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Christoph Schuhmacher

Received: 19 May 2014 / Accepted: 23 August 2014 / Published online: 12 September 2014

� The International Gastric Cancer Association and The Japanese Gastric Cancer Association 2014

Abstract

Background Postoperative relapse rate after gastrectomy

and perioperative chemotherapy remain high in patients

with advanced gastric cancer due to the spread of dis-

seminated tumour cells in the peritoneal cavity. Perioper-

ative administration of catumaxomab could potentially

eliminate residual tumour cells after intended curative

resection of the primary tumour.

Methods This open-label, phase II study investigated the

safety and efficacy of catumaxomab following neoadjuvant

chemotherapy and subsequent surgery in patients with

resectable (T2–4, N?, M0) gastric adenocarcinoma.

Patients received catumaxomab intra- (single 10 lg dose)

and postoperatively (10, 20, 50 and 150 lg on days 7, 10,

13 and 16, respectively). The primary endpoint was the

postoperative complication rate (maximum rate defined as

\62 %) within 30 days after surgery in patients who

received at least the first catumaxomab dose.

Results Of 64 patients treated with neoadjuvant chemo-

therapy, 58 underwent surgery and 54 received at least the

first catumaxomab dose. Postoperative complications were

reported in 18 of 54 evaluable patients (complication rate

33 %; 95 % confidence interval: 21–48 %); thus, the pri-

mary endpoint was met. The most frequent complications

were pulmonary infection (17 %) and anastomosis insuf-

ficiency requiring surgery (11 %). The most common

catumaxomab-related adverse events were pyrexia (67 %),

leucocytosis (19 %), abdominal pain (17 %) and chills

(17 %). The 4-year disease-free and overall survival rates

were 38 and 50 %.

Conclusion Intra- and postoperative administration of

catumaxomab as part of a multimodal treatment approach

was feasible and tolerable in patients with advanced gastric

cancer and should be further investigated in a randomised

trial.
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Abbreviations

C cisplatin

CI confidence interval

CT computed tomography

DFS disease-free survival

E epirubicin

EoT end of treatment

EpCAM epithelial cell-adhesion molecule

F 5-fluorouracil

HR hazard ratio

O oxaliplatin

OS overall survival

RECIST Response Evaluation Criteria in Solid Tumours

TNM tumour, lymph node and metastasis

UICC Union for International Cancer Control

ULN upper limit of normal

X capecitabine

Introduction

Globally, gastric cancer is the fourth most common form of

cancer after lung, breast and colorectal, with an estimated

990,000 new cases in 2008, accounting for 8 % of all new

cancer cases [1]. In Europe, although the incidence of

gastric cancer and its associated mortality are declining, it

still accounts for approximately 107,000 deaths annually

[2]. Localised gastric cancer is usually managed by a

multimodal approach involving surgery, chemotherapy

and/or radio (chemo) therapy, with surgical resection being

the cornerstone of treatment [3, 4]. Molecular targeted

agents are used in the palliative setting, e.g., trastuzumab

for human epidermal growth factor receptor 2-positive

metastatic disease or ramucirumab as salvage treatment,

but are not yet established as part of perioperative therapy

in resectable cases [5, 6].

Compared with surgery alone, the combination of peri-

operative chemotherapy with surgery has been shown to

significantly improve survival in patients with locally

advanced gastroesophageal and gastric cancer [7–9]. In

patients without preoperative treatment, adjuvant chemo-

therapy or radiochemotherapy is associated with a statis-

tically significant survival benefit in terms of overall

survival (OS) and disease-free survival (DFS) compared to

surgery alone [10, 11]. However, the postoperative relapse

rate after perioperative and adjuvant chemotherapy is still

high, predominantly owing to the spread of disseminated

micro-metastatic tumour cells in the peritoneal cavity,

which occurs in approximately 20–30 % of patients with

advanced gastric cancer [12, 13]. Peritoneal carcinomatosis

is the main site (about 40–50 %) of recurrence after

curative resection of the primary tumour [14–16]. In

addition, although perioperative chemotherapy improves

survival, nearly half of patients are unable to tolerate or

complete postoperative chemotherapy, usually due to pro-

longed recovery or postoperative complications [8, 9].

