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Background: Elderly ovarian cancer patients often undergo non-optimal surgery due to their age despite of the high risk of recurrence. The aim of this study was to determine if more postoperative complications occurred in patients over 70 years and to compare extent of surgery with younger patients.

Materials and Methods

: Between 2001 and 2009, 172 patients with ovarian cancer were included. We compared patient characteristics, surgical course, postoperative complications and outcome for patients under and over 70 years. Results: 143 patients were under 70 years and 29 over. There were no difference between the two groups for tumors carateristics, time of surgery, FIGO stage, standard surgical procedures and rate of optimal resection. Patients over 70 years had less peritoneal surgery (p<0.001) especially diaphragmatic surgery (p=0.006), pelvic (p=0.02) and para aortic (p=0.003) lymphadenectomy. There was no difference in the occurence of per-or post operative complications and patients over 70 years had shorter duration of hospitalisation (p=0.04).

There was no difference between the two groups for disease free survival (DFS) (p=0.08) but overall survival (OS) was better in patients under 70 years (p=0.002).

Conclusion:

Elderly ovarian cancer patients undergo less extensive surgery and have lower OS despite similar postoperative morbidity, optimal resection and DFS. OS decrease could be explained by difference in the management of recurrences.

Introduction

Cumulative data support that complete cytoreduction with adjuvant or neo-adjuvant chemotherapy is the cornerstone treatment for advanced epithelial ovarian cancer [START_REF] Bristow Re | Survival effect of maximal cytoreductive surgery for advanced ovarian carcinoma during the platinum era: a meta-analysis[END_REF][START_REF] Ds | What is the optimal goal of primary cytoreductive surgery for bulky stage IIIC epithelial ovarian carcinoma (EOC)?[END_REF] .

However, as the peak of incidence of ovarian cancer is 61 years a high proportion of patients are elderly and this raises specific concerns about the choice of therapeutic strategy. Therapeutic management of these patients constitutes a challenge between achieving the goal of complete cytoreduction to improve survival, and the occurrence of postoperative complications, which can lead to severe outcome or death. Recent studies have suggested that elderly patients are less likely to be optimally debulked [START_REF] Ng | Management of ovarian cancer in patients older than 80 years of Age[END_REF] , receive standard therapy less often [START_REF] Sundararajan | Variations in the use of chemotherapy for elderly patients with advanced ovarian cancer: a population-based study[END_REF][START_REF] Uyar D | Treatment patterns by decade of life in elderly women (> or =70 years of age) with ovarian cancer[END_REF][START_REF] Markman | Epithelial ovarian cancer in the elderly. The Memorial Sloan-Kettering Cancer Center experience[END_REF] and are less able to tolerate medical treatments [START_REF] Kn | Ovarian cancer in the octogenarian: does the paradigm of aggressive cytoreductive surgery and chemotherapy still apply?[END_REF] . Furthermore, patients over 65 years are rarely included in clinical trials. Overall then, management of these patients remains a matter of debate [START_REF] Lewis | Participation of patients 65 years of age or older in cancer clinical trials[END_REF] .

