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Abstract

Objective—To test the association between hospital type and performance of candidate quality 

measures for treatment of muscle invasive bladder cancer (MIBC) using a large national tumor 

registry. Proposed quality measures include receipt of neoadjuvant chemotherapy, timely 

treatment, adequate lymph node dissection, and continent urinary diversion.

Methods—Using the National Cancer Database (NCDB), patients with stage ≥II urothelial 

carcinoma treated with radical cystectomy (RC) from 2003–2010 were identified. Hospitals were 

grouped by type and annual RC volume: community, comprehensive low volume (CLV), 

comprehensive high volume (CHV), academic low volume (ALV), and academic high volume 

(AHV) groups. Logistic regression models were used to test the association between hospital 

group and performance of quality measures, adjusting for year, demographic, and clinical/

pathologic characteristics; generalized estimating equations were fitted to the models to adjust for 

clustering at the hospital level.

Results—23,279 patients underwent RC at community (12.4%), comprehensive (CLV: 38%; 

CHV: 5%), and academic (ALV: 17%; AHV: 28%) hospitals. While only 0.8% (n=175) of 

patients met all 4 quality criteria, 61% of patients treated at AHV hospitals met ≥2 quality metric 

indicators compared to ALV (45%), CHV (44%), CLV (38%), and community (37%) hospitals 

(p<0.001). Following adjustment, patients were more likely to receive ≥2 quality measures when 

Correspondence: Marc C. Smaldone, MD, MSHP, Assistant Professor of Urologic Oncology, Fox Chase Cancer Center-Temple 
University Health System, 333 Cottman Avenue, Philadelphia, PA 19111, Phone: 215-214-0317, Fax: 215-214-1734, 
marc.smaldone@fccc.edu. 

No financial disclosures or conflicts of interest.

HHS Public Access
Author manuscript
BJU Int. Author manuscript; available in PMC 2016 February 01.

Published in final edited form as:
BJU Int. 2015 February ; 115(2): 230–237. doi:10.1111/bju.12638.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



treated at AHV (OR 2.4 [CI 2.0–2.9]), ALV (OR 1.3 [CI 1.1–1.6]), and CHV (OR 1.3 [CI 1.03–

1.7]) hospitals compared to community hospitals.

Conclusions—Patients undergoing RC at AHV hospitals were more likely to meet quality 

criteria. However, performance remains low across hospital types, highlighting the opportunity to 

improve quality of care for MIBC.
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Introduction

Emerging pay for performance reimbursement mechanisms are directed at improving 

delivery of high quality, valued-based care while reducing unnecessary utilization and 

expenditures.[1] Performance reporting has been proposed as an essential component of 

healthcare reform, with the aim of improving quality by increasing transparency and 

accountability.[2] Although a clear benefit has not been demonstrated, public disclosure of 

provider performance at the individual and aggregate level has increased over the past two 

decades[3] to empower patients as informed decision makers and reduce undesirable 

variation. Further, while evidence-based guidelines exist to standardize treatment practices 

for most medical conditions, guidelines are often underutilized, particularly for highly 

specialized and resource intensive services such as oncologic care.[4]

Bladder cancer remains one of the most costly malignancies from diagnosis to death per 

patient, and with only a 5% relative reduction in mortality rate over the past 15 years, 

progress in preventing bladder cancer-related mortality lags behind other malignancies such 

as colon, breast, and prostate cancers.[5] While small improvements in hospital length of 

stay and inpatient mortality have been demonstrated with the regionalization of complex 

surgical procedures including radical cystectomy (RC),[6] there is still considerable 

variation in evidence based practice for patients with bladder cancer.[7] Further, lack of 

level one evidence has limited development of rigorous metrics to reliably measure quality 

for patients undergoing surgical treatment of muscle invasive bladder cancer (MIBC).[8]

Several process measures with varying levels of supporting evidence have been proposed as 

candidate quality of care metrics, including receipt of neoadjuvant chemotherapy, timely 

treatment, adequate lymph node yield, and use of continent urinary diversion.[9] To improve 

quality at the national level, experts and advocacy groups have emphasized regionalization 

of complex procedures from low volume community hospitals to tertiary high volume 

centers.[10] In this study, our aim was to assess trends in performance of candidate quality 

measures in patients undergoing RC for MIBC by hospital type using a large national tumor 

registry.
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Patients and Methods