The targeted immunotherapy catumaxomab [Rem-

ovab�, Neovii (formerly Fresenius) Biotech GmbH,

Munich, Germany] has been approved in the European

Union since April 2009 for the intraperitoneal treatment of

malignant ascites in patients with epithelial cell-adhesion

molecule (EpCAM)-positive carcinomas for whom no

further standard therapy is available or feasible [17, 18].

Catumaxomab, a trifunctional antibody, has two different

antigen-binding sites for EpCAM on tumour cells and CD3

receptors on T cells, respectively, plus a functional Fc

domain that binds to type I, IIa and III Fcc receptors on

accessory cells, e.g., natural killer cells, macrophages and

dendritic cells [19]. Catumaxomab exerts its antitumour

activity via a complex immune reaction at the tumour site

involving T cell-mediated lysis, antibody-dependent cell-

mediated cytotoxicity and phagocytosis, resulting in tar-

geted elimination of tumour cells [20].

Catumaxomab has demonstrated efficacy and acceptable

tolerability in the treatment of malignant ascites and has

shown promising results in the treatment of advanced intra-

abdominal carcinoma, peritoneal carcinomatosis, gastric

cancer and ovarian cancer [17, 21, 22].

In the pivotal study, 258 patients with various epithelial

cancers, mainly ovarian (50 %) and gastric (25 %) cancer

with chemotherapy refractory ascites, were randomised to

paracentesis with or without catumaxomab. In the pooled

patient population, a significant prolongation of puncture-

free survival was shown [hazard ratio (HR) 0.254; 95 %

confidence interval (CI) 0.185–0.35; p\ 0.0001] [17]. The

beneficial trend in overall survival of the pooled population

(HR 0.723, 95 % CI 0.498–1.048; p = 0.085) was mark-

edly increased and significant in the gastric cancer sub-

group (HR 0.469, 95 % CI 0.232–0.951; p = 0.031). Most

relevant, grade 3/4 adverse events were abdominal pain

(9.6 % of patients), pyrexia (5.7 %), nausea (3.2 %),

vomiting (2.5 %), anorexia (3.2 %), lymphopenia (7.0 %)

and an increase in gamma-glutamyltransferase (5.7 %).

Based on the proven efficacy and acceptable overall tol-

erability with rare grade 3/4 toxicities, further evaluation of

catumaxomab in earlier treatment lines seemed reasonable.

Perioperative application of catumaxomab may provide

the opportunity to eliminate disseminated tumour cells

arising from gastric adenocarcinoma after intended cura-

tive resection of the primary tumour. This phase II study

evaluated standard neoadjuvant chemotherapy given over

three cycles followed by surgery together with intra- and

postoperative application of intraperitoneal catumaxomab

as a novel multimodal treatment concept for locally
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advanced gastric cancer. The primary objective was to

determine the safety, tolerability and feasibility of this

approach.

Patients and methods

Study design

This open-label, multicentre (Austria, Germany, Spain and

the UK) phase II study investigated the safety and feasi-

bility of catumaxomab after neoadjuvant chemotherapy in

patients with a confirmed diagnosis of gastric adenocarci-

noma and at risk for dissemination of tumour cells due to

serosal infiltration or positive lymph nodes after subtotal or

total gastrectomy with en bloc lymphadenectomy. Before

surgery, patients received neoadjuvant chemotherapy con-

sisting of three 21-day cycles. Two (±1) weeks after the

last dose of chemotherapy, tumour re-staging [Union for

International Cancer Control (UICC) tumour, lymph node

and metastasis (TNM) stage] was performed and response

to chemotherapy [Response Evaluation Criteria In Solid

Tumours (RECIST), version 1.0] was assessed. At the

investigator’s discretion, 1-week therapy interruptions

could be taken between chemotherapy cycles and dose

reductions were permitted in the case of unacceptable

toxicity. Surgery was performed within a time window of 4

(±2) weeks after completion of at least one cycle of neo-

adjuvant chemotherapy according to the D2 standard

resection scheme [4].

