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INTRODUCTION

Rationale

Continuing medical education is a legal and moral obligation for medical practitioners and surgeons.

Particularly, with permanent development of new technologies and innovations, this duty of training is essential for patients' safety. Universities or medical schools can organise and validate the continuing medical formation. As the same, training sessions within the hospital, with mentoring practitioners and medical teams, can be a method of education. On the other hand, the pharmaceutical companies may organise and sponsor workshops (e.g., to learn how to use a medical device). Anyway, courses must respect rules based on evidence-based medicine [START_REF] Sackett | Evidence based medicine: what it is and what it isn't[END_REF]. Pharmaceutical companies are often financially involved in the creation, development, diffusion, and evaluation of new drugs and medical devices. Consequently, scientists and clinicians are exposed to a conflict of interest. This conflict may occur even without economic advantage because secondary gains may be more subtle, as increased notoriety or baseline activity. Thus, although they may have a financial interest, scientists and clinicians must maintain impartiality in their medical and clinical activities. This obligation of transparency is formalised in the "Sunshine Act" law [START_REF] Frishman | Reflections on the Physicians Payment Sunshine Act[END_REF][START_REF] Saver | Deciphering the Sunshine Act: Transparency Regulation and Financial Conflicts in Health Care[END_REF]. In recent times, a dramatic change in the concept of haemorrhoid disease was associated with a new device to treat haemorrhoids (Longo) [START_REF] Cheetham | Persistent pain and faecal urgency after stapled haemorrhoidectomy[END_REF][START_REF] Longo | Pain after stapled haemorrhoidectomy[END_REF]. A famous surgical group reported disappointing results in a high-impact journal, but surgeons did not follow specific training and made inappropriate use of the device. This example shows that the partnership between the industry and practitioners is unavoidable, especially in the case of breakthrough innovation. In such cases, self-teaching may be insufficient and dangerous. It could even destroy the technology because of misunderstanding and misuse.

Using the example of Pressurized Intra Peritoneal Aerosol Chemotherapy (PIPAC), we provide a critical analysis of one model of dissemination of a surgical technology. PIPAC is an intra-abdominal aerosolization of chemotherapy. This treatment is restricted to patients with unresectable peritoneal metastases (PM), respecting explicit indications and contraindications [START_REF] Alyami | Pressurised intraperitoneal aerosol chemotherapy: rationale, evidence, and potential indications[END_REF], and was validated by a multidisciplinary tumour board before proposal. Conventional chemotherapy proved to have poor penetration in peritoneal tumour nodules due to the plasma peritoneal barrier [START_REF] Jacquet | Effects of intra-abdominal pressure on pharmacokinetics and tissue distribution of doxorubicin after intraperitoneal administration[END_REF], whilst PIPAC offers good intraperitoneal distribution, enhanced penetration, and low toxicity [START_REF] Solass | Intraperitoneal Chemotherapy of Peritoneal Carcinomatosis Using Pressurized Aerosol as an Alternative to Liquid Solution: First Evidence for Efficacy[END_REF]. Accumulating clinical proof has opened the way to the use of this technology with or without combined systemic chemotherapy in the second-line treatment of unresectable PM of various aetiologies. For many patients, the absence of proof of efficacy for second-or third-line systemic treatments makes PIPAC a very promising option of last resort, given its possibility to offer a non-decreased quality of life. The training and access to this novel drug-delivery approach in routine oncological care are unusual for a surgical device. Indeed, the model chosen by the inventor and the company is to restrict the access to the device only to a surgeon who has followed their specific training. The inventor of the technology decided to limit the possibility for a surgeon to use the device because he was concerned by the fact that a surgeon could use it in an inappropriate way and endanger the healthcare worker using a chemotherapy aerosol. At the beginning, the training was delivered and supervised by the inventor of the procedure and secondarily sponsored by the company and academic surgeons. Now the International Society for the Study of Pleura and Peritoneum (ISSPP) devotes a specific programme with that aim, called "train the trainer." It is still sponsored by the company in charge of the commercialisation of the nebulisation device (MicroPump©, CapnoPen©, Reger, Villingendorf, Germany; CE-certified: class 2A) and mandatory to perform the procedure.