Cohort Definition

A program of the American College of Surgeons, Commission on Cancer, and American 

Cancer Society, the National Cancer Data Base (NCDB) is a national cancer registry that 

was established in 1989 and serves as a comprehensive clinical surveillance resource for 

cancer care in the United States. The NCDB compiles data from more than 1,500 

commission-accredited cancer programs in the United States and Puerto Rico and captures 

approximately to 70% of all newly diagnosed cancer cases.[11]

All patients with urothelial carcinoma of the bladder were identified based on International 

Classification of Diseases for Oncology, 3rd Edition (ICD-O-3) site codes (8120–8131). Our 

analytic cohort was restricted to individuals aged 18 to 90 years undergoing RC for analytic 

stage II-IV disease from 2003–2010. Patients with non-urothelial histologic type, stage ≤I or 

unknown stage, or second primary cancers were excluded. Patient socioeconomic 

characteristics were provided using census tract data. Co-morbidity burden was determined 

using the Charlson-Deyo classification and categorized as 0, 1, or ≥2. Vital status to 

determine trends in overall survival was only available for patients identified prior to 2006.

Based on case volume and access to cancer-related services and specialists, the NCDB 

classifies hospitals as unknown, community (100–500 new cancer cases per year), 

comprehensive community (>500 cases per year), and teaching/research (academic) centers 

defined by either National Cancer Institute designation or medical school affiliation. Using 

previously described methods[6, 12, 13], annual RC hospital volume status was defined by 

tercile (with high volume defined as ≥ 4 RC/year). As previous studies have demonstrated 

overlap in outcomes by facility type and volume status,[14] composite hospital type/volume 

(high versus intermediate/low) categories were created: unknown and community, 

comprehensive low volume (CLV), comprehensive high volume (CHV), academic low 

volume (ALV), and academic high volume (AHV).

Quality Measure Selection

Four candidate performance measures were identified: receipt of neoadjuvant chemotherapy, 

treatment within 3 months of diagnosis, lymph node yield ≥10, and performance of 

continent diversion.[9] Neoadjuvant chemotherapy was defined as systemic treatment 

received prior to RC using initiation of therapy date. Time to treatment was determined 

using time from diagnosis to surgery or initiation of neoadjuvant chemotherapy to avoid 

penalizing hospitals in which pre-operative chemotherapy is preferentially administered. 

Lymph node yield was derived from the regional lymph nodes examined field, and receipt of 

continent urinary diversion was determined by primary site codes.

Statistical Analyses

Trends in performance of candidate quality measures were assessed from 2003–2010 using 

Chi-square tests. Categorizing patients by the number of measures received, we performed 

exploratory analyses to assess for differences in overall survival using Kaplan Meier 

methods and proportional hazard regressions adjusted for all covariates. Patient 
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demographic and clinical characteristics were compared by hospital category group using 

Chi-square tests. Adjusting for year, age, gender, race (white, African American, other), 

Hispanic ethnicity, payer group, Charlson-Deyo score, income, education, tumor grade, 

analytic stage, urban/rural status, and facility location, we examined the association between 

hospital category and receipt of individual quality measures using multivariable logistic 

regression. To account for clustering within hospitals, we calculated robust standard errors 

using Generalized Estimating Equations. As a composite metric may be more effective to 

reliably assess quality,[15] we performed similar regressions using receipt of ≥2 quality 

measures as a secondary endpoint. While limited, the association observed between survival 

and receipt of ≥2 measures was used to support our use of ≥2 measures as a secondary 

endpoint. All statistical analyses were performed using SAS software (version 9.3), with p 

values of <0.05 meeting statistical significance.

