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Abstract

Background: The peritoneum is one of the most frequent sites of recurrent gastric carcinoma after curative
treatment, despite the administration of pre- and/or postoperative systemic chemotherapy. Indeed, the prognosis
of peritoneal carcinomatosis from gastric carcinoma continues to be poor, with a median survival of less than one
year with systemic chemotherapy. Whereas the prognosis of peritoneal carcinomatosis from colorectal cancer has
changed with the development of locally administered hyperthermic intraperitoneal chemotherapy (HIPEC), survival
results following carcinomatosis from gastric cancer remain disappointing, yielding a 5-year survival rate of less than
20%. Innovative surgical therapies such as intraperitoneal immunotherapy therefore need to be developed for the
immediate postoperative period after complete cytoreductive surgery. In a recent randomised study, a clinical effect
was obtained after intraperitoneal infusion of catumaxomab in patients with malignant ascites, notably from gastric
carcinoma. Catumaxomab, a nonhumanized chimeric antibody, is characterized by its unique 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). Because the peritoneum is an immunocompetent organ and up to 90% of
gastric carcinomas express EpCAM, intraperitoneal infusion of catumaxomab after complete resection of all
macroscopic disease (as defined in the treatment of carcinomatosis from colorectal cancer) could therefore
efficiently treat microscopic residual disease.

Methods/design: The aim of this randomized phase Il study is to assess 2-year overall survival after complete resection
of limited carcinomatosis synchronous with gastric carcinoma, followed by an intraperitoneal infusion of catumaxomab
with different total doses administered in each of the 2 arms. Close monitoring of peri-opertive mortality, morbidity
and early surgical re-intervention will be done with stopping rules. Besides this analysis, translational research will be
conducted to determine immunological markers of catumaxomab efficacy and to correlate these markers with clinical
efficacy.

Keywords: Peritoneal carcinomatosis, Gastric carcinoma, Intraperitoneal chemotherapy, Immunotherapy,
Catumaxomab

* Correspondence: goere@igr.fr

'Department of Surgical Oncology - Gustave Roussy, 114 rue Edouard
Vaillant, Villejuif, Cedex 94805, France

Full list of author information is available at the end of the article

- © 2014 Goéré et al, licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
( B|°Med Central Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited.


mailto:goere@igr.fr
http://creativecommons.org/licenses/by/2.0

Goéré et al. BMC Cancer 2014, 14:148
http://www.biomedcentral.com/1471-2407/14/148

Background

Rationale

Peritoneal carcinomatosis from gastric carcinoma

Although the incidence of gastric cancer has decreased
during the past years, it is still the fourth most common
newly diagnosed cancer worldwide and the second leading
cause of cancer-related death [1]. Surgery comprising a
subtotal or total gastrectomy with a D1.5-D2 lymphade-
nectomy, remains the most important tool for curative
treatment of gastric carcinoma. Surgery is usually com-
bined with systemic perioperative chemotherapy whose
benefit has been demonstrated in two randomized studies:
the MAGIC trial [2] using epirubicin, cisplatin, and a con-
tinuous infusion FU regimen and the FNLCC-FFCD trial
[3] using 5-FU and cisplatin. In the latter trial, 5-year over-
all survival was significantly longer in patients in the peri-
operative chemotherapy group compared to those in the
surgery alone group, respectively 38% and 24%.

In addition, despite the administration of pre- and/or
postoperative systemic chemotherapy, one of the major
problems with gastric carcinoma is its peritoneal tropism
and the peritoneum is the major site of recurrence. Peri-
toneal dissemination commonly occurs in patients with
gastric cancer via intracoelomic dissemination or due to
tumour spillage during surgery [4]. Peritoneal carcinoma-
tosis is present at the diagnosis in 5-20% of the patients
[5] and can affect 60% of the patients after curative treat-
ment [6], and this tumour manifestation is considered a
fatal disease with limited treatment options. Thus, in the
multicentric prospective study of peritoneal carcinoma-
tosis (EVOCAPE 1 study), median overall survival for the
natural history of the disease was 3.1 months [7].

