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ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

Peritoneal metastasis (PM) is a terminal illness that is treated with systemic chemotherapy and palliative care. Although the new chemotherapeutic agents and targeted therapies are more effective, their efficacy is hampered by heterogeneous drug distribution and poor tissue penetration in PM, preventing improvement in the overall survival of patients with unresectable PM [START_REF] Elias | Peritoneal colorectal carcinomatosis treated with surgery and perioperative intraperitoneal chemotherapy: retrospective analysis of 523 patients from a multicentric French study[END_REF][START_REF] Rivera | Chemotherapy of advanced gastric cancer[END_REF]. Furthermore, intraperitoneal chemotherapy is designed to maximize the chemotherapeutic dose by delivering the antineoplastic drugs directly to the PM, while minimizing systemic toxicity [START_REF] Goodman | Chemotherapy for intraperitoneal use: a review of hyperthermic intraperitoneal chemotherapy and early post-operative intraperitoneal chemotherapy[END_REF].

Pressurized intraperitoneal aerosol chemotherapy (PIPAC) has been described as a new and innovative therapeutic approach to intraperitoneal chemotherapy administration in experimental and clinical studies [START_REF] Girshally | Pressurized intraperitoneal aerosol chemotherapy (PIPAC) as a neoadjuvant therapy before cytoreductive surgery and hyperthermic intraperitoneal chemotherapy[END_REF][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] Solass | Pressurized intraperitoneal aerosol chemotherapy (PIPAC): occupational health and safety aspects[END_REF]. This innovative concept enhances the penetration of intraperitoneal chemotherapeutic drugs in the PM by taking advantage of the physical properties of gas and pressure to overcome the pharmacological limitations [START_REF] Giger-Pabst | Comparison of Tissue and Blood Concentrations of Oxaliplatin Administrated by Different Modalities of Intraperitoneal Chemotherapy[END_REF]. Reymond et al. proposed combining nebulization of chemotherapy with electrostatic precipitation using the Ultravision TM system to decrease the time of the surgical procedure and enhance the pharmacologic effect of PIPAC by increasing the in situ bioavailability of the used drugs [START_REF] Kakchekeeva | In Vivo Feasibility of Electrostatic Precipitation as an Adjunct to Pressurized Intraperitoneal Aerosol Chemotherapy (ePIPAC)[END_REF][START_REF] Graversen | Pressurized IntraPeritoneal Aerosol Chemotherapy with one minute of electrostatic precipitation (ePIPAC) is feasible, but the histological tumor response in peritoneal metastasis is insufficient[END_REF]. More recently, some teams performed these PIPAC procedures associated to an electrostatic field in order to enhance charged droplet precipitation and tissue penetration. For electrostatic pressurized intraperitoneal aerosol chemotherapy (e-PIPAC), the electrostatic generator is activated after chemotherapy aerosolization and the exposure time after activation is 6 minutes (min), shorter than PIPACs procedures (30 min) [START_REF] Taibi | Pressurized Intraperitoneal Aerosol Chemotherapy Enhanced by Electrostatic Precipitation (ePIPAC) for Patients with Peritoneal Metastases[END_REF]. Nevertheless this electrotherapy requires the installation of a third trocar without "balloon protection", for introduce an atraumatic stainless steel brush electrode. This trocar may increase the risk of contamination in the operative room (OR) during ePIPAC and thus, the hypothesis of study was that ePIPAC increased the risk of contamination.

Because of their teratogenic and mutagenic effects, cisplatin and doxorubicin [START_REF] Connor | Reproductive health risks associated with occupational exposures to antineoplastic drugs in health care settings: a review of the evidence[END_REF], which are regularly used for PIPAC and electrostatic PIPAC (ePIPAC) [START_REF] Alyami | Pressurised intraperitoneal aerosol chemotherapy: rationale, evidence, and potential indications[END_REF], are classified as probably carcinogenic to humans (group 2A) by the International Agency for Research on Cancer [START_REF]Monographs on the evaluation of carcinogenic risks to humans[END_REF].

