one died after reoperation
for bleeding, and reobstruction occurred in one, who died after 28 days.

23.4 Conclusions

In conclusion, palliative surgery may resolve obstructive symptoms and allow
oral intake resumption and the patient to return home, even if for a short time;
however, it has high mortality and morbidity rates. Moreover hospital stay may
be long, affecting the quality of the remainder of the patient’s life. Therefore,
surgical palliation can be a valid option but should be carefully considered, tak-
ing into consideration patient preferences and compliance ability and providing
complete information about risks and benefits.
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Angelo Di Giorgio

24.1 Introduction

In the previous chapters, we analyzed the most relevant aspects related to peri-
toneal surface malignancy (PSM) classification and treatment by integrated
cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy (CRS
plus HIPEC). Many of the issues dealt with in previous chapters are common to
various forms of PSM; others are more specific to single pathological forms.
Recent experience has provided greater clarity for the role of CRS plus HIPEC,
albeit partial and nondefinitive, but has also emphasized problems requiring
solutions for greater reliability and effectiveness of the combined procedure and
to dispel doubts and criticisms regarding its application. The main focus of
ongoing studies and of this chapter is on both general and specific issues of
HIPEC and its application in specific forms of PSM.

24,2 General Issues
24.2.1 Peritoneal Surface Malignancy Staging Classification

In most cases and for different forms of PSM, the extent of peritoneal diffusion
associated with the Completeness of Cytoreduction (CC) score is a significant
prognostic indicator and is useful for assessing complication risk. Chapter 5 dis-
cusses advantages and limitations of the various classifications applied in PSM
staging in the pre-CRS plus HIPEC phase and the evaluation of residual
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endoperitoneal disease in the post-CRS plus HIPEC phase. These advantages
and limitations have been exhaustively discussed and give valuable indications
to surgeons operating in this sector regarding choice of therapeutic strategy.

Obviously, commonly accepted classifications need to be applied to stan-
dardize the interpretation and comparison of results obtained from different
studies. Despite specific limits shown by various studies, the Peritoneal Cancer
Index (PCI) and CC score classifications proposed by Jacquet and Sugarbaker
[1] are the most validated for all PSM forms. The main aim of the Fagotti score
[2], specifically devised and widely applied for ovarian carcinomatosis (OC), is
to predict the feasibility of optimal cytoreduction; thus, this criteria is used by
some surgeons who consider widespread peritoneal diffusion as a contraindica-
tion for CRS, independent of any other parameters.

An interesting fact is the inclusion of the PCI in the new classification sys-
tem for staging malignant peritoneal mesothelioma (MPM), proposed by the
Peritoneal Surface Oncology Group International (PSOGI) [3]. In the near
future, therefore, the Sugarbaker classifications are expected to be the most fre-
quently used, and its application will be more reliable when comparative studies
are conducted comparing it with magnetic resonance imaging/computed tomog-
raphy (MRI/CT) and anatomopathological staging. For the future, however,
greater consensus is needed regarding the application by surgeons of the PCI
classification, which—being a complex procedure—runs the risk of nonhomo-
geneous scoring.

The PCI score is reported and calculated on a 2D model classically represent-
ed by drawings of the abdominal cavity divided into regions; in the near future,
3D imaging technologies will permit 3D lesion mapping and provide useful
morphological data invaluable for remote diagnosis and comparison with radio-
logical imaging (Fig. 24.1).

Finally, the methods of assessing scores also requires reconsideration; PCI
classification refers to the maximum size of tumor implants in a given region but
not to the number of implants or total quantity of tumoral mass resulting from
the sum of all nodules present in the same region. The same applies when assess-
ing the CC score, which should refer to either the volume of a single residue or
the sum of all residues after CRS rather than to the greatest volume of one of
several residual neoplastic nodules.

24.2.2 Diagnosis and Staging

Over the past 20 years, as peritonectomy (PRT) plus HIPEC has progressively
become widely used, diagnostic imaging has also shown great technological
advancement. Dramatic improvement in the quality of imaging and the possibil-
ity of analyzing complex anatomical areas in detail —often significantly altered
by size, shape, and conformation of the peritoneal carcinomatosis (PC)—have
substantially contributed to diagnosis and staging. Tangible proof of this is the
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Fig.24.1 Peritoneal Cancer Index (PCI) classification: Three-dimensional imaging simulation for
PCI mapping and scoring. An imaging database can furnish all useful images to place the lesions;
dedicated software calculates overall PCI. Images can be used to compare intraoperative and ra-
diological score

high rate of optimal CRS achieved in all forms of PC treated with peritonecto-
my procedures. Although the merit of these results should be ascribed to surgeon
ability, it is indisputable that an 80-90 % success rate for optimal cytoreduction
is also partially attributable to the degree of fidelity and specificity of the tech-
nology imaging used in diagnosis.

CT, MRI, and positron emission tomography-CT (PET-CT) are now basic
diagnostic procedures, but the contribution of endorectal and vaginal ultrasonog-
raphy (US), particularly in cases of pelvic organ infiltration, together with clinical
evaluation via direct vaginal and rectal examination, should not be disregarded.

Laparoscopy (LPS) occupies a relevant role in the diagnostic phase by allow-
ing direct visualization and biopsy of tumor lesions, which is essential when his-
tological or cytological assessment is not otherwise feasible. The utility of LPS
in staging intraperitoneal carcinomatosis, however, is more controversial. This
procedure is invasive and can potentially be associated with specific risks; there-
fore, its use must be correlated against the cost—benefit of the possible result.

PSM staging together with histological analysis is essential in planning a
general treatment strategy, as regardless of the classification applied, a high PCI
score is an indicator of increased risk of complications and lower survival rates.
The most accurate staging is fundamental to surgeons or centers that consider
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high PCI or Fagotti scores as negative indicators for PRT, whereas it is less
important for certain PSM, such as low-grade pseudomyxoma peritonei (PMP)
or mesotheliomas, for which the assessment of surgical resectability rather than
peritoneal disease extent is more useful.

Those surgeons or centers for which a high level of PCI is not an absolute
contraindication for peritonectomy must complete a thorough diagnostic investi-
gation to verify the involvement of sensitive anatomical structures that could ren-
der surgical excision inadvisable. The complexity of peritoneal disease and limi-
tations of radiological technologies discussed in the previous chapters may affect
the accuracy of diagnosis; however, the indiscriminate use of LPS is questionable
and is a reflection on the attitude of surgeons or centers dealing with PSM.

As evident from relevant publications, the mean PCI may differ significant-
ly between studies, but the majority of studies includes significant percentages
of cases successfully treated for carcinomatosis staged over the established lim-
its for certain specific PSMs. When staging the extent of PSM, the utility of
laparoscopy must be assessed against more traditional morphological investiga-
tion procedures and its possible role in identifying the involvement of adjacent
anatomical structures constituting negative indicators for excision of the dis-
ease, regardless of staging limits. Aside from its valuable diagnostic role under
certain circumstances, overall assessment of LPS must also consider the com-
plication and procedure impracticality risks, including risks associated with
neoplastic contamination by trocar access sites. The use of LPS, considered by
some practitioners as a routine and essential procedure, deserves further evalu-
ation, and prospective studies should be planned to define further its role and
potential risks.

