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Unresectable peritoneal metastasis treated by pressurized intraperitoneal aerosol chemotherapy (PIPAC) leading to cytoreductive surgery and hyperthermic intraperitoneal chemotherapy
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INTRODUCTION

Peritoneal metastasis (PM) is a common occurrence in intra-abdominal malignancies and is associated usually with a dismal prognosis in the absence of an aggressive therapeutic approaches [START_REF] Sadeghi | Peritoneal carcinomatosis from non-gynecologic malignancies: results of the EVOCAPE 1 multicentric prospective study[END_REF]. For unresectable PM, systemic chemotherapy remains the gold-standard treatment even if its impact on survival is limited. With modern association of chemotherapies and targeted therapies, expected median survival are estimated at 16.3 months for colorectal cancer(2), 10.7 months for gastric cancer(3), [START_REF] Chia | Patients with Peritoneal Carcinomatosis from Gastric Cancer Treated with Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy: Is Cure a Possibility[END_REF].6 months for recurrent platin resistant ovarian cancer [START_REF] Pujade-Lauraine | Bevacizumab combined with chemotherapy for platinum-resistant recurrent ovarian cancer: The AURELIA open-label randomized phase III trial[END_REF] and less than 12 months for malignant peritoneal mesothelioma [START_REF] Chua | Surgical biology for the clinician: peritoneal mesothelioma: current understanding and management[END_REF].

Pressurized intraperitoneal aerosol chemotherapy (PIPAC) is relatively recent method to deliver intraperitoneal chemotherapy. It seems to enhance the effect of chemotherapy because of the physical properties of aerosol and pressure [START_REF] Solass | Intraperitoneal chemotherapy of peritoneal carcinomatosis using pressurized aerosol as an alternative to liquid solution: first evidence for efficacy[END_REF]. PIPAC is now a safe and tolerated technique that is well described [START_REF] Grass | Systematic review of pressurized intraperitoneal aerosol chemotherapy for the treatment of advanced peritoneal carcinomatosis[END_REF][START_REF] Larbre | No Renal Toxicity After Repeated Treatment with Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) in Patients with Unresectable Peritoneal Metastasis[END_REF][START_REF] Alyami | Pressurised intraperitoneal aerosol chemotherapy: rationale, evidence, and potential indications[END_REF]. PIPAC techniques are homogeneous throughout expert centers [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]. Recently, PIPAC demonstrated encouraging results in patients with unresecable PM [START_REF] Alyami | Pressurised intraperitoneal aerosol chemotherapy: rationale, evidence, and potential indications[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].

In the last 30 years, cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) has become the cornerstone of resectable PM treatment. CRS and HIPEC is the gold standard for pseudomyxoma peritonei and mesothelioma [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][START_REF] Yan | Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy for malignant peritoneal mesothelioma: multi-institutional experience[END_REF] and an option for colorectal, ovarian and gastric PM in selected patients [START_REF] Goere | 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] Saux | Long-term survival in patients with epithelial ovarian cancer following cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC)[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].

The aim of this study was to describe the clinical characteristics and extent of disease of the patients who became resectable following PIPAC treatment and the preliminary results of patients who underwent secondary CRS and HIPEC with a curative intent.

METHODS

Study design

A retrospective analysis from a single institutional PM database was conducted to identify all patients who underwent PIPAC for unresectable PM between December 2015 and June 2018 and who were secondarily scheduled for CRS and HIPEC with a curative intent (Figure 1). The study was performed in accordance with the precepts established by the Declaration of Helsinki.

Patient selection

Every case was discussed at the multidisciplinary tumor board and the PIPAC or secondary CRS and HIPEC indication was decided on an individual basis. PIPAC were only considered in patients with unresectable disease who had an Eastern Cooperative Oncology Group (ECOG) performance status of <2. Patients could be considered unresectable because of the locoregional involvement of their primary tumor or the extent of PM. Patients with intestinal obstruction, extra-peritoneal metastases, or a history of severe hypersensitivity reactions to platinum or doxorubicin compounds were not considered. Only patients who were amenable to potential CRS and HIPEC were planned for exploratory laparotomy in HIPEC conditions. For those patients, the following data were collected: gender, age at the time of first PIPAC, origin of PM, history of chemotherapy before PIPAC, extent of PM determined by the Peritoneal Cancer Index (PCI)(17) using peritoneal malignancy Stage Evaluation (PROMISE) application [START_REF] Villeneuve | A new internet tool to report peritoneal malignancy extent. PeRitOneal MalIgnancy Stage Evaluation (PROMISE) application[END_REF], delay between PIPAC and systemic chemotherapy. PCI at CRS, surgery length, chemotherapy used for HIPEC, length of hospital stay, morbidity and mortality. Adverse events were assessed according to the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0.

