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Why is it that a large number of world opinion leaders in gastrointestinal 
cancer have recently focused such great time and effort on peritoneal tumors? 
Carcinomatosis from gastrointestinal cancer has been a diagnosis treated by 
palliation for many decades. It is hard to know for sure where the stimulus for 
efforts such as Therapie Peritonealer Tumoren first started. I suggest that the 
origins of this new attitude toward the management of carcinomatosis had 
two beginnings. First, clinical research showed that dissemination of cancer 
on peritoneal surfaces or at a surgical resection site was a terrible ongoing 
problem in gastrointestinal oncology [1–3]. Something needed to be done! 
Second, Dedrick and colleagues borrowed pharmacologic concepts from the 
literature on chronic peritoneal dialysis that suggested prolonged exposure of 
cancer chemotherapy to peritoneal surfaces if intraperitoneal administration 
was used. Pharmacologic data from intraperitoneal administration of antican-
cer drugs showed the potential for control of small peritoneal nodules and a 
reduced systemic toxicity [4, 5].

The augmentation of cancer chemotherapy cytotoxicity by moderate heat 
had been known for several decades [6]. Also, intraperitoneal heat by itself 
had shown benefit for control of peritoneal carcinomatosis in animal models 
[7]. It was a logical next step to combine intraperitoneal chemotherapy with 
intraperitoneal heat in an attempt to maximize the local-regional effect. In 
1980, hyperthermic intraperitoneal chemotherapy (HIPEC) was first reported 
[8].

Early efforts to use an adjuvant HIPEC to prevent peritoneal metastases 
were initiated in Japan [9–11]. Treatment of gross peritoneal cancer nodules 
was of little or no benefit in animal models. Also, pharmacologic studies 
showed surprisingly limited penetration of high concentration of heated intra-
peritoneal chemotherapy into the surface of peritoneal cancer nodules. Not 
surprisingly the clinical experiments to prevent peritoneal metastases and 
local recurrences with HIPEC in high-grade serosal invasive cancers, espe-
cially gastric cancer, after complete resection was positive [12]. These origi-
nal experiments have been repeated many times and are uniformly successful 
[13]. Today these clinical experiments to use HIPEC in primary gastrointes-
tinal cancer to reduce surgical treatment failure at the resection site and on 
peritoneal surfaces distant to the primary cancer persist. A large group of 
colorectal cancer patients are at high risk for peritoneal metastases and at 
least four randomized clinical trials are open for accrual [14]. Resected pan-
creas cancer has always had a high incidence of local regional and peritoneal 
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surface failure [15]. The possible benefits of adjuvant HIPEC to eliminate 
peritoneal metastases in selected groups of patients remain to this day. Thirty 
years after Koga’s original efforts, a high priority for clinical investigation 
persists [14].

Efforts to treat established carcinomatosis were unsuccessful until the 
development of peritonectomy procedures and visceral resections to reduce 
the extent of disease [16]. The limited effects of HIPEC, especially its limited 
penetration into tumor tissue, demanded that disease be reduced to tiny nod-
ules, preferably a non-visible extent of disease. The new concept of cytore-
ductive surgery to use surgical procedures to allow HIPEC to maintain control 
of peritoneal dissemination allowed the evolution of potentially curative 
treatment protocols for many gastrointestinal and gynecologic malignancies. 
Therapie Peritonealer Tumoren updates the current treatment options and 
selection factors needed for successful management of peritoneal metastases. 
Of course, the surgical requirements of adequate cytoreduction are 
presented.

So, there is good reason why these world opinion leaders have banded 
together to focus on the current state of the art for PREVENTION and 
TREATMENT of peritoneal metastases. This is a preventable condition, also 
treatment for cure is possible in selected patients. HIPEC is being optimized 
and standardized. Cytoreductive surgery is being standardized. However, 
peritoneal metastases are a global problem. The educational efforts to expand 
these efforts globally are now a reality. Therapie Peritonealer Tumoren is a 
major effort to expand a much needed educational program in peritoneal 
metastases.

Berlin, Germany Beate Rau
Tübingen, Germany Alfred Königsrainer
Basingstoke, UK Faheez Mohamed
Washington, WA, USA Paul H. Sugarbaker
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Anatomy and Pathology 
of the Peritoneum

Wiebke Solass, Annette Staebler, Falko Fend, 
and Hans Bösmüller

1.1  The Normal Peritoneum

The peritoneum is approximately 2 m2 in size—
the largest serous membrane of the human body. 
In men, it is a closed space; in women, however, 
there is a connection between the peritoneal 
space and the external genitalia through the fal-
lopian tube openings, the uterus, and the vagina. 
The peritoneum is subdivided into the parietal 
and the visceral peritoneum. The parietal perito-
neum (approximately 30% of the total peritoneal 
area) covers the abdominal wall, and the visceral 
peritoneum (approximately 70% of the area) cov-
ers the intra-abdominal organs. The two perito-
neal layers glide over one another thanks to a 
serous fluid film and the space between them—
the peritoneal cavity. It remains a virtual space 
with neutral pressure, when healthy, that con-
stantly oscillates between positive and negative 
pressure on respiration and diaphragm 
excursion.

1.2  Embryology

Many aspects of the functional anatomy of the 
gastrointestinal tract, especially of the intestines 
and the peritoneum, find their explanation in 
embryology. The human body develops from 
three germ layers: the endoderm, mesoderm, and 
ectoderm. These are basically different types of 
tissue that later differentiate and develop into the 
various specialized organs of the body. The peri-
toneum develops from the lateral plate meso-
derm. The ovaries also develop from the 
mesoderm but from the intermediate plate meso-
derm (Fig. 1.1).

In clinical decision-making, these different 
origins are relevant because the differentiation of 
epithelial and mesothelial markers allows the ori-
gin of peritoneal tumors to be determined (see 
below). Conversely, the similar embryological 
origin of ovarian surface epithelium and perito-
neum also explains the difficulty of immunohis-
tochemical differentiation between ovarian 
carcinoma and primary papillary peritoneal 
carcinoma.

However, despite the mesodermal origin, the 
serous membranes show many similarities with 
epithelia—such as junctional connections (tight 
junctions, gap junctions, adherens junctions, des-
mosomes, etc.), apicobasal orientation, cytokera-
tins, and superficial microvilli—and thus the 
differential diagnosis of the various peritoneal 
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tumors may remain challenging despite modern 
examination and characterization techniques.

The complex innervation of the peritoneum 
also finds its explanation in embryology. During 
embryogenesis, axons from the nodose ganglia 
and dorsal root ganglia grow into the intestine to 
form extrinsic innervation. Once they reach the 
enteric organs, they continue to grow to allow 
innervation. Cerebrospinal nerves of the parietal 
peritoneum (T6–T12) have the same segmental 
structure as the lower thoracic dermatomes. The 
enteric nervous system (ENS) is formed from the 
neural crest [68]. Since the intestinal tract and its 
appendages grow as midline organs, their 
splanchnic innervation is bilateral, and visceral 
pain is felt in the midline [82]. The visceral peri-
toneum itself is not innervated.

1.3  Morphology

The peritoneum consists of three layers: the 
mesothelium itself, a basal membrane, and a 
submesothelial layer (Fig. 1.2).

1.3.1  Mesothelium

The serosa itself consists of a simple layer of 
mesothelial cells with a central, oval nucleus and 
moderate cytoplasmic content. The cells are usu-
ally elongated, flat cells with a diameter of 
25 μm. The mesothelial cells form an epithelial-
like layer and have microvilli on their apical sur-
face. However, this morphology varies depending 
on the region of the abdomen: The number and 
length of the microvilli vary depending on the 
organ and location as a sign of functional adapta-
tion. The mesothelial cells have a cuboidal shape 
on the parenchymatous organs (the visceral peri-
toneum) and on the peritoneal side of the dia-
phragm but are flat at the parietal peritoneum. 
Flat mesothelial cells may also be stimulated by 
injury or other external stimuli to switch to the 
cuboidal shape. These cells then show an 
enlarged nucleus with sometimes prominent 
nucleoli and increased cell organelles such as 
mitochondria and rough endoplasmic reticulum 
(RER). The microvilli on the surface of the 
mesothelial cells secrete a protective layer, the 
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Fig. 1.1 Embryology of 
the mesothelium. The 
pleura and peritoneum 
stem from the lateral 
plate mesoderm. The 
ovaries develop from the 
intermediate plate 
mesoderm. By contrast, 
all gastrointestinal 
organs stem from the 
endoderm. ESC 
embryonal stem cell
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glycocalyx, consisting of glycosaminoglycans 
(GAGs) that may  protect the body against infec-
tion and tumor dissemination [5]. Hyaluronic 
acid, which is highly hydrophilic and forms a 
hydrous gel polymer, is particularly important 
for this function [56, 98].

1.3.2  Basal Membrane

A thin basal membrane lies below the mesothe-
lial cells. The basal membrane is connected to the 
underlying stroma, which contains blood vessels, 
nerves, and a well-developed lymphatic system. 

a b
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Pericardium

Connective tissue

Submesothelial
compact zone

Mesothelial layer
Basal membrane Fibroblast

Capillary vessel

Lymphatic vessel
Collagen
Monocyte
Neutrophill

Adipocytes

Peritoneum

Tunica
serosa
uteri

Tunica
vaginalis

testis

PleuraPleura

e

Fig. 1.2 (a–f) Morphology of the mesothelium. (a) The 
basic structure of the mesothelium consists of a simple 
layer of mesothelial cells, basal membrane, and submeso-
thelial tissue with fibroblasts, blood and lymph vessels, 
collagen fibers, inflammatory cells, nerves, and adipo-
cytes (top). The mesothelium covers the surface of the 
internal organs and cavities and forms the pleura, the peri-
cardium, the tunica vaginalis testis, and the tunica serosa 
uteri (bottom). (b) Image from a phase-contrast micro-
scope of parietal mesothelial cells of a rodent. (c) Human 

biopsy with a superficial layer of mesothelial cells (yellow 
arrow), below it the submesothelial connective tissue 
layer (HE stain). (d) Mesothelial cells from the parietal 
peritoneum of a rodent: expression of cytokeratins (red) 
and Zo-1 (green), a marker of the tight junction. (e) The 
Masson’s trichrome stain shows the mesothelium (red) 
and collagen bundle (blue). (f) Image from a scanning 
electron microscope of parietal peritoneal mesothelial 
cells of a rodent. Many microvilli can be seen on the sur-
face. (Courtesy of Kawanishi [39])
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This mechanical connection is more pronounced 
at the visceral peritoneum than at the parietal 
peritoneum. This difference explains why 
 surgical visceral peritonectomy, as opposed to 
parietal peritonectomy, is usually not possible. 
The basal membrane is perforated by small open-
ings at the junction of two or more mesothelial 
cells known as lymphatic stomata (see below).

1.3.3  Submesothelial Layer

The submesothelial layer contains the blood ves-
sels and nerves that supply the cells above it, and 
it plays an essential role as a connection to the 
organs and other structures. In addition, this layer 
has a dense lymphatic system and may contain 
macrophages, lymphocytes, and adipocytes. The 
submesothelial layer of the abdomen is anatomi-
cally continuous with the submesothelial layer of 
the thorax, which explains the frequent passage 
of malignant tumors (e.g., from a malignant peri-
toneal mesothelioma into the pleural cavity).

1.3.4  Peritoneal Lymphatic System

The lymphatic system plays an essential role in 
the transport of proteins, lipids, and fluids from 
the peritoneal cavity into the bloodstream. The 
subdiaphragmatic lymphatic vessels drain 80% 
of the abdominal cavity, passing from there to the 
lymphatic duct and thus into the venous circula-
tion. In the physiological situation (active absorp-
tion), there are only a few milliliters of fluid in 
the abdomen. If there is no longer homeostasis in 
the peritoneal cavity between fluid intake (e.g., 
due to immature neo-vessels with a defective, 
functionally incompetent basal membrane) and 
absorption (e.g., due to obstruction of the drain-
ing lymphatic vessels by tumor cells), ascites 
develops. This pathological situation is observed 
in about half of the patients with peritoneal 
metastases.

1.3.4.1  Lymphatic Stomata
The lymphatic stomata (LS) have a direct con-
nection to the underlying submesothelial lym-

phatic system. They ensure the clearance of 
ascites, bacteria, tumor cells, and other particles 
from the peritoneal cavity. Their distribution in 
the peritoneal cavity varies and they are located 
mainly at the surface of the diaphragm, the 
greater omentum, the falciform ligament, the epi-
ploic appendages of the colon, the interface 
between the mesentery and small intestine, and in 
the Douglas pouch. The lymphatic stomata are 
usually closed but may open due to various stim-
uli (such as increased intra-abdominal pressure).

1.3.4.2  Milky Spots
The milky spots (MS) are small lymphatic struc-
tures at the peritoneal opening of the lymphatic 
stomata. They consist mainly of a reservoir of 
macrophages and lymphocytes and play an 
important role in the peritoneal humoral and cel-
lular immune defense [50]. Microscopically, 
milky spots contain a glomerular network of 
blood vessels that allows fluid exchange between 
the peritoneal cavity, the blood flow, and the sur-
rounding greater omentum. The cellular compo-
nents are located around the omental glomeruli 
and lie directly below the discontinuous meso-
thelial layer, which has characteristic pores and 
stomata, allowing direct communication with the 
peritoneal cavity.

The scanning electron microscope shows that 
macrophages from activated milky spots can sig-
nificantly change their membrane activity and 
migrate into the peritoneal cavity through the 
intercellular stomata of MS [51].

1.3.5  Peritoneal Vascularization

The submesothelial layer is interspersed with 
blood and lymph vessels. The total effective 
blood flow of the human peritoneum is estimated 
to be about 60–100  ml/min, which is 1–2% of 
cardiac output. The parietal peritoneum is sup-
plied by the circumflex, iliac, lumbar, intercostal, 
and epigastric arteries and forms a quadrangular 
network of large parallel blood vessels and their 
perpendicular offshoots. The parietal vessels 
drain into the inferior vena cava. The visceral 
peritoneum receives its blood supply from the 
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three main arteries of the splanchnic organs: the 
celiac trunk and the superior and inferior mesen-
teric arteries. These arteries are the source of 
multiple bifurcations into small arteries that form 
an extensive network through anastomoses. The 
visceral peritoneum drains into the portal vein. 
Medications absorbed by the peritoneum undergo 
first-pass metabolism in the liver.

Both inflammation of the peritoneum and 
tumor invasion induce neoangiogenesis, which 
develops into excessive growth of the microvas-
cular network. The anatomy of the new vessels is 
abnormal; they have a defective ultrastructure 
and are characterized by significant size, varying 
diameters, tortuosity, and blood extravasation.

Diffuse neoangiogenesis can be observed even 
before the macroscopic appearance of peritoneal 
metastasis (PM). Increasing the surface area of   
the peritoneal capillaries also increases the pro-
portion of cardiac output reaching the peritoneum 
[77–79].

1.4  Functions of the Peritoneum

In addition to being the major morphological 
component of serosal membranes, mesothelial 
cells have key functional roles [39].

One of the basic functions of mesothelial cells 
is to form a smooth surface that allows the inter-
nal organs to move. Furthermore, mesothelial 
cells have various physiological and biological 
functions in different processes such as tissue 
healing, fibrinolysis, regulation of inflammation, 
epithelial-mesenchymal transition (EMT), and 
mediation of intraperitoneal tumor cell prolifera-
tion. Research has highlighted the role of meso-
thelial cells in different stress conditions such as 
peritoneal dialysis, tissue injury and healing, and 
tumor progression [45].

In addition, a recent analysis of the genetic 
lineage tracing showed that mesothelium sur-
rounding visceral adipose tissue may be a 
 potential player in tissue dysfunction in obesity, 
including the development of fibrosis and 
 inflammation [14].

1.4.1  Phenotypic or Biochemical 
Markers of Mesothelial Cells

Mesothelial cells express a wide range of pheno-
typic markers that are also observed in tissues 
similar to epithelium. These phenotypic markers 
include, among others, vimentin and cytokeratins 
[93], E-cadherin [30], N-cadherin, calretinin 
[16], Zo-1 [30], beta-catenin [30], Wilms tumor 
protein 1 (WT1) [37], mesothelin [35], and 
D2-40 (podoplanin) [73].

Additional biochemical markers suggest an 
active role of mesothelial cells in fluid transport 
as well as in the initiation and termination of 
inflammation. These biochemical markers 
include: aquaporin 1, Na+/K+ -ATPase, SLC 
[47], integrin beta-1 (CD29) [97], CD40 as a 
member of the tumor necrosis factor receptor 
family (TNF) [4], homing cell adhesion molecule 
(HCAM, CD44) [23, 7], intercellular cell adhe-
sion molecule 1 (ICAM-1, CD54), vascular cell 
adhesion molecule 1, VCAM-1, CD106), and 
activated leukocyte cell adhesion molecule 
(ALCAM, CD166) [3].

1.4.2  Production of Cytokines 
and Growth Factors

Physiologically or through stimulation, mesothe-
lial cells produce various cytokines, such as inter-
leukin 1 (IL-1) [18], IL-6 [48], IL-8 [34], IL-15 
[4], granulocyte colony-stimulating factor 
(G-CSF), granulocyte monocyte CSF (GM-CSF), 
macrophage CSF (M-CSF), monocyte chemoat-
tractant protein-1 (MCP-1), and “regulated on 
activation, normal T cell expressed and secreted 
chemokines” (RANTES) [4].

Mesothelial cells also synthesize various 
growth factors such as vascular endothelial 
growth factor (VEGF) [24], basic fibroblast 
growth factor (bFGF), transforming growth fac-
tor beta (TGF-β), platelet-derived growth factor 
(PDGF), endothelin-1 [41], insulin-like growth 
factor (IGF), keratinocyte growth factor (KGF), 
hepatocyte growth factor (HGF) [1, 48], heparin- 
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binding epidermal growth factor-like growth fac-
tor (HB-EGF), hypoxia-inducible factor (HIF), 
metalloproteinases (MMP), and Snail1 (zinc- 
finger transcriptional repressor) [76]. Finally, 
mesothelial cells can form reactive oxygen spe-
cies (ROS) as well as nitrate oxide (NO) and ROS 
scavengers, especially under stimulation by 
stressors such as lipopolysaccharides (LPS), 
asbestos, methylglyoxal (MGO), and advanced 
glycation end products (AGE) [76].

1.4.3  Synthesis of the Extracellular 
Matrix (ECM)

Mesothelial cells synthesize ECM molecules 
such as type I, III, and IV collagen, elastin, fibro-
nectin, laminin, and proteoglycans. The level of 
ECM production is enhanced by IL-1β, TNF-α, 
EGF, and TGF-β [46, 62–64, 70, 94]. The renin- 
angiotensin system or advanced glycation end 
products (AGE) also stimulate ECM  production 
[60].

Thus, mesothelial cells form a protective and 
nonadhesive surface for the internal organs and 
the surrounding tissue. Activated mesothelial 
cells can promote metastasis by promoting cell 
adhesion, invasion, and proliferation.

1.4.4  Procoagulant and Fibrinolytic 
Properties

Mesothelial cells control the balance between 
procoagulant and fibrinolytic activities through a 
wide range of regulators. For example, they 
express the tissue factor (TF), which forms fibrin 
by splitting fibrinogen [8]. Mesothelial cells also 
express TF pathway inhibitors. On the other 
hand, they produce fibrinolytic activators such as 
tissue plasminogen activator (tPA) [88], uroki-
nase plasminogen activator (uPA), and uPA 
receptor (uPAR) [88].

Mesothelial cells also secrete the correspond-
ing inhibitors: plasminogen activator inhibitor 1 
(PAI-1) [75], whose secretion is regulated by 
TGF-β, thrombin, and other inflammatory factors 
such as lipopolysaccharides (LPS), TNF-α, and 

IL-1. Mesothelial cell defects and exposure of the 
basal membrane lead to an imbalance between 
procoagulant and fibrinolytic properties and to 
the formation of fibrin bands between the tissue 
and the organs. These bands may develop into 
fibrous adhesions, leading to postoperative intra- 
abdominal and pelvic adhesions [52], and may 
also be observed in pleural fibrosis in similar 
conditions [57].

1.4.5  Hyaluronic Acid Synthesis 
and Detection

Hyaluronic acid (HA) is a non-sulfated, linear 
glycosaminoglycan composed of repeating disac-
charide units of β-(1,4)-glucuronic acid (GlcUA) 
and β-(1,3)-N-acetyl-glucosamine (GlcNAc). 
HA plays a crucial role in tissue architecture, cell 
motility, cell adhesion, and peritoneal prolifera-
tion processes [58]. Mesothelial cells produce 
primarily large hyaluronic acid molecules (HMW 
hyaluronic acid) with a high molecular weight 
between 200 and 2000  kDa. HA catabolism is 
controlled by hyaluronidases, mechanical forces, 
and oxidative stress. In degradation, hyaluronan 
polymers are formed that are smaller and termed 
low molecular weight HA (LMW-HA; <200 kDa) 
or HA oligomers [32]. LMW hyaluronic acid has 
a pro-inflammatory and carcinogenic function, 
whereas HMW-HA has the opposite function 
[58]. The HA synthesis of mesothelial cells is 
enhanced by inflammation and exposure to non- 
physiological solutions (peritoneal dialysis solu-
tion). Increased levels of hyaluronic acid may 
induce EMT in mesothelial cells under physio-
logical conditions, which is critical for cell 
migration in wound healing and remesothelial-
ization [98]. CD44 is the major receptor for hyal-
uronic acid and is responsible for binding gastric 
and ovarian epithelial cells to the mesothelium 
[59]. The interaction of hyaluronic acid with 
CD44 is necessary for the extravasation of acti-
vated T cells from the circulation to the site of 
inflammation [17]. There is also data showing 
that the ability of CD44 to bind hyaluronic acid 
correlates with the suppressive activity of CD4+/
CD+ regulatory T cells [22].

W. Solass et al.
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1.4.6  Sialic Acid Synthesis 
and Detection

Sialic acid (Sia) is a ubiquitous family of glycan 
molecules found on the outer surface of verte-
brate cells [89]. Sialic acid is involved in essen-
tial functions of the membrane, such as cell-cell, 
cell-virus, or cell-drug interactions. Although 
very little information on sialic acid in mesothe-
lial cells has been published, N-glycoly-
lneuraminic acid (Neu5Gc) has been detected in 
malignant mesotheliomas, and sialic acid-bind-
ing lectin (SBL) may induce selective apoptosis 
in malignant mesothelioma cells in combination 
with TRAIL (tumor necrosis factor-related 
apoptosis- inducing ligand) [86]. Another surface 
mucin, mucin-16 (MUC16), is highly expressed 
in epithelial ovarian tumors. Interestingly, anti-
gen 125 (Ca-125), which is a serum marker for 
ovarian cancer, is also a known mesothelial cell 
marker [44]. MUC16 binds to sialic acid-binding 
Ig-like lectin-9 (Siglec-9), an inhibitor of sialic 
acid ligands, which acts to inhibit T cells and NK 
cells and thus likely inhibits the anti-tumor 
immune response [6].

1.4.7  Immunocompetent 
and Regulatory Properties

The peritoneum is exposed to various aggressors 
and stress factors, such as tumor cells. The 
immune response of the peritoneum normally 
leads to the elimination of these aggressors and to 
the restoration of the integrity of the serosa. If 
this recovery is not successful, chronic inflamma-
tion and possibly scarring will develop [10].

Peritoneal fluid (PF) plays a crucial role in this 
healing process. Under physiologically healthy 
conditions, the peritoneal cavity contains only a 
few milliliters of peritoneal fluid. However, this 
contains growth factors, nutrients, cytokines, 
chemokines, and leukocytes, which are con-
stantly exchanged between the blood and the 
peritoneal fluid. The majority of leukocytes in the 
peritoneal fluid are monocytes and macrophages; 
these cells degrade the pathogens and their degra-
dation products [27]. The second most abundant 

cells are B1 lymphocytes. B1 lymphocytes are 
the source of natural antibodies, particularly IgM 
and IgA, with broad specificity and low antigen 
affinity [80]. T lymphocytes, dendritic cells, neu-
trophils, natural killer (NK) cells, and mastocytes 
are also present in the peritoneal fluid [55].

The mesothelial cells are also involved in the 
immune response and in the healing process. 
Mesothelial cells express Toll-like receptors 
(TLRs), which can recognize microbial compo-
nents and trigger an inflammatory response by 
activating the NF-κB signaling pathway and acti-
vating chemokines [65]. TLR4 expression of 
human peritoneal cells is increased following 
stimulation by LPS [38]. Interestingly, TLR4 is 
an important receptor for hyaluronic acid [32]. In 
human malignant mesothelioma, the tumor cells 
escape the control mechanisms of the immune 
system through suppression of the proliferation 
and function of the T lymphocytes and increased 
recruitment of immunosuppressive regulatory T 
cells [28]. Furthermore, mesothelial cells can 
suppress the proliferation of pro-inflammatory T 
cells as well as CD4+ and CD8+ T cells through 
the secretion of TGF-β [43]. CD90+/CD45 meso-
thelial cells isolated from human ascites lead to 
immunosuppression of CD4+ T cells by express-
ing arginase [43]. These facts may indicate an 
important role for the interaction between 
HA-CD44 and sialic acid Siglecs in the immuno-
modulatory processes of the mesothelium.

1.5  Molecular Pathology of 
Peritoneal Metastasis

Metastasis varies with tumor origin, tumor local-
ization, and tumor type: While gastrointestinal 
adenocarcinomas generally tend to metastasize to 
the liver, mucinous colorectal carcinomas and 
signet ring carcinomas are more likely to develop 
peritoneal metastases [29]. Colon carcinomas 
and gastric carcinomas metastasize within the 
abdominal cavity and often lead to ovarian metas-
tases called Krukenberg tumors, which are often 
diagnosed simultaneously with the peritoneal 
metastases. Peritoneal metastasis (PM) is a mul-
tistep process consisting of the detachment of 
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tumor cells from the primary tumor, the prolifera-
tion of tumor cells and transport through the peri-
toneal cavity, and the adherence to the peritoneal 
surface followed by invasion, neovascularization, 
and tumor growth. This process is regulated by a 
complex system of interconnected signaling 
pathways and mediators. For example, neoangio-
genesis is essential for metastasis and is essen-
tially regulated by VEGF, which in turn is 
involved in the formation of ascites, which stimu-
lates tumor growth (see above). Understanding 
the molecular steps involved in peritoneal metas-
tasis is therefore crucial if treatment strategies for 
peritoneal metastases are to progress.

1.5.1  Detachment of Tumor Cells 
from the Primary Tumor

It is well known that vital tumor cells separate 
from the primary tumor by serosal infiltration or 
invasion into adjacent organs (UICC T4 cate-
gory). In many patients, such tumor cells can be 
detected in peritoneal cytology without an obvi-
ous peritoneal metastasis; this is associated with 
a poor prognosis. Similarly, tumor perforation or 
transection of lymphatic vessels during surgery 
may result in tumor cells being flushed out into 
the abdominal cavity.

1.5.2  Dissemination and Transport 
into the Peritoneal Cavity

Once separated from tissue, the tumor cells are 
disseminated throughout the peritoneal cavity by 
the physiological fluid flow. Extensive spread of 
tumor cells throughout the peritoneal cavity is 
commonly seen in tumors with ascites, especially 
in advanced high-grade serous ovarian tumors. 
The dissemination follows the movements of the 
peritoneal fluid and is influenced by the abdomi-
nal anatomy [77–79]. For example, desquamated 
tumors of an ovarian tumor typically move along 
the right colon sulcus in Morrison’s pouch and 
into the right diaphragm, where peritoneal metas-
tases are most often located. In contrast, gastric 

carcinoma is more likely to spread into the left 
subphrenic space than into the right one. 
Therefore, it is not surprising that positive perito-
neal cytologies in several abdominal compart-
ments are associated with a poorer prognosis [36].

1.5.3  Adhesion to the Peritoneal 
Surface

The intact mesothelial layer provides excellent 
protection against tumor adhesion and invasion 
[83]. The microvilli are covered with a thin 
serous layer (60 μm) of peritoneal fluid and gly-
cosaminoglycans, phospholipids, proteoglycans, 
surfactant, and coagulant precursors, which are 
secreted by the mesothelial cells. HMW-HA (see 
above) is another major component of the glyco-
calyx and is also produced locally by the meso-
thelial cells. It forms a protective glycocalyx 
slime layer against tumor cells and their adhe-
sion. The ability of tumor cells to adhere to the 
mesothelium and subsequently to proliferate is 
determined by the communication between the 
tumor cell and mesothelial cells. This is regulated 
by ligand/receptor pairs, including α5β1 integrin/
fibronectin, αVβ3 integrin/vitronectin (VN), and 
CD44/hyaluronic acid [91]. Tumor cells prefer to 
adhere to sites of the mesothelium where the 
ECM is freely accessible, such as the right dia-
phragm or the greater omentum, where the con-
tinuous mesothelial layer is interrupted by the 
increased occurrence of lymphatic stomata in the 
cribriform lamina. Peritoneal injuries after sur-
gery are also preferred sites of tumor cell adhe-
sion and later invasion.

1.5.4  Invasion of the Mesothelium

Two types of peritoneal invasion are distin-
guished: the translymphatic invasion pathway and 
the transperitoneal invasive pathway (Fig. 1.3).

Translymphatic Invasion Pathway
This is the most common invasion pattern. The 
tumor cells are first inactivated from the  peritoneal 
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cavity by the immunocompetent defense cells in 
the milky spots and then evacuated through the 
lymphatic stomata. If this effective defense 
mechanism is overcome by the tumor cells, local 
tumor invasion occurs. This invasion occurs pref-
erentially at the most common locations of the 
lymphatic stomata, such as the greater omentum, 
the two diaphragmatic domes, the falciform liga-
ment, etc. (see above).

Transperitoneal Invasion Pathway
In the transperitoneal invasion pathway, the 
invasion occurs through the mesothelium itself. 
This is possible only if the glycocalyx is dam-
aged, the mesothelial cells shrink, the basal 
membrane is exposed, and the wound healing 
processes are triggered, resulting in fibrin pro-
duction and adhesion of the tumor cells. 
Cancerous spheroids attached to the mesothelial 

Intact Glycocalyx

Exposition of the
basal membrane

Peritoneal cavity Peritoneal cavity

TRANSLYMPHATIC INVASION

Mesothelium
Basal membrane

Subperitoneal tissue

Priviledged distribution Homogeneous distribution

TRANSPERITONEAL INVASION

Fig. 1.3 Invasion of the mesothelium. Translymphatic 
invasion most often occurs at the most dense locations of 
the lymphatic stomata, such as in the area of the greater 
omentum, at the two diaphragmatic domes, at the falci-

form ligament, etc. In transperitoneal invasion, the inva-
sion occurs through the mesothelium itself. There is then 
no preferred pattern of peritoneal metastasis
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monolayer use various cell adhesion molecules 
that promote the dissociation of mesothelial 
cells as well as their migration away from the 
invading tumor [31]. After injecting tumor cells 
of a gastric carcinoma into the abdomen of 
rodents, contraction and exfoliation of the 
mesothelial cells was observed. Similar obser-
vations were made after the intraperitoneal 
instillation of IL-6, TNF-β, and IL-8 [95]. In all 
these models, the tumor cells did not adhere to 
the mesothelial cells themselves but rather to 
the underlying connective tissue. In addition, 
electron microscope images of excised human 
peritoneal-associated tumors revealed that the 
mesothelial cells are not directly under the 
tumor mass, suggesting that mesothelial clear-
ance occurred in this area [92].

However, the mesothelial cells themselves 
might also play a role in tumor invasion. They 
produce lysophosphatidic acid (LPA), which in 
turn facilitates adhesion and invasion [15, 81]. 
In addition, LPA simulates VEGF production 
by the mesothelial cells and might thus pro-
mote neoangiogenesis [42]. Mesothelial cells 
can also express matrix metalloproteinases 
(MMP-1 and MMP-2), which favor tumor cell 
invasion [67].

1.6  Neoangiogenesis

In order to grow to more than a few millimeters, 
peritoneal metastases require an additional nutri-
tive blood vessel system. When tumors develop 
or metastasize to the peritoneum, their further 
growth depends on the effective invasion of the 
host tissue, as this is the only way to establish 
close contact with the superficial blood vessels. 
Therefore, peritoneal metastases have a tendency 
to initiate and grow on highly vascularized tis-
sues such as the greater omentum, or along the 
mesenteric vessels, for example, at the border 
between the mesentery and the small intestinal 
serosa. Various endogenous factors influence 
endothelial growth. Above all, VEGF, a key 
mediator of angiogenesis, is involved in the peri-
toneal dissemination of various types of tumors 
(especially in ovarian carcinoma) and the result-

ing formation of ascites. Highly vascularized 
tumors are very dependent on VEGF-mediated 
neoangiogenesis. Peritoneal tumors express high 
levels of VEGF that can pass (in the high pico-
gram to the low nanogram-per-ml range) into the 
plasma and ascites fluid. This explains why dif-
fuse neoangiogenesis is already observed in the 
early stage of peritoneal metastasis, although 
only a few tumor nodules are macroscopically 
detectable.

VEGF initiates a cascade of events, 
including:

Increased Vascular Permeability
Extravasation of plasma, fibrinogen, and other 
plasma proteins

Activation of the coagulation cascade outside 
the vascular system

Deposition of extravascular fibrin gel, which 
acts as a temporary stroma and forms an excel-
lent matrix for cell migration

Induction of Angiogenesis and 
Arteriovenogenesis
Subsequent degradation of fibrin and its replace-
ment by granulation tissue (highly vascularized 
connective tissue)

Vascular resorption and collagen synthesis, 
resulting in the formation of a dense fibrous con-
nective tissue layer (desmoplasia)

In peritoneal metastases, VEGF plays an 
essential role in peritoneal hypersecretion. VEGF 
secretion by the tumor cells promoted the accu-
mulation of fluid in the peritoneal cavity in the 
animal model and was capable of inducing a 
reversible increase in microvascular permeability 
without degranulation of mast cells, endothelial 
cells, or other lesions [20]. The production of 
VEGF alone was enough to result in increased 
capillary protein permeability. In humans, VEGF 
levels were higher in malignant ascites than in 
cirrhotic ascites [99].

Other studies emphasize the pro-angiogenic 
role of VEGF, in particular its central role in the 
growth and migration of endothelial cells, the 
increased permeability of the endothelial barrier 
for plasma proteins, and the alteration of 
ECM. Neovascularization not only increases cap-
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illary permeability; it also multiplies the surface 
area of   the capillary filter, thus enhancing protein 
extravasation and the thus altering oncotic pres-
sure. Because VEGF participates in the majority 
of the parameters involved in the Starling effect, 
it leads to increased fluid loss and increased accu-
mulation in the peritoneal cavity [84]. The per-
meable neo-vessels are different from the normal 
vessels. During neoangiogenesis, preexisting 
venules and capillaries develop into abnormal, 
enlarged mother vessels within a few days [19]. 
The formation of mother vessels requires degra-
dation of the basal membrane. These membranes 
are rigid, non-compressible structures consisting 
of type IV collagen, laminin, and proteoglycans, 
which limit the expansion of normal venules and 
capillaries by 30% [13]. The basal membrane 
must therefore be degraded to allow the mother 
vessels to grow up to 4 to 5 times the size of nor-
mal microvessels.

1.6.1  Tumor Growth

Once the tumor cells are attached to the perito-
neum and have penetrated the mesothelial layer, 
they must acquire stable binding to the submeso-
thelial connective tissue before they can prolifer-
ate further.

Recent data suggest that the connective tissue 
induces an epithelial-mesenchymal transition 
(EMT or MMT) of human mesothelial cells (see 
below). Further proliferation and survival of the 
tumor cells in the connective tissue layer requires 
interaction with the micro-environment of the 
tumor. In this context, cancer-associated fibro-
blasts (CAFs) play a crucial role. CAFs are able 
to produce various growth factors and compo-
nents of the ECM, thus accelerating tumor growth 
and vascularization. The origin of the CAFs is 
still unclear, but there are studies that show they 
originate from different cell types in different 
tumors and from different tumor areas. One of 
the most likely origins are the local peritoneal 
fibroblasts, but precursor cells of the bone mar-
row, endothelial cells, epithelia, or peritoneal 
mesothelial cells have also been discussed [72].

1.6.2  Epithelial-Mesenchymal 
Transition (EMT) and 
Mesothelial- Mesenchymal 
Transition (MMT)

Epithelial-mesenchymal transition (EMT) is a 
fundamental biological process that occurs dur-
ing normal processes of embryogenesis and tis-
sue repair but also in many pathologies such as 
organ fibrosis, malignant transformation, or can-
cer development. When exposed to certain 
growth factors and/or stressors, epithelia can 
undergo a morphologically complex transition 
and become the mesenchymal phenotype. 
Epithelia lose their intercellular connections as 
well as the connection to the basal membrane and 
their apicobasal cell orientation. With the subse-
quent migration and invasion of the basal mem-
brane and a change in the cytoskeleton, the 
complete transformation from an epithelial to a 
mesenchymal phenotype occurs.

Mesothelial cells also have the potential to 
undergo EMT because they have some epithelial- 
like properties and functions and express both 
mesothelial and epidermal markers [69]. This 
transformation process of the mesothelial cells is 
called mesothelial-mesenchymal transition 
(MMT).

Mesothelial cells can undergo MMT if they 
are damaged, e.g., in peritoneal dialysis or by the 
recruitment of CAFs. Tumor cells themselves can 
also be transformed into more invasive pheno-
types by EMT, which in turn drives MMT of 
mesothelial cells [53].

MMT includes the loss of E-cadherin and 
expression of N-cadherin, loss of tight junctions, 
and expression of mesenchymal markers: fibro-
nectin, vimentin, fibroblast-specific protein-1 
(FSP-1), smooth muscular actin (α-SMA) with 
altered cell polarity, and cell migration [96]. 
MMT is induced by HIF and TGF-β and repres-
sion of E-cadherin as well as by hepatocyte 
growth factor (HGF), platelet-derived growth 
factor (PDGF), and IL-1β [96]. Most of the cyto-
kines and chemokines released into the perito-
neal cavity are secreted by peritoneal 
macrophages involving MCs, peripheral blood 
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mononuclear cells (PMNCs), fibroblasts, or 
tumor cells [71]. EGF is also secreted by the 
CAFs, which determines the progression and vol-
ume of malignant ascites in ovarian and gastric 
cancers [69].

1.7  Primary Peritoneal Tumors

For peritoneal tumors, a distinction is made 
between primary and secondary tumors. Due to 
the rarity of the other primary tumors, only the 
malignant peritoneal mesothelioma (MPM) and 
the primary papillary serous carcinoma of the 
peritoneum (PPSC) will be considered here.

Classification of primary peritoneal tumors [9]
• Adenomatoid tumor
• Polycystic mesothelioma
• Highly differentiated papillary mesothelioma
• Malignant peritoneal mesothelioma (MPM)
• Special forms of peritoneal mesotheliomas
• Primary low-grade serous tumors of the 

peritoneum
• Serous borderline tumor/atypical proliferative 

serous tumor
• Serous borderline tumor, micropapillary vari-

ant/noninvasive micropapillary serous 
carcinoma

• Invasive low-grade serous carcinoma (LGSC)
• Primary high-grade serous carcinoma (HGSC)
• Primary malignant mixed Müllerian tumor 

(MMMT)
• Primary adenosarcoma of the peritoneum
• Primary teratoma of the peritoneum
• Intra-abdominal cystic lymphangioma
• Primary effusion lymphoma of the 

peritoneum

1.7.1  Malignant Peritoneal 
Mesothelioma (MPM)

Malignant peritoneal mesothelioma is a rare 
entity that presents clinically with rather nonspe-
cific symptoms and is difficult to diagnose even 
with further laboratory or imaging procedures, so 
the diagnosis is based on histology. According to 

the WHO, three histological subtypes are 
distinguished:

• Epithelioid (75% of MPM with a better 
prognosis)

• Sarcomatoid (very rare and poor prognosis)
• Biphasic/mixed (25% and worse prognosis 

than the epithelioid subtype)

This subdivision is of prognostic as well as 
therapeutic importance.

The epithelioid subtype consists of cells that 
resemble normal mesothelium and grow in tubu-
lopapillary or trabecular patterns. Mitoses are 
rare. A possible signet ring cell component and 
desmoplastic response makes it difficult to distin-
guish this subtype from adenocarcinomas solely 
based on the morphology.

The sarcomatoid subtype consists of tightly 
packed spindle cells with occasional evidence of 
osteoid, chondroid, or muscle fibers. By defini-
tion, the biphasic subtype consists of epithelioid 
and sarcomatoid growth patterns of at least 10% 
each. As already mentioned, a diagnosis based 
purely on the morphological growth pattern can 
be difficult or even impossible; therefore, the use 
of immunohistochemical markers is  indispensable. 
However, there is no single specific marker for 
MPM; it requires the use of a marker panel.

MPMs show the same immunohistochemical 
staining pattern as the pleural mesothelioma, 
with calretinin, WT-1 (Wilms tumor antigen 1), 
EMA, cytokeratin 5/6, and D2-40 (podoplanin). 
Typically, MPMs are negative for CEA, TTF-1, 
Ber-EP4, B72.3, MOC-31, BG8, and Claudin-4 
[87]. The use of cytokeratin markers is helpful in 
distinguishing MPMs from sarcomas, lympho-
mas, or melanomas. In CUP (carcinoma of 
unknown primary), it is difficult to distinguish 
between MPM and peritoneal metastases and 
requires the use of additional immunohistochem-
ical markers, depending on the clinical question. 
Table 1.1 gives an overview of the most impor-
tant markers for distinguishing an MPM from 
peritoneal metastases of a gastrointestinal adeno-
carcinoma [87]. The use of two mesothelioma 
markers and two carcinoma markers is recom-
mended [40].
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1.7.2  Primary Papillary Serous 
Carcinoma of the Peritoneum 
(PPSC)

PPSC is a very rare primary tumor of the perito-
neum with an incidence of 0.7 cases/100,000 per 
year. Biologically, morphologically, and pheno-
typically, it resembles serous ovarian carcinoma, 
indicating a common histogenesis. The therapy 
regimes of both entities therefore differ little.

Due to the same embryological origin of the 
ovaries and the peritoneum, the two tumors have 
histological similarities. The clinical differentia-
tion from the primary serous carcinoma of the 
ovary has been defined as follows [54]:

 1. The ovaries must be normal in size or enlarged 
by a benign process.

 2. The extraovarian involvement must be greater 
than the superficial involvement of both 
ovaries.

 3. Absence of ovarian involvement; however, the 
ovarian surface epithelium may be affected 
without stromal or cortical invasion with a 
maximum tumor diameter of less than 5 × 
5 mm.

In recent years, however, there has been a con-
ceptual change. For most diseases, defined clini-
cally as peritoneal or ovarian primary tumors, 
precursor lesions or small occult invasive carci-
nomas in the tubal epithelium (serous tubal 
intraepithelial carcinomas [STICs] or primary 

serous carcinomas of the tube) appear. Therefore, 
one suspects that the origin of most high-grade 
serous carcinomas of the peritoneum and the 
ovary is in the tubal epithelium [74]. Accordingly, 
the definition of primary tumors and, secondarily, 
the pathological staging for a subgroup of 
 high- grade serous carcinoma (HGSC) will be 
changed in the next few years.

The distinction between PPSC and MPM can 
also be challenging (Table  1.2). Immun-

Table 1.1 Immunohistochemical criteria for distinguishing between malignant peritoneal mesothelioma and perito-
neal metastases of a primary gastrointestinal tumor

Marker Malignant peritoneal mesothelioma Pancreatic cancer Colorectal cancer Gastric cancer
Calretinin + (+) − −
WT-1 + − −/(+)
D2-40 (podoplanin) + − −
CK5/6 + +/− − −
MOC-31 −/(+) + + +
BG8 −/(+) + + +
Ber-EP4 −/(+) + + +
B72.3 −/(+) + +
CEA − + + +
CDX2 − −/(+) + +/−

Courtesy of Tischoff et al. [87]
+ positive, − negative, +/− both (positive and negative), −/(+) usually negative, rarely positive

Table 1.2 Immunohistochemical criteria to distinguish 
between a malignant peritoneal mesothelioma (MPM) 
and a primary peritoneal serous carcinoma (PPSC)

Marker

Malignant 
peritoneal 
mesothelioma 
(MPM)

Primary 
peritoneal 
serous 
carcinoma 
(PPSC)

Calretinin + −
WT-1 + +
D2-40 
(podoplanin)

+ −/(+)

CK5/6 + −/(+)
Estrogen receptor − +/−
Progesterone 
receptor

− +/−

Thrombomodulin + −/(+)
MOC-31 −/(+) +
BG8 −/(+) +
Ber-EP4 −/(+) +
B72.3 −/(+) +

Courtesy of Tischoff et al. [87]
+ positive, − negative, +/− both (positive and negative), 
−/(+) usually negative, rarely positive
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ohistochemistry, however, in most cases allows a 
differentiation to be made between the two tumor 
entities through a combination of Ber-EP4, estro-
gen receptors, and calretinin stains [61].

1.8  Secondary Peritoneal 
Tumors (Peritoneal 
Metastasis)

According to the current TNM classification, the 
term “peritoneal metastasis” includes the second-
ary peritoneal tumors and should therefore be 
preferred to the old designation “peritoneal carci-
nosis.” Peritoneal metastasis is the most common 
malignant disease of the peritoneum. Although, 
in principle, many malignancies can show perito-
neal dissemination, various gastrointestinal and 
gynecological malignancies in particular have 
the potential to grow and spread in the peritoneal 
cavity, especially ovarian cancer, gastric cancer, 
and colorectal cancers. This is associated with 
disease progression and poor prognosis.

For the optimal treatment of patients, it is cru-
cial to identify the primary, which may not be 
easy if the first manifestation of the disease is 
peritoneal involvement. The morphological clas-
sification is based on the growth pattern: extra-
cellular mucinous, tubuloglandular, papillary, 
dispersed small-glandular, and solid/undifferen-
tiated. Then the immunohistochemical process-
ing of the material is most important. In clinical 
routine, the initial use of CK20 and CK7 can 
indicate how to proceed:

• CK20 is a low molecular weight cytokeratin 
normally expressed in the epithelium of the 
gastrointestinal tract and in the urothelium.

• CK7 is normally expressed in the lungs, ova-
ries, endometrium, and breast but also in some 
tumors of the upper gastrointestinal tract.

The algorithm shown in Fig.  1.4 illustrates 
how the combination of CK7 and CK20 staining 
can lead to the differential diagnostic determina-
tion of various gastrointestinal and gynecological 
tumor entities. The algorithm also shows which 

additional stains lead to further clarification of 
the diagnosis.

The additional determination of the molecular 
tumor profile may be useful in the event of CUP 
as it not only allows the drug-based cancer treat-
ment to be selected but could also prolong patient 
survival [33].

1.8.1  Signet Ring Carcinoma (SRC)

Signet ring carcinoma is a subtype of mucinous 
adenocarcinomas and may stem from almost all 
organs. However, 90% of signet ring cancers 
occur in the colon, stomach, and breast. About 
one third of gastric carcinomas show signet ring 
cell histology. Gastric signet ring cell carcinomas 
are defined as adenocarcinomas with >50% con-
tent of signet ring cells [2], in which the nucleus 
is displaced by the intracytoplasmic  accumulation 
of mucin to the cell periphery, giving the appear-
ance of a signet ring.

Signet ring cell carcinomas are a poorly dif-
ferentiated, aggressive subtype of adenocarcino-
mas. They are often diagnosed at an advanced 
stage and are associated with an unfavorable 
prognosis. Signet ring cell carcinomas of the 
stomach are common, especially in younger 
patients and women [21]. They tend to metasta-
size to lymph nodes and the surface of the perito-
neum [26]. Furthermore, this subtype is more 
frequently associated with a diffuse growth pat-
tern, according to Laurén [85]. In diffuse gastric 
carcinoma, the loss of function of the cell adhe-
sion protein E-cadherin is essential. This makes it 
easier for the cells to separate from the cell clus-
ter and thus also leads to increased cell motility 
with possible diffuse metastases [11].

1.8.2  Pseudomyxoma Peritonei 
(PMP)

PMP is not a pathological but a clinical diagnosis 
defined by the appearance of mucinous ascites, 
an omental cake, evidence of peritoneal implants, 
and possible involvement of the ovaries [12]. The 
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most common etiology of PMP is appendiceal 
mucinous neoplasm, although other organ loca-
tions (ovary, colon, or pancreas) may also be the 
cause [90]. In most cases, PMP of the appendix is   
characterized by a strong expression of CK20, 
CDX2, and MUC2. The latter may be of differen-
tial diagnostic importance since the ovarian 
mucinous tumors are more likely to express 
MUC5A but express MUC2 only to a lesser 
degree [11]. The classification of PMP and pri-
mary appendiceal lesions is a confusing and 
much-discussed area. The Peritoneal Surface 
Oncology Group International (PSOGI) voted in 
2015 on a uniform classification model 
(Table 1.3), which should eliminate the existing 
ambiguities, give clear definitions, and have 
prognostic significance in both clinical and thera-
peutic evaluation [11].

1.9  Pathological Assessment 
of the Treatment Response

Much of the progress in the treatment of solid 
tumors has come from the introduction of multi-
modal treatment approaches. The assessment of 
treatment response after neoadjuvant chemother-
apy has prognostic relevance.

There is little information available to assess 
the histological response of peritoneal metasta-
ses to systemic chemotherapy and its prognostic 
value. Passot et  al. observed complete, major, 
and low histologic responses in 75%, 57%, and 
13%, respectively, of the peritoneal metastases 
after 5  years of follow-up of peritoneal 
 metastases of colorectal cancer in patients 
receiving CRS and HIPEC after neoadjuvant 
chemotherapy [66].

CK 7 –/ CK20 + CK 7 +/ CK20 –

Cholangiocellular Ca
Pancreatic Ca

Gastric Ca

CK 7 & CK20

CK 7 +/ CK20 + CK 7 –/ CK20 -

Hep-Par-1
PSA

HCC
Renal

Lung SqCa
Lung SCC
H&N Ca

Colorectal Ca
Merkel cell Ca

CEA
CDX-2

Lung Adenoca
Breast Ca

Endometrial Ca
Cervical Ca

OvCa (Muc –)
Mesothelioma*

Urothelin
ER, PR
DPC-4

Urothelial Ca
OvCa (Muc +)

TTF-1
CDX-2
CK 19
ER, PR
PAX-2/8

WT-1, Calretinin

* rarely CK7 neg

Additional
staining

Fig. 1.4 Algorithm for the immunohistochemical deter-
mination of the primary tumor in peritoneal metastases. + 
positive, − negative, Ca carcinoma, HCC hepatocellular 

carcinoma, H&N head & neck, Muc –, non-mucinous, 
Muc + mucinous, OvCa ovarian carcinoma, SCC small 
cell carcinoma, SqCa squamous cell carcinoma [27]
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Until now, there was no uniform regression 
score for peritoneal metastases that would allow a 
comparison of different therapeutic strategies for 
different tumor entities. Due to the heterogeneity 
in size, anatomical distribution, and different types 
of tissue involved, the assessment of histological 
therapy response is by no means easy. We pro-
posed a four-step Peritoneal Regression Grading 
Score (PRGS) to increase the staging accuracy of 
individualized patient treatment and to allow con-
sistent terminology in multicenter trials [77–79].

The proposed system ranges from 1 (complete 
tumor response) to 4 (no tumor response) and is 
based on the typical histological features of fibro-
sis, necrosis, and presence/absence of acellular 
mucin deposits. Furthermore, the authors recom-
mend taking peritoneal biopsies from all four 
quadrants and documenting the median and the 
worst values if there are different results in the 
different samples (Table 1.4).

The availability of a consistent, shared nomen-
clature and staging system to assess histological 
tumor response in peritoneal metastasis will 

hopefully improve decision-making and allow 
the results to be summarized and compared. 
Although the reproducibility and prognostic sig-
nificance of the PRGS still needs to be validated, 
the adoption of this unified standard by the broad 
oncological community interested in peritoneal 
metastasis will drive further progress in this chal-
lenging field.
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Pharmacovigilance of Local 
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2.1  Introduction

Every year, thousands of substances are investi-
gated by industrial or academic researchers, with 
the hope of improving cancer therapy. Only a 
small part of these substances will go success-
fully through the preclinical development steps 
and will reach clinical testing in human patients. 
Out of the substances tested in patients, only a 
few will enter the market.

 c Marketing Approval Requires a Thorough 
Risk-Benefit Assessment

The balance between the benefits and risks of 
a new drug is the fundamental principle of the 
assessment process resulting in marketing 
approval. The data submitted for marketing 
authorization must include comprehensive infor-
mation on the drug manufacturing process, its 

effects in preclinical studies, benefits and side 
effects observed in clinical trials, and the infor-
mation provided to patients and physicians.

When successful, the regulatory assessment 
results in marketing approval for the new drug 
in a circumscribed indication. For example, 
oxaliplatin has been approved in combination 
with 5-fluorouracil (5-FU) and folinic acid (FA) 
for the treatment, among others, of metastatic 
colorectal cancer. Moreover, the information 
provided specifies the dose and the type of 
application of the drug, in this example, 
 intravenous delivery of 85  mg oxaliplatin/m2 
body surface area every 2 weeks over 12 cycles. 
The drug information material reports precisely 
the frequent, less frequent, and rare side effects 
of the drug. Frequent side effects of oxalipla-
tin  include, for example, allergic reactions, 
 anemia, neutropenia, thrombocytopenia, leuko-
penia, lymphopenia, peripheral sensory 
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 neuropathy, sensory disorders, dysgeusia, 
 headache, etc.1

 c Regulatory Framework of Intraperitoneal 
Chemotherapy

To our knowledge, there is no drug approved 
for intraperitoneal delivery in Europe or the 
USA. Thus, drugs commonly used for intraperi-
toneal chemotherapy are applied “off-label,” in 
other words, outside the approved indication, 
mode of delivery, and dose. For example, accord-
ing to Elias’ French hyperthermic intraperitoneal 
chemotherapy (HIPEC) protocol, oxaliplatin is 
delivered at a dose of 460 mg/m2, in combination 
with systemic intravenous 5-FU [11, 12]. 
Although the dose applied to the peritoneal cav-
ity is a multiple (about five times) of the approved 
dose for intravenous delivery, there was, to our 
knowledge, no application for regulatory 
approval of oxaliplatin as HIPEC.

 c Post-authorization Safety Studies Are 
Needed

The risk-benefit evaluation of a new drug con-
tinues after marketing authorization. To further 
evaluate the drug risks and remaining uncertain-
ties, information is collected in the so-called 
post-authorization safety studies, allowing to 
detect rare side effects of the new drug. For 
example, the European Medicines Agency 
(EMA) evaluated in 2018 clinical trials, post- 
marketing cases, and literature reports on oxali-
platin. The EMA concluded that the evidence 
was sufficient to establish a causal relationship 
between oxaliplatin and acute coronary syn-
drome, including myocardial infarction and coro-
nary artery syndrome.2 The manufacturers were 
required to update drug information material.

1 https://mein.sanofi.de/produkte/Eloxatin/Downloads? 
id=dafcc9b3-4397-4205-aeb3-581a3fa90edd, consulted 
on Apr 9, 2020.
2 https://www.ema.europa.eu/en/documents/psusa/
oxaliplatin-cmdh-scientific-conclusions-grounds-varia-
t ion-amendments-product - informat ion- t imeta-
ble/00002229/201804_de.pdf

Reporting the side effects of marketed drugs is 
critical for ensuring patient safety and is a legal 
obligation in many countries. In practice, how-
ever, this reporting by the end users remains 
sparse. One of the possible explanations may be 
related to the fact that these effects are attributed 
to the tumor progression and not to the chemo-
therapeutic drugs. All the clinical symptoms and 
changes in the quality of life are helpful to deter-
mine if side effects are related to tumor progres-
sion or chemotherapeutic agents [8].

 c What Is Pharmacovigilance?

Pharmacovigilance is the science and activities 
relating to the detection, assessment, understand-
ing, and prevention of adverse effects or any other 
medicine-related problem.3 Pharmacovigilance is 
regulated by law, and national drug agencies are 
responsible for its enforcement. For example, in 
Europe, marketing authorization holders and 
sponsors of clinical trials must report and evaluate 
suspected adverse drug reactions during the 
development and following the marketing autho-
rization of medicinal products in the European 
Economic Area (EEA). Marketing authorization 
holders must also electronically submit informa-
tion on medicinal products authorized in the 
European Union (EU). In Germany, side effects 
can be reported online by accessing a joint data-
base of the Federal Institute for Drugs and Medical 
Devices (BfArM) and the Paul Ehrlich Institute, 
responsible for biological therapies (PEI).

 c The Significance of Pharmacovigilance for 
Intraperitoneal Drug Delivery

Intraperitoneal drug delivery has an “off- 
label” character. Surgeons and gynecologists 
cannot rely on the independent assessment of the 
risk-benefit ratio by a regulatory authority. There 
might be additional, unknown risks of local tox-
icity. Moreover, applying into the peritoneal cav-
ity a dose significantly higher as the usual 

3 https://www.ema.europa.eu/en/human-regulatory/ 
overview/pharmacovigilance-overview, consulted on Apr 
8, 2020.
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intravenous dose might result in significant sys-
temic toxicities. Thus, when they perform intra-
peritoneal chemotherapy, surgeons and 
gynecologists endorse a particular responsibility. 
Therefore, they must report on the side effects 
observed in their patients.

For example, in 2014 (12 years after first pub-
lication on the intraperitoneal application of 
oxaliplatin), a pharmacodynamics study showed 
an incidence of intra-abdominal bleeding of 
22.7%, neuropathy 18.7%, and grade 3/4 throm-
bocytopenia 13.3% [2]. There was significant 
variability in peritoneal and systemic oxaliplatin 
exposures, leading to differences in hematologi-
cal toxicity between patients. The drug informa-
tion was updated and now includes that “Peritoneal 
bleeding can occur when oxaliplatin is adminis-
tered intraperitoneally (off-label administration).”4

2.2  Basics of Pharmacokinetics 
and Pharmacodynamics (PK/
PD) of Intraperitoneal 
Chemotherapy

Pharmacokinetics (PK) examines what the body 
does to the drug; pharmacodynamics (PD) inves-
tigates what the drug does to the body. Surgeons 

4 https://mein.sanofi.de/produkte/Eloxatin/Downloads? 
id=dafcc9b3-4397-4205-aeb3-581a3fa90edd, consulted 
on Apr 9, 2020.

and gynecologists need a basic knowledge of 
pharmacodynamics and pharmacokinetics to 
apply chemotherapy into the abdomen of their 
patients. This knowledge is also required for 
pharmacovigilance duties, for example, to ascer-
tain the causality between intraperitoneal drug 
application and the side effect observed.

Intraperitoneal chemotherapy has demon-
strated significant pharmacologic and clinical 
advantages over traditional intravenous adminis-
tration for cancers restricted to the peritoneal cav-
ity [16]. The basic principle of intraperitoneal 
chemotherapy is to attain a higher concentration of 
the chemotherapeutic agents locally over the 
tumors without having the side effects of the drugs 
if the same dose were given systemically (Fig. 2.1).

Intraperitoneal chemotherapy is associated 
with a significant pharmacokinetic and pharma-
codynamic benefit. It can, alone or in combina-
tion with systemic chemotherapy (bidirectional 
chemotherapy), be used for treating primary and 
secondary peritoneal surface malignancies [4].

 c Local Administration Enhances Dose 
Exposition of the Target Tissue

High intraperitoneal drug concentration and 
direct tumor exposure constitute the two key 
aspects enabling the eradication of tumor cells 
within the abdomen. However, these favorable 
pharmacokinetic parameters may not correlate 
with the drug amount entering peritoneal tumor 

Intravenous Intraperitoneal administration

Peritoneal cavity Peritoneal cavity

tumor tumor tumor

tumor tumor

systemic
circulation

systemic
circulation

drug

tumor

Liver

Fig. 2.1 Schematic 
representation of the 
principles of 
intraperitoneal 
chemotherapy [20]. The 
pharmacokinetic 
rationale of 
perioperative 
intraperitoneal cancer 
chemotherapy is based 
on the dose 
intensification provided 
by the peritoneal-plasma 
barrier
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nodules. It is more critical to achieving adequate 
tumor tissue penetration and concentration of the 
drug rather than high drug concentrations in the 
peritoneal fluid only [3].

Limited tissue penetration remains a signifi-
cant limitation of intraperitoneal chemotherapy. 
Drug penetration into solid tumors is a complex 
mass transport process that involves multiple 
parameters not only related to the used cytotoxic 
agent but also the tumor tissue properties and 
even the therapeutic setup [37]. Most cytotoxic 
agents are macromolecules and are transported 
into the tissue by convection rather than diffu-
sion; in other words, they are transported together 
with liquids along a gradient.

Different anticancer drugs have a varied depth 
of penetration, which depends upon molecular 
weight, chemical structure, and fat solubility and, 
to a lesser extent, on clearance. In an animal 
model, cisplatin was shown to have a particularly 
high intratumor concentration (1–2 mm from the 
surface of the tumor) after intraperitoneal admin-
istration. In contrast, when cisplatin was given 
systemically, there was a significantly lower con-
centration of the drug at the periphery of the 
tumor, thus underlining the advantage of intra-
peritoneal administration [26]. In comparison, 
the penetration depth of carboplatin was found to 
be less than 0.5 mm when administered intraperi-
toneally. The reasons for this difference in the 
pharmacokinetics of carboplatin and cisplatin are 
the lower fat/water distribution (coefficient for 
carboplatin <0.00004 and cisplatin <0.008), the 
higher molecular weight of carboplatin 
(371.3 kDa vs. 300.6 kDa), and the difference in 
activation speed of both the drugs [27].

Doxorubicin, an anthracycline drug com-
monly used for intraperitoneal delivery, has a tis-
sue penetration limited to a few cell layers. 
Advanced formulations and mild hyperthermia 
(see below) might contribute to an improved tis-
sue uptake and concentration of doxorubicin [9].

 c Rationale for the Combination of HIPEC 
with Cytoreductive Surgery

An essential criterion for the effectiveness of 
local chemotherapy is the direct contact with the 

tumor surface and the ability of anticancer drugs 
to get into the tumor. Therefore, optimal debulk-
ing surgery resulting in minimal residual tumor 
tissue is a critical factor for the effectiveness of 
intraperitoneal chemotherapy [41]. Moreover, 
entero-enteral and entero-parietal adhesions are 
removed during surgery, enabling access of che-
motherapy to all abdominal compartments, 
including the lesser sac [35].

 c Local Delivery Can Minimize Systemic 
Toxicity

The portal vein first transports drugs adminis-
tered into the peritoneal cavity to the liver, where 
they are metabolized. This physiological process 
has consequences both on the toxicity and the 
choice of the drug. Large amounts of the drug 
enter the liver and can cause severe damage to the 
parenchyma. Particular caution is needed when 
hepatotoxic drugs are used (such as taxanes). 
Therefore, physicians should monitor liver func-
tion after intraperitoneal chemotherapy.

The hepatic enzymes effectively degrade 
drugs such as cytarabine and 5-fluorouracil dur-
ing their first pass through the liver. After the 
first hepatic passage, these drugs reach the sys-
temic circulation only in small amounts. 
Therefore, the toxicity profile of these drugs is 
distinctly better when administered intraperito-
neally than intravenously. Intraperitoneal deliv-
ery of drugs with a low hepatic metabolism (e.g., 
cisplatin and carboplatin) does not have this 
advantage since they reach systemic circulation 
in large amounts.

 c Hyperthermia Can Enhance Drug Uptake 
into the Peritoneal Tissue

Hyperthermia can improve the depth of tissue 
penetration of drugs administered into the perito-
neal cavity [16]. The thermal enhancement of the 
drugs’ activity and penetration depth is already 
observed at temperatures above 39–40  °C [32, 
38]. However, in preclinical studies, the addi-
tional pharmacological effect of hyperthermia 
has been found to be moderate [15]. There is no 
comparative clinical study documenting that 
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HIPEC is superior to normothermic intraperito-
neal chemotherapy [4].

 c Hyperthermia Can Enhance the Cytotoxic 
Effect of Chemotherapeutic Drugs

Hyperthermic drug sensitization can be seen 
for a number of anticancer drugs, especially of 
alkylating agents [21]. Cytotoxic agents acting 
synergistically with hyperthermia include mito-
mycin C, cisplatin, melphalan, mitoxantrone, 
bleomycin, and doxorubicin. Hyperthermia delays 
the repair of DNA damage caused by cisplatin or 
doxorubicin, acting upstream of different repair 
pathways to block histone polyADP-ribosylation 
(PARylation). Furthermore, hyperthermia pro-
duces induction of double-strand breaks (DSB) 
and cell cytotoxicity after chemotherapy [33].

However, all cytotoxic agents do not benefit of 
hyperthermia. For example, targeted agents con-
sist of antibodies in which stability and function 
can be damaged by prolonged or pronounced 
hyperthermia, so that their manufacturers do not 
expect them to be heated during application. 
Within the regulatory assessment, the stability of 
bevacizumab has only been tested up to a tem-
perature of 30 °C, and a loss of 20–30% potency 
was observed after 3 months of storage at this 
temperature.5

 c Influence of Hyperthermia on the Immune 
Response

Hyperthermia improves cytotoxicity via a 
variety of mechanisms, targeting both the tumor 
and its microenvironment. Raising the tempera-
ture of the tumor and surrounding tissues to 
42–43 °C makes the tumor more immune respon-
sive [28]. Hyperthermia also modifies the tumor 
microenvironment by inducing and synthesizing 
heat shock proteins (HSP). HSP play a cytopro-
tective role in cells exposed to stressful condi-
tions. Some HSP are secreted to the cell exterior 
and prompt the immune system to react [43]. 
Hyperthermia can potentiate the anticancer 

5 https://www.ema.europa.eu/en/documents/scientific- 
discussion/avastin-epar-scientific-discussion_en.pdf

effects of some chemotherapy agents such as 
mitomycin C, which also causes immune- 
mediated cytotoxicity [39, 44]. However, the 
complex interplay of hyperthermia with the 
innate and adaptive immune response in the peri-
toneal cavity has not yet been sufficiently 
explored. In particular, a combination of HIPEC 
with immune checkpoint inhibitors might be fur-
ther investigated.

 c Bioactivity of the Peritoneal Perfusate

The bioactivity of the peritoneal perfusate 
might differ considerably from the applied dose. 
For example, compared with amounts of oxalipl-
atin expected in peritoneal perfusates by calcula-
tion, only 10–15% of the parent drug could be 
detected by liquid chromatography/mass spec-
trometry (LC-MS) during HIPEC in human 
patients. Additionally, platinum compounds were 
detected consistent with oxaliplatin transforma-
tion. Thus, the actual cytotoxic potential of oxali-
platin and its derivatives over time might differ 
from the clinical expectations [24].

 c Duration of Exposition

The optimal length of chemoperfusion is 
determined by an optimal balance between local 
efficacy and systemic toxicity. A longer duration 
may lead to the absorption of an increased 
amount of drug to the systemic compartment and 
results in more toxicity. On the other hand, a 
shorter exposition time might compromise the 
drug’s anticancer effect. For example, the results 
of the randomized PRODIGE 7 trial failed to 
show a difference in overall survival between 
patients undergoing cytoreductive surgery (CRS) 
alone versus CRS combined with HIPEC using 
high-dose oxaliplatin [1]. For almost 20  years, 
we know that oxaliplatin is a drug with verified 
efficacy in colorectal cancer [5]. Thus, the nega-
tive results of the PRODIGE 7 trial cannot be 
explained by the drug chosen but rather by phar-
macological variables, in this case, a high intra-
peritoneal dose (five times the usual intravenous 
dose) associated with chemoperfusion for only 
30 minutes [23].
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 c Infused Volume

A larger volume of peritoneal fluid can enlarge 
the contact surface of the chemotherapeutic drugs 
with the peritoneum [10, 22]. Also, the instilla-
tion of a large volume of fluid results in an 
increase in pressure, which can further improve 
the tumor penetration of the drugs. On the other 
hand, intra-abdominal pressure may compromise 
respiratory and hemodynamic functions [40].

 c Drug Clearance from the Abdominal 
Cavity

Chemotherapeutic agents are cleared from 
the peritoneal cavity through active absorption 
into the retroperitoneal capillary vessels [36]. 
Venous drainage of the parietal peritoneum runs 
directly into the systemic circulation, while 
venous blood from the visceral peritoneum goes 
to the liver through the portal vein. Only a small 
part of the drug is cleared through the lymphatic 
system [19].

In general, the intraperitoneal dosage of the 
drugs depends upon the rate at which they are 
absorbed from the peritoneal cavity and the rate 
of plasma clearance. A higher amount of a drug 
can be applied to the peritoneal cavity if it is 
absorbed slowly and has a fast plasma clearance; 
this drug will have lower systemic concentration 
and fewer gastrointestinal and hematological side 
effects. Examples are heavily ionized or poorly 
fat-soluble substances.

The carrier solution also affects the clearance 
of the intraperitoneally administered drugs. An 
isotonic solution or dextrose-based dialysis solu-
tion are used as carriers for intraperitoneal che-
motherapy. In theory, using a hypotonic solution 
might increase drug tissue uptake. For example, 
in Elias’ HIPEC protocol, oxaliplatin was diluted 
in 5% glucose/dextrose solution. However, this 
hypotonic carrier solution was of little use in 
increasing drug tumor penetration and may cause 
significant thrombocytopenia and intraperitoneal 
hemorrhage [11–13].

 c Variability Between HIPEC Protocols

Although the HIPEC procedure is adopted 
throughout the world, major differences exist 
between treatment protocols, and at least 60 dif-
ferent HIPEC protocols have been published 
[42]. There is no consensus on the applied dose, 
duration, carrier solution, perfusate volume, per-
fusate concentration, use of an open vs. closed 
technique, or the usefulness of additional flush-
ing with crystalloids at the end of the HIPEC pro-
cedure. These differences can play an important 
role in the pharmacokinetics (PK) of oxaliplatin 
and thereby might influence the efficacy and/or 
safety of the HIPEC procedure [6].

 c Novel Drug Delivery Systems

Pressurized intraperitoneal aerosol chemo-
therapy (PIPAC) is a novel minimally invasive 
drug delivery system addressing the current limi-
tations of intraperitoneal chemotherapy. The 
rationale of PIPAC is:

• Optimizing homogeneity of drug distribution 
by applying an aerosol rather than a liquid 
solution

• Applying increased intraperitoneal hydro-
static pressure to counteract elevated intratu-
moral interstitial fluid pressure

• Limiting blood outflow during drug 
application

• Steering environmental parameters (tempera-
ture, pH, electrostatic charge, etc.) in the peri-
toneal cavity for best tissue target effect

Experimentally, PIPAC achieved better tissue 
penetration of oxaliplatin than HIPEC in organ-
oids [14]. In the swine, PIPAC made tissue con-
centration comparable with HIPEC by applying a 
fraction of the dose (20%). Oxaliplatin concen-
tration in the visceral peritoneum was signifi-
cantly higher after PIPAC than after HIPEC [17]. 
The superior pharmacological properties of 
PIPAC have been confirmed in the clinical set-
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ting. PIPAC was able to induce objective 
 radiological and histological regression of perito-
neal metastases of colorectal origin [7, 18]. Thus, 
it is not possible to extrapolate the results of 
oxaliplatin applied as HIPEC to other drug deliv-
ery techniques.

2.3  Side Effects of Intraperitoneal 
Chemotherapy

Systemic side effects of intraperitoneal chemo-
therapy arise from active absorption of cytotoxic 
substances from the peritoneal cavity into the 
systemic circulation. Thus, these side effects are 
similar to those of intravenous administration. 
These systemic side effects depend upon the drug 
administered and include:

• Renal failure (i.e., after cisplatin 
administration)

• Neurotoxicity (i.e., after oxaliplatin)

• Higher-grade hematological toxicities
• Bone marrow suppression with subsequent 

leukopenia and thrombocytopenia (i.e., after 
mitomycin C)

In an overview of ovarian cancer, toxicities 
following the intraperitoneal administration of 
cytotoxic drugs were fewer compared to intrave-
nous administration; but this does not apply to 
infections and gastrointestinal side effects such 
as nausea, vomiting, and abdominal pain 
(Table  2.1, [30]). Intraperitoneal chemotherapy 
can also cause hemodynamic and cardiovascular 
side effects. These side effects are caused by ele-
vated intra-abdominal pressure following the 
infusion of a large volume of the carrier fluid.

 c Local Side Effects of Intraperitoneal 
Chemotherapy

Despite the high concentration of cytotoxic 
chemotherapy in the peritoneal cavity, acute gas-
trointestinal toxicity is rare, which is probably 
due to the high capillary density and the conse-
quent rapid removal of the cytotoxic agents. 
Chronic local side effects are adhesions and 
bowel thickening—both of which may result in 
bowel obstruction. Cisplatin, when used for intra-
peritoneal chemotherapy, has been shown to have 
a better local toxicity profile than other agents 
[29]. Other local side effects include infections 
and chemical peritonitis.

 c Bidirectional Chemotherapy May Cause 
Both Local and Systemic Side Effects

It is difficult to ascertain a causal relationship 
of side effects when systemic chemotherapy, 
intraperitoneal chemotherapy, and hyperthermia 
are given simultaneously. However, the time lag 
between the administration of the cytotoxic drugs 
and the onset of side effects varies between intra-
peritoneal chemotherapy and systemic therapy. 
For example, the peak of bone marrow suppres-
sion following intraperitoneal chemotherapy 
with mitomycin C is usually observed at 2 weeks 
following surgery, whereas it occurs after 
4–6 weeks of systemic administration [25].

Favorable tumor characteristics and 
beneficial properties of the cytotoxic 
chemotherapeutic agents used for 
intraperitoneal chemotherapy
Properties of the cytotoxic drugs used:
• Proven cytotoxic effect in the respective 

tumor entity
• Concentration-dependent activity
• Low peritoneal clearance (low fat solu-

bility, high molecular weight)
• Rapid plasma clearance
• High first-pass liver metabolism
• Low peritoneal toxicity
• Synergy with hyperthermia
• Administration in an active form and 

low metabolism in the peritoneal cavity

Favorable tumor characteristics
• Disease limited to the peritoneal cavity
• Small residual tumor volume
• Sensitive cytotoxic drugs
• Well-perfused tumors

2 Pharmacovigilance of Local Chemotherapy in the Peritoneum
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Table 2.1 Toxicity of intraperitoneal chemotherapy compared with intravenous administration (according to the [30])

Symptom Study

Toxicity after 
intravenous 
administration (%)

Toxicity after 
intraperitoneal 
administration (%) p-Value

Hearing impairment  
(>Grade 2)

Alberts et al. 15 5 p < 0.001

Tinnitus
(>Grade 2)

Alberts et al. 14 7 p = 0.01

Anemia
(>Grade 3)

Alberts et al. 25 26 ns
Gadducci et al. 8 6 N/A
Kirmani et al. 3 7 N/A
Yen et al. 12 7 ns

Granulocytopenia Alberts et al. 69 56 p = 0.002
Leucopenia
(>Grade 3)

Alberts et al. 50 40 p = 0.04
Armstrong et al. 64 76 p < 0.001
Gadducci et al. 19 24 N/A
Kirmani et al. 21 19 N/A
Markman et al. 62 77 N/A
Polyzos et al. 18 5 p < 0.01
Yen et al. 21 10 p = 0.033

Thrombocytopenia
(>Grade 3)

Alberts et al. 9 8 ns
Armstrong et al. 4 12 p < 0.001
Gadducci et al. 2 0 N/A
Kirmani et al. 0 5 N/A
Markman et al. 3 49 N/A
Polyzos et al. 10 3 p < 0.09
Yen et al. 10 7 ns

Fatigue
(>Grade 3)

Armstrong et al. 4 18 p < 0.001
Markman et al. 1 3 N/A

Fever
(>Grade 3)

Armstrong et al. 4 9 p = 0.02
Markman et al. 1 3 N/A

Gastrointestinal toxicity
(>Grade 3)

Armstrong et al. 24 46 p < 0.001
Markman et al. 17 37 N/A
Gadducci et al. 26 37 N/A

Nausea/vomiting
(Grade 2)

Piccart et al. N / A 82 N/A

Infection
(>Grade 3)

Armstrong et al. 6 16 p = 0.001
Markman et al. 1 4 N/A

Metabolic toxicities
(>Grade 3)

Markman et al. 1 10 N/A

Hepatic toxicity Armstrong et al. <1 3 p = 0.05
Renal toxicity
Creatinine clearance
(>Grade 3)

Armstrong et al. 2 7 p = 0.03
Markman et al. 1 5 N/A

Neuromuscular disorders at the 
end of therapy
(>Grade 2)

Alberts et al. 25 15 p = 0.02

Neurotoxicity
(Grade 2 or 3) Piccart et al. N/A 15 N/A

Armstrong et al. 9 19 p < 0.001
(>Grade 3) Markman et al. 9 12 N/A
Abdominal pain
(Grade 1 or 2) Piccart et al. N/A 38 N/A
(<Grade 2) Piccart et al. N/A 38 N/A
(>Grade 3) Armstrong et al. 1 11 p < 0.001
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 c Anaphylactic Reaction

Anaphylactic reactions have been reported 
during intraperitoneal chemotherapy [31, 34].

2.4  Conclusion

Intraperitoneal administration of chemotherapy 
has documented pharmacologic advantages over 
intravenous delivery for treating metastatic dis-
ease limited to the peritoneal cavity. However, 
the effectiveness of intraperitoneal chemotherapy 
depends upon several factors, including the cyto-
toxic agents and the tumor characteristics. 
Controlled clinical trials are needed to increase 
the evidence available. Systematic, uniform 
reporting of the side effects of cytotoxic agents 
after intraperitoneal chemotherapy is needed to 
improve patient safety.
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3.1  Introduction

Peritoneal metastases from a variety of primary 
tumors are the most common presentation of 
peritoneal disease often with a poor prognosis. 
In contrast, primary peritoneal tumors such as 
mesothelioma and primary serous carcinoma 
are much less common. Peritoneal metastases 
are challenging to identify even for the most 
advanced cross-sectional imaging techniques 
due to the variety of morphologic appearances. 
When considering surgical approaches with 
curative intent, it is crucial to identify the loca-
tion and extent of peritoneal metastases accu-
rately and to rule out extraperitoneal tumor 
spread.

3.2  Requirements for Diagnostic 
Imaging

Peritoneal malignancy has been regarded for a 
long time as a state of disease beyond cure, associ-
ated with a short survival of only months. In recent 
years, however, patient survival and prognosis has 
improved significantly by the introduction of new 
therapeutic procedures including the combined 
multivisceral resection of all involved organs, peri-
tonectomy, and hyperthermic intraperitoneal che-
motherapy (HIPEC). Following complete 
cytoreduction, prolonged survival is possible in 
patients with peritoneal disease. The extent and 
location of peritoneal malignancy determines 
whether complete cytoreduction can be achieved. 
Consequently, the task of diagnostic imaging is 
not merely to detect the presence of peritoneal dis-
ease but also to describe its morphology accurately 
[11]. Extensive tumor spread beyond feasible sur-
gical resection, extraperitoneal metastases, and 
peritoneal sites not accessible to surgical resection 
have to be identified preoperatively [21]. 
Underestimation of peritoneal disease extent on 
preoperative imaging can result in morbidity and 
mortality from surgery with no benefit in terms of 
survival or quality of life.
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In summary, diagnostic imaging has to meet 
the following requirements in patients with 
peritoneal malignancy:
• Diagnosis of peritoneal disease
• Assessment of tumor spread
• Identification of unfavorable sites of disease
• Evaluation of response to systemic therapy
• Diagnosis of recurrent disease

3.3  Routes of Dissemination 
and Imaging: Findings 
of Peritoneal Tumors

Primary peritoneal tumors such as peritoneal 
mesothelioma are rare and appear as an irregu-
larly shaped nodular mass of the peritoneum with 
increased contrast enhancement after intravenous 
contrast administration on cross-sectional imag-
ing [12]. Progressive disease causes infiltration 
of adjacent structures, ascites, and peritoneal 
dissemination.

By contrast, peritoneal metastases can present 
in a variety of ways depending on the primary 
tumor. The principle pathways of peritoneal 
tumor dissemination are:

• Direct invasion of the peritoneum (gastric, 
pancreatic, appendiceal, colorectal, and ovar-
ian carcinoma)

• Intraperitoneal seeding due to ascites or surgi-
cal procedures (gastric, ovarian, and colorec-
tal carcinoma)

• Lymphatic via lymphatic vessels of the mes-
entery and omentum (ovarian and colorectal 
carcinoma)

• Hematogenous, arising from extraperitoneal 
primary sites (breast, melanoma)

Peritoneal metastases often occur in preferred 
anatomical regions characterized as either sites 
of fluid reabsorption or gravity dependent areas.

 c Common sites are the rectovesical pouch, 
ileocecal region, paracolic recesses, sigmoid 
mesentery, porta hepatis, diaphragmatic 
dome, and falciform ligament

These areas require special attention during 
the preoperative diagnostic workup [19].

The presence of ascites is regarded as a major 
indicator of peritoneal metastases. It is impor-
tant to try and differentiate between serous and 
mucinous ascites as the latter may represent 
pseudomyxoma peritonei from mucinous 
tumors of the appendix or signet ring cell gastric 
tumors, and in the case of an increased density 
of liquid or septations, the presence of pseudo-
myxoma should be assumed. Indicative, on 
cross-sectional images, is the expansive effect 
of mucinous tumor with displacement of ana-
tomical structures, especially the omentum, the 
mesentery, and the bowel, as well as the inden-
tation of visceral surfaces, especially the liver 
(scalloping). Solid formations of peritoneal car-
cinomatosis usually appear as single or multiple 
nodular structures of different size with contrast 
enhancement after administration of intrave-
nous contrast materials—in some cases, with 
calcifications (especially serous adenocarcino-
mas). 18F-FDG PET/CT images commonly 
depict increased glucose consumption and, in 
diffusion-weighted MRI images, a restricted 
molecular diffusion in peritoneal carcinomato-
sis. Whereas macronodular peritoneal metasta-
ses can be detected reliably by most 
cross-sectional imaging techniques, micronodu-
lar dissemination covering the visceral surfaces 
can evade any diagnostic imaging [7].

Extensive involvement of the greater omen-
tum represents a special type of peritoneal dis-
semination (omental cake) characterized by 
plaque-shaped tissue of sometimes considerable 
size extending in the ventral abdomen. 
Unfavorable sites when considering cytoreduc-
tive surgery are involvement of the porta hepatis, 
which is represented by linear tissue formations 
along central parts of the portal vein and the 
small bowel serosa and mesentery trunk. Whereas 
focal macronodular tumors affecting the small 
bowel can be identified reliably as circumscribed 
masses, which can subsequently be resected, 
extensive laminar dissemination will frequently 
prevent complete cytoreduction. On cross- 
sectional imaging, bowel and mesenteric vascu-
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lar sheaths appear extensively thickened and 
puckered (stellate mesentery).

Systematic reporting of imaging findings 
ensures focus is brought on tumor location and 
extent which helps guide decision-making on 
operability.. The PAUSE score includes the fea-
tures of the primary tumor and peritoneal cancer 
index (P), ascites and abdominal wall involve-
ment (A), unfavorable sites of peritoneal disease 
(U), small bowel and mesenteric involvement 
(S), and extraperitoneal dissemination (E) pro-
viding a useful reporting system for selecting 
patients with peritoneal disease for surgery [2].

• Tumor dissemination into peritoneum occurs 
contiguously, via ascites, lymphatically, or 
hematogenously

• Ascites is an important indicator of peritoneal 
metastases

• The peritoneal tumor distribution pattern is 
variable: macronodular, micronodular, diffuse 
laminar

• Micronodular and diffuse tumor dissemina-
tion can completely evade any diagnostic 
imaging

3.4  Diagnostic Imaging 
Techniques

3.4.1  Ultrasound

Abdominal ultrasound can provide initial clues to 
the presence of peritoneal disease, particularly in 
the presence of ascites. While superficial mac-
ronodular peritoneal disease can be identified 
reliably as low-signal, irregularly shaped masses, 
the detection of lesions in the central section of 
the peritoneal cavity is difficult due to overlying 
bowel gas and fat [23]. The value of ultrasound in 
detecting peritoneal metastases is limited by its 
sensitivity, field of view, and dependence on 
operator experience (Table 3.1) [15].

Abdominal ultrasound is not suitable for the 
assessment of peritoneal disease before cytore-
ductive surgery.

For surveillance, ultrasound can provide some 
indication of recurrent disease if ascites is pres-
ent. The benefits of abdominal ultrasound are its 
broad availability and ease of use. Consequently, 
it may provide some initial information when 
peritoneal disease is suspected.

Table 3.1 Advantages and disadvantages of different diagnostic imaging modalities for the diagnosis of peritoneal 
tumors

Modality Advantage Disadvantage Conclusion
Ultrasound Broad availability

Limited effort
Good sensitivity for superficial tumors

Limited sensitivity for tumors in 
the central abdomen
Dependence of image quality on 
examiner and patient

Diagnosis of peritoneal 
disease possible
Not suitable for staging 
of peritoneal disease

CT Broad availability
Short examination duration
Reliable high sensitivity
Excellent spatial resolution

Radiation exposure
Limited sensitivity for small 
bowel involvement and 
micronodular spread

Standard imaging 
modality for peritoneal 
tumors
Reliable high diagnostic 
accuracy

MRI Excellent soft tissue contrast
Contrast-enhanced dynamic and 
diffusion-weighted imaging provide good 
sensitivity and specificity

Long examination duration
Dependence of image quality on 
patient cooperation
Image quality less robust

Excellent diagnostic 
accuracy under optimal 
conditions
Image quality less robust 
than CT

PET/CT Superior diagnostic accuracy for small 
bowel involvement, micronodular spread, 
and recurrent disease

Radiation exposure
Long examination duration
Higher financial cost
Limited sensitivity for mucinous 
tumors

Excellent diagnostic 
accuracy
Higher financial cost
Limited availability
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3.4.2  Computed Tomography (CT)

Computed tomography is the most widely applied 
diagnostic imaging modality for the diagnosis of 
peritoneal disease [6]. Its advantages are the 
excellent spatial resolution, short examination 
time, low susceptibility to motion artifacts, and 
ready availability (Table 3.1).

The diagnostic accuracy of computed 
tomography is continually improving with 
advances in technology, resulting in a sensitiv-
ity ranging between 80% and 90% and a speci-
ficity between 78% and 90% [17]. Modern 
multidetector CT provides high-resolution 
three-dimensional datasets suitable for multi-
planar image reconstructions, allowing the 
assessment of anatomically challenging 
regions such as the subphrenic spaces [8]. One 
prerequisite for an accurate examination tech-
nique is the application of an intravenous con-
trast agent, an oral contrast application, optimal 
intestinal distension (1.5  l negative contrast 
agent, e.g., mannitol 2.5% or water), and the 
application of spasmolytic substances to sup-
press intestinal peristalsis. If using positive 
intestinal contrast, this should be carefully 
diluted to prevent obscuring of peritoneal dis-
ease by artifact due to excessive density of 
orally administered positive contrast media. In 
addition to the examination technique and the 
experience of the reporting radiologist, the 
tumor size, morphology (nodular, plaque), and 
location of disease influence the diagnostic 
accuracy of CT, as is reflected in the range of 
specificity and sensitivity in the literature. The 
sensitivity for small lesions of less than 1 cm 
decreases below 50% [3]. Regarding location 
the porta hepatis, small bowel, mesentery, pel-
vis, and subdiaphragmatic sites are regarded as 
challenging and thus associated with reduced 
sensitivity for the detection of peritoneal dis-
ease [22]. These limitations restrict the diag-
nostic performance of CT, as the involvement 
of the mesentery and small bowel is crucial for 
the selection of patients suitable for cytoreduc-
tive surgery.

3.4.3  Magnetic Resonance Imaging 
(MRI)

MRI provides superior soft tissue contrast com-
pared with CT, which is beneficial for the detec-
tion of peritoneal disease.

Recent developments in coil and sequence tech-
nology, including diffusion-weighted imaging 
(DWI), have improved the diagnostic value of MRI 
in the diagnosis of peritoneal disease [10] 
(Table  3.1). While global diagnostic accuracy is 
comparable for CT and MRI (sensitivity about 
90%), diffusion-weighted imaging provides 
improved sensitivity for micronodular and laminar 
peritoneal lesions compared with CT (DWI 
85–90%, CT 22–33%) [4, 16] (Fig. 3.1). As for CT, 
optimized examination protocols are also required 
for high diagnostic accuracy in MRI. In addition to 
adequate intestinal preparation with oral applica-
tion of a mannitol solution and the addition of dif-
fusion-weighted imaging, the examination protocol 
should include axial and coronal fat-suppressed 
contrast-enhanced T1w sequences in the early and 
late phase after contrast injection (5–10 min. p.i.), 
as peritoneal lesions typically exhibit delayed con-
trast enhancement [20]. The extent of peritoneal 
disease depicted by DWI is regarded as an indepen-
dent predictor of overall and disease-free survival 
[5]. Despite these benefits, MRI is subject to sev-
eral limitations, including increased financial cost 
and limited availability, longer examination time, 
and consequent vulnerability of image quality to 
motion artifact. As a result, the prevalence of MRI 
as a diagnostic imaging modality is lower than that 
of CT, in spite of its inherent advantages, such as 
increased sensitivity for micronodular lesions and 
the lack of radiation exposure.

3.4.4  Positron Emission 
Tomography/Computed 
Tomography (PET/CT)

The hybrid imaging technique PET/CT combines 
metabolic tissue characterization (glucose metabo-
lism) with high-resolution morphologic imaging.
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CT and 18F-FDG-PET complement each 
other perfectly in the evaluation of peritoneal 
lesions, providing improved diagnostic accuracy 
by using merged PET and CT images [18].

Peritoneal disease presents either as a focal 
mass with increased FDG uptake or as a diffuse 
laminar FDG uptake along the peritoneum [9] 
(Fig.  3.2). Consequently, sensitivity increases 
especially for micronodular peritoneal disease, 
which might be missed by morphologic imaging 
using CT or MRI.  Hybrid imaging plays an 
important role for the exclusion of extraperito-
neal metastases, especially in uncertain findings 
on conventional imaging, as extraperitoneal 
metastases are, in general, regarded as a contrain-
dication for cytoreductive surgery. Clinical stud-
ies of the role of PET/CT for the preoperative 
assessment of peritoneal disease are not numer-
ous, and the comparability of results is limited 
due to different examination protocols and stan-
dards of reference. Nevertheless, most studies 
indicate concordantly improved diagnostic accu-
racy compared with CT alone. Published sensi-
tivities and specificities range between 80% and 
100% [13] (Table 3.1). Adequate imaging proto-
cols, including intravenous contrast application, 
intestinal distension using negative oral contrast, 
thin slice collimation, and multiplanar image 
reconstructions, are mandatory. The limitations 
of PET/CT are restricted sensitivity for small 
lesions of less than 1 cm and for mucinous tumors 
that exhibit low or no FDG uptake at all [1]. 
Compared with CT, the long examination dura-
tion, increased use of resources, and limited 
availability are unfavorable.

• Ultrasound enables the detection of peritoneal 
disease; quantification, however, is poor.

• Contrast-enhanced MDCT is the standard 
imaging modality, providing good sensitivity; 
an adapted examination protocol is required.

• MRI with diffusion-weighted imaging is, 
under ideal conditions, superior to CT; how-
ever, imaging quality is less robust.

• Hybrid PET/CT provides excellent diagnostic 
accuracy for peritoneal tumors; however, 
accuracy is limited in mucinous tumors and 
cost is high.

• A requirement for all imaging modalities is 
adequate patient preparation, an imaging pro-
tocol adapted to the clinical indication, and an 
experienced radiologist.

a

b

c

Fig. 3.1 (a–c) Diffusion-weighted imaging (a), CT (b), 
and 18F-FDG-PET/CT (c) of a 63-year-old female patient 
with peritoneal metastases originating from ovarian carci-
noma: the diffusion-weighted image depicts a laminar 
involvement of the peritoneal surface extending into the 
paracolic gutters bilaterally and on the visceral perito-
neum of the ileum. The CT depicts a discrete thickening 
of the peritoneum with increased contrast enhancement. A 
reliable identification of peritoneal disease is not possible. 
PET/CT exhibits increased glucose utilization in the para-
colic gutters, corresponding with the more pronounced 
tumor manifestations on the DWI image. The laminar 
involvement especially of the parietal peritoneum along 
the abdominal wall and the visceral peritoneum along the 
small bowel is missed by CT as well as PET/CT and could 
only be identified by diffusion-weighted imaging in this 
patient
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3.5  Diagnostic Imaging 
in Follow-Up Care 
and Diagnosis of Relapse

During the follow-up period, frequent cross- 
sectional imaging is used in patients after cytore-
ductive surgery. The frequency and length of the 
follow-up period depend on the underlying 
malignant disease and status of cytoreduction. 
After cytoreductive surgery, the differentiation 
between therapy-associated postsurgical findings 
and residual or recurrent tumor is a major chal-
lenge. Postsurgical thickening of the mesentery 
and intestinal wall due to granulation tissue and 

scarring are challenging even for functional 
imaging, as focal inflammation is associated with 
increased contrast enhancement and glucose uti-
lization. Intestinal stenoses caused by postsurgi-
cal adhesions have to be discriminated from 
stenosing tumor relapse. The morphologic 
appearance of recurrent peritoneal disease after 
surgical cytoreduction and HIPEC may also dif-
fer from its initial appearance. Recurrent perito-
neal disease is frequently characterized by diffuse 
laminar infiltration of visceral surfaces, espe-
cially the intestinal wall, which hampers its dif-
ferentiation from benign post-therapeutic 
findings for all imaging modalities. Compared to 

a b

c d

Fig. 3.2 (a–d) The 18F-FDG-PET/CT images of a 
34-year-old patient with peritoneal malignant mesothe-
lioma depict two different patterns of peritoneal tumor 
dissemination: (a, b) hypermetabolic laminar diffuse thick-
ening of the complete peritoneum, (c, d) hypermetabolic 
focal macronodular interenteric masses. On corresponding 

CT images, macronodular masses are partially visible; dif-
fuse peritoneal infiltration below the diaphragm and on the 
hepatic and splenic capsule is displayed at best as discrete 
thickening. Merged CT and 18F-FDG-PET images dis-
play distinctly extensive tumor dissemination by markedly 
increased glucose utilization
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CT alone, PET/CT provides improved diagnostic 
accuracy for recurrent peritoneal disease; the 
accurate quantification is, however, frequently 
impossible [14]. Compared with the initial stag-
ing examination, image interpretation in recur-
rent disease is significantly more demanding and 
dependent on the experience of the examining 
physician and available information on preceding 
therapeutic procedures.

• Diagnosis of recurrence after HIPEC is much 
more challenging than the primary diagnosis.

• Sensitivity and specificity are restricted for all 
imaging modalities by post-therapeutic tissue 
alterations.

• Sensitivity of diagnostic imaging is usually 
sufficient for detection of recurrent disease. 
Quantification of recurrence is in general 
restricted.

• PET/CT provides the best results in the diag-
nosis of recurrent peritoneal disease.

3.6  Conclusion

High-resolution cross-sectional imaging tech-
niques such as CT and MRI as well as functional 
imaging including FDG-PET/CT and diffusion- 
weighted MRI provide excellent diagnostic accu-
racy in the detection of peritoneal disease. 
Contrast-enhanced CT is the method-of-choice 
diagnostic imaging modality due to its availabil-
ity, y, cost efficiency, and reliably good diagnos-
tic results. Compared with other imaging 
modalities, diffusion-weighted MRI and PET/CT 
provide superior diagnostic accuracy. 
Requirements for a successful diagnostic workup 
are an optimized examination protocol and expe-
rienced radiologists. Despite great technological 
advances, the diagnosis of peritoneal disease 
remains challenging. In early stages, small 
lesions of varying morphologic appearance fre-
quently remain undetected, resulting in an under-
estimation of peritoneal tumor dissemination. 
Compared with the primary diagnosis, the diag-
nostic accuracy for recurrent disease is markedly 
reduced for all imaging modalities, especially in 
quantifying tumor recurrence.
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The Diagnostic Role 
of Laparoscopy in Patients 
with Peritoneal Malignancy

Andreas Brandl and Beate Rau

4.1  Introduction and Indication

Diagnostic laparoscopy is an operative procedure 
to examine the abdominal cavity for tumor affect-
ing organs or the peritoneum. The procedure is 
performed under general anesthesia. After insuf-
flation of carbon dioxide into the abdominal cav-
ity, a camera is inserted for inspection. In cases 
where peritoneal metastases are discovered dur-
ing this procedure, the Peritoneal Cancer Index 
(PCI) is assessed. The PCI is a score from 0 to 39, 
which quantitatively reflects the extent of the 
intraperitoneal tumor burden. It is a useful pre-
dictor for the prognosis of the patient as its value 
correlates with overall survival in many different 
diseases [15].

In order to calculate the PCI, the abdominal 
cavity is divided into nine regions, starting with 
the right-sided diaphragm and moving clockwise. 
The periumbilical area is numbered 0, addition-
ally the regions 9–12 divide the small intestine. 
In addition to the location of affected areas, the 
size of each peritoneal lesion is required in order 

to calculate the PCI. The extent of the peritoneal 
metastases is defined by the lesion-size score. For 
evaluation, the largest lesion per area counts, 
whereas a primary tumor that can be resected is 
not considered in the PCI. The absence of a peri-
toneal lesion in a region is given the value 0, for 
lesions ≤0.5 cm the value is 1, for lesions ≤5 cm 
the value is 2, and for all larger or confluent 
lesions the value 3 is given. Finally, the summa-
tion of all different regions delivers a total value 
of between 0 and 39—the PCI score.

 c The PCI score can usually be assessed with 
minimal risk in a staging laparoscopy. It 
provides an estimation of the potential for 
resectable cytoreductive surgery to achieve 
a tumor-free abdominal cavity.

Laparoscopy is a key element in patient selec-
tion. In order to deliver an estimation of the 
potential for a postoperative tumor-free abdomi-
nal cavity, the distribution pattern of peritoneal 
metastases, especially the involvement of the 
small bowel, and the nature of the peritoneal 
lesions (solid, infiltrative, mucinous) are of cen-
tral importance. This important information is 
often not established by routine radiologic 
examinations.

Laparoscopy allows for the detection of peri-
toneal metastases in patients with gastrointestinal 
or gynecological tumors. Since synchronous 
peritoneal metastases from gastric cancer are 
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relatively common (15–18%), diagnostic lapa-
roscopy is recommended for staging of all 
patients with gastric cancer and a T category of 
T3 or T4 according to the guidelines. For all other 
types of cancer, diagnostic laparoscopy is indi-
cated in cases of radiographic signs of peritoneal 
metastases in patients in order to evaluate the 
indication for cytoreductive surgery (CRS) and 
hyperthermic intraperitoneal chemotherapy 
(HIPEC). Common radiologic signs for perito-
neal metastases are ascites in the absence of liver 
cirrhosis, thickening of the greater omentum, or 
thickening of the parietal peritoneum.

4.2  Basics of Diagnostic 
Laparoscopy

Diagnostic laparoscopy is the gold standard in 
the assessment of peritoneal metastases (Fig. 4.1).

 c The sensitivity and specificity of diagnostic 
laparoscopy for the detection of peritoneal 

metastases is significantly higher than 
computed tomography (CT) or magnetic 
resonance imaging (MRI) (Table 4.1).

Laparoscopy has a sensitivity in the detection 
of peritoneal metastases of 74–100% and a speci-
ficity of 83–100% in patients with gastric cancer. 
Despite the benefits of this minimally invasive 
procedure, laparoscopy naturally has its limita-
tions. Adhesions after previous abdominal sur-
gery may limit access to the peritoneal cavity. In 
rare cases, an extensive adhesiolysis is necessary 
for peritoneal evaluation. Due to the risk of organ 
injuries, especially of the small intestine, the 
extent of adhesiolysis should be carefully consid-
ered in each case. Retroperitoneal lymph nodes 
cannot be assessed through laparoscopy. Another 
risk associated with the surgical trauma to the 
patient is the risk of port-site metastases, which is 
caused by the disruption of the peritoneum dur-
ing laparoscopy. Tumor cells are able to reach the 
subcutaneous and cutaneous layers and often 
affect patients with pain, but also psychologi-
cally, as they represent a visible manifestation of 
disease progression. If possible, midline port 
placement is encouraged so the port sites can eas-
ily be excised during any CRS and HIPEC proce-
dure. A retrospective study of Nunez et al. [15] 
reported an incidence of port-site metastases of 
up to a third of all patients with laparoscopy per-
formed before CRS and HIPEC, and this resulted 
in a significantly worse prognosis for this patient 
group. Obviously, diagnostic laparoscopy might 
miss some areas of the peritoneum, which 
explains the variation in PCI assessment between 
laparoscopy and explorative laparotomy. 
Nevertheless, laparoscopy is able to detect wide-Fig. 4.1 Peritoneal metastasis of gastric cancer in region 1

Table 4.1 Studies evaluating preoperative diagnostic tools for detection of peritoneal metastases

Study
Preoperative diagnostic 
regarding M category Accuracy Sensitivity Specificity

Arnold US/CT 95.9% 81.8% 100%
Blackshaw CT 85% 88% 83%
Nakagawa US/CT 90% 73.7% 100%
Onate-Ocana CT 98.1% 98.5% 97.6%
Roviaro US/CT 100% 100% 100%
Sotiropoulos US/CT 100% 100% 100%
Tang US 96.4% 87.5% 100%
Yano US/CT/MRI 93.4% 86.7% 100%
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spread peritoneal carcinomatosis which would 
preclude any benefit from CRS and HIPEC. For 
several reasons, this differentiation is advanta-
geous: It helps in preventing invasive exploratory 
laparotomies with potential postoperative com-
plications, such as wound infection, ileus, and 
damage to abdominal structures, and it minimizes 
time off systemic chemotherapy.

4.3  Port-Site Metastases

At the beginning of the 1990s, in the early years 
of laparoscopic oncologic resections, the surgical 
technique—still in a stage of development and 
improvement—contributed to a high incidence of 
laparoscopic port-site metastases. Some years 
later, after the improvement of the surgical tech-
nique and laparoscopic devices, Kim et al. [10] 
were able to demonstrate, in a randomized con-
trolled trial, that the incidence of free tumor cells 
or port-site metastases immediately after laparo-
scopic resection was equal to the incidence of 
wound metastases or free tumor cells after open 
surgery. Considering the fact that almost all 
patients with peritoneal malignancies have free 
tumor cells in their abdominal cavity, the fascial 
and peritoneal edge represent a target of attach-
ment for free tumor cells.

 c Therefore, the surgeon should pay attention 
not only to the placement of the incision for 
laparoscopy but also to the immediate 
closure of the fascia and peritoneum after 
trocar removal.

Ideally, these incisions should be closed with 
sutures through the fascia and peritoneum.

In total, there have been four different theories 
describing the development of port-site metastases:

• Direct implantation of tumor cells, which attach 
themselves to the trocar and get implanted in 
the soft tissue during trocar removal

• The so called “chimney effect,” in which a 
continuous CO2 leakage alongside the trocar 
leads to tumor cells being sprayed with the gas 
into the muscle or subcutaneous tissue

• An indirect effect, in which tumor cells are 
directly forced into the subcutaneous tissue at 
the time of trocar removal and when the pneu-
moperitoneum is released

• The effect of tissue injury, in which the dis-
tinctive tissue injury leads directly to an 
increase in tumor growth factors, followed by 
a healing reaction; this reaction might lead to 
a better embedding and growth of tumor cells 
in this favorable environment [2]

According to these theories, every oncological 
surgeon should comply with the following 
advice, which is useful for diagnostic laparosco-
pies in patients with peritoneal metastases [7]:

Diagnostic Laparoscopy in Peritoneal 
Malignancies: Technique and 
Considerations
• Ideally, use balloon trocars in order to 

prevent accidental trocar removals and 
CO2 leakage.

• Prevent tumor cell reflux through the 
port site by:
 – Complete aspiration of the ascites 

before trocar removal
 – Where necessary, dilution of the 

ascites with an abdominal lavage
 – Complete release of the pneumoperi-

toneum before trocar removal
 – Immediate closure of the peritoneum 

and the port site after trocar removal
• Reduction of tissue trauma by placing 

the trocar at a correct angle in order to 
reduce sheer forces to the tissue.

• In case of accidental removal of the tro-
car, try to reintroduce in the same port 
site.

4 The Diagnostic Role of Laparoscopy in Patients with Peritoneal Malignancy
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4.4  Diagnostic Laparoscopy 
for Gastric Cancer

The Society of American Gastrointestinal and 
Endoscopic Surgeons (SAGES) recommends the 
technique according to D’Ugo et al. [6] in their 
guidelines. After the creation of the pneumoperi-
toneum, an angled optic is introduced through an 
umbilical port. The cytological sample is either 
collected by aspiration of ascites or an aspirate of 
the abdominal fluid after the instillation of 200 ml 
of saline in cases without ascites. The inspection 
of the abdominal cavity serves three purposes:

 1. Evaluation of tumor infiltration depth 
(T category)

 2. Identification of lymph node metastases 
(N category)

 3. Identification of peritoneal or liver metastases 
(M category)

The anterior surface of the stomach, as well as 
the perigastric area, hepatogastric area, and the 
liver hilum, can be inspected or biopsied after 
elevation of the left lateral liver lobe. Posteriorly 
localized tumors are accessible for evaluation 
after opening the omental bursa; but due to post-
operative adhesions and the consequent potential 
difficulty differentiating between normal tissue 
and tumor, this maneuver is only appropriate in 
selected cases. For the detection and localization 
of liver metastases, laparoscopic ultrasound might 
be useful during diagnostic laparoscopy [8].

