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Introduction

Pressurized intraperitoneal aerosol chemotherapy (PIPAC) is a new mode of minimalinvasive intraperitoneal (IP) drug delivery for patients with peritoneal cancer (PC) [START_REF] Solass | Description of a Novel Approach for Intraperitoneal Drug Delivery and the Related Device[END_REF]. The current recommendations foresee at least 3 PIPAC treatments (4-6 weeks interval) as single modality or in combination with systemic chemotherapy [START_REF] Alyami | Multicentric Initial Experience With the Use of the Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) in the Management of Unresectable Peritoneal Carcinomatosis[END_REF].

Two regimens of IP agents are usually delivered through PIPAC: cisplatin in combination with doxorubicin (C/D) or oxaliplatin as monotherapy. A potential third agent is mitomycine C but reports are scarce for this drug [START_REF] Alyami | Multicentric Initial Experience With the Use of the Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) in the Management of Unresectable Peritoneal Carcinomatosis[END_REF]. For any of these agents, initial doses were empirically defined in the lower range in order to avoid systemic toxicities [START_REF] Solass | Intraperitoneal Chemotherapy of Peritoneal Carcinomatosis Using Pressurized Aerosol As an Alternative to Liquid Solution: First Evidence for Efficacy[END_REF]. Recently, a dose-finding study allowed to safely increase C/D doses by 40% (C: 10.5mg/m2, D: 2.1mg/m2)(4). Currently, two phase I clinical trials are ongoing aiming to define the optimal dose for oxaliplatin (currently: 92mg/m2 or or 20% of the Elias regimen( 5)) (6;7). PIPAC was evaluated independently by different groups confirming consistently feasibility, safety, and good tolerance of the procedure [START_REF] Kurtz | Feasibility, Safety, and Efficacy of Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) for Peritoneal Metastasis: A Registry Study[END_REF][START_REF] Grass | Systematic Review of Pressurized Intraperitoneal Aerosol Chemotherapy for the Treatment of Advanced Peritoneal Carcinomatosis[END_REF][START_REF] Tempfer | Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) for Peritoneal Carcinomatosis: Systematic Review of Clinical and Experimental Evidence With Special Emphasis on Ovarian Cancer[END_REF]. However, PIPAC-Ox was reluctantly used for fear of toxicity (especially abdominal pain) which was encountered after IP administration of oxaliplatin by means of an intraperitoneal catheter [START_REF] Sgarbura | Preoperative Intraperitoneal Oxaliplatin for Unresectable Peritoneal Carcinomatosis of Colorectal Origin: a Pilot Study[END_REF] or in form of heated intraperitoneal chemotherapy (HIPEC) [START_REF] Levine | A Multicenter Randomized Trial to Evaluate Hematologic Toxicities After Hyperthermic Intraperitoneal Chemotherapy With Oxaliplatin or Mitomycin in Patients With Appendiceal Tumors[END_REF]. So far, the largest experience on PIPAC-Ox included 17 patients with PM of colorectal origin having 48 PIPAC-Ox administrations (mean 2.8). CTCAE grade 3 toxicity was observed in 23% of patients but no CTCAE grade 4 was reported [START_REF] Demtroder | Pressurized Intraperitoneal Aerosol Chemotherapy With Oxaliplatin in Colorectal Peritoneal Metastasis[END_REF]. In the French cohort analyzed at the end of the 1 st year of use of PIPAC, CTCAE 4.0 grade 3 toxicities were only found in 9,7% of patients having received either cisplatin-doxorubicin, oxaliplatin or mitomycine C. While these initial studies were encouraging, they still convey limited information concerning the use of PIPAC-Ox regarding safety, tolerance and efficacy.

The aim of the present multicenter study was to assess the tolerance profile of PIPAC-Ox in a large cohort of patients and to identify risk factors for high grade toxicity, discontinuation of treatment and poor survival.

