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Abstract
Background: We evaluated the validity of a set of 11 quality indicators for prostate cancer
radiotherapy and radical prostatectomy by examining their association with outcomes. The
selected indicators were: hospital volume, pre-treatment risk assessment, patient consultation with
a radiation oncologist, appropriate follow-up care, leg immobilization during radiotherapy,
bladder filling during radiotherapy, portal film target localization, use of nerve sparing surgery,
operative blood loss, margin status and pelvic lymph node dissection. The selected outcomes
were: cause-specific survival, disease-free survival, late morbidity (urinary incontinence,
gastrointestinal and genitourinary morbidity), change in node stage from clinical N0 to pathologic
N1, and margin status.
Methods: Our study sample consisted of 1570 prostate cancer patients who were diagnosed in
Ontario between January 1, 1990 and December 31, 1998 who received radical prostatectomy
within 6 months of diagnosis (n=646), or curative radiotherapy within 9 months of diagnosis
(n=924). Quality of care, outcomes, and potential confounders were measured using patient chart
and administrative data. Regression techniques were used to evaluate the associations between
quality indicators and relevant outcomes.
Results: For patients treated surgically, hospital volume met our test of validity. Patients treated
in the lowest volume hospital (0-1 RP/month) were at greater risk of prostate cancer death than
patients treated in the highest volume hospitals (7+ RP/month) (HR=5.37 95% CI=1.23-23.46).
For patients treated with radiotherapy, leg immobilization and bladder filling during radiotherapy
met our test of validity. Patients treated without leg immobilization were more likely to
experience urinary incontinence (RR=2.18, 95% CI=1.23-3.87) and genitourinary late morbidities
(RR=1.72, 95% CI=1.16-2.56) than patients who received leg immobilization. Patients who were
treated with an empty bladder were more likely to experience GU late morbidities (RR=1.98,
95% CI=1.08-3.63) than those treated with a full bladder. The remaining indicators did not meet
our test of validity.
Conclusion: Our results support the validity of one surgical quality indicator and two
radiotherapy quality indicators. Explanations for our non-significant findings, including limited
study power, data quality, our definition and measurement of indicators, and a true failure to
predict outcome(s) are discussed, and recommendations for further research are presented.
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Chapter 1: Introduction
1.1 Background and Rationale
Prostate cancer is the most commonly diagnosed cancer and the third leading cause of
cancer death among Canadian men (1). In the past 30 years, the age standardized incidence of
prostate cancer has risen dramatically as a result of the introduction of the prostate specific
antigen (PSA) blood test. The use of the PSA test has led to a greater number of men being
diagnosed with the disease at a younger age as well as an earlier, more treatable disease stage (2).
The increasing incidence of prostate cancer is resulting in a significant economic and social
burden associated with the disease, which is expected to continue to grow as the Canadian
population ages (3,4).
The majority of men with prostate cancer are diagnosed with localized disease and are
thus eligible for curative treatment with either radiotherapy (RT) or radical prostatectomy (RP)
(5). Despite recent advances in treatment planning and techniques, both of these treatments have
well-documented complications and long-term adverse effects that need to be taken into
consideration during treatment decision making (5,6). Further complicating the treatment of
prostate cancer is the lack of consensus on the appropriate management of the disease. Several
cohort studies have examined survival differences in patients treated with RP or RT and reported
that while surgery confers greater survival benefits than RT with high risk disease, there is no
difference in low to intermediate risk disease. However, because these were not randomized
studies, treatment selection may be biasing these results. (7-14). The lack of demonstrated
differences in the effectiveness of RT compared to RP is reflected in significant variations in
treatment practices and outcomes. With an increasing number of men being diagnosed with
prostate cancer, improving the quality of care provided to this patient group and reducing any
disparities in quality of care have become priorities.
Quality of care is defined as “the degree to which health care services for individuals and
populations increase the likelihood of desired outcomes and are consistent with current and
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professional knowledge” (15). It is often studied using the framework proposed by Avedis
Donabedian, which states that quality of care is comprised of three elements: structure, process
and outcome. These components of quality are interrelated, such that good structures lead to good
processes, and in turn, good outcomes (16). This framework has been used extensively to develop
quality of care indicators for a range of clinical situations. While there is debate over whether
outcomes are appropriate indicators of quality of care, positive outcomes remain the ultimate
objective of high quality care. So, rather than use outcomes as direct measures of quality of care,
outcomes can instead be used to assess the validity of structure and process indicators, as valid
structure and process indicators should have demonstrated associations with outcomes (17-19).
Several groups have recently developed quality of care indicators for the management of
localized prostate cancer (20-24). However, the use of these indicators to measure quality of care
is limited as little research has been done to determine their validity (25). The current study
assessed the validity of a subset of proposed prostate cancer quality of care indicators by
evaluating their relationship with relevant outcomes.
1.2 Objectives
The purpose of this study was to evaluate the association between proposed indicators of
the quality of care and outcomes in men with localized prostate cancer who received curative
treatment. The objectives were to examine:
1. The relationship between quality of care and relevant outcomes in patients treated with
radical prostatectomy.
2. The relationship between quality of care and relevant outcomes in patients treated with
radiotherapy.
1.3 Thesis Outline
The second chapter provides a literature review summarizing the current literature on
prostate cancer and its management, the quality of care framework, the development of quality
indicators, the importance of the validity of quality indicators, and quality of care in localized
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prostate cancer, including recent efforts to validate proposed quality indicators for prostate cancer
care. The third chapter provides a description of the study design, population, and statistical
analysis strategy used in this study. The fourth chapter is a manuscript that presents the findings
of the analyses examining associations between quality of care and outcomes for those patients
treated with radical prostatectomy. The fifth chapter is a manuscript that presents the findings of
the analyses examining associations between quality of care and outcomes for those patients
treated with radiotherapy. The sixth chapter presents additional results that were beyond the scope
of the manuscripts. The seventh chapter discusses the overall results and conclusions, study
strengths and limitations and directions for future research.
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Chapter 2: Literature Review
2.1 Prostate Cancer
2.1.1 Epidemiology
Prostate cancer is the most commonly diagnosed cancer and the third leading cause of
cancer death in Canadian men, accounting for 27% of all new cancer cases and 10.8% of cancer
deaths. It is estimated that in 2010, approximately 24,600 men will have been diagnosed with the
disease, and 4,300 will die from it (1). The Canadian age-standardized incidence of prostate
cancer has increased dramatically in the past 30 years, rising from 78.6 per 100,000 men in 1981
to an estimated 122.6 per 100,000 men in 2010 (1). This increase in incidence has been attributed
to the introduction of the PSA test, which measures blood levels of PSA, a protein produced by
the prostate gland that is often elevated in men with prostate cancer. Use of the PSA test has
resulted in a greater number of men who are diagnosed with prostate cancer at both a younger age
as well as at an earlier, more treatable, disease stage (2)
There are a number of known risk factors for prostate cancer (26). Increasing age is
associated with increased risk of developing prostate cancer, likely due to an accumulation of
DNA damage throughout an individual’s life culminating in malignant changes in prostate tissue
(27). A family history of prostate cancer is another risk factor for the disease, with increased risk
in men with a close blood-relative with the disease (28-30). The association between prostate
cancer incidence and family history of the disease may be due to a genetic predisposition for the
disease, shared exposures or detection bias, or a combination of these factors (26). Ethnicity is
also an established risk factor for prostate cancer. The highest incidence rates and stage-specific
mortality rates are consistently seen in black American men (26,27). The lowest incidence rates
for prostate cancer are consistently found in Asian countries, which is thought to be a result of
both genetic and environmental factors (31).
Other risk factors for prostate cancer that have been suggested but need further study to
confirm their association with disease risk include diet, body mass, physical activity, hormones
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and sexual history. Finally, unlike many other cancers, there is insufficient evidence to identify
smoking as a risk factor for prostate cancer (2,26,27,31,32) .
2.1.2 Natural History of Prostate Cancer
Prostate cancer is most frequently diagnosed in men between the ages of 60 and 69 years
and the majority of deaths from the disease occur in men over 80 years of age (32,33). Most
prostate cancers initially develop in the posterior part of the prostate, far from the urethra. As a
result, obstructive urinary symptoms are not typically seen in the early stages of the disease and
the majority of patients with early stage prostate cancer are asymptomatic (5,34). Voiding
symptoms, hematuria and erectile dysfunction may indicate the presence of locally advanced
disease (5,6). Patients with metastatic prostate cancer typically exhibit symptoms involving the
axial skeleton, including back pain, spinal cord compression and pathological fractures, as well as
weight loss, anemia and neurological symptoms (34) .
2.1.3 Diagnostic Evaluation
There are several diagnostic tools that allow for detection of prostate cancer, including
the digital rectal examination (DRE), PSA test, and transrectal ultrasonography (TRUS) in
conjunction with prostate biopsy (5,35). DRE is used to check for abnormal growths or
enlargement of the prostate. While DRE has been criticized for being highly subjective and
dependent on the skill and experience of the physician, it is recommended that DRE be
conducted in all men as a part of the clinical examination for prostate cancer (34,35) .
Along with DRE, PSA testing is the most commonly used test used for initial evaluation
and diagnosis of prostate cancer. Current guidelines indicate that a PSA value of 2.0 to 6.5
ng/mL, depending on patient age, are the upper limit of normal and indicative of the need for
further evaluation by a urologist (27,36,37). To improve the sensitivity and specificity of the
PSA test, various approaches to measuring PSA levels have been introduced, including agespecific PSA ranges, PSA density, PSA doubling time and PSA velocity (5,6,27,35).
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Prostate biopsy is typically conducted following abnormal findings on DRE and/or PSA
testing. It provides vital information about tumour grade, volume and distribution within the
prostate. The current standard in prostate biopsy is that at least 6 to 10 cores of tissue be
removed for evaluation, with additional sampling of palpable or ultrasound visible lesions
(6,34,35).
After a diagnosis of prostate cancer is made, the level of PSA, the tumour grade and the
stage of the tumour are evaluated to determine disease severity, which in turn guides the choice
of treatment options and prognosis. The tumour, node, metastasis (TNM) staging system
measures the extent of the tumour, involvement of lymph nodes and presence of distant
metastases based on clinical findings from DRE, PSA testing, biopsy and imaging tests, or
through pathologic findings following surgical exploration and/or removal of the tumour (5,38).
The Gleason grading system is based on the histologic appearance of the tumour cells. Grades
range from 1 (well differentiated) to 5 (poorly differentiated) and are assigned to the most
common and second most common observed histologic patterns in the tumour. The primary and
secondary grades are added together to obtain the Gleason score, which ranges from 2 to 10
(5,6). Pre-treatment PSA, TNM stage and Gleason score have been used to develop disease risk
categorizations that estimate risk of biochemical failure and cause-specific mortality. Cancer
Care Ontario uses the risk definitions developed by D’Amico et al., which categorizes disease
risk into low (PSA < 10 ng/mL, Gleason score ≤ 6, and clinical stage T1 or T2), intermediate
(PSA 10-20 ng/mL and/or Gleason score = 7) or high (PSA > 20, Gleason ≥ 8, or clinical stage ≥
T3) (39-41).
2.1.4 Treatment Options
Men with clinically localized prostate cancer are eligible for curative treatment with
either RP or RT. Clinically localized disease is defined as a tumour that is confined to the
prostate with no signs of regional or distant metastases. This includes tumours that are not
detectable clinically or with imaging (T1, Nx, Mx) and those that are clinically detectable on
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DRE but have not spread outside the prostate (T2, Nx, Mx). Men with locally advanced disease
(T3 and above) are also eligible for curative treatment, with neoadjuvant and adjuvant hormone
therapy shown to improve outcomes. Curative treatment is not recommended for patients with
metastatic disease (8,27). Because of the slow progression of prostate cancer, survival benefits
are observed only 10 to 15 years after treatment. Therefore, curative treatments is generally
recommended only for patients whose life expectancy exceeds 10 years (9).
2.1.5 Radical Prostatectomy
Radical prostatectomy involves the surgical excision of the prostate, through either a
retropubic or perineal surgical approach (42). RP is an appropriate treatment option for men with
tumours that are localized within the prostate (T1 or T2) who are healthy enough to undergo
surgery (9,42-44). If the disease is more advanced (T3 or T4, or with higher likelihood of lymph
node involvement), surgery is less likely to be curative and therefore should only be offered
after careful consideration and input from a multidisciplinary team (39,42). Pelvic lymph node
dissection (PLND) is frequently carried out in conjunction with RP, with the goals of staging the
disease accurately, assessing the risk of progression, and removing micrometastases of the
lymph nodes (39,42,44,45).
Recent advances in the understanding of the anatomy of the pelvis have led to the
development of surgical techniques intended to limit damage done to structures surrounding the
prostate and preserve erectile and urinary function. The apex of the prostate is in direct contact
with the urethral sphincter, a critical structure for urinary control. Minimizing the trauma to this
structure during apical dissection helps preserve patients’ urinary continence (42,46). Nervesparing surgical techniques protect the cavernous nerves of the penis that lie adjacent to the
prostate and are responsible for controlling erections (44,46). While nerve-sparing RP has been
shown to preserve erectile function in 60% to 70% of men with prostate cancer in observational
studies, these findings have yet to be corroborated through randomized trials of nerve-sparing
RP and erectile function (47).
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Despite these advances in surgical techniques, erectile dysfunction (ED) and urinary
incontinence remain the most frequently observed morbidities following RP. Other
complications include bladder neck contracture, causing difficulties with voiding and urinary
control, and rectal injury (42,44,46,48) .
2.1.6 Radical External Beam Radiotherapy
Along with RP, radical external beam radiotherapy (EBRT) is one of the primary
curative treatments for localized prostate cancer. In EBRT, an external source of radiation is
directed at the patient’s body, specifically targeting the area where the cancerous tissue is
located. The dose of radiation used is measured in gray (Gy), and it is typically fractionated in
order to reduce the toxic effects of radiation on the healthy tissue while maximizing the effects
of radiation on the cancer (49,50).
EBRT is an appropriate curative treatment for men with low- and intermediate-risk
prostate cancer. For men with high-risk disease, EBRT may be offered as treatment, although
rates of disease recurrence and death from disease are high. For men treated with EBRT, there is
significant evidence indicating that neoadjuvant or adjuvant androgen deprivation therapy
(ADT) can improve survival compared to treatment with EBRT alone (51-54). Studies
addressing the impact of ADT and EBRT compared to ADT alone are not yet published,
although presented abstracts indicate that combined modality therapy is superior to ADT alone
(55).
Similar to RP, there are several well-documented morbidities associated with EBRT,
including ED, urinary incontinence, and gastrointestinal (GI) complications, such as radiation
proctitis, which can manifest as rectal bleeding, discharge and urgency, fecal incontinence, or
perforation fistulas (56). Other morbidities include genitourinary (GU) complications, including
urinary frequency, hematuria, cystitis, bladder neck contracture and dysuria. However, recent
improvements in imaging and treatment planning have resulted in greater accuracy in beam
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placement, meaning that higher doses of radiation can be used with fewer negative side effects
(5,50,56,57).
2.1.7 Treatment Decision Making
The appropriate management of prostate cancer is a highly debated topic (2). There is a
lack of empirical evidence to indicate the superiority of one curative treatment over the other
(9). Few randomized trials have been conducted to compare curative treatments (10,58). Recent
findings from several large cohort studies comparing outcomes in patients treated with RP or RT
indicate that RP may confer significant survival benefits relative to RT. However, because these
were not randomized trials, the observed differences may be due to treatment selection bias, as
patients treated with RT tend to be older and less healthy than those selected for RP (7-10,1214). This lack of research comparing RP and RT has been identified as a significant limitation in
efforts to develop clinical guidelines for physicians and patients to use when selecting an
appropriate prostate cancer management strategy.
The lack of agreement over the appropriate management of localized prostate cancer has
resulted in significant variations in treatment practices and outcomes (59-71) . These variations
have been attributed to physician preferences in treatment selection and techniques, as well as
discrepancies in patient selection. Concerns have been raised that variations in outcomes may
indicate that prostate cancer patients are not receiving the highest quality care possible.
2.2 Quality of Care
2.2.1 The Quality of Care Framework
Quality of care is defined as “the degree to which health care services for individuals and
populations increase the likelihood of desired outcomes and are consistent with current
professional knowledge” (15). Much of the quality of care research is based on the framework
proposed by Avedis Donabedian, which states that quality of care is comprised of three
components: structure, process, and outcome (16,69,72). Structure refers to the characteristics of
the health care system that affect its ability to provide high quality care to patients. This includes
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the health care professionals, equipment and resources available in the health care system, all
characteristics that tend to be relatively stable over time. Examples of structural aspects of care
include number of physicians or access to specific technology. Process refers to the care that was
provided to the patient by health care professionals, and whether this care is consistent with the
care that should have been provided. Processes of care include both technical and interpersonal
aspects of the delivery of care. Technical care is dependent on the knowledge and skill used to
reach treatment decisions and implement care, while interpersonal care reflects the interactions
between the patient and health care providers (69). Outcome refers to states of health or events
that are consequences of the care provided to patients. Examples of relevant outcomes are
survival, disease-free survival, treatment-related morbidity, quality of life and patient satisfaction
with care (17,69,73).
While Donabedian’s framework divides quality of care into these three elements, the
components are interrelated, such that good structures of care leads to good processes, and in
turn, good outcomes. Characteristics of the structures, processes and outcomes of care that are
thought to reflect quality of care should follow this relationship. If there is uncertainty in the
relationships between the structures, processes and outcomes of care selected to define quality,
then assessment of quality of care using these characteristics of care is also uncertain (17-19,72).
2.2.2 Measuring Quality of Care
The measurement of quality of care requires valid indicators that define what constitutes
high quality care and to which adherence can be assessed. The development of quality of care
indicators is based on the best available evidence of the standards of clinical care (19) Indicators
should be valid, reliable and feasible measures that are sensitive to change (19,69,74).
The structure-process-outcome framework has been used extensively to develop quality
of care indicators for a range of clinical situations (19). However, there has been considerable
debate over whether outcomes are appropriate quality indicators (18,75-77). Outcomes are often
delayed, in some cases occurring only years after care is provided, and therefore do not provide
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feedback that allows for timely efforts to improve care. Outcomes also do not provide insight into
where the strengths or deficiencies in patient care lie, limiting their utility to quality improvement
initiatives. Furthermore, while variations in outcomes may reflect genuine differences in the
quality of care provided to patients, outcomes may also vary due to differences in patient or
disease characteristics or how outcomes are measured, or may vary due to chance (16,18,69,78).
In line with the criticisms of outcome indicators of quality that have been documented by
quality of care researchers, a recent study of patients’ and health care professionals’ preferences
for cancer care quality indicators reported that these groups do not view outcomes as meaningful
measures of quality of care (76). In particular, participants reported that outcomes are often
highly confounded by patient factors and out of the control of the health care provider, and
endorsed the use of technical process quality indicators over interpersonal process indicators or
outcome indicators. These findings correspond with other research indicating that process
indicators are more appealing to physicians as they offer direct feedback that can result in more
rapid improvement in the quality of care provided by physicians (69).
Despite the drawbacks to outcomes as quality indicators used in quality monitoring and
improvement initiatives, positive outcomes remain the ultimate objective of high quality health
care as per Donabedian’s framework so that, rather than using outcomes as direct indicators of
quality of care, outcomes can instead be used to assess the validity of structure and process
indicators of quality. Based on Donabedian’s framework of quality of care, structure, process and
outcome indicators all represent a single, unifying construct, quality of care. These three
dimensions of quality of care are interrelated, with high quality care in one domain leading to
high quality care in the other domains (16,72). The validity of structure and process quality
indicators can therefore be assessed by evaluating the associations between structure and outcome
indicators, and process and outcome indicators. If the associations are found to be in agreement
with the a priori hypotheses, then the validity of the indicators is supported.
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2.3 Quality of Care in the Management of Localized Prostate Cancer
Several groups have recently developed sets of quality of care indicators for the
management of localized prostate cancer. These indicators have been developed through rigorous
processes involving literature reviews, expert input from physicians, feedback from prostate
cancer patients and consensus panels to evaluate the clinical validity of the indicators (20-24).
The RAND group in California published the most extensive set of quality indicators, with a total
of 22 quality indicators covering both treatment modalities and the three domains of quality (23).
However, these indicators are somewhat dated, as they are based on evidence that was published
over 10 to 20 years ago. More recently, the American Medical Association Physician Consortium
for Performance Improvement and Quality Research in Radiation Oncology each developed sets
of quality indicators, with six indicators in each set (22,24). Two Canadian groups have also
developed quality indicators, with one set containing 11 indicators focusing on surgical
management of prostate cancer, and the other containing 25 indicators focusing on management
with radiotherapy (20,21).
Research has demonstrated the feasibility of using these indicators with patient chart and
electronic data to measure quality of prostate cancer care (68,79). Furthermore, several studies
have used the RAND indicators to measure quality of prostate cancer care and have evaluated
their sensitivity to changes in quality of care over time and across practice settings and
geographic regions (67,70,71,80). Overall, findings have indicated that these quality indicators
are sensitive to differences in quality of care across patients, treatment modality, practice setting
(teaching hospital compared to community hospital), geographic region, and area-level
socioeconomic status (67,70,71,79,80).
To date, there has been little research demonstrating the validity of the proposed prostate
cancer quality of care indicators. In 2006, a validation study compared a subset of proposed
surgical indicators with hospital radical prostatectomy volume (25). Volume has welldocumented associations with outcomes, and so was selected as a measure by which to test the
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validity of surgical indicators (25). The results of this study found that while some proposed
indicators were associated with hospital volume (blood transfusions of 3 units or greater, hospital
length of stay, use of non-nerve sparing surgical technique), others were not (acute surgical
complications, positive surgical margins). The authors concluded that more research was needed
to further investigate the validity of these indicators (25).
2.4 Background on Selected Quality Indicators
Ten structure and process quality of care indicators were selected from those
recommended in the published literature. Indicators were selected through a review process
conducted by the research team. All of the proposed prostate cancer quality indicators published
to date were compiled. Indicators were excluded from analysis in our study if they measured
components of practice that were not commonly used in the treatment era of our study, or the
required data to measure the indicators was not available in our data sources. Furthermore,
indicators were excluded if the component of care measured by the indicator was not thought to
impact morbidity or survival outcomes, or if they already had well-documented associations with
survival or morbidity outcomes. One quality indicator (pelvic lymph node dissection during RP)
was developed for examination in this study, as it is a component of care that clinicians think
affects patient survival but has not been studied to confirm or refute the association (81). This
section will provide a background on each of these indicators and its use in measuring quality of
care for prostate cancer patients.
2.4.1 Hospital Volume
Volume, or number of patients treated, was identified by the RAND group as an
important indicator of quality of care. Several studies have examined the effect of hospital
volume and surgeon on outcomes after radical prostatectomy. The results indicate that men with
prostate cancer who are treated with RP at lower volume hospitals have significantly higher risk
of readmission, urinary complications, and 30-day mortality, longer length of stay, and higher inhospital health care costs, compared to men treated at high volume hospitals (82-84). Similar
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findings have been reported in research examining the impact of surgeon volume on outcomes
following RP (85-87). To date, no similar research has been conducted to examine the impact of
cancer centre volume on outcomes for prostate cancer patients treated with radiotherapy (88).
Furthermore, there is limited information on whether hospital volume impacts long-term
outcomes, such as disease-free and cause-specific survival.
Several theories have been proposed to explain the association between volume and
outcomes. The impact of volume on outcomes has been reported to be a result of physician
experience and skill. Because the treatment of radical prostatectomy is fairly complex, high
volume physicians may have better outcomes as they have more experience treating the disease
(85-87). Alternatively, the volume effect on outcomes has been proposed to be a result of the
greater availability of resources and supportive care in high versus low volume hospitals (86,87).
2.4.2 Pre-Treatment Risk Assessment:
The published quality of care indicators for prostate cancer identified several assessments
and procedures that patients should receive prior to receiving treatment. Evaluation with DRE,
PSA tests and Gleason score determination, as well as an evaluation of comorbid disease, were
identified by the RAND group as being essential components of the pre-treatment assessment
(23). Additionally, Danielson et al. and the American Medical Association indicated that all
patients should have a pre-treatment clinical tumour stage assessment, and Danielson et al also
indicated that all patients should have a needle biopsy of the prostate, with at least 6 cores taken
and the number of positive cores specified (20,22).
Pre-treatment evaluation is essential to accurately stage the tumour and determine
appropriate treatment recommendations. Several studies have identified the value of pretreatment PSA, DRE, clinical stage, and Gleason score in predicting post-treatment outcomes,
including disease failure and prostate cancer mortality (23,40,41,89-91). The presence of
comorbid disease is another relevant factor in treatment decision making, as the presence of
comorbid disease is associated with poorer outcomes in prostate cancer patients, and can also
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limit life expectancy, affecting eligibility for curative treatment (9,92). Therefore, appropriate
pre-treatment risk assessment is a vital component of the treatment decision-making process.
2.4.3 Patient Consultation with Surgeon and Radiation Oncologist
The RAND group recommended that the treatment decision making process involve
patients’ consulting with both surgeons and radiation oncologists so that patients have all
treatment options explained to them (23). While surgeons and radiation oncologists can explain
all treatment options, even those that they do not deliver, research indicates that urologists and
radiation oncologists each overwhelmingly recommend only the treatment that they deliver (93).
Therefore, patients receiving treatment recommendations from only one specialist may not have
all the available treatment options offered to them and may not receive the most appropriate
treatment, making consultations with both practitioners a necessary component of the treatment
decision making process.
2.4.4 Follow-Up Care
Researchers from Cancer Care Ontario (CCO) and the RAND group indicated that all
prostate cancer patients who received curative treatment should have at least two follow-up visits
in the first year following treatment, with CCO also recommending that follow-up visits occur
annually thereafter (21,23). Recommendations from Danielson et al. indicated that all follow-up
visits should include assessment with PSA (20). The goal of follow-up care is to monitor disease
status with PSA testing and to allow for earlier detection of disease recurrence. While earlier
detection of recurrence should allow for earlier treatment and improved survival, no research has
been conducted to formally evaluate the impact of follow-up care on long term outcomes.
2.4.5 Leg and Bladder Immobilization
The RAND group recommended patient immobilization during treatment with EBRT to
limit patient movement during treatment (23). Effective and safe delivery of radiation therapy
requires that the target volume remains immobile during treatment and that patient positioning is
reproducible across treatment fractions. Even small positional changes of the prostate during the
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course of treatment have the potential to impact the accuracy of radiation therapy (94).
Immobilizing the patient during treatment can prevent movement of the target volume and reduce
inadvertent irradiation of surrounding, healthy tissues (95). Along with leg immobilization during
treatment, patients may be requested to maintain a full bladder during treatment to displace the
healthy bladder tissues away from the target volume. However, the effect of bladder volume on
prostate position and treatment-related toxicity is a matter of debate (96).
2.4.6 Daily Target Localization
Use of daily target localization for patients undergoing external beam radiation therapy
was identified as a quality of care indicator by Danielson et al. (20) . The need to accurately
determine the location and shape of the tissue to be treated with radiation has become
increasingly important as radiation doses have increased and resulted in the use of smaller
radiation field sizes (97). If target localization is not utilized, the risk of a “geographic miss” of
the intended target is increased. Target localization methods can include external markers based
on skeletal anatomy, or internal markers, such as fiducial markers, abdominal ultrasound, x-ray or
CT scan (97,98). While improved disease control and decreased toxicity are believed to be the
result of appropriate target localization during RT, there has been no clear evidence to support
this hypothesis in the setting of prostate cancer radiotherapy.
2.4.7 Operative Blood Loss
The RAND group identified operative blood loss as an important indicator of the quality
of surgical care (23). While the measurement of operative blood loss can be unreliable, it is still
considered a standard indicator of the quality of radical prostatectomy. In the past 20 to 30 years,
there has been a significant decline in operative blood loss and use of blood transfusions during
RP. A study of operative blood loss in 2900 men treated with RP between 1985 and 2000 found
that median blood loss decreased from 1800 cc to 800 cc in that time interval (99). This is thought
to be due to an increased understanding of the anatomy of the pelvis and blood supply
surrounding the prostate. Operative blood loss has been suggested to have an adverse effect on