4.5  Laparoscopic Diagnosis 
of Peritoneal Metastases

There are several studies evaluating diagnostic 
laparoscopy in patients with peritoneal metasta-
ses from gastric cancer. The accuracy, sensitivity, 
and specificity were 93.4–100%, 73.7–100%, 
and 83–100%, respectively [3, 4, 14, 16, 18, 21]. 
According to one meta-analysis, the accuracy of 
CT and PET in detection of peritoneal metastases 
is inferior to diagnostic laparoscopy (81.2% and 
88.2% vs. 89.8–100%) [19]. Laparoscopy has a 
significantly higher sensitivity compared with 

CT (28.8%), ultrasound (9%), or PET-CT 
(35.3%) [5, 9, 12, 20].

Regarding the laparoscopic accuracy of evalua-
tion of the Peritoneal Cancer Index (PCI), laparos-
copy might underestimate the PCI compared to 
open evaluation, which is the gold standard [17].

Obviously, a higher number of trocars will 
improve the quality of exploration, but the most 
recent study showed that even single-incision lap-
aroscopic peritoneal exploration is safe and fea-
sible in order to detect peritoneal metastases, and 
it remains an appropriate tool in deciding whether 
complete cytoreduction might be  achievable [13].

4.6  Laparoscopic Diagnosis 
of Liver Metastases

Diagnostic laparoscopy offers no advantage in 
the detection of liver metastases. The diagnostic 
tool of choice, which is recommended in the 
guidelines, is contrast-enhanced CT [1].

4.7  Conclusion

Diagnostic laparoscopy provides a safe and effec-
tive diagnostic tool for the detection of peritoneal 
metastases and for the assessment of the possibil-
ity of complete cytoreduction. It helps to avoid 
unnecessary exploratory laparotomies in patients 
with unfavorable peritoneal spread or irresect-
ability. It is a useful diagnostic adjunct to radio-
logical imaging with CT or MRI.
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Scoring Systems for CRS and HIPEC

Jörg Pelz and Pankaj Kumar Garg

5.1  Introduction

 c Cytoreductive surgery (CRS) and 
hyperthermic intraperitoneal chemotherapy 
(HIPEC) have been a part of multimodal 
therapy of peritoneal metastases for many 
years.

In the past, there has been a lot of pessimism 
about the surgical management of peritoneal 
metastases. CRS and HIPEC have been associ-
ated with significant morbidity and mortality. In 
order to make this treatment modality acceptable 
to oncologists, patient selection criteria need to 
be stringent to optimize outcomes.

In 2006, PSOGI (Peritoneal Surface Oncology 
Group International) recommended eight clinical 
and radiological criteria indicating increased 
chances of having a complete cytoreduction [4]:

• ECOG performance status ≤2
• No evidence of extra-abdominal metastases

• Up to three resectable liver metastases
• No evidence of bile duct obstruction
• No evidence of ureteral obstruction
• No evidence of intestinal obstruction at more 

than one site
• No extensive involvement of the small intes-

tine or the mesenteric root
• Only small tumor burden in the gastrohepatic 

ligament

These criteria were subsequently found to be 
lacking as effective prognosticators for success-
ful treatment with CRS and HIPEC as they do not 
take into account the histological classification 
and the individual risk profile of patients. In the 
absence of large prospective trials addressing 
these issues, selection criteria are still largely 
determined by extent of disease.

5.2  Extent of Disease Scores 
Within the Abdomen

In recent years, many scores have been described 
to determine the extent of disease, the likelihood 
of complete cytoreduction, and the completeness 
of cytoreduction (CC score). Here we focus on 
preoperative selection criteria for CRS and 
HIPEC.
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5.2.1  Sugarbaker’s Peritoneal 
Cancer Index (PCI)

 c The most commonly used score worldwide 
in clinical practice is the Peritoneal Cancer 
Index (PCI)

The Peritoneal Cancer Index (PCI) [6] esti-
mates volume and location of tumor. The abdo-
men is divided into 13 regions: 9 regions in a grid 
of the abdomen, each right, center, and left in the 
upper abdomen, middle abdomen and lower 
abdomen/pelvis, and 4 regions of the small intes-
tine (the upper and lower jejunum and the upper 
and lower ileum). In addition, the tumor burden 
of the individual regions is described depending 
upon the Lesion Size Score (LSS) with 0–3 
points. In the absence of visible tumor, a score of 
0 is assigned; in the presence of visible tumor 
nodules, a score of 1 is assigned if the largest 
tumor size is up to 2.5mm, a score of 2 if the larg-
est tumor nodule is 2.5 mm to 2.5 cm, and a score 
of 3 if the largest tumor size exceeds 2.5 cm or 
there are confluent lesions. Every region is also 
assigned a number for identification: the central 
region is assigned the number 0, and all other 
regions around it are described clockwise (begin-
ning with the right upper abdomen). PCI is calcu-
lated by adding the LSS for each of the regions. 
As every region may have an LSS of 0 to 3, the 
minimum and maximum PCI can be 0 and 39, 
respectively (Fig. 5.1).

 c Several studies have shown that the extent 
of the PCI in a patient correlates directly 
with the possibility of achieving complete 
resection and thus has an impact on 
survival.

However, this classification has its own draw-
backs. LSS describes only the largest tumor in 
the region, but not the actual extent of the tumor. 
For example, the presence of an isolated tumor of 
more than 3 cm in a region is assigned a score of 
3, although it may be relatively easy to resect 
compared with multiple lesions with the largest 
tumor size of less than 3 and a lower LSS. The 

PCI was designed to describe colorectal perito-
neal metastases and may not have similar utility 
for other disease types.

5.2.2  Simplified Peritoneal Cancer 
Index (SPCI)

Similar to PCI, the Netherlands Cancer Institute 
developed a Simplified Peritoneal Cancer Index 
(SPCI) [8, 9]. The SPCI value is also calculated 
by adding the scores given in a specific region 
based on the tumor size.

Unlike the PCI, however, the peritoneal cavity 
is divided into seven different regions:

• Small pelvis
• Ileocecal region
• Omentum/transverse colon
• Small bowel/mesentery
• Subhepatic region/stomach
• Left diaphragmatic region
• Right diaphragmatic region

Similar to the PCI, a score of 0 to 3 are assigned 
to each region based on the largest tumor size (0, 
no tumor; 1, tumor size up to 1 cm; 2, tumor size 
of 1–5 cm; 3, tumor size more than 5 cm).

5.2.3  Gilly Classification

The Gilly classification was developed by keep-
ing in mind the location of the primary tumor and 
the extent of peritoneal metastases and was pro-
moted as a prognostic factor in peritoneal carci-
nomatosis [1, 5]. It is used primarily in 
French-speaking countries. It classifies perito-
neal carcinomatosis into five stages (0–4) 
(Table 5.1).

For peritoneal carcinomatosis of gastric or 
colon origin, a direct correlation between the sur-
vival and Gilly stages has been demonstrated [1]. 
Glehen et al. [5] also demonstrated a correlation 
between Gilly stages and survival. However, the 
Gilly staging criteria failed to inspire confidence 
in surgeons globally and is no longer used widely.
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5.2.4  P-Score

The P-score is one of the oldest descriptions of 
peritoneal carcinomatosis. It was developed by 
the Japanese Research Society for Gastric Cancer 
in 1981. Notably, it is only for peritoneal metas-

tases from gastric cancer. It describes the relative 
location of the peritoneal disease with respect to 
the position of the stomach.

The P-score is thus a relatively rough descrip-
tion. It does not take into account the size of the 
tumor or extent of the disease in a particular 

Regions Lesion Size

0 Central
1 Right Upper
2 Epigastrium
3 Left Upper
4 Left Flank
5 Left Lower
6 Pelvis
7 Right Lower
8 Right Flank
9 Upper Jejunum
10 Lower Jejunum
11 Upper Ileum
12 Lower Ileum

—
—
—
—
—
—
—
—
—
—
—
—
—

LS 0 No tumor seen
LS 1 Tumor up to 0.5 cm
LS 2 Tumor up to 5.0 cm
LS 3 Tumor> 5.0 cm

or confluence

Lesion Size Score

PCI 9

10

11

12

1 2 3

8 0 4

7 6 5

Fig. 5.1 Peritoneal Index according to Sugarbaker. (Adapted from Jacquet and Sugarbaker [6])
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region (Table 5.2). Understandably, the P-score is 
not used by most international working groups 
due to these limitations.

5.2.5  Simplified Preoperative 
Assessment for Appendix 
Tumor Score (SPAAT)

The Simplified Preoperative Assessment for 
Appendix Tumor Score (SPAAT) was developed 
by Dineen et al. in 2015. It describes the likeli-
hood of complete cytoreduction in “low-grade” 
mucinous carcinomas of appendix [3]. The score 
is determined semi-quantitatively on a preopera-
tive CT scan highlighting two CT imaging fea-
tures: the presence of scalloping over the liver, 
spleen, pancreas, and portal vein (score of 0–4) 
and the presence of mesenteric foreshortening of 
the small bowel (score of 0 to 3). SPAAT can vary 
from a minimum of 0 to a maximum of 7. A score 
of <3 suggests a good possibility of complete 
cytoreduction.

5.3  Other Radiological Scores

5.3.1  Limitations of Scoring 
Systems

 c The main problem with all scores is the 
fact that they are semi-quantitative and, 
above all, subjective.

Thus, various surgeons may come to a differ-
ent conclusion based on these scores because of 
their subjective nature. The scores are also deter-
mined based on intraoperative findings, and this 
is another Achilles heel when using them. For 
meaningful patient selection, tumor burden 
should be known prior to laparotomy. Diagnostic 
laparoscopy has its own shortcomings and often 
underestimates disease extent - although - if 
small bowel serosal involvement is seen, this is a 
relative contraindication to CRS and HIPEC.

 c Another problem is the lack of 
standardization of scores on different 
tumors of varying origin and pathology.

5.4  Combined Scores

For example, disease extent does not influence 
completeness of cytoreduction in pseudomyx-
oma peritonei of appendiceal origin. In experi-
enced centers, the majority of these patients have 
complete CRS and benefit from surgery regard-
less of preoperative PCI.

Peritoneal metastases from a moderately dif-
ferentiated colon carcinoma should have a PCI of 
less than 20 for an anticipated complete 
CRS. Moreover, PCI should be even lower if the 
histopathology of primary reveals G3 tumor sig-
net ring cells or other high-grade features.

As described above, a semi-quantitative score 
for the sole determination of disease extent alone 
is not always sufficient to ensure adequate patient 
selection. Other factors—tumor biology, the 
location of the primary tumor and unfavorable 

Table 5.2 P-score (Japanese Research Society for 
Gastric Cancer)

Designation Description
P0 No intraperitoneal metastases
P1 Disseminated metastases in the adjacent 

peritoneum. No further metastases in 
more distant peritoneum

P2 Isolated metastases in distant peritoneum
P3 Numerous metastases in distant 

peritoneum or all over the abdomen

Table 5.1 Gilly classification of the peritoneal 
carcinomatosis

Stage Description
0 No peritoneal disease
1 Local small nodular peritoneal disease (nodules 

<5 mm in the vicinity of the primary tumor)
2 Widespread peritoneal disease (nodules <5 mm 

throughout peritoneum)
3 Widespread peritoneal disease (nodules <2 cm 

in the entire peritoneum)
4 Widespread peritoneal disease (nodules ≥2 cm, 

or confluent nodules)
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sites of disease, the general condition of the 
patient, prior surgical history, and response to 
chemotherapy—are equally important in deter-
mining the suitability of the patient for CRS and 
HIPEC and ultimately survival.

Recently, other combined scores, incorporat-
ing other factors than just estimating disease 
extent, have been described to improve patient 
selection for CRS/HIPEC.

5.4.1  Assessment Based on Various 
Clinical Criteria

The French working group led by Pocard 
attempted to combine a number of clinical crite-
ria to identify definitive and relative exclusion 
criteria for better patient selection. The group 
recommended that a combination of these criteria 
is used as a yard stick to exclude patients who 
may not benefit from CRS/HIPEC.

Clinical Criteria

Definite exclusion criteria of French 
workgroup:
• Age >70 years
• Multiple liver metastases
• Severe comorbidities
• Disease progression despite chemotherapy
• Malnutrition
• Lung metastases

Relative exclusion criteria:
• No reduction in the levels of tumor markers 

following chemotherapy
• BMI > 40
• Prior intraperitoneal chemotherapy
• Clinical symptoms (e.g., ascites)
• More than four previous operations
• Obstruction
• No resection of distant metastases except the 

ovary

Recommendation:
• No criteria fulfilled—HIPEC indication
• One relative criteria fulfilled—expert opinion

• One absolute or two relative criteria ful-
filled—chemotherapy, reassessment after 3 
months

• More than one absolute or three relative crite-
ria fulfilled—no multimodality treatment, 
only palliative treatment

Depending on the number of exclusion crite-
ria, of definitive or relative criteria, and of posi-
tive factors, one can recommend either surgery, 
systemic chemotherapy followed by reassess-
ment for surgery, or palliative treatment/best sup-
portive care. However, this scoring system has its 
own pitfalls. Firstly, the criteria are often subjec-
tive and thus lead to varied inter-observer consis-
tency. In addition, old age (>70  years) is 
considered a definite exclusion criteria, which 
might not be acceptable to many oncologists as 
these patients are being evaluated over a period 
of time (from months to years). So which age 
should be considered—the age at diagnosis or the 
age following chemotherapy?

Though this scoring system may have many 
flaws, the French workgroup clearly showed that 
the estimation of disease extent alone for patient 
selection may not work, and thus other clinical 
factors must also be taken into account.

5.4.2  Peritoneal Surface Disease 
Severity Score (PSDSS)

In patients with peritoneal dissemination origi-
nating from colorectal cancer, the Peritoneal 
Surface Disease Severity Score (PSDSS) pro-
vides objective criteria for patient selection [7]. 
In addition to tumor burden (PCI <10, 10–20, 
>20), PSDSS also includes clinical symptoms 
(weight loss, pain, and ascites) and tumor biol-
ogy (well to moderately differentiated and N0, 
moderately differentiated, and N1 or N2, poorly 
differentiated or signet ring). PSDSS has been 
categorized into four stages: I to IV based on the 
summation of the arbitrary scores for the staging 
criteria. PSDSS stages I/II were shown to have 
significantly better life expectancy than stages 
III/IV. [2, 7].
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It should be emphasized that all criteria neces-
sary to calculate PSDSS can be assessed preop-
eratively. An exact value of PCI is not required in 
estimating PSDSS; it can be calculated radiologi-
cally, using either CT or MRI, and can be scored 
as low (PCI = 1–10), medium (PCI = 11–20), or 
high (PCI >21). This seems to be the definite 
advantage of using PSDSS when compared to 
other scores.

5.5  Conclusion

A range of scoring systems exist to aid selection 
of those most likely to benefit from CRS and 
HIPEC. These scores should not be used in isola-
tion, but in the context of the age of the patient, 
comorbidities, and anticipated perioperative 
complications, these patients should be discussed 
at multidisciplinary meetings in order to select 
the most appropriate treatment plan.

With advances in our understanding of tumor 
biology, and response to systemic anticancer 
treatments, selection criteria for CRS and HIPEC 
will be refined to avoid futile surgical procedures 
and associated morbidity.
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The Natural Course of Peritoneal 
Carcinomatosis (PC)

Jürgen Tepel and Dieudonne Ajah

6.1  The Peritoneum

The peritoneum is the thin serous semi- permeable 
membrane that lines the walls of the abdominal 
and pelvic cavities and clothes the abdominal and 
pelvic viscera. It is the largest serous membrane of 
the human body and consists of a simple layer of 
squamous epithelial cells called the mesothelium. 
It has an approximate surface area of 1–2 m2.

The peritoneum consists of two parts: (1) the 
parietal peritoneum lining the internal wall of 
abdominopelvic cavity and (2) the visceral peri-
toneum lining the majority of abdominal 
viscera.

The visceral peritoneum is served by the same 
blood, lymphatic vessels, and nerves as the 
organs it covers. The parietal peritoneum, how-
ever, shares circulation and nerve supply with the 
abdominal wall. The cavity formed between the 
parietal and visceral peritoneum is known as the 
peritoneal cavity.

A small amount of fluid is secreted by the 
mesothelium. It fills the peritoneal cavity and 
allows for frictionless movement between the 

two layers of the peritoneum. Added to this, the 
peritoneum also functions as a barrier to infec-
tions, and it plays an important role in suspend-
ing various organs within the abdominal cavity. It 
also serves as a means of conveying blood, lymph 
vessels, and nerves to the organs.

6.2  Peritoneal 
Carcinomatosis (PC)

PC represents the spread of malignancies to the 
parietal and visceral peritoneum [20, 21]. The 
emergence of PC is the result of a molecular 
crosstalk between cancer cells and host elements, 
involving several well-defined steps, known as 
the peritoneal metastatic cascade. Individual cells 
or clumps of tumor cells detach from the primary 
tumor and gain access to the peritoneal cavity 
and the regular peritoneal fluid transport [12, 29].

This spread of tumor cells occurs through sev-
eral mechanisms: intraperitoneal seeding, direct 
invasion, and hematogenous and lymphatic dis-
semination. Although lymphatic dissemination 
plays a minor role in the spread of this disease, it 
is an important factor in the growth of carcinoma 
along the wall of the stomach or intestines. Once 
in the peritoneal cavity, these cells adhere to the 
mesothelium and invade the submesothelial con-
nective tissues, where angiogenesis sustains 
 proliferation and enables further metastatic 
growth [11, 13, 26].
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It has been shown that the distribution of 
malignant seeding correlates with the circulation 
of peritoneal fluid, which is driven by a combina-
tion of gravity and diaphragmatic pressure gradi-
ents created during normal respiratory motion. 
Four predominant sites of metastases include: the 
pouch of Douglas, the right lower quadrant, the 
left lower quadrant along the superior border of 
the sigmoid mesocolon, and the right paracolic 
gutter lateral to the cecum and the ascending 
colon. Relative stasis of ascites at these sites pro-
motes seeding of malignant cells [14, 15].

Three different patterns of peritoneal cancer 
spread have been described [3]:

• Random proximal distribution (RPD): leads to 
early peritoneal implantation due to adherent 
molecules on cancer cell surface, also in the 
presence of ascites. This pattern of spread is 
typical for moderate- to high-grade cancers, 
e.g., adenocarcinoma and carcinoid of the 
appendix, nonmucinous colorectal cancer, 
gastric cancer, and serous ovarian cancer.

• Complete redistribution (CRD): due to low 
biological aggressiveness of the tumor cells, 
there is no adhesion to the peritoneal surface 
close to the primary tumor. This distribution 
pattern is typical of the pseudomyxoma peri-
tonei and diffuse malignant mesothelioma.

• Widespread cancer distribution (WCD): char-
acterized by the presence of adherent mole-
cules on the surface of cancer cells that 
produce large amounts of mucus, interfering 
with cell adherence. This is typical of aggres-
sive and undifferentiated tumors such as G2–
G3 cystadenocarcinoma of the appendix, 
mucinous colorectal cancer, and mucinous 
ovarian cancer.

An understanding of the various patterns of 
spread is very important for the planning of cyto-
reductive surgery (local parietal peritonectomy or 
complete/total peritonectomy).

Peritoneal malignancies could be divided into 
two groups:

Primary peritoneal malignancies (PPM) [31]
• Peritoneal mesothelioma
• Primary peritoneal carcinoma
• Cystic mesothelioma
• Peritoneal sarcoma
• Desmoplastic round cell tumor (DRCT)

Secondary peritoneal malignancies or 
metastasis
Extra-abdominal tumors:
• Lobular breast cancer
• Lung cancer
• Melanoma

Intra-abdominal tumors:
• Ovarian cancer
• GI cancer: stomach, pancreas, colon, appen-

dix, and pseudomyxoma peritonei (PMP)

Primary malignancies of the peritoneum are 
rare. Most cancers of the peritoneum are metasta-
ses from carcinomas of other intra-abdominal 
organs. Of the different malignant processes of 
the peritoneal cavity, metastatic diseases of the 
gastrointestinal tract (stomach, colon, appendix, 
gallbladder, and pancreas) and the ovary are the 
most common primaries [1].

The presence of PC is generally associated 
with disease progression and poor prognosis. 
Though some patients may be asymptomatic, the 
following are a few forms of clinical presenta-
tions of this condition: abdominal pain, abdomi-
nal distension, ascites, weight loss, abdominal 
mass, nausea, intestinal obstruction, etc. All these 
are indications of the advanced stage of the con-
dition [3, 23]. Once the diagnosis is made, the 
prognosis is usually poor, with 2 to 6  months 
median survival [25].

PC has been shown to reduce overall survival 
in patients with liver metastases or dissemination 
outside the peritoneum from gastrointestinal can-
cer [3].

Peritoneal metastasis is the most frequent pat-
tern of gastric cancer recurrence [7, 10], and it 
develops in more than 50% of patients diagnosed 
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with gastric cancer [17]. For patients with PC of 
gastric origin, the 5-year survival rate is lower 
than 3%, with an overall mean and median sur-
vival of 6.5 and 3.1 months, respectively. In 5% 
to 20% of the diagnoses of gastric cancer, PC is 
identified [3, 22].

The peritoneum is one of the most frequent 
sites for metastasis of colorectal cancer: approxi-
mately 4% to 7% of patients with colorectal can-
cer already present with PC at the time of 
diagnosis [9, 24], and it is recognized as the sec-
ond most frequent cause of death after metastatic 
liver disease [30]. For patients with synchronous 
PC and liver metastasis of colorectal origin, a 
median survival of 5  months—in comparison 
with 95 months for patients with non- metastasized 
diseases—has been shown [19, 28].

In a large study involving 2756 CRC patients, 
it was observed that about 8% and 5% of the 
patients presented with synchronous and meta-
chronous PC, respectively, at the time of diagno-
sis [8, 9].

This typically leads to poor prognosis. The 
clinical presentations are often nonspecific: 
fatigue, cachexia, nausea, abdominal discomfort 
as a result of ascites, and intestinal obstruction in 
advanced stages.

Pseudomyxoma peritonei (PMP) is a clinical 
syndrome characterized by the presence of muci-
nous ascites (“jelly belly”) within the peritoneal 
cavity frequently associated with perforation of 
an appendiceal mucinous adenoma [2, 16].

While traditionally considered benign, PMP 
should be at best considered a “borderline malig-
nancy.” The incidence of mucinous epithelial 
neoplasma of the appendix is approximated at 
0.3% and a progression to PMP at 20% [6].

Overall the most common presentations were 
suspected appendicitis (27%), increasing abdom-
inal distension (23%), and a new-onset hernia 
(14%).

Until recently, treatment was repeated opera-
tive evacuation of the mucinous tumor mass. 
Eventually the patients succumbed to intestinal 
obstructions and terminal starvation. This approach 
resulted in a median survival of 2.5 years, with few 
patients still alive after 5 years [5].

The occurrence of PC in ovarian cancer is 
also very common, mainly due to the fact that 
there are no effective screening tests for the dis-
ease, and therefore diagnosis is often made after 
the disease has already reached an advanced 
stage [4].

PC associated with ovarian malignancies—just 
like other PCs of other origins—also generally 
present with poor survival. It has been shown to 
present a median overall survival of 10  months 
with a very high decrease in the quality of life [27].

Because the overall survival of PC is only 
slightly influenced by systemic chemotherapy, 
the condition is generally considered terminal, 
and the presence of malignant ascites in PC is a 
poor prognostic indicator [18].

In conclusion, the EVOCAPE-1 multicentric 
prospective study on peritoneal carcinomatosis 
of non-gynecologic origin gives a detailed analy-
sis of the known course of peritoneal 
carcinomatosis.

6.3  Conclusion

 c There has been a constant increase in the 
understanding of the intraperitoneal 
dissemination of tumor cells, the 
development of peritoneal metastasis, and 
the effect this has on the prognosis of 
different tumor entities. Based on this 
understanding, better multimodal therapy 
concepts can be developed, modified, and 
evaluated.
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7.1  Introduction

There is limited data on cytoreductive sur-
gery (CRS) of peritoneal metastases in esopha-
geal or hepatobiliary cancer. Likewise, for 
pancreatic cancer, there is only scarce data 
about peritonectomy and hyperthermic intra-
peritoneal chemotherapy (HIPEC) or additional 
chemotherapy. A Greek study [26] analyzed the 
effect of adjuvant gemcitabine-based HIPEC in 
21 patients with pancreatic cancer. Overall, the 
therapy was well- tolerated. In a phase II study, 
33 patients with histological or cytological evi-
dence of peritoneal carcinomatosis of pancre-
atic origin received oral fluoropyrimidine 
derivate S1 with systemic and intraperitoneal 
paclitaxel [21]. Eight patients were eligible for 
subsequent/secondary surgery, which resulted 
in a favorable outcome suggesting a potential 
positive effect of chemotherapy. It is not clear 
what part is attributable to systemic or to intra-
peritoneal chemotherapy or surgery. However, 

when combined with complete tumor resection 
and HIPEC, distal pancreatectomy can be asso-
ciated with more severe postoperative pancre-
atic fistula [11].

In summary, there is insufficient evidence to rec-
ommend chemotherapy combined with CRS/
HIPEC in pancreatic cancer.

Data on the combination of CRS/HIPEC with 
modern chemotherapy regimens, such as nab- 
paclitaxel  +  gemcitabine or FOLFIRINOX is 
lacking.

This chapter focuses on peritoneal metastases 
of gastric cancer. Current German guidelines on 
gastric cancer do not recommend intraperitoneal 
chemotherapy outside of clinical trials.

Data is accumulating that may suggest some 
possible improvement of prognosis following 
CRS and HIPEC in gastric cancer with limited 
peritoneal carcinomatosis; it is currently not suf-
ficient to recommend the procedure outside of a 
clinical trial [19].

7.2  Peritoneal Cancer Index

 c The peritoneal carcinomatosis index (PCI) 
is the most important factor predicting 
extensive surgical cytoreduction [33].
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A favorable prognosis was determined at 
varying PCI cutoff levels ranging from 6 [34], 
<12 [12], to <20 [29]. A meta-analysis including 
748 patients identified an optimal PCI cutoff 
level at 12, differentiating patients with a more 
favorable vs. more fatal prognosis following peri-
tonectomy [7]. Patients with a PCI above the cut-
off level had a fatal prognosis despite complete 
surgical cytoreduction [31]. A potential PCI 
reduction can be attempted by preoperative che-
motherapy. Here, smaller phase II trials in 
selected patients seem promising.

7.3  Developments 
of Chemotherapy 
in Perioperative 
and Palliative Setting

Preoperative chemotherapeutic PCI reduction 
can be achieved by either systemic or intraperito-
neal chemotherapy.

Risk factors for peritoneal carcinomatosis 
include a grading of G3 or G4, nodal positivity, a 
signet ring histology, and a T3 or T4 stadium 
[22]. For these subgroups, there are no specific 
chemotherapy regimens. Instead, data on periop-
erative and palliative chemotherapy from patients 
with gastric cancer needs to be extrapolated.

The most important developments regarding 
preoperative chemotherapy will be discussed 
below. These will be complemented by findings 
from palliative therapy in gastric cancer.

 c Perioperative chemotherapy is a 
recommended standard therapy for gastric 
and gastroesophageal junction adenocar-
cinoma in Europe.

Table 7.1 summarizes clinical trials on periop-
erative and preoperative chemotherapy in the 
curative setting.

The perioperative MAGIC study [8] random-
ized 503 patients with gastric and gastroesopha-
geal junction adenocarcinoma to either 
perioperative chemotherapy (epirubicin/
cisplatin/5-fluorouracil) or surgery alone. The 
5-year survival rate was increased from 23% to 

36% (p  =  0.009). Postoperative morbidity was 
not elevated in the chemotherapy group. A French 
study of the FNCLCC [30] corroborated the posi-
tive effect of perioperative chemotherapy found 
in the MAGIC study. A total of 224 patients were 
randomized between perioperative chemotherapy 
and surgery alone. The 5-year survival rate was 
significantly improved from 24% to 38% 
(p = 0.021). According to these trials, periopera-
tive therapy for gastric cancer became the stan-
dard of care. Furthermore, ECF or CF were the 
preferred chemotherapy regimens until the pre-
sentation of the FLOT trial (see below).

The British randomized REAL-2 trial 
(Table.  7.2) in patients with metastatic gastric 
cancer showed a comparable efficacy substitut-
ing 5-FU with capecitabine as well as cisplatin 
with oxaliplatin [9]. In this two-by-two factorial 
design study, 1002 patients were randomized to 
epirubicin and cisplatin plus either fluorouracil 
(ECF) or capecitabine (ECX) or epirubicin and 
oxaliplatin plus either fluorouracil (EOF) or 
capecitabine (EOX). Statistical analysis for the 
primary endpoint of overall survival showed non-
inferiority of both capecitabine and oxaliplatin. 
This suggests that, also in preoperative therapy, 
cisplatin can be substituted by oxaliplatin and 
5-FU by capecitabine.

However, the role of epirubicin has been 
increasingly challenged by recent studies. A 
British randomized study including 897 patients 
with adenocarcinoma of the distal esophagus and 
the gastroesophageal junction compared two pre-
operative cycles of an epirubicin-free chemother-
apy (cisplatin/5-FU) to a four-cycle ECX regimen 
(OE-05 trial) [4]. There was no significant benefit 
to the intensified therapy with epirubicin.

In contrast to the perioperative therapy, in the 
palliative setting docetaxel has been shown to 
improve the efficacy of chemotherapy in meta-
static gastric cancer (Table  7.2). A randomized 
phase III trial including 445 patients with metas-
tasized gastric cancer compared 5-FU/cisplatin to 
docetaxel/5-FU/cisplatin. The addition of 
docetaxel significantly improved survival 
(p = 0.01) [28]. However, this regimen was asso-
ciated with more severe side effects. Therefore, 
nowadays docetaxel-containing triple therapies 
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are commonly modified. One option is the 
Gastro-TAX regimen with a 14-day application 
of docetaxel/cisplatin/folinic acid and 5-FU [20]. 
A modified DCF regimen was compared to the 
original DCF regimen by Shah et al. [23], show-
ing improved tolerability with sustained efficacy.

As a consequence of the improved efficacy 
by adding docetaxel, phase II trials also tested a 
combination of docetaxel/platinum and 5-FU 
for preoperative therapy. Three preoperative 
cycles of docetaxel/cisplatin and capecitabine 
increased the pathologic complete remission 
rate to 13.7% [27].

A randomized phase II/III trial (FLOT4 trial) 
of the AIO (Arbeitsgemeinschaft Internistische 
Onkologie) with 716 patients in the perioperative 
setting compared the FLOT regimen, which con-
sisted of 4 pre- and 4 postoperative cycles, to the 
ECF regimen established in the MAGIC trial. An 
analysis of the phase II part, including 265 
patients, showed an increase in the pathologic 
complete remission rate using FLOT to 16% 
compared to 6% when using ECF [2]. The final 
results from the FLOT4 trial showed an increased 
progression-free and overall survival in the FLOT 
group compared to the ECF group [3]. The over-
all survival improved from a median of 35 to 
50 months (hazard ratio [HR] 0.77; 95% confi-
dence interval [CI; 0.63–0.94]; p = 0.012). The 
3-year overall survival increased from 48% to 
57%, the 5-year overall survival from 36% to 
45%. The perioperative morbidity and mortality 
rates tended to be lower in the FLOT group com-
pared to the ECF group.

FLOT is the new standard treatment for periopera-
tive therapy in gastric or gastroesophageal junction 
adenocarcinoma. The triple combination of 5-FU/
platinum and docetaxel represents one of the most 
effective preoperative therapies for unselected 
patients.

About 20% of patients with gastric cancer 
show tumor overexpression of HER2 receptors 
[5]. A randomized trial in patients with metasta-
sized gastric cancer revealed a significantly 
increased efficacy of chemotherapy with fluoro-
pyrimidine and cisplatin when adding trastu-
zumab, a monoclonal anti-HER2 receptor 
antibody. A subgroup analysis of 446 patients 
with marked HER2 overexpression demonstrated 
an increased median survival from 11.8 to 
16.0 months (HR 0.65; 95% CI 0.51–0.83).

In patients with HER2 overexpression, the addition 
of trastuzumab to platinum and fluoropyrimidine 
represents standard first-line therapy.

It remains unclear whether trastuzumab might 
also improve the results of perioperative therapy 
for localized gastric carcinomas. Recent studies 
evaluated the addition of trastuzumab to a triple 
combination therapy (FLOT) in the preoperative 
treatment of gastric cancer. Hofheinz et al. [14] 
showed a very high pathologic complete remis-
sion rate in these patients. Overall, therapy toler-
ability was good. However, in the perioperative 
setting trastuzumab should only be applied as 
part of clinical trials. Such trials are currently 
recruiting—for example, the INNOVATION trial 
of the EORTC (NCT02205047).

Table 7.2 Crucial trials in palliative treatment of gastric cancer (phase III)

Author Year N Regimen Median OS (months) Hazard ratio p Conclusion
Cunningham et al. 2008 1002 ECF 9.9 0.86 Cape can substitute 5-FU

ECX 9.9
EOF 9.3 0.92 Ox can substitute Cis
EOX 11.2

Van Cutsem et al. 2006 445 CF 8.6 1.29 0.02 Docetaxel improves OS
DCF 9.2

Bang et al. 2010 584 CF + T-mab 13.8 0.74 0.005 T-mab improves OS
CF 11.1

5-FU fluorouracil, Cape capecitabine, CF cisplatin/5-FU, Cis cisplatin, DCF docetaxel/cisplatin/5-FU, ECF epirubicin/
cisplatin/5-fluorouracil, ECX epirubicin/cisplatin/capecitabine, OS overall survival, Ox oxaliplatin, T-mab trastuzumab
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7.4  Chemotherapy 
for Downstaging 
in Peritoneal Carcinomatosis

What is the best chemotherapy for preoperative 
downstaging in patients with peritoneal metasta-
sized gastric cancer?

There is no data on the most effective therapy 
in patients with peritoneal carcinomatosis.

Therefore, the best-established chemotherapy 
should be used for treatment of peritoneal 
carcinomatosis.

For HER2-negative patients, this would con-
sist of a triple combination with platinum/5-FU 
and docetaxel; for HER2-positive patients, add-
ing trastuzumab is recommended either in com-
bination with fluoropyrimidine and platinum or 
with docetaxel and platinum. However, as men-
tioned above, the latter is not approved in this 
combination.

Clinical experience has shown that systemic 
chemotherapy might also be effective in perito-
neal carcinomatosis. A study by Imamoto et al. 
[15] addressed this question by testing intrave-
nous paclitaxel in 64 patients who had gastric 
cancer with peritoneal carcinomatosis. Ascites 
was reduced in 39.1% of patients.

Nevertheless, patients with peritoneal carcino-
matosis are characterized by a more dismal prog-
nosis compared to patients without peritoneal 
carcinomatosis. For example, this was demon-
strated for colorectal carcinoma in retrospective 
analyses of larger trials [18]. One hypothesis that 
would explain the unfavorable disease progres-
sion in patients with peritoneal carcinomatosis 
despite systemic chemotherapy is a blood- 
peritoneal barrier [6]. The barrier might diminish 
penetration of circulating systemic drugs into the 
peritoneal cavity. Animal studies demonstrated a 
substantially higher intraperitoneal concentration 
after intraperitoneal administration of chemo-
therapy compared to systemic therapy [10].

Therefore, a number of smaller studies, especially 
from Asia, combine systemic chemotherapy with 
an intraperitoneal chemotherapy prior to CRS and 
HIPEC.

Yonemura et al. [34] administered intraperito-
neal docetaxel and cisplatin combined with oral 
S1. Other studies on the so-called bidirectional 
intraperitoneal and systemic induction therapy 
similarly apply oral S1 followed by a 7-day dis-
continuation, followed by intraperitoneal and 
systemic docetaxel and cisplatin [32].

Ishigami et al. [16] report on an analysis of 40 
patients with intraperitoneal paclitaxel combined 
with oral S1, showing a response rate of 56% and 
a 1-year survival of 78%.

Additional side effects are likely to occur after 
preoperative chemotherapy. However, there was 
no increase of postoperative morbidity and mor-
tality in the randomized trials of pre- and postop-
erative chemotherapy vs. surgery alone in the 
curative treatment setting [3, 8, 30].

Whether preoperative chemotherapy is associ-
ated with elevated morbidity in patients with gas-
trectomy and CRS has not been studied in 
randomized trials.

A review by Yonemura et al. [33] suggests that 
neoadjuvant intraperitoneal chemotherapy com-
bined with systemic chemotherapy could lead to 
an increased rate of morbidity and, potentially, 
mortality. Reported rates of postoperative mor-
bidity, severe complications, and re-surgery 
range from 3.4% to 4%, 24–27%, and 7.6% [12, 
13, 34].

7.5  Conclusion

Decisions regarding the most effective preopera-
tive therapy for patients with intended gastrec-
tomy and CRS can currently not be based on 
randomized trials. A triple combination therapy 
comprising fluoropyrimidine, platinum, and 
docetaxel seems to be most effective. The poten-
tial benefit of an additional combination of pre-
operative intraperitoneal chemotherapy and a 
systemic treatment (bidirectional intraperitoneal 
and systemic induction therapy) seems promis-
ing, but this should be evaluated in future trials.

In patients with HER2-overexpressing tumors, 
the addition of trastuzumab to chemotherapy is 
essential.

7 Inductive Preoperative Chemotherapy for Peritoneal Metastases of Tumors of the Upper GI Tract
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Outlook
New treatment strategies for preoperative therapy 
might hopefully emerge from already established 
and successful strategies in palliative therapy. 
These include VEGF inhibitors such as ramuci-
rumab as well as immune checkpoint inhibitors. 
In a large randomized phase III trial, third-line or 
later anti-PD-1 monoclonal antibody nivolumab 
increased overall survival from 4.14 months with 
placebo to 5.32  months with nivolumab (HR 
0.63; 95% CI 0.50–0.78, p < 0.0001) in an Asian 
population with subsequent approval in Japan 
[17]. Survival benefits were seen irrespective of 
PD-L1 expression. Pembrolizumab has been 
evaluated in global second- and first-line ran-
domized trials. The phase III KEYNOTE-061 
trial failed to show superiority for second-line 
pembrolizumab versus chemotherapy in patients 
with PD-L1+ (combined positive score [CPS] 
≥1) tumors [24]. The randomized KEYNOTE-062 
trial compared first-line pembrolizumab to che-
motherapy in 763 patients in a noninferiority 
design [25]. In patients with CPS ≥ 1 gastric and 
gastroesophageal adenocarcinomas, pembroli-
zumab was found to be noninferior to chemother-
apy (HR 0.91; 95% CI 0.69–1.18) given the 
prespecified noninferiority margin of the hazard 
ratio of 1.2. In the CPS ≥10 tumor cohort, pem-
brolizumab outperformed chemotherapy (HR 
0.69; 95% CI 0.49–0.67). It was particularly 
effective in all subgroups with gastric carcinoma 
with microsatellite instability.

Furthermore, IMAB362, a monoclonal anti-
body directed against claudin 18.2, could show 
promising results in a phase II trial in comparison 
to chemotherapy alone [1].
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8.1  Peritoneal Metastatic 
Colorectal Cancer

8.1.1  Introduction

In a significant proportion of patients with 
colorectal cancer, the diagnosis is made at an 
advanced stage of disease when the tumor has 
already perforated the intestine and a peritoneal 
spread of tumor cells has been established. Zeng 
et  al. [48] showed in 1992 that, in cases with 
completely resected colon carcinomas in a 
T-stage “T3 and T4,” tumor cells already exist on 
the serosal surface of the intestine in up to 50% of 
the patients. In comparable reports, Pomeranz 
et  al. [35] and Ambrose et  al. [2] were able to 
detect free cancer cells in peritoneal lavages in up 
to 25% of patients with colorectal carcinomas. 
Newland et al. [31] showed that, due to a tumor 
perforation in patients without regional lymph 
node involvement, the 5-year survival rate was 
already reduced by 23%. After curative surgery, 
up to 40% of patients experience a recurrence of 

tumor progression, and, in 80–90% of these 
cases, the recurrence takes place within the first 
2 years after surgery. More interesting is that the 
relapse occurs in about 40% of patients in the sur-
gical field and/or is combined with peritoneal 
seeding.

Local recurrence in the area of the intestinal 
wall is found in only 27% of cases. In 69% of the 
cases, infestation occurs in neighboring struc-
tures. Tumor spread in the peritoneum was 
observed by Russel et  al. [41] in 36% of cases 
and in 42% of patients with a local relapse. 
Peritoneal metastases are one of the main causes 
of death in colorectal carcinoma due to the asso-
ciated complications, such as intestinal obstruc-
tion and ileus. According to Galandiuk et al. [18], 
this occurs in an interval of 19 months after the 
primary tumor resection.

According to the analysis carried out by Jayne 
et al. [24] on 349 patients with peritoneal meta-
static colorectal carcinoma (pmCRC) from 3019 
patients with colorectal carcinoma (CRC), the 
spontaneous survival of patients with pmCRC is 
only 7 months. The EVOCAPE-1 study [42] ana-
lyzed patients with non-gynecological peritoneal 
cancer, among whom 118 patients had colorectal 
cancer as the primary carcinoma. Overall sur-
vival was only 6.9  months on average (range 
0.6–44.9  months); the median was 5.2  months. 
Chu et al. [9] showed a survival rate of 6 months 
between the diagnosis of peritoneal carcinomato-
sis and death. These data underline the very poor 
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prognosis in patients with peritoneal metastatic 
colorectal carcinoma.

Theoretically, these patients have an increased 
risk of both intraperitoneal and systemic treat-
ment failure. It is therefore hypothesized that the 
patients could benefit from a combination of 
cytoreductive surgery (CRS) and hyperthermic 
intraperitoneal chemotherapy (HIPEC) as well as 
systemic chemotherapy. However, the role and 
the optimal timing of the sequence of systemic 
therapy in CRS-HIPEC is still a matter of debate 
[27]. It must also be said that there is no clearly 
defined clinical pathway for these patients and 
that further study is required.

8.1.2  Peritoneal Metastases 
from Colorectal 
Adenocarcinoma

In the group of colorectal carcinomas, the com-
plete cytoreduction of peritoneal metastases 
resulted in a 5-year relapse-free survival rate of 
43% (German Society for Visceral Surgery). In 
these patients the use of inductive chemotherapy 
before HIPEC in colorectal cancer will result in 
two distinct scenarios as shown in Fig. 8.1 fol-
lowing the algorithm of Glockzin et al. [21].

The first option is CRS plus HIPEC, which is 
necessary in a curative concept for pmCRC with 
the possibility of neoadjuvant chemotherapy. The 
second option is CRS plus HIPEC along with 
palliative systemic therapy in a definitely incur-
able situation. Another possibility is a prophylac-
tic HIPEC in a high-risk situation, which is the 

subject of studies (i.e., the PROMENADE trial/
COLOPEC trial) and will not be discussed fur-
ther in this report. The current PROPHYLOCHIP 
trial failed to improve survival in this situation.

There are patients with pmCRC who can 
achieve a CC-0/1 (completeness of cytoreduction 
score) following the operation. In such cases, the 
S3 guidelines [36, 37] recommend cytoreductive 
surgery followed by hyperthermic intraperitoneal 
chemotherapy for patients with isolated and lim-
ited peritoneal carcinomatosis. The following 
conditions should be met: There should be a PCI 
(peritoneal cancer index) below 20, no extra-
abdominal metastases, and the possibility of mac-
roscopically complete removal or destruction of 
any tumor manifestation (CC-0/1).

Peritoneal metastatic colorectal patients are 
not comparable with hepatic metastatic patients. 
In the case of metastases limited to the liver and 
technical irresectability, the ESMO guidelines 
[45] propose the so-called conversion chemother-
apy. In RAS wild-type, an anti-EGFR and cyto-
static doublet is recommended. Treatment with 
the triplet FOLFOXIRI and bevacizumab is also 
possible, or FOLFIRI plus bevacizumab. The lat-
ter combinations are the drugs of choice for 
RAS-mutated patients. The maximum response 
is expected after 12–16 weeks. The evidence for 
this is substantiated by large phase III studies. In 
the case of resectable hepatic metastases, the data 
regarding inductive chemotherapy is relatively 
sparse. The only positive evidence for improved 
progression-free survival (PFS) is the data 
 regarding FOLFOX from the EPOC trial [33] 
 perioperatively and/or postoperatively. The 

resectable

CRS + HIPEC: CC- 0/1

Peritoneal metastatic colorectal cancer

pre-operative systemic chemotherapy 

post-operative systemic chemotherapy 

Fig. 8.1 Therapy algorithm of inductive chemotherapy 
as a part of the so-called quasi-curative concept in colorec-
tal carcinoma with a manifest peritoneal carcinosis (CC 

completeness of cytoreduction, CRS cytoreductive sur-
gery, HIPEC hyperthermic intraperitoneal chemotherapy)
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results for the addition anti-EGFR in the New 
EPOC trial [38] are negative. The collectives of 
both studies were not comparable. In the EPOC 
trial, the patients were clearly resectable at the 
time of trial inclusion; in the New EPOC trial, 
some patients were clearly resectable, whereas 
others were less optimally resectable. In the 
EPOC trial, up to four patients with liver lesions 
were included, but in the New EPOC trial there 
were no such limitations [26]. The data on beva-
cizumab has not been sufficiently evaluated, as is 
obvious, for example, in the BOS 2 trial. 
Perioperative chemotherapy for a resectable find-
ing confined to the liver is therefore worthy of 
discussion, and it remains the decision-making 
task of a MDT.

The data on the corresponding intravenous 
chemotherapy combinations used with CRS and 
HIPEC is even less clear, especially because the 
overlap between purely inductive therapy and 
conversion therapy, particularly in borderline sit-
uations. It is as fluent as described above for the 
liver. Within the framework of the recently pub-
lished reviews, separation is often difficult. The 
decision can often be determined only in the con-
text of laparotomy. Exceptions are patients with a 
prophylactic HIPEC as well as HIPEC in patients 
with a massive peritoneal tumor burden. However, 
these are not often the target groups for 
treatment.

8.1.3  Chemotherapy: The State 
of Research

In addition to the definition of the target group for 
preoperative chemotherapy of pmCRC, and a 
potentially curative HIPEC for metastatic dis-
ease, it is important to consider cytostatic sub-
stances and the cytostatic combination therapies 
that are effective. This is in order to choose a suit-
able foundation for induction therapy. Although 
there are a variety of prospective randomized 
studies as well as retrospective analyses of sys-
temic chemotherapy in CRC, the data regarding 
the subgroup of pmCRC patients is sparse. 
Ultimately, regional intra-abdominal chemother-
apy was the invention of necessity: Systemically 

administered chemotherapies are less effective 
when applied in the abdomen through the 
peritoneum- plasma barrier than at other localiza-
tions of the body. The peritoneal carcinosis con-
sists of partially poorly vascularized nodes [4, 8, 
14, 44], and it is therefore comparatively resistant 
to intravenous chemotherapy alone.

Furthermore, the group of pmCRC patients, 
when compared with the multiple mCRC studies 
with intravenous chemotherapy, still appears to 
be a subgroup of mCRC patients that has been 
disproportionately poorly evaluated.

Franko et al. [17] analyzed 364 patients with a 
peritoneal metastases from 2 randomized phase 
III studies [22, 25] from a total 2095 patients. 
Analysis showed a 30% relative reduction in 
overall survival in the pmCRC subgroup versus 
non-pmCRC patients. Median survival was 
12.7  months vs. 17.6  months in the pmCRC 
group vs. the non-pmCRC group. In these stud-
ies, an advantage for a systemic FOLFOX ther-
apy compared to an irinotecan-based regime was 
found. This was independent of the extent of 
peritoneal metastases. The subgroup analysis of 
the CAIRO and CAIRO-2 study showed the same 
results. An analysis by Adachi et al. [1] showed 
an advantage for an oxaliplatin-based chemother-
apy compared with irinotecan-based therapy for 
pmCRC patients. Moreover, the addition of beva-
cizumab or cetuximab showed positive effects. 
An Asian study by Lee et al. [28] also showed the 
effectiveness of systemic oxaliplatin-based ther-
apy (FOLFOX-4) for patients with pmCRC.

A national population-based study by 
Razenberg et al. [39] showed that, for 222 patients 
with metachronic pmCRC and palliative systemic 
chemotherapy, a median survival rate of 13 months 
was achieved; when bevacizumab was added, this 
rose to 20.3  months. Without systemic therapy, 
however, it was only 3.4 months. Similar survival 
rates were reported by Elias et al. [15] from the 
French Register in a similar patient population 
(n = 48) with a median overall survival (OS) of 
23.9  months using modern combined systemic 
chemotherapy. These data underline the effective-
ness of systemic therapy also for pmCRC.

Taking into account the promising results of 
first-line studies as well as established first-line 
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therapies with combination chemotherapy and 
targeted therapy in metastatic colorectal carci-
noma with a median survival of 25–41.3 months 
[11, 23, 43, 46] and in view of the fact that, in the 
context of these studies, patients with pmCRC 
were frequently treated within these trials, 
patients should therefore be treated with the usual 
doublets or triplets as well as with targeted ther-
apy that considers molecular biological aspects.

Data from inductive therapy of CLM (“colon 
liver metastases”) or conversion therapy of CLM 
in liver-limited tumors (LLM) cannot be directly 
applied to pmCRC patients, since pmCRC is 
prognostically different. In addition, patients 
who receive HIPEC for pmCRC often show 
metastases in other organs.

A retrospective multicenter cohort study by 
Elias et al. [16] on 523 pmCRC patients from 23 
centers, who were treated with CRS and intra-
peritoneal chemotherapy, defined the following 
independent prognostic factors for pmCRC 
patients: the presence of liver metastases, the 
experience of the center, and especially adjuvant 
chemotherapy after CRS with intraperitoneal 
chemotherapy. An additional systemic adjuvant 
chemotherapy in the study had a dramatic influ-
ence on the prognosis, and this underlines the 
concept of adding a systemic therapy to 
HIPEC. Retrospective data of Glehen et al. [19] 
on 506 pmCRC patients from 28 centers support 
the addition of adjuvant chemotherapy as an 
independent prognostic factor. In non-metastatic 
cases, FOLFOX/CAPOX is the reference regi-
men in the adjuvant therapy in node-positive 
colorectal carcinoma, as well as in the periopera-
tive addition in completely resected liver metas-
tases [30, 32]. In contrast to the retrospective data 
of the two studies already mentioned, one current 
multicenter study (n = 221) by Maillet et al. [29] 
from the BIG-RENAPE Working Group shows a 
significant improvement of progression-free 
1-year survival (p  =  0.001) and peritoneal 
recurrence- free survival (PRFSl) (p = 0.0004) for 
pmCRC patients treated with adjuvant chemo-
therapy after CRS and HIPEC; the overall sur-
vival, however, was not prolonged. 127 patients 
(55%) received an adjuvant chemotherapy, 120 
(94%) of the adjuvant-treated patients had 

already been treated preoperatively. The authors 
concluded that early postoperative chemo does 
not improve overall survival. It must be added, 
however, that this only applies when chemother-
apy has already been administered 
preoperatively.

In addition, it is important to note that, in the 
study by Maillet et al. [29], patients had a com-
plete cytoreduction and that it was a series with 
peritoneal carcinomatosis only (including ovar-
ian lesions) without any other metastatic sites. In 
the report of Elias et al. [16], which had a highly 
significant prognosis improvement due to adju-
vant chemotherapy, the population was mixed. 
Adjuvant chemotherapy was applied if there was 
an objective response to a preoperative chemo-
therapy (assuming it was applied) or if unfavor-
able postoperative prognostic factors—such as a 
CCR-1 or CCR-2 status, or infested lymph nodes 
or liver metastases—were present. The signifi-
cance of a neoadjuvant or perioperative therapy 
was not assessed either in the study by Elias et al. 
[16] or in the Maillet et al. [29] publication.

Both studies show that the data for neoadju-
vant and adjuvant (additive) therapy are difficult 
to compare and thus also to evaluate.

In a study by Passot et al. [34], the importance 
of neoadjuvant therapy in mCRC before HIPEC 
has been evaluated in regard to both pathological 
remission and to its impact on the prognosis. The 
patients received a median of five cycles preop-
eratively. All patients who had been evaluated for 
pathological remission were CC-0 or CC-1. 
Among the 124 evaluated samples, 12 patients 
(9.7%) showed a pCR, 25 (20.2%) exhibited a 
major response, 79 (63.7%) a minor response, 
and 8 (6.4%) no response to inductive therapy. 
The pathologic response was related to the sur-
vival (p = 00019). The only significant prognostic 
factors on overall survival were pCR and major 
pathological remission after neoadjuvant 
therapy.

Recent data from Devilee et al. [13] supports 
the concept of a neoadjuvant systemic therapy. 
The neoadjuvant-treated group had benefits in 
terms of overall survival and showed a 3-year 
survival of almost 90%. This was significantly 
longer than the survival of patients in the  standard 
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arm with immediate CRS + HIPEC followed by 
adjuvant chemotherapy. This data is even more 
interesting because the preoperative group 
included patients who were initially not under 
consideration for CRS + HIPEC due to negative 
prognostic factors such as extensive peritoneal 
metastases that were locally too advanced, or 
synchronous systemic metastasis, or bad general 
condition. In another Dutch study by Kuijpers 
et al. [27], 73 patients were included with initial 
nodal-positive CRC and development of a perito-
neal carcinomatosis after or within 1 year after 
diagnosis of node-positive disease. The patients 
in this trial where investigated regarding 
 chemotherapy in the context of CRS  +  HIPEC 
(Tables 8.1 and 8.2). Most patients had peritoneal 
carcinomatosis limited to a maximum of five or 
seven sites. A macroscopically complete (R1) 
cytoreduction was possible in 87% of patients 
included in the study. The 55 patients with peri-
operative chemotherapy showed significantly 
better results in terms of progression-free and 
overall survival than the 16 patients without peri-
operative chemotherapy. The timing of the appli-
cation—before or after CRS + HIPEC—had no 
significant impact on prognosis.

In their guidelines for the treatment of patients 
with peritoneal neoplasms using CRS plus 
HIPEC, the Austrian Society of Surgical 
Oncology [5] recommends, in particular in 
patients with secondary peritoneal neoplasms or 
advanced disease, a preoperative systemic ther-
apy in addition to a postoperative systemic ther-
apy with complete CRS and HIPEC should be 
considered.

8.2  Peritoneal Metastases 
from Adenocarcinoma 
of the Appendix

8.2.1  Introduction

Often, diseases of the appendix are those which 
cause pseudomyxoma peritonei syndrome. It can 
be a malignant or a benign form. The appendix 
mucocele is benign. The mucin-producing appen-
diceal carcinoma has a better prognosis among 
the colorectal carcinomas, but it changes if the 
peritoneum is affected.

Overall, the long-term results are better in the 
group of patients with appendiceal carcinoma 
compared with pmCRC patients. For pseudo-
myxoma peritonei, the 10-year disease-free sur-
vival rate is 85%. In the group of colorectal 
carcinomas, the complete cytoreduction of peri-
toneal seeding—assuming there were no other of 
abdominal metastases—resulted in a recurrence- 
free 5-year survival rate of 43% [6]. In many 
CRC protocols and studies, the adenocarcinoma 
of the appendix is not treated separately from 
CRC: see, for example, the retrospective evalua-

Table 8.1 Mode of application

Sequence of chemo application N (%)
No chemotherapy 16 (23)
In front of CRS + HIPEC 14 (29)
After CRS + HIPEC 32 (45)
In front of and after CRS + HIPEC 9 (13)

CRS cytoreductive surgery, HIPEC hyperthermic intra-
peritoneal chemotherapy
Adaptiert an [27]

Table 8.2 Survival after cytoreductive surgery plus HIPEC

No chemotherapy(N = 16) Chemotherapy(N = 55) P value
PFS (months)
Median (95% CI) 4 (1–7) 15 (14–16)
After 3 years (%) 0 37 0.024
OS (months)
Median (95% CI) 14 (3–25) 30 (19–41) 0.015
After 3 years (%) 16 45

CRS cytoreductive surgery, HIPEC hyperthermic intraperitoneal chemotherapy, OS overall survival, PFS progression 
free survival, 95% CI 95% confidence interval
Adaptiert an [27]
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tion of the data of the University of Regensburg 
[20]. One should also note that the authors 
excluded patients with disseminated peritoneal 
adenomucinosis (DPAM) or peritoneal muci-
nous carcinomatosis with intermediate charac-
teristics (PMCA-I) [20]. Multivariate analysis of 
the SEER database by Xie et  al. [47] between 
2004 and 2013 showed that the patients in stages 
IV and I–III (AJCC staging manual, 7th ed.) 
with mucinous adenocarcinomas had a signifi-
cantly worse 5-year survival rate, indicating that 
mucinous appendiceal carcinomas are com-
pletely different from non-mucinous colonic 
types.

8.2.2  Influence of Subtypes

When talking about appendiceal carcinomas, it is 
essential to discuss the terminology of the histo-
logical subtypes and their differentiation as well 
as the term “pseudomyxoma peritonei” (PMP), 
since they are often the cause of peritoneal carci-
nomatosis stemming from an appendix tumor.

There are three generally accepted subtypes of 
PMP [40], with significant prognostic 
differences:

• The disseminated peritoneal adenomucinous 
carcinomatosis (DPAM)

• The peritoneal mucinous carcinomatosis 
(PMCA)

• The PMCA with intermediates or discordant 
characteristics (PMCA-I)

According to a study by Ronnett et al. [40], the 
most important significant prognostic factor in this 
disease was the achievement of CC-0/CC-1 cyto-
reduction in metastatic cases. Similar results have 
been reported in a study by Deraco et al. [12]. The 
specified 10-year survival rate differed signifi-
cantly depending on the subtype: 67% for DPAM 
and 40.7% for PMCA. A new classification of 
peritoneal carcinomatosis caused by appendiceal 
carcinomas classifies patients in two groups based 
on histopathological characteristics.

The patients previously classified as DPAM 
according to the Wake Forest classification are 

now divided into well-differentiated mucinous 
carcinomatosis and low-grade differentiated 
mucinous appendiceal neoplasia as “low-grade 
mucinous carcinoma peritonei,” while moderate 
or poorly differentiated adenocarcinomas 
(PMCAs) and cases with signet ring cell compo-
nent are classified as “high-grade mucinous car-
cinoma peritonei” [7]. Asare et  al. [3] recently 
published an analysis of 25,992 adenocarcino-
mas of the appendix. A total of 11,871 cases of 
adenocarcinoma of the appendix from the NCDB 
(National Cancer Database) were evaluated. 
Patients with stage II–III mucinous and non- 
mucinous showed improved survival due to addi-
tional systemic chemotherapy after 
appendectomy, right hemicolectomy, colectomy, 
or other resections. In stage IV, there was no 
improvement of survival due to chemotherapy in 
mucinous histology, whereas survival in patients 
with non-mucinous histology was improved by 
chemotherapy. Due to nature of data, one could 
only distinguish between patients in stage IV 
who had received surgery and those without sur-
gery. A conclusion regarding cytoreductive sur-
gery could not be made based on the data, but for 
patients with surgery there was a survival advan-
tage in both the mucinous as well as in non- 
mucinous group. For well-differentiated 
mucinous histology, there was no survival benefit 
for chemo vs. no chemotherapy. It is important to 
distinguish between the histological subtypes of 
disseminated peritoneal adenomucinosis and 
peritoneal mucinous carcinomatosis because 
patients with PMCA have a less favorable prog-
nosis, and therefore there is a need for an extra 
cytostatic systemic therapy [10].

8.3  Conclusion

The data show that chemotherapy in peritoneal 
metastasis of colorectal carcinoma is quite effec-
tive. Also, the addition of systemic therapy to 
CRS + HIPEC in cases with a completeness of 
cytoreduction score of 0/1, corresponding to a 
complete macroscopic cytoreduction (CC 0/1), 
seems to be effective. However, the data of pub-
lished collectives are very heterogeneous, and 
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both the optimal chemotherapy combination as 
well the chronological order of the therapies must 
be examined in future studies. In appendiceal 
carcinomas it is important to consider the differ-
ent histological subtypes in order to make a 
decision.
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Procedures of Parietal and Visceral 
Peritonectomy of the Upper 
Abdomen

Hubert Leebmann and Pompiliu Piso

9.1  Dissection Techniques

The chosen dissection technique depends essen-
tially on the preferences of the operating surgeon. 
Basically, one should choose a technique that 
allows for a swift operation with only minimal 
blood loss. The most widely used technique is the 
so-called electroevaporative surgery described by 
P.H. Sugarbaker [9]. The basis of this preparation 
technique is tissue dissection using high- 
frequency surgery in the so-called pure cut mode 
with high wattage.

In this case, temperatures of more than 100 °C 
arise between the electrode and the tissue. The 
cells are heated up so fast that they evaporate 
(vaporization). This leads to the separation of the 
tissue. The use of a 3  mm ball electrode has 
proved its worth. The combination of high- 
frequency surgery in cutting mode and a ball 
electrode (cutting electrode with a larger surface 
area) allows a smooth cut with good hemostatic 
effect. At the same time, superficial heat necrosis 
creates a narrow safety margin on the healthy tis-

sue. This aspect is important since, in the case of 
peritonectomy, it is often necessary to dissect in 
the immediate vicinity of the tumor, so that the 
usual safety margins cannot be maintained. Rapid 
cutting movements and regular irrigation help to 
avoid deep tissue damages despite the high watt-
age used. With simultaneous tension and retrac-
tion, the described dissection technique allows 
rapid progression along anatomical planes.

High-frequency surgery, especially in cutting 
mode, generates a considerable amount of 
smoke. Smoke gases contain ultrafine particles 
and polycyclic aromatic hydrocarbons that are 
potentially carcinogenic [1, 4]. The surgery 
should therefore be carried out exclusively under 
continuous smoke evacuation.

9.2  The Extent of the Resection

 c The extent of the resection is mainly 
determined by the extent of the tumor, its 
biology, and the existing pattern of 
affection.

Due to adhesion molecules on the cell surface 
area, moderately to poorly differentiated tumors 
tend to build early formation of peritoneal 
implants around the tumor (randomly proximally 
distributed, RPD). This distribution pattern is 
typical of gastrointestinal carcinoma metastases 
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and of ovarian carcinoma metastases. In the pre-
viously mentioned tumor entities, selective 
 parietal peritonectomy is carried out, which 
means that only the areas affected by the tumor 
and the sites with a predilection for tumor recur-
rence are resected.

Free tumor cells of highly differentiated 
tumors and mucin-forming tumors with low bio-
logical aggressiveness are distributed over the 
peritoneal cavity following the peritoneal fluid 
and tend to develop peritoneal carcinomatosis 
predominantly in the typical distribution sites 
(complete redistribution phenomenon, CRP). 
Examples of tumors with such distribution pat-
terns are the malignant peritoneal mesothelioma 
and pseudomyxoma peritonei. Dedifferentiated, 
highly aggressive tumors tend to develop dissemi-
nated peritoneal carcinomatosis (widespread can-
cer dissemination, WCD). In tumors whose 
metastatic behavior corresponds to the CRP or the 
WCD type, a complete parietal peritonectomy 
should always be carried out—even when there is 
only isolated peritoneal carcinomatosis [3].

Extensive spread into the visceral peritoneum 
requires visceral, often multivisceral, resection. 
The perioperative morbidity and mortality, as 
well as the postoperative quality of life, depend 
especially on the extent of the organ resection. 
Often, individual decisions must be made taking 
into account the patient’s request expressed 
before the surgery. Scoring systems such as the 
Peritoneal Disease Severity Score can help with 
the risk-benefit assessment [6]. However, the 
clinical assessment of an experienced surgeon 
can never be replaced by any analytical-statistical 
procedure.

9.3  Access and Anterior 
Peritonectomy

The patients lay in a modified lithotomy position. 
Due to the usually long operation, a careful 
patient placement is essential. To avoid place-
ment damage, positioning should be repeatedly 
checked during the operation. Preoperatively, a 
transurethral permanent catheter with integrated 
temperature sensor must be inserted. In cases 

involving women, preoperative vaginal disinfec-
tion with povidone-iodine solution must also be 
performed. The ensuing skin disinfection and 
covering should be performed so generously that 
an eventual installation of a chest drainage would 
also be possible if needed.

Due to potential environmental contamination 
by chemotherapeutics exiting via the laparotomy 
or drainage sites, the draping of the patient is car-
ried out with disposable single-use surgical drapes.

If the operability was not clarified preopera-
tively by an explorative laparoscopy, the abdomi-
nal cavity must be explored via a short-distance 
laparotomy, especially in case of tumors whose 
metastatic behavior corresponds to the RPD or 
WCD type. After the contraindications are elimi-
nated and the extent of the resection is estab-
lished, the operation can take place as described 
below.

 c If a complete peritonectomy is planned, it 
is recommended to complete the 
extraperitoneal dissection before opening 
the intraperitoneal space. This can reduce 
tumor cell dissemination. In addition, this 
systematic approach saves a considerable 
amount of time.

Operative access takes place by median lapa-
rotomy starting from the xiphoid process and 
ending at the pubic symphysis. After skin inci-
sion, the skin margins can be stretched out by a 
retractor using supportive sutures. The fixation of 
the skin margins to the retractor system improves 
the exposure and leaves less work for the assis-
tants. The frequent preexisting scar is resected 
together with the fascial parts. In individual cases 
with extensive tumor formations in the upper 
abdomen, an en bloc resection of the scar, fascia, 
and xiphoid process can improve the exposure. In 
cases with tumor nodules close to the umbilicus, 
an omphalectomy should also be carried out as 
part of the cicatricectomy. A basic resection of 
the xiphoid process and the navel is not 
necessary.

After dissecting the fascia, the preparation is 
continued strictly extraperitoneally for about 
5–10 cm anterolaterally with closed, intact peri-
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toneal sac (Fig. 9.1). The correct dissection layer 
in the lower abdomen can be opened relatively 
easily, since there are only loose adhesions 
between the peritoneum and the subperitoneal 
adipose tissue. Under continuous tension and 
retraction, the peritoneal sac can then be gradu-
ally opened circularly. In the lower abdomen, one 
progresses until reaching the top of the bladder. 
Here, the surgeon looks for the urachus and 
marks it with an Allis clamp. In the upper abdo-
men, the peritonectomy should be extended on 
both sides several centimeters in the subdia-
phragmal direction. This is the first step of the 
upper abdominal peritonectomy. Subsequently, a 
ring foil is introduced in order to avoid contami-
nation of the wound edges. The dissection into 
the lower aspect of the costal arch makes it neces-
sary to use a self-retaining retractor.

The abdominal and pelvic space can thus be 
optimally exposed during the entire operation 
(Fig.  9.2). The peritoneum can then be slightly 
opened. In particular, for patients who have been 
previously operated on, it is advisable to provide 
this access outside the median line, in order to 
avoid serous lesions or transmural defects in the 
adhesions during the course of the former lapa-

rotomy. The abdominal cavity can be explored 
through this so-called peritoneal window. After 
contraindications, especially a multilocular small 
bowel involvement, are eliminated, the operation 
can be continued to the necessary extent.

The subperitoneal dissection beneath the pos-
terior rectus sheath can then be easily and quickly 
extended to the renal fascia. After reaching the 
renal fascia, the avascular layer can be opened by 
pulling on the colon, and the left and right hemi-
colon can be separated from the retroperitoneum 
along the embryonic layers. Both ureters should 
then be exposed and, if necessary, separated at an 
early stage. An intermittent abdominal packing of 
the left and right retroperitoneum reduces blood 
and fluid loss and keeps the site clean. Retained 
ascites and prolapsing tumor masses or intestinal 
loops can interfere with the subperitoneal dissec-
tion. Dissection should continue until the retro-
peritoneum is reached, if possible, with a closed 
peritoneum. Anterolateral peritonectomy is rap-
idly completed and does not increase the compli-
cation rate—not even in case of a later-established 
inoperability.

Fig. 9.1 Circular exposure of the peritoneal sac. The 
extraperitoneal dissection is facilitated by fixation of the 
skin margins to a retractor frame

Fig. 9.2 Introduction of the wound-protecting foil and 
optimization of the exposure through a self-retaining 
retractor system
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The renal fascia should be exposed on both 
sides with mobilization of both the right and the 
left hemicolon. This is an important anatomical 
landmark and is the starting point for further 
interventions into the upper and lower abdomen.

9.4  Exploration of the 
Abdominal Cavity

For the next step in the surgery, the peritoneum 
should be divided along the four quadrants, and 
the abdominal cavity should be opened. Possible 
adhesions of intestinal loops or of the greater 
omentum to the peritoneum should be released. 
To gain a better view, the greater omentum is cut 
off from the transverse colon, taking the anterior 
mesocolon with it. If there are no major tumor 
formations in the so-called subpyloric space, A. 
and V. gastroepiploica dextra can already be tran-
sected close to its origin. After the mobilization 
of the left colonic flexure, the soft tissue links 
between the greater omentum and the spleen are 
gently divided and the gastrosplenic ligament can 
be dissected close to the spleen. The subsequent 
omentectomy is a compulsory part of the perito-
nectomy. An omentectomy with preservation of 
the gastroepiploic vascular arcade should be car-
ried out only in exceptional cases, with a macro-
scopically clear greater omentum. As a rule, the 
greater omentum is dissected along with the gas-
troepiploic vascular arcade. This surgical proce-
dure is successful even with extensive tumorous 
infiltration of the greater omentum (“omental 
cake”), usually preserving the transverse colon. 
The rest of the site becomes much cleaner and 
more accessible by reducing the burden caused 
by the tumor. In addition, the omentectomy is a 
prerequisite for a free and unhindered distribu-
tion of the chemotherapy solution.

After completing the adhesiolysis, the assess-
ment of the abdominal space regarding its resect-
ability and the extent of the resection is carried out.

 c The decision whether an optimal 
cytoreduction is possible or not can usually 
only be made intraoperatively. The 
complete resection of all visible tumorous 

lesion is the strongest prognostic factor for 
all tumor entities [7].

In most cases, a preoperatively undetected 
multilocular small bowel involvement is the lim-
iting factor for complete cytoreduction. Peritoneal 
carcinoma lesions on the small intestine and the 
small intestinal mesentery are an independent 
negative prognostic factor in many tumors. In 
addition, the loss of multiple intestinal segments 
leads to a reduction in the postoperative quality 
of life and to increased morbidity and mortality. 
Therefore, when establishing the extent of the 
resection, the functional consequences of the 
resection must always be taken into account, in 
addition to the completeness of cytoreduction. 
Especially with extensive metastases, the proce-
dure is often like a tightrope walk between onco-
logical necessity and negative consequences. 
Therefore, an organ resection should only take 
place after definitely establishing the surgical 
objective.

Also with regard to intraperitoneal chemo-
therapy, the dissolution of all adhesions is an 
essential surgical procedure. Free circulation and 
uniform distribution of the chemotherapy perfu-
sion in the abdomen is possible only after com-
plete adhesiolysis.

9.5  Right Upper Quadrant

The right upper abdomen is in many cases the 
main site for manifestation of a peritoneal carci-
nomatosis. The complex anatomy of the upper 
abdomen and the distribution of the tumor lesions 
in the immediate vicinity of vital structures 
explain why the peritonectomy of the right upper 
abdomen is the technically most demanding part 
of the operation.

To avoid blood loss, the preparation of the 
entire upper quadrant should be performed with 
low central venous pressure in normothermic 
patients who have good coagulation. This situa-
tion is most likely to occur at the beginning of an 
operation.

The subdiaphragmatic peritonectomy is best 
achieved when the peritoneum is completely 
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removed by continuous traction. The entry into 
the correct plane of dissection is relatively simple 
in the area of   the so-called fatty triangle. Here, 
the preperitoneal fat and the peritoneum can be 
separated bluntly from the diaphragm (Fig. 9.3). 
The subphrenic dissection then takes place par-
tially bluntly, partially with a sharp detachment, 
until the junction of the hepatic veins and the 
vena cava is reached. The junction of the hepatic 
veins with the vena cava is usually palpable at the 
space between the right and middle hepatic veins. 
In extraperitoneal preparation, this area is usually 
palpable long before the vena cava becomes vis-
ible. The retrohepatic vena cava is the medial 
border of the right upper abdomen’s parietal peri-
tonectomy. The exposure of the central tendon of 
diaphragm is technically demanding, since the 
anatomical layers between the diaphragm and the 
peritoneum are almost eliminated. After reaching 
the central tendon of diaphragm from an anterior 
and medial direction, it is advisable to continue 
the dissection first dorsally and laterally. The 
peritoneum is lifted off the perirenal fat and right 
adrenal gland via the renal fascia. Starting later-
ally, the subdiaphragmatic peritonectomy can 
then also take place up to the central tendon of 
diaphragm. The remaining adhesions between 
the diaphragm and peritoneum are finally sharply 
cut off, for example, by means of bipolar scis-
sors. Possible diaphragmatic injuries should be 
treated immediately to avoid the contamination 
of the pleural cavity. If diaphragmatic partial 

resection is required due to tumor infiltration, this 
can be carried out in most cases by a stapler. An 
opening of the thoracic space is thus avoided. 
Finally, the peritoneal envelope is cut through 
dorsal to the liver. After complete subdiaphrag-
matic peritonectomy, the retrohepatic vena cava 
is thus exposed in its entire length (Fig. 9.4).

The extraperitoneal exposure of the retrohe-
patic vena cava is especially effective in cases 
when the right upper quadrant is extensively 
involved. In such cases, primary mobilization of 
the liver can lead to liver lacerations where bleed-
ing is difficult to stop.

The resection of the falciform ligament and 
the left triangular ligament improves the circula-
tion of the perfusion fluid in the upper abdomen 
and should therefore be carried out prior to any 
hyperthermic intraperitoneal chemoperfusion 
(HIPEC). The falciform ligament is dissected 
from the liver capsule and remains attached to the 
peritoneum.

As part of a complete peritonectomy, the liver 
parenchyma must be cut through over the round 
ligament of the liver (“pont hepatique”). There 
are often tumor nodules behind this parenchymal 
bridge. The round ligament of the liver must then 
be dissected while protecting the left portal vein 
and left hepatic artery.

Fig. 9.3 Blunt detachment of the peritoneum from the 
diaphragm

Fig. 9.4 Parietal peritonectomy of the upper right quad-
rants to the retrohepatic vena cava
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A cholecystectomy is routinely performed. 
The gallbladder is dissected from anterior to 
posterior from the liver bed; the cystic duct and 
the cystic artery are ligated and separated. In 
particular, when thick tumor layers surround the 
hepatoduodenal ligament, it is helpful to follow 
the cystic duct to where it enters the common 
bile duct.

Prior to the preparation of the hepatoduodenal 
ligament, a generous Kocher maneuver should be 
performed, exposing the vena cava to just below 
the caudate lobe. The common bile duct then 
serves as a lead structure for the posterior dissec-
tion of the hepatoduodenal ligament. Injuries to 
the common bile duct must be carefully avoided. 
Resection of the common bile duct due to tumor 
infiltration is contraindicated since reconstruc-
tion by cholangio-intestinal anastomosis results 
in loss of a small intestine resorption area and is 
risky due to HIPEC. Anteriorly, the peritoneum 
or the tumor is lifted off the hepatic artery. The 
hepatoduodenal ligament is gradually dissected 
circularly until the anterior and the posterior dis-
section meet on the medial side of the portal vein 
(Fig.  9.5). The right hepatic artery should—if 
technically possible—be protected (Fig. 9.6). In 
cases of extensive infiltration and tumor forma-
tions extending far into the liver hilum, this surgi-
cal procedure is time-consuming and technically 
demanding. The aim of the dissection of the hep-
atoduodenal ligament is a tumor-free hepatoduo-

denal ligament, a clearing of the foramen of 
Winslow, and a free inferior vena cava.

The hepatogastric ligament is resected 
between the liver segments 2/3 and the caudate 
lobe, along the fissure defined by the ductus 
venosus. The lesser omentum is a major site of 
peritoneal carcinomatosis.

In patients with pseudomyxoma peritonei, 
about 50% of patients have tumor in this area. 
When resecting the lesser omentum, care must be 
taken to protect the left gastric artery, especially 
after the omentectomy has already taken place 
and the gastroepiploic vascular arcade has been 
removed along with it. The left gastric vein is 
variable in its course and cannot always be pre-
served. The anterior vagal trunk cannot always be 
spared, especially when there are larger tumor 
formations in the lesser omentum. Nevertheless, 
gastric emptying disorders are rarely observed 
and are usually transient. The openness of the 
pylorus can be checked simply by gripping it 
with the thumb and index finger. A normal pylo-
rus requires no prophylactic pyloromyotomy.

In about 20% of the cases, there is a direct 
infiltration of the liver capsule. Isolated small 
tumor lesions can be locally excised or fulgu-
rated. In cases of widespread tumor infiltration, 
the affected areas should be resected en bloc 
along with the liver capsule [5]. After incision 
with the electric knife, Glisson’s capsule can be 
held with the fingers and removed laterally start-

Fig. 9.5 Peritonectomy of the hepatoduodenal ligament 
and resection of the hepatogastric ligament

Fig. 9.6 Stomach after the resection of the greater and 
lesser omentum; the preserved vascular arch is at the 
small curvature (right and left gastric artery)
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ing from the liver tissue (Fig. 9.7). Hemostasis of 
the liver is achieved by means of fulguration or 
bipolar forceps. It is important that the decapsu-
lation of the liver takes place as the last operation 
in the right upper abdomen. Further liver manipu-
lation, which may lead to deep parenchymal lac-
erations (liver fracture) after capsule resection, 
should be avoided as possible. The right upper 
abdomen can then be tamponed with abdominal 
towels to ensure a complete hemostasis. The cap-
sule dissection can thus be performed with little 
blood loss. Biliary fistulas are a rarity even in 
cases of wide decapsulation.

9.6  Left Upper Quadrant

The parietal peritonectomy of the left upper 
quadrant is usually much easier than the perito-
nectomy of the right upper quadrant. The left 
upper quadrant usually has a significantly lower 
tumor load than the right. In addition, the left 
upper quadrant, especially after the previous 
omentectomy, is clean and better accessible than 

the right upper quadrant. The technique corre-
sponds to the previous procedure carried out on 
the other side. The extensive mobilization of the 
left colic flexure as well as the spleen and pancre-
atic tail on Gerota’s fascia facilitates subdia-
phragmatic dissection (Fig. 9.8). The mobilization 
of the spleen and the pancreatic tail also allows 
for dorsal, extraperitoneal access to the splenic 
artery and vein in the spleen’s hilum.

If the spleen and/or spleen hilum are infil-
trated by the tumor, a splenectomy is required. 
Even in cases with large tumor masses in the 
spleen hilum, the splenic vein and artery are sur-
rounded only by loose connective tissues, which 
can usually be cut off between the ligatures with-
out damage to the pancreas. Only after transec-
tion of the hilar vessels can the tumor tissue be 
carefully detached from the pancreatic tail dor-
sally. The indication for splenectomy should be 
considered carefully. A splenectomy in the con-
text of a peritonectomy with HIPEC leads to a 
significantly higher postoperative complication 
rate and should therefore only be performed in 
cases of tumor infestation or iatrogenic spleen 
injury [2].

Extensive tumor formation in the upper left 
abdomen requires an en bloc resection of the 
greater omentum, spleen, and pancreatic tail. In 
these cases, too, a dorsal access to the previous 
peritonectomy is helpful. In case of a very con-
fusing anatomy, a ligature of the splenic vein and 
artery in the spleen hilum before further prepara-

Fig. 9.7 Resection of Glisson’s capsule

Fig. 9.8 The mobilization of spleen and pancreatic tail 
facilitates peritonectomy of the left upper abdomen
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tion of the pancreas and the removal of the pan-
creas can avoid unnecessary blood loss. The 
pancreas resection is performed by means of a 
stapler. The staples are additionally sewn over 
using the single stich technique. Left pancreatic 
resection increases the morbidity and mortality 
of the procedure and should therefore only be 
performed in strictly selected patients [8].

9.7  Gastric Resection 
and Gastrectomy

Starting from the so-called subpyloric space, 
infiltration of the gastric antrum is frequently 
found, especially in extensive peritoneal carcino-
matosis. In these cases, a distal gastric resection 
is necessary. This should be done by preserving 
as far as possible the organs; only actually tumor- 
infiltrated gastric components should be removed. 
Gastric resection can be performed safely and 
does not increase morbidity. Gastrectomy should 
only be performed in selected cases, taking into 
account the patient’s nutritional status, as this 
procedure, especially in combination with subse-
quent small and large bowel resections, signifi-
cantly compromises the patient’s quality of life.

9.8  Conclusion

For carefully selected patients, multimodal ther-
apy—consisting of cytoreductive surgery (CRS), 
hyperthermic intraperitoneal chemotherapy 
(HIPEC), and, if necessary, systemic chemother-
apy—is the treatment offering the best chance for 
long-term tumor control. The most important 
component of the multimodal approach is the 

cytoreductive surgery. Full resection of all visible 
tumor sites is the strongest prognostic factor in 
all tumor entities. The upper abdomen represents 
a major challenge for the surgeon in this respect. 
Especially in the right upper abdomen, the extra-
peritoneal preparation and the demanding ana-
tomical conditions require special 
visceral-surgical and oncological expertise. Only 
a largely standardized, systematic procedure 
makes it possible to perform this complex opera-
tion with low morbidity and mortality.
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Procedures of the Visceral 
and Parietal Peritonectomy 
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Philipp Horvath, Alfred Königsrainer, 
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10.1  Surgical Issues of the Visceral 
and Parietal Peritonectomy 
in the Lower Abdomen

The peritoneal metastasis of primary gastrointes-
tinal and gynecological tumors requires not only 
the resection of the primary tumor but also the 
removal of the involved parietal and visceral peri-
toneum. The complete macroscopic removal of 
all tumor foci represents the basis of the perito-
nectomy procedure in terms of a curative treat-
ment. The microscopic tumor cells remaining 
after a complete cytoreduction are treated by an 
application of an intraoperative hyperthermic 
chemotherapy. Extensive peritonectomy proce-

dures without subsequent HIPEC (hyperthermic 
intraperitoneal chemotherapy) treatment can 
raise the recurrence rates along the peritoneal 
dissection areas. The underlying pathophysiolog-
ical mechanisms were summarized by 
P.H. Sugarbaker in his “Tumor Cell Entrapment 
Hypothesis” [8].

10.1.1  Visceral Peritonectomy 
in the Lower Abdomen

The tumor infiltration of the visceral peritoneum 
represents a substantially bigger challenge 
because of the need for multivisceral resections 
to achieve a high-quality radical resection. It 
should be noted beforehand that the visceral peri-
tonectomy is subject to other technical principles 
than the parietal peritonectomy. In the latter case, 
it is possible to obtain an exact dissection by 
using mono- and bipolar electrical current, which 
thermally improves the margins of resection and 
simultaneously achieves adequate hemostasis. 
This is not possible when the tumors infiltrate the 
visceral peritoneum of the small intestine and the 
colon.

Anatomic sites at increased risk are peritoneal 
recesses and anatomical structures, which show a 
peritoneal involvement in many patients because 
of their decreased/reduced peristalsis and their 
substantial/extensive fixation on the surrounding 
structures (e.g., on the retroperitoneum). Among 
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them are, especially, the rectosigmoidal transition, 
the ligament of Treitz, the pylorus, the ileocecal 
transition, and the so-called hepatic bridge (pont 
hepatique). The necessity for a visceral resection 
depends on the extent of the invasive tumor nodes 
as well as the localization. Sugarbaker et  al. [8] 
categorized five types of peritoneal tumor infesta-
tion overall with the corresponding therapy sug-
gestions and recommendations (see Table  10.1). 
The classification focuses on a peritoneal involve-
ment infestation of the mesentery of the small 
intestine and the small intestine itself but also can 
be used for the rectosigmoidal mesentery.

10.1.2  Visceral Resection 
in the Lower Abdomen

To achieve sufficient tumor clearance, large 
resections are necessary if the visceral perito-
neum is extensively affected in the lower abdo-
men. The peritoneum in the lower abdomen 
adjacent to the rectum also partially covers the 
urinary bladder and, in women, the uterus. All 
these anatomical structures except the urinary 
bladder can be resected in order to achieve a R0- 
or CC-0 resection (Fig.  10.1). Attention should 

be paid to the fact that extensive resections result 
in high morbidity and in a limited quality of life. 
Thus the patients have to be informed preopera-
tively about the possible level of resection and 
the resulting limitations. The maximum surgical 
approach would be the complete exenteration of 
the pelvis. This includes the removal of the rec-
tum, the urinary bladder, and, in women, the 
uterus (Fig. 10.2).

The reason for such a radical surgical approach 
is usually a local relapse of a rectal or sigmoid 
cancer, or even an ovarian cancer, but with lim-
ited peritoneal metastasis. In the majority of 
cases, these patients have already been treated 
with systemic chemotherapy and sometimes even 
radiotherapy.

Table 10.1 Types of peritoneal affection of the visceral 
peritoneum and its therapies

Type Extent
Therapy 
recommendations

I Noninvasive tumor 
nodes at the visceral 
peritoneum

Local excision in taking 
along/entrainment of the 
peritoneum and suture of 
the defect

II Minimally invasive 
tumor nodes in 
antimesenterial 
localization

Resection and 
entrainment of deeper 
intestinal wall structures 
and suture

III Moderate invasive 
tumor nodes in 
antimesenterial 
localization

Solid wall resection and 
suture

IV Gross invasive tumor 
nodes

Bowel resection

V Mesenterially 
situated large tumor 
nodes

Bowel resection

Modified from Sugarbaker et al. [8]

Fig. 10.1 Female pelvis after a total peritonectomy. The 
rectum is dorsally stapled, the root of the vagina is pulled 
cranially with the strands. The bladder is still in situ

Fig. 10.2 Pelvic space following complete exenteration
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10.1.3  Parietal Peritonectomy 
in the Lower Abdomen

The midline laparotomy is carried out in the 
lithotomy position, starting from the xiphoid pro-
cess and continuing to the symphysis. All preex-
isting scars must be excised in recurrent 
interventions. Self-retaining retractors are used 
to optimize the visualization of the peritoneal 
surfaces, especially the surfaces of the small pel-
vis and the diaphragm.

The resection line of the peritoneum from 
beneath the posterior rectus sheath can be joined 
on both sides with the resection lines of the peri-
tonectomy beneath both paracolic sulci. The peri-
toneum of the urinary bladder and the underlying 
fatty tissue are incised and resected on both sides. 
This step can be facilitated substantially by a ret-
rograde filling of the urinary bladder as it is per-
formed before an ureterocystostomy during a 
kidney transplantation. The distal anatomic bor-
der for the parietal peritonectomy of the small 
pelvis in women is the cervix uteri and in men the 
seminal vesicles. The resection of the round liga-
ment of the uterus in the opening of the deep 
inguinal ring and the transection of the ovarian 
vein completes the parietal peritonectomy in 
women.

10.2  Technical Issues in Men

In the case of an extensive tumor involvement 
within the range of the lower abdomen, radical 
surgery should always be preoperatively dis-
cussed. The possible resection of the inguinal 
canal with all the corresponding structures (duc-
tus deferens, testicular vessels, nerves) and the 
expected postoperative complications (infertility, 
atrophy of the testicles, and loss of sensitivity) 
should always be explained to the patient. The 
possible rectum-sparing resection procedure 
should always be intraoperatively considered. 
Proximal separation of the peritoneum can shift 
the necessary rectal resection into the middle 
third of the rectum so that an extirpation can be 
avoided. Simultaneously existing inguinal her-
nias can result in a tumor involvement of the pro-

lapsing parts of the peritoneum through the deep 
inguinal ring and in the accumulation of mucus in 
the hernia sac or the tunica vaginalis.

10.3  Technical Issues in Women

It is necessary to perform a hysterectomy and a 
salpingoovariectomy in the case of an expanded 
tumorous infestation of the lower female abdo-
men in order to achieve a complete cytoreduc-
tion. Both of the round ligaments of the uterus are 
primarily divided, and, if possible, the uterus 
under the cervix and underneath the peritoneal 
folding is resected. Attention should be paid to 
perfusion in long-duration ureterolysis. 
Especially the anterior rectal wall requires care-
ful attention within the pouch of Douglas.

10.3.1  Oophorectomy per Principe?

There is still no consensus on recommending or 
requiring preventive ovariectomy in cases of 
peritoneal metastasis of gastrointestinal origin. 
This is especially true for premenopausal women 
with uninvolved ovaries. A general consensus 
seems to be reached on preventive oophorectomy 
in premenopausal women to reduce the relapse 
rates [1, 3, 4]. To date, only one retrospective 
analysis from the Netherlands studied the inci-
dence of ovarian cancer metastasis in patients 
with colorectal peritoneal metastasis or with 
pseudomyxoma peritonei [5]. In the collective 
patient population, 52% of the women had histo-
pathologically detected ovarian metastases. A 
macroscopically and a microscopically suspicion 
of tumor involvement provided the indication for 
an ovariectomy in this study. Interestingly, 21 of 
the 65 patients with colorectal cancer showed 
only microscopically a tumor involvement of the 
ovaries. The study does not mention how many of 
the ovaries showed no signs of pathology intraop-
eratively. Furthermore, in 75% of the premeno-
pausal women under age 40, ovarian metastases 
could be detected. However, this study could not 
show a significant difference between women 
with or without synchronous ovarian metastases 
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regarding their disease-free and disease-specific 
survival. Nevertheless these data do recommend 
a preventive oophorectomy for premenopausal 
women with macroscopically inconspicuous 
ovaries.

In a randomized controlled trial in the USA, 1 
out of 77 women with colorectal cancer in Dukes’ 
stages B and C showed microscopic tumor 
involvement after preventive oophorectomy [9]. 
However, a statistically nonsignificant improve-
ment in their survival rate after 2 years, and even 
after 3 years, could be shown for patients follow-
ing preventive oophorectomy, although this ben-
efit could no longer be detected after 5 years.

Another retrospective analysis evaluated the 
justification for preventive oophorectomy in the 
context of a primary tumor resection in patients 
with rectal cancer or carcinoma of the rectosig-
moidal transition [7]. A preventive oophorectomy 
was indicated in cases of cystic ovarian lesions, 
in cases of an adherence to the primary tumor, 
and of ascites in the lesser pelvis. The preventive 
oophorectomy was performed on a total of 64 
patients whenever one of the abovementioned 
criteria applied. In 15 patients (23%), microme-
tastases were found. As in other studies [1, 2, 6, 
9], a preventive oophorectomy ovariectomy did 
not significantly affect overall survival when per-
formed during primary surgery on patients with 
colorectal cancer without synchronous peritoneal 
metastasis. In conclusion, to sum up, it is recom-
mendable to perform a preventive ovariectomy 
oophorectomy in premenopausal women even 

with uninvolved ovaries if a colorectal peritoneal 
metastasis is being treated.
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Parietal and Visceral 
Peritonectomy
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11.1  Introduction

An essential operational step in the surgical treat-
ment of peritoneal metastases is cytoreductive 
surgery with parietal and visceral peritonectomy.

 c The peritonectomy can be carried out in 
various ways, depending on the type and 
extent of the Metastasis.

11.2  Methods of Peritonectomy

In the case of small nodular infiltrating carcino-
matosis (Fig. 11.1), as found, for example, in gas-
tric or pancreatic carcinoma, the approach is 
different from that for the mucinous, slimy vari-
ant of peritoneal tumor nodules observed in ovar-
ian cancer (Fig. 11.2).

In small nodular infiltrating carcinomas, there 
is often confluent metastases, especially in the 
upper abdomen, which can be removed en bloc as 
an area with a low overall peritoneal carcinoma-
tosis index (PCI), making complete resection 
possible. Additional isolated foci should be 
removed individually or can also be destroyed by 
thermocoagulation.

 c If there is confluent metastases of an aggres-
sive tumor present all over the abdomen 
(high PCI), its complete removal is likely to 
be futile and will not improve survival.

With low-grade mucinous peritoneal tumors, 
on the other hand, even with a high tumor load 
and high PCI, peritonectomy with removal of all 
tumor nodules is a central component of cytore-
ductive surgery and likely to improve survival.

As a rule, if complete peritonectomy is con-
templated in patients with a high PCI, it is impor-
tant to mobilize the peritoneum right at the 
beginning. All attempts must be made not to 
make any hole in the peritoneum in the initial part 
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of parietal peritonectomy. Mobilization is a very 
useful technique to achieve a complete parietal 
peritonectomy especially in patients with ascites, 
as it keeps the two compartments—intraperito-
neal from preperitoneal—separated (Fig. 11.3).

If peritoneum is injured in the initial part of 
parietal peritonectomy, ascetic fluid makes the 
operative field difficult to work in and also it 
affects the functioning of electrocautery.

11.3  Colonic Involvement

The “omental cake” is a term that describes the 
complete tumor infiltration of the greater omen-
tum and is a metaphor for a pronounced, usually 

mucinous, peritoneal metastases. The omentum 
lies on the transverse colon and is supplied with 
blood by the gastroepiploic arcade. As a rule, the 
greater omentum is removed with or without pre-
serving the gastroepiploic arcade. The gastroepi-
ploic arcade may be safely sacrificed without any 
effect on gastric emptying depending upon the 
extent of the tumor [8].

If possible, the omentum should be removed 
while preserving the transverse colon. This is not 
always possible, especially if the tumor nodules 
over the omentum deeply infiltrate the colonic 
serosa, necessitating repeated colonic resection dur-
ing cytoreduction (Fig. 11.4). However, individual 
tumor nodules that lie on the small or large bowel 
serosa can often be dissected tangentially [2].

a b

Fig. 11.1 (a and b) Small nodular, partly confluent and 
infiltrating peritoneal metastases 
Video 11.1 Extraperitoneal anterior rectal resection: The 
video presents a posterior pelvic exenteration with en bloc 
bladder peritonectomy. This is often necessary when 
mucinous tumor masses have spread in the pouch of 

Douglas area. To facilitate the operative procedure, the 
bladder is filled up and the peritoneum is completely 
detached from the pelvic wall up to the vesicouterine or 
vesicorectal pouch. Thereafter, the entire pelvic perito-
neum over the pouch of Douglas can be stripped off while 
thus preserving about 5 cm of the middle rectum

a b

Fig. 11.2 (a and b) Mucinous peritoneal metastases 
Video 11.2 Insight into Douglas’s area: The video pres-
ents the already resected extraperitoneal anterior rectal 

specimen. When you incise the peritoneal surface you can 
see the mucinous tumor mass in the cul de sac
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11.4  Pelvic Peritonectomy

If complete cytoreduction cannot be achieved 
with a pelvic peritonectomy in the small pelvis, 
an extraperitoneal anterior rectal resection in 
men and posterior pelvic exenteration with en 
bloc hysterectomy and salpingo-oophorectomy 
in women should be considered. This is often 

necessary when mucinous tumor masses have 
spread in the pouch of Douglas area. To facilitate 
the operative procedure, the bladder is filled up 
and the peritoneum is completely detached from 
the pelvic wall up to the vesicouterine or vesi-
corectal pouch. Thereafter, the entire pelvic peri-
toneum over the pouch of Douglas can be 
stripped off while thus preserving about 5 cm of 
the middle rectum (Video 11.1 – Extraperitoneal 
anterior rectal resection and Video 11.2 – Insight 
into Douglas’s area at www.springermedizin.de/
vzb- peritoneale- tumoren).

After removal of the rectum, a stapled colorec-
tal anastomosis is performed after careful hemo-
stasis. Depending upon the level of the anastomosis, 
the creation of a protective ileostomy may be 
considered.

 c Barring primary tumors of the rectum, as a 
rule the pelvic peritonectomy, necessitates 
an anastomosis in the upper or middle 
third of the rectum, and thus total mesorec-
tal excision is not warranted. Usually, a 
protective diversion is not required follow-
ing colorectal anastomosis.

In order to avoid bowel- and bladder-related 
deterioration in quality of life of the patients, it is 
necessary to preserve the hypogastric nerves 
while performing pelvic peritonectomy.

11.5  Indications for 
Oophorectomy

Often, bilateral oophorectomy is performed as 
a part of cytoreduction. The decision to pre-
serve or remove the ovaries depends upon the 
anticipated future risk of ovarian cancer or 
ovarian metastasis. It is imperative to consider 
the consequences of surgical menopause, which 
can significantly affect the quality of life in pre-
menopausal women.

Krukenberg tumors are rare (approx. 1–2%) 
and are most often found in association with gas-
tric cancer (32%) or colorectal cancer (45%). 
They are associated with poor prognosis [16]. In 
a study of 4566 women with colorectal cancer, 
Segelman et  al. [14] reported the presence of 

Fig. 11.3 Complete peritonectomy with omphalectomy 
for trocar metastasis 
Video 11.3 Resection of a tumor nodule: the video pres-
ents subtle removement of small bowel nodules. In addi-
tion, coagulation of very small lesion is possible. Please 
be aware that you can harm your eyes; please wear glasses 
for eye protection during this procedure

Fig. 11.4 Colectomy with omentectomy and extraperito-
neal anterior rectal resection 
Video 11.4 Stitch for deserosation of small bowel: every 
single small deserosation should be stitched to prevent 
small bowel fistula as a severe postoperative complication
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synchronous or metachronous ovarian metastases 
in colon cancer to be 1.1% each and 0.6% or 
0.1% in rectal cancer, respectively. In a retrospec-
tive analysis, 43 of 267 patients with stage II and 
III colon carcinoma had a bilateral oophorec-
tomy. In both univariate and multivariate analy-
ses, there was no survival benefit associated with 
bilateral oophorectomy [5]. The tumor stage and 
the administration of adjuvant chemotherapy 
were found to be prognostic factors. An advan-
tage of bilateral oophorectomy could only be 
demonstrated in patients who did not receive 
adjuvant chemotherapy [5].

However, the risks of serious illnesses that 
can develop in the course of bilateral oophorec-
tomy due to the hormone deficiency should be 
taken into account. Early menopause can lead 
to osteoporosis, bone fractures, and cardiovas-
cular diseases, thereby increasing the risk of 
mortality [11].

Hormonal substitution can reduce the symp-
toms; however, it can also be associated with 
thromboembolism, stroke, and gallbladder dis-
ease [10]. Therefore, a bilateral oophorectomy 
should always be carefully considered and dis-
cussed with the patient in advance. In postmeno-
pausal women with an intact uterus, estrogen and 
progesterone are recommended to reduce the risk 
of endometrial hyperplasia following bilateral 
oophorectomy [9].

11.6  Small Bowel Involvement

In principle, the use of various aids is conceivable 
for peritonectomy. These include scissors or elec-
trical scissors, bipolar electrocoagulation, lasers, 
plasma beamers, etc. The aim of all instruments 
is to remove the tumor-bearing peritoneum from 
the fat layer of the small intestine mesentery 
without damaging the vessels. After the parietal 
peritonectomy has been performed, if necessary, 
the intra-abdominal recess is examined to find 
and remove hidden foci. In the area of the liga-
ment of Treitz, the small intestine is systemati-
cally examined from both sides in a thorough 
search for tumor nodules.

The area around the duodenojejunal junction, 
the adhesions of the small intestine, the folds of 
the duodenum, and the transition from the mes-
entery to the small intestine should also be thor-
oughly inspected. The following methods are 
available for isolated foci:

• Extensive peritonectomy (Fig. 11.5)
• Resection of a tumor nodule (Video 11.3, 

www.springermedizin.de/VZB- peritoneal- 
tumors)

• Coagulation of tumor sites (Fig. 11.6)
• Immediately stitching of deserosation (Video 

11.4, www.springermedizin.de/VZB-perito-
neal-tumors)

a b

Fig. 11.5 (a and b) Extensive peritonectomy (a) with confluent tumor mass, (b) after removal of the visceral perito-
neum on the small intestine mesentery
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When coagulating a tumor nodule, the surgi-
cal team members should wear glasses for their 
own protection, as electrocoagulation may lead 
to diffuse spray due to the high water content of 
the tumor nodules.

If the tumor nodules are present on the surface 
of the small intestine, it may be possible to remove 
them using sharp scissors or a knife without injur-
ing the bowel wall (Fig.  11.7). If the serosa is 
infiltrated and removed along with tumor nodules, 
it must be repaired using seromuscular sutures in 

order to avoid the risk of bowel perforation in the 
postoperative period (Fig.  11.8). In some cases, 
tumor nodules are limited to the terminal ileum 
and the ascending colon, and they may necessitate 
a right hemicolectomy to achieve complete cyto-
reduction. If there is extensive involvement of the 
small bowel or deep infiltration of the serosa with 
tumor nodules at multiple places, it may not be 
worthwhile to proceed with cytoreduction, and 
one must abort the surgery (Fig. 11.9).

 c Bowel resection (small intestine, possibly 
also large intestine) is justified if it leads to 
complete macroscopic removal of the 
tumor nodules.

a b

Fig. 11.6 (a and b) Coagulation of tumor nodules

Fig. 11.7 Tumor nodules anchored in the fibrin that can 
be removed with the covering

Fig. 11.8 Disseminated infiltrating peritoneal metastases 
to the small intestine
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11.7  Indications for 
Cholecystectomy

A cholecystectomy (Fig.  11.10) is often neces-
sary when small tumor nodules over the serosa of 
the gallbladder cannot be removed, as is also the 
case with the small bowel. Removal of the tumor 
nodules over the serosa of the gallbladder and 
then subsequent serosal repair is associated with 
a very high risk of postoperative biliary fistula 
and is thus not recommended.

Even if there are no tumor nodules over the 
gallbladder, a cholecystectomy is still recom-
mended, since either hyperthermic or normother-
mic intraperitoneal chemotherapy can severely 
irritate the gallbladder serosa and can cause 
severe cholecystitis.

11.8  Indication for Splenectomy

The indication for splenectomy is evident if 
mucinous tumor masses can only be completely 
removed from the left upper abdomen by taking 
the spleen with them (Fig. 11.11). The risk must 
be weighed against its anticipated benefits as 
patients undergoing splenectomy have a signifi-
cantly high postoperative mortality risk of up to 
50% due to progressive sepsis [13, 15].

The splenectomized patient must therefore be 
clearly informed about the life-threatening risk of 
any infectious disease with or without a fever.

 c Therefore, patients should follow post- 
splenectomy vaccination guidelines—they 
must undergo vaccination against pneumo-
cocci, type B Haemophilus influenzae, and 
meningococcal disease within 2–4  weeks 
after surgery and have regular vaccinations 
against seasonal influenza viruses [12, 13].

It is essential to start appropriate antimicrobial 
therapy as soon as a patient who has undergone 
splenectomy develops any feature of infection that 
could be associated with fever. Lifelong prophy-
laxis is provided for asplenic patients who have had 
an episode of post-splenectomy sepsis or OPSI 
(“overwhelming post-splenectomy infection”). 

Fig. 11.10 Cholecystectomy for tumor nodules

Fig. 11.11 Splenectomy and omental cake

Fig. 11.9 Tumor implants at the mesenteric border
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The risk of developing post- splenectomy sepsis 
depends upon various factors such as the patient’s 
age, general condition, immune status, interval of 
the spleen-free period (highest risk in the first year 
after splenectomy), reason for splenectomy (trau-
matic, carcinoma, etc.), and the cause of bactere-
mia (associated with catheter infection) [13, 15]. In 
children with an increased risk, penicillin V is also 
recommended for the first 3–5 years. In cases of 
penicillin intolerance, a suitable alternative can be 
macrolides or oral cephalosporins [1].

11.9  Avoiding Complications

It is not surprising that extensive cytoreductive 
surgery followed by intraperitoneal chemotherapy 
results in postoperative complications. Serious 
complications are usually accompanied by higher 
reoperation rates and are reported as 20% in the 
literature. The risk of postoperative complications 
essentially increases with poor preoperative nutri-
tional status, the length of the operation, the 
administration of blood products, and the number 
of anastomoses [6].

Complications can be avoided, for example, 
by improving preoperative alimentation [3, 4] 
and preoperative intestinal irrigation [7]. The 
interval between the last day of neoadjuvant che-
motherapy and the day of the operation should be 
between 4 and 6 weeks.

11.10  Conclusion

The technique of cytoreduction must be adapted 
to the existing tumor load and the characteristics 
of the peritoneal metastasis. When planning to 
undertake extensive surgical cytoreduction, the 
likelihood of achieving complete cytoreduction 
and the risk of long-term restrictions in quality 
of life must be considered. Organ resections in 
particular are associated with an increased risk 
of postoperative complications. Even following 
an extraperitoneal rectal resection, a protective 
diversion stoma is usually not required. After 
splenectomy and oophorectomy, the recommen-

dations of the relevant specialist societies should 
be followed to reduce the risk of postoperative 
long-term complications.
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12.1  Introduction

Cytoreduction is usually a time-consuming proce-
dure and is associated with large areas of raw 
wound surfaces. In addition to the peritonectomy, 
often multivisceral resections may also be required 
to achieve complete cytoreduction. The technical 
details of the specific procedure are described in 
detail in different chapters of this book.

The parietal peritoneum is mostly separated 
from the abdominal wall layers using blunt dis-
section. In addition to blunt dissection, a swab 
(Fig.  12.1), scissors, or bipolar scissors 
(Fig. 12.2c) can be helpful. The water jet dissec-
tor (Fig. 12.2a) or argon beamer (Fig. 12.2b) can 
likewise be useful implements to separate densely 
adherent peritoneum from the diaphragm or to 
dissect the liver capsula.

