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Quality of surgery is one of the most important determinants of the outcome in ovarian cancer patients. Surgery by a gynaecological oncologist in a specialised, highvolume environment and removal of all visible tumours are associated with a higher likelihood of favourable outcome for patients with advanced-stage ovarian cancer. Population-based studies in Europe however show that a substantial number of patients do not receive optimal surgical care. Less than half of the patients suffering from advanced-stage ovarian cancer are operated by a gynaecological oncologist. Also the proportion of patients operated in a high-volume or specialised hospital is lower than 50%. In a substantial number of patients, minimum standard procedures are not performed and optimal tumor debulking is not achieved. To improve the quality of care, efforts are needed to develop and implement robust evidence-based European guidelines, provide surgical training for gynaecological oncologist and establish comprehensive cancer networks with sufficient resources.

Introduction

In Europe, approximately 66.700 new ovarian cancer cases are diagnosed yearly, with the highest incidence in the Nordic countries and the UK [1;2]. The majority of ovarian cancer patients present with advanced-stage disease as more specific symptoms only occur when the disease has spread throughout the peritoneal cavity. State-of-the-art treatment for advanced ovarian cancer (FIGO stage III-IV) consists of cytoreductive surgery and platinum-based chemotherapy [START_REF] Du Bois | consensus statements on the management of ovarian cancer: final document of the 3rd International Gynecologic Cancer Intergroup Ovarian Cancer Consensus Conference (GCIG OCCC 2004)[END_REF]. The therapeutic value of debulking surgery has been suggested already early in the previous century [START_REF] Meigs | Tumors of the Female Pelvic Organs[END_REF]. In 1975, Griffiths confirmed the role of cytoreduction showing survival benefit when all tumour lesions larger than 1.5cm were removed. Ever since, a plethora of evidence demonstrated a better outcome for patients with residual disease after surgery smaller than 2cm, 1cm or no macroscopic disease [5;6]. A more recent meta-analysis of the Arbeitsgemeinschaft Gynäkologische Onkologie (AGO) Study Group included the data of 3 prospective randomized trials with 3126 patients. These data have clearly shown that there is still a significant benefit for residuals up to 1 cm compared with larger remaining tumor masses, but the largest benefit could be reached by complete resection and therefore complete resection is now regarded as the aim of surgery in ovarian cancer [START_REF] Harter | Prognostic factors for complete debulking in first-and second-line ovarian cancer[END_REF]. Although extent of residual disease at the end of surgery has been recognised as one of the most important prognostic factors for advanced ovarian cancer already a long time ago [8;9], an ongoing matter of debate has been whether the extent of residual disease at the end of surgery either reflects the extent and quality of surgery or an intrinsic, biological characteristic of the tumours [10;11]. In the past these uncertainties lead to different approaches to ovarian cancer surgery with the use of advanced techniques such as diaphragmatic surgery and partial pancreatectomy [12;13] on one side and pleas for a more modest approach on the other [START_REF] Crawford | Does aggressive surgery only benefit patients with less advanced ovarian cancer? Results from an international comparison within the SCOTROC-1 Trial[END_REF]. However, more recent studies clearly indicate that surgical outcome is more related with surgeon and hospital related factors than with spreading pattern of the tumour [START_REF] Du Bois | Variations in institutional infrastructure, physician specialization and experience, and outcome in ovarian cancer: a systematic review[END_REF]. Data on the benefit of surgery performed by gynaecological oncologists, specialised hospitals and surgical volume have led to initiatives such as centralisation of care and subspecialty training in some European countries [START_REF]Accounts commission for Scotland. Fighting the silent killer. Optimising ovarian cancer management in Scotland[END_REF][START_REF] Vergote | How to organize gynecologic oncology in the future: results of an international questionnaire?[END_REF][START_REF] Marx | Organisation and quality of primary surgical intervention for ovarian cancer in Denmark[END_REF][START_REF] Vernooij | Specialized care and survival of ovarian cancer patients in The Netherlands: nationwide cohort study[END_REF][START_REF]Guidance on Commissioning Cancer Services. Improving Outcomes in Gynaecological Cancers[END_REF].

As a result, current surgical practice and its organization differ substantially in Europe. National and regional cancer registries all over Europe collect data on cancer incidence and survival and are used to compare mortality and survival rates between countries and over time in Europe. However, these European studies have insufficient data available to assess treatment related factors [1;21]. In this paper, we aim at giving an overview of patterns of care in surgery for ovarian cancer based on population based studies from different European countries with special attention for the advanced stages (FIGO stage III-IV).