Objectives

Based on the PIPAC procedure, we analyse (1) the development of this breakthrough technological innovation and (2) provide a critical ethics consideration on the different means used by the industry to control and manage the expansion of the technology. The hypothesis is that a relationship between clinician and industry is beneficial and ethical in the case of breakthrough innovation, as long as the transparency necessary for the conflict of interest is respected.

METHODS

The study is divided into two parts. [START_REF] Sackett | Evidence based medicine: what it is and what it isn't[END_REF] The first part aims to provide an objective analysis consisting in a bibliometric analysis of the PIPAC approach using a systematic review of clinical studies. (2) The second part is a subjective analysis based on expert interviews to analyse the different aspects of the relationship between industry and practitioners from a scientific, educational, clinical, and industrial point of view. Study protocol is available on an international registery (NCT04341337).

Literature review

Electronic searches

We performed the search using the healthcare databases advanced search Criteria for considering studies for the review

Types of studies

All clinical studies concerning the PIPAC approach were included. No restriction was employed for the study design. Only English-language studies were included. Reviews, case series, expert opinions, and editorial letters (level V studies) were excluded. Studies that reported only nonclinical outcome measures, in vitro, cadaveric, and animal studies were also excluded.

Types of participants

Patients with unresectable PM, pseudomyxoma peritonei, or peritoneal mesothelioma were considered for inclusion. The indication of PIPAC must be previously validated by a multidisciplinary tumour board.

Description of intervention

The PIPAC procedure was precisely defined [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]. It was performed under general anaesthesia. A laparoscopy was performed with a capno-peritoneum insufflation of 12 mmHg at 37° C. Two balloon trocars or a single port was used. Explorative laparoscopy was performed, and the Peritoneal Carcinomatosis Index (PCI) was determined. Parietal biopsies were performed, and ascites were removed for peritoneal cytology. The dedicated and proprietary nebuliser CAPNOPEN® (Reger Medizintechnik, GmbH, Villingendorf, Germany), which corresponds to the breakthrough innovation, was then connected to a high-pressure injector and inserted into the abdomen through a trocar. The safety protocol with checklist was systematically checked before administration of chemotherapy. A pressurised aerosol containing chemotherapy agents was then applied. The chemotherapies administrated were cisplatin (7.5 or 1.5 mg/m 2 body surface in 150 ml NaCl 0.9%) immediately followed by doxorubicin (10.5 or 2.1 mg/m 2 in 50 ml NaCl 0.9%), oxaliplatin alone (92 mg/m 2 in 150 mL NaCl 0.9%), or mitomycin C alone (1.5 mg/m 2 in 50 mL NaCl 0.9%) based on the peritoneal carcinomatosis origin and history of chemotherapy. The application time was 30 min. Remaining toxic aerosol was exhausted over a closed surgical smoke evacuation system. The trocars were removed, and the procedure was ended.

Types of outcome measures

We assessed the quality of studies using a validated scale for observational studies: STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) (http://www.strobestatement.org/index.php?id=available-checklists) [START_REF] Von Elm | The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies[END_REF].

Data collection and analysis

Selection of studies

The retrieved records were screened by title and abstract and then by review of the full text publication based on the predefined inclusion criteria. We used predefined data fields for determining eligibility and inclusion. Duplicates of citations (due to overlap in the coverage of the databases) were excluded at this stage.

Data collection

First, we classified all the selected studies based on bibliometric data: year of publication and author location. Then, the full-text publications were analysed. We considered the numbers of patients, the numbers of PIPAC, the declared conflict of interest disclosure, the article's open or paid access, and the funding sources.

Data synthesis

Descriptive statistics were used to analyse the articles' characteristics. We achieved a STROBE score by allocating each item by one point. Qualitative data were expressed in percentages and quantitative data in median. The results were reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses PRISMA [START_REF] Moher | Preferred reporting items for systematic reviews and metaanalyses: The PRISMA statement[END_REF](checklist available as supplementary material) and Assessing the methodological quality of systematic reviews AMSTAR Guidelines [START_REF] Shea | AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-randomised studies of healthcare interventions, or both[END_REF].