Vessel-sealing instruments are particularly 
useful to minimize the blood loss and reduce the 
duration of the surgery; these instruments include 
bipolar scissors, Ultracision®, and LigaSure™ 
as well as a combination of these two methods: 
THUNDER BEAT® (Fig. 12.2d). The principles 
of these instruments and their preferred uses are 
discussed below.

12.2  High-Frequency Surgery

The use of high-frequency current in surgery 
dates back to Christian Heinrich Erbe from 
Tübingen. In the early twentieth century, he pre-
sented the first high-frequency surgery generator 
to the professional world in 1923. AC heat (150–
400  °C) is generated in high-frequency surgery 
(HF surgery). The heat leads to destruction of the 
tissues and the sealing of smaller vessels.

Using alternating current with a frequency 
range between 300 and 4000 kHz in the electro-
surgical unit avoids or reduces nerve irritation 
and electrolysis.

12.2.1  Monopolar Coagulation

A monopolar diathermy is commonly used dur-
ing cytoreduction surgery. In this mode, the 
 current flows from a small area of contact with 
the active electrode toward a large area of contact 
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with the neutral electrode. Due to the current 
density, the thermal effect at the active electrode 
is greatest, whereas it is practically unnoticeable 
at the neutral electrode.

The monopolar RF devices allow a faster dis-
section when they are used in cytoreduction—for 
example, in colon resection while dissecting a 
vascular layer. They are also quite effective while 
doing peritonectomy. One should also note that 
monopolar devices result in the largest lateral 
thermal damage to the tissues. An application of 
40  W of monopolar diathermy for 10  seconds 
may cause temperatures to rise to 59.2 °C in the 
tissues located even 1 cm away from the tip of the 
instrument [23].

Though there is risk of lateral tissue damage, 
monopolar diathermy is generally used for entering 
the abdominal cavity. Small vessels (<1 mm) may 
be tackled with monopolar diathermy quickly 
without much consequence. These small vessels 
must be gripped with surgical forceps and the cur-
rent is applied carefully. One has to be careful 
while dissecting the ureter with monopolar dia-Fig. 12.1 Blunt dissection

a b

c

Water-jet dissector +
monopolar RF

bipolar scissors

THUNDER BEAT
Combination of bipolar current and ultrasound

Argon-Jet

d

Fig. 12.2 (a–d) Examples of dissection: (a) Water jet dissector and monopolar radio frequency (RF), (b) Argon-Jet, (c) 
bipolar scissors, (d) THUNDER BEAT: combination of bipolar current and ultrasound
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thermy as current may get localized at places in the 
ureter due to the presence of urine. Unfortunately, 
this may go unnoticed during the surgery and the 
patient may present with urinary leak or stricture in 
the late postoperative period [17, 20].

12.2.2  Bipolar Coagulation

In the bipolar instruments, the current flows 
through the tissue held between the two surfaces 
of the forceps- or scissor-shaped instrument 

(Fig. 12.3). As the current does not flow laterally 
in the surrounding tissues, thermal damage does 
not spread laterally. Moreover, a neutral electrode 
is not required.

Thus, the advantages of using bipolar coagu-
lation devices over monopolar diathermy are 
obvious: no or minimal thermal injury to sur-
rounding tissues, and no interference to external 
monitoring devices such as the ECG or to inter-
nal stimulating devices such as a pacemaker.

With bipolar scissors, dissection can be per-
formed swiftly and cleanly. Bipolar scissors serve 
as our main instrument while doing dissection in 
open surgery (Fig.  12.4). A bipolar device is 
capable of addressing the small vessels; its use in 
peritonectomy or in lymphadenectomy leads to 
an almost complete vascular dissection 
(Fig. 12.5). However, large vessels must be tack-
led differently.

Fig. 12.3 The workstation manufactured by Erbe 
Elektromedizin GmbH (with permission of Erbe)

Fig. 12.4 Omentectomy with bipolar scissors

Fig. 12.5 Peritonectomy with bipolar scissors

12 Cytoreduction Preparation Devices
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12.2.3  Bipolar Sealing Instruments 
with Impedance Measurement 
(Electrothermal Bipolar Vessel 
Sealing)

Example: LigaSure™ (Covidien)

An evolutionary technique in bipolar dia-
thermy was developed by Covidien in 1998. 
The company introduced LigaSure, an 
Electrothermal Bipolar Vessel Sealing System 
(EBVS). This new technique uses a combi-
nation of pressure and bipolar thermal en-
ergy controlled by impedance measurements. 
Using direct pressure to compress the vessels 
and tissues, EBVS leads to a safe closure of 
arteries of up to 7 mm in diameter and veins of 
up to 12 mm in diameter [10, 11].

Compared to the conventional approach, 
the EBVS can lead to a significant reduction 
in the duration of surgery and the amount of 
blood loss [11]. The same has been demon-
strated in thyroidectomies [2], in hysterecto-
mies [22], and in splenectomies [7]. Currently, 
other manufacturing companies have also 
developed their own EBVS: for example, 
Erbe, Ethicon, BOWA, Olympus, and KLS 
Martin. ◄

The authors use the EBVS during cytoreduc-
tion, for example, when performing an omentec-
tomy, a gastric resection, or in the division of 
mesentery, in order to reduce the duration of sur-
gery and the amount of blood loss.

12.3  Ultrasound-Based 
Instruments

Example: Harmonic Scalpel Ultracision® 
(Ethicon)

Ultrasonic scalpel (“Harmonic”) is a surgi-
cal instrument that can be used to simultane-
ously cauterize and cut tissues (Fig. 12.6). Its 

mechanism of action lies in the fact that the 
active blade converts vibrational energy into 
mechanical energy, resulting in a surgical 
dissection and simultaneous hemostasis. The 
active blade cuts through tissue by vibrating 
in the range of 20,000–60,000 Hz. The vibra-
tion cuts through the tissue and seals it using 
protein denaturation rather than heat. A good 
analogy is whisking an egg white: another ex-
ample of denaturation of protein through vi-
bration rather than heat.

This method is used in abdominal surgery, 
for example, when performing partial liver 
resections [5, 14, 24], rectal resections [1], 
colon resections [8], and gastrectomies [4] as 
well as in ENT procedures [13].

The vibration of the active blade (55.5 kHz) 
results in volume changes in tissue, which 
leads to the formation of vapor bubbles at 
body temperature. In connective tissue, the 
formation of bubbles results in the dissection 
of the tissue layers. In addition, the high- 
frequency vibration of the active blade also 
leads to the defragmentation of protein com-
pounds and thus to hemostasis. This effect can 
already be observed at a low-temperature 
range from 37  °C to a maximum of 
63 °C. Prolonged exposure to locally applied 
energy leads to a rise in temperature, which 
releases water vapor (at 63–100 °C) and later 
to the denaturation of protein at a maximum 
temperature of 150  °C.  As is the case with 
defragmentation, the denaturation also leads 

Fig. 12.6 Handpiece Ultracision (with permission of 
company (Johnson & Johnson))
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to hemostasis [12]. Thus, the tissue dissection 
offers simultaneous hemostasis without any 
current flowing through the patient. Ultrasonic-
based instruments do not produce any burns, 
electric shocks, or tissue damage related to the 
leakage of current. The tissue damage through 
heat extends up to a maximum depth of 
50–150 μm [21]. Studies by Meurisse et  al. 
[16] showed that the postoperative analgesic 
consumption following thyroid resections 
using an ultrasonic scalpel was significantly 
lower in comparison to analgesic consumption 
when monopolar diathermy was used. This 
was probably due to the reduction in tissue 
damage in the operating area. And there are 
other advantages of using an ultrasonic scal-
pel: they produce no smoke and afford a better 
view of the operating area by comparison with 
monopolar diathermy or laser applications. 
Moreover, many studies have also demon-
strated a shorter operation time [15].

The authors have had a positive experience 
when using the ultrasonic scalpel. Especially 
in laparoscopic procedures, the ultrasonic 
scalpel results in better hemostasis, more pre-
cise tissue dissection, and shorter duration of 
surgery. However, while using the ultrasonic 
scalpel, vessels larger than 5 mm in diameter 
must be either ligated or clipped [25]. During 
cytoreduction, the ultrasonic scalpel is partic-
ularly helpful for small and large bowel resec-
tion, omentectomy, and lymphadenectomy 
(Fig. 12.7). ◄

12.4  Water Jet Dissection

Example: Hydro-Jet (Euromed 
Medizintechnik)

Using a high-pressure water jet for cutting was 
initially developed in the industrial field. For 
its application in surgery, a number of modi-
fications were carried out in the nozzles and 
pressure parameters before it could be used 
safely for cutting and dissection.

Initial experiments were carried out by Papa-
christou and Bengmark in 1982. They did the 
initial clinical research to implement this tech-
nology. Since 1996, many commercial devices 
have become available: two among them are the 
Handy-Jet (Saphir Medical S.A., Dardilly, 
France) and Hydro-Jet (Euromed Mediz-
intechnik, A. Pein, Schwerin, Germany).

The jet cutter uses a high-pressure water jet 
dissector with pressures ranging between 20 
and 50  bar and a nozzle with a diameter of 
0.1–0.2 mm. A water jet of this quality allows 
for liver resection, separating the parenchyma 
from the biliary and vessels according to their 
degree of hardness. The remaining vessels and 
biliary structures can then be selectively 
clipped and divided.

This technique has been mainly used dur-
ing liver resections [18, 19]. Its use has also 
been described in other parenchymatous 
organs such as the brain [9] and the kidney 
[26]. We usually use the water jet dissector in 
liver resections and in peritonectomy 
(Figs. 12.8 and 12.9). Because the vessels can 
be easily identified and ligated or clipped, the 
blood loss is minimal. The peritoneum can 
also be stripped off easily with the help of a 
water jet dissector. ◄

12.4.1  Argon Plasma Coagulation 
(APC)

In argon plasma coagulation (e.g., Argon Plasma 
Coagulator 2 from ERBE; PlasmaJet® from 
Plasma Surgical Ltd. or the KLS-Martin Argon Fig. 12.7 Omentectomy with Ultracision
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Beam System), electrical energy is transmitted 
through conductive (ionized) gaseous argon over 
the tissue from a distance. The energy transfer 
takes place without direct contact to the tissues. 
One has to be very careful while doing so, since 
the probe is brought close to the tissues and the 
ionized gas is applied in short pulses. The sensi-
tive and the deeper structures are spared and pre-
served in this technique. A quick hemostasis can 
be achieved over a large raw area because it coag-
ulates the capillaries and small blood vessels. 
Since there is no flow of electric current, there is 
no risk of electric burns. Another advantage of 
APC is the absence of muscular fasciculation—
this is especially beneficial while stripping the 
peritoneum from the diaphragmatic surfaces. The 
single-use handpieces with a diameter of 5 mm 

are also available in a length of 7, 12, or 28 cm 
for laparoscopic use.

This principle can be applied, for example, in 
the peritonectomy. Depending on the high- 
frequency power and the application time, APC 
can cut tissue while simultaneously coagulating 
smaller superficial bleeding. The argon plasma 
technology thus facilitates deperitonealization 
and transection of the liver parenchyma with 
minimal bleeding. But due to the higher cost and 
the problematic application of argon plasma in 
poorly visible areas, we generally prefer to use 
blunt dissection or preparation with bipolar scis-
sors in deperitonealization.

12.4.2  Nd:YAG Laser

Another recent method of tissue-parenchymal 
division using the principle of thermally induced 
tissue destruction is the YAG laser (neodymium- 
doped yttrium aluminum garnet laser) with a 
wavelength of 1064  nm. The laser is delivered 
through a glass fiber of about 400–600 microns in 
diameter, which is placed in a special handle. The 
target acquisition takes place using a pilot laser 
beam. It is operated with a laser beam of up to 50 
watts and a pulse duration of 1 to 2 seconds. In 
order to minimize the risk of bowel perforation, 
strictly adhering to the safe distance of about 
1 cm from the tissues is essential. Our experience 
in peritonectomy with the laser procedure is lim-
ited to a few interventions.

12.5  Conclusion

Currently, the surgical armamentarium is full of 
various electrosurgical and other devices which 
can be of immense use while performing cytore-
ductive surgeries. There are no studies available 
in the medical literature to suggest which one is 
ideal for a particular operative step. The decision 
to use a device is usually based on its availability 
and the operating surgeons’ experience and com-
fort in using it.

Fig. 12.9 Peritonectomy with Hydro-Jet ®: thermal 
dissection

Fig. 12.8 Deperitonealization with Hydro-Jet
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Generally, there remains a risk of lateral dam-
age to the surrounding tissues while using these 
electrosurgical devices during surgery. This lat-
eral damage depends upon the duration of the 
exposure and the strength of the effect. The risk 
of lateral damage is significantly higher with 
monopolar current, whereas it is comparatively 
very low when using an electrothermal bipolar 
device (e.g., LigaSure) or ultrasound-based 
instruments (Ultracision) (Table 12.1) [3, 6].

The authors use the following devices while 
performing cytoreductive surgeries:

• Peritonectomy: Blunt dissection, bipolar scis-
sors, and Hydro-Jet

• Liver resection: Bipolar scissors, Hydro-Jet, 
argon beam, and Nd:YAG laser

• Resection of the omentum, stomach, small 
intestine, colon: Bipolar scissors, Ultracision, 
and LigaSure

References

 1. Balogh A, et al. Total mesorectal excision with ultra- 
sonic coagulation knife (“ULTRACISION”) in sur-
gery of rectal cancer. Orv Hetil. 2000;141:379–83.

 2. Chavez V, et  al. Comparative analysis between a 
bipolar vessel sealing and cutting device and the tie 
and suture technique in thyroidectomy: a randomized 
clinical trial. Surgery. 2016;161:477–84.

 3. Druzijanic N, et  al. Comparison of lateral thermal 
damage of the human peritoneum using monopolar 
diathermy, harmonic scalpel and LigaSure. Can J 
Surg. 2012;55:317–21.

 4. Hang C, et al. Gastrectomy and D2 lymphadenectomy 
for gastric cancer: a meta-analysis comparing the har-
monic scalpel to conventional techniques. Int J Surg 
Oncol. 2015;2015:397,260.

 5. Hanyong S, et  al. A prospective randomized con-
trolled trial: comparison of two different methods of 
hepatectomy. Eur J Surg Oncol. 2014;41:243–8.

 6. Hefermehl L, et  al. Lateral temperature spread 
of monopolar, bipolar and ultrasonic instruments 
for robot-assisted laparoscopic surgery. BJUI Int. 
2014;114:245–52.

Table 12.1 Advantages, disadvantages, and application examples of the preparation devices

Advantages Disadvantages
Heat-induced 
lateral damage Application

Monopolar Fast cutting and 
coagulation

Risk of cautery plate 
injury, no closure of large 
vessels, disturbances in 
ECG readings and in 
pacemaker

3.5 mm (60 W, 
1 s)
>20 mm (60 W, 
2 s)

Entering the abdominal 
cavity, preparation of 
avascular layer 
peritonectomy

Bipolar Fast cutting and 
coagulation; no 
disturbances in 
ECG and in 
pacemaker

No closure of large 
vessels

2.2 mm (60 W, 
1 s)
3.6 mm (60 W, 
2 s)

During lymphadenectomy 
and peritonectomy

Electrothermal 
bipolar device 
(e.g., LigaSure)

Safe sealing of 
vessels up to 7 mm

Two step approach—
sealing and cutting

2.8 mm 
(automatic)

Cutting vascular 
structures like mesentery, 
during lymphadenectomy

Ultrasound-based 
instruments 
(Ultracision)

Fast, easy, can be 
used for layer 
dissection

No secure close of vessels 
>3 mm

1.3 mm (level 3, 
1 s) 1.8 mm (level 
5, 1 s) 1.6 mm 
(level 3, 2 s)

Laparoscopic 
peritonectomy

Water jet 
dissection (e.g., 
Hydro-Jet 
dissection)

Gentle dissection of 
the tissues from 
delicate structures 
like vessels

Time-consuming None Parenchymal transection 
of the liver and kidney; 
peritonectomy

Argon plasma 
coagulation (APC)

Contact-less action Expensive device; 
distance from the tissues 
crucial

Depending upon 
the distance from 
the tissues

Good hemostasis

Nd: YAG laser Contact-less action No tactile feel, 
nonselective dissection of 
the tissues, safety 
concerns

Depending upon 
the distance from 
the tissues

Peritonectomy

12 Cytoreduction Preparation Devices



108

 7. Hou SY, et  al. Randomized clinical trial of vessel 
sealing system (LigaSure) in esophagogastric devas-
cularization and splenectomy in patients with portal 
hypertension. Am J Surg. 2011;202:82–90.

 8. Hubner M, et  al. Prospective randomized study of 
monopolar scissors, bipolar vessel sealer and ultra-
sonic shears in laparoscopic colorectal surgery. BJS. 
2008;95:1098–104.

 9. Jacob S, et al. Endoscopic use of the water jet dissec-
tor in the cerebral ventricle system—an experimental 
study. Zentralbl Neurochir. 2000;61:14–21.

 10. Kennedy JS, et  al. High-burst strength, feedback- 
controlled bipolar vessel sealing. Surg Endosc. 
1998;12:876–8.

 11. Landman J, et al. Evaluation of a vessel sealing sys-
tem, bipolar electrosurgery, harmonic scalpel, titanium 
clips, endoscopic gastrointestinal anastomosis vascu-
lar staples and sutures for arterial and venous ligation 
in a porcine model. J Urol. 2003;169:697–700.

 12. Lee SJ.  Ultrasonic energy in endoscopic surgery. 
Yonsei Med J. 1999;40:545–9.

 13. Leonard DS, et al. Evaluation of the ultracision ultra-
sonic dissector in head and neck surgery. Oper Tech 
Otolayngol Head Neck Surg. 2008;19:59–66.

 14. Manasa DM, et  al. Expert opinion on advanced 
techniques for hemostasis in liver surgery. EJSO. 
2016;42:1597–607.

 15. Matthews B, et  al. Ultrasonic and nonultrasonic 
instrumentation: a systematic review and meta- 
analysis. Arch Surg. 2008;143:592–600.

 16. Meurisse M, et al. Evaluation of the Ultracision ultra-
sonic dissector in thyroid surgery. Prospective ran-
domized study. Ann Chir. 2000;125:468–72.

 17. Parpala-Spårman, et  al. Increasing numbers of ure-
teric injuries after the introduction of laparoscopic 
surgery. Scand J Urol Nephrol. 2008;42:422–7.

 18. Rau HG, et  al. Liver resection with the water jet: 
conventional and laparoscopic surgery. Chirurg. 
1996;67:546–51.

 19. Rau HG, et  al. The use of water-jet dissection in 
open and laparoscopic liver resection. HPB (Oxford). 
2008;10:275–80.

 20. Selli C, et  al. Delayed-onset ureteral lesions due to 
thermal energy: an emerging condition. Arch Ital Urol 
Androl. 2014;86:152–3.

 21. Sherman JA, et al. Ultracision®: the harmonic scal-
pel and its possible uses in maxillofacial surgery. Br J 
Oral Maxillofac. 2000;38:530–2.

 22. Silva F-L, et al. Randomized study of bipolar vessel 
sealing system versus conventional suture ligature for 
vaginal hysterectomy. Eur J Obstet Gynecol Reprod 
Biol. 2009;146:200–3.

 23. Sutton PA, et al. Comparison of lateral thermal spread 
using monopolar and bipolar diathermy, the harmonic 
scalpel and the LigaSure. Br J Surg. 2010;97:428–33.

 24. Takeshi A, et  al. Skeletonization and isolation of 
the Glissonean and venous branches in liver sur-
gery with an ultrasonic scalpel technology. Int Surg. 
2015;100:1048–53.

 25. Timm RW, et al. Sealing vessels up to 7 mm solely 
with ultrasonic technology. Med Devices Evidence 
Res. 2014;70:263–71.

 26. Yi G, et  al. Hydro-jet assisted laparoscopic partial 
nephrectomy with no renal arterial clamping: a pre-
liminary study in a single center. Int Urol Nephrol. 
2014;46:1289–93.

H. G. Rau et al.



Part V

Treatment Option of Intraperitoneal 
Treatment and Experimental Approach



111© Springer Nature Switzerland AG 2021 
B. Rau et al. (eds.), Peritoneal Tumors and Metastases, 
https://doi.org/10.1007/978-3-030-62640-2_13

Application of IPC, HIPEC, 
and PIPAC

Kurt Van der Speeten, Maik Kilian, 
and Lieselotte Lemione

13.1  Introduction

In the past, oncologists assumed peritoneal car-
cinomatosis (PC) was identical to distant metas-
tases and, as such, regarded it as an incurable 
component of intra-abdominal malignancy only 
open to palliative treatment options. Since the 
1980s, different treatment hypotheses for patients 
with isolated peritoneal metastases and primary 
peritoneal malignancies have emerged, based on 
the revised hypothesis that PC is a local-regional 
disease, which therefore warrants a local-regional 
therapeutic approach [64, 101, 103]. These new 
treatment protocols are based on a combination 
of cytoreductive surgery (CRS) and hyperther-
mic intraperitoneal perioperative chemotherapy 
(HIPEC). In this setting, CRS aims at removing 
all macroscopic tumor, whereas the subsequent 
intraperitoneal (IP) chemotherapy seeks to elimi-

nate all residual microscopic tumor [81]. CRS 
and HIPEC have evolved over three decades and 
have demonstrated encouraging clinical results 
in several phase II and III trials [6, 41, 47, 76, 
95, 102, 127–129, 133]. The combined treatment 
modality is now the standard of care for peri-
toneal metastases from appendiceal epithelial 
cancers, colorectal cancer, and peritoneal meso-
thelioma [24, 42, 115]. Promising results have 
also been published for HIPEC in recurrent ovar-
ian cancer [5, 102]. Although there is now a near 
universal standardization regarding CRS, based 
on the work by Sugarbaker et al. [108, 117], no 
standardized IP chemotherapy treatment modali-
ties exist. This chapter reviews the different 
treatment modalities for IP chemotherapy, with 
a special focus on the pharmacologic variables.

13.2  Pharmacology

Pharmacology of IP chemotherapy can be sub-
divided into pharmacokinetics and pharmacody-
namics (Table 13.1). Whereas pharmacokinetics 
describes what the body does to the drug, phar-
macodynamics looks at what the drug does to the 
body. Pharmacokinetics of IP chemotherapy stud-
ies the alterations between the moment of admin-
istration of the IP chemotherapy and the cancer 
chemotherapy drug showing up at the level of 
the tumor nodule. The basic way of depicting 
pharmacokinetic data is by a  concentration x 
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time graph (Fig.  13.1). Pharmacodynamics  
subsequently looks into the effect of that 
cancer chemotherapy drug on the tumor. 
Pharmacodynamic data is depicted in a concentra-
tion x effect graph. Pharmacokinetic research seeks 
to deliver the chemotherapy in the most efficient 
way possible at the front door of the tumor.

13.3  Dose Intensification

The pharmacokinetic rationale of periopera-
tive IP cancer chemotherapy is based on the 
dose intensification provided by the peritoneal-
plasma barrier [13]. From peritoneal dialysis 
research, Dedrick et  al. [15] concluded that the 
peritoneal permeability of a number of hydro-
philic anticancer drugs may be considerably less 
than the plasma clearance of the same drug after 
IP administration. The peritoneal clearance is 
inversely proportional to the square root of its 

molecular weight and results in a higher concen-
tration in the peritoneal cavity than in the plasma 
after IP administration [16, 31]. This dose inten-
sification over the peritoneal membrane is merely 
an application of Fick’s basic law of diffusion 
to transperitoneal transport. A simplified math-
ematical diffusion model considers the plasma to 
be a single compartment separated from another 
single compartment, the peritoneal cavity, by an 
effective membrane (Fig. 13.2).

This results in Eq. (13.1):

Rate of mass transfer PA Per Bl� � �C C–  (13.1)

where PA  =  permeability area (PA  =  effec-
tive peritoneal contact area A  ×  permeability 
P), CPer = concentration in peritoneal cavity, and 
CBl = concentration in the blood [33]. This simple 
conceptual model indicates the importance of the 
effective contact area [32]. Although the equa-
tion permits calculation of the pharmacokinetic 
advantage, the model does not reveal anything 
about the specific penetration of the cancer che-
motherapy drug into the tissue or tumor nodule 
[34], nor does it predict the value of the effec-
tive contact area. The model simply describes the 
transfer between two compartments. After CRS, 
this concentration difference increases the pos-

Table 13.1 Pharmacokinetic and pharmacodynamic 
variables of intraperitoneal chemotherapy

Pharmacokinetic VR Pharmacodynamic VR
 Dose Tumor nodule size
 Volume Density
 Duration Vascularity
 Carrier solution Interstitial fluid pressure
 Pressure Binding
 Molecular weight Temperature
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Fig. 13.1 Concentration-time graph of intraperitoneal 
doxorubicin during HIPEC. Doxorubicin concentration in 
plasma, peritoneal fluid, tumor nodules, and normal adja-
cent tissue. Data obtained from a single patient. (Adapted 
from [124])
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Rate of mass transfer
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Fig. 13.2 The traditional two-compartment model of 
peritoneal transport; transfer of a drug from the peritoneal 
cavity to the blood occurs across the “peritoneal mem-
brane.” The permeability area result (PA) governs this 
transfer. PA is calculated by measuring the rate of drug 
disappearance from the cavity, which is divided by the 
overall concentration difference between the peritoneal 
cavity and the blood (or plasma). CB = the free drug con-
centration in the blood (or plasma); VB = volume of distri-
bution of the drug in the body; Cp  =  the free drug 
concentration in the peritoneal fluid; Vp = volume of the 
peritoneal cavity [14, 54]
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sibility of exposing residual tumor cells to high 
doses of chemotherapeutic agents with reduced 
systemic concentrations and lower systemic tox-
icity. This advantage is expressed by the area 
under the curve (AUC) ratios of intraperitoneal 
(IP) versus plasma (IV) exposure. Already at this 
point, one should realize that the pharmacoki-
netic advantage does not automatically translate 
into better pharmacodynamics and thus effect.

13.4  Timing of Cancer 
Chemotherapy in Relation 
to Timing of Surgical 
Intervention

In the clinical application of intraperitoneal che-
motherapy in PC patients, IP chemotherapy can 
occur at four points in relation to the time of 
surgery.

13.4.1  Neoadjuvant Bidirectional 
Chemotherapy

First, neoadjuvant bidirectional chemotherapy 
uses both the intraperitoneal and intravenous 
routes of chemotherapy administration prior 
to the CRS.  It has been suggested as an option 
for reducing dissemination to the extra-abdom-
inal space, for testing the tumor biology, and 
for reducing the extent of small PC nodules. 
Theoretically, this approach, which is called 
neoadjuvant intraperitoneal and systemic che-
motherapy (NIPS), may facilitate definitive CRS 
after initial exploratory laparoscopy or laparot-
omy [137]. Radiological and clinical responses 
with NIPS have been reported by several groups 
[113, 137, 138, 141]. However, although NIPS 
may reduce the tumor load to be addressed by 
CRS, it has several disadvantages. Adhesions 
from prior surgical interventions may interfere 
with adequate intraperitoneal drug distribution, 
and, as complete responses are unusual, further 
cytoreduction- chemotherapy is necessary if the 
approach is to be curative. NIPS is reported to 
add to morbidity and mortality of further surgical 

treatment [25]. Furthermore, extensive fibrosis, 
as a response to chemotherapy, may occur and 
render judgments concerning the extent of PC 
difficult or impossible.

13.4.2  Hyperthermic Intraperitoneal 
Perioperative Chemotherapy 
(HIPEC)

Hyperthermic intraperitoneal perioperative che-
motherapy is the most widely explored modality 
that has consistently clinically improved out-
comes in many phase II and III trials [9, 19, 21, 
35, 43, 51, 61, 127–129, 131, 132, 134].

13.4.3  Normothermic Intraperitoneal 
Preoperative Chemotherapy 
(NIPEC)

Over the past years, several experimental studies 
have been conducted to investigate what exactly 
is the added benefit of combining hyperthermia 
to the CRS alone [8, 45, 63, 80, 100, 140]. In 
vitro experiments performed by Michalakis et al. 
[80] indicate that short-term treatment of carci-
noma cells with high concentrations of paclitaxel 
in both normothermic and hyperthermic settings 
is equally effective for cell growth arrest. Klaver 
et al. [63] used a rodent model of colorectal PC 
to demonstrate that the effectiveness of intraop-
erative intraperitoneal perfusion after CRS is not 
dependent on hyperthermia. Sørensen et al. [100] 
showed that NIPEC provided high intraperito-
neal mitomycin C concentrations and increased 
bioavailability in extraperitoneal tissue, while 
hyperthermia at 41 °C did not modify the mito-
mycin C pharmacokinetics. On the other hand, 
Glehen et al. [45] evaluated the effect of hyper-
thermia on the pharmacokinetics and tissue dis-
tribution of intraperitoneal melphalan in a rodent 
model. They report that hyperthermia resulted in 
a decreased area under the curve (AUC) of mel-
phalan in the peritoneal fluid, without increasing 
the plasma AUC, and increased intra-abdominal 
tissue concentrations.
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Also, several clinical trials addressed the ques-
tion regarding the additional effect of hyperther-
mia [105]. In a meta-analysis of the randomized 
controlled trials on adjuvant IP chemotherapy for 
resectable gastric cancer, Yan et al. [132] observed 
a trend toward survival improvement in patients 
receiving NIPEC. However, this was not signifi-
cant with patients receiving early postoperative 
chemotherapy (EPIC) or delayed postoperative 
IP chemotherapy. A more recent meta-analysis 
comparing different methods of intraoperative 
and IP chemotherapy for patients with gastric 
cancer [53] showed that both HIPEC and NIPEC 
were associated with significant improvement 
in overall survival and that hyperthermia had 
no additional effect. In a retrospective analysis 
determining the risk factors of anastomotic leak 
after low colorectal resection, Averbach et al. [4] 
reported that anastomotic leakage was not com-
promised by NIPEC.  Additional hyperthermia 
was associated with high leak rate when exten-
sive colon resection was performed.

A randomized phase II clinical trial is cur-
rently ongoing at Ghent University Hospital. This 
trial compares normothermic versus hyperther-
mic IP perioperative chemotherapy after optimal 
CRS in patients diagnosed with PC from colorec-
tal origin, including appendiceal mucinous 
neoplasms and the pseudomyxoma syndromes 
(https://www.clinicaltrialsregister.eu/ctr- search/
search?query=2012- 000701- 77). Initial results 
from this trial indicate no difference in its mor-
bidity or mortality between normothermic and 
hyperthermic oxaliplatin-based IP intraoperative 
chemotherapy [48].

13.4.4  Early Postoperative 
Intraperitoneal 
Chemotherapy (EPIC)

Early postoperative intraperitoneal chemother-
apy has some conceptual advantages. It is admin-
istered shortly after CRS at the time of minimal 
residual tumor burden. Moreover, IP treatments 
initiated before wound healing occurs can mini-

mize nonuniform drug distribution and eliminate 
residual cancer cell entrapment in postoperative 
fibrin deposits.

EPIC does not involve hyperthermia and is 
administered postoperatively (typically day 1 
to day 4/5) through both an inflow catheter and 
outflow drains inserted during CRS, and it can 
be applied with or without HIPEC [109]. The 
proper selection of chemotherapy agents based 
on pharmacologic principles suggests the use of 
cell cycle-specific drugs such as 5-fluorouracil 
and the taxanes [112, 126]. This implies admin-
istrating multiple cycles, each with a dwell time 
of around 23 hours before renewal. This ensures 
that all the residual tumor cells are susceptible to 
the cell cycle-specific drug.

Disadvantages associated with EPIC are the 
increased risks of infection and postoperative 
complications. Vaillant et al. [122] performed a 
prospective multicenter phase III trial randomiz-
ing patients with stage III colon cancer to either 
resection with IV 5-fluorouracil during sur-
gery and IP administration of 5-fluorouracil for 
6 days thereafter or resection alone. They report 
that the addition of IP chemotherapy during a 
short period of time after resection did not sig-
nificantly reduce the risk of morbidity. However, 
the results suggested that it should be associated 
with IV chemotherapy to reduce both local and 
distant recurrences. Lam et  al. [69] compared 
the overall and the recurrence-free survival of 
patients treated with HIPEC with mitomycin 
C and EPIC with 5-fluorouracil versus patients 
treated with HIPEC alone using oxaliplatin and 
simultaneous IV infusion of 5-fluorouracil. They 
reported that survival did not differ between the 
two groups. However, patients that received the 
combination of HIPEC and EPIC experienced 
more grade III/IV complications. A random-
ized phase II trial is currently ongoing at the 
Memorial Sloan Kettering Cancer Center. This 
study compares the efficacy and toxicity of EPIC 
and HIPEC after optimal CRS in patients with 
neoplasms of the appendix, colon, or rectum 
with isolated PC  (https://clinicaltrials.gov/ct2/
show/NCT01815359).
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13.4.5  Long-Term Combined 
Intraperitoneal and Systemic 
Chemotherapy

A number of randomized phase III trials dem-
onstrate that intravenous plus intraperitoneal 
chemotherapy improves survival in patients with 
optimally debulked stage III ovarian cancer, 
compared to intravenous chemotherapy alone 
[1, 3, 38, 59, 77, 87, 135]. This approach may be 
used as a “chemotherapeutic bridging” between 
incomplete initial surgery and definitive cytore-
duction or second-look surgery. This type of che-
motherapy is an adjuvant and not a perioperative 
use of chemotherapy. However, failure analysis 
for CRS plus perioperative chemotherapy indi-
cates recurrent cancer occurs most frequently 
within the abdominal and pelvic cavity [10]. 
Although systemic metastases occur, treatment 
failures rarely occur in the liver, the lungs, or 
other systemic sites.

In order to optimize the treatment of patients 
with PC, the greatest benefit will probably 
result from a combination of the four treatment 
strategies.

13.5  Intraperitoneal 
Perioperative Chemotherapy

13.5.1  Selection of Chemotherapy 
Drugs for IP Administration

Perhaps the most crucial aspect of an optimal IP 
chemotherapy treatment modality is the selec-
tion of a chemotherapy drug for use within the 
peritoneal space. The ideal drug for IP chemo-
therapy has a high peritoneal tissue concentra-
tion, because of direct IP administration, and 
a high penetration into the cancer nodule. This 
should occur in conjunction with slow diffusion 
of the chemotherapy solution through the capil-
lary endothelium and deep into the subperitoneal 
space. Pharmacologic variables that should be 
taken into account are the route of administra-
tion—either intraperitoneal only or intraperito-
neal combined with intravenous administration. 

The use of naked drugs versus nanoparticles, and 
single drugs versus multiple drugs, should also 
be considered. Table 13.2 summarizes the phar-
macologic properties of the chemotherapy drugs 
most frequently selected for IP application [110].

To select a chemotherapy drug, one must 
know the response expected with this drug in 
patients with metastatic disease. The AUC ratio 
is important in that it estimates the dose intensity 
expected in the treatment of peritoneal metas-
tases as compared to the toxicity experienced 
as a result of the systemic effects of the drug. 
As depicted in Table  13.2, many of the drugs 
selected for IP administration have a respectable 
AUC ratio. The drugs with the most favorable 
AUC ratios are mitomycin C, doxorubicin, gem-
citabine, and pegylated liposomal doxorubicin.

The drugs that are used in the operating 
room are acute-phase drugs that can exert their 
effects in the absence of cell proliferation [126]. 
Those drugs that are used for EPIC are selected 
because they require cell division for their opti-
mal effects. Such drugs are 5-fluorouracil and 
paclitaxel [112, 126].

The retention of the IP chemotherapy drug 
is crucial in drug selection in that a response 
of the peritoneal metastasis is dependent upon 
the time over which a particular concentration 
of drug is present at the surface of the nodule. 
Slow clearance of the intraperitoneal drug and 
prolonged hyperthermia would be expected to 
cause a maximal response. The heat-augmented 
drugs that have a prolonged retention are gem-
citabine, pegylated liposomal doxorubicin, and 
ifosfamide.

Another strategy for prolonged exposure of 
peritoneal nodules to chemotherapy requires the 
continuous infusion of the drug. By combining 
intraoperative IV and intraoperative IP cancer 
chemotherapy, a bidirectional diffusion gradient 
is created through the intermediate tissue layer, 
which contains the tumor nodules, as depicted in 
Fig. 13.3. The best-studied intravenous chemother-
apy agent targeted to peritoneal surfaces is ifos-
famide. Continuous infusion of ifosfamide during 
HIPEC will result in cytotoxic levels of this drug 
within the peritoneal nodule over the 90 minutes 
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of HIPEC [125]. Also, 5-fluorouracil has been used 
as a bolus infusion to augment the effect of hyper-
thermic intraperitoneal oxaliplatin [19].

A third mechanism for increased drug reten-
tion within the peritoneal space during HIPEC 
is repeated dosing of the chemotherapy agents. 
Verwaal et al. [128] used a triple dosing schedule 
for mitomycin C in order to increase the intraper-
itoneal exposure of this drug. They used half the 
drug dose at the initiation of HIPEC, one- quarter 
of it at 30  minutes, and another one- quarter of 
the dose at 60 minutes for a total of 90 minute 
HIPEC.  By their calculation, this increased the 
effective dose of the mitomycin C.

In line with findings in systemic oncology, 
one can expect that the real question is not what 
the ideal drug is for IP chemotherapy, but rather 
what is the ideal drug for IP chemotherapy in 
this specific patient. The molecular heterogeneity 
within one tumor type of PC is staggering. These 
molecular subtypes have relevance for diagnosis, 
staging, prognosis, but increasingly so also for 
the choice of chemotherapeutic agent.

13.5.2  Dosage

The current dosing regimens of IP chemotherapy 
can be divided into body surface area (BSA)-
based and concentration-based. Most groups use 
a drug dose based on calculated BSA (mg/m2) 

in analogy to systemic chemotherapy regimens 
(Table 13.2). These regimens take BSA as a mea-
sure for the effective peritoneal contact area: the 
peritoneal surface area in the Dedrick formula. 
However, Rubin et  al. [91] demonstrate that 
there is an imperfect correlation between actual 
peritoneal surface area and calculated BSA, and 
there may be sex differences in peritoneal surface 
areas, which in turn affects absorption character-
istics. BSA-based IP chemotherapy will result in 
a fixed dose (BSA-based) diluted in varying vol-
umes of perfusate—and thus different concentra-
tions depending on substantial differences in the 
body composition of patients and differences in 
the HIPEC technique (open versus closed abdo-
men). From the Dedrick formula above, we know 
that peritoneal concentration and not peritoneal 
dose is the driving diffusion force. The impor-
tance of this has been discussed by Elias and 
Sideris [22]. In a clinical investigation where 2, 
4, and 6 liters of perfusate solution was admin-
istered with a constant dose of chemotherapy, 
the more diluted intraperitoneal chemotherapy 
concentration retarded the clearance of chemo-
therapy and resulted in less systemic toxicity 
[111]. Therefore, it can be assumed that, with the 
diffusion model, less concentrated chemotherapy 
would penetrate less into the cancer nodules and 
into normal tissues. Concentration-based chemo-
therapy offers a more predictable exposure of the 
tumor nodules to the IP chemotherapy [78] and 

Intraperitoneal cavity
very high concentration of anticancer agents

Tumor tissue

Outer layer:
High drug level by
direct exposure

Inner core:
Drug concentration
by microcirculation
through systemic
circulation

Blood vessels

Transport of
anticancer
agent

Fig. 13.3 Pharmacological 
concept of bidirectional 
intravenous and 
intraperitoneal chemotherapy. 
(Adapted from Fujiware K. 
et al. 2007, with permission)
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thus more efficacy. Unfortunately, the price to be 
paid for a better prediction of the efficacy of the 
intraperitoneal chemotherapy is the high unpre-
dictability of the plasmatic cancer chemotherapy 
levels and thus toxicity. Indeed, according to the 
abovementioned Dedrick formula of transport 
over the peritoneal membrane, an increase in the 
volume of concentration-based IP chemotherapy 
solution will cause an increase in both diffusion 
surface and the amount of drug transferred from 
peritoneal space to plasma [123]. These theoreti-
cal assumptions have since been validated; both 
in a preclinical PC rat model and in randomized 
clinical trial in humans [73, 74].

13.5.3  Carrier Solution

Hypotonic, isotonic, and hypertonic solutions 
with both low- and high-molecular-weight che-
motherapy molecules have been explored. Salt- 
based, dextrose-based, hetastarch, or icodextrin 
solutions have been used [20, 67, 82–84, 86]. 
Moreover, the stability of the chemotherapeutic 
agent in the chosen carrier should also be con-
sidered. Mehta et al. [79] investigated the stabil-
ity of oxaliplatin in both chloride-containing and 
chloride- deficient carrier solutions. They report 
that oxaliplatin concentration remained stable 
over a 2-hour period in a 5% dextrose-based 
solution. Increasing degradation rates of oxali-
platin were associated with increasing chloride 
concentrations, but this degradation was limited 
to a maximum of 10% after 30 minutes (the stan-
dard peritoneal perfusion time during HIPEC). 
Moreover, chloride seemed to promote the forma-
tion of the active cytotoxic drug form of oxalipla-
tin (Pt(dach)Cl2) and therefore could enhance its 
cytotoxic effect. The ideal carrier solution should 
enhance the exposure of the peritoneal surface 
and residual tumor cells to the chemotherapeutic 
agent. This is especially important in the setting 
of EPIC, where maintenance of a high dwell vol-
ume of perfusate over a prolonged time period 
improves the distribution of the drug and the 
effectiveness of the treatment. In a HIPEC setting 
with a relatively short dwell time, one could the-
oretically expect a pharmacodynamic advantage 

of a hypotonic carrier through the mechanism of 
increased tissue and tumor absorption. Contrary 
to experimental studies supporting this hypoth-
esis, Elias et al. [20] showed no increase in tumor 
penetration in humans. A concomitant high inci-
dence (50%) of postoperative peritoneal bleeding 
and severe thrombocytopenia has contraindicated 
the further clinical use of hypotonic carriers.

13.5.4  Volume of Chemotherapy 
Solution

Since peritoneal metastases and free-floating 
tumor cells can be present anywhere on the peri-
toneal surface, the entire surface of the abdomi-
nal and pelvic cavity is the target. Substantial 
differences in the body composition of patients 
and differences in the actual HIPEC technique 
will result in a wide variety of perfusate volumes. 
In current practice, the volume of the perfusate is 
chosen quite arbitrarily. Based upon the above- 
stated equation concerning the mass transfer over 
the peritoneal-plasma membrane, increasing the 
solution-contact area A improves the mass trans-
fer. Keshaviah et  al. [57] demonstrated a linear 
rise in mass transfer in ten patients who were dia-
lyzed with different volumes ranging from 0.5 up 
to 3 liters. Elias first published the importance of 
the volume of chemotherapy in determining sys-
temic exposure to the drug [22]. Sugarbaker et al. 
[111] carried out a clinical investigation where 
2 versus 4 versus 6 liters of chemotherapy solu-
tion were administered. The dose of chemother-
apy solution in these studies was constant. They 
showed that a more diluted intraperitoneal che-
motherapy concentration retarded the clearance 
of chemotherapy and led to a lesser systemic 
toxicity. It also must be assumed that the less 
concentrated chemotherapy would, according to 
the diffusion model, penetrate less into the cancer 
nodules and into normal tissues. These authors 
determined that it was necessary to regulate not 
only the chemotherapy dose but also the volume 
of chemotherapy solution to match the patient’s 
BSA. A consistent drug dose and chemotherapy 
solution volume may be the optimal method to 
predict a maximal treatment in the abdomen with 
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a predictable bone marrow toxicity. Sugarbaker 
and colleagues suggested that variable volume 
is a dangerous practice with unpredictable sys-
temic toxicities [111]. If the chemotherapy solu-
tion is administered until the abdomen is full, the 
contact area will increase. If the contact area is 
variable, the total absorption of drug cannot be 
predicted.

13.5.5  Temperature

Adding hyperthermia to IP chemotherapy will 
theoretically increase the tumor response by 
several mechanisms. First, heat alone has some 
direct antitumor effects. Although potentially 
important, the extent of the temperature elevation 
within the core of a tumor nodule is extremely 
limited. Selective cytotoxicity of malignant 
cells by heat is related to impaired DNA repair, 
increased protein denaturation, increased acid-
ity, lysosomal activation, and increased apoptotic 
cell death [106].

A second and perhaps more important aug-
mentation for hyperthermia is increased cytotox-
icity with heat. Synergy between heat and cancer 
chemotherapy drugs is a complex pharmacologi-
cal event. Augmented effects have been demon-
strated for doxorubicin, cisplatin, mitomycin C, 
melphalan, oxaliplatin, and gemcitabine [116].

A third mechanism for increased cell kill of 
peritoneal metastases with hyperthermia is related 
to the increased depth of penetration of the can-
cer chemotherapy into tumor nodules. Jacquet 
et  al. [55] reported increased tissue penetration 
of doxorubicin when the cancer chemotherapy 
solution was administered intraperitoneally at 
43 °C. This increase in tissue concentration did 
not affect the pharmacokinetic advantages of the 
intraperitoneal administration. The elevated inter-
stitial fluid pressure in tumor nodules compared 
to normal tissue is an acknowledged phenom-
enon [139]. A thermal dose- dependent decrease 
in interstitial fluid pressure in experimental solid 
tumors in an animal model has been reported by 
Leunig et al. [71] .

However, the level of hyperthermia must be 
matched to the intraperitoneal cancer chemo-

therapy drug. With cisplatin, the higher the tem-
perature, the greater the increase in cytotoxicity. 
In addition, those chemotherapy drugs that func-
tion as prodrugs may have a temperature thresh-
old for maximal augmentation of cytotoxicity. 
Mitomycin C and gemcitabine are included in 
this category. It has been shown that gemcitabine, 
when heated to 43 °C, is impaired in its cytotox-
icity. It is postulated that the conversion of gem-
citabine triphosphate (the active agent) may be 
inhibited intracellularly at higher temperatures. 
Therefore, with this drug intraperitoneal heat 
should be limited to 41–42 °C [107]. The same 
situation is likely to exist with mitomycin C.

Urano et  al. [121] identified the cancer che-
motherapy drugs that are augmented by moder-
ate hyperthermia of 41  °C.  The drugs with the 
largest increase in cytotoxicity were cisplatin, 
melphalan, ifosfamide, and cyclophosphamide. 
These “super drugs” for hyperthermia are not all 
appropriate for intraperitoneal administration. 
Ifosfamide and cyclophosphamide are prodrugs 
which are expected to show little cytotoxicity 
when present with cancer cells in a chemother-
apy solution. However, cisplatin and melphalan 
are said to enter the peritoneal metastases well, 
and the hyperthermia at 43–44 °C augments their 
expected therapeutic effect considerably.

As hyperthermia is the main logistical chal-
lenge hindering the widespread use of IP che-
motherapy, the assumed increased cytotoxicity 
of adding hyperthermia to IP chemotherapy sug-
gested by basic science needs urgent validation 
in clinical trials.

13.5.6  Pressure

Dedrick et al. [15] postulated that the penetration 
distance is equal to the square root of the ratio 
of the tissue diffusivity and the rate constant for 
drug removal from the tissue (D/k)1/2. Using a rat 
model, Flessner et al. [30] showed a doubling of 
the extracellular space in the anterior abdominal 
wall of rats when the pressure of intra-abdominal 
peritoneal dialysis solution was raised from 0 to 
4 cm H2O. An increased effective diffusivity was 
postulated.
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Animal experiments confirmed the increased 
intratumoral accumulation and antitumor effect 
of intraperitoneal doxorubicin and cisplatin when 
the intra-abdominal pressure was raised [23, 56]. 
Using a pig model, Facy et  al. [27] report that 
high pressure (25 cm H2O) enhances diffusion of 
oxaliplatin in the visceral and parietal peritoneum. 
The combination of high pressure and hyperther-
mia resulted in the highest tissue concentration 
of oxaliplatin. Increased intra- abdominal pres-
sure is thought to generate a convective flux that 
forces the drug from the peritoneal cavity into 
the subperitoneal tissue. At the same time, intra-
abdominal pressure may counteract the hydrau-
lic capillary pressure and slow the outflow of the 
drug to the body compartment. Measurement of 
local cisplatin concentrations along the radii of 
peritoneal tumor nodules showed platinum pen-
etration far beyond the 1 mm limit advocated by 
Los et al. [75]. The clinical limit of usable intra-
abdominal pressure enhancement is dictated by 
respiratory and hemodynamic tolerance [93]. 
Clinical applications of HIPEC in intra-abdom-
inal pressure settings have so far been limited to 
palliation of debilitating malignant ascites with 
laparoscopic HIPEC at 10–15 mm Hg [26, 40].

A novel approach involving pressurized intra-
peritoneal aerosol chemotherapy (PIPAC) takes 
advantage of the physical properties of pres-
sure by using capnoperitoneum at a pressure of 
12 mmHg to enhance drug uptake [120]. PIPAC 
is a laparoscopic method for repetitive delivery 
of low-dose intraperitoneal chemotherapy as a 
pressurized aerosol, claiming enhanced tumor 
penetration, homogeneous intraperitoneal drug 
distribution, and limited local and systemic toxic-
ity. Due to these promising initial results, PIPAC 
is currently increasingly implemented in multiple 
centers worldwide.

13.5.7  Duration

A wide variation in the duration (ranging from 
30 to 120  minutes) of IP chemotherapy proto-
cols are reported (Table 13.2). The dose-response 
curves and their dependency on exposure time 
have been mathematically modeled by Gardner 

[39]; according to this model, a plateau in tumor 
cell kill is reached, after which prolonged expo-
sure time offers no further cytotoxic advantage. 
Theoretically, the most advantageous exposure 
time for cytotoxic effects in PC patients should 
be carefully weighed against systemic exposure 
and bone marrow toxicity and degradation pro-
cesses. Duration of perioperative chemotherapy 
regimens should be pharmacology-driven and not 
arbitrary.

Of all variables, duration of IP chemotherapy 
is next to the choice of the drug the most important 
one. The best example for this is the combined 
negative randomized controlled trials (PRODIGE 
7, COLOPEC, PROPHYLOCHIP) [46, 62, 88]. 
All three of them used a non- validated and flawed 
30  minutes HIPEC with oxaliplatin. Already at 
the time of the study design, translational data 
were available demonstrating that oxaliplatin at 
30  minutes was greatly inferior to oxaliplatin 
at 120  minutes [60]. Our group used apoptosis 
studies (activated caspase) to evaluate tumor 
cell death in PC nodules after CRS and HIPEC, 
once again both in a preclinical rat PC model 
and in human colorectal PC patients [73, 74]. 
In both instances the amount of apoptosis after 
30 minutes of oxaliplatin-based HIPEC was very 
disappointing.

13.5.8  Irrigation Techniques

Although HIPEC has received the greatest atten-
tion in the search for eradication of the cellular 
component of peritoneal metastases following 
CRS, other mechanisms may be of value or less 
toxic. The mechanical removal of residual can-
cer cells through intraoperative irrigation prior 
to HIPEC may assist in the maximal eradication 
of cancer cells. Even after performing CRS for 
peritoneal metastases, large numbers of cancer 
cells will undoubtedly still be present within 
the ascites fluid: they will have been dislodged 
from the peritonectomy specimens or released 
from traumatized tumor nodules or the primary 
tumor [72]. In order to remove them, frequently 
throughout the CRS, dissection sites should be 
irrigated copiously and subsequently aspirated. 
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This frequent irrigation is to remove blood, tissue 
debris, and stray cancer cells as well as to clarify 
the anatomy for safe subsequent dissection. As a 
parietal peritonectomy procedure is completed, 
a large volume of warm saline irrigation should 
flood the peritonectomy site and the fluid should 
be vigorously manipulated to remove biologic 
fluids and cells. After the complete removal of 
the irrigation fluid, laparotomy pads or sterile 
towels should be placed in the peritonectomy site 
to prevent cancer cells from implanting within 
the raw surfaces as additional cytoreduction pro-
ceeds [94].

Upon completion of the cytoreduction but 
prior to HIPEC, an irrigation with a cytotoxic 
but non- chemotherapeutic agent should occur. 
Peroxide at 0.24% in 3 L of warm saline is used 
by Sugarbaker and colleagues [50]. Others have 
used 3 L of warm distilled water. Still others have 
utilized a diluted povidone-iodine solution [70]. 
Kuramoto et  al. [66] have shown the value of 
mechanical cleansing of the peritoneal space with 
a large volume of fluid. They have used extensive 
intraperitoneal lavage (EIPL) to improve the sur-
vival of patients with gastric cancer and a high 
risk for implantation of gastric cancer cells. His 
strategy is to use 10 L of warm saline, 1 liter at a 
time in order to maximally irrigate away cancer 
cells that may be present.

13.6  Modes of Perfusion

Several different methodologies for administer-
ing HIPEC have been developed at centers expe-
rienced in the management of peritoneal surface 
malignancy.

13.6.1  Open Abdomen Technique

The open abdomen technique with a vapor bar-
rier created by smoke evacuators has been used 
extensively at the MedStar Washington Hospital 
Center (Fig. 13.4) [108].

During the open coliseum technique 
(Fig.  13.5), the abdominal cavity is expanded 
after CRS by applying traction sutures on the 

skin, which elevates the skin edge and provides 
the so-called coliseum [114]. This technique 
assures that the chemotherapy solution reaches 
all abdominal recesses. A heater circulator is used 
to maintain moderate hyperthermia (41–43  °C) 
within the abdomen and pelvis. Most treatment 
centers use a single inflow catheter that is moved 
in a clockwise direction from the right upper 
quadrant to beneath the left hemidiaphragm, to 
the left paracolic sulcus, to the pelvis, to the right 
paracolic sulcus, and then back to the right upper 
quadrant. Direct inflow within the small bowel 
regions is avoided. To remove the chemotherapy 
solution from the peritoneal space, one or more 
outflow catheters are placed in separate abdomi-
nal areas. The flow of the chemotherapy solution 
is usually set between 1 and 1.5 L/min. During 
the open abdomen technique, the abdomen is 
covered with a plastic sheet. A cruciate incision 
is made within the sheet to provide an access for 
manipulation of the abdominal viscera and to 
allow the heated chemotherapy solution to access 
all dependent parts of the abdomen and pelvis to 
ensure good drug distribution. A smoke evacua-
tor is used to clear aerosolized chemotherapy lib-
erated during the procedure.

The concern with the open abdomen tech-
nique is the potentially hazardous occupational 
exposure: i.e., exposing the operating room 
staff to the chemotherapy solution in liquid or 
 vaporized form. Several studies have been per-

Fig. 13.4 The open abdomen technique to administer 
hyperthermic intraperitoneal perioperative chemotherapy 
(HIPEC). A vapor barrier is created by smoke evacuators 
[108]. (© 2017 with permission, Ciné-Med, Inc)
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formed to address this issue by measuring plati-
num levels in the blood and urine of healthcare 
workers and environmental (air and surfaces) 
samples during HIPEC [65, 92, 130]. They report 
that there is no risk of platinum exposure during 
the open coliseum technique when safety consid-
erations are followed. Capron et al. [12] reported 
that double gloving can be used safely during 
HIPEC, as there was no detectable permeation 
of chemotherapy drugs during tests performed at 
43  °C.  These studies emphasize the need for a 
standardized protocol concerning HIPEC proce-
dures with specific recommendations regarding 
environmental contamination risk management, 
personal protective equipment, and occupational 
health supervision [29].

13.6.2  Closed Abdomen Technique

Some groups close the abdomen prior to the 
HIPEC administration and then, following 
HIPEC, open the abdomen to perform anasto-
moses and to repair seromuscular tears, thereaf-
ter closing the abdominal incision. In this closed 
technique, the skin is only closed in a watertight 
fashion so that all of the structures of the ante-

rior abdominal wall are thoroughly treated by 
the chemotherapy solution. Some use a totally 
closed technique. In this methodology, the CRS 
is performed, and the abdomen is irrigated prior 
to the performance of intestinal anastomoses and 
the closure of the abdominal incision. Tubes and 
drains are positioned prior to the definitive clo-
sure of the abdomen. After closure of the abdo-
men, the perfusion of the heated chemotherapy 
solution is started [44, 68].

Advantages associated with the closed abdo-
men technique are the ability to rapidly achieve 
and to maintain hyperthermia in addition to the 
increased safety for operating staff. Another 
advantage believed to be associated with the 
closed HIPEC technique is that increased intra- 
abdominal pressure may increase the che-
motherapy penetration into tissue. However, 
Ortega-Deballon et al. [85] report, in an experi-
mental study, that the open technique had higher 
systemic absorption and abdominal tissue pen-
etration of oxaliplatin than the closed technique. 
Facy et al. [28] used a pig model to demonstrate 
that tissue concentration of oxaliplatin was higher 
in the open technique even when high pressure 
was used in the closed abdomen technique. They 
conclude that the use of high pressure during the 

Fig. 13.5 During the open coliseum technique, the 
abdominal cavity is expanded after CRS by applying trac-
tion sutures on the skin, which elevates the skin edge and 
provides the so-called coliseum. The abdomen is covered 
with a plastic sheet. A cruciate incision is made within the 
sheet to provide an access for manipulation of the abdomi-

nal viscera and to allow the heated chemotherapy solution 
to access all dependent parts of the abdomen and pelvis in 
order to ensure good drug distribution. A smoke evacuator 
is used to clear aerosolized chemotherapy liberated during 
the procedure
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closed abdomen technique does not outweigh 
the drawbacks. These drawbacks include the risk 
of recurrence along the abdominal incision and 
suture lines and lack of uniform distribution of 
the heated solution [18, 104]. Preferential flow 
circuits exist and some peritoneal surfaces are 
underexposed, which increases the risk of recur-
rence in these undertreated recesses. An attempt 
to better distribute the chemotherapy can be made 
by manually agitating the abdominal wall during 
the perfusion.

In a clinical study including patients diag-
nosed with PC of different origins, Halkia et al. 
[49] evaluated the differences in intraoperative 
parameters in patients receiving either the closed 
or open HIPEC technique. They concluded that 
both methods are safe and efficient in the treat-
ment of PC with equal morbidity and mortality. 
They recommend the closed technique as the 
method of choice for frail patients due to more 
stable hemodynamic parameters.

13.6.3  Semi-open/Semi-closed 
Abdomen Techniques

The peritoneal cavity expander (PCE) was first 
described by Fuijmura et  al. [37]. During this 
technique, an acrylic cylinder is secured over the 
wound. This cylinder contains inflow and outflow 
catheters, is large enough to allow the small intes-
tine to float in the heated perfusate, and allows 
manual manipulation of the perfusate. When 
compared with the closed perfusion technique, 
a more uniform drug distribution is achieved by 
temporarily increasing the volume of the perito-
neal cavity. This method was mostly used for the 
treatment of gastric PC [52, 136].

The abdominal cavity expander, also referred 
to as the Landager technique, is a semi-closed 
abdomen technique with open abdomen, which 
ensures protection against potential hazardous 
occupational exposure and allows permanent 
access to the whole abdomen cavity, ensur-
ing uniform drug distribution [7]. During this 
method, the skin edges are stapled watertight to 
a soft “abdominal cavity expander” supported by 
a Thompson self-retaining retractor positioned 

over the abdomen. In this way, the level of the 
liquid can be widely raised above the level of the 
skin edges. The anterior abdominal wall and the 
wall edges are constantly exposed to the liquid 
[89]. The abdominal cavity expander has been 
recently used by Frøysnes et al. [36] in the treat-
ment of colorectal PC.

13.7  Novel Approaches: PIPAC

PIPAC (Fig. 13.6) is a novel approach to deliver 
IP chemotherapy to patients diagnosed with PC 
[120]. During PIPAC, a normothermic capnoperi-
toneum (at a pressure of 12 mmHg) is established 
through a laparoscopic access in an operating 
room equipped with a laminar airflow. A cyto-
toxic solution is nebulized into the abdominal 
cavity during 30 minutes and thereafter removed 
through a closed suction system [97, 98]. The 
hypothesis underlying this technique is that intra-
abdominal application of chemotherapy under 
pressure will enhance tumor drug uptake and 
that aerosolizing and spraying chemotherapy will 
enhance the area of peritoneal surface covered by 
the drug.

Several experimental and clinical studies 
have been conducted to test the abovementioned 
hypothesis [96–99, 119]. Solass et al. [98] used 
a pig model to evaluate the stain distribution 
and direct penetration into the peritoneum dur-
ing nebulization of methylene blue. They report 
that the stained peritoneal surface was larger and 
that the direct penetration of the stain into the 
peritoneum was enhanced after aerosol applica-
tion when compared to conventional peritoneal 
lavage. They also performed PIPAC with cispla-
tin and doxorubicin in three end-stage patients 
with advanced PC of gastric, appendiceal, and 
ovarian origin. They report that PIPAC required 
only 1/10 of the doxorubicin dose to achieve 
higher tumor concentrations as compared to 
HIPEC.  Doxorubicin was not only detected in 
tumor nodules, but nuclear staining was also 
demonstrated throughout the peritoneum, pen-
etrating deeply into the retroperitoneal fatty 
tissue. They concluded that PIPAC was well 
tolerated with excellent local exposure and low 
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systemic exposure [99]. Khosrawipour et al. [58] 
in 2019 also reported increased tissue penetra-
tion with doxorubicin-based PIPAC.  Moreover, 
PIPAC appeared to be associated with very lim-
ited hepatic and renal toxicity even after repeated 
PIPAC [11, 90]. In a phase II study conducted by 
Tempfer et  al. [119], 64 patients with recurrent 
ovarian, fallopian, or peritoneal cancer with PC 
were treated with three courses doxorubicin- and 
cisplatin-based PIPAC. PIPAC was well tolerated, 
easy to perform, and associated with an increased 
quality of life as compared to systemic chemo-
therapy, with the absence of grade IV toxicities. 
Demtröder et al. [17] performed a retrospective 
analysis including 17 patients with pretreated 
(surgery alone or combined with systemic che-
motherapy) colorectal peritoneal metastases, 
who had received up to six cycles of oxaliplatin-
based PIPAC. Repeated PIPAC with oxaliplatin 
induced regression of the peritoneal metastases, 
with low toxicities. However, it should be taken 
into account that patients included in these tri-
als are highly selected and often have had exten-
sive surgery and were already heavily pretreated 
with several lines of systemic chemotherapy. The 

potential limited access of the aerosolized che-
motherapy due to the presence of adhesions is 
not considered. Moreover, incomplete responses 
warrant further cytoreduction. However, it has 
been reported that PIPAC should not be com-
bined with CRS due to the potential of increased 
local toxicity [118].

Delivering chemotherapy as an aerosol might 
cause an increased risk of exposure to healthcare 
workers. The potentially hazardous occupational 
exposure when using PIPAC with cisplatin has 
been tested. The results indicated that PIPAC is in 
compliance with the labor safety laws and regula-
tions of the European Community [96]. Further 
investigations are however needed to test the 
occupational safety and logistics when PIPAC is 
used with other cytostatic drugs.

Currently, there are two ongoing trials assess-
ing PIPAC in women with gynecologic and gastric 
malignancies. The first ongoing trial is entitled: 
“A phase I, single-arm (non- randomized), open-
label, dose escalation study with cisplatin and 
doxorubicin applied as pressurized intraperito-
neal aerosol chemotherapy (PIPAC) in patients 
with recurrent ovarian cancer and peritoneal 

Video-monitoring

MicropumpAccess trocar
(5 mm)

Pressurized
Chemotherapy Aerosol

(12 mmHg)

Chemo-
therapy
solution

High-pressure injector
(-1500 kpa)

* *

Fig. 13.6 During pressurized intraperitoneal aerosol 
chemotherapy (PIPAC), a normothermic capnoperito-
neum (pressure of 12  mmHg) is established through a 
laparoscopic access in an operating room equipped with a 

laminar airflow. A cytotoxic solution is nebulized into the 
abdominal cavity during 30  minutes and thereafter 
removed through a closed suction system. (Adapted from 
[99])
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carcinomatosis (PIPAC-OV2)” (EudraCT-Nr. 
2014- 001034- 28). In this trial, safety and tolera-
bility of doxorubicin- and cisplatin-based PIPAC 
in a dose escalation scheme will be investigated 
until dose-limiting toxicity is reached. Moreover, 
pharmacologic studies will be included regarding 
hematological, liver, and renal function as well 
as the determination of cisplatin and doxorubicin 
plasma levels. The second ongoing trial is entitled 
“Feasibility, efficacy and safety of pressurized 
intraperitoneal aerosol chemotherapy (PIPAC) 
with cisplatin and doxorubicin in women with 
recurrent gastric cancer: an open- label, single-
arm phase II clinical trial (PIPAC-GA1)” (https://
clinicaltrials.gov/ct2/show/NCT01854255). In 
this trial, patients with recurrent gastric cancer 
will be treated with three  cycles of doxorubi-
cin- and cisplatin-based PIPAC.  The primary 
outcome measure will be the clinical benefit rate 
according to the Response Evaluation Criteria 
in Solid Tumors (RECIST) after three cycles of 
PIPAC. Efficacy of this treatment will further be 
assessed by CT, tumor marker studies, survival, 
and safety.

In 2019, Alyami et  al. [2] performed a sys-
tematic review of available data. They reported 
PIPAC to be feasible and safe. Data on objective 
response and quality of life were encouraging. 
Therefore, they propose PIPAC to be considered 
as a treatment option for refractory, isolated peri-
toneal metastasis of various origins. However, it 
needs to be validated by prospective studies.

Today, there is no phase III trial data available 
for PIPAC, emphasizing that this is still an exper-
imental treatment that should be further inves-
tigated within the context of controlled clinical 
trials. This data will be important in identifying 
the role of PIPAC in the treatment of peritoneal 
surface malignancy patients. Today, PIPAC can 
play a role as a new palliative treatment option 
in highly selected patients with PC.  Therefore, 
PIPAC cannot be directly compared with CRS 
and HIPEC, since the patient population and the 
intention to treat are different: palliative versus 
curative. Other potential roles of PIPAC should 
be explored—for example, in the neoadjuvant 
setting, to test tumor biology.

13.8  Conclusion

The combination of CRS and IP chemother-
apy is now the standard of care for peritoneal 
metastases from appendiceal epithelial cancers, 
colorectal cancer, and peritoneal mesothelioma. 
Although there is a near universal standardization 
regarding CRS, there is still a much-needed stan-
dardization among the various IP chemotherapy 
treatment modalities used today in clinical prac-
tice. Pharmacologic evidence should be provided 
to answer important questions raised by the myr-
iad of variables associated with IP chemother-
apy. Tumor nodule apoptosis emerges as a valid 
pharmacologic endpoint in IP chemotherapy 
basic science. Furthermore, new and innovative 
IP chemotherapy concepts, like PIPAC, should 
be investigated in well-designed and adequately 
powered phase III clinical trials.
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14.1  Introduction

With the introduction of immune checkpoint 
inhibitors, immunotherapy has become the fourth 
pillar of cancer treatment—the other three being 
surgery, chemotherapy, and radiotherapy. The 
success of immunotherapy is not only related to 
the destruction of cancer cells but also to a whole 
gamut of new biological processes. One of these 
biological processes is cellular senescence, which 
is the permanent growth arrest of the tumor cells.

Immune cells monitor the senescent tumor 
cells. In addition to direct contact, various soluble 
factors, including cytokines, play an active role. In 
this chapter, we will introduce the concept of cel-
lular senescence and how this can be potentially 
used in the management of peritoneal metastasis.

14.2  The Concept of Senescence

Cellular senescence actually means cell aging 
and has been implicated in some physiological 
and pathophysiological factors such as aging of 
the organism, age-related diseases, tissue homeo-
stasis, and embryogenesis [1–4].

 c In the context of aging, cellular senescence 
is one of the nine hallmarks of aging. 
Besides telomeric shortening, other notable 
stimuli that trigger senescence are non-
telomeric DNA damage and de-repression 
of the INK4/ARF locus [9].

Cellular senescence is recognized as a potent 
autonomous tumor-suppressive mechanism. p53 
and p16INK4a/pRB pathways, the two most 
powerful tumor-suppressor pathways, are critical 
for cellular senescence. Various stimuli for the 
activation of the p53 and p16INK4a/pRB path-
ways to establish and maintain the senescence 
growth arrest include dysfunctional telomeres, 
non-telomeric DNA damage, disruptions to chro-
matin organization, the expression of certain acti-
vated oncogenes, strong or persistent mitogenic 
signals, and several types of cellular stress, 
including oxidative stress.
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These tissue-resorbing properties of senes-
cence are driven, at least in part, by the 
senescence- associated secretory phenotype 
(SASP) of aging single cells, with senescent cells 
delivering a large number of specific signaling 
molecules, such as interleukins, chemokines, and 
growth factors to the surrounding tissue [5].

In addition to the pathophysiological rele-
vance of senescence in connection with the aging 
of the organism described above, it has recently 
been described that the biological principle of 
permanent cell-cycle arrest with subsequent 
removal of the arrested cells also plays a crucial 
role in the development of the organism during 
the period of embryogenesis. This “developmen-
tal senescence” is a physiologically programmed 
senescence-signaling pathway that has recently 
become one of the mechanisms of embryonic 
development besides apoptosis (programmed cell 
death) [12, 17]. In contrast, both oncogene and 
therapy-induced senescence are understood to be 
purely stress-response mechanisms that counter-
act excessive cell growth.

14.3  Cellular Senescence 
as an Antitumor Mechanism

 c Premature senescence of tumor cells is an 
intrinsic antitumoral mechanism that can 
be triggered by various genetic or epigenetic 
disorders.

These include the expression of hyperactive 
oncogenes [10], the influence of cytotoxic drugs 
on DNA [6, 15], or the loss of the tumor- 
suppressor gene PTEN—the “phosphatase and 
tensin homologue deleted on chromosome 10” 
[1]. These changes in the genetic information or 
disorders in the regulation of genetic information 
transduction in the tumor cells ultimately result 
in the irreversible cell-cycle arrest of these cells. 
Premature senescence can best be described as a 
cellular emergency brake, which intervenes when 
the cells threaten to run out of control.

However, for this mechanism of intrinsic 
cancer protection to be effective, it is likely that 
the arrested tumor cells will eventually have to 
be removed from the tissue and ultimately from 
the organism—a process that is mainly done by 
specialized macrophages. This complete senes-
cence monitoring of tumors [8] complements 
the strategy of cytotoxic immune defense based 
on tumor-cell apoptosis and tumor-cell lysis, 
thus contributing substantially to the antitumor 
defense system of the immune system. The link-
age of the permanent proliferation arrest of the 
tumor cells with the elimination of these cells 
by the immune system seems to be essential for 
the antitumoral effect of this defense mecha-
nism. In the long run, senescent cells result in 
the formation of a SASP, which leads to the 
secretion of chemokines, growth factors, etc., 
and they thus have a pro-inflammatory, tumor-
fostering effect [4]. However, the exact mecha-
nisms by which senescent cells are cleared off in 
the body need to be further investigated and 
elucidated.

Since senescent cells are typically character-
ized by a very much flattened and extensive mor-
phology (Fig.  14.1), which strongly resembles 
the shape of a sunny-side-up fried egg, it is also 
conceivable that they first disintegrate into 
smaller components before removal—or they go 
through a kind of secondary apoptosis or another 
kind of subordinate cell death.

14.4  The Cytokine-Induced 
Senescence as Part 
of Immune Surveillance 
of Tumors

With the description of the immune surveillance 
of tumors [7] and the characterization of cellular 
senescence as an endogenous barrier against the 
unrestricted growth of tumors [10], two biologi-
cal mechanisms have been identified that are not 
directly cytotoxic. Both of the mechanisms are in 
conformity with the concept of tumor dormancy. 
This state of a tumor can also be induced by the 
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administration of cytokine-producing T-helper-1 
(TH1) cells, as shown in the tumor model of an 
endogenous β-cell carcinoma in transgenic RIP- 
Tag2 mice [11].

These “sleeping” tumors may stay in the 
body for many years without causing any dam-
age. However, immune surveillance of the 
tumors, which is absolutely necessary for this 
purpose, has long been described as a balance 
between proliferating and dying tumor cells 
[16]. This concept has recently been supple-
mented with immune senescence monitoring. 
Immune senescence surveillance attains its 
tumor-suppressive effect mainly by suppressing 
the cell cycle and less by killing of the malig-
nant cells. Senescent cells may then be disposed 
of by the immune system, similar to apoptosis 
[8]. Senescence monitoring clearly has the 
potential to permanently counteract cancer 
growth. In this context, it has now been clearly 
demonstrated that the TH1 cytokines 
interferon-γ (IFN-γ) and tumor necrosis factor 

(TNF) can drive cancer cells directly into pre-
mature senescence [3]. The induction of senes-
cence was demonstrated both in  vitro and 
in  vivo by different methods: for example, by 
the determination of senescence-associated 
β-galactosidase (SA-β-Gal), by the detection of 
senescence-associated heterochromatin foci 
(SAHF), by immunochemical detection of cell- 
cycle inhibitors p16Ink4a and retinoblastoma 
protein (Rb), by detection of a G0/G1 arrest by 
flow cytometric cell-cycle analysis, and by vari-
ous growth-arrest assays [3, 14]. In turn, the 
cytokines necessary for the therapeutic effect 
are released by the TH1 cells in the immediate 
vicinity of the murine β-cell tumors after stimu-
lation by antigen-presenting cells [18, 19] and 
arrest the growth of the malignant cells. The 
concept was further successfully tested ex vivo 
on various human cancer cell lines and on pri-
mary tumor- cell preparations from cancer 
patients. These experiments showed that more 
than 50% of the investigated tumor-cell  

a

Proliferating melanoma cells:

- Normal size

- Round or spindle-shaped

- SA-β-galactosidase-negative

- Actively dividing

Senescent melanoma cells:

- Very large size

- Flat and egg-shaped

- SA-β-galactosidase-positive

- Permanently growth arrested

b

Fig. 14.1 (a, b) Comparison of the morphology of prolif-
erating versus senescent cells. A light-microscopic image 
of a proliferating cell population (a) as compared to a 

growth-arrested cell population of WM-115 melanoma 
cells (b) is shown
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populations respond to IFN-γ and TNF with a 
durable cell-cycle arrest [3]. In addition, it has 
been demonstrated in a mouse model that an 
IL-12-/IFN-γ-triggered immune response 
in  vivo can also induce secretion- associated 
changes in human rhabdomyosarcoma cancer 
cells [14]. These are astounding findings, as 
senescence has so far been described only as an 
intrinsic cellular program elicited by oncogenes 
in human cancer cells in vivo [10].

 c The fact that senescence can be elicited via 
membranous receptors by certain 
extracellular signaling molecules is a pre-
requisite for a possible application of the 
concept in cancer therapy and thus has far-
reaching practical consequences.

The signaling pathways leading to senescence 
of the tumor cells following stimulation by the 
interferon/TNF cocktail described above have 
been partially elucidated. Thus, cytokine-induced 
senescence (CIS) is dependent on the cytokine 
receptors IFN-γ receptor1/IFN-γ receptor2 
(IFN-GR1/IFNGR2) and TNF receptor1 (TNFR1), 
on the transcription factor signal transducer and 
activator of transcription1 (STAT1), and on the 
cell-cycle inhibitor p16Ink4a [3]. Receptor stimu-
lation leads to an IFN-γ-dependent upregulation of 
Schlafen-1 and to a TNF- dependent upregulation 
of p16Ink4a—the most important molecule that can 
arrest tumor cells [3]. Together, these signals lead 
to Rb hypophosphorylation and subsequent cell-
cycle arrest by suppression of important cell-cycle 
genes such as cyclin E and E2F2 (Fig. 14.2).

IFN-γ

e.g. Schlafen-1

STAT1 NFκB

IFNGR1/FNGR2 TNFR1
Cell membrane

JunB

Cyclin D1

CDK4/6

E2F

E2F Cyclin E
E2F2

Entry into
the cell cycle

DNA (nucleus)

RbRb

P

TNF

p16INK4a

Fig. 14.2 Signal pathways of cytokine-induced senescence 
(CIS). The stimulation of tumor cells with IFN-γ and TNF 
possibly via upregulation of Schlafen-1 (left) and upregula-
tion of p16Ink4a (right) leads to stabilization of hypophosphor-
ylated Rb. Hypophosphorylated Rb in turn prevents, via 
binding of the transcription factor E2F, the expression of the 

cell-cycle genes cyclin E and E2F2 and thus inhibits the 
active entry of cells into the cell cycle. CDK4/6 cyclin-
dependent kinase 4/6, E2F transcription factor E2F, 
IFNGR1/2 interferon-γ receptor 1/2, JunB transcription fac-
tor JunB, NF-kB nuclear factor kappa B, TNFR1 tumor 
necrosis factor receptor 1. (Modified and updated from [18])
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14.5  Possible Application 
of Interferons 
in the Treatment of  
Ascites- Causing Tumors

IFN-γ and TNF induce growth arrest in different 
cancer cells, which continues beyond the actual 
exposure time of the cytokines [3]. This is how 
the cytokine-induced senescence differs funda-
mentally from other mechanisms of action such 
as cytokine-induced apoptosis, which destroys 
the cells in a defined time window immediately 
after stimulation of the receptors.

 c Since CIS also shows effects on the cancer 
cells that last longer than the treatment, it 
represents a suitable mechanism to curb 
highly metastatic or micro-metastatic tumors.

This new mechanism of action may thus be 
relevant for melanoma therapy and, in this con-
text, for the reduction of malignant ascites. 
Analyses in our laboratory have shown that mela-
noma cell lines can also be converted into a CIS 
by the combination of IFN-γ with TNF (unpub-
lished data). However, the type II interferon used 
by us in  vitro, IFN-γ, is rarely used clinically 
because of its strong side effects. It is thus all the 
more important that type I interferon, IFN-α, is a 
cytokine commonly used in melanoma therapy 
with a more moderate toxicity profile, and that it 
has, in vitro, effects on proliferation, cell cycle, 
and in vitro expression of important senescence 
markers of melanoma cells that are similar to 
IFN-γ (unpublished data). Building on these 
in vitro data, the relevance of CIS in vivo should 
now be developed. In order to do this, the use of 
cytokines in cases of malignant ascites would be 
particularly suitable for three reasons:

• In this disease, cancer cells can be isolated 
from the ascites following paracentesis and 
then examined for senescence induction 
in vitro.

• The application of the cytokines could be car-
ried out directly following paracentesis, 

whereby the direct accessibility of the cancer 
cells by the cytokine combination is similar to 
that given in the in vitro experiments.

• Due to the presence of inflammation-induced 
endogenous TNF in detectable amounts, the 
external administration of TNF could be 
omitted.

In advance, the effect of cytokines in a perito-
neal carcinoma model should be investigated in 
immunodeficient NOD-SCIDxIL2Rcγ−/− mice. 
For this, cytokine-sensitive A204 cells [3, 14] and 
melanoma cells (WM115, Fig. 14.1) are implanted 
intraperitoneally. After 1 week of tumor establish-
ment, multiple intraperitoneal IFN-α plus TNF 
applications are performed for a maximum treat-
ment period of 40  days. Then, the number of 
tumor cells in peritoneal lavage is investigated. 
Furthermore, in the absence of cytokines, growth 
curves of the isolated peritoneal tumor cells are 
recorded, and important senescent markers such 
as p16Ink4a and the heterochromatin protein 
pHP1-γ are determined. On the other hand, the 
induction of senescence on primary cancer cells 
obtained from the ascites of patients can be ana-
lyzed ex  vivo. For this purpose, the melanoma 
cells are isolated, cultured, and characterized by 
means of various melanoma markers (S100, 
HMB45) from a part of the therapeutically pro-
duced ascites. Subsequently, the melanoma cells 
are treated ex vivo with cytokines and investigated 
for the initiation of CIS by creating growth curves 
as well as through the measurement of SA-β-
galactosidase activity and the immunofluores-
cence detection of p16Ink4a and pHP1-γ.

14.6  Conclusion

In summary, non-toxic, antitumoral mecha-
nisms such as immune senescence monitoring 
and CIS play a crucial role in the treatment of 
metastatic tumors. Harnessing these mecha-
nisms for the treatment of malignant ascites 
will be one of the most urgent tasks in the near 
future.

14 Cytokine-Induced Senescence: An Experimental Treatment of Peritoneal Tumors
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Mode of Action and Experimental 
and Clinical Data of Regional 
Hyperthermia

Peter Wust and Pirus Ghadjar

15.1  Introduction

Both in vitro and in vivo data suggest that tem-
perature elevation (hyperthermia) is associated 
with a cytotoxic and sensitizing effect. The defi-
nition of a thermal dose is possible. Sensitization 
is detectable with temperatures above 39  °C in 
the presence of cytostatic drugs (cisplatinum, 
ifosfamide) and above 40 °C in conjunction with 
radiation therapy. Regional hyperthermia is being 
conducted using annular phased array (APA) 
techniques (70–120  MHz) and capacitive sys-
tems (8–13  MHz). Standard systems are avail-
able (Pyrexar with SIGMA applicators or 
Thermotron/Oncotherm with capacitive tech-
niques), with which clinical trials were success-
fully conducted in patients with cervical cancer 
and high-risk soft tissue sarcoma. In a hybrid sys-
tem, noninvasive MR thermometry has been clin-
ically established. An advancement toward a 
novel MR-guided, online-optimized, regional 
hyperthermia is the goal currently aspired to. 
Additional clinical trials in abdominal tumors 
(pancreatic cancer) and pelvic tumors (bladder 
cancer, prostate cancer, anal cancer) have been 
initiated.

15.2  Biological Preconditions

Temperature elevation (hyperthermia) above 
43 °C can cause cell death (cytotoxicity) by dena-
turation of important biomolecules. A family of 
heat shock proteins have a protective role against 
various kinds of cell stress, including heat. 
During temperature elevation (e.g., 42  °C), and 
especially after a heat shock (>43 °C), heat shock 
proteins will be induced. This reduces the cell 
sensitivity to heat during several days (thermotol-
erance). In order to quantify the cytotoxic influ-
ence, heat-dose-effect curves for several cell 
types have been measured. Cell survival is depen-
dent on temperature and exposition time. With 
these two parameters (temperature multiplied by 
time), a thermal dose concept was developed [4].

• While the cytotoxic effect can significantly 
vary from cell type to cell type, parameterized 
dose-effect curves contain a principle serving 
as the basis for the introduction of the thermal 
dose: A temperature of 43 °C over 60 min will 
be survived by (only) 10% of the cells (reduc-
tion of cell count by one log). The thermal 
dose is regarded as the reference dose and pro-
vides an empirical formula for the cytotoxic 
effect.

• For tumor elimination, 9 logs must be 
destroyed, which is unrealistic using tempera-
tures of around 43  °C.  Thermal tolerance is 
one of the key resistance mechanisms in this 
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context. Therefore, within the typical temper-
ature range for clinical hyperthermia (39–
44 °C), heat alone is not able to result in local 
tumor control.

• The effect curves over different temperatures 
show that every temperature elevation of 1 °C 
above 43 °C leads to a bisection of the exposi-
tion time to reach the same cell survival (isoef-
fect). For example, the use of 43  °C over 
60 min is equivalent to 30 min at 44 °C and 
15 min at 45 °C. However, below 43 °C, for 
every 1 °C of temperature reduction, the expo-
sition time needs to be quadrupled to maintain 
isoeffectiveness.

• The conversion to a thermal dose provides an 
estimation for the temperature at which local 
tumor control (e.g., a cytotoxic effect of 9 
logs) can be reached. A cell kill of 9 logs will 
be accomplished using 47 °C over 40 min or 
with 50 °C over only 5 min. For the therapeu-
tic use of temperatures above 50  °C, which 
are, in principal, well suited for tumor elimi-
nation, the expression thermoablation has 
been introduced.

Hyperthermia can also improve the effective-
ness of other cancer therapies. These effects are 
related to temperature-dependent alterations of 
biomolecules and cellular pathways.

In preclinical studies, a synergistic effect was 
described with radiation therapy and several 
cytostatic drugs (Table 15.1). The exact cellular 

mechanisms for this effect are not always known. 
Regarding the synergistic effect of temperature 
elevation and radiation, for instance, several dif-
ferent repair enzyme systems have been identi-
fied that are potentially involved in this.

For the synergism of hyperthermia and radia-
tion therapy, other rules apply, which are of prac-
tical importance:

• The thermal dose for a significant increase of 
radiation effectiveness is significantly lower 
than the values applicable to cytotoxicity. 
Likewise, also temperatures around 41 °C are 
associated with a thermal enhancement ratio 
(TER) of 1.1. A TER of 1.1 represents a net 
increase of 10% of radiation dose effect.

• Thermal tolerance impacts upon the sensitiza-
tion effect, but to a lesser extent as compared 
to cytotoxicity. Therefore, when radiation 
therapy and hyperthermia are combined, more 
frequent hyperthermia treatments are justifi-
able (e.g., two treatments a week).

• The sensitization effect is maximal when radi-
ation and hyperthermia are applied simultane-
ously, according to preclinical studies, and it 
decreases when applied sequentially after a 
2–4 h time interval between hyperthermia and 
radiation therapy. The optimal sequence can-
not be identified with the current data, which 
is a pity. It can be regarded as one valid stan-
dard that hyperthermia is commonly per-
formed within 1-4  h after radiation therapy. 

Table 15.1 Eligibility of common cytostatic drugs in combination with hyperthermia (if applicable): + standard sub-
stances with proven synergism (also for moderate temperatures); (+) complex interaction, sequence and obtained tem-
peratures are important, antagonistic effects are possible; − no synergism proven

Substance Interaction Sequence Synergism
Cisplatin, carboplatin Linear Simultaneous +
Alkylating substances (ifosfamide, cyclophosphamide) Linear Simultaneous +
Nitrosourea (ACNU, BCNU, CCNU) Linear Simultaneous +
Anthracyclines (doxorubicin, epirubicin) Threshold Directly before (+)
Antibiotics (bleomycin, mitomycin C, mitoxantrone) Threshold Directly before (+)
Gemcitabine 43 °C 24 h before (+)
Taxanes (paclitaxel) 42 °C >15 h before (+)
Antimetabolites (5-FU, methotrexate) Unknown − −
Vinca alkaloids (vincristine) No − −
Trabectedin 41.8 °C Before (+)
Topotecan, irinotecan No − −
Etoposide (VP-16) Unknown Before −

P. Wust and P. Ghadjar



143

This scheme employs disruption of repair of 
double-strand breaks in addition to the reoxy-
genation effects of the heat sessions.

The combination of hyperthermia and chemo-
therapy is especially promising for the following 
reasons:

• A simultaneous treatment (and every other 
desired sequence) is possible for the combina-
tion of chemotherapy and hyperthermia.

• Established cytostatic drugs consist especially 
of cisplatin and alkylating substances (ifos-
famide), for which significant improvements 
in effectiveness could be observed even at 
moderate temperatures of 39–41 °C.

• However, only a few cytostatic drugs are suit-
able for combined therapy (Table  15.1). 
Unfortunately, testing has never been per-
formed for many newer cytostatic drugs or 
novel systemic agents.

Additional temperature-dependent effects 
have been found and should serve as a rationale 
for the use of hyperthermia alone (within the 
moderate temperature of 39–40  °C). Especially 
modulation/stimulation of the immune system is 
thought to be an interesting issue. Likewise, fre-
quency shifts were observed for lymphocyte pop-
ulations. Comparable effects are, however, also 
observed after stress situations or after physical 
exertion.

 c Further hyperthermia effects in addition to 
cytotoxicity and sensitization:

 c Perfusion can be increased or decreased. 
Exact dose-response relations are often not 
known. Validation of these mechanisms 
within clinical trials has not been performed 
yet.

• Increase in perfusion: cytostatic drug accumu-
lation, reoxygenation

• Decrease in perfusion: vascular breakdown, 
coronary steal syndrome

• Alterations of the microenvironment: acido-
sis, oxygenation

• Stimulation of the immune system: antigen 
presentation, activation of NK cells

• Gene expression: triggering of molecular 
processes

• Antiangiogenesis: synergism with angiogene-
sis inhibitors

• Inhibition of cytokine release: less late effects

Of special interest are increased antigen pre-
sentations (e.g., heat shock protein HSP70), 
which were observed after hyperthermia [18]. 
The increased antigenicity of tumor cells could 
have systemic effects (e.g., with respect to micro-
metastasis) comparable to the abscopal effect.

However, immunological effects due to hyper-
thermia alone (possibly with lower temperatures) 
have not been proven by clinical examinations. 
There is therefore no straightforward rationale 
for using hyperthermia alone to achieve immune 
stimulation. More research in this direction is 
required.

Under equilibrium conditions on a macro-
scopic scale of some centimeters, the temperature 
rise ΔT (in °C) within tissue can be expressed in 
a simple relationship to the energy transfer per 
time SAR (specific absorption rate W/kg) and the 
perfusion w (ml/100 g/min):

 T SAR w� �1 5. /  (15.1)

The coefficient 1.5 can be deduced from the 
bioheat transfer equation, describing the rela-
tion between temperature, SAR, and perfusion 
in a given organism (for more information com-
pare [27]).

The physiological requirements favor hyper-
thermia for human tumors. On the one hand, nor-
mal human tissues have a high capability for 
thermal regulation resulting from a regulatory 
increase of perfusion, which can be many times 
higher compared to the basal perfusion 
(Table 15.2). In contrast, the potential for thermal 
regulation in tumors is significantly lower, due to 
impaired vascularization. This can result in selec-
tive tumor heating despite the fact that the power 
density distribution SAR does not reflect this.

According to Eq. 15.1, a SAR of 30 W/kg—a 
value commonly achieved with available tech-
nological solutions (compare below)—and a 

15 Mode of Action and Experimental and Clinical Data of Regional Hyperthermia



144

perfusion of 10 ml/100 g/min (during hyperther-
mia) will lead to 4.5 °C increase in heat of a given 
tumor. The 4.5 °C will be added to the systemic 
temperature of 37.5 °C, resulting in a tumor tem-
perature of 42  °C.  This represents effective 
hyperthermia.

On the other hand, one can extrapolate from 
Eq. 15.1 that a tumor with higher perfusion (e.g., 
>20 ml/100 g/min) or with tissue comparable to 
the liver (100 ml/100 g/ml) cannot be effectively 
treated using available hyperthermia techniques.

15.3  Technological Approaches

Regional hyperthermia can heat large and deeply 
located areas of the body. The dimensions are 
commonly larger than 10  cm and are either 
located in the pelvis (cervical, prostate, bladder, 
rectal, and anal cancer), in the abdomen (pancre-
atic cancer, sarcomas), or in the extremities 
(mostly sarcomas). For certain indications, ide-
ally the whole abdomen should be heated 
(abdominal hyperthermia for peritoneal or gas-
trointestinal tumors). These regions can be 
treated with standard applicators of the SIGMA 
family (Pyrexar Medical, Salt Lake City, UT 
84119, USA; Dr. Sennewald Medizintechnik 
GmbH, 81,829 München, Germany) or adjust-
able waveguide applicators of the ALBA-4D or 

AMC-8 system (MED-LOGICS S.R.L., 00131 
Roma, Italy).

The temperature elevation in the tissue is 
caused by the power deposition pattern SAR 
(compare above) and can, within certain limits, 
be spatially controlled by adapting the SAR dis-
tribution. Phase-controlled three-dimensional 
multi-antenna systems provide the highest poten-
tial for the controlled application of power 
(Fig. 15.1). Planning studies showed that at least 
two rings of antennas (see AMC-8), and prefera-
bly three rings (see SIGMA Eye), are required 
for three-dimensional control.

One important parameter is the frequency of 
the RF radiation. Common frequencies for pelvic 
and abdominal tumors range from 70 to 100 MHz. 
With these frequencies and standard settings 
(e.g., in phase control of all antennas), in addition 
to the usual cross sections, a sufficient deposition 
of power in deep body areas appears to be possi-
ble (30–40 W/kg, [28]). The prerequisites for an 
effective power distribution are comparably 
favorable for the abdomen because it consists of 
a quasi-homogeneous medium.

In the pelvis there are significant disturbances 
of the SAR distribution due to bony structures, 
leading to maxima (e.g., hot spots) and shielding 
effects (e.g., cold spots). In the presence of com-
plex 3D heterogeneities, suitable phase control 
can lead to resolution of these interface phenom-

Table 15.2 Perfusion parameters for temperature calculation. We differentiate between basal perfusion and reactive 
perfusion during hyperthermia. Thermal regulation leads to a significantly increased perfusion. Maximal values are also 
listed (right column)

Gewebe
Basal perfusion  
[ml/100 g/min]

Hyperthermic perfusion  
[ml/100 g/min]

Maximal perfusion  
[ml/100 g/min]

Muscle 5 20 80
Fat 5 20 20
Bone 5 10 10
Abdomen 20 20 120
Liver 100 100 400
Kidneys 400 400 400
Rectum 5 20 20
Perirectal 
tissue

5 20 20

Vagina 5 20 20
Bladder 5 20 20
Tumor 2–5 5–10 15
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ena and therefore contribute to a higher energy 
transfer within the tumor [28]. Especially in such 
complex situations, an increase of the frequency 
to 200–300 MHz can be advantageous [21] since 
with the higher frequency and lower wave length 
(e.g., 10  cm with 300  MHz), the control/focus 
increases.

However, with such complex control mecha-
nisms, the demands for precision are also higher. 
Inaccuracies, coupling effects and disturbances 
of the radiation behavior of the antennas have 
inhibited the clinical application of these plan-
ning studies [28]. Therefore, regional hyperther-
mia is still being performed with the standard 
settings of the SIGMA applicators.

Improvements can be obtained with 
MR-guided hyperthermia. A hybrid system (use 
of MR-compatible SIGMA applicators within a 
1.5-T cryo-MRI) has been installed, established, 
and clinically evaluated by Charité  – 
Universitätsmedizin Berlin for the first time [28]. 
Noninvasive MR-thermometry was established 
using 3D-phantoms [7, 8] and successfully clini-
cally applied and validated in rectal cancer recur-
rences and soft tissue sarcomas [7–9]. Using this 
hybrid system, Weihrauch et  al. [23] demon-
strated in a phantom study that online-control via 

MRI effectively allows for optimization of the 
SAR distribution.

Another advancement in technology was 
obtained by Winter et al. [24] with the so-called 
integrated system. Biconical dipole antennas 
were developed, which served both as hyperther-
mia antennas (radiating electric fields) as well as 
MR-antennas (sending/receiving of magnetic 
fields) using the resonance frequency of 298 MHz 
(at 7.0  T). On an anatomical model, the con-
trolled energy transfer (focus, focus shifting) and 
the intermittent MR-thermometry was demon-
strated. The high frequency is especially suited 
for treatments in the head and neck area.

Abdominal hyperthermia is a special applica-
tion of regional hyperthermia, which is used for 
abdominal tumors and peritoneal carcinomatosis. 
Here, a volume of 5–10  L, extending from the 
liver down to the small pelvis, is required to be 
preferably homogenously illuminated by a suffi-
ciently high SAR.  Available technology 
(SIGMA-applicators) can achieve this only rudi-
mentarily [1]. A dedicated applicator for abdomi-
nal hyperthermia is required to target a large 
volume using an appropriate array of antennas 
(SIGMA applicator) or waveguides (ALBA). A 
solution without water bolus (e.g., coupling via 

Fig. 15.1 Hybrid 
system with proband in 
the SIGMA EYE MR 
applicator, consisting of 
three antenna rings. The 
applicator is shifted with 
the patient in the gantry 
of the MR tomograph, 
where the 
radiofrequency 
hyperthermia is 
conducted in 
conjunction with 
MR-based temperature 
measurements 
(combination of the 
BSD-2000 3D MRI, 
Pyrexar Inc., Salt Lake 
City, UT, with a 1.5 T 
Magnetom Symphony, 
Siemens AG, Erlangen, 
Germany)
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air) would be preferable, which might be possible 
according to recent research [19]. The optimal 
frequency is not known yet, but it is probably in 
the range of <100 MHz. The development of a 
suitable (MR-compatible) applicator for abdomi-
nal hyperthermia remains a significant challenge 
that should be addressed with high priority.

For a broad and accepted clinical use, the 
development of a noninvasive abdominal MR 
thermometry is necessary because invasive tem-
perature measurements in the abdomen are prob-
lematic and not feasible in clinical practice. MR 
thermometry of the liver would be a solution, 
because the temperature elevation in the liver 
provides information regarding the mean abdom-
inal temperature (elevation). For the liver, special 
acquisition and analysis tools are required that 
would also factor in respiratory motion [25]. For 
abdominal hyperthermia, solutions within a 3 T 
MR system (using 128  MHz) appear to be 
feasible.

An optimal use of regional hyperthermia is 
only possible when there is a coincidence of 
hyperthermia planning [16] and online MR ther-
mometry. Weihrauch et al. demonstrated in [23] 
that, for correct hyperthermia planning in a spe-
cific situation, an adaption of the antenna func-
tion would be required. For online optimization 
of regional hyperthermia, a different time con-
stant for SAR distributions and temperature dis-
tribution has to be considered.

While the SAR distribution can vary within 
seconds, when control parameters (e.g., phases) 
are changed, the difference in temperature distri-
bution takes minutes to establish a new balance. 
Under clinical conditions, optimization of the 
temperature distribution can be achieved only as 
an interplay between simulation calculations and 
MR thermometry [28].

15.4  Clinical Data

Hyperthermia, especially regional hyperthermia 
(RHT) using APA technique (BSD 2000 or BSD- 
2000/D, ALBA-4D) as well as capacitive systems 
(Thermotron, Oncotherm), has been validated in 
multiple prospective randomized trials [26, 28].

Van der Zee [22] and Harima [10, 11] showed 
that, for locally advanced cervical cancer (FIGO 
IIB-IIIB), there was an improvement in local 
control after adding hyperthermia (HT) to radio-
therapy (RT) or radiochemotherapy (RCT). After 
12  years of follow-up, the overall survival had 
improved for RT  +  HT when compared to RT 
(37% vs. 20%, [6]). Cisplatin chemotherapy (CT) 
also improves results of RT and is available 
everywhere. However, in cases where CT with 
cisplatin is contraindicated, RT + HT can be used 
as an equivalent treatment to RT + CT.

Recently, Minnaar [17] showed an improve-
ment in response and pelvic local control for 
advanced cervical cancer (in the majority with 
pelvic and retroperitoneal lymph node metasta-
ses) when comparing RCT and RCT plus HT. The 
researchers used the capacitive system EHY 
2020 (Oncotherm GmbH, Troisdorf, Germany) at 
13.56 MHz with an additional amplitude modu-
lation (AM) by audio frequencies, i.e., kHz 
range (called modulated electro-hyperthermia 
(mEHT)). Minnaar [17] applied a total power of 
only 130 W for AM RF radiation, while Van der 
Zee [22] applied 500–800 W using 70–100 MHz 
RF radiation (APA technology), and Harima [10, 
11] even 800–1500 W using 8 MHz RF radiation 
(capacitive device). These clinical data are con-
sistent with preclinical data and suggest that AM 
might add a nonthermal effect to RF radiation 
[29]. Further research is required on this interest-
ing issue.

Regional hyperthermia should also be used in 
cases where the obligatory brachytherapy cannot 
be performed as part of RT.

For muscle-invasive bladder cancer, a higher 
response rate has been shown for RT + HT when 
compared to RT alone [22], and organ preserving 
strategies using RT + HT + CT are being explored 
in an ongoing clinical trial.

In patients with rectal cancer, there is cur-
rently no data available showing a benefit for 
additional hyperthermia, even though a phase II 
trial initially demonstrated good results with a 
higher response rate (downstaging) in the preop-
erative setting [20]. After long-term follow-up, 
no improvement of disease-specific survival 
could be obtained by hyperthermia [22]. An 
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important, perhaps decisive, reason is the fact 
that rectal cancers of the middle or proximal third 
of the rectum, since they are located in the presa-
cral space, are hard to heat. With available tech-
niques only rectal cancers of the distal third as 
well as anal cancer can be sufficiently heated 
[28], and we recommend patient selection for 
future trials accordingly.

In another trial, neoadjuvant chemotherapy 
plus hyperthermia was tested in patients with high-
risk soft tissue sarcoma and compared to neoadju-
vant chemotherapy alone [13]. Sarcomas of the 
abdominopelvic region and the extremities were 
included, both in the primary setting and recur-
rences, or after incomplete resection. According to 
the protocol, whenever feasible, a postoperative 
radiation therapy was conducted. Both local pro-
gression-free survival (81% vs. 70% after 2 years) 
and disease-free survival (58% vs. 44% after 
2  years) were significantly improved with the 
addition of hyperthermia [13]. In long- term fol-
low-up, overall survival after hyperthermia also 
improved to 60% vs. 50% after 6 years [14].

The additional use of hyperthermia is espe-
cially interesting in patients with sarcomas for 
the following reasons:

• Sarcomas are easy to heat due to their impaired 
vascularization, especially in tumors of the 
extremities.

• Regional hyperthermia can improve the local 
effectiveness of chemotherapy.

• Neoadjuvant radiation therapy is effective but 
can also be associated with prolonged wound 
healing after surgery (and radiation therapy 
might therefore be preferred after surgery).

Preoperative hyperthermic chemotherapy fol-
lowed by postoperative radiation therapy has, 
however, not yet been compared with maximally 
effective preoperative chemoradiation. Such a 
trial would be important to further clarify the role 
of hyperthermia in the multimodal treatment of 
high-risk soft tissue sarcoma.

The HEAT (Hyperthermia European Adjuvant 
Trial) trial randomizes patients after resection for 
pancreatic cancer to receive either adjuvant che-
motherapy alone (gemcitabine and capecitabine) 

or combined chemotherapy (consisting of gem-
citabine and capecitabine and cisplatinum) and 
abdominal hyperthermia—in this case, not only 
heating up the tumor bed, but preferably the 
whole peritoneal cavity including the liver [1] to 
temperatures of >40–41 °C. Cisplatin was chosen 
additionally in the experimental arm because the 
synergistic effect with hyperthermia is already 
present with temperatures >39 °C.

In a pilot study, abdominal hyperthermia was 
used for patients with recurrent therapy- refractory 
ovarian cancer [5].

 c Abdominal hyperthermia for gastrointes-
tinal tumors (pancreatic cancer, stomach 
cancer, colorectal cancer) and for ovarian 
cancer is a promising treatment option 
that needs to be evaluated in novel trials 
because not only the primary tumor but 
also the areas commonly affected by dis-
tant metastasis—e.g., the liver and perito-
neal cavity—are being treated.

Clinical trials to examine abdominal hyper-
thermia and chemotherapy in patients with peri-
toneal carcinomatosis are lacking. A clinical trial 
in this setting should also be considered.

For pelvic tumors, there are ongoing trials for 
patients with muscle-invasive bladder cancer 
(RT + CT + HT), anal cancer (RT + CT + HT), 
and biochemically recurrent prostate cancer 
(RT + HT).

Also for superficial tumors (local breast can-
cer recurrences) and for middle-deep tumors 
(inoperable tumors of the head and neck region), 
several clinical trials have demonstrated the supe-
riority of combined RT  +  HT over RT alone 
(meta-analyses of [2, 3, 15]). In addition to local 
hyperthermia (using microwave applicators), 
capacitive hyperthermia also appears to be well 
suited in such cases.

Capacitive hyperthermia has been widely used 
in Japan, and it has been demonstrated in ran-
domized trials that capacitive hyperthermia, 
when combined with radiation therapy, improved 
outcomes when compared to radiation therapy 
alone in patients with head and neck cancer [2, 
12] as well as with cervical cancer [10, 17].
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15.5  Conclusion

Hyperthermia can improve the effectiveness of 
chemotherapy and/or radiation therapy. There are 
positive randomized trials for soft tissue sarcoma, 
cervical cancer, bladder cancer, head and neck 
cancer, and several superficially located tumors. 
For the application of hyperthermia, phase- 
controlled multi-antenna systems have been 
developed; capacitive treatment systems have 
also been developed and are commercially avail-
able. For gastrointestinal and peritoneal tumors, 
abdominal hyperthermia is being applied, but 
still needs methodological improvement, includ-
ing availability of MR-based temperature 
monitoring.

References

 1. Beck M, Ghadjar P, Weihrauch M, Burock S, Budach 
V, Nadobny J, Sehouli J, Wust P. Regional hyperther-
mia of the abdomen, a pilot study towards the treat-
ment of peritoneal carcinomatosis. Radiat Oncol. 
2015;10:157.

 2. Datta NR, Rogers S, Gómez Ordóñez S, Puric E, Bodis 
S. Hyperthermia and radiotherapy in the management 
of head and neck cancers: a systematic review and 
meta-analysis. Int J Hyperth. 2016a;32(1):31–40.

 3. Datta NR, Puric E, Klingbiel D, Gomez S, Bodis 
S.  Hyperthermia and radiation therapy in  locore-
gional recurrent breast cancers: a systematic review 
and meta-analysis. Int J Radiat Oncol Biol Phys. 
2016b;94(5):1073–87.

 4. Dewhirst MW, Viglianti BL, Lora-Michiels M, 
Hanson M, Hoopes PJ.  Basic principles of thermal 
dosimetry and thermal thresholds for tissue damage 
from hyperthermia. Int J Hyperth. 2003;19(3):267–94.

 5. Fotopoulou C, Cho CH, Kraetschell R, Gellermann J, 
Wust P, Lichtenegger W, Sehouli J. Regional abdomi-
nal hyperthermia combined with systemic chemo-
therapy for the treatment of patients with ovarian 
cancer relapse: results of a pilot study. Int J Hyperth. 
2010;26(2):118–26.

 6. Franckena M, Stalpers LJA, Koper PCM, Wiggenraad 
RGJ, Hoogenraad WJ, van Dijk JDP, Wárlám- 
Rodenhuis CC, Jobsen JJ, van Rhoon GC, van der 
Zee J. Long-term improvement in treatment outcome 
after radiotherapy and hyperthermia in locoregionally 
advanced cervix cancer: an update of the Dutch Deep 
Hyperthermia Trial. Int J Radiat Oncol Biol Phys. 
2008;70(4):1176–82.