24.2.3 Eligibility Criteria

Eligibility criteria regarding the patient’s clinical status before admission to the
procedure are rather homogeneous and are extensively discussed in Chap. 13.
Over the years, patient age threshold for treating PSM has continuously varied,
and at present there is no specific limit; even patients in their 80s and in optimal
physical and psychological condition, with easily resectable disease and a good
prognosis, are routinely scheduled for the procedure.

The most avidly discussed eligibility criterion is preoperative PC staging,
which is particularly relevant in centers in which high peritoneal spread associ-
ated with elevated levels of PCI are considered contraindications for CRS. These
centers adopt strict selection criteria and more complex diagnostic procedures,
which may also involve routine LPS. In centers in which a high extent of PC is
not an absolute negative indicator for procedure execution, rather than the pres-
ence of unequivocal signs of infiltration of unresectable anatomical structures,
staging has a significantly more important role in determining whether neoadju-
vant chemotherapy (NACT) should be part of the general treatment strategy.
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Progress in molecular biology, genetics, and pathology, as previously
described for mesothelioma and OC, as well as chemosensitivity testing applied
in the pre-HIPEC phase, will permit more articulated classification of some
PSM forms and identification of subtypes, with differing prognoses and variable
responses to specific forms of treatment. All these factors will condition eligi-
bility criteria and will guide drug choice for HIPEC and appropriate adoption of
NACT. Results from a number of prospective trials in progress at the time of this
writing, and improved adherence to multicenter protocols planned on the basis
of past experience, will help refine and standardize eligibility criteria, as well as
data comparison from case studies.

24.2.4 Peritonectomy

Peritonectomy is a fundamental and irreplaceable procedure in the treatment of
PSM. In all forms of PSM and in all settings in which PRT plus HIPEC can be
adopted, complete cytoreduction (CC) is the most significant prognostic factor.
Maximum cytoreduction improves HIPEC and early postoperative intraperi-
toneal chemotherapy (EPIC) efficacy and is the main factor responsible for the
results widely reported in the previous chapters for survival rates.

No change in treatment orientation is predictable in the near future; maximal
cytoreduction is the main treatment goal in all PSM forms and settings. Maximal
cytoreduction will always be the preserve of dedicated PSM surgeons and
experts in this field with specific training in surgical oncological procedures and
knowledge of the rules of peritoneal cytoreduction. More thought, however,
should be given to treatment of patients in which PC can be completely or par-
tially reduced by NACT. This treatment option is most applicable to PSM from
gastric cancer (GC) and OC, which are PSM forms with the highest application
rates of NACT.

The effects of chemical cytoreduction are evident at post-NACT peritonecto-
my or at second-look surgery, and their evaluation in combination with pre-
NACT PC imaging forms the basis for optimizing the choice of CRS. In ovari-
an carcinomatosis, primary tumor exeresis conducted according to basic radical
criteria with total omentectomy, appendectomy, and lymphadenectomy should
also include adequate parietal peritonectomy within the lower half of the abdom-
inal cavity. In these cases, peritonectomy must envisage removing the parietal
peritoneum from the transverse umbilical line to the pelvis and include pouch
stripping. Any other suspicious peritoneal area bearing signs of chemoreduction,
such as fibrosis, thickening, and red spots, should be treated with ball-tip elec-
trosurgery or argon in order to alter peritoneal membrane integrity and improve
HIPEC efficacy, as previously described.

In gastric carcinomatosis responsive to intraperitoneally and/or systemically
delivered NACT, basic radical primary treatment should be associated with
appendectomy, bilateral oophorectomy, and extensive supramesocolic parietal
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peritonectomy, including stripping the peritoneum of the omental bursa, hepatic
pedicle, and diaphragms.

Advances in instrumentation technology used in peritonectomy procedures
will increase the efficacy and safety in performing carcinomatosis cleanup of
complex anatomical areas, expanding limits of resectability and chances of opti-
mal cytoreduction. Training surgeons in these techniques can only be done in
highly specialized centers with high-volumes of activity, which permit the
acquisition of specific experience over a reasonably short time period.

A laparoscopic approach to this procedure is and will remain a topic of dis-
cussion: its role can be considered only for very limited PC.

However, a general lack of information derived from manual assessment in
limited carcinomatosis and the difficulty of full abdominal access for compre-
hensive assessment of diffuse carcinomatosis render the effectiveness of the
laparoscopic approach questionable.

A further criticism concerning the laparoscopic approach is neoplastic
involvement of trocar access sites, for which conflicting data exist. In this sce-
nario, some conclusions on the subject appear inconsistent and censurable, such
as conclusions that metastases of trocar access sites can be easily excised allow-
ing prognosis, similarly to patients subjected to open peritonectomy [4].
Experienced PSM surgeons know very well the severity of tumor diffusion with-
in the abdominal wall, especially when more than one trocar access site is
involved, causing complications in treatment and significantly reduced progno-
sis. Regardless, the laparoscopic approach will be the subject of future con-
trolled studies, which likely will not be conclusive in resolving disagreements
among experts in the field.

24.2.,5 Hyperthermic Intraperitoneal Chemotherapy

Most criticisms about PSM treatment focus on HIPEC. Except for disseminated
MPM (DMPM), PMP, and localized colorectal cancer (CRC) carcinomatosis,
the use of PRT plus HIPEC for other types of PSM is questioned mainly in rela-
tion to potential morbidity and therapeutic efficacy.
Scepticism regarding HIPEC is supported mainly by the lack of RCTs, which are
complicated to conduct; thus, HIPEC is supported mainly on a strong rationale for
its use and on available results derived almost exclusively from phase I and II stud-
ies. Although PRT plus HIPEC is considered the treatment of choice for few PSM,
its application is progressively increasing for a wider variety of PSM forms.
HIPEC techniques are described in Chap. 9 and in subsequent chapters, as is
its role in combination with CRS for treating major forms of PSM. Overall
results drawn from past experience in all forms of PSM, including the meagre
data from prospective studies, appear to validate the benefits in terms of survival
compared with traditional treatments but do nothing to counteract the vehement
criticism and scepticism regarding HIPEC. Indeed, the perception among scep-
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tics is that only peritonectomy, undertaken as maximum cytoreduction, is the
commonly accepted procedure by which to improve survival rather than tradi-
tional treatment based on salvage surgery and systemic chemotherapy or, more
rarely, intraperitoneal normothermic chemotherapy. Pending results of random-
ized prospective studies on the role of HIPEC in treating various types of PSM,
HIPEC continues to be widely used, and the various related studies concerning
the development of new technologies and new drugs are clear proof of the sci-
entific community’s interest in this method.

HIPEC techniques, described in detail in Chap. 10, analyze the difference
between open, closed, or semiclosed methods. To date, all studies agree that the
choice of technique does not influence procedure efficacy or indicate any need
for controlled studies in this regard. The choice is therefore left to the operators,
who must also take into account environmental assessments and logistic factors.

Over the years, HIPEC-supporting technologies have been constantly modi-
fied to improve performance in terms of maintenance of carrier-solution temper-
atures, temperature monitoring in the various abdominal regions subjected to
treatment, and creation of new systems for abdominal-cavity expansion to con-
tain a higher volume of chemotherapy solutions. New insights into intra-abdom-
inal pressure and the effect of temperature on pharmacokinetics and pharmaco-
dynamics in HIPEC applications have pioneered new techniques of conducting
intraperitoneally delivered chemotherapy (IP-CHT) and the use of new cytotox-
ic agents.

