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Abstract

Gastric cancer is the fourth most common cancer and the second leading cause of cancer death in the world. Penetration of the
gastric serosa and lymphatic spread are the two most important factors affecting prognosis in gastric cancer. Patients with peritoneal
carcinomatosis from gastric cancer show a particularly poor prognosis. A few treatment strategies have been tested and proposed to
increase survival rates. The cornerstone of treatment remains complete cytoreductive surgery associated with a different combination
of chemotherapy regimen. It has been demonstrated as systemic adjuvant, systemic neoadjuvant and above all hyperthermic
intraperitoneal chemotherapy improve the survival, when used in the prevention and treatment of peritoneal carcinomatosis from
gastric cancer. Few new molecules have been introduced enhancing the effect of chemotherapy by biologically targeting its objective.

However further studies are needed.
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Introduction

Gastric cancer (GC) is the fourth most frequent neoplasm
with about one million new cases estimated to occur
every year and the second most important cause of cancer
death (738,000 estimated deaths yearly) worldwide [1,
2]. Metastatic dissemination in GC may occur through
the hematic torrent or through the inside surface of the
peritoneal cavity: this last condition is called peritoneal
carcinomatosis (PC) and it’s considered a stage IV of GC.
Recent studies confirmed that PC is more frequent than
metastases through hematic torrent, in fact only 40% of
patients who died for GC have hepatic metastases, while
53-60% showing disease progression died with PC. So
penetration of the gastric serosa and lymphatic spread are
the two most important factors affecting prognosis in GC
[3-5].PCbecomespracticallyunavoidable when the gastric
serosa is infiltrated by tumor [6]. Subsequently, up to half
of the patients with advanced gastric cancer (AGC) will
develop a peritoneal carcinomatosis from gastric cancer
(PCGC) in spite of even radical surgery [7-10]. For these
reasons PCGC is a quite common event in this neoplasm
and is already present in 5-20% of patients explored
for potentially curative resection [6, 11]. Although there
are several methods for detecting the presence of free
peritoneal tumor cells (FPTCs) with different degrees of
sensitivity [12-14], it should always been considered that

FPTCs in the washing could be identified in up to 24% of
stage IB GC patients and up to 40% of those with stage II
or III [15]. These findings explain why GC is considered
a neoplasm with easy intraperitoneal spread, reflecting
the fact that recurrence patterns after complete resection
can vary, in different countries and different period times,
from 10.2 to 33.9% as peritoneal recurrence alone and
from 29.5 to 43.9% as peritoneal recurrence combined
with other sites [16-20] (Table 1). The well-known
mechanism of peritoneal spread of neoplastic cells of
GC [21] explicates probably also the fact that peritoneal
recurrence, although in a small percentage (1-2%), can
be observed even after potentially curative resection of
early GC [22].
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With the aim of updating knowledge in relation to the
prevention and treatment of PCGC a review of the most
recent literature was performed.

Table 1 Percentage of peritoneal recurrence alone and peritoneal
recurrence combined with other sites among different recurrence
patterns after complete resection of gastric cancer

Peritoneal
Country, period time, [reference] recurrence  Combined (%)
alone (%)
Korea, 1987-1995 [16] 33.9% 43.9%
USA, 1985-2000 [18] 13.6 29.5
Munich, Germany, 2000-2005 [19] 24 34
Italy,1998-2009 [17] nr 30.3
Heildelberg, Germany, n.r. [20] 10.2 39.8

n.r. = not reported

Materials and methods

A dual search of pubmed database was made on 30
November 2012, using the following keywords ‘gastric’
and ‘cancer’ and ‘HIPEC, and ‘gastric’ and ‘cancer’ and
‘catumaxomab’, respectively for the first and the second
research. In both cases the filters activated were ‘clinical
trial’ and ‘review’ Relatively to the first search were
obtained 17 scientific articles, while for the second 9. A
subsequent manual search identified additional scientific
papers on which this update was made.

