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ABSTRACT
Article history: Peritoneal Carcinomatosis (PC) from metastasization of Gastric Cancer (GC), either
Received: 18-04-2016 present at first diagnosis of GC or as recurrence, is considered a fatal disease with no
Accepted: 19-07-2016 hope of definitive cure. Although newer agents like S1 and docetaxel have shown some
Published: 18-09-2016 promise, the median overall survival with the current first line chemotherapy is only 8

to 14 months, and is not greatly improved by adding targeted therapy. A multi-modal
approach with cytoreductive surgery (CRS) associated with hyperthermic intraperitoneal
chemotherapy (HIPEC) has been developed along the last two decades in order to tackle
this problem. It’s an aggressive, combined treatment still under investigation. Studies
coming from Europe and Far East reported long-term survival with 5-year survival rates
up to nearly 25% in case of complete cytoreduction. Prophylactic/adjuvant setting is the
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immunotherapy most evidence-based indication for HIPEC in advanced-stage GC patients without PC,
o in order to prevent peritoneal recurrence and to improve overall survival. The rationale

reverse transcription-polymerase . . i . . . .

chain reaction for immuno treatment in patients with gastric PC is strong. A randomized phase II study,

combining complete CRS with intraperitoneal catumaxomab is on-going. The detection of
free peritoneal cancer cells is the more realistic and practical way for the identification of
patients at risk of carcinomatosis after surgery. The routine use of techniques of molecular
detection in peritoneal washing appears to be the more sensitive method. Such patients
are potential candidate for multimodal and locoregional treatments in order to prevent the
peritoneal recurrence.
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INTRODUCTION

The regional metastatic spread of gastric cancer
(GC) wusually results in peritoneal carcinomatosis
(PC). When GC patients are explored for potentially
curative resection, 10-20% of them are found to have
peritoneal metastases.! Furthermore, in case of
cancer infiltration of the serosal layer of the stomach,
PC is present at first diagnosis of the cancer in 15-50%
of cases and peritoneal recurrence develops in 35-60%
of such patients after radical resection. PC is the only
site of metastasis in 40-60% of patients.?® Therefore,
peritoneal metastases alone usually result in death for
20-40% of patients with GC.™

Conventional surgery is not adequate for PC; current
treatments are systemic chemotherapy and palliative
therapy, with no hope of cure. In selected cases
and in experienced centers, the association of more
aggressive surgery with multimodal loco-regional
treatments has shown to achieve prolonged survival
and reduced peritoneal recurrences.®"

PHYSIO-PATHOLOGICAL FEATURES OF PC

The molecular mechanisms by which GC undergoes
PC are not completely clear. Chemokines (CXC) are
surely involved. They are small secretory proteins
controlling migration and activation of leukocytes and
other types of cell through interactions with a group of
seven trans-membrane G protein-coupled receptors.
CXC may also promote growth/survival and metastasis
of several malignancies.®" There is evidence that
the axis between CXCL12 (highly expressed in
peritoneum than in the liver or lymphnodes) and the
receptor CXCR4 plays a role in the development of
PC from GC.'2"3 The CXCR4 antagonist AMD3100
prevents experimental PC by NUGC4 cells in nude
mice. In human, the CXCR4 expression in primary
tumors of patients with advanced GC significantly
correlates with the occurrence of PC. Furthermore,
CXCR4-expressing GC cells are preferentially
attracted to the peritoneum cavity where its ligand
CXCL12 is abundantly produced. The CXCL12/
CXCR4 axis is influenced by interaction with the
vascular endothelial growth factor (VEGF).["' VEGF is
markedly elevated in malignant ascites and is one of
the essential elements in the development of PC.['Z
Such results suggest that the expression of CXCR4
in biopsy specimen from primary gastric tumors may
be useful for preoperative evaluation of risks for the
occurrence of PC. Evaluation of CXCL12 levels in
intraoperative washing of abdominal cavity in patients
with advanced GC has been proposed as a predictive
molecular marker for the risk of PC.

