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Abstract

Background: Peritoneal metastasis is a common and dis-
mal evolution of several gastrointestinal (GI) tumors,
including gastric, colorectal, hepatobiliary, pancreatic,
and other cancers. The therapy of peritoneal metastasis
is largely palliative; with the aim of prolonging life and
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preserving its quality. In the meantime, a significant
pharmacological advantage of intraperitoneal chemother-
apy was documented in the preclinical model, and
numerous clinical studies have delivered promising clin-
ical results.

Methods: This is a prospective, open, randomized
multicenter phase III clinical study with two arms
that aims to evaluate the effects of pressurized intra-
peritoneal aerosol chemotherapy (PIPAC) combined
with systemic chemotherapy vs. intravenous systemic
chemotherapy alone on patients with metastatic
upper GI tumors with a peritoneal seeding. Upper GI-
adenocarcinomas originated from biliary tract, pan-
creas and stomach, or esophago- gastric junction are
eligible. Patients in the study are treated with standard
of care systemic palliative chemotherapy (mFOLFOX6)
vs. PIPAC with intravenous (i.v.) chemotherapy
(mFOLFOX6). Patients in first line with first diagnosed
peritoneal seeding are eligible. Primary outcome is pro-
gression free survival (PFS).

Conclusions: PIPAC-procedure is explicit a palliative
method but it delivers cytotoxic therapy like in hyperther-
mic intraperitoneal chemotherapy (HIPEC)-procedure
directly to the tumor in a minimally invasive technique,
without the need for consideration of the peritoneal-
plasma barrier. The technique of PIPAC is minimally
invasive and very gentle and the complete procedure
takes only round about 45min and, therefore, optimal
in a clearly palliative situation where cure is not the
goal. It is also ideal for using this approach in a first
line situation, where deepest response should be
achieved. The symbiosis of systemic therapy and poten-
tially effective surgery has to be well-planned without
deterioration of the patient due to aggressive way of
surgery like in cytoreductive surgery (CRS) + HIPEC.

Trial registration: EudraCT: 2018-001035-40.

Keywords: intraperitoneal therapy, peritoneal carcinoma-
tosis, pressurized intraperitoneal aerosol chemotherapy
(PIPAC), upper gastrointestinal cancer.
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Introduction

Peritoneal metastasis is a common and dismal evolution of
several GI tumors, including gastric, colorectal, hepatobili-
ary, pancreatic, and other cancers [1]. The therapy of
peritoneal metastasis is largely palliative; with the aim of
prolonging life and preserving its quality. Most patients
receive Platin-based, combination systemic chemotherapy.
Despite this guideline-recommended therapy, they die
within months after diagnosis of peritoneal dissemination
[2]. Almost 70 years ago, intraperitoneal chemotherapy has
been discovered as an alternative therapeutic option in
peritoneal metastasis [3]. In the meantime, a significant
pharmacological advantage of intraperitoneal chemother-
apy was documented in the preclinical model, and numer-
ous clinical studies have delivered promising clinical
results [4]. In the last 30vyears, cytoreductive surgery
(CRS) combined with hyperthermic intraperitoneal che-
motherapy (HIPEC) has been increasingly used. On the
basis of long-term survivors, some authors see a curative
role for this combined therapy [5]. However, the level of
evidence of CRS and HIPEC is still relatively low, and the
complication rate remains significant so that this therapy
is not accepted by all oncologists [6].

In spite of the above controversies, there is a broad
agreement that CRS and HIPEC should only be offered to
highly selected patients, taking into consideration the
tumor type, the extent of disease, and the general condi-
tion of the patient [7]. In particular, diffuse invasion of
the small bowel represent a contraindication for CRS and
HIPEC because of the dilemma between complete cytor-
eduction and extensive resection of the small bowel—
which is not compatible with life [8]. Thus, there is an
urgent need for novel therapies for the majority of peri-
toneal metastasis patients especially for those not eligible
for CRS and HIPEC.