Intraperitoneal chemotherapy for gastric carcinoma

A new therapeutic approach for peritoneal carcinomatosis
has been under development for over twenty years. This
treatment consists of complete cytoreductive surgery of
peritoneal lesions followed by intraperitoneal chemother-
apy. The main objective of the intraperitoneal administra-
tion of chemotherapy is to heighten the concentration and
the total amount of the drug, thereby reducing plasma
concentrations. This treatment increased the survival of
patients with carcinomatosis of colorectal origin, from
pseudomyxoma and mesothelioma [8-10]. Regarding car-
cinomatosis of gastric origin, the results of intraperitoneal
chemotherapy with conventional chemotherapeutic agents
such as mitomycin C, oxaliplatin and 5FU remain disap-
pointing. In a selected population of 159 patients with
peritoneal disease alone, cytoreductive surgery plus intra-
peritoneal chemotherapy yielded a 5-year overall survival
rate of 13% and a median overall survival rate of only
9.2 months [11]. However, the beneficial effect of
hyperthermic intraperitoneal chemotherapy (HIPEC) in
the treatment of PC from gastric carcinoma was
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demonstrated in a phase III trial [12]. Sixty-eight patients
with gastric PC were randomized between complete cytor-
eductive surgery alone (n = 34) or complete cytoreductive
surgery followed by HIPEC (n=34) with Ccisplatin
(120 mg) and mitomycin C (30 mg) each in 6000 ml of
normal saline at 43°C over 60-90 min. Macroscopic
complete cytoreduction of PC was achieved in 58.8% of
the patients in each arm. Median survival was significantly
increased in the group who received HIPEC, but it was
only 11 months (95% confidence interval 10-11.9 months),
compared to 6.5 months (95% confidence interval 4.8-
8.2 months) in the surgery alone group (P=0.046). A
multivariate analysis found that complete cytoreductive
surgery plus HIPEC, synchronous PC, the completeness
of surgery (0-1), systemic chemotherapy = 6 cycles, and no
serious adverse events were independent predictors for
better survival.

Thus, because of the poor prognosis of PC of gastric
origin and disappointing results of treatment with
complete cytoreductive surgery followed by HIPEC con-
taining cytotoxic agents, innovative surgical therapies
such as intraperitoneal immunotherapy need to be de-
veloped for the immediate postoperative period after
complete cytoreductive surgery.

Intraperitoneal immunotherapy with catumaxomab in
malignant ascites

Catumaxomab is a nonhumanised chimeric antibody, con-
sisting in a mouse-derived anti-EpCAM Fab (fragment
antigen-binding) region and a rat anti-CD3 Fab. Thus,
catumaxomab is characterized by its unique ability to bind
to three different types of cells: tumor cells expressing the
epithelial cell adhesion molecule (EpCAM positive), T
lymphocytes (CD3 positive) and also accessory cells (Fcy
receptor positive), such as macrophages, natural killer
cells and dendritic cells, which are activated with the hy-
brid Fc (crystallisable fragment) region [13,14]).

Catumaxomab anti-tumour activity has been demon-
strated in vitro, notably in ascitic fluids, resulting in a
decreased rate of EpCAM + cells and the release of pro-
inflammatory cytokines (Interferon- y, tumour necrosis
factor-q, interleukin (IL)-2 and IL-6) [15].