Prevention and treatment of peritoneal carcinomato-
sis from gastric cancer

The prognosis of peritoneal carcinomatosis from gastric
cancer

Patients with PCGC show a particularly poor prognosis
with a five-year survival less than 3% [23] and an overall
mean and median survival of 6.5 months (range 0.1-48.0
months)and 3.1 months, respectively [24]. Amongthe non-
gynecologic malignancies the PCGC has a better prognosis
than peritoneal carcinomatosis from pancreatic cancer
(overallmean and median survival times 2.9 months, range
0.3-13.6 months and 2.1 months respectively), but worse
than peritoneal carcinomatosis from colorectal carcinoma
(overall mean and median survival times 6.9 months,
range 0.6-44.9 months and 5.2 months, respectively)
[24]. Saito and collaborators reported that the 5-year
survival rate of AGC with FPTCs was 15.3%, almost the
same (14.8%) as that with disseminating metastasis to
the adjacent peritoneum of the stomach. Instead there
were no 5 years survivors among patients with metastases
to the distant peritoneum [25]. Moreover,; a study by Liu
and collaborators showed that the 5 years survival rate
of patients with microscopic PCGC (i.e. when some tumor
nodules are occasionally found in the peritoneum of GC
patients by hysto-pathological examination) was 24%
[26].

Results

Systemic chemotherapy for advanced gastric cancer or
peritoneal carcinomatosis from gastric cancer

It has been established that systemic chemotherapy
improves median survival in advanced and/or metastatic
GC to not more than 12 months [27-30]. However the
same gain in term of survival has not been described
in patients with macroscopic PCGC [31-34], seemingly
because diffusion of systemically administered drugs into
the abdominal cavity is inadequate, as if the peritoneal
cavity is considered a ‘pharmacological sanctuary’ [35].
Yonemura and collaborators have obtained better results
in patients with PFTCs after radical resection using
adjuvantsystemicchemotherapy. The patientstreated with
systemic adjuvant chemotherapy survived significantly
longer than that of control group: the 1-year survival rates
of control group and adjuvant group were 44% and 88%,
respectively, and the 2 year survival rates of control group
and adjuvant group were 9% and 53%, respectively. The
mean overall survival was 21.1 months and 9.1 months
for adjuvant group and for control group respectively
(p<0.05) [36]. It is assumed that the ineffectiveness of
systemic chemotherapy for PCGC is due to the presence
of a blood-peritoneal barrier, poor blood supply and
oxygenation of cancer cells in the peritoneum and low
apoptotic potential of such hypoxic tumor cells [28-39].In
fact, unlike the systemic administration of chemotherapy,
the intraperitoneal delivery of chemotherapeutic drugs
achieves high regional concentrations while retaining
low systemic drug levels. This pharmacokinetic gain is
due to the existence of a blood-peritoneal barrier, which
keeps a constant high concentration gradient of cytotoxic
drug between the peritoneal cavity and the plasma
compartment [37, 40]. Although the precise anatomical
nature of blood-peritoneal barrier has not been
completely clarified, it has been shown that the broad
removal of the diseased peritoneum during cytoreductive
surgery (CRS) doesn’t look to affect the pharmacokinetics
of intraperitoneal chemotherapy [41].

Systemic neoadjuvant chemotherapy for peritoneal
carcinomatosis from gastric cancer

Systemic neoadjuvant chemotherapy (NACT) has been
described to decrease the load of macroscopic PCGC
[39, 42]. Yano et al. [43] reported a complete remission
of peritoneal metastasis in 4 over 26 patients (15.4%)
with PCGC following NACT, all of whom subsequently
underwent curative resection. Inokuchi et al. [44] showed
partial response in 9 of 13 patients (69%) following
NACT for PCGC. Unexpectedly (but only for those who
don’t take in account the presence of a blood-peritoneal
barrier) it seems that NACT does not greatly influence
the elimination (but even the development) of FPTCs. A
German study [45] has shown that changes from FPTC
positivity to negativity and vice versa can be detected after
NACT, irrespective of response to the systemic treatment.
In this study, 10 among 42 (24%) of the patients changed
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to FPTC positivity during NACT, whereas 7 among 19
(37%) with FPTC positive cytology at staging laparoscopy
turned negative.