16

outcomes following RP, particularly survival. However, research investigating the association of
blood loss and outcomes following RP is inconclusive, with some studies reporting a negative
impact of blood loss, while others reporting no impact (99-101). The etiology of the blood loss
effect is not well understood, although it is thought to be related to operative events and the
quality of the surgical technique itself, or to an immunosuppressive mechanism, in which
transfusions with allogeneic blood decreases the immune system and enhances tumour growth
(99-101)
2.4.8 Use of Nerve Sparing Surgical Technique
The goal of nerve sparing RP is to maintain sexual functioning by reducing damage to the
nerves that are responsible for erections (102). Nerve sparing RP was originally developed in the
1980’s by Walsh and Donker who described the anatomic location of the cavernous nerves of the
penis and identified a surgical approach that can preserve the nerves and thus decrease treatmentrelated morbidities, while at the same time not compromising cancer control outcomes (103). The
nerve sparing technique can be unilateral, sparing only one neurovascular bundle, or bilateral,
sparing both neurovascular bundles (102).
Use of a nerve sparing surgical technique during RP has become more common as more
prostate cancer patients are being diagnosed at an earlier disease stage when disease control
outcomes are less likely to be affected by nerve sparing surgery. Additionally, prostate cancer is
increasingly being diagnosed in younger men, for whom preservation of sexual functioning after
therapy is a significant concern (102). Sexual potency outcomes following nerve sparing and nonnerve sparing RP was recently documented in a systematic review by Dubbelman, Dohle and
Schroder (104). This review found that while sexual potency was maintained in only 0% to 17%
of patients who received non-nerve sparing RP, it was maintained in 13% to 56% of patients who
received unilateral nerve sparing RP, and in 31% to 86% of patients who received bilateral nerve
sparing RP. However, patient age was shown to modify sexual potency outcomes following nerve
sparing RP in preoperatively potent men with prostate cancer. In younger men (<50 years), post-
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surgery sexual potency was not affected regardless of whether a unilateral or bilateral nerve
sparing approach was used, with good potency outcomes for both approaches. In men between 50
to 70 years of age, post-surgery sexual potency was higher in men who received bilateral nerve
sparing RP compared to unilateral nerve sparing RP. In men older than 70 years, sexual potency
outcomes were poor, regardless of whether a nerve sparing surgical technique was used (104).
Nerve sparing surgery is also thought to reduce rates of urinary incontinence following
RP, as the use of this surgical technique generally implies that other aspects of the surgery are
performed with greater care (44,46). While research has shown that rates of urinary incontinence
are lower among patients who receive nerve sparing RP compared to non-nerve sparing RP, the
difference is modest in comparison to the impact of nerve sparing RP on sexual functioning
(102,105).
While the RAND group identified use of a nerve sparing surgical technique as an
important aspect of care, it was not selected as a quality of care indicator. Nerve sparing surgery
as an indicator of quality of care was also identified by CCO. However, they did not include it
with their proposed quality indicators as it was thought that the variations in use of nerve sparing
surgery could only be understood after controlling for important patient and disease factors (25).
Because we were able to control for these potential confounders, it was included for analysis in
this study.
2.4.9 Surgical Margin Status
A positive surgical margin following RP is defined as the presence of the tumour at the
inked margin of the surgically removed specimen. Positive margins can result from tumour
characteristics, particularly extracapsular extension of the tumour, and/or surgical precision (106).
While the incidence of positive surgical margins has decreased significantly in the past two
decades, it has been estimated that rates of positive margins remain as high as 40 to 60%
following RP (106,107). Positive surgical margins suggest the presence of residual disease. While
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some research has found that positive margins increase the risk of disease recurrence, other
research has suggested that margin status has no impact on outcomes following RP (107-112).
The incidence of positive surgical margins is thought to be influenced by surgeon skill
and experience. Video analyses of RP procedures have found that positive surgical margins are
frequently the result of technical error, most typically capsular tear during dissection of the
neurovascular bundle (113). However, recent research has shown that surgical margin status is
not associated with either hospital volume or surgeon volume, bringing into question the validity
of margin status as a measure of quality of care (25,114).
2.4.10 Pelvic Lymph Node Dissection
The purpose of PLND is to remove lymph node metastases in the region surrounding the
prostate. PLND allows for more accurate staging of the disease, as well as a decreased regional
recurrence rate (5). It is estimated that PLND is performed in up to 87% of men undergoing
radical prostatectomy, with a median of 4 lymph nodes removed. The incidence of lymph node
metastases detected by PLND either prior to or during RP is estimated at 10% to 25%, depending
on the extent of lymphadenectomy (115).
The impact of PLND on prostate cancer outcomes is currently under debate, with studies
reporting a cause-specific survival benefit of PLND, while others reporting no survival benefit. A
recent study by Withrow et al. examined the impact of PLND on cause-specific survival using the
data from the current study, but with shorter follow-up (116). The results indicate that there is a
possible therapeutic benefit of PLND, although the findings were not statistically significant.
Studies of the impact of PLND on prostate cancer outcomes have been limited by small sample
sizes and short follow up time, with median follow up time ranging from 3.5 to 12 years. A recent
review by the European Association of Urology recommended further study of this issue,
particularly in patients with high risk prostate cancer (117,118).
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2.5 Summary
Prostate cancer is the most common cancer among Canadian men, with the incidence
increasing as the population ages. As a result, a growing number of men are receiving curative
treatment for the disease. Several groups of researchers have developed quality of care indicators
for the management of localized prostate cancer to facilitate the measurement and evaluation of
quality of care in this patient group. However, limited research has been done to assess the
validity of these proposed indicators. This study used direct measurements of outcomes to
validate the structure and process indicators by assessing whether there is an association between
structure or processes quality indicators and outcomes of prostate cancer care.
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Chapter 3: Methods
3.1 Study Purpose and Objectives
The purpose of this study was to evaluate the association between 11 proposed indicators
of quality of care and outcomes in men with localized prostate cancer who received curative
treatment. The objectives were to examine:
1. The relationship between quality of care and relevant outcomes in patients treated with radical
prostatectomy.
2. The relationship between quality of care and relevant outcomes in patients treated with
radiotherapy.
3.2 Study Design
This study used a retrospective cohort study design. Quality of prostate cancer care was
measured for each subject using eleven quality of care indicators selected a priori for analysis.
Subjects were followed throughout and after treatment for the outcomes of interest. Analysis of
each quality indicator was stratified by primary curative treatment category.
3.3 Study Population
This study was part of a larger case-cohort study entitled ‘Comorbidity and Initial
Treatment in Prostate Cancer Patients Treated for Cure’ which was designed to evaluate the effect
of comorbidity on prostate cancer mortality and to compare outcomes of radiotherapy and radical
prostatectomy when given as curative treatment. Dr. Groome was the Principal Investigator of
that study, and Dr. Brundage and Dr. Siemens were both co-investigators.
Subjects for the parent study were identified through a cancer treatment database housed at the
Queen’s Cancer Research Institute’s Division of Cancer Care and Epidemiology (CCE).
The target population for the parent study was all patients with adenocarcinoma of the
prostate in Ontario who were diagnosed between January 1, 1990 and December 31, 1998 and
were treated for cure. Curative treatment was defined as either RP within six months of diagnosis
or RT to the prostate or pelvis with a dose of at least 50 Gy within nine months of diagnosis.
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Curative treatment status for prostate cancer patients was determined using the CCE database. A
stratified random sample of the target population was selected from each of the Cancer Care
Ontario Regions (CCORs) for the sub-cohort. Up to 150 subcohort patients were selected from
each CCOR, with oversampling from the smaller CCORs to allow for regional comparisons. A
random sample of cases, who were prostate cancer patients who received curative treatment and
died of any cause by December 31, 2000, was also selected for the parent study, with vital status
and cause of death determined from the Ontario Cancer Registry (OCR). Because of the casecohort study design, some of the cases were included in the sub-cohort group, and the total
number of charts abstracted is less than the total number of cases and sub-cohort patients.
There were 45,035 men diagnosed with adenocarcinomas of the prostate from January 1,
1990 and December 31, 1998 in Ontario, as indicated by the ICD-9 diagnosis code of 185
(prostate cancer) in the OCR. Surgical procedure codes in the Discharge Abstract Database
(DAD) were used to identify patients admitted to hospital for radical prostatectomy within six
months of diagnosis. This found 7,407 patients who received surgery, 7,921 patients who had
lymph node dissection (potentially aborted surgical cases), and 70 patients with aborted surgery.
Because of overlap in these three groups, the total number of patients in the surgical treatment
group was 10, 293 patients. Data from the CCE database was used to identify 9,524 patients who
received curative radiotherapy within 9 months of diagnosis. Therefore, the sampling frame of the
parent study consisted of 17,934 men. This number was less than the total of the surgical and
radiotherapy groups because some patients received both treatments. Based on the sampling
method described above, a total study population of 2740 patients was selected for analysis.
Figure 3.1 illustrates the overall sampling of the study population.
For the current study, only the sub-cohort group was used in the analysis (figure 3.2). Of
the 1703 patients in the sub-cohort, we excluded patients who were not eligible for curative
treatment, patients whose cancer was not classified as an adenocarcinoma, surgical patients who
received no treatment or only pelvic lymph node dissection, or whose date of surgery was more
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than 190 days (six months plus 10 days to allow for the time between hospital admission and
surgery) after the date of diagnosis, radiation therapy patients whose abstracted start date of
treatment was more than 270 days (nine months) after the date of diagnosis, or who were treated
palliatively, or who were missing radiation dose and fractionation data, patients with insufficient
information, and patients who were not identified as prostate cancer patients in the 2007 update of
the OCR . For analyses of survival outcomes, we deleted patients whose cause of death was
missing from the OCR. The final study population, stratified by treatment group, was 646 (RP)
and 924 (RT). 10 surgical patients and 13 radiotherapy patients were missing cause of death in
the OCR. Therefore, the study population for analyses of survival outcomes was 636 (RP) and
911 (RT).
Figure 3.1: Sampling of the study population in the original study
Men diagnosed with adenocarcinomas of the prostate
between January 1, 1990 and December 31, 1998
n=45,025

Patients treated curatively
n=17,934

Deaths from any cause within 10 years
n=2505

Cases
n=1222

Subcohort
n=1703

Total study population
n=2740
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Figure 3.2 Exclusion criteria and study population numbers
Sub-cohort
n=1703

Excluded
• Not adenocarcinoma (n=1)
• Not a candidate for surgery or
curative radiotherapy (n=11)
• Received only lymph node
• dissection (n=58) or no treatment
(n=14)

Met inclusion criteria
n=1615

Received radiotherapy
n=954

Received radical prostatectomy
n=661
Excluded:
• Surgery completed >190 days
after date of diagnosis (n=11)
• Insufficient information (n=4)
• Not identified as cancer patients
in OCR (n=2)

Excluded:
• Radiotherapy started >270 days
after diagnosis (n=13)
• Not identified as cancer patients
in OCR (n=2)
• Missing dose and fractionation
• data (n=10)
• Received palliative radiotherapy (n=4)

Surgery treatment group for
analyses of morbidity outcomes
n=646

Radiotherapy treatment group for
analyses of morbidity outcomes
n=924

Excluded for analyses of survival
outcomes:
• Missing cause of death (n=10)

Excluded for analyses of survival
outcomes:
• Missing cause of death
(n=13)

Surgery treatment group for
analyses of survival outcomes
n=636

Radiotherapy treatment group for
analyses of survival outcomes
n=911
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3.4 Data Collection
The CCE database uses data from the OCR, which is a passive registry that is composed
of data from a number of sources. These include cancer diagnosis information from hospital
admissions and ambulatory care data from the Canadian Institute for Health Information, records
from all regional cancer centres in Ontario as well as Princess Margaret Hospital in Toronto,
pathology reports with any mention of cancer from hospitals and private laboratories, and death
records from the Registrar General of Ontario. The OCR is known to capture information on 95%
of all prostate cancer cases and has been shown to have little disagreement with medical chart
data (119). Each data source within the OCR is given a unique identifier for each cancer patient,
and CCE links the data from the OCR to surgical data from CIHI and radiotherapy treatment data
from the regional cancer centres and Princess Margaret Hospital. The CCE database also contains
area-level socioeconomic status indicators from the Canadian census (120).
Data collection for the parent study involved an extensive chart abstraction by trained
data abstractors using a chart abstraction instrument that was developed and tested in a pilot
study. All abstractors had previous training in health records or other medical-related fields.
Abstractors received an abstraction manual that contained information on how to assign accurate
values for each variable within the abstraction instrument, and an electronic abstraction form was
used to minimize errors. Patient charts were abstracted at their respective hospitals, with both
hospital and cancer centre charts reviewed whenever possible. Other sources of information (e.g.,
secondary hospital, general practitioner, or urologist charts) were accessed if further information
was required. Pathology reports of biopsies, transrectal ultrasound reports, and surgical reports
were photocopied and sent to the coordinating office, where the study coordinator abstracted
relevant data. Radiotherapy treatment records were also photocopied and sent to the coordinating
office. A radiation therapist who had developed the radiotherapy chart abstraction form abstracted
the relevant data from these records, and conducted all data checks on the radiotherapy data.
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Weekly logic checks and missing data checks were performed throughout the abstraction
process to ensure the accuracy of the chart data. Information on missing or inconsistent
information was sent to the abstractor, who confirmed or corrected the information, and provided
any missing information. Accuracy of the data was also ensured by on-site visits by the study
coordinator. The coordinator abstracted random patient charts and compared the information to
that obtained by the regional abstractor, and provided remedial training as necessary.
For the current study, relevant data from the CCE database was used along with
abstracted chart data for the analysis. Prior to starting data processing, vital status information
within the CCE database was updated from the most recent version of the Ontario Cancer
Registry, which contained a death clearance date of December 31, 2007, providing vital status
information and cause of death for all subjects up until this date.
3.5 Selection of Quality Indicators, Outcomes and Covariates
Quality of care indicators that were analyzed in this study were selected a priori for
investigation. Chosen indicators were those that were thought to be associated with long-term
survival or late morbidity outcomes and had been abstracted in the parent study. Additionally, one
quality of care indicator (pelvic lymph node dissection during radical prostatectomy) was
developed a priori for examination in this study, as it is a component of care that clinicians
believe affects long-term survival but has not been studied to confirm or refute the association.
This study analyzed 11 quality of care indicators, with 4 applying to both RP and RT, 3 specific
to RT, and 4 specific to RP. See table 3.1 for the quality of care indicators selected for
investigation.
The outcomes that were analyzed with each quality of care indicator were selected a
priori through a review process conducted by the research team (table 3.2). The research team
reviewed each quality indicator and considered which outcome(s) was relevant based on what the
component of care measured by the indicator was intended to achieve. Based on this review, one
or two outcomes were selected for analysis with each indicator. The hypothesized directions of
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the associations between each indicator-outcome combination were also determined. The
hypotheses for each quality indicator were as follows:
1. Patients treated in low volume hospitals or cancer centres will have shorter cause-specific
survival than patients treated in high volume hospitals or cancer centres.
2. Patients who did not receive the recommended pre-treatment risk assessment will have
shorter cause-specific survival and be more likely to show a change in stage from clinical
stage N0 to pathologic stage N1 than patients who received the recommended
assessment.
3. Surgical patients who did not consult with a radiation oncologist and surgeon prior to
treatment will be more likely to have positive surgical margins following RP than
patients who did consult with both providers.
4. Patients who did not receive the recommended follow-up care will have shorter causespecific survival than patients who received the recommended follow-up care.
5. RT patients who did not receive leg immobilization during treatment will be more likely
to develop late morbidities than patients who did receive leg immobilization.
6. RT patients who were treated with an empty bladder will be more likely to develop late
morbidities than patients who were treated with a full bladder.
7. RT patients whose treatment did not include portal films for target localization will have
shorter cause-specific survival and will be more likely to develop late morbidities than
patients whose treatment included portal films.
8. Surgical patients who received 3 or more units of blood during surgery will have shorter
disease-free survival and be more likely to develop late morbidities than patients who
received less than 3 units of blood.
9. Surgical patients who did not receive nerve sparing RP will be more likely to develop late
morbidities but have no difference in disease-free survival than patients who received
nerve sparing RP.
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10. Surgical patients with positive margins after RP will have shorter cause-specific survival
and be more likely to develop late morbidities than patients with negative margins.
11. Surgical patients who did not undergo PLND will have shorter cause-specific survival
than patients who did undergo PLND.
Several covariates were examined to ensure that any possible associations between
quality of care and outcomes were not due to confounding. The covariates, along with the
rationale for their selection, are outlined in table 3.3.
Table 3.1: Quality of care indicators selected for investigation
Hospital volume
Definition: Number of patients treated
Appropriate pre-treatment risk assessment
Definition: Documentation that the patient received pre-treatment assessment with digital rectal
exam, PSA test, clinical tumour stage, Gleason grade, prostate biopsy with a minimum of 6 cores
taken and the number of positive cores specified, and assessment of comorbid disease
Patient consultation with provider of alternative treatment modality
Definition: Documentation that prior to treatment, surgical patients consulted with radiation
oncologist, and that radiotherapy patients consulted with surgeon
Appropriate follow-up care
Definition: Follow up at least 2 times per year in the 1st year after treatment and annually
thereafter, with follow-up assessment including PSA test
Radiotherapy Indicators
Leg immobilization
Definition: Documentation of any leg immobilization during radiotherapy treatment
Bladder immobilization
Definition: Documentation that patient was treated with a full bladder
Daily target localization
Definition: Documented portal films during radiotherapy treatment
Surgical Indicators
Operative blood loss
Definition: Units of blood transfused in the peri-operative period
Nerve sparing RP
Definition: Documented use of a nerve-sparing surgical technique during RP
Surgical margin status
Definition: Margin status defined as positive – minimal, positive – extensive, negative, unknown
Pelvic lymph node dissection
Definition: Documented pelvic lymph node dissection during RP