The duration of surgery, number and region of lymph

nodes dissected, histopathological status after resection,

histological response to chemotherapy according to the

Becker criteria and histological examination of all dis-

sected lymph nodes (C15 lymph nodes) were recorded. If

the intended surgical R0 resection could not be performed,

a patient was nevertheless permitted to receive treatment

with catumaxomab. Patients were excluded from catu-

maxomab therapy if distant haematogenic and lympho-

genic metastases or peritoneal carcinomatosis were present

(except for locally limited peritoneal carcinomatosis at the

site of T3/T4 tumours), if thoracotomy and/or pancreas

resection was required, or if tumour resection was not

possible.

The study was designed, conducted and evaluated in

compliance with the International Conference on Harmo-

nisation guidelines on Good Clinical Practice, the Decla-

ration of Helsinki and local regulatory requirements. All

patients provided written informed consent before study

admission. The study protocol, patient information sheet

and informed consent form were approved by the inde-

pendent ethics committee/institutional review board and

competent authorities for each centre.

Endpoints

The primary endpoint was the rate of all predefined specific

postoperative complications newly observed within

30 days after surgery in study patients who received at

least the first dose of catumaxomab. Based on the results of

the Medical Research Council Adjuvant Gastric Infusional

Chemotherapy (MAGIC) trial [8], which reported an

overall postoperative complication rate of 52 % (46 %

complications and 6 % deaths) in patients with adenocar-

cinoma of the stomach, oesophagogastric junction or lower

oesophagus, the maximum acceptable complication rate in

this study was set at 62 %. Specific postoperative compli-

cations were defined as any death; any abscess requiring

intervention (e.g., surgery or drainage); symptomatic cho-

lecystitis verified by ultrasound or computed tomography

(CT) scan; symptomatic pancreatitis verified by CT scan

and at least one of the following objective diagnostic

measurements: serum amylase [39 the upper limit of

normal (ULN) and serum lipase [3 9 ULN; pulmonary

infection verified by chest X-ray or CT scan; abdominal

haemorrhage requiring any therapy; anastomosis insuffi-

ciency requiring surgery; ileus with grade IV clinical

symptoms or requiring any surgical therapy; thromboem-

bolism verified by at least one of the following objective

diagnostic measurements: positive lung ventilation/perfu-

sion scan (high probability according to Prospective

Investigation of Pulmonary Embolism Diagnosis study

criteria [23]), angiography or CT scan.

Adverse events (graded according to the National Can-

cer Institute Common Terminology Criteria for Adverse

Events, version 3.0), laboratory results and vital functions

were secondary safety endpoints. A further objective was

to evaluate efficacy, determined by DFS and OS (calcu-

lated by Kaplan-Meier analysis from screening) within a

4-year follow-up period after the end of treatment (EoT)

visit.

Patients

Patients aged C18 years, with a primary diagnosis of a

histologically confirmed gastric adenocarcinoma, including

Siewert type 2 or 3 tumours of the gastroesophageal

junction, TNM staging of T2/T3/T4, N±, M0 at screening,

intended curative subtotal or total gastrectomy with en bloc

R0-resection according to the standard D2 scheme, a

Karnofsky Index score C70 and a negative pregnancy

blood test for women of childbearing potential were eli-

gible for inclusion in this study. Exclusion criteria included

exposure to prior cancer treatment (surgery, chemotherapy

or radiotherapy) or planned adjuvant chemotherapy or

radiotherapy before the EoT visit; prior diagnosis of any

malignancy not cured by surgery alone \5 years before
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study entry, except for cervical carcinoma in situ and

adequately treated non-melanoma skin cancer; previous

use of non-humanised monoclonal mouse or rat antibodies;

known or suspected hypersensitivity or allergy to catu-

maxomab or to similar antibodies or to any of the planned

neoadjuvant chemotherapies; the presence of distant

metastases; constant immunosuppressive therapy; bilateral

pleural effusion; hypo-albuminaemia associated with hyp-

ovolaemia and hypotension; inadequate renal, hepatic or

bone marrow function; symptomatic pyloric stenosis or any

acute or chronic systemic infection or bowel obstruction

within the previous 30 days.