Specialisation of surgeons

Population based data on the number of advanced ovarian cancer patients operated by a gynaecological oncologist are available in the literature for Sweden [START_REF] Skirnisdottir | Prognostic factors for surgical outcome and survival in 447 women treated for advanced (FIGO-stages III-IV) epithelial ovarian carcinoma[END_REF], Finland [START_REF] Kumpulainen | Surgical treatment of ovarian cancer in different hospital categories--a prospective nation-wide study in Finland[END_REF], Switzerland [START_REF] Petignat | Surgical management of epithelial ovarian cancer at community hospitals: A population-based study[END_REF], United Kingdom [START_REF] Junor | Specialist gynaecologists and survival outcome in ovarian cancer: a Scottish national study of 1866 patients[END_REF][START_REF] Bailey | Stage III and IV ovarian cancer in the South West of England: five-year outcome analysis for cases treated in 1998[END_REF][START_REF] Shylasree | Survival in ovarian cancer in Wales: Prior to introduction of all Wales guidelines[END_REF], Denmark [START_REF] Soegaard | The results of treatment of epithelial ovarian cancer after centralisation of primary surgery. Results from North Jutland, Denmark[END_REF], the Netherlands [START_REF] Engelen | Surgery by consultant gynecologic oncologists improves survival in patients with ovarian carcinoma[END_REF] and Norway [START_REF] Paulsen | Improved short-term survival for advanced ovarian, tubal, and peritoneal cancer patients operated at teaching hospitals[END_REF]. Data are summarised in Table 1. The proportion of patients operated on by a gynaecological oncologist varies between 0% in Valais, Switzerland and 95% in North Jutland, Denmark.
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Hospital volume

Population based data on the number of patients with advanced-stage ovarian cancer treated in high-volume hospitals have been published for Austria [31;32], Finland [START_REF] Kumpulainen | The effect of hospital operative volume, residual tumor and first-line chemotherapy on survival of ovarian cancer -a prospective nation-wide study in Finland[END_REF] and Germany [START_REF] Du Bois | Pattern of care and impact of participation in clinical studies on the outcome in ovarian cancer[END_REF]. Data are summarized in Table 2. The proportion of patients operated in high-volume hospitals varies between 25% in Finland and 50% in Tyrol, Austria.

Type of hospital

Population based data on the number of patients with advanced-stage ovarian cancer treated in specialized hospitals have been published for the Netherlands [START_REF] Vernooij | Specialized care and survival of ovarian cancer patients in The Netherlands: nationwide cohort study[END_REF], Germany [35;36], United Kingdom [27;37;38], Norway [START_REF] Paulsen | Improved short-term survival for advanced ovarian, tubal, and peritoneal cancer patients operated at teaching hospitals[END_REF]. Data are summarized in Table 3. The proportion of patients operated in specialized hospitals varies between 18% in the Netherlands and 64% in Hesse, Germany.

Surgical outcome

Population-based data on the number of optimally debulked (advanced) ovarian cancer patients are available for Austria [START_REF] Marth | Influence of department volume on survival for ovarian cancer: results from a prospective quality assurance program of the Austrian Association for Gynecologic Oncology[END_REF], Sweden [22;39], Switzerland [START_REF] Petignat | Surgical management of epithelial ovarian cancer at community hospitals: A population-based study[END_REF], United Kingdom [START_REF] Junor | Specialist gynaecologists and survival outcome in ovarian cancer: a Scottish national study of 1866 patients[END_REF], Germany [34;35], Denmark [18;28], Finland [START_REF] Kumpulainen | Surgical treatment of ovarian cancer in different hospital categories--a prospective nation-wide study in Finland[END_REF], Norway [START_REF] Paulsen | Improved short-term survival for advanced ovarian, tubal, and peritoneal cancer patients operated at teaching hospitals[END_REF], Belgium [START_REF] Vergote | VWOG-Oncologieregistratie 1998-2002 deel 5: Ovariumcarcinoom[END_REF] and the Netherlands [START_REF] Engelen | Surgery by consultant gynecologic oncologists improves survival in patients with ovarian carcinoma[END_REF]. Data are summarized in Table 4.