28

Table 3.2: Outcomes selected for investigation
Cause-specific survival
Definition: Death from prostate cancer
Biochemical or clinical disease failure
Definition: Time to first occurrence of one of the following events: local failure (positive biopsy,
positive DRE, PSA ≥ 1.5 ng/ml (after nadir or <1.5 ng/ml) for RT patients, ≥ 0.5 ng/ml any time
after RP, or any statement of PSA failure in the chart), regional failure (positive lymph nodes
detected using CT scan, lymph node sampling or other diagnostic tests), distant failure (distant
metastasis on bone scan, CT, ultrasound or MRI), treatment administered for residual disease or
recurrence, or prostate cancer death
Urinary incontinence
Definition: Documentation of urinary incontinence more than 90 days after treatment
Erectile dysfunction
Definition: Documentation of erectile dysfunction more than 90 days after treatment
Radiotherapy Outcomes
Gastrointestinal late morbidities
Definition: Any rectal discharge, rectal bleeding, bowel obstruction, perforation fistula, diarrhea,
rectal/anal pain, radiation proctitis, anal stenosis, anorectal stricture, blood in stool, bowel
urgency/frequency or fecal incontinence more than 90 days after treatment
Genitourinary late morbidities
Definition: Any hematuria, cystitis, dysuria, urethral obstruction, urethral stricture, bladder lesion
or urinary irritative symptoms more than 90 days after treatment
Surgical Outcomes
Change in node stage
Definition: Documentation of stage change from clinical stage N0 to pathologic stage N1
Surgical margin status
Definition: Margin status defined as positive or negative
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Table 3.3 Covariates selected for analysis
Age at diagnosis
Rationale: Age at diagnosis has been shown to be associated with primary treatment selection in
prostate cancer patients, with older patients often treated less aggressively (62,65). Older age is
also associated with poorer outcomes, including 30-day mortality, post-operative complications,
urinary incontinence, and toxicity following RT (121).
Comorbidity status
Rationale: Comorbidity status is an important factor in the treatment decision-making process,
with patients with comorbid disease often treated less aggressively (122). Patients with more
comorbid disease are more likely to experience poorer outcomes, including 30-day mortality, GI
and GU toxicity, as well as cardiac, respiratory and vascular complications (123,124)
Disease risk
Rationale: Disease risk categorizations based on pre-treatment PSA level, Gleason score and
clinical stage have been shown to be associated with outcomes, including biochemical failure and
cause-specific survival (39-41)
Treatment era
Rationale: We used treatment era to represent unmeasured improvements in treatment over the
period of our study that may have affected outcomes. This is because unmeasured improvements
in treatment techniques over the study period may be an underlying explanation for any observed
associations between quality indicators and outcomes. To the extent that treatment era also
represents improvements in our quality indicator(s), control for this variable works against
finding the associations we seek. (125-127).
Area-level socioeconomic status
Rationale: Research has reported that prostate cancer patient SES impacts treatment practices as
well as outcomes. Thus, SES differences in the study sample may potentially explain variations
observed in outcomes (61,66,128-130).
Pre- and/or post-treatment hormone therapy
Rationale: Hormone therapy in conjunction with curative RP or RT has been shown to improve
outcomes compared to RP or RT alone (131,132). Therefore, patients who received pre- and or
post-treatment hormone therapy may have better outcomes than patients who did not receive
hormone therapy.
Radiation therapy within 1 year of surgery
Rationale: Post-surgery radiation therapy can improve disease control and prolong disease-free
survival (133,134). Therefore, patients who received RT after RP may have better outcomes than
patients who did not receive RT.
Biologically effective dose (BED) of radiotherapy
Rationale: BED is a measure of the radiation dose delivered to a tissue that considers total dose
and number of fractionations. BED is associated with tumour control and radiation toxicity
following treatment, so any variations in BED may explain variations in outcomes (135,136).
3.6 Data Processing and Exploration
All data processing was conducted using Statistical Analysis Software (SAS), version 9.2
(137). Sections 3.7 to 3.10 describe the data processing that was conducted to create the variables
for analysis in this study.
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3.7 Quality of Care Variables
3.7.1 Hospital Volume: Surgical Patients
The current study used a hospital volume variable that had been assigned to the surgical
study population for a previous study using the sub-cohort study sample (25). Hospital volume
was defined based on the total number of RPs performed at a hospital in a given year. Because
the total number of RPs performed by a single hospital may vary from year to year, the same
hospital can fall under different volume categories across the nine years of the study period.
Subjects were assigned the volume of their treating hospital for the year they underwent surgery.
The total hospital volume of all radical prostatectomies performed in each year of the
study period was calculated using the Canadian Classification of Procedures (CCP) codes within
the DAD. Volume calculations were based on prostate cancer patients who were assigned the
code 72.4 (radical prostatectomy), 72.2 (suprapubic prostatectomy), 72.3 (retropubic
prostatectomy), 72.52 (perineal prostatectomy), or 72.59 (other prostatectomy, including
prostatectomy not otherwise specified, prostatic adenectomy not otherwise specified, and
transcapsular prostatectomy) (138). For codes other than 72.4, patients were only counted in the
volume estimation if the procedure was completed seven days prior to six months after the OCR
diagnosis date to increase the likelihood that these patients were receiving curative treatment for
prostate cancer. The calculation of hospital volume also took into account hospital amalgamations
over the course of the study period.
Hospital volume was categorized as the number of surgeries performed by a hospital per
month, with a range of less than one to just under 15 surgeries per month during the study period.
Six volume categories were used (< 1 per month, <2 per month, <3 per month, <4 per month, <7
per month, ≥7 per month). This categorization was based on roughly equal distribution of patients
in the lowest four volume categories. The two highest volume categories were divided to examine
if there were differences between the moderately high volume hospitals (<7 per month) and the
truly high volume hospitals (≥7 per month).
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3.7.2 Hospital Volume: Radiotherapy Patients
Each patient in the radiotherapy group was assigned to the regional cancer centre in
which his treatment was delivered. Because we did not have access to data on prostate cancer
case loads at each of the nine regional cancer centres over the study period, volume was assigned
based on the total number of cancer patients seen at each centre during the time period of this
study (139). Volume was categorized into low, medium and high volume centres. Based on an
estimate of 1058 prostate cancer patients receiving curative radiotherapy per year (9524 prostate
cancer patients receiving curative RT over 9 years), the low volume centres treated between 10
and 74 prostate cancer patients with curative RT per year (1% to 7%), the medium volume
centres treated between 95 and 179 per year (9% to 17%) and the high volume centres saw
between 222 and 370 per year (21% to 35%).
3.7.3 Appropriate Pre-Treatment Risk Assessment
All prostate cancer patients should receive the following pre-treatment assessments/tests:
PSA test, DRE, prostate biopsy with a minimum of 6 cores taken and the number of positive
cores identified, clinical tumour stage assessment, Gleason score, and a documented assessment
of comorbidity. Details of each of these assessments were abstracted from patient charts, and
variables for each component were created as described in sections 3.7.3.1 to 3.7.3.6. The
creation of the final pre-treatment risk assessment variable is described in section 3.7.3.7.
3.7.3.1 Digital Rectal Exam
The chart abstraction collected information on whether DRE was used for diagnostic or
staging evaluation, as well as details of the DRE findings. Patients were categorized as having
received a pre-treatment DRE if the abstraction recorded that the test was done with either normal
results, abnormal results suggestive of cancer, or abnormal results not suggestive of cancer, if the
test was done but the results unknown, or if the test was attempted but incomplete. Patients were
categorized as having not received a pre-treatment DRE if the abstraction recorded that the test
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was not done. Patients were categorized as unknown if the abstraction recorded that it was
unknown if the test was done.
3.7.3.2 PSA test
The chart abstraction collected information on whether PSA levels were recorded in the
chart from tests done up to one year prior to treatment. Patients were categorized as having a pretreatment PSA if their chart contained documentation of a pre-treatment PSA. They were
categorized as not having a pre-treatment PSA if their chart contained documentation that pretreatment PSA tests were not conducted. They were categorized as unknown if their chart did not
contain any mention of pre-treatment PSA tests.
3.7.3.3 Prostate biopsy
Details on the date of patients’ first positive biopsy were abstracted from medical charts,
along with the number of cores taken and number of positive cores. The variable for pretreatment biopsy categorized patients as follows: patients whose charts did not contain any
information on date of first biopsy, patients who received a pre-treatment biopsy but did not have
the number of cores taken recorded in their charts, patients who received a pre-treatment biopsy
but had fewer than 6 cores taken, patients who received a pre-treatment biopsy with 6 or more
cores taken but the number of positive cores not specified, or patients who received a pretreatment biopsy with 6 or more cores taken and the number of positive cores specified.
3.7.3.4 Clinical Tumour Stage
Proposed quality indicators have recommended that patients undergo either complete
clinical disease staging using the TNM staging system, or only assessment of the tumour stage.
(20,22,23). For patients with clinically localized disease, pre-treatment investigations for
metastases and/or nodal involvement are unlikely to be conducted, given the low probability of
regional or distant metastases. Therefore, requiring a complete TNM assessment in a quality
indicator for men undergoing curative treatment for prostate cancer is not necessary, as the
eligibility criteria for curative treatment excluded patients who are likely to have nodal
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involvement or distant metastases. Therefore, for the current study, only clinical tumour stage
evaluation was required as part of the pre-treatment risk assessment.
The chart abstraction recorded the tumour stage based on either the TNM staging system
(38) or the Whitmore-Jewett staging system (140,141) as it was documented in patients’ charts.
Patients were categorized as either yes (tumour stage recorded in chart) or no (tumour stage not
recorded in chart).
3.7.3.5 Gleason Score
The chart abstraction recorded details of patients’ original biopsy Gleason score and
reviewed Gleason score (142). If patients’ charts contained a Gleason score or reviewed Gleason
score, they were categorized as having received pre-treatment Gleason score assessment. If
patients did not have a recorded Gleason score or reviewed Gleason score, or if it was missing in
the abstraction, they were categorized as not having received a pre-treatment Gleason score
assessment.
3.7.3.6 Assessment of Comorbidity
Abstraction of comorbidity information in the parent study was very detailed, with data
sought out from other sources for patients whose primary charts did not contain sufficient
information to assign comorbidity status. Those patients who were identified as having
incomplete information on pre-treatment comorbidity status in their primary charts were
categorized as not having received an appropriate assessment of comorbidity. The remainder of
patients were categorized as having received an appropriate assessment of comorbidity. However,
upon examination of this variable, concerns regarding the quality of this data arose. Based on
input from clinicians who treat prostate cancer, it was hypothesized that there would be a large
proportion of patients who did not receive a pre-treatment assessment of comorbidity status.
However, only 1.1% of RT patients and 4.9% of RP patients were categorized as having not
received pre-treatment comorbidity assessment, based on the documentation of patients who were
missing comorbidity data. Thus, this was not thought to be an accurate measure of whether
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patients had pre-treatment comorbidity assessment, and therefore, we decided to exclude this
component from the final pre-treatment risk assessment variable.
3.7.3.7 Final Pre-Treatment Risk Assessment Variable
The final pre-treatment risk assessment variable was a composite variable representing
the five recommended components of the pre-treatment risk assessment process. Patients’ pretreatment risk assessment was scored out of five based on the number of pre-treatment risk
assessment components they received. Patients were then categorized as follows: received two or
fewer of the recommended components of the pre-treatment risk assessment, patients who
received three or four, and patients who received all five.
3.7.4 Pre-Treatment Consultation with Radiation Oncologist and Surgeon
Recommendations for the management of prostate cancer state that all treatment
decisions should be based on a multidisciplinary approach (7,39). The proposed quality indicator
that reflects this recommendation is documentation that the patient consulted with a provider of
an alternative treatment modality. The medical chart abstraction recorded which specialists
(surgeon and/or radiation oncologist) made treatment recommendations to patients. Patients who
had any documented treatment recommendations from both specialists were classified as having
consulted with both providers. Additionally, patients who received treatment recommendations
from a provider of the alternative treatment modality (e.g., surgical patients whose only
documented treatment recommendation was from a radiation oncologist) were classified as
having consulted with both providers. Patients who had treatment recommendations from only
their treating specialist were classified as having not consulted with both providers.
3.7.5 Appropriate Follow-Up Care
While dates of follow-up visits and post-treatment PSA tests were abstracted from patient
medical charts, only data on post-treatment PSA tests were used to create the follow-up care
variable as a follow-up visit with a physician is a prerequisite to having a follow-up PSA test.

35

The appropriateness of patients’ follow-up was initially measured for each year following
treatment for which they had chart data abstracted. If patients’ had at least two PSA tests falling
within one year of their surgery date or RT finish date, then they were classified as having
appropriate follow-up care in year one. For all follow-up years after the first follow-up year,
appropriate follow-up care was defined as having one PSA test within the year. The total number
of years of appropriate follow-up care was calculated for each patient by summing up the number
of years following treatment that follow-up care was classified as appropriate. It is possible that
follow-up visits recorded in the chart abstraction were actually for treatment and follow-up of
disease recurrence, rather than for the primary disease. The number of years of appropriate
follow-up care was limited to the number of years between initial treatment and disease
recurrence, as visits occurring after disease recurrence were no longer considered to be follow-up
for the primary tumour.
Patient chart years were calculated for number of years between patients’ initial treatment
and either the chart abstraction, date of disease failure, or date of death, whichever came first. The
number of years of appropriate follow-up care was divided by chart years to calculate a
percentage of post-treatment years with appropriate follow-up care. A categorical variable for
follow-up care was created based on the distribution of the percentage of years with appropriate
follow-up care in the surgical and radiotherapy groups. For surgical patients, the follow-up care
variable was categorized as follows: 0%, >0% to ≤25%, >25% to ≤50%, >50% to ≤75%, >75% to
<100%, or 100%. For radiotherapy patients, the follow-up care variable was categorized as
follows: 0% to ≤25%, >25% to ≤50%, >50% to ≤75%, >75% to <100%, or 100%.
3.7.6 Leg Immobilization
Immobilization of patients’ knees was recorded in the chart abstraction for both the first
volume of radiation therapy and the second volume of radiation therapy, if the first volume was
modified during treatment. The data on leg immobilization was categorized into a final
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dichotomous variable: no leg immobilization on all volumes or any leg immobilization on the
first and/or second volume.
3.7.7 Bladder Filling
Bladder filling during treatment was recorded in the chart abstraction using the following
categories: full, empty, none. Details of bladder filling were recorded for both the first volume of
radiation therapy and second volume of radiation therapy, if the first volume was modified during
treatment. The data on bladder filling was categorized into a final variable with three levels: no
bladder immobilization specified for either volumes, full bladder on at least one volume, or empty
bladder on at least one volume. Two patients had both full bladder and empty bladder
immobilization across the first and second treatment volumes, respectively. For these patients, the
bladder immobilization categorization from the first treatment volume was used to categorize
them in the final bladder immobilization variable.
3.7.8 Target Localization
Danielson et al. proposed daily target localization as a quality indicator for patients
treated with RT (20). However, the only details of target localization that were recorded in the
chart abstraction for the parent study were the use of daily portal films, including the number of
fractions in which they were used. While these data do not capture whether target localization
was utilized on a daily basis, they are reflective of practice standards during the treatment era of
the study. Daily target localization was not typical during the years when study patients were
treated, with more recent technological advancements allowing for daily target localization (143).
Thus, while portal film data do not measure the proposed quality of care indicator, we thought it
was a good measurement of the quality of target localization practices in the 1990s, with a greater
number of fractions in which portal films were used indicative of higher quality care. Data on
daily portal films was categorized as follows: portal films used in 0 fractions, 1 fraction, 2-3
fractions, >3 fractions, unknown if portal films were used.
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3.7.9 Operative Blood Loss
Blood loss during prostatectomy was not recorded in the chart abstraction. However,
units of blood transfused during surgery and in the post-operative period was abstracted and has
been used as a surrogate for operative blood loss in previous research using this dataset by Chan
et al. (25). This research considered blood transfusions of 3 units or more as being excessive and
indicative of poor a quality surgical technique. Based on this previous work, the variable for
blood transfusions categorized patients based on whether they had 3 or more units of blood
transfused during surgery and the post-operative period, 1-2 units of blood transfused, or no blood
transfused.
3.7.10 Surgical Margin Status
Information on surgical margin status was abstracted from pathology reports. Previous
research using these data defined a surgical margin status variable with four categories (negative,
positive-minimal, positive-extensive, unknown). Patients’ margin status was classified as
‘positive-minimal’ if their pathology reports contained the following comments: microscopic
involvement; focally positive; apical margin positive, margins other than apical margin involved;
single margin involved; more than one margin involved; margins involved, NOS; or positive
unspecified. Patients’ margin status was classified as ‘positive-extensive’ if their pathology
reports contained the following comments: macroscopic involvement; or extensively positive.
Patients’ margin status was classified as ‘negative’ if their pathology reports contained the
following comments: all margins grossly and microscopically negative; equivocal; or close.
Patients’ margin status was classified as ‘unknown’ if no reference to margin status was made in
the pathology reports. If there were multiple comments regarding margin status made in the
reports, the most extensive or specific involvement was used.
3.7.11 Use of Nerve Sparing Surgical Technique
The chart abstraction recorded both whether the use of a nerve sparing technique was
considered, and if so, whether the technique was employed. Patients were categorized as having
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received nerve sparing surgery if the technique was considered and performed. Patients were
categorized as having not received nerve sparing if the technique was considered but not
performed, or not considered at all.
3.7.12 Pelvic Lymph Node Dissection
Details of intra-operative lymph node surgery, including whether the patient received the
surgery, the type of surgery, number of nodes resected, and number of positive nodes was
abstracted from medical charts for patients who underwent radical prostatectomy. The variable
for PLND categorized patients into two groups based on whether they did or did not receive
PLND at the time they underwent RP.
3.8 Outcome Variables
3.8.1 Urinary Incontinence
Urinary incontinence developing more than 90 days after surgery or the cessation of
radiation therapy treatment was recorded in the chart abstraction. For patients who were
incontinent, the following data was abstracted when available: the degree of severity (mild,
moderate, severe, severity unknown), whether there was documentation of any secondary
procedures to treat the incontinence, the number of pads used per day, and how wet the used pads
were (damp, wet, saturated, unknown, other). For the current study, patients were categorized as
being incontinent if: they were classified as incontinent in the chart abstraction, or they had a
severity of incontinence defined in the chart abstraction, or they received a secondary procedure
to treat the incontinence, or if they used pads to manage the incontinence. Patients were
categorized as continent if they were not classified as incontinent in the chart abstraction, and
they did not have a defined degree of severity of incontinence in the chart abstraction, and they
had not received a secondary procedure to treat incontinence, and if they did not use pads to
manage the incontinence, then they were categorized as continent. Patients whose urinary
continence status could not be classified were categorized as unknown.
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Upon examination of this variable, concerns regarding the availability and quality of
urinary incontinence data for the surgical patients were raised. Specifically, of the 646 patients
who received RP, urinary continence status was categorized as unknown in the abstraction for
175 (27.1%). Another 38 (5.9%) were missing all urinary continence data from the chart
abstraction. Data on urinary continence status for patients who received radiotherapy contained
fewer patients with unknown or missing status. Urinary continence status was unknown for only
15 (1.6%), and 5 (0.5%) were missing urinary continence data. Given the large number of
unknowns for urinary continence following RP, the rates of post-treatment urinary incontinence
for this patient group were not meaningful. Therefore, urinary incontinence was only included as
a relevant outcome for analyses in the radiation therapy patients.
3.8.2 Erectile Dysfunction
Erectile function 90 days after surgery or the cessation of radiation therapy was recorded
in the chart abstraction. However, examination of this data indicated that erectile status, whether
functional or not, was not documented in patient charts. For surgical patients, 376 (58.2%) did not
have any documentation of post-treatment sexual function in their charts, and 657 (72.1%) of
radiation therapy patients did not have any documentation of post-treatment sexual function in
their charts. Given the large number of patients whose charts did not contain any record of posttreatment sexual function, we decided to exclude erectile dysfunction as an outcome for both
treatment groups in the current study.
3.8.3 Radiotherapy Patients: Gastrointestinal Late Morbidities
The chart abstraction recorded details on late treatment morbidities occurring at least 90
days after the cessation of radiotherapy treatment. The abstraction instrument listed 14 late
morbidities that may be caused by radiation treatment to the prostate, including 5 gastrointestinal
(GI) late morbidities: rectal discharge, rectal bleeding, bowel obstruction, perforation fistula and
diarrhea. Abstractors also recorded other late morbidities that were not specifically listed in the
abstraction instrument, 7 of which were also classified as GI late morbidities by the research team
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(rectal/anal pain, radiation proctitis, anal stenosis, anorectal stricture, blood in stool, bowel
urgency/frequency and fecal incontinence). The final variable dichotomized patients based on
whether they had any of these 12 GI late morbidities or no GI late morbidities.
3.8.4 Radiotherapy Patients: Genitourinary Late Morbidities
Similar to GI late morbidities, data on GU late treatment morbidities occurring at least 90
days after the cessation of radiotherapy treatment were abstracted from patient charts. Three of
the 14 late morbidities in the abstraction instrument were classified as GU late morbidities:
hematuria, cystitis and dysuria. Additionally, three late morbidities recorded by the abstractors
were classified as GU late morbidities by the research team (urinary irritative symptoms, bladder
lesion or urethral stricture). The final variable for GU late morbidities dichotomized patients
based on whether they had any of these six GU late morbidities or no GU late morbidities.
3.8.5 Surgical Margin Status
The variable created for the surgical margin status quality indicator was also used for the
outcome of surgical margin status (see section 3.7.1). However, margin status was dichotomized
into either positive or negative surgical margins to allow for binomial regression. Patients with
unknown surgical margin status were excluded from that analysis.
3.8.6 Change in Node Stage from Clinical N0 to Pathologic N1
The variable for change in node stage measured whether patients’ node stage changed
from N0 when the staging was based on pre-treatment clinical information, to N1 when the
staging was based on post-surgery pathologic information.
3.8.7 Prostate Cancer Death and Other Cause Death
The Ontario Registrar General provides death certificate data (vital status and cause of
death) to the OCR. Deaths occurring on or before December 31, 2007 were included in the
analysis. Time to prostate cancer death was calculated in months using the date of prostate cancer
diagnosis and the date of prostate cancer death. Time to other cause death was calculated in
months using the date of prostate cancer diagnosis and the date of other cause death. For analysis
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of cause-specific survival, patients who did not die of prostate cancer were censored at either the
date of other cause death or on December 31, 2007, whichever came first. For the competing risks
analysis of other cause survival, patients who did not die of other cause death were censored at
either date of prostate cancer death or on December 31, 2007, whichever came first.
3.8.8 Clinical or Biochemical Disease Failure
The chart abstraction recorded details and dates of local disease failure, regional disease
failure and distant disease failure. Local failure was defined as a positive biopsy, positive DRE, or
PSA ≥ 1.5 ng/ml for RT patients (after nadir of < 1.5 ng/ml) or ≥ 0.5 ng/ml any time after
prostatectomy, or any statement of PSA failure in the chart. Regional failure was defined as
positive lymph nodes detected using computed tomography (CT) scan, lymph node sampling, or
other diagnostic tests. Distant failure was defined as distant metastases on bone scan, CT scan,
ultrasound or magnetic resonance imaging (MRI). The chart abstraction also recorded dates of
treatments administered for disease recurrence.
The variable for clinical or biochemical disease failure used the earliest date of any
disease failure, treatment for disease recurrence, or prostate cancer death. Because data on disease
failure was only available from the chart abstraction, follow-up for disease-free survival was
limited to the date of last contact in the patients’ medical charts. Time to clinical or biochemical
disease failure was calculated as the months between the date of diagnosis and the date of
biochemical or clinical failure. Patients with no documented disease failure, treatment for
recurrence, or prostate cancer death by the date of last chart contact were censored on that date.
3.9 Confounder Variables
3.9.1 Age at Diagnosis
Patients’ age at diagnosis was calculated using patients’ date of birth and date of
diagnosis. A continuous variable was used to represent age at diagnosis.
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3.9.2 Comorbidity
Medical histories for the five years prior to treatment were reviewed to assign a
comorbidity score on the Cumulative Illness Rating Scale for Geriatrics (CIRS-G). This scale
classifies the degree of severity for 15 different disease categories using a scale of 1 (no disease)
to 5 (most severe). The categories of disease are: heart disease, vascular disease, hematopoietic
disease, respiratory disease, eyes, ears, nose, throat, and larynx disease, upper gastrointestinal
disease, lower gastrointestinal disease, liver disease, renal disease, genitourinary disease
(excluding prostate cancer related conditions), musculoskeletal/integument disease, neurologic
disease, endocrine/metabolic and breast disease, psychiatric illness, and miscellaneous disease. A
modified scoring system of the CIRS-G (CIRS-Gpros) was used for the current study. The CIRSGpros was developed specifically for measuring comorbidity in prostate cancer patients using this
dataset. This scoring system only includes those disease categories that had an impact on othercause death and it combines severity rankings for certain disease severities that had similar-sized
effects on other-cause survival. It also adjusts for the significant increase in risk of death between
a CIRS-G score of 0 (no comorbidity) and a CIRS-G score of 1 (92).
3.9.3 Disease Risk
Disease risk was categorized based on D’Amico et al.’s definition of disease risk, which
stratifies risk into low, intermediate or high risk based on pre-treatment PSA levels, Gleason
score and clinical t-stage (40). Low risk disease was defined as: PSA < 10 ng/ml, Gleason ≤ 6,
and clinical stage T1 or T2. Intermediate risk disease was defined as: PSA 10-20 ng/ml or
Gleason = 7. High risk disease was defined as: PSA > 20 ng/ml, Gleason ≥ 8, or clinical stage ≥
T3 (40). Patients whose disease risk could not be determined based on their chart abstraction
information were categorized in a fourth disease risk category.
3.9.4 Treatment Era
Treatment era was categorized into three eras based on patients’ date of diagnosis: 19901992, 1993-1995, or 1996-1998.
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3.9.5 Area-Level Socioeconomic Status
Median household income was used as a measure of area-level SES. Median household
income is thought to more reflective of the SES of the neighbourhood in which one lives, as
opposed to being a measure of individual SES (120,144). Such ecologic measures of SES have
been validated as proxy measures for individual measures of SES, and have been used to examine
the effects of SES on cancer outcomes (120,144-147). Median household income at the census
enumeration level (mean population ≈ 700) was linked to patients’ postal code, using a
conversion file provided by Statistics Canada. If patients’ postal code was not available, SES data
at the census subdivision level (mean population ≈ 10,000) was linked to patients’ Ministry of
Health residence code. Subjects were assigned into SES quintiles based on the income
distribution of the general population.
3.9.6 Radiotherapy Within 1 Year of RP
Patients with residual disease following radical prostatectomy may receive radiotherapy
as part of their primary treatment. Patients who had residual disease following primary treatment
and who received radiotherapy for residual disease were identified. If these patients did not have
any documented disease failure within 1 year of surgery and received RT within 1 year of
surgery, they were categorized as having received RT in conjunction with RP. If they received
RT within 1 year of surgery but it was after a documented date of disease failure, then this
treatment was considered to be for disease failure rather than a component of the primary
treatment, and the patients were categorized as having not received RT in conjunction with RP.
Biochemical disease failure (PSA ≥ 0.5 ng/ml after prostatectomy or any statement of
PSA failure in the chart) was not included when identifying dates of disease failure for this
variable, as PSA failure following RP is not uncommon given the sensitivity of the test. Thus,
radiotherapy given after RP and biochemical failure is considered to be a component of the
primary curative treatment, rather than treatment for failure. However, RT following failure
detected by biopsy or DRE is not viewed as part of primary treatment, as these patients’ disease is
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viewed as qualitatively different and are thought to have worse outcomes than those with
biochemical failure (81). Therefore, only failure detected by biopsy or DRE was included when
identifying disease failure dates.
3.9.7 Hormone Therapy Given Prior To and/or After Primary Curative Treatment
Hormone therapy can be administered either before RP or RT, during RT, and/or after RP
or RT. The chart abstraction recorded details of hormone therapy given prior to RP or RT. This
data was used to identify those patients who received pre-treatment hormone therapy. Patients
were categorized as having received pre-treatment hormone therapy only if the start date of
hormone therapy came before their surgery or RT start date. If the abstraction did not record any
start date of hormone therapy for pre-treatment hormone therapy, then the patients were
categorized as not having received pre-treatment hormone therapy.
The chart abstraction also recorded details of hormone therapy given during or after the
completion of RT or RP. If patients received hormone therapy either during or post-treatment,
and the start date of hormone therapy came before any documented dates of disease failure, they
were categorized as having received post-treatment hormone therapy. If the start date of hormone
therapy was after the earliest date of failure, they were categorized as not having received posttreatment hormone therapy, as this treatment was considered to be for disease recurrence rather
than a component of the primary treatment.
While hormone therapy typically involves exogenous hormone agents, it can also include
orchiectomy. This is a form of permanent hormone therapy as it removes the testicles and thus
levels of testosterone are significantly decreased. Date of orchiectomy was also abstracted in the
chart abstraction.
The final variable to control for hormone therapy categorized patients into four groups:
patients who did not receive any hormone therapy, patients who received pre-treatment hormone
therapy, patients who received post-treatment hormone therapy, and patients who received both
pre- and post-treatment hormone therapy. Regardless of other hormone therapy received, patients
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who underwent an orchiectomy were categorized as having both pre- and post-treatment hormone
therapy, given the permanent effects of the procedure on hormone levels.
3.9.8 Biologically effective dose
Biologically effective dose was calculated using the following formula:
BED= n*d [1+d/(α/β)]
where n=total number of fractions, d=dose per fraction, and α/β=3.0 Gy (136,148).
3.10 Summary: Final Set of Study Variables
Table 3.4 summarizes the final set of study variables that were used for analyses in this
study. The variable formats and categories, where applicable are also described.
Table 3.4: Final study variables
Variable name
Quality of care variables
Hospital volume (surgical patients)

