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Abstract

Introduction: We evaluated the validity of 8 quality of care indi-
cators for prostate cancer patients treated curatively with radical 
prostatectomy (RP) by examining their association with indicator-
relevant outcomes. 
Methods: We conducted a population-based retrospective cohort 
study of 646 prostate cancer patients diagnosed between 1990 
and 1998 who received RP within 6 months of diagnosis. Data 
were collected from treating charts and linked to registry and 
administrative data. Quality indicators included: hospital volume, 
pre-treatment risk assessment, consultation with a radiation oncolo-
gist, appropriate follow-up care, nerve-sparing surgery, units of 
blood transfused, surgical margin status, and pelvic lymph node 
dissection during RP. Indicator-relevant outcomes were selected a 
priori by clinical members of the research team. The associations 
between indicators and their relevant outcomes were analyzed 
using regression techniques, to control for potential confounders. 
Results: Of the quality indicators evaluated, only hospital volume 
was statistically significantly associated with the gradient in the 
expected direction. Patients treated in the lowest-volume hospitals 
(<1 RP/month) had lower cause-specific survival rates compared 
to patients treated in the highest-volume hospitals (≥7 RP/month) 
(HR=4.71 95%; CI 1.06-20.82). Completeness of follow-up care 
was associated with cause-specific survival but in the opposite 
direction to our hypothesis. 
Conclusion: The structural indicator of hospital volume was associ-
ated with cause-specific survival in accordance with our a priori 
hypothesis. Our negative findings for completeness of follow-up 
care call its validity into question. Issues of statistical power and 
measurement accuracy may have affected our validation of the 
remaining indicators underscoring the challenges in assessing the 
impact of accepted quality indicators. 

Introduction

Recent information about the considerable variations in the 
management and clinical outcomes of prostate cancer has 
led to an increased interest in the evaluation of the quality of 
care provided to prostate cancer patients. Many stakeholder 
groups have called for constructive tools to help ensure the 
best possible care, and several have published quality indi-
cator lists for surgical management.1-3 To date, the validity 
of these indicators has not been well established. 

A common approach to measurement validation is to 
compare the measurement against a “gold standard” (i.e., 
criterion) measure of the same construct; no such glob-
ally accepted measure of quality of care exists, however. 
Alternatively, we can use the quality of care framework 
developed by Donabedian to guide our thinking about the 
validity of quality of care measures. This framework states 
that quality comprises three components: structure, process, 
and outcome, and that these components are interrelated 
such that high quality in one component can lead to high 
quality in the others.4 Thus, we can validate quality indica-
tors by demonstrating associations between structure and 
process measures of quality and their relevant clinical out-
comes.

The goal of this study was to demonstrate that Donabedian’s 
framework can be used as a foundation upon which to base 
efforts to validate quality of care indicators in prostate cancer 
management. We examined the validity of 1 structural and 7 
process-related quality indicators for prostate cancer patients 
treated curatively with radical prostatectomy (RP) by exam-
ining their associations with indicator-relevant outcomes. 
The validity of proposed indicators was demonstrated if they 
were associated with outcomes in accordance with our a 
priori hypotheses. 

Quality of care indicators and their related outcomes: A population-
based study in prostate cancer patients treated with radical 
prostatectomy
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Methods