Staging

Tumour staging, using routine diagnostic measures as

clinically indicated (e.g., X-rays, computed tomography,

magnetic resonance imaging, sonography, endoscopy.

etc.), was performed at screening to determine the initial

clinical TNM status and after chemotherapy at the post-

chemotherapy control visit to determine the preoperative

TNM status. Tumour staging was performed after surgery

for the pathological TNM (pTNM) status, taking into

account the final histopathological results.

Treatment

Prior to surgery and the start of catumaxomab treatment, all

patients received neoadjuvant chemotherapy consisting of

(1) epirubicin (E) 50 mg/m2 intravenous bolus on day 1,

plus cisplatin (C) 60 mg/m2 4-h intravenous infusion on

day 1 and capecitabine (X) 625 mg/m2 oral twice daily

(ECX) on days 1–21; (2) E plus oxaliplatin (O) 130 mg/m2

2-h intravenous infusion on day 1 and X (EOX); (3) E plus

C and 5-fluorouracil (F) 200 mg/m2/day continuous intra-

venous infusion over 21 days via an intravenous port sys-

tem or 2,000 mg/m2/day 24-h infusion once weekly, with

folic acid 500 mg/m2 administered 2 h before each infu-

sion (ECF); or (4) E plus O and F (EOF), depending on the

choice of the investigator. Catumaxomab treatment con-

sisted of an initial 10 lg dose administered intraperitone-

ally directly into the abdomen at the end of the surgery

after resection but before wound closure. The subsequent

postoperative doses (10, 20, 50 and 150 lg) were admin-

istered as 3-h intraperitoneal infusions using an abdominal

intraperitoneal port on days 7, 10, 13 and 16, respectively,

after surgery. Thirty minutes before each infusion, patients

received paracetamol 1,000 mg as premedication (intra-

venously over 15 min intraoperatively and orally postop-

eratively). Other nonsteroidal, antiinflammatory drugs

(e.g., ibuprofen) could be given as an alternative at the

discretion of the investigator. To enable optimal distribu-

tion of catumaxomab, 500 ml of 0.9 % sodium chloride

solution was administered intraperitoneally before each

postoperative catumaxomab infusion. The minimal time

interval between two catumaxomab infusions was 72 h,

and the total treatment period was not to exceed 21 days.

The EoT visit occurred 1 month (±1 week) after the last

catumaxomab infusion or after surgery if the patient was

excluded from catumaxomab therapy. During the follow-

up period, patients were assessed (via telephone calls or

personal visits) at 3, 6, 9, 12, 18, 24, 36 and 48 months

(±2 weeks) after the EoT.

Statistics

The study design was customised to the specific binary

endpoint of postoperative complications with an opposite

scale, i.e., low rates are favourable. The study hypothesis

was defined as H0: c0 C 62 % versus H1: c1 B 42 %,

where c is the postoperative complication rate. The mini-

mum complication rate for a poor outcome was 62 %,

while the maximum complication rate for a good outcome

was 42 %. If the complication rate was C62 %, the regi-

men would be considered unsuitable and if B42 % would

be considered suitable for further investigation. If the

complication rate was B51 %, the hypothesis that the

complication rate is C62 % would be rejected. If the

complication rate was C53 %, the hypothesis that the

complication rate is B42 % would be rejected. The tar-

get alpha level [probability for a wrong positive decision to

continue with an unsafe (c C c0) regimen] was set at 10 %.

The target beta level [probability for a wrong negative

decision to stop a safe (c B c1) regimen] was set at 10 %,

corresponding to a power of 90 %. Based on these

assumptions, 43 evaluable patients were required.

