Impact of patient choice and hospital competition on patient outcomes following prostate cancer surgery: a national population-based study
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ABSTRACT 

Introduction 
Policies encouraging patient choice and hospital competition have been introduced across several countries with the aim of improving the quality of healthcare services. This national cohort study aimed to analyse the relationship between choice and competition on cancer surgery outcomes using prostate cancer as a case study.

Methods
We included all men who underwent prostate cancer surgery in England (UK) between 2008 and 2011 (n=12,925). Multi-level logistic regression was used to assess the effect of a radical prostatectomy centre being located in a “competitive environment” (based on number of centres within a threshold distance) and being a “successful competitor” (based on ability to attract patients from other hospitals) on three patient level outcomes: post-operative length of hospital stay > 3days, 30-day emergency readmissions, and 2-year urinary complications.

Results
With adjustment for patient characteristics, men who received surgery in centres located in a stronger competitive environment were less likely to have a 30-day emergency readmission, irrespective of type or volume of procedures performed at each centre (odds ratio 0.46, 95%CI 0.36-0.60, p=0.005). Men treated at centres that were successful competitors were less likely to have a length of stay >3 days (odds ratio 0.49, 95%CI 0.25-0.94, p=0.02).

Conclusions
Our results suggest for the first time that hospital competition improves short-term outcomes after prostate cancer surgery. Further evaluation of the potential role of patient choice and hospital competition is required to inform health service design in contrast to role of top-down driven approaches which have focused on centralisation of services.




INTRODUCTION
Policies encouraging patient choice and hospital competition have been introduced across several countries with the aim of improving the efficiency and quality of healthcare services 1-4. At the same time, specialist services are reconfigured into fewer, larger units guided by evidence that demonstrates improved outcomes of care for patients treated by hospitals that carry out a high volume of procedures 5,6. 
In contrast to the impact of hospital volume, there has been no published study to date that has investigated the impact of hospital competition on outcomes of cancer treatment. In addition, it is unknown whether cancer centres that are more successful competitors (i.e. centres attracting patients from the local catchment areas of other hospitals) deliver better outcomes than centres that are less successful.
The English National Health Service (NHS) is an example of a publicly funded healthcare system covering the whole population in which patients are able to choose any hospital that best meet their needs. Care is free at the point of use and not based on ability to pay for insurance or treatment. With tariffs for services fixed nationally, hospitals are therefore encouraged to compete for “market share” on measures of quality rather than price and receive financial rewards accordingly as money follows the patients 7. This in turn is expected to drive improvements in quality. 
A study of the outcomes of prostate cancer surgery in the English NHS therefore provides an ideal environment to investigate these associations with hospital competition. We have already demonstrated that patient choice and hospital competition are occurring for prostate cancer services in the English NHS. One in three men receiving a radical prostatectomy are prepared to bypass their nearest radical prostatectomy centre to receive surgery at another more distant hospital 8. It is likely that this mobility of substantial numbers of patients to centres other than their nearest, contributed to the large-scale investment in robotic surgical equipment in some prostate cancer surgery centres as they sought to attract new patients and retain their local patients. Some centres that lost patients to alternative centres, closed as they were no longer able to meet minimum surgical volume thresholds 9.
In this analysis, the first of its kind, we used national patient-level data on all men undergoing a radical prostatectomy in the English NHS between 2008 and 2011 to analyse if radical prostatectomy centres that are located in a “competitive environment” and those that are “successful competitors” have better patient-level outcomes, including post-operative length of stay, 30-day emergency readmissions, and 2-year urinary complications.

METHODS
Patient population 
Hospital-level data was obtained on all patients diagnosed with prostate cancer who underwent a radical prostatectomy between 1st January 2008 and 31st December 2011 from the Hospital Episode statistics (HES) database linked at the patient-level to English cancer registry data. 
The HES dataset was used to determine patient-level characteristics, including age, Royal College of Surgeons (RCS) Charlson comorbidity score 10, socioeconomic deprivation status 11, treating hospital, date of procedure, and radical prostatectomy type (i.e. robot-assisted, laparoscopic or open based on the UK Office for Population Census and Surveys Classification of Interventions and Procedures – 4th revision (OPCS4)). Reason for emergency re-admission following a radical prostatectomy was coded using the International Classification of Diseases, 10th revision (ICD-10). National cancer registry data was used as the data source for cancer stage, which was categorised according to a modified D’Amico classification system 12,13.