PIPAC is an innovative approach delivering che-
motherapy into the peritoneal cavity without crop
damage. It is easy to handle and several applications
via laparoscopy (minor surgery) are possible without the
need for major surgical manipulation [9-16].

Subjects and methods

Protocol overview

Study design: This is a prospective, open, randomized multicenter
phase III clinical study with two arms that aims to evaluate the
effects of PIPAC combined with systemic chemotherapy vs. intrave-
nous systemic chemotherapy alone on patients with
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metastatic upper GI tumors with a peritoneal seeding. Upper GI-
adenocarcinomas originated from biliary tract, pancreas and sto-
mach, or esophago- gastric junction are eligible. Patients in the
study are treated with standard of care systemic palliative che-
motherapy (mFOLFOX6) vs. PIPAC with intravenous (i.v.)
chemotherapy (mFOLFOX6). Patients in first line with first diag-
nosed peritoneal seeding are eligible.

Intraoperatively, at the time diagnostic laparoscopy to confirm
peritoneal seeding, patients will be randomized after preoperatively
written consent has been given for participation.

The scope of the trial is to evaluate the efficacy as well the safety
and tolerability of the combination of PIPAC combined with systemic
therapy vs. the same i.v. chemotherapy alone. Primary endpoint will
be progression free survival (PFS) from randomization (the first PIPAC
application, diagnostic laparoscopy, resp.) until disease progression
or death of any cause. Secondary endpoint will be overall survival
(0S), site of recurrence, morbidity, and quality of life (QoL).

Patients with peritoneal seeding of adenocarcinoma of upper GI
(definition see upon) could be included into the trial if they fulfill
the inclusion parameters after a central review.

All enrolled patients will receive a standard of care chemotherapy
(mFOLFOX6) + PIPAC.

Randomization: At the time of diagnostic laparoscopy to verify
clinically or radiologically suspect peritoneal seeding, if patient
has given written informed consent and meets inclusion criteria,
patient will be randomized, using an interactive Web response
system. Randomization will be balanced and stratified according to
stratification criteria defined in the protocol.

Pre-therapeutic work-up: Patients eligible for the study (clinical
and radiological evidence of peritoneal seeding) will be seen in
clinics to check the inclusion and exclusion criteria. The patient
will be required to give written informed consent to participate to
this clinical study before any nonroutine screening tests or eva-
luations are conducted and before the explorative laparoscopy.
The following assessments should be performed: Performance
Status, Thoraco-Abdomino-Pelvic CT scan, PET Scan (optional),
laboratory exams: serum CEA, CA19.9, and CA72.4 (optional mar-
ker according to tumor origin); hematology and serum chemistry;
quality of life assessment (EORTC QLQ-C30). Staging video-laparo-
scopy of the abdominal cavity will be performed after written
informed consent

Patients with no macroscopic peritoneal carcinomatosis, not visi-
ble during the laparoscopic examination or patient where a laparo-
scopic access failed during surgery will be excluded from the study
and treated as screening failure.

Patient fulfilling the inclusion criteria, with written informed consent
and visible proven peritoneal seeding according to the laparoscopy will
be treated according to randomization result as Arm A or Arm B.

