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INTRODUCTION

Complete cytoreduction leaving no residual macroscopic tumor is the most important prognostic factor in advanced ovarian cancer [START_REF] Chi | What is the optimal goal of primary cytoreductive surgery for bulky stage IIIC epithelial ovarian carcinoma (EOC)?[END_REF][START_REF] Bristow | Survival Effect of Maximal Cytoreductive Surgery for Advanced Ovarian Carcinoma During the Platinum Era: A Meta-Analysis[END_REF]. Cytoreductive surgery (CRS) followed by platinum and taxane-based chemotherapy is the mainstay of therapeutic strategy [START_REF] Ozols | Phase III trial of carboplatin and paclitaxel compared with cisplatin and paclitaxel in patients with optimally resected stage III ovarian cancer: A Gynecologic Oncology Group study[END_REF][START_REF] Chiva | What Should We Expect After a Complete Cytoreduction at the Time of Interval or Primary Debulking Surgery in Advanced Ovarian Cancer?[END_REF][START_REF] Bristow | Platinum-based neoadjuvant chemotherapy and interval surgical cytoreduction for advanced ovarian cancer: A meta-analysis[END_REF]. In case of non-operable patients or in case of low likelihood of achieving complete cytoreduction, neoadjuvant chemotherapy (NACT) is preferred, as it is associated with lower morbidity and postoperative mortality [START_REF] Wright | Neoadjuvant Chemotherapy for Newly Diagnosed, Advanced Ovarian Cancer: Society of Gynecologic Oncology and American Society of Clinical Oncology Clinical Practice Guideline[END_REF][START_REF] Bartels | A meta-analysis of morbidity and mortality in primary cytoreductive surgery compared to neoadjuvant chemotherapy in advanced ovarian malignancy[END_REF].

The best timing to schedule CRS in order to obtain the maximal survival benefit has been largely debated. Two randomized controlled trials (RCTs) comparing primary debulking surgery (PDS) followed by adjuvant chemotherapy and NACT followed by interval debulking surgery (IDS) have suggested that NACT has a non-inferior survival outcome [START_REF] Vergote | Neoadjuvant Chemotherapy or Primary Surgery in Stage IIIC or IV Ovarian Cancer[END_REF][START_REF] Kehoe | Primary chemotherapy versus primary surgery for newly diagnosed advanced ovarian cancer (CHORUS): an open-label, randomised, controlled, non-inferiority trial[END_REF]. Nevertheless, these trials have been extensively criticized due to their low rate of complete cytoreduction in patients with PDS, being as low as 20% [START_REF] Vergote | Neoadjuvant Chemotherapy or Primary Surgery in Stage IIIC or IV Ovarian Cancer[END_REF][START_REF] Kehoe | Primary chemotherapy versus primary surgery for newly diagnosed advanced ovarian cancer (CHORUS): an open-label, randomised, controlled, non-inferiority trial[END_REF]. Few meta-analyses have been conducted reporting controversial results. While some of them report superior survival rates in patients undergoing PDS [START_REF] Bristow | Platinum-based neoadjuvant chemotherapy and interval surgical cytoreduction for advanced ovarian cancer: A meta-analysis[END_REF][START_REF] Qin | The role of neoadjuvant chemotherapy followed by interval debulking surgery in advanced ovarian cancer: a systematic review and meta-analysis of randomized controlled trials and observational studies[END_REF][START_REF] Xiao | Platinum-Based Neoadjuvant Chemotherapy versus Primary Surgery in Ovarian Carcinoma International Federation of Gynecology and Obstetrics Stages IIIc and IV: A Systematic Review and Meta-Analysis[END_REF], others have stated no survival differences between PDS and IDS [START_REF] Zeng | Neoadjuvant chemotherapy for Patients with advanced epithelial ovarian cancer: A Meta-Analysis[END_REF][START_REF] Chiofalo | Primary debulking surgery vs. interval debulking surgery for advanced ovarian cancer: review of the literature and meta-analysis[END_REF]. A recent review including 24 publications compared the impact of complete cytoreduction after PDS and IDS.

Authors found an improved median survival of almost two years in patients who underwent upfront procedures [START_REF] Chiva | What Should We Expect After a Complete Cytoreduction at the Time of Interval or Primary Debulking Surgery in Advanced Ovarian Cancer?[END_REF]. Up to our knowledge, there are no large series in the literature assessing the impact of surgical timing, disease burden assessed by peritoneal cancer index (PCI), and surgical radicality assessed by different scores in patients undergoing CRS with minimal or no residual disease.

The aim of the present study was to evaluate survival impact of complete cytoreduction or cytoreduction to minimal residual disease depending on the timing of CRS in high-volume institutions. Secondary objective was to evaluate the prognostic impact of disease burden and surgical radicality on patients' survival.