PIPAC surgical technique

Under general anesthesia, a balloon trocar (Applied Medical, Paris, France) was placed in the midline, using the open access laparoscopic technique, and a capnoperitoneum of 12 mmHg at 37°C was applied. Another balloon trocar was placed in the midline under direct visualization. Explorative laparoscopy was performed, and the PCI was calculated. Parietal biopsies were performed, ascites was aspirated, measured and sent for peritoneal cytology. A nebulizer CAPNOPEN ® (Reger Medizintechnik, GmbH, Villingendorf, Germany) was then connected to a high-pressure injector and inserted into the abdomen through one of the trocar. The safety protocol with a standardized checklist containing all safety items was systematically used before administration of cytotoxic, as described previously [START_REF] Solass | Pressurized intraperitoneal aerosol chemotherapy (PIPAC): occupational health and safety aspects[END_REF][START_REF] Hubner | Pressurized IntraPeritoneal Aerosol Chemotherapy -Practical aspects[END_REF][START_REF] Cazauran | Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) Procedure for Nonresectable Peritoneal Carcinomatosis (with Video)[END_REF][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]. A pressurized aerosol containing chemotherapy agents was then applied. The chemotherapies administrated were cisplatin (7.5 mg/m 2 body surface in 150 ml NaCl 0.9%) immediately followed by doxorubicin (1.5 mg/m 2 in 50 ml NaCl 0.9%), or oxaliplatin (92 mg/m 2 in 150 mL NaCl 0.9%). The choice was based principally on PM origin and previous history of chemotherapy. The system was then kept for 30 minutes (application time). Remaining aerosol was exhausted using a closed surgical smoke evacuation system. Trocars were removed and anti-adhesive gel was applied.

Aponeurosis and skin were then closed. PIPAC was aimed to be repeated every 6 to 8 weeks for at least three procedures. If PM was considered resectable during the laparoscopic exploration of a PIPAC, patients were planned for exploratory laparotomy with a possible CRS and HIPEC during the same surgery.

Technique of CRS and HIPEC

CRS was performed with a specific team of surgeons, anesthesiologists, and nurses dedicated and experienced in this procedure. Following laparotomy, PCI was assessed using the PCI. Cytoreductive surgery was performed with the goal of achieving complete excision of macroscopic disease by a combination of peritonectomies and organ resection, as described by Sugarbaker [START_REF] Sugarbaker | Peritonectomy procedures[END_REF]. The quality of the CRS was defined according to the Sugarbaker completeness of cytoreduction (CC) score: CC-0, no macroscopic residual tumor; CC-1, residual tumor <2.5 mm; CC-2, residual tumor between 2.5 mm and 25 mm; CC-3, residual tumor >25 mm [START_REF] Sugarbaker | Peritonectomy procedures[END_REF]. Following CRS, HIPEC was performed by circulating a heated solvent infused with chemotherapeutic agent throughout the abdomen. This was performed using closed technique. The choice of cytotoxic agent and duration of hyperthermia depended on the origin of PM. The HIPEC protocols used included monotherapy of cisplatin, mitomycin C and oxaliplatin or combination of cisplatin and doxorubicin, as previously reported [START_REF] Cotte | Population pharmacokinetics and pharmacodynamics of cisplatinum during hyperthermic intraperitoneal chemotherapy using a closed abdominal procedure[END_REF][START_REF] Cotte | Closed abdomen hyperthermic intraperitoneal chemotherapy with irinotecan and mitomycin C: a phase I study[END_REF][START_REF] Beaujard | Intraperitoneal chemohyperthermia with mitomycin C for digestive tract cancer patients with peritoneal carcinomatosis[END_REF][START_REF] Prada-Villaverde | The American Society of Peritoneal Surface Malignancies evaluation of HIPEC with Mitomycin C versus Oxaliplatin in 539 patients with colon cancer undergoing a complete cytoreductive surgery[END_REF][START_REF] Sayag-Beaujard | Treatment of peritoneal carcinomatosis in patients with digestive cancers with combination of intraperitoneal hyperthermia and mitomycin C[END_REF].

Statistical analysis

Descriptive results were presented as a number (percentage) for qualitative variables and as a mean ± standard deviation (SD) or median (minimum-maximum) for quantitative variables.