Arm A (mFOLFOX6): Patients with clinically and radiologically signs
of peritoneal seeding get a laparoscopic examination, if the perito-
neal seeding is confirmed patients will be randomized. After rando-
mization to Arm A laparoscopy will be finished after completion of
12 mFOLFOX6 doses without PIPAC, because patients in Arm A only
receive intravenous therapy. Intravenous mFOLFOX6 standard sys-
temic chemotherapy for the upper GI-cancers (SOC) will be adminis-
tered. Patients will receive i.v. therapy only.
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Arm B (mFOLFOX6 * PIPAC): Patients with clinically and radiologi-
cally signs of peritoneal seeding get a laparoscopic examination, if
the peritoneal seeding is confirmed patients will be randomized.
After randomization to arm B patient will get a combination of i.v.
chemotherapy with mFOLFOX6 + PIPAC. Systemic i.v. chemotherapy
(mFOLFOX6) will be administered at the ward, independent of the
PIPAC. 3 days after PIPAC patients are able to leave hospital if there
are no signs of medical or surgical complications. Patients will be
evaluated with clinical examination daily. Laboratory exams will be
performed in order to assess hematological, renal, and hepatic
function. Locoregional toxicity and systemic toxicity will be evalu-
ated according to the Common Terminology Criteria for Adverse
Events (CTC-AE v4.0) from the National Cancer Institute. PIPAC
procedure is repeated every 6weeks for three times and nine
mFOLFOX6 doses.

In both of the arms, tumor assessments (CT or MRI) are performed
prior (max. 28 days) to randomization and then every 8 weeks there-
after until progression/relapse, death or end of follow-up. During
treatment, clinical visits (blood cell counts, detection of toxicity)
occur prior to every treatment dose. Safety will be monitored con-
tinuously by careful monitoring of all adverse events (AEs) and
serious adverse events (SAEs) reported.

QoL will be measured via EORTC QLQ-C30 v3.0 questionnaire in
both arms, after written informed consent, before randomization and
then every 8 weeks at the time of radiologically tumor assessments.

Measures of outcomes and assessments

Objectives:

— To compare OS, PFS, Disease Control Rate (DCR), QoL in the
two trial arms

— To determine the safety of PIPAC combined with standard
systemic chemotherapy

Safety objectives:

— To evaluate the efficacy, safety, and tolerability of PIPAC com-
bined with intravenous mFOLFOX6 compared with i.v.
mFOLFOX6 alone in patients with primarily untreated chemo
naive upper- GI gastrointestinal adenocarcinomas originating
from pancreatiobiliary tract or esophagogastric origin with
laparoscopically proven peritoneal carcinomatosis and indica-
tion to receive first line standard chemotherapy. Main efficacy
objective is OS and safety objectives focus on surgical SAEs,
National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI CTCAE v4.03) Grade>3 adverse events,
and Grade >3 laboratory toxicities

— To evaluate the perioperative morbidity and mortality of PIPAC
combined with systemic chemotherapy vs. i.v. chemotherapy
alone

Endpoints: Primary outcome: PFS will be measured from randomi-
zation (the first PIPAC application, diagnostic laparoscopy, resp.)
until disease progression or death of any cause.

Secondary outcomes: Efficacy (1 year PFS, 1 year and 2 years OS),
pathological response rates and localization of recurrence, morbidity,
and QoL. OS and PFS according to different subgroup, such as tumor
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entity (will be defined in the study analysis plan). DCR defined as the
percentage of patients who have achieved complete response, partial
response, and stable disease to a therapeutic intervention.

Main inclusion criteria: Subjects with histologically confirmed unre-
sectable locally advanced or metastatic upper GI- adenocarcinoma
(originating from biliary tract, pancreas, stomach, or esophago- gas-
tric junction) with peritoneal seeding. No prior chemotherapy in
palliative indication. Proven peritoneal carcinomatosis by CT/MRI
and laparoscopy. Medically operable — fit for laparoscopy, ECOG < 1.
Main exclusion criteria: Concurrent anticancer treatment (for example,
cytoreductive therapy, radiotherapy [with the exception of palliative
bone-directed radiotherapy], immune therapy, or cytokine therapy,
except for erythropoietin) including irradiation. Prior chemotherapy
for unresectable locally advanced or metastatic adenocarcinoma
of the stomach or gastroesophageal (GE]), biliary tract or pancreas.

