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Introduction: Pressurized intraperitoneal aerosol chemotherapy (PIPAC) is a promising technic for unresectable peritoneal metastasis (PM). Targeted therapies such as bevacizumab have demonstrated their efficacy in advanced colorectal and ovarian cancer. We aimed to evaluate the feasibility and safety of this bidimensional therapeutic association.

Methods

: A prospectively maintained PIPAC database was retrospectively analyzed from December 2015 to March 2018. All patients who underwent PIPAC for unresectable PM were selected. Patients with systemic chemotherapy including bevacizumab (BEVA group) were compared with patients with systemic chemotherapy without bevacizumab (NON-BEVA group). Major morbidity and mortality were analyzed. Results: 134 patients underwent 397 PIPAC in Lyon Sud University Hospital. 26 Patients had 88 PIPAC in the BEVA group were compared to 108 patients who had 309 PIPAC in the NON-BEVA group. Patients in the BEVA group demonstrated a higher Peritoneal Cancer

Index (PCI 20 vs. 16, p < 0.001). There was no statistical difference in overall 30-day morbidity (BEVA: 13 (14.8 %) vs NON-BEVA: 29 (9.4 %); p = 0.147). There was no statistical difference for grade III-IV complications (BEVA: 4 (4.5%) vs NON-BEVA 10 (3.2%); P= 0.521). Major complications from BEVA group were as follow, 2 bowel obstructions, one hematoma and one severe hypersensitivity reaction to platinum compound.

There was no 30-day mortality in the BEVA group compared to 6 (5.5%) mortality in the NON-BEVA group.

Conclusion:

PIPAC associated with bevacizumab is feasible, safe and well tolerated. The potential oncologic benefit of the concomitant use of bevacizumab and PIPAC remains to be evaluated.

Introduction

Peritoneal metastasis (PM) remains with a bleak prognosis at this advanced state of many intra-abdominal cancer [START_REF] Neuwirth | Then and now: cytoreductive surgery with hyperthermic intraperitoneal chemotherapy (HIPEC), a historical perspective[END_REF] . Cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) represent the only option for cure in colorectal and gastric PM [START_REF] Goéré | Is there a possibility of a cure in patients with colorectal peritoneal carcinomatosis amenable to complete cytoreductive surgery and intraperitoneal chemotherapy?[END_REF][START_REF] Chia | Patients with Peritoneal Carcinomatosis from Gastric Cancer Treated with Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy: Is Cure a Possibility?[END_REF] and the gold standard treatment for pseudomyxoma peritonei and peritoneal mesothelioma [START_REF] Yan | Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy for malignant peritoneal mesothelioma: multi-institutional experience[END_REF][START_REF] Chua | Early-and long-term outcome data of patients with pseudomyxoma peritonei from appendiceal origin treated by a strategy of cytoreductive surgery and hyperthermic intraperitoneal chemotherapy[END_REF] . This strategy is still reserved to carefully selected patients.

