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Abstract

Background: The annual incidence of gastrointestinal
carcinomas (stomach, small bowel, colon and rectum) is
increasing in Western countries, reaching 50,000 new
cases each year in France. Peritoneal carcinomatosis
(PC) is diagnosed in 15% of these patients. Complete
cytoreductive surgery (CCS) plus Hyperthermic
IntraPeritoneal Chemotherapy (HIPEC) is the only therapy
that can offer patients with PC a chance for long-term
survival with a 5 year overall survival (OS) rate of 30–
60% versus 0–5% with systemic chemotherapy alone.
However, CCS plus HIPEC still presents serious limita-
tions and very few patients (10%) are candidates for
these radical treatments. PC remains a palliative setting
for 90% of patients with a median survival ranging from
15 to 25 months. Innovative surgical therapies such as
Pressurized IntraPeritoneal Aerosol Chemotherapy
(PIPAC) therefore need to be developed to improve the
prognosis. Potential benefits were obtained after intraper-
itoneal nebulization of oxaliplatin in patients with

advanced PC from colorectal cancer. Innovative surgical
therapies such as pressurized intraperitoneal aerosol che-
motherapy (PIPAC) have been proposed as palliative
locoregional treatment with some promising results. The
dose of oxaliplatin currently established by nebulization
(PIPAC) is really low at 92 mg/m2. However, the perito-
neum acts as a barrier limiting the systemic passage of
intraperitoneal drug. Oxaliplatin used at higher doses
during PIPAC procedures could be a safe option and
allow better intratumoral penetration of chemotherapy.
Method and design: The proposed study is a multicenter
phase I/II trial of oxaliplatin dose escalation during
PIPAC. The aim is to determine the maximum tolerated
dose of pressurized oxaliplatin administered by the intra-
peritoneal route (PIPAC) during two consecutive proce-
dures at a 4–6 week interval for patients with extended
peritoneal carcinomatosis from the gastrointestinal tract.
Dose started at 90 mg/m2 and escalation was in 50 mg/m2

steps up to a maximum of 300 mg/m2.
Discussion: Oxaliplatin is an effective drug in gastroin-
testinal cancer and high doses given by the intraperito-
neal route during HIPEC are well tolerated. In this phase I
trial, we hypothesized that high-dose oxaliplatin during
PIPAC is feasible and safe. The repeated local adminis-
tration of high doses of oxaliplatin could improve tumor
response and prognosis.
Trial registration: Prospective study. ClinicalTrials.gov:
NCT03294252. EudraCT: 2016-003666-49
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Background

The annual incidence of colorectal and gastric carcino-
mas is increasing in Western countries [1], with 40,000
and 7,000 new cases, respectively, each year in France
[2]. Peritoneal carcinomatosis (PC) is diagnosed in 15% of
these patients [3, 4]. Complete cytoreductive surgery
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(CCS) plus Hyperthermic IntraPeritoneal Chemotherapy
(HIPEC) is the only therapy that can offer patients with
PC a chance for long-term survival with a 5 year overall
survival (OS) rate of 30–60% [5–9] versus 0–5% with
systemic chemotherapy alone [8, 9, 10, 11]. CCS plus
HIPEC as well as systemic chemotherapy present serious
limitations.

The limitations of systemic chemotherapy

The benefit of systemic chemotherapy remains limited in
case of PC from gastrointestinal carcinoma. In two pro-
spective randomized studies including 2095 patients with
colorectal metastases and treated with systemic che-
motherapy only, the prognosis of PC patients was poor.
[10] Despite the use of modern chemotherapy combining
five-FU, irinotecan and oxaliplatin in healthy adult
patients, the median OS was still only 15 months with
very little prolonged survival (4.1% at 5 years). The
improvement in survival rates conferred by targeted thera-
pies for metastatic colorectal cancers is far less evident in
PC metastases. In a register study among a non-selected
population [12], the median survival in case of colorectal
PC was 7.5 months and the use of bevacizumab led to only
an 11 month median survival. PC from gastric or small
bowel carcinomas is considered a terminal stage with a
very poor prognosis ranging from 4 to 13 months [13, 14].

The limitations of cytoreductive surgery plus
HIPEC

The first limitation of CCS plus HIPEC is high morbidity
and mortality. Among 24 studies concerning 2787 patients
treated with CCS plus HIPEC [15], the mean mortality was
2.9% (0% to 17%) and major morbidity was 28.8% (0 to
52%). In a French multicenter study [16] including 1290
patients, the mortality rate was 4% and 34% of patients’
experienced major morbidity (NCI-CTCAE grade 3/4).