The health risk is influenced by the level and frequency of exposure, the toxicity of the drug, the existence of proper work practices and among other factors. In order to help medical personnel, european agency for safety and health at work proposes health-based indicative some values to evaluate this risk (occupational exposure limit values (IOELVs), occupational exposure limits (OELs) -binding limit values (BOELVs)). ( 14) Thus, this innovative concept of aerosol administration of cisplatin and doxorubicin has raised safety concerns regarding the exposure of medical and paramedical teams. Nevertheless, some studies have evaluated the cisplatin exposure via operating room (OR) air and workplace surfaces, determined by air and wipe sampling, and PIPAC staff gloves. The rates of contaminations were low but variables between the studies, the areas evaluated of OR and depending on the analysis technique used. Ndaw et al showed that the median concentration in the PIPAC group is < LQ of 10 ng/L and a maximum concentration of 136 ng/L were measured [START_REF] Ndaw | Occupational exposure to platinum drugs during intraperitoneal chemotherapy. Biomonitoring and surface contamination[END_REF]. For e-PIPAC, only one study was published and these authors concluded that it had not any surface, air, or material contamination with platinum during or after two e-PIPAC procedures [START_REF] Willaert | Occupational safety of pressurized intraperitoneal aerosol chemotherapy (PIPAC)[END_REF]. However, no study has evaluated exposure to doxorubicin during ePIPAC.

Here, we report toxicological analysis (Cisplatin and/or Doxorubicin) including air samples, surface wipe samples, and analysis of gloves and urine samples after two e-PIPAC procedures.

Methods

Each ePIPAC procedure was performed after validation by an interdisciplinary meeting of members in our expert centre. All patients had unresectable PM without a curative treatment option and were candidates to receive systemic chemotherapy associated with ePIPAC (cisplatin with doxorubicin).

The study was conducted on two consecutive ePIPACs (A and B), performed by the same surgical team in the digestive surgery operating room (OR). Occupational exposure to cisplatin and doxorubicin was investigated by analysing environmental (workplace surfaces) and biological (urine) samples obtained from the surgical team (surgeons, anaesthetist, nurses and auxiliary nurse who did the cleaning) and a non-exposed control group (two pharmacy residents). The air samples were collected in order to detect Cisplatin contamination.

ePIPAC procedure

The ePIPAC procedure was performed under general anaesthesia. After open laparoscopy and insufflation of 12 mm Hg pneumoperitoneum, two balloon safety trocars and an active cable terminating in an atraumatic stainless steel brush electrode were inserted into the abdominal wall. Evaluation of the peritoneal cancer index was performed systemically, and biopsied specimens were obtained from each abdominal quadrant, if possible, and analysed to evaluate the peritoneal regression grading score. Nebulization was performed using a high-pressure injector inserted into the peritoneal cavity at 0.5 mL/s and 20 bars to release the chemotherapeutic agents as an aerosol into the abdomen. Before or at completion of aerosol administration, a generator unit (Ultravision system, voltage 7500-9500 V, current ≤10 µA) was activated to produce electrostatic attraction of the negatively charged aerosol particles to the PM and the peritoneal tissue surfaces in the contained space, during 6 minutes. A closed system with zero flow was maintained during this procedure at 37°C. Antineoplastic drugs aerosols were exhausted over a closed waste system (PlumeSafe® Turbo).

Floor in the operating room were cleaned using a detergent disinfectant solution (Surfanios premium®, Anios) and surfaces with a detergent solution (Polyactif, Rochex) by the operating room cleaners. Briefly, cloths were moistened with the detergent disinfectant solution and surfaces were wiped with the cloths.

Environmental measurements

Air contamination i) Analysis of environmental air samples for the presence of platinum

The particle measurements were performed by an accredited independent organization (APAVE, France). Aerosol sampling was performed using closed-face filter cassettes provided by APAVE. The airstream was filtered using a PTFE filter and a sampling pump operated at 2 L/min, GilAir®. We used stationary and personal inhalable aerosol sampling.

Firstly, cassettes were placed near the filtered return-air grille and on the PIPAC injector, at a distance of 1 m from the operating table. Personal sampling method permitted the characterization of the concentration of inhalable-sized particles within the breathing zone of an individual. Therefore, the third cassette was attached to the surgeon's glasses, pointing toward his mouth. Air sampling was initiated after inserting the trocar into the patient's abdomen and was terminated after closure (Figures 1,2).