METHODS

Patients and study design

A computer-generated search of the institutional patient database was carried out to retrospectively identify all patients who underwent PDS or IDS with complete cytoreduction (CC-0) or cytoreduction to minimal residual disease (CC-1) for stage IIIC-IV epithelial ovarian, fallopian, or primary peritoneal cancer between January 2008 and December 2015 in four institutions meeting the requirements of ESGO quality indicators in France and Spain. The study was approved by the National and Institutional Review Boards (SLN/MFI/AR193997 and HULP code PI-3432).

Preoperative assessment, surgical principles and chemotherapy treatment

All patients underwent a preoperative imaging study including a computed tomography (CT) of the chest, abdomen and pelvis. In selected cases of extra-abdominal disease suspicion, a positron emission tomography/computed tomography (PET/CT) was performed. An exploratory laparoscopy was routinely performed at diagnosis to assess resectability and to obtain an histological exam.

All cytoreductive procedures were performed or supervised by experienced oncological surgeons. The surgical technique of CRS was performed following Surgarbaker principles of peritonectomy [START_REF] Sugarbaker | Peritonectomy Procedures[END_REF]. The extent and distribution of the disease throughout the 13 abdominopelvic regions were evaluated with PCI. The main goal of surgery was to obtain a complete cytoreduction, evaluated using the Completeness of Cytoreduction score (CC-0: no residual tumor; CC-1: residual disease less than 2.5 mm in diameter; CC-2: residual nodules between 2.5 mm and 2.5 cm; and CC-3 residual nodules greater than 2.5 cm or a confluence of unresectable disease) [START_REF] Gilly | Quantitative prognostic indices in peritoneal carcinomatosis[END_REF]. We used the Aletti Score to quantify surgical complexity [START_REF] Aletti | A new frontier for quality of care in gynecologic oncology surgery: Multi-institutional assessment of short-term outcomes for ovarian cancer using a riskadjusted model[END_REF]. Surgical procedures were considered ultraradical when at least two of the following techniques were performed: small or large bowel resection, splenectomy, atypical hepatic resection, cholecystectomy, partial gastrectomy, distal pancreatectomy and celiac lymph node resection [START_REF] Martinez | Surgical Complexity Impact on Survival After Complete Cytoreductive Surgery for Advanced Ovarian Cancer[END_REF]. Postoperative complications were recorded according to Clavien-Dindo classification [START_REF] Dindo | Classification of surgical complications: A new proposal with evaluation in a cohort of 6336 patients and results of a survey[END_REF].

Patients with deep infiltration of the small bowel mesentery, diffuse carcinomatosis involving large parts of the small bowel, stomach, infiltration of the duodenum or pancreas (not limited to the pancreatic tail) were considered non-resectable and were selected for primary chemotherapy.

NACT was also indicated in unfit patients to withstand multivisceral resection due to medical co-morbidities or poor performance status, or when too extensive surgery was needed to achieve complete cytoreduction. After three cycles of platinum and taxane-based chemotherapy, a clinical, biological and imaging evaluation by thoraco-abdomino-pelvic CT or PET/CT were performed. In case of poor response or bad performance status, three additional cycles of chemotherapy were administered before IDS. In selected patients with stable disease on CT after NACT, an exploratory laparoscopy was performed before IDS to assess resectability. Adjuvant chemotherapy was delivered, when feasible, within two months after CRS with carboplatin and paclitaxel until completing a total of six cycles. In case of poor response to NACT or in case of high tumor burden or CC-1 after PDS, two to three cycles of chemotherapy and antiangiogenic maintenance treatment with bevacizumab were added after discussion at the tumor board.

Patients with residual disease ≥ 2.5mm (≥ CC-2), and patients with non-epithelial histology or borderline tumors were excluded from the study.

Study data

Medical databases were examined to collect all relevant information. Patient demographic data, WHO (World Health Organization) performance status, cancer antigen-125 (CA-125) dosage, presence of ascites, NACT, PCI scores recorded during laparotomy, surgical procedures performed during CRS, histologic data, adjuvant treatment and follow-up data were retrieved from medical records.

Statistical analysis

Data were summarized by frequency and percentage for categorical variables and by median and range for continuous variables. Comparisons between groups were performed using the Chisquared or Fisher's exact test for categorical variables. Disease-free survival (DFS) was defined as the time from the date of diagnosis until relapse or death, patients alive and disease-free were censored at last follow-up news. Overall survival (OS) was defined as the time from the date of diagnosis until death, patients alive were censored at last follow-up news. Survival data were summarized using the Kaplan-Meier method. Univariable and multivariable analyses were performed using the logrank test and the Cox proportional hazards model; hazard ratios (HR) were estimated with their 95% confidence intervals (95% CI). All tests were two-sided and pvalues < 0.05 were considered statistically significant. Statistical analyses were conducted using STATA 13 (StataCorp, Texas, USA) software.