Hyperthermic intraperitoneal chemotherapy for advanced
gastric cancer or peritoneal carcinomatosis from gastric
cancer

With these premises it was commonly recognized that
in GC peritoneal spread remains a major problem in the
management of this neoplasm and, considering the failure
of surgery at the peritoneum, there was no role for surgery
once thediagnosis of PCGChasbeen made [46]. Toincrease
effectiveness of intra abdominal treatments, since the
eighties the Japanese surgeons combined CRS, regional
hyperthermia, and intraperitoneal chemotherapy in a
multimodal approach [47]. As for other types of PC, even
in case of GC, hyperthermic intraperitoneal chemotherapy
(HIPEC) after CRS is accomplished to eliminate FPTCs and
to inhibit or delay PC [46, 48]. CRS must be as complete
as possible in order to obtain the best results. The extent
of CRS in case of PC has been determined by the Sugar
baker’s completeness of cytoreduction (CC) score. In this
score the CC-0 indicates no residual peritoneal disease
after CRS; CC-1, less than 2.5 mm of residual disease;
CC-2, residual tumor between 2.5 mm and 2.5 cm; and
CC-3, more than 2.5 cm of residual tumor or the presence
of a sheet of unresectable tumor nodules [49].

On one hand, some RCTs showed since the early nineties
a significant reduction in the rate of subsequent PC
and an increase in survival of patients with AGC when
radical surgery was combined with HIPEC in an adjuvant
manner [8, 50-55], and Yonemura and collaborators
demonstrated that in patients with PFTCs HIPEC could
improve significantly the median survival time from 15
to 48 months and the 5 years survival rate from 12%
to 42% [56]. Yan and collaborators in a meta-analysis
indicated that HIPEC with or without early postoperative
intraperitoneal chemotherapy (EPIC) after primary
resection of AGC is associated with improved overall
survival. They reported a significant improvement in
survival associated with HIPEC alone (hazard ratio =
0.60, 95% confidence interval (CI)=0.43-40.83, p=0.002)
or this regimen combined with EPIC (hazard ratio = 0.45,
95% confidence interval = 0.29-20.68, p=0.0002) [52].

Nevertheless on the other hand, the treatment of PCGC
with CRS and HIPEC seemed to be among the entire PC that
with less encouraging results both in terms of survival and
of morbidity and mortality [57, 58]. The French authors
in a retrospective, multicenter cohort study published
in 2010 [59], evaluated toxicity and principal prognostic
factors after CRS and HIPEC (and/or EPIC) for PC from
non-gynecologic neoplasms. The study involved 1290
patients from 25 French institutions who underwent
1344 CRS between February 1989 and December 2007,
where HIPEC was made in 1154 cases (86.4%). Although
the principal origin of PC was colorectal cancer (n=523,
40.5%), the GC was the third more represented (n=159,

12.3%). With a median follow-up of 45.3 months the
whole group of patients included in the study showed
an overall 3 and 5 years survival rates of 49% and 37%,
respectively, but the patients with PCGC displayed the
worse outcome with an overall 3 and 5 years survival
rates of 18% and 13%, respectively. The overall median
survival of the whole group of patients included in the
study was 34 months, but was only 9 months for patients
with PCGC.

Then still in 2010 Li et al. [60] from China reported the
results of their study, where in a group of 128 patients
with PCGC, 54 of them (42.2%) underwent gastrectomy, of
which 10 patients underwentresection with HIPECand the
other 74 (57.8%) underwent non-resection surgery. The
median survival in the unresected group was 6.0 months
compared to 11.8 months of in the resected patients and
they observed a significantly improved survival in the
patients that were treated with CRS and HIPEC compared
to those that were treated with CRS alone. Although no
patient died from resection-related causes, the incidence
of overall postoperative complications was higher for the
resection with HIPEC group than for the resection alone
group (20% vs. 13.2%, however, the difference was not
significant, p=0.34). This report revealed once again the
safety and the efficacy of CRS and HIPEC in PCGC, but
despite this evidence supporting radical surgery and
HIPEC over surgery alone or palliative chemotherapy,
only a minority of all patients in this cohort was treated
with HIPEC.