We conducted a population-based retrospective cohort study 
with a study population of surgically treated prostate cancer 
patients diagnosed in Ontario between 1990 and 1998. Data 
for the study were collected as part of a larger population-
based case-cohort study designed to evaluate variations in 
case selection and outcomes across and within treatment 
modalities in prostate cancer.5 A linked population-based 
database containing the Ontario Cancer Registry (OCR), hos-
pital discharge data, and cancer clinic data housed at the 
Queen’s University Cancer Research Institute Division of 
Cancer Care and Epidemiology (CCE)6 was used to identify 
all curatively treated patients with adenocarcinoma of the 
prostate diagnosed in Ontario between January 1, 1990, and 
December 31, 1998. We selected a region-stratified random 
sample of approximately 10% of the 17 934 patients meeting 
these criteria (n = 1703). After chart review, a further 133 
patients were excluded because they were not candidates 
for curative treatment, they received only lymph node dis-
section or no treatment, they received surgery more than 6 
months after diagnosis or started radiotherapy more than 9 
months after diagnosis, or they had insufficient information 
in their charts for analysis. For the present study, 924 of 
the remaining 1570 patients were excluded because they 
received curative radiotherapy as their primary treatment, 
leaving a final study sample of 646 patients who received 
radical prostatectomy as their primary treatment. 

Medically trained data abstractors reviewed and abstract-
ed patients’ charts at their treating hospitals using a validated 
electronic chart abstraction tool.7 The study coordinator vali-
dated these abstractions in the field and also obtained and 
abstracted information from other sources (e.g., charts from 
secondary hospitals or general practitioners) when key data 
elements were missing from the treating charts. Diagnosis 
date, hospital volume, and vital status information from the 
CCE database were used, along with abstracted chart data 
for analysis. Vital status information was available up to 
December 31, 2007. 

We selected 7 quality indicators from the published lit-
erature that were thought to influence survival and treat-
ment-related morbidities. Based on feedback from clinical 
members of the research team, we also added pelvic lymph 
node dissection (PLND) during RP because it is increasingly 
being recognized as an aspect of care that may influence 
survival.8,9 The candidate list of indicators included the 
following: 

• hospital volume, the only structural indicator, which 
was defined as the average number of RPs performed 
at a single hospital per month; 

• pre-treatment risk assessment, which included assess-
ment of prostate-specific antigen (PSA) levels, digital 
rectal exam, clinical tumour stage, Gleason score, 

and prostate biopsy with at least 6 cores and the 
number of positive cores recorded;

• pre-treatment consultation with a radiation oncolo-
gist; 

• appropriate follow-up care, defined as the number of 
years in which the recommended follow-up schedule 
was met (two follow-up visits with PSA testing in the 
first year, and one visit with PSA testing subsequently) 
divided by the number of years between surgery and 
the first occurrence of disease failure, chart abstrac-
tion date, or death; 

• units of blood transfused during surgery and the post-
operative period; 

• use of a nerve-sparing surgical technique; 
• surgical margin status; and 
• PLND during RP.
Indicator-relevant outcomes were selected through an 

iterative process involving discussion and debate amongst 
the research team. This team included a urologist and a 
radiation oncologist, both of whom treat prostate cancer 
and were involved in the development of the published 
quality indicators lists used in this study. Indicator-relevant 
outcomes were selected based on the team’s a priori hypoth-
eses of what the component of care measured by the indi-
cator was intended to achieve. One or two outcomes were 
selected for each indicator (see Appendix 1). 

Long-term cause-specific survival was identified as a rele-
vant outcome for hospital volume, pre-treatment risk assess-
ment, follow-up care, surgical margin status, and PLND, 
and was defined as the time from surgery to death attributed 
to prostate cancer (International Classification of Disease 
[ICD]-9 185), with follow-up to the end of 2007. Disease-
free survival was selected as a relevant outcome for nerve-
sparing surgery and operative blood loss. A disease-free sur-
vival event was defined as the earliest occurrence of local, 
regional, or distant failure, or death from prostate cancer, 
with follow-up limited to the date of last contact as per the 
chart abstraction data. We selected late morbidities, includ-
ing erectile dysfunction and urinary incontinence more than 
90 days after surgery, as a relevant outcome for operative 
blood loss, nerve sparing-sparing surgery, and surgical mar-
gin status. We identified a change in nodal status from clini-
cal N0 to pathologic N1 following RP as a relevant outcome 
for pre-treatment assessment. We hypothesized that patients 
who did not receive the recommended assessments would 
be at increased risk of change in nodal stage, due to pre-
viously undetected nodal involvement. We chose surgical 
margin status (positive or negative) as the relevant outcome 
for pre-surgery consultation with a radiation oncologist, and 
we hypothesized that this consultation would be a marker for 
multidisciplinary management, which, in turn, would iden-
tify cases at higher risk of poor surgical outcomes, including 
positive margins. Appendix 1 outlines further details on the 
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rationale behind our hypotheses.
We examined how these indicator-outcome associations 

