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ABSTRACT

Background. Catumaxomab (CATU) is a trifunctional antibody
approved for intraperitoneal (i.p.) treatment of malignant ascites
(MA)relatedtocarcinomasexpressingtheepithelial cell-adhesion
molecule (EpCAM). CATU ismostly given to hospitalized patients,
although outpatient treatment seems appropriate in selected
individuals.Thisobservational trial sought toobtainmoredetailed
information regarding the feasibility of CATU in outpatients with
MA related to various gynecologic tumors, including epithelial
ovarian (EOC) andmetastatic breast cancer (MBC).
Materials andMethods. A total of 30 patientswere included, 17
with EOC, 7withMBC, and6with othermalignancies.The patients
hadfailedamedianof5(range1–12)previoussystemictreatments.
CATU was administered via an indwelling i.p. catheter at four
increasingdoses(i.e.,10,20,50,and150mg)givenat4-dayintervals
over 2 weeks. Toxicities were scored according to the Common
TerminologyCriteriaforAdverseEvents,version4.03.Puncture-free
survival (PuFS)was calculated from the start of CATUuntil the next
puncture for MA, death, or loss to follow-up. Overall survival (OS)
was calculated from the start of CATU to death fromany reason or
losstofollow-up.Wealso investigatedvariousclinicalparametersto
predict PuFS andOS.These includedage, tumor type, performance
status, intensity of pretreatment, presence of extraperitoneal

metastases, relative lymphocyte count at baseline, patient adher-
ence to therapy, and the patients’ ability to undergo systemic
treatment after CATU.
Results. CATUwas exclusively given on anoutpatient basis, and 19
patients (63.3%) received all four planned i.p. instillations. Toxicity
was the reason for discontinuation in only 2 patients. Toxicity was
generally manageable, with abdominal pain, nausea/vomiting,
fatigue, and fever the predominant adverse effects. Secondary
hospitalization was necessary for 7 patients (23.3%), with a general
deteriorated condition in5and fever/infectionorabdominal pain in
1 patient each. Subsequent systemic treatment was possible in 11
patients(36.7%).Only5patients(16.7%)requiredasecondpuncture
after i.p. CATU.The median PuFS was 56 days, and the median OS
was 79.5 days. Positive predictors of both PuFS and OS were
performancestatus,absenceofextraperitonealtumor,thecapability
to receive all four CATU infusions, and the ability to undergo
subsequent systemic treatment.
Conclusion. Outpatient i.p. CATU therapy for MA related to
various gynecologic carcinomas is safe and effective in pro-
ducing good ascites control in most individuals, allowing for
subsequent systemic therapy in a substantial proportion of
patients. The Oncologist 2015;20:1333–1341

Implications for Practice: Intraperitoneal treatment with the trifunctional antibody catumaxomab (CATU) was possible in
a selected population of 30 outpatients with malignant ascites due to epithelial female genital tract or breast carcinoma.
Toxicity was largely manageable. Patients in good condition at baseline, without extraperitoneal tumor and/or liver
metastases, and with the ability to complete all four planned CATU instillations and the capability of undergoing subsequent
systemic therapy benefited the most in terms of both puncture-free and overall survival. Outpatient i.p. CATU is safe and
effective in a selected group of patients with malignant ascites due to various gynecologic malignancies and could be cost-
saving compared with an inpatient approach.
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INTRODUCTION

Malignantascites (MA) is oneof themost frequent sequelaeof
peritoneal spread of both intra- and extra-abdominal tumors.
The major underlying causes of MA include gynecologic
malignancies (e.g., epithelial ovarian, primary peritoneal,
fallopian tube, uterine, cervical, and breast cancer), gastroin-
testinal carcinomas (e.g., stomach, pancreatic, colorectal, and
esophageal cancer), lung cancer, malignant mesothelioma,
and malignant lymphoma [1]. In many cancer patients, the
occurrenceofMAassociatedwithperitoneal carcinomatosis is
related to a poor prognosis [1, 2]. Patients who develop MA
often experience troublesome symptoms such as abdominal
swelling and pressure, dyspnea, pelvic pain, bloating, bowel
dysfunction (constipation and/or diarrhea), or urination,
which alone or combined might significantly deteriorate their
performance status and, subsequently, their quality of life
(QoL). Until now, the therapeutic options in this demanding
oncologic situation have been limited andmainly included the
administration of diuretics, repeated punctures, peritoneove-
nous shunting, and intravenous (i.v.) or intraperitoneal (i.p.)
chemotherapy [3–7]. Although exhibiting short-lived effects,
repeated paracentesis has been considered the standard of
care to palliate patients with MA for a long time, because it is
easy to perform, applicable to outpatients, inexpensive, and
not risky for the vast majority of individuals [3, 4, 7].