Moreover, CCS plus HIPEC does not offer any survival
benefit over palliative surgery for extensive PC.
Peritoneal extension is evaluated by the Peritoneal
Cancer Index (PCI) [17]. For colorectal PC, the cutoff
value of PCI is 17. The median survival rate for patients
with PCI higher than 17 is low and close to that obtained
with current systemic chemotherapy alone [18]. These
results do not justify the morbidity and mortality risks
inherent to this procedure [18]. In the case of PC from

gastric carcinoma, the PCI score cutoff is around 7 [5, 19].
The 5 year OS after CCS plus HIPEC for a PCI between 0–
6, 7–12 and 13–19, was 30%, 0% and 0%, respectively
[19]. For small bowel carcinoma, the PCI score cutoff is 15
[8]. For a PCI score < 15, the median OS at 5 years was
65% while a median survival of 12 months was observed
in case of PCI > 15.

Repeat CCS plus HIPEC is rarely performed because of
adhesions and poor prognosis. This is another limitation of
thisprocedure.Only 7% to 12%of patientswith intra-abdom-
inal recurrences receive repeat CCS plus HIPEC [16, 20].

Due to the many inherent limitations of CCS plus
HIPEC, very few patients (10%) radical treatments of PC
from gastric, bowel or colorectal carcinomas and most
(90%) are treated with systemic palliative chemotherapy.

Principle and results of pressurized
intraperitoneal aerosol chemotherapy
(PIPAC)

PIPAC combines the benefits of a minimally invasive
approach with low morbidity and easy to repeat with
the pharmacokinetic advantages of intraperitoneal
administration. Moreover, the hyperpressure of laparo-
scopy facilitates better tumor penetration of cytotoxic
drugs [21] and aerosol delivery allows a good spatial
diffusion of chemotherapy [22]. Demtröder reported 17
patients in good general condition [23] with extended
PC (mean PCI score = 16) from colorectal carcinoma at
time of relapse following a modern systemic che-
motherapy (FOLFOX or FOLFIRI, and/or Cetuximab,
and/or Bevacizumab): 48 PIPAC procedures were per-
formed using oxaliplatin at a mean dose of 92 mg/m2.
Out of 14 patients who received at least two PIPAC
procedures, complete pathological response was
observed in 50% (7/14) and 4/14 patients experienced
a major pathological response (29%). In this context
(second line treatment), a 15 month median survival is
encouraging. Nadiradze reported patients with
extended PC (mean PCI score = 16) from gastric carci-
noma, treated in third or fourth line by systemic che-
motherapy in 46% of cases [24]. Despite frequent
resistance to platinum-based systemic chemotherapy,
PIPAC still used a platinum salt (cisplatin) in combina-
tion with doxorubicin to avoid the local acquired resis-
tances to platinum salts. Most patients (12/24; 50%)
experienced a pathological objective response. The
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preliminary clinical experience with PIPAC is encoura-
ging, although it is still a palliative measure and not in
itself a radical treatment of PC as in the case of com-
plete cytoreductive surgery.

The intraperitoneal pharmocokinetics of oxaliplatin
during HIPEC are well-known. High intraperitoneal doses
(five-fold higher than the systemic dose) of oxaliplatin in
5% dextrose solution are well tolerated and facilitate
tumor concentration [25]. However, the tolerance and
pharmacokinetics of high-dose oxaliplatin given by intra-
peritoneal pressurized aerosol are unknown.

Methods and design

The PIPOX study is a multicenter, noncomparative, nonrandomized
phase I-II trial. This investigator-initiated trial will be conducted by
the Department of Surgery of the Institut Cancérologique de l’Ouest
(Saint-Herblain, France) in collaboration with the University
Hospital Lyon Sud (Pierre Bénite, France), Gustave Roussy Institute
(Villejuif, France) and University Hospital Lariboisière (Paris).

Study objectives and endpoints

The primary objective of the PIPOX study in patients with extended
or nonresectable PC arising from digestive carcinoma, is to deter-
mine the maximum tolerated dose (MTD) of pressurized oxaliplatin
administered by the intraperitoneal route (PIPAC) and the recom-
mended dose for Phase-II during two consecutive procedures per-
formed 4 to 6 weeks apart.

The secondary endpoints are to evaluate:
In the phase I part:
– the types of dose limiting toxicities (DLT) and the toxicity

profile of two PIPAC procedures according to the surgical mor-
bidity classification (Clavien-Dindo) [26] and the NCI-CTCAE
toxicity scale version 4 [27].