Peritoneal dissemination of free cancer cells happens
through exfoliation from the tumor and leads to direct
invasion of the mesothelium. Surgery itself may
produce intra-operative dissemination of cancer cells
by severed lymphatics, intraperitoneal blood loss,
trauma at narrow margins of resection etc.. According
to the “tumor cell entrapment hypothesis” proposed
by Sugarbaker PH, immediately after a surgical
procedure the endoperitoneal free cancer cells
which are spontaneously exfoliated or iatrogenically
disseminated adhere to the damaged surface created
by surgery; they are trapped by fibrin and stimulated by
growth factors of the wound healing and inflammation
processes, with tumor cell implant on the visceral and
parietal peritoneum. The nodule of carcinomatosis in
this way becomes a hypoxic, and relatively immune to
systemic chemotherapy, environment.['%

Tumor cells can also diffuse through the “milky-spots”,
little cribriform “stomata” present on the peritoneal
surface, communicating between peritoneal cavity and
lymphatic vessels, with the function of re-absorption
of abdominal fluids. Milky spots are mainly composed
of macrophages and B1 cells; there are compelling
data to consider the milky spots as unique secondary
lymphoid organs.l'®! The peritoneal free cancer cells
are trapped during their passage through the spots
and attacked by inflammatory and immuno-response
cells, forming a hypoxic nodule.'? The milky spots
are mainly localized in the omentum and in the sub-
diaphragmatic areas, which are in fact the preferential
sites of distribution of peritoneal metastases.!"®

THE TREATMENT OF PC

The PC arising from GC has ever been considered as
a final stage of the disease, with no chances of cure
but palliation. The prognosis of PC for GC is very poor,
worse than that of other metastatic sites,['®2% with a
median survival after diagnosis of only 3-7 months and
5-year survival of 0%.'® The traditional approach by
surgeons is just palliation, whenever possible.

Systemic chemotherapy

In last 15 years systemic chemotherapy (adjuvant or
neoadjuvant)?'2¢l and adjuvant chemo-radiation(?”-2!
do not have significantly lowered the rate of distant
metastases, including peritoneal recurrence. In
metastatic GC, systemic chemotherapy improves
median survival to only 8-14 months,?*3 without
great improving by adding targeted therapy.®?3% GC
patients with PC have a significantly reduced rate of
tumor response to chemotherapy with reported rates
of response of 14-25%.54% The poor response of
PC to systemic chemotherapy is due to the presence
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of the “plasma-peritoneal barrier” which isolates
the peritoneal cavity from the effects of intravenous
chemotherapy.®® Although newer agents like S1 —
not available for Western Countries patients — and
docetaxel have been reported to have better results
against peritoneal metastases, yet the median survival
even with these drugs is only 18 months.[%":3

Cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy

A poor response to systemic therapy provides the
rationale for a local-regional strategy for treatment.
The concept is that carcinomatosis is not to be
considered as systemic but compartment disease,
which can be attacked by cytoreductive surgery
(CRS) associated with loco-regional treatments such
as the hyperthermic intraperitoneal chemotherapy
(HIPEC).B" During CRS are used well-codified
peritonectomy procedures with the removal of all
visible cancer with the affected peritoneum through
“peritoneal stripping”, always attempting to achieve
a complete cytoreduction [Figure 1].B% The aim of
CRS is the complete macroscopic cytoreduction
as precondition for HIPEC. The residual disease is
classified intra-operatively using the completeness
of cytoreduction (CC) Score. The efficacy of intra-
peritoneal chemotherapy reaches its highest degree
in absence of visible residual disease (CC-0) or in
the presence of neoplastic residuals that are less or
equal to 2.5 mm (CC-1).4%% The main theoretical
advantage of intraperitoneal chemotherapy is that it
allows the direct application of high local concentration
of potentially effective drugs with minimal systemic
exposure and toxicity.57

The neoplastic cells are more sensitive to the heat than
the normal cells. Hyperthermia has a direct cytotoxic
effect and an indirect effect by enhancing the action
of several anti-neoplastic drugs. Experimental studies
demonstrated that 42-43°C hyperthermia may have
an important therapeutic effect on tumor tissue when
applied alone; moreover hyperthermia synergically
enhances the chemosensitivity of neoplastic cells to
various antimitotic agents and allows deeper penetration
of drugs into tumor tissue.*'#? During procedure of
HIPEC, the chemotherapeutic agents are added into
the extra-corporeal circuit as soon as the abdominal
temperature reaches 41.5-42.5°C [Figure 2].140

Postoperative mortality after CRS and HIPEC is 2-4%,
comparable to that following major gastrointestinal
surgery. Morbidity is relatively high (25-41%) and
seems to be related to the extension of CRS rather
than to the HIPEC itself.**¢7] The anastomoses of total
or subtotal gastrectomy in combination with CRS and

Diaphragm

Figure 2: HIPEC procedures for gastric carcinomatosis. Two
different models of surgical auto-retractors and two different HIPEC-
dedicated devices are shown. HIPEC: hyperthermic intraoperative
intraperitoneal chemotherapy

