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Risk of peritoneal dissemination in stomach cancer
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ABSTRACT
With regard to gastric cancer, an important disease and a public health problem, it is
expected that understanding the molecular make up of carcinomas will provide us with
more precise targets for therapy. Indeed advanced molecular technology has made it
possible to classify according to genotype instead of phenotype. For advanced stomach
cancer, however, surgery is still the only option for cure. Yet, also after surgery, more
than 50% of the patients will die of peritoneal dissemination of their disease. This review
looks at the molecular mechanism of peritoneal spread of stomach cancer in order to
arrive at a risk profile that enables medical personnel to raise the index of suspicion for
peritoneal carcinomatosis. The peritoneal cancer index (PCI) provides a scoring system
to measure the extent of peritoneal spread during laparoscopic staging. A recently
developed device called the ‘MacSpec pen’ maybe of use to confirm the presence of tumor
when there is doubt about the diagnosis. Treatment of peritoneal dissemination consists
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of cytoreduction, combined with hyperthermic peritoneal chemotherapy (HIPEC).

INTRODUCTION

In today’s world, stomach cancer is an important disease
and public health problem. Worldwide, it is the second most
frequent cause of death due to cancer. There are, however,
considerable geographical differences in the incidence and
prevalence of gastric cancer. In the Western world, gastric
cancer incidence has declined significantly over the last
decades; high risk areas are mostly found at the eastern
part of the globe [1].

Traditionally, stomach cancer was subdivided in two
types: the intestinal type of stomach cancer and the diffuse
type of stomach cancer. The diffuse type of stomach cancer
is characterized by a discohesive growth pattern of loosely
arranged tumor cells (frequently, but not necessarily, signet
ring cells), and the lack of easily detectable precursor lesions
such as intestinal metaplasia and dysplasia. Its incidence is
pretty stable worldwide and it does not show a secular trend.
This contrasts with the intestinal type of gastric cancer.
The intestinal type of stomach cancer has typically a high
incidence in high risk areas. It grows in tubular structures,
and it is found in the gastric mucosa that shows intestinal
metaplasia. Moreover, it is preceded by low- and high-grade
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dysplasia, respectively. It is felt that the diffuse type is, in
large part, genetically determined, whereas the intestinal
type is mostly caused by environmental factors. The partition
in diffuse and intestinal type of stomach cancer is known as
the so-called ‘Lauren classification’ [2].

The microorganism Helicobacter pylori (H. pylori), dis-
covered by Marshall and Warren in 1983, is a first class
carcinogen for both types of stomach cancer [3].

MOLECULAR PATHOLOGY OF STOMACH CANCER

Cancer is a disease of the genes. An interplay of mutated
oncogenes, tumor suppressor genes and DNA repair genes
induces the increasing genetic instability that leads to the
aberrant cell growth and the stepwise progression to cancer
and metastasis [4]. Different genotypes may be accompanied
by different phenotypes, but it is believed that the aberrant
genetics provide better targets for therapy, and, thus, there
is a trend to subdivide and classify solid tumors based on
their genetic make-up, instead of their phenotypic appear-
ance. This also holds true for stomach cancer. In recent
years, cancer specialists have proposed subdividing stomach
cancers based on their molecular genetic alterations. Interest-
ingly, these molecular classifications correspond to a large
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extent with the Lauren classification. Molecular-based
pathology is, hence, rather a fine tuning of the previous
Lauren classification than a complete deviation from this
bipartite [5].

The prototype of the diffuse type gastric cancer is heredi-
tary diffuse gastric cancer (HDGC). It is caused by a germ-
line mutation in CDHI1, a gene that encodes for E-cadherin.
HDGC is an autosomal dominant disease, and carriers of the
mutation have a more than 80% risk of stomach cancer at
a young age. The disease is, not surprisingly, also associated
with an increased risk of lobular breast cancer. Prophylactic
gastrectomy is the only measure to avoid stomach cancer.
E-cadherin is a cell adhesion molecule that forms a complex
with catenins, and in this fashion, it is also connected with
Wnt signalling. Infection with H. pylori can cause hyper-
methylation of the promotor region of CDH1 and silencing
of the expression of E-cadherin.

The intestinal type of gastric cancer is the end result of
a cascade that starts with chronic atrophic gastritis, regularly
initiated by an H. pylori gastritis. The corpus predominant
H. pylori gastritis, in particular, is a risk factor for stomach
cancer. Intestinal metaplasia and dysplasia are precursor
lesions of this type of stomach cancer. The tumor suppressor
gene TP53 is mutated in more than 50% of these cancers.

Special forms of stomach cancer are the Epstein-Barr
virus (EBV) positive stomach cancers and the gastric cancers
with a defect in the mismatch repair genes. Still, by far, the
majority of prevalent stomach cancers comprise the first two
mentioned diffuse and intestinal types of stomach cancer.

PERITONEAL DISSEMINATION OF GASTRIC
CANCER

Surgery is the only option for curing advanced gastric
cancer. Nevertheless, more than 50% of patients with
advanced stomach cancer will ultimately die from perito-
neal dissemination of their stomach cancer [6]. CEA mea-
surements in washings of the abdominal cavity, as well as
cytology maybe good biomarkers for the presence of perito-
neal metastases. Cytoreduction, combined with hyperthermic
intraperitoneal chemotherapy, is, in the case of peritoneal
spread, an approach that is applied nowadays, and its success
varies. A better approach would be to determine which
patients carry an increased risk of peritoneal disease ahead
of time because it would potentially enable the taking of
preventive measures that could be more successful. In order
to construct a risk profile for the individual patient operated
upon for stomach cancer, it is important to understand the
different steps leading to peritoneal metastases and to dissect
the molecular factors that play a role in the dissemination
to the peritoneum.