 7. Gellermann J, Wlodarczyk W, Ganter H, Nadobny J, 
Fähling H, Seebass M, Felix R, Wust P. A practical 
approach to thermography in a hyperthermia/mag-

netic resonance hybrid system: validation in a het-
erogeneous phantom. Int J Radiat Oncol Biol Phys. 
2005a;61(1):267–77.

 8. Gellermann J, Wlodarczyk W, Hildebrandt B, Ganter 
H, Nicolau A, Rau B, Tilly W, Fähling H, Nadobny J, 
Felix R, Wust P. Noninvasive magnetic resonance ther-
mography of recurrent rectal carcinoma in a 1.5 Tesla 
hybrid system. Cancer Res. 2005b;65(13):5872–80.

 9. Gellermann J, Hildebrandt B, Issels R, Ganter 
H, Wlodarczyk W, Budach V, Felix R, Tunn PU, 
Reichardt P, Wust P. Noninvasive magnetic resonance 
thermography of soft tissue sarcomas during regional 
hyperthermia: correlation with response and direct 
thermometry. Cancer. 2006;107(6):1373–82.

 10. Harima Y, Nagata K, Harima K, Ostapenko VV, 
Tanaka Y, Sawada S.  A randomized clinical trial 
of radiation therapy versus thermoradiotherapy 
in stage IIIB cervical carcinoma. Int J Hyperth. 
2001;17:97–105.

 11. Harima Y, Ohguri T, Imada H, Sakurai H, Ohno T, 
Hiraki Y, Tuji K, Tanaka M, Terashima H. A multi-
center randomised clinical trial of chemoradiotherapy 
plus hyperthermia versus chemoradiotherapy alone in 
patients with locally advanced cervical cancer. Int J 
Hyperth. 2016;32(7):801–8.

 12. Huilgol N, Gupta S, Sridhar C.  Hyperthermia with 
radiation in the treatment of locally advanced head 
and neck cancer: a report of randomized trial. J 
Cancer Res Therap. 2010;6(4):492.

 13. Issels RD, Lindner LH, Verweij J, Wust P, Reichardt 
P, Schem BC, Abdel-Rahman S, Daugaard S, Salat C, 
Wendtner CM, Vujaskovic Z, Wessalowski R, Jauch 
KW, Dürr HR, Ploner F, Baur-Melnyk A, Mansmann 
U, Hiddemann W, Blay JY, Hohenberger P. European 
Organisation for Research and Treatment of Cancer 
Soft Tissue and Bone Sarcoma Group (EORTC- 
STBSG); European Society for Hyperthermic 
Oncology (ESHO). Neo-adjuvant chemotherapy 
alone or with regional hyperthermia for localised 
high-risk soft-tissue sarcoma: a randomised phase 3 
multicentre study. Lancet Oncol. 2010;11(6):561–70.

 14. Issels RD, Lindner LH, Verweij J, Wessalowski 
R, Reichardt P, Wust P, Ghadjar P, Hohenberger 
P, Angele M, Salat C, Vujaskovic Z, Daugaard S, 
Mella O, Mansmann U, Dürr HR, Knösel T, Abdel- 
Rahman S, Schmidt M, Hiddemann W, Jauch KW, 
Belka C, Gronchi A. European Organization for the 
Research and Treatment of Cancer-soft Tissue and 
Bone Sarcoma Group and the European Society 
for Hyperthermic Oncology Effect of neoadju-
vant chemotherapy plus regional hyperthermia on 
long-term outcomes among patients with localized 
high-risk soft tissue sarcoma: the EORTC 62961-
ESHO 95 randomized clinical trial. JAMA Oncol. 
2018;4(4):483–92.

 15. Jones EL, Oleson JR, Prosnitz LR, Samulski 
TV, Vujaskovic Z, Yu D, Sanders LL, Dewhirst 
MW.  Randomized trial of hyperthermia and 
radiation for superficial tumors. J Clin Oncol. 
2005;23(13):3079–85.

P. Wust and P. Ghadjar



149

 16. Kok HP, Wust P, Stauffer PR, Bardati F, van Rhoon 
GC, Crezee J. Current state of the art regional hyper-
thermia treatment planning: a review. Radiat Oncol. 
2015;10:196.

 17. Minnaar CA, Kotzen JA, Ayeni OA, Naidoo T, Tunmer 
M, Sharma V, Vangu E, Baeyens A. The effect of mod-
ulated electro-hyperthermia on local disease control in 
HIV-positive and -negative cervical cancer women in 
South Africa: early results from a phase III random-
ized controlled trial. PLoS One. 2019;14(6):e0217894.

 18. Multhoff G. Activation of natural killer cells by heat 
shock protein 70. Int J Hyperth. 2002;8(6):576–85.

 19. Oberacker E, Kuehne A, Oezerdem C, Nadobny 
J, Weihrauch M, Beck M, Sebastian Zschaeck S, 
Diesch C, Eigentler TW, Waiczies H, Ghadjar P, 
Wust P, Winter L, Niendorf T. Radiofrequency appli-
cator concepts for thermal magnetic resonance of 
brain tumors at 297 MHz (7.0 Tesla). Int J Hyperth. 
2019;37(1):549–63.

 20. Rau B, Wust P, Tilly W, Gellermann J, Harder C, 
Riess H, Budach V, Felix R, Schlag PM. Preoperative 
radiochemotherapy in  locally advanced or recurrent 
rectal cancer: regional radiofrequency hyperthermia 
correlates with clinical parameters. Int J Radiat Oncol 
Biol Phys. 2000;48(2):381–91.

 21. Seebass M, Beck R, Gellermann J, Nadobny J, Wust 
P. Electromagnetic phased arrays for regional hyper-
thermia: optimal frequency and antenna arrangement. 
Int J Hyperth. 2001;17(4):321–36.

 22. Van der Zee J, Gonzalez Gonzalez D, van 
Rhoon GC, van Dijk JDP, van Putten WLJ, Hart 
AAM. Comparison of radiotherapy alone with radio-
therapy plus hyperthermia in locally advanced pelvic 
tumours: a prospective, randomised, multicentre trial. 
Lancet. 2000;355:1119–25.

 23. Weihrauch M, Wust P, Weiser M, Nadobny J, 
Eisenhardt S, Budach V, Gellermann J.  Adaptation 
of antenna profiles for control of MR guided hyper-
thermia (HT) in a hybrid MR-HT system. Med Phys. 
2007;34(12):4717–25.

 24. Winter L, Özerdem C, Hoffmann W, Santoro D, 
Müller A, Waiczies H, Seemann R, Graessl A, Wust P, 
Niendorf T. Design and evaluation of a hybrid radio-
frequency applicator for magnetic resonance imaging 
and RF induced hyperthermia: electromagnetic field 
simulations up to 14.0 Tesla and proof-of-concept at 
7.0 Tesla. PLoS One. 2013;8(4):e61661.

 25. Winter L, Oberacker E, Paul K, Ji Y, Oezerdem C, 
Ghadjar P, Thieme A, Budach V, Wust P, Niendorf 
T.  Magnetic resonance thermometry: methodol-
ogy, pitfalls and practical solutions. Int J Hyperth. 
2016;32(1):63–75.

 26. Wust P, Hildebrandt B, Sreenivasa G, Rau 
B, Gellermann J, Riess H, Felix R, Schlag 
PM. Hyperthermia in combined treatment of cancer. 
Lancet Oncol. 2002;3(8):487–97.

 27. Wust P, Cho CH, Hildebrandt B, Gellermann 
J.  Thermal monitoring: invasive, minimal- invasive 
and non-invasive approaches. Int J Hyperth. 
2006;22(3):255–62.

 28. Wust P. Thermotherapy in oncology UNI-MED Verlag 
Bremen. London, Boston: International Medical 
Publishers; 2016.

 29. Wust P, Ghadjar P, Nadobny J, Beck M, Kaul 
D, Winter L, Zschaeck S.  Physical analysis of 
temperature- dependent effects of amplitude- 
modulated electromagnetic hyperthermia. Int J 
Hyperth. 2019;36(1):1246–54.

15 Mode of Action and Experimental and Clinical Data of Regional Hyperthermia



151© Springer Nature Switzerland AG 2021 
B. Rau et al. (eds.), Peritoneal Tumors and Metastases, 
https://doi.org/10.1007/978-3-030-62640-2_16

HIPEC in Pediatric Patients

Guido Seitz, Jörg Fuchs, and Stefan Beckert

16.1  Introduction

The introduction of chemotherapy itself and the 
combination of chemotherapy, radiotherapy, and 
surgery as multimodal therapy approaches have 
increased the survival rates of children with solid 
tumors from 0–20% in the 1970s to 75–80% 
today. Certainly also the centralized treatment of 
patients in the context of oncologic, therapy- 
optimized clinical trials contributed to this 
development.

 c Despite the apparent improvement of the 
treatment results for children with solid 
tumors, the outcome still depends on the 
tumor entity as well as the tumor stage.

Still, the treatment of children with advanced 
and, in particular, with metastasized tumor stages 

represents a major challenge because, despite 
very intensive therapies, no significant improve-
ment in the survival rates is achieved for these 
patients. Peritoneal carcinomatosis/peritoneal 
sarcomatosis is very rare in children and mostly 
appears in colorectal carcinomas, desmoplastic 
small round cell tumors (DSRCT), and 
rhabdomyosarcomas.

16.2  Peritoneal Carcinomatosis

The incidence of peritoneal carcinomatosis (PC) 
in children is unknown. Regarding peritoneal 
mesotheliomas, an incidence of 2/1,000,000 is 
assumed in the USA [16]. For other tumor enti-
ties, mostly only single case reports are available. 
The largest trial published to date includes 50 
cases of patients aged between 3 and 21  years 
with PC and peritoneal sarcomatosis (PS) [5]. In 
children, PC develops in particular in the context 
of colorectal and ovarian cancer. The current 
therapy for these children generally consists in 
systemic chemotherapy. Usually, the prognosis is 
very unfavorable.

16.3  Peritoneal Sarcomatosis

One particularity is peritoneal sarcomatosis 
that may occur in cases of soft tissue sarcomas 
(desmoplastic small round cell tumors,  
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rhabdomyosarcomas, GIST, liposarcomas, and 
leiomyosarcomas). The risk of developing 
local recurrences is very high in these patients. 
The current treatment consists of systemic che-
motherapy and, if possible, radiation of the 
entire abdomen. In general, the prognosis of 
the patients is very poor.

16.3.1  Relevance of Cytoreductive 
Surgery and HIPEC 
in Pediatric Patients

The significance of cytoreductive surgery (CRS) 
and hyperthermic intraperitoneal chemotherapy 
(HIPEC) in pediatric patients has not been ulti-
mately clarified due to the low number of cases. 
The largest trial of patients younger than 21 years 
was published by Hayes-Jordan et  al. [4] from 
Houston, USA. It revealed the following:

 c Taking into account that a major part of 
these patients additionally underwent 
radiation of the abdomen, CRS and HIPEC 
were able to improve the survival rates of 
children and adolescents suffering from 
DSRCT.

The survival rates of patients with other tumor 
entities than rhabdomyosarcomas and gastroin-
testinal carcinomas were significantly poorer 
compared to DSRCT patients.

 c In addition to tumor histology, another 
crucial factor for the survival is the extent 
of radical surgery.

Here, it has been shown that patients with an 
extent of resection of CC-0 or CC-1 had a longer 
median survival than patients with CC-2 resec-
tions. Another factor is the level of the peritoneal 
tumor load, which is defined by means of the 
peritoneal carcinomatosis index (PCI) [5]. The 
trial of the team in Houston revealed that patients 
with a PCI below 16 had a significantly better 
outcome compared to patients with a higher PCI: 
In the first group, the median survival achieved 
34  months; in the second group, it was only 
19.9 months (p = 0.047) [5].

16.4  Indication

To date, no larger case series are available that 
would allow evidence-based statements on the 
significance of CRS and HIPEC in pediatric 
patients. Based on the current data, the following 
indications seem to be suitable:

• Desmoplastic small round cell tumors 
(DSRCT)

• Rhabdomyosarcomas
• Colorectal cancer

Other entities that have been described in 
single case reports and that have already been 
treated by means of CRS and HIPEC are 
nephroblastomas (Wilms’ tumors), chemother-
apy-sensitive non-RMS-like sarcomas, histio-
cytic sarcoma, and germ cell tumors of the 
ovary [7, 11].

The decisions regarding therapy should be 
made by an interdisciplinary pediatric tumor 
board with expertise in the fields of pediatric 
oncological surgery as well as CRS and 
HIPEC. In addition, surgeons of the Cooperative 
Weichteilsarkom-Studie (CWS, Cooperative 
Soft Tissue Sarcoma Trial) of the Society for 
Pediatric Oncology and Hematology (GPOH,; 
www.gpoh.de) for patients treated in Europe or 
the Soft Tissue Sarcoma Committee of the 
Childrens Oncology Group (www.childrenson-
cologygroup.org) for North America may be 
consulted.

The following criteria should be taken into 
account and fulfilled in the context of indica-
tion [12]:

• Age of more than 1 year because chemother-
apy may be associated with important sys-
temic side effects in younger children

• Peritoneal tumors (sarcomas, DSRCT, carci-
nomas) limited to the peritoneal cavity

• Exclusion of distant metastases; however, 
liver metastases that can be entirely resected 
are not considered as distant metastases

• Achievement of complete tumor resection of 
CC-0/CC-1

• Compensated renal function (creatinine clear-
ance of more than 50 ml/min/1.73 m3)
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The following contraindications should be 
excluded prior to CRS and HIPEC in children [12]:

• Poor physical condition that makes extensive 
abdominal surgery impossible

• Presence of distant metastases
• Presence of grade 3 neurotoxicity
• CRS and HIPEC during the previous 6 months
• Histologically confirmed diagnosis of 

liposarcoma

16.5  HIPEC in Young Children

There is currently not much data on CRS and 
HIPEC in young children. Nevertheless, this age 
group is important for this treatment approach 
since there are several contraindications for 
abdominal radiotherapy and relevant toxicity in 
young children. In a case series of six patients 
younger than 5  years of age, Gesche and col-
leagues have demonstrated that CRS and HIPEC 
are feasible in this age group with only low-
grade side effects and only grade 1 and 2 toxici-
ties. Additionally, the authors did not observe 
any complications even when a combination 
treatment with cisplatin and doxorubicin was 
used [2].

16.6  Neoadjuvant Therapy

Depending on the tumor entity, pediatric patients 
are generally treated with neoadjuvant therapy 
according to the current recommendations of the 
therapy protocols of the treatment optimization 
trials of the appropriate cooperative group. These 
recommendations also include a complete stag-
ing of the patients at the beginning of therapy. It 
encompasses, among other things, a whole-body 
MRI, a CT scan of the thorax, and a bone marrow 
examination of the child in order to exclude 
involvement of the bone marrow. For soft tissue 
sarcomas, we use the current protocol of the 
CWS trial of the GPOH [9]. Hereby, a histology- 
dependent neoadjuvant therapy is performed 
(embryonal RMS, “high-risk group”/alveolar 
RMS, “very high-risk group”). Neoadjuvant ther-

apy consists of three cycles and includes a com-
bination of ifosfamide, vincristine, and 
actinomycin D. In the “very high-risk group,” the 
therapy regimen is extended with doxorubicin. 
Tumors of the family of non-RMS-like sarcomas 
are treated like tumors of the abovementioned 
“very high-risk group.” After completion of neo-
adjuvant chemotherapy, reevaluation of the tumor 
region is performed by means of contrast- 
enhanced MRI. For patients with PS, it might be 
helpful to perform computed tomography of the 
abdomen to better assess PS. The level of radia-
tion exposure should be adapted to the age of the 
pediatric patient; however, according to the 
authors, considering the severity of the disease, 
this risk may be neglected. Depending on the 
response of the tumor, an individual decision 
must be made on whether further reduction of the 
PS may be expected by cytostatic therapy and 
thus if neoadjuvant chemotherapy should be 
extended. However, the nephrotoxicity has to be 
taken into account in order not to jeopardize the 
later intraperitoneal application of platinum 
derivatives. An exception is colorectal carcino-
mas in pediatric and adolescent patients who do 
not receive neoadjuvant therapy and should 
directly undergo cytoreductive surgery and 
HIPEC.  Secondary HIPEC after primary tumor 
surgery (e.g., hemicolectomy) should be per-
formed within 10 days in order to avoid extensive 
adhesiolysis.

16.7  Cytostatics Applicable 
for HIPEC in Pediatric 
Patients

As is well-known, the intraperitoneal application 
of cytostatics in the context of HIPEC allows the 
best possible exposition of the peritoneal tumors 
and combines it with additional cytotoxic effects 
due to local hyperthermia. Similar to adults, the 
choice of the cytostatics for children depends on 
several factors. Determining factors are the tumor 
entity, the patient’s age, as well as possible previ-
ous diseases [12].

Currently, mostly the application of cisplatin 
for HIPEC in children is described in the  
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literature. It seems to be appropriate as a rela-
tively large water-soluble substance because it 
can hardly overcome the peritoneal barrier and 
enter the systemic circulation. Hayes-Jordan 
et al. [3] used concentrations of up to 100 mg/m2 
body surface. The clearly dose-limiting toxicity 
was the grade 3 nephrotoxicity, which could be 
reduced by the application of sodium thiosul-
fate, or whereby the dose could be increased to 
100 mg/m2 [3]. Severe chemotherapy-associated 
side effects have not been observed. In our own 
series, we were able to confirm that concentra-
tions of 75 mg/m2 body surface without applica-
tion of sodium thiosulfate could lead to 
significant proteinuria, so concentrations of 
50–75  mg/m2 were used. Due to possible 
adverse effects (shock, impairment of con-
sciousness, hypersensitivity reactions), sodium 
thiosulfate is currently not applied for nephro-
protection in children and HIPEC in Germany. 
A combination of cisplatin with doxorubicin 
(15 mg/m2 body surface) is also suitable and can 
also be used when relapse occurs [2, 12]. If the 
origin of peritoneal carcinomatosis is a colorec-
tal carcinoma, mitomycin C (35  mg/m2) over 
90 minutes may be applied.

16.8  Preoperative Preparation

The necessity of preoperative imaging and stag-
ing of the patients was already depicted in Sect. 
16.7. The patients are hospitalized on the day 
before surgery at the latest, and intestinal cleans-
ing is performed with suitable substances (e.g., 
Macrogol). The dosage should be adjusted to the 
patient’s age. Preoperative laboratory tests 
include blood count, prothrombin time, PTT, 
electrolytes, creatinine, urea, transaminases, 
overall/direct bilirubin, alkaline phosphatase, and 
albumin. Furthermore, the creatinine clearance is 
examined by means of 24-hour urine collection. 
Other preoperatively required examinations 
include echocardiography, ECG, audiometry, as 
well as a pregnancy test in female patients after 
menarche.

16.9  Surgery

The surgical technique and the details of the 
procedure were described by Sugarbaker [14, 
15]. For pediatric patients, individual modifica-
tions are necessary. The surgical strategy should 
be CC-0/CC-1 resection, which may also require 
multi-visceral resection depending on the tumor 
entity and growth. Preoperative laparoscopy 
might be used in unclear cases as in adults to 
clarify diagnosis, but normally PC or PS is diag-
nosed on preoperative imaging. In children, we 
perform a median laparotomy from the epigas-
tric region to the symphysis. In this way, an 
optimal exploration of the abdomen is possible. 
The transverse upper laparotomy, which is often 
used in smaller children as a possible approach, 
does not seem to be suitable because of the 
poorer exploration of the small pelvis. Following 
laparotomy, the entire abdomen is explored, and 
the PCI is determined and documented. The 
peritonectomy includes tumor-suspected 
regions and is performed with application of 
monopolar current, cutting from the periphery 
into the center. Organs are resected if they are 
infiltrated by the tumor. Prophylactic removal of 
non-infiltrated organs (splenectomy, cholecys-
tectomy), as it had been performed when CRS 
and HIPEC was just being developed, is not 
indicated and can be omitted. Regarding the 
vessels, the decision must be made whether vas-
cular resection with/without vascular graft or 
vessel-preserving resection with microscopic 
tumor residuals is possible. In cases of vascular 
grafts in pediatric patients, one must consider 
the fact that surgery is being performed in a 
still-growing organism and that the vascular 
graft cannot be left there for longer periods. 
Regarding the nerves, an individual decision 
must be reached if resection is required. In case 
of bowel resections, a hand-sewn, double-rowed 
end-to-end anastomosis is carried out with 
absorbable sutures due to bowel size in smaller 
children and the preference of the authors in 
older children. A stapled anastomosis might 
also be carried out in older children. Protective 
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stoma formation is omitted whenever possible 
due to appropriate wound healing in children in 
order to avoid redo-laparotomy. After comple-
tion of the tumor resection, HIPEC is prepared 
in the closed system. About 30 minutes prior to 
HIPEC, the patient has to be cooled down with 
the objective of maintaining central normother-
mia. The target parameter should be a core body 
temperature below 38.5  °C.  For HIPEC, five 
drainages (two for the inflow, three for the out-
flow) are inserted in the abdominal cavity, and 
the abdomen is closed with a running suture. 
Then the test filling of the abdomen with 
warmed-up glucose 5% solution (41.5–42  °C) 
follows. The maximum filling volume of the 
abdominal cavity depends on the patient’s age 
and weight, and it varies between 1.5 and 5 l.

 c Parameters for filling are a moderate 
distension of the abdomen, the level of the 
tolerable ventilation pressure, and the 
maintenance of the patient’s self-diuresis 
of 2–3 ml/kg body weight per hour.

The sufficient self-diuresis has to be verified 
by the surgical team before actually starting 
HIPEC. Afterward, the respective cytostatics are 
added in the predefined dosages via the HIPEC 
pump, similar to the procedure in adults (see 
Sect. 16.8). The cytostatic treatment is performed 
over 60  minutes at a temperature of 41.5–
42  °C.  After these 60  minutes, the abdominal 
cavity is first rinsed in the closed system and then 
openly. Finally, the abdominal wall is definitively 
closed [12]. The perioperative pain therapy is 
performed via a peridural catheter that is 
described in the literature as the analgesic proce-
dure of choice [10].

16.10  Postoperative Treatment

Postoperatively, the patient is observed and cared 
for in the pediatric intensive care unit with 
16–24  hours of ventilation. During this time, a 
PEEP of 8–10 is best to achieve.

 c The postoperative supply of fluids amounts 
at least to 1.5 times the normal liquid 
quantity with the aim of a minimum diuresis 
of 1–2 ml/kg body weight per hour in order 
to avoid prerenal kidney failure [12].

The application of catecholamine varies indi-
vidually. Skin clips should be removed on the 
14th postoperative day at the earliest. Laboratory 
controls should be performed every day due to 
possible leukopenia.

16.11  Perioperative Complications

In single-case series, the morbidity and mortality 
of children and adolescents is considered to be 
lower than among adults [12]. Significant prob-
lems seem to be possible renal insufficiency and 
wound-healing impairment. In the largest HIPEC 
trial published to date, with 50 children and 
young adults, the rate of major complications 
amounted to 28% and included complications 
such as intestinal obstruction, pancreatitis, mictu-
rition disturbances, and wound-healing impair-
ments [5]. In a trial conducted in France with 
nine patients, the complication rate was 78% [1].

16.12  Prevention of Complications

A definitive prevention of complications does not 
seem to be possible. Strict patient selection and 
indication may potentially reduce the number of 
complications. Important aspects in this context 
are the determination of the operability, the suf-
ficient renal function, and the adequate dosage of 
the cytostatic agents.

16.13  Treatment Results

Extended peritoneal carcinomatosis in pediatric 
patients is very rare. Peritoneal sarcomatosis, 
however, occurs more frequently. To date, an 
international comparison with adults revealed 
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only few children and adolescents that have been 
treated. The largest trial published so far included 
50 patients aged between 3 and 21  years: 21 
patients suffered from DSRCT, 7 patients from 
RMS, 4 patients from mesotheliomas, and 21 
from carcinomas. A multivariate analysis showed 
that patients with incomplete cytoreductive sur-
gery and HIPEC had a significantly poorer out-
come (5-year overall survival, 7.1  months) 
compared to patients with complete  cytoreductive 
surgery and HIPEC (5-year overall survival, 
31.4 months, p = 0.012). In addition, the level of 
the peritoneal carcinomatosis index played an 
important role for the survival of the patients [5]. 
The best treatment results were achieved for 
DSRCT.  Here, a significant improvement in 
overall survival was revealed in combination 
with abdominal radiation [4]. A phase 2 trial 
demonstrated that complete CRS and HIPEC are 
effective in selected DSRCT patients, but patients 

with hepatic or portal metastasis have a poorer 
outcome [8]. Additionally, it was shown that the 
cytoreductive surgery itself seems to be the most 
effective local control modality in DSRCT [6]. In 
a retrospective trial of 187 DSRCT patients, 
including both children and adults, it has been 
shown that there was an improved 3- and 5-year 
OS following combined chemotherapy, cytore-
ductive surgery, and radiation therapy, but there 
was no improvement in survival in patients 
treated with additional HIPEC [13]. Therefore, 
the significance of HIPEC in DSRCT remains 
unclear. In a trial with nine patients in France, 
four out of nine patients survived after a median 
follow-up of 4.9 years [1]. In our own series of 
four children aged between 1 and 16 years with 
abdominal RMS, we observed complete tumor 
remission in all patients after a follow-up of 
22.5 months. Treatment results are summarized 
in Table 16.1.

Table 16.1 Overview of CRS and HIPEC in children, adolescents and young adults in series with five or more 
patients. Case series with mixed patients populations (children/adults), in which a clear discrimination between 
these groups is not feasible are not shown

Author Year Patients (n) Age (J) Diagnosis Survivors (n) Complications (n) Radiotherapy (n)
Stiles 2020 9 10–24 DSRCT 5 4 Yes (7/9)
Anghelescu 2019 9 10–24 DSRCT 9 4 No data
Gesche 2019 6 2–4 RMS 5 1 No
Zmora 2018 9 4–16 RMS

Mesothelioma
Sertoli-Leydig
DSRCT
Colonic cancer
Wilms´ tumor

7 4 (minor) 3/9

Scalabre 2018 21 4–17 Mesothelioma
DSRCT
Others

6 14 Yes (4/21)

Hayes- 
Jordan

2015 50 3–21 DSRCT
RMS
Mesothelioma
Carcinoma

25 28 No data

Seitz 2014 5 1–16 RMS
Colonic cancer
DSRCT

4 None No

Bautista 2014 9 8–16 Ovarian tumors
Mesothelioma
HCC
Pseudopapillary 
pancreatic tumor
Adenocarcinoma

4 7 No data
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16.14  Conclusion

Cytoreductive surgery and HIPEC in pediatric 
patients offer a new and innovative treatment 
approach that might be curative for abdominal 
rhabdomyosarcomas and DSRCT in children. To 
date, the best treatment outcomes have been 
achieved in patients with DSRCT [5], but it 
remains unclear whether cytoreductive surgery 
alone or combined with HIPEC is most effective 
[13]. The treatment of the patients requires high 
surgical efforts and intensive care, as well as the 
excellent interdisciplinary cooperation of pediat-
ric anesthesiologists, pediatric surgeons, pediat-
ric intensive care specialists, and pediatric 
oncologists. However, the relevance of the treat-
ment cannot be ultimately assessed because of 
the low number of cases. Due to the rare occur-
rence of the diseases, patients should be treated 
and analyzed in international multicenter study 
protocols.
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Significance of Prophylactic 
Hyperthermic Intraperitoneal 
Chemotherapy After Curative 
Resection of Gastrointestinal 
Cancers
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17.1  Carcinomas of the Stomach 
and the Gastroesophageal 
Junction

The peritoneal cavity is the most common site 
of metastases of gastric cancer. 20% of patients 
planned for curative gastrectomy are diagnosed 
with peritoneal metastases at the time of explo-

ration [8]. Despite cytoreductive surgery with 
HIPEC, survival rates are ranging between 9 
and 21  months and depend on the complete-
ness of cytoreduction [4–6]. This is also shown 
by the fact that the identification of risk factors 
for development of metachronous peritoneal 
carcinomatosis is emerging. To date, there is 
no clinical or diagnostic score that clearly 
identifies patients at risk. Serosal invasion and 
cytological detection of free tumor cells within 
the peritoneal cavity are generally accepted as 
risk factors [7].

In 2016, a meta-analysis of one randomized 
and two nonrandomized trials investigating the 
need for therapy of patients with detection of 
free peritoneal tumor cells without signs of 
macroscopic peritoneal metastases was pub-
lished [2]. Patients with Cy+/PC- (positive 
cytology without peritoneal metastases) had a 
prolonged 2- and 5-year overall survival as well 
as a reduced incidence of metachronous perito-
neal metastases when HIPEC was performed. 
An even bigger advantaged for both factors—2- 
and 5-year  overall survival and reduction of 
metachronous peritoneal recurrences—was 
shown for a combination of HIPEC with exten-
sive peritoneal lavage (7 to 10 liters of Ringer 
solution, depending on the trial). The only ran-
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domized trial in this meta- analysis [10] with 88 
patients randomized in three treatment groups 
(1. surgery; 2. surgery plus HIPEC; 3. surgery 
plus HIPEC and extensive peritoneal lavage) led 
to a median survival of 35 months for the third 
treatment group compared with 15  months in 
group 1 and 16 months in group 2. The multi-
variate analysis identified the peritoneal lavage 
as the only statistically significant prognostic 
factor. The EXPEL trial, an international multi-
center randomized controlled trial evaluating 
the impact of extensive peritoneal lavage after 
curative gastrectomy, did not show an oncologi-
cal benefit with a 3-year cumulative incidence 
of peritoneal recurrence of 6.6% for the therapy 
group and 7.9% for the control group (hazard 
ratio [HR] = 1.33; p = 0.347). [14] Limitations 
are caused by the low sensitivity (53%) but high 
specificity (90%) [7] of the cytological diagnos-
tic and accuracy of T classification, which is 
mainly made by CT scan or endosonography. A 
proactive management justifies performance of 
HIPEC for patients without peritoneal metasta-
ses (PCI  =  0) but with high- risk features. The 
National German ProPEC trial, which will eval-
uate the impact of prophylactic HIPEC in Cy+/
PC- patients after curative gastrectomy, has not 
yet started recruitment. Graziosi et al. [7] treated 
11 patients with locally advanced gastric cancer 
at risk for the development of metachronous 
peritoneal metastases (T4 cancer with either 
detected tumor cells or mRNA of CEA by quan-
titative PCR in peritoneal cytology) with gas-
trectomy including D2 lymphadenectomy and 
prophylactic HIPEC with cisplatin and mitomy-
cin C [7].

 c Only one patient after gastrectomy in 
combination with HIPEC was diagnosed 
with peritoneal metastasis after 12 months, 
whereas the other patients had a median 
survival of 29.6 months and a disease-free 
survival of 20 months.

The prospective and randomized 
GASTRICHIP trial is designed to investigate the 
effect of an additional prophylactic HIPEC for 
patients at risk of peritoneal carcinomatosis (e.g., 
serosal invasion, lymph node metastasis, cyto-
logical detection of tumor cells) after curative 
gastrectomy with D2 lymphadenectomy.

Comparable to Craziosi’s trial but with a lon-
ger follow-up, Kang et al. [9] were able to show a 
benefit to prophylactic HIPEC for patients with 
pre- or intraoperative diagnosis of serosal inva-
sion (3-year disease-free survival 29% vs. 66%). 
There was also no statistically significant differ-
ence in perioperative complications. Similarly, 
Saladino et al. [12] were able to show a survival 
benefit for 12 patients with a median survival of 
24  months. During follow-up, only one patient 
developed peritoneal carcinomatosis.

 c In summary, highly selected patients at 
risk of peritoneal metastasis should be 
offered a treatment consisting of 
prophylactic HIPEC in addition to the 
resection with an acceptable mortality rate.

17.2  Colorectal Cancer

Peritoneal metastasis is the second most common 
site of metastatic disease of colorectal cancer. In 
comparison with gastric cancer, fewer colorectal 
cancer patients (4.3–7.1%) are diagnosed with 
peritoneal metastases at the primary operation 
[1]. The fraction of patients who develop meta-
chronous peritoneal metastasis is reported to be 
as high as 50% in some publications [13]. Three 
trials, one of which is randomized and two non-
randomized, were able to show a survival benefit 
for cytoreductive surgery with HIPEC compared 
to standard resection combined with systemic 
chemotherapy. Selected patients may reach 
5-year survival rates of 45%. Such results are 
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only applicable for patients with initially low 
tumor burden and complete cytoreduction.

Preventive procedures have been established 
in almost all areas of medicine and have contrib-
uted to prolongation of overall survival. This 
approach has also been evaluated for patients 
with colorectal cancer.

 c Sugarbaker [15] defined parameters that 
justify a prophylactic approach.

The following summary shows an overview:

 c Indications for a prophylactic HIPEC in 
colorectal cancer (modified according  
to [15])

• T4 tumors
• Peritoneal biopsy showing peritoneal metasta-

sis or suspicious ovary mass
• R1 situation
• Spontaneous or iatrogenic tumor rupture
• Tumor cells in cytology
• Tumor infestation of neighboring organs or 

fistulation
• Metastatic infestation of lymph vessels at the 

resection site

Sammartino et al. [13] performed a monocen-
tric case-control trial enrolling only patients with 
advanced tumor stages (T3 and T4) and muci-
nous or signet-cell histology in order to investi-
gate the effect of a prophylactic HIPEC on overall 
survival and disease-free survival. The surgical 
therapy was extended by omentectomy, appen-
dectomy, and bilateral adnexectomy for post-
menopausal women in the therapy group.

 c This aggressive approach during primary 
resection led to a statistically significant 
improvement of disease-free survival (36.8 
vs. 21.9 months), while the overall survival 
remained equal.

The morbidity was similar in both groups. 
After a follow-up of 37.8  months, there was 

only one patient with peritoneal recurrence in 
the therapy group, whereas 11 patients in the 
control group experienced metachronous perito-
neal recurrence. HIPEC had no effect on the 
incidence of systemic disease. However, as a 
possible bias, it is worth noting that surgical 
therapy differed in both treatment groups. 
Although there were no peritoneal metastases in 
the additionally resected specimens, it is ques-
tionable whether the reduced rate of peritoneal 
recurrences is due to the extended resection of 
predilection sites for peritoneal metastases or 
due to HIPEC. This proactive approach is fur-
ther confirmed by data from Elias et  al. [3]. 
Patients with tumor perforation, ovary metasta-
ses, or synchronous peritoneal metastasis had 
second look surgery. At the time of second look 
surgery, there were no clinical or radiological 
signs of peritoneal recurrence. 55% of patients 
had peritoneal metastases at the time of second 
operation after 12  months. Following cytore-
ductive surgery with HIPEC, after a follow- up 
of 24  months, 50% of patients were free of 
recurrence. In patients with high-risk features 
after primary tumor resection, diagnostic lapa-
roscopy is a viable option for detecting asymp-
tomatic and radiologically undetected peritoneal 
recurrence.

17.3  Pancreatic Cancer

Despite radical surgery and standardized adju-
vant chemotherapy for pancreatic ductal adeno-
carcinoma, prognosis remains poor though. At 
primary diagnosis, only 10–20% of patients qual-
ify for curative resection, of which 15% are still 
alive after 5 years.

 c Failure of therapy is due to a high rate of local 
(50%) and peritoneal (40–60%) recurrences 
despite curative R0 resection [17].

These high recurrence rates are thought to 
arise from tumor-cell spillage from the tumor or 
its lymphatic or blood vessels. These free tumor 
cells are entrapped by fibrin or adhesions at the 
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resection site and may contribute to local or peri-
toneal recurrences. To date there are two phase 
I/II trials that investigate a clinical benefit of 
60  minutes of HIPEC with 1000  mg/m2 gem-
citabine after R0 or R1 resection of ductal pan-
creatic adenocarcinoma [16, 17]. The idea behind 
using intraperitoneal gemcitabine is the 200- to 
500-fold increase in intraperitoneal concentra-
tion by comparison with systemic levels [16]. 
Pharmacological studies by Sugarbaker et  al. 
[16] showed that 68% of gemcitabine is resorbed 
after 60  minutes and that the plasma peak of 
4.03  μg/ml is reached after 15  minutes. After 
intravenous application of gemcitabine, the opti-
mal plasma level of gemcitabine is reported to be 
5.26 μg/ml [11].

This very similar plasma level with higher 
local exposition at the predilection sites for recur-
rences makes gemcitabine HIPEC an attractive 
treatment option. Tentes et al. [17] were able to 
show a clinical benefit for 21 patients in a mono-
centric phase I/II trial of gemcitabine HIPEC.

 c With rates of morbidity and mortality of 
33% or 9.5%, respectively, the 5-year 
overall survival was 23%. The overall 
recurrence rate was 50%. However, no 
patient had a local recurrence.

Of 21 patients in total, 17 patients had duode-
nopancreatectomy (Whipple’s procedure). There 
was only one insufficiency of the pancreatic- 
jejunal anastomosis, which was treated in a con-
servative manner. Although the number of 
patients was low, a remarkable tumor control was 
achieved. Likewise, Sugarbaker et al. [16] were 
able to demonstrate the benefit of gemcitabine 
HIPEC in a phase II clinical trial. In this trial, an 
intraperitoneal port system was implanted in 
order to facilitate the intraperitoneal application 
of gemcitabine postoperatively. For 6 months in 
total, the normothermic intraperitoneal chemo-
therapy with gemcitabine continued. Without 
grade 3 or grade 4 toxicities, this treatment was 
well tolerated. At this time point, results concern-
ing long-term survival have not yet been reported. 
The german monocentric phase I/II trial 
(PanHIPEC) investigating the effect of additional 

gemcitabine HIPEC after R0 or R1 resection of 
pancreatic ductal adenocarcinoma has currently 
been finished in Tuebingen, and its results are 
about to be published.

As is the case for gastric cancer, the impact of 
extensive peritoneal lavage on peritoneal recur-
rence after curative resection of pancreatic cancer 
has also been evaluated. Yamamoto et  al. [18] 
compared a non-EIPL (extensive intraoperative 
peritoneal lavage) group to an EIPL group, and 
the performance of EIPL was statistically signifi-
cantly associated with reduced peritoneal recur-
rences. As a small number of patients were 
included, no definite conclusions can be drawn 
from these results, but EIPL after curative resec-
tion of pancreatic cancer should be further 
evaluated.

17.4  Conclusion

 c Despite curative resection of 
gastrointestinal carcinomas, many patients 
experience peritoneal recurrences. 
Prophylactic HIPEC after curative resection 
is still experimental, but might be offered 
to selected patients at risk of developing 
peritoneal metastases. Although the 
numbers of treated patients are low, the 
latest data show that prophylactic HIPEC 
may reduce the incidence of peritoneal 
recurrences in gastric, colorectal, and 
pancreatic cancer.
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18.1  Introduction

Pseudomyxoma peritonei (PMP) is an uncom-
mon malignancy with an estimated incidence of 
1–2 per million people worldwide and a complex 
biological behavior. The term describes a clinical 
macroscopic diagnosis; most cases arise from a 
perforated primary appendix tumor.

The disease is characterized by an intra- 
abdominal, partially adherent mucus accumula-
tion and slimy ascites in characteristic sites of the 
abdominal cavity, often with sparing of the small 
bowel. Symptoms can progress slowly over many 

years and are nonspecific with abdominal disten-
sion from intra-abdominal accumulation of muci-
nous ascites or “jelly belly” that make it difficult 
to eat and drink which results in weight loss and 
ultimately bowel obstruction (see Fig. 18.1) [6].

18.2  The Origin 
of Pseudomyxoma Peritonei: 
The Mucinous Appendiceal 
Neoplasm

According to the consensus conference (modified 
Delphi consensus process) under the auspices of 
the Peritoneal Surface Oncology Group 
International (PSOGI), mucinous neoplasms are 
subdivided into [5]:
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 (a) Low-grade appendiceal mucinous neoplasms 
(LAMN)

 (b) High-grade appendiceal mucinous neo-
plasms (HAMN)

 (c) Mucinous adenocarcinoma

The assessment of biological behavior of 
LAMN has been discussed in the literature. On 
the one hand, this neoplasm displays benign fea-
tures as there is no destructive invasion of organs. 
On the other hand, LAMN shows histomorpho-
logical similarity to adenomas of the colon [14]. 
Macroscopically, the appendix can appear nor-
mal or may be distended . The appendiceal wall 
is often fibrotic and calcified with intramural 
mucin (see Fig. 18.2). Patients often present with 
symptoms of acute appendicitis. In cases where 
the appendiceal wall is intact, without any signs 
of rupture and negative resection margins, the 
appendectomy may be curative [1].

However, the rupture or perforation of LAMNs 
will cause intraperitoneal dissemination of 
mucin. Despite the lack of infiltration with slow 
progression in terms of a diffuse peritoneal ade-
nomucinosis (DPAM), the mucinous accumula-
tion does not exhibit any malignant potential but 
can result in death from bowel obstruction and 
terminal starvation.

LAMNs usually show KRAS mutation but 
generally do not show microsatellite instability 

or BRAF mutation. GNAS mutations have been 
detected which are uncommon in colorectal 
neoplasms.

HAMN do not exhibit infiltrative invasion, 
but, in contrast to LAMN, they display high- 
grade dysplasia. The macroscopic and histo-
morphological changes of the appendiceal 
wall are the same as those observed in 
LAMN. So far, there is little evidence regard-
ing the behavior of HAMN. Some authors sug-
gest that HAMN exhibit a more aggressive 
course than LAMN or they are more likely 
associated with epithelial cells in the extra-
appendiceal mucin.

In contrast, the mucinous adenocarcinoma of 
the appendix displays malignant properties such 
as invasive tumor growth with desmoplastic 
stroma and high-grade atypia, which may include 
signet-ring cell histology and the potential devel-
opment of distant metastases.

Besides appendiceal tumors, other perforated 
tumors of the gastrointestinal tract can very rarely 
cause a pseudomyxoma peritonei—for instance, 
the mucinous carcinoma of the colon or pancre-
atic carcinoma.

Rarely pseudomyxoma peritonei arises from 
an urachal or ovarian carcinoma. The ovaries are 
often involved and commonly incorrectly identi-
fied as the primary tumour. The ovaries are the 
primary tumor site in well-differentiated muci-
nous adenocarcinoma of an intestinal type, aris-
ing within a cystic teratoma [13].

Fig. 18.2 Low-grade appendiceal mucinous neoplasm 
(LAMN) with pseudomyxoma peritonei

Fig. 18.1 Intra-abdominal slimy ascites, so-called 
jelly-belly
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18.3  Pseudomyxoma Peritonei: 
A Clinical Term

As already mentioned, the term “pseudomyxoma 
peritonei” reflects a macroscopic description of 
intra-abdominal mucinous accumulation rather 
than a histological diagnosis.

According to the classification of Carr et  al. 
within the framework of the consensus confer-
ence, the cellularity of the mucin as well as the 
degree of dysplasia is differentiated into acellu-
lar, low-, high-grade and high-grade with signet 
ring cells (see Table 18.1) [5].

In cases where perforation of LAMN has 
occurred, tumor cells enter freely into the abdom-
inal cavity and circulate with the peritoneal fluid, 
resulting in following predilection sites:

• The paracolic gutters
• The greater omentum
• The undersurfaces of the diaphragm
• The pouch of Douglas [12]

Typically, pseudomyxoma peritonei does not 
show distant metastasis and only limited involve-
ment of the small bowel serosa, and it is charac-
terized by slow but progressive tumor growth. 

These characteristics fulfill the definition of a 
locoregional tumour making it ideally suited for 
cytoreductive surgery and HIPEC [17].

For the most part, the grade of dysplasia of the 
appendiceal neoplasm correlates with the grade 
of dysplasia of the PMP, implying that LAMN is 
not necessarily but mostly associated with a low- 
grade pseudomyxoma peritonei, whereas a high- 
grade appendiceal neoplasm is associated with a 
high-grade pseudomyxoma peritonei [2].

18.4  Who Can Undergo Surgery? 
Patient Selection 
and Indications

In 1980, the very first patient who successfully 
underwent cytoreductive surgery and HIPEC per-
formed by Spratt et  al. was a 35-year-old male 
suffering from pseudomyxoma peritonei with 
unknown primary [15].

These often time-consuming surgeries with 
corresponding morbidity and mortality as well as 
postoperative intensive care are a great burden 
for the patient. Thus, one is reluctant to perform 
cytoreduction on patients with cardiopulmonary 
comorbidity and poor nutritional status. These 
patients have an increased risk of postoperative 
complications with prolonged intensive care 
therapy and with corresponding poor quality of 
life [18].

Crucial factors influencing patient’s survival 
and hence the indication for surgery are not only 
the histology of PMP, but also the prior surgical 
score, the peritoneal cancer index (PCI), and the 
completeness of cytoreduction score (CC score) 
[9] (see Fig. 18.4).

Ten-year overall survival of patients with low- 
and high-grade PMP after complete cytoreduc-
tion combined with HIPEC is ca. 75% compared 
to 5% with maximal tumor debulking (CC-2/−3). 
(see Fig. 18.3)

Overall survival of patients with low-grade 
PMP and complete cytoreduction (CC-0/−1) 
combined with HIPEC is significantly higher, 
with a 20-year survival rate of ca. 78% compared 
to a 54% 10-year survival in patients with high- 
grade histology ([7]).

Table 18.1 Classification of pseudomyxoma peritonei

Lesion Criteria
Acellular mucin Mucin containing 

non-neoplastic 
epithelial cells

Low-grade mucinous 
carcinoma peritonei/DPAM

Epithelial component
Minimal cytological 
atypia
Sporadic mitosis
Pushing type invasion

High-grade mucinous 
carcinoma peritonei/PMCA

Relatively more 
cellular
High-grade atypia
Numerous mitosis
Destructive infiltrative 
invasion

High-grade mucinous 
carcinoma peritonei with 
signet ring cells/PMCA-S

Any lesion containing 
signet ring cells

Modified according to Carr et al. [5]
DPAM disseminated peritoneal adenomucinosis, PMCA 
peritoneal mucinous carcinomatosis, PMCA-S peritoneal 
mucinous carcinomatosis
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There is little evidence to support the use of 
the peritoneal cancer index (PCI) in selecting 
patients with PMP who might benefit from CRS 
and HIPEC. Some authors defined the cutoff as a 
PCI of 20 [3, 7]. The critical question is how well 
one can effectively select patients preoperatively 
using computer tomography (CT)—the standard 
imaging for detecting peritoneal metastases—
and what the actual influence of the radiological 
PCI is on resectability.

Flicek et al. [8] demonstrated that the radio-
logical PCI underestimated by 7.8 points the 
intraoperative PCI in 62% of patients. Of the 
remaining 42 patients, the actual intraoperative 
PCI was overestimated by 5.5 points on average. 
The main reasons for the preoperative underesti-
mation of the intraoperative PCI were the dis-
semination of tumor growths smaller than 1 cm 
and the concealment of tumor by ascites. The 
radiological overestimation of the actual PCI was 
based on mucinous ascites mimicking an incor-
rect tumor burden. Overall, the radiological PCI 
showed a sensitivity of 76% and a specificity of 
69%, with a positive and negative predictive 
power of 85% and 56%, respectively.

In this study, the PCI cutoff of 20 was not an 
effective parameter for predicting complete cyto-

reduction. For almost half of the patients whose 
radiological PCI was greater than 20, complete 
cytoreduction was achieved. In contrast, for 7% 
of patients whose PCI was lower than 20, com-
plete cytoreduction could not be achieved .

Benhaim et al. [4] evaluated the difference in 
survival and mortality according to the extent of 
PMP. Extensive PMP was defined as an PCI >28, 
whereas non-extensive PMP as an PCI < 28. The 
5-year overall survival was 70% in the extensive 
PMP group and 90% in the non-extensive group 
(p  <  0.0001). Patients in the extensive PMP 
group experienced more complications (46% vs. 
23%, p < 0.001), but the post-operative mortality 
was not significantly different (8% vs. 3%, 
p = 0.1).

Based on our own clinical experience, the PCI 
level alone is not an accurate parameter for deter-
mining suitability for surgery (Fig. 18.4).

Rather, the PCI must be considered together 
with the histology and the performance status of 
the patient. In cases of low-grade pseudomyx-
oma, a complete cytoreduction can be achieved 
despite high intra-abdominal tumor burden. 
However, in cases of a high-grade pseudomyx-
oma peritonei with invasive tumor growth 
together with a high intra-abdominal tumor bur-
den, the likelihood of complete cytoreduction is 
lower (see Fig.  18.5). The crucial fact for the 
prognosis of the patient is the achievement of 
complete cytoreduction, which can be achieved 
in cases of low-grade histology despite a high 
PCI for most patients. The comorbidities of the 
patient can, however, be limiting if extensive sur-
gery is likely.

 c Thus, the PCI itself should not be the only 
parameter for indication to surgery but 
should always be considered together with 
the patient’s condition as well as the 
histology.

Complete cytoreduction and HIPEC are criti-
cal for patient survival. For low-grade PMP, the 
20-year survival rate following incomplete cyto-
reduction (CC-2/−3) without HIPEC drops to 
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Fig. 18.3 Survival curve for patients with PMP treated at 
Peritoneal Malignancy Institute, Basingstoke, with CRS 
and HIPEC.  CCR  =  complete cytoreductive surgery; 
MDT = maximal debulking of tumor. (With kind approval 
of K. Chandrakumaran)
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26% (compared with 78% for CC-0/−1). In cases 
of high-grade PMP, the data is even worse. Only 
10% of patients are alive after 10 years following 
incomplete cytoreduction (compared with 54% 
after complete cytoreduction).

Despite this, survival rates after incomplete 
cytoreduction are acceptable so that tumor deb-
ulking with or without HIPEC is justified in some 
cases, in particular for low-grade histology. In a 

retrospective analysis of Dayal et  al. [19], an 
overall survival rate at 3, 5, and 10 years of 47%, 
30%, and 22% was achieved in case of maximal 
tumor debulking in PMP.

18.5  Where to Refer Patients? 
Surgical Centers

Prolonged survival is seen in patients with 
complete cytoreduction, low-grade histology 
without prior extensive surgery, no lymph node 
involvement, and minimal small intestinal 
involvement.

It is crucial to select these kinds of patients 
early enough and to send them to a surgical cen-
ter that is specialized in the treatment of perito-
neal metastases. The learning curve for 
cytoreductive surgery in PMP is steep and signifi-
cantly longer than other surgical procedures [11]. 
Benhaim et al. [4] were able to demonstrate this 
impressively, particularly in cases of extensive 
PMP with a high PCI. The experienced surgeon 
is the best guarantor of a CC-0 resection. This 

Algorithm Pseudomyxoma peritonei

Pseudomyxoma peritonei

Low-grade High-grade

CC-0/CC-1 likely?

yes no

Cytoreduction+HIPEC

Tumor  debulking without HIPEC

Good general
condition

Low PCI

Palliative surgery, if
applicable

Best supportive care

Badgeneral
condition High PCI

CC-0/CC-1 likely?

yes no

Best supportive care
(Palliative surgery, if

applicable)

Good
general
condition

Badgeneral
condition

High PCI

Systemic chemotherapy

Badresponse

Good
response

Fig. 18.4 Treatment algorithm for pseudomyxoma peritonei

Fig. 18.5 Omental cake in high-grade pseudomyxoma 
peritonei
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emphasizes the importance of choosing an expe-
rienced surgical center for this complex disease.

 c All patients with PMP should be referred 
to a surgical center specialized in the 
treatment of peritoneal metastases.

18.6  Inoperable Patients: 
Systemic Chemotherapy?

The role of systemic chemotherapy is unclear for 
patients in whom no surgical solution is avail-
able. Chua et  al. [7] showed that neoadjuvant 
chemotherapy worsened the outcome of patients.

Data regarding the outcome of palliative sys-
temic chemotherapy for patients with advanced 
PMP are not available. Overall, response rates of 
approximately 29% have been demonstrated with 
progression-free survival of approximately 
7 months. However, disease progression rates of 
up to 50% were seen [10, 16].

 c Systemic chemotherapy is only justified in 
patients with unresectable disease of an 
aggressive histological subtype. Here, 
chemotherapy could improve survival 
compared to purely palliative therapy in 
terms of best supportive care. The decision 
should be made on an individual basis.

18.7  Conclusion

A complete cytoreduction is the most important 
determinant of long-term survival following CRS 
and HIPEC for PMP. Patient selection should uti-
lize tools that allow an accurate estimation of the 
likelihood that complete tumor removal will be 
achieved. Preoperative radiology in the form of 
an abdominal CT scan with positive oral and 
intravenous contrast remains one of the most 
effective methods of identifying suitable patients. 
Although radiological PCI can aid in surgical 

planning, it is not a sensitive indicator of the sur-
geon’s ability to achieve complete cytoreduction. 
High-volume centers have the best outcomes fol-
lowing CRS and HIPEC with an institutional 
learning curve ensuring morbidity and mortality 
are minimized. Although complete cytoreduction 
is desirable, tumor debulking can be beneficial. 
Due to the protracted surgery and corresponding 
morbidity, the patient’s general condition is the 
critical factor regarding indications for surgery.

The gold standard of treatment for pseudo-
myxoma peritonei thus represents, with a few 
exceptions, complete cytoreduction in combina-
tion with HIPEC.  In any case, the decision on 
therapy should be made by a multidisciplinary 
team.
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19.1  Epidemiology 
and Frequency of DMPM

Malignant mesothelioma (MM) is an aggressive 
malignant disease of the mesothelium that can 
involve the pleura, peritoneum, pericardium, and 
tunica vaginalis and is associated with a dismal 
long-term prognosis. Diffuse malignant perito-
neal mesothelioma (DMPM) is a malignant neo-
plasm originating from the mesothelium of the 
peritoneum. It has a morphological similarity to 
pleural mesothelioma and is associated with 
asbestos and erionite exposure. Asbestos is a col-
lective name for several naturally occurring 
fibrous crystallized silicate minerals. In 50–80% 
of cases, prior asbestos exposure is present, and 
the likelihood of DMPM increases exponentially 
with the duration of exposure. The role of the 
SV40 virus in the etiopathogenesis of MM is still 

being debated. Similarly, the role of genetic pre-
disposition is still unclear, as familial asbestos 
contamination (e.g., through contact with con-
taminated clothing) cannot be ruled out [28].

The Germline BAP1 (BRCA1-associated pro-
tein 1) mutation that causes an autosomal- 
dominant inherited cancer syndrome 
characterized by MM and uveal melanoma was 
first reported after an investigation was conducted 
into a mesothelioma epidemic in Cappadocia, 
Turkey [17]. In a Consensus Report of the  
2015 Weinman International Conference on 
Mesothelioma, BAP1 screening was recom-
mended for the patients with MM occurring in 
the setting of a high-risk family history of MM, 
UM, cutaneous melanoma, renal cell carcinoma, 
cholangiocarcinoma, and basal cell carcinoma 
and/or a high family incidence of multiple can-
cers and patients with MM carrying melanocytic 
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BAP1-mutated atypical intradermal tumors 
known as MBAITs [10].

With an incidence rate in industrialized coun-
tries of 0.5 to 3 cases per 1,000,000 inhabitants in 
men and 0.2 to 2 cases per 1,000,000 in women, 
abdominal mesothelioma is a rare disease [1, 9, 
44]. Compared with pleural mesothelioma, it is 
ten times rarer, with fewer than 100 new cases 
per year reported in Germany. Despite the ban on 
using asbestos-containing building materials, the 
incidence of asbestos-related illnesses continues 
to rise. This can be explained by the long latency 
period of 15 to 60 years following asbestos expo-
sure for the development of MM [44]. 
Accordingly, the majority of the patients are in 
the sixth decade of their life or older [7].

In particular, asbestos fibers of >5  μm in 
length are considered to play a relevant role in 
the mesothelioma formation. Due to their 
length, the fibers cannot be taken up and 
degraded by the macrophages. Instead, they get 
into the interstitium, where they have the oppor-
tunity to interact with the mesothelial cells. 
Several cell-damaging processes are to be con-
sidered: First, the mechanical irritation leads to 
an increased regeneration of the mesothelium. 
Due to their steric properties, the asbestos fibers 
can interact with the mitotic spindle and thus 
lead to errors in cell division resulting in aneu-
ploidy. On the other hand, they indirectly dam-
age the DNA of the mesothelial cells by inducing 
the formation of reactive oxygen species (ROS) 
and free radicals. Furthermore, local inflamma-
tion promotes the formation of cytokines and 
growth factors with phosphorylation of proteins 
(including MAP kinases) involved in cell-cycle 
regulation; this leads to increased proliferative 
capacity [14]. All these described patho-mecha-
nisms cause an increased degeneration of the 
mesothelial cells with an increased risk of 
developing malignant mesothelioma [37]. An 
exposure-threshold dose for the development of 
DMPM is unknown. Even short and low asbes-
tos exposure can induce mesothelioma after a 
latency period. Approximately 90% of the 
DMPMs recorded in the German Register are 
asbestos-associated [28].

 c Diffuse malignant peritoneal mesothelioma 
(DMPM) is a malignant neoplasm 
originating from the peritoneal 
mesothelium.

 c DMPM is associated with asbestos or 
erionite exposure.

 c BAP1 screening in patients with MM and 
familial clustering is recommended.

 c DMPM has no pathognomonic symptoms 
in 90% of the advanced mesothelioma and 
presents with non-specific clinical features 
such as ascites, abdominal pain, asthenia, 
weight loss, and anorexia.

 c Staging laparoscopy is used to describe the 
peritoneal carcinomatosis index (PCI) and 
histology.

19.2  Diagnosis of DMPM

19.2.1  Symptoms

Abdominal mesothelioma is relatively difficult 
to diagnose because it has no pathognomonic 
clinical features. Manzini et al. categorized the 
patients with DMPM into three different clini-
cal groups: (a) patients with massive ascites 
and large tumor nodules associated with weight 
loss and abdominal pain (Fig.  19.1), (b) 
patients with acute problems requiring emer-
gency surgical treatment, and (c) patients with 
unexplained fever, weight loss, and a clinical 
picture resembling inflammatory bowel dis-
ease [34].

Symptoms such as fatigue, loss of appetite, 
loss of weight, and unclear fever (B symptoms) 
occur at an early stage. Dyspnea, abdominal 
pain, nausea, vomiting, diarrhea, and ascites 
indicate an advanced stage. Ninety percent of 
advanced mesotheliomas show malignant ascites 
[6, 37]. About 10% of patients are diagnosed 
with DMPM as part of an umbilical hernia repair 
[27, 37].
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Non-specific findings such as anemia, 
thrombocytosis, and eosinophilia are often 
detectable later. Occasionally, paraneoplastic 
formation of antidiuretic hormones (ADH), 
growth hormones, adrenocorticotropic hor-
mones (ACTH), insulin- like substances, and 
parathyroid hormone-like peptides occurs. In 
addition, an elevated level of hyaluronic acid is 
found in the blood, which is directly related to 
tumor progression [6].

At advanced stages of the disease, signifi-
cant bowel thickening resulting in bowel 
obstruction may occur (Fig. 19.2). Infiltration 
of the neoplastic cells into the wall of the stom-
ach or bowel, continuing up to the submucosa 
or even the mucosa, may take place. Often the 
tumor cells may also spread into the subcuta-
neous fatty tissue along the incisions, which is 
why previous incisions or puncture sites should 
be resected during the surgery.

19.3  Conventional Cross- Sectional 
Diagnosis

DMPM is a rare condition and difficult to differ-
entiate macroscopically from other common 
causes of peritoneal carcinomatosis, which must 
be excluded before a diagnosis of DMPM is con-
sidered. These include gastrointestinal cancer 
with peritoneal dissemination (such as gastric, 
colon, rectal carcinoma, etc.), advanced ovarian 
cancer, and special forms of mesothelioma such 
as WDPM (well-differentiated papillary meso-
thelioma) and MPM (multicystic peritoneal 
mesothelioma). In addition, an adenomatoid 
tumor and a primary carcinoma of the perito-
neum should also be considered in the differen-
tial diagnosis of DMPM [38].

An initial abdominal ultrasound examination 
followed by a computed tomography (CT) scan 
of the thorax, abdomen, and pelvis is the standard 

Fig. 19.1 Large solid tumor nodule of an adenomatoid malignant mesothelioma in the omentum
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radiological imaging for a patient with suspected 
DMPM. CT scans usually show multiple nodular 
lesions over the peritoneum, an omental cake, 
and a thickening of the mesenteric root in 
DMPM.  In some cases, MRI offers interesting 
results with special protocols and may in the 
future have a greater role in the diagnosis of 
peritoneal tumors [25]. The amount of ascites, 
the maximum diameter of individual lesions, 
number of tumor nodules, and the thickness of 
the peritoneum and mesenteric root are very 
common in malignant peritoneal mesothelioma 
and can be used as parameters for differential 
diagnosis [23, 48].

The role of PET-CT in the diagnosis of 
DMPM is not well defined. According to some 
authors, PET-CT does not lead to a significantly 
better informative value due to the presence of 
small tumor nodules over the peritoneal surface 
[26, 40]. However, PET-CT has been considered 
by others a valuable imaging modality in the 
pre- surgical evaluation, management, and prog-
nosis [18].

A reliable assessment of tumor dissemination 
and a histopathological diagnosis can be achieved 
by laparoscopy [35, 41]. In addition, staging lapa-
roscopy can be used to determine the peritoneal 
cancer index (PCI) and to visualize the morphol-
ogy of the tumor nodules. Therefore, laparoscopy 

may be useful in the diagnostic workup of a 
patient with DMPM.  Abdominal paracentesis is 
usually non-contributory due to the low cellular-
ity in the peritoneal fluid; moreover, it carries the 
risk of tumor-cell implantation in the needle track.

19.4  Tumor Markers

In DMPM, there are currently no reliable tumor 
markers (e.g., CEA, Ca19–9, CA 125) that 
could be considered as diagnostic markers. 
Recently, a high specificity for and a high posi-
tive predictive value of serum mesothelin has 
been reported in the differential diagnosis 
between DMPM and peritoneal dissemination 
of unknown origin. Additionally, osteopontin 
correlates with survival, and consequently it 
might predict prognosis [8].

19.5  Staging, TNM System

There is currently no validated staging system for 
DMPM.  The TNM system was developed for 
pleural mesotheliomas only, but it is rarely used 
as it has little prognostic value [38].

The Peritoneal Surface Oncology Group 
International (PSOGI) pooled the prospective 

Fig. 19.2 Highly differentiated papillary mesothelioma with infiltration of the serosa
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data of patients with DMPM undergoing cytore-
ductive surgery and receiving HIPEC in eight 
international institutions in order to formulate a 
clinico-pathological staging system through the 
identification of significant prognostic parame-
ters [47]. A total of 294 complete patient datasets 
were evaluated. The PCI was categorized into 4 
sections and served as equivalent to the 
T-category. A PCI of 1–10 corresponds to T1, a 
PCI of 11–20 corresponds to T2, a PCI of 21–30 
corresponds to T3, and a PCI of 30–39 corre-
sponds to T4. An abdominal lymph-node involve-
ment was classified as N1. Though it is still 
debatable which regional lymph-node stations 
need to be removed, the intraabdominal lymph 
nodes most commonly involved are iliac and 
paracolic [4]. Distant metastasis is considered as 
extra-abdominal metastasis. This has led to the 
development of a staging system which provides 
a meaningful prognosis for an appropriately 
staged patient (Table 19.1).

19.6  Histopathological Diagnosis

The diagnosis of DMPM is based on both macro-
scopic and microscopic findings. Morphologically, 
MM can present either as a diffuse or a localized 
type, both consisting of white and moderately 
firm tissues. Most common are the diffusely 
growing tumors, which initially present as iso-
lated nodules, but, later on, coalesce and spread 
out over the area. The localized tumors occur pre-
dominantly in the lower abdomen as well as in the 
greater omentum, and they are usually 2  cm or 
less in size; however, they may grow to attain a 
significant size in some cases (e.g., omental cake).

Microscopically, peritoneal mesothelioma can 
be broadly divided into three types: epithelioid, 
sarcomatoid, and mixed (biphasic) types. The 
epithelioid type is the most common type, pres-
ent in approximately 90% of cases, whereas the 
mixed and sarcomatoid type constitute the 
remaining 10% of cases [20].

As no single test for diagnosing MM exists, a 
combination of techniques—histological, immu-
nohistochemical, and molecular—is employed to 
confirm the diagnosis. MM must be differenti-
ated from other benign tumors or reactive 
changes. Different diagnostic markers are used 
for different tumor subtypes [36].

Positive markers that have also been recom-
mended in various international guidelines are 
calretinin (nuclear and cytoplasmic), D2–40 
(membrane-bound), MNF116, CK 5/6, WT1 
(nuclear), and podoplanin. The negative markers 
include MOC31, BerEP4, and TTF1. In addition, 
antibodies against CDX2, CK20, CK7, S100, 
desmin, actin, AE1 / 3, CD56, and PAX8 are also 
used in the differential diagnosis. Furthermore, 
MIB1/Ki67 are recommended to better define 
tumor aggressiveness. Molecular-biological 
markers also play a role in the diagnosis, includ-
ing the p16 deletion or SYT translocation [21, 
43]. Also important is the description of existing 
tissue infiltrations that can reach the stroma, adi-
pose tissue, or neighboring structures [30, 31]. 
The detection of the asbestos fibers in a lung- 
tissue sample may additionally be useful when it 
comes to the recognition of peritoneal mesothe-
lioma as an occupational disease [39].

The checkpoint inhibitors PDL-1 and PD1 are 
increasingly playing a role in the management of 
MM.  Though these checkpoint inhibitors are 
reported to be present in 20% of pleural MM, 
similar data is lacking for DMPM [12].

19.7  Treatment of DMPM

DMPM is a rare and locally aggressive tumor 
with a poor prognosis. Traditionally treated with 
systemic palliative chemotherapy, the treatment 
of DMPM has radically evolved over the last 
two decades. Over time, a gradual affirmation 

Table 19.1 Grouping of a TNM system for diffuse 
malignant peritoneal mesothelioma (DMPM)

Stage
T 
category

N 
category

M 
category

5-year 
survival

I T 1 N 0 M 0 87%
II T 1–3 N 0 M 0 53%
III T 4 N 0–1 M 0–1 29%

T 1–4 N 1 M 0–1
T 1–4 N 0–1 M 1

Modified from Yan et al. [47]
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of surgical treatment has been observed, while 
the role of traditional chemotherapy, due to its 
lack of effectiveness, is usually limited to inoper-
able cases. Surgical approaches range from con-
servative surgery to more radical treatment with 
cytoreductive surgery (CRS) and intraperitoneal 
chemotherapy. Every case of DMPM needs to be 
discussed by a multidisciplinary team of doctors 
at a specialized center to arrive at an individual-
ized treatment plan for a given patient.

Currently, the best available therapy incorpo-
rates complete cytoreductive surgery (CRS) in 
combination with hyperthermic intraperitoneal 
chemotherapy (HIPEC). This regimen has been 
shown to achieve a 5-year overall survival rate of 
up to 68% [5].

Systemic chemotherapy is contemplated as a 
palliative treatment for patients with extraperi-
toneal involvement, non-operable tumors, and 
with poor prognostic cases in view of their biol-
ogy subtype (sarcomatoid and biphasic histol-
ogy), their high PCI, or the residual disease 
after CRS.

The patients who are advised palliative care 
have a median survival of 1 to 2 years. However, 
the median survival improves to more than 50 
months, with a 5-year survival of more than 50%, 
after curative-intent treatment (CRS and HIPEC) 
for appropriately selected patients. Left untreated, 
patients with DMPM have a dismal prognosis 
with a median survival of 6 months [37].

 c Untreated DMPM has a dismal prognosis 
with a median survival of 6 months.

 c Chemotherapy alone is recognized as a 
palliative treatment for DMPM.

 c Currently, the treatment strategy with the 
best survival outcomes combines complete 
cytoreductive surgery (CRS) with 
hyperthermic intraperitoneal chemotherapy 
(HIPEC).

 c The commonly used chemotherapeutic 
drugs in HIPEC are a combination of 
cisplatin, doxorubicin, and mitomycin for 
DMPM.

19.8  Systemic Chemotherapy

Due to the rarity of DMPM compared to pleural 
mesothelioma, there are currently no randomized 
studies confirming the survival benefit of chemo-
therapy. Systemic chemotherapy is classically 
used as a palliative therapy in DMPM.

The response rates with systemic cisplatin 
chemotherapy were reported as 11–28%. The use 
of pemetrexed has significantly improved the 
response rates up to 37%. Simon et al. integrated 
mericitabine into the combination therapy and 
achieved a median survival of 26.8  months, 
though there was a higher incidence of grade 3–4 
neutropenia in 60% of patients [42]. Carteni et al. 
supported the efficacy of pemetrexed in a non- 
randomized study and recommended the use of 
pemetrexed with or without cisplatin-containing 
chemotherapy (Table 19.2) [11].

Table 19.2 Outcome of a non-randomized treatment study that used and compared different chemotherapy regimens 
in peritoneal mesothelioma

PEM + CIS PEM + CARBO PEM
Evaluable patients n = 37/37 n = 32/34 n = 35/38
Response 10 (27%) 12 (35%) 4 (11%)
No change 8 (22%) 7 (21%) 6 (16%)
Tumor progression 7 (19%) 2 (6%) 9 (24%)
Toxicity grade 3–4
Anemia 3% 22% 11%
Leukopenia 14% 25% 31%
Thrombocytopenia 11% 38% 40%

Modified from Carteni et al. [11]
PEM pemetrexed, CIS cisplatin, CARBO carboplatin
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A randomized study of pleural mesothelioma 
assessed the effect of adding bevacizumab to sys-
temic chemotherapy: PCB vs. PC (pemetrexed 
500  mg/m2, cisplatin 75  mg/m2, bevacizumab 
15 mg/kg). A total of 448 patients were random-
ized into two groups. The overall survival was 
significantly higher in the PCB group compared 
to the PC group (18.8 vs. 16.1 months). However, 
chemotherapy-induced grade 3 and 4 adverse 
events were also higher: 71% in the PCB group 
and 62% in the PC group. There were also higher 
risks of hypertension and thrombosis in the PCB 
group compared to the PC arm [49].

Due to the positive response rates to combined 
chemotherapy (cisplatin and pemetrexed) of 
71.2% and an acceptable side effect rate of 35% 
grade 3 or 4 toxicity (predominantly neutropenia, 
anemia), this chemotherapy regimen has estab-
lished its role in the preoperative or postoperative 
setting in DMPM [22].

19.9  The Role of Surgery

Cytoreductive surgery (CRS) is recognized as a 
standard surgical procedure for peritoneal meso-

thelioma (Fig. 19.3). As the aim of the surgery is 
to remove all tumor nodules in DMPM, it essen-
tially amounts to performing a complete perito-
nectomy to achieve a complete gross extirpation 
of the disease. The extent to which complete peri-
tonectomy should be performed, especially in 
cases where there are areas of disease-free perito-
neum, was addressed by Baratti et al. The authors 
compared selective peritonectomy (SPP) with 
complete peritonectomy (CPP) in a group of 30 
patients each. The 5-year overall survival was 
significantly better in the CPP group compared to 
the SPP group (63.9% vs. 40%, p value 0.027). 
Interestingly, 12 out of 24 patients in the CPP 
group had tumor nodules on the parietal perito-
neum that the surgeon had missed because these 
lesions were not grossly conspicuous [2]. Based 
on this data, a complete parietal peritonectomy is 
recommended even in cases of limited tumor 
seeding of the peritoneum.

The completeness of cytoreduction (CC) can 
be assessed in terms of a score: a CC score of 0 
corresponds to complete removal of all the peri-
toneal tumor nodules, while a CC score of 1 to 3 
indicates incomplete removal (a CC score of 1 
indicates remaining nodules of size less than 

Fig. 19.3 Epithelioid malignant mesothelioma PCI 39. 
Treatment entailed an excision of the umbilicus, total 
peritonectomy (on both sides subphrenic, interenteric, lat-
eral, and pelvic); right hemicolectomy and ileocolic anas-

tomosis; cholecystectomy, extraperitoneal anterior 
resection with colorectal anastomosis, infragastric omen-
tectomy, Baud auditory drainage, and HIPEC with CDDP 
163.5 mg ip and doxorubicin 32.7 mg ip CCR 00/1
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0.5 mm; a CC score of 2 for remaining nodules of 
size 0.5 mm–2.5 cm; a CC score of 3 for remain-
ing nodules of size more than 2.5 cm or confluent 
foci). In a meta-analysis, patients with CRS and 
HIPEC with a median PCI of 19 achieved a CC 
score of 0–1 in 67% of patients [20].

In order to achieve a CC score of 0–1, the vis-
ceral organs other than the parietal peritoneum 
may also need to be resected if they are found to 
be involved by the tumor. This may lead to multi-
visceral resections, such as partial gastric resec-
tion, splenectomy, colon resection, pelvic 
exenteration, etc., resulting in a higher postopera-
tive morbidity and mortality. In several centers, a 
postoperative complication rate of 8–90% and a 
mortality of up to 5% are reported following mul-
tivisceral resection [20]. However, the high rate 
of postoperative morbidity and mortality follow-
ing multivisceral resection may be an expression 
of the learning curve of a given center.

19.10  Role of HIPEC and EPIC

Within the last 10 years, CRS and HIPEC have 
become increasingly established for 
DMPM.  Unfortunately, as DMPM patients are 
diagnosed very late, the disease is relatively 
advanced, with an average life expectancy of 
4–12 months if not treated [13]. Systemic chemo-
therapy, which was adapted from the experience 
with pleural mesothelioma, achieved a median 
survival of 10–27 months in peritoneal mesothe-
lioma [22, 42].

In a recent literature review, 6528 articles 
from 20 papers were extracted and evaluated. 
There were 15 retrospective analyses, 4 clinical 
studies, and a prospective cohort study. A total of 
1047 patients underwent CRS and HIPEC +/− 
EPIC (early postoperative chemotherapy). 
During HIPEC, the most common chemotherapy 
combination—cisplatin, doxorubicin, and mito-
mycin—was used in 71% of the patients. With 
this multimodal therapy, a median overall sur-
vival of 19–92 months was achieved. The average 
progression-free interval was 11–28 months and 
disease-free interval was 7–40 months. The sta-
tus of early postoperative intraperitoneal chemo-

therapy (EPIC) is still unclear, although the 
5-year overall survival in patients treated with 
EPIC was 45 months versus 39 months without 
EPIC [20].

19.11  Role of Perioperative 
Chemotherapy

In a retrospective study of 116 patients, it was 
demonstrated that preoperative chemotherapy 
had no effect on the rate of complete resections or 
serious postoperative complications. The overall 
survival was not significantly influenced [15].

In another retrospective multicenter study, a 
total of 126 patients with DMPM were evaluated. 
They were divided into four groups: only preop-
erative chemotherapy (PreChemo n = 40); only 
postoperative chemotherapy (PostChemo 
n = 16); perioperative chemotherapy (PeriChemo 
n = 16); and no chemotherapy (NoChemo n = 4). 
All patients underwent cytoreductive surgery. 
After a follow-up period of 61 months, the 5-year 
overall survival was 40% in the PreChemo group, 
67% in the PostChemo group, 62% in the 
PeriChemo group, and 56% in the NoChemo 
group [24]. It can be concluded that postoperative 
chemotherapy may be useful. However, there are 
many limitations in this analysis, so a prospective 
study with a large sample size is urgently needed.

19.12  Re-resection Following CRS 
and HIPEC

It is estimated that more than 50% of the patients 
with DMPM develop tumor recurrence after CRS 
and HIPEC.  In most of the recurrent cases, re- 
resection of the tumor nodules is unlikely to ben-
efit the patient (Fig. 19.4). However, re-resection 
may be contemplated in the symptomatic patients 
with radiological evidence of recurrence.

The interval between the first and the second 
CRS is 14 months in a large series with a range of 
3–102 months [32]. The median survival of these 
patients, calculated from the first CRS, was 
61.5 months, with a 5-year survival rate of 41.6% 
[32]. In the patients without clinical abnormali-
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ties, sometimes after planned second-look sur-
gery, the median survival was 83  months [32]. 
The second relapse developed in 74% of patients 
within the first 2 years [32].

19.13  Prognostic Factors

Within a median follow-up period of 43 months, 
38 patients experienced a progression of their 
disease. Eighty percent showed peritoneal pro-
gression, 71% in the wall lining of the small 
intestine [3].

Feldman et  al. searched various publications 
for prognostic parameters in DMPM. The follow-
ing prognostic parameters were determined in a 
multivariate analysis of the publications: age 
>60 years, tumor infiltration, previous debulking 
operation, detection of lymph node metastases, 
biphasic or sarcomatoid DMPM in histology, and 
more than 5 mitoses/50 HPF [19].

A multi-institutional study of 294 patients 
with DMPM revealed that women had a signifi-
cant survival advantage over the men. The 5-year 
survival of women was 68% and that of men was 
only 39%. The difference may be hormone- 
dependent, as younger women under 55 have a 
survival advantage compared to older women 
(p = 0.0019) [9].

Deraco et al. determined the role of prolifera-
tion index Ki67 in DMPM [16]. Kusamura et al. 
determined the growth fraction with Ki67 in 117 
patients, which ranged from 5% to 60% (median 
5%) [29]. Unfavorable independent prognostic 
factors were a Ki67 of >9%, a PCI >17, and the 
histological type (biphasic/sarcomatoid).

Magge et al., in a study of 65 patients, high-
lighted that the most important prognostic param-
eters were <60 years, PCI <15, resection success 
with CC score CC-0/1, and the histological type 
(epithelioid, papillary, multicystic) [33].

In a study of 401 patients, Yan et al. identified 
10 important parameters associated with pro-
longed survival in a univariate analysis: (a) age 
≤50 years, (b) women, (c) histologically epithe-
lial subtype, (d) no lymph-node metastasis, (e) no 
distant metastases, (f) PCI ≤20, (g) CC score of 
0/1, (h) utilization of HIPEC, (i) blood transfu-
sion ≤5, and (j) exclusion of cardiac complica-
tions [46]. The multivariate analysis was limited 
to the histological subtype, N0 situation, com-
plete resection, and HIPEC. The key forecast fac-
tors are summarized in Table 19.3.

19.14  Summary

Diffuse malignant peritoneal mesothelioma 
(DMPM) is a heterogeneous disease. Etiology, 
sex, histopathology, tumor mass, and therapeutic 
procedures are the relevant factors that influence 
the course of the disease.

Germline mutations of the BAP 1 gene seem 
to have a predisposition to malignant mesotheli-
oma. In cases of familial disease, screening is 
recommended.

Cytological examination of the ascitic fluid 
alone is not enough. A biopsy and a determina-
tion of PCI should be done as a part of a 
laparoscopy.

Aggressive cytoreductive surgery with the 
goal of complete tumor resection is the corner-
stone of therapy with the best long-term survival 
benefit. In selected cases, 5-year overall survival 

Fig. 19.4 Papillary mesothelioma recurring at 16 months 
after CRS and HIPEC. Here there is no remaining option 
for tumor removal
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rates of 30–85% are reported, depending upon 
the stage.

Pemetrexed in combination with cisplatin- 
containing chemotherapy currently achieves a 
long-term stable disease in 10% and 35% of 
cases with an acceptable toxicity.
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20.1  Epidemiology of Gastric 
Cancer-Related Peritoneal 
Metastasis

Gastric cancer is the fifth most common cancer in 
the world with nearly one million new cases per 
year. More than two-thirds of the patients come 
from countries with so-called emerging econo-
mies. Korea, Japan, and Mongolia have the highest 
incidence rates [52]. There are also epidemiologi-
cal differences in the incidence of gastric cancer in 
eastern and western parts of the world.

There has been a constant reduction in the inci-
dence and mortality of gastric cancer. Between 
the years 1990 and 2012, the Robert Koch Institute 
registered a decline in age- standardized incidence 
of 38% in women and 30% in men [49].

In Germany in 2012, 15,640 patients were 
diagnosed with gastric cancer, out of whom 58% 
were men. The mean age for diagnosis of gastric 
cancer was 75 years in women and 72 years in 
men. Though there has been a substantial 
improvement in the treatment of gastric cancer 
patients, their 5-year survival still remains dismal 
at 30% [49]. The majority of the patients suc-
cumb to systemic metastasis. Almost 40% of the 
patients with gastric cancer have synchronous 
metastasis at the time of diagnosis. The median 
survival of patients with stage IV gastric cancer is 
only 3 months without treatment [57, 58].

Diffuse liver and lung metastases are common 
and present in 11% and 1% of synchronous meta-
static gastric cancer, respectively. The prognosis 
for these patients is extremely poor [36, 44]. 
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Metastasectomy in patients with diffuse metasta-
sis currently plays no role in treatment [2].

Peritoneal metastasis—34% of the patients—
is significantly higher with gastric cancer [57, 
58]. The median survival without chemotherapy 
is around 3.4  months and may increase to 
7.7 months with chemotherapy. Even newer che-
motherapeutic drugs have not been able to affect 
the prognosis significantly.

20.2  Risk of Peritoneal 
Metastases

>> New results of molecular and genomic research 
on the development of the gastric cancer have led 
to complete genomic profiling of 295 cases, which 
are divided into four different subtypes.

As per the Cancer Genome Atlas [6, 10], the four 
subtypes of gastric cancer are:

• EBV-infected carcinomas
• MSI carcinomas
• Genomically stable carcinomas
• Chromosomally unstable carcinomas

EBV-positive carcinomas were detected in 
9%, microsatellite unstable carcinomas in 21%, 
genomically stable carcinomas in 20%, and chro-
mosomally unstable carcinomas in 50% of gas-
tric cancers. These subtypes may be found in any 
region of the stomach—cardia, fundus, body, or 
antrum—in varied frequency [6]).

73% of the diffuse adenocarcinomas of the 
stomach were genomically stable. Cardiac carci-
nomas were often chromosomally unstable, and 
EBV-positive carcinomas were increasingly ana-
lyzed in the fundus and corpus [6].

Currently we know that, although chromo-
somally unstable cancers have a worse prognosis, 
they respond better to a platinum-based chemo-
therapy [45]. To what extent these genomic char-
acteristics can be attributed to the accumulated 
occurrence and development of peritoneal metas-
tasis remains to be seen. Even after curative 
resection, around 7% of the early gastric cancers 
(T1–T2) present with disease recurrence within 
the first 3 years [7]. There may be a number of 
reasons for this. A positive peritoneal cytology 

prior to a curative resection is observed in 4–25% 
of the patients and places the patients at higher 
risk of peritoneal metastasis [5]. In distal gastric 
cancers, the risk factors for peritoneal metastasis 
are serosal infiltration, diffuse adenocarcinomas 
(according to the Lauren classification), lymph- 
node metastases, and T4 lesions [8, 62].

Kanda et al. [33] showed that the infiltrative 
growth pattern is associated with 91% of cases 
with peritoneal metastasis compared to expansive 
or intermediate types of gastric cancer (as per 
Japanese Classification).

>> Peritoneal involvement in gastric cancer is a 
poor prognostic marker and leads to significantly 
poorer survival.

While the 5-year survival is around 37% fol-
lowing curative gastrectomy in patients without 
peritoneal metastasis, it decreases to 24% in the 
presence of microscopic peritoneal disease and 
further drops to 6–13% in the presence of obvi-
ous peritoneal metastasis [23, 38].

These are the risk factors known to be associ-
ated to peritoneal metastasis (Table. 20.1):

• Young patients aged ≤60 years [34]
• Locally advanced tumor depth of infiltration 

(T3/T4) [34]
• Diffuse type according to Lauren [15]
• Signet-ring cell adenocarcinoma
• Lymph-node metastases

The Lauren classification divided gastric can-
cers into diffuse, intestinal, and mixed types. The 
diffuse type is more prone to peritoneal metasta-
sis: While up to 81% of the patients with diffuse 
type have peritoneal involvement, it is only about 
38% in the intestinal type [15].

20.3  Diagnosis of Peritoneal 
Metastatic Gastric Cancer

Gastroscopy is used in the diagnostic investiga-
tion of a patient with suspected gastric cancer, 
whereas biopsy confirms the diagnosis. It also 
describes the tumor and documents the correct 
site, size, and extent of the tumor. Endosonography 
helps in the differentiation between early (T1/2) 
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vs. advanced (T3/4) gastric cancers. 
Endosonography can also be used additionally 
for the detection of perigastric nodes and ascites 
(an indication of peritoneal metastasis). Levy 
et  al. demonstrated that sensitivity, specificity, 
and accuracy of EUS-FNA compared to CT/mag-
netic resonance imaging (MRI) is 91% versus 
28%, 100% versus 85%, and 94% versus 47%, 
respectively. In newly diagnosed cancer patients, 
peritoneal FNA may cause upstaging in almost 
one fourth of patients.

After histological confirmation of the primary 
tumor, computed tomography (CT) of the chest 
and abdomen/pelvis should be done to assess the 
local extent of the tumor, regional lymph nodes, 
and distant metastasis.

Cross-sectional imaging of the abdomen and 
pelvis may indicate the presence of peritoneal 
disease. The sensitivity of CT for the diagnosis of 
peritoneal disease varies between 60% and 90% 
[13, 30]. A significant limitation of the CT scan is 
its inability to detect small peritoneal tumor nod-
ules. Jacquet et al. [30] highlighted that the accu-
racy of the CT in detecting peritoneal nodules is 
related to their size: the sensitivity is only 28% if 
the tumor nodules are less than <0.5 cm, and it 
increases to 72% for the tumors between 0.5 and 
5 cm, while for the tumors of more than 5 cm in 
size, it further increases to more than 90%. Other 
additional features such as ascites or “omental 
cake” also increase the accuracy of CT scans in 
diagnosing peritoneal disease. The sensitivity 
and specificity of CT for estimating the perito-
neal carcinomatosis index (PCI) is dependent 
upon the tumor type. Chang-Yun et  al. [9] 
reported that the detection rate of peritoneal 
metastasis was highest in the appendix and low-
est in the stomach (84% and 47%, respectively).

In a multicenter study by Esquivel et al. [16], 
when compared to the intra-operatively measured 
PCI, the infestation level was correctly deter-
mined with CT in 65% of patients, underesti-
mated in 33% of patients, and overestimated in 
2% of patients.

Moreover, the accuracy also depends on the 
anatomical localization of tumor involvement. In 
a study of colorectal cancers with peritoneal 
metastasis, Esquivel et al. [16] showed that there 

were inaccuracies in the CT-based assessment of 
lesion sizes with respect to the abdominal region: 
RUQ (P  =  0.004), LLQ (P  <  0.0005), RLQ 
(P = 0.003), distal jejunum (P = 0.004), and distal 
ileum (P < 0.0005). Furthermore, the authors sug-
gested that CT underestimated PCI in 33% cases: 
21% were upstaged from low to moderate, 8% 
from low to severe, and 4% from moderate to 
severe.

Dromain et al. [13] showed that CT and PET/
CT imaging are not accurate enough to assess the 
extent of peritoneal carcinomatosis. Though the 
presence of peritoneal carcinomatosis was cor-
rectly determined on CT and PET/CT in 82% and 
57% of patients, respectively, both the investiga-
tions understaged the extent of peritoneal metas-
tasis in 90% patients.

Conventional magnetic resonance imaging 
(MRI) has a sensitivity of 52–92% and specificity 
of 90–92% in the diagnosis of peritoneal metas-
tasis [35, 39].

>> Much more efficient for the diagnosis and 
assessment of the extent of peritoneal metastasis is 
diagnostic laparoscopy. It is the gold standard for 
the evaluation of peritoneal metastasis.

Important parameters such as the PCI, involve-
ment of the small intestine or the colon, involve-
ment of the bowel mesentery, presence of ascites, 
and consistency of the metastases (slimy, adher-
ent, etc.) should be described (Fig. 20.1) during 
laparoscopy. A biopsy for histological confirma-
tion of the diagnosis is important and must always 
be done.

The following parameters should be recorded:

• Peritoneal carcinomatosis index (PCI)
• Consistency (slimy, coarse, adherent)
• Ascites

In a study of 197 cases of peritoneal metasta-
sis, Garofalo and Valle [22] were able to achieve 
full laparoscopic assessment of PCI in 196 of 197 
(99.49%) cases, and only 4 of 197 (2.03%) cases 
were understaged before the routine use of lapa-
roscopic ultrasound. The detection of peritoneal 
metastases in gastric cancer patients using 
 laparoscopy achieves a sensitivity of 74–100% 
and a specificity of 83–100% [37].

B. Rau et al.
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As diagnostic laparoscopy has distinct advan-
tages in the diagnosis of peritoneal metastasis, its 
use must be considered in patients planned for 
curative resection.

>> There is consensus that diagnostic laparoscopy 
is recommended in patients with locally advanced 
gastric cancers (T3, T4) as it may detect unex-
pected peritoneal metastasis in 30% of patients.

Although diagnostic laparoscopy is recom-
mended in the assessment of gastric cancer, there 
are certain disadvantages: relatively invasive, dif-
ficult access in previous abdominal surgery, fail-
ure to access retroperitoneal space, trocar-site 
metastasis, and the cost of the procedure [41]. 
Presence of adhesions due to prior abdominal 
surgery may make the laparoscopic assessment 
technically difficult and inaccurate. It may not 
even be possible to find access for the insertion of 
the trocars, and it carries the potential risk of vis-
ceral injury. Tumor seeding may occur along the 
trocar route, and it is advisable to incorporate tro-

car sites into the expected laparotomy incision 
(Fig. 20.2). In a retrospective study of 65 patients 
undergoing laparoscopy before CRS/HIPEC, 144 
port-sites were resected: 41 (29%) ports were 
positive for malignancy in a total of 22 (34%) 
patients. Port-site metastasis was an independent 
predictor of survival with an HR of 3.462 (95% 
CI 1.19–10.0). Mean overall survival at 1, 3, and 
5  years was 73, 35, and 23%, respectively, in 
patients with PSM [42].

>> Diagnostic laparoscopy may supplement imag-
ing modalities to allow direct visualization of the 
peritoneal metastasis [63].

In gastric cancer, the prognosis is dismal in the 
presence of peritoneal metastasis. The NCCN 
guidelines [1] as well as the German S3 guide-
lines [41] indicate that these patients should be 
treated with palliative therapy with “best support-
ive care.” Palliative chemotherapy may be given 
in the settings of research trials. Surgical treat-
ment should be reserved for tumor-related com-
plications like bleeding, perforation, or 
obstruction [31].

The median survival of these patients with 
gastric cancer and associated peritoneal metasta-
sis is 3–5 months with best supportive care in the 
absence of systemic chemotherapy. Moreover, 
there has not been any substantial increase in 
median survival in metastatic gastric cancer with 
systemic chemotherapy as well.

In a meta-analysis, the GASTRIC Group 
showed that systemic chemotherapy did produce 

a

b

Fig. 20.1 (a) Low volume peritoneal metastasis in the 
right upper abdomen, (b) diffuse and confluenting perito-
neal metastasis in the left upper abdomen with ascites

Fig. 20.2 Port site metastasis of the umbilicus, which 
was excised during laparotomy
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a survival benefit, but not beyond 12 months [43]. 
In a select group where the gastric tumor overex-
presses human epidermal growth factor receptor 
2 (HER2), the addition of antibody therapy 
(trastuzumab) may further increase the median 
survival to 14 months [3]. These considerations 
led to the use of intraperitoneal chemotherapy to 
further increase the survival in patients with gas-
tric cancer with peritoneal metastasis. In the con-
text of the limited experience of emergency 
palliative gastric resection in the presence of 
peritoneal metastasis, survival was observed to 
be better with systemic chemotherapy.

In a Surveillance, Epidemiology, and End 
Results (SEER) database-analysis of 8429 
patients with stage IV gastric cancer treated 
between 1998 and 2009, the median survival for 
patients who underwent palliative gastrectomy 
(N = 1445, 17.4%) and for patients who did not 
undergo palliative gastrectomy (N  =  6804, 
82.4%) was 7 and 3  months, respectively. 
However, the palliative gastrectomy rate dropped 
from 18.8 to 10.2% (P  =  0.004) in this time 
period [14].

In order to clarify the role of palliative gas-
trectomy in metastatic gastric cancer, Fujitani 
et al. [21] conducted an open-label, randomized, 
metacentric phase III trial (REGATTA trial) 
including patients with advanced gastric cancer 
with a single non-curable factor confined to either 
the liver, peritoneum, or para-aortic lymph nodes, 
who underwent chemotherapy alone or gastrec-
tomy followed by chemotherapy. The trial did not 
show any survival benefit of palliative gastrec-
tomy. Overall survival at 2 years for all randomly 
assigned patients was 31.7% (95% CI 21.7–42.2) 
for patients assigned to chemotherapy alone 
compared with 25.1% (16.2–34.9) for those 
assigned to gastrectomy plus chemotherapy. 
Median overall survival was 16.6 months (95% 
CI 13.7–19.8) for patients assigned to chemo-
therapy alone and 14.3  months (11.8–16.3) for 
those assigned to gastrectomy plus chemotherapy 
(hazard ratio 1.09, 95% CI 0.78–1.52; one-sided 
p  =  0.70). Interestingly, among the 86 patients 
assigned to chemotherapy alone, five underwent 
gastrectomy with curative intent because of com-
plete disappearance of all non-curable factors 
during chemotherapy.

However, based on these results, the gastrec-
tomy alone appears futile in the absence of exci-
sion of isolated metastatic sites. Presently, 
another randomized trial is ongoing: the 
GYMSSA trial, in which gastrectomy plus 
metastasectomy followed by systemic treatment 
is being compared with systemic therapy alone in 
terms of overall survival and adverse events, with 
a planned enrolment of 136 patients.

Perhaps the best strategy to address gastric cancer 
with isolated peritoneal metastasis is the removal 
of the primary tumor and peritonectomy.

When the PCI index is less than 10, an aggres-
sive multimodal treatment including cytoreduc-
tive surgery (CRS) and hyperthermic 
intraperitoneal chemotherapy (HIPEC) should be 
offered if complete tumor resection is possible.

In a study to assess the role of multimodality 
therapy (including CRS and HIPEC) in 38 
patients with gastric cancer and peritoneal metas-
tasis, the median survival time after gastrectomy 
was similar between patients receiving CRS- 
HIPEC and matched control patients operated for 
advanced gastric cancer without PM (8.1 months, 
95% CI 10.1–26.0 versus 21.8 months, 95% CI 
8.0–35.5  months) resulting in a comparable 
5-year survival (11.9% vs. 12.1%) [4]. Other 
authors have also shown that better survival 
results can be expected in selected patients with a 
PCI <10 and complete tumor removal [26, 28, 32, 
65]. Glehen et al. [25] highlighted the fact that a 
PCI of less than 6 is associated with best survival 
rates among the patients with gastric cancer- 
related peritoneal metastasis. In a study of 95 
gastric cancer patients with a PCI <6, 91% 
patients had a CCR of 0/1, while only 42% of the 
patients with PCI >7 were able to receive com-
plete cytoreduction [47, 48, 67].

20.3.1  Synchronous 
and Metachronous Peritoneal 
Metastatic Gastric Cancer

Spratt and Sugarbaker are the pioneers of the sur-
gical treatment of isolated peritoneal metastases. 
As a part of multidisciplinary treatment, they per-
formed cytoreductive surgery with the aim of 
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complete tumor removal and subsequent hyper-
thermic intraperitoneal chemotherapy, and 
achieved excellent survival results in these 
patients [51, 53–55]. For advanced gastric carci-
noma, most of the literature was generated by 
Fujimoto from Japan [20].

The rationale for the aggressive surgical pro-
cedure is based on the complete macroscopic 
removal of peritoneal tumor nodes and the onco-
logical resection of the primary tumor (no tumor 
residue larger than 0.25 cm). In some cases, com-
plete cytoreduction involves a total peritonec-
tomy with multiple visceral resections, which can 
include an omentectomy, cholecystectomy, and 
even segments of the small and large intestine, 
the stomach, the spleen, the uterus, and the ova-
ries (Fig. 20.3).

20.4  CRS Without Intraperitoneal 
Chemotherapy

>> There is general consensus that complete 
tumor removal of a non-metastatic gastric cancer 
represents the only curative option. However, the 
extent of the disease may warrant preoperative 
chemotherapy [41].

There is lot of controversy in the management 
of metastatic gastric carcinoma. As complete 
resection is not possible in most of the cases and 
there is a high risk of postoperative complica-

tions, palliative chemotherapy has been the tradi-
tional treatment. However, with the refinement in 
the surgical techniques and various advance-
ments in technology, surgery has again come 
back to the forefront of treatment of metastatic 
gastric cancer with isolated peritoneal metastasis. 
With a perioperative mortality of 1–3%, a signifi-
cant improvement in the 5-year survival rates has 
been achieved. This improvement in surgical 
methods is not only related to better surgical 
techniques but is also attributed to the adoption of 
multimodality treatment [50]. Synchronous peri-
toneal metastasis has a better survival outcome 
compared to metachronous when treated with 
CRS and HIPEC.

In a study to evaluate the outcomes of patients 
who underwent palliative gastrectomy for incur-
able gastric carcinoma, the median survival of 
patients undergoing non-curative gastrectomy 
was significantly longer than that of patients 
without gastrectomy (12.4 vs. 7.1  months, 
p = 0.003). There was 21% morbidity and 1.2% 
mortality among the 162 patients who underwent 
palliative gastrectomy. The patients who received 
postoperative chemotherapy also showed signifi-
cantly better survival than those without chemo-
therapy (13.2 vs. 4.3  months, p  <  0.001). The 
authors concluded that primary tumor resection 
and postoperative chemotherapy are the most 
important prognostic factors for incurable gastric 
carcinoma. Median survival in patients receiving 
non-curative gastrectomy combined with postop-
erative chemotherapy was 13.9  months, which 
was significantly longer than gastrectomy alone 
(5.4 months), chemotherapy alone (9.6 months), 
and no treatment (3.2 months) [31].

A meta-analysis of 14 studies and 3003 
patients showed that palliative gastrectomy is 
associated with a significant improvement in 
overall survival (HR 0.56; 95% CI 0.39–0.80; 
p < 0.002) compared with that of patients treated 
without palliative gastrectomy [56].

Similar data also exist for the peritoneal meta-
static gastric carcinoma. Following complete 
resection of the primary tumor (often with multi-
visceral resections) and removal of all peritoneal 
nodules (complete cytoreduction, CC 0), signifi-
cant survival benefit can be expected compared to 

Fig. 20.3 Multivisceral en-bloc resection including the 
stomach and spleen in a patient with gastric cancer with 
infiltration of the spleen
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incomplete cytoreduction [23, 24]. The success 
of complete cytoreduction depends on the extent 
of tumor dissemination as measured by the peri-
toneal carcinomatosis Index (PCI) [29]. With a 
high PCI, extensive carcinomatosis usually 
involves the small bowel mesentery and mesoco-
lon; this makes it highly unlikely to achieve a CC 
score of 0 and provide survival benefit to the 
patients. Therefore, it is not recommended to 
consider CRS and HIPEC in patients with a PCI 
of more than 12 [24].

20.5  Preoperative Intraperitoneal 
Chemotherapy for Tumor 
Reduction

Preoperative chemotherapy may be required to 
downstage the disease in order to achieve com-
plete cytoreduction. Moreover, downstaging of 
the disease with preoperative chemotherapy also 
allows testing in vivo chemosensitivity of chemo-
therapeutic drugs. Various randomized trials have 
also shown the survival benefit of preoperative 
chemotherapy in advanced non-metastatic gastric 
cancer [46]. The same can be extrapolated to 
metastatic gastric cancer if chemotherapy can 
also be given locally (intraperitoneally) in addi-
tion to systemic administration. Intraperitoneal 
chemotherapy has the advantage of directly 
affecting the tumor cells without causing signifi-
cant systemic toxicity.

Yonemura et al. [68] reported their experience 
of treating 96 patients according to the neoadju-
vant intraperitoneal-systemic chemotherapy pro-
tocol (NIPS) followed by CRS.  Complete 
cytoreduction (by gastrectomy + D2 dissection + 
peritonectomy) was achieved in 82 patients. 
Complete pathologic response was observed in 
30 (36.8%) patients [68].

Whether CRS and HIPEC should be per-
formed upfront on patients who are diagnosed 
with occult peritoneal metastasis during diagnos-
tic laparoscopy or whether these patients should 
first be subjected to systemic chemotherapy is a 
common dilemma faced by the surgeons. A retro-
spective analysis of 26 such patients revealed that 
median survival is better in patients first undergo-

ing CRS and HIPEC compared to patients who 
are given systemic chemotherapy followed by 
CRS and HIPEC (28.2 versus 25.0 months). The 
treatment complications were also similar in both 
the groups [61].

20.6  Hyperthermic 
Intraperitoneal 
Chemotherapy (HIPEC) 
After CRS

After a successful complete cytoreduction, there 
is enough literature to suggest that intraperitoneal 
chemotherapy in a high concentration can kill the 
microscopic residual tumor cells in the peritoneal 
cavity. A systematic review of non-metastatic 
advanced gastric cancer patients suggested that 
there is a significant difference in mortality in the 
patients receiving intraperitoneal adjuvant che-
motherapy versus surgery alone (OR 0.65; 
95%CI 0.52, 0.81; P  <  0.005) [18]. Additional 
heating of intraperitoneal chemotherapy to over 
40 °C serves to enhance the effectiveness of kill-
ing tumor cells. This may be due to several 
reasons:

• The haphazardly arranged microcirculation of 
tumor cells does not allow them to cool down 
as quickly as a “normal cell” with normal 
microcirculation. The tumor cells cannot dis-
sipate heat as effectively. When the desired 
temperature is reached, the accumulation of 
heat changes the oxygenation and leads to a 
hyperacidity of the milieu [27].

• Heat acts to augment the toxicity of some che-
motherapeutic agents [12].

• Heat allows better tumor penetration of the 
chemotherapy [64].

These are the reasons for the widespread use 
of HIPEC in advanced gastric cancer, and with 
good results.

A combination of CRS and HIPEC can 
improve the median survival to 15  months 
compared to 3  months with best supportive 
care in selected patients with gastric cancer 
and peritoneal metastasis. The perioperative 

B. Rau et al.



197

mortality is about 5%. Postoperative complica-
tions (including abscesses, fistulas, and anasto-
mosis leak) occur in approximately 21.5% of 
the cases [23]. However, early diagnosis is cru-
cial for successful treatment and good 
prognosis.

Though there are many retrospective studies 
supporting the role of CRS and HIPEC in gas-
tric cancer, it is always questioned as the sur-
vival benefit may be related to a bias in selecting 
patients with good prognostic factors. Currently, 
a German Cancer Aid funded phase III multi-
center GASTRIPEC trial is being conducted to 
assess the role of CRS and HIPEC following 
preoperative chemotherapy in gastric cancer 
and esophagogastric junction tumors. In this 
study, patients with histologically proven peri-
toneal metastasis (and no other distant metasta-
sis except ovaries) are being included. 
Preoperative chemotherapy is similar in both 
groups. An EOX (epirubicin, oxaliplatin, and 
capecitabine) chemotherapeutic regimen is pre-
scribed to HER-2 negative patients, while CCT 
(cisplatin, capecitabine, and trastuzumab) is 
given to HER-2 positive patients. The preopera-
tive chemotherapy is followed by surgical cyto-
reduction in both groups. Patients randomized 
into the HIPEC group are treated with an intra-
peritoneal (abdominal cavity) chemoperfusion 
with mitomycin C and cisplatin. Postoperatively, 
both receive three more cycles of postoperative 
chemotherapy. Due to the semi-curative 
approach to primary metastatic gastric carci-
noma, whether postoperative chemotherapy 
should be given is a controversial topic in view 
of aggressive CRS and HIPEC.  All landmark 
studies for gastric and esophagogastric junction 
tumors have recommended postoperative che-
motherapy in advanced tumors [11, 66]. There 
is a likely possibility that microscopic free 
tumor cells may persist in the peritoneal cavity 
even after extensive complete cytoreduction and 
HIPEC. These data support the use of postoper-
ative chemotherapy.

>> Though systemic chemotherapy is primarily 
palliative, providing symptomatic relief, it may 
also lead to prolongation of survival [19, 40, 59].

20.6.1  Palliative Treatment 
of Progressive Peritoneal 
Metastasis

As a rule, progressive peritoneal metastasis leads 
to ascites, which significantly affects the patients’ 
quality of life. The expected survival of these 
patients is usually just weeks to very few months. 
Any radical operation in this setting is not justi-
fied and would only lead to further deterioration 
in quality of life. Often the patient just needs 
periodic paracentesis to reduce the intraabdomi-
nal pressure. Frequent paracentesis is fraught 
with the risk of intraabdominal infection and the 
development of abdominal metastases through 
the insertion channel. The alternative intraperito-
neal cetuximab therapy is also not free of side 
effects and usually requires repeated hospital 
stays.

Retrospective studies have shown that laparo-
scopic HIPEC could significantly reduce such 
repeated punctures. In a study of 12 patients 
undergoing laparoscopic HIPEC for the pallia-
tion of refractory malignant ascites in patients 
who were unsuitable for cytoreductive surgery, a 
complete and definitive disappearance of ascites 
was observed in 10 patients. Two patients (17%) 
developed recurrent MA 124 days and 283 days 
post-HIPEC. None of the patients had high-grade 
morbidity or mortality. The median OS was 
57 days [60].

A systematic review of eight studies and 183 
patients also highlighted that laparoscopic 
HIPEC appears to be a safe and effective proce-
dure (almost 95%) when performed to treat 
malignant ascites refractory to less aggressive 
treatments [17].