Material and methods

Study design

This is a multicenter retrospective cohort including all consecutive patients treated with PIPAC-Ox in five investigating centers (Montpellier Cancer Institute, Lausanne University Hospital, Lyon Sud University Hospital, Clermont Ferrand University Hospital, Lariboisière University Hospital) from January 2015 to December 2017. The study was approved by the Ethics Committee of the collecting center in accordance with the ethical standards of the Helsinki Declaration of 1975. Data was retrieved from prospectively maintained institutional data bases with permission of the respective institutional review boards and analyzed anonymously. Follow-up for survival data was performed until March 2018.

PIPAC procedure

All centers followed the structured PIPAC training program before start of the clinical program and four of them became PIPAC training centers. The procedures were performed under general anesthesia and the standard protocol was described in detail elsewhere [START_REF] Giger-Pabst | How to Perform Safe and Technically Optimized Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC): Experience After a Consecutive Series of 1200 Procedures[END_REF].

Briefly, a first trocar was placed using open technique. Two trocars were used in total: one for the endoscope and one for the aerosolizer (Capnopen © ; Capnomed GmbH, Villigendorf, Germany). The latter was connected to a high-pressure injector that applied up to 20 bar and a flow of 0.5 ml/sec. A pressurized aerosol containing oxaliplatin at a dose of 92 mg/m2 body surface in a 150-ml 5% dextrose solution was applied via the injector and the aerosolizer.

After the injection, therapeutical capnoperitoneum was maintained for 30 minutes at 37°C. The remaining toxic aerosol was exsufflated in a closed aerosol wasting system [START_REF] Hubner | Pressurized IntraPeritoneal Aerosol Chemotherapy -Practical Aspects[END_REF]. The procedure was repeated at 6 week intervals. Patients were managed postoperatively in the surgical unit. A visual analogue scale (VAS) was used for assessment of the pain. In the immediate postoperative setting the assessment was performed four times daily. The postoperative assessment was performed at the 3 week evaluation by the surgeon in charge.

All the measures were translated in the CTCAE grading system by the patient's surgeon.

Outcome measures

Demographic, clinical, disease-related and treatment-related variables were collected for all patients. Symptomatic response to treatment, evolution of the peritoneal carcinomatosis index (PCI), reasons for discontinuation of the treatment were taken into account for each PIPAC.

Adverse events were graded according to CTCAE version 4.0. Survival was calculated in months reported to the date of diagnosis of the primary disease, of the peritoneal carcinomatosis and of the first PIPAC treatment. Minimal follow-up was 3 months.

Statistical analysis

Continuous and categorical variables were collected and analyzed. Continuous data was reported as a median with an interquartile range except for the number of PIPAC procedures where the mean and the standard deviation were used for comparative purposes with previous reports. Frequencies were reported as raw numbers and percentages of the entire population of patients. Non parametric tests were used for comparison of independent variables (Mann-Whitney test, Chi-square). Regression analyses was used to test potential relationship between variables and one way ANOVA as well as multivariate analysis were performed for identifying potential prognostic factors. Regression analysis investigated the role of gender, elder age, BMI<20, primary tumor in the onset of severe abdominal pain (>grade 2) or on CTCAE complication grade 3 or higher. Univariate analysis aimed to determine if any of the following factors were potentially prognostic for the early discontinuation of the treatment (defined as the administration of <3 PIPAC) or for the impaired survival: gender, BMI<20, primary tumor, presence of abdominal pain CTCAE grade 1 to 3, presence of any grade 3 toxicities. Survival analysis was performed by use of the Kaplan Meier model. A p-value <0.05 was considered significant. All data were analyzed with the SPSS software (SPSS 17.0; SPSS Inc., Chicago, Illinois, USA) for Windows.

Results

Between January 2015 and December 2017, 101 patients were treated with 251 PIPAC-Ox in total. Demographics and clinical details are displayed in Table 1. All patients had histologically proven peritoneal metastases with a median PCI of 19 (IQR:10-28) at the start of treatment.