In experimental animal models, increased intra-abdominal pressure enhances
the cytotoxic effects of platinum-based drugs and doxorubicin (DOXO) [5, 6].
New technologies to increase intra-abdominal pressure have been introduced to
optimize drug spread within the peritoneal cavity and pharmacological penetra-
tion of tumor nodules. Using pressurized intraperitoneal aerosol chemotherapy
(PIPAC) via laparoscopy involves the application of IP-CHT as a pressurized
aerosol to take advantage of the physical properties of gas and pressure. This
appears to be an innovative technique of major interest [7].

New drugs applied intraperitoneally benefit from association with hyperther-
mia: interaction between intraperitoneal use of monoclonal antibodies (MAbs)
and hyperthermia suggests a high increase in drug—target interactions and uni-
form intratumoral drug distribution; new-generation thermosensitive liposomes
has been developed that reliably enable drug liberation into heated tissue at a
predefined temperature [8—13].

In previous chapters, we analyzed the pharmacokinetic and pharmacodynam-
ic principles that underlie the rationale for HIPEC, possible interactions between
drugs and hyperthermia, and characteristics and dosage of drugs used for HIPEC
in various forms of PSM. Current research is focused on identifying a greater
number of chemotherapeutic or other agents to be applied in bidirectional
chemotherapy (intraperitoneal plus intravenous application).

HIPEC, EPIC, and bidirectional chemotherapy are increasingly being used
and are now considered consolidated treatment options for carcinomatosis from
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GC and CRC.

Published data indicate that the optimal intraperitoneal temperature for drug
delivery is 41-42°C. The main purpose for future studies should be to standard-
ize HIPEC techniques and answer questions that remain open regarding optimal
duration, drug choice, carrier-solution volume, and drug type. As discussed in
Chap. 23, HIPEC via laparoscopic or open approach is significantly effective in
palliative treatment of malignant ascites (MA) in all forms of PSM: laparoscop-
ic PIPAC seems to be an interesting alternative technique.

In the near future, a strong commitment will be made to identify shapes and
setting of malignancies at high risk of causing PC and susceptible to prophylac-
tic HIPEC treatment. Regarding the use of prophylactic HIPEC, studies to date
have focused particularly on CRC, as analyzed in Chap. 19. Further studies
should be conducted to assess the effectiveness of prophylactic HIPEC in
patients treated with resection for primary T3—4 gastric mucinous cancer, which
is a risk for the development of late carcinomatosis.

24.3 Specific Issues
24.3.1 Malignant Peritoneal Mesothelioma

CRS plus HIPEC is the gold standard for treating diffuse DMPM on the basis of
results of major centers that deal with PSM. Since it is a rare form of tumor, no
prospective studies are likely, as there is little chance they could be concluded.
In 2011, a new MPM stage classification that incorporates the PCI was proposed
by the PSOGI group [3]. At present, the use of cisplatin (CDDP) in combination
with other drugs—mainly with DOXO —represents the most widely used drug
regimen for HIPEC.

Although it is not possible to discern the role of HIPEC from that of CRS,
success in ascites control in 90 % of cases amply justifies its use in the treatment
of DMPM. CRS plus HIPEC has allowed an increase in median survival rate
from 12 months in the pre-HIPEC era to 53 months. Taking into account limita-
tions regarding planning and conducting prospective randomized controlled
studies, in the near future, more accurate characterization of the different pri-
mary tumor subtypes using molecular biology, genetic, and chemosensitivity
studies may contribute to optimizing patient management and to personalize
treatment.

24.3.2 Pseudomyxoma Peritonei

CRS plus HIPEC should be considered the standard care for diffuse PMP
(DPMP), but data from prospective studies analyzing the role of HIPEC are
lacking. Even for PMP, maximum cytoreduction is recognized as the primary
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means of care, whereas the role of HIPEC is uncertain. Analysis of the literature
seems show that HIPEC positively influences progression-free survival (PFS)
rather than overall survival (OS) [14], and at present, major revisions in PMP
treatment indicates HIPEC has a positive predictive value for PFS [15].

PMP treatment is conducted inhomogeneously: HIPEC techniques, drug
type, and temperatures vary between specialized HIPEC centers. Future
prospective studies on the basic forms of PMP, i.e., disseminated peritoneal ade-
nomucinosis (DPAM), peritoneal mucinous carcinomatosis (PMCA), and inter-
mediate forms, however, are unrealistic because of the low incidence of these
pathologies. Therefore only improvement in the identification of different sub-
types through genetic typing (genetic signature) may help improve selection and
identification of patients susceptible to CRS plus HIPEC, even in the presence
of high peritoneal spread with high PCI levels. An improvement in overall
results may also results from referring PMP cases to highly specialized centers.

24.3.3 Carcinomatosis from Colorectal Cancer

Similarly to other forms of PSM, such as carcinomatosis from OC and GIC, the
specific role of HIPEC in treating CRC carcinomatosis is still a major point of
discussion, although a randomized study and many nonrandomized trials
demonstrate the multiple advantages of associating CRS with HIPEC over tradi-
tional treatments. Results of ongoing trials will validate the effectiveness of
CRS plus HIPEC. Despite criticism, the use of HIPEC is earning greater con-
sent, and its acceptance is progressively increasing. CRS plus HIPEC is widely
recommended as the treatment of choice for carcinomatosis with PCI < 20.
Strong interest in the use of HIPEC is emerging in specialized PSM centers for
preventing PC in patients treated for cancer types that pose a high risk of peri-
toneal metastasis. To date, HIPEC use in this context is applied to inhomoge-
neous therapeutic programs and in different settings:

* During a second look scheduled for patients treated with exeresis for CRC at

risk of metachronous PC [16]

* During primary resection in patients with CRC at high risk of metachronous

peritoneal metastasis (T3, T4, mucinous) [17]

* In the presence of positive peritoneal lavage cytology and without evidence

of macroscopic PC [18]

Many prospective phase II and III trials are in progress on these specific top-
ics worldwide and are analytically described in Chaps. 19 and 25. Results from
these studies will test the role of HIPEC in various settings. The use of oxali-
platin (OXA) combined with IV 5-fluorourocil (5-FU) and leucovorin (LV) in
bidirectional chemotherapy is emerging as the treatment of choice during
HIPEC.

In the near future, as is currently occurring in part, a significant positive
impact on survival will be provided by the introduction of new chemotherapy
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protocols and the integration of systemic chemotherapy with biologic drugs (tar-
geted therapy), which give competitive results compared with the best HIPEC
performance. New drugs or new combinations in systemic chemotherapy that
can improve survival rates will create the necessity of comparison between these
new schemes and HIPEC in various settings, whereas the role of CRS will
remain unchanged.

24.3.4 Carcinomatosis from Gastric Cancer

Prospective randomized trials and retrospective studies of patients with carcino-
matosis from gastric cancer (GC) treated with PRT plus HIPEC or POC (periop-
erative chemotherapy) demonstrate advantages in terms of survival compared
with conventional treatments. In particular is the significant increase in long-
term survival with acceptable morbidity rates. Despite these findings, the role of
PRT plus HIPEC remains controversial, and the procedure is recommended for
selected cases with PCI < 12.