Hospital characteristics
Two hospital-level factors were considered in this analysis. The first was the hospitals’ “competitive environment” which is related to the geographical configuration of services and the demand for services by patients. The second is the extent to which hospitals are “successful competitors” derived from their ability to attract patients from other hospitals.
Competitive environment
For each surgical centre, we calculated a spatial competition index (SCI)9,14 based on both the number of eligible patients within a 60-minute drive by car and the number of alternative surgical centres within 60-minute drive for each eligible patient:

where surgical centre i has n eligible patients within a 60-minute drive and patient j in centre i has k alternative surgical centres within a 60-minute drive. Drive times were calculated using Geographic Information System (GIS) software and is considered the standard for this type of choice and competition analysis. 
The SCI ranges theoretically from 0 for centres in a monopoly environment to a value close to 1 for centres in the most competitive environment. Centres were stratified into two more or less equally-sized groups according to whether or not they were located in areas with “high” or “low” levels of environmental competition. The date range 1st January 2008 and 31st December 2011 was used for this analysis as the number of prostate cancer surgical centres remained fixed during this time (n=65). From 2012 the number of operational centres decreased annually, which would subsequently have influenced the spatial competition index value and the analysis of competitive environment on outcomes.
Successful competition
Using established methods 8, we first estimated the drive times for patients in our cohort to each of the 65 radical prostatectomy (RP) centres operational in the NHS during the study period using GIS methods. For each RP centre, we identified the number of patients for whom that centre was nearest but who had their treatment elsewhere, termed “leavers”, and those patients for whom another RP centre was nearest but who had their surgery at that centre, termed “arrivers”. Prostate cancer surgical centres were subsequently stratified into three groups based on whether they were successful (having a statistically significantly higher number of arrivers than leavers) or unsuccessful competitors (having a statistically significantly higher number of leavers than arrivers) or third those centres that could not be included in either category. We used the conditional methods for testing a difference between two Poisson means to determine whether the differences between arrivers and leavers were statistically significant 15.

Patient outcomes
To date there remains a paucity of patient-level outcomes available at the national level which accurately reflect the quality of cancer treatment delivered at individual centres. For prostate cancer, given the relatively good prognosis of localised disease, measures of survival are not considered a sensitive indicator of quality given the length of time needed (up to 10 years) before differences may become manifest. In this study we used three patient-level measures derived from the National Prostate Cancer Audit, which is collecting data on the processes and outcomes of all men diagnosed with prostate cancer in England (www.npca.org.uk). These remain the most relevant patient-level outcome measures of treatment quality and efficiency that are available during the study time period for all patients treated in the English NHS.
Severe urinary complications
We have previously developed and validated a tool to identify urinary complications (e.g. stricture, bleeding and incontinence) severe enough to require an intervention within 2 years of a radical prostatectomy using OPCS-4 procedure codes within HES readmission records 16. All men included in the study were assessed for the occurrence of urinary complications within 2 years after their radical prostatectomy.
30-day emergency readmissions
HES records were analysed to identify men readmitted as an emergency at any NHS hospital within 30 days of the date of discharge following a radical prostatectomy. Readmission rates have been used extensively as an outcome indicator for acute and elective surgical admissions 17-20. In this analysis, we also used the ICD-10 codes available within HES to carry out an additional analysis of the primary reason for emergency hospital admission.
Length of stay
HES records were analysed to identify the duration of inpatient stay following a radical prostatectomy. We identified each man who was in hospital more than 3 days from the date of surgery. This outcome indicator is being used as a performance measure in the National Prostate Cancer Audit for England and Wales 21 to assess the quality and efficiency of surgical care. 
Statistical analysis 
Multi-level logistic regression modelling with a random intercept was used to assess the effect of being located in a competitive environment and being a successful competitor on the three patient outcome indicators with adjustment for the patient-level variables (age, comorbidity status, socioeconomic status, and year of treatment). In this statistical model, outcomes vary at the level of both the hospital and the patients . Further exploratory analyses were undertaken to assess whether adjustment for radical prostatectomy type affected the results. All statistical analyses were undertaken in Stata version 14.
RESULTS
Patient population
We identified 14,044 men who underwent radical prostatectomy between 1st Jan 2008 and 31st December 2011 (4 years) in the English NHS (Figure 1). 840 men were excluded because they had an additional diagnosis of bladder cancer which, would affect our assessment of the occurrence of urinary complications following a radical prostatectomy. A further 279 patients were excluded as they could not be assigned to an NHS hospital recognised as a radical prostatectomy centre. The final study cohort comprised 12,925 men and patient characteristics are presented in Table 1.