20.7  Conclusion

The locally advanced gastric carcinoma is associ-
ated with poor survival rates. Presence of perito-
neal metastasis is a poor prognostic factor and 
results in a median survival of 3–5 months in the 
absence of any anticancer treatment. Radiological 
imaging such as computed tomography and 
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magnetic resonance imaging have their own limi-
tations in the diagnosis of peritoneal metastasis.

Diagnostic laparoscopy is considered the 
gold standard for the diagnosis of peritoneal 
metastasis, histopathological confirmation, and 
assessment of the extent of the disease. In a 
patient with low volume peritoneal disease (low 
PCI), complete cytoreduction and hyperthermic 
intraperitoneal chemotherapy is shown to 
improve survival. Much published literature has 
confirmed the survival benefit of CRS and 
HIPEC, though controversy still exists. Patients 
should be selected carefully for low PCI and 
other good prognostic factors for a curative-
approach treatment. Many randomized con-
trolled trials are under way to better define the 
selection criteria and to generate a high level  
of evidence in favor of CRS and HIPEC. 
Laparoscopic HIPEC may be beneficial in con-
trolling ascites in progressive peritoneal metas-
tasis in patients who are not fit for CRS.

References

 1. Ajani JA, Bentrem DJ, Besh S, D'Amico TA, The 
P Denlinger C, Fakih MG, Fuchs CS, Gerdes H, 
Glasgow RE, Hayman JA, Hofstetter WL, Ilson DH, 
Keswani RN, Kleinberg LR, Grain WM, Lockhart 
AC, Meredith K, Mulcahy MF, Orringer MB, YES 
P, Sasson AR, Scott WJ, Strong VE, Varghese TK Jr, 
Warren G, Washington MK, Willett C, Wright CD, 
NR MM, Sundar H. Gastric cancer, version 2.2013: 
featured updates to the NCCN guidelines. J Natl 
Compr Cancer Netw. 2013;11:531–46.

 2. Aurello P, Petrucciani N, Giulitti D, Campanella L, 
D'Angelo F, Ramacciato G.  Pulmonary metastases 
from gastric cancer: is there any indication for lung 
metastasectomy? A systematic review. Med Oncol. 
2016;33:9.

 3. Bang YJ, Van CE, Feyereislova A, Chung HC, 
Shen L, Sawaki A, Lordick F, Ohtsu A, Omuro 
Y, Satoh T, Aprile G, pen-KOV E, Hill J, Lehle M, 
Ruschoff J, Kang YK.  Trastuzumab in combina-
tion with chemotherapy versus chemotherapy alone 
for treatment of HER2-positive advanced gastric or 
gastro-oesophageal junction cancer (ToGA): a phase 
3, open-label, randomized controlled trial. Lancet. 
2010;376:687–97.

 4. Boerner T, Graichen A, Jeiter T, Zemann F, Renner 
P, Marz L, Soeder Y, Schlitt HJ, Piso P, Dahlke 
MH. CRS-HIPEC prolongs survival but is not cura-
tive for patients with peritoneal carcinomatosis of gas-
tric cancer. Ann Surg Oncol. 2016;23:3972–7.

 5. Burke EC, Karpeh MS Jr, Conlon KC, Brennan 
MF. Peritoneal lavage cytology in gastric cancer: an 
independent predictor of outcome. Ann Surg Oncol. 
1998;5:411–5.

 6. The Cancer Genome Atlas Research Network, bass 
A, et al. Comprehensive molecular characterization of 
gastric adenocarcinoma. Nature. 2014;513:202–9.

 7. Cao L, Selby LV, Hu X, Zhang Y, Janjigian YY, Tang 
L, Coit DG, Brennan MF, Strong VE.  Risk factors 
for recurrence in T1-2N0 gastric cancer in the United 
States, China. J Surg Oncol. 2016;113:745–9.

 8. Chang JS, Kim KH, Keum KC, Noh SH, Lim 
JS, Kim HS, Rha SY, Lee YC, Hyung WJ, Koom 
WS.  Recursive partition analysis of peritoneal and 
systemic recurrence in patients with gastric cancer 
who underwent D2 gastrectomy: implications for 
neoadjuvant therapy consideration. J Surg Oncol. 
2016;114:859–64.

 9. Chang-Yun L, Yonemura Y, Ishibashi H, Sako S, 
Tsukiyama G, Kitai T, Matsuki N. Evaluation of pre-
operative computed tomography in estimating perito-
neal cancer index in peritoneal carcinomatosis. Gan 
To Kagaku Ryoho. 2011;38:2060–4.

 10. Cui J, Yin Y, Ma Q, Wang G, Olman V, Zhang Y, Chou 
WC, Hong CS, Zhang C, Cao S, Mao X, Li Y, Qin S, 
Zhao S, Jiang J, Hastings P, Li FXY. Comprehensive 
characterization of the genomic alterations in human 
gastric cancer. Int J Cancer. 2015;137:86–95.

 11. Cunningham D, Allum WH, Stenning SP, Thompson 
JN, Van de Velde CJ, Nicolson M, Scarffe JH, Lofts 
FJ, Falk SJ, Iveson TJ, Smith DB, Langley RE, Verma 
M, Weeden S, Chua YJ, Magic TP. Perioperative che-
motherapy versus surgery alone for resectable gastro-
esophageal cancer. N Engl J Med. 2006;355:11–20.

 12. Dewey WC. Interaction of heat with radiation chemo-
therapy. Cancer Res. 1984;44:4714–20.

 13. Dromain C, Leboulleux S, Auperin A, Goere D, 
Malka D, Lumbroso J, Schumberger M, Sigal R, Elias 
D. Staging of peritoneal carcinomatosis: enhanced CT 
vs. PET/CT. Celiac Imaging. 2008;33:87–93.

 14. Ebinger SM, Warschkow R, Tarantino I, Smith BM, 
Guller U, Schiesser M.  Modest overall survival 
improvements from 1998 to 2009 in metastatic gastric 
cancer patients: a population-based SEER analysis. 
Gastric Cancer. 2016;19:723–34.

 15. Esaki Y, Hirayama R, Hirokawa K. A comparison of 
patterns of metastasis in gastric cancer by histologic 
type and age. Cancer. 1990;65:2086–90.

 16. Esquivel J, Chua TC, Stojadinovic A, Melero 
JT, Levine EA, Gutman M, Howard R, Piso P, 
Nissan A, Gomez-Portilla A, Gonzalez-Bayon L, 
 Gonzalez- Moreno S, Shen P, Stewart JH, Sugarbaker 
PH, Barone RM, Hoefer R, Morris DL, Sardi A, 
Sticca RP.  Accuracy and clinical relevance of com-
puted tomography scan interpretation of peritoneal 
cancer index in colorectal cancer peritoneal carci-
nomatosis: a multi-institutional study. J Surg Oncol. 
2010;102:565–70.

 17. Facchiano E, Risio D, Kianmanesh R, Msika 
S.  Laparoscopic hyperthermic intraperitoneal che-

B. Rau et al.



199

motherapy: indications, aims, and results: a sys-
tematic review of the literature. Ann Surg Oncol. 
2012;19:2946–50.

 18. Feingold PL, Kwong ML, Davis JL, Rudloff 
U.  Adjuvant intraperitoneal chemotherapy for the 
treatment of gastric cancer at risk for peritoneal 
carcinomatosis: a systematic review. J Surg Oncol. 
2016;115:192–201.

 19. Ford HE, Marshall A, Bridgewater YES, Janowitz 
T, Coxon FY, Wadsley J, Mansoor W, Fyfe D, 
Madhusudan S, Middleton GW, Swinson D, Falk S, 
Chau I, Cunningham D, Kareclas P, Cook N, Blazeby 
JM, Dunn JA. Doce taxel versus active symptom con-
trol for refractory oesophagogastric adenocarcinoma 
(COUGAR-02): an open-label, phase 3 randomized 
controlled trial. Lancet Oncol. 2014;15:78–86.

 20. Fujimoto S, Shrestha RD, Kokubun M, et  al. Intra 
peritoneal perfusion Hyperthermic combined with 
surgery effective for gastric cancer patients with peri-
toneal seeding. Ann Surg. 1988;208:36–41.

 21. Fujitani K, Yang HK, Mizusawa J, Kim YW, Terashima 
M, Han SU, Iwasaki Y, Hyung WJ, Takagane A, Park 
DJ, Yoshi Kawa T, Hahn S, Nakamura K, Park CH, 
Kurokawa Y, Bang YJ, Park BJ, Sasako M, Tsujinaka 
T. Gastrectomy plus chemotherapy versus chemother-
apy alone for advanced gastric cancer with a single 
non-curable factor (RACING): a phase 3, randomized 
controlled trial. Lancet Oncol. 2016;17:309–18.

 22. Garofalo A, Valle M.  Laparoscopy in the man-
agement of peritoneal carcinomatosis. Cancer J. 
2009;15:190–5.

 23. Gill RS, Al-Adra DP, Nagendran J, Campbell S, Shi X, 
Haase E, Schiller D. Treatment of gastric cancer with 
peritoneal carcinomatosis by cytoreductive surgery 
and HIPEC: a systematic review of survival, mortal-
ity, and morbidity. J Surg Oncol. 2011;104:692–8.

 24. Glehen O, Gilly FN, Arvieux C, Cotte E, Boutitie F, 
Mansvelt B, Bereder JM, Lorimier G, Quenet F, Elias 
D.  Peritoneal carcinomatosis from gastric cancer: a 
multi-institutional study of 159 patients Treated by 
cyto reductive surgery combined with periopera-
tive intraperitoneal chemotherapy. Ann Surg Oncol. 
2010a;17:2370–7.

 25. Glehen O, Gilly FN, Boutitie F, Bereder JM, Quenet 
F, Sideris L, Mansvelt B, Lorimier G, Msika S, Elias 
D.  Toward curative treatment of peritoneal carcino-
matosis from nonovarian origin by cytoreductive 
surgery combined with perioperative intraperitoneal 
chemotherapy: a multi-institutional study of 1,290 
patients. Cancer. 2010b;116:5608–18.

 26. Goere D, Grass Chaput N, Auperin A, Flament C, 
Mariette C, Glehen O, Zitvogel L, Elias D. Treatment 
of gastric peritoneal carcinomatosis by combin-
ing complete surgical resection of lesions and 
intraperitoneal immunotherapy using catumax-
omab. BMC Cancer. 2014;14:148. https://doi.
org/10.1186/1471- 2407- 14- 148.

 27. Hall EJ, Brenner DJ.  The radiobiology of radiosur-
gery: rational for different treatment regimes for 

AVMs and malignancies [see comments]. Int J Radiat 
Oncol Biol Phys. 1993;25:381–5.

 28. Hultman B, Lind P, Glimelius B, Sundbom M, Nygren 
P, Haglund U, Mahteme H. Phase II study of patients 
with peritoneal carcinomatosis from gastric Treated 
cancer with preoperative systemic chemotherapy 
therapy Followed by peritonectomy and intraperito-
neal chemotherapy. Acta Oncol. 2013;52:824–30.

 29. Jacquet P, Sugar Baker PH.  Clinical research meth-
odologies in diagnosis and staging of patients 
with peritoneal carcinomatosis. Cancer Treat Res. 
1996;82:359–74.

 30. Jacquet P, Jelinek JS, Steve MA, Sugar Baker 
PH.  Evaluation of computed tomography in 
patients with peritoneal carcinomatosis. Cancer. 
1993;72:1631–6.

 31. Jeong O, Park YK, Choi WY, Ryu SY. Prognostic sig-
nificance of non-curative gastrectomy for gastric carci-
noma incurable. Ann Surg Oncol. 2014a;21:2587–93.

 32. Jeong O, Park YK, Choi WY, Ryu SY. Prognostic sig-
nificance of non-curative gastrectomy for gastric carci-
noma incurable. Ann Surg Oncol. 2014b;21:2587–93.

 33. Kanda M, Mizuno A, Fujii T, Shimoyama Y, Yamada 
S, Tanaka C, Kobayashi D, Koike M, Iwata N, Niwa 
Y, Hayashi M, Takami H, Nakayama G, Sugimoto 
H, Fujiwara M, Kodera Y. Tumor infiltrative pattern 
predicts sites of recurrence after curative gastrectomy 
for stages 2 and 3 gastric cancer. Ann Surg Oncol. 
2016;23:1934–40.

 34. Kim KW, Chow O, Parikh K, Blank S, Jibara G, Kadri 
H, Labow DM, Hiotis SP. Peritoneal carcinomatosis 
in patients with gastric cancer, and the role for sur-
gical resection, cytoreductive surgery, and hyper-
thermic intraperitoneal chemotherapy. Am J Surg. 
2014;207:78–83.

 35. Klumpp B, Schwenzer NF, Gatidis S, Koenig Rainer 
I, Koenig Rainer A, Beckert S, Mueller M, Claussen 
CD, Pfannenberg C. Assessment of relapse in patients 
with peritoneal carcinomatosis after cytoreductive sur-
gery and hyperthermic intraperitoneal Chemotherapy 
using F-18-FDG-PET/CT. Rofo. 2014;186:359–66.

 36. Kong X, Wang JL, Chen HM, Fang JY. Comparison of 
the clinicopathological characteristics of young and 
elderly patients with gastric carcinoma: a meta-analy 
sis. J Surg Oncol. 2012;106:346–52.

 37. Leake PA, Cardoso R, Seevaratnam R, Lourenco L, 
Helyer L, Mahar A, Rowsell C, Coburn NG. A sys-
tematic review of the accuracy and utility of perito-
neal cytology in patients with gastric cancer. Gastric 
Cancer. 2012;(15 Suppl 1):27–37.

 38. Liu X, Cai H, Sheng W, Wang Y. Long-term results 
and prognostic factors of gastric cancer patients with 
peritoneal carcinomatosis micro scopic. PLoS One. 
2012;7:e37284.

 39. Low RN, Barone RM, Lee MJ.  Surveillance MR 
imaging is superior to serum tumor markers for 
Detecting early tumor recurrence in patients with 
appendiceal cancer Treated with surgical cytoreduc-
tion and HIPEC. Ann Surg Oncol. 2013;20:1074–81.

20 Indication of CRS and HIPEC in Gastric Cancer-Related Peritoneal Metastasis

https://doi.org/10.1186/1471-2407-14-148
https://doi.org/10.1186/1471-2407-14-148


200

 40. Mirza A, Pritchard S, Welch I.  The postoperative 
component of MAGIC chemotherapy is associated 
with improved prognosis Following surgical resec-
tion in gastric and gastroesophageal junction ade-
nocar cinomas. Int J Surg Oncol. 2013. 2013: doi 
781,742th:10.1155 / 2013/781742.

 41. Moehler M, Baltin CT, Ebert M, Fischbach W, Gockel 
I, Grenacher L, Holscher AH, Lordick F, Malfertheiner 
P, Messmann H, Meyer HJ, Palmqvist A, Distaff 
C, Shoe Maker C, Steel M, Stuschke M, Vieth M, 
Wittekind C, Wagner D, Monig SP. International com-
parison of the German evidence-based S3-guidelines 
on the diagnosis and multimodal treatment of early 
and locally advanced gastric cancer, including adeno-
carcinoma of the lower esophagus. Gastric Cancer. 
2015;18:550–63.

 42. Nunez MF, Sardi A, Jimenez W, Nieroda C, Sittig 
M, Mac Donald R, Aydin N, Milovanov V, Gushchin 
V. Port-site metastases is an independent prognostic 
factor in patients with peritoneal carcinomatosis. Ann 
Surg Oncol. 2015;22:1267–73.

 43. Oba K, Paoletti X, Alberts S, Bang YJ, Benedetti 
J, Bleiberg H, Catalano P, Lordick F, Michiels S, 
Morita S, Ohashi Y, Pignon JP, Rougier P, Sasako 
M, Sakamoto J, Sargent D, Shitara K, Cutsem EV, 
Buyse M, Burzykowski T.  Disease-free survival as 
a surrogate for overall survival in adjuvant trials of 
gastric cancer: a meta-analysis. J Natl Cancer Inst. 
2013;105:1600–7.

 44. Okano K, Maeba T, Ishimura K, Karasawa Y, Goda F, 
Wakabayashi H, Usuki H, Maeta H. Hepatic resection 
for metastatic tumors from gastric cancer. Ann Surg. 
2002;235:86–91.

 45. Ott K, Vogelsang H, Mueller J, Becker K, Muller M, 
Fink U, Siewert JR, Hofler H, Keller G. Chromosomal 
instability rather than p53 mutation is associated with 
response to neoadjuvant cisplatin-based chemother-
apy therapy in gastric carcinoma. Clin Cancer Res. 
2003;9:2307–15.

 46. Pasquali S, Yim G, Vohra RS, Mocellin S, Nyanhongo 
D, Marriott P, Go JI, Griffiths EA. Survival after neo-
adjuvant and adjuvant treatments compared to surgery 
alone for esophageal carcinoma resectable: a network 
meta-analysis. Ann Surg. 2016;265:481–91.

 47. Rau B, Brandl A, Piso P, Pelz J, Busch P, Demtroder C, 
Schule S, Schlitt HJ, Roitman M, Tepel J, Sulkowski 
U, Uzunoglu F, Hunerbein M, Horbelt R, Strohlein M, 
Beckert S, Konigsrainer I, Konigsrainer A. Peritoneal 
metastasis in gastric cancer: results from the German 
database. Gastric Cancer. 2020;23(1):11–22.

 48. Rau B, Brandl A, Thuss-Patience P, Bergner F, Raue 
W, Arnold A, Horst D, Pratschke J, Biebl M.  The 
efficacy of treatment options for patients with gas-
tric cancer and peritoneal metastasis. Gastric Cancer. 
2019;22(6):1226–37.

 49. RKI. Prevalence of cancers in Germany: Robert Koch 
Institute; 2016. p. 1–181.

 50. Seyfried F, of Rahden bra, Miras AD, Gasser M, 
Maeder U, Kunzmann V, Germer CT, Fur J, Kerscher 
AG.  Incidence, time course and independent risk 

factors for metachronous peritoneal carcinomatosis 
of gastric origin  – a longitudinally experience from 
a prospectively collected database of 1,108 patients. 
BMC Cancer. 2015;15 https://doi.org/10.1186/
s12885- 015- 1081- 8.73- 1081.

 51. Spratt JS, Adcock RA, Sherrill W, Travathen 
S.  Hyperthermic peritoneal perfusion system in 
canines. Cancer Res. 1980;40:253–5.

 52. Stewart B, Wild CP.  International Agency for 
Research on Cancer. In: Stew B, Wild CP (eds) IARC 
Nonserial Publication; 2014.

 53. Sugarbaker PH.  Intraperitoneal chemotherapy and 
cytoreductive surgery for the prevention and treat-
ment of peritoneal carcinomatosis and sarcomatosis. 
Semin Surg Oncol. 1998;14:254–61.

 54. Sugarbaker PH, Jablonski KA. Prognostic features of 
colorectal and 130 appendiceal cancer patients with 
peritoneal carcinomatosis treated by cytoreduc tive 
surgery and intraperitoneal chemotherapy. Ann Surg. 
1995;221:124–32.

 55. Sugarbaker PH, Cunliffe WJ, Belliveau J, de Bruijn 
EA, Graves T, Mullins RE, Impact P.  Rationale for 
integra ting early postoperative intraperitoneal che-
motherapy into the surgical treatment of gastrointesti-
nal cancer. Semin Oncol. 1989;16:83–97.

 56. Sun J, Song Y, Wang Z, Chen X, Gao P, Xu Y, Zhou 
B, Xu H.  Clinical significance of palliative gas-
trectomy on the survival of patients with incurable 
advanced gastric cancer: a systematic review and 
meta-analysis. BMC Cancer. 2013;13(577) https://
doi.org/10.1186/1471- 2407- 13- 577.577- 13.

 57. Thomassen I, Bernards N, van Gestel YR, Creemers GJ, 
Jacobs EM, Lemmens VE, de Hingh IH. Chemotherapy 
as a palliative treatment for peritoneal carcinomatosis 
of gastric origin. Acta Oncol. 2014a;53:429–32.

 58. Thomassen I, van Gestel YR, Aalbers AG, van 
Oudheusden TR, Wegdam YES, Lemmens VE, de 
Hingh IH. Peritoneal carcinomatosis is less frequently 
diagnosed during laparoscopic surgery compared to 
open surgery in patients with colorectal cancer. Eur J 
Surg Oncol. 2014b;40:511–4.

 59. Thuss-Patience PC, Kretzschmar A, Bichev D, Deist 
T, Hinke A, Breithaupt K, Dogan Y, Gebauer B, 
Schumacher G, Reichardt P.  Survival advantage for 
irinotecan versus best supportive care as second-line 
chemotherapy in gastric cancer – a randomized phase 
III study of the Arbeitsgemeinschaft Medical oncol-
ogy (AIO). Eur J Cancer. 2011;47:2306–14.

 60. Valle SJ, Alzahrani NA, Alzahrani SE, Liauw W, 
Morris DL. Laparoscopic hyperthermic intraperitoneal 
chemotherapy (HIPEC) for refractory malignant asci-
tes in patients unsuitable for cytoreductive surgery. Int 
J Surg. 2015;23:176–80.

 61. Wu X, Li Z, Li Z, Jia Y, Shan F, Ji X, Bu Z, Zhang 
L, Wu A, Ji J. Hyperthermic intraperitoneal chemo-
therapy plus simultaneous versus staged cytoreduc-
tive surgery for gastric cancer with occult peritoneal 
metastasis. J Surg Oncol. 2015;111:840–7.

 62. Xie D, Liu L, Osaiweran H, Yu C, Sheng F, Gao C, 
Hu J, Gong J. Detection and characterization of meta-

B. Rau et al.

https://doi.org/10.1186/s12885-015-1081-8.73-1081
https://doi.org/10.1186/s12885-015-1081-8.73-1081
https://doi.org/10.1186/1471-2407-13-577.577-13
https://doi.org/10.1186/1471-2407-13-577.577-13


201

static cancer cells in the mesogastrium of gastric can-
cer patients. PLoS One. 2015;10:e0142970.

 63. Yan TD, Morris DL, Shigeki K, Dario B, Marcello 
D.  Preoperative investigations in the management 
of peritoneal surface malignancy with cytoreductive 
surgery and perioperative intraperitoneal chemo-
therapy: expert consensus statement. J Surg Oncol. 
2008;98:224–7.

 64. Yan TD, Cao CQ, Munkholm-Larsen S.  A pharma-
cological review on intraperitoneal chemotherapy for 
peritoneal malignancy. World J Gastrointest Oncol. 
2010;2:109–16.

 65. Yarema RR, Ohorchak MA, Zubarev GP, Mylyan YP, 
Oliynyk YY, Zubarev MG, Gyrya PI, Kovalchuk YJ, 
Safiyan VI, Fetsych TG. Hyperthermic intraperitoneal 
chemoperfusion in combined treatment of locally 
advanced and disseminated gastric cancer: results 
of a single-center retrospective study. Int J Hyperth. 
2014;30:159–65.

 66. Ychou M, Boige V, Pignon JP, Conroy T, Bouche 
O, Lebreton G, Ducourtieux M, Bedenne L, Fabre 
JM, Saint-Aubert B, Geneve J, Lasser P, Rougier 
P. Perioperative chemotherapy compared with surgery 
alone for RESEC-table gastroesophageal adenocarci-
noma: to FNCLCC and FFCD multicenter phase III 
trial. J Clin Oncol. 2011;29:1715–21.

 67. Yonemura Y, Elnemr A, Endou Y, Hirano M, 
Mizumoto A, Takao N, Ichinose M, Miura M, Li 
Y. Multidisciplinary therapy for treatment of patients 
with peritoneal carcinomatosis from gastric cancer. 
World J Gastro intest Oncol. 2010;2:85–97.

 68. Yonemura Y, Elnemr A, Endou Y, Ishibashi H, 
Mizumoto A, Miura M, Li Y. Effects of neoadjuvant 
intraperitoneal/systemic chemotherapy (bidirectional 
chemotherapy) for the treatment of patients with peri-
toneal metastasis from gastric cancer. Int J Surg Oncol. 
2012, 2012. 148,420th: 10.1155 / 2012/148420.

20 Indication of CRS and HIPEC in Gastric Cancer-Related Peritoneal Metastasis



203© Springer Nature Switzerland AG 2021 
B. Rau et al. (eds.), Peritoneal Tumors and Metastases, 
https://doi.org/10.1007/978-3-030-62640-2_21

Indications for CRS and HIPEC 
in Peritoneal Metastases 
from Colorectal Carcinoma

Loreen März, Francois Quenet, and Pompiliu Piso

For many years, an aggressive locoregional treat-
ment for peritoneal metastases appeared experi-
mental. When Yan et  al. published their study 
back in 2008, performing cytoreductive surgery 
(CRS) followed by hyperthermic intraperitoneal 
chemotherapy (HIPEC) as a treatment for perito-
neal metastases from colorectal cancer, this still 
was the question. Since then, both procedures 
have grown to be an essential part of the therapy 
of metastatic colorectal cancer. Several countries, 
in Europe and worldwide, have added CRS and 
HIPEC to their national treatment guidelines. In 
2013 (and in the revised version of 2017), CRS 
and HIPEC were introduced into the German 
S3-Guidelines, although at low evidence grade 
(Grade 0, nonbinding recommendation) [16].

Choosing the right patients is the major task 
when aiming for the best possible outcome 
(Fig. 21.1) [13]. Patients who will benefit most 
from CRS and HIPEC are those with a complete 

resection of metastatic tissue (CCR 0), which is 
only possible in 25% of all patients [10].

The main three questions to be answered are:

 1. Can we remove all visible disease – CC?
 2. What is the tumor load and extent – PCI?
 3. How is the tumor biology (signet ring cells, 

progression under chemotherapy, biomolecu-
lar markers)?

Our main selection tools are as follows:

21.1  Peritoneal Cancer Index

In order to quantify peritoneal metastases, most 
surgeons use the PCI (Peritoneal Cancer Index) 
[18]. There is still a need for clarification regard-
ing the cut-off values for CRS and HIPEC, which 
ranged from under 20  in the beginning to 17 
based on an analysis of 180 patients with perito-
neal metastatic colorectal carcinoma by Goere 
et  al. [7]. The latest findings from 2018’s 
PRODIGE 7 study by Quenet et  al. [17] fail to 
show an additional clinical benefit from the use 
of oxaliplatin-based hyperthermic intraperitoneal 
chemotherapy (HIPEC) over complete surgical 
cytoreduction only in patients with colorectal 
cancer. As an incidental result, median overall 
survival of patients with a PCI of 11–15 was sig-
nificantly higher in the CRS  +  HIPEC group 
compared to the group with CRS alone 
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(41.6 months versus 32.7 months), while patients 
with a PCI of less than 11 or 16–24 did not differ. 
However, since this was an unplanned analysis in 
a very small sample, results have to be looked 
upon with caution; further investigation is needed 
to confirm findings.

21.2  Distribution of Peritoneal 
Metastases

In addition to the PCI, tumor spreading should be 
considered when opting for CRS. Limitations to 
CRS include a disseminated tumor spreading to 
the small intestine and its mesentery, since exten-
sive small bowel resection can cause short bowel 
syndrome and should be avoided. Involvement of 
the lymphatic system and carcinoma with low 
grade histology also limit the success of CRS and 
HIPEC [11].

21.3  Histology

Histopathologic tissue diagnosis is another 
key point in patient selection. Tumors with 
signet- ring cell carcinoma tend to be less sen-
sitive to CRS and HIPEC, which leads to a 
restricted mean survival time (approximately 
1 year) after HIPEC [19]. Therefore, signet-

ring cell carcinoma should be regarded as a 
contraindication.

21.4  Liver Metastases

Liver metastases, on the other hand, don’t cate-
gorically exclude CRS and HIPEC. Up to three 
hepatic metastases can be removed while per-
forming CRS if they are located at the liver’s 
margin and well accessible to resection. Prognosis 
worsens, however, in the presence of an extensive 
infiltration of the parietal peritoneum [12]. If the 
tumor extends beyond the abdominal cavity or 
spreads to the retroperitoneal space due to an 
aggressive tumor biology, patients should 
undergo a systemic palliative chemotherapy 
instead of CRS and HIPEC [5].

21.5  Biology

Biological sex, location of the primary tumor, a 
prior neoadjuvant chemotherapy, and a mucinous 
tumor histology, however, do not seem to have a 
major effect on the outcome [11]. Some authors 
call for a certain chemosensitivity in the treated 
tissue [2, 4]. In a small phase II trial, the feasibil-
ity of a multimodality concept including 3 months 
neoadjuvant therapy has been investigated with 

Patient Tumor

Surgeon/ Center Complete
Cytoreduction
possible

Biological age
General Condition
Motivation
Quality of Live
after surgery

Primary tumor
Histology
Tumor biology
(Molecular marker,
chemosensitivity)
PCI

Experience
Tumor board
Certification
Documentation

No small intestine carcinomatosis
No retroperitoneal metastases
No extra-abdominal carcinomatosis
Laparoscopy considered
Extent of resection
planned by CT

Fig. 21.1 Important 
factors for patient 
selection. [13]
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no mortality and long-term survival similar to the 
Prodige 7 trial [6].

21.6  Comorbidity and Risk 
Assessment

With careful patient selection that takes into con-
sideration the patient’s general condition and 
valid indications for surgery, the morbidity and 
mortality of CRS and HIPEC appear to be accept-
able. If surgery is performed at a certified center, 
Grade 3 and 4 complications are below 30%, and 
mortality is below 5% [2]. In addition to the pre-
ceding criteria, the general condition of the 
patient should be examined carefully. Patients 
suffering from severe cardiovascular, pulmonary, 
or hepatorenal diseases should not undergo CRS 
and HIPEC. As to this point, some authors call 
for an ECOG Performance Status of up to 2 or a 
Karnovsky Index below 70 [8].

21.7  Learning Curve 
and Centralization

As patient selection is a very complex issue, an 
interdisciplinary tumor board should be 
involved in the decision. Plenty of selection cri-
teria have to be considered, with complete mac-
roscopic cytoreduction, PCI, and histopathology 
foremost among them. Perioperative morbidity 
and mortality have to be balanced against the 
achievable oncologic advantage. These two 
points are important topics to be discussed with 
the patient.

The learning curve is long, and the results 
regarding not only morbidity and mortality but 
also the prognosis are better in centers and in 
particular in certified centers. In a nationwide 
German analysis, the mortality and the reopera-
tion rate was significantly lower in centers that 
have performed more than 100 procedures [14].

21.8  HIPEC Controversy

Many data from past studies have been performed 
investigating the role of HIPEC with MMC in 

patients with colorectal studies [9]. These suggested 
an improved survival as compared to systemic che-
motherapy alone. Direct comparisons between 
oxaliplatin and mitomycin C have shown that MMC 
is associated with less complications and compara-
ble long-term survival data [3, 20]. Therefore the 
German Association for Surgical Oncology has rec-
ommended, as several other international groups, to 
continue performing HIPEC however, not with the 
regimen used in the Prodige 7 study. Instead, MMC 
should be preferred (Fig. 21.2).

In a population-based analysis of eastern 
Bavaria in Germany, the Prodige 7 has been 
reproduced with a median survival of 44 months, 
whereas the majority of the patients received a 
MMC-based HIPEC [15].

21.9  Re-CRS and HIPEC

Should a patient be submitted to evaluation for 
Re-CRS and HIPEC, the same selection criteria 
as for initial procedure can be used with similar 
prognosis, as shown in an analysis of an interna-
tional PSOGI register [1].

Getting back to the main three questions, the 
answers would be:

 1. Can we remove all visible disease? Yes
 2. What is the tumor load and extent  – PCI? 

PCI-15
 3. How is the tumor biology? No signet ring 

cells, good response after chemotherapy, 
favorable constellation of biomolecular mark-
ers, e.g., RAS wild type, BRAF wild type

Message 1: Cytoreductive surgery is indicated and
improves the median survival up to 42 mos in patients
with limited and isolated PM from CRC

Message 2: HIPEC for 30 Min with high-dose Oxaliplatin
should not be performed anymore.

Message 3: HIPEC for CRC should be performed for 90
min with mitomycin c (25-35 mg/m2)

Message 4: CRS and HIPEC should be performed in
(ceritified) experienced centers

Fig. 21.2 Recommendations of the German Association 
for Surgical Oncology with respect to the immediate 
impact of the Prodige 7 trial. (http://aco- chirurgie.de/wp- 
content/uploads/2019/01/Prodige- 7- Studie- Statement- 
revidiert_final.pdf)
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21.10  Conclusions 
and Perspectives

CRS and HIPEC have great potential when it 
comes to treating peritoneal metastases from 
colorectal cancer. If patients are selected care-
fully by an interdisciplinary tumor board, and if 
their preoperative general condition is examined 
critically, risks of surgery regarding morbidity is 
acceptable and mortality is low. Especially in 
cases of complete tumor removal (CCR-0) and 
low tumor load (PCI < 15), the outcome improves 
significantly compared to chemotherapy alone. 
The median survival exceeds 40 months, and the 
survival probability at 5  years may be around 
40%. Nevertheless, a further improvement might 
be achieved regarding the intraperitoneal chemo-
therapy as the present regimens are old and the 
technique of HIPEC delivery can be optimized. 
Some aspects may include new drugs or combi-
nations, new carrier solutions, longer time of 
exposure, less complications related to therapy, 
combination with i. p. immunotherapy, more 
experimental data provided prior to clinical use, 
less ambitioned end-points for studies, e.g., peri-
toneal DFS, and last but not the least better selec-
tion based on molecular marker. This was the 
clue for the personalized systemic chemotherapy 
and will for certain play a role in the locoregional 
treatment as well.
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The Role of HIPEC in the Treatment 
of Ovarian Cancer

Thomas Boerner, Anton Oseledchyk, 
and Oliver Zivanovic

For decades, hyperthermic intraperitoneal che-
motherapy (HIPEC), administered at the time of 
cytoreductive surgery, has been a subject of 
debate in the oncological community. Recently, 
HIPEC made its first appearance in the National 
Comprehensive Cancer Network (NCCN) 
Guidelines for ovarian cancer.

Because ovarian cancer is a classic peritoneal 
malignancy, some have proposed that HIPEC 
should be added to its cytoreductive surgical 
management. This proposal was, until recently, 
based on mostly retrospective data and expert 
opinions in a disease which has been heavily 
studied in practice-changing randomized clinical 
trials, resulting in improved outcomes for patients 
with ovarian cancer over the past decades. More 
recently, molecular markers of homologous 
recombination deficiency have been identified, 
predicting pivotal vulnerability and substantial 
treatment response to oral PARP inhibitors. This 
has resulted in prolonged progression-free sur-
vival and overall survival, with durable responses 
in up to 50% of all patients with ovarian cancer.

22.1  Rationale for Peritoneal 
Chemotherapy in Patients 
with Ovarian Cancer

In 1978, Dedrick et al. introduced the theoretical 
model of a peritoneal/blood barrier allowing for 
high intraperitoneal doses of chemotherapeutic 
agents with limited systemic toxicity, for the 
treatment of peritoneal malignancies [14]. In 
order for a drug to be effective, it must penetrate 
via passive or active transport mechanisms into 
the cancer cell and/or the nucleus and interact 
with its substrate (e.g., DNA or disruption of 
microtubules function) [31].

Local cytotoxic drugs expose tumors within 
the peritoneal cavity to concentrations several 
times greater than that attained with intravenous 
drug administration. There is a theoretical phar-
macological advantage for intraperitoneal che-
motherapy delivery with improved tumor cell 
access, prolonged drug exposure, increased dose 
intensity, slow peritoneal clearance, and the 
potential to overcome chemoresistance [43].

When selecting a drug for intraperitoneal 
administration, pharmacokinetic characteristics 
play an important role [20, 21, 35, 42]. The 
molecular size of the drug correlates with drug 
levels in the peritoneal cavity and the plasma. For 
example, peak peritoneal paclitaxel concentra-
tions exceed plasma concentrations by 1000-fold 
and persist in the peritoneal cavity for over 
24  hours due to the large size of the paclitaxel 
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molecule compared with cisplatin; the latter 
shows a 12-fold higher concentration in the peri-
toneal compartment compared with the serum. 
Preclinical models have shown that high intra-
peritoneal drug concentrations may overcome 
drug resistance by overriding drug efflux and 
DNA repair mechanisms of cancer cells [31].

Intraperitoneal (IP) drugs such as cisplatin 
and paclitaxel, administered postoperatively 
through an intraperitoneal port (not heated, and 
not delivered in the operating room during the 
cytoreductive procedure) have been studied in 
several clinical trials ([1, 36] [3]). The 
Gynecologic Oncology Group (GOG protocol 
172) randomly assigned patients—after primary 
debulking of stage III ovarian, fallopian tube, or 
peritoneal cancer with postoperative residual 
tumor <1 cm—to receive either IV paclitaxel at 
135 mg/m2 over 24 hours on day 1 and IV cispla-
tin at 75  mg/m2 on day 2, or IV paclitaxel at 
135 mg/m2 over 24 hours on day 1 and IP cispla-
tin at 100  mg/m2 over 24  hours on day 2, fol-
lowed by IP paclitaxel at 60 mg/m2 on day 8 of a 

3-week cycle. Only 42% of patients randomized 
to postoperative IV/IP treatment completed all 6 
planned postoperative cycles, due to toxicity, and 
continued with IV treatment only. 58% of the 
patients discontinued IP therapy due to increased 
hematologic and gastrointestinal toxicity; inade-
quate hydration or inadequate antiemetic therapy; 
or IP port complications, including obstruction, 
leakage, and infection. The progression-free sur-
vival and overall survival were improved in favor 
of IP treatment. The investigators showed a sig-
nificantly increased progression-free and overall 
survival of 23.8 months versus 18.3 months, and 
65.5 months versus 49.7 months, respectively, in 
favor of the IV/IP treatment arm (Table  22.1). 
Based on these results, the National Cancer 
Institute issued an alert to include postoperative 
normothermic IP therapy in the care of women 
with optimally debulked stage III ovarian cancer. 
Longer follow-up data from GOG protocols 114 
and 172 were retrospectively analyzed, and the 
advantage of IP over IV treatment is measurable 
beyond 10 years [45].

Table 22.1 Postoperative intraperitoneal chemotherapy in primary ovarian cancer

Study Treatment
PFS 
(months)

OS 
(months) Literature

GOG 
104

i.v. Cyclophosphamide 600 mg/m2 + i.v. Cisplatin 100 mg/m2 N/A 41 [1]

i.v. Cyclophosphamide 600 mg/m2 + i.p. Cisplatin 100 mg/m2 N/A 49
GOG 
114

i.v. Paclitaxel 135 mg/m2 (for 24 h) + i.v. Cisplatin 75 mg/m2 22 52 [36]

2x i.v. Paclitaxel (AUC 9, every 4 weeks), then i.v. Paclitaxel 135 mg/
m2 (for 24 h) + i.v. Cisplatin 100 mg/m2

28 63

GOG 
172

i.v. Paclitaxel 135 mg/m2 (for 24 h, Day 1) + i.v. Cisplatin 75 mg/m2 
(Day 2)

18.3 49.7 [3]

i.v. Paclitaxel 135 mg/m2 (for 24 h, Day 1) + i.p. Cisplatin 100 mg/m2 
(for 24 h, Day 2) + i.p. Paclitaxel 60 mg/m2 (Day 8)

23.8 65.5

GOG 
252

i.v. Carboplatin (AUC 6) + i.v. 
Paclitaxel 80 mg/m2 (Day 1, 
8, and 15)

All therapeutic regimen included 
additional treatment with Bevacizumab 
15 mg/kg (every 3 weeks) starting at 
cycle 2 for a total of 21 courses

24.9 N/A Walker 
et al. 2017

i.p. Carboplatin (AUC 
6) + i.v. Paclitaxel 80 mg/m2 
(Day 1, 8, and 15)

27.3 N/A

i.v. Paclitaxel 135 mg/m2 
(Day 1) + i.p. Cisplatin 
75 mg/m2 (Day 2) + i.p. 
Paclitaxel 60 mg/m2 (Day 8)

26 N/A

PFS progression-free survival, OS overall survival, i.v. intravenous, i.p. intraperitoneal, N/A not available
aUnless otherwise noted, treatment arms consisted of six 3-weekly therapy cycles
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The major challenges for healthcare providers 
of postoperative IP chemotherapy are the 
increased toxicity and the complex logistical 
management of patients and side effects, the need 
for additional home care to ensure adequate IV 
hydration, longer treatment times, and intensified 
nursing involvement. These challenges have 
resulted in a general underuse of the IP approach 
[47, 48].

For this reason, the most recent GOG 252 trial 
used a modified outpatient IP regimen:

• Arm 1: intravenous carboplatin AUC (area 
under the curve) 6/intravenous weekly pacli-
taxel at 80 mg/m2

• Arm 2: intraperitoneal carboplatin AUC 6/
intravenous weekly paclitaxel at 80 mg/m2

• Arm 3: intravenous paclitaxel at 135  mg/m2 
on day 1/intraperitoneal cisplatin at 75 mg/m2 
on day 2/intraperitoneal paclitaxel at 60 mg/
m2 on day 8

In addition, patients in each arm received 
intravenous bevacizumab at 15 mg/kg with cycles 
2 through 6 of chemotherapy and then as mainte-
nance for cycles 7 through 22.

GOG 252 failed to show a progression-free 
and overall survival advantage associated with IP 
cisplatin/IP paclitaxel or IP carboplatin over 
dose-dense IV paclitaxel and carboplatin. Given 
the results of GOG 252, postoperative IP treat-
ment has fallen out of favor.

22.2  Rationale for HIPEC

Hyperthermic intraperitoneal chemotherapy 
(HIPEC) is a single treatment of intraoperative 
chemotherapy after cytoreductive surgery [25, 
44]. The drug is diluted in normal saline and 
warmed to 42 °C before perfusing the peritoneal 
cavity. The solution is either introduced via the 
open technique or the closed abdomen technique. 
No prospective studies have compared the differ-
ent methods of administration [40]. Thus, there is 
not enough evidence to favor one technique over 
the other.

The cytotoxic mechanisms of hyperthermia 
are unclear. Temperatures in the range of 
42–45 °C for 10–60 minutes were shown to be 
cytotoxic [22], with alterations in the cell mem-
brane and nucleus, protein denaturation, and 
changes in calcium permeability. Hyperthermia 
disproportionately affects hypoxic tumor cells 
due to their relatively poor perfusion and acidotic 
state [26]. Hyperthermia increases sensitivity to 
chemotherapeutics, especially cisplatin, in ovar-
ian cancer cell lines [26]. In vitro studies have 
shown that treatment of the tumor cells with both 
hyperthermia and platinum lead to an increase in 
the number of platinum-DNA adducts and an 
additive cytotoxic effect [32, 34, 39].

There is interest in combining surgical cytore-
duction and HIPEC in the management of ovar-
ian cancer:

The rationale for HIPEC is as follows:

 (a) Ovarian cancer is confined to the peritoneal 
cavity in the majority of patients.

 (b) Postoperative IP chemotherapy trials in 
patients with ovarian cancer have shown sur-
vival benefit in favor of IP regimens [1, 3, 36].

 (c) Barriers of postoperative adhesions can be 
avoided. Intraoperatively, the chemotherapy 
can be delivered under anesthesia and the 
perfusate can be drained from the peritoneal 
cavity.

 (d) There is no interval between cytoreduction 
and chemotherapy [29, 41].

 (e) Hyperthermia alone has been associated with 
cytotoxic effects. In addition, hyperthermia 
has been shown to increase the cytotoxic 
effect of many chemotherapeutic agents [27, 
28, 33].

22.3  Phase I/II Studies, 
Pharmacokinetics, Toxicity, 
Morbidity, and Mortality

Several phase I/II studies have been performed 
in the primary and recurrent disease settings. 
Zivanovic et al. [49] reported their experience 
using dose-escalated cisplatin during secondary 
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cytoreductive surgery in 12 patients with 
platinum- sensitive, recurrent ovarian cancer. 
The median operative time, including the 
90-minute HIPEC procedure, was 463 minutes. 
No perioperative deaths or grade 4 adverse 
events were observed. Most adverse events 
were mild-to- moderate and appeared related  
to surgery. Pharmacokinetic measurements 
showed high intraperitoneal and low systemic 
exposure of cisplatin. The limited rate of 
observed chemotherapy- related side effects in 
this study was confirmed by the very low sys-
temic exposure of cisplatin measured during 
and after HIPEC.  Tumor samples before and 
after HIPEC were frozen for detection of cispl-
atin-induced DNA adducts. The visualization 
and quantification of cisplatin- induced intra-
strand crosslinks in nuclear DNA were con-
firmed in tumor biopsies after 90  minutes of 
HIPEC. HIPEC did not compromise the ability 
to postoperatively administer standard systemic 
chemotherapy.

Paclitaxel has recently been investigated in the 
setting of HIPEC. De Bree et al. [13] performed 
a pharmacokinetic study on 13 patients adminis-
tering 175  mg/m2 paclitaxel for 2  hours. Mean 
maximal intraperitoneal paclitaxel concentration 
was 101  mg/L, which was an average of 1178 
times higher than the peak plasma levels. 
Cytotoxic drug concentrations were detected in 
peritoneal fluid for a mean period of 2.7  days, 
despite drainage of the drug solution after 2 hours 
of treatment. The delivery of paclitaxel at 175 mg/
m2 showed an acceptable morbidity of 38% 
(minor and major complications), with no post-
operative deaths. Ansaloni et al. [2] evaluated 11 
patients who received cisplatin and paclitaxel as 
HIPEC. Cisplatin was administered at a dose of 
100 mg/m2, and paclitaxel was administered at a 
dose of 175 mg/m2 for 90 minutes. In this study, 
superficial penetration of paclitaxel into the tis-
sue was seen with ionization imaging mass spec-
trometry. Grade 3–4 surgical complications were 
recorded in four patients; in addition, five patients 
experienced grade 3 and two patients experi-
enced grade 4 hematological complications 
(thrombocytopenia and anemia). No mortality 
was reported.

22.4  Retrospective Studies

The majority of data evaluating HIPEC in patients 
with ovarian cancer is based on retrospective 
research.

Multiple studies including 30 or more patients 
have reported the use of HIPEC for advanced- 
stage ovarian cancer, both in the upfront [4, 5, 7, 
16, 37] and recurrent disease settings [5, 12, 15] 
for platinum-sensitive [7, 19, 37] or platinum- 
resistant disease. The studies include both hetero-
geneous groups of patients and drugs. A great 
variation is seen in the chemotherapy agents 
used, with single agent platinum and single agent 
paclitaxel being the most common, followed by 
combination therapies. Even within a single 
study, variation in the agents and doses used, and 
perfusion times, is commonly present.

Progression-free survival for patients with pri-
mary advanced-stage ovarian cancer treated with 
HIPEC is reportedly between 12 [5] and 
24  months [37], while overall survival varies 
from 42 [5] to 57 months [37]. Progression-free 
survival for patients with recurrent disease ranges 
from 11 [15] to 27  months [38], and reported 
overall survival varies from 28 to 63 months [38]. 
In one of the largest retrospective studies of per-
sistent and recurrent ovarian cancer, Bakrin et al. 
[5] described survival and morbidity in 246 
patients over a period of 17  years and showed 
both acceptable morbidity (12%) and a median 
overall survival of 49 months. In this retrospec-
tive study patients with platinum-resistant and 
platinum-sensitive disease were included. 
Interestingly, two studies have found no differ-
ence in survival between platinum-sensitive and 
platinum-resistant recurrences treated with 
HIPEC [5, 12]. One study observed improved 
survival for platinum-sensitive disease, yet this 
study used 12 months to define platinum sensitiv-
ity instead of the usual 6 months. While the favor-
able outcomes of patients with platinum-resistant 
disease are encouraging, the criteria for surgery 
are likely the result of selection bias. This should 
be considered carefully when interpreting these 
retrospective findings.

Two studies compared the use of HIPEC in 
patients with a platinum-sensitive recurrence to 
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controls. One found that fewer patients treated 
with HIPEC recurred (66% vs. 100%, p = 0.001) 
or died from disease (23% vs. 62%, p = 0.003), 
while the other found no significant difference in 
survival (3-year progression-free survival 45% 
HIPEC vs. 23% surgery alone, p = 0.078). The 
only study that compared HIPEC in the upfront 
setting to standard care found that the 3-year PFS 
was higher in patients treated with HIPEC than 
controls (63% vs. 18%, p < 0.01).

Another area of interest is the rate of compli-
cations and mortality associated with the use of 
HIPEC.  Reported rates of serious (grade 3 or 
higher) complications range from 8.6% to 35.7%, 
while the rates of 30-day mortality range from a 
reported 0% to 7.1%. The reported rates of major 
complications are comparable to those of other 
large retrospective studies evaluating surgical 
complication after cytoreductive surgery without 
the use of HIPEC [10, 30].

The surgical outcomes of patients in multiple 
retrospective studies mimic those of studies with-
out the use of HIPEC, suggesting the safety and 
feasibility of this approach in centers with exper-
tise. At the same time, the survival outcomes are 
difficult to interpret outside the setting of a ran-
domized trial. Multiple retrospective studies in 
patients selected to undergo cytoreductive sur-
gery without HIPEC report outcomes similar to 
or not inferior to the outcomes reported by many 
studies including HIPEC [6, 8, 9, 11, 17, 18, 50].

22.5  Prospective Studies

A single institution, randomized phase III trial 
comparing conventional secondary cytoreductive 
surgery with or without HIPEC in patients with 
recurrent ovarian cancer was published in 2015 
(Spiliotis et al.). This study included 120 patients 
with both platinum-sensitive and platinum- 
resistant disease. Cisplatin at 100  mg/m2 and 
paclitaxel at 175  mg/m2 were administered in 
patients with platinum-sensitive disease, while 
doxorubicin at 35  mg/m2 and paclitaxel at 
175  mg/m2 or mitomycin at 15  mg/m2 were 
administered in patients with platinum-resistant 
disease. The authors reported a mean survival of 

27  months for patients randomized to HIPEC 
versus 13  months for patients in the standard 
group, with the greatest effect seen in patients 
with platinum-resistant disease. However, signif-
icant shortcomings in the trial design, preopera-
tive randomization process, inclusion of 
heterogeneous patient cohorts and chemothera-
peutic regimens, lack of specification of postop-
erative chemotherapy and follow-up are seen in 
this study [23, 24].

More recently, van Driel et al. [46] published 
the first randomized trial evaluating the use of 
HIPEC with cisplatin at the time of interval deb-
ulking surgery for patients with stage III ovarian 
cancer who underwent neoadjuvant intravenous 
chemotherapy. In this study, 245 patients who 
had at least stable disease after 3 cycles of intra-
venous neoadjuvant paclitaxel and carboplatin 
chemotherapy were randomly assigned to 
undergo interval debulking surgery with or with-
out HIPEC with cisplatin at a dose of 100 mg/m2. 
Randomization was performed before surgery. 
Three additional cycles of carboplatin and pacli-
taxel were administered postoperatively. The 
median progression-free survival, which was the 
primary endpoint, was 10.7 months in patients in 
the standard arm versus 14.2 months in patients 
treated with HIPEC (hazard ratio [HR], 0.66; 
95% confidence interval [CI], 0.50 to 0.87; 
P  =  0.003). At the time of analysis, 44% of 
patients were alive, with a significant improve-
ment in median overall survival favoring HIPEC 
(45.7 vs. 33.9 months; HR, 0.67; 95% CI, 0.48 to 
0.94, P  =  0.02). The number of patients with 
grade 3–4 adverse events was similar in both 
treatment arms (27% vs. 25%, p = 0.76). There 
was no delay in postoperative chemotherapy 
treatment and no compromise in completing the 
additional 3 cycles of chemotherapy in the post-
operative setting in patients who received 
HIPEC.  In addition, there was no difference in 
health-related quality of life.

This is the first reported randomized trial in 
which the only intervention that differs between 
groups is the use of a single 90-minute perfusion 
of cisplatin after surgical cytoreduction. The dose 
of cisplatin was determined at 100 mg/m2, which 
had been established in previous phase I/II and 

22 The Role of HIPEC in the Treatment of Ovarian Cancer



214

multiple retrospective studies. Protocol-specific 
standardized surveillance measures—including 
the defined CA125 measurements and 
CT-scans—were used to assess the primary end-
point of progression-free survival. Safety assess-
ments were included in the study and were 
addressed adequately. In addition, the median 
progression-free survival and overall survival in 
the control group is reproducible and identical to 
previously reported outcomes from randomized 
clinical trials that included patients with similar 
inclusion criteria. A major weakness of this trial 
is the timing of randomization, which occurred 
before surgery. Another weakness is that, in 
patients randomized to the control arm, more 
unusual or unfavorable histologies are observed. 
Costs of treatment—including longer OR time, 
longer hospitalization, and higher rates of divert-
ing ostomies in the HIPEC arm—were not 
addressed. The higher rate of diverting ileosto-
mies and colostomies is concerning and must be 
communicated to patients, especially because its 
use is based on concerns over higher anastomotic 
leak rates in the HIPEC group; this may not be 
justified, as there is no clear evidence that HIPEC 
is associated with higher leak rates.

22.6  Conclusion

Locoregional treatment strategies provide 
decreased systemic toxicity and a high pharma-
cological advantage for tumors confined to a sin-
gle organ or body cavity. While intraperitoneal 
chemotherapy for patients with advanced ovarian 
cancer has been accepted as part of standard care, 
HIPEC administered at the time of cytoreductive 
surgery has been the subject of debate and reser-
vation, and doubts about it remain prevalent.

Over the past 10 years, multiple phase I/II tri-
als and sizable retrospective studies have been 
reported. The incorporation of pharmacokinetic 
analyses into these studies confirmed very high 
concentrations of chemotherapeutic agents in the 
peritoneal cavity, with minimal systemic expo-
sure and overall minimal systemic toxicity. In 
addition, tissue penetration and DNA adduct for-
mation of platinum- and taxane-based compounds 

have been confirmed, and the efficacy of cisplatin 
at a dose of 100 mg/m2 has been reproduced in 
multiple settings. Moreover, the vast majority of 
adverse events observed at experienced centers is 
related to the surgical procedure itself and does 
not appear to be higher than in studies evaluating 
the role of cytoreductive surgery without 
HIPEC. The results of the recently published ran-
domized trial demonstrating clinical efficacy of 
100 mg/m2 cisplatin over 90 minutes of HIPEC 
during interval cytoreductive surgery are encour-
aging, but legitimate questions remain about how 
to best apply this technique in routine care.

In an evolving environment of molecular diag-
nostics, novel targeted therapies, and a persistent 
underuse of postoperative IP treatment, HIPEC 
may serve as a complementary treatment at the 
time of cytoreductive surgery and may improve 
outcomes for women with ovarian cancer in the 
future.
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Indication of CRS and HIPEC 
in Peritoneal Metastases of NET 
and Small Intestine Carcinomas

Hubert Leebmann and Pompiliu Piso

23.1  Preamble

Malignant tumors of the small intestine are very 
rare, with an incidence rate of 1.1 per 100,000/
year [5].

With a length of about 3 m, the small intestine 
accounts for about 75% of the overall length and 
nearly 90% of the surface area of the gastrointes-
tinal tract’s mucosa.

Despite its length and anatomical position 
between two regions of high cancer risk—the 
stomach and the colon—the small bowel is the 
site of only about 2% of all gastrointestinal 
malignancies [30]. The malignant tumors of the 
small intestine, with about 40 diverse histological 
subtypes, constitute a very heterogeneous disease 
group. Adenocarcinoma (36.9%) and neuroendo-
crine tumors (NET) (37.4%) are the predominant 
subtypes [4].

The malignant tumors of the small intestine 
are diagnosed mainly at an advanced stage. 
Clinical presentation of small bowel tumors is 

rather nonspecific. A diagnostic delay of 16 to 
32  weeks after symptom development is com-
mon, primarily due to technical limitations of 
standard endoscopy and imaging techniques [26]. 
In 30% of the patients, the correct diagnosis is 
established by laparotomy [7].

The significant co-occurrence of small intes-
tine malignancies and synchronous or metachro-
nous secondary tumors is remarkable [27]. In a 
recent epidemiological study, secondary tumors 
were observed in one third of patients with malig-
nant small bowel tumors [5]. Overall, prognosis 
remains poor for malignant small bowel tumors, 
with 5-year survival rates between 37% and 54% 
[2]. Due to the very limited therapeutic progress, 
survival has remained disappointingly unchanged 
throughout the last 20 years [4].

23.2  Adenocarcinomas 
of the Small Bowel

With an incidence rate of up to 0.55 per 100,000 
per year, adenocarcinomas appear mostly in the 
sixth or seventh decade of life. In more than half 
of the cases, the tumor is localized in the duode-
num [5]. Carcinomas of the small bowel are typi-
cally diagnosed in an advanced stage. In a study 
of the M. D. Anderson Cancer Center, three quar-
ters of the patients had lymph node or distant 
metastases at the time of diagnosis, and in only 
24% of the cases was diagnosis established at an 
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earlier tumor stage. The 5-year survival rate 
among all patients amounted to 26%, and median 
survival time was 20 months [7].

Due to the rarity of small bowel carcinomas, 
randomized studies are lacking. Treatment occurs 
prevalently in analogy to the therapeutic recom-
mendations for colorectal carcinoma.

Total resection of the primary tumor including 
the lymphatic drainage is the treatment of choice 
for all locoregional tumors (stage I through III). 
In most series, resection rates varied between 
40% and 65% with 5-year survival rates between 
36% and 81% for resected tumors and 12–30% 
for non-resected tumors [30]. The benefit of adju-
vant chemotherapy is still not conclusively clari-
fied. The limited data of former retrospective 
studies could not prove any benefit from adjuvant 
therapy [7, 14, 15].

However, recent data support the use of adju-
vant therapy in stage III small bowel adenocarci-
noma (median survival time, 42.4 vs. 26.1 months; 
5-year survival rate, 25.0% vs. 17%) [9].

35% of the patients with small bowel carcino-
mas are diagnosed at a metastasized stage [7]. 
Patients with metastasized carcinomas or tumor 
recurrence have an extremely poor prognosis, 
with a median survival of only 6.6 months and 
5-year survival rates between 0% and 5% [1, 17, 
20]. The role of palliative chemotherapy for small 
bowel adenocarcinomas still remains unproven. 
However, unlike adjuvant chemotherapy, there 
seems to be evidence of a benefit for the use of 
palliative systemic chemotherapy for patients 
with unresectable or metastatic disease (median 
survival time: 11.8 vs. 4.1 months [20].

A large retrospective multicenter study regard-
ing palliative chemotherapy for advanced adeno-
carcinoma of the small intestine was published 
by Zaanan et al. in 2010. This study indicates that 
small bowel adenocarcinoma is sensitive to 
platinum- based chemotherapy (FOLFOX) 
(median survival time: 17.8 months).

Like carcinomas of the large bowel, adenocar-
cinomas of the small intestine metastasize mostly 
to the liver and the peritoneum.

>> Synchronous peritoneal carcinomatosis occurs 
in approximately 25% of the patients with stage IV 
tumors.

Recurrence after curative resection occurs in 
40–70%. The most common sites after recurrence 
are liver and lung (67%) and the peritoneum 
(24%) [1, 7].

At present, there are only a few case reports 
regarding peritoneal carcinomatosis of small 
intestine adenocarcinomas treated by cytoreduc-
tive surgery and intraperitoneal chemotherapy [6, 
11, 18, 22, 23, 28, 29].

Table 23.1 provides an overview of the 
literature.

One retrospective multicenter study reports 
the results of combined treatment (complete 
cytoreductive surgery and intraperitoneal chemo-
therapy) for four different digestive adenocarci-
nomas (small bowel, appendix, colon, and 
rectum) [11].

Among 440 patients with peritoneal carcino-
matosis, 341 originated from the colon, 27 from 
the rectum, 41 from appendiceal cancer without 
pseudomyxoma peritonei, and 31 from the small 
bowel. Neither patient characteristics (gender, 
age, tumor extension and distribution, presence 
of liver metastases, histological differentiation of 
the tumors, and lymph node involvement) nor the 
type of treatment differed between the patients 
according to the tumor origin. All patients 
received intraperitoneal chemotherapy either in 
form of HIPEC or as EPIC. The 5-year overall 
survival rate for all patients was 33%, and the 
5-year disease-free survival rate was 18%. The 
median overall survival for patients with colon 
carcinoma (32.4  months), rectum carcinoma 
(34  months), and small bowel carcinoma 
(47  months) was similar. A better survival rate 

Table 23.1 Publications published to date on small 
intestine carcinomas given multimodal therapy

Acquisition 
period N

Median survival 
time (months)

Marchettini 
et al.

6 12

Sun et al. 1995–2011 17 18.4
Chua et al. 1997–2009 7 25
Elias et al. 1989–2007 31 47
van 
Oudheusden 
et al.

2005–2014 16 30.8

Liu et al. 2006–2014 31 36
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was achieved for carcinomatosis originating from 
the appendix (89 months).

>> Until specific selection parameters for the 
combined treatment of small bowel adenocarci-
noma are defined, patient selection should be ori-
ented toward the well-established selection criteria 
for colorectal carcinoma.

By extrapolating the established selection cri-
teria for colorectal carcinoma to small bowel car-
cinoma, long-term survival could be achieved 
with cytoreductive surgery and intraperitoneal 
chemotherapy [22, 29].

>> Overall survival can be doubled by adequate 
multimodal treatment of carcinomatosis originat-
ing from the small bowel, in comparison to sole use 
of palliative chemotherapy.

However, the data should be interpreted very 
cautiously. The good results following cytore-
ductive surgery and intraperitoneal chemother-
apy are also based on a substantial selection bias. 
Negative prognostic factors such as multilocal 
metastatic spread, advanced age, and reduced 
general condition are exclusion criteria for multi-
modal therapy. In addition, there is an underrep-
resentation of duodenal adenocarcinoma in 
comparison to jejunal or ileal carcinoma in most 
studies. In the studies of Liu et al. [22] and van 
Oudheusden et al. [29], among 25 and 16 patients, 
respectively, with adenocarcinoma of the small 
bowel, there is only one case of duodenal carci-
noma in each study. Elias et al. [11] provide no 
data on the distribution of tumors. Duodenal car-
cinomas require considerably more complex sur-
gical therapy than carcinomas at further distal 
locations. In addition, due to their anatomical 
properties, they have a poorer prognosis even at 
early stages.

23.3  Neuroendocrine Tumors

Neuroendocrine neoplasms arise in the neuroen-
docrine organs as well as from the cells of the dif-
fuse neuroendocrine system. The diffuse 
neuroendocrine system is located, isolated or in 
small groups, in nearly every organ. Despite a con-
siderable increase in the incidence rate by a factor 

of 2.4 to 5–6 cases per 100,000 per year, the neu-
roendocrine neoplasms are still very rare tumors 
(merely 0.46% of all bronchopulmonary and gas-
trointestinal tumors). The most frequent primary 
tumor sites are the lungs and the small bowel (25% 
and 18% of the cases, respectively) [16].

Neuroendocrine neoplasms are classified 
according to WHO criteria. Epithelial neuroen-
docrine neoplasms are divided into well- and 
poorly differentiated neoplasms. The well- 
differentiated neuroendocrine neoplasms of the 
gastrointestinal tract are also called neuroendo-
crine tumors (NET). They show a lower mitotic 
and proliferation rate (<20%). The term carci-
noid, previously used for designating these 
tumors, is obsolete. The poorly differentiated 
neuroendocrine carcinomas (G3, Ki67-index 
20–50%) are treated—similar to small cell bron-
chial carcinoma—mostly by chemotherapy. The 
operative therapy of the neuroendocrine neo-
plasms is usually restricted to well-differentiated 
NETs (G2–3, Ki67-Index <20%). In addition to 
surgery, the treatment options include local abla-
tive procedures, chemotherapy, somatostatin ana-
logues, radioligand therapy, and targeted 
substances that can be applied as neoadjuvant, 
adjuvant, or palliative treatment. Due to the rarity 
of the tumors, in most cases, the therapy recom-
mendations are based on expert opinion and are 
not validated by prospective randomized studies. 
Owing to the heterogeneity of the tumors, to the 
vast number of therapy strategies, and to the often 
individual complex disease courses, each patient 
should be discussed individually—especially, if 
surgery is taken into account—in a multidisci-
plinary tumor conference.

At the time of the diagnosis, about 20% of all 
patients with NET show synchronous distant 
metastatic spread. 38% of the patients develop 
metachronous metastases during the further 
course of the disease. Metastatic status is associ-
ated with a worse prognosis. Furthermore, over-
all survival differs significantly according to the 
primary tumor site. NETs of the rectum and the 
small intestine present the highest 5-year survival 
rates (87% and 73%, respectively), while the 
prognosis of NETs with pancreatic origin is 
worse (49% 5-year survival rate) [16].

23 Indication of CRS and HIPEC in Peritoneal Metastases of NET and Small Intestine Carcinomas
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NETs of the midgut typically progress slowly. 
The 5-year survival rate for all stages reaches 
between 50% and 60%. In NETs with only local 
disease, the 5-year survival rate is 80–90%. For 
regional growth (positive locoregional lymph 
nodes), 5-year survival rate is between 70% and 
80%. Moreover, even stage IV tumors have a 
good prognosis (5-year survival rate: 35–60%) 
[13]. The liver is the most common metastatic 
site (50–60%). In 20–30% of cases, metastatic 
lymph nodes occur beyond the primary drainage 
area. Lungs and bones are affected by metastatic 
disease in 3–5% and 1–6%, respectively. In 
10–33% of the patients, peritoneal carcinomato-
sis can be expected [8]. There is an association 
between the location of the primary NET and the 
metastatic pattern. NET-derived peritoneal carci-
nomatosis arises mainly from the small intestine 
[3, 10].

In contrast to older studies, a recent Swedish 
study identified peritoneal carcinomatosis as an 
independent negative prognostic factor for 
patients with NET [25]. Five- and ten-year sur-
vival rates for patients with peritoneal carcino-
matosis were 52 and 32%, respectively, whereas 
five- and ten-year survival rates for patients with 
non-peritoneal metastases were 79% and 54%, 
respectively.

Whether a complete cytoreduction with or 
without HIPEC results in prolongation of overall 
survival was examined by Elias et al. [12]. Among 
189 patients with well-differentiated NET, 17 
patients underwent complete cytoreductive sur-
gery and hyperthermic intraperitoneal chemo-
therapy. The median peritoneal carcinomatosis 
index of Sugarbaker (PCI) was 18 (range 4–26). 
Liver metastasis was present in all but one patient. 
Liver metastases were treated by either simulta-
neous liver resection or arterial hepatic chemo-
embolization. A comparison group of 20 patients 
underwent only a palliative surgical resection due 
to the peritoneal and/or hepatic tumor extension.

The 5-year survival rate of the multimodal 
therapy group was better than the survival rate of 
the comparison group (62.2% and 40.9%, respec-
tively). In the multimodal therapy group, only 
one death was attributed directly to the peritoneal 

carcinomatosis (17%), whereas bowel obstruc-
tion due to progression of carcinomatosis was the 
direct cause of death for six patients in the com-
parison group (40%).

In a second study, Elias et al. [10] attempted to 
answer the question whether there is a benefit of 
adding HIPEC to cytoreductive surgery. The data 
of 41 patients receiving therapy from 1994 to 
2012 were collected. The inclusion criterion was 
an “optimal operation,” that is, complete resec-
tion or ablation of all macroscopically visible 
tumor. Complete cytoreduction was defined as 
resection of all nodules >1  mm. 28 patients 
treated between 1994 and 2007 received addi-
tional HIPEC (HIPEC group). The comparison 
group (10 patients, non-HIPEC group) was 
treated without HIPEC between 2008 and 2012. 
There was no significant difference regarding 
their peritoneal carcinomatosis index, distribu-
tion and extension of the liver metastasis, Ki67- 
index, lymph node metastases, and the extent of 
resection between the two groups. The 5-year 
and 10-year survival rate for all patients was 69% 
and 52%, respectively. There was no statistically 
significant difference regarding overall survival 
and the rate of peritoneal recurrence between the 
HIPEC and non-HIPEC group.

>> Well-selected patients may benefit from an 
aggressive surgical approach. The role of intra-
peritoneal chemotherapy in addition to cytoreduc-
tive surgery is still unclear.

Patients with low tumor burden, favorable 
tumor distribution, and the possibility of com-
plete cytoreduction are the most eligible.

>> Peritoneal carcinomatosis of NET is nearly 
always associated with extensive multicentric dis-
ease (especially liver metastasis). Surgery should 
be performed in specialized centers for the treat-
ment of peritoneal carcinomatosis and also liver 
metastases.

The primary therapeutic purpose of peritonec-
tomy consists in the therapy and/or prophylaxis 
of local complications. Specific symptoms in a 
functionally active NET do not constitute an indi-
cation for a cytoreductive operation. In any event, 
the hepatic metastasis in cases of carcinoid 
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 syndrome is often so advanced that operative/
ablative therapy is no longer viable.

The “abdominal gravity PC score” (GPS) may 
offer assistance in establishing the indication 
(Table 23.2) [19]. Patients with grade “A” GPS 
seem to be suitable for cytoreductive surgery. 
Grade “C” GPS is an exclusion criterion for an 
aggressive surgical procedure. A multidisci-
plinary tumor board should take “B” an individ-
ual decision.

23.4  Goblet Cell Carcinoids

The so-called goblet cell carcinoids represent a 
distinct entity; due to their pathological charac-
teristics and tumor biology, they should be ranged 
between the well-differentiated neuroendocrine 
tumors and the appendix carcinomas. In advanced 
stages, the goblet cell carcinoids tend to spread 
peritoneal and metastasize to the ovaries. In 
almost all patients with distant metastases, there 
is also peritoneal carcinomatosis [21].

>> A 3-year survival rate of 63.4% can be 
achieved with CRS and HIPEC for patients with 
peritoneally metastasized goblet cell carcinoids 
[24].

Survival rates for goblet cell carcinoids after 
CRS and HIPEC are better than for high-grade 
mucinous appendix tumors and appendix carci-
nomas (40.4% and 52.2%, respectively). The 
most important positive prognostic factors 
include the possibility of a complete cytoreduc-
tion and a peritoneal carcinosis index <20.

23.5  Conclusions

The results published for adenocarcinomas of the 
small intestine to date are promising and indicate 
a prognosis benefit for patients receiving multi-
modal therapy. Until specific selection criteria for 
small intestine carcinoma are established, the 
selection should be oriented toward the criteria of 
colorectal carcinomas. The role of an additional 
adjuvant chemotherapy has not been definitively 
clarified. A clear therapy recommendation for 
peritoneal metastasis of small bowel carcinomas 
cannot be made at this point due to the small 
number of cases and to the lack of prospective 
randomized trials.

Only very few publications deal with cytore-
ductive surgery and hyperthermic intraperitoneal 
chemotherapy for neuroendocrine tumors. In 
selected cases, the concept may be helpful for 
peritoneal metastasis, when a complete cytore-
duction at low tumor burden can be achieved. 
The subgroup of patients with goblet cell carci-
noid of the appendix seems to particularly 
benefit.
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Indication for CRS and HIPEC 
for Peritoneal Metastases 
of Pancreatic Cancer
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24.1  Epidemiology and Prognosis 
of Ductal Pancreatic 
Adenocarcinoma

In 2010 more than 16,000 people in Germany 
were diagnosed with pancreatic cancer. Nearly 
identical numbers of incidence and mortality 
indicate that almost all patients being diagnosed 
with pancreatic cancer die of their disease. 
Despite medical progress, age-adapted incidence 
and mortality have remained constant since the 
1990s. Higher numbers of cases are expected 
additionally due to the aging of our society [19].

Radical surgical resection of the tumor with its 
adjacent lymph nodes still remains the only poten-
tial curative therapy.

According to the location of the tumor, 
either pancreaticoduodenectomy (Whipple pro-
cedure) including resection of the head of the 
pancreas, duodenum, and distal bile duct, with 
gallbladder and gastric antrum, or, if located in 
the tail of the pancreas, a so-called distal pan-
creas resection is required. Such extensive vis-
ceral resections are related to non-eligible 
morbidity and mortality. Constant improvement 
of surgical techniques, procedures in anesthe-
sia, and postoperative intensive care have led to 
a reduction of mortality rate to less than 5% [1, 
4, 11].

Unfortunately, long time survival even after com-
plete tumor resection is uncommon.
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Five-year survival rates of less than 20% and 
median survival rates of 17–28  months are 
reported in the literature [5, 17]. Even after cura-
tive (R0) resection, 50% of patients experience 
local recurrence, 40–60% peritoneal metastases, 
and 50–60% metastases to the liver [28]. In cases 
with simultaneous peritoneal metastases at the 
time of initial diagnosis, the possibility for long- 
term survival is dramatically low [16]. The exact 
mechanisms determining how frequent local 
recurrences and metastasis develop remain 
unclear. However, there is indication that tumor 
growth exceeds beyond anatomic borders at the 
time of diagnosis in 90% of all patients or that 
free tumor cells are detectable in the fluid of the 
peritoneal cavity [3, 13], although this has never 
been objectified during preoperative staging 
diagnostics. Owing to its close proximity to vital 
anatomic structures (e.g., the hepatic artery and 
portal vein), which makes wide safety margins 
for resections technically difficult, histopatho-
logical examination of resection margins may 
show infiltration of tumor, resulting in a so-called 
R1-resection. Another possible explanation for 
the frequent local recurrences and distant metas-
tases might be tumor-cell spillage during the sur-
gical resection of the primary tumor [24].

24.2  Cytoreductive Surgery (CRS) 
and Hyperthermic 
Intraperitoneal 
Chemotherapy (HIPEC)

In the 1980s, Professor Paul Sugarbaker popular-
ized the technique of cytoreductive surgery with 
HIPEC for the therapy of peritoneal metastases 
originating from gastrointestinal malignancies. 
Following a complete macroscopic resection of 
all peritoneal metastases, HIPEC is used to elimi-
nate potential free or minimal residual tumor cells 
within the peritoneal cavity [22, 23]. Using this 
method, patients suffering from peritoneal metas-
tases of colorectal cancer had a better overall sur-
vival compared to patients receiving systemic 
therapy only [27]. The prognosis may be improved 
especially for those patients who have little intra-
abdominal tumor burden or in which complete 

cytoreduction, meaning a removal of all macro-
scopic tumor tissue, is possible [6, 7]. This onco-
logical benefit, however, may be accompanied by 
higher rates of morbidity and mortality. Dependent 
on the extent of surgery, the morbidity is reported 
to be 35% and the mortality up to 5% [10].

24.3  CRS and HIPEC for Peritoneal 
Metastases of Pancreatic 
Cancer

Both synchronous and metachronous metastases 
from pancreatic cancer reduce the probability of 
survival substantially [16].

According to the German S3 guidelines, surgery is 
not indicated in the metastasized state of pancre-
atic cancer as the potential oncological benefit 
does not justify the postoperative morbidity and 
mortality [20].

In 2018, an approach to treat synchronous or 
metachronous peritoneal metastasis from pancre-
atic adenocarcinoma by pancreatic resection, 
cytoreductive surgery, and HIPEC was published. 
Six patients with pancreatic adenocarcinoma 
originating from the tail of the organ and with a 
PCI ranging from 3 to 25 were treated in eight 
cytoreductive operations. A CC0 status was 
achieved in five and CC1 status in two cases. One 
patient had palliative surgery only. Two patients 
died during their hospital stay. Four patients sur-
vived for more than 12  months with signs of 
recurrence. Five patients had recurrent disease, of 
which three had local recurrence and two distant 
metastases. [25].

24.4  Prophylactic HIPEC 
for Locally Advanced 
Pancreatic Cancer

The facts regarding the prognosis of pancreatic 
cancer may be summarized as follows:

The probability for long-term survival is low 
if there are any synchronous or metachronous 
distant or peritoneal metastases.

In up to 50% of cases, there is local recurrence 
following curative surgery because a radical 
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resection is not possible due to anatomical limita-
tions and because there are often free abdominal 
tumor cells present already at the time of 
resection.

Taking these two facts together, it seems rea-
sonable to investigate a simultaneous local intra-
operative therapy that would be able to control 
both peritoneal metastases and local recurrence. 
Comparable approaches that could provide such 
local control over colorectal cancer 
(ProphyloCHIP, NCT01226394) or locally 
advanced gastric cancer (GASTRICHIP, 
NCT01882933) [9] using adjuvant HIPEC were 
tested in clinical phase III trials.

Paul Sugarbaker was able to show that intra-
peritoneal gemcitabine at 1000 mg/m2 of body- 
surface area for 60  min creates a 
concentration-gradient from the peritoneal cavity 
to the blood of 210. This indicates that a high 
intraperitoneal concentration of gemcitabine may 
be established with low systemic concentrations 
at the same time, accounting for the lack of toxic-
ity [24]. Gamblin et al. [8] also report about the 
good tolerance of postoperatively applied gem-
citabine via abdominal port catheter system. 
Remarkably, concentration of gemcitabine 
decreased quickly within the peritoneal fluid, 
whereas the systemic concentration remained 
constantly low, suggesting almost complete 
uptake of gemcitabine by the peritoneal tissue. In 
Tübingen, Germany, we therefore initiated a 
phase I/II study to investigate the toxicity of 
HIPEC with gemcitabine at 1000 mg/m2 of body 
surface area dissolved in a 1.5% dextrose- 
solution, which was administered at 42.0  °C in 
closed technique after macroscopic complete 
resection (R0 or R1) of histologically proven 
pancreatic cancer. HIPEC was performed accord-
ing to the technique of H. G. Becker, using two 
inflow and three outflow catheters as well as 
polyurethane sponges to avoid suction of tissue 
[2]. The study has been completed and showed 
that the combination of pancreatic resection and 
HIPEC with gemcitabine is feasible and safe 
with acceptable morbidity and/or mortality 
(unpublished data).

Tentes and colleagues designed a comparable 
study treating 33 patients with resectable pancre-

atic cancer by complete surgical resection fol-
lowed by 60  minutes of gemcitabine 
HIPEC.  Within a postoperative observation 
period of 45 days, the mortality was 6.1% and the 
morbidity 24.2%. 18 patients received adjuvant 
systemic chemotherapy with gemcitabine. The 
median survival was 13 months, the 5-year over-
all survival 24% and the median disease-free sur-
vival 9  months. Those patients who received 
systemic chemotherapy showed a median sur-
vival of 25  months compared to 11  months 
median survival of patients with adjuvant gem-
citabine treatment [26].

24.5  Approaches

In the recent literature there are reports about 
novel strategies to approach peritoneal metastasis 
of pancreatic cancer.

Noninvasive abdominal heating in combina-
tion with systemic chemotherapy is currently 
under investigation as an alternative to cytore-
ductive surgery with HIPEC in patients with peri-
toneal metastasis of pancreatic cancer [18]. 
Convincing data are however missing for this 
indication.

In a case report of three malignant intraductal 
papillary mucinous neoplasms (IPMN) with peri-
toneal dissemination cytoreductive surgery with 
HIPEC could improve survival outcomes to median 
44.3 months. In selected cases this might therefore 
be a therapeutic approach for this entity [21].

PIPAC has been suggested for the treatment of 
peritoneal metastasis originating from pancreatic 
cancer. Early results indicate safety and feasibil-
ity with histological signs of tumor regression 
[12, 14, 15]. However evidence proving effec-
tiveness in terms of oncological benefit is 
missing.

24.6  Conclusion

Currently, there is no indication for cytoreductive 
surgery with HIPEC for synchronous or meta-
chronous peritoneal metastases of pancreatic 
cancer. However, the objective of recent clinical 
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studies is to find out whether their prophylactic 
HIPEC is of value to reduce the incidence of 
local recurrences and metachronous peritoneal 
metastases of pancreatic cancer.
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Indications of CRS and HIPEC 
in Incidentally Detected Peritoneal 
Carcinomatosis

Stefan Benz and Pankaj Kumar Garg

25.1  Introduction

Peritoneal carcinomatosis (PC) that occurs as a 
metastasis of a colorectal carcinoma significantly 
worsens the prognosis. However, this can be sig-
nificantly improved by cytoreductive surgery 
(CRS) and hyperthermic intraoperative chemo-
perfusion (HIPEC) [14]. This applies particularly 
to the early stage of peritoneal carcinosis (perito-
neal carcinomatosis index <6), in which a 5-year 
survival of between 40% and 50% can be 
achieved and a curative therapeutic approach is 
possible [6]. However, CRS with HIPEC is a very 
complex procedure and is only available at com-
paratively few centers. In contrast, colorectal 
cancer is currently operated on in almost every 
hospital with basic visceral surgery. In addition, 
limited peritoneal cancer often escapes routine 
preoperative diagnosis. This raises the question 
of the optimal procedure if peritoneal carcinoma-
tosis is found as a surprise during the planned 
resection of a primary tumor.

25.2  Incidence of Peritoneal 
Carcinomatosis

According to a French population-based study 
[12], peritoneal carcinomatosis is present in 
colorectal cancer at the time of initial diagnosis in 
approximately 7% of cases (synchronous perito-
neal carcinosis). A somewhat lower incidence of 
simultaneous PC was reported in a population-
based survey by Lemmens et al. [10].

>> The risk is highest in tumors of the right colon 
and appendix and drops as the site changes over 
the left colon to the rectum.

Women are affected more often than men. 
Histologically, mucinous differentiation is a 
significant risk factor for the development of 
peritoneal carcinomatosis. Another risk factor 
is diagnosis after obstruction or perforation  
(Quere et  al. 2015). In the course of the dis-
ease, the incidence of peritoneal carcinomato-
sis rises to 30–40% (metachronous peritoneal 
carcinomatosis).

25.3  Prognostic Factors for CRS 
and HIPEC

The best prognosis after CRS and HIPEC for 
peritoneal carcinomatosis of colorectal cancer 
origin is found in patients with a peritoneal 
 cancer index (PCI) of <6. This has been shown 
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in all the studies with long-term results. 
However, the extent of peritoneal carcinomato-
sis also plays a significant role in perioperative 
morbidity [3].

>> Even in patients with a high probability of hav-
ing good prognosis following HIPEC, one will find 
intraoperative surprises.

It is therefore of particular importance that 
those patients with limited disease preoperatively 
as identified on preoperative imaging are treated 
with a standard algorithm of CRS with HIPEC.

25.4  Avoiding Surprises

The S3 guidelines on colorectal carcinoma pro-
vide a rather limited preoperative diagnosis for 
colon carcinoma. Accordingly, distant metastases 
are clarified by means of sonography and a chest 
X-ray examination. In addition, many clinics rou-
tinely perform a contrast-enhanced computer 
tomography of the abdomen. This improves the 
diagnostic accuracy with regard to the detection 
of liver metastases. Moreover, the primary tumor 
can usually be localized and a T4 situation recog-
nized or at least suspected. Furthermore, the sur-
geon can adjust to anatomical variants in the 
mesenteric root, for example, for the complete 
mesocolic excision (CME).

>> CT is of great importance in the detection of 
peritoneal carcinomatosis [5], in patients with 
colorectal cancer.

In early stage disease, there are usually tiny 
peritoneal deposits around the tumor, in the mes-
entery, in the subphrenic area, or in the omentum. 
These tiny peritoneal deposits are usually missed 
on CT examination as maximum attention is 
diverted to assess the extent of the primary tumor 
or to diagnose liver metastasis.

One must look for these tiny peritoneal depos-
its diligently in the presence of risk factors like 
large tumors on the right side or mucinous dif-
ferentiation. A targeted sonography may also be 
helpful at times to diagnose limited peritoneal 
carcinomatosis. However, despite diligent preop-
erative assessment, peritoneal carcinomatosis is 

not diagnosed accurately in more than half of the 
patients [7].

>> If there is clear preoperative evidence of peri-
toneal disease in a patient with colorectal cancer, 
one should not only concentrate on excision of the 
primary tumor.

If there is suspicion of peritoneal carcinoma-
tosis and there are no clear contraindications 
(age, comorbidity, diffuse metastasis) for CRS 
with HIPEC, the next step should be a diagnostic 
laparoscopy [9]. The extent of the peritoneal car-
cinomatosis should be assessed and duly 
recorded. It is important to pay attention to any 
suspicious changes in the ovaries. Assessment of 
the extent of peritoneal carcinomatosis is critical 
in determining the effectiveness of CRS and 
HIPEC, if it is available locally, or in discussing 
with the patient a possible transfer to an expert 
center and in planning the availability of 
resources.

25.5  Intraoperative Diagnosis 
of Peritoneal Carcinomatosis 
of Colorectal Cancer

There is a good evidence to suggest that com-
plete cytoreduction must be performed in 
patients with colorectal cancer and limited peri-
toneal disease. However, this is a complex deci-
sion in view of the significant postoperative 
morbidity and mortality associated with cytore-
duction. A number of factors must be taken into 
account when opting for cytoreduction: the age 
of the patient, the presence of comorbidities, the 
symptoms of the primary tumor, the resectabil-
ity of the primary tumor, and the extent of peri-
toneal disease.

There is potential risk of tumor cells seeding 
the retroperitoneal and subperitoneal spaces fol-
lowing peritonectomy. However, its real impact 
on future local or regional recurrences is cur-
rently not well defined.

>> In a potentially curative condition of colorec-
tal cancer with limited peritoneal disease, it is 
advisable to perform single-stage complete cytore-
ductive surgery with HIPEC to improve survival.
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Sugarbaker and Glehen recently proposed an 
algorithm that reflects the current status of cyto-
reductive surgery in patients with colorectal can-
cer and limited peritoneal carcinomatosis (PCI 
<20) [13]. They have presented a good algorithm 
to follow in challenging clinical situations.

25.5.1  Scenario 1: Peritoneal 
Carcinomatosis 
with Asymptomatic Primary 
Tumor

This is a potentially curative situation.

>> Surgery should be aborted after thorough 
exploration and histological confirmation of the 
disease.

A diligent exploration should be undertaken to 
determine an accurate peritoneal carcinomatosis 
index. The paracolic gutters, the omentum, the 
entire small bowel along with its mesentery, the 
subdiaphragmatic surfaces, and the falciform 
ligament should be thoroughly inspected for tiny 
peritoneal deposits. Attempts should be made to 
avoid dissecting the peritoneum. A thorough 
examination of the pelvis with special emphasis 
on the ovaries in females must be performed. 
Irrespective of the whether the exploration is 
through an open approach or laparoscopic, the 
assessment should be complete.

After a thorough assessment, definite surgery 
should be aborted, and patients should be sub-
jected to a “short course” of systemic chemother-
apy (e.g., FOLFOX). Further addition of 
bevacizumab may be advantageous [4]. The case 
should be discussed in a multidisciplinary tumor 
board after three to four cycles of chemotherapy 
for a possible cytoreductive surgery and HIPEC 
in good responders. CRS and HIPEC should be 
carried out approximately 12 weeks after the pri-
mary intervention.

The role of second-look surgery to detect peri-
toneal carcinomatosis in patients with normal 
imaging but at high risk of peritoneal carcinoma-
tosis was first elucidated in 2008 by Elias [7].

The authors reported that performing second- 
look surgery at 1  year in selected patients at 

high risk of developing PC allowed the early 
detection and treatment of PC in 55% of cases. 
With this procedure, 10 of the 16 patients were 
free of recurrence after a median follow-up 
period of 27 months. Three of them had isolated 
organ metastases or a relapse of peritoneal car-
cinomatosis. These results were confirmed in a 
follow- up publication in 2011 with 25 patients 
with minimal PC [8]. From these results it can 
be concluded that good long-term results can be 
achieved if HIPEC is integrated into the therapy 
regime for limited peritoneal carcinomatosis. 
On the other hand, it must also be pointed out 
that even with minimal peritoneal carcinomato-
sis, complete resection, and adjuvant chemo-
therapy, recurrence occurs in more than 50% 
within 1 year. In addition, 5 of the 10 patients 
with a relapse of peritoneal carcinomatosis after 
CRS and HIPEC were relapse-free in the further 
course. It can therefore be assumed that even 
more favorable results could have been achieved 
with CRS and HIPEC as a primary procedure, 
which also corresponds to the observation in a 
case series of Sugarbaker [11].

>> Termination of the exploration followed by sys-
temic chemotherapy and CRS/HIPEC is a better 
approach in a patient with asymptomatic primary 
tumor and limited peritoneal metastasis compared 
to upfront surgery and systemic chemotherapy fol-
lowed by second-look surgery.

If, however, resection of the primary tumor 
has already been performed, a second-look oper-
ation with HIPEC should be carried out if possi-
ble—after interim systemic chemotherapy—even 
if there is no clinical evidence of progression of 
peritoneal carcinomatosis.

25.5.2  Scenario 2: Symptomatic 
Resectable Primary Tumor 
(Bleeding, Obstruction)

Here, intervention needs to be done in view of 
the symptomatic primary tumor. The tumor must 
be resected. The peritoneal covering should not 
be opened much, and minimum planes should be 
opened in order to remove only the primary with 
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a peripheral arcade—safe R0 resection. No radi-
cal surgery should be attempted [13].

Whether, in order to achieve intestinal conti-
nuity, a stoma needs to be fashioned depends 
upon the general condition of the patient and 
local factors. However, it should be kept in mind 
that an anastomotic leak can make subsequent 
CRS with HIPEC almost impossible. CRS and 
HIPEC must be considered after a few cycles of 
systemic chemotherapy. In the case of a previ-
ously performed limited resection, a complete 
mesocolic excision must be performed as a part 
of CRS.

25.5.3  Scenario 3: Symptomatic 
Irresectable Primary Tumor

In this situation, a diverting stoma needs to be 
fashioned in order to control symptoms. 
Accordingly, a bypass method can also be used 
where possible. However, a bypass should only 
be carried out under otherwise optimal condi-
tions, since, as already mentioned, if an anasto-
motic leak occurs, it is very likely that the 
patient will not be eligible for any definitive 
surgery later. This also creates new peritoneal 
scars, which in turn have a predilection for 
peritoneal tumor deposits. Thereafter, neoadju-
vant chemotherapy is initiated, which should 
continue until the maximum response is 
attained. If the response is sufficient, the pri-
mary tumor can be resected with CRS and 
HIPEC [13]. In this scenario, there are usually 
large tumors in the right upper abdomen or at 
the pelvic inlet, in which the questionable 
resectability in preoperative diagnostics has 
usually already been noticed preoperatively. In 
this scenario, the intraoperative diagnosis of 
the extent of peritoneal carcinomatosis is criti-
cal in deciding the future course of surgical 
management.

>> In cases with an initially unresectable primary 
tumor, the patient may not be immediately consid-
ered for CRS and HIPEC. However, it is critical to 
assess the patient diligently and plan the future 
course of surgical management if the patient 
responds well to systemic chemotherapy.

For the first time, Sugarbaker formulated a 
comprehensible algorithm for the management of 
the unexpected intraoperative diagnosis of perito-
neal carcinomatosis in a patient with colorectal 
carcinoma [13].

It must be emphasized that this is based on 
comprehensible assumptions, but, of course, it is 
not completely evidence-based. Moreover, cer-
tain issues that are of immense importance while 
considering CRS and HIPEC are not explicitly 
mentioned. This is particularly true for assessing 
the extent of peritoneal carcinomatosis (perito-
neal carcinomatosis index, PCI) for a possible 
complete cytoreduction. In the majority of cases, 
the patient is initially operated on in a hospital 
where a CRS program is not fully adopted; there-
after, it becomes difficult for the next surgeon 
who is planning CRS later to understand the 
PCI. Here, it is essential that she talks to the first 
surgeon and asks for the most exact description 
possible. In addition to PCI, it is also critical to 
take into account other patient-related factors 
such as age, presence of comorbidity, etc. There 
is definitely a higher risk for postoperative com-
plications in a patient of the same age and comor-
bidities if he presents in scenario 3 compared to 
when he is in scenario 1.

One scenario that is not explicitly included in 
the aforementioned algorithm is the finding of 
isolated ovarian metastases from a colorectal 
cancer without macroscopic PC. This situation is 
associated with a very high incidence of subse-
quent peritoneal metastasis and overall poor 
prognosis.

>> Pathophysiologically, ovarian metastases also 
represent peritoneal carcinomatosis because the 
malignant cells reach the ovaries via ascites.

Accordingly, isolated ovarian metastases are 
also an indication for HIPEC [14]. The problem 
with this situation is that it becomes difficult to 
differentiate, on a frozen-section examination, 
whether the ovarian mass is a primary ovarian 
neoplasm or a metastasis from colorectal cancer. 
This means that the operation cannot be termi-
nated without resection of the primary tumor, as 
suggested in scenario 1. Therefore, the primary 
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tumor should first be resected, and then, as 
described above, a second-look operation should 
be carried out after few cycles of systemic che-
motherapy [7, 8].

In the case of carcinoma of the appendix, the 
surgical procedure depends upon the histology. 
Therefore, the primary intervention after ade-
quate exploration and histology acquisition 
should be stopped if possible. Appendicular car-
cinomas which have intestinal differentiation can 
be treated with the already discussed algorithm 
[2]. However, systemic chemotherapy is almost 
ineffective in mucinous histology [1]. The indica-
tion for CRS with HIPEC depends on the histo-
logical subtype and the extent. This issue is dealt 
with elsewhere in this book.

Another scenario is intraoperative diagnosis 
of unsuspected peritoneal disease in a patient 
with colorectal cancer who is being operated on 
at a center with expertise in CRS and HIPEC. The 
situation is still not very rosy, since the patient 
might have not given consent for CRS and 
HIPEC; there may also be logistical issues in per-
forming HIPEC immediately. In scenario 1, how-
ever, one can certainly discuss whether the 
intervention will be carried out in the following 
days without neoadjuvant chemotherapy. 
Resection during the primary operation and per-
forming HIPEC in the second procedure appears 
to be unjustified and unfavorable. The argument 
presented above that the peritoneum should not 
be opened without the immediately following 
HIPEC [13] suggests surgery should be termi-
nated after the exploration in this situation and 
the CRS with HIPEC should be carried out 
together as the second procedure.

25.6  Unexpected Peritoneal 
Malignancies of Non- 
colorectal Origin

Unexpected peritoneal carcinomatosis of non- 
colorectal origin may be encountered during sur-
gery as an incidental finding in following two 
scenarios.

In a rare scenario, peritoneal carcinomatosis 
can be incidentally diagnosed when laparoscopy 

or laparotomy is performed for an absolutely dif-
ferent clinical condition (e.g., laparoscopic her-
nia repair). In this case, histological confirmation 
should be carried out, and an exact diagnosis 
should be made. This not only includes assess-
ment of the extent of peritoneal carcinomatosis 
but also inspection of the possible primary tumor 
locations (ovary, appendix, stomach, and colon). 
The procedure—either laparoscopy or laparot-
omy—should only be continued if a life- 
threatening condition is being dealt with; 
otherwise, it should be terminated. Further man-
agement depends upon the histology and the pri-
mary tumor site. Early pseudomyxoma peritonei 
deserves mention here—there may be only a few 
milliliters of slimy liquid which should be pre-
served. It is particularly important not to over-
look this finding as the prognosis is very good. In 
the second scenario, the symptoms of peritoneal 
carcinomatosis, usually intestinal obstruction, 
lead to laparotomy. Apart from colorectal tumors, 
common primary tumors in peritoneal carcino-
matosis are previously undiagnosed tumors in the 
stomach, pancreas, or ovary. In this situation, the 
cause of the symptoms should first be remedied 
followed by histological confirmation and assess-
ment for the primary tumor. Radical tumor resec-
tions in the presence of intestinal obstruction are 
not justified in the absence of histopathological 
diagnosis.

25.7  Conclusion

Cytoreductive surgery with HIPEC has the poten-
tial to achieve a rather good prognosis in some 
malignancies with peritoneal carcinomatosis. If 
peritoneal carcinomatosis is detected unexpect-
edly during surgery, the surgical procedure 
should be terminated in an asymptomatic colorec-
tal cancer as soon as histopathological confirma-
tion and a thorough assessment of the extent of 
peritoneal involvement have been completed.  
A limited R0 resection or the creation of a diver-
sion stoma should be done in a patient with a 
symptomatic primary tumor. The case should be 
discussed at a multidisciplinary meeting with 
the involvement of a center of excellence for 
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peritoneal malignancies in order to determine the 
potential indication for CRS and HIPEC after 
neoadjuvant chemotherapy.
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Importance of Systemic 
Chemotherapy in Advanced 
Peritoneal Metastasis
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and Florian Lordick

26.1  Introduction

 c The occurrence of peritoneal metastasis 
(PM) of solid tumors represents an 
interdisciplinary challenge and often 
requires individually adapted concepts in 
therapy.

A secondary tumor spread in the peritoneum 
per continuitatem occurs especially in gyneco-
logical and gastrointestinal cancers. This event is 
usually associated with a profound worsening of 
the prognosis and—with a few exceptions—the 
loss of curative treatment options. The median 
overall survival of these patients treated with 
purely supportive therapy lies between 3 (gastric 
cancer) and 6 (colorectal cancer) months (see, for 
example, [38]).

The peritoneal involvement can unfortunately 
lead to severe abdominal pain, pronounced 
weight loss, and serious complications such as 
mechanical ileus, pre- and postrenal kidney fail-
ure due to low fluid intake as well as encircle-

ment of ureters, and ascites, which leads to a 
progressive impairment of quality of life. In sev-
eral studies, malignant ascites repeatedly proved 
to be an unfavorable prognostic factor for overall 
survival (median overall survival [mOS] in gas-
trointestinal tumors approx. 3 months) [5].

Regarding the feasibility of systemic thera-
pies, these complications often pose a challenge 
or even sometimes prohibit a potentially effective 
drug treatment.

26.2  Selection of Systemic 
Therapy

 c In general, systemic chemotherapy is 
effective in the treatment of peritoneal 
metastasis.

The response rate of systemic chemotherapy 
in patients with PM seems to be reduced in com-
parison to the treatment of hepatic metastasis 
[16]. One explanation, among other theories, is 
the reduced blood vessel supply of the perito-
neum and accordingly of the PM. In general, pre-
clinical data underline the importance of 
angioneogenesis in tumor growth and dissemina-
tion (e.g., [30]).

 c A specific therapeutic regimen that is 
tailored to “peritoneal metastasis” does not 
exist.
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Indication for systemic chemotherapy as an 
important component of a multimodal oncologi-
cal concept depends on primary tumor, the extent 
of peritoneal manifestation and the option for a 
cytoreductive procedure, as well as the perfor-
mance status and comorbid conditions of the 
patient. In general, the importance of systemic 
chemotherapy increases as the extent of PM rises, 
or with the occurrence of extraperitoneal metas-
tases, when loco-regional concepts (Sect. 26.6) 
become less important. In the following para-
graphs, the current systemic therapeutic regimens 
in patients with peritoneal metastases from gas-
trointestinal tract will be illustrated and dis-
cussed. According to its clinical relevance, this 
chapter focuses on gastric, pancreatic, and 
colorectal cancer. Of note, drug approval status 
and availability of drugs differ among healthcare 
systems. The organ chapters therefore are gener-
ally adjusted to the current European Society for 
Medical Oncology (ESMO) guidelines (refer-
ence: https://www.esmo.org/guidelines, accessed 
3 August 2020).

26.3  Gastric Cancer

The rate of gastric cancer compared to all malig-
nant disease is about 5% in Western industrial-
ized regions like Central Europe. There is an 
evident shift in epidemiology with an increasing 
incidence of proximal gastric cancer and adeno-
carcinomas of the gastroesophageal junction, 
while the total number of new cases with gastric 
cancer is constantly declining. Patients with ade-
nocarcinomas of the gastroesophageal junction in 
stage IV are treated similar to gastric cancer. The 
presence of synchronous peritoneal metastasis is 
high, with an incidence of approximately 30% 
[35].

In cases where a patient is not suitable for a 
clinical trial for the purpose of a curative-intended 
multimodal therapy (e.g., cytoreductive surgery 
in combination with intraperitoneal chemother-

apy), palliative chemotherapy allows for an 
extension of overall survival and improvement of 
quality of life through symptom control [24]. 
Nevertheless, patients diagnosed with a UICC 
stage IV gastric cancer still have a very poor 
prognosis (3-year survival <5%).

26.3.1  First-Line Therapy

The only established molecular parameter for 
treatment selection in patients with metastatic 
gastric cancer is the HER2 expression and/or 
amplification status. The first-line therapy should 
be chosen accordingly (Fig. 26.1). Approximately 
16% of all patients present with an overexpres-
sion of human epidermal growth factor receptor 
(HER2) and benefit from the addition of trastu-
zumab to chemotherapy including 5-fluorouracil 
(5-FU) or the oral 5-FU derivate capecitabine and 
a platinum compound, classically cisplatin (mOS 
13.8 vs. 11.1  months, hazard ratio [HR] 0.74; 
[6]). Efforts to introduce further HER2-targeted 
therapies (lapatinib, T-DM-1) in the treatment of 
metastatic, HER2-positive gastric cancer have 
unfortunately failed so far. The effectiveness of 
the HER2-directed antibody pertuzumab in the 
treatment of HER2-overexpressing gastric cancer 
was also lower than expected. The randomized 
JACOB trial did not reach the expected risk 
reduction of the primary endpoint death (HR 
0.84, 95% confidence interval [CI] 0.71–1.00; 
p = 0.0565; [43]). Therefore, pertuzumab is not 
available for the treatment of HER2-positive gas-
tric cancer.

In patients without HER2 overexpression, a 
combination of a fluoropyrimidine and a plati-
num derivate is recommended. In many regions, 
FOLFOX-like regimens are commonly used 
(Table  26.1) (mOS 10.7  months, median pro-
gression-free survival [mPFS] 5.8 months; [1]). 
The use of triplet regimens in stage IV gastric 
cancer is currently not recommended but can be 
considered in selected individual cases.

T. Golombek et al.
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 c The additional side effects of docetaxel, 
such as neuropathy, taste and skin disorders, 
nail changes, and fatigue have to be 
critically counterbalanced with the 
potential benefit for these patients.

The use of anthracyclines has declined in 
recent years. In addition to the higher toxicity 
rate, several studies did not demonstrate a benefit 
in patients treated with anthracyclines (e.g., [53]).

26.3.2  Second-Line Therapy

Since 2014, the combination of paclitaxel and 
ramucirumab has been approved as a second-line 
therapy (mOS 9.6 vs. 7.4 months [vs. paclitaxel 
mono]; HR 0.807; [52]).

The use of the antiangiogenic, monoclonal 
antibody ramucirumab was associated with 
mostly manageable toxicity (especially neutrope-
nia, leukopenia, hypertension, and fatigue).

1s
t-

lin
e Platinum-Fluoropyrimidine

± Taxane or Epirubicin

HER2 negative

Stratification according to HER2-Status

Trifluridin - Tipiracil

Platinum-Fluoropyrimidine
+ Trastuzumab

HER2 positive

2n
d-

lin
e

Ramucirumab
+Paclitaxel 

ECOG 0-1
high medi-
cal urgency

progression: progression under maintenance therapy?, ECOG status?, response to
and tolera bility of the 1st-line therapy? patient preference? 

Ramucirumab-, Irinotecan-,
Taxan-monotherapy

best supportive care

ECOG 0-2
no medical
urgency

ECOG 2-4
patient
preference

3r
d-

lin
e

progression: progression under maintenance therapy?, ECOG status?, response to
and tolera bility of the 1st-line therapy? patient preference? 

Fig. 26.1 First- and second-line therapy algorithm for 
stage IV stomach tumors and adenocarcinomas of the gas-
troesophageal junction. HER2-positivity is defined as an 
immunohistochemistry (IHC) score of 3 or an IHC score 

of 2 in combination with a positive in situ hybridization 
(ISH). Please note that outside of Europe immunotherapy 
may be approved in the second and/or third line of 
therapy
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 c As the combination of ramucirumab and 
paclitaxel is currently the most effective 
scheme for second-line therapy, it should 
be used in patients with good general 
condition and high remission pressure.

Alternatively, monotherapies such as ramuci-
rumab (mOS 5.2 vs. 3.8 months [best supportive 
care, BSC], HR 0.776, improved quality of life 
[QoL]; [18]), irinotecan (mOS 4.0 vs. 2.4 months 
[vs. BSC], HR 0.48, improvement of tumor-asso-
ciated symptoms 50% vs. 7%; [45]), or docetaxel 
(mOS 5.2 vs. 3.6 months [vs. BSC], p = 0.001, 
improved symptom control; [15]) may be 
considered.

However, the efficacy of currently recom-
mended therapies is still unsatisfactory [2], and 
the majority of patients who receive second-

line treatment fail to achieve a response [8]. 
Pressurized intraperitoneal aerosol chemother-
apy (PIPAC) can be a treatment option for these 
patients after more than one line or even in 
addition to palliative intravenous chemotherapy 
in case of a disease limited to the peritoneum 
[42].