Results

Patients and treatment

Of 70 patients screened, 64 (all-patients-treated set)

received at least the first cycle (47 patients received all

three planned cycles) of neoadjuvant chemotherapy,

mainly ECX (n = 36) and EOX (n = 8). Of these patients,

58 underwent surgery and 54 (safety analysis set) received

at least the first dose of catumaxomab and were therefore

evaluable for the primary safety endpoint. Gastric adeno-

carcinoma was histologically confirmed for all 54 patients

(100 %). CT was applied in 94 %, gastroscopy in 69 % and

endosonography in 59 % of patients, respectively. The

T-status of the primary tumour could not be assessed in

three patients (6 %), at screening or during the post-che-

motherapy visit, but the tumour stage was assessed during

surgery. All other patients fulfilled the required T2/3/4, N±
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and M0 tumour status at screening. Patients’ baseline

characteristics are shown in Table 1.

After neoadjuvant chemotherapy, 3 patients (6 %) had a

complete response, 13 (24 %) had a partial response, 19

(35 %) had stable disease, 1 (2 %) had progressive disease,

and 18 (33 %) had no response recorded according to

RECIST. Using the Becker criteria, a complete or subtotal

regression (\10 % residual tumour) was reported for 11

patients (20 %), a partial regression was reported for 16

(30 %), 21 (39 %) had minimal or no tumour regression

([50 % residual tumour), and no pathological response

was documented for 6 patients (11 %) [24]. Resection of

the primary gastric adenocarcinoma was possible in all 54

patients who were treated intraoperatively with catumax-

omab. The planned D2 dissection was performed in 47

patients (87 %) and dissection of lymph nodes was per-

formed in all 54 patients. The mean number of dissected

lymph nodes was 26. After surgery, 53 of 54 patients

(98 %) had no residual tumour and were classified as R0;

one patient had microscopic residual tumour classified as

R1. According to the pathological TNM staging after

neoadjuvant chemotherapy, 28 % of patients were stage I,

28 % stage II, 22 % stage III and 15 % stage IV. The

remaining 7 % of patients had no evidence of disease. Re-

surgery was necessary in ten patients (19 %). Four patients

underwent a second re-surgery and two patients had a third

re-surgery. The main reason for the overall 16 re-surgeries

were anastomotic leakage (n = 8), abscess (n = 2), peri-

tonitis (n = 2) and wound closure problems (n = 2).

Thirty patients (56 %) received all five doses of catumax-

omab (per-protocol set). Twenty-four patients (44 %) dis-

continued catumaxomab treatment prematurely but

continued in the study. Most of these patients (n = 11;

20 %) discontinued after the intraoperative dose of catu-

maxomab or after the first postoperative dose (n = 8;

15 %). The main reasons for premature discontinuation

were the occurrence of adverse events (n = 17) and

withdrawal of consent (n = 3).

Postoperative complications

Predefined postoperative complications were reported in 18

of 54 evaluable patients, resulting in a postoperative

complication rate of 33 % (95 % confidence interval

21–48 %) (Table 2). The primary endpoint (maximum

complication rate \62 %) was therefore met. The most

frequent complications were pulmonary infection (n = 9;

17 %) and anastomosis insufficiency requiring surgery

(n = 6; 11 %). No death was observed within 30 days after

surgery.

Safety

Adverse events (n = 623) that occurred after the first dose

of catumaxomab were reported in all 54 patients. Thirty-

eight patients (70 %) experienced grade C3 adverse events:

the most common were abdominal pain, systemic inflam-

matory response syndrome (SIRS) and anastomotic com-

plications (each observed in five patients; 9 %). Serious

adverse events were observed in 22 patients (41 %). No

patient died before the EoT visit. Overall 269 adverse

Table 1 Patients’ baseline characteristics (safety analysis set;

n = 54)

Characteristic Number of patients (%)

Male/female, n (%) 37 (69)/17 (31)

Median age (range), years 59 (37–73)

Median weight (range), kg 76 (55–115)

Karnofsky Index, n (%)

80 3 (6)

90 27 (50)

100 24 (44)

Initial TNM stage, n (%)

TXN0M0 1 (2)

T2N0M0 2 (4)

T2N1M0 4 (7)

T2NXM0 1 (2)

T3N0M0 9 (17)