Catumaxomab (CATU) is a nonhumanized, trifunctional,
bispecific, monoclonal antibody combining two half-antibodies
of bothmouse (IgG2a) and rat (IgG2b) origin. One Fab fragment
(themouseIgG2a)bindstotheepithelial cell-adhesionmolecule
(EpCAM), which is present on the surface of most epithelial
tumors of nonsquamous differentiation [8]. The rat IgG2b
antigen-binding site recognizesCD3, a part of theT-cell receptor
complex [9]. The Fc foot of the antibody binds to accessorial
cells, which express the Fcg receptors I and III (macrophages,
dendritic cells, natural killer cells) [10]. By bridging the gap
between tumor cells and different components of the immune
system, CATU is thought to facilitate the establishment of an
autologous T-cell-mediated antitumor immunoresponse. In-
deed, i.p. application of CATU results in the release of cytokines
derivedby immune cells such as interleukin (IL)-1b, IL-2, IL-6, IL-
12, and dendritic cell cytokine 1 [11]. In two early clinical trials,
i.p. CATUwas found tobe feasible andactiveagainstMArelated
to epithelial malignancies [12, 13].This resulted in the initiation
of a pivotal, randomized phase II/III study in patients with
symptomatic MA caused by different epithelial malignancies.
In this trial, the superiority of CATU compared with repeated
paracentesis was demonstrated in terms of a significant
improvement in puncture-free survival (PuFS) and a trend
toward improved overall survival (OS), which was even signif-
icant in the subgroupofpatientswithgastric cancer [14]. InApril
2009, CATU was approved in the European Union for the
treatment of MA in patients with EpCAM-positive epithelial
tumors for which a standard therapy is not available or is no
longer feasible [15]. Most notably, CATU is the only specific
treatment approved for this indication so far.The side effects of
CATU, which are mostly related to cytokine release, such as
fever, chills, nausea/vomiting, fatigue, and abdominal pain,
were frequent but generally short-lived and were rarely severe
[15,16].CATUwasabletosignificantlydelaythedeteriorationof

QoLcomparedwithparacentesis alone in thepivotal trial aswas
shown by Wimberger et al. [17]. The subsequent CASIMAS
(Catumaxomab Safety Phase IIIb Study With Intraperitoneal
Infusion in Patients With Malignant Ascites Due to Epithelial
Cancer) trial, which aimed at reducing the cytokine-related side
effectsofCATUbypremedicationwithlow-doseprednisoloneat
25 mg, failed to show any improvement in either toxicity or
efficacy compared with CATU alone. However, that study was
also able to demonstrate that reducing the infusion time from6
to3hoursadversely influencedneither toxicitynorefficacy [18].

In addition, various subgroup analyses of these phase II/III
trials were initiated to better define the prognostic indicators
for improved clinical outcomes after i.p. CATU therapy. In
particular, a good performance status, less-intensive pre-
treatment, thediagnosis ofeitherovarianorgastric cancer, the
absence of extraperitoneal lesions, including liver metastases,
a relative lymphocyte count (RLC) of .13% before therapy,
a humoral response to CATU indicated by the appearance of
human anti-mouse antibodies, and the ability to undergo
subsequent systemic treatmentswere found tohave apositive
impact on both ascites control and survival [14, 19–22].

Until now, most CATU treatments have been performed
after hospitalization of the patients for approximately 2 weeks.
Most physicians are still concerned about the potentially
occurring toxicities of CATU, although the side effects are
generally manageable and mostly of short duration. However,
the main reason for inpatient CATU treatment is that the drug
was primarily administered as a 6-hour i.p. infusion, which is
highly inconvenient for an outpatient setting. As a consequence
of the CASIMAS trial, the European Medicines Agency has now
approved the 3-hour i.p. instillation of CATU, greatly facilitating
its outpatient use. In the CARMA study, a recent multicenter,
prospective, noninterventional trial of i.p. CATU in a real-world
population of patients withMA from various epithelial tumors,
approximately27%of individualswere treatedonanoutpatient
basis, demonstrating that outpatient CATU therapy is both
feasible and safe with careful patient selection [23, 24]. The
present, observational, single-institution study was thus un-
dertaken to evaluate the efficacy and feasibility of CATU given
under routine clinical conditions tooutpatientswithMA related
tovariousgynecologicmalignancies.Wealso soughttoevaluate
the prognostic value of various parameters, such as perfor-
mance status, tumor type, pretreatment intensity, baselineRLC,
the absence or presence of extraperitoneal tumor spread,
including liver metastases, patient adherence to CATU therapy,
andpatients’ ability toundergo subsequent systemic treatment
forbothascitescontrolandsurvival ina real-worldpopulationof
patients.