Recently, pressurized intraperitoneal aerosol chemotherapy (PIPAC) has been proposed as an alternative in patients who are not eligible to CRS and HIPEC [START_REF] Solass | Intraperitoneal chemotherapy of peritoneal carcinomatosis using pressurized aerosol as an alternative to liquid solution: first evidence for efficacy[END_REF] . Scientific evidence of its efficacy are still weak, mainly based on case reports, small cohorts and retrospective studies [START_REF] Nowacki | Pressurized intraperitoneal aerosol chemotheprapy after misdiagnosed gastric cancer: Case report and review of the literature[END_REF][START_REF] Grass | Systematic review of pressurized intraperitoneal aerosol chemotherapy for the treatment of advanced peritoneal carcinomatosis[END_REF] . Nonetheless, PIPAC has several advantages: a minimally invasive approach with the pharmacokinetic of intraperitoneal administration, pressurized vaporization and a low post-operative morbidity [START_REF] Hübner | Feasibility and Safety of Pressurized Intraperitoneal Aerosol Chemotherapy for Peritoneal Carcinomatosis: A Retrospective Cohort Study[END_REF] . It is now demonstrated that PIPAC is a safe and well tolerated technique [START_REF] Grass | Systematic review of pressurized intraperitoneal aerosol chemotherapy for the treatment of advanced peritoneal carcinomatosis[END_REF] , even in association with systemic chemotherapy [START_REF] Robella | Safety and feasibility of pressurized intraperitoneal aerosol chemotherapy (PIPAC) associated with systemic chemotherapy: an innovative approach to treat peritoneal carcinomatosis[END_REF][START_REF] Nadiradze | Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) with Low-Dose Cisplatin and Doxorubicin in Gastric Peritoneal Metastasis[END_REF][START_REF] Demtröder | Pressurized intraperitoneal aerosol chemotherapy with oxaliplatin in colorectal peritoneal metastasis[END_REF][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] . Some authors even suggest that PIPAC associated with systemic chemotherapy could be an option as neoadjuvant therapy before CRS and HIPEC [START_REF] Girshally | Pressurized intraperitoneal aerosol chemotherapy (PIPAC) as a neoadjuvant therapy before cytoreductive surgery and hyperthermic intraperitoneal chemotherapy[END_REF] . Systemic chemotherapy still represents the corner stone of PM treatment especially in case of multifocal disease. This field of research has been marked by consistent progress during the last decade [START_REF] Franko | Cytoreductive surgery and hyperthermic intraperitoneal chemoperfusion versus systemic chemotherapy alone for colorectal peritoneal carcinomatosis[END_REF][START_REF] Elias | Complete cytoreductive surgery plus intraperitoneal chemohyperthermia with oxaliplatin for peritoneal carcinomatosis of colorectal origin[END_REF] . Bevacizumab and VEGF-Antibodies use rose steadily during that period in the treatment of advanced malignancies, especially for metastatic colorectal cancer [START_REF] Kirstein | Targeted therapies in metastatic colorectal cancer: a systematic review and assessment of currently available data[END_REF] and recurrent ovarian cancer [START_REF] Francis | Systemic therapy for recurrent epithelial ovarian cancer: a clinical practice guideline[END_REF] .

Complications of bevacizumab have been largely studied. Side effects such as hypertension, proteinuria, thrombosis, gastrointestinal perforation are well-known [START_REF] Gordon | Managing patients treated with bevacizumab combination therapy[END_REF] . The major surgical concern is the increased post-operative morbidity induced by bleeding and delayed woundhealing [START_REF] Gordon | A review on bevacizumab and surgical wound healing: an important warning to all surgeons[END_REF] .

The median delay between PIPAC procedures is 6 to 8 weeks [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][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] . This lead to an important dilemma. On one hand, the need to control extraperitoneal disease progression through bevacizumab and chemotherapies and the need to limit peritoneal disease progression via punctual PIPAC.

The aim of this study was to evaluate the safety and feasibility of PIPAC associated with systemic chemotherapy regimen containing bevacizumab.

Methods

Study Population

The single center prospective PIPAC database of Lyon Sud university hospital was retrospectively searched for all patients who underwent PIPAC for unresectable PM from December 2015 through March 2018. Patients with concomitant systemic chemotherapy including bevacizumab (BEVA group) were compared with patients with systemic chemotherapy without bevacizumab (NON-BEVA group). Patients with extra-peritoneal disease, bowel obstruction or organ insufficiency were excluded as they are contraindicated to such therapy.

Demographic and illness-specific data were obtained. For each patient, the following data were extracted: gender, body mass index (BMI), age at time of 1 st PIPAC, origin of PM, American Society of Anesthesiology (ASA) score 22 , history of chemotherapy, extent of PM determined according to the Peritoneal Cancer Index (PCI) [START_REF] Gilly | Quantitative prognostic indices in peritoneal carcinomatosis[END_REF] and postoperative morbidity and mortality. Postoperative morbidity was graded according to the common toxicity criteria of the National Cancer Institute (NCI-CTC version 4.0) [START_REF]Common Terminology Criteria for Adverse Events[END_REF] . Overall and major complications grade III -IV up to 30 days after surgery were included in our analysis. Major morbidity and mortality were analyzed. This study was performed in accordance with the precepts established by the Declaration of Helsinki.