Format

Categories

Ordinal

Hospital volume (radiotherapy patients)

Ordinal

Appropriate pre-treatment risk assessment

Ordinal

Pre-treatment consultation with radiation
oncologist and surgeon
RP: Appropriate follow up care

Dichotomous

RT: Appropriate follow up care

Ordinal

RT: Use of leg immobilization during
treatment
RT: Use of bladder immobilization during

Dichotomous

0 to <1prostatectomies/month
≥1 to <2 prostatectomies/month
≥2 to <3 prostatectomies/month
≥3 to <4 prostatectomies/month
≥4 to <7 prostatectomies/month
≥7 prostatectomies/month
Low
Medium
High
≤2 components of risk assessment
3-4 components of risk assessment
5 components of risk assessment
Yes
No
0%
>0% to ≤25%
>25% to ≤50%
>50% to ≤75%
>75% to <100%
100%
0% to ≤25%
>25% to ≤50%
>50% to ≤75%
>75% to <100%
100%
Any immobilization
No immobilization
Full bladder in any treatment

Ordinal

Nominal
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treatment

RT: Use of daily target localization

Ordinal

RP: Blood transfusions during surgery or
in post-operative period

Ordinal

RP: Use of nerve-sparing surgical
technique
RP: Surgical margin status

Dichotomous

RP: Pelvic lymph node dissection

Dichotomous

Outcome variables
Gastrointestinal late morbidities

Dichotomous

Genitourinary late morbidities

Dichotomous

Surgical margin status

Nominal

Pathologic stage determined after RP

Dichotomous

Clinical or biochemical disease failure
Prostate cancer death
Confounder variables
Age at diagnosis
Comorbidity
Disease risk

Time to event
Time to event

Treatment era

Ordinal

Area-level socioeconomic status

Ordinal

Nominal

Continuous
Continuous
Ordinal
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volumes
Empty bladder in any treatment
volumes
No bladder immobilization
None
1 fraction
2-3 fractions
>3 fractions
Unknown
0 units transfused
1-2 units transfused
3+ units transfused
Yes
No
Yes – minimal
Yes – extensive
No
Unknown
Yes
No
Yes
No
Yes
No
Yes – minimal
Yes – extensive
No
Unknown
No change from clinical to
pathologic N stage
Change in node stage from clinical
N0 to pathologic N1 stage

Low risk
Intermediate risk
High risk
Cannot be determined
1990-1992
1993-1995
1996-1998
1 (lowest)
2
3
4
5 (highest)

Radiotherapy given within 1 year of RP

Dichotomous

Hormone therapy given prior to and/or
after surgery or radiotherapy

Nominal

Biologically effective dose

Continuous

Yes
No
No hormone therapy
Pre-treatment hormone therapy
Post-treatment hormone therapy
Both pre- and post-treatment
hormone therapy

3.11 A Priori Power Calculations
During the thesis development stage, calculations were conducted to determine if the
sample of 955 radiotherapy patients and 640 radical prostatectomy patients would be sufficient to
find statistically significant results. The methods proposed by Freedman and Kelsey were used to
estimate the minimal detectable difference for the Cox regression and logistic regression
analyses, respectively (149,150). The proportion of subjects in each level of each quality of care
variable was estimated based on proportions found in the literature. Hazard rates were estimated
for each outcome based on documented 10- or 15-year survival probabilities for prostate cancer.
These estimates were based on the assumption that the hazard rates are constant across time.
Using these baseline hazard rates, the smallest hazard ratio that could be detected at 80% power
and a significance level of 5% was calculated. These hazard ratios were converted into 10-year
survival probabilities for ease of interpretation (table 3.5). For the hazard ratio estimation for the
survival analyses, the censoring probability was estimated based on the study accrual rate and risk
of other-cause mortality. For the logistic regression analyses, the prevalence of the outcomes of
interest was estimated based on prevalence reported in the literature. The smallest relative risk
that could be detected at 80% power and a significance level of 5% was calculated (table 3.6).
Based on these calculations, we concluded that the study sample size was sufficient to obtain
statistically significant results for the selected quality of care indicators that were also of clinical
importance.
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Table 3.5: Minimal detectable hazard ratios for survival analysis
Outcome

Quality
indicator

Estimated proportion
in each quality group

Estimated
hazard
ratio
1.75

Power

Estimated 15year survival

80.0%

Low volume:
62.5%
High volume:
79.0%
Low volume:
77.5%
High volume:
91.7%
Inappropriate
follow up care:
62.5%
Appropriate
follow up care:
79.0%
Inappropriate
follow up care:
80.5%
Appropriate
follow up care:
90.2%
No dissection:
79.0%
Dissection:
92.5%
Positive
margins: 82.0%
Negative
margins: 87.2%
Non-nerve
sparing surgery:
56.5%
Nerve sparing
surgery: 74.5%
Transfusion of ≥
3 units of blood:
61.0%
Transfusion of <
3 units of blood:
71.5%

Prostate-cancer
specific
mortality

RT: Hospital
volume

Low volume: 25%
High volume: 25%

Overall hazard
rate (per year):
RP: 0.01
(43,151,152)
RT: 0.02 (153)

RP: Hospital
volume

Low volume: 25%
High volume: 25%

2.73

82.3%

RT:
Appropriate
follow up
care

Inappropriate follow
up care: 44%
Appropriate follow
up care: 66% (80)

1.78

80.1%

RP:
Appropriate
follow up
care

Inappropriate follow
up care: 50%
Appropriate follow
up care: 50% (80)

2.00

82.1%

RP: Pelvic
lymph node
dissection

No dissection: 36%
Dissection: 64% (47)

2.8

80.5%

RP: Positive
surgical
margins

Positive margins:
20%
Negative margins:
80% (154)
Non-nerve sparing
surgery: 60%
Nerve sparing
surgery: 40% (47)

1.41

82.0%

1.71

79.0%

Transfusion of ≥ 3
units of blood: 30%
Transfusion of < 3
units of blood: 70%
(100)

1.37

82.1%

Disease-free
survival
Overall hazard
rate (per year):
RP: 0.023
(152)
RT: 0.07 (155)

RP: Nerve
sparing
surgery
RP:
Operative
blood loss
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Table 3.6: Minimal detectable relative risks for logistic regression
Outcome
Urinary incontinence

Quality indicator
RT: Leg
immobilization

Prevalence after
RT: 3.5% (56)

Estimated proportion in
each quality group
No immobilization: 35%
Immobilization: 65%
(67,80)