Patients had a mean number of 2.5 PIPAC (+/-1.5) (Figure 1). 64.3% and 47.5% of patients had at least 2 or 3 PIPAC procedures, respectively. Further procedural details are clarified in Table 2.

In 48 patients, PIPAC was associated with a type of toxicity CTCAE 4.0 grade 1 to 5 with a total of 55 adverse events. However grade 1 toxicities represented almost a half of them.

Grade 4 and 5 were extremely rare (<1% each). Grade 3 toxicities were encountered in 14 cases (13.9%) (Table 3). Abdominal pain was present in 22.8% of all patients. 8.9% of patients had grade 3 pain, and 3% required a change of the PIPAC drug. This data was not available for 1 patient. Surgical complications grade 3 and 4 were accounted for in 4 patients (two hematomas, two surgical site infections) whereas one respiratory grade 5 toxicity was recorded in a patient with a preexistent respiratory condition Follow-up after the first PIPAC had a median of 5 months (IQR: 5-11). 50 patients (49.5%) noted improvement of symptoms under PIPAC treatment. Median overall survival (OS) was calculated from the initial diagnosis of the primary tumor (102 months+/-46.8), from the diagnosis of the peritoneal metastatic disease (not reached) and from the first PIPAC (not reached), respectively. The Kaplan Meier curves are presented in Figure 2.

There was no relationship in the binary logistic regression analysis between any of the specified factors and CTCAE complications grade 3 or higher. There was no relationship in the binary logistic regression analysis between any of the specified factors and the presence of severe abdominal pain (grade 2 or higher) except for age over 65 where p-value was as the threshold of significance (p=0.055). In linear regression, age over 65 was significantly related to abdominal pain.

Univariate analysis (ANOVA) did not identify any prognostic factors for early discontinuation of the planned treatment (3 cycles of PIPAC). Severe abdominal pain (grade 2 or higher) was one of the investigated factors and it was not retained. Univariate analysis (ANOVA) identified only a BMI lower than 20 as prognostic factor for impaired overall survival (p=0.038). The association of male sex and age over 65 as well as the association of BMI<20 and age>65 proved statistically significant (p<0.05). There were no statistically significant factors in the multivariate analysis. Cox regression analysis failed to identify significant differences in survival based on the aforementioned variables (gender, BMI<20, primary tumor, presence of abdominal pain CTCAE grade 1 to 3, presence of any grade 3 toxicities).

Discussions

In this multi-center study, PIPAC with oxaliplatin 92mg/m² appeared to be a safe and repeatable locoregional treatment for PC of various origins. High-grade adverse events occurred in only 15.9% of all patients, symptom response was accounted in half of the patients and encouraging survival curves call for further prospective evaluation.

Although oxaliplatin is one of the three validated drugs administered in PIPAC(9;10;16), it is still used with reluctance because of previous data showing CTCAE 4.0 grade 3 toxicities in 23% of patients [START_REF] Demtroder | Pressurized Intraperitoneal Aerosol Chemotherapy With Oxaliplatin in Colorectal Peritoneal Metastasis[END_REF]. Furthermore, recent results from trials based on other intraperitoneal uses of oxaliplatin raised concerns with regards to the efficacy of this drug in the intraperitoneal setting [START_REF] Ceelen | HIPEC With Oxaliplatin for Colorectal Peritoneal Metastasis: The End of the Road?[END_REF]. Unlike in hyperthermic intraperitoneal chemotherapy (HIPEC), oxaliplatin is administered repeatedly in PIPAC and under pressure conditions which enhance tissue entry( 18) of a molecule with already satisfying pharmacokinetic properties (molecular weight 397.3 Da, area under the curve (AUC) peritoneum-plasma ratio 16) (19) used at fivetimes lower doses.