HIPEC are relatively safe.[“449

Currently, CRS with HIPEC is increasingly being used
as a curative treatment of pseudomyxoma peritonei,
peritoneal mesothelioma and selected patients with
PC from colo-rectal or ovarian cancer.*%5" The
CRS + HIPEC in PC arising from GC is a treatment
still investigational. Several studies coming from
Europe and Far East show the possibility of long-
term survival with up to nearly 25% 5-year survival
rates in case of complete cytoreduction [Table 1].
Glehen et al.® published in 2010 the results of a
retrospective French study of 1,290 patients with PC
treated with HIPEC; 159 of them had PC of gastric
origin. In patients with a complete cytoreduction the
1-, 3-, and 5-year survival rates were 61%, 30%, and
23%, respectively. Completeness of cytoreduction
was the principal independent prognostic factor at
multivariate analysis.5*%® In a systematic review of
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Table 1: Survival analysis in GC patients with PC treated with CRS and HIPEC

Agent used in

Authors Patients No. HIPEC Mortality/morbidity (%) Survival
Fujimoto et al.”” 15 MMC - 7.2 +4.6 mo
Yonemura et al.® 41 MMC + CDDP 0-29.3 3-year 28.5%
Fujimoto et al.*” 48 MMC - 5-year 31%, 8-year 25.4%
fo e al50] : = 1-year survival: HIPEC vs. control: 44.4%
Hirose' 17 Etoposide 5.8-35-2 vs. 15.8%, P = 0.04
Glehen et a/*? 49 MMC 4-27 5-year survival (oveorall: 16%, CCO/1:
29.4%)
Hall et al.®" 34 MMC 0-35 2-year 45%, (CCO0/1) 8% (CC2/3)
Yonemura et al.*? 107 MMC + CDDP 2.8-21.5 5-year 6.7%
. 53] . g median survival: CCRO vs. CCR2- 15 mo
Scaringi et al. 37 (26 with PC) CDDP 3.8-27 vs. 3.9 mo, P= 0.007
[54] MMC + CDDP or
Glehen et al. 139 LOHP = irinotecan 6.5-27.8 5-year 13%, CCO/1 23%
Yang et al RO Saye34mo mmc +coDP 0-14.7 3-year 5.9%, CCO/1 23%
Magge et al.*® 23 MMC + CDDP 4.3-52.2 1-year 50%, 3-year 18%
Rudloffs” RCT: 9 Median OS 11.3 months in HIPEC arm
GYMSSA trial CRS+HIPEC+cht vs. 7 Oxaliplatin - and 4.3 months in the cht arm. No patient
cht in the cht arm lived beyond 11 months

GC: Gastric cancer; CRS: cytoreductive surgery; HIPEC: hyperthermic intraoperative intraperitoneal chemotherapy; PC: peritoneal
carcinomatosis; RCT: randomized controlled trial; MMC: mitomycin C; CDDP: cisplatin

10 published studies including 441 patients who
underwent CRS and HIPEC in GC carcinomatosis,
Gill et al.*® reported median overall survival of 7.9
months after HIPEC, increasing to 15 months in case
of complete cytoreduction. The 5-year survival of all
patients was 13%. Yang et al.®® showed in a phase llI
randomized clinical trial the importance of connecting
CRS with HIPEC, in the treatment of PC of gastric
cancer origin. The CRS-HIPEC association vs. CRS
alone significantly increased median survival: 11 vs.
6.5 months. The prospective randomized clinical
trial GYMSSA compared patients treated with CRS-
HIPEC and systemic chemotherapy vs. systemic
chemotherapy treatment alone, demonstrating a
benefit in terms of survival. With the limitation of a
small number of patients, it showed a longer median
overall survival (11.3 vs. 4.3 months) for CRS-HIPEC
treatment trial arm. No patient in the systemic-
chemotherapy-alone arm lived beyond 12 months.®7]

Those are unexpected outcomes until some years
ago indeed. Anyway, the results are worse than in
case of other types of carcinomatosis treated with
CRS and HIPEC.®" The gastric is a more aggressive
carcinomatosis, and complete cytoreduction is more
difficult to achieve. The correct indication is probably

the limited and resectable PC, where CC-0 is

achievable.5

HIPEC in adjuvant setting

Perhaps the most promising indication for HIPEC is its
use in case of advanced GC without carcinomatosis
in patients at risk of peritoneal recurrence. It's the
adjuvant (or prophilactic) setting.