Aletti et al [START_REF] Aletti Gd | Relationship among surgical complexity, short-term morbidity, and overall survival in primary surgery for advanced ovarian cancer[END_REF] demonstrated that the main independent predictors of morbidity were age, American Society of Anesthesia (ASA) status, and surgical complexity score. Cloven et al reported up to 20% of mortality in patients over 80 years [START_REF] Ng | Management of ovarian cancer in patients older than 80 years of Age[END_REF] . Nevertheless, geriatric practitioners believe that the physiological age should be taken into account when evaluating patients so as to be able to adopt the most effective treatment approach 10 . And while Chi et al [START_REF] Ds | Nomogram for survival after primary surgery for bulky stage IIIC ovarian carcinoma[END_REF] have proposed a nomogram to evaluate survival in this group of patients, few data are available on management of ovarian cancer in elderly [START_REF] Ng | Management of ovarian cancer in patients older than 80 years of Age[END_REF][START_REF] Sundararajan | Variations in the use of chemotherapy for elderly patients with advanced ovarian cancer: a population-based study[END_REF][START_REF] Uyar D | Treatment patterns by decade of life in elderly women (> or =70 years of age) with ovarian cancer[END_REF][START_REF] Markman | Epithelial ovarian cancer in the elderly. The Memorial Sloan-Kettering Cancer Center experience[END_REF][START_REF] Marchetti Dl | Treatment of advanced ovarian carcinoma in the elderly[END_REF][START_REF] Tp | Surgical care of elderly women with ovarian cancer: a population-based perspective[END_REF][START_REF] Mclean | Ovarian cancer in the elderly: outcomes with neoadjuvant chemotherapy or primary cytoreduction[END_REF] .

Therefore, the purpose of this retrospective study was to determine whether patients over 70 years were more likely to undergo incomplete or less aggressive surgery and experience more postoperative complications and worse outcome.
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Materials and methods

From 2001 to 2009, 172 patients underwent surgery for ovarian cancer in our department of gynaecologic surgery. Individual records of all the patients were reviewed and analyzed. Patient and tumor characteristics, intraoperative findings, postoperative courses and outcomes were analyzed.

Patients were divided into two groups according to their age: under or over 70 years. Surgical procedures were separated into standard procedures and upper abdominal surgery including splenectomy, cholecystectomy, distal pancreatectomy, liver resection and lesser omentum resection. Residual disease was reported as complete (no residual disease, CC0), optimal (CC1 i.e. residual disease less than 2.5 mm) or sub-optimal (CC2 i.e. residual disease between 2.5 and 25 mm) according to the Sugarbaker score of cytoreduction [START_REF] Sugarbaker Ph | Management of peritoneal-surface malignancy: the surgeon's role[END_REF] .

Intraoperative estimated blood loss, operative time, and length of hospitalization were recorded. Postoperative complications such as digestive fistula, lymphocyst and infection were also recorded. Disease-free survival (DFS) and overall survival (OS) were calculated and compared between the two groups. All the women gave informed written consent to therapeutic procedures and to the analysis of data related to their malignancy in accordance with institutional guidelines and the Declaration of Helsinki.

Statistical Analysis

Data were analyzed using the chi-square test, t-test and Mann Whithney test. Differences were considered significant at a level of p < 0.05. Overall survival time was calculated in months from the date of surgery to death, or the date of last follow-up for surviving patients and DFS time from the date of surgery to recurrence. The Kaplan-Meier method was used to estimate the survival distribution and comparisons of survival were made by the use of the log-rank test.

M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT

Results

Epidemiological and surgical characteristics of the population

Patients and surgical characteristics are reported in Table 1. A hundred and forty-three patients were under 70 years (group < 70y) and 29 patients were over 70 years (group ≥ 70y).

Mean age was 54.3 years in the group < 70y and 75.8 years in the group ≥ 70y. The comorbidity rate in the group < 70y and the group ≥ 70y was 49% and 69%, respectively (p=0.06). There were no differences in the mean preoperative CA 125 serum level, proportion of patients undergoing initial or interval surgery after neoadjuvant chemotherapy, and proportion of FIGO stage between groups. The mean number of chemotherapy cycles during neoadjuvant chemotherapy was also not different (5 cycles +/-2 for >70y, 6 cycles +/-4 for <70y). Among the patients of >70y group, 6 could not acchieved at least six cycles of chemotherapy (neoadjuvant and adjuvant chemotherapy). One patient died in the post operative course, the five others were not able to afford the whole treatment. According to our local guidelines, all patients received association of platinum and taxane during the first line of chemotherapy.