Length of stay >3 days
35.4% of all patients in the study were admitted for longer than three days from the date of surgery. The proportion varied between centres from 3.2% to 86.4%.
30-day emergency readmissions 
5.4% of all patients in the study were re-admitted as an emergency within 30 days of the discharge date. The proportion of 30-day emergency readmissions varied between hospitals from 0% to 18.3%. Table 2 lists the 20 most frequent causes of emergency readmission based on ICD-10 diagnostic codes, which accounted for approximately 75% of all emergency admissions. Nearly all are directly related to a complication related to the radical prostatectomy.
Severe urinary complications
16.0% of all patients in the study developed at least one severe urinary complication within 2 years of their radical prostatectomy. The proportion of patients experiencing a urinary complication varied between hospitals from 3.3% to 45.1%. 
Competitive environment
Table 3 presents the results of the multi-level regression model as both unadjusted and adjusted odds ratios for the impact of a hospital being located in a competitive environment on patient outcomes. With adjustment for patient characteristics, men who received a radical prostatectomy in centres located in areas with a stronger competitive environment were less likely to be readmitted as an emergency within 30-days of surgery compared to men receiving care at centres located in areas with a weaker competitive environment (odds ratio 0.46 (95% CI 0.36-0.60, p=0.005)) irrespective of the type or volume of procedures performed at each centre. The strength of the competitive environment did not have a significant impact on length of stay or the risk of developing a severe urinary complication.
Successful competition 
19 radical prostatectomy centres were identified as being a successful competitor and 33 as a being an unsuccessful competitor based on the difference between arrivers and leavers (see Methods). For 13 centres, the difference between arrivers and leavers was not statistically significant and these were excluded from the analysis. Table 4 presents the results of the 
multi-level regression model. With adjustment for patient characteristics, men treated at centres that were successful competitors were less likely to have a prolonged length of stay compared to centres that were unsuccessful competitors (odds ratio 0.49 (95% CI 0.25-0.94, p=0.02)). With respect to our other two outcome indicators, being a successful competitor or not did not have an impact on the 30-day emergency readmission rate or the risk of developing a severe urinary complication.
Further exploratory analyses
Additional multivariable regression analyses were performed to assess whether further adjustment for radical prostatectomy type and procedure volume affected the results. 
With respect to volume, we were able to determine the total number of procedures performed by each prostate cancer surgical centre (n=65) during the four-year study period. This ranged from 13 procedures a year to 154 procedures a year. Hospitals were stratified into two groups based on the distribution of the number of procedures performed across all centres nationally and volume thresholds used in the empirical literature to define a high volume centre for prostate cancer surgery.22 In this analysis, centres performing greater than 50 procedures a year were defined as “high volume” (n=22 centres). 
The inclusion of hospital volume weakened the association between a successful competitor and length of stay, which was no longer statistically significant (odds ratio 0.63 (95% CI 0.30-1.34, p=0.08).  The inclusion of annual procedure volume did not have any appreciable impact on any of the other associations for being a successful competitor or being located in a competitive environment (Appendix 1 and Appendix 2). These results are in line with a secondary analysis (Appendix 3) that demonstrated that there was no statistically significant difference in mean procedure volume for centres located in a stronger (50 procedures per year) or weaker competitive environment (48 procedures per year). However, the mean volume of procedures undertaken was significantly higher in successful competitors (73 procedures per year) versus unsuccessful competitors (43 procedures per year). 
We found that the inclusion of procedure type (e.g. open, laparoscopic or robotic-assisted radical prostatectomy) weakened the association between being a successful or unsuccessful competitor and length of stay, which was no longer statistically significant (odds ratio 0.82 (95% CI 0.48-1.38, p= 0.13)). The addition of procedure type had no appreciable impact on any of the other associations for being a successful competitor or being located in a competitive environment (Appendix 1 and Appendix 2). 
DISCUSSION 
This is the first study to explore the relationship between patient choice and hospital competition on outcomes following surgical cancer treatment. Our analysis demonstrates that men who had a radical prostatectomy in a hospital located in a region with a high concentration of other radical prostatectomy centres (thus creating an environment with strong competition between hospitals) were less likely to be re-admitted within 30 days following a radical prostatectomy irrespective of the type of procedure (e.g open, laparoscopic or robot-assisted radical prostatectomy). In addition, men treated at successful competitors (centres that attracted more patients from elsewhere) were less likely to have a prolonged length of stay compared to those treated at centres that were unsuccessful competitors.
It is not clear what the drivers for improved quality are for centres located in the most competitive areas, where there is a higher concentration of alternative hospitals from which patients can choose to have elective treatment. Studies demonstrating similar associations 23-25 have suggested that the reduction in length of stay may be a consequence of hospitals’ responses to the threat of losing patients to alternative centres 7. As a result, they seek to retain and attract new patients, to prevent the loss of income from patients travelling elsewhere for care (given money follows the patient in the NHS) and preserve their reputation 23,26,27. We have previously demonstrated that men are responsive to perceived differences in the quality of prostate cancer surgery and are prepared to “bypass” their nearest surgical centre 8. This movement of patients is more marked in more competitive areas 9, in keeping with the greater choice of available centres within 60 minutes drive time and therefore competition for local patients may have acted as a quality improvement driver. 
One consideration is that centres located in competitive environments achieve better outcomes as they are also higher volume centres. However, our analysis in Appendix 3, demonstrates that no appreciable difference in mean procedure volume is demonstrated between centres in a strongly competitive or weaker competitive environment. Both high and low volume centres exist which is compatible with the notion of having a competitive environment where centres gain and lose patients. 
