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Abstract

Purpose—To assess the relationship between healthcare system performance on nationally

endorsed prostate cancer quality of care measures and prostate cancer treatment outcomes.

Methods—This is a retrospective cohort study including 48,050 men from Surveillance

Epidemiology and End Results – Medicare linked data who were diagnosed with localized

prostate cancer between 2004 and 2009 and followed through 2010. Based on a composite quality

measure, we categorized the healthcare systems in which these men were treated into 1-star

(bottom 20%), 2-star (middle 60%), and 3-star (top 20%) systems. We then examined the

association of healthcare system-level quality of care with outcomes using multivariable logistic

and Cox regression.

Results—Patients who underwent prostatectomy in 3-star versus 1-star healthcare systems had a

lower risk of perioperative complications (odds ratio 0.80, 95% confidence interval [CI] 0.64–

1.00). However, these patients were more likely to undergo a procedure addressing treatment-

related morbidity (e.g., 11.3% vs. 7.8% treated for sexual morbidity, p=0.043). Among patients

undergoing radiotherapy, star-ranking was not associated with treatment-related morbidity.

Among all patients, star-ranking was not significantly associated with all-cause mortality (Hazard

Ratio [HR] 0.99, 95% CI 0.84–1.15) or secondary cancer therapy (HR 1.04, 95% CI 0.91–1.20).

Conclusion—We found no consistent associations between healthcare system quality and

outcomes, which questions how meaningful these measures ultimately are for patients. Thus,

future studies should focus on the development of more discriminative quality measures.
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Introduction

The majority of the more than 240,000 men newly diagnosed with prostate cancer each year

undergo treatment with either prostatectomy or radiotherapy.1,2 However, outcomes of these

treatments vary widely, depending on where the patient is treated. For instance, the

likelihood of complications and morbidity are higher for men treated at low-volume

healthcare systems,3 implying that some healthcare systems have better outcomes than

others.

To better assess the quality of prostate cancer care, a group at RAND codified a

comprehensive list of performance measures in 2000.4,5 The Physician Consortium for

Performance Improvement built upon this work and developed several clinically relevant

quality measures that are grounded in a robust evidence base.6 Subsequently, several of

these measures have been endorsed by the National Quality Forum and have been

incorporated into the Centers for Medicare and Medicaid Services’ Physician Quality

Reporting System.7,8 Their implementation notwithstanding, the extent to which

performance on these measures is associated with better outcomes of treatment has remained

unclear. Because they are generally thought to be reflective of quality prostate cancer care, it

is possible that healthcare systems performing well on these measures will have better

outcomes. However, due to their narrow scope and disconnect from what directly affects the

sequelae of treatment, these measures may not be tightly linked with outcomes.

For these reasons, we assessed the extent to which adherence to these established

performance measures is associated with outcomes of treatment, including perioperative

complications and length of stay after surgery, treatment-related morbidity, the use of

secondary cancer therapy and all-cause mortality.

Methods

Study population

We used Surveillance, Epidemiology, and End Results (SEER) – Medicare data for the years

2004 through 2009 to identify patients with newly diagnosed localized prostate cancer as

their only cancer. We included subjects 66 years of age and older in the fee-for-service

program eligible for Parts A and B of Medicare for at least 12 months before and after

prostate cancer diagnosis. We limited the study to patients treated with radical prostatectomy

or radiotherapy because the endorsed quality measures only apply to these patients.6,7

Finally, we excluded patients who were assigned to a healthcare system that was not within

the SEER 18 regions. Using these criteria, our study population consisted of 48,050 patients

who were followed through December 31, 2010.

Identifying healthcare systems

Previous empirical work has demonstrated that physicians and beneficiaries form naturally

occurring groups centered around hospitals.9,10 These groups are well-suited units for

quality measurement, because they represent definable targets for quality improvement.10

They also form the basis for the assignment of Medicare beneficiaries to Accountable Care

Organizations.9 Thus, based on the methodology used to assign Medicare beneficiaries to
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Accountable Care Organizations,10 we assigned prostate cancer patients to the healthcare

system in which they received most or all of their prostate cancer care.