The next year, in 2011, Gill and collaborators published
a systematic review of survival, mortality and morbidity
regarding the treatment of PCGC by CRS and HIPEC
[61]. They selected for inclusion in this review studies
published from 2000 to 2010 with non-randomized
controlled trials, randomized controlled trials, prospective
cohort series and retrospective case series (>5 cases),
including adult (>18 years old) patients with PCGC
(without other sites of metastatic disease, e.g., liver, lung)
who underwent CRS (peritonectomy) combined with
HIPEC (the primary gastric resection may be completed
at the same surgery as the CRS or at a separate procedure,
respectively synchronous or metachronous PCGC). A total
of 10 primary studies meeting the inclusion criteria was
identified and analysed, including 1 non-randomized
prospective controlled trial, 6 prospective case series and
3retrospective case series with a total of 441 patients with
an average age of 48.5 years (range 48-55 years) and a
median follow-up of 46 months (range 19-74 months). In
theincluded studieseither openorclosed HIPECtechnique
was utilized, the most common chemotherapeutic agents
were cisplatin and mitomycine, with intra abdominal
temperatures typically between 40 and 44°C and duration
between 30 and 120 min. The authors reported an overall
median survival of 7.9 months (range: 6.1-9.2 months)
(15 months, range: 9.5-43.4 months, for patients with
the completeness of cytoreduction (CC) scores of 0 or
1, i.e. residual nodules after CRS with size less than 2.5
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mm) with a 1-year survival of 43% (range: 22-68%) and
a 5-year survival of 13%. The treatment-related overall
mortality rate was 4.8% and the overall morbidity was
21.5% with abscess, fistula and anastomotic leak being
the most common complications reported. The length of
hospital stay ranged between 7 and 16 days with an ICU
stay ranging between 1 and 3 days. Although without any
level I evidence, it could be concluded that in PCGC CRS
with HIPEC may improve survival with acceptable morbi-
mortality.

The evidence lacking in this review became available
in the same year, 2011, when Yang and collaborators
published the final results of a phase Il RCT, performed
in China in order to evaluate the efficacy and safety of CRS
plus HIPEC for the treatment of PCGC [62]. The authors
included adult (age 20-75 years old) patients with either
synchronous or metachronous PCGC, without any lung
and liver metastasis or prominent retroperitoneal lymph
node metastasis, who were randomized into two arms
where the only variable in study after the CRS was the
use of HIPEC (open technique, with 120 mg of cisplatin
and 30 mg of mitomycin C each dissolved in 6 1 of saline
infused into the peritoneal cavity at a rate of 500 ml/min
and a temperature of 43.0+0.5°C for 60-90 min). Sixty-
eight PCGC patients, including 35 men and 33 women,
aged 24-75 years (median 50 years) were randomized
into CRS alone (n=34) and CRS and HIPEC (n=34) groups
with a good balancing regarding major baseline clinico-
pathological characteristics and surgical procedures.
After a median follow-up of 32 months (7.5-83.5 months)
the median overall survival was 6.5 months (95% CI 4.8-
8.2 months) in CRS alone group and 11.0 months (95%
CI 10.0-11.9 months) in the CRS+HIPEC group (p=0.046).
This outcome was even more significant in patients with
synchronous PCGC (n=51), where the median overall
survival was 12.0 months (95% CI 8.1-15.9 months) in
CRS+HIPEC group (n=24) and 6.5 months (95% CI 5.0-
8.0 months) in the CRS alone group (n=27) (p=0.029).
The 1, 2 and 3 year survival rates were 29.4, 5.9 and 0%
for CRS group and 41.2, 14.7 and 5.9% for CRS+HIPEC
group. The CC influenced the survival, but HIPEC obtained
a significant advantage either in CC 0-1, either in CC 2-3
patients. In the CRS+HIPEC patients, the median overall
survival was 12.0 months (95% CI 8.1-16.0 months) and
8.2 months (95% CI 0.5-16.5 months) in CC 0-1 (n=20)
and in CC 2-3 subgroup (n=14) respectively, (p=0.000).
In CRS alone patients, the median overall survival was
11.0 months (95% CI 8.8-13.2 months) and 4.0 months
(95% CI 1.3-6.8 months) in CC 0-1 (n=20) and in CC 2-3
subgroup (n=14) respectively, (p=0.000). Serious adverse
events (SAE), including wound infection and sepsis,
respiratory failure, gastrointestinal bleeding, severe bone
marrow suppression and intestinal obstruction, arose
in 9 patients, 4 in the CRS alone group (11.7%) and 5 in
the CRS+HIPEC group (14.7%) (p=0.839). Multivariate
analysis recognized CRS+HIPEC, synchronous PC, CC 0-1,
systemic chemotherapy and no SAE as major independent
predictors for better survival. HIPEC was about 2.6 times

more likely to increase survival (hazard ratio = 2.617,
95% confidence interval = 1.436-4.769). From the
methodological point of view, it has to be pointed out
that this is the first RCT in patients with established PC
where the only variable in the study was HIPEC (unlike
the Dutch study [63] regarding the PC from colorectal
cancer), showing an advantage in term of survival. It has to
be concluded that HIPEC after CRS improves survival with
acceptable morbidity in patients with PCGC especially
when synchronous. These advances in the management
for PCGC encourage the use of any diagnostic means,
including staging laparoscopy, in order to plan carefully
HIPEC after CRS and other multimodal treatments [64].