PATIENTS AND METHODS

Patients
From2010to2014,30adultoutpatientswithsymptomaticMA
related to various gynecologic malignancies or metastatic
breast cancer received i.p. CATU, in accordance with its
approval status. Two patients with nongynecologic tumors
presenting with overt metastases involving the female genital
tract were also included.The patients’ baseline characteristics
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are summarized in Table 1. Patients were required to have
a Karnofsky performance status (KPS) score of $60% and an
estimated life expectancy of at least 8 weeks. The patients
were required to not have been exposed to any antineoplas-
tic medication (i.e., chemotherapy, endocrine agents, or any
other targeted drugs), high daily doses of systemic cortico-
steroids (i.e., dexamethasone or betamethasone .8 mg as a
single injection or equivalent doses of prednisone, predniso-
lone, ormethylprednisolone), or radiotherapy simultaneously
administered with CATU. Additionally, treatment with mis-
tletoe lectins or other immunomodulating agents was not
allowed during the CATU treatment period. Patients also did
not qualify for outpatient CATU treatment if any of the fol-
lowing were present: previous treatment with mouse and/or
rat antibodies, severe malnutrition or cachexia with a body
mass index after ascites drainage of less than 19 kg/m2 and/or
hypoproteinemia with a serum albumin level less than 20 g/L,
ascites related to conditions other than peritoneal carcino-
matosis (i.e., renal or cardiac insufficiency, severe hepatic
dysfunction and/or portal vein obstruction, peritoneal
inflammation), active infections or nonhealing wounds, a
history of organ transplantation, HIV-positivity or any other

permanent immunodeficiency, and any other uncontrolled
severe medical disorder.

Treatment
A few days before the initiation of CATU therapy, all patients
underwent a diagnostic puncture of the abdominal cavity to
confirm the malignant nature of the ascites by cytological
examination of the sample. If indicated (i.e., in invasive lobular
breast cancer and cervical carcinoma), EpCAM positivity was
determinedbysubsequent immunohistochemistry. Inall other
cases, immunohistochemical EpCAM staining was performed
whenever possible.

On the day of the first CATU instillation, a complete
laboratory evaluation was performed, including a white blood
cell count with leukocyte differentiation.Thereafter, a perma-
nent i.p. catheter system was inserted into the abdominal
cavity under aseptic conditions with abdominal ultrasound
guidance. Consecutively, CATU was infused for either 3 or
6 hours (depending on the actual approval status) via the
indwelling catheter on days 1, 4, 7, and 10 of a 2-week
interval at four increasing dosages (i.e., 10, 20, 50, and 150mg)
using an automated infusion pump. Before each CATU ap-
plication, all available ascites was drained. Standard premed-
ication included both i.v. antiemetics (granisetrone at 3 mg),
and i.v. antipyretics/pain killers (metamizole or paracetamole,
either at 1,000 mg) diluted in 250 mL of normal saline. Both
oral antiemetics (granisetrone 1 mg/day) and pain killers/
antipyretics (metamizole 3 3 500 mg/day, paracetamole
3–4 3 500 mg/day, ibuprofen 3 3 400–600 mg/day) were
routinely given on days 2, 3, 5, 6, 8, 9, and 11–14 of the entire
treatment interval. Moreover, patients with a low pretreat-
ment serum albumin level (i.e., ,30 g/L) received a supple-
ment of 100–200 mL of a 20% human albumin solution after
each CATU application. According to the results of the
CASIMAS trial, corticosteroids were not routinely adminis-
tered. However, corticosteroids, as well as opioids, could be
freely given at the physician’s discretion, providing the acute
dose did not exceed 8 mg for dexamethasone or equivalent
doses for low-potent compounds. In patients with no detect-
able amount of MA before the last CATU infusion, the i.p.
catheterwas removed immediately after. In all other cases, the
i.p. catheter was removed on day 14, providing that no clin-
ically relevant amount of ascites was detectable. The treat-
ment scheme is illustrated in Figure 1.

Treatment Evaluation and Statistical Analysis
Side effects were recorded using the National Cancer Institute
Common Terminology Criteria for Adverse Events (CTCAE),
version 4.03. The efficacy of CATU therapy was determined in
accordancewith previous phase III and IV trials [14, 18, 23, 24].
The puncture-free interval (PuFI) was calculated from the start
of CATUuntil thenextparacentesis requiredby theoccurrence
of symptomatic MA. OS was calculated from the start of CATU
to death from any reason or loss to follow-up. Puncture-free
survival (PuFS) was calculated from the start of CATU to the
next puncture required by the reappearance of MA or death
from any reason or loss to follow-up, whichever occurred
first. The median OS and PuFS were both determined using
Kaplan-Meier estimates, which also gave the 3-, 6-, and
12-month proportions for both OS and PuFS. Only 11 patients

Table 1. Baseline patient characteristics (n5 30)

Characteristic Value

Age at diagnosis (yr)