Surface contamination (one sample by area) i) Wipe samples from surfaces

Surface samples were collected after the ePIPAC procedure and after the cleaning procedure (Figure 3). Wipe sampling was performed using pre-impregnated wipes (Ghost Wipes TM , Environmental Express®, 15 × 15 cm) to analyse platinum levels, according to a French personnel safety network (Institut National de Recherche et de Sécurité). The wipe sampling (5 × 5 cm, Medicomp® compress) procedure performed to analyse doxorubicin levels involved using a surface metrology kit developed by the Pharmacology and Toxicology Laboratory of Bordeaux University Hospital [START_REF] Willaert | Occupational safety of pressurized intraperitoneal aerosol chemotherapy (PIPAC)[END_REF]. Samples were collected from various surfaces, including several areas on the floor (10 × 10 cm), the injector screen, the cover sheet and the doxorubicin/cisplatin perfusion bag. To avoid cross-contamination, the same operator performed all wipe samplings, and each wipe was held using single-use sterile disposable tweezers.

ii) Wipe samples from gloves and overshoes

Overshoes and hands were sampled by wiping the palms, dorsal areas and interdigital spaces to determine the doxorubicin concentrations. The overshoes and gloves were placed in 180mL polypropylene containers recovered with 50 mL of 1% nitric acid and agitated for 1 hour for desorption of platinum. Doxorubicin and platinum concentrations were expressed in pg/wipe with a wipe seize of 5 × 5 cm and in ng/wipe with a wipe seize of 15 × 15 cm, respectively or pg/cm 2 and ng/cm 2 respectively.

Safety protocol

Description

All surgeons and OR personnel underwent ePIPAC training before implementation of the ePIPAC procedure. The ePIPAC procedures were performed in an OR without laminar airflow but with use of personal protective equipment and safety measures. As recommended, the OR staffs used disposable impervious gowns, FFP3 facemasks, protective glasses, double latex gloves and overshoes. Absorbent mats were positioned on the floor under the operating table and injector. The patient and all connections were secured by an additional plastic cover and smoke evacuation device (PlumeSafe® Turbo-Filtration). Nobody remained in the operating room during the ePIPAC procedure.

Efficacy: biological measurements i) Urine samples collection

Each ePIPAC staff participant collected three urine samples: the first before the ePIPAC procedure (at 7:00 AM, [day 0]), the second 6 hours after the ePIPAC procedure (at 18:00 PM; [day 0]) and the third in the next morning at wake up (7:00 AM, [day 1]). The urine samples (V=20ml) were collected in a polypropylene bottle and were then stored immediately at +4°C for the platinum until analysis and at -20°C for the doxorubicin until analysis. Urine samples were also obtained from the control group. All participants answered a questionnaire regarding their occupational and personal exposures to platinum (history of contact with chemotherapeutic drugs or medical devices such as breast or dental prostheses) and doxorubicin.

Analytical methods

Cisplatin was determined by the analysis of platinum using inductively coupled plasma-mass spectrometry. Doxorubicin was analysed by ultra-high-performance liquid chromatographytandem mass spectrometry as described by Villa et al [START_REF] Villa | A highly sensitive UHPLC-MS/MS method for urine biological monitoring of occupational exposure to anthracycline antineoplastic drugs and routine application[END_REF]. The limit of detection (LOD) of cisplatin was 10 ng/wipe for the wipe samples, 5 ng/filter for the air samples. The limit of quantification (LOQ) of cisplatin was 25ng/wipe for the wipe samples, 12.5ng/filter for the air samples and 2.5ng/L for the urine samples. The limit of detection (LOD) of doxorubicin was 5ng/L for the urine samples. The LOQ of doxorubicin was 5pg/wipe for the wipe samples and 10ng/L for the urine samples. A sample was considered positive for the antineoplastic drug when a drug concentration exceeded the LOQ value or when the drug was detected at trace level (concentration between the LOD and LOQ value of the analytical method).

Patient data

Age, sex, systemic chemotherapy, ePIPAC procedure (drug, time of chemotherapy nebulisation and time of electrostatic application) and the delay between ePIPAC and systemic chemotherapy were recorded. Adverse events were classified according to the Common Terminology Criteria for Adverse Events, version 5.0.

All procedures were performed according to the principles of the Declaration of Helsinki. All patients and surgical teams were extensively informed of the study protocols and agreed to participate in this study. None analysis was performed on the patients, no ethics committee approval was required for this study.