For this reason, laparoscopy plays a key role in evaluating disease spread in
order to exclude cases with a high PCI or which are unresectable and to identi-
fy cases susceptible to NACT. The use of PRT plus HIPEC in GC carcinomato-
sis is effective only in cases with limited peritoneal diffusion; therefore, NACT
plays a strategic and essential role in increasing the possibility of treating a
greater number of cases. A new neoadjuvant aggressive treatment with intraperi-
toneal chemotherapy combined with systemic chemotherapy (NIPS) seems
promising in ensuring long-term survival in patients undergoing complete
cytoreduction and in containing malignant ascites in cases that are not cytore-
ducible, with success rates close to 100 %. The promising prophylactic use of
HIPEC in patients with GC at risk for postoperative carcinomatosis is expected
to lead to further HIPEC diffusion in Western countries.

Intraperitoneal administration of the monoclonal antibody catumaxomab
seems to ensure significant success in treating malignant ascites from GC and
provides additional benefits as adjuvant treatment after resection for locally
advanced GC [19].

24.3.5 Carcinomatosis from Ovarian Cancer

The role of PRT plus HIPEC for treating PC from OC is questioned more fre-
quently than for other forms of PSM. The main criticisms concern the use of
HIPEC, whereas maximal cytoreduction is widely accepted as the fundamental
goal of therapy when surgical exeresis is indicated. Criticism about HIPEC,
analogously to gastric and colorectal carcinomatosis, relates to the potential risk
of morbidity and unproven benefit in terms of survival. The lack of controlled
studies contributes to foment scepticism toward the procedure. Prospective con-
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trolled trials aimed at verifying the role of HIPEC in primary and secondary
cytoreduction are in progress at the time of this writing.

The adoption of systemic or intraperitoneal treatments based on biological
drugs leads us to expect increasingly complex comparisons between such regi-
mens and HIPEC in the near future.

High chemosensitivity to first-line chemotherapy and good response rates to
subsequent lines of treatment were the rational for treating carcinomatosis from
OC with less aggressive therapeutic strategies than PRT plus HIPEC, with the
aim being to make the disease become chronic rather than radicalize the treat-
ment. However, compared with the results from CRS plus HIPEC, complications
resulting from traditional treatments based on CRS and systemic and/or nor-
mothermic IP-CHT are often underestimated and may decrease the overall rate
of application of such treatments.

Results of ongoing trials will undoubtedly help confirm the role of HIPEC but
will probably be insufficient to resolve any controversy regarding the issue of
efficacy; adoption of new drugs and new combinations outside the HIPEC setting
will contribute to controlling disease progression and prolonging survival, even
in the presence of residual disease. Therefore, new, comparative studies and con-
trolled trials for HIPEC will be required, even if difficult to conduct.

The role of NACT and platinum sensitivity are under study, and ongoing tri-
als evaluating HIPEC will provide significant insights even for these factors.
The role of PRT plus HIPEC in all the most recent studies is related to various
disease settings for treatment; future prospective studies should take account of
this issue.

In the near future, the classification of ovarian tumors will take into account
the progress achieved using molecular biology and genetic techniques that
allowed identifying the extraovarian origin of so-called papillary serous ovarian
tumors and classifying together under a unique condition all forms of ovarian,
tubal, and peritoneal cancer, as described above. Application of these new clas-
sifications and wider diffusion of studies on molecular and genetic profiles of
these tumors will enable identification of tumor subtypes as targets for more
specific and personalized treatment regimens.

References

1. Jacquet P, Sugarbaker PH (1996) Clinical research methodologies in diagnosis and staging
of patients with peritoneal carcinomatosis. Cancer Treat Res 82:359-374

2. Fagotti A, Ferexidina D, Fanfani F et al (2006) A laparoscopy-based score to predict surgical
outcome in patients with advanced ovarian carcinoma: a pilot study. Ann Surg Oncol 13:1156-
1161

3. YanTD, Deraco M, Elias D et al (2011) Peritoneal Surface Oncology Group. A novel tumour-
node-metastasis (TNM) staging system of diffuse malignant peritoneal mesothelioma using
outcome analysis of a multi-institutional database. Cancer 117:1855-1863

4. Vergote I, Marquette S, Amant F et al (2005) Port-site metastases after open laparoscopy: a
study in 173 patients with advanced ovarian carcinoma. Int J Gynecol Cancer 15:776-779



374

A.Di Giorgio

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

Thomas F, Ferron G, Gesson-Paute A et al (2008) Increased tissue diffusion of oxaliplatin dur-
ing laparoscopically assisted versus open heated intraoperative intraperitoneal chemothera-
py (HIPEC). Ann Surg Oncol 15:3623-3624

Jacquet P, Stuart OA, Chang D, Sugarbaker PH (1996) Effects of intra-abdominal pressure
on pharmacokinetics and tissue distribution of doxorubicin after intraperitoneal administra-
tion. Anticancer Drugs 7:596-603

Tempfer CB, Celik I, Solass W et al (2014) Activity of Pressurized Intraperitoneal Aerosol
Chemotherapy (PIPAC) with cisplatin and doxorubicin in women with recurrent, platinum-
resistant ovarian cancer: preliminary clinical experience. Gynecol Oncol 132:307-311
Hauck ML, Zalutsky MR (2005) Enhanced tumour uptake of radiolabelled antibodies by hy-
perthermia: Part I: Timing of injection relative to hyperthermia. Int J Hyperthermia 21:1-11
Hauck ML, Zalutsky MR (2005) Enhanced tumour uptake of radiolabelled antibodies by hy-
perthermia. Part II: Application of the thermal equivalency equation. Int J Hyperthermia
21:13-27

Kinuya S, Yokoyama K, Hiramatsu T et al (2000) Optimal timing of administration of hyper-
thermia in combined radioimmunotherapy. Cancer Biother Radiopharm 15:373-379

Kinuya S, Yokoyama K, Michigishi T, Tonami N (2004) Optimization of radioimmunother-
apy interactions with hyperthermia. Int J Hyperthermia 20:190-200

Kong G, Dewhirst MW (1999) Hyperthermia and liposomes. Int J Hyperthermia 15:345-370
Lindner LH, Eichhorn ME, Eibl H et al (2004) Novel temperature-sensitive liposomes with
prolonged circulation time. Clin Cancer Res 10:2168-2178

Votanopoulos KI, Shen P, Stewart JH 4th, Levine EA 2012) Current status and future direc-
tions in appendiceal cancer with peritoneal dissemination. Surg Oncol Clin N Am 21:599-609
Chua TC, Moran BJ, Sugarbaker PH (2012) Early and long-term outcome data of patients with
pseudomyxoma peritonei from appendiceal origin treated by a strategy of cytoreductive sur-
gery and hyperthermic intraperitoneal chemotherapy. J Clin Oncol 30:2449-2456

Elias D, Honoré C, Dumont F et al (2011) Results of systematic second-look surgery plus HIPEC
in asymptomatic patients presenting a high risk of developing colorectal peritoneal carcino-
matosis. Ann Surg 254:289-293

Sammartino P, Sibio S, Biacchi D et al (2012) Prevention of Peritoneal Metastases from Colon
Cancer in High-Risk Patients: Preliminary Results of Surgery plus Prophylactic HIPEC. Gas-
troenterol Res Pract 2012:141585