Median 58.5

Range 39–75

Tumor type (n)

Epithelial ovarian cancer 17

Breast cancer 7

Endometrial cancer 2

Other gynecologic tumors 2

Genital metastases related to GI tumors 2

Karnofsky performance status (n)

100% 1

90% 1

80% 8

70% 10

60% 10

Extraperitoneal tumor spread or liver metastases (n)

No 16

Yes 14

Previous systemic therapies (n)

1–2 5

3–4 9

5–6 5

7–8 6

$9 5

Median 5

Range 1-12

Relative lymphocyte count (n)

#13% 17

.13% 13
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presented with measurable tumor lesions using the Response
Evaluation Criteria in Solid Tumors, version 1.1 (RECIST 1.1).
Therefore, the tumor responseaccordingto theRECIST1.1was
not considered a validmeasure to determine the effectiveness
of i.p. CATU in the present study.

Our study also aimed to determine the value of dif-
ferent prognostic parameters in the clinical routine use of
CATU. These included age (,60 vs. $60 years), tumor type
(ovarian vs. nonovarian histology), the absence or presence of
extraperitoneal lesions and/or livermetastases, pretreatment
KPSscore (80%–100%vs.60%–70%),pretreatmentRLC(,13%
vs.$13%), intensity of pretreatment (four or fewer vs. more
than four previous systemic treatments), patient adherence to
CATUtreatment (one to threevs. all four planned instillations),
and the ability to undergo systemic therapy after CATU.
Univariate statistical comparisons between the various prog-
nostic subgroups were performed using log-rank tests. Ad-
justed hazard ratios (HRs) and their 95% confidence intervals
(CIs) were calculated using the Cox proportional hazards
model. For all statistical comparisons, p , .05 indicated
significance.

Results
The median age at the start of CATU was 58.5 years (range,
39–75 years); more than half the patients (53.3%) were
60 years old or older. Of all the patients included, 17 (56.7%)
had EOC and 13 (43.3%) non-EOC tumors. Ten patients
(33.3%) had a KPS score of $80% and 20 patients (66.7%)
a KPS score of 60%–70%. In accordance with the physical
impairment ofmost patients, only 13 (43.3%) presentedwith
a pretreatment RLC of 13% or higher. Of the 30 patients, 16
(53.3%) had intraperitoneal lesions only and 14 (46.7%) had
beendiagnosedwith extraperitonealmetastases and/or liver
involvement before CATU therapy. The patients had been
exposed to a median of 5 (range, 1–12) previous systemic
treatments. Most had been heavily pretreated, with more
than four preceding therapy regimens having failed in 16
patients (53.3%).

In all 30patients, CATUwas completely administeredonan
outpatient basis; 19 patients (63.3%) were able to complete
i.p.therapyasplannedand11(36.7%) received fewer than four
CATU applications. The reasons for therapy discontinuation
were deteriorated performance status and patient request in
4 each, nontolerated side effects in 2, and premature loss of
the indwelling catheter in 1 patient. Eleven patients (36.7%)
were able to undergo subsequent systemic therapy after
i.p. CATU. The toxicities related to i.p. CATU therapy are
summarized in Table 2. Adverse effects were frequent but
rarely exceeded CTCAE grade 2. The major toxicities of CATU
were nausea/vomiting, fever, local pain, and fatigue. These
could be effectively controlled in most patients using the
aforementioned supportive regimen. Secondary hospitaliza-
tion was necessary in only 7 patients (23.3%) owing to a
generally deteriorated condition related to the underlying
disease in 5 and fever/infection or abdominal pain/subileus in
1 patient each.

Only 5 patients (16.7%) required a secondary paracentesis
because of symptomatic MA subsequent to CATU treatment.
In these 5 individuals, the median PuFI was 15 days (range,
8–169days). Intheremainder,malignantasciteswascompletely
controlled until death or the end of the observation period.
Albeit not considered a measure of therapeutic effectiveness,
none of the 11 individuals presenting with measurable tumor
before study entry experienced progressive disease during i.p.
CATUtreatment.Apartial responseaccording toRECIST1.1was
observed in 2 of these patients (18.1%). At present, 3 patients
are still alive and free of MA. The median PuFS in the entire
study population was 56.0 days, and the median OS was
79.5 days (Fig. 2). The 3-, 6-, and 12-month OS rates were
46.7%, 33.0%, and 14.7%, respectively. The corresponding
rates for PuFS were 43.3%, 25.9%, and 14.7%.