RESULTS

During the study period, 2018 patients were treated for ovarian cancer at our four institutions. A total of 549 patients met the inclusion criteria and were considered for the analysis. Median age was 61 years and median BMI was 24.2 kg/m 2 . At diagnosis, 95.7% of patients had a WHO performance status of 0 or 1. FIGO stage was IIIC for 81.8% of women, IVA for 7.8% and IVB for 10.4%. The baseline characteristics are shown in Table 1. Among the 549 included patients, 175 (31.9%) underwent PDS, 224 (40.8%) had IDS after 3 to 4 cycles of NACT, and 150 (27.3%) underwent IDS after 6 cycles of NACT. Median PCI was 10 (range 0 -39). All data from surgical procedures are shown in Table 2. In 481 patients (87.6%) a complete cytoreduction (CC-0) was performed, and in 68 (12.4%) a cytoreduction to minimal residual (CC-1) disease was performed. According to our previous definition, 159 patients (29%) underwent an ultraradical surgery, 61 after PDS and 98 after IDS. According to Aletti surgical complexity score, 23 patients (4.2%) had a low score, 277 patients (50.5%) had an intermediate score, and 249 patients (45.3%) had a high score. Intraperitoneal chemotherapy was used after PDS in 19 patients (3.5%) and hyperthermic intraperitoneal chemotherapy (HIPEC) was done in 10 patients (1.8%), one patient after PDS and 9 after IDS. Maintenance treatment with bevacizumab was administered in 107 patients (19.5%), 32 (18.3%) after PDS and 75 (20.1%) after IDS.

The overall rate of major surgical complications (grade III-V) according to Clavien-Dindo classification was 22.4% (123/549), 28.6% (50/175) after PDS and 19.5% (73/374) after IDS.

Among women undergoing an ultraradical surgery, the major surgical complication rate was 35.2% (56/159) -39.3% (24/61) after PDS and 32.7% (32/98) after IDS-, while it was of 17.2% (67/390) in non-ultraradical procedures, (p<0.001). Regarding the type of complication ≥ grade III, 51 patients (9.3%) presented a digestive complication, 49 (8.9%) an infectious complication, Univariable analysis of DFS and OS in overall patients is shown in Table 3. In multivariable analysis (Table 4), both PCI score and NACT were significantly associated with DFS and OS.

Aletti score and CC-score were significantly associated with DFS. Age at diagnosis, FIGO stage and ultraradical surgery were not significantly associated with survival. 

DISCUSSION

Optimal timing for cytoreductive surgery

Absence of residual tumor after CRS has been described as the single most important prognostic factor in advanced ovarian cancer patients [START_REF] Chi | What is the optimal goal of primary cytoreductive surgery for bulky stage IIIC epithelial ovarian carcinoma (EOC)?[END_REF][START_REF] Bristow | Survival Effect of Maximal Cytoreductive Surgery for Advanced Ovarian Carcinoma During the Platinum Era: A Meta-Analysis[END_REF][START_REF] Chang | Survival impact of complete cytoreduction to no gross residual disease for advanced-stage ovarian cancer: A metaanalysis[END_REF]. Our series also showed that patients with CC-1 after CRS yielded an inferior median survival of 16 months when compared to patients with CC-0. Median OS in our series was 56 months, 84 months for patients who underwent PDS and around 50 months for patients who underwent IDS. Survival rates in our series are in line with previous reports. Most series describe median survival rates below 80 months for patients undergoing PDS, ranging from 45 months to 86 months [START_REF] Chiva | What Should We Expect After a Complete Cytoreduction at the Time of Interval or Primary Debulking Surgery in Advanced Ovarian Cancer?[END_REF]. Regarding IDS, the majority of studies report median survival rates below 50 months, ranging from 28 months to 78 months [START_REF] Chiva | What Should We Expect After a Complete Cytoreduction at the Time of Interval or Primary Debulking Surgery in Advanced Ovarian Cancer?[END_REF].

Since the publication of the two RCTs of Vergote et al and Kehoe et al., which reported a noninferior survival benefit of NACT [START_REF] Vergote | Neoadjuvant Chemotherapy or Primary Surgery in Stage IIIC or IV Ovarian Cancer[END_REF][START_REF] Kehoe | Primary chemotherapy versus primary surgery for newly diagnosed advanced ovarian cancer (CHORUS): an open-label, randomised, controlled, non-inferiority trial[END_REF], the decrease of postoperative morbi-mortality and the increase of the rate of complete or optimal cytoreduction after NACT have prompted an increase of its use in current clinical practice [START_REF] Bartels | A meta-analysis of morbidity and mortality in primary cytoreductive surgery compared to neoadjuvant chemotherapy in advanced ovarian malignancy[END_REF][START_REF] Vergote | Neoadjuvant Chemotherapy or Primary Surgery in Stage IIIC or IV Ovarian Cancer[END_REF][START_REF] Kehoe | Primary chemotherapy versus primary surgery for newly diagnosed advanced ovarian cancer (CHORUS): an open-label, randomised, controlled, non-inferiority trial[END_REF][START_REF] Zeng | Neoadjuvant chemotherapy for Patients with advanced epithelial ovarian cancer: A Meta-Analysis[END_REF][START_REF] Chiofalo | Primary debulking surgery vs. interval debulking surgery for advanced ovarian cancer: review of the literature and meta-analysis[END_REF][START_REF] Kang | Does Neoadjuvant Chemotherapy Increase Optimal Cytoreduction Rate in Advanced Ovarian Cancer? Meta-Analysis of 21 Studies[END_REF]. Nevertheless, these RCTs have been extensively criticized due to their excessively low rate of complete cytoreduction after PDS, of 20.4% and 17% in EORTC trial and CHORUS trial, respectively [START_REF] Vergote | Neoadjuvant Chemotherapy or Primary Surgery in Stage IIIC or IV Ovarian Cancer[END_REF][START_REF] Kehoe | Primary chemotherapy versus primary surgery for newly diagnosed advanced ovarian cancer (CHORUS): an open-label, randomised, controlled, non-inferiority trial[END_REF]. For this reason, there are two ongoing RCTs in high-volume hospitals with expert surgical teams which will define the optimal timing of CRS for maximal survival benefit in patients with advanced ovarian cancer.