Noura S, Ohue M, Shingai T (2011) Effects of intraperitoneal chemotherapy with mitomycin
C on the prevention of peritoneal recurrence in colorectal cancer patients with positive peri-
toneal lavage cytology findings. Ann Surg Oncol 18:396-404

Goéré D, Gras-Chaput N, Aupérin A et al (2014) Treatment of gastric peritoneal carcinomato-
sis by combining complete surgical resection of lesions and intraperitoneal immunotherapy
using catumaxomab. BMC Cancer 14:148



New Trials 25

Barbara Costantini, Anna Fagotti, Giulia Montori,
Federico Coccolini, Luca Ansaloni, and Giovanni Scambia

25.1 Background

Primary or secondary peritoneal surface involvement represents an important
occurrence in the history of patients with gastrointestinal and gynecological
tumors, representing a clinical entity grouped under the name of peritoneal sur-
face malignancies (PSM). Patient life expectancy and quality of life (QoL) are
very poor when the disease had reached this phase. In the past, oncologists con-
sidered peritoneal carcinosis (PC) as a distant metastasis and therefore as an
incurable intra-abdominal disease. Definitely, notwithstanding the advances in
systemic chemotherapy regimens, the effects on PC are still limited, probably
because of the peritoneal-plasma barrier, which prevents effective drug deliv-
ery from the systemic circulation into the peritoneal cavity [1-3]. However,
novel therapeutic approaches have been attempted for patients with isolated
peritoneal metastases of PSM. Indeed, disease is often restricted to the peri-
toneal cavity without extra-abdominal involvement, and therefore, it is possible
to consider PC as a locoregional disease, and a locoregional approach is thus
reasonable for treating these malignancies in humans [4].

In recent years, aggressive cytoreductive surgery (CRS) consisting of peri-
tonectomy with multivisceral resection of all involved viscera eventually com-
bined with hyperthermic intraperitoneal chemotherapy (HIPEC) has been devel-
oped as locoregional treatment with curative intent. Since its first appearance in
1980 [5], HIPEC associated with surgery has had an increasingly important role
in the treatment of several types of cancer with peritoneal dissemination [6—8].
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The use of such a therapeutic approach find its rationale in the typical spread of
this clinical entity that remains confined in the peritoneal cavity for most of its
natural history and in achieving higher drug concentrations that come in contact
with the peritoneal surface, with lower systemic concentrations resulting in a
decrease in systemic toxicity. Hyperthermia is proved to exert a cytotoxic effect
directly and indirectly on tumor cells and displays a synergistic effect with sev-
eral cytotoxic agents, increasing drug penetration up to 3—6 mm into malignant
nodules, with an antimitotic effect [9—-11].

25.2 Role of Surgery in Primary and Recurrent Ovarian Cancer

Epithelial ovarian carcinoma (EOC) is the ninth most common malignancy and
one of the most challenging health issues in women. This tumor type represents
the fifth leading cause of cancer-related deaths among female patients. Most
EOC cases are diagnosed at an advanced disease stage, when large intraperi-
toneal diffusion has already occurred [12]. Standard treatment for EOC in the
initial stage is bilateral salpingo-oophorectomy, hysterectomy, multiple peri-
toneal biopsies of all abdominal fields, at least infracolic omentectomy, appen-
dectomy (in case of mucinous histology), and pelvic and para-aortic lymph node
dissection up to the renal veins [13]. In advanced EOC, the aim is cytoreductive
surgery (CRS) (involving, if is necessary, intestinal resection, peritoneal strip-
ping, diaphragmatic resection, removal of bulky para-aortic lymph nodes, and
splenectomy) to improve overall (OS) and progression-free (PFS) survival [13].
However, the role of systematic pelvic and para-aortic lymph node dissection in
advanced disease remains controversial.

Completeness of cytoreduction (CC) after primary surgery is one of the most
important prognostic factors and in advanced EOC can improve OS between 24
and 106 months, as shown in different series, vs. 11-31 months in patients with
a residual disease > 1 cm. It also seems to achieve survival results comparable
with the standard treatment [14].

Drug regimens combining platinum—taxane chemotherapy are considered the
standard approach to patients with primary EOC. However, only a slight
improvement has been achieved in survival rates in patients with advanced ovar-
ian cancer (AOC). Even after optimal cytoreduction followed by
platinum-Taxol-based chemotherapy, ~ 60-70 % of stage III patients develop a
recurrence and ultimately die of chemoresistant disease [15, 16].

Contrary to what occurs in the primary disease, it is not yet clear what the
standard treatment for recurrent EOC should be. Patients who experience recur-
rence within 6 months from the end of first-line chemotherapy are considered
platinum resistant and appropriate for salvage treatment with second-line drugs;
however, response rates are low and survival poor. Patients who recur after 6
months are considered suitable for further treatment with platinum-based
chemotherapy possibly in combination with paclitaxel (platinum-sensitive
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patients). Recently, surgery attained a major role in recurrent chemosensitive
OC: A meta-analysis of 2,019 patients shows that obtaining optimal secondary
cytoreduction independently correlates with survival after recurrence [17].
Despite the lack of randomized studies, a recent Cochrane review [18] suggests
that optimal secondary cytoreduction may be associated with improved outcomes
in terms of prolonging life in patients with platinum-sensitive recurrent OC.

25.3  Role of Surgery in Gastric Cancer

Gastric cancer (GC) is the fourth most common cancer and the second leading
cause of cancer death in the world. Global incidence of primary tumor location
and histological types are constantly changing between the lowest rates in
Unites States and Western Europe and the highest rates in East Asia, South
America, and Eastern Europe. GC remains a tumor with a poor prognosis, with
a 5-year OS near 25 % [3, 11].

Standard surgical treatment of GC is total gastrectomy (in case of tumor
localization in middle third and superior third) and partial gastrectomy (in case
of distal localization, with proximal margin 5-8 cm between tumor and cardias),
with a D2 lymphadenectomy (> 16 lymph nodes). Standard chemotherapy regi-
men used in GC comprises epirubicin, 5-fluorouracil (5-FU), and cisplatin
(ECF) as neoadjuvant chemotherapy (NACT) (in case of T3, N+); in advanced
tumor, capecitabine (ECX) replaces 5-FU. In the postoperative setting, chemora-
diation could compensate for suboptimal surgery, pT4—pT3, N+, and pT2 with
high risk. However, due to worse performance status in patients after surgery
and NACT, only 40 % of patients receive adjuvant therapy [3, 11, 19].

Penetration of gastric serosa and lymphatic spread are the two most impor-
tant factors affecting prognosis in GC. Indeed, PC from GC can occur in up to
20% of patients explored for potentially curative resection and peritoneum is the
recurrent site in up to 40% [14].