Results

We identified 23,279 patients (mean age 67.2 ± 10.8 years, 74% male) with stage ≥II 

urothelial carcinoma undergoing RC from 2003–2010. The majority were treated at 

academic (45%) and comprehensive community (43%) hospitals compared to community 

(12%) hospitals. No community hospitals met high volume criteria. Combining hospital 

facility type and volume tercile, the majority of patients were treated at CLV (38%) and 

AHV centers (27.9%), compared to ALV (16.7%), CHV (5%), and community centers 

(12.4%) respectively. Comparing composite category groups, subjects differed by 

demographic, clinical, and pathologic characteristics (Table 1).

19,554 of patients (84%) underwent treatment within 3 months, 2,885 (12%) received 

neoadjuvant chemotherapy, 10,243 (44%) had lymph node dissection yielding ≥10 nodes, 

and 1,992 (9%) underwent continent urinary diversion. Only 175 (0.8%) patients met all 

proposed quality criteria, while 2,130 (9%), 8,334 (35.8%), 10,848 (46.6%), and 1,792 

(7.7%) met 3, 2, 1, and 0 measures respectively. Adjusted survival analyses revealed that 

receipt of ≥ 2 measures was associated with increased survival (HR 0.88 [CI 0.82–0.94]), 

while receipt of ≤ 1 measures did not reach statistical significance (HR 0.996 [CI 0.9–1.1]) 

(Figure 1). Results from the proportional hazards regression for additional covariates are 

detailed in Supplementary Table 1.

Evaluating unadjusted trends over time (2003 to 2010), receipt of neoadjuvant 

chemotherapy increased from 6 to 23% (p<0.0001) and lymph node yield ≥ 10 nodes 

increased from 35 to 55% (p <0.0001), while the proportion of patients undergoing timely 

treatment and continent urinary diversion decreased from 86 to 84% (p<0.0001) and 9 to 7% 

(p=0.02) respectively. Following adjustment, patients at AHV centers were more likely to 

receive neoadjuvant chemotherapy (OR 1.6 [CI 1.3–2.0]), adequate lymph node dissection 

(OR 3.14 [CI 2.5–4.0]), and continent diversion (OR 2.4 [CI 1.8–3.3]), but were less likely 

to have timely treatment (OR 0.72 [CI 0.6–0.9]), compared with Community hospitals 

(Table 2).

The proportion of patients meeting ≥2 quality criteria increased from 2003 to 2010 (39 to 

58%, p<0.0001). Comparing the proportion of patients undergoing RC by hospital type, 
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patients were most likely to meet ≥2 quality criteria if treated at an AHV center (61%) and 

least likely if treated at a community center (37%) (Figure 2). Following adjustment, 

patients were more likely to receive ≥2 quality measures when treated at AHV (OR 2.4 [CI 

2.0–2.9]), ALV (OR 1.3 [CI 1.1–1.6]), and CHV (OR 1.3 [CI 1.1–1.7]) hospitals compared 

to community hospitals. Notably, African Americans (OR 0.84 [CI 0.7–0.9]) and those 

insured with Medicaid (OR 0.76 [CI 0.6–0.9]), Medicare (OR 0.86 [CI 0.8–0.96]), or 

uninsured (OR 0.86 [CI 0.8–0.99]) were less likely to receive ≥2 quality measures, and 

decreasing associations between receipt of ≥2 quality measures were observed with 

increasing age and Charlson-Deyo score categories (Table 3).

Performance of sensitivity analyses excluding receipt of continent diversion as a quality 

metric did not substantially impact the proportion of patients receiving ≥ 2 quality criteria 

treated at AHV versus community hospitals (57 vs. 34% patients; p<0.0001) or the main 

findings of our multivariable models (AHV OR 2.3, p<0.0001). Similarly, use of alternative 

definitions of high volume status, including 25 RC/year (AHV OR 3.2, p<0.001) and 50 RC/

year (AHV OR 1.9, p<0.0001) minimally impacted our main findings. As such these data 

are not fully presented.

Discussion

Using the NCDB, we evaluated performance of four candidate quality measures for patients 

undergoing RC for MIBC and found that performance of these measures varied widely by 

hospital type. Using a composite measure of facility type and procedural volume, patients 

treated at AHV centers were more likely to meet proposed quality criteria compared to those 

treated at community centers. Further, while performance of these measures increased over 

time, only 46% of patients met at least two quality criteria, and surprisingly less than 1% 

(n=175) met all four criteria.