26.3.3  Third-Line Therapy

In case of treatment failure after at least two lines 
of systemic therapy, trifluridine/tipiracil is an 
orally available option with the potential to pro-
long survival in this heavily pretreated popula-
tion (median overall survival 5.7 months (95% CI 
4.8–6.2) vs. 3.6 months (95% CI 3.1–4.1; hazard 
ratio 0.69 [95% CI 0.56–0.85]; one-sided 

Table 26.1 Chemotherapeutic regimens for stage IV gastric and gastroesophageal junction tumors

Day Drug Dose Application
XP + trastuzumab
1 Herceptin 8 mg/kg bodyweight i. v. i. v. in 250 ml NaCl 0.9% (30 min)

Cisplatin 80 mg/m2 i. v. in 500 ml NaCl 0.9% (60 min)
1–14 Capecitabine 2 × 1000 mg/m2 p. o., 30 min after meals
Repetition day 22, Herceptin from 2nd cycle with 6 mg/kg i. v.
FLO
1 Oxaliplatin 85 mg/m2 i. v. in 250 ml G5% (2 h)

Folinic acid 200 mg/m2 i. v. in 250 ml G5% (2 h)
5-Fluorouracil 2600 mg/m2 i. v. in 250 ml G5% (24 h)

Repetition day 15
FLOT
1 Docetaxel 50 mg/m2 i. v. in 250 ml G5% (60 min)

FLO (↑)
Repetition day 15
Ramucirumab (+paclitaxel)
1, 15 Ramucirumab 8 mg/kg bodyweight i. v. in 250 ml NaCl 0.9% (60 min)
1, 8, 15 Paclitaxel 80 mg/m2 i. v. in 250 ml NaCl 0.9% (60 min)
Repetition day 29
Irinotecan monotherapy
1 Irinotecan 150 mg/m2 i. v in 250 ml NaCl 0.9% (60 min)
Repetition day 15
1 Irinotecan 250 mg/m2 i.v in 250 ml 0 NaCl 0.9% (60 min)
Repetition day 22
Docetaxel monotherapy
1 Docetaxel 60 mg/m2 i. v. in 250 ml NaCl 0.9% (60 min)
Repetition day 22
Trifluridine/tipiracil
1–5
8–12

Trifluridine/tipiracil 35 mg/m2 (max. 80 mg abs.) Twice daily per os

Repetition day 29

T. Golombek et al.
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p  =  0.00029, two-sided p  =  0.00058)) [40]. 
Immunotherapy with PD-1 checkpoint inhibitors 
is approved in some countries, but not yet in EU 
countries.

26.4  Pancreatic Cancer

Despite the fact that early detection of precancer-
ous lesions (mucinous-cystic neoplasm, intra-
ductal papillary mucinous neoplasm, pancreatic 
intraepithelial neoplasia) has progressed signifi-
cantly in recent years, approximately 80% of 
patients are diagnosed in an incurable stage, such 
as locally advanced and inoperable or metasta-
sized stage [23, 27]. In total, 5–10% of all patients 
are diagnosed with synchronous peritoneal metas-
tasis [35]. For these patients a secondary resection 
after induction chemotherapy can only be consid-
ered in highly selected cases after complete histo-
logical response diagnosed via laparoscopy. At 
the moment, there is limited evidence for a tai-
lored approach of systemic chemotherapy.

Nevertheless, new treatment options for 
advanced pancreatic cancer patients (median 

overall survival in metastatic stage 5–8 months) 
have been developed in recent years (Fig. 26.2).

The median age of onset is about 69 (men) or 
76 (women) years. Therefore, the evaluation of 
the performance status as well as relevant comor-
bidities is of importance before choosing the 
therapeutic regimen. Particularly, liver function 
must be critically examined if irinotecan or tax-
anes can be part of the selected combination.

26.4.1  First-Line Therapy

Palliative chemotherapy should always be admin-
istered in combination with best supportive care 
(BSC) and can thus provide a significant exten-
sion of overall survival with an improved quality 
of life [19].

 c After many years of negative study results, 
a combination therapy has recently been 
established that has proven to be superior in 
overall and progression-free survival as 
well as tumor response compared to 
monotherapy with gemcitabine (Table 26.2).

1s
t-

lin
e

ECOG performance status, biological age, comorbidities, patient preference

2n
d-

lin
e

FOLFIRINOX

ECOG 0-1, 
<75 years 
bilirubin ↔*

progression: progression under maintenance therapy?, ECOG status?, response to and to-
lera bility of the 1st-line therapy? patient preference?

Nab-Paclitaxel + Gemcitabin
Gemcitabin (+Erlotinib)

Gemcitabin (+Erlotinib) 

ECOG >1, 
bilirubin ↔***

bilirubin ↑

OFF
Nal-Irino + 5FU + FA

OFF
5FU + FA

Nab-Paclitaxel + Gemcitabin
Gemcitabin

Fig. 26.2 Therapy algorithm for pancreatic carcinoma 
stage IV. *Bilirubin in the preliminary study maximum 
1.5 times the upper norm limit; **bilirubin in the prelimi-
nary study for nab-paclitaxel + gemcitabine as well as nal- 
irinotecan + 5-FU + FS normative. Adequate bile drainage 

should be ensured before starting chemotherapy. (FS 
folinic acid, 5-FU 5-fluorouracil, FOLFIRINOX 
5-FU +  folinic acid +  irinotecan + oxaliplatin, nal-Irino 
nanoliposomal irinotecan, OFF oxalipla-
tin + 5- fluorouracil + folinic acid)
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Patients in good general condition (ECOG 
0-1), younger than 75  years and with compen-
sated liver function (bilirubin <1.5× of the upper 
limit), can be considered for treatment with 
FOLFIRINOX. In a randomized controlled study, 

this regimen has been shown to offer a significant 
improvement of overall survival (median 11.1 vs. 
6.8 months; HR 0.57) as well as progression-free 
survival (median 6.4 vs. 3.3  months; HR 0.47) 
compared to gemcitabine monotherapy [10]. 
Although the patients more frequently developed 
grade 3 and 4 toxicities (i.e., hematotoxicity, 
diarrhea, sensory polyneuropathy), an increase of 
quality of life was observed in patients under 
FOLFIRINOX therapy compared to gemcitabine 
monotherapy [21].

For patients with good general condition who 
do not qualify for FOLFIRINOX, the combina-
tion of nab-paclitaxel and gemcitabine is avail-
able. An improved overall survival (8.7 vs. 
6.6 months; HR 0.72) and progression-free sur-
vival (5.5 vs. 3.7  months; HR 0.69) have been 
demonstrated in a phase III study [50]. This effect 
can be explained by a synergism of both com-
pounds: nab-paclitaxel ensures a remodeling and 
depletion of the tumor stromal, which plays a key 
role in pancreatic cancer regarding tumor inva-
sion, growth, and resistance to chemotherapy. 
Additionally, nab-paclitaxel inhibits the degrada-
tion of the effective gemcitabine metabolite 
(difluordesoxycytidin-triphosphate).

The expected toxicity with this combination 
therapy is higher compared to gemcitabine mono-
therapy (especially fatigue, hematotoxicity, sen-
sory polyneuropathy), but with a generally lower 
expected toxicity compared to FOLFIRINOX.

The latter, however, has not been tested so far 
in a direct head-to-head comparison against nab- 
paclitaxel/gemcitabine.

Recent study data demonstrate a significant 
advantage in progression-free survival for 
patients who are treated with a platinum-based 
combination chemotherapy for a minimal dura-
tion of 4 months, are not progressive after this 
time period, and have a germline BRCA1 or 
BRCA2 mutation, if the poly-ADP-ribose poly-
merase (PARP) inhibitor olaparib is given as a 
maintenance therapy instead of placebo 
(7.4 months vs. 3.8 months; hazard ratio for dis-
ease progression or death, 0.53; 95% confidence 
interval [CI], 0.35 to 0.82; P = 0.004) [20].

Table 26.2 Chemotherapeutic regimens for stage IV 
pancreatic cancer

Day Drug Dose Application
FOLFOXIRI
1 Oxaliplatin 85 mg/m2 i. v. in 

500 ml G5% (2 h)
Folinic acid 400 mg/m2 i. v. in 

500 ml G5% (2 h)
Irinotecan 180 mg/m2 i. v. in 

250 ml G5% 
(60 min)

5-Fluorouracil 400 mg/m2 i. v. 100 ml G5% 
(15 min)

5-Fluorouracil 2400 mg/m2 i. v. in 
500 ml G5% 
(46 h)

Repetition day 15
Nab-paclitaxel + gemcitabine
1, 8, 
15

Nab-paclitaxel 125 mg/m2 i. v. (30 min)
Gemcitabine 1000 mg/m2 i. v. in 250 ml 

NaCl 0.9% 
(30 min)

Repetition day 29
OFF
1, 15 Folinic acid 200 mg/m2 i. v. in 

250 ml G5% 
(30 min)

5-Fluorouracil 2000 mg/m2 i. v. in 
250 ml G5% 
(24 h)

8, 22 Oxaliplatin 85 mg/m2 i. v. in 
500 ml G5% (2 h)

Folinic acid 200 mg/m2 i. v. in 250 ml 
G5% (2 h)

5-Fluorouracil 2000 mg/m2 i. v. in 250 ml 
G5% (24 h)

Repetition day 43
Nal-irinotecan + 5-FU + FA
1 Nal-irinotecan 80 mg/m2 i. v. (90 min)

Folinic acid 400 mg/m2 i. v. in 500 ml 
NaCl 0.9% 
(30 min)

5-Fluorouracil 2400 mg/m2 i. v. in 500 ml 
NaCl 0.9% (46 h)

Repetition day 15

FA folinic acid, 5-FU 5-fluorouracil, G5% glucose 5%
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26.4.2  Second-Line Therapy

The choice of second-line therapy depends on 
previous first-line or adjuvant therapies, their 
toxicities, the performance status of the patient, 
and comorbidities. Nanoliposomal irinotecan 
(nal-irinotecan) following a first-line therapy 
with gemcitabine has been approved in the 
EU.  This pegylated recombinant human 
hyaluronidase- containing compound can help to 
reduce the relevant tumor stroma especially in 
patients with therapy-resistant pancreatic cancer. 
The combination of nal-irinotecan with 
5-FU  +  leucovorin was able to increase the 
median overall survival in a phase III trial com-
pared to 5-FU  +  leucovorin alone (6.1 vs. 
4.2 months; [51]). Still, many combination thera-
pies including 5-FU/leucovorin, oxaliplatin, and 
irinotecan are commonly used after first-line 
therapy containing gemcitabine (e.g., OFF 
scheme: mOS 4.8 vs. 2.3  months [vs. BSC]; 
[32]). Impressive data was provided by a pro-
spective cohort study using a combination ther-
apy with gemcitabine/nab-paclitaxel as a 
second-line therapy after FOLFIRINOX, in the 
first-line, had failed, with a reported median 
overall survival of 8.8  months (mOS since the 
beginning of first-line therapy 18 months). These 
results were achieved with a significant toxicity 
rate of approximately 40% grade 3 and 4 (espe-
cially hematotoxicity and sensory polyneuropa-
thy) [36].

26.5  Colorectal Cancer

Colorectal cancer (CRC) is one of the most com-
mon cancer diagnoses in the Western world. In 
total, 35–45% of patients present with distant 
metastasis or in an inoperable stage of the pri-
mary at diagnosis.

 c The advancements of systemic 
chemotherapy during the last two decades 

have brought a median overall survival of 
2–3 years in this cohort of patients.

About every third to fourth patient survives 
5 years or longer.

Only a few studies are solely focused on 
peritoneal metastasis of CRC. An isolated peri-
toneal metastasis is expected in 2–15% of all 
patients. The group of Franko et  al. [16] 
described peritoneal metastasis as an indepen-
dent, negative prognostic factor irrespective of 
further distant metastasis. In his cohort of 
patients treated with systemic chemotherapy, 
overall survival (median 12.7 vs. 17.6 months) 
and progression-free survival (median 5.8 vs. 
7.2  months) were significantly reduced in 
patients with peritoneal metastasis. In this 
extensively analyzed cohort, though retrospec-
tive, the factor of peritoneal metastasis did not 
seem to influence the effectiveness of systemic 
chemotherapy.

 c The presence of peritoneal metastasis 
could not be identified as a factor 
influencing the decision for a certain 
chemotherapeutic regimen.

Combination therapy used in palliative 
intention has the potential to improve overall 
and progression- free survival as well as to 
improve the quality of life. Patients with a suf-
ficiently preserved performance status (ECOG 
≤2) should be treated with a doublet or triplet 
combination, as long as toxicities are 
manageable.

In order to make the right therapeutic deci-
sion, several factors—such as expected side 
effects of the treatment, the performance status 
and comorbidities of the patient, as well as the 
therapeutic pressure (rapid progression, major 
complaints by symptoms), tumor location, and 
molecular characteristics (especially RAS and 
BRAF mutation status and microsatellite instabil-
ity)—have to be taken into consideration.
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An overview of the therapeutic decisions as 
well as the approved regimens for patients with 
stage IV without the possibility of a secondary 
resectability is provided in Fig.  26.3 and 
Table 26.3.

26.5.1  First-Line Therapy

5-FU and leucovorin is the established backbone 
of chemotherapy for CRC, which is often com-
bined with oxaliplatin or irinotecan. These are 
classified as equivalent regarding their effective-
ness (i.e. [9]) and regardless of the sequence of 
application [46]. The addition of an antibody 
with an antiangiogenic or an EGF-receptor inhib-
itor has been established in the palliative setting.

Combination Therapy with 
Antiangiogenesis
The reported median overall survival of the dou-
blet chemotherapy (FOLFOX or FOLFIRI) in 
combination with the VEGF antibody bevaci-
zumab is approx. 2 years (FOLFOX + beva: mOS 
21.3  months [39]; FOLFIRI  +  beva: mOS 
20.3 months, [[25], [34]]). The combination ther-
apy FOLFOXIRI + bevacizumab attained a fur-
ther increase in median overall survival of 
29.8 months [11].

 c The combination therapy with FOLFOXIRI 
is currently the maximum therapy reserved 
for patients with excellent performance 
status especially when the treatment goal is 
secondary resectability.

1s
t-

lin
e

ECOG performance status, mutation analysis (RAS, BRAF, MSI), medical urgency, comorbidities, tumour localisation

2n
d-

lin
e

doublet/triplet ±
Cetuximab/Panitumumab

ECOG ≤1 
medical urgency

fit for intensive therapy

progression: progression under maintenance therapy?, ECOG status?, response to and tolerability 
of the 1st-line therapy? patient preference? 

doublet/triplet ±
Bevacizumab

5FU/Capecitabin ±
Bevacizumab

RAS
mutant

best supportive care 
(BSC)

RAS
wild-type

ECOG >1 
unfit for intensive therapy

sinistral tumour+RAS wildtype
 

3r
d-

lin
e

progression: progression under maintenance therapy?, ECOG status?, response to and tolerability 
of the 1st-line therapy? patient preference? 

FOLFOXIRI +
Bevacizumab

ECOG ≤1 
BRAF mutation
medical urgency
fit for intensive
therapy

MEK- + BRAF-inhibitor +
EGFR antibody 

modification of the CTx
backbone + Bevacizu-

mab/Ramucirumab
FOLFIRI+Afibercept

modification of the CTx
backbone + Bevacizu-

mab/Ramucirumab
FOLFIRI+Afibercept

Trifluridin - Tipiracil
Regorafenib

BSC

Fig. 26.3 Therapy algorithm for stage IV colorectal car-
cinoma. The left hemicolon is defined as the distal/aboral 
colon of the flexura coli sinistra. (RAS Wt RAS wildtype, 
FS folinic acid, 5-FU 5-fluorouracil, FOLFIRI 
5-FU + FS + irinotecan, FOLFOXIRI 5-FU + FS + oxali-
platin + irinotecan, CT chemotherapy, BSC best support-

ive care). Please note for patients with microsatellite 
instability-high (MSI-H) or mismatch repair deficient 
(dMMR) tumors, pembrolizumab monotherapy is a prom-
ising therapeutic option in the first line and is approved in 
some countries
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Table 26.3 Chemotherapeutic regimens for stage IV colorectal cancer

Day Drug Dose Application
FOLFIRI
1 Folinic acid 200 mg/m2 i. v. in 500 ml NaCl 0.9% (2 h)

Irinotecan 180 mg/m2 i. v. in 250 ml NaCl 0.9% (1 h)
5-Fluorouracil 400 mg/m2 i. v. 100 ml in 15 min
5-Fluorouracil 2400 mg/m2 i. v. in 500 ml NaCl 0.9% (46 h)

Repetition day 15
FOLFIRI + cetuximab
1 Cetuximab 400 mg/m2 i. v. in 250 ml NaCl 0.9% (2 h)

FOLFIRI (↑)
8 Cetuximab 250 mg/m2 i. v. in 250 ml NaCl 0.9% (1 h)
Repetition day 15; from 2nd cycle cetuximab dose 250 mg/m2 weekly
FOLFIRI + bevacizumab
1 Bevacizumab 5 mg/kg bodyweight i. v. in 100 ml NaCl 0.9% (90–30 min)

FOLFIRI (↑)
Repetition day 15
FOLFIRI + aflibercept
1 Aflibercept 4 mg/kg bodyweight i. v. in 100 ml NaCl 0.9% (60 min)

FOLFIRI (↑)
Repetition day 15
FOLFIRI + panitumumab
1 Panitumumab 6 mg/kg bodyweight i. v. in 100 ml NaCl 0.9% (60 min)

FOLFIRI (↑)
Repetition day 15
mFOLFOX6
1 Oxaliplatin 85 mg/m2 i. v. in 250 ml G5% (2 h)

Folinic acid 200 mg/m2 i. v. in 500 ml G5% (2 h)
5-Fluorouracil 400 mg/m2 i. v. 100 ml in 15 min
5-Fluorouracil 2400 mg/m2 i. v. in 500 ml G5% (46 h)

Repetition day 15
mFOLFOX6 + bevacizumab
1 Bevacizumab 5 mg/kg bodyweight 90–30 min in 100 ml G5%

mFOLFOX6 (↑)
Repetition day 15
XELOX + bevacizumab
1 Bevacizumab 7.5 mg/kg bodyweight 90–30 min in 100 ml NaCl 0.9%

Oxaliplatin 130 mg/m2 i. v. in 250 ml Glucose (2 h)
1–14 Capecitabine 2 × 1000 mg/m2 p. o. 30 min after meals
Repetition day 22
FOLFOXIRI
1 Irinotecan 165 mg/m2 i. v. in 250 ml G5% (1 h)

Oxaliplatin 85 mg/m2 i. v. in 250 ml G5% (2 h)
Folinic acid 200 mg/m2 i. v. in 500 ml G5% (2 h)
5-Fluorouracil 3200 mg/m2 i. v. in 500 ml G5% (48 h)

Repetition day 15
FOLFOXIRI + bevacizumab
1 Bevacizumab 5 mg/kg bodyweight 90–30 min in 100 ml NaCl 0.9%

FOLFOXIRI (↑)
Repetition day 15
Regorafenib
1–22 Regorafenib 160 mg in total 4 tablets of 40 mg daily

(continued)
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In addition, there is evidence that patients with 
a prognostically unfavorable BRAF mutation 
especially benefit from FOLFOXIRI [11]. The 
precise clinical scenario for the use of this combi-
nation therapy remains still to be determined 
through further clinical studies. Compared to 
FOLFIRI and bevacizumab, patients treated with 
FOLFOXIRI increasingly report diarrhea, stoma-
titis, hematotoxicity, and neurotoxicity.

Combination Therapy with EGF-Receptor 
Antibodies
According to current evidence, the mutation rate 
in one of the relevant RAS oncogenes (KRAS 
exons 2, 3, and 4 or NRAS exons 2, 3, and 4) is 
between 35% and 45%. In this situation, treat-
ment with an EGF-receptor antibody such as 
cetuximab or panitumumab is not indicated due to 
immanent pathway resistance. The humanized 
receptor antibody panitumumab is approved in 
combination with FOLFOX and FOLFIRI as first-
line therapy and showed a lower rate of intoler-
ance reactions (<0.5% vs. 2%), and has the benefit 
of a biweekly vs. weekly application compared to 
cetuximab with the same efficacy [37].

The question of the preferred therapy regi-
men for patients with RAS wildtype was 

addressed by the randomized control trial 
CALGB. These patients received a combination 
therapy with antiangiogenesis or EGF-receptor 
antibody. The results showed no significant dif-
ference between the two groups [49]. Recently, 
the question of the treatment sequence, how-
ever, has moved to the background in compari-
son to the question of tumor location. Several 
publications as well as a meta-analysis have just 
recently demonstrated that patients in stage IV 
with a right-sided CRC (cecum including appen-
dix up to and including transverse colon), even 
with RAS-wildtype, do not benefit from a EGF-
receptor antibody (cetuximab, panitumumab), 
whereas for patients with a left-sided CRC and 
RAS wildtype, a doublet chemotherapy plus 
EGF-receptor antibody as a first- line therapy is 
recommended (e.g., [4, 41]).

Recently (June 2020) the FDA approved pem-
brolizumab for first-line treatment of patients 
with unresectable or metastatic microsatellite 
instability-high or mismatch repair deficient 
(dMMR) colorectal cancer based on the data of 
the Keynote-177 study which showed an impres-
sive benefit of immunotherapy vs. chemotherapy 
(PFS 16.5 months vs. 8.2 months; HR 0.60, 95% 
CI 0.45, 0.80; two-sided p-value = 0.0004). Data 

Table 26.3 (continued)

Day Drug Dose Application
Repetition day 29
TAS-102
1–14 TAS-102 2 × 35 mg/m2 p. o. after meals

5 days taking – 2 days pause
Repetition day 29
Irinotecan + cetuximab
1 Cetuximab 400 mg/m2 i. v. in 250 ml NaCl 0.9% (2 h)

Irinotecan 125 mg/m2 i. v. in 250 ml NaCl 0.9% (1 h)
8, 15, 22 Cetuximab 250 mg/m2 i. v. in 250 ml NaCl 0.9% (1 h)

Irinotecan 125 mg/m2 i. v. in 250 ml NaCl 0.9% (1 h)
29 Cetuximab 250 mg/m2 i. v. in 250 ml NaCl 0.9% (1 h)
Repetition day 36, cetuximab from 2nd cycle 250 mg/m2

Panitumumab
1 Panitumumab 6 mg/kg bodyweight i. v. in 100 ml NaCl 0.9% (60 min)
Cetuximab/encorafenib/binimetinib
1 Cetuximab 400 mg/m2 i. v. in 250 ml NaCl 0.9% (2 h)
8, 15, 22 Cetuximab 250 mg/m2 i. v. in 250 ml NaCl 0.9% (1 h)
1–28 Encorafenib 75 mg 4 × 75 mg/d p.o.
1–28 Binimetinib 45 mg 2 × 45 mg/d p.o.
Repetition day 29, cetuximab from 2nd cycle 250 mg/m2
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for OS are not yet published [3, 13]. Approval in 
Europe is currently pending (June 2020).

26.5.2  Second-Line Therapy

The choice of second-line therapy is mainly 
based on previous therapies and the BRAF and 
RAS mutation status. In patients who have 
already received a bevacizumab-containing ther-
apy, the chemotherapy backbone should be 
changed in favor of oxaliplatin or irinotecan 
while bevacizumab can be maintained beyond 
progression [7]. Another possibility is the change 
of the antiangiogenic agent to aflibercept or 
ramucirumab in combination with FOLFIRI after 
a progression on FOLFOX  ±  bevacizumab. 
Patients treated with aflibercept showed an 
increased median overall and progression-free 
survival (mOS 13.5 vs. 12.1  months; HR 0.82, 
mPFS 6.9 vs. 4.7  months; HR 0.75; [48]), or 
ramucirumab (mOS 13.3. vs. 11.7  months; HR 
0.84; mPFS 5.7 vs. 4.5 months; HR 0.79; [44]) 
compared to a placebo in the corresponding 
approval trials. However, a switch from bevaci-
zumab to aflibercept did not show a significant 
difference regarding overall survival.

Patients who have progressed with FOLFOX 
and haven’t received an EGF-receptor antibody 
can be treated with the approved combination of 
FOLFIRI and panitumumab. In this situation, the 
addition of panitumumab increased the median 
PFS from 3.9 to 5.9 months [33].

In case of an underlying BRAF V600E muta-
tion, standard chemotherapy is typically not 
effective and patients progress very fast. Recently 
the combination of encorafenib, cetuximab, and 
binimetinib showed prolonged overall survival 
and a higher response rate than standard therapy 
in the second- and third-line therapy [28].

Patients who were deescalated to a 5-FU-based 
maintenance therapy (e.g., 5-FU + bevacizumab) 
after an initial good response to first-line combi-
nation therapy (induction therapy), and who have 
recently progressed, should be treated with the 
reimplementation of the scheme of the first-line 
therapy, if adequately tolerated at previous 
exposure.

26.5.3  Third-Line Therapy

The median overall survival of patients in whom 
the first- and second-line therapy failed is approx. 
6  months. A treatment option for patients with 
RAS wildtype who have not received an EGF- 
receptor antibody is either the combination of 
cetuximab-irinotecan [12] or panitumumab 
monotherapy [47].

The multi-tyrosine-kinase inhibitor rego-
rafenib, which is approved in Europe, was able to 
increase the median overall survival by approxi-
mately 1.5 months in its approval trial (mOS 6.4 
vs. 5.0  months; HR 0.44; [22]). Commonly 
observed side effects of this treatment are hand-
foot syndrome, fatigue, arterial hypertension, 
diarrhea, and rash. The pharmaceutical company 
closed the distribution in Germany after a reevalu-
ation of the clinical benefit of regorafenib per-
formed by the G-BA, which certified no additional 
benefit. Recently, the monotherapy with the 
nucleoside analogue and thymidine-phosphory-
lase inhibitor trifluridine/tipiracil was approved in 
Europe for patients with progression after two 
lines of chemotherapy according to a phase III 
approval trial (mOS 7.1 vs. 5.3 months; HR 0.68; 
[31]).

26.6  Conclusion

Gastric Cancer
The choice of the first-line combination chemo-
therapy for patients with gastric cancer and peri-
toneal metastasis depends upon the patient’s 
performance, the HER2 receptor status, and other 
paraclinical parameters. Ramucirumab, espe-
cially in combination with paclitaxel, has proven 
its efficacy against progressive disease. Currently, 
a variety of clinical trials for patients with 
advanced, inoperable, or metastatic gastric and 
gastroesophageal-junction cancer are being car-
ried out. Recently, immunotherapy such as PD-1 
inhibitors (e.g., pembrolizumab, nivolumab) has 
shown promising results in phase II trials depend-
ing on the PD-L1 expression status, with higher 
response rates for patients with higher expression 
(e.g., [17]). Furthermore, microsatellite- instable 
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carcinomas seemed to be especially responsive to 
immunotherapy, which appears to be a cross-
entity effect [29]. Therefore, testing for microsat-
ellite instability, or the mismatch repair deficiency 
syndrome, is recommended for all advanced, 
incurable cancers—not only for gastric cancer.

Pancreatic Cancer
Physicians have several different systemic che-
motherapeutic options for the treatment of meta-
static pancreatic cancer. The feasibility is 
particularly dependent upon the general condi-
tion of the patient and his/her liver function. The 
decision should be taken with a sense of propor-
tion especially in patients with limited functional 
status. Combination therapies, namely, 
FOLFIRINOX and nab-paclitaxel/gemcitabine, 
still have the potential to improve the quality of 
life despite increased toxicity. Some new 
approaches in the therapy of metastatic pancre-
atic cancer are in development. Examples are the 
Janus-kinase-inhibitor ruxolitinib and vaccine 
trials. Similar to nal-irinotecan, ruxolitinib 
addresses the stroma of the tumor, regulating 
inflammatory reactions. First studies of the appli-
cation in combination with capecitabine revealed 
efficacy in patients with elevated CRP [26]. The 
currently recruiting ECLIPSE trial examines the 
increase of antitumoral immune response through 
vaccination with allogenic, devitalized pancreatic 
cancer cells.

Colorectal Cancer
Metastatic colorectal cancer is an excellent 
example of the relevance of precise patient selec-
tion. New standardized methods for the most sen-
sitive and selective analysis of RAS and BRAF 
status will be facilitated in the future. Many 
promising concepts such as BRAF and MEK 
inhibition for BRAF mutant tumors as well as 
immunotherapy for MSI-high tumors are being 
transferred into clinical practice. Further prog-
nostic markers such as MSI, HER2, and MET 
status or the methylation status of CpG islands 
are in evaluation. The Cancer Genome Atlas 
Network published a comprehensive molecular 
characterization of the colorectal carcinoma in 
2012. Many of the 24 identified altered genes or 

signaling pathways can be principally addressed 
with medication, including “programmed cell 
death protein 1” (PD1), HER2 and the anaplastic 
lymphoma kinase, and the c-ros oncogene (ALK/
ROS, C.G.A.N. 2012). In particular for immune 
checkpoint inhibitors, there is growing evidence 
that the extent of genetic aberration of the tumor 
correlates with the response to the therapy. 
Therefore, especially microsatellite instable 
tumors can be treated with these therapies [29]. 
Furthermore, resistance mechanisms are the 
focus of research [14].
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27.1  Introduction

Cytoreductive surgery (CRS) combined with 
hyperthermic intraoperative peritoneal chemo-
therapy (HIPEC) has become an important tool in 
the cancer therapy toolbox for peritoneal metas-
tasis. However, due in part to the invasiveness of 
this combined therapeutic approach, it is associ-
ated with significant postoperative mortality, 
morbidity, and a long convalescence period. In 
the treatment of aggressive peritoneal metastasis, 

it has become increasingly well recognized that 
the aforementioned risks need to be carefully 
weighed against the potential benefit for the 
patient. For example, in colorectal peritoneal 
metastasis, an international consensus has stipu-
lated a 30-month target survival rate following 
CRS/HIPEC; however, in many cases this cannot 
be achieved [9]. Consequently, any treatment 
decision must be taken very carefully. To this 
end, multiple national registries have clearly 
defined negative selection criteria. These include 
diffuse intraabdominal metastases involving mul-
tiple quadrants (peritoneal cancer index >15) or 
histology demonstrating signet-ring cell differen-
tiation [3, 8]. To further aid decision making, 
prognostic scores have been developed that 
enable compilation of prognostic patient-risk 
profiles [4, 34] toward a better selection of 
patients for CRS/HIPEC or other treatment 
options.

27.2  Advances in Systemic 
Therapy

Invasive therapeutic approaches such as CRS/
HIPEC must be carefully assessed in terms of 
potential benefit for each patient, particularly in 
light of modern advances in systemic therapy. 
For example, novel combination therapies for 
colorectal cancer such as FOLFIRINOX and bev-
acizumab [22] or PD-1 checkpoint inhibitors 
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such as pembrolizumab [21] are expected to 
achieve new improvements in patient outcomes. 
To reflect these expected improvements, a hypo-
thetical randomized clinical trial would have to 
adjust the life expectancy of its non-CRS/HIPEC 
control group upward of the current 30-month 
median survival for colorectal cancer.

It remains to be seen whether the recent devel-
opments in systemic therapy will also be effec-
tive for patients with peritoneal metastasis, or 
whether we will continue to see poor prognosis 
for these patients, which is several months shorter 
compared to patients with liver and lung metasta-
ses [10]. Regardless of these developments, the 
responsiveness of peritoneal metastatic disease to 
neoadjuvant systemic therapy continues to be of 
prognostic relevance and is therefore a good 
indicator for determining subsequent radical 
treatment with CRS/HIPEC [26]. Recent 
improvements in understanding the biology of 
peritoneal metastatic disease have consequently 
led to a reduction in the number of patients who 
would appreciably benefit from invasive surgery 
[34]. The future of radical surgical management 
of patients with peritoneal metastases lies in 
developing more sensitive prognosticators for 
patient stratification. To this end, diagnostic lapa-
roscopy and histological analysis will play an 
increasingly important role in monitoring patient 
progression, as well as determining the optimal 
timing for CRS/HIPEC if indicated.

27.3  Pressurized Intraperitoneal 
Aerosol Chemotherapy 
(PIPAC)

The development of PIPAC has brought with it 
new possibilities for the local management of 
peritoneal metastatic disease. PIPAC is a new and 
innovative therapeutic technique; its underlying 
principles are twofold:

 – Analogous to branches of respiratory medi-
cine, where aerosols have been used to treat 
the tracheobronchial tree for decades, PIPAC 
utilizes a specially adapted vaporizer to deliver 
therapy inside the abdomen.

 – PIPAC utilizes the physical and chemical 
properties of CO2 pneumoperitoneum through 
the establishment of a hydrostatic pressure 
gradient [27] and/or through electrostatic 
charging of the therapeutic aerosol molecules, 
permitting subsequent electro-precipitation 
[6, 19].

During the PIPAC procedure, multiple biop-
sies can be sampled, permitting an objective 
assessment of the patient’s response to therapy 
over time. The importance of this cannot be over-
estimated when it comes to small-volume perito-
neal nodes, where the diagnostic power of 
modern radiological imaging techniques contin-
ues to be insufficient [17]. In a similar vein, the 
RECIST criteria continue to be unreproducible 
using modern imaging techniques [50]. In order 
to facilitate the histological assessment of thera-
peutic response, an international congregation of 
pathologists recently proposed a new grading 
standard (Fig. 27.1) [39]. In addition to histologi-
cal analysis, assessment of therapeutic concen-

Fig. 27.1 Schematic representation of the Peritoneal 
Regression Grading Score (PRGS), which facilitates 
objective assessment of the response of peritoneal metas-
tases to therapy. (Reproduced from Solass et  al. [39]. 
Creative Commons Attribution License)
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tration in tissue or ascites can be used to further 
optimize PIPAC dosage for individual patients. 
This approach is akin to dose-ranging studies 
performed according to pharmaceutical regula-
tions [43, 44]. Finally, molecular analysis of peri-
toneal nodes between consecutive treatments 
may also help guide treatment [29].

 c With the advent of PIPAC, the surgical 
oncologist is cast in a new role in which he 
or she must navigate therapy according to 
chemical, physical, and pharmacological 
parameters. The goal, as always, is to 
improve patient outcome.

In contrast to HIPEC, where fluid is circulated 
inside the abdomen, intraabdominal pressure and 
volume remains stable during PIPAC, similar to 
conditions found in a boiler. The low resistance of 
the peritoneal membranes for macromolecules 
permits high concentrations of cytostatic therapy 
in the peritoneal cavity, while reducing overall 
systemic exposure [38]. The dosages required for 
PIPAC are therefore on average tenfold lower 
than those used for HIPEC. Consequently, there is 
almost no evidence of organ toxicity associated 
with HIPEC [2, 30]. Despite lower dosages, the 
concentration and penetration of chemotherapy in 
the peritoneal tissues is considerably higher fol-

lowing PIPAC as compared to HIPEC. This effect 
has been exemplified using a 3D colorectal tumor-
cell model treated with oxaliplatin. The percent-
age of apoptotic cells in models treated with 
PIPAC was considerably higher, despite a 20% 
dose reduction compared to the control group. 
Additionally, penetration of cytostatic therapy, 
measured as the concentration gradient between 
oxaliplatin in the tumor periphery and tumor cen-
ter, was considerably higher in the PIPAC group. 
Finally, the concentration of oxaliplatin measured 
beyond the peritoneal membrane was signifi-
cantly higher after HIPEC as compared to 
PIPAC. These findings represent a clear disadvan-
tage associated with HIPEC in terms of systemic 
toxicity [15]. The aforementioned observational 
results were confirmed following initial human 
trials, demonstrating considerably lower concen-
trations of doxorubicin in the peripheral blood 
(approximately 1% AUC of a systemic dose), but 
with a 200-fold increase in local-tissue concentra-
tions as compared to HIPEC [38].

27.4  Surgical Technique

From a technical perspective, PIPAC is a straight-
forward procedure resembling a staging laparos-
copy (Fig. 27.2). The first part of the procedure 

Fig. 27.2 Technically 
speaking, the PIPAC 
procedure is relatively 
simple and closely 
resembles a staging 
laparoscopy. 
(Reproduced from 
Solass et al. [38]. 
Creative Commons 
Attribution License)
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involves a diagnostic laparoscopy performed 
using two ports (one 10 mm and one 5 mm port). 
Peritoneal biopsies are subsequently obtained 
from the affected parietal peritoneum. Next, the 
vaporizer and camera are positioned appropri-
ately. All cables, connections, as well as the den-
sity and stability of the CO2 pneumoperitoneum 
are now checked according to a checklist proto-
col. At this point, the surgical team leaves the 
operating theater and the chemotherapy is aero-
solized and applied intraabdominally over a 
period of 30 minutes. Finally, the intraabdominal 
gas is released via the anesthetic-contaminated 
air circuit, thereby ensuring that the procedure 
can be delivered in accordance with stringent 
health and safety standards [14, 25, 28, 36]. The 
biggest difference in PIPAC compared to CRS/
HIPEC is the absence of surgical resection. To 
date, PIPAC has not been combined with surgical 
resection, owing to the increased penetration of 
cytotoxic therapy in the tissues and subsequent 
associated risk for impaired wound healing. 
Accordingly, performance of adhesiolysis is also 
avoided during PIPAC.

27.5  Critical Steps in Accessing 
the Abdominal Cavity

Many patients undergoing PIPAC have already 
been operated on, making surgical access to the 
abdomen more complicated than usual. The pro-
portion of patients for whom sufficient intraab-
dominal working space cannot be created is 
estimated to be as high as 17% according to one 
gynecological case series.

 c Iatrogenic bowel injury caused while 
accessing the abdominal cavity is an 
uncommon, yet potentially serious 
complication. In most cases the application 
of PIPAC should be aborted in cases where 
an iatrogenic bowel injury is suspected.

Single-port access PIPAC has recently been 
suggested as a potential solution in cases where 
surgical access is challenging [49]. Despite these 
potential challenges, PIPAC is a minimally inva-

sive technique which is generally well tolerated 
[24]. It has been associated with significantly 
reduced rates of organ toxicity [2] and has been 
performed successfully on over 2000 patients to 
date.

27.6  Indications 
and Contraindications

As for every therapy, PIPAC can be successful or 
unsuccessful, and it carries with it a clear set of 
indications and contraindications. At present, 
PIPAC is indicated for cases of non-resectable 
peritoneal carcinomatosis where systemic ther-
apy has failed. Specific examples include colorec-
tal cancer, ovarian cancer, gastric cancer, primary 
peritoneal mesothelioma, and advanced, unre-
sectable pseudomyxoma peritonei [1]. In such 
cases, early instigation of PIPAC can achieve 
high local response rates, which has been exten-
sively reported in the literature [31–33, 40]. The 
current role for PIPAC was summarized by the 
2015 Australian Health Policy Advisory 
Committee on Technology as follows:

 c PIPAC has been used in patients who are 
quite ill and have already failed multiple 
treatment regimes, but it may not be limited 
to that group of patients in the future.

27.7  Clinical Studies

 c Every indication for PIPAC should, in 
theory, stem from a rigorously conducted 
clinical trial.

PIPAC is not a therapy as such. Strictly speak-
ing, it is a drug delivery system. Consequently, 
numerous clinical trials are theoretically required 
to determine the optimal chemotherapy, dose, 
and timing for every tumor type. Until such stud-
ies are completed, existing cancer guidelines 
based on tumor type should be prudently fol-
lowed. Table  27.1 summarizes some current 
series for several tumor types. In practice, PIPAC 
is usually started when palliative systemic che-
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motherapy has been completed. Since only regu-
latorily approved chemotherapies are used for 
PIPAC, these agents can be used off-label with-
out performing additional clinical studies in cases 
where treatment is formally recommended by an 
interdisciplinary board. In this vein, the regula-
tory context for PIPAC does not vary consider-
ably to that for HIPEC. HIPEC also utilizes 
regulated cytotoxic agents which are approved 
for intravenous administration but not for intra-
peritoneal application. Similarly, PIPAC is not 
very different from the systemic chemotherapy 
deployed in medical oncology. Experts already 
predicted more than 10 years ago that off-label 
drug use in oncology would reach 60% of cases 
[11]. Rapid development of novel therapies com-
bined with shrinking indications for approval, 
increasing prevalence of cancers that are difficult 
to treat, and expanding sub-classifications of can-
cer types are likely to increase the prevalence of 
off-label use. Taken together, referring to PIPAC 
as “experimental therapy” is inaccurate because 
the intention of PIPAC is neither curative nor 
compassionate; instead, PIPAC represents the 
off-label use of regulatorily approved cancer 
treatments, something which in the field of oncol-
ogy is not uncommon (2016 Recommendations 
from the German Federal Institute for Drugs and 
Medical Devices).

27.8  Pitfalls Associated 
with a Decision to Treat

The fact that PIPAC is only introduced in 
advanced stages of peritoneal carcinomatosis 
implies considerable risk.

 c Should the advanced stage of peritoneal 
metastases lead to significant bowel 
obstruction, the decision to treat with 
PIPAC should only be made with extreme 
caution, since the full effect of PIPAC is 
typically delayed and can lead to clinical 
deterioration of the patient.

In cases of advanced peritoneal metastases, 
PIPAC is unable to stop or delay the process of 
dying. There is strictly no role for PIPAC in such 
cases as a measure of “last resort” where alterna-
tives have been exhausted. The principal reason 
for this is that the remaining life expectancy in 
such cases is too short for PIPAC to be effective. 
Generally, three applications with 6-week inter-
vals over 3 months are required for a therapeutic 
effect. Secondly, should PIPAC be used as a last 
resort, it could easily be construed as the cause of 
death in such cases, particularly when clinical 
evidence for such a causality is currently 
lacking.

Table 27.1 Clinical studies on PIPAC

Tumor type N Study type
Chemo lines 
before

Objective tumor 
response

mOS 
(months)

Gastric cancer 20 Prospective 
(II)

>1 72% 11.5a

Malignant mesothelioma 29 Prospective 
(II)

1–3 75% 26.6b

Colorectal and appendix 
cancer

18 Prospective 
(II)

1–2 57% 10.1c

Ovarian cancer 99 Retrospective 2–3 76% 14.1d

aBremholm Ellebaek Y, Gaversen M, Detlefsen S, et  al. (2020) Pressurized intraperitoneal aerosol chemotherapy 
(PIPAC) of peritoneal metastasis from gastric cancer: a descriptive cohort study, Clinical and Experimental Metastasis
bGiger-Papst U, Demtröder C, Falkenstein T A, et  al. (2018) Pressurized Intra Peritoneal Aerosol Chemotherapy 
(PIPAC) for the treatment of malignant mesothelioma, BMC Cancer.
cGockel I, Jansen-Winklen B, Haase L, et al. (2019) Pressurized IntraPeritoneal Aerosol Chemotherapy (PIPAC) in 
patients with peritoneal metastasized colorectal, appendiceal and small bowel cancer, Tumori Journal.
dTrempfer C B, Rezniczek G A, Ende P, Solass W & Reymond M A (2015) Pressurized Intraperitoneal Aerosol 
Chemotherapy with Cisplatin and Doxorubicin in Women with Peritoneal Carcinomatosis: A Cohort Study, Anticancer 
Research
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27.9  High Response Rates 
in the Context of Platinum 
Resistance

Pilot studies have demonstrated objective 
response rates between 60% and 80% in patients 
receiving PIPAC following successful palliative, 
platinum-based systemic chemotherapy 
(Fig. 27.3). These response rates have been dem-
onstrated in patients with peritoneal carcinoma-
tosis stemming from ovarian cancer [41], gastric 
cancer [23], colorectal cancer [7], and malignant 
peritoneal mesothelioma [37]. Should these 
response rates be confirmed in larger follow-up 
series, they would be highly compelling when 
compared to existing figures for established sys-
temic therapy delivered in the same stage of the 
disease [16]. Currently, several studies are being 
conducted according to ICH-GCP standards at 
the US National Institutes of Health [43–48] in 
order to more clearly establish the limits and pos-
sibilities of PIPAC.  Broader additional studies 
are currently under appraisal. Recurrent, 
platinum- resistant peritoneal carcinomatosis of 
ovarian origin has been the most common indica-

tion for PIPAC, now accounting for over 40% of 
PIPAC applications. Results from a prospective 
Phase II clinical trial involving 69 patients with 
peritoneal carcinomatosis of ovarian origin, who 
already received second-line chemotherapy, were 
recently published. PIPAC was administered to 
58 (84%) of the patients. Clinical improvement 
was observed in 30 (52%) patients receiving 
PIPAC.  Tumor progression was observed in 12 
patients. A total of 39 patients received 3 cycles 
of PIPAC, of which 20 (51%) demonstrated his-
tological evidence of regression of the peritoneal 
carcinomatosis. Moderate side effects were 
observed in eight patients. No patients developed 
severe side effects (CTCAE 4) and there were no 
recorded deaths (CTCAE 5) [42].

27.10  Introducing PIPAC in Earlier 
Stages of Tumor Progression

In addition to considering a role for PIPAC ear-
lier in the palliative treatment pathway, the poten-
tial for PIPAC as a pretreatment for patients with 
resectable peritoneal carcinomatosis may also be 

a b

Fig. 27.3 (a and b) An example of objective radiological 
regression in a case of colorectal peritoneal metastasis 
managed with platinum-based PIPAC. (Reproduced from 

Demtröder et  al. [7]. Creative Commons Attribution- 
NonCommercial- NoDerivs License)
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considered. This approach would avoid the prob-
lem posed by adhesions when PIPAC is adminis-
tered after cytoreductive surgery. Furthermore, 
this approach would reduce the number of gen-
eral anesthetics undergone by the patient since 
the PIPAC pretreatment can be administered dur-
ing the routine staging laparoscopy. The plausi-
bility of this approach is further exemplified in a 
recent retrospective case series, where the authors 
suggest PIPAC could be adopted as a neoadju-
vant therapy prior to CRS/HIPEC. This kind of 
pretreatment could be particularly effective for 
patients with peritoneal metastases of colorectal 
origin [12]. Furthermore, a Phase II study of peri-
toneal carcinomatosis of gastric origin was 
recently published: 31 patients with synchronous 
or metachronous peritoneal carcinomatosis were 
treated with a combination of systemic chemo-
therapy (XELOX) and PIPAC with low-dose cis-
platin and doxorubicin – so-called bidirectional 
chemotherapy [20]. The rate of complete or par-
tial histological regression was 60% in 15 patients 
who had received at least 2 PIPAC cycles. The 
median survival rate for all patients involved in 

the study was 13 months. Even though a selection 
bias cannot be ruled out, these are promising 
results since they exceed not only median sur-
vival for palliative systemic chemotherapy but 
also the median survival rate of 9.2 months fol-
lowing CRS/HIPEC as published by the largest 
prospective multicenter study to date [13]. 
Bidirectional chemotherapy maintains the 
patient’s quality of life and is significantly less 
traumatic, thus posing a significant challenge to 
the role of CRS/HIPEC in the treatment of perito-
neal carcinomatosis of gastric origin (Fig. 27.4).

27.11  Conclusion

The various advantages and disadvantages asso-
ciated with systematic chemotherapy, CRS/
HIPEC, and PIPAC are summarized in Table 27.2. 
The three methods complement one another; 
however, PIPAC demonstrates advantages in effi-
cacy, safety, and feasibility. The generic nature 
of PIPAC itself makes it an attractive approach, 
in terms of the broad spectrum of cytotoxic 

a b c

d e f

Fig. 27.4 (a–d) Macroscopic and histological regression 
following PIPAC C/D. 45-year-old male with diffuse peri-
toneal metastases (PCI  =  16) originating from a signet- 
ring carcinoma of the appendix, presenting initially with 
bowel obstruction. Macroscopic images showing a before 
and b after first PIPAC and c after the third PIPAC cycle 
with regression of peritoneal tumor nodes affecting the 

small bowel. Histology confirms a high-grade tumor 
regression: d after systemic chemotherapy (PRGS-4); e 
inflammation with nodular sclerosis following the first 
PIPAC (PRGS 3); and f large, non-vital tumor regions 
after the third PIPAC cycle with regions of individual 
tumor cells (PRGS 2). Scale 100 μm. (Reproduced from 
Solass et al. [38]. Creative Commons Attribution License)
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substances (small molecules, antibodies, gene 
therapy [35], and nanotherapy [5]), which can be 
delivered locally. Further improvement can be 
expected in terms of the physical and chemical 
conditions under which PIPAC is performed. 
Specifically, the feasibility of hyperthermic 
PIPAC (hPIPAC) [18] as well as electrostatic pre-
cipitation of therapeutic aerosols [19] has already 
been demonstrated. Additionally, owing to inter-
val histological and molecular tumor testing 
between cycles, PIPAC can help facilitate a more 
personalized treatment for peritoneal metastases. 
The possibility that PIPAC may develop into a 
more definitive solution for the treatment of peri-
toneal carcinomatosis is exemplified by the 
increasing number of requests for second opin-
ions from patients and physicians alike. This is 
underscored by the rapid pace at which PIPAC 
technology has been adopted by medical centers 
around the world. Taken together, the advent of a 
minimally invasive, local treatment for peritoneal 
carcinomatosis is a significant advancement in 
itself. Whether it might fill a gap in treatment by 
significantly improving the prospects for patients 
with peritoneal carcinomatosis remains to be 
seen.
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Summary
Peritoneal cancer and its complications remain 
among the greatest challenges in oncology. 
Complications can occur at various time points in 
the course of malignant metastatic peritoneal dis-
ease with different causes, whereby the underly-
ing neoplasia and its typical complications are 
major determinants of prognosis. The most 
important clinical symptoms, which can be 
divided into two main subgroups, are as follows: 
(1) mechanical disorders of the digestive tract, 
mechanical ileus/subileus, constipation, paradox-
ical diarrhea, pain, and compression of intra- 
abdominal organs (e.g., renal congestion), and 
(2) disorders of the autonomic nervous system of 
the abdomen, neuropathic pain, difficulties emp-
tying bowels, feeling of fullness, and paralytic 
ileus/subileus. Further, it is necessary to deter-
mine whether these symptoms were present on 
initial diagnosis or occurred in the course of the 
malignant disease and which treatments have 
already been administered. Other essential fac-
tors are how extensive the peritoneal cancer is, 

the overall prognosis, and the general condition 
of the patient.

28.1  Introduction

Peritoneal cancer and its complications remain 
among the greatest challenges in oncology. 
Complications can occur at various time points in 
the course of malignant metastatic peritoneal dis-
ease with different causes, whereby the underly-
ing neoplasia and its typical complications are 
major determinants of prognosis.

The most important clinical symptoms, which 
can be divided into two main subgroups, are 
listed below:

 – Mechanical disorders of the digestive tract: 
mechanical ileus/subileus, constipation, para-
doxical diarrhea, pain, compression of intra- 
abdominal organs (e.g., renal congestion)

 – Disorders of the autonomic nervous system of 
the abdomen: neuropathic pain, difficulties 
emptying bowels, feeling of fullness, paralytic 
ileus/subileus

Further, it is necessary to determine whether 
these symptoms were present on initial diagnosis 
or occurred in the course of the malignant disease 
and which treatments have already been adminis-
tered. Other essential factors are how extensive 
the peritoneal cancer is, the overall prognosis, 
and the general condition of the patient [5].
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Almost all patients with peritoneal cancer 
receive systemic treatment in the course of their 
disease, generally chemotherapy with classical 
cytostatic substances or newer targeted 
therapy.

In addition to the disorders associated with 
the disease, complaints and side effects associ-
ated with the treatment are particularly relevant 
to clinical care, whereby the strict separation 
of these terms is not always possible or 
necessary.

In order to gain an overview of the various 
symptoms and the overall condition of a patient 
with advanced cancer, performing a palliative 
care assessment (PCA) has been found benefi-
cial. Initially developed for patients on palliative 
wards, the use of standardized measurement tools 
can be useful in the development of individual-
ized care plans for many patients [1, 6].

This involves an analysis of the patient’s cur-
rent condition and social situation and the deter-
mination of the potential need for care from the 
multidisciplinary team’s perspective. The points 
outlined in the overview below should be system-
atically addressed.

28.1.1  Overview Start

Palliative care assessment

 – Pain history
 – Current physical symptoms and their intensity 

(including nausea/vomiting, constipation/
diarrhea, dyspnea, weakness, fatigue, exhaus-
tion, lymphedema)

 – Mobility
 – Level of independence
 – Ability to perform activities of daily living 

(ADLs)
 – Nutritional status
 – Current mental health symptoms and their 

intensity (including mood, resilience)
 – quality of life
 – Psychosocial factors
 – Social situation

28.1.2  Overview End

The standardized and validated measurement 
tools that can be implemented include, among 
others, the MIDOS sum score [15], the ECOG 
performance status or rather the so-called 
Karnofsky index [3], and the Distress 
Thermometer [12]. Further information on palli-
ative care assessment is provided in Chap. 41.

The following side effects and complications 
are associated with chemotherapy and will be 
explored in greater detail (in addition, please also 
refer to [2] Supportive Therapie bei onkolo-
gischen PatientInnen):

 – Nausea and vomiting, also known as the 
anorexia-nausea-emesis (ANE) syndrome

 – Diarrhea
 – Constipation
 – Infectious complications
 – Fatigue

28.2  Nausea/Vomiting, ANE 
Syndrome

Nausea and vomiting, or the anorexia-nausea- 
emesis (ANE) syndrome [14], are among the 
most common complaints of patients undergoing 
a tumor treatment program. Emesis is differenti-
ated into acute (onset within 24  hours of treat-
ment begin) and delayed (onset 2–5  days after 
treatment begin).

The following (potential) causes should be 
explored with differential diagnosis, whereby the 
chronology in relation to chemotherapy is of par-
ticular importance:

 – Inflammations, mechanical obstructions, or 
toxic irritations of the GI tract

 – Central vomiting due to an irritation of the 
vomiting center in the dorsal portion of the lat-
eral reticular formation or the chemoreceptor 
trigger zone in the area postrema of the fourth 
ventricle

 – Psychogenic vomiting due to conditioning [17]
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The various cytostatics and targeted sub-
stances demonstrate very different emetogenic 
potential; an overview of selected medications is 
provided in Table 28.1 [17].

The following substances are generally avail-
able for the prophylaxis and treatment of nausea 
and vomiting [8]:

 – Glucocorticoids: dexamethasone (4  mg or 
8 mg p.o. or i.v.)

 – Dopamine antagonists (central blockage of 
the D2 receptor, peripheral antiemetic effect 

due to increased gastrointestinal motility: 
metoclopramide (2–3 × 10  mg p.o. or i.v.); 
alizapride (2–3 × 50  mg i.v. or 1 × 150  mg 
p.o.); domperidone (only peripherally effec-
tive; 3 × 10–20 mg p.o.)

 – Serotonin (5-HT3) antagonists (setrons), e.g., 
ondansetron (8–16  mg i.v./day, 12–16  mg 
p.o./day); granisetron (1  mg i.v./day, 2  mg 
p.o./day).

 – Neurokinin-1 (NK1) receptor antagonists, 
e.g., aprepitant (125 mg p.o. day 1, 80 mg p.o. 
day 2, 3; or 150 mg i.v. day 1)

 – Olanzapine (atypical neuroleptic): 1 × 
5–10 mg p.o./day

 – Dimenhydrinat (H1-receptor antagonist): 
50–400  mg dimenhydrinate p.o./day, 100–
300 mg i.v./day

28.3  Diarrhea

Severity is categorized according to the National 
Cancer Institute’s Common Toxicities for 
Adverse Events (NCI CTCAE version 5.0) in five 
grades (U[18]):

Grade 1: 1–3 stools more per day than prior to 
treatment

Grade 2: 4–6 stools more per day or nocturnal 
bowel movements, some abdominal cramps

Grade 3: ≥7 stools more per day, incontinence, 
severe abdominal cramps—hospitalization 
required

Grade 4: life-threatening, urgent intervention 
required

Grade 5: death

Possible causes are typically treatment-related 
in association with particular substances such as:

 – Cytostatics: 5FU or capecitabine, irinotecan, 
topotecan

 – Antibodies: bevacizumab, cetuximab, 
panitumumab

 – Tyrosine kinase inhibitors: erlotinib, sorafenib

However, radiation therapy or operations 
resulting in short bowel syndrome can also 

Table 28.1 Overview of selected antineoplastic 
medications

Vomiting Selected cytostatics
Stage 5: >90% Cisplatin ≥50 mg/m2

Cyclophosphamide ≥1.5 g/m2

Stage 4: 60–90% Carboplatin
Cisplatin <50 mg/m2

Cyclophosphamide 0.75–1.5 g/m2

Doxorubicin ≥60 mg/m2

Epirubicin >90 mg/m2

Methotrexate >1 g/m2

Stage 3: 30–60% Cyclophosphamide ≤750 mg/m2

Cyclophosphamide (oral)
Doxorubicin 20–60 mg/m2

Epirubicin <90 mg/m2

Etoposide (oral)
Ifosfamide
Irinotecan
Methotrexate 250–1000 mg/m2

Oxaliplatin >75 mg/m2

Vinorelbine (oral)
Stage 2: 10–30% Capecitabine

Cetuximab
Docetaxel
Doxorubicin <20 mg/m2

Doxorubicin liposomal
Etoposide
Fluorouracil <1000 mg/m2

Gemcitabine
Methotrexate 50–250 mg/m2

Mitomycin C
Paclitaxel, nab-paclitaxel
Pemetrexed
Topotecan
Trastuzumab

Stage 1: <10% Bevacizumab
Erlotinib
Gefitinib (oral)
Interferon α
Methotrexate ≤50 mg/m2

Sorafenib
Sunitinib

28 Complications in the Palliative Chemotherapy of Peritoneal Cancer
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cause diarrhea. Intake of laxatives or medica-
tions to increase motility are also possible 
explanations, and their administration and 
potential benefit should therefore be checked 
regularly.

First-line treatment involves avoidance of cer-
tain foods such as dairy products or coffee in 
addition to adequate hydration and light diet.

Available medications include loperamide, a 
non-centrally effective antagonist of the μ-opioid 
receptors of the myenteric plexus. It is given 
orally in an initial dose of 2–4  mg after each 
unformed stool to a maximum dose of 16  mg/
day. Other medication options are the synthetic 
somatostatin octreotide (100–150  mg  s.c. up to  
3 × daily) or a primarily locally effective opium 
tincture.

Those with persistent, severe diarrhea should 
be hospitalized to enable the administration of 
i.v. fluids and the performance of further diagnos-
tic tests (such as investigation for Clostridium 
difficile, colonoscopy, etc.; [11]).

28.4  Constipation

There is no standardized definition of constipa-
tion, and the objectivity of symptoms is problem-
atic; therefore, subjective complaints and changes 
in individual stool habits are the primary focus.

The following diagnostic and medical history 
steps should be undertaken: record of stool fre-
quency and consistency; imaging to rule out the 
possibility of mechanical obstruction; and record 
of medications and accompanying symptoms 
[1].

Possible causes of constipation are listed 
below [4]:

 – The primary disease itself via gastrointestinal 
obstruction or neurogenic disorders due to 
tumor spread

 – Side effects of medications (opioids, antide-
pressants, sedatives, antacids, diuretics, antihis-
tamines, antihypertensives, anticonvulsants, 
etc.)

 – Further consequences of the disease in con-
junction with restricted mobility and resulting 

inactivity, in addition to confusion and 
depression

 – Altered dietary habits as a result of restricted 
oral nutrition or nausea and vomiting

 – Other pre-existing comorbidities such as dia-
betes mellitus, diverticulitis, hemorrhoids

 – The first line of treatment should be dietary 
changes, such as increased fiber and/or fluid 
intake

 – Laxatives are an essential medication in the 
treatment of constipation, whereby the follow-
ing substance classes are available for tumor 
patients [11]:

 – Bulk-forming agents (methylcellulose, dietary 
fiber)

 – Anthraquinone (senna)
 – Emollients (docusate)
 – Opioid agonists (naloxone, methylnaltrexone, 

etc.)
 – Contrast agents
 – Stimulants (senna, bisacodyl, etc.)
 – Prokinetic agents
 – Prostaglandins
 – Serotonin agonists

28.5  Prophylaxis and Treatment 
of Infections

Infections are known to be one of the commonest 
causes of death in cancer patients [10]. Febrile 
neutropenia is a feared complication of chemo-
therapy. It can be defined as a single incidence of 
a temperature >38.5 °C or ≥38.0 °C for 1 hour 
concurrent with a leukocyte count of <1000 cells 
per microliter or an absolute neutrophil count 
(ANC) of <500 cells per microliter. For the pur-
poses of prophylaxis and treatment, patients are 
grouped according to three levels of risk (low, 
standard, and high risk), whereby patients with 
solid tumors are more frequently in the low-risk 
group, for whom the duration of neutropenia is 
not likely to exceed 5 days. These patients do not 
require primary prophylaxis with antibiotics or 
growth factors such as granulocyte colony- 
stimulating factor (GCSF).

Should fever occur, investigation should be 
undertaken immediately to identify an  underlying 
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neutropenia and if possible the underlying rea-
son. A calculated antibiotic therapy has to be 
started immediately. Patients in a stable general 
condition who are able to tolerate oral food intake 
can be prescribed oral antibiotics as per guide-
lines with a penicillin and beta-lactamase inhibi-
tor (e.g., amoxicillin/clavulanic acid 875/125 mg 
TDS) and a quinolone (e.g., ciprofloxacin 2 × 
500  mg; Possinger and Regierer 2012). 
Prerequisites for this treatment are the absence of 
signs of a CNS infection, severe pneumonia, or 
catheter infection. In addition, the patient must 
have care available and the possibility of immedi-
ate transfer to a cancer center if necessary. The 
effectiveness of the antibiotic regime is to be 
checked on day 2–3 so that, if symptoms persist, 
adjustment or intensification of treatment is pos-
sible [10, 14, 19].

The Multinational Association of Supportive 
Care in Cancer (MASCC) score also includes the 
following factors as relevant for categorization in 
the low-risk group: outpatient treatment; age 
<60; minimal signs of disease; and absence of 
hypotension, COPD, and dehydration [9].

Primary intravenous antibiotic treatment is 
indicated in severe cases (e.g., with piperacillin/
Combactam or carbapenem; [19]; 5).

28.6  Fatigue

Fatigue is defined as an abnormal level of tired-
ness and exhaustion not justified by the activities 
leading up to it and which only marginally 
improves with sleep or not at all.

Patients suffering from fatigue experience 
permanent physical and emotional exhaustion, 
which affects physical, mental, and social aspects 
of life and therefore significantly reduces quality 
of life [20].

The prevalence in patients with malignant dis-
ease undergoing antitumor therapy is around 
90%, whereby the pathophysiology has not yet 
been fully explained. Proinflammatory cytokines, 
disorders of the hypothalamic-pituitary-adrenal 
axis, disorders of the circadian rhythm, and wast-
ing of the skeletal muscles are all considered pos-
sible causes [13].

Diagnosis is based on the subjective experi-
ence of fatigue. Treatable causes should be elimi-
nated: anemia, thyroid disorders, poor diet, and 
depression are all potential differential diagno-
ses, whereby overlap with fatigue is possible and 
common [7].

A visual analogue scale (VAS) can be used to 
quantify the severity (0 = no fatigue, 10 = worst 
imaginable fatigue), whereby scores ≥4 are con-
sidered moderate to severe fatigue requiring 
treatment [16].

A standard fatigue treatment does not exist; 
pharmacological interventions (e.g., antidepres-
sants, steroids, erythropoietin analogues) have no 
consistent effect. The best evidence is for regular 
sport activities, such as (Nordic) walking, tread-
mill, cycling, or ergometer training. Depending 
on the situation, nutritional or psycho- oncological 
support may be advisable. In addition, patients 
can be counseled to keep a fatigue journal and 
plan activities in advance [7].

The involvement of psycho-oncologists and 
the social network are important aspects of care 
for this complex syndrome.

28.7  Summary

In summary, the treatment of patients with perito-
neal cancer necessitates not only interdisciplin-
ary cooperation among the various disciplines 
but also the various professions involved in care, 
along with the patient’s social network, in order 
to achieve the optimal treatment result and reduce 
the rate of side effects and complications.
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Cytoreductive Surgery 
for Complications of Peritoneal 
Carcinomatosis

Wolfgang Steurer and Marina Münch

29.1  Introduction

Peritoneal carcinomatosis (PC) results from 
dissemination and growth of malignant gyne-
cological, gastrointestinal, and peritoneal 
tumor cells in the abdominal cavity and is con-
sidered as an advanced tumor disease with 
poor prognosis. Due to the impaired response 
to systemic chemotherapy in the majority of 
cases, the overall survival is only marginally 
influenced, with best supportive care as alter-
native option.

PC is detectable in 15–20% of patients with 
colorectal cancer (CRC) and up to 40% in patients 
with stage II–III gastric cancer at the time of the 
initial diagnosis. In CRC and gastric cancer, 
manifestation of disease relapse is seen in up to 
50% of patients exclusively as tumor progression 
in the peritoneal space without distant metastasis, 
and it ultimately leads to death due to loco- 
regional complications [2].

Recent findings on the physiology of the 
peritoneum and its central role as a transport 
membrane for fluids and cells via the serosal 
surface, as a sliding layer for frictionless mobil-
ity of the integument, as an immunological bar-
rier, and finally as regards its function for the 
repair of surface defects are in strong concert 
with the notion of PC as a loco-regional disease 
of the peritoneum [7]. In the initial treatment of 
a malignant disease of the abdominal cavity, the 
surgeon’s role as key factor for the initiation 
and promotion of PC according to the “tumor 
cell entrapment” hypothesis discussed by 
Sugarbaker is essential, whereas the “natural” 
course of PC is independent of iatrogenic fac-
tors. The clinical presentation and extent of PC 
in this case is determined exclusively by the 
biology of the underlying malignant disease 
and the time of diagnosis. In the following 
chapter, the most frequent complications in the 
“natural” course of PC are summarized and the 
treatment is discussed, which is mostly based 
on the experience of the authors, since clinical 
studies are sparse and published data mostly 
rely on retrospective analyses with inadequate 
patient numbers. Complications in the “natural 
course” of PC also include complications dur-
ing systemic chemotherapy without prior rele-
vant surgical interventions.
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29.2  Clinical Presentation 
of Peritoneal Carcinomatosis 
Depending on Tumor 
Biology

The classical high-risk tumor diseases for develop-
ing PC have been covered in detail in previous 
chapters, so only relevant aspects regarding clinical 
presentation and the natural course should be men-
tioned here. A classification including the clinical 
presentation and/or imaging results depending on 
the histological subtype does not exist to date. The 
gastrointestinal mucinous adenocarcinomas 
include pseudomyxoma peritonei (PMP) and 
mucinous colorectal adenocarcinomas (MCA). 
Both tumor entities metastasize almost exclusively 
into the peritoneal cavity with a similar distribution 
pattern. PMP is characterized by excessive extra-
cellular mucin production, which eventually leads 
to maldigestion and death by increasing intraab-
dominal pressure, enteroenteric fistula formation, 
or infection. Mucinous colorectal adenocarcino-
mas are classified as a subtype in 5.1–20% of CRC 
[9]. Mucus production and deposits correlate histo-
logically for well to moderately differentiated 
tumors with pools of mucus between atypical glan-
dular structures and with interstitial deposits for 
poorly differentiated tumors. In contrast, signet-
ring cell carcinomas typically appear with intracy-
toplasmic mucus formation and the known high 
malignancy potential. MCAs are characterized by a 
greater likelihood of lymphogenic metastasis and 
peritoneal dissemination. So far, the prognostic rel-
evance of several subtype classifications is largely 
unclear [6]. While the AJCC rates the mucinous 
subtype as prognostically not relevant, other publi-
cations show a significantly higher metastasis rate 
and local relapse probability, especially in stage III 
and IV rectal cancer. The serous-differentiated car-
cinomas of the female genital tract and the perito-
neum are comparably malignant tumors based on 
their clinical course. Their diagnosis is, however, 
delayed and patients typically present at advanced 
stages due to complications related to tumor 
growth. The differentiation from mucin- producing 
tumors is important because of different therapeu-
tic approaches and the better prognosis for serous-
differentiated tumors.

29.3  Complications in the Natural 
Course of Peritoneal 
Carcinomatosis

The initial phase of peritoneal migration of 
malignant cells is clinically asymptomatic. 
Indirect evidence of the presence of peritoneal- 
disseminated tumor disease is nonspecific and, in 
most cases, not pathognomonic for a tumor 
entity. In many cases, fatigue, weight loss, and 
B-symptoms are misinterpreted initially, and a 
targeted clarification is frequently delayed. Only 
local complications of the primary tumor such as 
pain, intestinal bleeding, obstruction, perfora-
tion, and compression or infiltration of adjacent 
organs accompanied by increase in abdominal 
circumference due to ascites and mucin produc-
tion confirm the usually advanced extent of the 
disease [13]. The primary goal of surgical treat-
ment is therefore not necessarily a potentially 
curative intervention but the control of acute life- 
threatening complications, taking into account 
the possible yet realistic chance for cytoreductive 
surgery (CRS) and hyperthermic intraperitoneal 
chemotherapy (HIPEC) in the further course of 
the disease (Fig. 29.1).

Fig. 29.1 Natural course of PMP: an 87-year-old female 
patient with the diagnosis of a PMP originating from a 
“low-grade” mucinous neoplasm of the appendix. 
Palliative HIPEC with parietal peritonectomy to control 
mucin formation
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Literature on the management of complica-
tions in the natural course of the disease and case 
reports of surgical procedures are extremely rare. 
CRS contraindications include extensive tumor 
masses in the peritoneal cavity, the small intes-
tine, and the mesentery; stenoses in the tracts of 
the small and large intestine; confluent tumor 
infiltration in the omental bursa and along the 
hepatoduodenal ligament; infiltration of the ure-
ters and the bile duct; and para-aortic lymph- 
node infiltration [12]. Inoperability is detected 
during surgical exploration in about one-quarter 
of patients with planned CRS.  Whether the 
explorative laparotomy is terminated as such or 
additional palliative interventions are performed 
does not appear to adversely affect patient mor-
bidity and mortality. Likewise, an interrupted 
CRS does not prolong the time interval to initiate 
chemotherapy. Thus, there is no urgent need to 
pursue an extended operative strategy in the event 
of inoperability or PC-associated complications, 
as this may miss the chance of reoperation with 
successful CRS. Whether partial cytoreduction 
aiming for limited tumor debulking in combina-
tion with HIPEC is beneficial in the further 
course of the disease is also questionable. A rep-
resentative literature review by Heaney and col-
leagues in 2015 analyzed a total of 19 studies 
with 2790 cases and CRS +/− HIPEC in PC of 
colorectal cancer [4]. Of these, 62% had CC0/1 
resection (group I) and 35% had incomplete cyto-
reduction (group II). The median survival of 
patients with complete cytoreduction ranged 
between 11 and 62 months compared to 2.4 and 
32 months for incompletely resected patients in 
group II.  Patients did not benefit from either 
incomplete cytoreduction or additional HIPEC in 
terms of overall survival. However, in most cases, 
HIPEC resulted in a palliative effect in terms of 
reduction of ascites, abdominal distension, inap-
petence, and pain [11].

In summary, the indication for surgical “pro-
activism” in advanced findings of PC and any 
associated complications have to be critically dis-
cussed. Our own strategy is based on maintaining 
close communication with our oncologists during 
operative exploration, paving the way for “pseu-
doneoadjuvant” chemotherapy with the option of 

surgical reevaluation of CRS and HIPEC 
(Fig. 29.2).

29.4  Management of Peritoneal 
Carcinomatosis-Associated 
Intestinal Obstruction

Bowel obstruction due to advanced malignancy 
is a common complication of disease progression 
in up to 28% of patients with gastrointestinal 
tumors and up to 51% of patients with ovarian 
cancer. In localized or intraluminal processes, 
surgical intervention is successful in the majority 
of cases. However, the chance for success is con-
siderably diminished in the case of advanced 
peritoneal carcinomatosis. Options for treatment 
include draining procedures of the gastric and 
small intestinal contents via PEG/PEJ tube (per-
cutaneous endoscopic gastrostomy/jejunostomy), 
antiemetic and antisecretory concomitant medi-
cation in combination with steroids, endoscopic 
stent placement, or a surgical procedure usually 
with palliative intent. In 2014, Olson et  al. 

Fig. 29.2 A 53-year-old patient with an incidental find-
ing of advanced peritoneal carcinomatosis in the context 
of an emergency intervention for suspected perforated 
appendicitis. Staging CT after laparoscopic right hemico-
lectomy and histologically verified ovarian cancer
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 published a systematic literature review of more 
than 2000 publications on the significance of sur-
gical interventions in malignant bowel obstruc-
tion with regard to palliative success, quality of 
life and mortality, and complication rate [10]. 
After appropriate selection, 18 publications with 
17 studies remained for the analysis. The spec-
trum of postoperative complications is character-
istic for patients with advanced tumors and is 
consistent with the expected complications of 
CRS and HIPEC: With an incidence between 7% 
and 44%, enterocutaneous fistulas, wound infec-
tions, wound dehiscence, early restenosis, high-
output stoma, anastomotic leakage, as well as 
cardiovascular events, such as myocardial infarc-
tion, heart insufficiency, deep venous thrombosis, 
pulmonary embolism, and pneumonia, were 
observed. Re-obstruction occurred in 6–47% of 
patients after a short interval of symptom 
improvement in most of the cases. As expected, 
the success of a repeated surgical intervention 
was limited, resulting in permanent inpatient 
treatment in more than half of the patients (54%). 
The association with ascites, palpable tumor 
masses, and chronic obstruction is prognostically 
unfavorable and has patient survival between 26 
and 36  days, which is comparable to palliative 
measures alone with gastrostomy tube in terms of 
patient survival (Fig. 29.3).

29.5  Peritoneal Carcinomatosis- 
Associated Intestinal 
Perforation

Perforations of the gastrointestinal tract due to 
tumor perforation or perforation of secondary 
metastasis occur in varying numbers depending 
on the biology of tumor. The risk of perforation 
in colorectal tumors is low (1.6%), whereas 
gynecological malignancies, in particular, are 
associated with a significantly higher risk [1]. 
Several factors may be potentially causative: 
invasive growth of secondary tumor manifesta-
tions in the small and large intestine, radiation- 
related damage to the intestine after primary 

radiotherapy, and intestinal perforations as a 
result of anti-angiogenic antibody therapy in the 
event of a relapse (anti-VEGF mAb bevaci-
zumab). The diagnosis of bowel perforation rep-
resents an emergency indication for laparotomy 
or laparoscopy in the vast majority of cases. A 

a

b

Fig. 29.3 (a and b) Intestinal obstruction due to gastric 
cancer with peritoneal carcinomatosis: a 51-year-old 
patient with advanced peritoneal carcinomatosis of 
gastric- cancer origin with small and large bowel obstruc-
tion as primary manifestation of the disease. An emer-
gency laparotomy followed. Intestinal bypasses with 
gastro-jejunostomy and ileo-transversostomy were 
performed
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watch-and-wait approach, however, may well be 
effective for covered perforation with localized 
abscess or peritonitis. Adequate therapeutic algo-
rithms are missing at this point, so mostly 
 retrospective data from experienced centers are 
the basis for decision-making. An analysis of 43 
gynecological patients from the Washington 
University in St. Louis with intestinal perforation 
identified the total tumor mass as an essential 
predictor for survival after intestinal perforation 
[3]. Out of 22 patients with PC or distant metas-
tases, only 4 survived for more than 3  months, 
regardless of whether a surgical or conservative 
procedure was taken. The expectedly high com-
plication rate in this patient population and the 
elevated duration of the hospital stay would argue 
against an aggressive surgical procedure. 15% of 
the perforations were classified as a result of anti- 
VEGF therapy. Although the evidence speaks for 
a clear survival advantage in anti-angiogenic 
therapy in the relapse setting, only one patient 
with intestinal perforation survived longer than 
6 months, where a conservative therapeutic regi-
men was applied despite a lack of PC or distant 
metastases. Other prognostically unfavorable 
factors are high ECOG status and low albumin 
levels at the time of diagnosis [8].

Intestinal perforations related to chemother-
apy are observed as a rare complication in the 
treatment of other tumor entities. In a series of 
more than 1800 patients with advanced gastric 
cancer, perforations have occurred in 1.7% of 
cases [5]. Depending on the degree of tumor dif-
ferentiation and the response to chemotherapy, 
median patient survival was limited to 4 months 
after perforation. The surgical approach (laparo-
scopic exploration vs. laparotomy) depends on 
the initial clinical presentation and imaging. In 
our experience, we prefer a minimally invasive 
approach to identify perforations, especially in 
the upper GI tract, even in the case of previously 
open abdominal interventions, in order to mini-
mize the risk of tumor spreading into the 
abdominal wall in cases of PC and to minimize 
wound healing disorders under chemotherapy 
(Fig. 29.4).

29.6  Peritoneal Carcinomatosis- 
Associated Malignant 
Ascites and Other Rare 
Complications

Ascites as the main symptom becomes clinically 
relevant in about one-third of patients in the natu-
ral course of peritoneal metastatic tumor disease. 
As a result of the increase in intraabdominal pres-
sure due to tumor growth, progressive constipa-
tion, weight loss, abdominal pain, nausea, 
vomiting, and respiratory insufficiency may 
occur. If the indication for CRS and HIPEC is 
clear after diagnosis, the presence of ascites is 
regarded as a negative predictive factor. A retro-
spective analysis of 1000 cases with CRS and 
HIPEC showed that ascites production was 
stopped after 3 months of follow-up in 93% of 
patients. A complete cytoreduction could be 
achieved in only 15% of patients with ascites 
compared to 59% of cases without ascites. Thus, 
patients with incomplete cytoreduction also ben-
efited from reduced ascites production by under-
going CRS/HIPEC [14].

The rare complications of peritoneal carcino-
matosis that we have observed in our patient pop-
ulation include venous thrombosis in the portal 
system (mesenteric vein thrombosis) and scleros-

Fig. 29.4 Gastric perforation under neoadjuvant chemo-
therapy: a 68-year-old patient with a tumor perforation of 
gastric cancer under chemotherapy. Laparoscopic explo-
ration and closure via mini-laparotomy
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ing differentiation of the peritoneum similar to 
encapsulating sclerosis under chemotherapy. 
Both changes are detectable with CT imaging 
before planned surgical exploration and are 
 manifestations of advanced peritoneal metastasis 
with poor prognosis.

29.7  Conclusion

The utilization of CRS/HIPEC in the management 
of PC complications is largely dependent on the 
surgeon’s experience and the support from the 
referring oncologist since controlled trials to 
establish guidelines are lacking due to the com-
plexity of the disease. The typical complications of 
peritoneal carcinomatosis, such as intestinal 
obstruction, perforation, and ascites, are indicative 
of an advanced stage of the disease with poor 
prognosis. As part of a multimodal therapeutic 
concept, the role of surgical therapy, taking into 
account all therapeutic options, especially modern 
chemotherapy, should be considered with restraint.
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IPEC, HIPEC, Bidirectional 
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and Immunotherapy in Aggressive 
Peritoneal Metastasis
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30.1  Complications in the Natural 
Course of Peritoneal 
Carcinomatosis

The typical complications in the natural course of 
peritoneal carcinomatosis include increased suf-
fering and significant deterioration in the quality 
of life. They are the obvious result of tumor spread 
in the peritoneal cavity or on the peritoneal sur-
face and cause characteristic complications:

• Malignant ascites
• Intestinal obstruction – ileus
• Chronic pain

30.2  Malignant Ascites

The occurrence of malignant ascites is a symptom 
of a far advanced disease and can also be seen as 
a complication of progression of peritoneal carci-
nomatosis. In the clinical data of our institution, 
malignant ascites occurs in 35% of all patients 
with peritoneal carcinomatosis. Interestingly, in 
50% of all patients the malignancy is first diag-
nosed by evidence of malignant ascites.

The additional intraabdominal volume caused 
by the ascites causes typical problems such as 
dyspnea, chronic pain, nausea, and constipation. 
Direct symptom-oriented treatment can be 
achieved by paracentesis, which can promptly 
reduce intraabdominal pressure or displacement 
of the intraperitoneal structures. Nevertheless, no 
prolonged therapeutic effect can be achieved. 
Systemic chemotherapy may lead to a decrease in 
ascites, but overall clinical efficacy is low.

From a pathogenetic point of view, several 
causes are discussed for the occurrence of malig-
nant ascites:

• The peritoneal irritation by tumor cells leads 
to an increase in secretory activity of the 
peritoneum.

• Peritoneal carcinomatosis interrupts the phys-
iological circulation of the peritoneal fluid, 
causing it to accumulate.

• The secretion of peritoneal fluid at the perito-
neum is increased by cancer-induced neoan-
giogenesis and mediators such as vascular 
endothelial growth factor (VEGF).

The exact causality has not yet been clarified. 
However, in all theories cancer cell seeding on 
the peritoneal surface is the central factor. 
Consequently, effective therapy of peritoneal car-
cinosis should be localized at the peritoneum and 
directed against the cancer cells of peritoneal 
carcinomatosis.
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30.2.1  IPEC, HIPEC, and PIPAC 
in Malignant Ascites

Basically, there is no contraindication to perform 
surgical cytoreduction (CRS) and subsequent 
hyperthermic intraoperative chemoperfusion 
(HIPEC) in patients with malignant ascites [5, 
12, 19]. However, malignant ascites is associated 
with a high PCI score and/or with far advanced 
peritoneal carcinomatosis and thus a particularly 
poor prognosis. Accordingly, in studies on CRS/
HIPEC therapy, the efficacy against malignant 
ascites is not investigated as a defined endpoint. 
Nevertheless, the performance of classical cyto-
reduction followed by HIPEC in peritoneal meta-
static carcinomas seems to be associated with a 
therapeutic or preventive effect against malignant 
ascites. At our institution, in patients with perito-
neal carcinomatosis from colorectal cancer, 
malignant ascites occurred in only 4.8% of 
patients after CC-0 CRS/HIPEC.

Intraperitoneal chemotherapy (IPEC) has 
been studied as a treatment for malignant ascites. 
In a Chinese phase I study, 18 patients with 
malignant ascites due to gynecological carci-
noma underwent intraperitoneal chemotherapy 
with docetaxel. This leads to a decline in the inci-
dence of paracentesis in addition to demonstrat-
ing general clinical feasibility [27]. Docetaxel 
was also used in patients with gastric carcinoma 
and peritoneal carcinomatosis and showed intra-
peritoneal efficacy following intraperitoneal 
administration in combination with S1 [8]. 
However, so far no intraperitoneal chemotherapy 
has been established as the sole therapeutic 
approach against malignant ascites.

In 2016, a study from China investigated the 
approach of laparoscopic HIPEC therapy against 
malignant ascites in patients with nonresectable 
gastric carcinoma. In this study, a total of 38 
patients were treated with three different chemo-
therapeutic regimens. Hyperthermic chemoper-
fusion was performed for 120  min. Because of 
the small size of the treatment groups, some 
effectiveness against ascites could be assumed, 
but not conclusively demonstrated.

The overpressure therapy with aerosolized 
chemotherapy (PIPAC) is currently being investi-

gated as a new intraperitoneal therapy concept. 
Treatment of malignant ascites has not yet been 
the focus of studies.

30.2.2  Immunotherapy for Malignant 
Ascites

The best results for the treatment of malignant 
ascites were achieved by the clinical establish-
ment of an immunotherapy with the trifunctional 
antibody catumaxomab. Catumaxomab was 
approved by the European authorities in 2009 for 
the intraperitoneal treatment of malignant ascites 
in peritoneal carcinomatosis by EpCAM (epithe-
lial cell adhesion molecule)-positive carcinoma.

The peritoneal cavity is generally an immuno-
logically privileged space in which all the prereq-
uisites for the induction of a successful immune 
response are present. In particular, the perito-
neum includes macrophages with the potential 
for antigen processing and presentation as well as 
T lymphocytes that can mediate specific cytotox-
icity [23].

The second prerequisite for effective immuno-
therapy is the characterization of a defined  
antigen as an immunological target. For intraper-
itoneal immunotherapies, the epithelial cell adhe-
sion molecule (EpCAM, CD326) was used [16]. 
EpCAM is a membrane protein that mediates 
cell-adhesion effects. EpCAM is overexpressed 
in carcinomas of the stomach, colon, lung, and 
prostate and other carcinomas [28, 29]. EpCAM-
negative tissues include bone marrow, lympho-
cytes, endothelium, muscle, and mesenchymal 
tissue. Due to this property, immunotherapy in 
the peritoneal cavity has a favorable effect: The 
peritoneum is of mesenchymal origin and thus 
does not express any epithelial antigens. This 
means that cells with the EpCAM antigen on the 
surface in the peritoneum can be specifically 
identified and attacked as tumor cells.

This effect was exploited in the concept of 
immunotherapy of peritoneal carcinomatosis 
with catumaxomab, since catumaxomab has a 
binding site against EpCAM.

Catumaxomab is a trifunctional antibody con-
sisting of a mouse immunoglobulin G (IgG) 2a 
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chain and a rat IgG2b chain [14]. Catumaxomab 
has three functional binding sites: The IgG2a arm 
binds the human EpCAM antigen. The IgG2b 
arm binds the human antigen CD3. The third 
binding site is located on the Fc portion of the 
antibody and activates Fcγ receptor type I 
(CD64)-, type IIa-, and type III-positive acces-
sory cells. The simultaneous binding of these 
three cell types leads to a very effective destruc-
tion of tumor cells. The integration and activation 
of accessory cells results in the processing of 
tumor antigens with subsequent antigen presenta-
tion. This interaction leads to the expression of 
costimulatory molecules and cytokines, resulting 
in a physiological “second signal” of T cell acti-
vation. This leads to the proliferation of the T 
lymphocytes and avoids the physiological apop-
tosis that would occur without re-stimulation. 
The resulting destruction of the tumor cells 
occurs via different mechanisms: cell-mediated 
cytolysis via perforin and granzyme B, cytotoxic-
ity by TNFα and IFNγ, and phagocytosis via the 
activation of accessory cells [15, 21, 30].

Catumaxomab has been studied as an intra-
peritoneal immunotherapy in pilot studies in 
patients with peritoneal carcinomatosis and 
malignant ascites. The extremely effective 
tumor- cell destruction in malignant ascites was 
associated with a clinical effect of a reduction 
or disappearance of malignant ascites [11]. 
After confirming this clinical effect in an addi-
tional study of ovarian cancer [2], a randomized 
phase II/III study was performed. The study 
investigated patients with symptomatic asci-
tes in EpCAM-positive carcinomas, stratifying 
between patients with ovarian cancer and non- 
ovarian carcinoma. Patients in the treatment 
group received four intraperitoneal catumax-
omab applications, whereas in the control group 
only paracenteses were performed. Puncture-free 
survival was defined as the primary endpoint of 
the study. In total, 258 patients were enrolled. 
The largest subgroup of the study were patients 
with gastric carcinoma (51.2%). Catumaxomab 
therapy significantly prolonged puncture-free 
survival (37  days versus 14  days) and time to 
next paracentesis (80  days versus 15  days). In 
patients with gastric carcinoma, a significant 

improvement in overall survival was also dem-
onstrated (71  days versus 44  days, p  =  0.03) 
[12]. In 2009, catumaxomab was approved by 
the European Medicines Agency (EMA) for the 
indication of malignant ascites in peritoneal car-
cinomatosis EpCAM-positive carcinoma based 
on these study results.

Catumaxomab remains the only drug therapy 
with a license for the treatment of peritoneal car-
cinomatosis with malignant ascites.

30.3  Intestinal Obstruction

Intestinal obstruction in peritoneal carcinomato-
sis is a major problem in the treatment of peri-
toneal carcinomatosis. The incidence in patients 
with peritoneal carcinomatosis is 10–30% in 
colon cancer and 20–50% in ovarian cancer [6, 
7]. In the patient collective of our clinic, the 
incidence of an ileus situation is 32%. Intestinal 
obstruction may have either a mechanical or a 
functional cause. The mechanical obstruction 
results from an intestinal obstruction by peri-
toneal carcinomatosis and is a major problem 
in the treatment of peritoneal carcinomatosis. 
Functional obstruction results from a motility 
disorder due to neoplasia of the tumor or sec-
ondary mechanisms due to local infections or 
neuropathies. Another functional problem may 
be generalized edema of the mucosa of the small 
and large intestine, resulting in a significant 
reduction of the bowel lumen.

The few patients who will benefit from surgi-
cal treatment are difficult to select. An adequate 
diagnostic assessment can be made with CT 
scans: If a clearly localized obstruction can be 
visualized, which can be surgically resected, 
there is an indication for surgical therapy. The 
goal here is to improve the quality of life, as sur-
gical resection cannot be expected to improve 
survival [13, 20].

Intraperitoneal chemotherapy and HIPEC 
therapy do not show any direct efficacy against 
intestinal obstruction without surgical resection. 
For surgical cytoreduction with HIPEC, there is 
also a relative contraindication in patients with 
ileus because of the high perioperative risk.
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As a palliative drug alternative, the somatosta-
tin preparation lanreotide is available, which was 
able to achieve a certain clinical efficacy in a 
phase II study [17].

30.4  Chronic Pain

The chronic pain syndrome in patients with peri-
toneal carcinomatosis is a clinical problem with 
multifactorial causes. The direct tumor infiltra-
tion of nerves, the chronic irritation of the perito-
neum, chronic swelling of the mucosa, and 
chronic ileus contribute to a pain syndrome that 
is difficult to control. Ultimately, therapy takes 
place in palliative situations using high-dose 
morphine preparations, which lead to constipa-
tion and functional intestinal obstruction.

30.5  Complications after IPEC, 
HIPEC, PIPAC, Bidirectional 
Chemotherapy, 
and Immunotherapy

Regarding complications in and after intraperito-
neal therapy, a distinction should be made 
between the complications of the actual therapy 
and the complications of surgical procedures 
such as catheter implantation, laparoscopy, or 
surgical cytoreduction.

Laparoscopy is a common and safe surgical 
procedure in patients with peritoneal carcinoma 
that allows both accurate diagnosis and implanta-
tion of intraperitoneal delivery catheters [18]. 
Nevertheless, there is a risk of intestinal injury 
with resulting peritonitis, which may hinder or 
prevent the planned therapy.

30.5.1  HIPEC and IPEC

HIPEC and IPEC lead to side effects and com-
plications due to the inclusion of chemothera-
peutic substances in the systemic circulation, 
which are mainly caused by the side effect pro-
file of the cytotoxic agents used. A wide range 
of nausea, alopecia, bone marrow depression, 

etc. may be found. Chemical peritonitis due to 
the application of chemotherapy to the perito-
neal cavity is also possible and has been 
observed by our group in two patients after 
HIPEC therapy [10].

Since HIPEC therapy is usually used in com-
bination with extensive cytoreductive surgery, 
outlining a specific HIPEC-associated complica-
tion is very difficult. Ultimately, with HIPEC 
therapy, almost every form of complication is 
possible in addition to the “classic” complica-
tions such as short bowel syndrome, bleeding, 
and fistulas. Paul Sugarbaker described pulmo-
nary, cardiovascular, urogenital, neurotoxic, 
hematological, and infectious complications in a 
series of 356 patients with peritonectomy and 
HIPEC [26]. The exact causality with respect to 
the hyperthermic chemoperfusion is difficult to 
prove. In this context, it must be stated that exten-
sive cytoreductive surgery alone induces an 
extensive systemic inflammatory response 
(SIRS). This situation is then compounded by 
hyperthermia. However, according to the experi-
ence of our HIPEC center, serious complications 
are mainly determined by the surgical morbidity. 
In recent publications, morbidity after splenec-
tomy and pancreatic resection was examined as a 
special surgical problem. Splenectomy was asso-
ciated with an increased rate of postoperative 
complications [3]; therefore, spleen preservation 
should be attempted during cytoreductive sur-
gery. Similar results could be shown with regard 
to resection of the pancreatic tail. It was also 
found that the necessity of a pancreatic left resec-
tion to achieve a complete tumor resection should 
not be an exclusion criterion for cytoreduction 
and HIPEC [4, 22].

30.5.2  PIPAC

Currently, the problem of specific complications 
as a result of PIPAC therapy cannot be conclu-
sively assessed, as the procedure has so far only 
been described in a few case series. As a direct 
consequence of therapy, limited hepatotoxicity 
and nephrotoxicity have been described [1]. In a 
small case series, the concept was used as a neo-
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adjuvant therapy for cytoreduction and HIPEC 
[9]. The publication did not describe any special 
complications.

30.5.3  Intraperitoneal 
Immunotherapy

Intraperitoneal immunotherapies are primarily 
associated with a systemic immune response in 
the sense of a systemic inflammatory response 
syndrome (SIRS), which determines the toxicity 
of the therapy [24, 25]. The observed side effects 
are short-lived and reversible. Long-term compli-
cations do not arise after intraperitoneal immuno-
therapy. In individual cases a laparoscopy or a 
laparotomy after catumaxomab therapy was per-
formed at our center. There were no special intra-
peritoneal problems here. In particular, the fear 
of adhesions after intraperitoneal immunotherapy 
could not be confirmed.

30.6  Summary

Typical complications in the natural course of 
peritoneal carcinomatosis include malignant 
ascites, intestinal obstruction, and chronic pain. 
Paracentesis is the symptomatic therapy for 
malignant ascites. HIPEC seems to be therapeu-
tic and preventive. The best results could be 
shown for intraperitoneal catumaxomab therapy. 
Intestinal obstruction is difficult to treat. Surgical 
indications arise only with localized stenoses. 
The chronic pain problem requires multidisci-
plinary palliation.
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31.1  Introduction

Nowadays Enhanced Recovery after Surgery 
(ERAS) should be considered the standard of 
care even in extended surgery like cytoreduction 
and intraoperative HIPEC. Therefore, an ERAS 
program should be followed or may be adapted. 
First of all it needs cooperation of the well- 
informed patient. Good adherence to the ERAS 
protocol (>70%) has shown significantly 
increased long-term survival in patients undergo-
ing surgery for colorectal cancer [1, 2].

From a metabolic point of view, the challenge 
is the severe surgical trauma with intraoperative 
chemotherapy in a patient with diminished 
immune defense by tumor burden and/or previ-
ous chemotherapy.

31.2  Risk Assessment

From the American College of Surgeons database 
(ACS-NSQIP) impairment of physical function 
and patient dependency are the main risk factors 
for postoperative complications and mortality 
[3]. Therefore, candidates for HIPEC should 
present with no more than ECOG (Eastern 
Cooperative Study Group) status 2 [4] (see 
Table  31.1). Risk assessment can be performed 
according to the Physiological and Operative 
Severity Score for the enUmeration of Mortality 
and Morbidity (POSSUM) or American College 
of Surgeons National Surgical Quality 
Improvement Program Surgical Risk Calculator 
(ACS-NSQIP) [5]. Organ function should be 
assessed on a regular base:
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Table 31.1 Eastern Cooperative Study Group 
Performance status according to Oken et al. [4]

Grade ECOG performance status
0 Fully active, able to carry on all pre-disease 

performance without restriction
1 Restricted in physically strenuous activity but 

ambulatory and able to carry out work of a light 
or sedentary nature, e.g., light house work, 
office work

2 Ambulatory and capable of all self-care but 
unable to carry out any work activities; up and 
about more than 50% of waking hours

3 Capable of only limited self-care; confined to 
bed or chair more than 50% of waking hours

4 Completely disabled; cannot carry on any 
self-care; totally confined to bed or chair

5 Dead
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 – Pulmonary: spirometry
 – Cardiac: echocardiography
 – Liver: liver enzymes, and serum bilirubin 

including INH and cholinesterase
 – Kidney: Split renal clearance, estimated glo-

merular filtration rate (EGF)

31.3  Metabolic Risk

The disease-related nutritional risk can be easily 
screened and assessed with the Nutritional Risk 
Score (NRS) [6] (see Fig. 31.1). This screening 
tool has been also validated for surgical patients. 
An observational study in a German tertiary care 
university center has shown in patients undergo-
ing abdominal surgery diminished food intake in 
the week before hospital admission a significant 
risk predictor for postoperative complications 
[7]. The prognostic impact of preoperative serum 
albumin for postoperative complications has 
been shown many times [8]. Therefore, serum 
albumin should be determined and has been rec-
ommended in addition to NSQIP score [9]. 
Without evidence for hepatic or renal insuffi-
ciency, low serum albumin (<35 g/l) is frequently 
associated with malnutrition. A serum albumin 
<30 g/l has to be considered critical suggesting to 
postpone surgery [10].

In 2018, the Gobal Leadership Initiative on 
Malnutrition (GLIM) has presented a new con-
sensus for the definition of malnutrition 
endorsed by the major clinical nutrition societ-
ies worldwide [11]. As a two-step approach, 
phenotypic and etiologic criteria have to be 
fulfilled.

Phenotypic criteria: Nonvolitional weight 
loss, low body mass index, reduced muscle mass 
Etiologic criteria: Reduced food intake or assimi-
lation, inflammation, disease burden

Measurement of body composition including 
skeletal muscle and adipose tissue from a single 
cross section (L3) in routine computerized 
tomography has been established and will be 
most appropriate for high-risk patients [12]. So 
far, it has not been really implemented in clinical 
practice.

Recommendations for clinical practice:

 – Screening for malnutrition according to NRS 
on hospital admission or at first contact in the 
outpatient clinic

 – Definition of severe metabolic risk in case of 
at least one of the following criteria. Weight 
loss of >10–15% within 6  months, BMI 
<18.5  kg/m2, NRS >5, serum albumin of 
<30 g/l (no hepatic, no renal insufficiency)

 – Observation and documentation of food intake
 – Monitoring of weight and BMI

Oral supplementation or even enteral/paren-
teral nutrition therapy may be indicated even in 
patients without obvious malnutrition, if it is 
anticipated that the patient will be unable to eat 
for more than 5 days or have intake of less than 
50% of caloric need for seven days [10].

31.4  Prehabilitation

In case of obvious functional and nutritional 
deficits “prehabilitation” offers a new concept 
of conditioning in order to make the patient fit 
for ERAS.  Prehabilitation is especially appro-
priate in the time interval between chemother-
apy and surgery. This time period for recovery 
before surgery is usually about 2–6  weeks and 
opens a window for well-structured conditioning 
of the patient in a prehabilitation program [13, 
14]. Prehabilitation modules are endurance and 
resistance exercise training, as well as nutrition 
therapy and psychological coaching [13]. First 
results showed significant improvement of car-
diopulmonary parameters with diminished oxy-
gen consumption and improvement of quality of 
life. Regarding postoperative complications and 
outcome in colorectal cancer patients and those 
undergoing liver resection no significant benefit 
could be found [13, 15]. However, in colorec-
tal cancer patients’ prehabilitation significantly 
reduced the surgical stress-induced loss of lean 
body mass when compared with rehabilitation 
interventions starting after surgery [16]. A ran-
domized blinded controlled trial investigated per-

A. Weimann and L. Mantovani-Löffler



289

Initial screening

BMI < 20,5 kg/m2 Yes No

Weight loss within the last 3 months Yes No

Reduced dietary intake within the last week Yes No

Severity of the disease Yes No

Final screening 

Nutritional status Score Severity of the disease
(metabolic stress)

Score

No or minor
weight loss

0 no disease 0

Weight loss > 5% within 3 months,
50 –75% of normal food intake
within the last week

1 minor surgery
e.g. diagnostic laparoscopy 

1 

Weight loss > 5% within
2 months or BMI =18,5 - 20,5 kg/m2

and impaired general condition or
20 – 50% of normal food intake
within the last week 

2 major abdominal surgery
e.g.  cytoreductive surgery/HIPEC

2

Weight loss > 5 % within 1
month or BMI < 18,5 kg/m2

and impaired general condition or
< 25 % of normal food intake
within the last week  

3 intensive care patient with sepsis
(APACHE >10) 

3

Age > 70 years 1

Total score

0 – 2
No risk for malnutrition 

3 –7
Risk for malnutrition

Score ³ 3: the patient is nutritionally at-risk and a nutritional care plan is initiated
Score < 3: weekly rescreening of the patient. If the patient e.g. is scheduled for a major
operation, a preventive nutritional care plan has to be considered in order to avoid surgery
associated weight loss

Fig. 31.1 Nutritional Risk Score (NRS) according to Kondrup et al. [6]

31 Preoperative Management: Risk Assessment, Conditioning, Nutritional Aspects…



290

sonalized prehabilitation in 125 high-risk patients 
undergoing elective major abdominal surgery. 
Inclusion criteria were age >70 years and/or ASA 
score III/IV.  Patients suffering from postopera-
tive complications, number of complications per 
patient, and medical complications were signifi-
cantly lower in the prehabilitation group [17].

Therefore, evidence is growing that prehabili-
tation may decrease complications and shorten 
hospital length of stay. This is illustrated by recent 
systematic reviews and meta-analyses [18, 19]. 
Summarizing these results there is significant het-
erogeneity between studies. Suitable target popu-
lations and optimum protocols including 
appropriate supervision have to be defined. Long- 
term results are missing. Most likely, high-risk 
patients with functional and nutritional impair-
ment will benefit most. It remains to be elucidated 
whether other modules should be added whenever 
appropriate. Results from ongoing trials have to 
be awaited. Appropriate outpatient modalities in 
the framework of interprofessional cooperation 
reimbursed by the healthcare insurances are 
pending.

31.5  Nutritional Aims

Regarding the severity of trauma and inflamma-
tion, optimal conditioning of the patient should 
be realized in the preoperative period:

The aims are:

 – Decrease of catabolism and attenuation of 
inflammation

 – Stimulation of immune defense
 – Preservation of the microbiome

31.6  Preoperative Substitution 
of Caloric Deficiency

The benefits of preoperative enteral or parenteral 
nutrition therapy for 7–14 days are only evident in 
patients with severe metabolic risk in agreement 
with the GLIM criteria (BMI <18.5 kg/m2, weight 
loss 10–15%, NRS >5, serum albumin <30  g/l) 
prior to major gastrointestinal surgery [10].

When parenteral nutrition is given for 
10  days preoperatively and continued for 
9  days postoperatively, the rate of complica-
tions is 30% lower and there is a reduction in 
mortality [10].

Aiming on the recovery of physiological func-
tion and total body protein, a considerable 
increase can be achieved within 7 days of paren-
teral nutrition. However, further significant 
improvement will be obtained within the second 
week [10].

31.7  Metabolic Conditioning

Hyperglycemia and insulin resistance in inflam-
matory stress make the concept of preoperative 
glucose intake based on physiology. Metabolic 
conditioning – so-called carbohydrate loading – 
focuses on perioperative normoglycemia with 
special regard to the avoidance of postoperative 
insulin resistance and the reduction of periopera-
tive discomfort [2, 10]. In case of normal gastric 
emptying 2 hrs before surgery, intake of clear flu-
ids may be without harm for the risk of aspiration 
during anesthesia [10].

While a former Cochrane analysis had found a 
reduction in hospital length of stay for the glu-
cose drink [20], a more recent meta-analysis 
including 43 trials with 3110 patients showed a 
small reduction of hospital length of stay in com-
parison with fasting only. No benefit was 
observed in comparison with water and placebo. 
No reduction in postoperative complication rate 
was found [21]. It has to be argued that a consid-
erable number of studies had included patients 
with minor surgery and very short hospital length 
of stay.

The most recent multicentric randomized 
study included 662 patients. While significantly 
less patients had the requirement of 1 dose insu-
lin/day and blood glucose levels >140 mg/dl, no 
difference in clinical complications could be 
found [22].

In the guidelines carbohydrate loading is rec-
ommended for patients undergoing major sur-
gery in the night before (200 ml) and 2 hrs before 
surgery (100 ml) [10].

A. Weimann and L. Mantovani-Löffler



291

31.8  Immunologic Conditioning

The stimulation of immune defense by appropri-
ate nutritional therapy – so-called immunonutri-
tion – is a challenging concept focusing on the 
inflammatory and immune responses of patients 
undergoing major cancer surgery [23]. 
Stimulation of T-cell antitumoral activity has 
been experimentally shown for arginine [24]. 
For the combination of arginine, omega-3-fatty 
acids, and ribonucleotides, numerous prospec-
tive randomized controlled studies and meta-
analyses had been performed investigating the 
pre-, peri-, and postoperative use. Significant 
benefits were found for the reduction of infec-
tious complications and hospital length of stay 
[25, 26]. Significant advantages regarding the 
cost-benefit analysis were shown as well [27].

A more recent meta-analysis focused on 
patients undergoing gastrointestinal cancer sur-
gery and included data from 16 randomized con-
trolled trials with 1387 (n = 715 immunonutrition 
and n = 672 control group). In this meta-analysis 
the sole use of immunonutrition before surgery 
again led to a significant decrease of infectious 
complications when compared with normal diet 
but also with isonitrogenous standard nutritional 
supplement (OR 0.52; 95% CI 0.38–0.71, 
p < 0.0001). For the hospital length of stay a sig-
nificant reduction was found for immunonutri-
tion vs. hospital diet, and a tendency vs. standard 
nutritional supplement [28].

Immunonutrition was also investigated 
within an ERAS program. In a randomized con-
trolled study in 264 patients undergoing colorec-
tal surgery, a diet enriched with immunonutrients 
was compared with a standard oral nutritional 
supplement and administered 7 days before sur-
gery and continued for 5 days postoperatively. 
In the immunonutrition group a significant 
decrease in the rate of infectious complications 
was found (23.8% vs. 10.7%; p = 0.0007) [29]. 
These results are in favor for the integration of 
immunonutrition in an ERAS protocol. In the 
future nutrigenomics may even increase the 
impact of metabolic and immunologic condi-
tioning according to the anticipated inflamma-
tory response.

The ESPEN guideline recommends the intake 
of oral nutritional supplements before major sur-
gery, while immunomodulating substrates should 
be preferred for 5–7 days [26, 30]. Patient com-
pliance may be encouraged. Aiming on the 
decrease of postoperative infection rate the avail-
able data also emphasize continuation of immu-
nonutrition after surgery for 5–7 days [10].

31.9  Special Preparation 
for Surgery

Stoma
Psychological aspects of potential stoma percep-
tion and management have to be communicated 
before surgery. Counseling by the ostomy thera-
pist should be performed routinely. Appropriate 
skin areas will be marked preoperatively.

Urological counseling
Related to the foreseen type of surgery urological 
examination and placement of ureteral stents 
may be protective.

Bowel preparation
The impact of hyperthermia and chemotherapy 
on the wall of the bowel and the function of the 
intestinal barrier has to be taken into account 
regarding anastomotic healing and the develop-
ment of septic complications.