T3N1M0 14 (26)

T3N2M0 2 (4)

T3NXM0 18 (33)

T4NXM0 1 (2)

TXN1M0 2 (4)

Table 2 Postoperative complications (safety analysis set; n = 54)

Postoperative complication Number of

patients (%)

95 %

CI

Any postoperative complication 18 (33) 21–48

Pulmonary infection verified by chest

X-ray or CT scan

9 (17) 8–29

Anastomosis insufficiency requiring

surgery

6 (11) 4–23

Any abscess requiring an intervention 4 (7) 2–18

Symptomatic pancreatitis 2 (4) 1–13

Thromboembolism 2 (4) 1–13

Abdominal haemorrhage requiring any

therapy

1 (2) 0–10

Death within 30 days after surgery 0 (0) 0–7

Symptomatic cholecystitis verified by

ultrasound or CT scan

0 (0) 0–7

Ileus with grade IV clinical symptoms or

requiring surgery

0 (0) 0–7

CI confidence interval, CT computed tomography
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events were regarded as related to catumaxomab treatment.

The most common catumaxomab-related adverse events

were pyrexia (n = 36; 67 %), leucocytosis (n = 10;

19 %), abdominal pain (n = 9; 17 %) and chills (n = 9;

17 %) (Table 3). Twenty-eight patients (52 %) experi-

enced grade C3 catumaxomab-related adverse events: the

most common were hypotension (n = 4; 7 %), increased

gamma-glutamyltransferase (n = 4), abdominal pain

(n = 3; 6 %), SIRS (n = 3) and hypertension (n = 3)

(Table 3). Serious adverse events related to catumaxomab

treatment were observed in 13 patients (24 %). Most

adverse events had completely resolved at the EoT. When

assessed by infusion period (Table 4), the highest inci-

dence of adverse events occurred after the intraoperative

dose, with 96 % of patients experiencing any adverse event

and 76 % experiencing a catumaxomab-related adverse

event. Postoperative doses were better tolerated: the inci-

dence of adverse events and catumaxomab-related adverse

events decreased with each subsequent infusion to 30 %

and 23 % of patients, respectively, after the fourth post-

operative infusion (Table 4).

Efficacy

At the 4-year follow-up visit, 24 patients were alive, 24 had

died, and information was unavailable for 6 [1 of whom

was lost to follow-up, 5 withdrew informed consent after

the first (2) and second (1 patient) dose of the study drug,

and the remaining two patients, who discontinued the study

drug after first dose because of adverse events, received

off-protocol postoperative chemotherapy and withdrew

consent for further follow-up thereafter]. None of the

deaths were reported as an adverse event and tumour

progression was observed before death in 22 patients.

Twenty patients had no disease progression and 28 had

relapsed [13 with lymph node involvement, 14 with hae-

matological metastasis (including lung, liver and bone), 10

with local relapse, 14 with peritoneal carcinomatosis and

12 with other types of relapse]. The DFS and OS rates are

shown in Table 5. The 4-year DFS and OS rates were 38 %

and 50 %. DFS and OS from surgery are shown in Fig. 1a,

b, respectively.

Discussion

In this phase II study with 4-year follow-up of catumax-

omab as part of a multimodal therapy approach in primarily

resectable gastric cancer, the primary endpoint was the rate

of postoperative complications observed within 30 days

after surgery. Postoperative complications occurred in 18

of 54 (33 %) evaluable patients. Thus, the 33 % rate was

less than the predefined maximum acceptable complication

rate of 62 % and is in the range of postoperative compli-

cation rates reported after surgery and neoadjuvant che-

motherapy in patients with gastric or gastro-oesophageal

adenocarcinoma (26–46 %) [8, 9, 25].