A further hypothesis, based on findings from a study by Bloom et al 2015, is that hospitals located in areas with a stronger competitive environment have enhanced system and management practices, which may have an impact on improving quality across disease domains 28. As a result, our findings may not be limited to prostate cancer surgery alone and further evaluation is required to see the impact of hospital competition in other tumour types 29,30.
The association between being a “successful competitor” and a reduction in length of stay is likely to be explained by two main factors. First these centres were more likely to be higher volume centres compared with unsuccessful competitors (Appendix 3). Second, successful competitors had more rapidly adopted robot-assisted radical prostatectomy during the time-period of analysis9. This explains why the addition of mean annual procedure volume and prostatectomy type separately in the regression model weakened the association between being a successful competitor and length of stay. This is in line with the existing evidence that robotic-assisted prostatectomy and procedure volume are associated with reduced lengths of stay 31,32 33. 
Both radical prostatectomy procedure type and procedure volume were not included in the original regression model, as both these factors are potentially in the causal pathway explaining why hospitals classified as more successful competitors may demonstrate superior patient-level outcomes. Furthermore, there is a long-standing debate as to the direction of effect with respect to the volume outcome relationship 34.  Do larger centres have better outcomes because they treat a greater volume of patients and gain more experience and expertise in the delivery of a particular intervention or are centres with better outcomes larger because of selective referral patterns. In this health care context, there is evidence to suggest that patients were preferentially attracted to centres that were early adopters of robotic surgery (in the absence of publicly reported outcomes) who in turn were more likely to be classified as “successful competitors” 8,9  It remains unknown whether the integration of robotics or the larger volume of the centre is the major contributing factor to reduced length of stay. 
In addition, the more rapid adoption of robotic-assisted prostatectomy procedure in itself by successful competitors could be considered as an argument in support of competition given that it may have facilitated clinical integration of an innovative surgical technique associated with better outcomes  9.
Policy Implications 
Our study highlights that enhancing hospital competition may stimulate improvements in cancer treatment quality. To date the evidence internationally has been both limited and mixed with respect to understanding the direction of the associations between competition and patient outcomes for medical and surgical care 35.
Given the evidence that choice and competition is occurring, the provision of objective and accurate indicators of treatment quality (where possible) is critical in order to guide patient choice towards providers that provide a better quality of care. In the absence of these indicators, patients are reliant on informal and potentially untrustworthy proxy measures for quality 36, such as a hospital’s reputation, which do influence patient mobility but may not necessarily translate to improvements in outcome 8. By publishing at the hospital level process indicators (for which we have evidence that they are linked to better outcome) or outcome indicators, prostate cancer patients will have more relevant information to inform their choices. This, in turn could provide the necessary incentives for hospitals to demonstrate improved quality to attract new and retain local patients. 
In the UK, public reporting of cancer outcomes has recently commenced. For example, the National Prostate Cancer Audit published in 2017 risk-adjusted outcomes following prostate cancer surgery with the plan to publish patient-reported outcome measures at the individual hospital level 21.
Our study adds to the long-standing debate around the optimum design of health systems to improve quality. The policy focus regarding the organisation of cancer services continues to be based on the premise that the eradication of low-volume surgical units through centralisation will deliver improvements in outcome as patients are re-directed towards higher-volume centres 37. However, this potentially limits the role of hospital competition as a driver of quality improvement by reducing the availability of hospitals from which patients can choose. 
As well as the impact on outcomes, one also needs to consider how patient choice and provider competition will impact on equity in access to surgery and the efficiency of delivering healthcare services. For example, closures of units that are found to be unsuccessful competitors may require some patients to travel further to receive care which may have an impact on access to cancer surgery for patients that are less able to travel for treatment due to physical or financial constraints 8,36. At the same time, competition, in the absence of publically available information on the quality of surgery, can create perverse incentives for hospitals to invest in unproven technology in order to attract patients and to prevent closures, potentially escalating the cost of treatment without improving care quality 9.
Conversely, competition may create inefficiencies as unsuccessful competitors will lose patients to other centres and not utilise their available surgical capacity 9. In this respect, closures of surgical units may optimise the use of available specialist services, especially if the remaining centres have sufficient capacity. A key question, which is rarely been addressed explicitly is thus whether patients should decide which centres should close through the choices they make as a “bottom-up” driver of service reconfiguration or whether these decisions are better made by policymakers and healthcare insurers through “top-down” policies. 
Going forward, current policy directives designed to reconfigure services need to be subject to rigorous evaluation. By using a robust empirical approach and the rich national patient-level datasets that are currently available, we have demonstrated how aspects of the impact that competition has on the organisation and delivery of prostate cancer services can be analysed. This type of analysis, can be broadened so that it can consider a wider range of tumour types and interventions.
Limitations
There are a number of study limitations. Our analysis only considers three outcome measures related to radical prostatectomy. The effect of choice and competition on a number of key outcomes, such as urinary continence and sexual function, remains unknown due to the lack of data available at national level. In addition, we were not able to adjust for cancer stage due to incomplete staging data. Our findings are also likely to be underpowered statistically due to the use of a hierarchical model, which provided an analysis effectively comparing 65 hospitals. Therefore, small differences in outcome may not be manifest as statistically significant results.
 