were influenced by the following potential confounders: age 
at diagnosis; comorbidity, as measured by the Cumulative 
Illness Rating Scale for Geriatrics (Prostate) (CIRS-G(pros))

5; 
disease severity based on pre-treatment PSA, clinical tumour 
stage, and Gleason score;10 and treatment era.

Statistical analysis

Bivariate associations between quality indicators, outcomes, 
and potential confounders were examined with the Pearson 
Chi-square test, log rank test, or one-way analysis of variance 
(ANOVA). Both unadjusted and fully adjusted regressions 
were run for all indicators and their relevant outcomes. We 
used logistic regression to assess dichotomous outcomes and 
Cox proportional hazards regression to assess failure time 
outcomes. For the analyses of cause-specific survival, patients 
who died of other causes or who survived until the end of 
follow-up (December 31, 2007) were censored. For the 
analyses of disease-free survival, patients who died of other 
causes prior to or who were alive at the date of last contact 
in their medical charts were censored. We conducted a com-
peting risks analysis using Kaplan-Meier survival curves and 
Cox proportional hazards regression to determine whether 
other-cause deaths might explain significant cause-specific 
survival results.11 All data processing and analyses were con-
ducted using Statistical Analysis Software (SAS) version 9.2.12

Ethics approval for this study was obtained from the Queen’s 
University Health Sciences Research Ethics Board.

Results

The mean follow-up time was 58 months for time to last 
contact in the chart data and 132 months for survival data. 
Table 1 summarizes the age distribution, disease character-
istics, and treatment details of the study sample. The patient 
characteristics reflect the fact that this is a surgically treated 
subset of prostate cancer patients, as their mean age was 
63.1 years, which is lower than the average age at diagnosis 
for the general prostate cancer population (72-74 years),13-14

and over 80% had low or intermediate risk disease. Their 
mean CIRS-Gpros score was 2.1 (SD=1.9), indicates low co-
morbid illness; a score of 2 means either 2 mild current or 
significant past conditions or 1 moderately severe co-morbid 
condition.9 Almost half (297/646; 46.0%) of the sample was 
diagnosed and treated from 1996 to 1998, with 233/646 
(36.1%) diagnosed and treated from 1993 to 1995, and the 
remaining 116/646 (18.0%) from 1990 to 1992.

Forty-five of the 646 (7.1%) patients died of prostate can-
cer and 107/646 (16.8%) died of other causes. One hundred 
and ten (17.0%) patients experienced disease failure. The 
nodal stage of 12/646 (1.9%) patients changed from clinical 
N0 to pathologic N1, and 246 (43.5%) of the 566 patients 
with known surgical margin status had positive surgical mar-
gins, although 220/566 (38.9%) of those were minimally 
positive. 

After examining data frequencies, we found that it was not 
feasible to assess the outcomes of urinary incontinence or 
erectile dysfunction because the information was too often 
missing from the charts (213/646 [33.0%] and 376/646 
[58.2%] were missing, respectively). Ten patients were 
excluded from analyses of cause-specific and disease-free 
survival as they died prior to December 31, 2007, but were 
missing cause of death in the OCR. 