The most frequent postoperative complications were

pulmonary infection (17 %) and anastomosis insufficiency

requiring surgery (11 %). In addition, respiratory and

pleural complications were reported (Table 3). Infectious

and noninfectious complications of the respiratory tract,

such as pneumonia, pleural empyema, pleuritis and pleural

effusion, are common postoperative adverse events after

gastrectomy [26–28]. The incidence of anastomosis insuf-

ficiency largely varies ranging from 2.3–4.3 % in ran-

domised phase III trials with or without preoperative

chemotherapy to 9 % in observational registries and even

Table 3 Catumaxomab-related adverse events: any grade occurring

in C5 % of patients and all grade C3 (safety analysis set, n = 54)

Number of patients

(%)

Adverse event All grades Grade C3

Cytokine-release related

Pyrexia 36 (67) 2 (4)

Leucocytosis 10 (19) –

Chills 9 (17) –

Hypotension 8 (15) 4 (7)

Systemic inflammatory response syndrome 7 (13) 3 (6)

Nausea 7 (13) –

Vomiting 5 (9) –

Body temperature increased 5 (9) –

Tachycardia 4 (7) –

Laboratory

Gamma-glutamyltransferase increased 4 (7) 4 (7)

Anaemia 4 (7) –

Bilirubin increased – 1 (2)

Other

Abdominal pain 9 (17) 3 (6)

Pain 7 (13) –

Diarrhoea 6 (11) 2 (4)

Hypertension 4 (7) 3 (6)

Fatigue 4 (7) –

Respiratory failure 3 (6) 2 (4)

Upper abdominal pain 3 (6) –

Pleural effusion 3 (6) –

Rash 3 (6) –

Pneumonia – 2 (4)

Anastomotic complication – 2 (4)

Respiratory distress – 2 (4)

Abdominal abscess – 1 (2)

Acute respiratory distress syndrome – 1 (2)
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15.7 % in single arm phase II trials with intensified neo-

adjuvant treatment [7, 25, 28–30]. Although limited by the

relatively small number of patients in this trial, a potential

influence of intra- and postoperative catumaxomab on

anastomosis insufficiency cannot be excluded.

Most adverse events were reported after the intraoper-

ative (first) dose of catumaxomab and their frequency and

intensity decreased with each postoperative infusion. In

addition, most grade C3 adverse events occurred after the

intraoperative and first postoperative doses and substan-

tially declined after the third and fourth infusions (data not

shown).

The standard catumaxomab dose schedule of four con-

secutive intraperitoneal infusions of 10, 20, 50 and 150 lg
following the intraoperative dose showed acceptable tol-

erability in patients after intended curative resection of

confirmed gastric cancer. The most common catumax-

omab-related adverse events were pyrexia, leucocytosis,

abdominal pain and chills, which were most probably

caused by the release of cytokines (pyrexia, chills) or the

intraperitoneal route of administration (abdominal pain).

The adverse events were mostly mild to moderate, were

reversible with symptomatic treatment and had a typical

duration of \2 days. Overall, the safety results for the

standard catumaxomab dose schedule reflect its known

mode of action and are generally in line with the expected

pattern of adverse events reported in previous clinical

studies [17, 21, 22].

Postoperative relapse rates after perioperative and

adjuvant chemotherapy remain high because of the spread

of disseminated, micro-metastatic tumour cells in the per-

itoneal cavity. Furthermore, more than half of patients are

unable to receive adjuvant chemotherapy, because of pro-

longed recovery or postoperative complications [8, 9].

Table 4 Adverse events by infusion period (safety analysis set)

Infusion period Overall Catumaxomab related

Number of

patients (%)

Number of

events

Number of

patients (%)

Number of

events

Intraoperative dose (n = 54)

Start day of first dose until day before second dose/start day of first dose

?7 days, if last dose

52 (96) 295 41 (76) 93

First postoperative dose (n = 43)

Start day of second dose until day before third dose/start day of second

dose ?3 days, if last dose

35 (81) 118 29 (67) 85

Second postoperative dose (n = 35)

Start day of third dose until day before fourth dose/start day of fourth

dose ?3 days, if last dose

26 (74) 74 24 (69) 61

Third postoperative dose (n = 31)

Start day of fourth dose until day before fifth dose/start day of fifth dose

?3 days, if last dose

16 (52) 30 11 (36) 17

Fourth postoperative dose (n = 30)

