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Abstract. Background/Aim: Pressurized intraperitoneal
aerosol chemotherapy (PIPAC) is a recent approach for
intraperitoneal chemotherapy with promising results for
patients with peritoneal metastasis (PM). The aim of this
study was to report renal toxicity for patients who received
at least 3 repeated PIPAC procedures. Patients and Methods:
All patients who underwent at least 3 PIPAC cycles of
cisplatin (7.5 mg/mz) and doxorubicin (1.5 mg/mz) for
unresectable PM from December 2015 to September 2017,
were analysed regarding postoperative renal toxicity.
Results: Among 103 patients registered in a prospective
single center database, 43 patients underwent at least 3
PIPAC cycles representing a total of 175 PIPAC. Median age
was 59.8 years, 24 (55.8%) patients were female and median
BMI was 22.2 kg/mz. Most common origins of PM were
gastric 22 (51.1%) and ovarian 11 (25.6%) cancer. Median
peritoneal cancer index (PCI) was 17 (range=5-39). For 39
(90.1%) patients, systemic chemotherapy was performed in
addition to PIPAC. Forty-three (100%), 17 (39.5%), 14
(32.5%), 8 (18.6%), 3 (7%), 2 (4.7%) and 2 (4.7%) patients
underwent three, four, five, six, seven, eight and nine PIPAC
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procedures, respectively. Repeated PIPAC did not induce
significant acute nor cumulative renal toxicity in any
patients. Conclusion: Repeated PIPAC did not induce
clinically relevant renal toxicity. This study confirms the
previous published results in a larger group of patients.

Peritoneal metastasis (PM) is a common evolution of
abdominal cancers and is associated with a poor prognosis in
the absence of aggressive multimodal therapeutic approaches
(1). Systemic chemotherapy offers suboptimal effects in terms
of outcomes due to a weak penetration of agents in the
peritoneum and a relative resistance of peritoneal nodules (2,
3). When PM is unresectable, systemic chemotherapies
associated with targeted therapies are actually the only
treatments with limited effect on survival. Expected median
survival reaches 20 months for colorectal cancer (4), 7 months
for gastric cancer (5), 17.6 months for ovarian cancer (6), and
less than 12 months for peritoneal mesothelioma (7).
Cytoreductive surgery (CRS) with hyperthermic intraperitoneal
chemotherapy (HIPEC) in adjunct to perioperative systemic
chemotherapy was developed in the 90’s for selected patients
with resectable PM (8, 9). It has improved the median overall
survival (OS) and is nowadays one of the standard therapies
for several pathologies, such as pseudomyxoma peritonei,
mesothelioma, colorectal, ovarian and gastric PM (10-14).
For unresectable PM a minimally-invasive repeatable
approach has recently been developed: pressurized intra-
peritoneal aerosol chemotherapy (PIPAC). It seems to enhance
the effect of chemotherapy by taking advantage of the physical
properties of aerosol and pressure (15). PIPAC is reported to
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be safe and well tolerated, with no postoperative hepatic and
renal toxicities (16-21). The first evidence of PIPAC efficacy
were promising, regression of PM in tumors resistant to
systemic chemotherapy has been reported (15).

The aim of the present study was to report renal toxicity in
patients who received at least 3 repeated PIPAC procedures of
cisplatin (7.5 mg/m?) and doxorubicin (1.5 mg/m?).

Patients and Methods

Study design. The study included patients with unresectable PM
who underwent at least 3 repeated PIPAC procedures with cisplatin
(7.5 mg/m?) and doxorubicin (1.5 mg/m?) every 6 to 8 weeks in
conjunction with 2 interval systemic chemotherapies between
December 2015 and September 2017 at Lyon-Sud university
hospital. The patient data were extracted from the BIG-RENAPE
database (NCT02823860).

Our center followed the PIPAC implementation training program
for practical and safety procedures organized by Professor Reymond
in Germany in addition to a visit in an active PIPAC center before
starting the 1st procedure. The study was performed in accordance
with the precepts established by the Declaration of Helsinki. All
patients gave their written informed consent for data collection.

Study population. Before therapy, every case was presented to the
multidisciplinary tumor board and the indication for PIPAC
procedure was decided in an individual, case-by-case basis. The
PIPAC approach was only considered for patients with unresectable
PM with an Eastern Cooperative Oncology Group (ECOG)
performance status <2. Patients with intestinal obstruction, extra-
peritoneal disease, or a history of allergic reactions to platinum
compounds or doxorubicin were not considered.