Ethical analysis of the different kinds of industrial involvement for the development of the surgical device

Design

We interviewed seven healthcare professionals from 10 July 2019 to 15 August 2019. The interviews were conducted on a voluntary basis. Participants were chosen for their specific expertise in the field of PIPAC. They received an email invitation in order to obtain their consent to participate in this study about PIPAC development. A telephone appointment was predetermined. Before starting, we requested the participants' permission to record the conversation. Under specific request, we were able to provide the content of the conversation to the participants before publication.

Participants

Participants included surgeons, scientists, and a hospital biomedical manager. The surgeons were experts in peritoneal malignancies management; they were trained in this technology and then became trainers themselves. They had each performed at least 50 PIPAC procedures. The academic scientist was specialised in the study of peritoneal disease and was currently working with a surgical team for the treatment of PM. The hospital biomedical manager recently participated in the introduction of the PIPAC procedure in a new centre.

Drafting of interviews

Questions for interviews were first prepared. Six questions for the clinicians and the scientist were elaborated about the interviewees' experience concerning the initiation and use of PIPAC, difficulties encountered to initiate this activity in their respective centres, description of the involvement of the industry for the development of the technique, the clinician-industry relationship, the mandatory nature of the training, and their ethical judgment on this model. For the biomedical manager, questions were about the set-up of the PIPAC procedure and the implication of the industry in the process. The interviewer had the freedom to adapt questions to prior answers. Interviewees did not receive the questionnaire before the discussion.

Data collection and analysis

All interviews were conducted by the same interviewer by audio conference. They lasted between 15 and 45 minutes. The interviews were recorded and typed out. We performed a qualitative analysis of the interviews.

RESULTS

Literature review

Characteristics of included studies

As shown in Figure 1, the search produced 467 articles. Original articles in English from 2006 (date of the first study) to April 2019 were screened for inclusion. No additional relevant title was found from a manual search. Titles and/or abstracts were reviewed, and we excluded any publication that was not relevant. Eighty-six full-text articles were assessed for eligibility, and 33 were included according to the predefined criteria.

Geographical and historical expansion

As presented in Figure 2, the number of publications concerning the PIPAC approach increased every year since the first publication in 2013. Figure 3 

Study quality assessment

The quality of the studies was evaluated using STROBE criteria (pool STROBE score, Figure 4, and Table, Supplemental Digital Content 1, which shows detailed STROBE score). The STROBE scores, out of 22 points, for the included studies ranged from 9 to 21 points, with a mean of 18.2±2.4. Only one study was a matched study. Three items were systematically reported by all the studies: informative summary in the abstract (item 1b), explanation for the rationale in introduction (2), and numbers of outcome events in results [START_REF] Alyami | Standardizing training for Pressurized Intraperitoneal Aerosol Chemotherapy[END_REF]. Items reported in less than five studies out of the 33 included were study size explanation (two studies), missing data management (four studies), and lost at follow-up management (two studies).

Training

Formal training is mandatory for surgeons who want to buy the aerosoliser that is indispensable to the PIPAC procedure. The training workshops were initially monocentric: the inventor and his assistant taught visiting surgeons in their centre, with explanation and demonstration of the procedure. Following increasing demand, the training became more formal and expanded to other centres. The initial multicentric training required the presence of the inventor. Since 2019, the training procedure is performed under the accreditation of a scientific society (ISSPP) engaged for the education, research, and clinical study of pleura and peritoneum (Figure 5). Today, the training is monocentric around the world and does not require the presence of the inventor; it is based on the experience of an expert surgeon and standardised content approved by the ISSPP. The organisation of the training session is financially supported by the industry, but not solely the responsibility of one sponsor. The cost for surgeons varied between 500 and 3000 euros, depending on the distance between the training centre and the country of origin. The payment could be assumed by the surgeon, a sponsor, or the surgeon's institution. After two days of training, the surgeon receives a certificate allowing access to the technology. All the interviewed surgeons indicated that this obligatory training was positive and allowed safe development at the beginning of the procedure. However, after a standardised presentation was added to the training session, they felt uncomfortable because the industry has the final approval for all communications about the training.

Undertaking for technology dissemination and adoption of the procedure For all surgeons and biomedical interviewees, the biggest challenge in implementing the PIPAC programme was related to occupational safety. There was some anxiety about the exposure to chemotherapy during the aerosolization. In collaboration with occupational health and the Health Safety and Working Conditions Committee, occasionally the industry participated to inform nurses and anaesthesiologists about the results of safety studies. All the users in the operating theatre were formally trained about safety procedures. The industry occasionally arranged a run-through before the PIPAC application to secure the surgical team and to permit good working conditions for the start of the PIPAC procedure.