The mean operative time was shorter for the group ≥ 70y (p=0.04). No difference was found between the groups in the mean estimated blood loss or in the type of resection at the end of surgery; optimal resection was obtained in 86% of patients in the group < 70y and 90% in the group ≥ 70y. In the group ≥ 70y there was less peritoneal surgery (p<0.001), and pelvic (p=0.02) and para-aortic (p=0.003) lymphadenectomy. For upper abdominal surgery, the only statistical difference was for diaphragmatic surgery that was less often performed in the group ≥ 70y (p=0.006). Using Aletti's surgical complexity score (SCS) system based upon complexity and the number of surgical procedures performed [START_REF] Aletti Gd | Relationship among surgical complexity, short-term morbidity, and overall survival in primary surgery for advanced ovarian cancer[END_REF] , the rate of patients with low, intermediate or high
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SCS were respectively 36%, 36% and 28% in the group < 70y and 55%, 41% and 4% in the group ≥ 70y. The proportion of patients with a low SCS was higher in the group ≥ 70y (p=0.01).

Seven intraoperative complications occurred in the group < 70y compared with only one in the group ≥ 70y without reaching a statistical significance (Table 2). Patients ≥ 70 years had a shorter duration of hospitalisation both in the intensive care unit (p=0.04) and overall (p=0.03). No difference in the rate of postoperative complications was observed (28% in the group < 70y and 10% in the group ≥ 70y) whatever in terms of digestive fistula, lymphocyst, pneumothorax, pulmonary embolism,fever, infection, pleural effusion and iterative surgery. In each group one patient died in the post operative time. In group <70y from pulmonary embolism and in group >70y from septic shock.

Survival

The mean follow-up time for survival patients was 42.1 +/-25 months. The two-year DFS was 57% for the group < 70y and 35% for the group ≥ 70y. The five-year DFS was 40% for the group < 70y and 23% for the group ≥ 70y. There was no significant difference between the two groups (p (log Rank)=0.08) (Figure 1). The five-year OS was lower in the group ≥ 70y than in the group < 70y: 55% and 70% respectively (p(log Rank)=0.002) (Figure 2). All deceased patients died of their cancer.
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Discussion

The present study has demonstrated that five-year overall survival (OS) in patients with ovarian cancer is lower in patients aged 70 years or over in spite of similar complete cytoreduction and surgical complications rates to patients under 70 years. Two-year DFS is similar in the two groups. This difference cannot be explained by differences in the epidemiological characteristics of patients as no difference in comorbidity and FIGO stages were observed between the groups. Hence, in addition to the age, other parameters such as variations in surgical or adjuvant therapies could play a role. The absence of difference for surgical outcome despite a lower proportion of peritoneal and diaphragmatic surgery between the groups with same rate of advanced stage could be explained by a higher rate of patients with 3C FIGO stage related to positive paraaortic lymph nodes in the >70y group (4% in the <70y group and 16% in the >70y group (p=0.02)).

Impact of lymphadenectomy on survival

A closer look at the type of surgery performed in both groups shows that, although there was no difference in the rate of complete and optimal cytoreduction, there were lower rates of pelvic and paraaortic lymphadenectomy and peritoneal surgery in the older group. This is of particular importance especially for patients with advanced stages of ovarian cancer, which was the case for most of our patients. When the residual disease was taken into account, Beneditti Panici et al [START_REF] Benedetti Panici | Bulky lymph node resection in patients with recurrent epithelial ovarian cancer: impact of surgery[END_REF] showed that the hazard ratios for occurrence of the first event and mortality from any cause were almost unchanged. However, analyzing the surveillance, epidemiology, and end results (SEER) database for the period from 1988 to 2001 when taxanes were little used, Chan et al [START_REF] Jk | The potential therapeutic role of lymph node resection in epithelial ovarian cancer: a study of 13918 patients[END_REF] underlined the detrimental impact of not performing lymphadenectomy. A similar recent study using the SEER database on the period up to 2004 when taxanes were widely used as in our population, Rouzier et al [START_REF] Rouzier R | The role of lymph node resection in ovarian cancer: analysis of the surveillance, epidemiology, and end results (SEER) database[END_REF] 

also confirmed the
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positive impact of performing lymphadenectomy independently of the extent of cytoreduction. This advantage was proved for women with stage-II ovarian cancer in whom the risk of incomplete cytoreductive surgery is relatively low and the incidence of lymph node involvement is only about 20% as well as for patients with stage IIIC and IV. All these data reinforce the fact that surgical effort even in elderly women should take into account not only peritoneal disease but also retroperitoneal spread.