SCORPION trial (Surgical COmplications Related to Primary or Interval debulking in Ovarian

Neoplasm, NCT01461850) is a single-institution trial randomizing FIGO stage IIIC patients with high tumoral load to PDS followed by adjuvant chemotherapy or to 3-4 cycles of NACT followed by IDS and adjuvant chemotherapy until 6 cycles. Progression free-survival and surgical complications are the primary endpoints [START_REF] Fagotti | Phase III randomised clinical trial comparing primary surgery versus neoadjuvant chemotherapy in advanced epithelial ovarian cancer with high tumour load (SCORPION trial): Final analysis of peri-operative outcome[END_REF]. TRUST trial (Trial of Radical Upfront Surgical Therapy in advanced ovarian cancer (ENGOT ov33/AGO-OVAR OP7, NCT02828618) is a multicentric international trial which randomizes FIGO stage IIIB-IVB ovarian cancer patients to PDS followed by adjuvant chemotherapy or to 3 cycles of NACT followed by IDS and 3 cycles of adjuvant chemotherapy; OS is the primary endpoint. Moreover, only centers fulfilling a preestablished requirement regarding the rate of PDS and CC-0 are allowed to participate [START_REF] Reuss | TRUST: Trial of Radical Upfront Surgical Therapy in advanced ovarian cancer (ENGOT ov33/AGO-OVAR OP7)[END_REF].

There is strong evidence in the literature supporting a survival benefit of PDS. Bristow et al. conducted a meta-analysis reporting that NACT was associated with an inferior OS compared to PDS. In a more recent meta-analysis, Qin et al. reported from multiple observational studies that PDS yielded better OS than IDS, and that this benefit remained even in patients with low residual disease [START_REF] Qin | The role of neoadjuvant chemotherapy followed by interval debulking surgery in advanced ovarian cancer: a systematic review and meta-analysis of randomized controlled trials and observational studies[END_REF]. Similar findings were described by Xiao et al., with a significant improved OS in patients undergoing PDS [START_REF] Xiao | Platinum-Based Neoadjuvant Chemotherapy versus Primary Surgery in Ovarian Carcinoma International Federation of Gynecology and Obstetrics Stages IIIc and IV: A Systematic Review and Meta-Analysis[END_REF].

Biologic rationale of starting the treatment by PDS is based on removal of bulky disease before starting chemotherapy, which would allow a better perfusion of microscopic residual tumor and, therefore, an improved effect of chemotherapy. As well, removal of bulky tumor would allow an improvement of host immunocompetence [START_REF] Covens | A Critique of Surgical Cytoreduction in Advanced Ovarian Cancer[END_REF]. NACT may also select chemoresistant tumoral clones. The outgrowth of these chemoresistant cells would explain the platinum resistance [START_REF] Cooke | Evolution of platinum resistance in high-grade serous ovarian cancer[END_REF].

The effect of delay on surgical timing after NACT was traduced by loss of median survival of almost three years in patients undergoing CC-0 or CC-1 cytoreduction, evidencing that the absence of residual tumor after IDS does not overcome the deleterious effect of delaying the surgery. Our results are in keeping with a recent review published by Chiva et al., which selected multiple studies including data of patients with complete cytoreduction after PDS and IDS. They showed that complete cytoreduction after IDS had a reduced survival benefit of almost two years compared with complete cytoreduction after PDS [START_REF] Chiva | What Should We Expect After a Complete Cytoreduction at the Time of Interval or Primary Debulking Surgery in Advanced Ovarian Cancer?[END_REF].