Administrative process

In most countries, treatment costs are reimbursed by the national public health system. Patients with oncological disease may benefit from complete reimbursement. Hospitals are financed depending on their activity. However, the PIPAC procedure is not referenced as a routine surgical procedure and therefore cannot be reimbursed. In some countries, in the case of a new device, there are two different procedures to integrate an intervention for reimbursement in routine care: the surgical device can be referenced or an intervention can be created. Currently, the industry supports the recording of its specific surgical devices in a national public health-validated device register to permit reimbursement.

Research and development

The industry is also engaged in research and development to make the technology evolve. The next possible evolution of PIPAC is already developed with electrostatic precipitation in adjunction to the PIPAC procedure (ePIPAC, HINAT).

Scientific communication

One journal, Pleura and Peritoneum, is dedicated to the study of peritoneal and pleural diseases. This journal is open access, mostly because the industry supports the diffusion of this journal (https://www.degruyter.com/view/j/pp). A scientific society (ISSPP) was created in 2018. The industry also sponsors this scientific society and its productions, like congresses and scientific materials. Approximately one quarter of the topics of this scientific society is about PIPAC.

DISCUSSION

This study is based on the combination of two methods of investigation, consisting in an objective analysis of the bibliography and subjective interviews of an expert panel. The conclusions of the two methods seem to be in agreement.

Indeed, since the first PIPAC, the number of patients treated has increased, and in parallel, publications about the PIPAC procedure have been increasing each year. The expansion of the technique is not limited by the development model chosen by the industry. Some reasons can explain why this therapy seems to be so attractive. Before the creation of the PIPAC procedure, practitioners could not treat patients with a peritoneal carcinomatosis inaccessible to cytoreductive surgery because of the poor outcomes of systemic chemotherapy for peritoneal carcinomatosis. This is responding to a demand from patients and doctors, with a potential benefit to quality of life.

Bibliometric parameters are indirect markers of the implication of the industry for the PIPAC procedure in routine care

Training: The geographical development of PIPAC was initially concentrated in Germany, where the technology was born. The specific spread of the technology is not explained by the education model or the access to the training course. Today, there are several training sessions every year in Europe and Asia, and surgeons can attend the session of their choice. Any physician willing to develop this new procedure has access to adequate training, irrespective of residence. Regarding the workshop, all interviewees considered that the compulsory nature of the training was a positive thing. It is beneficial, as it facilitates respect for indications and good homogeneity among all the centres [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]. It also provides a shorter learning curve [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], even if it is probably already short. Recently, the ISSPP evaluated as for others scientific process the validity and efficiency of the training [START_REF] Alyami | Standardizing training for Pressurized Intraperitoneal Aerosol Chemotherapy[END_REF]. One of the initial concerns was that PIPAC would be perceived as an alternative to cytoreductive surgery and therefore offered instead of the optimal treatment in centres with limited access to cytoreductive surgery. The rigorous educational model prevented this drift, because it requires motivation and willingness from clinicians. Indeed, studies in the review are published by expert teams in PM, with strong experience in the treatment and management of this condition. However, if the decision to limit access to the innovation was initially considered a "virtuous" decision, this is progressively considered a "control" of innovation by the inventor or the company. It is probably related to the fact that the diffusion of the technique is increasing and because no other company has been able to propose another device that offers comparable results for safety and outcomes.

Undertaking for technology dissemination and adoption of the procedure:

The historical development is explained by the reluctance of the hospital authority to allow this new procedure with toxic drugs in aerosolization and to accredit a new technology without scientific proof of its long-term safety and efficiency [START_REF] Nowacki | The scientific report from the first pressurized intraperitoneal aerosol chemotherapy (PIPAC) procedures performed in the eastern part of Central Europe[END_REF]. It takes time to collect, analyse, and publish data about a new technology. The first step is often to prove the safety of the treatment for the patient. Furthermore, in the case of PIPAC, the occupational exposure risk is a concern. Several studies have proved the safety of the procedure. Presently, the number of published studies is exponentially growing.