For each patient who underwent PIPAC procedures, the
following data were extracted: gender, age at the time of first PIPAC
procedure, origin of PM, body mass index (BMI), history of
chemotherapy lines before PIPAC, type of systemic chemotherapy
in conjunction with PIPAC, extent of PM determined according to
the Peritoneal Cancer Index (PCI) (22), delay between PIPAC and
systemic chemotherapy, blood creatinine (Creat), and blood urea
nitrogen (BUN).

Surgical procedure. The technique used at our institution was
previously described (23, 24). In brief, under general anaesthesia
without hyper hydration, a balloon trocar (Applied Medical, Paris,
France) was placed in the midline, using open laparoscopic access
technique, and a capnoperitoneum insufflation of 12 mmHg at 37°C
was applied. Another balloon trocar was placed in the midline.
Explorative laparoscopy was performed and the PCI was determined.
Parietal biopsies were performed and ascites was removed for
peritoneal cytology. A nebulizer CAPNOPEN® (Reger
Medizintechnik, GmbH, Villingendorf, Germany) was then
connected to a high-pressure injector and inserted into the abdomen
through a trocar. The safety protocol with a checklist containing all
safety aspects, as described previously (16, 18), was systematically
double-checked before administration of cytotoxic drugs. A
pressurized aerosol containing chemotherapy agents was then
applied. The chemotherapies administrated were cisplatin (7.5 mg/m?
body surface in 150 ml NaCl 0.9%) immediately followed by
doxorubicin (1.5 mg/m2 in 50 ml NaCl 0.9%). Application time was
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30 min. Remaining toxic aerosol was exhausted over a closed
surgical smoke evacuation system. Trocars were removed. The goal
was to repeat PIPAC every 6 to 8 weeks for at least three times.

Sampling. Peripheral venous blood (for Creatinine and urea
clearances) was routinely collected preoperatively and then on the
3rd postoperative day. Analysis was performed in the clinical
chemistry laboratory of our hospital according to routine protocols.
Toxicity was assessed by measuring blood creatinine (Creat)
(umol/l) and blood urea nitrogen (BUN) (umol/l). Acute renal
dysfunction was defined as a >50% increase in post-treatment
creatinine according to Risk, Injury, Failure, Loss of kidney
function, and End stage kidney disease (RIFLE) and Acute Kidney
Injury Network (AKIN) classification (25, 26).

Ethical approval. All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the
1964 Helsinki declaration and its later amendments or comparable
ethical standards.

Statistical analysis. Descriptive results were presented as a number
(percentage) for qualitative variables and as a meantstandard
deviation (SD) or median (minimum-maximum) for quantitative
variables.

Results

Among 103 patients registered in our database between
December 2015 and September 2017, 43 patients underwent
at least 3 PIPAC cycles with a total of 175 PIPAC (Table I).
Median age was 59.8 years, 24 (55.8%) patients were female
and median BMI was 22.2. The most common origins of PM
were gastric 22 (51.1%) and ovarian 11 (25.6%) cancer.
Median PCI was 17 (5-39). In 39 (90.1%) patients, systemic
chemotherapy was performed in addition to PIPAC. Forty-
three (100%), 17 (39.5%), 14 (32.5%), 8 (18.6%), 3 (1%), 2
(4.7%) and 2 (4.7%) patients underwent three, four, five, six,
seven, eight and nine PIPAC, respectively. Repeated PIPAC
did not induce significant acute nor cumulative renal toxicity
in all patients (Figure 1). Renal function remained stable
even after 9 PIPAC cycles in some patients.

Discussion

Our study confirmed that repeated PIPAC did not induce
significant acute or cumulative renal toxicity. This is
remarkable since application of PIPAC was repeated up to 9
cycles in some patient at 6 to 8-week intervals.

Intravenous chemotherapy aims to control systemic disease.
But, because of interstitial fibrosis and the effective barrier
between blood and the peritoneal cavity, drug concentrations
penetrating in peritoneal tumour nodules are low and systemic
toxicity is important (27). Drugs mostly used for systemic
chemotherapy combine taxanes such as paclitaxel and platinum-
based anticancer agents including cisplatin or carboplatin,
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Table 1. Clinicopathological data for patients treated with PIPACY.