Defining “high quality care” is complex, and efforts to define surgical quality have lagged 

behind those of medical conditions such as diabetes, cardiovascular and chronic pulmonary 

disease due to the lack of rigorous data to support evidence based practice[16]. In an elegant 

review, Hollenbeck et al. detail how the Donabedian conceptual framework of structure, 

process, and outcome[17] can be applied to the evaluation of quality of care among RC 

patients. Identifying 29 structural, 22 process, and 10 outcome measures, this hypothetical 

framework illustrates both how challenging quality of care assessment can be as well as the 

granularity of the data needed to adequately measure it.[18]

In the absence of rigorously validated quality indicators, variation in performance rates 

between regions, hospitals, and providers likely reflects differing interpretations of the 

evidence base for each respective candidate measure.[19] For our study, we chose to assess 

four metrics captured by registry data that are supported either by randomized controlled 

trials, such as neoadjuvant chemotherapy,[20] institutional or observational study evidence, 

such as timely treatment[21] and adequate lymph node dissection,[22] or expert consensus, 

such as receipt of continent urinary diversion.[23]
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When attempting to measure adherence to recommended care using utilization rates, it is 

important to consider that some subjects in the analytic sample may, in fact, not be eligible 

for the specified metric being assessed.[24] Illustrating this point, not all patients with MIBC 

are candidates for neoadjuvant chemotherapy for reasons such as poor performance status or 

pre-existing renal dysfunction. However, it is concerning that despite strong evidence of a 

survival benefit,[20] utilization of neoadjuvant chemotherapy could only be documented in 

23% of patients undergoing RC in 2010.

In our sample, patients were less likely to undergo treatment within 3 months if treated at 

AHV centers. Reasons for delayed care are likely multifactorial, but may include increased 

travel distance as complex surgical care has become increasingly regionalized over time[25] 

as well as the increased utilization of neoadjuvant chemotherapy at more experienced 

centers. We attempted to account for this by using initiation of systemic therapy ≤90 days to 

define time to treatment for those undergoing neoadjuvant chemotherapy, but to date this 

metric has not been validated as a quality measure. For lymph node yield, we chose a cutoff 

of 10 nodes as our quality benchmark which is consistent with prior reports[22], but a clear 

nodal count threshold has yet to be identified that most clearly defines a survival benefit.[26] 

Further, ongoing investigations evaluating the prognostic impact of lymph node density and 

extended lymph node dissection on survival will influence the utility of lymph node 

threshold as a process measure.[27]

Patient selection and individual preferences are critical to the decision to perform a continent 

diversion, and it is not possible using existing registry data sources to identify the proper 

denominator of appropriate candidates to determine an accurate utilization rate. Without an 

established health related quality of life benefit,[28] and low performance rates in our own 

and other population based studies,[29] receipt of continent diversion as a quality indicator 

is controversial and will unlikely reach consensus among experts. One could argue that, if 

possible to ascertain, a more appropriate process measure would be documentation of an 

informed discussion regarding the risks and benefits of continent diversion for a patient 

without contraindication.[9] For these reasons, we performed sensitivity analyses excluding 

receipt of continent urinary diversion as a quality metric which did not significantly impact 

our main findings.

With increased performance of individual quality metrics as well as our composite quality 

measure documented at AHV centers, our findings lend some support to volume-outcomes 

studies promoting the further regionalization of high-risk surgical care[10]. Interestingly, 

performance at CHV centers was comparable to ALV hospitals, which illustrates that quality 

improvement may be a modifiable target that is not dependent on academic or cancer center 

designation. Furthermore, our study adds to the growing body of evidence suggesting 

decreased access to quality care for African Americans, the uninsured, and those insured 

with Medicaid or Medicare.[30] In fact, regionalization may exacerbate existing access 

disparities by increasing delays in evaluation and therapy for the underserved, and by 

overwhelming the resources of the recipient hospitals through increased referrals.[25] The 

majority of our sample was treated at CLV centers, and increasing efforts to promote 

adherence to quality metrics via transparent public reporting of outcomes, integration of 

health information technology, rigorous re-certification efforts, and evolving reimbursement 
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schema may be more effective means of improving quality at the local or community level.