Initially, articles originated from the innovator's centre or from centres with very close partnership. Their initial collaboration proved the safety of the procedure for the patient and the team and increased the confidence in the procedure before its dissemination. Misuse of the surgical device could be dangerous for the patient and teams and could destroy the procedure.

Administrative process: One of the challenges to introduce the PIPAC procedure in routine care is the difficulty in complying with security norms. The micropump used for the aerosolization meets only the CE standards. That allows the development of the procedure in Europe. But there is no publication about PIPAC in the USA because the device is not on the Food and Drug Administration (FDA) approved device list. As a result, depending on their country, some patients would not have access to this therapeutic option. The industry may have not validated the device yet because of the cost of such a validation procedure. From an economical point of view, another limitation is related to the cost of the device and its reimbursement by the national healthcare system. Indeed, it is a single-use device with a high cost (about 1700-2200 $ for the aerosolization nozzle 'MicroPump'). As the surgeons implicated in PIPAC treatment and industry chose to register its specific device and not create a new intervention considered as too much complex procedure, a potential concurrent will probably encounter significant difficulties.

Research and development:

Research in surgical oncology, especially in the case of breakthrough innovation, is complex. That raises some ethical issues, which are already analysed in the Belmont Report and defined by the IDEAL framework (Idea, Development, Exploration, Assessment, and Longterm follow-up) [START_REF] Mcculloch | No surgical innovation without evaluation: the IDEAL recommendations[END_REF]. The development of the PIPAC approach conforms to the IDEAL framework.

Concerning the economic model of the society, the pharmaceutical industry has chosen to reinvest its benefits for teaching, scientific diffusion, and research on the surgical procedure. The cost of the surgical device is justified by reinvestments made by the industry. The new generation of PIPAC device (ePIPAC) is already available and under evaluation [START_REF] Kakchekeeva | In Vivo Feasibility of Electrostatic Precipitation as an Adjunct to Pressurized Intraperitoneal Aerosol Chemotherapy (ePIPAC)[END_REF][START_REF] Rovers | Repetitive electrostatic pressurised intraperitoneal aerosol chemotherapy (ePIPAC) with oxaliplatin as a palliative monotherapy for isolated unresectable colorectal peritoneal metastases: protocol of a Dutch, multicentre, open-label, single-arm, phase II study (CRC-PIPAC)[END_REF].

Scientific communication:

The majority of phase III prospective studies are supported financially by academic funding, with indirect support from the industry. There is no randomised controlled trial available about PIPAC. However, with STROBE criteria, the quality of retrospectives studies could be assessed in this study. Based on our analysis of publications, studies maintain scientific rigor, which allowed to clearly define indications for the PIPAC procedure and to provide a good evaluation of the treatment [START_REF] Alyami | Pressurised intraperitoneal aerosol chemotherapy: rationale, evidence, and potential indications[END_REF]. However, a journal financially supported by an industry might create a conflict of interest when publishing. This can occur at different levels: at the journal or the editorial process level itself or at the author's choice to submit to Pleura and Peritoneum. One dedicated and dependent journal raises the question of the ethics of publication. Thus, conflict of interest exists, and it can be declared, but it depends on each practitioner to keep his or her intellectual integrity. Furthermore, some practitioners are critical of the interpretation of studies from the innovative team. Finally, some conflicts of interest can even be hidden. For example, every author is free to publish in one selected journal, but the people involved in the industrial development of the technology, even if they are experts, could experiment some difficulty to review or reject some scientific productions proposed by the other teams. Fortunately, more in more studies are published by different team from the initial team, and scientific design is validated by independent reviewers.

Ethical consideration of clinical and industrial relationship for the surgical device

The economic strategy of the industry was efficient for the development of the procedure but also for the sustainability and expansion of the company by assaying its monopoly. The partnership between industry and science is common within a legal framework [START_REF] Cappola | Confluence, Not Conflict of Interest: Name Change Necessary[END_REF]. It made possible the expansion of a new procedure. At the beginning of the creation and development of the technique, the control and implication of the industry, with a close partnership between the company and the inventor, ensured safe use of the procedure. The algorithm in Figure 5 shows the different levels of control for diffusion of the technique based on a scientific society.