Perioperative Evaluation and Management

Bevacizumab :

Patients with concomitant systemic chemotherapy including bevacizumab (BEVA group) had their bevacizumab without interruption before and after PIPAC as planned with a delay of 2 weeks between each cycle and PIPAC

PIPAC Procedure:

PIPAC is a standardized procedure introduced by Reymond et al. Physicians performing PIPAC in our center followed the implantation training program for practical and safety procedures in Germany [START_REF] Solass | Intraperitoneal chemotherapy of peritoneal carcinomatosis using pressurized aerosol as an alternative to liquid solution: first evidence for efficacy[END_REF] . Surgical procedure has been detailed in previous publications [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][START_REF] Cazauran | Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) Procedure for Non-resectable Peritoneal Carcinomatosis (with Video)[END_REF] . It consisted, under general anesthesia, of a diagnostic laparoscopy, PCI measurement, quantification and evacuation of ascites and sampling with parietal biopsies and cytology.

Systematic checklist was conducted before nebulization. Standard devices, including the Nebulizer CAPNOPEN® (Reger Medizintechnik, GmbH, Villingendorf, Germany) were used for administration of cytotoxics. The chemotherapies administrated were cisplatin (7.5 mg/m 2 of body surface in 150 ml of NaCl 0.9%) immediately followed by doxorubicin (1.5 mg/m 2 of body surface in 50 ml of NaCl 0.9%), or Oxaliplatin (92 mg/m 2 of body surface in 150 mL of NaCl 0.9%). Application time was 30 minutes before exsufflation. Remaining toxic aerosol was expulsed over a closed surgical smoke evacuation system. The goal was to repeat PIPAC every 6 to 8 weeks for at least three procedures.

Statistical analysis

Categorical data were compared using the chi-squared test. Continuous data were compared using the independent sample Student's t-test.

Results

One hundred thirty four patients underwent 397 PIPAC in Lyon Sud University Hospital during the time period of the study. Twenty six patients had 88 PIPAC in the BEVA group, they were compared to 108 patients who had 309 PIPAC in the NON-BEVA group.

Demographic and illness-specific data (table 1), of the two groups were comparable in term of gender, age, BMI, ASA score. Median age was 59.3 years, mean BMI was 22.1 and most of the patients were ASA score 1 (22.4%) or 2 (60.4%). Patients tend to have a comparable number of PIPAC between the 2 groups, with a median number of PIPAC of 3 per patient. Nonetheless, group were not comparable in term of etiology and colorectal cancer were overrepresented in the BEVA group: 18 patients compared to 8 in the non BEVA group (p < 0.001). Patients in BEVA group had a higher PCI (20 vs. 16, p < 0.001) and higher number of previous cycles of systemic chemotherapy before the 1 st PIPAC (20 vs 16.5 p < 0.001).

Postoperative complications were detailed in Table 2. There was no difference in overall 30day morbidity (BEVA: 13 (14.8 %) vs NON-BEVA: 29 (9.4 %); p = 0.147). There was no difference regarding grade III-IV complications (BEVA: 4 (4.5%) vs NON-BEVA 10 (3.2%); P= 0.521). Major complications from BEVA group were as follow, 2 bowel obstructions, one hematoma and one severe hypersensitivity reaction to platinum compound. There was no 30day mortality in BEVA group compared to 6 (5.5%) in NON-BEVA group.

Discussion:

Our study suggests that following appropriate patients selection, postoperative mortality and morbidity after PIPAC are comparable between patients in BEVA and NON-BEVA groups.

To the best of our knowledge, this study is the first evaluating post-operative morbidity and mortality of patients receiving PIPAC with concomitant bevacizumab and supports the feasibility and the safety of this bidimensional therapeutic approach in selected patients.

Association between PIPAC and systemic chemotherapy has already been reported as safe 10- 13 . Up to now, there was no data focusing on the association of PIPAC and bevacizumab. It is well known that bevacizumab has specific side effects, more precisely, bleeding and woundhealing delay [START_REF] Sharma | Bevacizumab and wound-healing complications: mechanisms of action, clinical evidence, and management recommendations for the plastic surgeon[END_REF] . In our experience there was no major wound healing delay or bleeding noted.

Scappaticci et al demonstrated in 2005, that a concomitant bevacizumab therapy increased post-operative morbidity after major colorectal cancer surgery [START_REF] Scappaticci | Surgical wound healing complications in metastatic colorectal cancer patients treated with bevacizumab[END_REF] . The same study introduced the notion that the bevacizumab should be interrupted 1 or 2 months before surgery. For this reason, literature review conducted by Gordon et al [START_REF] Gordon | A review on bevacizumab and surgical wound healing: an important warning to all surgeons[END_REF] recommended that bevacizumab should be stopped 6 to 8 weeks prior to a major surgical procedure. Still, perioperative consequences of bevacizumab are a matter of debate and current recommendations did not address the problem of bevacizumab management in minor surgeries [START_REF] Benson | NCCN Guidelines Index Table of Contents[END_REF] .