The first ePIPAC procedure was performed in a 64-year-old male with PM derived from stomach adenocarcinoma. ePIPAC of 13.8 mg (7.5 mg/m 2 ) cisplatin and 2.76 mg (1.5 mg/m 2 ) doxorubicin was performed, concomitant with systemic chemotherapy (folinic acid, 5fluorouracil and oxaliplatin). The second procedure was performed the same day in a 73-year old female patient with PM derived from ovarian cancer. ePIPAC was initiated using 10.4 mg (7.5 mg/m 2 ) cisplatin and 2.07 mg (1.5 mg/m 2 ) doxorubicin concomitant with systemic chemotherapy (gemcitabine). ePIPAC was performed for 12 min (6 min of intraperitoneal chemotherapy electroporation and 6 min of electrostatic therapy). We used a 2 mm surgical trocar in the first case and a 5 mm surgical trocar in the other case for electrostatic therapy.

Statistics

Only descriptive statistics are provided. Qualitative variables are expressed as percentages and quantitative variables as means. Statistical analyses were performed using Microsoft Excel 2011 (Microsoft Inc., Redmond, WA, USA).

Results

Environmental measurements

Air contamination

Six atmospheric samples were collected during the two ePIPAC procedures. Cisplatin was not detected in any of the air samples (<5 ng/filter).

Surface contamination 1.1 Floor samples

Two different analytical methods were used to analyse wipe sample involving two different type of wipe. A total of 152 samples were collected during each ePIPAC procedure and 152 * 2 assays were performed (n= 152 for cisplatin and n = 152 for doxorubicin). i) Doxorubicin: the greatest amount of doxorubicin was found on the floor around the operating table on the left side (7.2 pg/wipe = 0.29 pg/cm 2 ). Four floor samples remained contaminated after cleaning. Three samples had greater contamination after cleaning than after the ePIPAC A procedure (Figure 4 and Annex 1).

ii) Cisplatin: the greatest amount of platinum was found on the floor under the PIPAC injector (215,930 ng/wipe = 959 ng/cm 2 ). All samples remained contaminated after cleaning, with concentrations up to 32 times higher (50 ng/wipe (0.22 ng/cm 2 ) after the ePIPAC B procedure and 1 580 ng/wipe (7 ng/cm 2 ) after cleaning. Except for the most contaminated point (215,930 ng/wipe = 959 ng/cm 2 ) after the ePIPAC B procedure, in which cleaning seems to reduce contamination, all other analyses revealed higher quantities after cleaning (Figure 5 and Annex 2).

Other surface samples immediately after ePIPAC

The concentrations measured on other work surfaces after both ePIPAC procedures ranged from traces (below the LOQ) to 871.8 pg/wipe (34 pg/cm 2 ) for doxorubicin and from traces to 34,460 ng/wipe (153 ng/cm 2 ) for cisplatin. The highest concentrations of both drugs were found on the nebulizer nozzle after procedure completion and after removing the nozzle from the patient's abdomen (control analysis). Another sample from the PIPAC injector screen showed significant doxorubicin and cisplatin contamination, with concentrations of 84.9 pg/wipe (3.4 pg/cm 2 ) and 270 ng/wipe (1.2 ng/cm 2 ), respectively, for the ePIPAC A and 128.2 pg/wipe (5.13 pg/cm 2 ) and 220 ng/wipe (0.98 ng/cm 2 ), respectively, for ePIPAC B. The perfusion bag was contaminated after both procedures ePIPAC; the cisplatin concentrations were 60 and 20 ng/wipe (0.27 ng/cm 2 and 0.09 ng/cm 2 ). While only trace amounts of doxorubicin were found after the ePIPAC B procedure. (Table 2).

Gloves and overshoes samples

All of the samples were contaminated with cisplatin, and approximately half were contaminated with doxorubicin. The nurse had the two most contaminated samples corresponded to the step after fixing the perfusion bag into the injector and connecting the line (doxorubicin, 1,121 pg/wipe [44.8 pg/cm 2 ]) and after cleaning the PIPAC injector following the procedure (cisplatin, 42,100 ng/device [292.4 ng/cm 2 ]). Both of the surgeon's gloves were always contaminated with each drug. All overshoes were contaminated with cisplatin, with higher contamination after the ePIPAC B than ePIPAC A procedure.