Thepredictive value of the different clinical parameters for
both PuFS andOS arepresented in Table 3 for PuFS and Table 4
for OS. Comparedwith thosewith a KPS score of 70 and lower,
patients with a KPS score of 80%–100% showed a significantly
longer PuFS (326 vs. 33 days; p , .0001; HR, 0.24; 95% CI,
0.07–0.35) andOS (326 vs. 41.5 days; p5 .0018; HR, 0.26; 95%
CI, 0.10–0.45). Another baseline characteristic that indicated
a significantly improved likelihood to benefit from CATU was
the absence of extraperitoneal tumor or liver metastases.
Compared with the patients with extraperitoneal lesions, the
PuFS of patients with limited disease involving the abdominal
cavity only was 169 versus 29.5 days (p 5 .0091; HR, 0.40;
95% CI, 0.14–0.72), and the OS was 181 versus 37.5 days
(p5 .0047; HR, 0.28; 95% CI, 0.12–0.68). In contrast, all other
observed trends regarding both PuFS and OS, which favored
older patients and those with ovarian histology, less intensive
pretreatment, and a RLC $13%, did not reach statistical
significance.

Both treatment-related parameters were significantly pre-
dictive for an improved outcome regarding both control of MA
and survival. In contrast to those who received fewer than four
CATU applications, patients who completed the treatment as
planned exhibited a significant longer PuFS, with 110 versus
32 days (p5 .0312; HR, 0.45; 95% CI, 0.15–0.89), and OS, with
176 versus 34 days (p 5 .0144; HR, 0.41; 95% CI, 0.12-0.77).
Moreover, patients who received subsequent systemic treat-
ment after i.p. CATU exhibited a highly significant benefit

Figure 1. Treatment protocol of intraperitoneal catumaxomab.
Abbreviations: IP, intraperitoneal; IV, intravenous.
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compared with those who were not able to undergo such
treatment, with a PuFS of 326 versus 27 days (p , .0001;
HR, 0.08; 95% CI, 0.04–0.19) and an OS of 326 versus 41 days
(p, .0001; HR, 0.20; 95% CI, 0.05–0.24).

The individual characteristics of the 11 patients who had
undergone systemic antineoplastic therapy after CATU are
summarized inTable5.Thesepatientswereable to receiveone
to four subsequent antineoplastic treatments, including
endocrine agents, chemotherapy, and targeted agents. Eight
of thesepatientspresentedwithabaselineKPSscoreof$80%,
which represented 80% of all individuals with an initial KPS
score of 80% or more. In 5 of these patients, the KPS score
remained unchanged or improved during CATU treatment.
Three of the patients who underwent subsequent systemic
treatmentpresentedwith abaselineKPS scoreof 70%or lower
(i.e., 15% of the entire subgroup). In these 3 patients, the KPS
score did not alter or even increased during i.p. CATU.

DISCUSSION

During the past 5 years, i.p. CATU has become an established
palliative treatment for adult patients with MA related to
peritoneal involvement of various EpCAM-positive epithelial
tumors [14, 25, 26]. Until now, CATU has mostly been
administered to inpatients, as indicated by the pivotal phase
II/III trial and the subsequent CASIMAS study requiring a
14-day hospitalization period [14, 18]. However, inpatient
CATU treatment is both cost-intensive andoften inconvenient
to patients and thus not always easy to perform. In the recent,
large, multicenter, noninterventional CARMA study, we were
able to show that i.p. CATU is a well-tolerated and valuable
treatment for MA in routine clinical practice, although most
patients had more advanced disease compared with those
in the pivotal trial [14, 23, 24]. Just as seen in previous
studies, patients in the CARMA study showed an improve-
ment in QoL over time, indicated by a decrease in the sum
Functional Assessment of Chronic Illness Therapy-Ascites
Index score [17, 23, 27]. The same observation was made in
a recently published phase II trial of i.p. CATU therapy in
refractory ovarian cancer in which patients improved in most

ascites-relatedsymptoms, except for three (dyspnea,mobility,
and fatigue) [28].

One of the most intriguing findings of the CARMA study
was that outpatient treatmentwaspossible in 27%ofpatients,
provided careful preselection had occurred. This observation
stimulated the initiationof thepresent study, inwhichwewere
able to demonstrate that outpatient CATU treatment of
patients with MA related to various gynecologic tumors,
mainly including recurrent ovarian and metastatic breast
cancer, is both feasible and safe. All individuals in the present
study were exclusively treated on an outpatient basis, and 19
(63.3%) were able to complete the CATU therapy as planned.
This result is somewhat inferior to that achieved inphase II and
phase III trials reporting treatment completion rates of 72%
and 80%, respectively [14, 28]. However, our findings are
in good agreement with those from the CARMA study, in
which 65% of patients completed all four planned i.p. CATU
instillations. In contrast to previous trials, both CARMA and
the present study focused on a real-world population of
individuals withMA.Moreover, our study represented amore
“frail” group of patients, with only one third presenting with
a pretreatment KPS score of 80% or better. In contrast, the
corresponding proportions in the pivotal trial and in CARMA
were 54% and 62% [14, 23, 24]. Additionally, the present
population had been more intensively pretreated, with
a median number of five previous systemic therapies. In both

Figure 2. Long-term results in all outpatients exposed to intra-
peritoneal catumaxomab treatment. (A): Puncture-free survival.
(B): Overall survival. Dashed lines represent the 95% confidence
intervals.