We observed a statistically significant association between 
hospital volume and cause-specific survival (p = 0.05), with 
the gradient in the expected direction (Table 2, Fig. 1). After 
control for potential confounders, patients in the lowest-
volume category were at greater risk of death from prostate 
cancer compared to those in the highest-volume category 
(HR 4.71; 95% CI 1.06-20.82, Table 2) while the results for 
patients in the middle 4 volume categories were not statisti-
cally significant. Table 3 presents the patient and disease 
characteristics by hospital-volume category. No association 
was observed between volume and patient age (p = 0.17), 
disease severity (p = 0.66), or comorbidity (p = 0.62). We 
conducted a competing risk analysis to assess whether death 
from causes other than prostate cancer explained the hos-
pital-volume effect. We saw no opposing association with 
other-cause death, indicating that competing risk was not 
an explanation for our hospital-volume finding (results not 
shown).11

Table 1. Patient, disease, and treatment characteristics

N %
Age at diagnosis
     <50
     50-54
     55-59
     60-64
     65-69
     70-74
     75+

14
48
110
168
220
74
12

2.2
7.4
17.0
26.0
34.1
11.5
1.9

Disease severity
     Low
     Intermediate
     High
     Unable to determine

235
237
84
90

42.3
42.6
15.1

Treatment received
     Surgery
     Surgery and adjuvant radiotherapy

637
9

98.6
1.4

Surgical approach
     Retropubic
     Perineal
     Suprapubic
     Unknown

572
50
1
23

91.8
8.0
0.2
-
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We also observed a statistically significant association 
between appropriate follow-up care and cause-specific sur-
vival (p = 0.03); there was no evidence of a gradient in the 
expected direction, however (Table 2, Fig. 2). Patients who 
received 0%, 0% to ≤25%, and 75% to <100% of the recom-

mended follow-up visits were at a statistically significantly 
decreased risk of prostate cancer death compared to those 
who received 100% of the recommended follow-up visits 
(Table 2). We were concerned that the 100% follow-up care 
reference group may have had more severe disease than 

Table 2. Distributions and associations between quality indicators and their relevant outcomes 

n %
Unadjusted HR 

(95% CI)
Adjusted HR* 

(95% CI)

Hospital volume and cause-specific survival
     <1 RP/month 112 17.4 5.28 (1.22-22.91) 4.71 (1.06-20.82)

     <2 RP/month 164 25.5 2.76 (0.61-12.46) 2.51 (0.54-11.58)

     <3 RP/month 123 19.1 1.75 (0.35-8.68) 1.52 (0.30-7.64)

     <4 RP/month 104 16.2 2.22 (0.43-11.48) 2.51 (0.48-13.14)

     <7 RP/month 59 9.2 2.64 (0.48-14.43) 2.55 (0.46-14.06)

     ≥7 RP/month 81 12.5 1.00 1.00

     Missing 3 N/A N/A

Pre-treatment risk assessment and cause-specific survival
     ≤2 97 15.0 0.94 (0.27-3.21) 1.17 (0.32-4.34)

     3-4 497 76.9 1.00 (0.35-2.82) 1.01 (0.35-2.90)

     5 52 8.1 1.00 1.00

Follow-up care and cause-specific survival
     0% 205 31.7 0.28 (0.12-0.65) 0.37 (0.15-0.94)

     >0%–≤25% 105 16.2 0.18 (0.06-0.57) 0.23 (0.07-0.75)

     25%–≤50% 96 14.9 0.56 (0.23-1.32) 0.72 (0.29-1.76)

     50%–≤75% 71 11.0 0.55 (0.22-1.41) 0.50 (0.19-1.32)

     75%–<100% 88 13.6 0.20 (0.06-0.69) 0.24 (0.07-0.87)

     100% 81 12.5 1.00 1.00

Nerve-sparing surgery and disease-free survival 
     No nerve-sparing surgery 422 65.3 0.87 (0.58-1.31) 0.82 (0.55-1.24)

     Unknown if nerve-sparing surgery used 31 4.8 0.68 (0.21-2.21) 0.63 (0.15-2.65)

     Nerve-sparing surgery used 193 29.9 1.00 1.00

Operative blood loss and disease-free survival
     ≥3 units transfused 157 24.3 1.28 (0.55-1.41) 1.44 (0.91-2.26)