The delay of bevacizumab interruption does not appear as the only factor for perioperative morbidity. Safe delay of bevacizumab interruption may vary with the type of procedure.

Eveno et al. reported increased morbidity in the BEVA group after CRS and HIPEC while bevacizumab therapy was stopped 6 weeks before the surgery [START_REF] Eveno | Bevacizumab doubles the early postoperative complication rate after cytoreductive surgery with hyperthermic intraperitoneal chemotherapy (HIPEC) for peritoneal carcinomatosis of colorectal origin[END_REF] . In contrast several retrospective studies confirmed that bevacizumab did not increased post-operative morbidity if a delay of 6 to 8 weeks was maintained between the last bevacizumab dose and the hepatic resection [START_REF] D'angelica | Lack of evidence for increased operative morbidity after hepatectomy with perioperative use of bevacizumab: a matched case-control study[END_REF][START_REF] Reddy | Addition of bevacizumab to irinotecan-and oxaliplatin-based preoperative chemotherapy regimens does not increase morbidity after resection of colorectal liver metastases[END_REF] or the breast cancer surgery [START_REF] Gordon | A review on bevacizumab and surgical wound healing: an important warning to all surgeons[END_REF] . Some retrospective studies regarding Implantable Venous Access Device (IVAD) have been conducted. Kriegel et al suggested that a delay of less than one week could increase post-operative morbidity [START_REF] Kriegel | Wound healing and catheter thrombosis after implantable venous access device placement in 266 breast cancers treated with bevacizumab therapy[END_REF] , while no increased morbidity was reported if patients received bevacizumab less than 2 weeks from the port placement [START_REF] Kriegel | Wound healing and catheter thrombosis after implantable venous access device placement in 266 breast cancers treated with bevacizumab therapy[END_REF][START_REF] Zawacki | Wound dehiscence or failure to heal following venous access port placement in patients receiving bevacizumab therapy[END_REF] .

In our study morbidity was no increased. This could be explained by the fact that PIPAC is a minimally invasive procedure. There is no extensive dissection, no anastomosis on the digestive track and only two small incisions for the port placement. PIPAC procedure appears closer to an IVAD placement than colorectal surgery. The recommendations arising from hepatic surgery [START_REF] D'angelica | Lack of evidence for increased operative morbidity after hepatectomy with perioperative use of bevacizumab: a matched case-control study[END_REF][START_REF] Reddy | Addition of bevacizumab to irinotecan-and oxaliplatin-based preoperative chemotherapy regimens does not increase morbidity after resection of colorectal liver metastases[END_REF] shouldn't be extrapolated to minimally invasive procedures and maybe PIPAC should be done according to IVAD recommendations of a minimal delay of one or two weeks which appears to be reasonable in our experience. The association between PIPAC and systemic chemotherapy +/-bevacizumab give more option to physicians for the establishment of a specific treatment protocol for each patient. Finally, medical oncologists and surgeons won't have to choose between local control of the disease offered by the PIPAC [START_REF] Nadiradze | Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) with Low-Dose Cisplatin and Doxorubicin in Gastric Peritoneal Metastasis[END_REF][START_REF] Dueckelmann | The use of PIPAC (pressurized intraperitoneal aerosol chemotherapy) in gynecological oncology: a statement by the German 'Arbeitsgemeinschaft Gynaekologische Onkologie Studiengruppe Ovarialkarzinom (AGO-OVAR)', the Swiss and Austrian AGO, and the North-Eastern German Society of Gynaecologic Oncology[END_REF] and the systemic control assured by intravenous chemotherapies, especially bevacizumab in case of colorectal [START_REF] Qu | Value of bevacizumab in treatment of colorectal cancer: A meta-analysis[END_REF] and ovarian cancer [START_REF] Aravantinos | Bevacizumab in combination with chemotherapy for the treatment of advanced ovarian cancer: a systematic review[END_REF] . These data 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 databases analyzed are prospectively maintained and managed by trained, full time personnel using abstracted data and standardized algorithms similar to those used in the management of large, national data sets. Second, the number of patients included in the BEVA group is relatively limited. Third, cancer origin differences were not compensated between the two groups as they were compared as a whole without matching.