Table 2. Toxicities related to intraperitoneal

catumaxomab therapy

Toxicity

Patients (n)

Any grade Grade 3–4

Nausea/vomiting 8 (26.7) 1 (3.3)

Constipation/bowel obstruction 2 (6.7) 1 (3.3)

Abdominal pain 8 (26.7) 3 (10.0)

Diarrhea 1 (3.3) —

Fever 5 (16.7) 1 (3.3)

Infection 1 (3.3) 1 (3.3)

Dyspnea 1 (3.3) —

Fatigue 7 (23.3) 3 (10.0)

Dizziness 1 (3.3) —

Skin rash 2 (6.7) —

Itching 2 (6.7) —

Data in parentheses are percentages.
Abbreviation:—, no events.
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the pivotal trial and CARMA, patients with EOC had been
exposed to three and patients with non-EOC to one to two
previous systemic therapies. Just as in these clinical projects,
however, discontinuation of treatment in our study was rarely
the result of toxicity but more likely to be from rapid disease
progression or patient refusal [14, 23, 28].

Despite the substantial proportion of individuals present-
ing with a reduced performance status, CATU-related toxicity
was generallymanageable, whichmight be partly attributable
to our intensified supportive regimen, as described above.
As could be expected, adverse effects were frequent, with
nausea/vomiting, abdominal pain, fatigue, and fever domi-
nating the toxicity profile of CATU. However, grade 3/4
toxicities were rarely observed and were not treatment
limiting in thevastmajorityofpatients. Accordingly, secondary
hospitalizations were rare and mainly related to the progres-
sion of the underlying disease. Only 2 patients (6.7%) were
hospitalized because of severe adverse effects of CATU.
Becausemost previous nonrandomized and randomized trials
abstained from including outpatients, our findings strongly

argue in favor of the safety and feasibility of an outpatient
CATU treatment and therefore largely confirm the observa-
tions previously made in a subset of patients in the CARMA
study [23, 24].

Inmost patients included in the present study, CATU led to
good clinical control of MA. After CATU treatment, only 5
patients required a subsequent abdominal puncture because
of the reappearanceof symptomaticMA. In thesepatients, the
PuFI ranged from 8 to 169 days. All other patients included
in the present study remained free from any subsequent
paracentesis, which compares favorably with all other pre-
vious phase II-IV studies [14, 18, 23, 24, 28]. In our study, the
median PuFS was 56 days, and the median OS was 79.5 days.
These findings are generally in good agreement with those
reported until now. In the pivotal phase II/III trial, the median
PuFS was 46 days, and the median OS was 72 days [14]. In
subsequent studies, the median PuFS ranged from 29.5 to 57
days and the median OS from 86 to 111 days [18, 23, 24, 28].
Although the median PuFS was among the highest ever
reported todate, themedianOSobserved in the present study

Table 3. Puncture-free survival after intraperitoneal

catumaxomab related to various clinical subgroups

Variable
PuFS
(days) HR (95% CI) p value

Total (n5 30) 56 — —

Tumor type .1974

Ovarian (n5 17) 89.0 1a

Nonovarian (n5 13) 27.0 1.61 (0.78–3.72)

Age .4799

yr (n5 16) 56.0 1a

yr (n5 14) 110.0 0.77 (0.35–1.62)

Pretreatment KPS score , .0001b

,80% (n5 20) 33.0 1a

$80% (n5 10) 326.0 0.24 (0.07–0.35)

Extraperitoneal tumor .0091b

Yes (n5 14) 29.5 1a

No (n5 16) 169.0 0.40 (0.14–0.72)

Pretreatment RLC .6304

,13% (n5 17) 42.0 1a

$13% (n5 13) 110.0 0.68 (0.32–1.46)

Intensity of pretreatment .2319

#4 regimens (n5 14) 92.5 1a

n5 16) 37.5 1.57 (0.75–3.43)

Adherence to CATU .0312b

i.p. instillations (n5 11) 32.0 1a

4i.p. instillations(n519) 111.0 0.45 (0.15–0.89)

SystemictherapyafterCATU , .0001b

No (n5 19) 27.0 1a

Yes (n5 11) 326.0 0.08 (0.04–0.19)
aReference category.
bSignificant results.
Abbreviations:—, nodata; CATU, catumaxomab;CI, confidence interval;
HR, hazard ratio; KPS, Karnofsky performance status; PuFS,
puncture-free survival; RLC, relative lymphocyte count.