A randomized study was performed in patients with
symptomatic malignant ascites secondary to EpCAM +
carcinomas, to evaluate the efficacy and safety of intraperi-
toneal administration of catumaxomab [16]. Patients were
randomly assigned to paracentesis alone, or to paracentesis
plus intraperitoneal catumaxomab. The efficacy of intra-
peritoneal administration of catumaxomab was evaluated
on puncture-free survival (primary endpoint). Two hun-
dred and fifty-eight patients, 66 of whom had carcinoma-
tosis of gastric origin, were included in the study.
Catumaxomab was administered in four intraperitoneal in-
fusions, each preceded by aspiration of ascites at day 0
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(D0), D3, D7 and D10, and required a total of 11 days of
hospitalization. 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).
Median overall survival was similar between the two
groups: 72 days in the catumaxomab group vs 68 days in
the control group. The most common adverse events were
related to the release of cytokines (fever, nausea, vomiting,
tachycardia and hypotension). These reactions were of mild
or moderate severity (grade 1 or 2) and transient, limited
to the duration of catumaxomab therapy with an accept-
able tolerability profile. Other treatment-related adverse
events were haematological (lymphopenia, leucocytosis
and anaemia) and non-haematological (abdominal pain,
elevated C-reactive protein, and gamma-glutamyltransferase
levels, fatigue, anorexia, elevated blood alkaline phosphatase,
AST and ALT levels). This study confirmed the feasibility
and efficacy of intraperitoneal infusion of catumaxomab in
reducing the volume of ascites. Thus, an approval was
granted to the European Union in April 2009 for the use of
catumaxomab intraperitoneal infusion in patients with asci-
tes from an EpCAM + malignancy for which standard ther-
apy was not available or no longer feasible [17]. This study
also demonstrated that deterioration in quality of life (QoL)
scores, evaluated with the EORTC QLQ-C30, appeared
significantly more rapidly in the control than in the catu-
maxomab group for all scores (range of median times 19-
26 days vs 47-49 days, p < 0.0001) [18].

Another randomized study was reported at ASCO con-
gress in 2008 [19]. Among 55 patients operated on for gas-
tric adenocarcinoma (T2b/T3/T4, N+, M0) with a curative
intent, 28 received an intraperitoneal catumaxomab infusion
during the immediate postoperative period, and were com-
pared to 27 patients who underwent resection alone. Catu-
maxomab was administered during surgery and then 4
times (D7, 10, 13 and 16) at increasing doses. The EpCAM
antigen was present in 100% of patients. Seventy-eight per-
cent (22/28) of the patients treated with catumaxomab re-
ceived all 5 infusions. Treatment-related adverse events
occurred in 40% of the patients (grade 3 in 22 patients, of
whom 10 were in control arm). The most frequent adverse
events in the catumaxomab group were anaemia, pyrexia,
inflammatory syndrome and abdominal pain. All related ser-
ious adverse events resolved at the end of therapy except for
nephropathy (one patient), which resolved leaving minor se-
quels. This study demonstrated that adjuvant intraperitoneal
administration of catumaxomab, after gastrectomy, seems
to be feasible, safe and well tolerated.

A post hoc analysis was performed to investigate
whether there was a correlation between the detection of
human anti-mouse antibodies (HAMAs) 8 days after the
fourth catumaxomab infusion and clinical outcome, be-
cause catumoxamab is a mouse/rat antibody [20]. Among
patients who received intraperitoneal catumaxomab, those
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who developed HAMAs experienced greater clinical bene-
fits (longer puncture-free survival, longer time to the next
therapeutic puncture) than those who did not develop
HAMAs. In addition, median survival was significantly
longer in the group of patients who developed HAMAs
(129 vs 64 days, p = 0.0003; hazard ratio 0.433). These re-
sults demonstrate that there was a strong correlation be-
tween humoral immune response to catumaxomab and
clinical outcome in that phase II/III study.

However, the survival benefit of immediate postopera-
tive immunotherapy after cytoreductive surgery of peri-
toneal carcinomatosis has never been reported. There are
strong arguments to evaluate this treatment in patients
with gastric carcinomatosis: [1] the poor prognosis of pa-
tients despite optimal treatment with a curative intent in-
cluding HIPEC [2], the expression of the EpCAM antigen
in nearly 90% of gastric adenocarcinoma [21], and [3] peri-
toneum is an immunocompetent organ, [4] peritoneal
mesenchymal cells do not express the EpCAM antigen.

Due to our experience in the surgical treatment of
peritoneal carcinomatosis which represents a major ac-
tivity of the Department of Surgical Oncology (over 700
patients since 1993), we are poised to initiate a phase II
randomised clinical trial (IIPOP), funded by a PHRC
grant (Programme Hospitalier de Recherche Clinique).