Measuring quality of care

As previously described,11 we used five nationally endorsed measures to ensure a broad

view of quality of care:5,6 (1) the proportion of patients seen by both a urologist and a

radiation oncologist between diagnosis and treatment, (2) the proportion of patients with

low-risk12 cancer avoiding receipt of a non-indicated bone scan, (3) the proportion of

patients with high-risk12 cancer receiving adjuvant androgen deprivation therapy (ADT)

while undergoing radiotherapy, (4) the proportion of patients treated by a high volume

(upper tertile) provider (surgeon or radiation oncologist), and (5) the proportion of patients

having at least two follow-up visits within one year after treatment with a treating surgeon or

radiation oncologist.

To obtain a global assessment of the quality of prostate cancer care provided for each

patient, we developed a composite patient-average measure of quality. For this measure, the

denominator for each patient was the number of measures for which the patient was eligible,

and the numerator was the number of measures that were successfully met.13 Because

different approaches have been described for developing composite measures, we performed

sensitivity analyses using an all-or-none approach in addition to the patient-average.13 The

results of these sensitivity analyses were not materially different from the main analyses, so

only those related to the patient-average are presented.

We fit multilevel models to examine performance on the composite quality measure across

healthcare systems. Our outcome was the patient-average composite quality measure

described above. These models allowed us to account for the nested structure of our data

(i.e., patients nested within healthcare systems) by introducing a healthcare system-level

random effect. We used empirical Bayes prediction to calculate the mean performance on

the composite measure for each healthcare system, adjusting for patient (age in years, race,

year of diagnosis, D’Amico risk group,12 comorbidity,14 socioeconomic status,15 and urban

vs. rural residence) and regional characteristics (number of hospital beds, number of

urologists, and number of radiation oncologists per 100,000 men aged 65 and older;

Medicare managed care penetration; all obtained from the “Area Resource File”). This

approach also accounted for differences in reliability of individual healthcare system

performance estimates resulting from differences in sample size.16

Next, we ranked healthcare systems from lowest to highest based on their adjusted mean

performance on the composite measure (Figure 1). Across these systems, we observed

significant variation in performance ranging from 19% to 84% (intraclass correlation 0.16).

Building on previous work, we then categorized healthcare systems into 1-star, 2-star, and 3-

star groups, encompassing the “worst” (bottom 20% of systems), the middle 60%, and the

“best” (top 20% of systems),17 which served as our exposure.

Prostate cancer outcomes

Using well defined algorithms, we evaluated outcomes for all patients undergoing radical

prostatectomy or radiotherapy (Appendix Table),18,19 including perioperative complications
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and length of stay after surgery, treatment-related morbidity (urinary, sexual, and

gastrointestinal), the use of secondary cancer therapy, and all-cause mortality. We defined

secondary cancer therapy as (1) use of radiotherapy or hormonal therapy after radical

prostatectomy,18 or (2) use of ADT after 6 months of completion of radiotherapy for

patients who did not receive concurrent ADT while undergoing radiation, or (3) use of ADT

after 36 months of completion of radiotherapy for patients who did receive concurrent

ADT.19 To measure all-cause mortality, we used the Medicare date of death.

Statistical analyses

We first assessed for differences in patient and regional characteristics across our healthcare

system quality exposure using chi-squared tests. Next, we measured associations between

healthcare system star-ranking and the risk of perioperative complications using logistic

regression models. With the patient serving as our unit of analysis, the star-ranking of each

healthcare system was entered as a categorical variable and Huber/White sandwich

estimators of variance were used to account for the correlation of observed outcomes within

healthcare systems. Length of stay was log-transformed and then modeled with a linear

regression model. All models were adjusted for the patient and regional characteristics

described in Tables 1 and 2. From these models, we then calculated the adjusted risk for

perioperative complications and adjusted length of stay.

We then measured associations between healthcare system star-ranking and the time-

dependent outcomes (treatment-related morbidity, secondary cancer therapy, all-cause

mortality) using similar Cox proportional hazards models. These models were then back-

transformed to derive the 5-year adjusted probability of each outcome. Because the time to

treatment-related morbidity, secondary cancer therapy, and all-cause mortality may differ by

treatment type, separate models were fitted according to primary treatment received

(prostatectomy or radiotherapy without or with concurrent ADT). Each of these models was

further stratified by type of prostatectomy (open or minimally invasive) or type of

radiotherapy (brachytherapy, external beam, or intensity-modulated).20 Because the risk for

secondary cancer therapy differs by prostate cancer risk classification, we additionally fitted

separate models including patients with D’Amico low-risk or high-risk cancer only.12

We performed all analyses using Stata (Version 12MP) and SAS (Version 9.3) and

considered p≤0.05 as statistically significant. The University of Michigan Medical School

Institutional Review Board exempted this study from review.