RESULTS

Four hundred thirty seven PIPAC procedures were done in 146 consecutive patients between December 2015 and June 2018 (Table 1). Among them, 26 patients (17.8 %) who underwent 76 PIPAC were then scheduled for exploratory laparotomy and possible CRS and HIPEC. PM was from several different primary: gastric, malignant mesothelioma, ovarian, colorectal and small bowel cancer in 13, 7, 4, 1 and 1 patients, respectively. Nineteen patients (73%) were female. Median age at the first PIPAC session was 58.6 years (32-76.3). Median PCI was 16 . Seven (26.9%) patients had been treated with more than 2 lines chemotherapy before surgery. All patients received systemic chemotherapy between PIPAC treatments. Median consecutive PIPAC procedure was 3 [START_REF] Sadeghi | Peritoneal carcinomatosis from non-gynecologic malignancies: results of the EVOCAPE 1 multicentric prospective study[END_REF][START_REF] Franko | Prognosis of patients with peritoneal metastatic colorectal cancer given systemic therapy: an analysis of individual patient data from prospective randomised trials from the Analysis and Research in Cancers of the Digestive System (ARCAD) database[END_REF][START_REF] Al-Batran | Effect of Neoadjuvant Chemotherapy Followed by Surgical Resection on Survival in Patients With Limited Metastatic Gastric or Gastroesophageal Junction Cancer: The AIO-FLOT3 Trial[END_REF][START_REF] Pujade-Lauraine | Bevacizumab combined with chemotherapy for platinum-resistant recurrent ovarian cancer: The AURELIA open-label randomized phase III trial[END_REF][START_REF] Chua | Surgical biology for the clinician: peritoneal mesothelioma: current understanding and management[END_REF][START_REF] Solass | Intraperitoneal chemotherapy of peritoneal carcinomatosis using pressurized aerosol as an alternative to liquid solution: first evidence for efficacy[END_REF][START_REF] Grass | Systematic review of pressurized intraperitoneal aerosol chemotherapy for the treatment of advanced peritoneal carcinomatosis[END_REF][START_REF] Larbre | No Renal Toxicity After Repeated Treatment with Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) in Patients with Unresectable Peritoneal Metastasis[END_REF]. Median hospital stay after a PIPAC procedure was 3 days (2-5). Complications occurred in 3 PIPAC (4%) and there was no major complication (CTCAE III or higher).

Twenty-six patients were brought to the operation room for a potential CRS and HIPEC (17.8%). Complete cytoreduction (CC-0 or CC-1) was achieved in 21 patients (14.4%) (Table2). The remaining 5 patients had exploratory laparotomy, which found unresectability criteria. Median PCI during CRS and HIPEC was 12. Major complications (CTCAE III, IV) (Table 3) occurred for 11 patients (52.3%). One patient died (4.7%) in post-operative period because of bowel ischemia. Median hospital stay was 15 days (7-58). The median follow-up was 7 (1-26) months. Among patients who underwent CRS and HIPEC, 14 (66.7%) are alive without recurrence, 2 (9.5%) are alive with recurrence and 5 (23.8%) died. Details of the follow-up and the current status are summarized in Table 4.

DISCUSSION

Our study suggests that, with an appropriate patient selection, CRS and HIPEC could be proposed for some patients with unresectable PM after neoadjuvant PIPAC treatments. In our study, 14.4% of patients were eligible to a secondary CRS and HIPEC after being considered unresectable prior to PIPAC treatments and treated with a palliative intent.

Secondary CRS and HIPEC after PIPAC was first described by Girshally et al [START_REF] Girshally | Pressurized intraperitoneal aerosol chemotherapy (PIPAC) as a neoadjuvant therapy before cytoreductive surgery and hyperthermic intraperitoneal chemotherapy[END_REF].

They performed CRS and HIPEC in 21 patients out of 406 (5.2 %) with unresectable PM. Among those 5.2% of patients, more than 50% of them were with low PCI (mean 5.8 ± 5.6). In our study, 14.4 % of patients with initial median PCI of 16 had a successful secondary CRS and HIPEC. Exploratory laparotomy and possible CRS/HIPEC was offered to two patients after the first PIPAC session since they had limited and resectable PM at the laparoscopic exploration. These two patients had no PIPAC indication and could have been probably planned for an upfront CRS and HIPEC. The first patient had his surgical exploration in another center, while the second patient unresectability was assessed by CT scan evaluation. Girshally et al [START_REF] Girshally | Pressurized intraperitoneal aerosol chemotherapy (PIPAC) as a neoadjuvant therapy before cytoreductive surgery and hyperthermic intraperitoneal chemotherapy[END_REF] suggested that the mean number of PIPAC treatments necessary to convert diffuse intraperitoneal metastasis into localized diseased was close to four, in a time period of 4.5 to 6 months. In our series, the median number of PIPAC treatments to achieve complete CRS and HIPEC was 3.