Methods/design

The IIPOP study is a multicentre, open-label, phase II
randomised study. The investigator initiated trial (IIT)
will be conducted by the Department of Surgery of the
Gustave Roussy Institute (Villejuif, France) in collabor-
ation with the University Hospital C. Huriez (Lille,
France) and the University Hospital Lyon Sud (Pierre
Bénite, France).

Study objectives and endpoints
The primary objective of the IIPOP study in patients
with synchronous and limited PC arising from gastric
carcinoma, is to estimate 2-year overall survival (OS).
Each treatment arm will be compared to theoretical
rates using a design with one single stage (no interim
analysis of the primary criterion of efficacy).

The secondary endpoints are:

— morbidity and toxicity: postoperative mortality
(D30 or until discharge from hospital), acute toxicity
(D30 or until discharge from hospital) according
to the NCI-CTC-AE toxicity scale version 4.0 [22],
and side effects more specifically associated with
catumaxomab: systemic inflammatory syndrome
(SIRS), hepatotoxicity, skin reaction of an allergic
type (temperature, level of haemoglobin, hepatic
profile (ALAT, ASAT, alkaline phosphatases,
bilirubin) on D3, D6 and D9),



Goéré et al. BMC Cancer 2014, 14:148
http://www.biomedcentral.com/1471-2407/14/148

— the 2-year peritoneal relapse rate,
— the 2-year relapse-free survival rate,
— 5-year overall survival.

Translational research based on an immunological ana-
lysis will be performed, to determine the immunological
markers of the efficacy of catumaxomab, to correlate these
markers with clinical efficacy.

Study population
The study population of the IIPOP study will comprise
patients with synchronous and limited PC arising from
histologically proven gastric carcinoma, confirmed by a
frozen section histological examination during surgery.
The extent of peritoneal tumour spread (Peritoneal
cancer Index, PCI [23]) calculated during surgery, must
be equal to or lower than 12 and amenable to complete
resection. Resection of all visible lesions (primary, lymph
nodes, carcinomatosis) must be performed before ran-
domisation, meaning that there should be no residual
deposit exceeding 1 mm in diameter. Moreover, patients
to be included in the study must fulfil the following in-
clusion criteria: age over 18 years, a good general health
status (WHO 0-1), absence of haematogenous metastases,
a signed consent form before surgery, no pregnancy or
breast feeding, adequate contraception in fertile patients
and adequate private or national insurance coverage.
Exclusion criteria include: previous treatment with a
non-humanised (mouse or rat) monoclonal antibody, a
known allergy to murine or chimeric monoclonal anti-
bodies, another malignancy than the disease under study
or a second cancer < 5 years earlier, inclusion in other clin-
ical trials, absence of any psychological, familial, socio-
logical or geographical condition potentially hampering
compliance with the study protocol and follow-up. Patients
could have received systemic chemotherapy before surgery.

Treatment schedule (Figure 1)

Patients will receive intraperitoneal catumaxomab after
complete resection of intra-abdominal lesions. The original
concept of this study is to undertake the initial treatment
combining surgery treating the visible disease (macroscopic)
and intraperitoneal immunotherapy treating the remaining
invisible (microscopic) disease. The latter will be adminis-
tered via a continuous peritoneal infusion over 6 days
postoperatively with 3 injections of catumaxomab every
48 hours at increasing doses in order to limit systemic in-
flammatory reactions.

First, surgery will consist of the resection of the primary
(gastrectomy plus D1.5 lymphadenectomy) and of all peri-
toneal deposits (no residual disease greater than 1 mm).
At the end of the procedure, three 20 or 25 French tubular
drains will be placed, one under each of the diaphragmatic
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cupolas and one in Douglas’ pouch, to infuse the dialysate
containing catumaxomab.