Regarding the impact of the timing of CRS after NACT, we did not find significant differences in survival between patients undergoing IDS after 3-4 cycles or 6 cycles of chemotherapy. This might be biologically plausible, as once the chemoresistant clones have been selected, delivering different number of cycles of NACT would not modify survival outcomes. Yoneoka et al. compared patients undergoing IDS after 3 cycles of NACT with patients receiving 3 additional cycles of NACT before surgery without postoperative chemotherapy. They found that 6 cycles of NACT followed by CRS exhibited equivalent effects on survival than IDS after 3 cycles followed by 3 cycles of postoperative chemotherapy [START_REF] Yoneoka | Treatment strategies for patients with advanced ovarian cancer undergoing neoadjuvant chemotherapy: interval debulking surgery or additional chemotherapy?[END_REF]. Similarly, Akladios et al. found that number cycles did not seem to play a role in the OS of patients with advanced ovarian cancer [START_REF] Akladios | Does the Number of Neoadjuvant Chemotherapy Cycles before Interval Debulking Surgery Influence Survival in Advanced Ovarian Cancer?[END_REF]. Phillips et al. reported an equivalent survival in patients undergoing ≤4 cycles and ≥5 cycles of NACT [START_REF] Phillips | Complete cytoreduction after five or more cycles of neo-adjuvant chemotherapy confers a survival benefit in advanced ovarian cancer[END_REF]. Stoeckle et al. stated that late IDS yielded higher complete resection rates than early IDS with similar survival outcomes [START_REF] Stoeckle | Optimal timing of interval debulking surgery in advanced ovarian cancer: yet to be defined?[END_REF]. Contrarily, Bristow et al. found that the number of preoperative chemotherapy cycles was negatively correlated with survival. They hypothesized a progressive emergence of chemoresistant disease with the increasing number of NACT cycles [START_REF] Bristow | Platinum-based neoadjuvant chemotherapy and interval surgical cytoreduction for advanced ovarian cancer: A meta-analysis[END_REF]. Other studies have also reported poorer prognosis in patients undergoing more than 4 cycles of NACT, even in case of complete cytoreduction [START_REF] Colombo | Impact of neoadjuvant chemotherapy cycles prior to interval surgery in patients with advanced epithelial ovarian cancer[END_REF][START_REF] Xu | The number of cycles of neoadjuvant chemotherapy is associated with prognosis of stage IIIc-IV high-grade serous ovarian cancer[END_REF].

Prognostic impact of tumor load

The effect of disease burden on survival after complete CRS is still debated in literature [START_REF] Horowitz | Does Aggressive Surgery Improve Outcomes? Interaction Between Preoperative Disease Burden and Complex Surgery in Patients With Advanced-Stage Ovarian Cancer: An Analysis of GOG 182[END_REF][START_REF] Zivanovic | The effect of primary cytoreduction on outcomes of patients with FIGO stage IIIC ovarian cancer stratified by the initial tumor burden in the upper abdomen cephalad to the greater omentum[END_REF][START_REF] Crawford | Does Aggressive Surgery Only Benefit Patients With Less Advanced Ovarian Cancer ? Results From an International Comparison Within the SCOTROC-1[END_REF][START_REF] Eisenkop | Relative influences of tumor volume before surgery and the cytoreductive outcome on survival for patients with advanced ovarian cancer: A prospective study[END_REF], Some authors hypothesize that bulky and diffuse spread of the disease may reflect a high biological aggressiveness of the tumor or an existence of the disease for a longer period of time, allowing for advanced growth and implantation [START_REF] Zivanovic | The effect of primary cytoreduction on outcomes of patients with FIGO stage IIIC ovarian cancer stratified by the initial tumor burden in the upper abdomen cephalad to the greater omentum[END_REF]. It is unknown if complete removal of all macroscopic disease can completely overcome the negative effect of tumor load and if it can "reset the clock". In our series, together with the number of cycles of NACT, PCI was the main prognostic factor for decreased OS, meaning that even in patients with no residual or minimal residual disease, disease burden remains a prognostic factor. This is in line with a previous study published by our group in which tumor extension measured by PCI was the only significant prognostic factor associated with decreased DFS in patients who underwent complete cytoreduction after PDS [START_REF] Martinez | Surgical Complexity Impact on Survival After Complete Cytoreductive Surgery for Advanced Ovarian Cancer[END_REF]. In a large series of patients with complete or optimal cytoreduction, patients with more extensive disease -defined as upper abdominal disease-had a worse survival outcome [START_REF] Horowitz | Does Aggressive Surgery Improve Outcomes? Interaction Between Preoperative Disease Burden and Complex Surgery in Patients With Advanced-Stage Ovarian Cancer: An Analysis of GOG 182[END_REF]. High initial disease burden had a persistent negative effect even when complete surgery was achieved [START_REF] Horowitz | Does Aggressive Surgery Improve Outcomes? Interaction Between Preoperative Disease Burden and Complex Surgery in Patients With Advanced-Stage Ovarian Cancer: An Analysis of GOG 182[END_REF][START_REF] Crawford | Does Aggressive Surgery Only Benefit Patients With Less Advanced Ovarian Cancer ? Results From an International Comparison Within the SCOTROC-1[END_REF]. Zivanovic et al. demonstrated that even if there was a survival benefit of optimal cytoreduction in patients with high initial tumor burden, it was less marked in patients with large-volume disease [START_REF] Zivanovic | The effect of primary cytoreduction on outcomes of patients with FIGO stage IIIC ovarian cancer stratified by the initial tumor burden in the upper abdomen cephalad to the greater omentum[END_REF]. However, Eisenkop et al. showed that complete surgical cytoreduction had more significant independent influence on survival than total extent of intra-abdominal tumor burden. They stated that the surgical effort during CRS has not to be abbreviated on the presumption of extensive intra-abdominal disease [START_REF] Eisenkop | Relative influences of tumor volume before surgery and the cytoreductive outcome on survival for patients with advanced ovarian cancer: A prospective study[END_REF]. In our series, the median OS of patients with high tumor burden was 48 months, which is similar to other series [START_REF] Horowitz | Does Aggressive Surgery Improve Outcomes? Interaction Between Preoperative Disease Burden and Complex Surgery in Patients With Advanced-Stage Ovarian Cancer: An Analysis of GOG 182[END_REF]. Patients with high tumor burden (PCI > 10) undergoing PDS have a survival benefit of almost 24 months compared to patients undergoing IDS. Therefore, even if high disease burden is a negative prognostic factor, complete PDS should remain the mainstay of surgical treatment.