Table 4. Overall survival after intraperitoneal catumaxomab

related to different clinical subgroups

Variable
OS
(days) HR (95% CI) p value

Total (n5 30) 79.5 — —

Tumor type .2905

Ovarian (n5 17) 89.0 1a

Nonovarian (n5 13) 48.0 1.49 (0.71–3.33)

Age .6916

yr (n5 16) 59.0 1a

yr (n5 14) 110.0 0.86 (0.40–1.82)

Pretreatment KPS score .0018b

,80% (n5 20) 41.5 1a

$80% (n5 10) 326.0 0.26 (0.10–0.45)

Extraperitoneal tumor .0047b

Yes (n5 14) 37.5 1a

No (n5 16) 181.0 0.28 (0.12–0.68)

Pretreatment RLC .1103

,13% (n5 17) 42.0 1a

$13% (n5 13) 134.0 0.54 (0.25–1.14)

Intensity of pretreatment .4612

#4 regimens (n5 14) 92.5 1a

n5 16) 56.0 1.32 (0.63–2.84)

Adherence to CATU .0144b

i.p. instillations (n5 11) 34.0 1a

4 i.p. instillations (n5 19) 176.0 0.41 (0.12–0.77)

Systemic therapyafterCATU , .0001b

No (n5 19) 41.0 1a

Yes (n5 11) 326.0 0.20 (0.05–0.24)
aReference category.
bSignificant results
Abbreviations:—, nodata; CATU, catumaxomab;CI, confidence interval;
HR, hazard ratio; KPS, Karnofskyperformance status;OS, overall survival;
RLC, relative lymphocyte count.
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wassomewhat inferior to those fromall otheraforementioned
trials.Thiswasundoubtedlyattributable to thehighproportion
of relatively “frail” or heavily pretreated patients included in
our study, which by far exceeded that of any other study of i.p.
CATU therapy. Accordingly, it seems of particular interest that
only 68 of 201 events (34%) indexed for the determination of
PuFS in the pivotal study were deaths. The corresponding
proportion in the present study was 22 of 27 events (81.5%)
[14]. Moreover, almost all patients in the cited trials had been
treated inahospital,butall thepatients included in thepresent
study were exclusively treated in an outpatient setting.

Additionally, we sought to determine the parameters that
might be able to indicate which patient with MA related to an
EpCAM-positive epithelial malignancy would be mostly suit-
able for i.p. outpatient treatment with CATU. Considering
previous reports, that determinants that were worthwhile to
consider were ovarian versus nonovarian histology, patient
age (,60vs.$60years)patientperformance status (KPS score
$80% vs. ,80%), presence or absence of extraperitoneal
metastases, intensity of previous systemic therapy (four or
fewer vs.more than fourprotocols), pretreatmentRLC, patient
adherence to complete i.p. CATU therapy (four vs. one to three
instillations), and the ability to undergo subsequent systemic
treatment [14, 20–24]. Owing to the limited sizes of these
patient subgroups, performing a multivariate analysis of
variance did not seem appropriate. Nonetheless, we were
able to demonstrate that a KPS score of$80%, the absence of
extraperitoneal lesions, the ability to receive all four planned
CATU applications, and the ability to undergo subsequent
systemic therapies after outpatient i.p. CATU treatment were
predictors of both improved PuFS and OS. The analysis of 11
individuals who had undergone systemic antineoplastic treat-
ments after i.p. CATU seems of particular interest. Eight of
these patients presented with a baseline KPS score of 80% or
more, and the KPS score stabilized or improved in 5 of them.

However, 3 of these patients had a baseline KPS score of 70%
or lower, all of which remained unchanged or even increased.
These findings argue in favor of the ability to undergo
systemic antineoplastic therapy subsequently to i.p. CATU is
the more reliable predictor of benefit compared with the
baseline KPS.

Ovarian histology, patient age, pretreatment RLC, and the
intensity of systemic pretreatment failed to be indicators of
better PuFS or OS in our study. Regarding the tumor type, this
appears to be somewhat amazing, because patients with
ovarian cancer mostly did better compared with others in
previous trials [14, 23, 24]. However, these studies recruited
a largenumberofpatientswithnongynecologic cancers,which
are known to carry a considerably worse long-term prognosis
thanmost gynecologicmalignancies. In our study, the group of
nonovarian cancer patients mainly included those with breast
or endometrial cancer. Compared with most gastrointesti-
nal and other nongynecologic carcinomas, these tumors are
generally associated with better clinical outcomes, which
might explain, in part, why an ovarian histology failed to be
a positive prognostic factor in the present study. Additionally,
we were not able to unequivocally confirm the results of
a previous report describing a baseline RLC exceeding 13% to
be associated with a significantly better clinical outcome after
i.p. CATU [22]. The reason for this finding is unclear at present
but might be partly attributable to the relative small number
of patients included, inasmuch as a clear trend favored
patientswith ahighermedianRLCbefore the start of i.p. CATU.
The intensity of pretreatment also failed to be a prognostic
indicator in our study. However, this result is in good agree-
ment with those from previous publications, in particular
when comparing the pivotal phase II/III trial with the CARMA
study [14, 23, 24].