A new drug for intraperitoneal treatment of peritoneal
carcinomatosis from gastric cancer: Catumaxomab

In the last ten years an interesting new drug to be applied
for intraperitoneal treatment of GC has been developed in
Germany. Catumaxomab [65] (trade name Removab®) is
a rat-mouse hybrid monoclonal antibody that is made up
of one ‘half’ (one heavy chain and one light chain) of an
anti-epithelial cell adhesion molecule (EpCAM) antibody
and one half of an anti-CD3 antibody, binding both
EpCAM and CD3. EpCAM is an epithelial differentiation
antigen that is expressed in normal epithelial cells and
on almost all carcinomas (especially gastrointestinal and
ovarian carcinomas) and functions as a cell adhesion
molecule. In addition, the Fc-region can bind to an Fc
receptor on accessory cells like other antibodies, which
has led to calling the drug a trifunctional antibody.
Actually catumaxomab is used to treat malignant
ascites, because the intraperitoneal application of this
anti-EpCAM antibody has shown significant benefits
in puncture-free survival (survival without repeated
paracentesis) for patients with malignant ascites in a
phase II/IIl randomized trial [66]. In this study although
the difference in median OS (secondary endpoint) for
the whole group of patients (72 days for paracentesis
plus catumaxomab compared to 68 days for paracentesis
alone, p=0.08) was not significant, the same outcome
(i.e. the difference in OS) was statistically significant in
patients with GC (median 71 vs 44 days; p=0.03) [67]. The
same result, i.e. an improved progression-free survival,
has been replicated in phase Il studies [67] with the
use of intraperitoneal catumaxomab in gastrointestinal
EpCAM+ tumors. Furthermore two phase 2 studies are
ongoing (follow-up phase) where resectable AGC patients
are treated with adjuvant catumaxomab. The first study
[68] included 55 patients randomized to surgery plus
catumaxomab (10 ug catumaxomab infused directly
after surgery intra-operative, followed by four ascending
intraperitoneal doses) or surgery alone. A total of 78%
of the patients received all five catumaxomab infusions
and there were no clinically relevant differences in the
incidence of surgical complications between the surgery
alone and the surgery plus catumaxomab group. In the
second study [69], 54 patients with radically resected
AGC were treated intra-operatively and i.p. in adjuvant
setting with catumaxomab after they received NACT. For
both studies final results are awaiting.
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Conclusions

PCGC is a common conditions and is still considered to
be a terminal event of systemic metastasis by the vast
majority of the scientific community. Nonetheless the
present review shows that the PCGC can be prevented and
treated by the use of multimodal treatments incorporating
CRS with either systemic and locoregional intraperitoneal
chemotherapy (both neoadjuvant and adjuvant). In case
of AGC and FPTCs positive patients HIPEC, as adjuvant
treatment, has shown the ability to significantly prevent
the establishment of PCGC. In PCGC, CRS and HIPEC
have shown to improve survival with acceptable morbi-
mortality. So it is very important to obtain the diagnosis
of PCGC before the CRS and HIPEC with the use of staging
laparoscopy. However, it was clarified that in patients
with PCGC, multimodal treatment should be mandatory
used, leaving a pivotal role to HIPEC after CRS. Yonemura
and collaborators proposed the following strategy:
a bidirectional chemotherapy called neoadjuvant
intraperitoneal/systemic chemotherapy, followed by CRS
and HIPEC and eventually completed by an EPIC [70].
A different approach can be NACT followed by CRS and
HIPEC with the associated use either preoperatively or
postoperatively of intraperitoneal catumaxomab.

In the future the prevention and treatment of PCGC will
be increasingly characterized by the need to combine
several therapies (surgical and non-surgical), either
simultaneously or sequentially.
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