Biological measurements

Urine samples

Doxorubicin and cisplatin were non detectable (<5 and 2.5 ng/L, respectively) in all 22 urine samples obtained (exposed and control groups).

Discussion

PIPAC may expose OR personnel to antineoplastic drugs. Occupational safety precautions have been considered since PIPAC was first introduced. Consequently, measures to minimize surface contamination in the OR and exposure of the OR personnel were documented by Reymond et al. [START_REF] Solass | Pressurized intraperitoneal aerosol chemotherapy (PIPAC): occupational health and safety aspects[END_REF]. Nevertheless, a new PIPAC procedure was described using electrostatic therapy. This technique is slightly different from standard PIPAC because it uses a third trocar without a balloon unlike other trocars (8-10). Thus, few data are available on the levels of environmental contamination and occupational exposure during ePIPAC procedures. Few data have been published on the levels of environmental contamination and internal contamination of OR personnel during PIPAC, and results are sometimes difficult to compare with others' findings due to the use of different methodologies among hospital centres and/or different analytical methods with different level of sensitivity (LOQ). In the present study, for the first time, exposure of healthcare professionals to doxorubicin following ePIPAC has been assessed. The doxorubicin analytical method [START_REF] Villa | A highly sensitive UHPLC-MS/MS method for urine biological monitoring of occupational exposure to anthracycline antineoplastic drugs and routine application[END_REF] used for this study has a low LOQ compared with most methods reported in the literature (high sensitivity). The wipe sampling method used was reproducible because the samples were all collected by the same person, with a validated sampling procedure. Air samples, which are generally difficult to implement, were collected by an accredited company, certified by the French organism of accreditation (COFRAC), thus guaranteeing the reliability of the equipment used.

or trocars, including disconnecting the high-pressure lines, primary leakage, spillage during ventilation, and connection, disconnection or removal of the syringe could be encountered.

Cisplatin and doxorubicin were detected on all surface types, with maximum concentrations of 959 ng/cm 2 and 0.29 pg/cm 2 , respectively. After cleaning the floor according to a standardized protocol, residual cisplatin and doxorubicin contamination was detected (near the absorbent mats), with maximum concentrations of 9.5 ng/cm 2 and 0.27 pg/cm 2 , respectively. Despite cleaning between the two PIPACs, cross-contamination occurred due to inefficient cleaning. The efficacy of chemical decontamination of chemotherapy work surfaces depends on the cleaning solution used, as well as the cleaning protocol. According to the literature, detergent disinfectant based on quaternary ammonium or surfactants are effective in reducing the contamination of floor contaminated with an antineoplastic drug [START_REF] Queruau Lamerie | Evaluation of decontamination efficacy of cleaning solutions on stainless steel and glass surfaces contaminated by 10 antineoplastic agents[END_REF][START_REF] Adé | Comparison of Decontamination Efficacy of Cleaning Solutions on a Biological Safety Cabinet Workbench Contaminated by Cyclophosphamide[END_REF]. This suggests that the detergent disinfectant product used in our study was suitable, but the cleaning procedures must be revised to incorporate multiple single-use mops for the floor cleaning. Thus, we found that overall contamination was higher in ePIPAC B than in ePIPAC A. This cumulative effect can be explained because the second mop used after ePIPAC B was saturated with "detergent-disinfectant product and antineoplastic drug", and have spread the contamination in many part of OR. The use of separate mops in each part OR (1 mop by 10-15m2) to prevent spreading contamination is, hence, shown mandatory. Every step of the cleaning procedure should be tested for cleaning efficiency in futures studies.

Moreover, the PIPAC injector screen and nebulizer nozzle were both contaminated, as reported in other studies [START_REF] Ndaw | Occupational exposure to platinum drugs during intraperitoneal chemotherapy. Biomonitoring and surface contamination[END_REF][START_REF] Ametsbichler | Occupational exposure to cisplatin/oxaliplatin during Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC)?[END_REF]. Contamination of a reusable device can result in staff exposure. The injectors are often stored in the anteroom of the OR, where staff eventually touch the surfaces without gloves and can be potentially exposed. We recommend to protect PIPAC injector with a single-use transparent film, as suggested by Ametsbichler et al [START_REF] Ametsbichler | Occupational exposure to cisplatin/oxaliplatin during Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC)?[END_REF].