PC develops in 60% of patients with serosa-invading
tumors after curative resection.®®4 In late ‘90s some
prospective RCTs evaluated adjuvant HIPEC after
potentially curative GC resection. In Fujimoto’s 141
patients, HIPEC significantly reduced the incidence
of peritoneal recurrence (P < 0.001) and improved
the survival rate (P = 0.03).59 Yonemura randomized
139 patients in three arms, surgery alone, surgery
plus HIPEC, and intraperitoneal chemotherapy without
hyperthermia. The 5-year survival was 61% in the
HIPEC group compared to 43% and 42% in the other
two groups.® Two meta-analysis of RCTs (including
1648 and 1062 patients, respectively) on HIPEC as
adjuvant therapy in GC have been published.f2¢% The
patients, presenting GC with macroscopic serosal
invasion but without distant metastases or PC, were
randomly assigned to receive surgery combined
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Figure 3: Catumaxomab, is a chimeric antibody, consisting in a mouse-derived anti-EpCAM Fab (fragment antigen-binding) region and a

rat-derived anti CD3 Fab

with intraperitoneal chemotherapy or surgery without
intraperitoneal chemotherapy. In both analyses a highly
significant improvement in survival and in peritoneal
recurrence rate was demonstrated for the HIPEC
group compared to the control group. Recently, a meta-
analysis on effects of intraperitoneal chemotherapy in
advanced GC was reported by Coccolini et al.®¥ They
imported the data from 20 prospective studies involving
2,145 patients. Overall suvival was increased when
intraperitoneal chemotherapy was added to surgery;
intraperitoneal chemotherapy was found to reduce
the incidence of peritoneal recurrence and distant
metastases. In the German S3-guidelines “Diagnosis
and treatment of esophagogastric cancer” HIPEC as
adjuvant treatment is reported with Level of Evidence
I, grade A.[%

Most of data anyway come from studies that have
been conducted in Far-Eastern countries, with scarce
contribute from the western world. Two RCTs about
adjuvant HIPEC in GC patients are currently on-going in
Europe. The “GASTRICHIP” is a phase Ill randomized
multicentre study evaluating the role of HIPEC with
oxaliplatin in patients with GC who have either serosal
infiltration and/or lymph nodal involvement and/
or positive peritoneal cytology treated by a curative
gastrectomy.®® Another trial is being conducted by the
European network of excellence for gastric cancer. In
this trial, patients with high risk GC will receive 3 cycles
of neoadjuvant systemic chemotherapy followed by

a D2 gastrectomy and then randomized to receive
HIPEC or no HIPEC.®" Prophylactic/adjuvant setting
is the more evidence-based indication for HIPEC
in advanced-stage GC patients. No peritonectomy
procedures are needed; post-operative morbidity and
mortality are the same than surgery alone. Anyway
a better and “standardized” identification of subset
of patients at high risk of peritoneal recurrence is
necessary.

Intraperitoneal immunotherapy

Survival results for the treatment of PC from GC
remain disappointing even with HIPEC, with 5-year
survival rates of less than 25% in selected cases
only. Innovative therapies such as intraperitoneal
immunotherapy have been recently proposed.

The Chimera it's a legendary fire-breathing monster
comprised of a lion, a goat, and a serpent. And chimera
in genetics is a single animal organism with genetically
distinct cells from two different zygotes. Chimera, or
fusion protein, is called in biochemistry a hybrid protein
made by the splicing of two genes. Catumaxomab is a
chimeric antibody, consisting in a mouse-derived anti-
EpCAM Fab (fragment antigen-binding) region and a
rat-derived anti CD3 Fab [Figure 3]. It is characterized
by its ability to bind to three different types of cells:
tumour cells expressing the epithelial cell adhesion
molecule (EpCAM), T lymphocytes (CD3) and also
accessory cells (Fcy receptor). In nearly 90% of GC
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the EpCAM antigen is expressed; on the contrary the
peritoneal mesenchymal cells do not express it.¥ The
rationale is strong, more evidence on results is needed.

In a randomised study, a clinical effect was obtained
after intraperitoneal infusion of catumaxomab
in patients with symptomatic malignant ascites
secondary to EpCAM+ carcinomas, 66 out of 258
notably from GC.!*¥! Heiss and coll randomly assigned
the patients to paracentesis alone, or to paracentesis
plus intraperitoneal catumaxomab. Puncture-free
survival was significantly longer in the group treated
with catumaxomab compared to that in the control
group (46 vs. 11 days, P < 0.0001) but median overall
survival was similar between the two groups: 72 days
in the catumaxomab group vs. 68 days in the control
group (n.s).le®

Elias and his team from Gustave Roussy Institute
(Villejuif, France), with long-date experience in HIPEC
for PC, recently proposed a randomized phase Il
study, combining complete cytoreductive surgery with
intraperitoneal immunotherapy.’™ The main inclusion
criteria of the protocol are PC of minimum or moderate
extension and macroscopic resection of all the lesions:
they just match the experience-based indications for
HIPEC in PC from GC.54 As requested for HIPEC,
the complete resection of all macroscopic disease
before starting the intra-peritoneal administration of
catumaxomab is necessary. The immunotherapy could
therefore efficiently treat microscopic residual disease.