Morbidity according to the extent of surgery

The risk ratio of extensive surgery including diaphragmatic removal and lymphadenectomy in elderly women deserves discussion due to the risk of postoperative complications. Although no difference in the overall complication rate was found between the two groups in our study, three patients in the group < 70y developed digestive fistula compared with none in the group ≥ 70y. Moreover, lymphocyst, pneumothorax or pulmonary embolism were only observed in the group of patients under 70 years. In accordance with Chi et al [START_REF] Ds | Improved optimal cytoreduction rates for stages IIIC and IV epithelial ovarian, fallopian tube, and primary peritoneal cancer: a change in surgical approach[END_REF] , although cytoreductive surgery and chemotherapy offer the best chance of long term survival, this strategy in elderly patients is associated with a significant morbidity and mortality, hence patients and their families should be counseled on these potential risks. Using Aletti's surgical complexity score (SCS) system [START_REF] Aletti Gd | Relationship among surgical complexity, short-term morbidity, and overall survival in primary surgery for advanced ovarian cancer[END_REF] , the association of pelvic and paraaortic lymphadenectomy to other surgical procedures shifts one third of the patients ≥ 70 years from low to intermediate or high SCS groups. Aletti et al underlined that the relative risk of postoperative complication compared to low SCS were 1.35 and 4.59 for intermediate and high SCS groups respectively. A recent study has confirmed the relevance of the Aletti scoring system to predict postoperative complications with an area under the ROC curve superior to Fagotti, Fagotti modified, Sugarbaker's Peritoneal Cancer Index, Eisenkop and FIGO classification 20 . However, the relevance of the SCS system to evaluate OS and DFS
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was not confirmed [START_REF] Aletti Gd | Relationship among surgical complexity, short-term morbidity, and overall survival in primary surgery for advanced ovarian cancer[END_REF] .

Criteria to opt for extensive surgery

In a previous study 21 using a multivariable analysis, the decision to perform lymph node assessment appeared dependent on the surgeon's choice, low residual disease, an ASA of 1 or 2 and the absence of carcinomatosis. Once lymphadenectomy had been decided on, the main independent criterion to perform complete lymphadenectomy versus lymph node sampling was a patient age of under 65 years. However, as there is a lack of clear recommendations for patients over 65 years linked to them being underrepresented in clinical trials [START_REF] Lewis | Participation of patients 65 years of age or older in cancer clinical trials[END_REF] , these criteria would seem to be subjective. There is therefore a need for objective criteria to opt for extensive surgery including pelvic and paraaortic lymphadenctomy. Chi et al [START_REF] Ds | Nomogram for survival after primary surgery for bulky stage IIIC ovarian carcinoma[END_REF] advocated the use of a nomogramme to predict survival taking into account age at surgery, tumor grade, histology, preoperative platelet count, presence of ascites and residual disease. Except for tumor grade, which is sometimes difficult to assess on intraoperative histology but which has little impact on the nomogram score, these parameters are evaluable during surgery and could be used to opt for lymphadenectomy in patients with a high probability of survival.

Impact of chemotherapy regimen on survival

In addition to surgical effort, neo-adjuvant or adjuvant platinum/taxane based chemotherapy is the cornerstone for treating patients with advanced stages of ovarian cancer.