PATHOGENESIS OF PERITONEAL SPREAD OF
STOMACH CANCER

Various steps can be distinguished in the pathogenesis of
metastasis of stomach cancer to the peritoneum. Firstly, cells
have to detach from the original tumor and stomach wall.
They then have to survive in the abdominal cavity thereafter.
The next step is the attachment to the peritoneum, and then
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they have to create a niche and activate neovascularisation
to outgrow into a metastasis [7]. The cell adhesion molecule
E-cadherin is an important player in the cohesiveness of
stomach cancers, as mentioned earlier. Loss of function of
CDH1, the gene that encodes E-cadherin, leads to diffusely
invading tumor cells that can easily penetrate the gastric wall
and spread into the abdominal cavity. The CDHI loss of
function is brought about by mutation, loss of heterozygosity
(LOH) or hypermethylation of the promotor region of the
gene. As a consequence, one will observe either abnormal
expression or complete absence of expression when looking
at the immunohistochemical staining for this protein on
a section slide of the stomach cancer (in such situations,
the normal membranous staining is lost).

Once the tumor cells reach the intraperitoneal space, they
must survive under relatively hypoxic conditions. Hypoxia-
inducible factor-1 alfa (HIF-1a) is a transcription factor that
regulates cellular response to hypoxia. Overexpression of
HIF-1a is associated with an increased risk of peritoneal
metastasis [8], and it is overexpressed in many solid tumors
and can be visualised by immunohistochemistry. Another
factor considered important for survival of the tumor cells
is the tumor suppressor gene PTEN. It is located on chro-
mosome 10q, and its function is lost in many solid tumors.
Overexpression or knock down of PTEN leads to either inhi-
bition of adhesion and migration of gastric cancer cells, or
the opposite, respectively, and can in this way facilitate the
peritoneal dissemination [9]. When there is loss of PTEN,
immunohistochemistry for this protein will show complete
absence of staining.

The epidermal growth factor family is a group of receptor
tyrosine kinases that includes Her2Neu. Proliferation and
migration through the peritoneal cavity can be promoted by
this class of growth factors. Her2Neu expression in gastric
tumor cells can be visualized using immunohistochemistry.
Her2Neu is a therapeutic target in stomach cancer using
monoclonal antibodies that compete with the regular ligands.
Overexpression through amplification of the receptor can be
confirmed with in situ hybridization with a probe specifically
directed against the molecule; this will also distinguish low-
and high-level amplification. Importantly, grading of the
overexpression in stomach cancer differs from the system
used in breast cancer and follows the rules of the TOGA
trial [10].

Connective tissue growth factor (CTGF) is a secretory
protein that promotes cellular growth and angiogenesis by
promoting endothelial cell proliferation. Interestingly, over-
expression of CTGF is common in certain carcinomas, such
as pancreatic and gastric cancer, but it inhibits peritoneal
spread of stomach cancer. It binds to alfa3-betal integrin,
a cell adhesion molecule that facilitates homing and binding
to the mesothelial cells of the peritoneum. Stable CTGF
transfectants diminished the number of peritoneal implants
in mice [11].

Matrix metalloproteinases (MMPs) are a family of pro-
teolytic enzymes capable of degradation of the various com-
ponents of the extracellular matrix. MMP7 is the most potent
proteolytic enzyme, and it activates other members of this
family. Antisense oligonucleotides specific for MMP?7 inhibit
the invasiveness of gastric cancer cells into the peritoneum
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[12]. MMP7 also induces epithelial to mesenchymal trans-
formation, thereby increasing the invasive potential of indi-
vidual tumor cells.

Finally, once cells have degraded the basement membrane
and invaded the peritoneum, angiogenesis is critical for the
oxygenation of the tumor cells. Vascular endothelial growth
factor (VEGF) secreted by the cancer cells promotes neovas-
cularisation, and it increases the accessibility of the vascular
wall for tumor cells. Antibodies specifically binding to the
VEGEF receptor inhibit peritoneal seeding and increase
survival [13].

RISK PROFILE FOR PERITONEAL DISSEMINATION
IN STOMACH CANCER

Upon summarizing the previously mentioned risk factors
for the peritoneal spread of stomach cancer, one could specu-
late about a risk profile for peritoneal dissemination that
could be evaluated based on features of the primary tumor.
This could potentially increase the index of suspicion and it
is conceivable that in that case preventive measures would
be in place.

Diffuse growing gastric cancers seem to have a higher
risk — especially the ones with aberrant expression of E-cad-
herin. High expression of HIF-1a is also associated with
higher risk, since it makes tumors more resistant against
hypoxic conditions. The same is true for loss of expression
of the tumor suppressor gene PTEN. High expression of
CTGEF, on the contrary, protects against peritoneal dissemi-
nation. Moreover, high expression of Her2Neu, MMP7 and
VEGF increases the risk of implants into the peritoneum.

Treatment of peritoneal metastasis is based on cytore-
duction and hyperthermic peritoneal chemotherapy. The
peritoneal cancer index (PCI) provides a scoring system to
determine the extent and degree of peritoneal spread based
on location, number and size of the implants during lapa-
roscopic staging [14]. Generally, a frozen section is needed
to confirm the diagnosis of cancer when the surgeon is in
doubt. A recent study reported on a device that makes detec-
tion of carcinoma much easier and faster, and that is appli-
cable in the operating room next to the patient. The so-called
‘MacSpec Pen’ has a sensitivity, specificity and accuracy of
more than 96% [15].
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