Treatments

PIPAC-procedure: Shortly, after insufflation of a 12mmHg CO, pneu-
moperitoneum with open access or with Veres needle, two balloon
safety trocars (5 and 12mm, Applied Medical, Diisseldorf, Germany)
are inserted into the abdominal wall. The extent of peritoneal carci-
nomatosis (PCI score) is determined based on lesion size and dis-
tribution [17]. Peritoneal biopsies are taken in all four quadrants for
histological examination, and a local partial peritonectomy of sev-
eral square centimeters was performed routinely to improve accu-
racy of anatomopathology.

A patented nebulizer device (Capnopen®) is then inserted via a
12mm trocar into the abdominal cavity. The nebulizer unit is then
connected with a high pressure line to a high-pressure injector. The
liquid chemotherapeutic drugs (Cisplatin 7.5 mg/m2 body surface in a
total of 150 mL NaCl 0.9 %; Doxorubicin 1.5 mg/m2 body surface in a
total of 50 mL NaCl 0.9 %) are then injected with a flow rate of 30 mL/
min into the constant capnoperitoneum of 12mm Hg. After an aerosol
exposure phase of 30min, the aerosol is evacuated via a closed
aerosol waste system. Prior to the application of chemotherapy peri-
toneal biopsies are routinely taken from all four abdominal quadrants
(if possible) taken both for conventional histological analysis and for
gene expression testing. The laboratory team will be blinded to the
clinical outcome. If present, ascites will be removed at the same time
and the volume documented. PIPAC and PC sampling will be
repeated every 6 weeks for three times or stopped earlier in cases of
progression, death, or unacceptable toxicity [10-14] (Figure 1).

Treatment schedule: Arm A (mFOLFOX6
comparator(s)

mFOLFOX6 till PD or inaccepatble toxicity, start of next cycle on
day 15 (d15):
—  Oxaliplatin 85 mg/m? d1, i.v. over 2 h PIAC
—  Leucovorin* 400 mg/mz, d1 i.v. over 2h
—  5-FU 400 mg/m?, d1, Bolus

—  5-FU 2400 mg/m?, d1, i.v. over 46h

only)-Control(s)/

Arm B (mFOLFOX6/PIPAC) — Intervention
mFOLFOX6/PIPAC till PD or inacceptable toxicity, start of next
cycle on day 15 (d15):
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PIPAC (Cycles 1, 4 and 7):
Cisplatin 7.5 mg/m?

Doxorubicin 1.5 mg/m?

mFOLFOX6 (Cycles 2, 3, 5, 6, 8-12):
Oxaliplatin 85mg/m?, d1, i.v. over 2h
Leucovorin* 400 mg/m?, d1, i.v. over 2h
5-FU 400 mg/m?, d1, Bolus
5-FU 2.400 mg/m?, d1, i.v. over 46h

See scheme therapy-timepoints (Figure 2).

Sample size calculation: The present trial is designed as a rando-
mized phase III study which aims at estimating the therapeutic
efficacy in terms of OS and PFS of the PIPAC- therapy including
systemic therapy in relation to the standard systemic therapy. The
assumptions derived from the historical data on patients in the
described entity with a pronounced peritoneal seeding are verified
by a randomized reference group without PIPAC.

The phase II part is exploratory. The primary endpoint of the
phase II part of the trial is PFS as calculated by the hazard ratio
for survival.

'o’ 'o’
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For 12 cycles
Every 2 weeks

mFOLFOX6 + PIPAC \
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PIPAC: Cycle 1, 4,7
mFOLFOX7: 2, 3, 5, 6, 8-1%
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Figure 1: Trial flow chart.