25.4 Role of HIPEC in Primary and Recurrent Ovarian Cancer

In EOC, many patients who undergo optimal cytoreduction may benefit from adju-
vant chemotherapy administered intraperitoneally (IP). Several randomized trials
have demonstrated improved survival associated with IP platinum-based
chemotherapy as first-line adjuvant therapy after optimal cytoreduction, although it
is still unclear which patients might benefit most or what would be the most effec-
tive drug, dose, and appropriate number of cycles. Adjuvant IP therapy, however,
seems to have more side effects than intravenous therapy and consequently wors-
ening of patients’ quality of life (QoL) [9, 20, 21]. This treatment has been applied
at a different time point in the history of the disease: as upfront therapy, as interval
debulking surgery, at first recurrence, and at second or subsequent recurrence.
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The broad variety of dosages and drug combinations used at different time
points in the history of the disease accounts for the difficulty in drawing con-
clusions about the best time point for CRS plus HIPEC. Although evidence
regarding CRS plus HIPEC efficacy has been established for gastrointestinal
cancer [14], controversy remains concerning whether IP chemotherapy,
including HIPEC, is a standard treatment option or an experimental approach
in other PSM, due to the difficulty in performing randomized controlled trials
(RCT).

25.5 Role of HIPEC in Gastric Cancer

In patients with GC, peritoneal washing could be positive for malignant cells of
up to 24 % in stage Ib and up to 40 % in stage II or III [3]. Prognosis in patients
with GC is therefore poor, with 5-year OS between 6.5 and 12 months in patients
with advanced GC and with a similar survival in patients with free peritoneal
tumor cells and in patients with macroscopical peritoneal disease. For this rea-
son, chemotherapy regimens given IV seem to result in worse results than IP
treatment (12 months at 5 years versus 15—48 months) [22]. Particularly in Asian
studies, where the incidence of GC is greater, results are encouraging, but com-
pared with other tumors, GC remains a disease with shorter survival times and
higher mortality and morbidity rates.

A number of studies have been conducted to evaluate the role of CRS plus
HIPEC in patients with advancer GC, and a significant reduction in PC recur-
rence have been demonstrated [14]. A recent meta-analysis [23] of 20 RCTs
between 1987 and 2009 reported a significant increase in OS at 1,2, and 3 years
in patients who underwent HIPEC, lower peritoneal recurrence, and reduced risk
of hematogenous metastasis. HIPEC does not modify the rates of lymph node
recurrence, but in patients with lymph node metastasis, it reduces mortality rates
at 2 and 3 years. Patients with serosal infiltration are still considered as an inter-
mediate and undefined group due to the impossibility of including them in the
group that may benefit from HIPEC prophylaxis or treatment. For this reason,
further studies are needed. Yonemura et al. [24] proposed a multimodal approach
based on an association with neoadjuvant intraperitoneal and systemic
chemotherapy (NIPS), CRS plus HIPEC, and early postoperative intraperitoneal
chemotherapy (EPIC). The rational is to attack both sides of the peritoneum with
bidirectional chemotherapy: the peritoneal cavity and subperitoneal blood ves-
sels.

25.6 Role of HIPEC in Colorectal Cancer

PC of colorectal origin is frequent (10-35 % of patients), and in 25 % of cases,
it is the initial location. PC is the second most common cause of death in patients
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with colorectal cancer (CRC) after liver metastasis. However, due to the diffi-
culty of performing RCTs and to standardize the HIPEC technique, there is no
level I or II evidence that HIPEC increases survival rates in patients with PC
from CRC; also, the role of CC in these cases is not supported by RCTs [14].
The multidisciplinary treatment of CRC is standardized up to stage IIIC, where-
as the role of this approach is less clear in stages IVa and IVb [14]. This lack of
evidence is due to different approaches: in United States, HIPEC is not consid-
ered an option for PC from CRC, whereas French guidelines recommend it.

The only RCT in existence regarding HIPEC in treating CRC was published
in 2003 from The Netherlands [25]. This study of 105 patients analyzed survival:
standard treatment with systemic chemotherapy (5-FU-leucovorin) with or
without palliative surgery versus experimental therapy with CRS plus HIPEC,
followed by the same systemic treatment. Results reported an increased survival
twofold higher in the experimental arm (12.6 versus 22.3 months), with a treat-
ment-related mortality rate of 8 %. Moreover, the authors found that survival
was related to macroscopically complete cytoreduction and with the number of
abdominal regions involved by the disease (0-5 vs. 6-7 regions). Nevertheless,
the value of this RCT is limited by several factors: the chemotherapy scheme
was not the actual gold standard (consider irinotecan and oxaliplatin), appen-
diceal and rectal tumors were not balanced in the two arms, mitomycin-C only
was used for perfusate during HIPEC, and the role of surgery in the control arm
was not clear. However, other case—control and retrospective studies, particular-
ly in France, were performed in recent years, reporting low mortality rates fol-
lowing CRS plus HIPEC, particularly in patients with a PCI < 10 (patients with
a median expected survival of 31-48 months) [26].

25.7 New Trials in Primary and Recurrent Ovarian Cancer

A recent multicenter phase II trial by Deraco et al. [27] reported results of CRS
plus HIPEC in first-line treatment of EOC. From 2004 to 2010, 26 patients
enrolled in four different Italian centers attained complete cytoreduction (15
with CC-0 and 11 CC-1) and underwent closed-abdomen HIPEC with cisplatin
and doxorubicin. Although major complications occurred in four patients, 25 of
the 26 started systemic chemotherapy within a median of 46 days after surgery.
Moreover, considerable positive results were achieved in terms of 5-year OS
(60.7 %) and PFS (15.2 %). Based on this encouraging report and other litera-
ture data [28, 29], CRS plus HIPEC could be considered a strategy for upfront
treatment of advanced EOC. Several RCTs are ongoing to confirm the role of
this approach; among them, patients who underwent interval debulking surgery
after NACT may represent an interesting subset. Patients excluded for this treat-
ment modality are those with extra-abdominal disease, high American Society of
Anesthesiologists (ASA) score, an unfavorable PFS, and demonstrated chemore-
sistance.
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Another study analyzed CRS plus HIPEC in first-line treatment [30]. This was
a phase II Korean trial evaluating the efficacy of HIPEC in treating either primary
or recurrent OC. Patients first underwent CRS, and if CC-0 was achieved, they
received HIPEC (platinum 75 mg/m? at 41.5°C for 90 min) only. Those with pri-
mary disease were randomized to or not to receive HIPEC. The primary endpoint
was PFS, the secondary end point OS, and adjuvant chemotherapy was added after
HIPEC according to the patients’ clinical outcomes.

An ongoing Belgian trial [31] is evaluating the possibility of adding HIPEC
to the standard first-line treatment for advanced OC (inclusion criteria: stage III
or only pleural stage IV; exclusion criteria: incomplete CRS or poor performance
status). The study is testing three courses of preoperative chemotherapy with car-
boplatin plus paclitaxel 175mg/m? every 3 weeks, followed by debulking surgery
plus HIPEC with cisplatin 50 mg/m? and after three courses of postoperative
chemotherapy with the same protocol of preoperative chemotherapy.