Present concepts for the prevention focus on 
the preservation of the microbiome in the bowel, 
the maintenance of the intestinal barrier, and 
immune defense [31]. The shift from physiologi-
cal microbiome to pathobiome will lead to the 
loss of bacteria diversity and predominance of 
virulent species. This shift has been also consid-
ered the initiator of local complications in the 
bowel like anastomotic leakage.

There is an ongoing discussion regarding the 
impact of mechanical bowel preparation before 
colorectal surgery [32]. The recent US–ERAS 
guideline recommends isosmotic bowel prepa-
ration in combination with oral antibiotics 
before elective surgery [33]. A recent meta-
analysis of 36 studies (23 randomized, 13 
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observational) including 21568 patients did not 
find significant advantages regarding the 
 frequency of anastomotic leakage and hospital 
length of stay. The conclusion was that mechan-
ical bowel preparation should not be adminis-
tered routinely prior to elective colorectal 
surgery [34].

In our patients bowel preparation will be per-
formed slowly within the last week before surgery 
including nutritional advice for liquid diet like oral 
nutritional supplements. In many cases a single 
enema may avoid mechanical bowel preparation 
the day before surgery.

31.10  Conclusion

Consent exists to make the indication for cytore-
ductive surgery and HIPEC only in patients with 
appropriate general and nutritional status. Risk 
assessment is mandatory using validated tools. In 
case of functional impairment, the potential of indi-
vidualized prehabilitation should be considered. 
Next to functional assessment serum albumin level 
which is mostly associated with the nutritional sta-
tus is a prognostic predictor for postoperative com-
plications. In case of serum albumin <30  g/l 
indication for cytoreductive surgery and HIPEC 
should be revisited, and surgery should be delayed 
in favor of conditioning the patient for several 
weeks. This is especially relevant for the period 
between the end of systemic chemotherapy and 
surgery. Supplementing nutritional therapy is 
required in all patients who are unable to eat more 
than 50% of caloric needs for more than 7  days 
before surgery.
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Safety Considerations 
for Intraoperative Use  
of Cytostatic Agents

Gabriel Glockzin

32.1  Regulations, Labelling, 
and Work Safety

Dependent on the therapeutic regimen in the con-
text of hyperthermic intraperitoneal chemother-
apy (HIPEC), different cytostatic agents are 
applied intraperitoneally and intravenously. The 
use of these drugs is restricted by national law 
and regulations including drug preparation, pre-
scription, the patient’s informed consent, and 
patient and staff safety. Moreover, cytostatic 
agents are drugs with mutagenic potential. Thus, 
labelling and the responsibilities of employer and 
employee are also regulated by law. Every cyto-
static agent is accompanied by a safety data sheet 
(in Europe, the ‘EC safety data sheet’), which 
summarizes all relevant user information such as 
name of drug, danger symbol, special risks, and 
drug-specific safety recommendations. This 
information should be available to all involved 
staff in the operating room (OR) at any time dur-
ing and after a HIPEC procedure. Moreover, a 
staff health and safety plan, workplace-specific 
and individual risk assessment, and standard 
operation procedures (SOP) should be estab-
lished. All medical and nursing staff who have 
direct contact with the patient during and after 
HIPEC—including, amongst others, staff in the 

OR, the intensive care unit, the intermediate care 
unit, the normal ward, perfusionists, cleaning 
staff, physiotherapists, consultants, and stomal 
therapists—have to be regularly informed about 
the general and personal risk, legal regulations, 
recommendations, and safety measures for the 
use of cytostatic agents. Due to the genotoxic 
potential of the drugs, pregnant staff members 
should be excluded from work with cytostatic 
agents as well as patients during and at least 72 h 
after the HIPEC procedure.

32.2  OR Safety

General safety measures in the OR (Table 32.1) 
include the posting of hazard signs (Fig. 32.1a) 
and limiting the number of personnel in the OR 
during the HIPEC procedure. All remaining staff 
who have to stay in the OR should wear protec-
tive clothing consisting of a surgical gown, sur-
geon’s hood, surgical mask, eye protection, and 
two pairs of gloves (Fig. 32.2). Wearing special 
filtration masks is not necessary. Frequent change 
of the outer pair of gloves after patient contact or 
contact with potentially contaminated material 
helps to significantly reduce the risk of contami-
nation. Gloves should be changed at least every 
30 min. Direct handling of the cytostatic agents is 
associated with the highest risk of contamination. 
Thus, the chemotherapy solution should be pre-
pared in the pharmacy and transferred to OR on 
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call. Moreover, infusion bags with preconnected 
drug-free infusion lines and Luer-Lock connec-
tors should be preferred to perfusor syringes in 
order to facilitate contamination-free drug appli-
cation (Fig.  32.1b). For intravenous application 
of cytostatic agents, a chemotherapy infusion set 
should be used that also allows for rinsing of the 
infusion line (Fig.  32.1c). Another critical step 
during the HIPEC procedure regarding the risk of 
contamination is the disconnection of the drains 
at the end of abdominal chemoperfusion. The 
HIPEC drains should be cut under protection 
using impermeable and absorbent fabric. Single- 
use scissors and clamps should be used and dis-
carded after use (Fig.  32.1d). Commercially 
available preconnected bag sets might help to 
reduce the risk of contamination. Moreover, 
closed bags without an outlet valve should be 
preferred (Fig. 32.1e). For disposal of contami-

Table 32.1 Safety measures in the OR

General safety measures
Hazard signs/information for all involved personnel
Limit theatre personnel during HIPEC
Wearing protective clothes
Frequent change of gloves
Care and attention to safety recommendations
Active prevention of contamination
Proper disposal of (potentially) contaminated material
Special safety measures
Preparation and transfer of chemotherapy solution on 
call
Use of infusion bags with preconnected infusion line
Use of chemotherapy infusion sets
Use of single-use scissors and clamps for HIPEC drain 
disconnection
Use of closed bags without outlet valve
Availability of a chemotherapy spill kit
Availability of safety data sheets
Regular information and teaching of involved staff
Exclusion of pregnant theatre personnel

a b c

d e f

Fig. 32.1 General and specific safety measures in the 
OR: (a) danger signs, (b) infusion bags, (c) chemotherapy 
infusion set, (d) single-use scissors and clamps, (e) closed 

drain bags without outlet valve, and (f) labelled container 
for cytostatic waste
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nated or potentially contaminated material, certi-
fied and labelled closable and break-proof 
single-use containers for cytostatic waste should 
be used (Fig. 32.1f).

32.3  Action in the Event 
of Contamination

In the rare event of contamination during a 
HIPEC procedure, the contaminated area should 
be kept as small as possible and further disper-
sion of contaminated fluid should be avoided. 
Protective clothes should be taken off immedi-
ately and disposed of as cytostatic waste. The 
contaminated area must be labelled and decon-
taminated by trained personnel. A chemotherapy 
spill kit should always be available in the OR 
during a HIPEC procedure. Decontamination 
starts by soaking up the fluid using soaking pads. 
Thereafter, the contaminated area is cleaned 
from the edge to the middle with paper towels 
and distilled water or other suitable detergents. 
Schierl et al. [6] have shown that 90% of a cyto-
static agent is removed after the first cleaning of 
contamination with platinum-containing drugs. 
Thus, three cleaning cycles seem to be sufficient 
for complete decontamination. Contaminated 
skin should be rinsed with water immediately. 
Medical consultation is recommended. 
Moreover, the responsible person for HIPEC 
safety should be informed immediately to allow 
for consistent contamination management and 

evaluation as well as adjustment of safety regu-
lations and standard operating procedures, if 
necessary.

32.4  OR Staff Safety

The personnel in the OR may be exposed to cyto-
static agents during a HIPEC procedure through 
direct drug exposure, exposure to perfusate, 
 contaminated material such as instruments or 
towels, to body fluids and tissues, or inhalation of 
aerosols. Several studies investigating contamina-
tion with mitomycin C, oxaliplatin, or cisplatin in 
the context of HIPEC have shown that, indepen-
dent of the HIPEC method, there were no elevated 
levels of cytostatic agents in the urine or blood of 
the OR personnel involved [1, 3, 4]. Moreover, no 
elevated air concentrations of cytostatic agents by 
formation of aerosols could be detected in the OR 
using HIPEC regimens with cisplatin [2] or mito-
mycin C [7, 8]. In conclusion, existing data sug-
gests that under observance of safety measures 
(Table 32.1), there is no elevated health risk for 
OR personnel regarding the exposition to cyto-
static agents during HIPEC procedure.

32.5  Patient Safety

Beyond staff safety and health protection, patient 
safety plays a pivotal role using cytostatic agents 
in the OR. For example, according to the guide-
lines of the American Oncology Nursing Society 
for the application of systemic chemotherapy [5], 
before the application of cytostatic agents in the 
context of HIPEC, the following parameters must 
be verified by at least two persons: cytostatic 
agents, therapeutic regimen, dosage, volume, 
route of application (intravenous or intraperito-
neal), timing, temperature, correct allocation, and 
integrity of cytostatic agents. Patient identity is 
routinely verified during preoperative team time- 
out in the OR.  In any case, application of the 
wrong cytostatic agent and/or the wrong dose 
should be regarded as a ‘Never event’. Increased 
risks when using bi-directional HIPEC regimens 
should also be taken into account.

Fig. 32.2 Protective clothes consisting of surgical gown, 
surgeon’s hood, surgical mask, eye protection, and two 
pairs of gloves
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Preventing Complications 
of Cytoreductive Surgery 
and Hyperthermic Intraperitoneal 
Chemotherapy

Christoph Raspé and Franz Florian Rückert

33.1  Perioperative Complications

About 40% of all patients suffer at least one peri-
operative complication after cytoreductive sur-
gery (CRS) and hyperthermic intraperitoneal 
chemotherapy (HIPEC), with a small number 
needing ICU intervention for organ support. 
Despite chemotherapy-induced nephropathy and 
extensive perioperative volume/fluid shifts, the 
incidence of acute kidney injury with the need for 
renal replacement therapy is low (1.3–5.7%) [4], 
although many patients have a temporary increase 
in serum creatinine levels. Perioperative kidney 
injury is an important independent risk factor 
increasing mortality as much as 6.5 times. As a 
result a detailed risk assessment with focus on 
renal function should be performed preopera-
tively. Risk factors include chronic kidney dis-
ease, high BMI, hyperglycemia, preoperative 
hypoalbuminemia, scheduled OR time over 
600 minutes, transfusion of blood products, and 
an expected blood loss of over 60 ml/kg [4].

In addition, perioperative optimization of 
fluid balance, cardiac output, and oxygen sup-
ply should be achieved through the implemen-
tation of goal-directed therapy and the use of 
hemodynamic monitoring (see Chap. 35). 
Furthermore, nephrotoxic drugs should be 
avoided whenever possible, and an adequate 
renal perfusion should be sought. Perioperative 
pulmonary complications are also a major 
cause of morbidity after CRS and HIPEC pro-
cedures. Non-invasive ventilation or nasal high-
flow systems should be used prophylactically 
after extubation to avoid atelectasis and reduce 
recruitment/de-recruitment damage, and tho-
racic epidural anesthesia should be imple-
mented routinely for preventative therapy [8]. 
Septic shock is the leading cause of death after 
CRS and HIPEC.  Optimal perioperative ther-
moregulation, improved fluid management, and 
multimodal pain therapy should be a focus for 
every anesthesiologist.

Other complications that should be considered 
perioperatively are the side effects of chemother-
apy such as anaphylactic reactions, hypomagne-
saemia following cisplatin application with the 
risk of amiodarone-refractory ventricular tachy-
cardia, long QT syndrome following cisplatin 
infusion, arrhythmias or cardiomyopathies after 
doxorubicin or mitomycin C treatment, hypona-
tremia, lactate acidosis, or hyperglycemia after 
HIPEC with oxaliplatin in a dextrose-based car-
rier solution.
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33.2  Thermoregulation

 c Maintaining normothermia throughout the 
procedure is an important goal during 
perioperative management.

During CRS, hypothermia should be mini-
mized given the large abdominal wound surface. 
This can be achieved through convective heat or 
heated infusions. Perioperative hypothermia is a 
common complication and occurs in up to 70% 
of all cases. Consequences of hypothermia may 
include increased blood loss through the attenu-
ated platelet and clotting-factor function, 
increased incidence of wound infections, weak-
ened immune system, and tachycardia with 
increased oxygen consumption as well as poten-
tial myocardial ischemia and cardiac arrhyth-
mias [5].

Systemic hyperthermia is also a possible risk 
due to the intra-abdominal temperatures of up to 
42  °C during HIPEC.  This can lead to an 
increased metabolic rate and oxygen imbalance 
with consequent tachycardia, increased end-tidal 
CO2 levels, and metabolic acidosis. In addition, 
the development of myocardial ischemia is a 
potential complication, especially in patients 
with pre-existing coronary heart disease [5]. 
Pulmonary edema, ARDS, and neurocognitive 
dysfunction are possible. Furthermore, it has 
been shown that temperatures above 42  °C can 
lead to neurological and electrophysical changes 
in peripheral nerves such as the phrenic nerve, 
the vagus, and the recurrent laryngeal nerve, 
resulting in dysfunction and dysesthesia [5].

33.3  Coagulation Management

 c CRS and HIPEC is often associated with 
significant blood loss [8].

This is due not only to the extent of the surgi-
cal procedure but also to an increased bleeding 
tendency, which is due to coagulation disorders 
in the context of hypo-/hyperthermia and to che-
motherapeutic agents, cancer entity, or hemodilu-
tion and fluid shifts.

About one-third to one-half of patients require 
perioperative red blood cell concentrates. It 
should be kept in mind that allogeneic blood 
transfusions are an independent prognostic risk 
factor for the long-term survival of cancer 
patients. Blood transfusions are associated with 
increased morbidity and mortality in oncological 
surgery. For this reason, in addition to minimally 
invasive surgical work, the use of a cellsaver and 
consecutive radiotherapy with 50 Gy to eliminate 
tumor cells and retransfusion are an option to 
reduce allogeneic blood transfusions. Irradiated 
cellsaver blood has a markedly higher rate of 
morphologically intact red blood cells with 
higher levels of 2,3-diphosphoglycerate than 
allogenic RBCs [2, 3, 8]. Further prospective 
studies are needed to establish the long-term 
effects of irradiated cellsaver blood in cancer 
patients. In any case, the transfusion regime 
should be restrictive. Of course, the transfusion 
trigger depends on many perioperative factors, 
including patient morbidity, but the “cross- 
section guidelines of the German Medical 
Association on blood component therapy” with a 
transfusion trigger of 6–8 g/dl (3.7–5.0 mmol/l) 
should serve as a manifest basis [2].

About one-third of all HIPEC patients develop 
a clinically relevant bleeding tendency intraop-
eratively, resulting in a high transfusion rate of 
fresh frozen plasma (FFP). An international sur-
vey showed that >60% of all HIPEC centers per-
form pre-emptive therapy with FFP before any 
coagulopathy is evident clinically [1]. Routine 
application of FFP is currently performed in 
almost half of all HIPEC centers, whereas only 
14% reported regular administration of 
tranexamic acid. A fall in fibrinogen levels may 
trigger bleeding during CRS and HIPEC.  A 
regime of tranexamic acid and cryoprecipitate 
has shown promise in reducing the need for FFP 
or red blood cell concentrates [10]. In this con-
text, it should be pointed out again that, following 
European and German transfusion guidelines 
(“cross-sectional guidelines” [2]), the transfusion 
of FFP is recommended only in patients with 
clinically evident bleeding after substitution of 
single factors such as fibrinogen or PPSB and 
exclusion of hyperfibrinolysis, since the applica-

C. Raspé and F. F. Rückert



301

tion of FFP is associated with an increased risk of 
developing multi-organ failure and ARDS. Some 
HIPEC centers confirm this approach and report 
a significantly reduced transfusion rate of FFP of 
only 5% [4].

In more than 90% of all HIPEC centers, coag-
ulation management so far has been controlled by 
standard coagulation laboratory parameters. 
Only about a fifth of all hospitals surveyed con-
trol coagulation by point-of-care (POC) systems 
such as thromboelastometry and/or platelet func-
tion analyzers [1]. However, it has been shown 
that, with the aid of these POC systems, the com-
plex pathophysiological changes in coagulation 
are analyzed much better perioperatively and 
could be targeted better. Therefore, these devices 
may have an important role to play in coagulation 
management of patients undergoing CRS and 
HIPEC [8]. Last but not least, pre-emptive admin-
istration of 1 g tranexamic acid should be consid-
ered every 8 hours to prevent hyperfibrinolysis in 
patients with CRS and HIPEC since this can 
reduce blood loss and the use of red cell transfu-
sions. A recent study has shown human fibrino-
gen concentrate may also be useful in managing 
bleeding during CRS and HIPEC when used with 
thromboelastometry [9].

33.4  Pain Therapy

 c It is generally accepted and evident that 
thoracic epidural anesthesia supplementing 
general anesthesia in the control of 
perioperative pain is clearly superior to 
general anesthesia alone.

Epidural anesthesia (EA) allows early post-
operative extubation and mobilization, reduces 
postoperative pulmonary complications, reduces 
morbidity after CRS and HIPEC, and signifi-
cantly improves patient satisfaction [8]. 
Postoperative ventilation was significantly 
shortened in patients after HIPEC, and the 
application of intravenous opioids, which in 
turn can lead to complications such as gastric 
atony, was reduced [5, 8]. It is not surprising 
that some studies have observed a significant 

reduction in postoperative ileus with epidural 
anesthesia. Many patients who undergo CRS 
and HIPEC are dependant on opioids pre-opera-
tively with chronic pain and reduced quality of 
life, so adequate postoperative pain manage-
ment can be challenging but is vital.

Supportive EA is now regarded as the gold 
standard in patients undergoing CRS and 
HIPEC. With EA it was possible to significantly 
reduce opioid and non-opioid analgesia as well 
as numeric rating scale (NRS) levels within the 
first 60 h after surgery. Residual functional capac-
ity and vital capacity as well as the FEV1 of the 
lungs were improved and the balance between 
oxygen consumption and uptake reduced the risk 
of myocardial ischemia [5]. The fear that 
EA-induced sympathetic blockade together with 
the systemic effects of HIPEC leads to hemody-
namic instability is unjustified, since these ther-
modynamic alterations can be avoided with 
targeted optimization of fluid administration [8].

As thrombocytopenia and coagulation disor-
ders are often seen following CRS and HIPEC, an 
increased risk of an epidural hematoma has been 
suggested. Recent studies have shown that, for 
patients undergoing CRS and HIPEC, epidural 
anesthesia is a safe treatment option, and the risk 
of epidural hematoma is not higher than other sur-
gical groups (1:6628) [6]. Considering that the 
main reasons for an epidural hematoma are the 
insertion of the catheter and a difficult and trau-
matic puncture, preoperative detailed coagulation 
tests as well as an atraumatic puncture and cathe-
ter insertion by an experienced anesthetist appear 
to reduce the risk of bleeding complications.

Finally, retrospective clinical investigations 
have shown an improvement in the long-term 
outcome and a reduction in metastatic growth 
after cancer surgery with supplemental EA [8]. 
Currently, three quarters of all HIPEC centers 
perform supportive EA [1, 7, 11].

33.5  Monitoring

Not all patients need to be monitored in the ICU 
after CRS and HIPEC procedures. Depending on 
the Eastern Cooperative Oncology Group 
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(ECOG) performance status, the patient’s nutri-
tional status, age, suspected blood loss, and the 
extent of cytoreduction, the indication for 
 intensive care monitoring should be rigorous and 
take into consideration the potential complica-
tions such as the risk of infections and the costs 
of ICU stay.

In practice, most of the patients (67–100%) 
are admitted postoperatively to the ICU, as the 
fluid loss of up to 10 liters per day within the first 
72 h after surgery is very high. It is similar with 
perioperative coagulation disorders and the ensu-
ing bleeding, which usually occur within the first 
24 h after surgery before returning to normal.

33.6  Conclusion

In order to avoid perioperative complications, the 
anesthesiologist and intensive care physician 
should focus especially on fluid management, 
thermoregulation, coagulation therapy, and ade-
quate pain management.
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Nutritional Concepts in Patients 
with Peritoneal Tumors

Stephan C. Bischoff

34.1  Introduction

Patients suffering from peritoneal tumors, either 
peritoneal metastases or primary peritoneal tumors 
such as carcinoma or mesothelioma, frequently 
suffer from malnutrition. The reasons for malnu-
trition are manyfold and include anorexia, malas-
similation because of motility disorders, adhesions 
or short bowel syndrome, and tumor cachexia 
characterized by low-grade inflammation and the 
release of cachexia-inducing factors from the 
tumor cells. Therefore, malnutrition is a common 
complication in patients with peritoneal tumors, 
and afflicted patients should be carefully exam-
ined for malnutrition immediately after diagnosis 
and in the course of disease. This is of particular 
relevance since the nutritional status determines to 
a large extent the quality of life and prognosis.

34.2  The Malnutrition Problem 
in Patients with Peritoneal 
Tumors

34.2.1  Epidemiology

The prevalence of malnutrition in patients with 
peritoneal tumors is not exactly known. Clinical 

experience implies that the prevalence is very 
high. With regard to nutritional status and nutri-
tional therapy, there are no fundamental differ-
ences between patients with peritoneal metastases 
such as pseudomyxoma peritonei and patients 
with primary peritoneal tumors such as carci-
noma or mesothelioma. The prevalence of mal-
nutrition in patients with peritoneal metastases 
can be assumed to be higher than in patients with 
primary peritoneal tumors because metastatic 
neoplasms of the peritoneum reflect advanced 
and uncontrolled disease, which is generally 
associated with a high probability of malnutri-
tion. In these patients, relevant malnutrition can 
be expected in at least 50% of patients.

34.2.2  Type of Malnutrition

The typical type of malnutrition in patients with 
tumors of the peritoneum is “tumor cachexia,” 
which is characterized by a decrease in muscle 
mass and fat mass as well as subclinical 
inflammation.

34.2.3  Diagnostics and Malnutrition 
Assessment

Due to the expected high prevalence of malnutri-
tion in patients with tumors of the peritoneum, 
every patient who is diagnosed with this problem 

S. C. Bischoff (*) 
Institute of Nutritional Medicine, University of 
Hohenheim, Stuttgart, Germany
e-mail: Bischoff.stephan@uni-hohenheim.de

34

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-62640-2_34&domain=pdf
https://doi.org/10.1007/978-3-030-62640-2_34#DOI
mailto:Bischoff.stephan@uni-hohenheim.de


304

should be screened for malnutrition promptly. 
Simple, validated screening tools such as the 
“Nutritional Risk Screening (NRS) 2002” [12] 
have proven successful.

If such a tool identifies a risk of malnutrition, 
a more detailed nutritional assessment is indi-
cated. In addition to nutritional parameters—
weight, BMI, triceps skinfold, upper arm 
circumference—and nutritionally relevant labo-
ratory parameters such as albumin, prealbumin 
(if available), urea, glucose, electrolytes, etc., it is 
also recommended to measure muscle strength, 
which is usually reduced in tumor cachexia and 
which is of prognostic importance [18]. Tumor- 
associated malnutrition can be further clarified 
using “bioelectrical impedance analysis” (BIA) 
and differentiated from malnutrition without 
cachexia [17].

In addition to the objective tests to determine 
the nutritional and functional status, the changes 
in body weight should be carefully monitored 
and documented. In times when a significant part 
of the population suffers from obesity, malnutri-
tion due to illness is often overlooked or only rec-
ognized late—possibly too late. Both the patient 
and his relatives as well as the doctor or the nutri-
tionist can overlook such threatening develop-
ments in the case of previously obese people.

 c An unintentional weight loss of more than 
5 kg within 3 months or more than 10 kg 
within 6 months is considered as “significant 
weight loss” and sufficient for the diagnosis 
of malnutrition (regardless of BMI). 
Significant weight loss has been proven to 
be relevant for the prognosis of the patient.

The criterion “significant weight loss” has 
become much more important than the criterion 
“BMI <18.5 kg/m2” which tumor patients who 
were previously overweight seldom reach. 
Significant weight loss must be treated by a suit-
able specialist in nutritional therapy. The ratio-
nale for nutritional screening and assessment in 
all patients with peritoneal metastases is based 
not only on the decision for or against nutritional 
therapy, but also on the fact that the nutritional 
status is a criterion for the therapy planning itself. 

The nutritional status—measured here using the 
PNI (“prognostic nutritional index”)—is, for 
example, an independent predictive factor for the 
feasibility of cytoreductive surgical therapy in 
addition to ascites [3].

If the screening has shown no risk of malnutri-
tion, it should be repeated monthly.

34.3  Treatment of Malnutrition 
in Patients with Tumors 
of the Peritoneum

34.3.1  Objectives of Nutritional 
Therapy

Nutritional therapy has several objectives. It is 
not limited to replacing the failed or restricted 
oral diet with a medical diet (enteral or parenteral 
nutrition) in order to maintain and improve the 
nutritional status. Another important goal is to 
improve the prognosis and to reduce complica-
tions such as infectious diseases. The response to 
chemotherapy and the feasibility of chemother-
apy can also be improved by professional nutri-
tional therapy [1, 21]. The most important goal, 
however, is to improve the quality of life in 
patients with advanced disease and a limited 
prognosis [15].

Objectives of nutritional therapy:

• Maintain or improve nutritional status
• Improve prognosis
• Reduce complications
• Improve feasibility of and response to 

chemotherapy
• Improve quality of life

34.3.2  Oral Therapy

If screening and assessment have confirmed a 
risk of malnutrition or manifest malnutrition, 
nutritional therapy is indicated. This usually 
begins with nutritional advice from a qualified 
specialist (certified dietician, nutritionist, or doc-
tor with additional qualifications). The appetite 
as well as individual intolerance or food aver-
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sions should be taken into account. Food intake 
should be quantified using suitable methods (e.g., 
plate diagrams, nutritional protocols) and com-
pared with food requirements (e.g., determined 
using formulas or calorimetry). This makes it 
possible to create an individualized nutrition plan 
based on specific needs. The effectiveness of 
needs-based oral nutrition therapy has been 
proven [19, 23].

34.3.3  Oral Nutritional Supplements 
(ONS)/High-Caloric Sip Feeds

If the energy requirement cannot be adequately 
met by oral nutritional therapy, ONS are indi-
cated. This kind of treatment can be continued for 
longer time periods, i.e., in the outpatient setting 
[26]. The effectiveness and acceptance of ONS in 
tumor patients has been proven [14].

34.3.4  Enteral Nutrition (EN)

The current guideline for “clinical nutrition in 
surgery” [27] states:

Medical nutrition is indicated in patients with mal-
nutrition and those without overt malnutrition if it 
is foreseeable that the patient will be unable to eat 
orally for more than 7 days postoperatively. The 
indication also exists for patients who are unable to 
take more than 60–75% of the recommended 
amount of energy orally for more than 10 days. For 
these patients it can be recommended to start medi-
cal nutrition (preferably enterally) without delay. 
(C; strong consensus)

Adequate oral or EN improves not only the 
nutritional status and quality of life but also the 
intestinal permeability disorder (“leaky gut”), 
measured by means of the lactulose/mannitol 
ratio, which occurs frequently after hyperthermic 
intraperitoneal chemotherapy (HIPEC) in 
patients with advanced gastric cancer and perito-
neal cancer. The “leaky gut” could almost be pre-
vented by EN; the EN was highly effective 
compared to placebo and more effective than par-
enteral nutrition [13].

On the other hand, a few mostly retrospective 
reports indicated that placement of a tube for EN 

was not associated with an improved nutritional 
status [7]. However, these studies do not answer 
the question whether the indication for an ade-
quate EN should therefore be questioned in gen-
eral or whether the placement of a tube is not 
sufficient. The EN must be carried out properly 
after the tube is placed so that a benefit can be 
expected (see also Sect. 34.3.5).

Whether EN can be performed in a patient 
with peritoneal cancer depends on whether there 
is sufficient intestinal motility. As a rule, EN will 
be carried out via a nasoduodenal or a nasogastric 
tube, since percutaneous endoscopic gastrostomy 
(PEG) is contraindicated in cases of proven peri-
toneal carcinosis. The EN should be regarded as 
an interim solution in most cases, especially 
since it can hardly be practiced as an outpatient 
action for long periods without PEG. Perhaps a 
new option is the PTEG (“percutaneous trans-
esophageal gastrostomy tube”), in which the 
feeding tube is inserted in the neck area and 
placed in the stomach via the esophagus [22]. 
This would be an elegant compromise, but expe-
rience is limited. If intestinal motility is increas-
ingly restricted, a switch to partial or complete 
parenteral nutrition must be made. A PEG can 
then be considered for relief [24]. As a rule, stan-
dard formulas are sufficient for EN. A temporary 
“immunonutrition”, for example, before or up to 
4 weeks postoperatively, can be considered.

34.3.5  Parenteral Nutrition (PN)

Tumor patients with advanced peritoneal carci-
nosis are often unable to eat enough orally or 
enterally, mainly because of increasingly limited 
intestinal motility. This fulfills the indication for 
(complete or partial) PN.  A retrospective study 
from Taiwan showed that the prognosis for such 
patients is variable, but generally short 
(1–2  months). Ascites was not a relevant prog-
nostic factor, but the nurtritional status, measured 
here as BMI, was [5].

Another study from the United States exam-
ined patients with gynecological tumors and 
advanced peritoneal cancer who had been treated 
with gastrostomy stents. These were needed for 
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an average of 2.2 years after diagnosis. After that, 
the average life expectancy was limited to 
6  weeks. 36% of the patients received 
PN. Chemotherapy could be carried out signifi-
cantly more often in these patients than in those 
without PN, which significantly improved the 
10-week prognosis [9].

During PN in particular, it is important to 
ensure adequate supply of micronutrients. As 
with other tumor patients, relevant deficiency 
symptoms may occur otherwise, for example, 
Wernicke’s encephalopathy, which can simply be 
prevented by administration of thiamine [11].

In the preterminal phase of advanced perito-
neal carcinoma, careful assessment of the indi-
vidual case is essential as far as the indication is 
concerned, because there are individual, mostly 
retrospective reports according to which PN did 
not provide any benefit [6]. However, the studies 
mostly remain unclear as to whether PN or simul-
taneous chemotherapy negatively affected the 
prognosis and whether the type of PN, and not 
PN per se, caused these effects. In another con-
text, it has been shown that PN, which is sup-
posed to have beneficial effects in these patients, 
can have negative consequences if, for example, 
a hypercaloric or too high-fat or too high-sugar 
PN is carried out. In any case, a “second genera-
tion type” of fat (either a mixture of medium- 
chain triglycerides (MCT) and long-chain 
triglycerides (LCT) or olive oil instead of LCT 
only) or a “third generation type” of fat (prepara-
tions containing fish oil) should be used. 
Moreover, serum glucose should be monitored 
carefully, and, if necessary, individualized insulin 
therapy in a defined target area should be admin-
istered to keep blood glucose levels within the 
range of 100–160 mg/dl.

The majority of the studies rated PN in patients 
with peritoneal tumors as safe and successful in 
terms of survival and quality of life—provided 
the indication and implementation were correct. 
For this reason, it is recommended to continue 
PN after leaving the clinic (see below) [2, 8, 25].

34.3.6  Additional Options 
in the Palliative Therapeutic 
Course

Self-expanding stents, such as those used for pal-
liative treatment for stomach stenosis, can also be 
used in patients with peritoneal cancer [16, 20].

34.3.7  Monitoring During Treatment

Management in the Hospital
It is mandatory to carry out nutritional screening 
upon admission or when making the diagnosis of 
peritoneal tumor. The screening should be done by 
a specialist (e.g., nurse, dietitian, or physician) and 
repeated monthly. Adequate transfer management 
is necessary before discharge. For this purpose, the 
establishment and consultation of an interdisci-
plinary nutrition team is recommended [4].

Outpatient Management
In many cases, nutritional support must be con-
tinued on an outpatient basis, for example, by 
means of home PN, which can now be carried 
out safely and effectively with professional 
care [4].

It is essential to monitor nutritional parame-
ters, functional parameters, and risk parameters 
in the course of the disease [10], since appropri-
ate adjustments may have to be made, and to 
regularly review the indication for medical nutri-
tion during treatment.

Conclusion
Parenteral nutrition:

• It is often indicated in patients with peritoneal 
tumors.

• It can be carried out safely in inpatients and 
outpatients.

• It improves nutritional status, prognosis, and 
quality of life.

• It should be checked regularly.
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Perioperative Management

Wieland Raue, Michael Sander, 
and Anja Hawliczek

35.1  Introduction

Extensive cytoreductive surgery in patients with 
advanced malignant disease frequently results in 
significant trauma affecting physiologic homeo-
stasis. Preexisting diseases, reduced performance 
status, and simultaneous intraoperative chemo-
therapy can increase the risk of morbidity and 
mortality. In particular, fluid shifts and tempera-
ture management can pose challenges. It seems 
reasonable to use invasive hemodynamic moni-
toring devices for optimally guided volume and 
fluid therapy, inotropic support, and vasocon-
strictor application.

Postoperative management should adopt well- 
established programs for enhanced recovery after 
major gastrointestinal surgery. Close monitoring 

is required as a result of the increased risk of sur-
gical complication.

A meticulously planned workflow and the use 
of checklists are recommended because of the 
complexity of this therapeutic treatment and, par-
ticularly, the large number of specialists and units 
involved.

35.2  Positioning During 
Anesthesia

Surgeons and anesthetists are both responsible 
for correct intraoperative patient positioning [3]. 
A lithotomy position, with the thighs lowered 
horizontally and with the routine use of a table- 
mounted retractor system, provides the best pos-
sible exposure of the complete abdominal and 
pelvic cavity. Flexible retractor arms allow con-
tinual adjustments and optimal conditions for 
every step of the resection. The lithotomy posi-
tion allows ease of access for a transanal stapled 
anastomosis, for transvaginal manipulation facil-
itating exposure of the recto-uterine pouch, or for 
retrograde filling of the urinary bladder. 
Furthermore, the operating surgeon has the pos-
sibility of changing his own position easily, for 
instance, for better access to the dorsal sub-
phrenic areas.

The insertion of a chest tube should be con-
sidered in cases of subdiaphragmatic peritonec-
tomy or intraoperative diaphragmatic injuries. 
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Abducted arm positioning and a broadly fenes-
trated abdominoperineal drape may also simplify 
the thoracic access.

Common safety precautions including the 
padding of vulnerable structures should be 
applied carefully for prolonged procedure times 
[18]. Devices for intermittent leg compression 
can be used to improve venous blood flow in 
patients while in the lithotomy position.

35.3  Anesthesiological 
Management

The comprehensive surgical cytoreduction and 
administration of hyperthermic intraperitoneal 
chemotherapy (HIPEC) can cause substantial 
disturbances in fluid homeostasis, altered acid- 
base balance, and protein losses. Therefore, it is 
reasonable to apply extended invasive hemody-
namic monitoring and to follow the principles of 
volume-guided early goal-directed therapy. In 
particular, volume optimization is a basic require-
ment for the prevention of postoperative compli-
cations, particularly for the protection of normal 
renal functioning. Metabolic changes should be 
expected, particularly during the hyperthermic 
perfusion phase. An anticipation of temperature 
management and normalization of hemostatic 
function are essential throughout the entire pro-
cedure [12, 13, 17].

35.4  Anesthesia

A balance or a combination of general and 
regional anesthesia is recommended. We prefer 
total intravenous anesthesia in combination with 
thoracic epidural application of sufentanil and 
ropivacaine. Epidural anesthesia offers several 
advantages: for instance, the possibility of opti-
mal perioperative pain management, which pre-
vents the development of chronic pain, and the 
reduction in the risk of postoperative pulmonary 
disorders or myocardial ischemia. Furthermore, 
the use of thoracic epidural anesthesia can shorten 
the time of postoperative ileus [7, 13].

The placement of a central venous catheter 
and measurement of central venous pressure are 
mandatory. Furthermore, an arterial access line 
should be inserted. We recommend the use of a 
device for intensive hemodynamic monitoring, 
for instance, a transpulmonary thermodilution 
technique and continuous pulse contour analy-
sis (e.g., PiCCO®), for the estimation of stroke 
volume and intravascular volume status. This 
provides exact temperature measurements and 
allows continuous monitoring of cardiopulmo-
nary function. Repeated calibrations of these 
monitoring devices should be performed after 
the induction of anesthesia and regularly in 
cases of hemodynamic changes. Brain function 
monitoring (e.g., BIS® or SedLine®) is recom-
mended. Peripheral venous lines for volume 
replacement, a transnasal feeding tube, and a 
urinary catheter complete the anesthesiological 
preparation. Preoperative antibiotic prophylaxis 
should be administered approximately 30  min 
before the skin incision. Venous thromboem-
bolic prophylaxis should be discussed with the 
surgical team.

35.5  Hemodynamic Management 
and Volume Replacement

Fluid management should focus on the principles 
of early goal-directed therapy. Preoperative fast-
ing should be kept short. The oral intake of clear 
liquids can be allowed until 2 h before the induc-
tion of anesthesia. But delayed gastric emptying 
or reduced intestinal motility in patients with 
peritoneal disease should be kept in mind. The 
intraoperative volume replacement strategies 
should be individually adjusted. The following 
suggestions represent only approximate guide-
lines. Isotonic colloids should be administered 
as basic fluid replacement with 3–5 ml/kg body 
weight per hour. An increased fluid requirement 
of up to 12 ml/kg/h can be expected during the 
HIPEC phase due to increasing body tempera-
ture, acidosis, and metabolic changes. We use 
additional colloids of up to 30  ml/kg. The tar-
get mean arterial blood pressure (MAP) should 

W. Raue et al.



311

be kept at 60–70 mmHg depending on preexist-
ing conditions and comorbidities. The central 
venous pressure (CVP) should be <15  mmHg. 
The stroke volume (SV), stroke volume varia-
tion (SVV), and cardiac index (CI) should be 
assessed after the induction of anesthesia and 
should be monitored during the complete proce-
dure. The SVV is ideally <12%, and the cardiac 
index is ideally >2.5 l/min/m2. A regular reevalu-
ation of hemodynamic parameters for hypovole-
mia (at least every 30 min, more frequent during 
the HIPEC phase) should be included in the stan-
dardized anesthesiological algorithms. Volume 
replacement is necessary in cases of decreasing 
stroke volume, increasing SVV, and a simultane-
ously declining CI. The first response is a fluid 
challenge (e.g., 200  ml colloid or crystalloid 
solution). Successful volume optimization leads 
to a 10–15% increase in the SV. In that case, a 
repeated volume challenge can be considered. 
Crystalloid fluid overload should be prevented, 
especially overload of the extravascular com-
partment. Catecholamines should be adminis-
tered if volume challenges do not lead to aimed 
cardiac function targets (CI, SVV) or may even 
cause a further decline. Further indications for 
differentiated catecholamine therapy may be 
mixed-venous oxygen saturation (SvO2) <70% 
or acidosis despite optimized volume status. The 
administration of dobutamine to increase the 
CI should be considered in addition to norepi-
nephrine and/or low dose vasopressin as a vaso-
pressor. Phosphodiesterase-3 inhibitors, such as 
enoximone or milrinone, could be helpful for 
patients with pulmonary hypertension or right 
ventricular impairment. Additional vasopressin 
can be used as a vasoconstrictor in these patients 
to avoid the negative effects of norepinephrine 
on pulmonary blood flow [4, 9, 14, 16].

35.6  Protection of Renal Function

Platinum-based chemotherapy is nephrotoxic 
even if administered intraperitoneally, and it can 
increase the preexisting risks of renal failure 
(e.g., age, chronic renal impairment, cardiac 

insufficiency, and hepatobiliary diseases). 
Moreover, there are many more factors of major 
surgery that are risk factors for renal function. 
One of the most important goals during anesthe-
sia is to preserve a normovolemic state and to 
avoid even short-term hypotensive periods (MAP 
<55–60  mmHg). A standardized meticulous 
assessment of intraoperative blood loss and 
replacement according to authorized guidelines 
is of particular importance [12, 13, 17].

The average amount of diuresis should be at 
least 1–2 ml/kg/h. Diuresis and other fluid losses 
should be balanced periodically, e.g., hourly. 
Closer monitoring is recommended during the 
HIPEC period. If oliguria persists despite hemo-
dynamic optimization (fluid challenge, differen-
tiated catecholamine therapy), the administration 
of loop diuretics should be considered. At the 
same time, the additional nephrotoxicity of che-
motherapeutic drugs and diuretics must be taken 
into account [10, 13].

35.7  Temperature Homeostasis

Maintaining a constant core body temperature is 
always a goal of perioperative treatment. 
Postoperative hypothermia is associated with an 
increased risk of surgical site infections, coagu-
lopathies, and cardiovascular side effects [20]. 
Hyperthermia during intraperitoneal chemother-
apy can induce considerable lactate acidosis, 
elevated end-expiratory CO2 levels, and a sub-
stantial increase in oxygen consumption that may 
cause additional cardiovascular stress. It is essen-
tial to keep the core temperature <38 °C. Cooled 
infusions and devices for convective temperature 
management can be used for active temperature 
lowering in addition to the possibly necessary 
adjustment of respirator settings.

The following target values are commonly 
accepted:

• During cytoreductive surgery: >36  °C 
intravesical

• HIPEC phase <38 °C intraarterial
• HIPEC phase 42 °C intraabdominal
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35.8  Metabolic Changes, 
Hemostasis, and Antiemetic 
Treatment

The production of lactate and other metabolic 
products culminates at the end of the HIPEC 
phase. The application of chemotherapeutic 
drugs and their side effects (disturbed electrolyte 
balance, nephro-, and cardiotoxicity) are uncom-
mon events during anesthesia but are relevant in 
this setting [13]. Avoiding acidosis is one of the 
most important goals of anesthesiological man-
agement. Periodic tests to assess the current vol-
ume state with the consideration of continuous 
hemodynamic parameters and ongoing catechol-
amine treatment are essential.

The preservation of intact hemostasis during 
CRS and HIPEC is another crucial issue. The 
extensive dimensions of the internal wound sur-
face, the intraoperative loss of blood and clot-
ting factors, a disturbed electrolyte balance, and 
impaired thermoregulation can contribute to 
severe hemostatic disorders. The intraoperative 
aim is to keep the hemoglobin concentration in 
accordance with national transfusion guidelines 
(>10 g/dL). An adequate amount of packed red 
blood cells and clotting factors should be read-
ily available. Close hemostatic monitoring is 
highly recommended. Techniques for point of 
care (POC) coagulation testing allow a fast and 
individualized response to incipient coagulation 
disorders. This offers the possibilities of reduc-
ing the risk of intra- and postoperative bleeding 
and reducing the number of transfusions [22]. 
The current coagulation state should be tested 
before the beginning of the HIPEC phase due to 
the expectation of rising core temperature and 
the effects on coagulation and capillary 
perfusion.

Furthermore, monitoring the intraabdominal 
pressure can be helpful for evaluating hemo-
dynamic disorders. A substantial increase in 
intraabdominal pressure should be expected, 
especially during closed HIPEC.  At the same 
time, this very part of the procedure requires suf-
ficient relaxation of the abdominal wall. Fixed 
measuring times (e.g., after the following: induc-
tion of anesthesia, closing the abdominal wall, 

prefilling the abdominal cavity, and finishing 
HIPEC) allow for approximate but comparable 
trend monitoring.

The complete CRS and HIPEC procedures 
bear a high risk for long-lasting postoperative 
nausea and vomiting aggravated by chemothera-
peutic drugs. Specific antiemetic medication 
should be administered prior to chemotherapy. 
The time of fascial closure is suitable in closed 
HIPEC techniques. Scheduled antiemetic therapy 
should last until at least the 3rd postoperative day 
and should be subsequently continued on 
demand. Pharmacologic intraoperative anti-
emetic prophylaxis should consist of a combina-
tion of 5-HT3 antagonists and dexamethasone. In 
cases of highly emetogenic chemotherapy 
(mostly platinum- or anthracycline-based regi-
mens), the addition of an NK1 antagonist is use-
ful. Postoperative prophylaxis should also follow 
a fixed schedule and contain drugs such as 5-HT3 
antagonists [11].

35.9  Postoperative Phase, ERAS, 
and Prehabilitation

Prehabilitation and programs for Enhanced 
Recovery After Surgery (ERAS) are helpful tools 
for reducing the risk of complications after complex 
operations [6]. Basically, these concepts aim to sys-
tematically accelerate the restoration of patients’ 
autonomy, to improve the quality of life, and, by 
this means, to prevent complications. Essential ele-
ments of ERAS programs include interventions at 
every step of the treatment process. Preoperative 
issues such as proper patient selection, extensive 
information about the treatment and the expected 
course, and preliminaries for risk reduction are fol-
lowed by goal-directed anesthesia and surgery that 
is as atraumatic as possible. The postoperative 
course [1] should include a schedule for:

• Optimal and opioid-sparing analgesia
• Effective antiemetic treatment
• Early removal of abdominal drains and naso-

gastric and chest tubes
• Early enteral nutrition
• Accelerated mobilization
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There is still a lack of high-quality data from 
studies with sufficient evidence levels. The pro-
nounced heterogeneity of patients and treatment 
algorithms hamper data acquisition and evalua-
tion. At the very least, there have been reported 
advantages of ERAS concepts in CRS/HIPEC 
treatment described in the few publications avail-
able so far [2, 5, 13].

35.10  Ventilation, Analgesic, 
and Antiemetic Therapy

A planned early weaning program is recom-
mended and should start immediately after admis-
sion to the ICU.  Clear concepts (e.g., 
decontamination of the oral cavity, semirecumbent 
position, spontaneous breathing phases) to prevent 
ventilator-associated pneumonia should be imple-
mented if a prolonged mechanical ventilation 
>48 h is necessary. Extensive breathing exercises 
with regular CPAP episodes and active physiother-
apy support are essential after extubation. Attentive 
surveillance monitoring should also focus on pleu-
ral effusions. We prefer to drain even small effu-
sions in the early postoperative period.

Epidural analgesic therapy can be continued 
until day 4 or 5 and may shorten the time of post-
operative ileus. In the absence of an epidural 
catheter, the establishment of patient-controlled 
analgesia using highly potent opioids is usually 
possible depending on the alertness and cognitive 
states. Additional nonsteroidal anti-inflammatory 
drugs can be given in scheduled intervals as well 
during mobilization. Early collaboration with a 
pain therapy specialist is suggested [7].

35.11  Postoperative Nutrition 
and Fluid Therapy

Usually, it is possible to start oral nutrition within 
the first postoperative days with protein drinks, 
soups, or yogurt. Anastomoses of the GI tract 
should not delay enteral feeding but often if sur-
gery has been extensive and prolonged such as 
for advanced pseudomyxoma, it is unlikely that 
enteral feeding will be tolerated in the early post-

operative period [19]. Effective prokinetic ther-
apy (ideally a thoracic epidural catheter with 
local anesthetics) and active mobilization help 
stimulate gut motility, appetite, and beginning of 
enteral nutrition. Intraoperative antiemetic pro-
phylaxis using 5-HT3 antagonists should con-
tinue for a few days at regular intervals [11]. The 
significance of NK1 antagonists after local che-
moperfusion has not yet been determined. Further 
rapid progression of oral nutrition is often ham-
pered by a prolonged loss of appetite. Lack of 
appetite, nausea, and anorexia may be affected by 
dronabinol in some cases.

Sufficient fluid therapy is of fundamental 
importance to avoid renal impairment. 
Additionally, chemotherapy, preexisting dis-
eases, hemodynamic management, fluid and 
transfusion replacement strategies, and further 
nephrotoxic medication avoidance can contribute 
to renal function. Diuresis should not fall below 
1 ml/kg/h [10]. Prolongation of extended contin-
uous hemodynamic monitoring and goal-directed 
fluid therapy allows maintenance of optimal fluid 
homeostasis. Therefore, we recommend continu-
ing this monitoring until the 3rd postoperative 
day or discharge from the intensive care unit 
(ICU). Volume replacement and transfusion regi-
mens should pursue the same postoperative target 
values as intraoperative regimens. The current 
transfusion guidelines generally suggest main-
taining hemoglobin concentrations above 8–10 g/
dl according to preexisting cardiovascular risk 
factors.

35.12  Drain Management

Encouraging early mobilization is an essential 
element of postoperative enhanced recovery pro-
tocols. Tubes and drains may be fraught with 
risks of infection and can hinder mobility and 
cause pain. Drains should be used judiciously 
and removed at the earliest opportunity. We rec-
ommend leaving only one abdominal silicone 
drain for the pelvis which we normally remove 
on the 2nd postoperative day if draining clear, 
serous fluid. Additional drains can be used espe-
cially after splenectomy or (partial) gastrectomy, 
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although there is no good evidence of their 
advantages. We always leave a drain in patients 
with lesions of the pancreatic parenchyma to treat 
frequently inevitable fistulae.

A chest tube should be inserted in patients 
with accidental opening of the pleural cavity. 
This tactic allows us to reroute lost HIPEC per-
fusate from the thorax and to attack intraopera-
tively spreading malignant cells at the same time. 
Therefore, we use a 24 Fr chest tube inserted in 
the anterior axillary line/intercostal space 5. 
Extensive peritonectomy of the diaphragmatic 
cupola frequently results in pleural effusions. 
Repeated clinical and radiologic examinations 
are necessary to drain these in a timely fashion. 
In patients with postoperative effusion, we use 
flexible Seldinger-guided 16 Fr tubes. This is suf-
ficient for serous collections and causes less pain 
and discomfort than larger drains.

35.13  Checklists

The use of standardized safety checklists can 
improve interdisciplinary communication, reduce 
procedure-dependent morbidity, and prevent 
intraoperative critical incidents or treatment 
errors [8, 15, 21]. For this reason, the implemen-

tation of a checklist according to the WHO initia-
tive for patient safety should be self-evident. In 
our department, we extended this query during 
the preoperative team time-out with some special 
items on CRS/HIPEC (Fig. 35.1).

Further checklists concerning the optimiza-
tion of the treatment process and the postopera-
tive treatment are provided in the supplements of 
this book. A critical adaptation of particular con-
ditions and preexisting treatment standards is 
recommended.

 c The positioning of the patient in the OR 
should be adjusted for prolonged operation 
time. The possibility of performing a 
transanal anastomosis should be taken into 
account as well as the necessity to explore 
the complete abdominal cavity with 
changes in the position and use of retractor 
devices.

 c Rapid changes in fluid homoeostasis, 
relevant blood loss, potential nephrotoxicity, 
and the intended hyperthermia are 
challenging factors for anesthesiological 
management. Invasive monitoring and 
early goal-directed therapy are potential 
measures for treatment optimization.

Preparatory Checklist for OP

What Check

Signs on all doors Appropriate? 0

Protective laundry bags Available? 0

Protective eyewear Available? 0

Water proof OP gowns Available? 0

Sterile chemo-resistant gloves Available? 0

Unsterile chemo-resistant gloves Available? 0

Respiratory masks FFP 2/FFP 3 Available? 0

Pads/mats for floor Available? 0

Container for cytostatic waste Available? 0

Emergency cleanup kit/chemotherapy spill kit Available? 0

Cytostatics Ordered?
Dosage reviewed?

0
0

Fig. 35.1 Preparatory checklist for OP

W. Raue et al.



315

 c We recommend a thoracic epidural catheter 
for the optimal intra- and postoperative 
pain management. Well-proven and 
implemented ERAS concepts for major 
abdominal surgery should be used after 
CRS/HIPEC as well as to prevent general 
complications. Essential components are a 
sufficient analgesic and antiemetic 
treatment, early postoperative mobilization, 
and early enteral feeding. Prehabilitation 
may be beneficial.

 c Checklists should be implemented to 
improve communication between 
disciplines and promote patient safety.
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36.1  Introduction

The World Health Organization (WHO) defines 
health as “a state of complete physical, mental 
and social well-being, and not merely the absence 
of disease.” Furthermore, the WHO describes 
quality of life (QOL) as “the individual’s percep-
tion of their position in life in the context of the 
culture and value systems in which they live and 
in relation to their goals, expectations, standards 
and concerns.” It needs to be highlighted that 
both health and QOL are not defined as the mere 
absence of disease.

It is generally considered that QOL is a sub-
jective psychological construct that is not easily 
measurable objectively. Individuals themselves 
are best able to assess their QOL, which depends 
upon individual experiences and multiple factors: 
the individual’s needs, goals, expectations, and 
obligations. Areas such as education, freedom, 

politics, religion, culture, and wealth play an 
important role in determining quality of life. 
Moreover, from a sociological point of view, 
there are also material and spiritual dimensions 
to one’s QOL.

In medicine, however, what is usually mea-
sured is how health affects QOL.  This is mea-
sured as health-related QOL (HRQOL) [3]. QOL 
is a larger concept which incorporates all aspects 
of life while HRQOL measures the effect of ill-
ness and the impact the treatment may have on 
QOL.

In order to measure the quality of life in a sci-
entific study to assess the impact of a treatment 
modality, precise measurement of its various 
domains is warranted [2]. The following are the 
various dimensions that should be taken into con-
sideration while recording quality of life in a 
study [4]:

• Physical condition
• Psychological well-being
• Social relationships
• Functionality in everyday life

Kuchler described five dimensions to be mea-
sured for the evaluation of QOL: somatic, psy-
chological, interpersonal, socioeconomic, and 
spiritual [11]. These five dimensions have a sig-
nificant inter-individual difference in rating.

Various researchers have described a num-
ber of tools to measure the different dimen-
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sions of QOL.  In 1948, David Karnofsky and 
Joseph Burchenal described perhaps the first 
scale to measure QOL, which they referred to 
as the performance status. They used this sub-
jective scale in a trial to study the role of nitro-
gen mustard in lung cancer patients. The scale 
measured performance status, based on patient 
activities, on a scale of 11 stages ranging from 
100 (perfect health) to 0 (death). Basically, this 
scale measures the activity index of a patient: 
how much general and necessary assistance 
they require to carry out daily life activities 
due to the extent of the disease. The question-
naire can be filled out by the patient or by the 
attending physician and is widely used in 
oncology today. A shortened version to assess 
performance status was developed by Zubrod 
et  al. for the Eastern Cooperative Oncology 
Group (ECOG) in the 1950s, and it was 
endorsed by the World Health Organization 
(WHO) in 1979 [15].

Over the years, it has been increasingly felt 
that the subjective feeling of the patient in terms 
of quality of life differs significantly compared to 
the objective assessment by the treating physi-
cian [10, 18]. This led to a change from the 
physician- based assessment to self-assessment 
regarding the state of health and the quality of life 
of patients. The aim was to standardize tools to 
measure HRQOL reliably from the patient’s per-
spective during treatment [2, 17].

The real measurement and representation of 
HRQOL—the so-called “soft” or “subjective” 
data—is not easy. The collection of objective 
data such as the 5-year survival rate or the occur-
rence of postoperative complications is much 
easier to determine and evaluate [25].

There followed the development of numerous 
other measuring instruments for the self- 
assessment of the HRQOL: Functional Living 
Index—Cancer (FLIC) by Schipper et al. in 1984 
and Functional Assessment of Cancer Therapy 
(FACT) by Cella et  al. in 1993 [5, 19]. The 
EORTC QLQ-C30 questionnaire was developed 
by the European Organisation for Research and 
Treatment of Cancer (EORTC) as an integrated, 
modular approach for evaluating the QOL of 
patients participating in international clinical tri-

als. In 1993, Aaronson et al. showed that EORTC 
QLQ-C30 was a reliable and valid measure of the 
QOL of cancer patients in multicultural clinical 
research setting based on their experience of 
using it to evaluate QOL of 305 patients with 
non-resectable lung cancer from centers in 13 
different countries.

The QLQ-C30 (Quality of Life 
Questionnaire-C30) is the core of the question-
naires of the EORTC for assessing quality of life. 
The letter “C” in the questionnaire stands for 
“core” and the number “30” for the number of 
questions to be answered.

All currently used measuring instruments 
claim to measure various domains of the HRQOL 
accurately. In doing so, they must satisfy the psy-
chometric quality criteria: reliability and validity. 
Reliability refers mainly to stability, internal con-
sistency, and equivalence of a measuring tool, 
whereas validity refers to the fact that it measures 
exactly what it is designed to measure. Moreover, 
the measuring instruments must be user-friendly 
to allow for good patient compliance.

The concept of QOL gained momentum in the 
1970s and 1980s when the focus gradually shifted 
from treatment to its perceived effect on patients 
[1]. Since then, there has been consistent con-
scious awareness of QOL issues in the oncolo-
gists’ community, and QOL has been a part of 
treatment outcomes in various trials [17]. 
Moreover, psychosocial aspects of cancer have 
also been increasingly acknowledged [14].

The following tools are being utilized to mea-
sure QOL in cancer patients worldwide [14]:

• Quality of Life Questionnaire (EORTC QLQ- 
C30 questionnaire) of the European 
Organisation for Research and Treatment of 
Cancer [1]

• Functional Assessment of Cancer Therapy 
(FACT) Questionnaire [5]

• Functional Living Index—Cancer (FLIC) [19]
• Short Form 36 (SF-36) [22]

These questionnaires are extensively used by 
the medical oncology community to assess the 
impact of new therapies based on patient per-
ception. The Eastern Cooperative Oncology 
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Group (ECOG), Activities of Daily Living 
(ADL), Brief Pain Inventory (BPI), and Center 
for Epidemiologic Studies Depression Scale 
(CES- D) are also used by oncologists and have 
some utility in patients with peritoneal malig-
nancy [21].

Though the different approaches of question-
naires to assess QOL require standardization, it 
seems difficult considering the huge heterogene-
ity in the patient profiles, tumor types, and treat-
ment modalities [21].

When Paul Sugarbaker introduced the concept 
of cytoreductive surgery (CRS) and HIPEC at the 
end of the last century, the initial studies focused 
on the assessment of the effectiveness of the pro-
cedure. Subsequently, the studies centered on the 
morbidity and mortality involved in the proce-
dure. Afterward, surgeons focused on whether 
CRS/HIPEC was able to make any difference in 
the QOL of the patients.

In 2001, McQuellon et al. published the first 
prospective series of 64 patients for analysis of 
quality of life after CRS/HIPEC. They assessed 
the functional status and quality of life of patients 
with disseminated peritoneal cancer (DPC) fol-
lowing CRS/HIPEC using the Functional 
Assessment of Cancer Therapy—Colon 
(FACT-C) scale. QOL was measured at baseline, 
2 weeks post-surgery, and at 3, 6, and 12 months. 

Though there was an initial decrease in the QOL 
parameters in the postoperative period, the 
authors reported a significant improvement in all 
domains of QOL in subsequent follow-up visits. 
Considering the complexity of CRS/HIPEC, an 
initial decrease in the QOL parameters is to be 
expected [12].

Another prospective study investigated the 
course of health-related quality of life over 
time in 90 patients with peritoneal malignancy 
(PM) after CRS/HIPEC using the EORTC 
QOL Questionnaire. The authors noted that 
most of the QOL indices recover after 
6–12 months of surgery. Even emotional func-
tion improved to a higher baseline value by 
12 months following surgery. An initial reduc-
tion in the QOL parameters is expected, and 
this fact should not be used to deny surgery to 
the patients (Fig.36.1) [23].

Several international studies have supported 
the fact that there may be initial deterioration in 
the QOL parameters following surgery; this may 
be related to postoperative complications, 
requirement of systemic chemotherapies, or pro-
gressive disease. Moreover, selection of different 
measurement points and heterogeneous patient 
populations make the analysis more complex. 
These factors must be considered while evaluat-
ing the results of QOL studies.
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Fig. 36.1 Course of the 
overall quality of life 
(GHS) to CRS and 
HIPEC. (Adapted from 
Tsilimparis et al. [23])

36 Quality of Life After CRS and HIPEC



322

Table 36.1 offers an overview of the published 
studies assessing the QOL after HIPEC.

Despite the heterogeneous measuring instru-
ments and times, the majority of the studies show 
that most of the QOL indices return to baseline or 
may become better after 6 months to 1 year after 
surgery.

A systematic review to assess the effect of 
CRS/HIPEC on HRQOL in patients with perito-
neal malignancy highlighted the small- to medium-
term benefit of the procedure. The authors included 
15 studies (1583 patients) in the review. They also 
reported that HRQOL declines at the 3–4-month 
time-point before becoming similar to or better 
than preoperative levels at 1  year. The pooled 
effects of combined postoperative functional 
assessment of cancer therapy and EORTC QOL-
questionnaire scores were significantly improved 

from baseline on overall health status (p = 0.001) 
and emotional health (p = 0.001) [21].

The essential goals of the treatment in 
advanced cancers is not only to bring lasting 
remission and to extend life but also to either 
improve or maintain the QOL [7].

36.2  Conclusion

In summary, there are various measuring tools 
available to assess the QOL of patients undergo-
ing treatment. Though most of the studies con-
firm that there is initial deterioration in the QOL 
following CRS/HIPEC, most of the QOL indices 
either return to normal or improve with time, usu-
ally after 6–12 months. The patients who have a 
long relapse-free period without tumor progres-

Table 36.1 Literature review on quality of life after HIPEC with measuring instruments and conclusions

Studies
Patients 
(n)

QOL measuring 
tool Measuring times Conclusions

Schmidt and 
Dahlke [20]

67 EORTC 
QLQ-C30

Median 48 months 
postoperatively

GHS and emotional and cognitive function 
value are not changed significantly in 
comparison to the normal population

McQuellon 
and Russell 
[14]

58 FACT-C, 
FACT- G, TOI, 
ECOG

Preoperatively; 
postoperatively 1, 3, 6, 
12, 24 months

Emotional functions recover after 6 months. 
GHS decreases after 3 months and recovers 
in the course of 1 year

McQuellon 
et al. [13]

96 FACT-C, 
FACT-G, TOI, 
ECOG

Preoperatively; 
thereafter at 1, 3, 6, 12, 
24 months

FACT-G reaches baseline at 3 months; after 
initial significant reduction, all indices return 
to normal

Zenasni and 
Botella [24]

68 EORTC 
QLQ-C30, 
EORTC 
QLQ-CR38

12 months 
postoperatively

HRQOL returns to normal after 12 months; 
reduction in sexual functions

Hill and 
McQuellon [9]

62 FACT-C, 
FACT-G, TOI, 
ECOG

Preoperatively; 
thereafter at 1, 3, 6, 
12 months

FACT reduced at 3 months after surgery but 
returned to normal 1 year after surgery

Duckworth 
and 
McQuellon [8]

112 FACT-C, 
FACT-G, TOI

Median 12 months 
postoperatively

Normal HRQOL compared with the normal 
population after 1 year

Tsilimparis 
et al. [23]

90 EORTC 
QLQ-C30

Preoperatively; 
thereafter at 1, 3, 6, 12, 
24 months

Reduction of GHS after 3 months, no 
significant change in functional capabilities 
postoperatively after 12 months; 
psychosocial functional values recover 
slowly

Chia and Tan 
[6]

63 EORTC 
QLQ-C30

Median 1.08 years, 
postoperatively

Better GHS and physical function values 
compared to the conservatively treated 
group

Passot and 
Bakrin [16]

216 GIQLI Preoperatively; 
postoperatively, 1, 3, 6, 
12 months

HRQOL return to normal after 12 months

FACT-G Functional Assessment of Cancer Therapy—General version, GHS Global Health Status, GIQLI Gastro 
Intestinal Quality of Life Index, HRQOL health-related quality of life, TOI Treatment Outcome Index
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sion also usually have a QOL similar to the nor-
mal population. However, there can be slow 
improvement in the emotional and functional 
indices, highlighting the need for long-term fam-
ily and social support for the patients.

As in other procedures, good patient selection 
determines the success of CRS/HIPEC, which 
has the potential to improve the QOL.
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PIPAC Therapy and Quality of Life

Clemens B. Tempfer

37.1  Introduction

Quality of life is defined as the composite of fac-
tors constituting the living conditions of a given 
individual. Typically, quality of life aims to 
describe the degree of a person’s subjective as 
well as objective well-being. This includes the 
complex of issues summarized as “standard of 
living” including material factors such as food, 
housing, and consumer goods but also social and 
cultural factors such as education, job issues, 
social relations, environmental conditions, and 
health issues [8]. Two basic sociological theories 
delineate the methods used to measure and 
describe quality of life. First, the sociopolitical 
approach assumes that well-being is equivalent to 
meeting a specific and defined set of basic social 
needs. Therefore, sociopolitical quality-of-life 
studies typically look at the level and functional-
ity of public interventions intended to ensure 
social safety and social security. These interven-
tions are not restricted to but may include public 
health care, access to education, affordable hous-
ing, a healthy environment, labor laws, and pen-
sion benefits. From a methodological standpoint, 
these interventions and their efficacy are best 
described by objective figures such as public wel-

fare statistics [7]. In contrast, the psychological 
approach of describing quality-of-life issues uses 
an individualized definition of quality of life. 
This approach is typically used in the medical lit-
erature, because it focuses on the individual per-
ception of well-being. The scientific rationale of 
this approach is that only individuals themselves 
can adequately describe their quality of life. This 
is based on the belief that definitions of happi-
ness, success, and satisfaction are characterized 
by significant interindividual and intercultural 
variations [9]. In other words, the same level of 
social security and access to education may lead 
to markedly different degrees of satisfaction and 
quality of life in two different individuals, both 
within the same society and within two different 
societies. Consequently, the psychological 
approach to describe quality-of-life issues puts a 
strong emphasis on immaterial values and sub-
jective assessments such as happiness, contented-
ness, and personal fears. Methodologically, this 
approach uses interviews and standardized ques-
tionnaires [2, 9]. These tools combine both sub-
jective and objective parameters in order to obtain 
a holistic impression of a person’s quality of life 
[2]. In the medical literature, quality of life in 
general and the impact of medical therapies on 
the increase or decrease of quality of life in par-
ticular have gained an important role in the last 
decades.

Among oncological patients, who are typi-
cally undergoing therapies with significant side 
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effects and subsequent declines in their quality of 
life, quality-of-life studies are particularly useful. 
For example, quality-of-life issues have become 
an established parameter when evaluating the 
clinical usefulness of palliative therapies. When 
indicating a palliative treatment, the limited ther-
apeutic efficacy of the palliative treatment must 
be balanced against the significant reduction in 
quality of life caused by this intervention. If, for 
example, a palliative systemic chemotherapy sig-
nificantly reduces the quality of life while only 
providing a limited benefit in terms of 
progression- free survival, therapeutic decisions 
should be made based on the available evidence 
regarding the severity of quality-of-life impair-
ment. Therefore, clinical studies assessing qual-
ity of life have become an integral part of the 
oncological literature in recent decades. This is 
especially true for patients with peritoneal carci-
nomatosis (PC), because patients with this dis-
ease often undergo multiple sequential lines of 
systemic chemotherapy. Under these circum-
stances, acute and cumulative toxicities associ-
ated with chemotherapy such as alopecia, nausea, 
diarrhea, neurotoxicity, abdominal pain, and 
fatigue are common. Facing these problems, 
patients may be unwilling to undergo further 
lines of systemic chemotherapy and look for ther-
apy alternatives with less impact on their quality 
of life. In addition, patients may be too old or too 
sick to undergo systemic chemotherapy. In all of 
these cases, locoregional chemotherapy is an 
alternative therapeutic strategy. The reluctance of 
many patients with PC to accept multiple sys-
temic chemotherapies was in fact one of the main 
clinical reasons for developing pressurized intra-
peritoneal aerosol chemotherapy (PIPAC) [4, 
20]. PIPAC is based on the assumption that a 
local deployment of chemotherapy compounds 
significantly reduces systemic side effects while 
preserving or even increasing local therapeutic 
efficacy. In fact, a phase I dose-escalation trial 
assessing the pharmacokinetics of PIPAC found 
no significant systemic uptake of cisplatin and 
doxorubicin into the blood circulation when 
applied via PIPAC [24], supporting the rationale 
of PIPAC to reduce quality-of-life problems 
associated with systemic chemotherapy.

In the present article, we describe clinical evi-
dence looking at the effects of PIPAC on quality 
of life, nutrition status, and tumor cachexia in 
patients with PC.

37.2  Nutrition Status and Tumor 
Cachexia

PC affects almost the whole digestive tract and 
is characterized by gastrointestinal symptoms 
such as ascites, nausea, emesis, diarrhea, and 
abdominal pain. The cardinal symptom of PC is 
ascites, which results from an imbalance in the 
production and reabsorption of abdominal fluid. 
Ascites impairs nutritional uptake, leads to gas-
trointestinal compression, and increases sub-
phrenic pressure, with subsequent pleural 
effusion and dyspnea. Loss of proteins into asci-
tes negatively affects the body’s metabolic bal-
ance. PC also causes local inflammatory 
activation in the peritoneum and the small and 
large intestine, further reducing nutritional 
uptake. In line with all of these direct and indi-
rect effects of PC and ascites, most patients with 
this complex disease report a significant decline 
in their quality of life [3].

Advanced PC leads to a nutritional deficit, and 
the nutritional status of patients with PC usually 
declines progressively toward the end of life, 
resulting in a poor overall survival with a median 
duration of 10 months [26]. Given the compro-
mised gastrointestinal situation, maintaining the 
necessary caloric intake is difficult for these 
patients. In addition, patients spontaneously 
reduce their caloric intake due to appetite loss 
and in order to avoid nausea and emesis triggered 
by oral feeding [11]. In light of an increased met-
abolic demand due to the malignant process, PC 
causes a situation of high nutritional demand and 
low nutritional supply resulting in tumor 
cachexia. These circumstances, together with the 
fact that the energy expenditure of the underlying 
tumor causes an increased resting metabolism, 
push patients into a downward spiral of lower 
caloric intake in the presence of an increased 
caloric demand. This results in the body devour-
ing its reserves, mainly the muscle mass, and ulti-
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mately results in anorexia. Low caloric intake, 
increased malignant energy metabolism, and loss 
of muscle and fat mass cause the cachexia- 
anorexia syndrome (CAS), defined as a combina-
tion of loss of appetite, weight loss, and skeletal 
muscle atrophy with or without loss of body fat 
mass [19]. In a circulus vitiosus, progressive 
tumor development enhances local and systemic 
inflammatory processes, which further increase 
the energy demand and thus also increase the 
energy deficit [17]. CAS is a complex process 
and is a characteristic feature of many advanced 
malignant diseases. In patients with gastrointesti-
nal tumors and other intraabdominal tumors typi-
cally associated with PC, tumor cachexia 
develops faster and earlier than with other malig-
nancies. For example, CAS has been described in 
up to 80% of patients with PC from gastrointesti-
nal tumors and is predictive of the time to pro-
gression and overall survival in this patient 
population [15].

Appetite loss and low caloric intake in patients 
with CAS lead to anorexia with a progressive loss 
of muscle mass and muscular function, i.e., sarco-
penia, which is associated with a high morbidity 
and mortality [10]. Biochemical markers of CAS 
are anemia, c-reactive protein (CRP), insulin 
resistance, and reduced levels of anabolic ste-
roids. In patients with PC, CAS has prognostic 
relevance. For example, Aust et al. demonstrated 
that loss of muscle mass, measured with routine 
computed tomographies, is an independent pre-
dictor of overall survival in a series of 140 patients 
with advanced ovarian cancer [1]. In this study, 
loss of muscle mass directly correlated with mark-
ers of inflammation such as interleukin (IL)-10 
and eotaxin. Interestingly, the amount of residual 
tumor mass after upfront cytoreductive surgery 
was associated with the degree of the loss of mus-
cle mass, suggesting that loss of muscle mass 
reflects the biological aggressiveness of the tumor.

 c Patients with PC often display severe CAS 
because PC directly affects the whole 
gastrointestinal tract.

PC leads to mechanical and functional impair-
ment of gastrointestinal resorption and nutritional 

uptake. This was demonstrated by Nordhausen 
et al., who retrospectively analyzed metabolic and 
anthropometric parameters such as body weight, 
nutritional habits, body mass index (BMI), subcu-
taneous fat mass, body fat mass, bioelectrical 
impedance (as a measure of body composition), 
CRP, total protein, albumin, and transferrin among 
patients with advanced PC from ovarian cancer 
and gastrointestinal tumors [13]. These patients 
were characterized by a nutritional deficit 
(Subjective Global Assessment Score 22.5  ±  4) 
and had an increased resting metabolism 
(1527  ±  248  kcal) and increased CRP levels 
(2.9 ± 4.1 g/dl), whereas total protein (6.5 ± 0.8 g/
dl) and albumin (3.7  ±  0.8  g/dl) levels were 
reduced. Moreover, CRP and resting metabolism 
continuously increased (Fig. 37.1), whereas body 
weight, total protein, and albumin continuously 
decreased during the course of disease (Fig. 37.2). 
These data demonstrate that nutritional deficit is a 
feature of patients with PC and is associated with 
the progressive course of disease.

Therapeutic interventions aimed at improving 
nutritional status and energy uptake may improve 
the quality of life and prognosis of patients with 
PC.  For example, Mantovani et  al. treated 125 
CAS patients with pharmacological caloric sup-
port, medroxyprogesterone acetate, L-carnitine, 
and thalidomide in a randomized trial [12]. This 
approach led to a significant improvement in the 
patients’ energy balance and reduced the fre-
quency of fatigue.

Our own group assessed the nutritional status 
of 84 women with PC from recurrent ovarian, 
fallopian, or peritoneal cancer and looked at 
longitudinal variations of CAS during palliative 
PIPAC [6]. Nutritional assessments included 
BMI, bioelectrical impedance analysis (BIA) 
with body fat, visceral fat, muscle mass, and 
resting metabolism (RM), caliper body fat, arm/
leg circumference, and blood chemistry includ-
ing albumin, total protein, transferrin, iron, and 
CRP.  The presence or absence of CAS was 
recorded before and during PIPAC. In this study, 
RM (1432  ±  172  kcal/day), visceral fat mass 
(7.5 ± 3.2), skeletal muscle mass (27.2 ± 4.6%), 
upper arm circumference (27.9 ± 4.6 cm), lower 
leg circumference (35.1  ±  3.9  cm), and the 
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serum parameters albumin (3.5 ± 0.7 g/dl; refer-
ence, 3.5–5.2), total protein (6.3 ± 0.9 g/dl; ref-
erence, 6.6–8.6), and transferrin (202 ± 60 mg/

dl; reference, 200–360) were below normal lim-
its at baseline, whereas CRP (4.3 ± 6.8 mg/dl; 
reference, <0.5), caliper body fat (35.7 ± 6.3%), 
and total body fat mass (35.6  ±  8.5%) were 
increased above normal limits. Nineteen of the 
84 patients (23%) had CAS at baseline. 
Deterioration or stabilization/improvement of 
CAS during PIPAC was observed in 9/55 
(16.4%) and 46/55 (83.6%) patients with fol-
low-up data, respectively. Interestingly, body fat 
mass, visceral fat level, skeletal muscle mass, 
caliper body fat, weight, BMI, ascites, 
Karnofsky index, RM, and CRP (measured at 
baseline) were not predictive of CAS deteriora-
tion. These data demonstrate that patients with 
PC typically have a severe nutritional deficit. 
CAS is frequent among these patients, cannot be 
predicted at baseline, but can be successfully 
stabilized by PIPAC.

In summary, it can be stated that tumor 
cachexia and CAS are common among patients 
with PC; they correlate with tumor progression 
and have a strong prognostic impact. Therapies 
targeting CAS, such as nutrition support or 
PIPAC, may stabilize locoregional disease and 
improve CAS-related symptoms as well as qual-
ity of life [6, 25].
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37.3  PIPAC and Quality of Life

PIPAC is a form of intraabdominal application of 
chemotherapy with the intent of inducing locore-
gional tumor regression while avoiding systemic 
side effects usually associated with systemic che-
motherapy [5, 16, 18]. PIPAC may also positively 
affect quality of life through ascites reduction 
and local tumor regression. On the other hand, 
PIPAC may lead to locoregional toxicity. Thus, 
study evidence looking at the effects of PIPAC 
on quality of life is important because PIPAC is 
used with palliative intent. Anecdotal evidence 
suggests that PIPAC significantly improves 
quality of life in patients with PC. For example, 
PIPAC led to a marked improvement in qual-
ity of life as assessed by the EORTC (European 
Organisation for Research and Treatment of 
Cancer)-QLQ-30  +  3-questionnaire followed by 

long- term quality-of-life stabilization in a patient 
with locally advanced ovarian cancer (Fig. 37.3) 
[4]. In this patient, quality-of-life improvement 
was paralleled by a clinical, histological, and 
radiological tumor response. This anecdotal evi-
dence was confirmed in a prospective phase II 
safety and efficacy trial in 53 patients undergoing 
three cycles of PIPAC with cisplatin and doxoru-
bicin [21]. Using the EORTC-QLQ-30 question-
naire, gastrointestinal symptoms (nausea, emesis, 
diarrhea) were reduced and the overall quality of 
life, role functioning, social functioning, physical 
fitness, cognitive functioning, as well as social 
and emotional ability were improved (Fig. 37.4). 
This positive influence of PIPAC was confirmed 
in a retrospective cohort study including 99 
patients with advanced ovarian cancer and PC 
undergoing 252 PIPAC applications (Fig.  37.5) 
[22]. These study observations demonstrate that 
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repeated PIPAC in patients with ovarian cancer 
and PC leads to an improvement in their qual-
ity of life. It is a matter of discussion as to what 
extent this effect is caused by the absence of sys-
temic chemotherapy, effective evacuation of asci-
tes, and tumor response. Interestingly, PIPAC did 

not increase gastrointestinal toxicity, but, on the 
contrary, improved gastrointestinal items such as 
nausea and emesis despite the fact that it is a local 
toxic therapy.

The positive effect of PIPAC in patients with 
PC was also assessed in patients with PC from 
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gastrointestinal tumors. In line with the data from 
ovarian cancer studies, quality of life was stabi-
lized by repeated PIPACs. For example, Odendahl 
et al. investigated 91 patients with PC from vari-
ous primary tumors such as gastric cancer, colon 
cancer, ovarian cancer, mesothelioma, and cancer 
of unknown origin [14]. In this longitudinal 

study, patients had low levels of overall quality of 
life at the beginning of therapy and after the first 
PIPAC. With increasing numbers of PIPAC appli-
cations, overall quality of life continuously 
improved. Notably, the gastrointestinal morbidity 
remained stable throughout treatment. In none of 
these studies did PIPAC lead to a decline in qual-
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ity of life. However, selected parameters such as 
abdominal pain and dyspnea increased under 
PIPAC [21, 22].

 c Clinical studies assessing the long-term 
effect of PIPAC on quality of life suggest 
that PIPAC leads to a stabilization and/or 
improvement of quality of life.

In a case report of a 75-year-old patient with 
non-resectable ovarian cancer with PC, who 
was unable to undergo systemic standard che-
motherapy with carboplatin and paclitaxel, 
13 cycles of PIPAC with cisplatin and doxoru-
bicin were applied [23]. This led to a marked 
initial improvement of her quality of life fol-
lowed by a disease stabilization and stable 
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quality of life over a time period of 2  years 
(Fig. 37.6).

In summary, the available data suggest that 
PIPAC does not impair quality of life, but is able 
to stabilize or improve quality of life in patients 
with PC in terms of gastrointestinal factors, over-
all quality of life, and functional parameters such 
as role and physical functioning.

 c Summary and Prospect PIPAC is a 
new locoregional treatment for peritoneal 
carcinomatosis. The safety and efficacy of 
PIPAC have been documented in case reports, 
retrospective cohort studies, and prospective 
clinical phase I and phase II trials in patients 
with peritoneal carcinomatosis derived from 
various malignancies such as ovarian, gastric, 
and colon cancer. PIPAC offers locoregional 
cytotoxic treatment while preserving and/or 
improving quality of life. Important: A number 
of clinical studies in various patient populations 
with PC demonstrated an improvement of 
gastrointestinal symptoms (nausea, emesis, 
diarrhea), overall quality of life, role functioning, 
social functioning, physical fitness, cognitive 
functioning, as well as social and emotional 
ability. Therefore, PIPAC offers an alternative 
for patients with a prolonged disease course 
characterized by multiple sequential systemic 
chemotherapies and a subsequent loss of quality 
of life. In palliative treatment of patients with 
PC, interventions with a positive effect on quality 
of life such as PIPAC are rare and therefore of 
benefit for patients.
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Follow-Up to Prevent Recurrence 
of Peritoneal Malignancies

Ruediger Hoerbelt and Winfried Padberg

38.1  Primary Malignancies 
of the Peritoneum

38.1.1  Mucinous Neoplasia 
of the Appendix Vermiformis 
and Pseudomyxoma Peritonei 
(PMP)

Since 20% of mucinous neoplasia of the appendix 
ultimately result in PMP [19], even for low- grade 
appendiceal mucinous neoplasm (LAMN), 
aggressive therapeutic approaches have been dis-
cussed. Mc Donald et al. subdivided LAMN into 
Type I with intraluminal and Type II with extralu-
minal deposition of mucin. Whereas patients with 
Type I LAMN received a follow-up only, cytore-
ductive surgery and HIPEC was recommended 
for Type II. Using this strategy, no progression of 
the disease was observed at 40 months [14].

A retrospective analysis of a group of patients 
with pseudomyxoma peritonei from the 
Washington Cancer Center—62% of patients 
with disseminated peritoneal adenomucinosis 
(DPAM), 38% with peritoneal mucinous metasta-
ses (PMCA)—revealed a 10-year overall survival 
of 85% and a recurrence rate of 28% (111 of 402 
patients). A follow-up including medical history, 
clinical investigation, serum levels of CEA and 

CA19-9, and CT scan was performed at 6-month 
intervals. After a median time of 7 months, 84% 
of patients received a planned second-look lapa-
rotomy (usually for an ostomy closure). In 42 of 
these cases (50%), a progression of disease was 
detected. Multivariate analysis identified the 
extent of the initial surgery (resection of more 
than 5 regions), PCI >20, and histological differ-
entiation (PMCA-I or PMCA vs. DPAM) as inde-
pendent risk factors for a reduced recurrence-free 
survival [24]. Similarly, in a retrospective analysis 
of 162 patients with mucinous neoplasia of the 
appendix, recurrent disease was found in 26 cases 
using CT scan and CEA after a median follow-up 
of 23 months [17]. The predictive value of CEA 
and CA19-9 during follow-up was shown in a ret-
rospective analysis of 532 patients with 
PMP. Normal pretreatment serum levels of CEA 
and CA19-9 were associated with a better progno-
sis, whereas elevated levels were detected in 68% 
of patients with recurrent disease. A normal CEA 
at the time of recurrence correlated with a good 
response to second-look surgery [5]. In a retro-
spective multivariate analysis of 156 patients, 
Kusamura et al. were able to demonstrate cut-off 
values for CA125 and CA19-9 (>125 U/ml and 
>89 U/ml, respectively) to predict recurrence [13, 
29]. However, a follow-up of PMP patients should 
include annual CT of the abdomen and pelvis 
until 6 years. From year 6 on, reduced frequency 
of follow-up is proposed, independent of the his-
tology [27, 29].
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Recently a consensus statement was initiated 
by the members of the Peritoneal Surface 
Oncology Group International (PSOGI). 
Recommendations are provided based on three 
Delphi voting rounds with GRADE-based ques-
tions among a panel of 80 worldwide PMP experts.

Within this recommendation, tumor markers 
(CEA and Ca19-9) are mandatory preoperatively 
and in the follow-up. Preoperative CT evaluation 
of patients with appendiceal PMP should be the 
preferred diagnostic imaging modality.

38.2  Peritoneal Mesothelioma

The establishment of CRC and HIPEC as the 
standard treatment for resectable peritoneal meso-
thelioma resulted in a median overall survival of 
53 months and 5-year survival of 47% in the larg-
est retrospective multicenter study. The multivari-
ate analysis identified the epithelioid subtype, the 
completeness of cytoreduction, and the absence 
of lymphatic disease as relevant factors for a good 
prognosis [25]. The value of a complete cytore-
duction was further supported by more recent data 
from Baratti et al., who, in a matched-pair analy-
sis, compared selective peritonectomy with com-
plete parietal peritonectomy. A significantly better 
median overall survival (>50  months vs. 
29.6  months) and progression- free survival 
(>50  months vs. 14.4  months) were detected in 
the group of complete peritonectomy [1].

The effectiveness of repeated cytoreductive 
surgery and HIPEC for recurrent peritoneal 
mesothelioma has been investigated by Wong 
et al. in a retrospective study. Out of 26 patients, 
8 received repeat CRS with HIPEC. As compared 
to patients with single surgery, morbidity and 
mortality were not different in the group under-
going repeated surgery. Furthermore, second 
cytoreductive surgery and HIPEC led to improved 
median overall survival (>80  months vs. 
27.6 months after single surgery) [23].

These good results for repeat surgery under-
line the high value of sufficient follow-up 
after treatment of peritoneal mesothelioma. 
Accordingly, recommendations for follow-up 
include clinical examination, CA125 [1], and CT 

scan at 4-month intervals within the first 2 years 
and every 6 months thereafter [8, 28].

Another consensus statement by the PSOGI 
Group was done for peritoneal mesothelioma 
[28]. Cross-sectional imaging with CT for preop-
erative evaluation for mesothelioma should be 
the preferred diagnostic imaging modality. The 
determination of baseline serum CA125 and 
mesothelin level could be included in the preop-
erative workup of the patients.

38.3  Secondary Peritoneal 
Malignancies

38.3.1  Peritoneal Metastasis from 
Colorectal Cancer

During follow-up for colorectal carcinoma, sev-
eral situations can occur with regard to peritoneal 
metastases.

38.3.1.1  Colorectal Carcinoma 
Without Risk Factors

The primary cancer was treated by surgery and 
(neo-)adjuvant (radio-)chemotherapy, and no 
synchronous peritoneal metastases was detected.

According to the German S3 guideline for 
colorectal carcinoma, medical history, physical 
examination, CEA, endoscopy, and CT scan at 
6-month intervals for the first 2 years and in 
yearly intervals thereafter are recommended.

Epidemiological data by Quere et  al. show 
that the cumulative risk of developing peritoneal 
metastases is about 6% following resection of a 
colorectal carcinoma without risk factors (i.e., 
Stage >II, mucinous type, or perforation), and 
there is no need to intensify surveillance.

38.3.1.2  Colorectal Carcinoma 
with High Risk

Following sufficient therapy of a colorectal pri-
mary, there are risk factors for the development 
of metachronous peritoneal metastases.

One of the most important prognostic factors 
in the therapy for peritoneal metastases is the 
extent of disease [12]. This is a strong argument in 
favor of attempting to detect and treat peritoneal 
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metastases at an early stage. Several risk factors 
promoting metachronous peritoneal metastases 
have been identified, such as resected synchro-
nous peritoneal metastases (64–91% recurrence 
rate), resected isolated ovarian metastases (27–
56% recurrence rate) [10], mucinous adenocarci-
noma (MCA; synchronous PC 22.2% in MCA vs. 
6% in non-MCA) [15], spontaneous or inadver-
tent tumor perforation (14–58% peritoneal recur-
rence rate) [4, 9, 18, 22], and locally advanced 
stage (pT4) [26]. Based on encouraging results of 
a retrospective analysis on the value of an intensi-
fied follow-up including second-look surgery [9], 
Goéré et al. recently performed a prospective ran-
domized phase III trial. After resection of the pri-
mary colorectal carcinoma and 6  months of 
adjuvant chemotherapy, patients at high risk of 
developing colorectal peritoneal metastases were 
randomized into conventional follow-up or sys-
tematic second-look surgery plus HIPEC (intra-
peritoneal oxaliplatin). The authors were able to 
confirm the role of a peritoneal- centered surveil-
lance showing a 52% rate of peritoneal metastases 
during the second-look laparotomy (median peri-
toneal cancer index of 4 (0–26)). However, overall 
survival was not affected by the proactive follow-
up protocol including HIPEC with oxaliplatin 
(published at ASCO 2018 Abstract no. 3531; 
ProphyloCHIP Trial NCT01226394).

Given the high rate of peritoneal relapse, and 
regardless of the discouraging result of preemptive 
HIPEC in the ProphyloCHIP Trial, patients with a 
high risk for metachronous peritoneal metastases 
should undergo second-look surgery, depending 
on the results of the preoperative CT scan.

38.3.1.3  Colorectal Carcinoma 
Following Cytoreductive 
Surgery and HIPEC 
for Peritoneal Metastases

Synchronous and metachronous peritoneal 
metastases were adequately treated by cytoreduc-
tion and HIPEC.

The rate of recurrence following cytoreductive 
surgery and HIPEC has been shown to be between 
62% and 73% [3, 11, 21], and peritoneal relapse 
usually occurs between 10 and 13.7 months after 
initial treatment [3]. The sensitivity of the CT 

scan to detect peritoneal metastases ranges 
between 60% and 70%. By adding a FDG-PET 
scan, sensitivity could be improved to 82.6% [2]. 
Others have found rates of false-negative results 
of imaging studies higher than 50% [10].

Due to the high probability of recurrence fol-
lowing resection of colorectal peritoneal metasta-
ses, and in order to detect the disease at an early 
stage, follow-up should be complemented with 
second-look laparoscopy at 12 months after ini-
tial surgery, depending on the result of the CT 
scan.

38.3.2  Peritoneal Metastases 
from Gastric Cancer

There is no good evidence that prognosis of gas-
tric cancer can be improved by a follow-up with 
early detection of recurrence. Accordingly, the 
German S3 guideline for gastric cancer recom-
mends only a symptom-based surveillance. 
Furthermore, it is unclear whether treatment of 
peritoneal recurrence or progression can improve 
survival. Data from a recent French register study 
showed long-term survival only for synchronous 
peritoneal metastases and for a peritoneal cancer 
index below seven [6]. Compared to other enti-
ties, detection of peritoneal disease at an early 
stage seems even more important in gastric can-
cer. Therefore, strategies aiming for the selection 
of gastric cancer patients at high risk for the 
development for peritoneal metastases are desir-
able. Roviello et  al. identified diffuse subtype, 
locally advanced tumor, serosal infiltration, and 
lymphonodular involvement as risk factors for 
recurrence—the latter comprised of peritoneal, 
lymphonodular, and hematogenic relapse, which 
occurs within the first year in 80% and within the 
first 6 months after multimodal treatment in 50% 
of cases [16]. Coccolini et al. performed a retro-
spective case control study investigating the 
effect of prophylactic HIPEC in advanced gastric 
cancer (T3/T4) without manifestation of perito-
neal metastases. Compared to patients who were 
treated with neoadjuvant chemotherapy and gas-
tric surgery alone, the addition of HIPEC (pacli-
taxel and cisplatin) to the otherwise identical 
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protocol led to increased overall survival 
(34.8  months vs. 27.1 (T4) and 28.2 (T3)). 
Although these data did not reach significance 
due to the low number of patients (n  =  44) 
included [7], the strategy of prophylactic HIPEC 
seems convincing and is currently being investi-
gated in more detail in the prospective random-
ized phase III GASTRICHIP Trial 
(NCT01882933). A meta-analysis by Sun et  al. 
revealed a significant advantage in overall sur-
vival for prophylactic HIPEC compared to gas-
trectomy alone [20].

Since there is a high risk of peritoneal recur-
rence in advanced gastric cancer, surveillance 
should be intensified individually in selected 
patients. Clinical examination, CEA, CA19-9 
and CA72-4, and CT scan or PET/CT scan should 
be performed at 4-month intervals within the first 
2 years and every 6 months thereafter [16]. In 
order to detect peritoneal recurrence early with 
higher sensitivity, staging laparoscopy should be 
considered starting at 6  months after initial 
treatment.
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Localization of Peritoneal  
Tumor Recurrence

Ines Gockel, Boris Jansen-Winkeln, 
and Alexey Surov

39.1  Introduction

Summary
Recurrences of peritoneal tumors are frequent. 
Their localization is of utmost importance, 
because mainly this aspect builds the basis for 
repeated therapy and potential cure. The combi-
nation of modern imaging and re-exploration by 
diagnostic laparoscopy, probably laparotomy, 
plays an important role in the context of exact 
localization diagnostics and consecutive therapy 
measures.

Multidetector (MD)-CT is the diagnostic tool 
of choice for tumor recurrences of the perito-
neum. These can be presented by specific 
imaging- morphologic patterns. During diagnos-
tic re-exploration (laparoscopic or open), the rate 
of “non-access” abdomen is high and specified 
by about 20%. Ultimately, histological verifica-
tion and correlation of findings with imaging is 
crucial.

Multimodal therapy concept of peritoneal 
tumor recurrences, also following extensive cyto-
reduction with hyperthermic intraperitoneal che-
motherapy (HIPEC), is orientated on diverse 
tumor- and patient-specific factors, which have to 
be weighed up against each other carefully with 
regard to indication to reoperation with repeated 
cytoreduction and HIPEC in the interdisciplinary 
tumor conference.

Early detection of peritoneal tumor recurrence 
represents the only chance of potentially curative 
treatment, although the prognosis for recurrent 
tumor manifestation—independent of the present 
entity and the distribution—remains poor. 
Recurrences after cytoreductive surgery (CRS) 
and hyperthermic intraperitoneal chemotherapy 
(HIPEC) are reported to develop in approximately 
80% of patients [12]. Recurrences can present 
either intraabdominally or occur as distant metas-
tases. In the present chapter, special focus is placed 
on manifestations of intraperitoneal tumor recur-
rence. After an initial suspected diagnosis has been 
established—based on the medical history, results 
of the clinical examination, sonographic findings, 
and an analysis of the tumor markers—the combi-
nation of modern imaging techniques and re-
exploration via diagnostic laparoscopy is of crucial 
importance for accurate localization diagnostics 
and subsequent therapeutic measures. Since peri-
toneal recurrence can, on principle, occur at any 
time following initial remission after systemic 
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therapy or cytoreductive surgery—with or without 
intraperitoneal chemotherapy—specific recom-
mendations on structured aftercare are currently 
not available. It remains, however, indisputable 
that the temporal interval to disease recurrence is 
associated with poorer survival after treatment of 
the respective local recurrence [12]. In addition to 
patient-specific immunological factors, the risk for 
local recurrence is determined according to 
Sugarbaker’s Peritoneal Cancer Index (PCI) and 
the CCR-Stage (Completeness of Cytoreduction 
Score), as well as by following the identification of 
histopathologic characteristics of the original 
tumor or its metastases (degree of differentiation), 
the original presence of a primary or secondary 
malignant peritoneal tumor, and the response to 
systemic treatment. However, clinically estab-
lished risk-factor scores for the purpose of stratifi-
cation of the frequency and intensity of aftercare 
measures are not available at this time. Clinical 
practice is therefore characterized by a more 
symptom-oriented application of imaging and 
diagnostic laparoscopy in patients with suspected 
recurrence of peritoneal cancer. In these cases, the 
cardinal symptoms—in parallel with general 
tumor signs, such as appetite and weight loss, 
fatigue, or paraneoplastic manifestations—include 
newly emerged ascites and gastrointestinal dys-
function in the sense of an ileus or subileus. 
Pathognomonic, in these instances, is the presence 
of ascites, which enables a rapid although localiza-
tion-unspecific diagnosis on the basis of paracen-
tesis and cytology.

The distribution pattern of primary malignant 
tumors as, for example, pseudomyxoma peritonei, 
is not coincidental but determined by gravity, since 
it follows the flow pattern of the peritoneal fluid, 
whereby the mucus-producing epithelial cells tend 
to collect deep within the pelvis, as well as para-
colically, in the omentum, in the diaphragm, and in 
the right subhepatic space [13]. In contrast, infor-
mation on the predilection sites for recurrent pri-
mary or secondary peritoneal malignancies 
remains limited. However, contrary to local recur-
rence, disseminated distribution patterns may be 
an indication of the lack of adhesion properties of 
the tumor cells, independent of the presence of a 
primary or a recurrence situation [9].

39.2  The Role of Diagnostic 
Imaging

Multidetector computed tomography (MD-CT) 
is the diagnostic method of choice for recurrent 
peritoneal tumors. These may be visualized with 
the use of different imaging modalities [6]:

• Solitary or multiple, nodular peritoneal densi-
ties (Figs. 39.1 and 39.2) – highly variable in 
size, number, and pattern of contrast 
enhancement

• Diffuse, plaque-like densifications covering 
the viscera (Fig. 39.3a, b)

• Striated or striated-finely nodular densifica-
tions of the mesentery and the serosa 
(Figs. 39.4 and 39.5)

Fig. 39.1 Various homogenous nodules in the lesser pel-
vis pararectal, depicting the peritoneal recurrence of a pri-
mary peritoneal metastatic gastric carcinoma

Fig. 39.2 Large inhomogeneous, diffusely distributed 
intraperitoneal nodes adhering to the intestinal loops are 
representative of recurrent peritoneal metastases of an 
ovarian carcinoma after initial cytoreductive surgery with 
peritonectomy
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• Nodular or plate-like thickening of the omen-
tum, the so-called omental cake (Fig. 39.6a, b)

• Mucinous, imposing lesions (similar to asci-
tes) with scalloping of the liver and the spleen 
(Fig. 39.7)

Also possible is a mixed clinical manifestation 
form representing a combination of the different 
patterns described above. In the majority of 
cases, the peritoneal alterations are associated 
with variable quantities of ascites (frequently 
high in protein with increased density) (Fig. 39.8).

Peritoneal recurrences tend to infiltrate the 
abdominal wall with frequently large space- 

occupying lesions (Fig. 39.9), which may already 
be palpable on clinical examination. In principle, 
the surgical entryways associated with the previ-
ous operations as well as trocar- or drainage- 
insertion sites are possible locations of 
predilection for peritoneal recurrence—here in 
the sense of previous intraoperative (iatrogenic) 
tumor cell spread.

The radiographic examination generally does 
not enable a differentiation between the shape, 
density, spread, or infiltration pattern of recur-
rences and peritoneal primary tumors. However, 
no data regarding correlation with histopatholog-
ical findings are currently available so that, in 

a b

Fig. 39.3 (a, b) Pronounced nodular, plaque-like parahepatic densifications as recurrent peritoneal metastases of an 
ovarian carcinoma

Fig. 39.4 Delicate, striped densifications of mesenteric 
tissue representative of peritoneal cholangiocellular carci-
noma recurrence

Fig. 39.5 Marked stripy-nodular changes in peritoneal 
recurrence of gastric cancer
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individual cases, the possibility of postoperative 
scar and adhesion formation cannot be excluded 
after extended cytoreduction and peritonectomy, 
and the performance of a differential diagnosis 
needs to be considered [6]. Localizations of 
recurrences may occur both locoregionally and 
being disseminated intraabdominally and in the 
small pelvis. Recurrences may further present as 
a solitary tumor at a considerable distance from 
the primary localization, as shown in Fig. 39.10, 

thus similar to the peritoneal recurrence of a 
pararectally draining metastasis from a peritoneal 
metastatic gastric carcinoma. Radiologic predic-
tors of the type and localization of the peritoneal 
recurrence for use in primary diagnostics do not 
exist.

Analogous to MD-CT, there is a lack of infor-
mation in the literature on individual imaging 
characteristics of MRI, PET-CT, and PET-MRI 
with a view to specific localization diagnostics of 
recurrent peritoneal tumors, requiring these 
masses to be evaluated like primary peritoneal 
lesions.

a b

Fig. 39.6 (a, b) Marked nodular changes in the greater omentum in peritoneal recurrence of gastric cancer

Fig. 39.7 Axial section. Peritoneal recurrence with asci-
tes-like encapsulated and septated solid masses indenting 
the spleen in histologically proven peritoneal recurrence 
of low-grade type pseudomyxoma peritonei

Fig. 39.8 Clear evidence of ascites and ovarian tumor 
(Krukenberg tumor) presenting as peritoneal recurrence 
of gastric cancer
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39.3  The Role of Diagnostic 
Laparoscopy in Localization 
Diagnostics

The challenge for diagnostic laparoscopy 
in localization diagnostics of recurrent peritoneal 
tumors arises from the fact that a significant num-
ber of patients have previously undergone surgi-
cal exploration (possibly with cytoreductive 
surgery and HIPEC or EPIC—early postopera-
tive intraperitoneal chemotherapy), and re- 
exploration with precise determination of the PCI 
by Sugarbaker may be hampered by the presence 
of adhesions.

The rate of “non-access” abdomen is very 
high and ranges at approximately 20% in our 
patient population, which is in accordance with 
rates reported in the literature [10]. Even if suc-
cessful access to the abdominal cavity is achieved, 
the assessment may nevertheless be significantly 
limited. Furthermore, both a detailed laparo-

Fig. 39.9 Large ventral peritoneal node with infiltration 
of the ventral abdominal wall presenting as recurrence of 
gastric carcinoma. In principle, the iatrogenic implanta-
tion of peritoneal tumors or metastases in the course of a 
previous operation may potentially be responsible for 
metastatic invasion in the areas of surgical access routes 
or trocar and drainage insertion points

a b

c d

Fig. 39.10 (a–d) Second recurrence of a peritoneal 
metastasized gastric carcinoma with draining metastases 
in the small pelvis (pararectal). (a) The CT image shows a 
pararectal liquid formation (arrow) that was initially inter-
preted as a bulging of the bowel. (b) MRI of the pelvis 
(T1w) after intravenous administration of contrast 
medium demonstrates enhancement of the rim and demar-

cation from the rectum. (c) The MRI (T2w) image docu-
ments a textural signal intensity which is also different 
from that of the rectum. (d) DWI image (b800). Marked 
reduction of diffusion within the finding, thus rendering it 
highly suspect for the presence of recurrence of the peri-
toneal/pararectal metastasized gastric carcinoma
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scopic inspection of all quadrants and an ade-
quate biopsy may not be possible. Ultimately, the 
decisive factor is the histological verification and 
correlation of the findings with imaging results 
[2]. However, the meaningfulness of an extended 
adhesiolysis is questionable, taking into account 
the risks involved in the surgical procedure.

If the performance of repeated CRS and 
(repeated) HIPEC is advisable from an oncologi-
cal point of view, and if laparoscopy permits only 
a limited assessment of the abdomen due to the 
presence of adhesions, a laparotomy should be 
carried out in the next stage. A complete abdomi-
nal exploration and the decision on the perfor-
mance of extended surgery for tumor recurrence 
are not possible before this occurs.

Laparoscopic exploration may not always 
prove satisfactory, especially in the regions of the 
diaphragmatic cupola and the small pelvis 
(Fig. 39.11). However, even if this can be com-

pensated with preoperative imaging, the finely 
knobbed, flat recurrence with foci from one to a 
few millimeters in size can nevertheless be 
assessed only with the use of laparoscopy. 
However, even if, after the described preliminary 
examination, a conclusive laparoscopic assess-
ment of the small intestinal mesentery and the 
mesenteric root is not yet possible, the final deci-
sion can only be taken after open surgical explo-
ration. Under conditions of peritoneal recurrence, 
laparoscopic visualization with histological con-
firmation is nevertheless achieved in the majority 
of patients, and vital information for therapy 
planning is thus obtained.

In the majority of cases, the combination of 
preoperative modern imaging techniques and 
laparoscopy paves the way for further treatment.

 c The combination of modern imaging 
techniques and diagnostic laparoscopy is 

a b

c d

Fig. 39.11 (a–d) Diagnostic laparoscopy for peritoneal recurrence of metastasized gastric cancer. Laparoscopy gener-
ally does not yield satisfactory results, in particular in the region of the diaphragmatic cupola and the small pelvis
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crucial for localization diagnostics of 
recurrent peritoneal tumors.

To date, no valid data have been reported in 
the literature on the sensitivity, specificity, 
 diagnostic accuracy, and the negative and posi-
tive predictive value of modern imaging tech-
niques and diagnostic laparoscopy or their 
combined use in localization diagnostics. All of 
the described factors are of particular importance 
in determining a suitable therapy for peritoneal 
tumor recurrences, which therefore need to be 
considered in analogy to available literature ref-
erences on the initial diagnosis of peritoneal 
tumors.

39.4  Therapeutic Options

The multimodal therapy concept for recurrent 
peritoneal tumors, as well as for tumor recurrence 
after prior extended cytoreductive surgery with 
hyperthermic intraperitoneal chemotherapy, is 
based on a number of different tumor- and patient-
specific factors, which have to be carefully 
weighed against each other in order to determine 
the indication for reoperation with repeat cytore-
ductive surgery and HIPEC.  The ultimate deci-
sion reached after an interdisciplinary discussion 
always constitutes an individual  recommendation, 
which has to take the benefits and risks of a pos-
sible multivisceral resection procedure into con-
sideration. Due to the lack of basic data reported 
by prospective randomized studies on (a) repeat 
cytoreduction + HIPEC (embedded in an overall 
concept of systemic therapy) vs. (b) systemic 
therapy alone vs. (c) a system-oriented “watch-
and-wait” strategy, it is currently impossible to 
make any clear statements pertaining to individ-
ual histological entities. The significance of (addi-
tive/complementary) PIPAC (pressurized 
intraperitoneal aerosol chemotherapy) and its 
long-term effect on situations, where it is (a) con-
traindicated and only the above options (b) and (c) 
are available for selection, remain to be seen [8]. 
Based on currently available data, under condi-
tions of an overall palliative therapeutic approach, 
at least a symptom-oriented optimization poten-

tial in the sense of a reduction of ascetic fluid, as 
well as of an improvement of the quality of life in 
cases of disseminated recurrence of peritoneal 
tumors, may be assumed [5].

Close clinical and imaging follow-ups never-
theless remain essential after previous primary 
tumor resection (+ chemoperfusion) in order to 
enable the earliest possible detection of tumor 
recurrence and to initiate further treatment at the 
earliest possible time. Only under these condi-
tions can a highly selected patient population 
receive a prognostic benefit with acceptable mor-
bidity and mortality from the repeated surgical 
procedure [3, 4, 11].

Table 39.1 shows the spectrum of possible 
therapeutic options under conditions of existing 
recurrence localizations or tumor- and patient- 
specific characteristics.