Multiple studies showed that about 75% of patients with unresectable PM develop major or complete intraperitoneal tumor regression assessed by histology, after repeated PIPAC treatment [START_REF] Tempfer | Pressurized intraperitoneal aerosol chemotherapy in women with recurrent ovarian cancer: A phase 2 study[END_REF][START_REF] Demtroder | Pressurized intraperitoneal aerosol chemotherapy with oxaliplatin in colorectal peritoneal metastasis[END_REF][START_REF] Nadiradze | Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) with Low-Dose Cisplatin and Doxorubicin in Gastric Peritoneal Metastasis[END_REF]. In our experience, indication for CRS and HIPEC were based on macroscopic and radiological responses principally. Histological response was mainly used as an indicator of chemotherapy sensitivity. The histological evaluation of tumor response represents an important issue. For now, it should be interpreted with caution because there is great heterogeneity in peritoneal distribution of disease and no standardization in biopsies location. It still needs to be validated in prospective study. Many patients were not primary candidate for CRS and HIPEC principally due to diffuse small bowel involvement. That is why a strict selection of patients for CRS/HIPEC is very important and should always be based on macroscopic, radiological and pathological findings. To avoid "open and close" procedures that occurred for 5 of the 26 patients selected for a curative procedure, laparoscopic evaluation requires careful and extensive evaluation of potential contraindication of complete CRS. We recommend the use of monotrocar and palpation combined to visualization of the entire small bowel. It may require also more than the 4 samples usually required for the evaluation of pathologic response [START_REF] Solass | Peritoneal sampling and histological assessment of therapeutic response in peritoneal metastasis: proposal of the Peritoneal Regression Grading Score (PRGS)[END_REF].

The mortality rate of PIPAC procedure described in the literature is up to 8.3% [START_REF] Nadiradze | Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) with Low-Dose Cisplatin and Doxorubicin in Gastric Peritoneal Metastasis[END_REF].

Morbidity rate is quite variable with major complications occurring in 0 to 37% of patients [START_REF] Grass | Systematic review of pressurized intraperitoneal aerosol chemotherapy for the treatment of advanced peritoneal carcinomatosis[END_REF]. In our study the overall complication was 4 % without any mortality post PIPAC giving better result than what we previously published [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], suggesting a better selection of patients or a learning curve effect. We reported 52.3% of major complication (CTCAE III, IV) following secondary CRS and HIPEC. This corresponds to a high rate of major complication when compared to literature but it correlate to previous reports about HIPEC procedure in our center, where complications were prospectively recorded and included 90-days morbidity [START_REF] Passot | What made hyperthermic intraperitoneal chemotherapy an effective curative treatment for peritoneal surface malignancy: A 25-year experience with 1,125 procedures[END_REF][START_REF] Alyami M | Ninety-day post-operative morbidity and mortality using the National Cancer Institute's common terminology criteria for adverse events better describe post-operative outcome after cytoreductive surgery and hyperthermic intraperitoneal chemotherapy[END_REF].

Our follow-up was too short to advance any conclusions on long-term results but few patients already had prolonged survival (Table 4) whereas they presented an unresectable disease with poor short-term prognosis. Undoubtedly, some of them who died from an early recurrence did not have any benefit from such aggressive procedure and would had probably longer survival with continuous combined intravenous and PIPAC treatments. On the other hand, some of our patients have prolonged disease-free survival such 21, 26, 22 and 18 months for some patients with gastric, malignant mesothelioma, ovarian and small bowel PM respectively. We will have to identify prognostic factors to better select the best candidate for these aggressive procedures.

This study has limitations. First, its retrospective nature and multiples selection bias that may affect patients who were scheduled for CRS/HIPEC. Second, patient population was heterogeneous regarding origin of PM, number of preoperative chemotherapy lines and the tumor chemo-sensitivity. . Third, quality of life evaluation was not performed. This is related to the absence of long-term follow-up. However, this series demonstrated the possibility of tumor regression induced by neoadjuvant PIPAC associated to systemic chemotherapy in a palliative intent; leading to CRS and HIPEC

CONCLUSION:

Secondary CRS and HIPEC might become possible after repeated PIPAC treatments combined to systemic chemotherapy for highly selected patient. Prospective studies are mandatory to determine the role of PIPAC as a neoadjuvant therapy for patient with unresectable PM. 
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