     1-2 units transfused 220 34.1 0.88 (0.83-1.99) 0.93 (0.58-1.50)

     0 units transfused 269 41.6 1.00 1.00

Surgical margin status and cause-specific survival
     Positive – extensive 26 4.0 2.52 (0.73-8.66) 1.39 (0.39-4.98)

     Positive – minimal 220 34.1 1.47 (0.74-2.94) 1.05 (0.51-2.18)

     Negative 320 49.5 1.00 1.00

     Unknown 80 12.4 2.02 (0.91-4.46) 1.80 (0.79-4.09)

Pelvic lymph node dissection and cause-specific survival

     No dissection 116 18.0 1.00 (0.44-2.24) 1.71 (0.73-4.01)

     Dissection 530 82.0 1.00 1.00

n % Unadjusted OR (95% CI) Adjusted OR* (95% CI)

Pre-treatment consultation with radiation oncologist and surgical margin status
     No consultation
     Consultation

573
73

88.7
11.3

1.30 (0.77-2.20)
1.00

1.30 (0.75-2.26)
1.00

Pre-treatment risk assessment and change from cN0 to pN1
     ≤2
     3-4
     5

97
497
52

15.0
76.9
8.1

1.07 (0.10-12.13)
0.94 (0.12-7.57)

1.00

1.87 (0.14-24.47)
1.13 (0.13-9.72)

1.00
*Adjusted for disease severity, age at diagnosis, comorbidity, and treatment era. HR: hazard ratio; CI: confidence interval; RP: radical prostatectomy; OR: odds ratio.
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could be represented in our data. In a secondary analysis, 
we chose a different reference group (75% to <100% group) 
and found that patients who received 100% of the recom-
mended follow-up care were at a significantly greater risk 
of prostate cancer death (HR 4.10, 95% CI 1.14-14.70), 
while patients in the remaining follow-up categories did not 
show a significant increased risk (results not shown). The 
competing risk of other-cause death does not explain the 
observed association between follow-up care and cause-
specific survival (results not shown). 

None of the remaining quality indicators had a statisti-
cally significant association with their relevant indicators 
(Table 2). Of note, the effect estimates for the association 
between nerve-sparing surgery and disease failure were in 
the opposite direction to our original hypothesis, suggesting 
that non-nerve-sparing surgical techniques may decrease 
patients’ risk of failure. We thought that this effect might 
have been due to an decreased risk of positive surgical 
margins in patients who received non-nerve-sparing surgery 
compared to those who received nerve-sparing surgery, but 
a secondary analysis of this association did not support this 
explanation (OR 1.14, 95% CI 0.81-1.62). 

Discussion

Donabedian’s quality of care model provides a useful frame-
work upon which to base validation efforts. It requires an 
association between relevant outcomes and structure and 
process quality indicators such that high-quality care leads 
to increased likelihood of positive outcomes.4 To date, the 
quality indicators in our study have only been evaluated 
against intermediate outcomes, such as 30-day mortality and 
in-hospital complications.15-17 Our findings demonstrated 
that hospital volume can be validated through its association 
with an important long-term outcome in a population-based 

sample of prostate cancer patients who received curative 
RP. Our negative findings for completeness of follow-up 
care suggest that it may only be possible to assess its valid-
ity in a prospective setting, due to its sensitivity to patient 
and disease status. 