Second, the continuous intraperitoneal immunotherapy
with catumaxomab (sponsored by Fresenius®) will be ad-
ministered immediately after surgery to treat the micro-
scopic residual tumour disease. The peritoneal volume will
be increased (to 700 ml/m?) in order to bathe the entire
abdominal cavity over a longer period more successfully
than could be achieved with a lower volume, and it is
adapted to each patient. Then the 3 drains will be clamped
for 47 h, then unclamped for 1 hour. The second and third
intraperitoneal infusion, will be delivered over a 3 h period
by the inlet drain then the drains will be clamped for 44 h
for the inlet drain and 47 h for the exit drains, then
unclamped for 1 hour. Finally, the drains will be defini-
tively unclamped on D6, and removed upon request.

The dosage of intraperitonal immunotherapy will be
randomly allocated (Figure 1):

Regimen A (100 pg):

— on DO, 10 pg of catumaxomab over 3 hours in
250 ml of NaCl 0.9%, added to 700 ml/m?* of NaCl
0.9% immediately at the end of surgery

— on D2, 30 ug of catumaxomab in the same volume
(700 ml/m?) over 3 hours using the same method,
just after the 1-hour duration of unclamped
drainage

— on D4, 60 ug of catumaxomab using the same
method, just after the 1 hour-duration of unclamped
drainage.

Regimen B (140 pg):

— on DO, 20 pg of catumaxomab over 3 hours in
250 ml of NaCl 0.9%, added to 700 ml/m?* of NaCl
0.9%, immediately at the end of surgery

— on D2, 40 ug of catumaxomab in the same volume
(700 ml/m?) over 3 hours using the same method,
just after the 1-hour duration of unclamped
drainage

— on D4, 80 g of catumaxomab using the same
method, just after the 1-hour duration of unclamped
drainage.

The randomization is stratified for center.

This treatment will be administered and monitored in
the intensive care unit during the first 6 postoperative
days.

Early interruption of treatment
Treatment with catumaxomab should be halted in the

following cases:

— Unexplained fever exceeding 39° for over 48 h
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Known or suspected peritoneal carcinomatosis

¥ Yes

Proposal for participation in the study

}

Signature of consent

‘ Yes

prior to surgery

Registration in the study for profile

'

Surgery

{

e Gastric adenocarcinoma

e Peritoneal carcinomatosis (PC)

e PC of minimum or moderate extension
e Macroscopic resection of all the lesions

Confirmation
of
Screen failure

‘ Yes

in the study

Confirmation of inclusion

Aomisam‘

Schedule A
Catumaxomab 100 pg

Schedule B
Catumaxomab 140

Figure 1 Study design.

— Any serious complication requiring early surgical
reintervention

— Any organ failure lasting longer than 48 h remaining
unexplained

Any serious unexpected event will be discussed in a
multidisciplinary meeting in the intensive care unit with
surgeons and may result in the discontinuation of catu-
maxomab. Early interruption of the catumaxomab bath
will be definitive.

Assessments and follow-up

During the screening period, patients will be assessed
for their eligibility to be included in the IIPOP study. In-
clusion and exclusion criteria will be assessed by the
investigator.

Morbidity and toxicity (D30 or until discharge from
hospital) will be evaluated during the intraperitoneal
treatment and the postoperative period. The severity of
complications (Grade I-V) [24] will be assessed and

adverse events will be categorized using the CTCAE ver-
sion 4.0 [22].

The planned duration of follow-up is 5 years, with
three-monthly follow-up visits consisting of a physical
examination, laboratory tests (including tumour marker
determination) and imaging (alternating between chest
and abdomino-pelvic CT scan and abdominal ultra-
sound), over the first 2 years. From 2 to 3 years, moni-
toring will be done every 4 months, and after 3 years,
every 6 months.

For the immunological monitoring, samples of periton-
eal fluid will be collected at the beginning of the surgery,
at the end of the procedure and during IP treatment on
D2 and D6. Analysis of cellular immunity (qualification
and quantification of cells (T cells, NK cells, macrophages,
dendritic cells), of the cytokine profile and of the cytotox-
icity (cell death) will be done on peritoneal fluids. Blood
samples will be collected at the beginning of the surgery,
just before discharge of hospital and 4 +/-1 months later,
to study the innate and specific immunological response
and the cytokine profile.