Estimated
RR
2.48

Power
81.4%

3.12 Statistical Analysis Strategy
The sub-cohort was stratified by primary curative treatment (RP n=646 and RT n=924).
Descriptive analyses were conducted to describe patients’ age at diagnosis, disease risk level,
total CIRS-Gpros score, treatment era and area-level socioeconomic status. Descriptive analyses
were also conducted to describe the quality of care provided to patients in the study sample.
Bivariate analyses tested the significance between quality variables and outcomes using
the Pearson Chi-square test for categorical outcomes and the log rank test for time-to-event
outcomes. Quality variables that were marginally associated (p≤0.20) with the outcome of interest
were further explored using multivariate regression models. Bivariate analyses also tested the
significance between quality variables and covariates, and outcome variables and covariates using
one-way ANOVA for continuous covariates and the Pearson Chi-square test for categorical
covariates. Covariates that were marginally associated (p≤0.20) with either the quality variable or
outcome were included in the multivariate regression analyses.
Regression analyses were conducted for the combinations of quality variables and
outcome variables that were selected a priori for investigation. Binomial regression was used to
examine the association between quality variables and the categorical outcomes. Cox proportional
hazards regression was used to examine the association between quality variables and cause-
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specific and disease-free survival, with censoring of patients who died of other causes or who
survived until the end of follow up (December 31, 2007). Covariates were added to the regression
model using a backwards selection approach. Covariates remained in the model if they were
found to be significant predictors of the outcomes of interest after controlling for the variables
already in the model using the likelihood ratio test (p≤0.05). Regression models were run for each
quality variable-outcome combination selected for analysis. Indicators that were found to be
significant predictors of the same outcome were then combined into a single model to determine
the effect of each indicator while controlling for other significant predictor indicators. Regression
diagnostics were performed on the final models to evaluate the model assumptions and examine
the effect of influential observations.
An important consideration in the survival analysis component of this study was the
impact of competing risks on the association between quality of care and the outcomes of interest.
In the analysis of time-to-event data, the endpoint can consist of several events, with failure being
attributed to only one. The other events are known as competing events, and the occurrence of
competing events can preclude the occurrence of the event of interest. For instance, in the
analysis of the association between quality of care and cause-specific mortality, prostate cancer
deaths may be precluded by deaths due to other causes. However, in standard Cox regression
models, patients with competing events are censored and treated as if they could still experience
the event of interest in the future, even if the competing event precludes the future occurrence of
the event of interest. This approach may be appropriate when competing events are rare.
However, if competing risks are common, such as in older men with prostate cancer, this
approach may overestimate the risk of the event of interest as censored patients are treated as
though they could experience the event of interest in the future.
The impact of competing risks can be determined by analyzing and comparing the
associations between a given quality indicator and cause-specific survival, and the same indicator
and other-cause survival. If the observed relationships are in the opposite directions, for instance
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such that poor quality leads to worse cause-specific but better other-cause survival, then
competing risks are impacting the associations. For quality indicators that we found to be
significant predictors of cause-specific survival, their association with other-cause survival (nonprostate cancer deaths) was analyzed to determine whether competing risks were affecting the
cause-specific results. The log rank test and Cox proportional hazards regression analyses were
conducted on other-cause death to determine whether any of the cause-specific effects could be
explained by an opposite effect on other-cause death. Survival curves and hazard ratios for causespecific survival and other-cause survival were compared to determine if there was nonindependence of competing risks (156).
3.13 Ethical Considerations
This study was reviewed and approved by the Queen’s University Health Sciences
Research Ethics Board (appendix I). Permission to use the updated vital status and mortality data
already housed at CCE was received from Cancer Care Ontario. This study involved no direct
patient contact and there was no mechanism by which this research activity could have directly
influenced patient care. All of the data for this study was anonymized and stored on secure
servers at the Kingston General Hospital.
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Chapter 4:
The association between quality of care and treatment-related outcomes: A validation study
of quality indicators in patients treated with radical prostatectomy for prostate cancer
Abstract:
Background: The validity of proposed quality indicators for prostate cancer patients undergoing
radical prostatectomy (RP) has not been well established. We evaluated the validity of a subset of
8 RP quality indicators (hospital volume, pre-treatment risk assessment, consultation with a
radiation oncologist, appropriate follow-up care, nerve-sparing surgery, units of blood transfused,
surgical margin status, and pelvic lymph node dissection during RP) by examining their
association with treatment-related outcomes (cause-specific and disease free survival, change in
node stage from cN0 to pN1, and surgical margin status).
Methods: The study sample consisted of 646 prostate cancer patients who were diagnosed in
Ontario between January 1, 1990 and December 31, 1998 and who received radical prostatectomy
within 6 months of diagnosis. Registry, administrative and medical chart data were used to
measure quality of care, outcomes and potential confounders. The associations between quality
indicators and their relevant outcomes were analyzed using binomial and Cox proportional
hazards regression.
Results: Only hospital volume was significantly associated with lower cause-specific survival in
patients treated in the lowest volume hospitals (<1 RP/month) compared to patients treated in the
highest volume hospitals (7+ RP/month) (HR=5.37, p=0.02). The remaining indicators were not
statistically significantly associated with their relevant outcomes.
Conclusions: Our results support the validity of hospital volume as a quality indicator for better
cause-specific survival. Explanations for our non-significant findings include: evidence for the
absence of validity in some instances and concern with data definitions, quality and availability
and study power in others. Further work is needed to define and validate the proposed quality
indicators in order for them to be useful tools for quality measurement.
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Condensed abstract: This study evaluated the validity of a subset of eight radical prostatectomy
quality of care indicators. One quality indicator met our test of validity. Potential explanations for
our non-significant results are discussed.
Keywords: prostatic neoplasms; prostatectomy; quality indicators, health care; quality of health
care;
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Introduction
As the incidence of prostate cancer continues to grow, along with the number of men
receiving curative treatment for the disease, the need to ensure that all patients receive the highest
quality care has become essential (1). Quality of care is defined as “the degree to which health
care services for individuals and populations increase the likelihood of desired outcomes and are
consistent with current professional knowledge”(15). Much of the research on quality of care uses
the framework proposed by Avedis Donabedian, which defines quality as being comprised of
three components: structure, process and outcome (16,69,72). Based on this framework, the
structure, process and outcome characteristics of care thought to represent quality are interrelated,
such that poor quality in any one component can lead to poor quality in the other components
(17-19,72).
Since 2000, several groups have developed quality indicators for the management of
localized prostate cancer (20-24). While the feasibility of these indicators has been demonstrated,
there is little evidence to support their validity(67,68,70,71,79,80). We previously evaluated the
validity of a subset of surgical prostate cancer quality indicators by examining their association
with hospital volume, which has well-documented associations with outcomes and is often
viewed as a proxy for quality of care (25). The findings of that study were mixed, and we
concluded that further research was needed to evaluate the validity of these indicators.
We evaluated the validity of 8 proposed quality indicators for prostate cancer patients
treated curatively with radical prostatectomy (RP) using an updated version of the data from our
previous analysis. Based on Donabedian’s framework, high quality care in the structure and
process domains of care leads to high quality care in the other domains (16,69,72). The validity of
structure and process quality indicators was therefore assessed by evaluating the associations
between structure and outcome indicators, and process and outcome indicators. The validity of
proposed indicators was supported if they were associated with outcomes in accordance with our
a priori hypothesis.
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Methods
A retrospective cohort study design was used to evaluate the validity of 8 proposed
prostate cancer quality indicators in patients treated curatively with RP. This study used chartbased data collected for a previous case-cohort study designed to evaluate variations in outcomes
across and within treatment modalities.
Study Population
Using a linked, population-based database housed at the Queen’s University Division of
Cancer Care and Epidemiology (CCE), we identified all patients with adenocarcinoma of the
prostate who were diagnosed in Ontario between January 1, 1990 and December 31, 1998 and
who were treated for cure (120). Curative treatment was defined as either RP within six months
of diagnosis or radiotherapy (RT) to the prostate or pelvis with a dose of at least 5,000 cGy within
9 months of diagnosis. Of the 17,934 men meeting these criteria, a random sample of
approximately 10% of all patients was selected, stratified by region of residence in Ontario, to
form the cohort (n=1,703). Patients were excluded if (1) they were not eligible for curative
treatment, (2) their cancer was not classified as adenocarcinoma, (3) they received no treatment or
only pelvic lymph node dissection, (4) their surgery was more than 190 days (six months plus 10
days to allow for the time between hospital admission and surgery) after the date of diagnosis, (5)
their chart did not contain sufficient information to complete the surgical chart abstraction form,
or (6) they were not identified as prostate cancer patients in the 2007 update of the Ontario
Cancer Registry. 1570 of the cohort of 1703 met these inclusion criteria, and, for the purpose of
the current report, 924 were excluded because they received curative radiotherapy rather than
prostatectomy. This left a final study sample of 646 patients.
Data Sources
Trained abstractors reviewed and abstracted patients’ charts at their respective treating
hospitals using a validated electronic chart abstraction tool that was developed and tested in a
pilot study. Both hospital and regional cancer centre charts were reviewed whenever possible.
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Pathology reports of biopsies, transrectal ultrasound reports, and surgical reports were
photocopied and sent to the study coordinating office, where the study coordinator abstracted
relevant data. Other sources of information (e.g., charts from secondary hospitals or general
practitioners) were accessed if further information was necessary.
Relevant data from the CCE database were used along with abstracted chart data for
analysis. The CCE database contains cancer diagnosis, pathology and vital status data from the
Ontario Cancer Registry, surgical data from the Canadian Institute of Health Research, and arealevel socioeconomic status indicators from the Canadian census. The Ontario Cancer Registry
undergoes periodic death clearances using death certificate data from the Ontario Registrar
General. Prior to data processing, vital status information within the CCE database was updated
from the most recent version of the registry to provide a death clearance date of December 31,
2007.
Study Variables
We selected 7 quality indicators that were recommended in the published literature and
thought to influence patient survival and treatment-related morbidities following RP. We also
added pelvic lymph node dissection during RP to this list because it is increasingly being
recognized as an aspect of care that influences survival (116-118) . The candidate list of
indicators was: i) hospital volume, defined as the average number of radical prostatectomies
performed at a single hospital at a single hospital per month; ii) pre-treatment risk assessment,
which included pre-treatment assessment of prostate specific antigen (PSA) levels, digital rectal
exam, clinical tumour stage, prostate biopsy with at least 6 cores taken and the number of positive
cores specified, and Gleason score; iii) pre-treatment consultation with radiation oncologist; iv)
appropriate follow-up care, defined as the percent of the total number of years between surgery
and either disease failure, chart abstraction date or death (whichever came first) in which patients
met the recommended follow-up schedule (two follow-up visits with PSA testing in the first year
after surgery, and one visit with PSA testing in the subsequent years); v) total number of blood
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transfusions during surgery and in the post-operative period; vi) use of a nerve sparing surgical
technique; vii) surgical margin status; and viii) occurrence of a pelvic lymph node dissection
during RP.
The outcomes of interest were: i) late morbidity (urinary incontinence and erectile
dysfunction), ii) a change in node stage from clinical N0 to pathologic N positive following RP,
iii) surgical margin status, iv) cause-specific survival and v) disease-free survival. Cause-specific
survival was defined as death attributed to prostate cancer, with vital status available up to
December 31, 2007. Disease-free survival 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 in the patients’ medical charts.
Specific outcomes were selected for analysis with each quality indicator based on a priori
hypotheses of what the component of care measured by the indicator was intended to achieve.
Table 1 identifies our a priori hypotheses of what outcomes we thought would be affected by each
quality indicator.
We examined how the associations between quality of care and outcomes 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)) (92); disease risk
status, defined as low-, intermediate- or high-risk based on pre-treatment PSA, clinical tumour
stage and Gleason score (40); treatment era, defined by year of prostate cancer diagnosis; arealevel socioeconomic status (SES) quintiles, based on median household income; pre- and/or postsurgery hormone therapy; and radiotherapy within one year of surgery.
Statistical Analysis
All data processing and statistical analyses were conducted using Statistical Analysis
Software (SAS), version 9.2 (137). Descriptive analyses were conducted to describe patients’
demographic and disease characteristics, and quality of care received. The association between
quality variables and outcomes of interest were examined with the Pearson Chi-square test and
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log rank test. The association between quality variables and covariates, and outcome variables
and covariates, were examined using one-way ANOVA, the Pearson Chi-square test, and the log
rank test. Covariates that were marginally associated (p≤0.20) with either the quality variable or
the outcome were included in the multivariate regression analyses.
Binomial regression was used to assess dichotomous outcomes and Cox proportional
hazards regression was used 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 the date of last contact in their medical charts or who were alive at the date of last
contact in their medical charts were censored at the date of last contact. Crude regression models
were fitted for indicators that were not marginally significantly associated with the relevant
outcome (p>0.20) in the bivariate analyses. Crude and multivariate regression models were fit for
indicators that were marginally significantly associated with the relevant outcome (p≤0.20) in the
bivariate analyses. Covariates were added to the regression model using a backwards selection
approach. They remained in the model if they were significant predictors of the outcomes of
interest after controlling for variables already in the model using the likelihood ratio test (p≤0.05).
Indicators that were found to be significant predictors of the same outcome were combined into a
single model to determine the effect of each indicator while controlling for the others. For these
indicators, the result of the combined model is presented.
We investigated whether a possible competing risk from other-cause deaths might
explain significant cause-specific survival results. Kaplan-Meier survival curves and Cox
proportional hazards regression analyses were conducted for other-cause death and compared to
the results for prostate cancer death to determine whether any of the cause-specific effects were
explained by an opposite effect on other-cause death (156).
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Results
The average follow-up time for our sample was 58.4 months for chart data and 131.9
months for survival data. Table 2 summarizes the patient demographics, disease characteristics
and treatment of the 646 patients included in the analyses. The mean age at diagnosis was 63.1
years, which is lower than the average age at diagnosis for the general prostate cancer population
(72-74 years) (31). The mean CIRS-Gpros score was 2.1. 42.3% of patients had low risk disease,
42.6% had intermediate risk disease and 15.1% had high risk disease. This distribution likely
reflects an overall healthier subject group, as patients who receive RP tend to have fewer
comorbidities and be of lower disease risk than the general prostate cancer population (9,42-44).
Descriptive statistics for the quality of care received by the study sample are shown in
tables 3 to 6. Patients were fairly evenly distributed across the 6 hospital volume categories, with
fewer patients in the highest and second highest volume categories compared to the 4 lowest
volume categories. The majority of patients (76.9%) received 3 to 4 out of 5 components in the
pre-treatment risk assessment, with only 8.1% receiving all 5 components. Only 11.3% of
patients consulted with a radiation oncologist. 31.7% of patients received none of the
recommended follow-up care visits, and only 12.5% received 100% of the recommended followup care visits. 65.3% of patients did not receive nerve sparing prostatectomy, 24.3% of patients
had 3 or more units of blood transfused during surgery and the postoperative period, and 4.0%
and 34.1% of patients had positive (extensive) margins and positive (minimal) surgical margins,
respectively. 82.0% of patients received pelvic lymph node dissection during RP.
Forty-five (7.1%) patients died of prostate cancer prior to December 31, 2007, and 110
(17.0%) patients experienced disease failure during the time from diagnosis to date of last contact
in their charts. The nodal stage of 12 (1.9%) patients changed from clinical N0 to pathologic N1,
and 246 (43.5%) of the 266 patients with known surgical margin status had positive surgical
margins.
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After data processing and exploration, we found that it was not feasible to assess the
outcomes of urinary incontinence or erectile dysfunction because of missing information captured
in the charts (33.0% missing and 58.2% missing, respectively). Ten patients were excluded from
the analysis of cause-specific survival and disease-free survival as they died prior to December
31, 2007 but were missing cause of death in the Ontario Cancer Registry.
Quality indicators and cause-specific survival:
A statistically significant association was found between hospital volume and causespecific survival (p=0.05), with the gradient in the expected direction (figure 1). A statistically
significant association was also observed between appropriate follow-up care and cause-specific
survival (p=0.03), although there was no evidence of a gradient by percentage of follow-up care
in the ordering of the survival curves (figure 2).
Both hospital volume and follow-up care were found to be significant predictors of
cause-specific survival in independent regression models. We therefore ran another regression
model that included both quality indicators as predictors of cause-specific survival. However, the
results of the combined model, adjusted for disease risk, were similar to the results of the
regression models when the two quality indicators were analyzed in separate regression models
that also controlled for disease risk (results not shown) This suggests that these two indicators
have an independent effect on the outcome. The results of the combined model are presented
below.
After adjusting for disease risk and follow-up care, only patients in the lowest volume
category were at greater risk of death from prostate cancer than those in the highest volume
category (hazard ratio (HR)=5.37, 95% CI=1.23-23.46) (table 3). While patients in the middle
four volume categories were at greater risk of prostate cancer death, the hazard ratios were not
statistically significant. A secondary regression analysis in which the middle four volume
categories were combined into one category was run, although the results again indicated that
patients in the combined category were not at a statistically significant increased risk of prostate
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cancer death (HR=2.31, 95% CI=0.54-9.80) (results not shown). The competing risks analysis
indicated that the competing risk of other-cause death does not explain the observed association
between hospital volume and cause-specific survival (table 7, further details in chapter 7).
After controlling for disease risk and hospital volume, patients who received 0%, >0% to
≤25%, and >75% to <100% of the recommended follow-up visits were at a statistically
significantly decreased risk of prostate cancer death than patients who received 100% of the
recommended follow-up visits (table 3). The hazard ratios of those in the other categories also
indicated decreased risk, although those results were not statistically significant. We were
concerned that the 100% follow-up care reference group may have had more severe disease than
could be represented in our data. So in a secondary analysis, we chose a different reference group
(>75% to <100% group) and re-ran the regression. We found that patients who received 100% of
the recommended 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 increase in risk of death from prostate cancer (results not shown). The
competing risks analysis indicated that the competing risk of other-cause death does not explain
the observed association between follow-up care and cause-specific survival (table 7, further
details in chapter 7).
There was no statistically significant association between surgical margin status, although
a non-significant increased risk of prostate cancer death was observed for patients with minimally
and extensively positive, and unknown margins. Pelvic lymph node dissection and pre-treatment
risk assessment were both not significantly associated with cause-specific survival, with hazard
ratios close to 1.00 (table 3). We did not investigate these associations further.
Quality indicators and disease-free survival
There was no statistically significant association between operative blood loss and
disease-free survival, although a non-significant increase in the risk of failure was observed for
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patients who had 3+ units of blood transfused. Nerve sparing surgery was not associated with
disease-free survival (table 4). We did not investigate these associations further.
Pre-treatment risk assessment and a change in node stage from clinical to pathologic node
stage:
There was no statistically significant association between pre-treatment risk assessment
and a change in node stage, with relative risks close to 1.00 (table 5). We did not investigate this
association further.
Pre-treatment consultation with radiation oncologist and surgical margin status
There was no statistically significant association between multidisciplinary care and
surgical margin status, with a relative risk close to 1.00 (table 6). Therefore, we did not
investigate this association further.
Discussion
The recent development of quality indicators for the management of localized prostate
cancer reflects the growing interest in measuring and improving the quality of care provided to
this patient group. This was the first study to test the validity of proposed prostate cancer quality
indicators by examining their association with outcomes. Donabedian’s model of quality of care
provides a useful framework on which to base validation efforts. Based on this model, valid
structure and process indicators of quality need to be associated with relevant outcomes, such that
high quality care leads to positive outcomes, and low quality care leads to negative outcomes
(16,72).
Our finding that hospital volume is associated with cause-specific outcomes is consistent
with previous research on the volume effect in RP. Patients treated at lower volume hospitals
have been shown to be at greater risk of readmission, urinary complications and 30-day mortality,
as well as have a longer length of stay (82-84). This study adds to the literature on the impact of
volume on outcomes following RP as it is one of the first to examine long-term survival. Our
results indicate that only patients treated in the lowest volume hospitals (<1 RP/month) have
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significantly worse cause-specific survival (HR=5.37, 95% CI=1.23-23.46) than patients treated
in the highest volume hospitals (7+ RP/month). While our results for the intermediate four
volume categories indicate an increased risk of prostate cancer death compared to the highest
volume category, the results are not statistically significant. However, the small number of
patients who died of prostate cancer in our sample and the width of the hazard ratio confidence
intervals suggest that these results may reflect an issue of study power, rather than a true lack of
association between volume and cause-specific survival. Further study of this association either in
larger datasets or using alternative study designs (such as case-control or case-cohort) to oversample those with the outcome is warranted.
The observed association between follow-up care following RP and cause-specific
survival is not consistent with our a priori hypothesis of the association. It was hypothesized that
appropriate follow-up care after RP would decrease the risk of death from prostate cancer, as it
would allow for recurrence of the disease to be detected and treated earlier. Our results indicate
that not receiving the appropriate follow-up care after RP actually lowers one’s the risk of dying
of prostate cancer. However, our regression diagnostics indicate that there may be an issue with
non-proportionality of hazards. Specifically, the >50% to ≤75% follow-up care category did not
meet the test of proportionality, so the risk estimates for this group may not accurately fit the
data.
Secondly, the results of the secondary analysis indicate that patients who received 100%
follow-up care were at greater risk of dying of prostate cancer than patients who received >75%
to <100% follow-up care. These patients may have had more severe disease than could be
measured in our data. Our results may be due to confounding by indication from these
unmeasured characteristics of disease severity. Additionally, the mean CIRS-Gpros score of
patients in the 100% follow-up category (2.5) was greater than the mean scores observed in the
other 5 follow-up categories (1.9 to 2.1). Greater comorbid disease could have contributed to the
increased follow-up care in these patients.
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We hypothesized that pre-treatment assessment would be associated with a change in
node stage from cN0 to pN1 and cause-specific survival. Pre-treatment evaluation is essential to
accurately stage the tumour and determine treatment candidacy. Without these assessments,
patients whose disease characteristics or comorbidity level makes them ineligible for RP may still
receive the surgery. These patients are expected to have poorer survival than patients who
received a complete pre-treatment assessment, despite receiving curative treatment. The pretreatment assessment also may determine whether patients’ disease has spread to the regional
lymph nodes and may not be candidates for surgery. Without appropriate assessment, a higher
nodal involvement rate may be the result and therefore may be an appropriate assessment of
overall quality of care (23,40,41,89-91). However, pre-treatment assessment was not found to be
associated with either outcome. For the outcome of change in node stage, the non-significant
result likely reflects a power issue, as there were only 12 patients who experienced a change in
node stage, and the confidence intervals around the risk estimates were quite wide. The lack of
significant relationship may also be a result of case selection in our study sample. Patients treated
with RP are typically healthier with less severe disease than average prostate cancer patients.
These patients may not require all five of the recommended pre-treatment assessments to
determine that they are good candidates for surgery. It is also possible that the 5 assessments are
not equivalent in terms of their importance to determining treatment candidacy, and that because
we used a composite variable to measure pre-treatment assessments, we were not able to detect
the different effects of each assessment. We suggest that each of these assessments be analyzed
separately with cause-specific survival to determine their validity as individual indicators of
quality.
Similarly, it was thought that consultation with a radiation oncologist would ensure that
only the most appropriate candidates would receive surgery, as radiation oncologists would
identify patients who were better candidates for radiotherapy. Patients who did not consult with a
radiation oncologist would be more likely to have unresectable disease and therefore show greater
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rates of positive surgical margins. However, the results do not support this hypothesis, as there
was no association between consultation with a radiation oncologist and surgical margin status.
This suggests that referral to a radiation oncologist is a function of a factor other than increased
risk of unresectable disease. For instance, previous research has shown that proximity to a cancer
centre significantly influences radiotherapy utilization, with patients living in closer proximity to
cancer centres more likely to be referred for these services (157,158). Based on our results, it
does not seem that physicians during our study era were considering resectability status when
referring patients to radiation oncologists. Further study of this practice is needed in a more recent
treatment era to determine the factors behind these referrals and the impact on outcomes.
The lack of a significant relationship between operative blood loss and disease failure
may be a result of limited study power, as the HR for 3+ units transfused indicated an increased,
but non-significant, risk of failure. However, we suspect that this finding may also be due to our
measurement of operative blood loss. A study by Oefelein et al. (101) suggests that units of blood
transfused is not a good proxy measure of operative blood loss when examining the impact of
blood loss on progression-free survival following RP. Units of blood transfused was found to be a
protective factor for disease failure (HR=0.79, p=0.0008), while operative blood loss was a risk
factor for failure (HR=1.08 per 100 ml. increase, p<0.0001). These differing effects of operative
blood loss and units of blood transfused were thought to be because units transfused greatly
underestimates blood loss, as factors such as surgeon preferences and patients’ health may affect
the blood loss threshold for transfusing blood (101). Because we did not have data available on
operative blood loss, we were unable to examine the agreement between units of blood lost
during surgery and units transfused to determine if they were equivalent. While units of blood
transfused may be associated with the quality of the surgical technique, as suggested by Chan et
al., based on other research it appears that it is the cause of these transfusions (blood loss during
surgery) that impacts disease-free survival (25). We recommend further research to examine the
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relationship between operative blood loss and blood transfusions, as well as their impact on
outcomes following RP, as further validation of these quality indicators.
The lack of association between the use of a nerve sparing surgical technique and
disease-free survival is in agreement with previous literature indicating that nerve sparing surgery
does not affect survival (103). However, the primary outcome of interest for this quality indicator,
late morbidity after treatment, could not be analyzed due to missing data. Therefore, before
conclusions can be drawn regarding the validity of this indicator, further research is needed to
determine its association with late morbidity outcomes.
There is a great deal of disagreement in the literature regarding the impact of surgical
margin status on outcomes following RP, with some studies reporting poorer prognosis for
patients with positive margins, and others reporting no effect of margin status (107-110,110-112).
Our study observed no increase in risk of prostate cancer death for patients with extensive or
minimal positive surgical margins. While there is little research on the impact of surgical margins
on long-term survival to support or refute our results, our findings should nevertheless be
interpreted with caution. The observed results from the bivariate regression were consistent with
our a priori hypothesis, showing increasing risk of prostate cancer death in patients with
minimally positive and extensively positive margins. The small number of patients who had
extensive positive surgical margins, as well as a lack of central pathology review, could explain
our non-significant results.
Pelvic lymph node dissection during RP is intended to remove any possible
micrometastases that may be present in the regional lymph nodes and lead to earlier adjuvant
treatment (5). However, our results indicate that dissection does not decrease the risk of prostate
cancer death. A possible explanation for the non-significant results is that it is the number of
nodes removed that impacts survival, rather than whether or not nodes were removed, that
impacts survival. In previous work using a subset of these patients who had information on the
number of nodes removed, we reported that the removal of four or more lymph nodes had a
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protective effect, although the results were not statistically significant (116). We were unable to
explore whether the number of lymph nodes removed was associated with long-term causespecific survival due to missing data, with 45.1% of patients who underwent pelvic lymph node
dissection missing any documentation of the number of nodes removed. We recommend further
work to examine the validity of number of lymph nodes removed during RP as an indicator of
quality of care.
This study had several strengths that support our findings. The data used in the analysis
were of high quality. A reliability study of the comorbidity abstraction data conducted as a pilot
to the current study reported an inter-rater reliability intra-class correlation of 0.89 for the CIRSG, indicating excellent agreement. Inter-rater agreement for the other 3 comorbidity indices
ranged from a weighted Kappa of 0.5 to 0.8, indicating fair to substantial agreement. Intra-rater
agreement was also fair to excellent, particularly for the CIRS-G, which had an intra-class
correlation of 0.98 (159). The Ontario Cancer Registry and the Discharge Abstract Database are
both very complete sources of information, with little disagreement with patient medical charts
(119,160). Trained data abstractors collected the chart abstraction data for other research
purposes, so the abstraction was not influenced by our study hypotheses. Chart information was
sought from several sources to maximize data capture.
The length of follow-up time for cause-specific survival was a further strength because
the impact of treatment on cause-specific survival does not typically appear until after 10 years
and our follow-up data ranged from 9- to 18-years (9).
This study also had several limitations that must be addressed. Because this was a
secondary analysis of data collected for a previous study, the available data did not allow us to
examine all quality indicators of interest. We were unable to measure late morbidity outcomes
(erectile dysfunction and urinary incontinence) due to insufficient data. It is estimated that
approximately 20% of patients experience erectile dysfunction and 10% of patients experience
urinary incontinence following RP (56). The incidence observed in our data was much lower,
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which we attributed to a lack of assessment and documentation by physicians, rather than a true
indication of the incidence of these morbidities. This is, in itself, an indication of poor quality of
care, as these morbidities are a significant cause of concern for patients who undergo RP, and
should be addressed and managed by patients’ physicians.
Generally speaking, the use of patient chart data to measure quality indicators may not be
a true measure of quality of care received, but rather of the quality of documentation. It is
possible that some patients received aspects of care that are important to overall quality of care,
such as a digital rectal exam, but did not have it documented in their charts. This non-differential
misclassification of the quality of care received by patients would bias our results towards nonsignificance.
Observational studies such as this one are particularly prone to confounding by
indication. Patients may have received high quality care because physicians thought they were
more likely to experience negative outcomes, and were trying to prevent the outcomes. This was
seen in our analysis of follow-up care, as patients with 100% follow-up care likely received the
recommended follow-up care because they were at increased risk of prostate cancer death.
Confounding by indication may also bias our analyses of other indicators, particularly pretreatment assessment, consultation with a radiation oncologist, and pelvic lymph node dissection.
Physicians’ decisions to provide these elements of care may be due to prognostic factors that we
were unable to measure and control for in our analyses.
A final limitation to our study is the era in which these patients were diagnosed and
treated (1990-1998). While current treatment practices may differ compared to those of the study
treatment era, we think the impact of quality of care on outcomes that we observed would be seen
in current day prostate cancer patients with similar characteristics to those patients in our study.
Because men today are being diagnosed with prostate cancer at an earlier disease stage, the
magnitude of the effect of these quality indicators on outcomes may not be as strong as we
observed. Additionally, while we demonstrated the validity of these quality indicators in patients
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treated up to 20 years ago, these indicators were proposed in the past 11 years. This suggests that
even with advances in treatment techniques, these aspects of care are still of concern to
physicians and are important for outcomes following RP.
The ultimate goal of the process of developing quality of care indicators is to measure
and improve the quality of care provided to patients, reduce treatment-related morbidities, and
increase survival. Given the growing burden of prostate cancer, an increasing number of men will
be receiving radical prostatectomy in the coming years. Our descriptive analysis of the 8 quality
indicators of interest suggest that for the most part, the quality of care in our study sample was
high, with most patients receiving at least 3 or 4 of the recommended pre-treatment assessments
and pelvic lymph node dissection. Rates of 3+ units of blood transfusion, and positive surgical
margins, were also fairly low. There is room for quality improvement in terms of the use of nerve
sparing surgery and patient consultation with a radiation oncologist.
Based on our available data, we were able to demonstrate the validity of one quality
indicator (hospital volume). Data quality and availability prevented us from fully evaluating the
validity of operative blood loss, pelvic lymph node dissection during RP, and nerve sparing RP as
quality indicators. However, we did observe statistically non-significant increases in risk of
prostate cancer death and disease failure by surgical margin status and operative blood loss,
respectively, which were consistent with our a priori hypotheses. We think that our definition of
pre-treatment assessment may not be an appropriate way to measure the importance of each of the
5 assessments, and may explain our non-significant results for this indicator. The associations
observed between follow-up care, consultation with a radiation oncologist and their respective
outcomes suggest that these indicators do not predict the outcomes as they should and therefore
do not meet our test of validity. Further work is needed to address the limitations of our study and
to examine the validity of these quality indicators. Once a set of valid quality indicators is
established, the quality of prostate cancer care can be monitored and evaluated to ensure that all
patients are receiving safe, effective and timely care.
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Table 1: Quality indicators and outcomes selected for analysis
Quality indicator
Hospital volume
Pre-treatment risk assessment

Relevant outcome
Cause-specific survival
Cause-specific survival
Change in node stage from cN0 to pN1
Surgical margin status

Pre-treatment consultation with radiation
oncologist
Appropriate follow-up care
Use of a nerve sparing surgical technique

Cause-specific survival
Disease-free survival
Late morbidity
Disease-free survival
Late morbidity
Cause-specific survival
Late morbidity
Cause-specific survival

Operative blood loss
Surgical margin status
Pelvic lymph node dissection during RP
Table 2: Patient and disease characteristics
Age at diagnosis
CIRS-G(pros) score
Missing (N)
Disease risk
Low
Intermediate
High
Unable to determine
Received radiotherapy within 1 year of
surgery
Hormone therapy
None
Pre-surgery hormone therapy
Post-surgery hormone therapy
Pre- and post-surgery hormone therapy
Treatment era
1990-1992
1993-1995
1996-1998
Area level socioeconomic status quintile
1 (lowest)
2
3
4
5 (highest)
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Mean
63.1
2.1
15
N

SD
6.1
1.9

235
237
84
90
46

42.3
42.6
15.1

437
146
49
14

67.7
22.6
7.6
2.2

116
233
297

18.0
36.1
46

114
136
134
149
113

17.6
21.1
20.7
23.1
17.5

%

7.1

Table 3: Distributions and associations between quality indicators and cause-specific
survival
n
%
Crude HR
Adjusted HR
(95% CI)
(95% CI)
Hospital volume
0 to <1 RP/month
112
17.4
5.28 (1.22-22.91) 5.37 (1.23-23.46)*
≥1 to <2 RP/month
164
25.5
2.76 (0.61-12.46) 2.99 (0.66-12.61)*
≥2 to <3 RP/month
123
19.1
1.75 (0.35-8.68)
1.65 (0.33-8.23)*
≥3 to <4 RP/month
104
16.2
2.22 (0.43-11.48) 2.12 (0.40-11.14)*
≥4 to <7 RP/month
59
9.2
2.64 (0.48-14.43) 2.48 (0.45-13.50)*
≥7 RP/month
81
12.5
1.00
1.00*
Missing
3
N/A
N/A
Follow-up care
0%
205
31.7
0.28 (0.12-0.65)
0.41 (0.17-1.00)†
>0% to ≤25%
105
16.2
0.18 (0.06-0.57)
0.22 (0.07-0.70)†
>25% to ≤50%
96
14.9
0.56 (0.23-1.32)
0.69 (0.28-1.66)†
>50% to ≤75%
71
11.0
0.55 (0.22-1.41)
0.55 (0.21-1.43)†
>75% to <100%
88
13.6
0.20 (0.06-0.69)
0.24 (0.07-0.88)†
100%
81
12.5
1.00
1.00†
Pre-treatment risk assessment
≤2
97
15.0
0.94 (0.27-3.21)
N/A
3-4
497
76.9
1.00 (0.35-2.82)
5
52
8.1
1.00
Surgical margin status
Positive – extensive
26
4.0
2.52 (0.73-8.66)
N/A
Positive – minimal
220
34.1
1.47 (0.74-2.94)
Negative
320
49.5
1.00
Unknown
80
12.4
2.02 (0.91-4.46)
Pelvic lymph node dissection
No dissection
116
18.0
1.00 (0.44-2.24)
N/A
Dissection
530
82.0
1.00
*Adjusted for disease risk and follow-up care
†Adjusted for disease risk and hospital volume
Table 4: Distributions and associations between quality indicators and disease-free survival
n
%
Crude HR
Adjusted HR
(95% CI)
(95% CI)
Operative blood loss
3+ units transfused
157
24.3
1.28 (0.55-1.41)
N/A
1-2 units transfused
220
34.1
0.88 (0.83-1.99)
0 units transfused
269
41.6
1.00
Nerve sparing surgery
No nerve sparing surgery
422
65.3
0.87 (0.58-1.31)
N/A
Unknown if nerve sparing
31
4.8
0.68 (0.21-2.21)
surgery used
Nerve sparing surgery
193
29.9
1.00
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Table 5: Distribution and association between quality indicator and change in node stage
from cN0 to pN1
n
%
Crude RR
Adjusted RR
(95% CI)
(95% CI)
Pre-treatment risk assessment
≤2
97
15.0
1.07 (0.10-11.55)
N/A
3-4
497
76.9
0.94 (0.12-7.29)
5
52
8.1
1.00
Table 6: Distribution and association between quality indicator and surgical margin status
n
%
Crude RR
Adjusted RR
(95% CI)
(95% CI)
Pre-treatment consultation
with a radiation oncologist
No consultation
573
88.7
1.17 (0.84-1.61)
N/A
Consultation
73
11.3
1.00
Table 7: Competing risk analyses of association between quality indicators and other-cause
survival
Crude HR (95% CI) for
Crude HR (95% CI) for
other-cause survival
cause-specific survival
Hospital volume
0 to <1 RP/month
1.96 (0.92-4.20)
5.40 (1.24-23.57)
≥1 to <2 RP/month
1.44 (0.67-3.10)
2.74 (0.60-12.40)
≥2 to <3 RP/month
1.57 (0.72-3.39)
1.75 (0.35-8.69)
≥3 to <4 RP/month
1.22 (0.51-2.92)
1.77 (0.34-9.27)
≥4 to <7 RP/month
1.62 (0.67-3.92)
2.53 (0.46-13.85)
≥7 RP/month
1.00
1.00
Follow-up care
0%
1.32 (0.68-2.58)
0.27 (0.11-0.63)
>0% to ≤25%
0.73 (0.33-1.60)
0.16 (0.05-0.52)
>25% to ≤50%
0.91 (0.41-2.00)
0.53 (0.22-1.27)
>50% to ≤75%
0.67 (0.27-1.68)
0.58 (0.23-1.50)
>75% to <100%
0.98 (0.44-2.17)
0.20 (0.06-0.71)
100%
1.00
1.00
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Figure 1: Cause-specific survival by hospital volume (p=0.05)