Some issues of statistical power hampered our validation 
efforts. Even with 17 years of follow-up, we only observed 
a 7% (n = 45) prostate cancer-specific death rate. It was not 
feasible to increase our sample size because this study was 
part of a larger case-cohort study with province-wide chart-
based data collected in the early 2000s. We did conduct our 
cause-specific survival analyses using the full case-cohort 
dataset, which contains information on 45% of the 187 pros-
tate cancer deaths that occurred before 2000 in all surgically 
treated patients diagnosed in Ontario between 1990 and 
1998. Those results yielded similar point estimates with a 
small increase in precision (results not shown). The statisti-
cal power issue that we faced is not unique to this study. 
Prostate cancer-specific survival is known to be challenging 
to study due to the long natural history of the disease, the 
rare nature of the outcome, and competing risks.18

Another challenge we faced in evaluating the validity 
of these quality of care indicators lies in the fact that many 
patients in our study received high-quality care. This is 
particularly notable considering that patients in our sample 
were diagnosed and treated years before these quality indi-
cators were published and endorsed. This lack of variation in 
the quality of care received further limited our study power. 

Several findings from this study warrant further discus-
sion. The finding that surgery in a lower-volume hospital 
is associated with poorer long-term cause-specific survival 
is consistent with our a priori hypotheses and previous 
research, which has studied intermediate outcomes such as 
hospital readmission.15-26 This volume effect was not due to 
older patients or patients with more severe disease or comor-

Fig. 1. The association between cause-specific survival and hospital volume. Fig. 2. The association between cause-specific survival and follow-up care.
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bidities being referred to higher-volume centres. We are not 
aware of any other studies that have examined long-term 
survival following RP in relation to hospital volume. The 
observed association between follow-up care and survival 
was in the direction opposite to our a priori hypothesis, with 
patients who received poor follow-up care having better 
survival rates than those who received the recommended 
follow-up care. However, the relationship may make sense 
from a clinical standpoint, as physicians may provide more 
extensive follow-up care to patients who are at greater risk 
of poor outcomes. While we controlled for disease severity 
and comorbidity, we suspect that patients who received the 
recommended follow-up care had more severe disease than 
could be measured (and thereby controlled for) in our retro-
spective, chart-based data. Prospective studies are required 
to determine the purpose and impact of follow-up care in 
surgically treated prostate cancer patients.

The remaining 6 quality indicators that we studied did not 
show statistically significant associations with the selected 
outcomes and therefore firm conclusions cannot be made 
regarding their validity. While the effect estimates were 
generally in the hypothesized direction, with poor-quality 
care associated with an increased risk of prostate cancer 
death, one exception was nerve-sparing surgery. We had 
hypothesized that this surgery would be associated with 
a decreased risk of treatment-related morbidities while at 
the same time not affecting disease-free survival. We were 
unable to examine morbidities as an outcome, however, and 
our results suggest that not receiving nerve-sparing surgery 
may actually reduce the risk of disease recurrence. We found 
that this counterintuitive finding could not be explained by 
a lower risk of positive surgical margins in those who did 
not have nerve-sparing surgery. While it should again be 
emphasized that this result was not statistically significant, 

we think this association warrants further examination.
This study had several strengths. Both the chart and 

administrative data used in the analysis were of high qual-
ity.6,7,19 Trained data abstractors were blinded to the study 
hypotheses. The length of follow-up time for cause-specific 
survival was a further strength, because the impact of treat-
ment on cause-specific survival does not typically appear 
until after 10 years, and our follow-up data ranged from 9 
to 18 years.20

This study also had several limitations, aside from inad-
equate study power. There is potential misclassification in 
the measurement of quality indicators and outcomes due 
to our reliance on chart data. Specifically, misclassifica-
tion may have occurred if care was given to patients but 
not documented in their charts. Our measurement of mar-
gin status may be hampered by lack of central pathology 
review. The available data did not allow us to examine all 
quality indicators and outcomes of interest. Our analysis of 
disease-free survival was limited by a shorter follow-up than 
was available for cause-specific survival. We used logistic 
regression for analyses of categorical outcomes, which esti-
mates odds ratios, not relative risks. The odds ratio estimates 
from these analyses may overestimate the relative risk of the 
associations. Confounding by indication may be an issue in 
this study, as patients may have received high-quality care 
because physicians thought they were more likely to expe-
rience negative outcomes and thus were trying to prevent 
those outcomes. 