Goéré et al. BMC Cancer 2014, 14:148
http://www.biomedcentral.com/1471-2407/14/148

Statistical considerations

Required number of patients

IIPOP is a phase II randomised trial. Each treatment arm
will be compared to theoretical rates using a design
with one single stage (no interim analysis of the primary
criterion of efficacy). The 2-year survival rate after complete
cytoreduction surgery and intraperitoneal chemotherapy is
approximately 20%. Given the severity of the proposed treat-
ment, a 2-year survival rate equal to or lower than 30% will
be considered as unacceptable, and a 2-year survival rate
equal to or higher than 55% will be considered as a promis-
ing survival rate. Forty randomised patients are required (20
in each arm). If 9 patients or more are still alive at 2 years,
the treatment will be considered promising. If 8 or fewer pa-
tients are still alive at 2 years, treatment will not be consid-
ered sufficiently effective. Type I error (one-sided) is set at
11% and type II error is set at 13%. In order to randomise
40 patients, more patients must be enrolled. In fact, some
patients will be considered ineligible at the end of surgery if
at least one of the peroperative eligibility criteria is not met:
no histological confirmation of gastric carcinoma, with peri-
toneal cancer index >12 or no complete resection of the
macroscopic lesions or no D2 or D1.5 lymphadenectomy.
As approximately 1/3 of the patients operated on are ex-
pected to be eligible for randomisation, around 120 patients
should be enrolled in order to randomise 40.

Statistical analysis plan

The main analysis of efficacy in each treatment arm will
be carried out once all the patients in the said arm have
been followed up for 2 years. Overall survival is defined as
the period between the date of surgery and the date of
death for whatever reason or the date of the latest news
for patients who are still alive. Relapse-free survival is de-
fined as the period between the date of surgery and the
date of the first event (relapse or death for whatever rea-
son) or the date of the latest news for patients who are still
live and are free of recurrence. The time to a peritoneal
relapse is defined as the time between the date of surgery
and the date of the peritoneal relapse. Patients who die
but were free of any peritoneal relapse at the time of death
will be censored on the date of death. Patients who are
still alive without a peritoneal relapse at the time of the
most recent news will be censored on the date of the latest
news. Overall survival, relapse-free survival and peritoneal
relapse rates will be estimated using the Kaplan-Meier
method. The rates at 2 years and 5 years will be estimated
with their 95% confidence interval using the Rothman
method. If, at the end of the trial, both treatment arms are
considered to be promising, their efficacy and toxicity will
be compared. However, as the trial was not planned to
perform these comparisons, the power of these compari-
sons will be low and they may only be considered as ex-
ploratory analyses to be confirmed by subsequent studies.
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The rates of grade 3-4 acute toxicity and the rates of
early reinterventions as well as their 95% confidence in-
tervals will be estimated in both treatment arms. This
will also be carried out for the rate of the side effects
more specifically associated with catumaxomab.

An intention to treat analysis will be conducted: all
randomised subjects will be taken into account in the
analysis depending on their randomisation group includ-
ing those incorrectly included or those who do not meet
protocol inclusion criteria. All the randomised patients
will be analysed for the toxicity of the procedure. In
order to be considered suitable for assessment of the
toxicity of the intraperitoneal infusion of catumaxomab,
patients must have received at least one injection.

The Biostatistics and Epidemiology Unit of the Institut
Gustave Roussy is responsible for data management and
analysis of this trial.

Toxicity monitoring

Sequential monitoring of mortality at 30 days (30D) will
be performed in each treatment arm for each death (occur-
ring before 30 days) once the second death has occurred.
The 30D mortality rate post-surgery plus intraperitoneal
chemotherapy was 6% in the recently published large
French series [10]. Monitoring will be based on the one-
sided exact binomial test at 10% of the following hypoth-
esis: 30D mortality > 6%, without adjusting for multiple
analyses which will be a maximum of 3 (no adjustment as
a precaution). In the event of 2 deaths (before 30 days) oc-
curring in 9 patients or fewer, or of 3 deaths (before
30 days) occurring in 18 patients or fewer, the treatment
arm will be halted. If 4 deaths (before 30 days) are ob-
served in the 20 patients included or fewer, mortality at
30 days will be considered too high and the treatment arm
will be considered unacceptable.