Procedures

Ovarian tumours tend to spread throughout the peritoneal cavity and pelvic and paraaortic lymph nodes with possible metastases on every serosal surface within the abdomen. Hysterectomy, bilateral salpingo-oophorectomy and infracolic omentectomy are considered the basis of cytoreductive surgery and can be supplemented with many other procedures necessary to remove all visible tumours. As such, it is difficult to define a standard operation for advanced ovarian cancer. However, some population studies report on the proportion of patients in whom minimal procedures were performed Data from the UK [START_REF] Wolfe | Management and survival of ovarian cancer patients in south east England[END_REF], Switzerland [START_REF] Petignat | Surgical management of epithelial ovarian cancer at community hospitals: A population-based study[END_REF], Germany [START_REF] Munstedt | Shortcomings and deficits in surgical treatment of gynecological cancers: a German problem only?[END_REF], Finland [START_REF] Kumpulainen | Surgical treatment of ovarian cancer in different hospital categories--a prospective nation-wide study in Finland[END_REF], Belgium [START_REF] Vergote | VWOG-Oncologieregistratie 1998-2002 deel 5: Ovariumcarcinoom[END_REF], the Netherlands [START_REF] Engelen | Surgery by consultant gynecologic oncologists improves survival in patients with ovarian carcinoma[END_REF], Denmark [START_REF] Marx | Organisation and quality of primary surgical intervention for ovarian cancer in Denmark[END_REF] and Greece [START_REF] Pectasides | Epithelial ovarian cancer in Greece: a retrospective study of 1,791 patients by the Hellenic Cooperative Oncology Group (HeCOG)[END_REF] are summarized in Table 5.

Discussion

The extent of residual disease after surgery is the most important prognostic factor for survival of patients with advanced-stage ovarian cancer. As such, the quality of surgery appears to have an important impact on survival. A meta-analysis by Bristow et al. has shown a 5.5% survival benefit for every 10% increase of optimally debulked tumours [START_REF] Bristow | Survival effect of maximal cytoreductive surgery for advanced ovarian carcinoma during the platinum era: a meta-analysis[END_REF]. Several factors related to the quality of surgery have been identified on a structural, outcome and process level. In summary, one could postulate that surgery leading to the highest chance of survival is performed by an experienced gynaecological oncologist in a high-volume, specialised hospital. At the start of surgery, a full assessment of peritoneal cavity and pelvic and para-aortic lymph nodes should be performed and if possible no macroscopic tumour should be left in situ at the end of In contrast with the expert opinions, population-based studies as summarised in this manuscript show that optimal surgical care is achieved for only a minority of patients in Europe. A limitation of our review is, however, that our findings may not be fully representative because the scarcity of published data and limited access to local journals in local languages. Furthermore, the majority of studies date from several years ago and may no longer reflect the current situation.

Nevertheless, available data from many different European countries show a discrepancy between the ideal surgical care and daily practice in the European population and also a significant variation between regions is observed. Several factors may possibly explain this gap between the ideal and day-to-day practice. First, many gynaecologists are reluctant to refer patients suspected for ovarian because of fear that the risks and morbidity of 'aggressive' debulking of advanced-stage ovarian cancer overweigh the potential benefits as no randomised controlled trial is available. Second, the majority of gynaecologists received no formal training in the surgical techniques frequently used in debulking ovarian cancer. Third, some patients need emergency surgery without time for referral or are considered inoperable due to severe co-morbidity or poor performance status. Finally, the local health care system and available resources may be insufficient to deliver high quality care to all patients.

To improve quality of care, physicians first of all have to be aware of and agree with best practice guidelines [START_REF] Cabana | Why don't physicians follow clinical practice guidelines? A framework for improvement[END_REF]. Indeed, in the case of debulking surgery for ovarian cancer, this may be an important barrier [50;51]. The lack of prospective, randomized trials is often quoted as a reason to refrain from 'aggressive' surgery to achieve complete cytoreduction [10;50]. This may be inappropriate as the evidence delivered by well designed, large observational studies and meta-analyses should not be considered as inferior [9;15;52;53]. Further discussion with statisticians regarding the correct interpretation and value of available evidence may be more useful.