Results

Most patients were less than 75 years old, white, and had tumors that were not clinically

apparent and diagnosed at a prostate-specific antigen level of 10 ng/ml or less. While we

observed numerous statistically significant differences across healthcare systems with

respect to patient (Table 1) and regional (Table 2) characteristics, only a few were likely of

clinical significance. Notably, patients who were treated in 3-star healthcare systems were

older, had lower risk cancers, higher levels of education, greater incomes and were more

likely to be treated with brachytherapy.
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When examining associations between star-ranking and outcomes of prostate cancer

treatment, our findings were mixed. Among prostatectomy patients, those treated in 3-star

healthcare systems had a lower risk of perioperative complications (odds ratio 0.80, 95%

confidence interval [CI] 0.64–1.00, p=0.050) and a slightly shorter adjusted length of stay

(2.0 [95% CI 1.9–2.0] vs. 2.1 [95% CI 2.0–2.3] days, p=0.020) than those treated in 1-star

systems. However, those treated in 3-star healthcare systems were more likely to undergo

procedures for treatment-related morbidity (Figure 2A). For example, there was a trend

towards more procedures for urinary morbidity after prostatectomy among patients treated in

3-star versus 1-star healthcare systems (12.2% [95% CI 8.8%–16.9%] vs. 9.7% [95% CI

7.8% vs. 12.1%] within five years, p=0.086]. Likewise, prostatectomy patients treated in 3-

star healthcare systems were more likely to undergo procedures for sexual (11.3% [95% CI

7.0%–17.9%] vs. 7.8% [95% CI 5.4%–11.2%], p=0.043) and gastrointestinal treatment-

related morbidity (19.3% [95% CI 13.7%–27.0%] vs. 13.9% [95% CI 10.8%–17.7%],

p=0.010, Figure 2A). Among patients undergoing radiotherapy, star-ranking was not

associated with treatment-related morbidity (Figure 2B).

With respect to secondary cancer therapy, we found no associations between healthcare

system star-ranking and outcome, both among low-risk (Figure 3A) and high-risk patients

(Figure 3B). There were also no significant associations between star-ranking and all-cause

mortality (Hazard Ratio 0.99, 95% CI 0.84–1.15, comparing 3-star to 1-star healthcare

systems).

Discussion

Across more than 700 healthcare systems, we found substantial differences in the quality of

prostate cancer care as estimated by adherence to nationally endorsed performance

measures. However, associations between healthcare system quality and outcomes were

mixed. For example, patients who underwent prostatectomy in 3-star healthcare systems had

a significantly lower risk of perioperative complications. However, these patients were

significantly more likely to undergo a procedure addressing treatment-related morbidity.

Star-ranking was not significantly associated with secondary cancer therapy or all-cause

mortality.

While previous studies have addressed regional variation in the quality of prostate cancer

care at the census division or Hospital Service Area level,11,21 our study is among the first to

link adherence to endorsed measures and the outcomes of treatment. While we did not find

consistent associations between process measures of quality of care and outcomes among

prostate cancer patients, such associations have previously been described in other diseases

and settings. For example, better performance on claims-based process measures of care was

associated with less decline in function and better survival among vulnerable elders.22

Among patients undergoing surgery for colorectal cancer, hospitals performing better on

established measures of quality had significantly fewer perioperative complications,23 which

is similar to our findings among prostate cancer patients. However, in our study, the

associations between better performance and improved outcomes did not persist for longer-

term outcomes (i.e., treatment-related morbidity, secondary cancer therapy, and all-cause

mortality), which were not part of the prior study.23
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There are several potential reasons for our mixed findings. First, it is entirely possible that

the process measures examined in the current study are not relevant for outcomes such as

cancer control and treatment-related morbidity. Indeed, the initial development of these

measures by RAND was not guided by the desire to identify measures that are directly

linked to outcomes, but rather by what experts felt to be reflective of high-quality prostate

cancer care.5 However, patients who were treated in the best performing healthcare systems

did not have consistently better outcomes, which implies that the current quality measures

may not be reflective of the overall care received and may not be relevant for important

outcomes. To identify measures that are more directly linked to outcomes, one would likely

have to assess other processes of care, such as the details of the care provided in the

operating room or the processes monitored by radiation quality assurance programs.24,25