The grade 3-4 toxicity rate at 30 days and the early surgi-
cal re-intervention rate at 30 days will also be evaluated in
both treatment arms. The rate of grade 3-4 toxicity was
28% in the French surgery plus intraperitoneal chemother-
apy series and the rate of early re-intervention was 26%
[10]. An interim analysis will be performed on the first 10
patients in each arm and a final analysis on the 20 patients
in each arm for each of these 2 endpoints. The analyses
will be based on the one-sided exact binomial tests at
10% of the following hypotheses: for toxicity, rate of
grade 3-4 >30% and for early re-interventions, rate > 25%.
For both endpoints, adjustment for the multiple analyses
will be done using Pocock method.

Quality assurance

The protocol will be conducted according to Good Clinical
Practice (GCP) guidelines and to the ethical principles de-
scribed in the Declaration of Helsinki. The study protocol
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was approved by the leading Ethics Committee and was
subject to the approval of the national competent authority
(ANSM, ref A120339-21) considered mandatory by fed-
eral law. The study was assigned the EudraCT number
2012-000475-174 and is registered at ClinicalTrials.gov
(NCT01784900).

Discussion

The peritoneum is one of the most frequent sites of recur-
rence from gastric carcinoma after curative treatment, des-
pite the administration of pre- and/or postoperative
systemic chemotherapy. In addition, the prognosis of peri-
toneal carcinomatosis from gastric carcinoma remains poor,
and has not really been improved during recent years, des-
pite the advent of targeted therapies. A meta-analysis re-
ported that systemic chemotherapy extended median
survival time to 11 months in patients with advanced gastric
cancer compared to the best supportive care alone [25].

In an attempt to improve the prognosis of such patients
operated on for gastric carcinoma, prophylactic HIPEC has
been evaluated in patients at higher risk of developing peri-
toneal recurrence. A meta-analysis demonstrated that intra-
peritoneal chemotherapy combined with surgery yielded a
positive effect on overall survival [26]. These results were
confirmed in a recent large retrospective study of 360 pa-
tients with stage T2-4bN0-3 MO gastric adenocarcinoma. It
obtained a 5-year overall survival rate of 60.4% after surgery
plus intraperitoneal chemotherapy compared to 42.9% when
surgery alone was performed (p =0.001) [27]. Whereas the
prognosis of PC from colorectal cancer has changed with
the development of locally administered HIPEC, survival re-
sults after HIPEC in the treatment of carcinomatosis from
gastric cancer remain disappointing, yielding a 5-year sur-
vival rate of less than 20%.

Currently, there is no real effective treatment to offer to
these patients. Innovative therapeutics are desperately re-
quired. The anti-tumour activity of catumaxomab has
been demonstrated in vitro, in ascitic fluids from malig-
nant ascites, notably from gastric carcinoma. A clinical ef-
fect on paracentesis-free survival and on the time to
deterioration of QoL, has also been demonstrated in a
randomised study [16]. Thus, the use of catumaxomab to
treat microscopic residual disease after resection of peri-
toneal carcinomatosis from gastric carcinoma appears to
be a good therapeutic option. The aim of the IIPOP ran-
domized phase II study is to assess 2-year overall survival
after complete resection of limited carcinomatosis (PCI <
12) synchronous with gastric carcinoma, followed by in-
traperitoneal infusion of catumaxomab with different total
doses administered in each of the 2 arms. Mortality, mor-
bidity and specific toxicity will also be evaluated. In
addition to these analyses, translational research will be
conducted to determine immunological markers of the
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efficacy of catumaxomab and to correlate these markers
with clinical efficacy.
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