CONCLUSIONS
This is the first national level study to assess the impact of patient choice and hospital competition on the outcomes of cancer surgery. Using prostate cancer surgery as a case study, we observed that there is evidence that competition improves short-term outcomes. Men treated in hospitals located in a more competitive environment were less likely to be readmitted as an emergency within 30 days of discharge and men treated at centres that are successful competitors were less likely to have prolonged lengths of stay. Further evaluation of the role of competition on patient outcomes is required using a wider set of outcome measures across other cancer types. This will help to inform the design of health services which to date has focussed predominantly on centralisation of services. 
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	Table 1. Characteristics of 12,925 men undergoing radical prostatectomy between 2008 and 2011 in the English National Health Service.

	 
	Number
	%

	
	
	

	 
	 
	 

	Year
	
	

	2008
	1902
	14.7

	2009
	3427
	26.5

	2010
	3637
	28.1

	2011
	3959
	30.6

	
	
	

	Age (years)
	
	

	<50
	489
	3.8

	50-59
	3478
	26.9

	60-64
	3826
	29.6

	65-69
	3772
	29.2

	≥70
	1360
	10.5

	
	
	

	Cancer severity
	
	

	Advanced
	64
	0.9

	Locally advanced
	3149
	43.9

	Intermediate localised
	3514
	49

	Low-risk localised
	445
	6.2

	Insufficient staging information (n=5753)
	
	

	
	
	

	Number of comorbidities
	
	

	0
	10,838
	83.9

	≥1
	2087
	16.1

	
	
	

	Index of Multiple Deprivation
	
	

	(national quintiles) 
	
	

	1 (least deprived)
	3273
	25.3

	2
	3159
	24.4

	3
	2674
	20.7

	4
	2189
	16.9

	5 (most deprived)
	1630
	12.6

	
	
	

	Procedure Type
	
	

	Open
	5510
	42.6

	Laparoscopic
	4138
	32

	Robotic 
	3277
	25.4
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	Table 2. 20 most frequent causes for 30-day emergency readmissions following discharge after a radical prostatectomy using ICD-10 diagnostic codes. 