An Ttalian trial [32], is a multicenter phase III prospective RCT (Phase 3)
Trial Evaluating Hyperthermic Intraperitoneal Chemotherapy in Upfront
Treatment of Stage IIIC Epithelial Ovarian Cancer (CHORINE) comparing CRS
plus HIPEC (cisplatin plus paclitaxel) versus CRS alone in patients with stage
IlIc (FIGO) disease attaining partial or complete response after three cycles of
first-line chemotherapy (carboplatin plus paclitaxel). Both groups underwent
adjuvant chemotherapy (carboplatin plus paclitaxel). The objective of this study
is to evaluate the role of HIPEC after NACT. Only patients with CC with a resid-
ual disease < 2.5 mm (CC-0, CC-1) are enrolled. If they receive HIPEC, the
drugs used are cisplatin 100 mg/m? and paclitaxel 175 mg/m? over 90 min.
Primary outcome is disease-free survival (DFS); secondary outcomes are moral-
ity, morbidity, time chemotherapy began after surgery, OS, 1, 3, and 5-year DFS,
and 1, 3, and 5-year OS. The advantages of the CHORINE study are the selec-
tion of patients in whom there is a clinical response (test of in vivo chemosensi-
tivity) and then an anticipated response to HIPEC. Moreover, the response to
NACT should increase the likelihood of optimal cytoreduction with complete
tumor eradication and presumably lower morbidity rates [33]. To evaluate the
efficacy of CRS plus HIPEC in different types of tumors it is also very impor-
tant assess the impact of this combined procedure on patient QoL; European and
US studies have evaluated that [34, 35].

Despite optimal upfront surgery and first-line chemotherapy, ~ 70 % of
patients will relapse in the first 3 years. Data from published trials [36, 38]
regarding the use of HIPEC in platinum-sensitive recurrent EOC patients
showed a median DFS and OS of 24 and 38 months, respectively, with an esti-
mated PFS and OS at 3 years of 44 % and 92 %, respectively. These data not
only confirmed previously reported data but are more significant, probably
because of the highly selected population—a characteristic that contrasts with
the wide heterogeneity of patients enrolled in most other trials until now.
Therefore, treatment with CRS plus HIPEC in platinum-sensitive recurrent EOC
patients would seem to offer similar opportunities in terms of prognosis as those



25 New Trials 381

attained by primary treatment, with acceptable complication rates (morbidity
and mortality ~ 35 % and 0 %, respectively) if complete tumor resection is
obtained [36, 38].

Despite the presence of strong biological and pharmacological rationale and >
10 years of its application in patients with EOC, the use of HIPEC in clinical prac-
tice continues to receive mixed reviews. To obtain consistent confirmation of CRS
plus HIPEC in treating PC in patients with recurrent OC, several RCTs are ongo-
ing in this subset of patients. In fact, at the time of this writing, six ongoing studies
are evaluating the role of HIPEC in patients with recurrent EOC.

The primary objective of the Hyperthermic Intra-peritoneal Chemotherapy
(HIPEC) in Ovarian Cancer Recurrence (HORSE) protocol [39] is to assess
whether the use of CRS in combination with HIPEC is able to offer an effective
advantage in terms of survival compared with exclusive optimal CRS in patients
with platinum-sensitive recurrent EOC who potentially could undergo CC on the
basis of preoperative and intraoperative evaluation. This prospective phase III
randomized multicenter trial is evaluating progression-free interval (PFI) and
OS after treatment with CRS (arm 1) versus CRS plus HIPEC (arm 2). Patients
attaining optimal cytoreduction (CC-0, CC-1) are randomized to or not to
receive HIPEC with cisplatin 75 mg/m? over 60 min at 41.5°C. A following
chemotherapy treatment based on a platinum compound is recommended. This
trial, together with similar ones, is necessary to understand definitively the real
efficacy of the IP hyperthermic approach in such patients and establish the pos-
sible advantage or disadvantage compared with CRS alone.

In patients with platinum-sensitive recurrent OC, a nonrandomized, phase I,
single-center trial (Bonn, Germany) is ongoing at this time [40] to determine
safety, feasibility, maximum tolerated dose (MTD), pharmacokinetics, and phar-
macodynamics of cisplatin use in HIPEC. Three liters of normal saline is used
to deliver a single dose of cisplatin IP with a closed-abdomen technique over 90
min at 41-43°C. The liquid is then drained, and irrigation is performed with 2-3
1 normal saline solution to wash away any residual chemotherapeutic agent. A
phase III multicenter RCT, the Hyperthermic Intra-Peritoneal Chemotherapy
(HIPEC) in Relapse Ovarian Cancer Treatment (CHIPOR) study [41], is evalu-
ating the effect of HIPEC on OS in patients treated for unresectable late first
relapse of OC after second-line chemotherapy. The main objective is to improve
OS at 12 months in patients in the arm with HIPEC versus patients in the arm
without HIPEC. In fact, patients undergoing six cycles of second-line platinum-
based chemotherapy are once again scheduled for surgery (5-12 weeks follow-
ing the last cycle of chemotherapy). If CC is achieved, patients are randomized
to receive or not receive HIPEC with cisplatin 75 mg/m?. The advantages seen
in this study are the possibility of providing CRS plus HIPEC to a larger num-
ber of patients (adding those initially unresectable) and reducing morbility in
women who previously received intensive treatment. In patients in whom it is
not possible to perform primary tumor debulking surgery, for those whose con-
dition was unfavorable for such surgery, or for those with residual disease > 1
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cm following primary debulking surgery, secondary debulking could be per-
formed. A phase III trial from The Netherlands [42] is evaluating the efficacy of
HIPEC in such cases. After surgery, patients will be randomized to receive or not
receive HIPEC (with platinum 100 mg/m?2). The primary outcome of this trial is
to evaluate recurrence-free survival (RFS), and secondary outcomes are toxici-
ty, morbidity, QoL, tumor response, and OS.

A US phase II randomized trial [43] aims to evaluate the outcome of second-
ary CRS with (arm 1) or without (arm 2) carboplatin-based HIPEC followed by
systemic combination chemotherapy for recurrent platinum-sensitive ovarian,
fallopian tube, and primary peritoneal cancer. Both arms will receive a standard
platinum-based systemic chemotherapy. Primary outcome is to evaluate the pro-
portion of patients without evidence of disease progression at 24 months follow-
ing treatment: > 40 % is consider acceptable; < 25 % is not. Secondary outcomes
are to determine toxicity and postoperative complication rates, completion rate
of four cycles, and pharmacokinetics.

Interesting is the use of IP treatment on an outpatient basis. A US phase II,
open-label, single-center study [44] is evaluating the effectiveness of this treat-
ment regimen with cisplatin and doxorubicin given on days 1 and 8 over a 3-
week cycle. The target is patients with recurrent ovarian, primary peritoneal, or
fallopian tube cancer who have already been treated with surgery and HIPEC
with cisplatin. Outcomes are toxicity, adverse event rate, time to serum cancer
antigen 125 (CA125) nadir and/or chemotherapy response, and OS. Protocol
drug regimens are cisplatin 75 mg/m? at 40.5-42°C intraoperatively, followed
by a courses of IP chemotherapy with cisplatin 75 mg/m? on day 1, week 1, fol-
lowed by doxorubicin 25 mg on day 8, week 2 for four sequential 3-week
cycles.

Another clinical trial is evaluating other drug regimens [45]. Cisplatin, car-
boplatin, paclitaxel, pegylated liposomal doxorubicin, hydrochloride, and gen-
tamicin act via differing mechanisms to stop the growth of the neoplastic cells.
Primary outcomes are to determine whether CRS plus HIPEC followed by post-
operative normothermic IP chemotherapy is feasible and safe and to evaluate
toxicity during treatment and follow-up. Secondary objectives are to determine
QoL in comparison with historical regimens, to evaluate PFS and OS, and to per-
form correlative studies focused on understanding the mechanisms of HIPEC on
EOC. During HIPEC, patients receive cisplatin for 60 min; the week after sur-
gery, they receive carboplatin, paclitaxel, pegylated liposomal hydro-chloride,
or gentamicin either IP or IV.