In a study on occupational safety during ePIPAC, Willaert et al. did not detect platinum contamination on either the inner or outer pair of gloves of the surgeon ( 16). Yet, in our study, all gloves and overshoes of the ePIPAC staff were contaminated with cisplatin and some with doxorubicin, probably due to the highly sensitive analytical method (200 times higher than

Willaert et al.).

Contamination of the surgeon's outer gloves is expected due to removal of trocars and the laparoscopic incision closure [START_REF] Ndaw | Occupational exposure to platinum drugs during intraperitoneal chemotherapy. Biomonitoring and surface contamination[END_REF]. Ametsbichler et al. reported platinum contamination on the surgeon's gloves after fixing and removing the drug syringe, cleaning the PIPAC injector and closing the patient's abdomen [START_REF] Ametsbichler | Occupational exposure to cisplatin/oxaliplatin during Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC)?[END_REF]. In our case, the nurse's gloves were the most contaminated. These results are consistent because the nurse handles the perfusion bags and PIPAC injector, both of which were contaminated with the two drugs. In addition, the perfusion bag could be contaminated during fabrication before the ePIPAC procedure. This observation has already been made in the study by Ndaw et al. (15) on the evaluation of occupational exposure to cytotoxic drugs carried out in 2 French hospitals, since their surface samples in oncology departments showed that the most contaminated surfaces were in particular the nurses' gloves after the application or removal of a chemotherapy bag. Finally, the waterproof overshoes may have picked up contamination on the floor and potentially spread it. Overshoes are essential for protecting the surgeons' shoes but can spread contamination on the floor and hands when they are removed.

Biological measurements

Biological monitoring of occupational exposure is a preventive tool to assess and manage the chemical risks related to antineoplastic drugs. It is the best tool for internal contamination assessment since it allows to take into account at the level of each individual, all exposure pathways (respiratory, dermal, oral), the wearing or not of the individual protective equipment, their effectiveness, personal hygiene practices, gestures and professional practices, and antineoplastic drugs amount handled [START_REF] Aylward | Sources of variability in biomarker concentrations[END_REF][START_REF] Lepage | Occupational exposure to antineoplastic drugs: informations for biological monitoring[END_REF][START_REF] Lehman-Mckeenan | Absorption, distribution, and excretion of toxicants[END_REF].

In this study, no internal contamination was found in the ePIPAC staff even after implementing two successive ePIPAC procedures. These results showed the effectiveness of the individual and collective protective measures applied. Limits i) As reported by Ametsbichler et al. [START_REF] Ametsbichler | Occupational exposure to cisplatin/oxaliplatin during Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC)?[END_REF] we found some differences between individual surface contamination measurements after the two e-PIPAC procedures, which make interpretation of results difficult. Moreover, the threshold of detection depend to the analysis method used and can explain the differences of the results between the studies. Nevertheless, the health risk is influenced by the level and frequency of exposure, the toxicity of the drug, the existence of proper work practices.

ii) In our center, we perform all PIPAC and e-PIPAC procedures in the same OR. But, although the cleaning protocol is performed after each procedure, this can produce a bias because we have not analysed the Operate Room contamination before the first e-PIPAC A. Thus, as suggested by Ametsbichler et al. [START_REF] Ametsbichler | Occupational exposure to cisplatin/oxaliplatin during Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC)?[END_REF], there might have been a contamination before the beginning of this study.

iii) We cannot confirm definitively that the chemotherapy aerosols of e-PIPAC have contaminated the angioinjector and the floor. Indeed, the operator's gloves probably contaminated upon receipt of the perfusion bag may have been the cause of the screen contamination. Moreover, the overshoes have maybe spread this contamination and be the causes of the majority of the environmental contamination in our study. As this study was conducted on only two ePIPAC, further sampling studies are needed to confirm these results.

Conclusion

No traces of cisplatin were found in the air, and none contamination of cisplatin and doxorubicin was detected in healthcare workers and confirmed the effectiveness of the individual and collective protective measures applied. Although the ePIPAC safety and cleaning standards were implemented to reduce the environmental exposure to chemotherapy cisplatin and doxorubicin contamination was detected on the OR floor, surfaces, devices and personal protective equipment, which persisted after a standardized cleaning procedure.