The problem that ensues from this case, as well as in all breakthrough innovations, is that conflict of interest is not due to specific people, but depends on the situation, because the multiplicity of intermediaries, by ISSPP involvement, decreases the global transparency of the architecture. There is a declared conflict of interest by the innovators. According to the OECD definition, "A 'conflict of interest' involves a conflict between the public duty and private interests of a public official, in which the public official has private-capacity interests which could improperly influence the performance of their official duties and responsibilities" [21]. Private interest may be pecuniary or moral, and private and public interests can be convergent within the conflict of interest. In this situation, clinicians, by participating in the training sessions formalised by the scientific society and sponsored by the industry, are exposed to an indirect conflict of interest. There is no alternative due to the monopoly; however, only ten authors have declared a conflict of interest in the reviewed studies.

This conflict of interest does not call into question the quality of the scientific production or the concern of clinicians for the well-being of their patients. The latter is valorised by the industry and indeed, half of the clinicians interviewed found the situation ethical, because the benefit to the patient seems to be important. But the other half had no clear opinion. Actually, intentionality depends on the actors (surgeons or industry) considered. Ethical issues are more complex to limit the analysis on only the purpose: benefit for patients. Since the Belmont Report, an exclusively utilitarian approach is ethically unacceptable for biomedical research, because as different historical examples have shown, the principle of well-being is not enough.

On the normative front, regarding deontological rules, this situation is pejorative. Doctors should not benefit from this situation [22]. The scientist thinks there must be a hermetic barrier between the economic and the scientific communities. But partnership between industry and practitioners is frequent, and it could be interesting to innovate and create new treatment through a mix of competences. Therefore, it is essential to propose a more flexible analysis to resolve this problem.

We have to qualify the deontological principles with the biomedical ethics and the four prima facie fundamental principles [START_REF] Beauchamp | Principles of Biomedical Ethics[END_REF]: respect for autonomy, beneficence, justice, and non-maleficence. Ethics is an active reflection, with a permanent reevaluation of actors, objectives, and means. The disclosure clarifies intents and actions of the different actors and reflects the compliance with fundamental ethical principles and deontological norms. Collaboration, with mutual understanding and transparency, is the only way to guarantee these principles. Probably, the next step will be the end of the monopoly situation by establishing a new contender, which would provide new and different funding for the scientific society.

CONCLUSION

The relationship between innovator and industry is important at the beginning of the development of a breakthrough innovation. The control of the industry for training and diffusion of the PIPAC technique enables safe dissemination of this new therapeutic solution for patients. This diffusion was not limited by the controlled training model, but more by administrative difficulties related to the occupational exposure risk and economic model. The analysis of this breakthrough innovation shows that with the diffusion of the technique, the number of teams practicing and publishing increases. These teams maintain intellectual and biomedical ethical rigor and the independence necessary to produce publications of good scientific quality. Simultaneously, the industry should not have leverage in the editorial process.

With the diffusion of the PIPAC technique, the conflict of interest grows because of the implication of the industry in training and research. Transparency is difficult because of the multiplicity of intermediaries. However, with the development of a competitor company, the next step of the development will reduce ethical issues.