A phase III RCT from the National Cancer Institute, the Carboplatin,
Paclitaxel and Gemcitabine With or Without Bevacizumab After Surgery in
Treating Patients With Recurrent Ovarian Epithelial Cancer, Primary Peritoneal
Cavity Cancer, or Fallopian Tube Cancer trial [46], is the only ongoing trial test-
ing a new regimen for HIPEC. In fact, these drugs work in different ways to stop
the growth of tumor cells: some block the ability of tumor cells to grow and
spread; others help kill tumor cells or carry tumor-killing substances to them.



25 New Trials 383

This study aim is to determine whether combination chemotherapy is more
effective when given with or without bevacizumab after surgery.
Table 25.1 summarizes trials for treating primary and recurrent OC.

25.8 New Trials in Gastric Cancer

Regarding the treatment of GC, a recent French protocol is ongoing: Glehen et al.
[11] stress the importance of validating HIPEC efficacy in European and Caucasian
patients with IP recurrence from GC, as was previously done in Asian patients [11].
The objective of the D2 Resection and HIPEC (Hyperthermic Intraperitoneal
Chemoperfusion) in Locally Advanced Gastric Carcinoma (GASTRICHIP)
prospective, open, randomized, multicenter, phase III clinical study is to evaluate
the effects of HIPEC with oxaliplatin 250 mg/m? at 42-43°C for 30 min.

Research is focusing on new drugs with different targets. Recent studies ana-
lyzed the importance of vascular endothelial growth factor (VEGF) in malignant
ascites to improve peritoneal liquid production and neoangiogenesis [47, 48]. In
EOC, bevacizumab IV was tested. The only indication for this treatment is in
patients with advanced OC with poor prognostic indicators (stage IV or subop-
timal debulking) [49]. Nevertheless, trials with other antiangiogenic drugs are
ongoing. Their use has also been studied in HIPEC. The Lyon group, in a recent
randomized phase II study [47] of patients with malignant ascites from GC with
synchronous PC, obtained a clinical effect after IP infusion of catumaxomab—a
nonhumanized chimeric antibody that blocks epithelial-cell adhesion molecule
(EpCAM), T lymphocyte, CD3, accessory-cell, and Fcy receptors. Indeed, in
GC, this molecule is expressed in 90 % of cases, and IP infusion of catumax-
omab could efficiently treat microscopic residual disease after CRS.

The aim of a US safety/efficacy study [50] is to determine the safety of a
laparoscopic approach for HIPEC administration. Primary outcome is OS; sec-
ondary outcomes are safety and toxicity. The study arm receives mitomycin-C
and cisplatin for 1 h on day 1 through three or four small abdominal incisions.
After IP chemotherapy, the liquid is removed and a peritoneal washing and,
eventually, biopsies are performed. Patients receive sodium thiosulfate IV to
protect the kidneys.

Another ongoing US study [51] is evaluating technical parameters (CRS CC,
achievement of hyperthermia, and morbidity and mortality rates) in patients with
PC from CRC, GC, appendiceal, pseudomyxoma peritonei (PMP), and malig-
nant peritoneal mesothelioma (MPM) origin undergoing CRS plus HIPEC with
mitomycin-C (40 mg for 90 min).

The aim of a Spanish nonrandomized multicentric phase II study [52] is 1C
level of evidence in terms of DFS and OS in patients with PC from GC. The
strategy is to validate two new treatment schemas in three phases: In phase I,
patients undergo IP infusion (through a peritoneal catheter implant) of docetax-
el (30 mg/m?) and cisplatin (30 mg/m?) and IV administration of 5-FU (200
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mg/m?/day, 7 days/week for 2 weeks) simultaneously with two cycles of IP
administration. Phase I involves CRS plus HIPEC (mitomycin-C 15 mg/m?2 plus
Adriamycin 15 mg/m? at 42-43°C for 60 min) and simultaneous IV administra-
tion of 5-FU (400 mg/m?) plus leucovorin (20 mg/m?) for 10 min at the begin-
ning of peritoneal perfusion. In the phase III, adjuvant chemotherapy with doc-
etaxel (75 mg/m?), cisplatin (75mg/m?), and 5-FU (750mg/m? day) is adminis-
tered 8—12 weeks after surgery.

A German RCT study [53] compared patients with GC with IP free tumor
cells (= T2, < T4, MO, N+) in two arms: in the experimental arm, HIPEC with
mitomycin-C and cisplatin was administered after gastrectomy. In the control
group, surgery only was performed. The primary outcome is PC-free survival at
5 years; the seconds is DFS at 5 years. A Chinese trial [54] is comparing differ-
ent chemotherapy regimens with oxaliplatin and paclitaxel in HIPEC from GC
to evaluate OS as primary outcome and safety and adverse events.

Table 25.2 summarizes new trials for treating GC.

25.9 New Trials in Colorectal Cancer

Ongoing is a US randomized phase II trial [55], the first study comparing EPIC
vs. HIPEC for CRC and appendiceal cancer after CRS (< 2.5 mm). Drug regi-
mens used during HIPEC and EPIC are mitomycin-C for the first one and flox-
uridine and leucovorin for the second one. Primary outcome is DFS at 3 years.
A French multicenter phase III randomized trial [56] compares follow-up with
explorative laparotomy plus HIPEC to simple follow-up in patients with CRC
initially treated with surgery and adjuvant chemotherapy and are at high risk of
developing PC. After the first tumor resection, patients undergo adjuvant treat-
ment [6 months with 5-fluorouracil, leucovorin, and oxaliplatin (FOLFOX-4)
regimen]. If the recurrence risk is low, the patient is not randomized; if it is high,
the patient will be randomized to surveillance alone (control group) or
exploratory laparotomy plus HIPEC (experimental group).

Regarding follow-up in patients with PC from mucinous CRC, a randomized
phase II trial from Italy [57] aims to compare a second-look laparoscopy with
standard follow-up in patients with no radiological evidence of disease 6 months
after complete resection. The purpose is to evaluate whether a second-look
laparoscopy improves OS in patients who undergo CRS, peritonectomy, and
HIPEC or systemic chemotherapy.

Table 25.3 summarizes new trials in CRC.

25.10 Future

A further frontier is represented by using a minimally invasive approach to CRS
with or without HIPEC for patients with isolated disease. Recent studies report
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encouraging data about the feasibility of laparoscopic treatment in well-select-
ed, platinum-sensitive patients with localized recurrence [58, 59]. In this con-
text, a remarkable role was played by preoperative radiologic examination, and
possibly IP laparoscopic evaluation, to better identify the appropriate subset of
patients for this treatment regimen. Moreover, HIPEC can be safely adminis-
tered in combination with minimally invasive surgical procedures, such as
laparoscopic peritonectomy, both in animal models and patients with OC and
platinum-sensitive recurrent disease [58, 60]. Furthermore, it is plausible that a
larger number of patients with recurrent disease will benefit in the future from
minimally invasive techniques, greater accuracy in assessing disease extension,
wider diffusion of robotic/laparoscopic approaches, and increased surgeon
expertise.
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