– pharmacokinetics of oxaliplatin aerosol by the intraperitoneal
route.

In the phase II part:

– overall tolerance after a total of three to five procedures.
– tumor response rate.
– overall and progression-free survival.
– secondary resection rate.

Statistical considerations

Toxicity monitoring: DLT is defined as any severe chemotherapy-
related toxicity (grade ≥ 3 according NCI-CTCAE v4) or unexplained
post-operative complication. The recommended dose will be the
MTD which is defined as the dose level immediately below the
level at which two DLTs were observed.

An independent monitoring committee can be requested if a
severe toxicity or complications present a particular difficulty of
analysis or if a doubt on the benefit of the study is present.

Statistical analysis plan: The Phase-I part of the study will consist of
oxaliplatin dose escalation according to a modified Fibonacci
sequence “3+ 3” design (Figure 1), starting with the dose currently
used in PIPAC procedures (90 mg/m2). Dose escalation was in 50 mg/
m2 steps up to a maximum of 300 mg/m2, which is the dose currently
used in HIPEC procedure. Before moving to the next dose level,

Figure 1: Dose escalation according to a “3+ 3”
Fibonacci sequence.
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at least three patients have to be treated at each level without pre-
senting any severe chemotherapy-related toxicity or unexplained
post-operative complication. Each patient who experiences good tol-
erance (and no tumor progression) will be invited to receive two to
five PIPAC procedures at 4–6 week intervals, to allow an evaluation
of cumulative toxicities. Therefore, the DLT evaluation period will
extend from the start of the first PIPAC procedure up to 4–6 weeks
after the second PIPAC procedure, i.e. during an 8–12 week period for
a given patient treated at a given dose level.

In the phase-II part of the multicenter study, at the same deter-
mined dose level, all the 20 additional patients will be evaluated in
terms of safety, histologic response, survival and rate of secondary
CCS followed by HIPEC during 3 years of follow-up.

Study population and eligibility criteria

Inclusion criteria:

– Patient aged ≥ 18 years with no upper age limit

– Peritoneal carcinomatosis histologically or cytologically proven
– At least 3 months of systemic chemotherapy
– Extended or nonresectable peritoneal carcinomatosis
– Extended peritoneal carcinomatosis from gastric cancer (PCI > 5)
– Extended peritoneal carcinomatosis from small bowel cancer

(PCI > 13)
– Extended peritoneal carcinomatosis from colorectal cancer

(PCI > 15)
– Good general health status – ECOG Performance status (ECOG≤ 2)
– Life expectancy > 3 months
– Peripheral neuropathy grade ≤ 1
– Hematology: hemoglobin ≥ 9 g/dL, leukocytes ≥ 4000/mm3,

PMN ≥ 1500/mm3, platelets ≥ 100,000/mm3

– Normal renal function: serum creatinine ≤ 2 times upper limit of
normal (ULN)

– Normal hepatic function: total bilirubin ≤ 1.5 ×ULN, ASAT and
ALAT ≤ 3 ×ULN, alkaline phosphatases ≤ 3 ×ULN

– Effective contraception in non-menopausal women
– Signed informed consent
– Patient affiliated with a health insurance scheme in the EU

Exclusion criteria:

– Last bevacizumab infusion within the last 2 months
– Prolonged corticosteroid treatment, not stopped within 3

months before PIPAC
– Extra-peritoneal metastases with the exception of fewer than 3

pulmonary nodules < 5mm in size
– Known hypersensitivity to oxaliplatin
– Complete DPD enzyme deficiency
– Peripheral neuropathy grade > 1
– Active uncontrolled infection or any uncontrolled severe disease
– Any other cancer with the exception of skin basal cell carci-

noma or in situ cervical carcinoma
– Pregnancy or breast-feeding women
– Patient deprived of liberty or under guardianship
– Follow-up impossible due to any reason (geographical, social,

psychological, … .)

Treatment schedule (Figure 2)

Operative technique: One hour before PIPAC we deliver systemic
intravenous leucovorin 20 mg/m2 and 5-FU 400 mg/m2. All proce-
dures are performed in compliance with Occupational Health and
Safety requirements: closed abdomen, laminar airflow, controlled
aerosol waste, protection curtain, specific check list.