Variable Value N Percentage

Number of patients 43

Gender (M:F) 19:24 44.2:55.8

Age, median years (range) 59.8 (33-77.9)

BMI, median 222

Origin of PC
Gastric 22 51.1
Ovarian 11 25.6
Mesothelioma 4 9.3
Pseudomyxoma 2 4.7
Others 4 9.3

Synchronous PC 32 744

Metachronous PC 11 25.6

Preoperative Chemotherapy
1 line 39 90.1
2 lines 23 53.5
3 lines 6 12

Systemic chemotherapy associated with PIPAC 39 90.1

Median PCI at time of first PIPAC 17 (5-39)

PIPAC sessions 175
1 43 100
2 43 100
3 43 100
4 17 395
5 14 325
6 8 18.6
7 3 7
8 2 4.7
9 2 4.7

4Values in table are numbers of patients (percentages) unless otherwise indicated.

known to cause tubular necrosis and renal failure (28, 29).
Indeed, the main elimination route of cisplatin is renal: the drug
and its metabolites reach high local concentrations leading to
dose-dependent renal toxicity (30, 31).

On the other hand, loco-regional delivery of chemotherapy
into the abdominal cavity is nowadays recognized as a safe
option for PM treatment in selected patients, represented by
HIPEC after CRS for resectable PM. For unresectable PM,
PIPAC seems to enhance the effect of chemotherapy (15).
Multiples recent studies demonstrated the absence of
postoperative renal toxicity related to PIPAC (17, 32, 33).
Blanco et al. have reported that renal function remained
within the normal range with no cumulative toxicity after
two to three PIPAC sessions in three patients included in
their study (17). Robella et al. have shown that the
association of PIPAC and systemic chemotherapy does not
induce significant renal toxicity (32). Finally, Teixeira
Farinha et al., reported that creatinine levels were not
significantly altered after PIPAC procedures at post-operative
day 2 even when procedures were repeated (33). The present
findings confirm previously reported results on a larger scale

and suggest that repeated PIPAC does not induce significant
acute nor cumulative renal toxicity even after 9 PIPAC.
Nephrotoxicity, the major dose-limiting adverse effect of
cisplatin treatment, has also been reported in HIPEC. It is
partly explained by cisplatin’s concentration into the
circulation as previously showed by pharmacokinetic studies.
Cisplatin treatment results in acute cytotoxicity to tubular
epithelium, followed by inflammatory cell infiltration and
fibroproliferative changes (34). In most of the PIPAC
literature, cisplatin dose was 7.5 mg/m? and doxorubicin dose
was 1.5 mg/m?. The lack of systemic toxicity might reflect the
fact that PIPAC achieves high intraabdominal concentrations
of chemotherapy while minimal amounts of the drug reach
systemic circulation (35). In our study, repeated PIPAC were
found to be completely safe for the kidney even after 9 PIPAC
at these concentrations. In a recent phase I study evaluating
cisplatin dose escalation in PIPAC, there was no renal toxicity
even with higher dose of cisplatin (34). They concluded that
PIPAC with cisplatin and doxorubicin may be safely used at
an intraperitoneal dose of 10.5 mg/m? and 2.1 mg/m?2,
respectively. Therefore, for selected patients, like older
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Figure 1. Continued
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Figure 1. Renal toxicity after repetitive PIPAC procedures. Renal toxicity under PIPAC treatment represented by BUN and Creatinine levels. A)
BUN at day 0. B) Creatinine at day 0. C) BUN at day 3 post PIPAC. D) Creatinine at day 3 post PIPAC. No significant difference was found for
repetitive PIPAC up to 9 procedures. BUN - Blood urea nitrogen.
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patients(36) or patients who experienced severe toxic effects
from previous systemic chemotherapy, even chronic renal
failure, PIPAC might be promising.

The data reported herein should be evaluated in the
context of their limitations. First, this study represents a
retrospective analysis of patients treated at a single
institution. However, the database used is prospectively
maintained and managed by a trained, full time personnel
using abstracted data and standardised algorithms similar to
those used in the management of large, national data sets.
Second, the population was heterogeneous regarding PC
origins, number of PIPAC procedures applied, number of
previous chemotherapy lines and nature of systemic
chemotherapy associated to PIPAC. However, evolution of
renal function is similar, which demonstrates the safety of
PIPAC procedure. The last limitation was the absence of
long-term patient’s follow-up.

Conclusion

Repeated PIPAC did not induce clinically relevant renal
toxicity. This study confirms the previous published results
in a larger group of patients.
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