Nevertheless, the contamination rate is estimated to be low, it is necessary to be vigilant during all stages of the ePIPAC procedure and to respect all checklists. 
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 1 Quantity of cisplatin (ng/wipe) in floor samples from the contaminated room after ePIPAC A 2 = Quantity of cisplatin (ng/wipe) in floor samples from the clean room after ePIPAC A 3= Quantity of cisplatin (ng/wipe)in floor samples from the contaminated room after ePIPAC B 4 = Quantity of cisplatin (ng/wipe)in floor samples from the clean room after ePIPAC B

			Doxorubicin			Platinum	
			pg/wipe (pg/cm 2 )			ng/wipe (ng/cm 2 )	
		ePIPAC A	ePIPAC B	ePIPAC A		ePIPAC B	
		After ePIPAC	After cleaning	After ePIPAC	After cleaning	After ePIPAC	After cleaning	After ePIPAC	After cleaning
	Under the head of the surgical table	ND	ND	6.7 (0.3)	6.3 (0.25)	20 (0.09)	20 (0.09)	50 (0.2)	700 (3.1)
	Under the operating table right side	ND	ND	5.7 (0.2)	ND	50 (0.2)	30 (0.13)	20 (0.09)	140 (0.6)
	Under the operating table left side	ND	7.2 (0.3)	6 (0.2)	ND	10 (0.04)	30 (0.13)	310 (1.38)	460 (2.0)
	Under the operating table legs	ND	ND	ND	ND	50 (0.2)	30 (0.13)	50 (0.2)	1 580 (9.1)
	Under the closed aerosol waste system	ND	Traces	ND	ND	30 (0.13)	40 (0.18)	140	1 760 (7.8)
	Floor under the PIPAC injector	ND	6.7 (0.3)	ND	ND	30 (0.13)	30 (0.13)	215 930	2 140 (9.5)

Table 1 :

 1 Doxorubicin and cisplatin quantity measured in wipe samples collected after the ePIPAC procedure and after cleaning the operating room. ND: not detected. Traces: concentration between the LOD and LOQ value of the analytical method.

	Doxorubicin pg/wipe	Platinum
	(pg/cm 2 )		ng/wipe (ng/cm 2 )
	ePIPAC A	ePIPAC B	ePIPAC A	ePIPAC B

Table 2 :

 2 Doxorubicin and cisplatin quantity measured in wipe samples from surfaces after the ePIPAC procedure. ND: not detected.

		Doxorubicin	Platinum
		pg/wipe	ng/device
		(pg/cm 2 )	(ng/cm 2 )
		ePIPAC A	ePIPAC B	ePIPAC A	ePIPAC B
	Surgeon's right overshoe	5.1 (0.2)	5.6 (0.2)	50 (0.3)	100 (14.3)
	Surgeon's left overshoe	ND	ND	100 (0.6)	550 (3.1)
	Nurse's right overshoe	ND	ND	150 (0.9)	11 800 (67.4)
	Nurse's left overshoe	ND	ND	200 (1.1)	6 100 (34.9)
	Second surgeon's right overshoe	ND	Traces	300 (1.7)	3 700 (21.1)
	Second surgeon's right overshoe	ND	ND	600 (3.4)	20 400 (116.6)
	Nurse's right glove fixing the perfusion bag (9/16)	650 (4.5)	ND	1 550 (10.8)	850 (5.9)
	Nurse's left glove fixing the perfusion bag	1 121 (7.9)	6.4 (0.04)	2 050 (14.2)	450 (3.1)

Surgeon's right glove closing the laparoscopic incisions after ePIPAC.

  

	54.8 (0.4)	20.8 (0.13)	1 600 (11.1)	550 (3.82)

Surgeon's left glove closing the laparoscopic incisions after ePIPAC

  

	Auxiliary nurse's left overshoe	6.1 (0.04)	ND	300 (2.1)	300 (2.1)
	Auxiliary nurse's right glove after cleaning the operating room	ND	ND	650 (4.5)	700 (4.8)
	Auxiliary nurse's left glove after cleaning the operating room	ND	ND	1 200 (8.3)	1 000 (6.9)
	Single-use microfiber mop	720.3	ND	3 050	16 950
		484.2 (3.4)	72 (0.5)	3 100 (21.5)	600 (4.2)
	Nurse's right glove cleaning the PIPAC injector	18.9 (0.13)	5.2 (0.04)	1 000 (6.9)	3 350 (23.3)
	Nurse's left glove cleaning the PIPAC injector	Traces	6.3 (0.04)	950 (6.6)	42 100 (292.4)
	Anaesthetist's right glove	13.3 (0.09)	6.7 (0.04)	1 400 (9.7)	1 650 (11.4)
	Anaesthetist's left glove	ND	5.1 (0.03)	1 850 (12.8)	2 750 (19.1)
	Auxiliary nurse's right overshoe	ND	5.6 (0.03)	250 (1.7)	600 (4.2)

Table 3 :

 3 Doxorubicin and cisplatin contamination of gloves, overshoes and a single-use microfiber mop after the ePIPAC procedures. ND: not detected.