Toxicity studies on oxaliplatin-based PIPAC included reports of severe hypersensitivity [START_REF] Siebert | Severe Hypersensitivity Reactions to Platinum Compounds Post-Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC): First Literature Report[END_REF] and peritoneal sclerosis [START_REF] Graversen | Severe Peritoneal Sclerosis After Repeated Pressurized Intraperitoneal Aerosol Chemotherapy With Oxaliplatin (PIPAC OX): Report of Two Cases and Literature Survey[END_REF]. Severe hypersensitivity rates were 2.8% for oxaliplatin versus 0.6% for cisplatin-doxorubicin in a monocentric cohort of more than 300 PIPAC. In the colorectal PM cohort, CTCAE grade 3 events were observed in 4/17 patients (23%), and no CTCAE 4 side effects were documented. Postoperative pain of all grades was reported in 11 cases (64.7%) [START_REF] Demtroder | Pressurized Intraperitoneal Aerosol Chemotherapy With Oxaliplatin in Colorectal Peritoneal Metastasis[END_REF]. In comparison, toxicity rates of systemic administration of oxaliplatin are considerably higher with a 50% rate of neuropathy under treatment which persists in 0.7% of patients beyond 18 months after treatment [START_REF] Hoff | Literature Review and Practical Aspects on the Management of Oxaliplatin-Associated Toxicity[END_REF]. In addition, systemic oxaliplatin administration entails a 40% risk of transient thrombocytemia of any grade and of 12-19% hypersensitivity reactions [START_REF] Hoff | Literature Review and Practical Aspects on the Management of Oxaliplatin-Associated Toxicity[END_REF]. None of these effects has been observed after PIPAC-Ox with the current dose regimen.

PIPAC procedures combining cisplatin-doxorubicin were also associated with CTCAE 4.0 grade 3 or higher toxicities ranging from 16-36% in phase I, phase II and cohort studies (2;4;23;24). In the feasibility phase II study, there were 16% CTCAE 4.0 grade 3 toxicities but only 4% abdominal pain grade 3 [START_REF] Tempfer | Pressurized Intraperitoneal Aerosol Chemotherapy in Women With Recurrent Ovarian Cancer: A Phase 2 Study[END_REF]. In the phase I study testing increasing doses of the cisplatin-doxorubicin association, only one grade 3 event (colon perforation, surgery-related) was described and it belonged to the first dose level(4). In a cohort of patients with gastric cancer treated with PIPAC C/D, grade 3-5 toxicities were encountered in 36% of the patients (25% grade 3). The present PIPAC-Ox results are similar to that of the cisplatindoxorubicin phase II study and superior to previous PIPAC C/D and PIPAC-Ox reports.

In the present study, 22.8% of all patients presented with abdominal pain but only 9% of them had grade 3 abdominal pain while only 3% needed a change in the PIPAC drug due to this toxicity. These figures are higher than those published for cisplatin-doxorubicin but there is no proof of significant impact on the treatment in regression analysis. Practices of pain management after the PIPAC procedure vary among the investigating centers with some centers routinely offering opioids after PIPAC-Ox which can interfere with the results. The change of the PIPAC drug was performed when grade 3 abdominal pain was persistent after 1 week use of high level analgesia (opioids or derivates). Unfortunately the quality of life data was not available for all the patients in the study. Also inflammatory response was not tested as postoperative inflammatory response was similar in a previous cohort study comparing PIPAC C/D versus PIPAC-Ox [START_REF] Teixeira | Inflammatory Response and Toxicity After Pressurized IntraPeritoneal Aerosol Chemotherapy[END_REF].

Following regression, univariate and multivariate analysis, very few prognostic factors can be identified, probably due to the heterogeneity of the patients in this cohort. The selection criteria for patients undergoing PIPAC evolved since the initial experience of some of the centers that participated in this study therefore surgical complications and the postoperative onset of bowel obstruction have diminished [START_REF] Alyami | Multicentric Initial Experience With the Use of the Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) in the Management of Unresectable Peritoneal Carcinomatosis[END_REF]. On the other hand, the symptom improvement rate following PIPAC remains similar at 49.5%.