In determining an oncologically adequate 
patient- or symptom-oriented therapy for the peri-
toneal recurrence, multiple factors that may inter-
act with each other or become additively effective 
need to be considered. For example, a localized 
pattern of recurrence, the absence of organ-spe-
cific metastases, good differentiation, an achieved 
CCR-0 situation, and a long interval from primary 
surgery at a renewed opportunity for achieving 
complete cytoreduction, a good performance sta-
tus of the patient, low comorbidity, good compat-
ibility and a complication- reduced course of prior 
therapies constitute the “ideal” situation for 
repeated CRS + HIPEC. A poor response to sys-
temic therapy as an alternative option to CRS with 
HIPEC in cases of a disseminated pattern of 
involvement must further be taken into account, 
so that treatment with radiotherapy alone is to be 
ruled out in patients with recurrent peritoneal 
mesothelioma or pseudomyxoma, thus rendering 
surgery for recurrent disease—on condition of a 
potentially curative achievement of CCR-0—the 
therapy of choice in this patient population [1, 7]. 
In view of the minimal invasiveness of PIPAC 
with only very few systemic side effects, the ther-
apy may be applied in almost all situations that 
can no longer be treated with potentially curative 
therapy and where the focus has shifted toward 
symptom and ascites control. Future studies are 
expected to identify the histological entities 
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responsive to PIPAC-directed therapy as well as 
to indicate a possible prognostic benefit from 
PIPAC treatment.

Attention should further be drawn to the pos-
sibility of conditioning recurrent tumors—in the 
context of an overall multimodal concept—with 
repeated PIPAC applications to enable subse-
quent cytoreduction + HIPEC, whose therapeutic 
benefit remains, however, purely speculative 
based on available data. In special cases where a 
suspected localized recurrence has developed 
shortly after the first operation and becomes 
clearly apparent despite the absence of histologi-

cal proof, a “watch-and-wait” approach may be 
taken on condition of close control examinations. 
However, in patients with a good general condi-
tion, re-explorations should be carried out in a 
timely manner so as not to miss the optimal time 
for potentially curative treatment.

39.5  Conclusions

In summary, both the localizing diagnostics and 
the multimodal therapy of recurrent peritoneal 
tumors are complex and require close interdisci-

Table 39.1 Therapeutic options under conditions of existing recurrence localizations and tumor- and patient-specific 
characteristics

Characteristics
Repeated CRS and 
HIPEC

Systemic therapy and 
PIPAC

PIPAC 
alone

Watch and 
wait

Recurrence localization
Localized (closea) +++ ++ + +(?)
Localized (distantb) +++ ++ + +(?)
Oligolocular ++ +++ ++ −
Multilocular/disseminated (+) +++ +++ −
Tumor specific
Distant metastases − +++ − −
Tumor entity:
  PM +++ (+) ++ −
  PMP +++ (+) ++ −
  GC ++ ++(+) ++ −
  CRC ++ ++(+) ++ −
  OVC ++ ++(+) ++ −
Poorly differentiated +(+) ++ ++ −
Well-differentiated +++ ++ ++ −
Long intervalb +++ ++ ++ +(?)
Short intervalb +(+) ++ ++ +(?)
CCR-0 at first operation +++ ++ ++ −
≥CCR-1 at first operation + ++ ++ -(?)
CCR-0 possible +++ + + −
CCR-0 not possible − +++ +++ −
Patient specific
ECOG 0–1 +++ ++ +++ −
ECOG >2 − (+) ++ ++(+)
Comorbidity − (+) ++ ++(+)
Systemic therapy (intolerance/toxic side 
effects)

++(+) − ++ ++(+)

Complications at first operation (Clavien- 
Dindo > II–III)

(+) (+) +(+) +(+)

PM peritoneal mesothelioma, PMP pseudomyxoma peritonei, GC gastric cancer, CRC colorectal cancer, OVC ovarian 
cancer
+++ strong recommendation, ++ mixed recommendation, + cautious recommendation, − no recommendation
aRecurrent tumor located in close proximity to or at a distance from the primary tumor
bLong or short interval from first operation
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plinary consultation at qualified centers with in- 
depth expertise in the therapy of peritoneal 
tumors. The prerequisite for achieving an optimal 
long-term quality of life and oncological out-
come is the selection of a patient collective suit-
able for repeated CRS/HIPEC based on the 
combination of modern imaging techniques and 
laparoscopy as well as on a tumor- and patient- 
centered benefit-risk assessment and continuous 
weighing up of alternative therapies.
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Treatment Options for Peritoneal 
Tumor Recurrence

Hubert Leebmann and Pompiliu Piso

Multimodal therapy of peritoneal carcinomato-
sis, including maximal cytoreduction, hyperther-
mic intraperitoneal chemotherapy, and systemic 
therapy, leads to a significant increase of disease- 
free survival and overall survival in strictly 
selected patients. This treatment is offered in 
curative intent. However, in reality, for the major-
ity of patients, peritoneal carcinomatosis is a 
recurrent and persistent problem.

 c Most tumor recurrences are intraabdominal. 
Even after initial complete cytoreduction and 
intraperitoneal chemotherapy, in most cases 
tumors recur solely in the peritoneal cavity.

In approximately 80% of patients with perito-
neal carcinomatosis of colorectal carcinoma, for 
24–44% of patients with pseudomyxoma perito-
nei, and 40% of patients with mesothelioma, 
tumor recurrence is confined to the peritoneum 
after previous cytoreductive surgery and intra-
peritoneal chemotherapy [10].

 c Depending on the patient population, 
4–16% of all previously multimodally 

treated patients are considered to be 
candidates for a successful iterative 
cytoreduction [4].

For strictly selected patients, there is a chance 
of long-term tumor control and improved overall 
survival.

 c Through this aggressive approach 1-, 3-, 
and 5-year survival rates of 92%, 60%, and 
34% were possible for different tumor 
entities in a mixed patient sample.

So far, no selection criteria for repeated cyto-
reductive surgery with intraperitoneal chemo-
therapy have been defined. Therefore, patient 
selection is extrapolated from the established 
selection criteria for cytoreductive surgery (CRS) 
and hyperthermic intraperitoneal chemotherapy 
(HIPEC) (Table  40.1). Early diagnosis of the 
recurrence is crucial for improved survival. 
Isolated peritoneal recurrence after CRS and 
HIPEC usually occurs in the mid-term postopera-
tive course. Patients who are deemed eligible for 
iterative cytoreduction should receive a follow-
 up at intervals of 3–6  months within the initial 
5 years [10]. Tumor recurrence usually affects the 
visceral peritoneum. Therefore, tumor distribu-
tion primarily determines resectability. A struc-
tured postoperative follow-up ensures the 
recognition of patients with localized recurrence 
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and low tumor burden. Early re-intervention 
in  locally limited tumor manifestations mini-
mizes the extent of subsequent visceral perito-
nectomy procedures. Thus the extent of iterative 
cytoreduction is usually less extensive than previ-
ous resections.

Despite the very complex surgery, the rate of 
grade III/IV complications remains within an 
acceptable range. The incidence of postoperative 
complications correlates with the peritoneal car-
cinomatosis index and ranges between 2.3% and 
40% [6, 7, 9].

In several studies, HIPEC was a positive prog-
nostic parameter [4, 7]. Especially with recurrences 
in the short-term follow-up, a change of intraperi-
toneally applied chemotherapeutic drugs seems 
advisable. However, clear recommendations can-
not be made as long as data is insufficient.

5-year survival rates of 53% and 75% were 
achieved for pseudomyxoma peritonei [3–5, 11]. 
Due to its biology, pseudomyxoma peritonei is 
suitable for iterative cytoreductive surgery. In 
pseudomyxoma peritonei, extra-abdominal 
metastases are rare. Thus a local procedure seems 
particularly promising. Especially low-grade 
tumors show predominantly expansive and only 
minimally invasive growth. The recurrent tumor 
distributes at anatomic predilection sites, such as 
sites for peritoneal fluid resorption, and mostly 
spares the small intestine. Therefore, repeated 
surgery is often possible while avoiding a short 
bowel syndrome. Prognostically favorable 
parameters after repeated CRS and HIPEC are 
complete cytoreduction (CCR-0 resection) and a 

significantly lower peritoneal carcinomatosis 
index (<50%) compared to initial surgery. In 
addition, the abdominal regions treated during 
initial cytoreduction must remain free of disease 
or show only minimal tumor progression [5].

For colorectal carcinoma, study results vary. 
In an older retrospective study, with a median 
survival of 23  months, 1- and 3-year survival 
rates were 90% and 0% [4]. In another case 
series, 1- and 2-year survival rates were 74% 
and 50% [8]. During a median follow-up period 
of only 10 months, 78% of patients were diag-
nosed with a—usually intraabdominal—tumor 
recurrence after a second cytoreduction and 
intraperitoneal chemotherapy. The median dis-
ease-free time was only 4.5 months. In contrast 
to these disappointing results, the evaluation of 
current data for 189 patients with isolated peri-
toneal recurrence and iterative CRS and HIPEC 
yielded a median survival of 46.2 months and 
1-, 3-, and 5-year survival rates of 96.5%, 
66.3% and 41.6% [1]. All studies published are 
retrospective case series with a correspondingly 
low level of evidence. However, recent results 
from the largest published case study suggest 
that long-term tumor control can be achieved in 
peritoneal metastasized colorectal cancer by 
repeated CRS and HIPEC. The indication for a 
second cytoreduction and repeated intraperito-
neal chemotherapy should be based on a strict 
patient selection and consideration of possible 
alternative treatments. Decisions regarding sur-
gical treatment must be primarily based on the 
characteristic of intraabdominal recurrence. 
The completeness of cytoreduction (CC score) 
is the major determinant of survival. Patients 
with incomplete cytoreduction do not benefit 
from the multimodal treatment. As complete 
cytoreduction is only possible in localized dis-
ease, patients with diffuse peritoneal metasta-
ses do not benefit from repeated CRS and 
HIPEC [2].

Peritoneal mesothelioma is a very rare tumor. 
Therefore, data on repeated CRS and HIPEC in 
peritoneal recurrence is poor. So far there are 
only retrospective studies with a very small num-
ber of cases. In the largest case study available, 
44 patients with peritoneal tumor recurrence 

Table 40.1 Selection criteria

Pro Contra
ECOG performance 
status 0–1

Extraabdominal metastases

CC0 resection in 
previous CRS

Small bowel PCI >2

Favorable tumor 
biology

Small bowel syndrome

Long disease-free 
interval

Malnutrition

Chance of a CC0 
cytoreduction

Serious comorbidity

Localized tumor Retroperitoneal tumor
Diffuse/multilocular 
peritoneal metastases
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achieved a median survival of 54  months with 
CRS and HIPEC [7]. The 3- and 5-year survival 
rates were 61% and 46%. The survival rates for 
patients with optimal cytoreduction tumor recur-
rence were nearly identical to the survival rates 
for patients with a CCR-0 resection following the 
initial procedure (3-year survival 60%, 5-year 
survival 52%). Similar survival rates were 
reported in a study by Chua et al. (median sur-
vival 57 months, 3- and 5-year survival rates 80% 
and 27%) [4]. Positive prognostic criteria were 
young patient age, an interval between first and 
second CRS and HIPEC of more than 18 months, 
minor tumor growth on the small intestine, and 
the performance of hyperthermic intraperitoneal 
chemotherapy.

40.1  Conclusion

For patients with isolated peritoneal recurrence 
after cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy, there is currently 
no standardized approach. The decision for a sec-
ond or further CRS and HIPEC must be made on 
an individual basis, taking into account the tumor 
biology and the expected postoperative quality of 
life. Due to the complexity of the procedure, both 
patient selection and surgery should be per-
formed at a high-volume center. The most impor-
tant prognostic criterion is the ability to achieve 
complete cytoreduction. Therefore a CCR-0 situ-
ation after the first peritonectomy is usually con-
sidered mandatory for a successful second 
intervention. However, a CCR-1 or CCR-2 situa-
tion after the initial procedure is not an absolute 
contraindication for further cytoreduction if there 
is a chance of achieving complete cytoreduction 
in the subsequent, more extensive procedure. The 
extent of resection must be determined while tak-
ing into consideration the expected postoperative 
quality of life. Despite the methodological weak-
nesses of retrospective studies, the good survival 
rates in selected patients and the as-yet unsatis-
factory systemic treatment options justify a sec-
ond or repeated CRS and HIPEC for 
pseudomyxoma peritonei, peritoneal mesotheli-
oma, and colorectal carcinoma. In conclusion, an 

iterative CRS and HIPEC is another treatment 
option in addition to palliative systemic therapy 
for strictly selected patients.
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Importance of Psycho-oncology 
for Tumors of the Peritoneum

Ute Goerling and Amy Rohrmoser

Facing a life-threatening disease can lead to con-
siderable psychosocial distress, regardless of 
tumor type or prognosis. Thus, modern tumor 
therapy views the continuous offer of psycho- 
oncological support as an indispensable part of 
comprehensive treatment. An increase of somatic 
and psychosocial impairments may otherwise 
lead to a manifestation of reactive mental disor-
ders. In order to prevent these, highly distressed 
patients need to be identified early on and, prefer-
ably, a psycho-oncologist should be involved.

41.1  Mental Distress in Tumor 
Patients

The German Guideline defines psycho-oncology 
as “a separate discipline in the oncological con-
text that addresses cancer patients’ experience 
and behavior as well as social resources related to 
their cancer disease, its treatment, and associated 
problems” [1, p.  24]. Problems surrounding a 
cancer disease can stem from various areas 
(Table 41.1).

41.2  Psychological Reactions 
to a Tumor Disease

Stress reactions to a tumor diagnosis can vary 
widely and are influenced by a range of factors. 
For example, prior experience with cancer in 
family members, friends, or others may affect a 
patient’s perception and expectations of their 
own diagnosis. Media reports about the patient’s 
type of cancer or the death of a public person 
from that cancer may be burdening. In addition, 
one’s personality impacts how one copes with the 
disease. Based on the given factors, patients may 
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Table 41.1 Distress in the context of cancer

Area of distress Sources
Disease and 
treatment

Invasive treatments, pain, fatigue, 
invalidity, psycho-somatic 
symptoms, disabilities

Medical care Incongruous physician-patient 
communication, lack of 
information, depersonalized 
treatment, lack of time, lack of 
intimacy

Family strain Changes in social roles and tasks, 
changes in the relationship with the 
partner, children, and friends

Occupational, 
financial, and 
social strain

Loss of important social and 
occupational functions, new 
dependencies, isolation

Existential and 
spiritual strain

Facing one’s own mortality, 
searching for meaning, spiritual 
and religious explanations
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either be able to adapt to having cancer, leading 
to an inner balance. Alternatively, if an adapta-
tion to the given situation is unsuccessful, an 
acute crisis may result. In the case of continuous 
overload, patients may develop mental 
disorders.

Reactions range from a common reaction in 
the form of fears, worries, and sadness to severe 
reactions such as depression, adjustment disor-
ders, and post-traumatic stress disorders. Distress 
levels below the diagnostic criteria’s threshold 
for mental disorders are reported in 59% of 
patients [2]. Studies estimate the prevalence of 
psychological comorbidities to be a third of all 
cancer patients [3, 4]. Disease- and treatment- 
induced risk factors for mental distress are an 
advanced cancer stage, unfavorable prognosis, 
pain, and low level of physical functioning. 
Young age, female gender, severe impairment of 
body image and self-image, as well as lacking 
individual and social resources are also associ-
ated with increased distress [5]. If comorbidities 
exist, these can affect the compliance with neces-
sary diagnostics and therapy as well as the dura-
tion of hospitalization.

41.3  Detecting the Need 
for Psycho-oncological 
Support

A study in visceral surgery showed that 31% of 
patients already wanted professional psycho- 
oncological support at the beginning of their 

inpatient treatment [6]. However, the surgical 
team identified the psycho-oncological need only 
in 38–60% of patients actually in need. Brandl 
et  al. could show that a large number (70%) of 
patients show high distress before CRS and 
HIPEC [7].

Therefore, comprehensive diagnostics of a 
patient’s psychological and social situation 
should take place at initial diagnosis. There is 
evidence suggesting that patients who feel stig-
matized by having cancer do not necessarily take 
the initiative to discuss their mental state. Here, 
various screening tools for psychosocial distress 
are available to provide valuable insight. 
Table 41.2 displays a selection.

Psycho-oncological screenings should take 
place throughout the course of treatment. In addi-
tion to delivering a standardized assessment of a 
patient’s psychosocial well-being, screenings 
may influence the communication between 
patients and their physician in positive ways. 
Still, empathetic communication is crucial.

The following list of indications for psycho- 
oncological support may help physicians to 
notice support needs in all phases of the patient’s 
illness:

• Requesting professional psycho-oncological 
support

• Reaching the cut-off value on a screening tool
• Ongoing emotional distress (e.g., fears, anger, 

grief, lack of drive)
• Treatment-related difficulties (e.g., handling 

side effects)

Table 41.2 Screening tools for the assessment of psychosocial distress

Tool Authors Type Scales
Number 
of items

Psycho-Oncological Basic 
Documentation (PO-Bado)

Herschbach et al. [12] External 
assessment

Somatic stress, psychological stress, 
additional stressors

15

Questionnaire on Stress in 
Cancer Patients revised 
version (QSC-R23)

Herschbach et al. [13] Self- 
assessment

Psychosomatic complaints, fears, 
information deficits, everyday life 
restrictions, social strains

23

Hospital Anxiety and 
Depression Scale (HADS)

Zigmond and Snaith 
[14]

Self- 
assessment

Anxiety, depressiveness 14

Distress Thermometer National 
Comprehensive 
Cancer Network [15]

Self- 
assessment

Visual analog scale, problem list: 
practical, family, emotional, and 
physical problems; spiritual/
religious concerns
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• Considerable familial distress (e.g., conflicts 
with caregivers, social isolation)

• Communicative problems with healthcare 
professionals (e.g., difficulties in treatment 
decisions)

41.4  Psychological Effects 
of Diagnostics 
and Oncological Treatment

Patients with tumors of the peritoneum may face 
diverse types of distress. Some receive the diag-
nosis entirely by surprise while seemingly com-
pletely healthy. Others already have a long 
history of primary therapies with multimodal 
treatment concepts. Patients may be particularly 
distressed if they are diagnosed with peritoneal 
metastases while the primary cancer is still 
unknown; here, the perceived loss of control 
may be amplified.

The phase of extensive diagnostics and wait-
ing for their results is usually challenging for 
patients and caregivers. Whereas caregivers 
reported higher depressive symptom burden 
before surgery, patients reported more depressive 
symptoms at the postoperative visit [8]. A diag-
nostic laparoscopy may destroy the hope for a 
surgery. Chemotherapies are associated with 
manifold side effects and their anticipation alone 
may already impact patients’ condition. Mental 
distress and depression may increase over the 
course of systemic chemotherapy. In this context, 
anxiety may increase pain, nausea, and vomiting, 
in turn potentiating anxiety [9]. Familiar coping 
strategies may fail to help sufficiently in this situ-
ation. Even after conclusion of radiotherapy, 
many patients keep reporting states of exhaustion 
such as fatigue for weeks and months. Surgery 
and anesthesia increase the experienced lack of 
control accompanied by the fear of pain and the 
loss of stabilizing factors. Postoperative delirium 
and the impairment of cognitive abilities often 
unsettle caregivers, and patients recall them to be 
very disabling.

Overall, increased mental distress before sur-
gery may lead to higher pain and more use of 
morphine afterward [10]. Adequate preparation 

regarding the impact of surgery—for example, 
concerning functional impairments—is of par-
ticular importance. Specific procedures such as 
hyperthermic intraperitoneal chemotherapy 
(HIPEC) are only offered in specialized institu-
tions. Unless one of these centers is close to the 
patient’s place of residence, they accept long 
travels and temporary separation from their fam-
ily in order to undergo treatment while strongly 
hoping for therapeutic success. This in turn often 
leads to a lack of social support during the inpa-
tient stay that professionals cannot necessarily 
compensate.

41.5  Psycho-oncological 
Concepts and Interventions

The discipline of psycho-oncology aims to 
reduce distress that may arise due to an oncologi-
cal disease and its treatment. This support should 
be offered to patients facing the illness and result-
ing consequences. With early intervention, pro-
longed psychological dysfunction may be 
prevented. In palliative care, continuous stabiliz-
ing support for patients and their family is indi-
cated at all times. In addition, children of a parent 
with cancer need to receive attention and infor-
mation appropriate for their age, ideally accom-
panied by support specifically designed for the 
whole family. In outpatient settings, counseling 
centers and licensed psychotherapists may offer 
psycho-oncological services, including individ-
ual or group therapy. In inpatient settings, many 
institutions now provide psycho-oncological sup-
port via psychologists who are an important part 
of the multi-disciplinary team.

A psycho-oncological intervention is defined 
as a non-pharmacological intervention in which 
psychological and social-work methods such 
as psychosocial counselling, psycho-education, 
stress-management training, psychotherapy, relax-
ation techniques, by themselves or in combination, 
are conducted by a professional therapist in per-
sonal interaction with cancer patients in order to 
reduce their mental and social distress and increase 
their quality of life [1, p. 56].

The effectiveness of various psychological 
interventions in oncology has been shown repeat-

41 Importance of Psycho-oncology for Tumors of the Peritoneum



362

edly [11]. This applies in particular to symptom 
reduction of, for example, depression, fear, pain, 
and fatigue. Psycho-oncological interventions 
also improve the patients’ ability to cope with the 
disease and their quality of life. Throughout, the 
personal resources and individual preferences of 
patients need to be taken into consideration.

41.6  Conclusion

Patients with tumors of the peritoneum may 
exhibit serious mental distress. Its spectrum 
ranges from distress below classified disorders to 
psychological comorbidities. Psycho-oncological 
care as an interdisciplinary approach should be 
offered to both patients and their caregivers. The 
effectiveness of various interventions has been 
shown repeatedly. Overall, interventions are sup-
portive and resource-oriented and should be 
suited to patients’ individual needs and demands. 
The overarching goal is to support patients and 
their caregivers in coping with the disease and 
improving their quality of life.
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Nursing Aspects of Peritoneal 
Surface Malignancy

Ilona Baumann and Jesse Smith

42.1  Introduction

Working and communicating with patients with 
peritoneal malignancies is challenging for many 
staff nurses during treatment. It is hard to find the 
right and most appropriate words in sensitive sit-
uations during the hectic clinical daily routine. 
The patients concerned are sometimes relatively 
young and severely ill  – a huge psychological 
burden for all concerned. In this phase of con-
fronting themselves with the diagnosis, the pos-
sibility of a treatment with cytoreductive surgery 
(CRS) and hyperthermic intraperitoneal chemo-
therapy (HIPEC) plays an important role. In the 
foreground is the patient’s search for a successful 
treatment, fueled by motives like “try every-
thing,” “seize every opportunity,” and “improve 
the situation” [1].

The following chapter will focus on the par-
ticular nursing care of patients with tumors of the 
peritoneum and, in particular, on their treatment 
with the HIPEC therapy procedure.

42.2  Preoperative Preparation 
of the Patient

During the daily routine on the general ward, the 
focus lies not only on the handling of hazardous 
agents, such as cytotoxic drugs, but also on the 
psychological stress upon the nursing staff which 
results when taking care of severely ill patients. It 
is very important for staff to know the potential 
risk of contamination with cytotoxic drugs dur-
ing the treatment with HIPEC.  It takes a lot of 
time to prepare those undergoing CRS and 
HIPEC for this complicated and mentally very 
stressful procedure. Depending on the resection 
areas and the symptoms of the patient, the staff 
nurse initiates bowel preparation on the after-
noon of the day before the operation. With laxa-
tives, such as Laxativum or a combination of 
Laxativum with a macrogol-based laxative, 
bowel cleansing is performed. From this point in 
time onward, it is recommended that the patient 
only consumes clear broth and a lot of clear liq-
uids to help clear the colon. The phase of food 
and water abstention starts after midnight the day 
before the operation takes place.

To achieve complete cytoreduction, anterior 
resection is sometimes required, and the creation 
of a protective stoma may be necessary to protect 
the anastomoses. In the setting of a preoperative 
talk with a professional stoma-care nurse, the 
patient is informed about the best possible posi-
tion of the stoma as well as the stoma care after 
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the operation. The building of trust by marking 
the future stoma position together with the patient 
is the main goal during this talk immediately 
before the operation. The patient and the relatives 
are screened for their ability to facilitate stoma 
self-care, and they will be introduced to the hard- 
to- accept topic of a possible permanent stoma 
potential sensorineural challenges such as blind-
ness as well as mobility limitation scan also be 
addressed.

On the day of surgery, the patient is given an 
antiemetic in a short infusion as prophylaxis. The 
vital signs are checked and premedication is 
given. Significant preoperative preparation means 
that nursing staff spend a lot of time with patients 
undergoing surgery [2, p. 10ff].

42.3  Anesthesiological 
Preparation of the Patient

Detailed anesthesiological preparation is of great 
importance for an operation of this complexity. 
This complex and, for the patient, physically as 
well as mentally stressful operation also presents 
the anesthesiological team with specific chal-
lenges. Already on the day before the operation, 
the department for anesthesiology and the OR 
staff team are notified about the planned HIPEC 
procedure. The coordinators of both departments 
designate the specially trained staff members 
who will take part in the surgery. On the day of 
the operation, the induction room is prepared for 
standard intubation anesthesia. A central venous 
catheter, a thoracic epidural catheter for intra- 
and postoperative pain management, a nasogas-
tric tube, and a device for the invasive 
measurement of the arterial blood pressure are 
organized before the patient enters the operating 
room. Special training for the safe handling of 
cytotoxic drugs is also required for the anesthe-
siological staff.

When the patient arrives, the personal data is 
double-checked to confirm identity of the patient. 
The patient is asked for the information they gave 
the day before during the premedication inter-
view. The placement of the thoracic epidural 
catheter can take some time. The nurse supports 

the patient in assuming and holding the right 
position for the application. While the nurse does 
so, the patient and the nurse come close in a 
physical way. Words of encouragement and com-
fort toward the patient, as well as the answering 
of open questions from the patient, can become 
mentally challenging for the staff. Further mea-
sures, such as inserting the central venous cathe-
ter and the arterial blood pressure measurement 
systems, take place after the patient has been 
securely intubated. During anesthesia the anes-
thetist and anesthetic nurse follow standard oper-
ating protocols developed by the department of 
anesthesiology for CRS and HIPEC. Core tem-
perature monitoring is of importance during the 
HIPEC phase of the procedure with the use of 
cooling techniques if core temperature rises too 
high with the use of HIPEC at 42°C [2, p. 12ff].

42.4  Nursing Interventions 
in the OR During Treatment 
of the Patient

The surgical interventions are carried out depend-
ing on the tumor type and extent. The treatment 
goal is a complete removal of all macroscopically 
visible tumor masses combined with hyperther-
mic intraperitoneal chemotherapy to destroy any 
microscopic circulating tumor cells [5]. 
Cytostatic drugs can be carcinogenic in their own 
right, so it is essential to protect all persons 
involved in the treatment process against cyto-
static contamination by implementing various 
protective measures [4].

The cytostatic bag, which is connected to the 
tubes and drains, is connected directly to the res-
ervoir so that the solution can be transferred to 
the patient without contamination. Even after 
complete emptying, the cytostatic bag remains 
attached to the system.

Before the cytostatic preparation is added to 
the circulation, the entire surgical and anesthesia 
team puts on protective clothing. In addition to 
the surgical clothing (surgical pants and surgical 
gowns), this consists of a liquid-impermeable 
disposable sheath, protective goggles, a surgical 
mask, and two pairs of protective gloves. The first 
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glove pair are sterile surgical gloves, the second 
pair are nitrile gloves, which are non-sterile.

The HIPEC procedure is performed only by 
trained personnel. The specially selected nurses 
from the Department of Visceral Surgery are edu-
cated and trained at least once a year, or when the 
procedure changes, about the latest safety regula-
tions and health protection.

The operating room is marked with signs 
warning “Caution cytostatics.”

At the end of the HIPEC therapy, the entire 
perfusate is pumped out into the reservoir. This 
reservoir and all other consumables that might 
have been in contact with cytostatics, such as the 
tube system, temperature probes, disposable 
items (gloves, gowns, and goggles), and dispos-
able mops, are placed in designated waste con-
tainers for hospital-specific cytostatic waste. The 
drains on the patient remain in the abdomen and 
are provided with drainage bags. These bags col-
lect the remaining rinsing fluid in which small 
amounts of the cytostatic solution are still pres-
ent. 24 hours later, the drainage bags are also dis-
posed of by the ICU nursing staff in the special 
disposal containers.

42.5  Postoperative Care 
of the Patient

At the end of surgery patients are transferred to 
the surgical intensive care unit (ICU). Patients 
are accommodated in single rooms to prevent 
contamination of other patients. On the outside of 
the room, a sign reading “Caution – HIPEC” is 
placed. Both protective clothing and a special 
drop-off for cytostatic waste are located in the 
patient’s room in the intensive care unit. Wearing 
the protective clothing is mandatory from the 
time the patient is picked up from the OR until at 
least 48 hours postoperatively, or as long as there 
are still drains in the abdomen from which the 
staff could come into contact with the remaining 
quantities of cytostatics. By adhering to this time 
interval, the occupational health and safety com-
ponent is certainly fulfilled. It is important in 
advance to educate patients about the reason for 
the protective clothing, because most patients are 

otherwise surprised that protective clothing is 
worn in their rooms. In addition, during the first 
48  hours postoperatively, any material that has 
come into contact with the HIPEC patients must 
be disposed of in special disposal containers 
intended for cytostatic waste.

In the abdomen of the operated patient, there 
are five drains, attached to drainage bags. The 
special collection bags are changed daily by the 
nursing staff and care must be taken to avoid con-
tamination with chemotherapy solution. When 
the drainage bag is removed from the drainage 
tube, contaminated material can be released into 
the environment by spraying when separating 
these two systems. Here, the nursing staff of the 
intensive care unit sees the greatest need for 
action with regard to occupational safety. 
Currently, new improved drainage systems are 
being tested.

Fluid balance including drain and nasogastric 
tube volumes are recorded and documented daily 
by the nursing staff.

In addition to the special nursing activities 
that are particularly relevant to patients following 
CRS and HIPEC, regular controls of vital signs, 
excretion, fluid substitution, and laboratory con-
trols are required, as is routine for the nursing 
team in ICU. After an average stay of 48 hours, 
patients leave the ICU in a stable state of health 
and, after consultation with the treating physi-
cians, are transferred to the general-care unit. If 
the prescribed 48 hours has not yet expired, the 
protective measures for the personnel already 
described above also apply to the general-care 
unit. Only at the end of this period or after all 
drains have been removed may the protective 
measures, such as protective gowns, gloves, and 
isolation of the patient, be dismissed. Renal func-
tion, skin changes, urinary volumes, and vital 
signs are also of importance for nurses and doc-
tors on the general ward. Platinum-containing 
cytostatics can impair renal function causing 
extensive tubular necrosis and electrolyte imbal-
ance. Other general postoperative monitoring 
measures, such as wound treatment and wound 
drainage monitoring, are performed jointly by 
physicians and nurses. Abdominal drains if not 
already removed can be removed after 48 hours 
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and disposed of in the special receptacle systems 
for cytostatic waste.

One of the most common postoperative side 
effects is bowel ileus. As a rule, a nasogastric 
tube is placed intraoperatively and used depend-
ing on the patient’s state of health in order with 
parenteral nutrition to allow return of intestinal 
motility before starting enteral feeding. After 
consultation with the doctors, it is possible to 
start gradually with oral nutrition after the recov-
ery of bowel function and the removal of the 
nasogastric tube. Epidural analgesia helps pain 
management in the immediate postoperative 
setting.

Based on the guidelines of the scientific medi-
cal society, the patient receives an adapted anti-
coagulative therapy as thrombosis prophylaxis 
for 5 weeks postoperatively. Due to the average 
stay of 3  weeks in the hospital, the patients or 
their relatives are consulted and instructed by the 
nursing staff to administer independently the 
subcutaneous injection [2, p. 19ff].

42.6  Challenge of Stoma Care

If a stoma is required during CRS and HIPEC, 
the stoma nurses and ward nurses provide sup-
port with stoma care. This particular phase of the 
patient’s life requires specific skills and knowl-
edge from the nursing staff and special care 
experts of oncological patients. Professional 
expertise and care is required so that the patient 
can learn self-sufficiency and independence. In 
addition to the postoperative inspection of the 
stoma and monitoring stoma output, support is 
provided in changing and emptying the stoma 
bag. The specialized stoma-care nursing team, 
who also educate the patient and carers, may be 
family members primarily provide this. A pre-
cisely coordinated pattern of care and adequate 
handling of the appropriate supplies prevent any 
possible complications; the nursing experts for 
stoma, continence, and wound care as well as 
palliative care and nutrition consultants play a 
large role in the perioperative care of patients 
undergoing CRS and HIPEC.  A goal-oriented 
mind-set for all persons involved is important, 
because only with effective multi-disciplinary 

care can this complex task be accomplished. The 
aim of the attending physicians and care-givers is 
to provide optimal quality assurance in patient- 
oriented care while accompanying the relatives 
through this situation, which is difficult for all 
involved [2, p. 44ff].

42.7  Legal Aspects of Workplace 
Safety and Guidelines 
for Management of Cytotoxic 
Drugs in the OR

As the use of CRS and HIPEC in cancer treat-
ment becomes more widespread, the Association 
for Health Service and Welfare Work has raised 
questions about the risk posed by HIPEC to 
healthcare workers. Cytostatic contamination 
could happen through inadvertent swallowing or 
puncture injury, as well as through absorption via 
the lungs and skin. In 2010, in a project funded 
by the Association of Health Service and Welfare 
Work, experts debated whether more extensive 
measures are required at centers performing CRS 
and HIPEC due to the possible cytostatic hazards 
employees might face. The result of the investi-
gation determined that there are several areas of 
risk in the HIPEC process. Definitive health and 
safety recommendations were issued after many 
investigations, samplings, and analyses. These 
include:

• The use of infusion bags instead of perfusion 
syringes for chemotherapy (these must not be 
disconnected)

• Careful cleaning and disinfection of HIPEC 
equipment after completion of the process

• The wearing of two pairs of gloves on top of 
each other during activities with direct cyto-
static contact

In this pilot study, it has been demonstrated that 
surface exposure to cytostatic agents may be pos-
sible in operating theaters where CRS and HIPEC 
is performed. However, further observations also 
show that hygiene standards are high in German 
hospitals and can be effectively verified by swab 
samples. The recommendations for occupational 
safety in this study correspond to the  evidence cat-
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egory IIb. These evidence categories are based on 
the recommendations of the Association for 
Healthcare Research and Quality [3].

In order to protect the employees, working 
instructions regarding the handling of cytostatics 
in connection with the HIPEC procedure should 
be made available to the operating staff for the 
documentation of HIPEC therapy in hospitals 
[2].

42.8  Guidelines for Workplace 
Safety

Target Group

• Nursing staff of operating room, healthcare 
professionals, medical service

Objectives

• Minimizing the risk of contamination from 
cytostatics

• Safety in dealing with emergencies regarding 
contamination by chemotherapeutic agents

• Avoiding mistakes regarding work safety
• Concrete action in an emergency

Measures

• Training twice a year
• Specific description of action for possible 

incidents
• Development of initial measures in case of 

incidents
• Biomonitoring only on specific occasions and 

consultation with company medical 
department

• Special registration form for medical-care 
incidents in HIPEC therapy

• Medical consultation when contaminations 
occur

Materials

• Mandatory protective clothing for HIPEC 
therapy

• Special waste bin for cytostatic waste labeled 
“cytostatics” (white box)

• Berner “Spill Kit XP” (emergency kit for 
leaked chemotherapeutic agents)

• Berner protective gloves (Manu protective 
gloves for the perfusionist)

Content Berner “Spill Kit”:

• Safety goggles
• Protective coat
• Overshoes
• Hood
• P 2 = respirator
• Cytostatic protective gloves
• Absorber pads
• Isopropanol

Implementation – Regulations for HIPEC 
Incidents

 1. Leakage of chemotherapeutics (floor, 
machine, etc.):
• Wearing prescribed protective clothing 

(double gloves, protective goggles, protec-
tive coat)

• Using Berner “Spill Kit Box”
• Wearing Berner protective gloves (Manu 

protective gloves)
• Thoroughly cleaning the contaminated area 

three times (using disposable wipes and 
solution buckets, diluting by repeated use)

• Then changing gloves (protective clothing 
only after contact with the chemical fluid)

• Urgently avoiding cross-contamination (= 
additional contamination due to non- 
compliance with the protective measures)

• Disposing of one-use wipes with cytostatics 
in special disposal container (white box)

 2. Defective machine, hose system, or reservoir:
• Analysis of the problem, calling the 

emergency number of the company 
Kardialgut.

• If necessary, replace the machine.
• Close the hose system and reservoir 

completely.
• If necessary, replace the hose system.
• Leaks are usually detected on the tube sys-

tem before (with pre-filling of the abdomen 
with 0.9% NaCl or 5% glucose).
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• Swap reservoir if necessary.
• Initiate cleaning process in case of contam-

ination (see above).
 3. Exit of chemotherapeutic agents in case of 

leakage of fascia or drain incision:
• Waterproofing with gauze and additional 

gauze bandages
• Flow reduction or stopping the pump on 

the HIPEC machine
• Checking the attached secretion bags on 

the side of the patient (take care when dis-
posing of the cover: use abdominal towels 
to absorb the leaked HIPEC fluid)

• Disposal of contaminated materials in the 
white special disposal container

 4. Postoperative bleeding during HIPEC 
therapy:
• Continue to wear protective clothing (gloves 

tested for chemical impermeability).
• Wear special respirator mask (FFP3).
• Allow the perfusate to drain into the 

machine (reservoir) completely.
• Rinse abdomen thoroughly when opening 

(2–3 passes with at least 2 l rinsing liquid)!
• Dispose of the one-use suction bag with 

HIPEC fluid in the white special disposal 
container.

• Initiate cleaning measures (see point 1) and 
change shoes.

• Urgently avoid cross-contamination!

 5. Disconnection of drain bag – skin contact:
• Immediately take off and dispose of con-

taminated clothing (white special waste 
container).

• In case of contamination of the skin, rinse 
immediately with water and then with soap 
and water.

• In case of puncture wounds, ingestion, 
splashes in the eye, or inhalation, consult 
the company medical department (official 
report to the emergency center).

• All items where possible are disposed of in 
the special waste container (white box) for 
cytostatics.

• Items that cannot be disposed of are 
cleaned with the help of the Berner “Spill 
Kit Box.”

 6. Chemofluid is absorbed by the patient:
• Stop HIPEC therapy.
• Perform ultrasound and have breathing pres-

sure checked by the anesthesia department 
(if necessary, check the thorax for fluid).

• Do not connect an extractor to the HIPEC 
machine! Bowel may be damaged!

 7. HIPEC fluid enters the thorax from the 
abdomen:
• Inform the anesthesiologist that HIPEC 

fluid has entered the thorax (monitor 
ventilation!).

• Stop the HIPEC machine and switch to 
drain mode; drain HIPEC liquid into the 
reservoir.

• When the thorax is full of HIPEC fluid, 
there is great pressure in the thoracic space!

• When creating the chest drain: take protec-
tive measures! Violent spraying when 
piercing the thorax is possible!

• If thoracic drainage is present, connect the 
HIPEC device to the chest drain and drain 
into the reservoir.

• Await the decision of the doctors.

Safety Instructions

• Regular training on the safety, application, 
and effects of the HIPEC procedure to gain 
additional acceptance for the therapy.

• Guidance and training for the adequate and 
safe use of the HIPEC device (perfusionists).

• Have cytostatics  – as directed by the sur-
geon – delivered to the pharmacy as soon as 
possible and stored in a dark container in the 
designated box until use; delivery always in a 
bag.

• Identification of the OR doors: “Attention 
cytostatics!”

• As soon as cytostatics are added to the solu-
tion, the HIPEC device should only be oper-
ated by trained personnel, who will exclusively 
take care of the machine during the HIPEC 
therapy and will not take on additional tasks. 
Any distraction can lead to errors and emer-
gency situations. During the entire duration of 
the perfusion, a responsible doctor in the oper-
ating theater must be available!
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• No pregnant women or nursing mothers  
during HIPEC therapy in the operating room!

• Only necessary personnel should be in the 
operating room!

• Appropriate protective clothing for all persons 
in the operating room.

• Regular renewal of gloves (contact with 
components).

• Otherwise, change the outer gloves every 
30 minutes.

• Change gloves after contact with highly con-
centrated chemotherapy.

• Avoid unnecessary contact with contaminated 
material.

• Protective clothing should be worn by employ-
ees for at least 48 hours or as long as there are 
drains in the abdomen.

• Laundry and excrements of the HIPEC patient 
are contaminated.

• During perfusion, temperatures are controlled 
and recorded manually.

• All materials required for HIPEC therapy 
(tube systems, reservoir, waste bags, gloves, 
coats, etc.) are disposed of in the chemobox 
(white box). This is firmly closed and marked 
accordingly.

• Thoroughly clean perfusion device and floor 
after stopping HIPEC therapy.

• Monitoring by doctors and nursing staff (cyto-
statics, type, amount, application site).

42.9  Conclusion

A positive aspect in this context is the fact that 
the exposure of the HIPEC personnel to cyto-
static agents is low. Nevertheless, it makes sense 

to monitor HIPEC staff for health issues. With a 
high degree of probability, a regular check-up 
containing wipe samples or occupational health 
checks could be monitored and controlled by 
structured quality management. In light of the 
latest medical research on the HIPEC process, 
occupational safety measures need to be re- 
adapted to the process and taught. Here it is nec-
essary to create the optimal conditions for the 
employees so that both quality and safety can be 
maintained.
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Guideline Preparation and Center 
Development for the Treatment 
of Peritoneal Tumors in Germany

Sebastian Blaj and Pompiliu Piso

The therapy of peritoneal carcinomatosis must be 
based on the guideline recommendations for the 
primary site of each cancer. There is to date no 
general guideline regarding the therapy of perito-
neal carcinomatosis in Germany. The most fre-
quent situation is that of peritoneal carcinomatosis 
originating from a colorectal cancer. The diagno-
sis and treatment of colorectal carcinomas in 
Germany is based on the recommendations of the 
S3-guideline for colorectal carcinomas 
(S3-Leitlinie Kolorektales Karzinom). This 
guideline is issued under the auspices of the 
Association of the Scientific Medical Societies 
(Arbeitsgemeinschaft der Wissenschaftlichen 
Medizinischen Fachgesellschaften e.V., AWMF), 
German Cancer Society (Deutsche 
Krebsgesellschaft e.V.), and German Cancer 
Support-Group (Deutsche Krebshilfe e.V.).

The first issue of this guideline was published 
in 2014. There were 53 authors involved, repre-
senting various scientific societies and patient 
groups. The surgical specialties were represented 
by DGAV (German Society for General and 
Visceral Surgery), AG CACP (Surgical 
Workgroup for Colo-proctology), CAMIC 
(Surgical Working Group for Minimally Invasive 

Surgery), CAO-V (Surgical Working Group for 
Oncology), and DGCH (German Society of 
Surgery).

This guideline included for the first time rec-
ommendations for the treatment of peritoneal 
carcinomatosis. The strength of recommendation 
was 0, though the level of evidence has been 2a. 
The recommendation of the DGAV was:

Recommendation of the S3-Guideline Colorectal 
Carcinoma (DGAV 2014)
Cytoreductive surgery followed by hyperthermic 
intraperitoneal chemotherapy (HIPEC) can be 
performed in patients with an isolated and limited 
peritoneal carcinomatosis if the following criteria 
are met:

• PCI (Peritoneal Cancer Index) <20;
• No extraabdominal metastases;
• Possible complete macroscopical cytore-

duction or destruction of all tumor lesions;
• The therapy should take place in a special-

ized center.
• Clinical studies should be favored for the 

therapy.

The NHS issued in 2013 a similar recommen-
dation based on a NICE (National Institute for 
Health and Care Excellence) survey. Therefore, 
there are now two strong guidelines in the 
German-speaking and English-speaking coun-
tries, respectively, which are expected to show a 
high influence in this area.

At least in Germany the tumor boards are 
intensively discussing the possibility of the 
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 multimodal therapy in patients with peritoneal 
carcinomatosis. The number of centers that are 
offering this kind of therapy is steadily 
growing.

S3-guidelines do exist in Germany for other 
tumor entities as well. Cytoreductive surgery and 
HIPEC for gastric cancer are only recommended 
inside clinical studies. The positive publications 
have been nevertheless mentioned and com-
mented in the additional free text of the guide-
line. On the other hand, the ovarian cancer 
guideline has advised against HIPEC. The expert 
committees did not recognize any justification of 
the intraperitoneal chemotherapy for the clinical 
practice.

Many skeptical critics carefully follow the fact 
that in Germany cytoreductive surgery and 
HIPEC are gaining recognition. In order to main-
tain transparence, the DGAV decided to collect 
the data of the patients treated with HIPEC in a 
nationwide register. This register was started on 
April 6, 2011, and is being coordinated by 
CAO-V together with the DGAV.  Meanwhile 
there are approximately 3500 patients included in 
this register. Although some data is still missing, 
the analysis of mortality and morbidity showed 
similar values as reported in the literature, thus 
making cytoreductive surgery and HIPEC in the 
German setting a safe therapy for patients with 
peritoneal carcinomatosis. The general mortality 
lies under 3%. The first analysis of the data of the 
HIPEC register has been presented by the 10th 
world congress on peritoneal carcinomatosis in 
Washington and subsequently published in 
Annals of Surgical Oncology in 2019.

The DGAV and the collaborating societies 
have introduced a certification system that 
intends to standardize the clinical pathways, thus 
ensuring a high quality of the therapy as well as 
transparent presentation of its results.

The main purpose of this system was to grant 
transparency and continuous improvement of the 
therapy. The patient should be confident that the 
clinic which bears a certificate for his/her disease 
fulfills all the under-mentioned criteria.

Certification system of the DGAV: Surgical 
therapy of peritoneal surface malignancies 
(DGAV 2016):

§101: Definition and grading
 1. The organ work group “Peritoneum” of the 

CAO-V has defined its own criteria for 
establishing the competence and the refer-
ence centers for the treatment of peritoneal 
surface malignancies.

§102: Qualification of the accredited center 
surgeons
 1. The accredited surgeons in a center for 

treatment of peritoneal surface malignan-
cies must provide evidence for at least 2 
years’ experience in the diagnosis and 
treatment of such patients.

 2. The accredited surgeons must be members 
of the DGAV, CAO-V, and the organ work 
group “Peritoneum” and actively take part 
in the activities of the aforementioned 
groups.

§103: Internal organization of the center
 1. The center should provide outpatient con-

sultation on a regular basis for patients 
with peritoneal surface malignancies.

 2. All the cases should be discussed pre- and 
post-operatively in tumor boards. At least a 
surgeon, a gastroenterologist, a medical 
oncologist, and a radiologist should take 
part in the tumor board.

 3. A dedicated pain unit should be part of the 
center.

§104: Technical and diagnostic facilities
 1. The center should provide 24/7 the com-

plete spectrum of diagnostic and therapeu-
tic facilities, including CT and MRI, as 
well as the possibility of placing CT-guided 
drains.

 2. A special pump system for hyperthermic 
intraperitoneal chemotherapy should be 
provided in every center.

§105: Cooperation
 1. The center should provide an interdisci-

plinary cooperation between consultants 
(oncological surgeons, gynecologists, and 
medical oncologists).

 2. The clinic should provide an intensive care 
unit with the possibility of hemodialysis.

 3. The center should include a department of 
pathology and intraoperative frozen sec-
tions should be available.
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§106: Minimum number of procedures
 1. The competence centers should perform 

yearly at least 15 parietal and visceral peri-
tonectomies with HIPEC.

 2. The reference centers should perform 
yearly at least 30 parietal and visceral peri-
tonectomies with HIPEC.

 3. The minimum number of cases that need to 
be discussed in a tumor board for a compe-
tence center is at least 50, that for a referral 
center is at least 75 patients. These patients 
with peritoneal carcinomatosis need to be 
discussed at a multidisciplinary conference 
and the final decision needs to be 
documented.

 4. A certified surgeon needs to be present at 
all of these operations, not needing to per-
form the surgery himself.

§107: Quality management
 1. The data of all the patients who have been 

operated due to a peritoneal carcinomatosis 
are to be introduced into the register of the 
DGAV.

 2. The quality management indicators are the 
so-called TV30 factor (number of patients 
who died within 30  days after the opera-
tion, number of patients who stayed in the 
clinic after the operation reported to the 
total number of operated patients) and the 
rate of re-operations.

 3. The reference value for the TV30 factor is 
<15% and that for revisional surgery also 
<15%.

 4. The follow-up must include at least 80% of 
the patients.

§108: Continuous medical education
 1. Each of the accredited surgeons must take 

part each year at the courses and con-

gresses that are recommended by the 
DGAV.

 2. Each of the certified surgeons must acquire 
at least 16 CME points each year.

To this day, there are in Germany three referral 
centers for peritoneal surface malignancies: in 
the Charité (Berlin), in the Hospital Saint John of 
God (Barmherzige Brüder, Regensburg), and in 
the University Medical Center Tübingen (Baden- 
Württemberg, southwest Germany).

It is difficult to assess how many certified cen-
ters are necessary in Germany; probably 20–25 
centers would be enough to satisfy the demand. 
With about 50 (better though 100) patients treated 
yearly in one clinic, one can achieve better pro-
cesses, therefore leading in this manner to lower 
mortality and morbidity rates, which furthermore 
could help achieve better long-term oncological 
results in this group of patients.
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Establishment of Guidelines 
and Centers for CRS  
and HIPEC – AUSTRIA

Thomas Bachleitner-Hofmann

44.1  Historical Development 
of CRS and HIPEC in Austria

In Austria, cytoreductive surgery (CRS) and 
hyperthermic intraperitoneal chemotherapy 
(HIPEC) date back to the year 1992, when the 
pioneer Friedrich Kober first established a treat-
ment center for CRS and HIPEC at the Kaiserin 
Elisabeth Spital in Vienna [6]. In 2009, the sec-
ond treatment center at the Medical University of 
Innsbruck was opened, followed in 2011 by two 
further treatment centers at the University 
Hospital for Surgery in Vienna and at the 
Department of Surgery of Paracelsus Medical 
Private University in Salzburg. As of October 
2019, there are a total of nine active centers for 
CRS and HIPEC in Austria (for a list of the cur-
rent treatment centers in Austria, see [2]). Given 
a population of 8.7 million inhabitants in Austria 
(Source: Eurostat, as of 1/1/2016), the density of 
treatment centers for CRS and HIPEC in Austria 
is 1.05 centers per million inhabitants.

44.2  Peritoneal Surface 
Malignancy Working Group 
of the Austrian Society 
of Surgical Oncology 
(ACO-ASSO)

The treatment centers for CRS and HIPEC in 
Austria are organized within the framework of 
the ACO-ASSO PCNetwork of the Austrian 
Society of Surgical Oncology (ACO-ASSO). The 
aim of the ACO-ASSO PCNetwork is to offer all 
patients with peritoneal surface malignancies a 
standardized, high quality treatment. In addition, 
the ACO-ASSO has instituted a Peritoneal 
Surface Oncology Working Group, which regu-
larly organizes continuing medical education 
(CME) events on a national level.

44.3  Establishment of a National 
Treatment Guideline for CRS 
and HIPEC in Austria

In order to offer a standardized treatment to all 
patients with peritoneal surface malignancies in 
Austria, the Peritoneal Surface Oncology Working 
Group decided, in 2012, to issue a National 
Treatment Guideline. The guideline was designed 
according to existing treatment guidelines from 
Germany (S3 Guideline Colorectal Carcinoma, 
Certification requirements for CRS and HIPEC 
centers issued by the German Society of General 
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and Visceral Surgery [DGAV] [4]) and the United 
Kingdom (Interventional Procedures Guidance 56 
and 331 of the National Institute for Health and 
Care Excellence [NICE] [7, 8]). The ACO-ASSO 
guideline was established using a consensus pro-
cess, which involved a total of 8 representatives 
from all active treatment centers for CRS and 
HIPEC in Austria at that time (n = 5; 3 academic 
centers and 2 centers within a community hospital 
setting). In a first step, the representatives were 
asked for a review of literature relating to one of 
the following topics: “Effectiveness of CRS and 
HIPEC in the treatment of peritoneal neoplasms,” 
“Morbidity and mortality after CRS and HIPEC,” 
“Indications for CRS and HIPEC,” “Exclusion 
criteria for CRS and HIPEC,” “Patient selection 
for CRS and HIPEC,” “Pre- and postoperative 
systemic chemotherapy in patients with perito-
neal neoplasms,” and “Requirements for treat-
ment centers offering CRS and HIPEC.” The 
literature reviews of the individual representatives 
were presented at a consensus conference on 
December 6, 2012, in Linz, Austria. Following an 
open discussion, a first version of the guideline 
was drafted and sent out to all representatives. 
Following their written feedback, the guideline 
text was adapted until the guideline text was 
finally agreed upon. The guideline was finally 
presented at the 30th Annual Meeting of the 
Austrian Society of Surgical Oncology in St. 
Wolfgang, Austria, and subsequently published 
on the ACO-ASSO webpage (www.aco- asso.at, 
Working Group Peritoneal Malignancies of the 
Austrian Society of Surgical Oncology 2013 [1]).

44.4  Inclusion Criteria

The inclusion criteria for CRS and HIPEC, 
according to the ACO-ASSO guideline, are as 
follows:

Indications for CRS and HIPEC according to 
the ACO-ASSO guideline:

• Pseudomyxoma peritonei in patients with 
tumors of the vermiform appendix without 
evidence of extra-abdominal metastasis if a 

complete removal of all abdominal tumor 
deposits (“complete surgical cytoreduction”) 
can be achieved.

• Diffuse malignant peritoneal mesothelioma 
without evidence of extra-abdominal metasta-
sis, if a complete surgical cytoreduction can 
be achieved.

• Colorectal cancer with peritoneal metastasis 
without evidence of extra-abdominal metasta-
sis, if the Peritoneal Cancer Index (PCI) is 20 
or less, and if a complete surgical cytoreduc-
tion is possible. According to the guideline, 
the presence of liver metastases is not an 
exclusion criterion for CRS and 
HIPEC. However, the number of liver metas-
tases should not exceed three lesions and the 
metastases should be easily resectable using a 
minor resection. Patients with a Peritoneal 
Surface Disease Severity Score (PSDSS) of 
IV [9] should not undergo CRS and HIPEC.

• Gastric cancer with peritoneal metastasis 
without evidence of extra-abdominal metasta-
sis, if the PCI is 12 or less, and if a complete 
surgical cytoreduction is possible. Patients 
with signet ring cell cancers are a prognosti-
cally unfavorable group and should only be 
considered for CRS and HIPEC under highly 
selected circumstances.

The upper limit of the PCI of 12 or less in 
patients with peritoneal metastasis from gastric 
cancer was defined due to the significantly more 
aggressive tumor biology of gastric cancer as 
compared with colorectal cancer. The upper limit 
of the PCI of 20 or less in patients with peritoneal 
metastasis from colorectal cancer was chosen 
according to the German S3 guideline Colorectal 
Carcinoma. The ACO-ASSO guideline also indi-
cates that not only the PCI per se, but also the 
technical resectability of the peritoneal lesions 
should be taken into account: That is, miliary 
tumor deposits along the small intestinal serosa 
should be considered a criterion for inoperability, 
regardless of the PCI.  By definition, complete 
surgical cytoreduction cannot be achieved in 
these patients. Likewise, patients with tumor 
 progression during prior systemic chemotherapy 
should not undergo CRS and HIPEC.
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44.5  Exclusion Criteria

The exclusion criteria for CRS and HIPEC 
according to the ACO-ASSO guideline are as 
follows:

Exclusion criteria for CRS and HIPEC 
according to ACO-ASSO guideline:

• Evidence of extra-abdominal metastasis
• Extensive para-aortic/paracaval lymph node 

metastasis
• Severe cardiac, pulmonary, or renal 

comorbidities
• Bowel obstruction/ileus
• PSDSS IV in patients with colorectal 

carcinoma
• Age >70 years (relative exclusion criterion)
• Incomplete surgical cytoreduction or remain-

ing tumor areas with a diameter >2.5 mm

According to the guideline, HIPEC should be 
avoided in patients with incomplete surgical 
cytoreduction. However, the administration of 
HIPEC after incomplete surgical cytoreduction 
may be justified in selected cases (e.g., palliative 
ascites therapy). An extensive multivisceral 
resection should, if a complete surgical cytore-
duction is not possible, be avoided and the sur-
gery limited to the necessary minimum.

44.6  Preoperative Systemic 
Therapy

Patients with secondary peritoneal neoplasms 
and advanced disease (e.g., PSDSS III in colorec-
tal carcinoma) should receive preoperative sys-
temic chemotherapy prior to a planned CRS and 
HIPEC.  Likewise, postoperative systemic che-
motherapy should be considered in these patients 
after CRS and HIPEC have been performed.

44.7  Patient Selection

All patients with peritoneal surface malignancies 
should be discussed in a multidisciplinary tumor 
board. As a minimum requirement, the tumor 

board should consist of representatives of the fol-
lowing medical specialties:

• A visceral surgeon with a special interest in 
surgical oncology and previous experience in 
the treatment of patients with peritoneal neo-
plasms using CRS and HIPEC

• A medical oncologist with experience in the 
multidisciplinary management of patients 
with peritoneal neoplasms

• A radiologist

44.8  Definition of Treatment 
Centers for CRS and HIPEC

Centers offering CRS and HIPEC should meet 
the following requirements:

• Presence of at least two experienced visceral 
surgeons, one of them with previous experi-
ence in the delivery of CRS and HIPEC.

• Presence of at least one medical oncologist 
with experience in treatment of patients with 
peritoneal neoplasms.

• Presence of at least one anesthetist with expe-
rience in the intraoperative and perioperative 
management of patients undergoing CRS and 
HIPEC.

• Presence of an interdisciplinary tumor board 
with regular meetings.

• Presence of an intensive care department.
• Surgical staff that is familiar with the handling 

of intraoperative chemotherapy and its possi-
ble risks for patient and staff.

• Presence of a CE-certified HIPEC device.
• Constant availability (24/7) of a visceral sur-

geon/surgical oncologist.
• Availability of an interventional radiology 

department.
• Existence of a special outpatient clinic for 

patients with peritoneal neoplasms.
• A minimum of 10 CRS and HIPEC proce-

dures should be carried out per year.
• Surgical and oncological outcomes should be 

reviewed annually (morbidity, mortality, 
oncological outcome) and comply with inter-
nationally accepted standards (mortality <5%, 
relaparotomy rate <15%).
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• The center should be a member of the ACO- 
ASSO Peritoneal Surface Oncology Working 
Group.

• The center should participate in a HIPEC reg-
istry and/or clinical trials.

• The staff of the center should regularly attend 
CME courses and conferences.

44.9  Register/Studies

Patients undergoing CRS and HIPEC should be 
included into a national HIPEC registry. If pos-
sible, patients should be included in clinical 
trials.

44.10  Quality Indicators 
and Minimum Case Numbers

As the two main quality indicators, the guideline 
indicates a mortality of <5% as well as a relapa-
rotomy rate of <15% after CRS and HIPEC. In 
addition, a regular update on postoperative mor-
bidity and oncological outcome should be pro-
vided. The minimum number of procedures is 10 
CRS and HIPEC interventions per year.

44.11  Number/Density 
of Treatment Centers

A numerical restriction of the number of treat-
ment centers in Austria is not recommended by 
the ACO-ASSO guideline since there is no avail-
able health economic data on the relation between 
density of treatment centers for CRS and HIPEC 
and patient outcome. Even though Chua et al. [3] 
conclude that the medical outcome in tertiary ref-
erence centers for CRS and HIPEC is better than 
in treatment centers with lower patient frequency, 
the optimal center size remains yet to be defined. 
Internationally, the availability of treatment cen-
ters for CRS and HIPEC is extremely heteroge-
neous: For example, in the United Kingdom 
(UK) with a population of 65.3 million (Source: 
Eurostat, as of 1/1/2016) there are currently only 
2 CRS and HIPEC centers (Basingstoke and 

North Hampshire Hospital, Basingstoke, and The 
Christie Hospital, Manchester), whereas in 
France, with a nearly identical population of 66.7 
million, a total of 34 treatment centers is avail-
able [5]. For comparison, the density of treatment 
centers for CRS and HIPEC in Austria is in the 
upper range, currently amounting to 1.05 per mil-
lion inhabitants. Whether this high density of 
treatment centers for CRS and HIPEC will be 
maintained is a question that remains to be 
answered.
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Thomas Steffen

45.1  Preparation of Guidelines 
in Switzerland

The preparation of medical guidelines in 
Switzerland has so far been limited to published 
expert recommendations. In Switzerland, the 
Swiss Academy of Medical Sciences (SAMS) is 
primarily responsible for establishing medical 
guidelines. It was founded in 1943 by the five 
Faculties of Medicine and the two Faculties of 
Veterinary Medicine, as well as the Association 
of Swiss Physicians FMH in Switzerland. The 
SAMS regularly publishes the currently valid 
guidelines in four languages. The Central Ethics 
Commission of the SAMS anticipates and dis-
cusses medical ethics-related issues. It formu-
lates these guidelines and recommendations to 
support medical practice or biomedical research. 
They are usually included in the FMH Code of 
Professional Conduct and are thus binding for 
FMH members (www.samw.ch) [1]. The guide-
lines are reviewed and revised at regular inter-
vals. A review of the currently published 
guidelines indicates that they primarily corre-
spond to scientific contributions to medical 
ethics- related issues. They hardly contain any 
concrete technical guidelines. However, a survey 

indicated that the existing SAMS Guidelines are 
well-known and widely used in practice [2].

45.2  Coordination 
and Concentration of Highly 
Specialised Medicine

The Swiss Conference of Cantonal Health 
Directors (GDK) unites the cantonal government 
members responsible for health care within a 
political coordination body. The purpose of the 
GDK is to promote cooperation between the 26 
cantons, as well as between them, the 
Confederation and other important health-care 
organisations (www.gdk- cds.ch). In addition to 
numerous other subjects, the GDK also deals with 
so-called highly specialised medicine (HSM). 
The cantons have been commissioned with the 
performance of joint planning for the HSM area. 
To implement this mandate, the cantons signed 
the Inter-Cantonal Agreement on Highly 
Specialised Medicine (IVHSM) on 1 January 
2009. The cantons are thus obliged to jointly plan 
and allocate highly specialised services. Thus, 
instead of 26 cantonal plans, there is only a single 
one for the HSM.  The IVHSM forms the legal 
basis for the allocation of benefits. Additionally, 
the IVHSM determines the decision-making pro-
cesses of the IVHSM organs and defines the crite-
ria to be fulfilled by a range of services to be 
regarded as an HSM in the sense of the IVHSM.

T. Steffen (*) 
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e-mail: Thomas.Steffen@kssg.ch;  
http://www.surgery.ch/; http://www.spcg.ch/

45

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-62640-2_45&domain=pdf
https://doi.org/10.1007/978-3-030-62640-2_45#DOI
http://www.samw.ch
http://www.gdk-cds.ch
mailto:Thomas.Steffen@kssg.ch


384

The joint planning of the HSM takes place 
with a view to requirements-based, high-quality 
and economically efficient medical care. An inter-
cantonal decision-making body (HSM decision- 
making body) is responsible for the planning of 
HSM.  It is elected by the GDK members and 
advised by an expert committee (HSM Specialist 
Body). Both committees are supported adminis-
tratively by the HSM project secretariat. The 
HSM decision-making body is composed of 
health directors from various cantons. The Federal 
Office of Public Health, the Swiss University 
Conference and the leading industry organisation 
of Swiss health insurers (santésuisse) are repre-
sented on the committee in an advisory capacity. 
The HSM decision-making body deals with the 
medical-scientific processing of the HSM areas. It 
is made up of a 15-member expert committee of 
physicians from various specialised medical 
departments in Switzerland and abroad. The HSM 
expert body develops proposals for the increased 
coordination and concentration of the investigated 
service areas. It establishes the conditions for the 
provision of services and adopts recommenda-
tions for the allocation of services, which serve as 
a basis for decision- making for the resolution 
committee. The IVHSM service allocations have 
so far been performed for the various subareas, 
including the subarea of highly specialised vis-
ceral surgery (Table 45.1). This as well as addi-
tional information can be found on the GDK 
homepage (www.gdk- cds.ch).

45.3  HIPEC as Complex Highly 
Specialised Visceral Surgery

To achieve a standardisation of the HIPEC ther-
apy, the following requirements, for example, 
would have to be fulfilled in Switzerland, as for-
mulated by the HSM professional body:

• Definition of the requirements for a tumour 
centre with a special focus on tumour boards

• Operationalisation of the proposed quality 
criteria

• Definition of a binding cooperation within the 
framework of a supra-regional network, with 
due consideration of patient pathways

In the case of selected indications, which are 
to be defined, prerequisites must be established 
for structural quality, process quality and out-
come quality. Possible requirements are listed in 
Table 45.2.

In 2015, a working group of the Swiss Group 
for Clinical Cancer Research (SAKK) prepared a 
report on the “HIPEC” subject for the SAKK 
General Assembly. It was to be referred to the 
HSM expert body.

45.4  Tasks of the Swiss Peritoneal 
Cancer Group (SPCG)

In 2013, a technical working group on peritoneal 
malignant tumours and HIPEC was established 
in Switzerland. This working group was estab-
lished by surgeons who perform HIPEC for the 
purpose of promoting cooperation and jointly 
developing the subject in Switzerland. In 2015, 
this working group was incorporated as an offi-

Table 45.1 Existing IVHSM benefit allocations (pub-
lished in the Federal Gazette of 10 September 2013) 
(www.gdk- cds.ch) [3]

Highly specialised visceral surgery subarea
Oesophageal resection
Liver resection
Pancreatic resection
Deep rectal resection
Complex bariatric surgery

Table 45.2 Requirements for institutions performing 
HIPEC treatments

Structural 
quality

Existing specialist disciplines at the 
institution
Structures implemented at the 
institution
Technical, device-related prerequisites
Composition and qualification of the 
tumour boards
Further education at the institution
Research at the institution

Process 
quality

Availability of specialists
The compliant preparation or 
production of cytostatic solutions
The holding of tumour board meetings
The implementation of treatment plans 
(SOP)

Outcome 
quality

Registration of data
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cial associate working group of the Swiss Society 
of Visceral Surgery (SGVC) and given the name 
Swiss Peritoneal Cancer Group (SPCG). The 
SPCG has set itself the following objectives:

• Organisation of specialist congresses
• Maintaining contacts with international 

groups pursuing the same goals
• Assuming an active role in the development of 

HSM for HIPEC
• Definition of quality requirements
• Establishment of a national register
• Support for scientific development in 

Switzerland

The provision of recommendations for the 
surgical treatment of patients with peritoneal 
malignant tumours will represent a challenging 
task for the SPCG. It therefore strives for a mul-
tidisciplinary, university and non-university com-
position. Furthermore, the specialist topic should 
be further publicised. One of the ways in which 
this is achieved is by facilitating membership in 
the working group for all physicians from 
Switzerland and abroad involved in the treatment 
of peritoneal malignant tumours. The implemen-
tation of a Swiss data register is the second chal-
lenge for the near future. Due to the comparatively 
low prevalence, a link to an existing foreign reg-
ister will also have to be examined, provided that 
the requirements regarding data protection and 
data sovereignty are ensured. In this context, the 

possibility of a European database should also be 
taken into consideration. For example, this has 
been achieved in the field of endocrine surgery 
(www.eurocrine.eu).

In summary, it should be noted that there are 
currently no institutionalised bodies in 
Switzerland dealing with the preparation of tech-
nical guidelines. A working group of the medical 
associations could assume such tasks along the 
same lines as the German model. The extent to 
which the SAMS should establish itself in this 
sense remains open. There may therefore be a 
certain limited availability of systematically 
developed Swiss guidelines for doctors in the 
context of specific treatments. However, this lack 
is unlikely to be of great significance in practical 
terms, as the range of guidelines offered by the 
Association of the Scientific Medical Societies 
(AWMF) is already much more advanced and can 
be applied to Switzerland in most cases.
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46.1  Introduction

Definition of the area and time of application for this 
standard.
(Professions, departments, period)
Signature
(Head of 
surgical 
department)

Signature
(Head of anesthesiological 
department)

46.2  Flowchart Treatment 
Algorithm

Adapt to the particular department.
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Kind of malignant peritoneal disease

Enrollment in trials?

Staging
A
B
C

Drop out  & palliative therapy
(Reasons)

Indication for CRS/HIPEC? Alternative treatment options?

CRS/HIPEC conducted?

Follow-up care 

 

46.3  Recent Clinical Trials

TitleRegistration number
Sponsor

46.4  Manual for Pre- 
and Postoperative Treatment

46.4.1  Tasks Prior to Admission

Diagnostics

• Meticulous anamnesis
• Screening for multiresistant bacteria, 

COVID-19
• Contrast-enhanced CT scan thorax/abdo-

men/pelvis (PET/CT)

Discussion in a GI tumor board
Patient information

• Detailed information about the disease, 
options, prognosis, and risks of treatment

• Minimization of risk factors possible? 
Malnourishment? Cardiological/pulmo-
nary/renal optimization possible?

Schedules

• Malnourishment: enteral or parenteral sup-
plementation for 7–10 days

• Specific perioperative treatment
• Order the perfusion equipment
• Order the chemotherapeutics

Anesthesiological consultation

W. Raue et al.
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46.4.2  Day Before Surgery

Order the chemotherapeutics

• Exact definition – Who? What? When? How?
• Safety data sheets accessible?

General

• Check for completeness
• Tumor board recommendations?
• Involve hospital social services
• Offer psycho-oncological support

Diagnostics

• Optional if required

Laboratory values

• That is, CBC, electrolytes, AST/ALT, LDH, 
liver and renal function tests

• Tumor markers
• Blood group, transfusion request

Patient information

• Obtain informed consent for the planned oper-
ation and HIPEC.

• Obtain informed consent for enrolment in 
clinical trials, if applicable.

• Discuss the postoperative course and possible 
complications, ERAS.

Nutrition

• Liquid diet
• Routine bowel preparation
• In the case of motility disorders/ileus, paren-

teral nutrition: product, amount, infusion rate

DVT prophylaxis

• What? When? Dose?

Anesthesia

• Obtain informed consent for the planned oper-
ation and HIPEC.

• Obtain informed consent for enrolment in 
clinical trials, if applicable.

• Discuss the postoperative course and possible 
complications, ERAS.

46.4.3  Day of Surgery

• Check for completeness of required informa-
tion and the plan of operative strategy

• Follow the regular standards and SOPs of the 
department

• Thoracic epidural: What? When? Dose?

Antibiotic prophylaxis

• What? When? Dose?

Antiemetic therapy

• What? When? Dose?

Intraoperative measures

• SOP OR-nurse?
• SOP anesthetist and anesthesia nurse?
• SOP surgery?
• Recommendations for occupational health 

and safety available?

46.4.4  Day of Surgery ICU

Monitoring

• What? When? Interval?
• Vigilance CVP, results
• Ventilation, oxygenation
• Circulation
• Laboratory values
• Renal function/diuresis, core temperature, 

drained fluid balances
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Circulation support

• What? When? Dose?

Diuresis

• Aim at ~1 ml/kgKG/h

Infusions

• What? When? Dose?

Transfusions

• Aim at Hb 8 (−10) mg/dl

Analgesia

• Thoracic epidural: What? When? Dose?
• Without PDA: What? When? Dose?

Ventilation

• Strive for early extubation
• Spontaneous: O2 4  l/min via nasal probe, 

CPAP/NIV/HFNC

Nutrition

• What? When? Dose?

Antiemetic Therapy

• What? When? Dose?
• Intraoperative administration?

Mobilization

• Early mobilization according to ERAS 
recommendations

• Physiotherapeutic support

DVT prophylaxis

• What? When? Dose?

General

• Motivate the patient for active participation

Expect side effects

• Nausea, vomiting, diarrhea, fever
• SIRS
• Impaired vigilance
• Cardiac impairment, cardiac rhythm 

disorders
• Renal insufficiency
• Paralytic ileus
• Micturition disorders
• Reduction of immunologic competence
• Surgical complications (bleeding, anastomotic 

insufficiency)
• Pleural effusions

46.4.5  POD 1

Center-specific postoperative monitoring and 
treatment

For example……
Strive for discharge from ICU

• Stabile circulation without inotropic support
• Sufficient spontaneous breathing, max 3lO2 

via nasal probe
• Stabile renal function
• Efficient pain relief

Monitoring

• What? When? Interval?

Circulation support

• What? When? Dose?

Diuresis

• Aim at ~1 ml/kgKG/h

W. Raue et al.
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Infusions

• What? When? Dose?
• No basal infusion rate if possible

Transfusions
• Aim at Hb 8 (−10) mg/dl

Analgesia

• Thoracic epidural: What? When? Dose?
• Daily check for infection of the catheter 

insertion
• Without PDA: What? When? Dose?

Ventilation

• Strive for early extubation
• Spontaneous: O2 4  l/min via nasal probe, 

CPAP/NIV/HFNC

Nutrition

• What? When? Dose?

Antiemetic Therapy

• What? When? Dose?
• Intraoperative administration?

Mobilization

• Early mobilization according to ERAS 
recommendations

• Physiotherapeutic support

DVT prophylaxis

• What? When? Dose?

General

• Motivate the patient for active participation

46.4.6  POD 2

Strive for discharge from ICU
Monitoring

• What? When? Interval?

Circulation support

• What? When? Dose?

Diuresis

• Aim at ~1 ml/kgKG/h
• If stable: remove bladder catheter

Infusions

• What? When? Dose?
• No basal infusion rate if possible

Transfusions

• Aim at Hb 8 (−10) mg/dl

Analgesia

• Thoracic epidural: What? When? Dose?
• Daily check for infection of the catheter 

insertion
• Without PDA: What? When? Dose?

Ventilation

• Strive for early extubation
• Spontaneous: O2 4  l/min via nasal probe, 

CPAP/NIV/HFNC

Nutrition

• What? When? Dose?
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Antiemetic Therapy

• What? When? Dose?
• Intraoperative administration?

Mobilization

• Early mobilization according to ERAS 
recommendations

• Physiotherapeutic support

DVT prophylaxis

• What? When? Dose?

General

• Motivate the patient for active participation

Dressings

• Removal of abdominal drains (consult 
surgeon).

• Change wound and stoma dressings.

46.4.7  POD 3

Strive for discharge from ICU
If a treatment on a normal peripheral ward is not 
achievable the further treatment on ICU should 
follow the regular ICU-SOPs with the aim of an 
early complete enteral nutrition and complete 
mobilization.

Monitoring

• What? When? Interval?

Diuresis

• Aim at ~1 ml/kgKG/h
• If stable: remove bladder catheter

Infusions

• What? When? Dose?
• No basal infusion rate if possible

Transfusions

• Aim at Hb 8 (−10) mg/dl

Analgesia

• Thoracic epidural: What? When? Dose?
• Daily check for infection of the catheter 

insertion
• Without PDA: What? When? Dose?

Ventilation

• O2 max. 4 l/min via nasal probe, intermittent 
CPAP or intensive breathing exercises

Nutrition

• What? When? Dose?

Antiemetic Therapy

• What? When? Dose?

Mobilization

• Early mobilization according to ERAS 
recommendations

• Physiotherapeutic support, walk on ward, 
6–8 h out of bed

DVT prophylaxis

• What? When? Dose?

General

• Motivate the patient for active participation.
• Psycho-oncological support.
• Nutritional counseling.

Dressings

• Removal of abdominal drains (consult 
surgeon).

• Change wound and stoma dressings.
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46.4.8  POD 4–7 or Normal 
Surgical Ward

Planning the discharge from hospital

Planning the discharge from hospital

• Hospital Social Service counseling
• Organization of ambulant wound and ostomy 

care
• Organization of ambulant psycho-oncological 

support
• Organization of palliative care or hospice if 

needed
• Criteria for discharge:

 – Stabile vital functions
 – Normal inflammation parameters
 – Efficient pain relief
 – Ensured ambulant treatment without 

interruption
 – Widely independent participation in activi-

ties of daily living
 – Intention of the patient

Monitoring

• What? When? Interval?

Infusions

• What? When? Dose?

Transfusions

• Aim at Hb 8 (−10) mg/dl

Analgesia

• What? When? Dose?

Ventilation

• Intensive breathing exercises

Nutrition

• What? When? Dose?

Antiemetic Therapy

• What? When? Dose?

Mobilization

• Physiotherapeutic support, walk on ward, 
6–8 h out of bed

DVT prophylaxis

• What? When? Dose?
• Pause for removal of the epidural catheter if 

necessary

General

• Motivate the patient for active participation.

Dressings

• Removal of abdominal drains (consult 
surgeon).

• Change wound and stoma dressings.

46.5  Tasks After Discharge

• Check for histopathological report
• Tumor board counseling
• Removal of sutures/staples after 12 days, dis-

cussion of the definitive pathologic report
• Discussion and organization of the recom-

mended tumor-specific therapy
• In case of splenectomy: vaccination according 

to national recommendations (pneumococcus, 
hemophilus, meningococcus, and seasonal 
influenza)

• Psycho-oncological counseling
• Definition of the follow-up

46.6  SOP Anesthesia Nursing

Duration of surgery: ~3–8 h
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Special features

• Extensive measures for occupational safety 
reasons: safety glasses, special gloves, and 
scrubs

Patient positioning

• Lithotomy position
• Active temperature control

Preparation

• Venous access lines
• Arterial access line
• Thoracic epidural catheter
• Endotracheal intubation

Drugs

• What? When? Dose?

Monitoring

• ECG, blood pressure, SaO2

• CVP
• Intensive hemodynamic measurement (stroke 

volume, cardiac index)

46.7  SOP Anesthesia

Transfusion requirements

• Blood type, pRBC/FFP

Anesthesia

• TIVA with additional thoracic epidural 
analgesia

Drugs

• What? When? Dose?

Monitoring

• Internal standards/SOP

Induction

• Internal standards/SOP

Hemodynamic targets

• Mean arterial blood pressure MAP 
60–70 mmHg

• Stroke volume variation SVV < 12%
• Cardiac index CI > 2.5
• Hb > 10 g/dl
• DO2 > 450 ml/min/m2

Intraoperative fluid administration:

• Crystalloids approx. 500 ml/h
• pRBC according to blood loss and targeted Hb
• FFP in case of massive bleeding or 

coagulopathy
• (Colloids according to internal standards)

Criteria for hypovolemia/vasopressors

• Internal standards/SOP

Criteria for inotropic support with 
dobutamine or enoximone

• Internal standards/SOP

Active temperature control

• During CRS: core/bladder >36 °C
• During HIPEC: arterial <38 °C
• During HIPEC: abdominal: 42  °C (cave 

>42.5 °C)

Renal function

• Awareness for nephrotoxic chemotherapeu-
tics, abdominal hypertensive, impaired renal 
blood flow, and possible extensive fluid shifts 
during HIPEC

• Diuresis at least 1 ml/kg/h
• Avoid hypovolemia
• In case of oliguria or hypervolemia high- 

ceiling diuretics
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Antiemetic therapy

• Internal standards/SOP

Postoperative management

• Planned extubation at the ICU

46.8  SOP Surgery

Detailed standard operating procedures and inter-
nal guidelines should be developed for at least the 
following issues:

• Preoperative aspects (patient selection, prepara-
tion for surgery, anesthesiological management)

• Typical surgical techniques and techniques for 
CRS

• General surgical principles for frequently 
applied resection steps (i.e., oncologically 
adequate colonic resection, techniques of 
anastomotic formation, chest tube insertion, 
techniques of fascia closure, etc.)

46.9  Histopathologic Workup

The pathologic report should describe the basic 
oncologic findings (assessment, staging). 
Additional examinations should be possible and 
follow the (molecular) tumor board counseling.

Additional aspects in cases of colorectal 
carcinoma
That is, MSI, all-RAS, BRAF

Additional aspects in cases of gastric 
carcinoma
That is, HER2/neu expression

Additional aspects in cases of mucinous 
appendix neoplasm
Proliferation index

46.10  Preparation for CRS/HIPEC

HIPEC techique (open/closed)
Diagnosis
Indication
Operating table
Patient positioning
Auxiliary positioning devices
Electrical instruments
Trays
Retractor systems
Trays in standby
Drapes
Scrubs
Sutures
Drains
Additional
Notes
Safety features

46.11  Occupational Health 
and Safety

• Annual education and training on safety 
aspects during HIPEC.

• The OR should be indicated using warning 
signs.

• Only absolutely essential staff should enter 
the OR during HIPEC.

• Personal safety equipment should be used.
• Excretions are potentially contaminated for up 

to 24  h depending on the chemotherapeutic 
drug.

Measures in case of surrounding 
contamination
Internal standards/SOP

Measures in case of contamination of the 
personnel
Internal standards/SOP
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46.12  Checklist for the Use 
of Chemotherapeutics 
for HIPEC

What Note Check
Warning signs
  Caution! Chemotherapy/

biohazard
  Contact staff before entering 

the OR

On site?
Attached to 
all entries of 
the OR?

□
□

Impermeable laundry bags On site? □
Safety glasses with lateral 
protection

On site? □

Impermeable scrubs On site? □
Chemoresistant sterile gloves On site? □
Chemoresistant unsterile gloves On site? □
Chemotherapeutic drugs On site? □
Chemotherapy waste containers On site? □
Spill kit On site? □

Date:    Signature:

46.13  Chemotherapeutic Regimen 
for HIPEC

Origin Chemotherapeutics center specific
Colorectal i.p.: mitomycin C 30 mg/m2 90 min 

(Cisplatin 100 mg/m2)
Appendiceal i.p.: mitomycin C 30 mg/m2 90 min 

(Cisplatin 100 mg/m2)
Pseudomyxoma i.p.: mitomycin C 30 mg/m2 90 min 

(Cisplatin 100 mg/m2)
Ovarian i.p.: cisplatin 75 mg/m2 + doxorubicin 

15 mg/m2 90 min
Gastric i.p.: cisplatin 75 mg/m2 + doxorubicin 

15 mg/m2 90 min
Mesothelioma i.p.: cisplatin 75 mg/m2 + doxorubicin 

15 mg/m2 90 min

Carrier solution: NaCl 0.9%
Mitomycin C should be given in three doses for 30 min 
each, due to its short half-life.

46.14  PCI Assessment

Divide the
abdomen

into 13
regions   

Determine
the lesion

size in each
region

Summarize
PCI

(max 39)

 

0 Central 7 Right lower
1 Right upper 8 Right flank
2 Epigastrium 9 Upper jejunum
3 Left upper 10 Lower jejunum
4 Left flank 11 Upper ileum
5 Left lower 12 Lower ileum
6 Pelvis

Lesion size
0 – no tumor visible
1 – tumor up to 0.5 cm
2 – tumor up to 5.0 cm
3 – tumor >5.0 cm or confluence

46.15  Information Material 
for the Anesthetist

Preparation and intraoperative management

• Internal standards/SOP

Severe fluid shifts and coagulation disorders are 
to be expected due to extensive wound surfaces 
and the duration of the complete procedure.

Frequent postoperative complications or side 
effects

• Nausea, vomiting, diarrhea, fever
• SIRS
• Impaired vigilance
• Cardiac impairment, cardiac rhythm 

disorders
• Renal insufficiency
• Paralytic ileus
• Micturition disorders
• Reduction of immunologic competence
• Surgical complications (bleeding, anastomotic 

insufficiency)

W. Raue et al.
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46.16  Checklist for Outpatient 
Department

Ordered Executed
Documentation of bodyweight 
and height

□ □

Tumor board counseling □ □
Information material for surgery 
delivered

□ □

Information material for chemo/
HIPEC delivered

□ □

Consent for transfusions 
delivered

□ □

Check for participation in trials □ □
Fix a date for 
anesthesiological counseling

□ □

Fix a date for further 
diagnostics

□ □

Fix a date for CRS/HIPEC □ □

46.17  Checklist Surgical Ward 

Ordered Executed
Detailed anamnesis and 
examination

□ □

Preparation for surgery
  Blood type + pRBCs □ □
  Bowel preparation □ □
  ⋯ □ □
Intraoperative antibiotics
  Drug 1 □ □
  Drug 2 □ □
  Others… □ □
Intraoperative antiemetics
  Drug 1 □ □
  Drug 2 □ □
  Drug 3 □ □
DVT prophylaxis
  Drug 1 □ □
  Compression devices □ □
  Others… □ □
Final check
Documents complete? □
  Tumor board counseling □
  Counseling the hospital social service 

team
□

  Psycho-oncological counseling □
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A
Abdominal cavity, 84
Abdominal gravity PC score (GPS), 221
Abdominal hyperthermia, 144–147
Absolute neutrophil count (ANC), 270
Access, 82, 83
Adenocarcinoma, 62, 64
American College of Surgeons National Surgical Quality 

Improvement Program Surgical Risk 
Calculator (ACS-NSQIP), 287

Anaphylactic reactions, 31
Anesthesia

antiemetic medication, 312
central venous catheter, 310
drain management, 313, 314
epidural anesthesia, 310
fluid management, 310, 311, 313
hemostasis, 312
management, 310
mechanical ventilation, 313
metabolic changes, 312
patient-controlled analgesia, 313
patient positioning, 309, 310
postoperative nutrition, 313
postoperative phase, 312, 313
prehabilitation, 312, 313
preoperative antibiotic prophylaxis, 310
renal function, 311
safety checklists, 314, 315
temperature homeostasis, 311

Angiogenesis, 12
Annular phased array (APA), 141
Anorexia-nausea-emesis (ANE) syndrome, 268, 269
Anterior peritonectomy, 82–84
Antiangiogenesis, 246, 248
Argon beamer, 101
Argon plasma coagulation, 106
Arteriovenogenesis, 13
Austrian society of surgical oncology (ACO-ASSO), 377

B
Best supportive care (BSC), 243
Bidirectional chemotherapy, 29
Bioelectrical impedance analysis (BIA), 304

Bipolar scissors, 101, 103, 106

C
Cachexia-anorexia syndrome (CAS), 327
Caloric deficiency, preoperative substitution, 290
Carbohydrate loading, 290
Cardiac index (CI), 311
Cellular senescence, 135, 136
Central venous pressure (CVP), 311
Chemotherapeutic agents, 28
Chemotherapy, 57, 71–73
Cholecystectomy, 98
CK7, 16
Closed abdomen technique, 122, 123
Colorectal adenocarcinoma, 71
Colorectal cancer (CRC), 69, 162, 163, 250

cytoreductive surgery, 339
diagnosis, 245
first-line therapy, 246, 248, 249
overall survival, 245
quality of life, 245
second-line therapy, 249
therapy algorithm, 246–248
third-line therapy, 249
with high risk, 338, 339
without risk factors, 338

Combined scores, 52
Continuous medical education (CME), 375
Cytokine-induced senescence, 136–139
Cytoreduction (CC), 101, 102, 104–106, 170, 181, 203, 205
Cytoreduction score (CC score), 169
Cytoreductive surgery (CRS), 27, 43, 44, 49, 61, 93,  

152, 179–181, 194, 197, 226, 255,  
256, 311

in Austria
ACO-ASSO, 377
exclusion criteria, 379
historical development, 377
indications, 378
national treatment guideline, 377
patient selection, 379
quality indicators, 380
treatment, 379

peritoneal carcinomatosis, 274, 275

Index
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Cytostatic agents
contamination, 297
drug safety, 295
labelling, 295
national law and regulations, 295
OR safety, 295–297
OR staff safety, 296, 297
patient safety, 297

D
Desmoplastic small round cell tumors (DSRCT), 151
Diagnostic imaging, 35
Diagnostic laparoscopy, 43

basics, 44
gastric cancer, 46
liver metastases, 46
peritoneal metastases, 46
port-site metastases, 45

Diffuse malignant peritoneal mesothelioma (DMPM), 
175

conventional cross-sectional diagnosis, 177, 178
diagnosis, 176, 177
EPIC role, 182
epidemiology, 175, 176
HIPEC role, 182
histopathological diagnosis, 179
perioperative chemotherapy, 182
prognostic factors, 183
staging, 179
systemic chemotherapy, 180, 181
treatment, 180
tumor markers, 178

Disease related nutritional risk, 288
Dissection technique, 81
Disseminated peritoneal adenomucinous carcinomatosis, 

74
Disseminated peritoneal cancer (DPC), 321
Dissemination, 10
Distal pancreas resection, 225
Dopamine antagonists, 269
Dose intensification, 112

E
Early postoperative intraperitoneal chemotherapy 

(EPIC), 114, 182
Eastern Cooperative Oncology Group (ECOG), 287, 

301–302
EGF-receptor antibodies, 248, 249
Electrothermal bipolar vessel sealing system, 104
Embryology, 3, 4
Enhanced Recovery After Surgery (ERAS), 312, 313
Enteral nutrition (EN), 288, 290, 305
Epidural anesthesia (EA), 301
Epithelial cell adhesion molecule (EpCAM), 280
Epithelial-mesenchymal transition (EMT), 13–14
European Economic Area (EEA), 24
European Medicines Agency (EMA), 24

European Society for Medical Oncology (ESMO) 
guidelines, 240

European Society of Neuroendocrine Tumors (ENETS), 
221

Extracellular matrix (ECM), 8

F
Fatigue, 271
Febrile neutropenia, 270
Fluid balance, 365
Functional and nutritional impairment, 290
Functional Assessment of Cancer Therapy-Colon 

(FACT-C) scale, 321

G
Gastrectomy, 88
Gastric cancer, 61, 62, 64, 65, 189, 190, 192–196

first-line therapy, 240–242
incidence, 240
patient’s performance, 249, 250
quality of life, 240
recurrence, 339, 340
second-line therapy, 241, 242
third-line therapy, 242

GASTRICHIP trial, 162
Gastrointestinal cancer, 161, 162
Gastrointestinal carcinoma metastases, 81
German Society of General and Visceral Surgery 

(DGAV)
accredited surgeons, 374
certification system, 374
CME, 375
cooperation, 374
diagnostic and therapeutic facilities, 374
internal organization, 374
minimum number of cases, 375
quality management, 375
S3-guidelines, 373, 374

Gilly classification, 50
Gobal Leadership Initiative on Malnutrition  

(GLIM), 288
Goblet cell carcinoids, 221
GOG 252, 211
Granulocyte colony-stimulating factor (GCSF), 270

H
Health related QOL (HRQOL), 319–321
High-grade appendiceal mucinous  

neoplasms, 168
Highly specialised medicine (HSM)

coordination and concentration, 383, 384
HIPEC therapy, 384

Hyaluronic acid, 8
Hydro-jet, 105
Hyperglycemia, 290
Hyperthermia, 26, 27, 113–115, 119–121, 291

Index
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Hyperthermic intraperitoneal chemotherapy (HIPEC), 
24, 35, 44, 70, 180, 182, 194–196, 198, 203, 
205

ACO-ASSO, 377
anesthesia, 310
chemotherapeutic regimen, 398
coagulation management, 300, 301
colorectal carcinoma, 339
cytostatic agents, 154, 295–297
dimensions, 319
factors, 319, 321
historical development, Austria, 377
HRQOL, 319, 320
HSM, 384
indications, 152, 153, 378
literature review, 322
monitoring, 301, 302
morbidity, 212, 321
mortality, 321
national treatment guideline, Austria, 378
neoadjuvant therapy, 153
nursing staff, 366, 367
pain therapy, 301
pancreatic cancer

CRS, 226
local recurrence, 226, 227

patient perception, 320
patient selection, 379
performance status, 320
perioperative complications, 155, 299
peritoneal carcinomatosis, 151, 274, 275, 280, 282
peritoneal malignancy, 322
peritoneal metastasis, 255, 256
peritoneal sarcomatosis, 152
pharmacokinetic measurements, 212
phase I/II studies, 211
physician-based assessment, 320
postoperative period, 321
postoperative treatment, 155
preoperative preparation, 154
prevention, 155
prospective studies, 213, 214
protocols, 28
QLQ-C30, 320
quality indicators, 380
rationale for, 211
retrospective studies, 212, 213
standardization, 321
surgery, 154, 155
thermoregulation, 300
tools, 320
treatment, 156, 379
in young children, 153

I
Immune surveillance of tumors, 136
Immunologic conditioning, 291
Immunonutrition, 291, 305

Inductive preoperative chemotherapy, 61, 62
Insulin resistance, 290
Inter-Cantonal Agreement on Highly Specialised 

Medicine (IVHSM), 383, 384
Interferon-γ (IFN-γ), 137
Intestinal obstruction, 275, 276
Intestinal perforation, 276, 277
Intraductal papillary mucinous neoplasm (IPMN), 227
Intraperitoneal chemotherapy (IPEC), 25, 26, 29, 112, 

280, 282
Intraperitoneal (IP) drugs, 210, 211
Intraperitoneal perioperative chemotherapy, 115, 

117–123
Invasions

translymphatic, 10–11
transperitoneal, 11–12

K
Karnofsky index, 268
Ki67-index, 220

L
LigaSure™, 101, 104
Local cytotoxic drugs, 209
Long-term combined intraperitoneal chemotherapy, 115
Lower abdomen

parietal peritonectomy, 91
technical issues

in men, 91
in women, 91

visceral peritonectomy, 89, 90
visceral resection, 90

Low-grade appendiceal mucinous neoplasm, 168, 169

M
Malignant peritoneal mesothelioma, 14
Malnutrition

assessment, 304
diagnosis, 303, 304
enteral nutrition, 305
epidemiology, 303
monitoring, 306
nutritional therapy, 304
ONS, 305
oral therapy, 304
parenteral nutrition, 305, 306
self-expanding stents, 306
type of, 303

Mean arterial blood pressure (MAP), 310
Mechanical bowel preparation, 291, 292
Median progression-free survival (mPFS), 240
Mesothelial cells, 7
Mesothelial-mesenchymal transition (MMT), 13–14
Mesothelioma, 14–15
Mesothelium, 4
Metabolic conditioning, 290

Index
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Milky spots (MS), 6
Monopolar coagulation, 101–103
Mucinous adenocarcinoma, 168
Mucinous colorectal adenocarcinomas (MCA), 274
Mucinous neoplasia, 337, 338
Multinational Association of Supportive Care in Cancer 

(MASCC) score, 271

N
Neoadjuvant bidirectional chemotherapy, 113
Neoadjuvant therapy, 153
Neoangiogenesis, 12–14
Neodymium-doped yttrium aluminum garnet (Nd:YAG) 

laser, 106
Neuroendocrine tumors (NET), 219–221
Neurokinin-1 (NK1) receptor antagonists, 269
Normothermic intraperitoneal preoperative 

chemotherapy (NIPEC), 113, 114
Numeric rating scale (NRS) levels, 301
Nursing staff

anesthesiological preparation, 364
CRS and HIPEC, 366, 367
operating room, 364, 365
postoperative care, 365, 366
preoperative preparation, 363, 364
stoma care, 366
workplace safety, 367–369

Nutritional Risk Score (NRS), 288, 289
Nutritional therapy, 292, 304

O
Oophorectomy, 91, 92
Oral nutritional supplements (ONS), 305
Oral supplementation, 288
Oral therapy, 304
Ovarian cancer, 82

HIPEC
morbidity, 212
pharmacokinetic measurements, 212
phase I/II studies, 211
prospective studies, 213, 214
rationale for, 211
retrospective studies, 212, 213

occurrence, 57

P
Palliative care assessment (PCA), 268
Palliative setting, 62, 64
Pancreatic cancer, 163, 164, 250

epidemiology, 225, 226
first-line therapy, 243, 244
HIPEC

CRS, 226
local recurrence, 226, 227

IPMN, 227
noninvasive abdominal heating, 227
performance status, 243

PIPAC, 227
prognosis, 225, 226
second-line therapy, 244, 245
stages, 243
therapy algorithm, 243

Parenteral nutrition (PN), 288, 290, 305, 306
Parietal peritonectomy, 91, 94

abdominal cavity, 84
access, 82, 83
anterior peritonectomy, 82–84
cholecystectomy, 98
colonic involvement, 94
complications, 99
dissection techniques, 81
gastric resection, 88
left upper quadrant, 87
methods, 93, 94
oophorectomy, 95, 96
resection, 82
right upper quadrant, 84–87
small bowel involvement, 96, 97
splenectomy, 98

Pathology, molecular, 9–12
Pelvic peritonectomy, 95
Perioperative chemotherapy, 62
Peritoneal cancer

autonomic nervous system disorder, 267
constipation, 270
diarrhea, 269, 270
fatigue, 271
infections, 270, 271
Karnofsky index, 268
mechanical disorders, 267
MIDOS sum score, 268
nausea and vomiting, 268, 269
PCA, 268

Peritoneal cancer index (PCI), 43, 46, 50, 62, 170, 203
Peritoneal carcinomatosis (PC), 55–57, 61, 62, 65, 113, 

151
asymptomatic primary tumor, 233
chronic pain syndrome, 282
complications

characteristic, 279
intestinal bleeding, 274
natural course of, 274, 275
pseudoneoadjuvant chemotherapy, 275
surgical proactivism, 275

cytoreduction, 232
diagnosis, 282
in Germany

CAO-V, 374, 375
DGAV, 373–375
diagnosis and treatment, 373
guideline recommendations, 373

HIPEC, 282
histological subtype, 274
incidence of, 231
intestinal obstruction, 275, 276, 281, 282
intestinal perforation, 276, 277
intraoperative surprises, 232

Index
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intraperitoneal immunotherapy, 283
IPEC, 282
malignant ascites, 277, 278

direct symptom-oriented treatment, 279
HIPEC, 280
immunotherapy, 280, 281
IPEC, 280
occurrence of, 279
PIPAC, 280, 282

prognosis, 231, 232
retroperitoneal and subperitoneal spaces, 232
symptomatic irresectable primary tumor, 234, 235
symptomatic primary tumor, 233, 234
unexpected peritoneal carcinomatosis, 235

Peritoneal carcinomatosis index of Sugarbaker (PCI), 
220

Peritoneal mesothelioma, 338
Peritoneal metastasis (PM), 61, 70, 71, 73, 74, 190, 192, 

193, 195–197, 203
biology, 204
centralization, 205
comorbidity, 205
CRC (see Colorectal cancer)
diagnostic imaging, 35–41
dissemination routes, 36
distribution, 204
gastric cancer (see Gastric cancer)
HIPEC, 255, 256
histology, 204
learning curve, 205
liver metastases, 204
pancreatic cancer (see Pancreatic cancer)
PIPAC (see Pressurized intraperitoneal aerosol 

chemotherapy (PIPAC))
risk assessment, 205
systemic chemotherapy, 239, 240

Peritoneal mucinous carcinomatosis (PMCA), 74
Peritoneal perfusates, 27
Peritoneal regression grading score (PRGS), 256
Peritoneal sarcomatosis, 151
Peritoneal surface disease severity score (PSDSS), 53, 

54, 378
Peritoneal surface oncology group international 

(PSOGI), 167
Peritoneal vascularization, 7
Peritonectomy, 61, 62
Peritoneum, 3, 55

angiogenesis, 12
arteriovenogenesis, 13
basal membrane, 5, 6
cytokines, 7
dissemination, 10
embryology, 3, 4
fibrinolytic properties, 8
functions, 7
growth factors, 7
hyaluronic acid, 8
immunocompetent, 9
increased vascular permeability, 12
invasion, 10, 11

lymphatic stomata, 6
malignant peritoneal mesothelioma, 14
mesothelial cells, 7
mesothelium, 4
milky spots, 6
morphology, 4, 5
neoangiogenesis, 12
peritoneal lymphatic system, 6
peritoneal metastasis, 9
peritoneal surface, 10
peritoneal vascularization, 6
primary peritoneal tumors, 10, 14
procoagulant, 8
pseudomyxoma peritonei, 17
regulatory properties, 9
secondary peritoneal tumors, 16
sialic acid synthesis, 9
signet ring carcinoma, 16
submesothelial layer, 6
translymphatic invasion pathway, 11
transperitoneal invasion pathway, 12
treatment response, 17, 18
tumor growth, 13, 14

Permanent growth arrest, 135
Pharmacodynamics, 111, 113, 118
Pharmacokinetics (PK), 25, 28
Pharmacology, 111
Pharmacovigilance, 24, 25
Physiological Operative Severity Score (POSSUM), 287
Platinum-based chemotherapy, 311
Platinum-resistant disease, 213
Point-of-care (POC) systems, 301
Poly-ADP-ribose polymerase (PARP) inhibitor, 244
Prehabilitation, 288, 290, 292, 312, 313
Preoperative preparation, 154
Preoperative serum albumin, 288
Preoperative substitution of caloric deficiency, 290
Pressurized intraperitoneal aerosol chemotherapy 

(PIPAC), 28, 123–125, 227, 242
abdominal cavity, accessing, 258
advanced stages of, 259, 260
advantages and disadvantages, 261, 262
clinical trial, 258, 259
dosages, 257
histological analysis, 256
indications and contraindications, 258
local-tissue concentrations, 257
molecular analysis, 257
nutritional status, 326–328
oxaliplatin, 257
patient’s response, 256
peritoneal carcinomatosis, 280, 282
platinum-based systemic chemotherapy, 260
PRGS, 256
principles, 256
QOL, 329–333
side effects, 325–326
surgical technique, 257, 258
tumor cachexia, 326–328
tumor progression, 260, 261
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Primary papillary serous carcinoma of the peritoneum 
(PPSC), 15

Primary peritoneal malignancies (PPM), 56
Primary peritoneal tumors, 14
P-score, 51
Pseudomyxoma peritonei (PMP), 16–17, 57, 74, 167, 

169, 274, 337, 338
Psycho-oncology

diagnostics, 361
intervention, 361, 362
mental distress, 359
multimodal treatment, 361
stress reactions, 359, 360
support, 360, 361

Q
Quality of life (QOL)

after CRS and HIPEC
dimensions, 319
factors, 319, 321
HRQOL, 319, 320
literature review, 322
morbidity and mortality, 321
patient perception, 320
performance status, 320
peritoneal malignancy, 322
physician-based assessment, 320
postoperative period, 321
QLQ-C30, 320
standardization, 321
tools, 320

PIPAC, 329–333
Quality of Life Questionnaire-C30 (QLQ-C30), 320

R
Recurrence

colorectal carcinoma, 353, 354
iterative cytoreduction, 353, 354
localization, 345

ascites and ovarian tumor, 346
cholangiocellular carcinoma, 345
clinical examination, 345
clinical practice, 344
diagnostic laparoscopy, 347–349
greater omentum, 346
histopathological findings, 345
homogenous nodules, 344
inhomogeneous nodes, 344
large ventral peritoneal node, 347
multidetector computed tomography (MD-CT), 

344, 345
pronounced nodular, 345
radiologic predictors, 346
small pelvis, 347
therapeutic options, 349, 350

patient selection, 353, 354
peritoneal mesothelioma, 354, 355
prognosis, 343
pseudomyxoma peritonei, 353, 354

Regional hyperthermia, 141
biological preconditions, 141–144
clinical data, 146, 147
technological approaches, 144–146

Risk assessment, 287

S
Scoring system, 52, 53
Secondary peritoneal malignancies, 56
Secondary peritoneal tumors, 16
Selective parietal peritonectomy, 82
Senescence-associated heterochromatin foci (SAHF), 137
Senescence-associated secretory phenotype (SASP), 136
Senescent tumor cells, 135
Serotonin (5-HT3) antagonists, 269
Sialic acid (Sia), 9
Signet ring carcinoma (SRC), 16
Simplified peritoneal cancer index, 50
Simplified preoperative assessment for appendix cancer 

score (SPAAT), 52
Small intestine

clinical presentation, 217
epidemiological study, 217
goblet cell carcinoids, 221
incidence rate, 217
selection criteria

adenocarcinoma of, 217–219
NET, 219–221

Standard operative procedure (SOP), 295
anesthesia, 395–397
checklist for, 398, 399
chemotherapeutic regimen, 398
clinical trials, 390
flowchart treatment algorithm, 389–390
histopathologic workup, 397
occupational health and safety, 397
PCI assessment, 398
postoperative complications/side effects, 398
pre- and postoperative treatment, 390–395
surgery, 397

Stoma perception and management, 291
Stroke volume (SV), 311
Stroke volume variation (SVV), 311
Surgical Workgroup for Oncology (CAO-V)

accredited surgeons, 374
cooperation, 374
definition, 374
diagnostic and therapeutic facilities, 374
internal organization, 374
minimum number of cases, 375

Swiss Academy of Medical Sciences (SAMS), 383
Swiss Association for Clinical Cancer Research (SAKK), 

384
Swiss Conference of Cantonal Health Directors (GDK), 

383, 384
Swiss Peritoneal Cancer Group (SPCG), 384, 385
Swiss Society of Visceral Surgery (SGVC), 385
Systemic chemotherapy, 172, 379
Systemic inflammatory response syndrome (SIRS), 282, 

283
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T
T-cell antitumoral activity, 291
Thermal damage, 102, 103
Thunder beat, 101
TNF receptor1 (TNFR1), 138
Toxicity, 24–27, 29
Transition

epithelial-mesenchymal, 13–14
mesothelial-mesenchymal, 13–14

Translymphatic invasion pathway, 11
Transperitoneal invasion pathway, 12
Trastuzumab, 64
Tumor dormancy, 136
Tumor necrosis factor (TNF), 137
TV30-factor, 375

U
Ultracision, 101, 104, 105
Urological counseling, 291

V
Vessel-sealing instruments, 101
Visceral peritonectomy, 81–85
Visual analogue scale (VAS), 271

W
Water jet dissection, 101, 105
Weight loss, 304
World Health Organization (WHO), 319
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