The findings fromcase reports argue in favor that i.p. CATU
might well produce systemic antineoplastic effects beyond

Table 5. Characteristics of patients with malignant ascites who received systemic antineoplastic therapy subsequent to

intraperitoneal catumaxomab

Pt. No. Age (yr) Tumor type
KPS score before
catumaxomab (%)

KPS after
catumaxomab (%)

Catumaxomab
instillations (n)

Punctures after
catumaxomab

Systemic therapy
subsequent to
catumaxomab

2 45 Endometrial 80 80 4 — GEM1TREO; PLD1YON

5 48 Ovarian 80 90 4 — CBDCA1PLD; CBDCA1
GEM; GEM1TREO

6 72 Ovarian 70 70 4 2 PLD; MXN

7 73 Ovarian 60 80 4 — MXN1PCT

9 47 Ovarian 80 90 4 — Bev1mCPA

11 65 Gastric 80 90 4 — CAPE1H

13 56 Ovarian 80 70 4 — GEM1TREO

18 58 Breast 60 70 3 — LET

20 59 Ovarian 80 80 4 — GEM1TREO; Bev1CAPE;
Bev1VNB; OXA1GEM

23 62 Cervical 100 90 2 — CBDCA1GEM; PLD; Bev1
CAPE

27 63 Ovarian 90 70 4 — GEM1TREO

Abbreviations:—, no events; Bev, bevacizumab; CAPE, capecitabine; CBDCA, carboplatin; GEM, gemcitabine;mCPA,metronomic cyclophosphamide; H,
trastuzumab (Herceptin); LET, letrozole; MXN, mitoxantrone; OXA, oxaliplatin; PCT, paclitaxel; PLD, pegylated liposomal doxorubicin (Caelyx, Doxil); Pt.
No., patient number; TREO, treosulfan; VNB, vinorelbine; YON, trabectedin (Yondelis).
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ascites control [29, 30]. In our study, a few patients presented
withmeasurable lesions.The response according to RECIST 1.1
was therefore not used as an estimate of CATU effectiveness.
Nonetheless, none of the 11 patientswithmeasurable disease
experienced tumor progression and 2 showed tumor re-
gression. In agreement with previous reports, these findings
show that i.p. CATU might exhibit a systemic antineoplastic
effect, at least in a subset of patients.

A recently published survey evaluating the palliative
treatment of MA in the clinical routine in Central Europe
showed that repeated paracentesis is still the mainstay of
therapy despite the presence of more effective options [31].
Catumaxomab was given to only 7% of patients. One of the
major reasons might be the concern that specific therapy for
MA is both costly and difficult to administer to outpatients. In
our study, however, we were able to show that i.p. CATU is
a feasible treatment of MA in outpatients with peritoneal
carcinomatosis.Althoughnotalwaystranslating into improved
OS, ascites control was satisfactory in the vast majority of
patients, including those with older age, more intensive
pretreatment, or an impaired physical condition. Regarding
the low rate of secondary hospitalizations in our study and
assumingthatthecosts forCATUandall supportivemedication
would be similar for both hospitalized and nonhospitalized
individuals, it can be hypothesized that outpatient CATU
therapy for suitable individualswouldbecost-effectiveoreven
cost-saving compared with inpatient treatment. However,
because the pricing of both drugs and medical care differs in
both inpatient and outpatient facilities and from country to
country, a prospective cost evaluation is clearly required
before outpatient i.p. CATU can be generally adopted as
routine care for patients with malignant ascites.

Ourstudyhadsome limitations, includingtherelativesmall
sample size and the noninterventional setting. However, as in
the CARMA study, it focused on a real-world population of
patients, which might approach the daily clinical reality more
precisely than possible with the highly selected groups of
patients included in randomized trials. Moreover, to the best
of our knowledge, it represents by far the largest cohort of
outpatients treated with i.p. CATU for MA related to var-
ious gynecologic carcinomas and metastatic breast cancer

published to date. In regard to our findings, candidates for
outpatient CATU therapy would be those presenting with
a good general condition with no evidence of extraperitoneal
tumor spread who are able to receive both all four planned
CATU instillations and subsequent systemic therapies.

In conclusion, our results indicate that i.p. CATU is safe,
effective,andcost-saving incarefully selectedoutpatientswith
MA related to various gynecologic tumors ormetastatic breast
cancer. Therefore, this approach should be seriously consid-
ered for inclusion into theroutine therapeuticarmamentarium
of this demanding clinical situation.
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