The survival curves following oxaliplatin-based PIPAC are very encouraging with median survival not reached for the global group or for the colorectal subgroup. Overall survival was 62% at 30 months for the entire group as well as for the colorectal patients which compares favorably with OS rates for PM patients under systemic chemotherapy [START_REF] Franko | Prognosis of Patients With Peritoneal Metastatic Colorectal Cancer Given Systemic Therapy: an Analysis of Individual Patient Data From Prospective Randomised Trials From the Analysis and Research in Cancers of the Digestive System (ARCAD) Database[END_REF]. The other groups based on the histology of the primary tumor were scarcely represented therefore results should not be extrapolated. However these encouraging survival data, although not definitive in the absence of randomized controlled trials, demonstrate once more that advances were made in patient selection and systemic treatment association when compared to earlier studies(2;13).

Main limitations of the present study are its retrospective study design, limited patient sample, heterogeneous indications, and absence of control group. However, treatment was highly standardized as shown in a recent study [START_REF] Nowacki | Multicenter Comprehensive Methodological and Technical Analysis of 832 Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) Interventions Performed in 349 Patients for Peritoneal Carcinomatosis Treatment: An International Survey Study[END_REF] . Then, deliberate patient selection appears to be unlikely given the high PCI at first PIPAC, even for primary etiologies where peritoneal surgery is not a standard. Furthermore, PIPAC was utilized in larger terms in clinical practice only since 2015 and the present study provides the largest overview on PIPAC-Ox so far.

In summary, PIPAC with oxaliplatin 92mg/m 2 appears to be a feasible and safe treatment alternative for patients with advanced PC. It offers symptom improvement in half of the patients, and short-term survival data is favorable. Dose-escalation studies are underway, and ongoing and planned phase II and III comparative trials should help to define potential indications for PIPAC-Ox. 
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  Figure1. The flow diagram of the treatment with oxaliplatin-based PIPAC. Toxicities as a reason to stop PIPAC include systemic toxicities (pain, liver failure) and local toxicities (hematoma, perforation).

Figure 2 Kaplan

 2 Figure 2 Kaplan Meier survival curves reported to the first PIPAC administration a) for the entire group; b) for the different histological types of PC

Table 1 .

 1 Demographic and clinical characteristics of the patients

		Subtype	Value (%)
	Gender	Male	56 (55.4%)
		Female	45 (44.6%)
	Age	Median (IQR)	59 (50-70/5)
	ASA	I	13 (12.9%)
		II	58 (57.4%)
		III	21 (20.8%)
		Missing	9 (8.9%)
	BMI	Median (IQR)	23 (20.5-25.7)
		<20	22 (21.8%)
	Histology	Colorectal cancer	66 (65.4%)
		Gastric cancer	15 (14.8%)
		Ovarian cancer	5 (4.9%)
		Peritoneal mesothelioma	3 (3%)
		(MPM)	
		Peritoneal pseudomyxoma	2 (2%)
		(PMP)	
		Other *	10 (9,9%)
	Initial PCI	Median (IQR)	19 (10-28)
	Synchronicity	Synchronous	46 (45,5%)
		Metachronous	53 (52,5%)
		Missing	2 (2%)
	Previous chemotherapy Yes	93 (92,1%)
		No	8 (7,9%)
	Symptoms related to PM Ascites	46 (45,5%)
		Pain	39 (38,6%)
		Impaired bowel function	23 (22,8%)
	Legend: *other histologies represent rare indications of PIPAC such as small bowel cancer,
	pancreatic cancer, cholangiocarcinoma, mixed neuroendocrine and carcinoma)

Table 2 .

 2 Treatment-related characteristics of the patients in the present study (*the value is inferior to the total number of adverse events in Table3as several events can be described in the same patient)