Figure 2: Cause-specific survival by follow-up care received (p=0.03)
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Chapter 5:
The association between quality of care and outcomes: A validation study of quality
indicators in patients treated with radiotherapy for prostate cancer
Abstract:
Background and purpose: We evaluated the validity of 6 prostate cancer radiotherapy (RT)
quality indicators: cancer centre volume, pre-treatment assessment, appropriate follow-up care,
leg immobilization, bladder filling during RT, and portal film target localization by examining
their associations with relevant outcomes: cause-specific survival, urinary incontinence, and
gastrointestinal and genitourinary late morbidities.
Materials and methods: Our study sample consisted of 924 prostate cancer patients diagnosed in
Ontario between January 1, 1990 and December 31, 1998 who received curative radiotherapy
within 9 months of diagnosis. Patient chart and administrative data were used to measure quality
of care and outcomes. The associations between quality indicators and relevant outcomes were
analyzed using regression techniques.
Results: Treatment without leg immobilization (RR=1.72, 95% CI=1.16,-2.56) and receipt of RT
with an empty bladder (RR=1.98, 95% CI=1.08-3.63) were associated with the onset of
genitourinary late morbidities. Treatment without leg immobilization was also associated with the
onset of urinary incontinence (RR=2.18, 95% CI=1.23-3.87). The remaining indicators were not
statistically significantly associated with their relevant outcomes.
Conclusions: Our results support the validity of leg immobilization and bladder filling as quality
indicators, and suggest that follow-up care is not a valid indicator of quality as it relates to
outcome prediction. We recommend further research to address methodologic and power
concerns regarding our analyses of pre-treatment assessment, portal film target localization and
cancer centre volume.
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Introduction
Understanding and improving the quality of care for prostate cancer patients receiving
curative radiotherapy (RT) has become a topic of interest for physicians and researchers in recent
years. While several groups have developed quality indicators that allow for the measurement of
quality in prostate cancer RT, the validity of these indicators remains to be established (20-24).
Validity refers to whether a measurement instrument measures what it is intended to measure
(161,162).
We used Donabedian’s quality of care framework to guide our evaluation of the validity
of 6 prostate cancer RT quality indicators (16,72). Based on this framework, quality is comprised
of three components: structures, processes and outcomes of care. These components are
interrelated, such that high quality care in one domain leads to high quality care in the others (1618,72). Consequently, we examined the validity of 6 proposed prostate cancer RT structure and
process quality indicators by testing their association with relevant outcomes. If indicators were
associated with outcomes in accordance with our a priori hypothesis, then their validity was
supported.
Methods
This study used a retrospective cohort design using chart data that was collected for a
previous study designed to evaluate variations in prostate cancer treatments and outcomes.
Study Population
The target population for this study was all patients with adenocarcinomas of the prostate
who (1) were diagnosed in Ontario between January 1, 1990 and December 31, 1998 and (2) who
received curative treatment, defined as radical prostatectomy within 6 months of diagnosis or RT
with a dose of at least 50 Gy within 9 months of diagnosis. The longer timeframe for RT was
chosen to account for the longer wait times for patients receiving RT (158). Approximately 10%
of the target population was selected through random sampling, stratified by patients’ region of
residence in Ontario, to form the study cohort (n=1703). Patients were excluded if they were not
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candidates for curative treatment, if they were missing RT dose and fractionation data that would
ensure their treatment was curative, if their treatment was classified as curative but their treatment
schedule suggested they had received palliative RT, or if the 2007 update of the Ontario Cancer
Registry did not identify them as prostate cancer patients. 1570 patients met these inclusion
criteria. 646 patients were excluded from the current report because they received radical
prostatectomy, leaving a final study sample of 924 patients who received curative radiotherapy.
Within this sample, there were 13 patients with a recorded date of death but missing cause of
death who were excluded from analyses of cause-specific survival.
Data sources
Chart abstraction data and an electronic cancer care database housed at the Division of
Cancer Care and Epidemiology (CCE) at the Queen’s Cancer Research Institute were the primary
sources of data for the study (120). The CCE database links data from several sources, including
the Ontario Cancer Registry, which contains cancer diagnosis, treatment, and vital status data,
Canadian Institute for Health Information surgical data, RT treatment data from all regional
cancer centres in Ontario, and area-level socioeconomic status indicators from the Canadian
census. The CCE database was updated from the 2007 version of the Ontario Cancer Registry to
provide a death clearance date of December 31, 2007.
Trained chart abstractors abstracted data from patients’ charts, including both hospital
and cancer centre charts whenever possible. Further information from other sources, such as
general practitioner charts, was abstracted if necessary. Data from the chart abstraction was
linked with the CCE database to form the dataset for our study.
Study variables
Six quality indicators were selected for analysis. Cancer centre volume was assigned
based on the total number of cancer patients seen at each cancer centre during each year of our
study era, as we did not have information on prostate cancer caseloads at each centre. Volume
was then categorized into low, medium and high volume centres (139). Based on an estimate of
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1058 prostate cancer patients receiving curative radiotherapy per year (9524 prostate cancer
patients receiving curative RT over 9 years), the low volume centres treated between 10 and 74
prostate cancer patients with curative RT per year (1% to 7%), the medium volume centres
treated between 95 and 179 per year (9% to 17%) and the high volume centres saw between 222
and 370 per year (21% to 35%). The remaining quality indicators included: pre-treatment risk
assessment, defined as documented pre-treatment assessment of prostate specific antigen (PSA)
levels, Gleason score, clinical tumour stage, digital rectal exam, and prostate biopsy with at least
6 cores removed and the number of positive cores specified; appropriate follow-up care, defined
as the percentage of total years between the completion of RT and the date of disease failure,
chart abstraction date or death (whichever came first) that patients received the recommended
follow-up care (two follow-up visits with PSA testing in the first year after surgery, and one visit
with PSA testing in the subsequent years); leg immobilization during radiotherapy; bladder filling
during treatment, defined as documentation that patients were treated with a full or empty
bladder; and target localization, defined as the number of treatment fractions in which patients
had portal films taken.
The clinical members of the research team advised on which outcomes were relevant to
each quality indicator based on what the component of care measured by the indicator was
intended to achieve. One or two outcomes were selected for analysis with each indicator (table 1).
The selected outcomes were cause-specific survival (prostate cancer death occurring on or before
December 31, 2007) and late morbidities developing more than 90 days after treatment, including
urinary incontinence, erectile dysfunction, GI late morbidities (rectal discharge, rectal bleeding,
bowel obstruction, perforation fistula, diarrhea, rectal/anal pain, radiation proctitis, anal stenosis,
anorectal stricture, blood in stool, bowel urgency/frequency or fecal incontinence), and GU late
morbidities (hematuria, cystitis, dysuria, urethral obstruction, urethral stricture, bladder lesion, or
urinary irritative symptoms).

78

Covariates were examined to determine if they significantly affected observed
associations between quality indicators and outcomes. Covariates included age at diagnosis;
comorbidity, as measured by the Cumulative Illness Rating Scale for Geriatrics (Prostate) (CIRSGpros); disease risk level, based on the risk strata defined by D’Amico et al. using pre-treatment
PSA, Gleason score and clinical stage; treatment era; area-level median household income; preand/or post-treatment hormone therapy; and biologically effective RT dose (BED). BED was
calculated using the following formula:
BED= n*d [1+d/(α/β)]
where n=number of fractions, d=dose per fraction, and α/β=3.0 Gy (136,148).
Statistical analysis
All data processing and analyses were conducted using Statistical Analysis Software
(SAS), version 9.2 (137). Descriptive analyses were conducted on patients’ demographic and
disease characteristics, and quality of care received. Bivariate associations between quality
variables and outcomes were analyzed using the Pearson Chi-square test and log rank test. Oneway ANOVA, the Pearson Chi-square test and the log rank test were used to examine
relationships between quality variables and covariates, and outcome variables and covariates.
Covariates that were marginally associated (p≤0.20) with either the quality or outcome variable
were included in the multivariate regression analyses.
Logistic regression (for categorical outcomes observed in less than 10% of patients),
binomial regression (for common categorical outcomes), and Cox proportional hazards regression
(for survival outcomes) were used to further explore associations between quality indicators and
outcomes. Crude models were fit for quality indicators that were not marginally associated
(p>0.20) with their relevant outcomes in the bivariate analyses, and multivariate regression
models were fit for indicators that were marginally significant (p≤0.20) in the bivariate analyses.
For cause-specific survival analyses, patients were censored if they died of other causes or who
survived until the end of follow-up (December 31, 2007). Backwards selection using the
79

likelihood ratio test (p≤0.05) was used to test the significance of covariates in the model. When
multiple quality indicators were found to be significant predictors of the same outcome in the
regression analysis, the indicators were combined into a single model to determine the effect of
each while controlling for other significant indicators, and the result of the combined model was
presented.
We conducted a competing risk analysis to determine if significant cause-specific
survival results could be explained by an opposite effect of other-cause survival. Associations
between quality indicators and other-cause survival were examined using Kaplan-Meier survival
curves and Cox proportional hazards, with the results compared to the cause-specific survival
results to determine if there was a non-independence of competing risks (156).
Results
Patient demographics, disease characteristics and treatment data are described in table 2.
The mean follow-up time for our sample was 51.1 months for chart data and 110.8 months for
survival data. The mean age at diagnosis was 69.2 years and the mean CIRS-Gpros score was 2.7.
39.4% of patients had high risk disease, 30.7% had intermediate risk disease and 25.9% had low
risk disease. Because curative treatment is generally offered only to patients with at least 10 years
remaining life expectancy, our sample is slightly younger than the average age at diagnosis in the
prostate cancer population (72-74 years) (31). However, our sample has a higher comorbidity
level and proportion of patients with high risk disease than patients treated with curative surgery,
as patients who are sicker tend to be selected to receive RT rather than surgery (7,8).
Descriptive statistics for each of the quality indicators are provided in tables 3 and 4.
51.6% of patients were treated in low volume cancer centres, 83.0% received 3 to 4 pre-treatment
assessments, and 42.0% received 100% of the recommended follow-up care. 56.9% had no leg
immobilization during treatment, and 4.2% were treated with an empty bladder. 12.1% of patients
had portal films taken on 3 or more treatment fractions, and 16.3% had no portal films taken.
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170 (18.7%) patients died of prostate cancer. 254 (27.5%) patients experienced GI late
morbidities, and 109 (11.8%) experienced GU late morbidities. Of the 904 patients for whom we
had data on post-treatment urinary functioning, 63 (7.0%) experienced urinary incontinence
following treatment. After data processing, we found it was not feasible to assess erectile
dysfunction as an outcome of interest due to insufficient data.
Quality indicators and cause-specific survival
While a statistically significant association was observed between appropriate follow-up
care and cause-specific survival (p<0.0001), the survival curve gradient (figure 1) does not
correspond to our a priori hypothesis. Patients who received less than the recommended followup care had a decreased risk of dying of prostate cancer than patients who received 100% followup care (table 3). Given these results, we were concerned that patients who received 100%
follow-up care may have more severe disease than patients in the lower follow-up care categories.
We ran a secondary analysis using the >75% to <100% follow-up care category as reference. The
results confirmed our hypothesis, as patients who received 100% follow-up were at significantly
increased risk of dying of prostate cancer (HR=3.27, 95% CI=1.94-5.53), while patients in the
lowest 3 follow-up categories were not at an increased risk of prostate cancer death (results not
shown). Similar findings were observed in the competing risks analysis (table 5, further details in
chapter 7). Patients who received less than 100% follow-up care were at greater risk of othercause death, compared to patients in the 100% follow-up category. Because patients in the 100%
follow-up care category had such an increased risk of prostate cancer death, the risk of othercause death in this group was low. Thus, patients in the lowest 4 follow-up care categories, with
their comparably low risk of prostate cancer death, were at greater risk of other-cause death.
Pre-treatment risk assessment was marginally associated with cause-specific survival
(p=0.08) (figure 2). Patients who received 2 or fewer of the 5 recommended assessments
appeared to have an increased risk of death from prostate cancer, although this finding was not
statistically significant (HR=1.83, 95% CI=0.83-4.00) (table 3). Patients who received 3 or 4 of
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the recommended assessments did not have an increased risk of death from prostate cancer
(HR=0.98, 95% CI=0.61-1.58). The competing risk of other-cause death does not explain this
association (table 5, further details in chapter 7).
Target localization using portal films was marginally associated with cause-specific
survival (p=0.20) (figure 3). Patients who had no portal film target localization (HR=0.97, 95%
CI=0.55-1.71), portal films on 1 treatment fraction (HR=0.73, 95% CI=0.43-1.24), or 2 to 3
treatment fractions (HR=0.98, 95% CI=0.59-1.59) were not at significantly increased risk of
prostate cancer death compared to patients who received portal films on more than 3 treatment
fractions (table 3). The competing risk of other-cause death does not explain this association
(table 5, further details in chapter 7).
There was no statistically significant association between cancer centre volume and
cause-specific survival, with hazard ratios close to 1.00 and considerable overlap in the survival
curves (figure 4, table 3). We did not examine this association further.
Quality indicators and late morbidity: Urinary incontinence
Leg immobilization during radiotherapy was significantly associated with urinary
incontinence (p=0.005). Patients who did not receive any leg immobilization during treatment
were significantly more likely to experience urinary incontinence more than 90 days after
treatment than patients who received any immobilization (RR=2.13, 95% CI=1.23-3.87) (table 4).
Neither bladder filling during radiotherapy treatment nor portal film target localization
was significantly associated with urinary incontinence, although a non-significant increase in risk
of incontinence was observed in patients treated with an empty bladder or treated without target
localization (table 4). We did not examine these associations further.
Quality indicators and late morbidity: Genitourinary late morbidities
Target localization using portal films was also associated with GU late morbidities in the
bivariate analysis (p=0.02). However, when analyzed with regression techniques, the results were
not significant. Compared to patients who had portal films taken for more than 3 treatment
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fractions, patients who had no portal films showed a non-significant increase in risk of GU late
morbidities (RR=1.52, 95% CI=0.84-2.74) (table 4, model 8). Patients who had portal films taken
for one treatment fraction (RR=0.89, 95% CI=0.50-1.59) and two to three treatment fractions
(RR=0.69, 95% CI=0.38-1.26) were not at increased risk of GU late morbidities.
A statistically significant association was observed between leg immobilization during
RT and GU late morbidities (p=0.0002) and bladder filling and GU late morbidities (p=0.02).
Because both indicators were significant predictors of GU late morbidities when analyzed in
individual adjusted models, we ran a regression model that included both quality indicators as
predictors of GU late morbidities (table 4). The results of the combined model are presented
below.
Patients who did not receive leg immobilization were significantly more likely to
experience GU late morbidities than patients who received any leg immobilization (RR=1.72,
95% CI=1.16-2.56). Patients who were treated with an empty bladder were more likely to
experience GU late morbidities (RR=1.98, 95% CI=1.08-3.63) than those treated with a full
bladder. Patients whose bladder volume was not specified in their charts did not show any
increase in risk of GU late morbidities (RR=1.07, 95% CI=0.74-1.55).
Quality indicators and late morbidity: Gastrointestinal late morbidities
Portal film target localization was significantly associated with GI late morbidities
(p=0.0012). Compared to patients who had portal film target localization on more than 3
treatment fractions, patients who had no target localization had a slightly increased risk of GI late
morbidities, although this result was not statistically significant (RR=1.14, 95% CI=0.82-1.60)
(table 4). Patients who had portal films on one to two treatment fractions were at decreased risk of
GI late morbidities (RR=0.68, 95% CI=0.48-0.95). Patients who had target localization on two to
three treatment fractions had no difference in risk of GI late morbidities compared to patients who
had target localization on more than three fractions (RR=0.76, 95% CI=0.55=1.06).
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While bladder filling was not significantly associated with GI late morbidities, patients
treated with an empty bladder had a slight increase in the risk of these morbidities compared to
patients treated with a full bladder (RR=1.48, 95% CI=0.97-2.27) (table 4). Leg immobilization
during radiotherapy was not significantly associated with GI morbidities, with a risk estimate
close to 1.00. We did not examine these associations further.
Discussion
We examined the validity of a subset of prostate cancer RT quality indicators by
examining their association with outcomes. Both leg immobilization and bladder filling
demonstrated significant associations consistent with our a priori hypotheses with one or more of
the outcomes that they were thought to influence, thus supporting their validity.
Leg immobilization and bladder filling are intended to prevent treatment-related
morbidities by limiting target movement and displacing healthy bladder tissues away from the
prostate (95,96). However, the impact of these practices on morbidities has not been well studied
(95,96,163). Our results indicate that although these practices protect genitourinary structures
from the effects of radiation toxicity, they do not have a significant impact on GI toxicity and late
morbidities. While we observed a 48% increase in risk of GI late morbidities in patients treated
with an empty bladder, the increase was not statistically significant. This association may be
detected in a larger study, as there were only 39 patients treated with an empty bladder in our
sample. These findings highlight the need to examine other immobilization techniques, such as
the practice of rectal filling using rectal balloons, to determine if they impact GI late morbidities
and should potentially be considered as quality indicators.
We hypothesized that pre-treatment assessment would be associated with cause-specific
survival. Without these assessments, patients who are not appropriate candidates for treatment
may receive RT even though their disease severity precludes them from incurring any survival
benefits from treatment. Although it was not statistically significant, we did observe an 82%
increase in the risk of prostate cancer death in patients who received two or fewer of the
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recommended pre-treatment assessments that may be detectable in a future larger study of this
association. Our study was underpowered to detect this association, with only 30 patients in that
group.
While there is a significant evidence indicating that hospital volume affects survival for
surgically-treated prostate cancer patients, we observed no similar volume effect for patients
treated with RT at cancer centres (82-84,88). Potential explanations for the difference in the
volume effect in surgically treated patients compared to radiotherapy treated patients may lie in
the structural differences of hospitals and cancer centres. We recommend further research of the
validity of cancer centre volume as a quality indicator by examining its association with other
outcomes that are affected by volume in surgically treated prostate cancer patients, such as
treatment complications and hospital admissions.
Portal film target localization is not associated with the risk of death from prostate cancer
or late morbidities. While we observed a non-significant association between target localization
and GU late morbidities that was consistent with our a priori hypothesis, we also observed a
statistically significant association with GI late morbidities that was in contradiction with our
hypothesis. Given these conflicting results, we do not recommend portal film target localization
as a quality indicator. However, portal films for target localization are not commonly used in
current practice, having been replaced by more recent technology such as 3D ultrasound and
computed tomography scans. Further research on these newer target localization techniques is
needed to demonstrate their validity as quality indicators.
We observed a strong effect of follow-up care on cause-specific survival, although it was
not consistent with our a priori hypothesis. The secondary analysis indicated that patients who
received 100% follow-up care were at significantly increased risk of prostate cancer death. We
think patients who receive 100% follow-up care have more severe disease that is not captured by
our current disease risk measurement, and as a result, are followed more closely by their
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physicians. There was no significant difference in the risk of prostate cancer death observed in the
lower 4 follow-up care categories. Thus, follow-up care does not meet our criteria for validity.
The regression diagnostics indicated that our models predicting cause-specific survival
largely met one of the primary assumptions of Cox proportional hazards regression, which is the
proportionality of the hazards over time. However, for follow-up care, the diagnostics indicated
that the >50% to ≤75% follow-up and >75% to <100% follow-up care categories did not meet the
proportional hazards assumptions. Therefore, the models may not be adequate fits for our data.
We examined several potential confounders using multivariate regression techniques, and
controlled for those confounders that were found to be significant using backwards selection
elimination. In the analyses of cause-specific survival, many of the quality indicator risk
estimates changed by more than 10%, suggesting that confounding was influencing the observed
association between quality and outcomes. However, for the analyses of late morbidity outcomes,
the risk estimates largely did not change after controlling for significant confounders, with only
the risk estimates for bladder immobilization and GU late morbidities demonstrating any notable
change. This indicates that the influence of quality of care on late morbidity outcomes was not
impacted by our selected covariates.
This study has several strengths that support our findings. Participants were drawn from
all prostate cancer patients in Ontario, and participant recruitment, with its attendant non-response
was not required. Therefore, selection bias is not an issue. Additionally, both the administrative
data and chart data used in this study are of very high quality (119,159,160). The chart abstraction
data used to measure patient comorbidity was evaluated in a reliability study that found excellent
inter-rater agreement (intra-class correlation=0.89) for the CIRS-G. Inter-rater agreement for the
other 3 comorbidity indices was fair to substantial, with weighted Kappas ranging from 0.5 to 0.8.
Intra-rater agreement for the CIRS-G was also excellent, with an intra-class correlation of 0.98
(159). The chart abstractors were blind to the study hypotheses, thereby limiting any possibility of
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bias. A single radiation therapist abstracted all radiotherapy treatment data, which ensured
consistency in the abstraction of the technical aspects of RT treatment.
Because survival benefits of curative treatment are typically only observed at least 10
years after treatment, our 9- to 18-year follow-up on patient survival was a further strength of our
study (9).
This study also has several limitations. We were restricted by the data available from the
chart abstraction and CCE database and therefore could not examine all quality indicators of
interest. We also could not analyze erectile dysfunction due to insufficient data, with 72.1% of
patients missing any documentation of post-treatment sexual functioning. We were also unable to
control for the use of computed tomography (CT) scans for RT treatment planning. This is a
current practice that may affect the accuracy of the radiation on the target volume, thereby
affecting outcomes following RT(164).
A further limitation was the availability of target localization data. The quality indicator
as it was originally proposed states that target localization should be conducted daily (20).
However, in the treatment era of our study, portal film target localization was not conducted daily
but rather across several treatment fractions (143). While we thought the portal film data was a
good measurement of the quality of target localization practices in the 1990’s, we recommend
validation studies of current target localization practices to determine if daily target localization is
a valid quality indicator.
Confounding by indication is a further limitation of our study. Patients may have received
high quality care because they were already at increased risk of negative outcomes, and their
physicians were trying to improve their prognosis. While we controlled for important prognostic
factors, such as disease risk, other unmeasured characteristics may have impacted the quality
received and patient outcomes. This was likely the cause of the observed association between
follow-up care and cause-specific survival. Patients who received 100% follow-up care may have
already been at greater risk of prostate cancer death, leading their physicians to follow-up more
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regularly. Confounding by indication may have affected our analyses of other quality indicators,
particularly pre-treatment assessment, leg immobilization, bladder filling and portal film target
localization, as the receipt of these aspects of care may have been influenced by patients’ risk of
negative outcomes.
The final limitation of our study is the potential for misclassification of quality and
outcome measurements. We relied largely on chart data for quality and outcome measurements. It
is possible that patients received aspects of care or experienced outcomes but did not have them
documented in their charts. This non-differential misclassification of quality would bias our
results towards non-significance.
Donabedian’s quality of care framework provides a foundation on which to base quality
indicator validation research (16,72). The relationship between structure, process and outcome
characteristics of care that represent quality is a vital component of this framework and can be
used to evaluate validity of structure and process quality indicators (17-19). Our results support
the validity of leg immobilization and bladder filling as quality indicators, and suggest that
follow-up care is not a valid measure of quality. We recommend further research to address our
concerns regarding our measurement and analyses of pre-treatment assessment, portal film target
localization and cancer centre volume.
Our results suggest that the quality of care provided to prostate cancer patients
undergoing curative RT has room for improvement. While most patients received at least 3 or 4
of the recommended pre-treatment assessments, and few received no follow-up care or treatment
with an empty bladder, the rates of portal film target localization and leg immobilization was
reflective of poor quality care. The establishment of a set of valid quality indicators for prostate
cancer RT will allow for ongoing monitoring and improvement of quality of care for this patient
group, with the end goal of ensuring patients receive the best care possible.
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Table 1: Quality indicators and outcomes selected for analysis
Quality indicator
Relevant outcome
Hospital volume
Cause-specific survival
Pre-treatment risk assessment
Cause-specific survival
Appropriate follow-up care
Cause-specific survival
Leg immobilization
Late morbidity (Urinary, GU, GI)
Bladder filling
Late morbidity (Urinary, GU, GI)
Target localization
Cause-specific survival
Late morbidity (Urinary, GU, GI)
Table 2: Patient and disease characteristics
Age at diagnosis
CIRS-G(pros) score
Missing (N)
Biological effective dose (Gy)
Disease risk
Low
Intermediate
High
Unable to determine
Hormone therapy
None
Pre-surgery hormone therapy
Post-surgery hormone therapy
Pre- and post-surgery hormone therapy
Treatment era
1990-1992
1993-1995
1996-1998
Area level socioeconomic status quintile
1 (lowest)
2
3
4
5 (highest)
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Mean
69.2
2.7
2
106.8
n