Conclusion

PIPAC associated with bevacizumab is safe, feasible and well tolerated. The potential oncologic benefit of the bevacizumab and PIPAC association remains to be evaluated by further prospective study. 

Table 1 : Demographics and clinical data, characteristics of the disease, systemic treatment.

 1 

		Total	bevacizumab	No bevacizumab	P value
		N=134	N=26 (19 %)	N=108 (81 %)	
	Gender				
	Male	60	14(53.8)	46 (42.6)	0.3002
	Female	74	12 (46.2)	62 (57.4)	
	Age, median (min-max)	59.3 (25 -78)	62.95 (25 -78)	58.45 (32 -77.9)	0.1063
	Body mass index	22.1 ± 3.97	22.5 ± 3.32	21.95 ± 4.13	0.9564
	(Range)	(13.2 -38.6)	(17.9 -30.4)	(13.2 -38.6)	
	ASA score at 1 st PIPAC				0.5209
	1	30 (22.4)	8 (30.8)	22 (20.4)	
	2	81 (60.4)	14 (53.8)	67 (62)	
	3	23 (17.2)	4 (15.4)	19 (17.6)	
	Number of PIPAC	397	88	309	0.3076
	PCI median (min-max)	18 (0 -39)	20 (8 -39)	16.5 (0 -39)	0.0002
	Primary cancer (%)				< 0.0001
	Gastric cancer	56 (41.8)	0	56 (51.9)	
	Colorectal cancer	26 (19.4)	18 (69.2)	8 (7.4)	< 0.0001
	Ovarian cancer	21 (15.7)	3 (11.5)	18 (16.7)	
	Others	31(23.1)	5 (19.2)	26 (24.1)	
	Timing of peritoneal metastasis				
	Metachronous	22 (16.4)	5 (19.2)	17 (15.7)	0.7682
	Synchronous	112 (83.6)	21 (80.8)	91 (84.3)	
	Chemotherapies cycle before	6 (0 -66)	10 (3 -46)	6 (0 -66)	0.0340
	PIPAC, Median (min -max)				
	Number of patients who	36 (29.3)	10 (47.6)	26 (25.5)	0.0424
	received > 12 cycles (%)				
	Abbreviations:				

PCI: Peritoneal carcinomatosis index; ASA: American society of anesthesiology; PIPAC: Pressurized intraperitoneal aerosol chemotherapy

Table 2 : Post-operative complications after PIPAC procedures

 2 

			Total	bevacizumab group	No bevacizumab	P value
			N = 397	N = 88 (22 %)	N = 309 (78 %)
	Complication NCI-CTCAE > 3	14 (3.5)	4 (4.5)	10(3.2)	0.5219
	-	Bowel obstruction	5 (1.3)	2 (2.3)	3 (0.1)
	-	Allergy to chemotherapy	3 (0.8)	1 (1.1)	2 (0.6)
	-	Respiratory	2 (0.5)	0	2 (0.6)
	-	Cardiac	1 (0.3)	0	1 (0.3)
	-	Infection	1 (0.3)	0	1 (0.3)
	-	Evisceration	1 (0.3)	0	1 (0.3)
	-	Hematoma	1 (0.3)	1 (1.1)	0
	All complications	42 (10.6)	13 (14.8)	29 (9.4)	0.1471
	-Surgical	12 (3)	4 (4.5)	8 2.6)	0.3108
	-Cardiovascular	5 (1.3)	3 (3.4)	2 (0.6)	0.0746
	-Hematologic	3(0.8)	2 (2.3)	1 (0.3)	0.1249
	-Respiratory	4 (1)	0	4 (1.3)	1
	-Renal	1 (0.7)	0	1 (0.9)	1
	-Gastro-intestinal	9 (2.3)	0	9 (1.9)	1
	-Other (Pain, interruption of	8 (2)	4 (4.5)	4 (1.3)	0.1376
		PIPAC…)			
	Mortality (30 days)	6 (5.8)	0	6 (7.1)	1

Abbreviations: NCI-CTCAE = National Cancer Institute Common Terminology Criteria for Adverse Events