In our study, there were not survival differences between patients with a FIGO stage IIIC and IVA or IVB, suggesting that surgical maximal effort should also be done in these patients if complete cytoreduction can be achieved.

Prognostic impact of surgical radicality and its related morbidity

Complex surgical procedures are performed in approximately 40-50% of CRS [START_REF] Turnbull | The impact of ultra-radical surgery in the management of patients with stage IIIC and IV epithelial ovarian, fallopian tube, and peritoneal cancer[END_REF][START_REF] Chi | Improved progression-free and overall survival in advanced ovarian cancer as a result of a change in surgical paradigm[END_REF]. In our series, 29% of patients underwent an ultraradical surgery, and 45% underwent a high complexity surgery according to Aletti score. Rate of major complications was 22%, and 35% in patients who underwent ultraradical surgery, which is higher than previous studies reporting complication rates below 15% in patients undergoing radical procedures [START_REF] Turnbull | The impact of ultra-radical surgery in the management of patients with stage IIIC and IV epithelial ovarian, fallopian tube, and peritoneal cancer[END_REF][START_REF] Chi | Improved progression-free and overall survival in advanced ovarian cancer as a result of a change in surgical paradigm[END_REF][START_REF] Liberale | A radical approach to achieve complete cytoreductive surgery improve survival of patients with advanced ovarian cancer[END_REF][START_REF] Rafii | Multi-center evaluation of post-operative morbidity and mortality after optimal cytoreductive surgery for advanced ovarian cancer[END_REF].

Extensive and radical procedures have increased the rate of complete cytoreduction and improved patients' survival [START_REF] Turnbull | The impact of ultra-radical surgery in the management of patients with stage IIIC and IV epithelial ovarian, fallopian tube, and peritoneal cancer[END_REF][START_REF] Chi | Improved progression-free and overall survival in advanced ovarian cancer as a result of a change in surgical paradigm[END_REF][START_REF] Liberale | A radical approach to achieve complete cytoreductive surgery improve survival of patients with advanced ovarian cancer[END_REF]. Nonetheless, ultraradical procedures have also been associated with longer operative time, increased blood loss, higher morbidity and postoperative mortality [START_REF] Chi | Improved progression-free and overall survival in advanced ovarian cancer as a result of a change in surgical paradigm[END_REF][START_REF] Chi | The incidence of major complications after the performance of extensive upper abdominal surgical procedures during primary cytoreduction of advanced ovarian, tubal, and peritoneal carcinomas[END_REF]40]. In our study, higher Aletti score values were associated with decreased DFS. Some authors suggest that disease requiring ultraradical surgery in order to obtain complete cytoreduction would reflect a more aggressive infiltrative behavior of the disease and, therefore, the surgical effort would not be enough to compensate tumor biology [START_REF] Zivanovic | The effect of primary cytoreduction on outcomes of patients with FIGO stage IIIC ovarian cancer stratified by the initial tumor burden in the upper abdomen cephalad to the greater omentum[END_REF]. In a previous study of our workgroup, we found that patients who needed complex surgical procedures involving two or more visceral resections in order to achieve complete cytoreduction had worse survival outcome than patients with less extensive procedures. This negative impact of surgical complexity was not significant in patients who underwent upfront procedures. On the contrary, Horowitz et al. found that patients with low and moderate disease distribution had an improved survival when surgery was complete, even if complex procedures were required. Therefore, it was not complex surgery which affected patients' survival when accounting for other confounding factors [START_REF] Horowitz | Does Aggressive Surgery Improve Outcomes? Interaction Between Preoperative Disease Burden and Complex Surgery in Patients With Advanced-Stage Ovarian Cancer: An Analysis of GOG 182[END_REF]. According to our definition of ultraradical surgery -which includes at least two digestive or visceral procedures-, we did not find that ultraradical procedures were associated to decreased survival. However, our definition and Aletti score do not use the same criteria to assess surgical complexity. The decision to perform a complex cytoreduction procedure should be based on a balance between the extension of the surgery needed to achieve CC-0, histologic type, associated morbidity, patient performance status, and comorbidities. Even if patients with high tumor burden undergoing ultraradical procedures have decreased survival, median survival in this group was 48 months. Therefore, they may also benefit from debulking surgery if complete cytoreduction is achieved. This is the largest series performed in high-volume ovarian cancer institutions to evaluate prognostic impact of complete cytoreduction depending on surgical timing, tumor burden measured by intraoperative PCI and surgical complexity. Another strength of this study is the long follow-up. However, this study has some limitations such as its retrospective nature and the inherent risk of selection bias due to a better performance status and operability of patients undergoing PDS. As well, BRCA status was not collected and we did not retrieve from records all patients in whom the CRS was not possible or with CC-2 after CRS, therefore, we could not assess our rates of CC-0. Another weakness of our study may be the low number of patients in the PDS group (32%). This could be explained by the fact that most patients with an initial external evaluation had already initiated NACT, and that a non-negligible number of these patients would have been presumably candidates for PDS. Moreover, adjuvant treatment with intraperitoneal chemotherapy or HIPEC was heterogenous among the three groups and the improved survival in PDS could be partially explained by intraperitoneal chemotherapy.