To achieve complete cytoreduction in the majority of patients, advanced surgical techniques are needed. Bowel resections, diaphragmatic surgery, pelvic and paraaortic lymphadenectomy, supracolic omentectomy, splenectomy and peritonectomy should ideally be part of the skills of the surgeon, hence specialized training is needed. The European Society of Gynaecological Oncology (ESGO) has developed a training program and certification of training centres. Postgraduate training in and recognition of gynaecological oncology as a subspeciality is now available in a growing number of European countries [17;54]. Not only is the training of the operating gynaecologist important to ensure favourable outcome, the expertise of all involved care providers plays a role in optimizing the quality of care [START_REF] Verleye | Surgical program building in advanced ovarian cancer: European perspective[END_REF]. The European Commission has engaged itself to fight the cancer burden in Europe with the concentration of complex interventions in comprehensive cancer centres as an important part of their strategy [56;57]. Being a relatively rare disease, ovarian cancer is can certainly benefit from centralized care in dedicated centres. It is important however that a centralisation policy is accompanied with solid diagnostic and referral pathways and ensured accessibility of care. Therefore,
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6 governments should provide sufficient resources and infrastructure [START_REF] Albreht | Making progress against cancer in Europe in 2008[END_REF][START_REF] Crawford | Centralisation of services for the management of ovarian cancer: arguments against[END_REF][START_REF] Petignat | Why do ovarian cancer patients not consult a gynecologic oncologist?[END_REF]. Some regional or national initiatives for centralization have already been taken and appear to lead to the desired improvement in surgical care for ovarian cancer patients [16;60-62] 

Conclusion

Quality of surgery is one of the most important determinants of the outcome of ovarian cancer patients. Surgery by a gynaecological oncologist in a specialized environment and removal of all visible tumour are associated with a high likelihood of favourable outcome for patients with advanced ovarian cancer. Population-based studies in Europe however show that a substantial number of women currently do not receive optimal surgical care. To improve the quality of care, efforts are needed to develop robust evidence-based guidelines, provide excellent surgical training for gynaecological oncologist and establish comprehensive cancer networks with sufficient resources. 3. Details of population-based studies of (advanced) ovarian cancer: surgery in specialized hospitals

  8;15;43]. These findings are reflected in published guidelines and quality indicators agreed on by experts from all over the world[3;44-48].

Table 1 .

 1 Details of population-based studies of (advanced) ovarian cancer: Surgery by a Gynaecological Oncologist For voluntary registration, the percentage of patients included is indicated between (). b. Surgery for ovarian cancer is centralized in one university hospital in the region, effectively covering 95.5% of the cases during the reported period

	Author	Year Country	Data source a	Time period	Definition gynecological	Number of patients operated by
					oncologist	Gynecological Oncologist
	Junor	1999 UK (Scotland)	Regional cancer	1987 and	Defined by committee of	351/1866 (18.8%)
			registry	1992-1994	gynecologists	
	Petignat	2000 Switzerland	Regional cancer	1989-1995	Not specified	0/102 (0%)
		(Valais)	registry			
	Soegaard	2005 Denmark (North	Central hospital	1999-2002	Not specified	95.5%
		Jutland)	database b			
	Kumpulainen 2006 Finland	Voluntary national	1999	Not specifed	124/307 (40%)
			survey (88%)			
	Bailey	2006 UK (South West	Regional database	1998	Not specified	70%
		England)				
	Engelen	2006 The Netherlands	Regional database	1994-1997	Not specified	184/512 (36%)
		(Northern				
		region)				
	Paulsen	2006 Norway	National cancer	2002	> 1 year of training at	75/198 (37.8%)
			registry		Norwegian Radium	
					Hospital	
	Shylasree	2006 Wales	Regional audit	1999	Not specified	32/250 (13%)
			project			
	Skirnisdottir 2007 Sweden	Regional cancer	1975-1993	Not specified	137/447 (31%)
		(Örebro)	registry			
	a.					

Table 2 .

 2 Details of population-based studies of (advanced) ovarian cancer: Surgery in high-volume hospitals

	Author	Year Country	Data source a	Time period Definition large hospital	Number of patients operated in
						high-volume hospitals
	Kumpulainen 2002 Finland	National	1983-1994	Upper quartile	990/3851 (25.7%)
			cancer registry			
	Du Bois	2005 Germany	Voluntary	2001	≥ 16 OvCa pts yearly	171/352 (48.6%)
			national QA			
			program (48%)			
	Oberaigner	2006 Austria	Regional	1988-2000	≥ 24 OvCa pts yearly	455/911 (50%)
		(Tyrol)	cancer registry			
	Marth	2009 Austria	Voluntary	1999-2004	≥ 24 OvCa pts yearly	492/1948 (25.5%)
			national QA			
			program (40%)			

a. For voluntary registration, the percentage of patients included is indicated between ().
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