	Reason for Admission
	Frequency
	(%) of all readmissions
	Cumulative frequency (%)

	Fitting and adjustment of urinary device
	102
	14.6
	14.6

	Mechanical complication of urinary (indwelling) catheter
	94
	13.5
	28.1

	Urinary tract infection, site not specified
	54
	7.8
	35.9

	Infection following a procedure, not elsewhere classified
	40
	5.7
	41.6

	Urinary retention
	39
	5.6
	47.2

	Unspecified haematuria
	31
	4.5
	51.7

	Haemorrhage and haematoma complicating a procedure
	22
	3.2
	54.8

	Constipation
	16
	2.3
	57.1

	Disruption of operation wound, not elsewhere classified
	15
	2.2
	59.3

	Other complications of procedures, not elsewhere classified
	13
	1.9
	61.1

	Other genitourinary complications prosthetic devices, implants & grafts
	12
	1.7
	62.8

	Other specified soft tissue disorders
	11
	1.6
	64.4

	Pain localized to other parts of lower abdomen
	11
	1.6
	66

	Other and unspecified abdominal pain
	10
	1.4
	67.4

	Pulmonary embolism without mention of acute cor pulmonale
	9
	1.3
	68.7

	Other specified disorders of bladder
	9
	1.3
	70

	Orchitis epididymitis and epididymo-orchitis without abscess
	9
	1.3
	71.3

	Other specified disorders of male genital organs
	9
	1.3
	72.6

	Other postprocedural disorders of the genitourinary system
	8
	1.2
	73.7

	Pelvic and perineal pain
	6
	0.9
	74.6




	Table 3. Results of a multi-level model exploring the impact of hospital competition (measured with the spatial competition index) on urinary complications, 30-day emergency readmissions and length of stay following a radical prostatectomy

	 
	COMPETITIVE ENVIRONMENT
	 
	   
	 

	Outcome 
	Weakest Competition
6439 men
33 centres
	Strongest Competition
6486 men
32 centres
	Unadjusted odds ratio
(95% CIs)
	Adjusted odds ratio1
(95% CIs)
	P value

	Severe urinary complication
	1114 (17.3%)
	959 (14.8%)
	0.86 (0.67-1.12)
	0.85 (0.66-1.10)
	0.21

	30-day readmissions
	475 (7.4%)
	220 (3.4%)
	0.44 (0.29-0.67)
	0.44 (0.29-0.67)
	0.0002

	Length of stay >3 days
	2449 (38.0%)
	2132 (32.9%)
	0.77 (0.43-1.37)
	0.75 (0.42-1.33)
	0.32

	
	
	
	
	
	


Notes
1. Adjusted odds ratio for the impact of competition on each outcome measure includes the effect of age, comorbidity, socioeconomic status and year of treatment in the multivariate regression analysis


	Table 4.  Results of a multi-level model exploring the impact of patient choice on urinary complications, 30-day emergency readmissions and length of stay following a radical prostatectomy

	 
	SUCCESSFUL COMPETITION1
	 
	 
	 

	Outcome 
	Centres losing patients
5101 men
33 centres
	Centres gaining patients
5553 men
19 centres
	Unadjusted odds ratio
(95% CIs)
	Adjusted odds ratio2
(95% CIs)
	P value

	Severe urinary complication
	1866 (17.0%)
	749 (13.5 %)
	0.86 (0.64-1.15)
	0.89 (0.67-1.19)
	0.18

	30-day readmissions
	271 (5.3%)
	287 (5.2%)
	1.19 (0.70-2.01)
	1.21 (0.71-2.05)
	0.69

	Length of Stay >3 days
	2020 (39.6%)
	1375 (24.8%)
	0.48 (0.25-0.90)
	0.49 (0.25-0.94)
	0.02

	
	
	
	
	
	


Notes
1. See Methods for definitions
Adjusted odds ratio for the impact of patient choice on each outcome measure includes the effect of age, comorbidity, socioeconomic status and year of treatment in the multivariate regression analysis.