However, due to the low number of patients receiving these types of treatment in our cohort, statistical analyses regarding this issue were not conducted. 

Tables and figures title:

Table 1. Baseline characteristics of overall patients (n=549).

Table 2. Surgical data of overall patients (n=549). 
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 5 1%) a respiratory complication, 24 (4.4%) an abdominal wall complication, 19 (3.5%) a lymphatic complication, 18 (3.3%) an hemorrhagic complication, 13 (2.4%) a urinary or renal complication, 10 (1.8%) a cardiac event, and 2 (0.4%) a neurologic event. Ten patients (1.8%) died due to postoperative complications, 2 (1.1%) in the PDS group, 5 (2.2%) after IDS at 3-4 cycles and 3 (2%) in the IDS at 6 cycles group. Median overall follow-up was 65.1 months (95% CI = [62.1 -70.6]). During the study period, 435/549 patients (79.2%) relapsed, 127/175 (72.6%) in the PDS group, 186/224 (83%) in the IDS after 3-4 cycles of NACT group, and 122/150 (81.3%) in the IDS after 6 cycles of NACT group. Median DFS for all patients was 19.4 months (95% CI = [18.1 -20.6]). Median DFS in the group of patients with PDS, IDS at 3-4 cycles and IDS at 6 cycles were 23.0 months (95% CI = [20.0 -29.3]), 18.0 months (95% CI = [15.9 -20.0]) and 17.1 months (95% CI = [15.0 -20.9]), respectively; p<0.001. There were no significant differences in DFS between patients undergoing IDS at 3-4 cycles or 6 cycles of NACT (p=0.656). Among the 549 women included in the study, 287 (52.3%) died, 71/175 (40.6%) in the PDS group, 122/224 (54.5%) in the IDS after 3-4 cycles of NACT group, and 94/150 (62.7%) in the IDS after 6 cycles of NACT group. Median OS for all patients was 56.3 months (95% CI = [50.2 -67.4]). Median OS in the group of patients with PDS, IDS at 3-4 cycles and IDS at 6 cycles were 84.0 months (95% CI = [68.3 -111.0]), 50.7 months (95% CI = [44.6 -59.5]) and 47.5 months (95% CI = [39.3 -52.9]), respectively; p<0.001. There were no significant differences in OS between patients undergoing IDS at 3-4 cycles or 6 cycles of NACT (p=0.525). There were not significant differences in DFS and OS between the four centers. Median OS for patients with CC-0 and CC-1 were 59.5 months (95% CI = [51.8 -74.2]) and 43.7 months (95% CI = [35.4 -52.9]), respectively (p=0.013). Median OS for patients with PCI ≤ 10 was 65.8 months (95% CI = [52.5 -91.9]), and 48.3 months (95% CI = [40.4 -58.5]) for patients with PCI > 10, (p=0.002). Among patients with PCI > 10, median OS was 67.4 months (95% CI = [44.7 -86.1]) after PDS and 43.9 months (95% CI = [37.6 -52.1]) after NACT (p=0.041).

Figure 1

 1 Figure 1 displays DFS and OS curves according to the surgical timing (A. and B., respectively),
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Table 1 .