Second, it is possible that the endorsed quality measures relate to other outcomes that could

not be measured with the available data, including health-related quality of life, patient

satisfaction and treatment-related regret.26,27 As part of the National Strategy for Quality

Improvement,28 these patient-reported outcomes are increasingly the focus of quality

assessment and should be incorporated into the systematic evaluation of prostate cancer care

in the future. In summary, our mixed findings on associations between star-ranking and

outcomes may be explained by limitations of the process measures themselves or by the lack

of patient-reported outcomes.

In interpreting our findings, it is important to consider several limitations. First, our

composite measure of prostate cancer quality rewards close cooperation between urologists

and radiation oncologists. Therefore, the kind of treatment patients received differed by the

star-ranking of the healthcare system (e.g., a higher prevalence of brachytherapy in 3-star

healthcare systems). However, the kind of treatment received is also associated with

outcomes such as secondary cancer therapy and treatment-related morbidity. To address this

issue, all models were stratified by treatment type. Thus, the impact of star-ranking on

outcomes was estimated only among the patients who got the same kind of treatment, but

not across treatments.20 Second, claims data provide billing information but lack detailed

clinical data,26 so we could not ascertain the patients’ actual urinary and sexual morbidity

nor their specific preferences regarding treatment of these morbidities. Undergoing more

procedures addressing urinary or sexual morbidity could reflect a higher incidence of

morbidity in high-quality healthcare systems, differing patient preferences, or more

aggressive management of these morbidities by the physicians practicing in these healthcare

systems. Third, our findings related to overall survival were limited by length of follow-up

and the protracted course of prostate cancer. With longer follow-up, significant associations

between prostate cancer quality of care and survival could emerge. Finally, as with all

SEER-Medicare studies, generalizability is limited to men older than 65 enrolled in fee-for-

service Medicare.

These limitations notwithstanding, our study has important implications. We found

substantial variation in the quality of prostate cancer care across more than 700 healthcare

systems in the United States. For expeditious quality improvement, it would be most

straightforward to take an approach similar to ours, measuring processes of care in claims

data, and then use the results to direct interventions. While we could successfully measure
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processes of care and rank healthcare systems accordingly, our findings also show

significant limitations to this approach. We were unable to consistently link performance on

these process of care measures to outcomes, which questions how meaningful these

measures ultimately are for patients. Thus, future studies should focus on the development

of more discriminative quality measures. Particularly for surgical patients, measures

addressing the quality of care provided within the operating room are currently mostly

lacking, although the skill set of the surgical team is likely one of the most important factors

contributing to postoperative outcomes.24,29 In addition, our findings underscore the

importance of incorporating patient-reported outcomes into the quality assessment of

prostate cancer care in the future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Variation in performance on the patient-average composite measure across the 719

healthcare systems. The solid black line represents the adjusted performance rate for each

healthcare system. The horizontal line represents the adjusted overall mean rate of

performance. Error bars represent 95% confidence intervals for the rates of the individual

healthcare systems. Black error bars represent rates that are statistically significantly

different from the overall mean. Grey error bars represent rates that are not significantly

different from the overall mean.
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Figure 2.
Adjusted risk of treatment-related morbidity at 5 years by quality of care of healthcare

system among patients who underwent prostatectomy (panel A) and radiotherapy without or

with concurrent androgen-deprivation therapy (ADT, panel B). * denotes p<0.05 compared

to 1-star healthcare system.
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Figure 3.
Adjusted risk of secondary cancer therapy at 5 years by quality of care of healthcare system

for patients with low-risk (panel A) and high-risk prostate cancer (panel B). Patients were

stratified by type of primary treatment received (prostatectomy, radiotherapy without or with

concurrent androgen-deprivation therapy [ADT]).
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