Conclusion

This population-based study of 8 quality indicators gen-
erated several important findings. First, we demonstrated 
the validity of hospital volume through its association with 

Table 3. Association between hospital volume and disease severity, comorbidity and age

Hospital volume (RP/month)
p value

<1 <2 <3 <4 <7 ≥7
Total* 112 164 123 104 59 81

Disease severity, n (%)
     Low
     Intermediate
     High
     Unknown

35 (31.2)
41 (36.6)
16 (14.3)
20 (17.9)

62 (37.8)
57 (34.8)
23 (14.0)
22 (13.4)

46 (37.4)
38 (30.9)
19 (15.4)
20 (16.3)

42 (40.4)
40 (38.5)
10 (9.6)
12 (11.5)

24 (40.7)
23 (39.0)
7 (11.9)
5 (8.5)

26 (32.1)
38 (46.9)
9 (11.1)
8 (9.9)

0.66

CIRS-G(pros) score, mean (SD) 2.2 (1.8) 2.2 (2.1) 2.0 (1.7) 2.2 (1.8) 1.9 (1.6) 1.9 (2.0) 0.62

Age at diagnosis, n (%)
     <50
     50-54
     55-59
     60-64
     65-69
     70-74
     75+

3 (2.7)
7 (6.2)

12 (10.7)
31 (27.7)
35 (31.2)
22 (19.6)
2 (16.7)

2 (1.2)
13 (7.9)
27 (16.5)
41 (25.0)
60 (36.6)
19 (11.6)
2 (1.2)

5 (4.1)
8 (6.5)

24 (19.5)
32 (26.0)
40 (32.5)
10 (8.1)
4 (3.2)

3 (2.9)
11 (10.6)
20 (19.2)
21 (20.2)
35 (33.6)
12 (11.5)
2 (1.9)

0 (0.0)
3 (5.1)
9 (15.3)
20 (33.9)
19 (32.2)
6 (10.2)
2 (3.4)

1 (1.2)
6 (7.4)

18 (22.2)
23 (28.4)
29 (35.8)
4 (4.9)
0 (0.0)

0.17

*3 patients missing hospital volume assignment. 
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long-term survival, a relationship that has not been previ-
ously studied. Our findings call into question the validity of 
completeness of follow-up care as a quality indicator with a 
requirement of future prospective study of this indicator to 
better control for confounding by indication. The remaining 
6 quality indicators that we studied were not significantly 
associated with the selected outcomes, and further study of 
the impact of these indicators on treatment-related morbidi-
ties is warranted. These outcomes are more common in this 
patient population and may be of greater concern to both 
physicians and patients.  
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competing financial or personal interests.
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Quality of care indicators and related outcomes

Appendix 1. Hypothesized associations between quality indicators and outcomes

Quality indicator Outcomes Hypothesized association and rationale

Hospital volume
Cause-specific 
survival 

Hospital volume is thought to be a proxy measure for the expertise of treating physicians 
within a hospital. Surgeons working in high-volume hospitals have greater experience treating 
patients and thus more opportunities to refine their skills, while surgeons working in low-
volume hospitals will not have these opportunities.21 Thus, it is hypothesized that patients 
treated in high-volume hospitals will have longer cause-specific survival than patients treated 
in low-volume hospitals. As hospital volume increases, the cause-specific survival of patients 
will also increase.

Appropriate pre-
treatment risk 
assessment

Cause-specific 
survival, pathologic 
stage after radical 
prostatectomy 

The goal of risk assessment prior to treatment is to determine if a patient is an appropriate 
candidate for curative treatment and what treatment is most appropriate.22 Without an 
appropriate risk assessment, it is possible that patients’ disease will be under-staged and 
their risk level underestimated, and thus treatment will not be aggressive enough. Thus, it is 
hypothesized that patients with inappropriate pre-treatment risk assessment will have shorter 
cause-specific survival compared to patients with appropriate risk assessment.  