SD
5.9
2.2

239
284
364
37

25.9
30.7
39.4
4.0

574
211
113
26

62.1
22.8
12.2
2.8

234
379
311

25.3
41.0
33.7

249
220
206
150
99

26.9
23.8
22.3
16.2
10.7

6.5
%

Table 3: Distributions and associations between quality indicators and cause-specific
survival
n
%
Crude RR (95%
Adjusted RR (95%
CI)
CI)
Hospital volume
Low
474
51.6
0.71 (0.44-1.15)
N/A
Intermediate
369
40.1
0.86 (0.53-1.40)
High
76
8.3
1.00
Missing
5
N/A
Pre-treatment risk assessment
≤2
30
3.2
2.28 (1.05-4.93)
1.83 (0.83-4.00)*
3-4
767
83.0
1.12 (0.70-1.79)
0.98 (0.61-1.58)
5
127
13.7
1.00
1.00
Follow-up care
≤25%
91
9.8
0.60 (0.35-1.05)
0.39 (0.22-0.70)†
>25% to ≤50%
116
12.6
0.37 (0.21-0.66)
0.23 (0.13-0.43)
>50% to ≤75%
177
19.2
0.42 (0.27-0.66)
0.31 (0.20-0.50)
>75% to <100%
152
16.4
0.33 (0.19-0.56)
0.31 (0.18-0.52)
100%
388
42.0
1.00
1.00
Portal film target localization
None
151
16.3
1.04 (0.60-1.80)
0.97 (0.55-1.71)‡
1 fraction
337
36.5
0.74 (0.44-1.24)
0.73 (0.43-1.24)
2-3 fractions
323
35.0
1.14 (0.70-1.86)
0.98 (0.59-1.59)
>3 fractions
112
12.1
1.00
1.00
Missing
1
N/A
N/A
*Adjusted for receipt of hormone therapy
† Adjusted for disease risk, comorbidity, treatment era, receipt of hormone therapy and
biologically effective dose
‡ Adjusted for disease risk, receipt of hormone therapy and biologically effective dose
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Table 4: Distributions and associations between quality indicators and late morbidity outcomes
n
%
Urinary incontinence
GU late morbidities
Crude RR
Adjusted RR
Crude RR
Adjusted RR
(95% CI)
(95% CI)
(95% CI)
(95% CI)
Leg immobilization
No immobilization
526
56.9
2.21
2.18
1.82
1.72
(1.25-3.92)
(1.23-3.87)*
(1.23-2.69)
(1.16-2.56)†
Immobilization
398
43.1
1.00
1.00*
1.00
1.00†
Bladder filling during
RT
Empty bladder
39
4.2
1.96
N/A
2.38
1.98
(0.72-5.38)
(1.31-4.32)
(1.08-3.63)‡
Unknown
431
46.6
0.92
1.07
1.07
(0.54-1.56)
(0.74-1.56)
(0.74-1.55)‡
Full bladder
454
49.2
1.00
1.00
1.00‡
Portal film target
localization
None
151
16.3
1.30
N/A
1.52
1.52
(0.49-3.14)
(0.84-2.74)
(0.84-2.74)§
1 fraction
337
36.5
1.05
0.89
0.89
(0.44-2.54)
(0.50-1.59)
(0.50-1.59)§
2-3 fractions
323
35.0
1.10
0.69
0.69
(0.45-2.64)
(0.38-1.26)
(0.38-1.26)§
>3 fractions
112
12.1
1.00
1.00
1.00§
Missing
1
N/A
N/A
*Adjusted for disease risk
†Adjusted for bladder filling
‡Adjusted for leg immobilization
§No significant covariates detected in backwards selection regression
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GI late morbidities
Crude RR
Adjusted RR
(95% CI)
(95% CI)
1.09
(0.88-1.35)
1.00

N/A

1.48
(0.97-2.27)
1.09
(0.87-1.35)
1.00

N/A

1.12
(0.81-1.56)
0.64
(0.46-0.88)
0.74
(0.54-1.02)
1.00
N/A

1.12
(0.81-1.56)§
0.64
(0.46-0.88)§
0.74
(0.54-1.02)§
1.00§
N/A

Table 5: Competing risk analyses of association between quality indicators and other-cause
survival
Follow-up care
Crude HR (95% CI) for otherCrude HR (95% CI) for
cause survival
cause-specific survival
>0% to ≤25%
1.85 (1.31-2.61)
0.60 (0.35-1.05)
>25% to ≤50%
1.48 (1.07-2.05)
0.37 (0.21-0.66)
>50% to ≤75%
1.05 (0.77-1.43)
0.42 (0.27-0.66)
>75% to <100%
1.99 (0.71-1.37)
0.33 (0.19-0.56)
100%
1.00
1.00
Pre-treatment risk assessment
Crude HR (95% CI) for otherCrude HR (95% CI) for
cause survival
cause-specific survival
≤2 of 5 assessments
2.73 (1.50-4.98)
2.28 (1.05-4.93)
3 to 4 of 5 assessments
1.52 (1.04-2.11)
1.12 (0.70-1.79)
5 of 5 assessments
1.00
1.00
Portal film target localization
Crude HR (95% CI) for otherCrude HR (95% CI) for
cause survival
cause-specific survival
None
1.08 (0.72-1.60)
1.04 (0.60-1.80)
1 fraction
0.97 (0.68-1.39)
0.74 (0.44-1.24)
2 to 3 fractions
0.88 (0.61-1.23)
1.14 (0.70-1.86)
More than 3 fractions
1.00
1.00
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Figure 1: Cause-specific survival by follow-up care received (p<0.0001)

Figure 2: Cause-specific survival by pre-treatment risk assessment (p=0.08)

93

Figure 3: Cause-specific survival by target localization using portal films (p=0.20)

Figure 4: Cause-specific survival by cancer centre volume (p=0.28)
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Chapter 6: Additional Results
6.1 Introduction
The results presented in this chapter provide further detail beyond what is in the study
manuscripts. This chapter presents further details of the characteristics of the study population.
The results of the bivariate analyses and regression confounder assessments are presented to
provide further insight into the model building process. The findings of the competing risks
analyses are presented and discussed. Finally, the regression diagnostics from the regression
analyses are presented.
6.2 Detailed Description of Study Population
A more detailed description of patient and disease characteristics for both treatment
groups is provided in table 6.1.
Over 50% of the surgical patients were between the ages of 60 and 70 years at diagnosis.
There were very few patients who were below 50 years (2.2%) or above 75 years (1.9%).
Surgical patients scored low on the CIRS-G, with 80.0% with a score of 3 or below. 43.6% of
surgical patients had a pre-treatment PSA between 4 and 10 ng/mL, and 44.0% had a biopsy
Gleason score of 5 or 6. 34.5% had a clinical disease stage of T2a and 32.8% had a clinical
disease stage of T1c.
Among the patients treated with radiotherapy, 34.7% were between the ages of 70 and 75
at diagnosis. Comorbidity scores on the CIRS-Gpros ranged from 0 to 12, with 18.8% of patients
with a score of 1, 20.2% with a score of 2 and 15.7% with a score of 3. 30.8% of radiotherapy
patients had a pre-treatment PSA between 10 and 20 ng/mL, and 40.5% had a biopsy Gleason
score of 5 or 6. 37.2% of patients had a clinical disease stage of T2b, and 25.9% with a stage of
T2a.
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Table 6.1 Detailed description of patient and disease characteristics
Radical prostatectomy
n
%
Age
Less than 50
14
2.2
50-54
48
7.4
55-59
110
17.0
60-64
168
26.0
65-69
220
34.1
70-74
74
11.5
75+
12
1.9
Comorbidity (CIRS-Gpros)
0
131
20.8
1
137
21.7
2
144
22.8
3
105
16.6
4
48
7.6
5
28
4.4
6
19
3.0
7
11
1.7
8
3
0.5
9
3
0.5
10
1
0.2
11
1
0.2
12
0
0.0
Missing
15
Pre-treatment PSA (ng/mL)
≤4
51
7.9
>4 to ≤10
282
43.6
>10 to ≤20
163
25.2
>20
50
7.7
Unknown
100
15.5
Biopsy Gleason score
2-4
143
22.1
5-6
284
44.0
7
135
20.9
8-10
42
6.5
Unknown
42
6.5
Clinical disease stage
T1a/b
40
6.2
T1c
212
32.8
T2a
223
34.5
T2b
139
21.5
T3/4
9
1.4
Unknown
23
3.6
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Radiotherapy
n
%
3
9
49
116
271
321
155

0.3
1.0
5.3
12.6
29.3
34.7
16.8

139
173
186
145
109
74
40
26
10
13
1
5
1
2

15.1
18.8
20.2
15.7
11.8
8.0
4.3
2.8
1.1
1.4
0.1
0.5
0.2

98
261
285
234
46

10.6
28.2
30.8
25.3
5.0

210
374
201
121
18

22.7
40.5
21.7
13.1
1.9

68
153
239
344
118
2

7.3
16.6
25.9
37.2
12.8
0.2

6.3 Results of Secondary Analyses
6.3.1 Hospital Volume for Surgical Patients
The primary analysis of the association between hospital volume and cause-specific
survival found that patients in the 4 intermediate volume categories all had an increased risk of
prostate cancer death, although the findings were not statistically significant. To determine if
limited study power was preventing us from detecting a significant association, a secondary
analysis was conducted on the association between hospital volume and cause-specific survival,
with the original 6 hospital volume categories combined as follows: <1 RP/month, <7 RP/month,
or >7 RP/month. Because the original model of the association between hospital volume and
cause-specific survival included follow-up as a predictor of survival, follow-up care was included
in the model in this secondary analysis. The main result from this secondary analysis is reported
in manuscript 1. The results indicate that when the 4 intermediate volume categories were
combined, the increased risk of prostate cancer death remained statistically non-significant
(HR=2.31, 95% CI=0.54-9.80) (table 6.4). However, like the results from the main analysis of the
association between hospital volume and cause-specific survival, the confidence interval of the
<7 RP/month volume hazard ratio was quite wide. Given the small number of patients who died
of prostate cancer in the surgical group (n=45), our power to detect significant associations was
limited. With a larger study sample, we think the association between hospital volume and causespecific survival would become statistically significant.
Table 6.2 Association between hospital volume and cause-specific survival, with 4
intermediate volume categories combined in the surgical group
Hospital volume
Crude HR (95% CI)
Adjusted HR (95% CI)*
<1 RP/month
5.43 (1.25-23.70)
5.40 (1.24-23.54)
<7 RP/month
2.20 (0.52-9.32)
2.31 (0.54-9.80)
>7 RP/month
1.00
1.00
*Adjusted for disease risk and follow-up care
6.3.2 Follow-Up Care for Surgical Patients
Based on the findings of the primary analysis, we were concerned that patients who
received 100% follow-up care had more severe disease that was putting them at greater risk of
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prostate cancer death, and also resulting in better follow-up care with their physicians. In a
secondary analysis, we examined the association between follow-up care and cause-specific
survival, using the >75% to <100% follow-up care category as the reference group. Because the
primary analysis of the association between follow-up care and cause-specific survival controlled
for hospital volume, the secondary analysis also controlled for hospital volume. The main result
of this analysis is presented in reported in manuscript 1. The findings of this secondary analysis
supported our concerns. Patients who received 100% follow-up care had a statistically significant
increased risk of prostate cancer death compared to patients who received >75% to <100% of the
recommended follow-up care (table 6.5). While the hazard ratios for the >0% to ≤25%, >25% to
≤50%, and >50% to ≤75% were not statistically significant, they do indicate an increased risk of
prostate cancer death in these patients.
Table 6.3 Association between follow-up care and cause-specific survival in RP patients,
with <75% to >100% follow-up care category as reference
Follow-up care
n (%)
Crude HR (95% CI) Adjusted HR (95% CI)*
0%
205 (31.7)
1.36 (0.37-4.99)
>0% to ≤25%
105 (16.2)
0.83 (0.18-3.76)
>25% to ≤50%
96 (14.9)
2.69 (0.72-9.97)
>50% to ≤75%
71 (11.0)
2.96 (0.76-11.49)
>75% to <100%
88 (13.6)
1.00
100%
81 (12.5)
5.05 (1.42-18.00)
*Adjusted for disease risk and hospital volume

1.68 (0.45-23.46)
0.89 (0.20-4.06)
2.81 (0.75-10.48)
2.26 (0.57-8.91)
1.00
4.10 (1.14-14.70)

6.3.3 Follow-Up Care for Radiotherapy Patients
Similar to the results obtained for the surgical patients, the primary analysis of the
association between follow-up care and cause-specific survival led us to think that patients in the
100% follow-up care category had more severe disease than patients in the lower follow-up care
categories. We ran a secondary analysis using the >75% to <100% follow-up care category as the
reference. The results indicate that patients who received 100% follow-up care were at a
statistically significant increased risk of prostate cancer death (HR=3.27, 95% CI=1.93-5.33)
(table 6.6). Patients in the lowest 3 follow-up care categories did not have a statistically
significantly increased risk of prostate cancer death, with the hazard ratios close to 1.00. The
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secondary analysis therefore supports our hypothesis that patients in the 100% follow-up care
category were likely receiving better follow-up care than other patients because they were at
increased risk of prostate cancer death. While we controlled for disease risk in the analysis, we
think there are other disease severity factors that we were unable to measure and control for.
A comparison of the distribution of follow-up care for surgical patients and radiotherapy
patients also indicates that the quality of follow-up care differs for radiotherapy patients
compared to surgical patients. While 42.0% of radiotherapy patients received 100% follow-up
care, only 12.5% of surgical patients received 100% follow-up care. 47.9% of surgical patients
received ≤25% follow-up care, compared to 9.8% of radiotherapy patients. Overall, radiotherapy
patients received better quality follow-up care than surgical patients.
Table 6.4 Association between follow-up care and cause-specific survival in RT patients,
with <75% to >100% follow-up care category as reference
Follow-up care
n (%)
Crude HR (95%
Adjusted HR (95%
CI)
CI)*
0% to ≤25%
91 (9.8)
1.81 (0.90-3.65)
1.28 (0.63-2.59)
>25% to ≤50%
116 (12.6)
1.12 (0.54-2.30)
0.77 (0.37-1.60)
>50% to ≤75%
177 (19.2)
1.28 (0.69-2.38)
1.02 (0.55-1.92)
>75% to <100%
152 (16.4)
1.00
1.00
100%
388 (42.0)
3.01 (1.80-5.03)
3.27 (1.93-5.53)
*Adjusted for comorbidity, disease risk, treatment era, receipt of hormone therapy, and
biologically effective dose
6.4 Competing Risks Analyses
We examined whether competing risks of other-cause survival explained the significant
associations between quality indicators and cause-specific survival that were observed in the
regression analyses. Kaplan-Meier survival curves and unadjusted hazard ratios for cause-specific
survival and other-cause survival were compared to determine if there was a non-independence of
competing risks.
6.4.1 Hospital Volume for Surgical Patients
The analysis indicates that the observed association between hospital volume and causespecific survival is not explained by an opposite effect on other-cause survival. While hospital
volume was associated with cause-specific survival (log rank p=0.05), it was not significantly
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associated with other-cause survival (log rank p=0.47). The other-cause survival curves (figure
6.1) do not show an opposite effect of volume than that observed in the cause-specific survival
curves (figure 6.2). While patients treated in lower volume hospitals have an increased risk of
death from prostate cancer, they do not have a decreased risk of death from other causes (table
6.7). Because we did not observe an opposite effect of hospital volume on other-cause survival,
we conclude that competing risks are not affecting our analysis of cause-specific survival and
hospital volume.
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Figure 6.1: Other-cause survival by hospital volume (p=0.47) (RP)

Figure 6.2: Cause-specific survival by hospital volume (p=0.05) (RP)
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Table 6.5 Competing risk analysis: Associations between hospital volume and other-cause
and cause-specific survival after RP
Volume category
HR (95% CI) for cause-specific
HR (95% CI) for other-cause
survival
survival
<1 RP/month
5.28 (1.22-22.91)
1.96 (0.92-4.20)
<2 RP/month
2.76 (0.61-12.46)
1.44 (0.67-3.10)
<3 RP/month
1.75 (0.35-8.69)
1.57 (0.72-3.39)
<4 RP/month
2.22 (0.43-11.48)
1.22 (0.51-2.92)
<7 RP/month
2.64 (0.48-14.43)
1.62 (0.67-3.92)
7+ RP/month
1.00
1.00
6.4.2 Follow-Up Care for Surgical Patients
The analysis indicates that the observed association between follow-up care and causespecific survival is not explained by an opposite effect on other-cause survival. While follow-up
care was significantly associated with cause-specific survival (log rank p=0.03), it was not
significantly associated with other-cause survival (log rank p=0.25). The survival curves for
other-cause (figure 6.3) and cause-specific survival (figure 6.4) both do not show any distinct
gradient of follow-up care. However, when we examined these outcomes using regression
techniques, the results indicate an effect of competing risks. Patients who receive less than the
recommended level of follow-up care are at decreased risk of death from prostate cancer. While
not significant, patients who received 0% follow-up care had a slight increase in risk of othercause death (table 6.8). The increased risk of other-cause death in this group may at least partly
explain the decreased risk of cause-specific death, as patients were dying of other causes and
could therefore not die of prostate cancer.
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Figure 6.3: Other-cause survival by follow-up care (p=0.25) (RP)

Figure 6.4: Cause-specific survival by follow-up care (p=0.03) (RP)
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Table 6.6 Competing risk analysis: Associations between follow-up care and other-cause
and cause-specific survival after RP
Follow-up care
HR (95% CI) for cause-specific
HR (95% CI) for other-cause
category
survival
survival
0%
0.28 (0.12-0.65)
1.32 (0.68-2.58)
>0% to ≤25%
0.18 (0.06-0.57)
0.73 (0.33-1.60)
>25% to ≤50%
0.56 (0.23-1.32)
0.91 (0.41-2.00)
>50% to ≤75%
0.55 (0.22-1.41)
0.67 (0.27-1.68)
>75% to <100%
0.20 (0.06-0.69)
0.98 (0.44-2.17)
100%
1.00 (Reference)
1.00 (Reference)
6.4.3 Follow-Up Care for Radiotherapy Patients
The analysis indicates that the observed association between follow-up care and causespecific survival may be explained by an opposite effect on other-cause survival. Follow-up care
was significantly associated with both cause-specific survival (log rank p<0.0001) and othercause survival (p=0.001). The survival curves for other-cause survival (figure 6.5) and causespecific survival (figure 6.6), as well as the regression analyses (table 6.9) indicate that while
poor follow-up care is associated with a decreased risk of prostate cancer death, it is also
associated with an increased risk of other-cause death. The decreased risk of prostate cancer death
in patients who received poor follow-up care may be at least partly due to their increased risk of
other-cause death.
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Figure 6.5: Other-cause survival by follow-up care (p=0.001) (RT)

Figure 6.6: Cause-specific survival by follow-up care (p<0.0001) (RT)
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Table 6.7 Competing risk analysis: Associations between follow-up care and other-cause
and cause-specific survival after RT
Follow-up care
HR (95% CI) for cause-specific
HR (95% CI) for other-cause
category
survival
survival
>0% to ≤25%
0.60 (0.35-1.05)
1.85 (1.31-2.61)
>25% to ≤50%
0.37 (0.21-0.66)
1.48 (1.07-2.05)
>50% to ≤75%
0.42 (0.27-0.66)
1.05 (0.77-1.43)
>75% to <100%
0.33 (0.20-0.56)
1.99 (0.71-1.37)
100%
1.00 (Reference)
1.00 (Reference)
6.4.4 Pre-Treatment Risk Assessment for Radiotherapy Patients
The analysis indicates that the observed association between pre-treatment risk
assessment and cause-specific survival is not explained by an opposite effect on other-cause
survival. Pre-treatment risk assessment was marginally associated with cause-specific survival
(log rank p=0.08) and significantly associated with other-cause survival (log rank p=0.04). Both
the survival curves (figures 6.7 and 6.8) and the regression analyses (table 6.10) indicate that
patients who received less than the recommended 5 assessments were at increased risk of both
death from prostate cancer and other-cause death.
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Figure 6.7: Other-cause survival by pre-treatment risk assessment (p=0.04) (RT)

Figure 6.8: Cause-specific survival by pre-treatment risk assessment (p=0.08) (RT)
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Table 6.8 Competing risk analysis: Associations between pre-treatment risk assessment and
other-cause and cause-specific survival following RT
Pre-treatment risk
HR (95% CI) for cause-specific
HR (95% CI) for other-cause
assessment
survival
survival
≤2 of 5 assessments
2.28 (1.05-4.93)
2.73 (1.50-4.98)
3 to 4 of 5 assessments
1.12 (0.70-1.79)
1.52 (1.04-2.11)
5 of 5 assessments
1.00 (Reference)
1.00 (Reference)
6.4.5 Radiotherapy Portal Film Target Localization
The analysis indicates that competing risks of other-cause survival are not impacting the
observed association between portal films and cause-specific survival. While target localization
was marginally associated with cause-specific survival (p=0.2), it was not associated with othercause survival (p=0.66). However, the survival curves for other-cause (figure 6.9) and causespecific survival (figure 6.10) both do not show any distinct survival gradient for the number of
portal films used, and the regression analyses indicate that neither cause-specific nor other-cause
survival is significantly impacted by portal film target localization (table 6.11). Thus, competing
risks is not an issue.
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Figure 6.9: Other-cause survival by radiotherapy portal film target localization (p=0.66)

Figure 6.10: Cause-specific survival by radiotherapy portal film target localization (p=0.2)
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Table 6.9: Competing risk analysis: Associations between portal film target localization and
other-cause and cause-specific survival following RT
Treatment fractions
HR (95% CI) for cause-specific
HR (95% CI) for other-cause
where portal film
survival
survival
target localization was
conducted
None
1.04 (0.60-1.80)
1.08 (0.72-1.60)
1 fraction
0.74 (0.44-1.24)
0.97 (0.68-1.39)
2 to 3 fractions
1.14 (0.70-1.86)
0.88 (0.61-1.23)
More than 3 fractions
1.00 (Reference)
1.00 (Reference)
6.5 Assessing Proportional Hazards Assumption
An assumption of Cox proportional hazards regression is that the hazard function for an
individual patient is dependent on the baseline hazard and the covariates included in the model.
While differing values of the covariates can change patients’ hazard functions, the ratio of the
hazard functions over time remains constant.
We conducted a graphical assessment of the proportional hazards assumption for each
quality indicator using the method proposed by Lin et al (165). Based on this approach, the solid
line of the observed score process is plotted along with the simulated paths. The proportional
hazards assumption is met with the observed score process falls within the simulated paths. A pvalue also estimates the probability that maximum of any of the 1000 simulations exceeds the
observed score process. A small p-value indicates non-proportional hazards.
Based on this analysis, several issues with non-proportionality were detected. For
surgical patients, the follow-up category of >50% to ≤75% follow-up care did not meet the
proportional hazards assumption (figure 6.11). Based on the plot of the score process over time,
the assumption of proportional hazards is met up until approximately 75 months, after which the
assumption is no longer met. This suggests that the estimated hazard of death due to follow-up
care in this category may not adequately reflect the observed pattern of prostate cancer death over
time, although it is the best approximate of the risk of prostate cancer death for this follow-up
category.