The assumptions are as follows: Median PFS with mFOLFOX6 is
4 months [18-20] in the population. The expected median PFS for the
PIPAC arm is 5.5months. The recruitment duration is 2years and the
total duration of the phase II part of the study is 30 months (that means
the 24months enrolment time plus 6 months follow-up after last
patient in). Based on these assumptions a total patient number
(phase II) of n=206 was determined to observe, which are required
to detect the improvement in PFS mentioned above with a power of
80 % and a significance level of 0.2 (two-sided) using a log-rank test. A
5% drop out rate is included in the sample size. The software used for
sample size calculation is SAS v9.3. Other secondary endpoints such as
5-year PFS and 5-year OS rates will be evaluated based on time to event
outcome using Kaplan-Meier (KM) rates at 5 years over all patients for
analyses. A sample size calculation of the phase III part will be per-
formed based on the most current data available [21-28].

Study duration: Recruitment period will last 2 years (approximately 100
patients per year). Total study duration is 2.5-3years (2 years recruit-
ment plus 6 months follow-up after last patient in). The study can be
analyzed earlier or later depending on the number of events observed.

Ethical considerations, information giving, and written informed
consent: The authors state that they have obtained appropriate
Institutional Review Board approval and have followed the princi-
ples outlined in the Declaration of Helsinki for all human
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experimental investigations. In addition, informed consent has been
obtained from the participants involved.

Discussion

There is an urgent need for novel therapies for most
peritoneal metastasis patients not eligible for CRS and
HIPEC therapy. CRS and HIPEC is a possible option for
some colorectal cancers, even though the level of evi-
dence even in CRC is low but CRS combined with HIPEC
is not established in upper GI cancer types, because of
the more aggressive nature of disease in most kinds of
upper- GI- cancers. An already existing peritoneal seed-
ing in upper GI- cancers it is a clearly palliative situation
with OS less than 1year in most cases [22]. There is an
urgent need for improvement of PFS, OS in this kind of
patients without compromising the QoL.

PIPAC-procedure is explicit a palliative method but it
delivers cytotoxic therapy like in HIPEC- procedure directly
to the tumor in a minimally invasive technique, without the
need for consideration of the peritoneal-plasma barrier.

The peritoneal-plasma barrier is a pharmacologic
entity of importance for treatment planning in patients
with malignant tumors confined to the abdominal cav-
ity. This physiologic barrier limits the resorption of
drugs from the peritoneal cavity into the blood. The
sequestration of chemotherapeutic agents improves
their locoregional cytotoxicity and reduces their sys-
temic toxicity.

The technique of PIPAC is minimally invasive and
very gentle and the complete procedure takes only
round about 45min and, therefore, optimal in a clearly
palliative situation where cure is not the goal. It is also
ideal for using this approach in a first line situation,
where deepest response should be achieved. The symbio-
sis of systemic therapy and potentially effective surgery
must be well-planned without deterioration of the patient
due to aggressive way of surgery like in CRS + HIPEC.

Participating centers of the current trial are pioneering
the potential fields of the application of PIPAC, including
defining indications and contraindications, chances and
risks, as well as success and failures of this therapy.

They have observed repeatedly that some patients
who were primarily not eligible for CRS and HIPEC, most
often because of small bowel involvement, could be trea-
ted after repeated PIPAC application with CRS and HIPEC.

Struller etal. showed that PIPAC with cisplatin and
doxorubicin in patients with gastric cancer is well toler-
ated and active and concluded that randomized con-
trolled trials should now be designed [29].) According to
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Khomyakov V. etal. a combination of systemic che-
motherapy with XELOX and PIPAC with cisplatin and
doxorubicin can induce objective tumor regression and
is associated with a promising survival [30].

There is an unmet need for upper GI cancer patients
with a leading peritoneal carcinomatosis for an improve-
ment of therapy due to using the most direct way of
application. According to the literature there are only
publications of individual cases and small cohorts of
patients describing a benefit for the patients with
PIPAC, but to the knowledge of the authors there are no
randomized phase III data comparing PIPAC combined
with systemic therapy versus the SOC of systemic therapy
alone in this kind of cancer population.

The general aim of this trial is to improve progression
free- as well OS of these patients receiving this sequential
therapy, in association with systemic standard of care
palliative chemotherapy.
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