Start day of fifth dose ?3 days

9 (30) 10 7 (23) 7

After last infusion to end-of-treatment visit (n = 54)

Start day of last dose ?4 days (8 days if first dose) until end of

treatment visit

24 (44) 88 5 (9) 6

First postoperative dose to end of treatment visit (n = 43)

Period of postoperative doses excluding the catumaxomab bolus given

intraoperatively

42 (98) 282 39 (91) 175

Table 5 Disease-free survival and overall survival rates from

screening (safety analysis set, n = 54)

Survival rate

(%)

95 %

CI

Number of patients failed/

left

DFS

1 year 71 56–82 14/34

2 years 48 33–61 25/23

3 years 42 28–55 28/20

4 years 38 24–51 30/18

OS

1 year 94 82–98 3/45

2 years 71 56–82 14/34

3 years 54 39–67 22/26

4 years 50 35–63 24/24

CI confidence interval, DFS disease-free survival, OS overall survival
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Thus, new treatment options are required. Catumaxomab as

part of a multimodal therapy approach seems to be a pos-

sible option. The intra- and postoperative intraperitoneal

administration of catumaxomab was designed to achieve

high local concentrations at the required site of action, with

the aim of eliminating residual EpCAM-positive cancer

cells in the peritoneal cavity after downstaging of the

tumour by neoadjuvant chemotherapy and curative resec-

tion of the primary tumour. This study demonstrates that

immunotherapy with catumaxomab is feasible and might

be integrated into the perioperative setting together with

chemotherapy. The preoperative chemotherapeutic regi-

men chosen for our study was based on the ECF regimen

used in the MAGIC trial and adapted according to the

results of the REAL2 study [8, 31]. Intra- and postoperative

catumaxomab in combination with neoadjuvant chemo-

therapy and surgery resulted in 4-year DFS and OS rates of

38 % and 50 %, respectively. The efficacy results of this

study are within the expected range for a perioperative

treatment approach [7–9].

However, out of 54 patients starting catumaxomab after

resection, 24 stopped treatment early mainly because of

adverse events, indicating limited tolerability of this

intraperitoneal treatment approach directly after major

abdominal surgery. These numbers are similar to the rates

for the standard perioperative multimodality approach with

only about 40 % of patients completing postoperative

treatment, if chemotherapy is applied [8, 9]. Thus, the

intra- and postoperative administration of catumaxomab

does not seem to relevantly increase rates of completing

adjuvant treatment compared to chemotherapy. The noted

rate of peritoneal relapse in half of relapsing patients (14

out of 28) seems to be similar to previous reports. How-

ever, notwithstanding the limited interpretation of results

based on the relatively small number of patients, the rather

high rate of peritoneal recurrence despite applying a drug

targeting peritoneal dissemination has to be considered.

The most critical issue seems to be the distinct diagnosis of

peritoneal recurrence as previously shown for a patient

treated within this trial with inflammatory lesions

Fig. 1 Kaplan-Meier survival

analysis (safety analysis set,

n = 54). a Disease-free

survival; b overall survival (4-

year follow-up)
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mimicking peritoneal carcinomatosis on imaging and

macroscopically [32]. Therefore, this case was published

and trial sites were advised to confirm suspicion of peri-

toneal carcinomatosis on imaging by histological verifica-

tion. However, the rate of confirmatory histological

evaluation remained low because of the invasiveness of the

procedure and reluctance of patients and treating physi-

cians. Thus, the rate of peritoneal recurrence in this trial

using an intraperitoneal immunologic treatment might be

overestimated and should be interpreted with caution.

In conclusion, the primary endpoint of the study (the

postoperative complication rate) was met. This, together

with the safety results, shows that the intra- and postop-

erative administration of catumaxomab seems to be feasi-

ble and tolerable. The tolerability profile of the

postoperative catumaxomab doses was consistent with that

reported in previous clinical studies. The efficacy results

are within the range of other perioperative treatment

approaches and might thus be further investigated in a

randomised trial as part of a multimodal treatment

approach in patients with advanced gastric cancer.
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