		Platinum (ng/filter)	Air sampling time (min)	Airflow (L/min)	Air sampling volume (L)
		ePIPAC A	ePIPAC B ePIPAC A ePIPAC B ePIPAC A	ePIPAC B	ePIPAC A	ePIPAC B
	Surgeon's breathing zone	ND	ND	92	60	2.031	2.041	186.852	122.46
	Static sample on the								
	PIPAC injector towards	ND	ND	40	25	2.041	2.027	81.64	50.675
	operating table								
	Static sample near the filtered return-air grille	ND	ND	40	25	2.015	2.054	80.6	51.35

Table 4 :

 4 Air contamination. ND: not detected.

This project was also supported by funds from the Limoges Hospital committee (Public Hospital). This funder had no role in study design, data collection and analysis. authors declare no conflicts of interest. original draft. TAIBI Abdelkader: conceptualization, patient management, methodology, and writing and review of the original draft. CANAL-RAFFIN Mireille: conceptualization and methodology-review of the original draft. DURAND-None analysis was performed on patients, no ethics committee approval was required for this study.

data and material (data transparency): Not applicable Code availability (software application or custom code): Not applicable

Environmental measurements Air contamination

Inhalation of aerosols is dangerous situations for OR personnel. The air sampling method conducted in this study did not detect platinum during stationary or personal inhalable aerosol sampling. However, caution is still necessary because current sampling methods are not sufficiently optimized for standardized measurements. As there are no data on a suitable filter for detecting doxorubicin, the analysis was not performed for doxorubicin.

In most studies that investigated environmental exposure to chemotherapeutic drugs during PIPAC, air samples were evaluated [START_REF] Solass | Pressurized intraperitoneal aerosol chemotherapy (PIPAC): occupational health and safety aspects[END_REF][START_REF] Willaert | Occupational safety of pressurized intraperitoneal aerosol chemotherapy (PIPAC)[END_REF][START_REF] Oyais | Occupational Health Aspects of Pressurised Intraperitoneal Aerosol Chemotherapy (PIPAC): Confirmation of Harmlessness][END_REF][START_REF] Graversen | Environmental safety during the administration of Pressurized IntraPeritoneal Aerosol Chemotherapy (PIPAC)[END_REF]. Willaert et al. did not detect any trace of chemotherapeutic drugs in air samples collected from the breathing zones of the surgeon and anaesthesiologist after ePIPAC [START_REF] Willaert | Occupational safety of pressurized intraperitoneal aerosol chemotherapy (PIPAC)[END_REF]. Delhorme et al. reported no contamination of doxorubicin in ambient air samples after PIPAC [START_REF] Delhorme | Occupational safety of pressurized intraperitoneal aerosol chemotherapy (PIPAC) in an operating room without laminar airflow[END_REF]. As Delhorme et al. our study was conducted in an OR without unidirectional airflow [START_REF] Delhorme | Occupational safety of pressurized intraperitoneal aerosol chemotherapy (PIPAC) in an operating room without laminar airflow[END_REF]. It would seem that by respecting the set up previously described using single-use cover plastic sheets, absorbent mats and balloon trocars, security conditions are sufficient and the risk of exposure to the chemotherapeutic drugs was limited and the risk of exposure to the chemotherapeutic drugs by air rout was limited. Thus, cisplatin cannot be inhaled by OR personnel during ePIPAC if no accidental leakage occurs.

Surface contamination

In this study, the total amount of cisplatin contamination was much more important than that of doxorubicin contamination. Several reasons explain this difference of contamination level as the most important is that the used dose of cisplatin dose is usually five times higher than doxorubicin dose. Additionally, technical or human error regarding use of ePIPAC equipment