110

For radiotherapy patients, the follow-up categories of >50% to ≤75%, and <100% followup care did not meet the proportional hazards assumption (figure 6.12 and 6.13). For the >50% to
≤75% follow-up care category, the proportional hazards assumption was not met across all
follow-up time, with the observed score process falling outside the simulated paths for the entire
plot. For the <100% follow-up care category, the proportional hazards assumption was not met
early in the follow-up months. However, at approximately 100 months, the plot indicates that the
data meets proportional hazards assumption. This suggests that the estimated hazards of death due
to follow-up care in these two categories may not adequately reflect patients’ risk of prostate
cancer death over time that was observed in our sample.
Figure 6.11 Score process plot for assessment of proportional hazards assumption: >50% to
≤75% follow-up care (RP)

111

Figure 6.12 Score process for assessment of proportional hazards assumption: > 50% to
≤75% follow-up care (RT)

Figure 6.13 Score process for assessment of proportional hazards assumption: >75% to
<100% follow-up care (RT)
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Chapter 7: Summary and Conclusions
7.1 Summary of Study Objectives and Key Findings
We performed a retrospective cohort study to evaluate the validity of 11 prostate cancer
quality indicators by examining their associations with outcomes. Based on the quality of care
framework described by Avedis Donabedian, valid structure and process indicators of quality
should be associated with outcomes, such that high quality care leads to positive outcomes while
poor quality care leads to negative outcomes (16).
Our results supported the validity of hospital volume as a quality indicator for surgically
treated patients, as patients treated with RP in the lowest volume hospitals have worse survival
than those treated in the highest volume hospitals. These findings add to the body of literature on
the effect of hospital volume on RP outcomes (82-84). While research has shown a volume effect
for short-term survival, treatment morbidities, and healthcare utilization, our results provide
evidence for a volume effect on long-term cause-specific survival. However, the same effect was
not observed in RT patients, with no association observed between cancer centre volume and
long-term survival. Given the paucity of research on the impact of cancer centre volume in
prostate RT, further research is needed to confirm our results. Potential explanations for the
difference in volume effect across these treatment modalities should also be explored.
Conflicting results of the validity of pre-treatment risk assessment were observed in the
RP and RT subgroups. While there was no observable association between pre-treatment
assessment and outcomes in surgically treated patients, there was a non-significant 83% increase
in risk of prostate cancer death for RT patients who received two or fewer assessments. The
differences in disease risk in the RP and RT subgroups may potentially explain these
contradictory results. Patients treated with RP typically have a lower disease risk and are overall
healthier than patients treated with RT. These patients may therefore not gain any survival
benefits from a thorough pre-treatment risk assessment, with one or two assessments sufficient to
ensure they are appropriate surgery candidates. However, patients referred for RT typically have
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a higher disease risk (8,27). Without a complete assessment, patients who are not appropriate
candidates for curative treatment will not be identified. Thus, the importance of pre-treatment
assessment observed in the RT subgroup may be a result of the importance of these assessments
in excluding those patients who are not curative treatment candidates who will not experience any
survival benefits from treatment.
Appropriate follow-up care was hypothesized to reduce the risk of prostate cancer death
by allowing for early detection and treatment of recurrence. However, our results did not support
this hypothesis. For both RP and RT, patients who received less than the recommended follow-up
care had better survival than patients who received 100% of the recommended follow-up care.
Based on secondary analyses and competing risk analyses, we think this association between
follow-up care and cause-specific survival reflects a triaging effect, or confounding by indication,
whereby patients with more severe disease and therefore greater risk of recurrence and death are
followed up more closely than patients with less severe disease. While we controlled for disease
risk in the regression analyses, we think there is residual confounding by unmeasured disease
characteristics that increased the risk of prostate cancer death in the 100% follow-up care group.
Consultation with a radiation oncologist was not associated with surgical margin status
and therefore did not meet our test of validity. This suggests that, during the treatment era of our
study, patients’ risk of unresectable disease was not a significant determinant in whether they
were referred for a consultation with a radiation oncologist. Based on previous research, we know
that the use of radiotherapy services in Ontario varies by cancer centre, and that proximity to
cancer centres affects the receipt of RT services (157,158). We think that the variations in
consultations with radiation oncologists observed in our study sample may have been related to
patients’ proximity to cancer centres. We did not control for this factor in our analyses. Further
study of this issue is warranted.
The four RP-specific quality indicators (nerve sparing surgery, operative blood loss,
surgical margin status, and pelvic lymph node dissection during RP) did not meet our test of
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validity. However, we think this reflects issues with study power and data quality, rather than a
true lack of validity. Previous research has validated nerve sparing surgery and operative blood
loss by demonstrating their associations with hospital volume (25). Operative blood loss, when
measured by amount of blood lost rather than units of blood transfused, has been shown to predict
disease failure, with increased blood loss leading to increased risk of failure (101). While we
demonstrated that nerve sparing surgery does not affect patients’ risk of disease failure, we were
unable to assess the association between nerve sparing surgery and late morbidity outcomes.
However, previous research has shown that nerve sparing surgery leads to better urinary and
sexual outcomes than non-nerve sparing surgery, without compromising cancer control
(102,166). Further validation work is needed for pelvic lymph node dissection during RP by
examining the influence on the number of nodes removed on cause-specific survival, as research
has shown that it is the number of nodes removed, rather than whether or not nodes were
removed, that is an important predictor of survival (116). Finally, we suspect that the nonsignificant association observed between surgical margin status and cause-specific survival
reflects an issue with study power, particularly given previous research that has shown the impact
of margin status on biochemical recurrence and disease failure (107-110). While combining the
two positive margin groups would have increased study power, the clinical significance of
extensively positive margins is not the same as that of minimally positive margins, with surgeons
typically only concerned if patients have extensively positive surgical margins (81). Because of
this, we chose to estimate the risk of prostate cancer death separately for patients with extensively
positive or minimally positive margins.
The validity of two of the three RT-specific quality indicators we examined was
supported. Leg immobilization was significantly associated with GU late morbidities and urinary
incontinence, and bladder filling during RT was significantly associated with GU late morbidities.
Immobilization practices limit patient movement during RT, thus reducing the risk that healthy
tissues will be exposed to radiation. However, the impact of immobilization on patient outcomes
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has not been well studied. Our findings provide evidence that immobilization leads to better
outcomes following RT, and highlights the need to examine whether other immobilization
practices, such as rectal filling, are also valid indicators of quality.
While we failed to demonstrate an association between portal film target localization and
relevant outcomes, this method of target localization is not used in current practice. Imaging
techniques, including 3D ultrasound and computed tomography scans, are more commonly used.
Further research is needed to validate these target localization techniques as valid indicators of
quality.
7.2 Study Power
In the thesis proposal stage, we estimated the hazard ratios and relative risks we would be
able to calculate with 80% power and a significance level of 0.05. However, the categories used
in these a priori power analyses differed from the final categories used in the analyses, and
estimates of the proportion of patients in the categories were not good estimates of the
proportions within our data set. Thus, the a priori estimates of the smallest detectable hazard ratio
or relative risk were likely smaller than those we were actually powered to detect. However,
because post hoc power calculations are not recommended, we did not recalculate the minimal
detectable difference (167). Several analyses of quality indicators were limited by a lack of study
power, as discussed below.
For surgical hospital volume, we estimated we would be able to detect a hazard ratio of
2.73. However, this was based on categorizing volume into quartiles, whereas we used 6
categories. The smallest detectable hazard ratio would be larger as the number of patients within
each category decreased. We detected a significant association between the smallest hospital
volume category and cause-specific survival (HR=5.37, 95% CI=1.23-23.46). While the hazard
ratios for the intermediate volume categories suggested an increased risk of prostate cancer death,
they were not statistically significant and remained so when combined in a secondary analysis.
We suspect that with a larger sample size, the results may become statistically significant.
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For the analysis of surgical margin status and cause-specific survival, we estimated that
we could detect a hazard ratio of 1.41, with margin status dichotomized into positive margins or
negative margins. However, in our analysis, we used 4 margin categories, which would have
increased the minimal hazard ratio that we were powered to detect. While we detected an increase
in risk of prostate cancer death for patients with extensively positive (HR=2.52, 95% CI=0.738.66) and minimally positive margins (HR=1.47, 95% CI=0.74-2.94), the confidence intervals
were quite large, indicating a lack of power.
Our a priori power calculation for operative blood loss and disease-free survival
estimated that we would be able to detect a hazard ratio of 1.37, with blood loss categorized into
<3 units transfused or ≥3 units transfused. We ended up using 3 categories of blood transfusion (0
units, 1-2 units, ≥3 units), which increased the smallest detectable hazard ratio that we were
powered to detect for this association. Our point estimate indicated an increased risk of failure for
patients with ≥3 units transfused (HR=1.28 95% CI=0.55-1.41), however, the confidence interval
was quite wide. With a larger sample size, this result may persist and become statistically
significant.
7.3 Using the Quality of Care Framework in Quality Indicator Validation
Donabedian’s quality of care framework provides us with a conceptual model by which
to understand and describe quality of care. The relationships between the structures, processes
and outcomes of care that are thought to reflect quality is an essential characteristic of this model,
and provide us with a strong foundation on which to base our validation efforts (16,17,72). Valid
structure and process quality indicators should have confirmed associations with outcomes, with
the direction of the relationship in accordance with the a priori hypothesis that poor quality care
leads to negative outcomes, and high quality care leads to positive outcomes.
The quality of care framework also offers other approaches to evaluating the validity of
quality indicators. While we chose to focus on survival and morbidity outcomes, quality
indicators can be validated by examining their association with other relevant outcomes. Given
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the importance of patient satisfaction with the prostate cancer treatment process to both patients
and physicians, satisfaction is a highly relevant outcome by which to validate prostate quality
indicators. Patient quality of life following treatment is another important outcome by which to
validate quality indicators. Both of these outcomes are advantageous in that they do not require
the long follow-up time needed when using cause-specific survival to validate indicators.
Based on the quality of care framework, an association between structure and process quality
indicators is a further approach to validating these indicators. This was the validation method
used by Chan et al, who evaluated the validity of process indicators by demonstrating their
association with hospital volume, which is a structural component of quality (25).
The validation of quality indicators is ideally conducted by demonstrating their
association with a measure of quality that is already accepted as valid. This type of validity is
known as criterion validity (161,162). Assessing the criterion validity of quality indicators is not
possible, as there is currently no criterion, or gold standard measure of quality of care. However,
positive patient outcomes are the ultimate goal of high quality care. Thus, we think that our
validation study is the next best alternative to evaluating the criterion validity of prostate cancer
quality indicators.
Along with validity, feasibility is another important characteristic of quality indicators. In
order for indicators to be useful measures of quality, data must be readily available that allows for
the measurement of quality indicators. Several studies have examined the feasibility of prostate
cancer quality indicators and have found that the indicators can be assessed using patient chart
data (67,70,71,79,80). However, patient medical chart data is typically not easily accessible, often
requiring extensive abstractions from paper charts. If quality assurance and monitoring programs
are to efficiently adopt the use of quality indicators to measure quality of care, the data that is
required to assess these indicators should be more readily accessible. As hospitals move towards
electronic medical records, steps should be taken to ensure that aspects of care that are important
for quality are captured to allow for easy assessment.
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7.4 Study Strengths
This study has several strengths that support the findings. It was a population-based study
with patients accrued from all over Ontario. Participant recruitment was not required, thus
eliminating any effect of volunteer bias. The data used for this study was of high quality. Trained
abstractors completed the chart abstraction and weekly data quality checks were implemented to
ensure the accuracy and completeness of the abstraction data. Abstractors were blinded to the
study hypotheses, reducing any risk of bias. Electronic data from the Ontario Cancer Registry and
the Discharge Abstract Database are both of high quality, with little disagreement with patient
medical charts. The completeness of case registration in the Ontario Cancer Registry has been
estimated at 95% for all cancer cases and prostate cancer cases. Additionally, procedure codes in
the Discharge Abstract Database differ from patient charts 4.9% of the time, and diagnoses differ
6.0% of the time (119,160).
We had access to the most recent update of the Ontario Cancer Registry, which had a
death clearance date of December 31, 2007. The shortest follow-up for survival was 9 years and
the maximum was 18 years. Because the survival benefits of curative treatment for prostate
cancer are typically only observed at least 10 years after treatment, this long follow-up time
allowed us to detect associations between quality indicators and cause-specific survival (9).
A further strength of this study was the availability of data on covariates. In order to
accurately measure the association between quality indicators and outcomes, it is necessary to
control for patient and disease characteristics that may influence outcomes. While routinely
collected data often does not contain sufficient information on these covariates, our study
overcame this limitation as the chart abstraction data contained extensive information on patient
and disease characteristics, such as disease stage and comorbidity. Thus, we were able to control
for important covariates in our analyses and gain a better estimate of the associations between
quality indicators and outcomes.
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7.5 Study Limitations
This study also has several limitations that must be addressed. Because this study was a
secondary analysis of data collected for a previous study, the availability of data from the chart
abstraction prevented us from examining all quality indicators of interest. Additionally, we were
not able to control for all covariates of interest in our analyses because the required data had not
been abstracted. In particular, we were interested to examine the validity of computed
tomography (CT) scans as part of RT treatment planning, and whether it affected the observed
associations between other RT quality indicators and outcomes. Treatment planning with CT
scans may improve survival and decrease morbidities as it ensures greater accuracy of the
radiation on the target volume and reducing unwanted radiation to healthy tissues (5). While CT
treatment planning was being used during the treatment era of our study, the practice was not
captured in the chart abstraction.
There were also several data quality issues that emerged during data processing. We
originally intended to examine urinary incontinence and erectile dysfunction as outcomes of
interest. However, we found that these morbidities poorly documented within patients’ charts. We
were not able to accurately capture the incidence of erectile dysfunction for patients treated with
RT, or the incidence of either urinary incontinence or erectile dysfunction for patients treated
with RP due to insufficient data. Erectile dysfunction and urinary incontinence are both serious
concerns for men undergoing curative treatment for prostate cancer, and can have significant
long-term consequences on quality of life (42,44,46,48,56). Given this, we recommend that
physicians incorporate standardized measures of post-treatment urinary and sexual functioning to
ensure these late morbidities are diagnosed and treated and to allow for the accurate measurement
of these morbidities using chart data.
Our study relied predominantly on medical chart data for the measurement of quality of
care. It is possible that patients received an aspect of care that was important for quality, but did
not have it documented in their charts. This would lead to non-differential misclassification of
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quality measurements, as it would have occurred in patients who did and did not experience the
outcomes of interest. Non-differential misclassification is also a possibility in our measurements
of outcomes that relied on chart data. If there is misclassification of either quality of care received
or outcomes in our study, it would impact our findings by biasing our results towards nonsignificance.
7.5 Recommendations and Future Research
While one RP quality indicator and two RT quality indicators met our test of validity,
issues with data quality and availability and study power limited our ability to draw conclusions
regarding several other indicators. Appendix II summarizes each of the indicators we examined,
the current state of knowledge of their validity, and our recommendations for future research.
The purpose of developing quality indicators is to allow for the measurement of quality
of care, to compare quality of care across patients and treatment settings, and to evaluate quality
improvement initiatives. In order to do this, quality indicators need to have detailed operational
definitions that allow them to be applied and interpreted consistently. Many of the quality
indicators we evaluated fail to provide this definition. For instance, the original indicator
measuring operative blood loss did not specify what amount of blood loss was considered to be
excessive and indicative of poor quality care (23). It has been left to the researcher to develop a
working definition that allows for measurement of the indicator. This raises concerns over
whether our operational definitions of the quality indicators accurately reflect what the indicators’
original authors had intended when developing the indicators.
Any variations in how these quality indicators are defined and applied greatly limit their
value, as they will invalidate any comparisons of quality of care based on differing definitions of
the indicator. By not defining what level of care is reflective of poor or high quality, the use of
these quality indicators in quality improvement initiatives will be limited as there are no
benchmarks that physicians should be working towards. Given these issues, we recommend that
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further work be done to define quality indicators to ensure the indicators are applied consistently
and appropriately.
Prostate cancer patients are a fairly heterogeneous group, both in terms of patient
characteristics, such as age and comorbidity, and disease characteristics. While our results
indicate that outcomes are largely unaffected by quality of care, we recommend that further work
be done to determine if there are certain sub-groups of prostate cancer patients who are more
likely than others to be affected by quality of care. For instance, it has been suggested that older
patients are less likely to experience the sexual functioning benefits of nerve sparing surgery
compared to younger patients (104). Given the importance of disease risk in determining
treatment candidacy and prognosis, we are particularly interested in whether the effect of quality
of care on outcomes differs by disease risk strata. However, because of our relatively small
sample, we were not able to conduct stratified analyses to examine the effect. By gaining a better
understanding of who the proposed quality indicators are applicable to, we will be able to apply
these indicators more appropriately and obtain more valid measures of quality of care.
While our study provides evidence in support of the validity of 3 quality indicators, these
indicators should be further validated prior to their implementation. Additionally, research is
needed to evaluate the validity of the quality indicators that we did not select for analysis in our
study. While we chose to validate our selected quality indicators by examining their associations
with survival and morbidity outcomes, it is recommended that proposed indicators be further
validated by testing their associations with patient satisfaction with treatment. This is a
particularly important outcome of prostate cancer treatment given the treatment options available
to patients and the risks of genitourinary and gastrointestinal morbidities associated with curative
treatment.
The ultimate goal of quality indicators is to facilitate the measurement of quality to
improve the care provided to patients, reduce treatment-related morbidities, and improve survival.
Quality of prostate cancer care has become an increasingly relevant issue as the incidence
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continues to increase and more men are seeking curative treatment for the disease. This study
represents an important step towards the establishment of a set of valid quality indicators that can
be used to monitor the quality of prostate cancer care to ensure patients are receiving the best
possible care.
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Appendix II: Summary of Findings and Recommendations for Future Research
Quality indicator
Volume

Did the indicator meet our test of construct validity?
Validity of hospital volume was supported for RP subgroup.
Validity of cancer centre volume was not supported for RT
subgroup. No association was detected between cancer
centre volume and cause-specific survival.

Pre-treatment risk assessment

Validity of pre-treatment risk assessment was not supported
for RP subgroup. No association was detected between
assessment and change in node stage or cause-specific
survival.
Limited study power precluded us from reaching a
conclusion regarding the validity of pre-treatment risk
assessment for the RT subgroup. A non-significant
association was observed between assessment and causespecific survival.

Consultation with a radiation
oncologist

The validity of this indicator was not supported. No
association was observed between patients’ consultation
with a radiation oncologist and surgical margin status.
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Future research recommendations
Further research is needed to examine the
impact of cancer centre volume on other
outcomes following RT (e.g., morbidities,
hospital admission). Additionally, research is
needed to examine potential explanations for
the difference in the volume effect in patients
treated in hospitals compared to those treated
in cancer centres.
Further research is recommended to study the
impact of pre-treatment risk assessment on
outcomes following both RP and RT,
specifically looking at the impact of each of
the 5 recommended assessments individually,
as well as the impact of sub-groups of the
assessments. A larger study of the association
between pre-treatment risk assessment and
cause-specific survival in RT patients is also
recommended.
Our results suggest that the decision to refer a
patient to a radiation oncologist was not
impacted by the risk of unresectable disease.
Additional research is needed to determine
factors behind the decision to refer to a
radiation oncologist in the current treatment
era.

Follow-up care

Validity of appropriate follow-up care following treatment
was not supported. Patients who received less than the
recommended follow-up care had better survival than
patients who received the recommended follow-up care.

Operative blood loss

Validity of units of blood transfused, as a proxy measure for
operative blood loss, was not supported. No association was
observed between units of blood transfused and disease
failure.

Nerve sparing surgery

Due to missing data, we were unable to fully evaluate the
validity of this quality indicator. While no association was
found between the use of nerve sparing surgery and diseasefree survival, we were not able to examine the impact of
nerve sparing surgery on late morbidities following RP.
Limited study power precluded us from reaching a
conclusion regarding the validity of surgical margin status. A
non-significant increase in risk of prostate cancer death was
observed in patients with extensively positive surgical
margins.

Surgical margin status
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We think a triaging effect explains the
observed association between follow-up care
and survival, whereby patients with more
severe disease are being followed more closely
by their physicians, and also more likely to
experience disease failure and death. We
recommend further research to test our
hypothesis and examine factors affecting
physicians’ decisions to follow-up their
patients following curative treatment.
We recommend further research to examine
whether units of blood transfused is a good
proxy measure of operative blood loss.
Research on the association between operative
blood loss and disease failure is also needed to
validate this quality indicator.
Research is needed to examine the impact of
nerve sparing surgery on late morbidities (e.g.
urinary incontinence, erectile dysfunction)
following RP.
A larger study of the association between
surgical margin status and cause-specific
survival is needed to assess the validity of this
indicator.

Pelvic lymph node dissection
during RP

Validity of pelvic lymph node dissection during RP was not
supported.

Leg immobilization

The validity of leg immobilization was supported. A
significant association was observed between leg
immobilization and GU late morbidities and urinary
incontinence.

Bladder filling during RT

The validity of bladder filling during RT was supported. A
significant association was observed between bladder filling
and GU late morbidities.
The validity of portal film target localization was not
supported. While a non-significant increase in risk of GU
late morbidities was observed for patients who did not
receive portal film target localization, a significant decrease
in risk of GI late morbidities was observed for patients who
received portal films on one to two treatment fractions.

Portal film target localization
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We think that the number of lymph nodes
removed during dissection has a greater impact
on survival than simply whether or not a
dissection was conducted. However, we were
unable to test this hypothesis due to missing
data. Further study of the impact of pelvic
lymph node dissection on survival, including
the association between the number of lymph
nodes removed and survival, is recommended.
Along with the results of bladder filling during
RT, these findings point to the need to examine
other immobilization practices and their impact
on morbidity outcomes following RT.
Specifically, research on rectal immobilization
and its impact on GI late morbidities is
recommended.

Portal films are not used in current practice for
target localization, having been replaced by
more current technology, such as CT scans and
3D ultrasound. Further work is needed to
examine current target localization practices
need to validate them as quality for RT
patients.