Pre-surgery 
consultation 
with a radiation 
oncologist

Margin status in 
surgical patients

The goal of multidisciplinary care in the treatment of prostate cancer is to ensure that patients 
receive appropriate curative treatment.23 For some patients, surgery is not an appropriate 
treatment option, as their cancer has spread outside the prostate capsule and is thus not 
operable. A consultation with a radiation oncologist prior to surgery is intended to identify 
patients who are not good surgical candidates and who therefore may experience adverse 
outcomes following surgery, including positive surgical margins. Thus, it is hypothesized that 
patients who do not receive a consultation with a radiation oncologist will be more likely to 
have positive margins after surgery than those who do receive a consultation. 

Pre-surgery 
consultation 
with a radiation 
oncologist

Margin status in 
surgical patients

The goal of multidisciplinary care in the treatment of prostate cancer is to ensure that patients 
receive appropriate curative treatment.23 For some patients, surgery is not an appropriate 
treatment option, as their cancer has spread outside the prostate capsule and is thus not 
operable. A consultation with a radiation oncologist prior to surgery is intended to identify 
patients who are not good surgical candidates and who therefore may experience adverse 
outcomes following surgery, including positive surgical margins. Thus, it is hypothesized that 
patients who do not receive a consultation with a radiation oncologist will be more likely to 
have positive margins after surgery than those who do receive a consultation. 

Appropriate 
follow-up care

Cause-specific 
survival 

The goal of follow-up care is to monitor patients for disease recurrence and allow for early 
treatment of recurring cancer.22 The earlier disease recurrences are treated, the better the 
patients’ long-term survival. Thus, it is hypothesized that patients who receive appropriate 
follow-up care will have longer cause-specific survival than patients who have received 
inadequate follow-up care. 

Operative blood 
loss

Disease-free 
survival, late 
morbidity 

Blood loss during radical prostatectomy is thought to be a proxy measure for the quality of 
the surgical technique used. For the proposed study, units of blood transfused during surgery 
will be used as a measure of operative blood loss. While transfusion of 1 or 2 units of blood is 
anticipated during radical prostatectomy (RP), transfusion of 3 or more units is thought to be 
excessive and indicative of low-quality surgical techniques.24 Patients who receive poor-quality 
surgery are thought to have poorer outcomes than those who receive high-quality surgery. 
Thus, it is hypothesized that patients who receive 3 or more units of blood during surgery will 
have shorter time to recurrence (disease-free survival) than those who receive only 1 or 2 units 
of blood. Furthermore, patients who receive 3 or more units of blood during RP will have more 
late morbidities than those who receive only 1 or 2 units of blood.

Nerve sparing 
surgery

Disease-free 
survival, late 
morbidity

Nerve-sparing surgery is intended to preserve the nerves serving the organs and tissues 
surrounding the prostate. In particular, these nerves promote erectile function and bladder 
continence.25 The use of nerve-sparing techniques during RP is thought to lessen morbidities 
after treatment while not affecting patients’ survival. Thus, it is hypothesized that patients 
who receive nerve-sparing radical prostatectomy will have fewer late morbidities than those 
patients who receive non-nerve-sparing surgery. However, it is hypothesized that the disease-
free survival will be the same for those patients who receive nerve-sparing surgery and those 
that receive non-nerve-sparing surgery.  

Positive surgical 
margins

Cause-specific 
survival, late 
morbidity

As with operative blood loss, positive margins after radical prostatectomy are thought to be a 
proxy measure for the quality of the surgical technique used.26 Patients with positive margins 
following radical prostatectomy are thought to have received poorer-quality surgery than 
patients with negative margins following surgery. Therefore, it is hypothesized that patients 
who have positive margins following RP will have shorter cause-specific survival than those 
with negative margins, and that patients with positive margins following surgery will have 
greater late morbidities following RP than those with negative margins. 