DIAGNOSIS OF INTRA-PERITONEAL FREE
CANCER CELLS AND IDENTIFICATION

OF PATIENTS AT RISK OF PERITONEAL
RECURRENCE

The methods of detecting peritoneal free cancer cells
represent an area in evolution. It's well known that
the positive peritoneal cytology is according to the
depth in invasion of the gastric wall, and that it has
a prognostic value.l'’7? |In the same way, it's well
known that cumulative risk of peritoneal recurrence
is based on the infiltration of the gastric serosa.l®
Cytological examination of peritoneal washing at the
time of primary tumor resection is frequently positive.
Free peritoneal cells are associated with an average
survival of 4 months vs. 21 months for patients with
negative cytology.""74

According to the 7th edition of the American Joint
Committee on Cancer positive cytology in the absence
of visible peritoneal implants is considered as M1
disease.™ Peritoneal washing for cytology (better
during a staging laparoscopy) is mandatory in staging/

treatment algorithm of advanced GC.I"®

The identification of patients at risk of peritoneal
recurrence and the diagnosis of intra-peritoneal free
cancer cells are probabilly two aspects of the same
problem. The maijority of patients with positive cytology
on peritoneal washing develop PC, although it also
may occur in patients with negative cytological results.
These observations indicate that conventional cytology
lacks sensitivity for the detection of residual cancer cells
and the prediction of peritoneal spread. Many reports
have emphasized the clinical significance of molecular
diagnosis using reverse transcriptase-polymerase
chain reaction analysis for more sensitive detection of
GC cells in peritoneal washing. Fujiwaral’”! analyzed
the survival of 123 patients with serosa-invading GC.
The prognosis of the 29 patients with positive cytology
in the peritoneal washing was very poor, and most
of them died within 1 year after surgery. Among the
93 patients with negative cytology (CY0), 49 had a
positive genetic diagnosis and a significantly poorer
prognosis than those with negative genetic results.
More than half of the patients with positive PCR and
CYO0 developed peritoneal recurrence after surgery,
while almost all patients with negative PCR and CY0
had no peritoneal recurrence after surgery.l’’l These
results have been confirmed by many studies. All the
authors concluded that molecular diagnosis based
on peritoneal washing is useful to predict peritoneal
recurrence for patients with serosal invasion of GC;
PCR positivity has significant correlation with overall
survival and with peritoneal recurrence rate.l"8#! Up 2
patients of 3 with negative cytology can be positive to
PCR detection; in other terms, when surgeons perform
RO surgery (i.e. no macroscopic, microscopic and
cytologic residual disease) for advanced GC, there is
high probability that it's not true.

Molecular biological techniques are anyway time- and
labour-intensive, and without yet diffuse application in
clinical practice. A new rapid gene detection system,
One-step nucleic acid amplification has been recently
proposed.®? |t shows potential for routine use in
the clinical laboratory because of its simplicity and
rapidity. On the other hand, the molecular detection
of intraperitoneal GC cells is not only an independent
prognostic factor, but also provides valuable clinical
information for choosing the appropriate treatment for
cytology-negative patients: such patients are potential
candidate to intraperitoneal therapy, such as HIPEC,
immunotherapy or both.

CONCLUSION

The peritoneal metastatic spread of GC leads to PC, a
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very aggressive disease with very poor prognosis. In
selected GC patients with low peritoneal tumor burden,
more aggressive multi-modal strategy with CRS plus
intraperitoneal treatment as HIPEC may achieve long-
term survival results with up to 25% 5-year survival
rates in case of complete cytoreduction. Moreover,
there are strong evidences for HIPEC in adjuvant
setting after radical surgery for preventing PC in high
risk GC patients. Intraperitoneal immunotherapy,
when associated with radical surgery, may open very
interesting perspectives for the future. The detection
of free peritoneal cancer cells is the more realistic
and practical way for the identification of patients at
risk of carcinomatosis after surgery. The routine use
of techniques of molecular detection in peritoneal
washing appears to be the more sensitive method.
Such patients are potential candidate for multimodal
and locoregional treatments in order to prevent the
peritoneal recurrence.
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