Appendix 1 - Results of a multi-level model exploring the impact of hospital competition (measured with the spatial competition index) on urinary complications, 30-day emergency readmissions and length of stay following a radical prostatectomy
	 
	COMPETITIVE ENVIRONMENT
	   

	Outcome 
	Weakest Competition
	Strongest Competition
	Unadjusted odds 
ratio
	Adjusted odds 
ratio1
	Adjusted odds ratio2
	Adjusted odds ratio3

	
	6439 men
	6486 men
	(95% CIs)
	(95% CIs)
	(95% CIs)
	(95% CIs)

	
	33 centres
	32 centres
	 
	 
	 
	 

	Severe urinary complication
	1114 (17.3%)
	959 (14.8%)
	0.86 (0.67-1.12)
	0.85 (0.66-1.10)
 p-value 0.21
	0.85 (0.66-1.10) 
p-value 0.22
	0.91 (0.72-1.16) 
p-value 0.46

	30-day readmissions
	475 (7.4%)
	220 (3.4%)
	0.44 (0.29-0.67)
	0.44 (0.29-0.67)
 p-value 0.0002
	0.44 (0.29-0.68) 
p-value 0.0003
	0.46 (0.30-0.70) 
p-value 0.0005

	Length of stay >3 days
	2449 (38.0%)
	2132 (32.9%)
	0.77 (0.43-1.37)
	0.75 (0.42-1.33) 
p-value 0.32
	0.79 (0.33-1.40)
 p-value 0.42
	1.03 (0.64-1.64) 
p-value 0.91



Notes
1. Adjusted odds ratio for the impact of competition on each outcome measure includes the effect of age, comorbidity, socioeconomic status and year of treatment in the multivariate regression analysis
2. Addition of annual procedure volume to multivariate regression analysis
3. Addition of procedure type to multivariate regression analysis



Appendix 2 – Results of a multi-level model exploring the impact of patient choice on urinary complications, 30-day emergency readmissions and length of stay following a radical prostatectomy
	 
	SUCCESSFUL COMPETITION
	 

	Outcome 
	Centres losing patients
	Centres gaining patients
	Unadjusted
odds 
ratio1
	Adjusted odds 
ratio
	Adjusted odds ratio2
	Adjusted odds ratio3

	
	5101 men
	5553 men
	(95% CIs)
	(95% CIs)
	(95% CIs)
	(95% CIs)

	
	33 centres
	19 centres
	 
	 
	 
	 

	Severe urinary complication
	1866 (17.0%)
	749 (13.5 %)
	0.86 (0.64-1.15)
	0.89 (0.67-1.19)
 p-value 0.18
	0.93 (0.67-1.30)
 p-value 0.22
	1.01 (0.76-1.32) 
p- value 0.29

	30-day readmissions
	271 (5.3%)
	287 (5.2%)
	1.19 (0.70-2.01)
	1.21 (0.71-2.05) 
p-value 0.69
	1.37 (0.75-2.51) 
p-value 0.51
	1.31 (0.77-2.21) 
p-value 0.54

	Length of Stay >3 days
	2020 (39.6%)
	1375 (24.8%)
	0.48 (0.25-0.90)
	0.49 (0.25-0.94) 
p-value 0.02
	0.63 (0.30-1.34) 
p-value 0.08
	0.82 (0.48-1.38) 
p-value 0.13





1. Adjusted odds ratio for the impact of patient choice on each outcome measure includes the effect of age, comorbidity, socioeconomic status and year of treatment in the multivariate regression analysis.
2. Addition of annual procedure volume to multivariate regression analysis
3. Addition of procedure type to multivariate regression analysis





Appendix 3 - Analysis of the average procedure volume for all centres in each competition category: Competitive environment and Successful competition. 

	COMPETITIVE ENVIRONMENT
	Average annual volume
	P value

	Weakest (n=33)
	48
	0.60

	Strongest (n=32)
	50
	

	SUCCESSFUL COMPETITION
	Average annual volume
	P value

	Centres losing patients (n=33)
	43
	0.0000

	Centres gaining patients (n=19)
	73
	

	In between (n=13)
	38
	