Provenance and peer review Not commissioned, externally peer-reviewed [START_REF] Tempfer | Activity of Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) with cisplatin and doxorubicin in women with recurrent, platinum-resistant ovarian cancer: Preliminary clinical experience[END_REF] 18 No mentioned not mentioned Odendahl 2015 [START_REF] Odendahl | Quality of life of patients with end-stage peritoneal metastasis treated with Pressurized IntraPeritoneal Aerosol Chemotherapy (PIPAC)[END_REF] 91 Yes mentioned not mentioned Tempfer 2015 [START_REF] Tempfer | Pressurized Intraperitoneal Aerosol Chemotherapy with Cisplatin and Doxorubicin in Women with Peritoneal Carcinomatosis: A Cohort Study[END_REF] 99 Yes mentioned not mentioned Tempfer 2015 [START_REF] Tempfer | Pressurized intraperitoneal aerosol chemotherapy in women with recurrent ovarian cancer: A phase 2 study[END_REF] 64 No mentioned not mentioned Demtröder 2016 [START_REF] Demtröder | Pressurized intraperitoneal aerosol chemotherapy with oxaliplatin in colorectal peritoneal metastasis[END_REF] 17 No mentioned not mentioned Girshally 2016 [START_REF] Girshally | Pressurized intraperitoneal aerosol chemotherapy (PIPAC) as a neoadjuvant therapy before cytoreductive surgery and hyperthermic intraperitoneal chemotherapy[END_REF] 21 Yes mentioned not mentioned Nadiradze 2016 [START_REF] Nadiradze | Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) with Low-Dose Cisplatin and Doxorubicin in Gastric Peritoneal Metastasis[END_REF] 24 Yes mentioned not mentioned Robella 2016 [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] 14 Yes none not mentioned Vaira 2016 [START_REF] Vaira | Single-port access for Pressurized IntraPeritoneal Aerosol Chemotherapy (PIPAC): technique, feasibility and safety[END_REF] 17 Yes mentioned none Graversen 2017 [START_REF] Graversen | Peritoneal metastasis from pancreatic cancer treated with pressurized intraperitoneal aerosol chemotherapy (PIPAC)[END_REF] 5 No none none Alyami 2017 [START_REF] Shea | AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-randomised studies of healthcare interventions, or both[END_REF] 73 No none not mentioned Hilal 2017 [START_REF] Hilal | Nutritional status, cachexia, and anorexia in women with peritoneal metastasis and intraperitoneal chemotherapy: a longitudinal analysis[END_REF] 84 Yes none not mentioned Khosrawipour 2017 [START_REF] Khosrawipour | Pressurized Intra Peritoneal Aerosol Chemotherapy in patients suffering from peritoneal carcinomatosis of pancreatic adenocarcinoma[END_REF] 20 Yes none not mentioned Khomyakov 2017 [START_REF] Khomyakov | Bidirectional chemotherapy in gastric cancer with peritoneal metastasis combining intravenous XELOX with intraperitoneal chemotherapy with lowdose cisplatin and Doxorubicin administered as a pressurized aerosol: an open-label, Phase-2 study (PIPAC-GA2)[END_REF] 31 Yes none not mentioned Hübner 2017 [START_REF] Hübner | Feasibility and Safety of Pressurized Intraperitoneal Aerosol Chemotherapy for Peritoneal Carcinomatosis: A Retrospective Cohort Study[END_REF] 42 Yes none not mentioned Hübner 2017 [START_REF] Hübner | Pressurized IntraPeritoneal Aerosol Chemotherapy -Practical aspects[END_REF] 58 No none none Teixeira Farinha 2017 [START_REF] Farinha | Impact of Pressurized Intraperitoneal Aerosol Chemotherapy on Quality of Life and Symptoms in Patients with Peritoneal Carcinomatosis: A Retrospective Cohort Study[END_REF] 42 Yes none not mentioned Graversen 2018 [START_REF] Graversen | Prospective, single-center implementation and response evaluation of pressurized intraperitoneal aerosol chemotherapy (PIPAC) for peritoneal metastasis[END_REF] 35 Yes none not mentioned Larbre 2018 [START_REF] Larbre | No Renal Toxicity After Repeated Treatment with Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) in Patients with Unresectable Peritoneal Metastasis[END_REF] 43 No none not mentioned Falkenstein 2018 [START_REF] Demtröder | First Clinical Data of Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) as Salvage Therapy for Peritoneal Metastatic Biliary Tract Cancer[END_REF] 13 No none mentioned Giger-Pabst 2018 [START_REF] Giger-Pabst | Pressurized IntraPeritoneal Aerosol Chemotherapy (PIPAC) for the treatment of malignant mesothelioma[END_REF] 29 Yes non not mentioned Gockel 2018 [START_REF] Gockel | Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) in Gastric Cancer Patients with Peritoneal Metastasis (PM): Results of a Single-Center Experience and Register Study[END_REF] 24 Yes none not mentioned Horvath 2018 [START_REF] Horvath | Pressurized intraperitoneal aerosol chemotherapy (PIPAC) for peritoneal metastases of pancreas and biliary tract cancer[END_REF] 12 No mentioned not mentioned Kurtz 2018 [START_REF] Kurtz | Feasibility, Safety, and Efficacy of Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) for Peritoneal Metastasis: A Registry Study[END_REF] 71 Yes mentioned not mentioned Tempfer 2018 [START_REF] Tempfer | A phase I, single-arm, open-label, dose escalation study of intraperitoneal cisplatin and doxorubicin in patients with recurrent ovarian cancer and peritoneal carcinomatosis[END_REF] 15 No none not mentioned Tempfer 2018 [START_REF] Tempfer | Concentrations of cisplatin and doxorubicin in ascites and peritoneal tumor nodules before and after pressurized intraperitoneal aerosol chemotherapy (PIPAC) in patients with peritoneal metastasis[END_REF] 32 No none not mentioned Teixeira Farinha 2018 [START_REF] Farinha | Inflammatory Response and Toxicity After Pressurized IntraPeritoneal Aerosol Chemotherapy[END_REF] 42 Yes none not mentioned Graversen 2019 [START_REF] Graversen | Detection of free intraperitoneal tumour cells in peritoneal lavage fluid from patients with peritoneal metastasis before and after treatment with pressurised intraperitoneal aerosol chemotherapy (PIPAC)[END_REF] 35 No none not mentioned Graversen 2019 [START_REF] Graversen | Pressurized IntraPeritoneal Aerosol Chemotherapy (PIPAC) as an outpatient procedure[END_REF] 41 Yes none not mentioned Solass 2019 [START_REF] Solass | Reproducibility of the peritoneal regression grading score for assessment of response to therapy in peritoneal metastasis[END_REF] 33 No none not mentioned Siebert 2019 [START_REF] Siebert | Pressurized intraperitoneal aerosol chemotherapy (PIPAC) in association with systemic chemotherapy and bevacizumab, evaluation of safety and feasibility. A single center comparative study[END_REF] 134 No none not mentioned Katdare 2019 [START_REF] Katdare | Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC): Initial Experience from Indian Centers and a Review of Literature[END_REF] 16 No none not mentioned Somashekar 2019 [START_REF] Somashekhar | Randomized control trial comparing quality of life of patients with end-stage peritoneal metastasis treated with pressurized intraperitoneal aerosol chemotherapy (PIPAC) and intravenous chemotherapy[END_REF] 8 Yes none none
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 12345 Figure 1: Flowchart of the search strategy