After insufflation of 12 mmHg of capnoperitoneum, three balloon
trocars are placed. Exploratory laparoscopy is performed as usual
and the PCI score is determined. Parietal biopsies are taken before
and after nebulization for histologic response assessment and
translational studies. A nebulizer is connected to a high-pressure
injector and inserted into the abdomen through a trocar. A pressur-
ized aerosol containing oxaliplatin at a dose of 90 to 300 mg/m2

body surface in 150 mL of 5% dextrose solution is applied. Then,
the system is kept in steady-state for 30 min (application time).
Toxic aerosol is exhausted over a closed system. Trocars are
retracted.

Translational studies

Pharmacokinetics and tissue distribution study: The goal of phar-
macokinetics study is to determine the physiology of toxicities and
therapeutic effectiveness.

The time course of oxaliplatin in the peripheral blood, the tissue
distribution and tissue concentration of oxaliplatin will be analyzed.
Platinum determination will be performed by inductively coupled
plasma mass spectrometry.

At each PIPAC session, five plasma, two peritoneal fluid and three
tissue samples are collected.

Plasma samples are collected just before PIPAC, at 10 min, 30
min, 1 h, 3 h, 6 h, 24 h and 48 h after the end of each PIPAC
procedure. A peritoneal fluid is collected before and after oxalipla-
tine nebulization for each PIPAC session. At the end of each PIPAC
procedure three types of solid tissue will be studied: one tumor
nodule, one piece of normal peritoneal tissue treated by PIPAC
and one piece of parietal muscle no treated by PIPAC.

Epimarks mutations study: At each PIPAC session, one plasma and
two tissue samples are collected. This translational project is
designed to provide a first version of a biomarkers-associated sche-
dule for the dynamic combination of oxaliplatin with chemo- and
immunomodulatory therapies for the treatment of peritoneal metas-
tasis from colorectal cancer.

Quality assurance

The protocol will be conducted in compliance with Good Clinical
Practice guidelines and the ethical principles set forth in the
Declaration of Helsinki. The study protocol was approved by the
leading Ethics Committee and approved by the national competent
authority (ANSM, ref: 160880-A12) considered mandatory by federal
law. The study was assigned the EudraCT number 2016-003666-49
and is registered at ClinicalTrials.gov (NCT03294252).
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Discussion

PIPOX is the first trial involving oxaliplatin dose escalation
via a PIPAC approach. The first patient was included in
June 2017. In this phase I trial, we hypothesized that high
doses of oxaliplatin during repeated PIPAC are feasible
and safe. Oxaliplatin is the most interesting drug to eval-
uate in PIPAC procedures because it is the only one to
have all of the following advantages. First, it is effective in
gastrointestinal tract tumors where it is used first line for

colorectal [28], small bowel [29] and stomach carcinomas
[30]. Second, it can be used by the aerosol route [23].

Third, high doses of oxaliplatin given by the intra-
peritoneal route [9] are well tolerated [25]. The oxaliplatin
dosage currently used during PIPAC procedures is
92 mg/m2, very close to the dosage used in intravenous
infusions [23]. Local administration of oxaliplatin limits
systemic toxicities because the peritoneum acts as bar-
rier. The oxaliplatin dosage can be five times higher (460
mg/m2) than the systemic dosage (90 mg/m2) for a similar
serum level [25]. The time course and concentration of
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Figure 2: Treatment schedule.
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oxaliplatin in the peritoneal fluid and in the peripheral
blood are available [25]. Safety data from large clinical
studies indicate that the dose of intraperitoneal oxalipla-
tin with satisfactory tolerance is 300 mg/m2 [25, 31] This
dose which is lower than the dose limiting toxicity deter-
mined in the phase I study limits postoperative intra-
abdominal bleeding [31]. Clinical experience and safety
monitoring have also been obtained with this high intra-
peritoneal dosage. We can therefore hypothesize that
high-dose oxaliplatin given by intraperitoneal nebuliza-
tion is feasible and safe. Furthermore, high doses of
oxaliplatin improve drug efficacy. Oxaliplatin has dose-
dependent efficacy [32]. High-dose drug administration in
intraperitoneal sites results in higher intratumoral con-
centrations, the physiopathological basis of greater effi-
cacy. Furthermore, as decreased drug accumulation is
probably one of the mechanisms underlying resistance
to systemic treatments [33], the higher intratumoral con-
centration could prevent the development of systemic
resistance. Importantly, oxaliplatin is a low cost generic
drug. The costs of new antineoplasic drugs represent the
fastest rising costs in Western health care and developing
low-cost innovations is becoming a key strategic issue to
preserve public health care insurance.
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