In our study, no difference in the rate of neo-adjuvant chemotherapy or in the chemotherapy regimen was noted between the groups. Therefore, the difference in survival between the groups cannot be explained by this parameter. Brun et al [START_REF] Brun | Neoadjuvant chemotherapy or primary surgery for stage III/IV ovarian cancer: contribution of diagnostic laparoscopy[END_REF] showed that neo-adjuvant chemotherapy leads to a high rate of complete cytoreduction in nearly three quarters of
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patients and offers similar survival to initial surgery. However, a recent meta-analysis on interval debulking surgery found no advantage on survival of this option compared to initial surgery followed by adjuvant chemotherapy [START_REF] Tangjitgamol | Interval debulking surgery for advanced epithelial ovarian cancer[END_REF] . Despite its proven efficacy in treating ovarian cancer, chemotherapy seems to be used less in elderly patients. In a multiple logistic regression model with patients aged 65 to 69 years as the reference, Sundararajan et al [START_REF] Sundararajan | Variations in the use of chemotherapy for elderly patients with advanced ovarian cancer: a population-based study[END_REF] found that the odds ratios of receiving chemotherapy were 0.96 for ages 70 to 74, 0.65 for 75 to 79, 0.24 for 80 to 84, and 0.12 for patients over 85 years. Moreover, among patients over 80 years who underwent complete cytoreductive surgery, 13% were unable to receive adjuvant therapy.

This contrasts with the data of Eisenhauer et al [START_REF] El | Response and outcomes in elderly patients with stages IIIC-IV ovarian cancer receiving platinum-taxane chemotherapy[END_REF] showing that patients over 65 years had similar rates of initial response, platinum resistance, DFS and OS to younger patients.

This also contrasts with the potential benefit of chemotherapy, especially neo-adjuvant. Indeed, McLean et al 14 demonstrated that neo-adjuvant chemotherapy was associated with odds ratios of 0.80 (95% CI 0.37-1.75) for surgical complications and 0.79 (95% CI 0.33-1.90) for chemotherapeutic complications in elderly women. Further studies are required to evaluate whether neo-adjuvant chemotherapy should be the first line therapy in elderly women.

Limitations of study on elderly patients

Some limitations of the present study have to be underlined. First, the retrospective nature cannot exclude the risk of potential bias such as the exclusion of patients from first surgical effort linked to age. Second, there is a lack of consensus about what constitutes an elderly patient. Gardner reported that the term "elderly" has been variably defined in the ovarian cancer debulking literature as being older than 60, 70, or 80+ years of age. However, most studies determine a cut-off for elderly women as patients aged 70 years or more [START_REF] Sundararajan | Variations in the use of chemotherapy for elderly patients with advanced ovarian cancer: a population-based study[END_REF][START_REF] Uyar D | Treatment patterns by decade of life in elderly women (> or =70 years of age) with ovarian cancer[END_REF][START_REF] Markman | Epithelial ovarian cancer in the elderly. The Memorial Sloan-Kettering Cancer Center experience[END_REF][START_REF] Kn | Ovarian cancer in the octogenarian: does the paradigm of aggressive cytoreductive surgery and chemotherapy still apply?[END_REF] 
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which is what we opted to use here. Third, no attempt was made to replace the birth age by criteria evaluating life expectancy. Further studies are required to evaluate the contribution of geriatric evaluation to define patients with high life expectancy that could benefit from initial surgical effort including lymphadenectomy. Finaly, the decrease in OS for elderly patients observed in our study could be explained by difference in the management at the time of recurrence. Indeed, patients over 70 years are usually not included in medical trials and so couldn't benefit from new therapy.

Conclusion

Our results support that as many elderly patients with ovarian cancer benefit from complete cytoreductive surgery as younger patients. However, extensive surgery including lymphadenectomy was less frequently performed in patients ≥ 70 years impacting on overall survival. There is therefore a need to establish objective criteria to identify elderly candidates who could benefit from lymphadenectomy and extensive peritoneal resection such as diaphragmatic surgery.
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