  and Table1show the geographical expansion of scientific production of this new technology and the number of treated patients per country and per year. Germany, where the technology was developed, was the first to publish and has since been the most important publisher about PIPAC, with 16 cumulated articles about 789 patients. The development was then geographically centrifugal. The second country to publish about PIPAC was Italy in 2016 with two articles in 2016, but with only a total of 31 patients. Then, since 2017, four studies were published by centres from Switzerland, four from Denmark, three from France, and one from Russia. Most recently, two more studies were published from India on 24 patients, and the latest study was conducted by a European team including 33 patients in 2019.

Table 1 :

 1 Bibliometrics data about number of publications, patients and year by country

		Number of	Number of	Year				
	Country	publications	patients	2014 2015 2016 2017 2018 2019
	Germany	16	789	1	3	3	2	7
	Switzerland	4	126				3	1
	Denmark	4	116				1	1	2
	France	3	250				1	1	1
	Italy	2	31			2		
	India	2	24						2
	European							
	Union	1	33						1
	Russia	1	31				1	

Table 2 :

 2 Conflict of interest declaration for studies included for the clinical review

			Open	Conflict of	
		Number of	Access	Interest	Funding Source
	Publication	Patients	License	Statement	Statement
	Tempfer 2014				
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Conflict of interest statement Among the 33 selected clinical studies (Table 2), [START_REF] Kakchekeeva | In Vivo Feasibility of Electrostatic Precipitation as an Adjunct to Pressurized Intraperitoneal Aerosol Chemotherapy (ePIPAC)[END_REF] were published under open access license. Twenty-eight authors did not mention the funding source, four declared no funding source, and one received academic funding. Ten authors declared a conflict of interest.

Ethical analysis of the different kinds of involvement by the industry for the development of the surgical device

Among all contacted persons, only two major experts involved in the PIPAC development process declined the invitation or did not answer. From the interviews, fives axes concerning industry involvement were identified: (a) training, (b) undertaking for technology dissemination and adoption of the procedure, (c) administrative process, (d) research and development, and (e) scientific communication.