 1 Baseline characteristics of overall patients (n=549).

	1	
	2	
	Age (years), median (range)	61 (21-88)
	BMI (kg/m 2 ), median (range)	24.2 (15.6-52.0)
	Missing	20 (-)
	WHO performance status classification, n (%)	
	0	355 (66.1)
	1	159 (29.6)
	≥ 2	(4.3)
	Missing	12 (-)
	Preoperative CA-125 (UI/ml), median (range)	(5-86,000)
	Missing	52 (-)
	FIGO stage, n (%)	
	IIIC	449 (81.8)
	IVA	(7.8)
	IVB (pleural and/or lymphatic involvement)	57 (10.4)
	Histological subtype, n (%)	
	Serous carcinoma	489 (89.5)
	High-grade	408 (74.7)
	Low-grade	(5.5)
	Grade N/A	(9.3)
	Mucinous carcinoma	2 (0.4)
	Endometrioid carcinoma	(3.3)
	Clear cell carcinoma	(3.3)
	Malignant Brenner tumor	1 (0.2)
	Undifferentiated carcinoma	2 (0.4)
	Mixed epithelial	6 (1.1)
	Carcinosarcoma	(1.8)
	Missing	3 (-)
	Ascites (liter), median (range)	(0-10)
	Missing	68 (-)

3 BMI: body mass index 4 WHO: World Health Organization 5 CA-125: cancer antigen 125 6 FIGO: International Federation of Gynecology and Obstetrics

Table 2 .

 2 Surgical data of overall patients (n=549).

	8
	9
	PCI, median (range)
	Missing

10

PCI: peritoneal cancer index 11

Table 3 .

 3 Univariable disease-free and overall survival analysis in overall patients.

		Disease-free survival		Overall survival
		HR	95% CI	p-value HR	95% CI	p-value
	Age at diagnosis (years) 1.00 [1.00-1.01] 0.293 1.01 [1.00-1.02] 0.041
	Cycles of NACT						
	0	1.00	Ref.		1.00	Ref.	
	3-4	1.51	[1.21-1.89]		1.60	[1.19-2.14]	
	6	1.43	[1.12-1.83] <0.001	1.73	[1.27-2.35] <0.001
	FIGO stage						
	IIIC	1.00	Ref.		1.00	Ref.	
	IV	1.27	[1.01-1.60] 0.044	1.01	[0.75-1.37] 0.953
	Histological type						
	Serous	1.00	Ref.		1.00	Ref.	
	Other	1.02	[0.75-1.39] 0.907	1.17	[0.81.1.71]	0.400
	PCI						
	≤ 10	1.00	Ref.		1.00	Ref.	
	> 10	1.52	[1.26-1.83] <0.001	1.43	[1.13-1.80] 0.002
	Aletti score						
	< 8	1.00	Ref.		1.00	Ref.	
	≥ 8	1.35	[1.12-1.62] 0.002	1.33	[1.05-1.67] 0.017
	Ultraradical surgery						
	No	1.00	Ref.		1.00	Ref.	
	Yes	1.26	[1.03-1.55] 0.023	1.28	[1.00-1.65] 0.052
	CC-score						
	CC-0	1.00	Ref.		1.00	Ref.	
	CC-1	1.56	[1.19-2.04] 0.001	1.49	[1.08-2.04] 0.013
	Bevacizumab No Yes	1.00 0.88	Ref. [0.70-1.11]	0.282	1.00 0.93	Ref. [0.68-1.25]	0.615
	HR: hazard ratio						
	95% CI: 95% confidence interval					
	NACT: neoadjuvant chemotherapy				
	FIGO: International Federation of Gynecology and Obstetrics		
	PCI: peritoneal cancer index					
	CC-score: completeness cytoreduction score				

Table 4 .

 4 Multivariable disease-free and overall survival analysis in overall patients.

		Disease-free survival		Overall survival
		HR	95% CI	p-value HR	95% CI	p-value
	Age at diagnosis	1.00 [1.00-1.01] 0.300 1.01 [1.00-1.02] 0.089
	Cycles of NACT						
	0	1.00	Ref.		1.00	Ref.	
	3-4	1.49	[1.18-1.87]	<0.001	1.60	[1.19-2.16]	0.002
	6	1.54	[1.19-2.00]	0.001	1.90	[1.37-2.62]	<0.001
	FIGO stage						
	IIIC	1.00	Ref.	0.082 1.00	Ref.	0.950
	IV	1.24	[0.97-1.57]		0.99	[0.73-1.35]	
	PCI						
	≤ 10	1.00	Ref.	0.002 1.00	Ref.	0.032
	> 10	1.43	[1.14-1.80]		1.36	[1.03-1.81]	
	Aletti score						
	< 8	1.00	Ref.	0.039 1.00	Ref.	0.112
	≥ 8	1.30	[1.01-1.67]		1.29	[0.94-1.75]	
	Ultraradical surgery						
	No	1.00	Ref	0.632 1.00	Ref	0.990
	Yes	0.94	[0.73-1.22]		1.00	[0.72-1.38]	
	CC-score						
	CC-0	1.00	Ref.	0.007 1.00	Ref.	
	CC-1	1.46	[1.11-1.91]		1.32	[0.95-1.82]	
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