[31]

Our study is limited by use of ≥2 measures as a composite quality metric, the inability to 

rigorously adjust for disease severity or selection biases, and concerns regarding the face 

validity of the selected quality measures. Given the constraints of data availability, we were 

unable to evaluate individual surgeon performance, and relied on hospital self-report for 

quality assurance. Further, limited mortality data prohibits the ability to rigorously evaluate 

the association between adherence to candidate measures and cancer specific or overall 

survival. While the procedural volume threshold of 4 cystectomies per year derived in our 

study may be questioned, our chosen methods have been rigorously applied in secondary 

data analyses examining the volume-outcome relationship.[6, 12, 13] A recent meta-analysis 

examining the association between high-volume hospitals and post-operative mortality 

following cystectomy[32] demonstrated that while considerable variation in high volume 

threshold (3.8–24 procedures/year) exists between studies, a meta-regression failed to 

identify a relationship between the cutoff point used and the strength of the relationship to 

postoperative mortality. Further highlighting that derived volume thresholds from secondary 

data are dependent on the data in question and are not meant to be universally applied, we 

performed sensitivity analyses using 25 and 50 annual procedures to determine high volume 

status that did not impact our main findings. Despite adjustment for comorbidity, patient 

preference in selection of care providers and type of urinary diversion can impart residual 

bias. Finally, the reliability of data for patients who received some of their treatment at a 

hospital that does not report to the NCDB may be limited. Nevertheless, to our knowledge, 

our study is the first to examine evidence-based practice for patients with MIBC undergoing 

RC using a contemporary, all payer dataset. This provides a unique opportunity to assess 

current trends in national practice and gain new insights into gaps in quality of care.

Conclusions

In the NCDB, patients undergoing RC at AHV hospitals were more likely to meet candidate 

quality of care criteria compared to non-academic and low volume centers. However, 

adherence remains low across hospital types, highlighting the opportunity to improve quality 

of care for MIBC. Future efforts should prioritize the identification and assessment of 

processes of care that are most likely to impact quality, are easily measurable, and translate 

into significant improvement in cancer outcomes at the population level.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Unadjusted overall survival by number of quality measures for patients treated from 2003–

2005
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Figure 2. 
Performance of individual and summary quality measures by composite hospital category (C 

- community, CLV - comprehensive low volume, CHV – comprehensive high volume, ALV - 

academic low volume, AHV – academic high volume).
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Table 3

Characteristics associated with receipt of ≥2 candidate quality measures.

Characteristic OR [CI] P Value

Age (years)

 <50 1.0

 ≥50 to <60 0.82 [0.7–0.9] 0.0007

 ≥60 to <70 0.70 [0.6–0.8] <0.0001

 ≥70 0.50 [0.4–0.6] <0.0001

Gender

 Male 1.1 [1.02–1.09] <0.0001

Race

 White 1.0

 AA 0.84 [0.7–0.9] 0.003

 Other 0.99 [0.8–1.2] 0.949

Charlson-Deyo Score

 0 1.0

 1 0.90 [0.8–0.96] 0.003

 ≥2 0.71 [0.6–0.8] <0.0001

Analytic Stage

 II 1.0

 III 0.93 [0.9–0.99] 0.03

 IV 1.09 [1.03–1.2] 0.005

Tumor Grade

 Low Grade (1/2) 1.0

 High Grade (3/4) 1.03 [0.9–1.2] 0.678

 Unknown 0.97 [0.8–1.2] 0.698

Median Income

 <$30K 1.0

 $30–34.9K 1.09 [0.98–1.2] 0.111

 $35–44.9K 1.00 [0.9–1.1] 0.950

 >$45K 1.05 [0.9–1.2] 0.488

 Unknown 1.13 [0.9–1.4] 0.241

Percent less than high school education

 >29% 1.0

 20–29% 1.02 [0.9–1.1] 0.655

 14–20% 1.11 [1.0–1.2] 0.054

 <14% 1.14 [1.01–1.3] 0.03

Hospital Category

 Community 1.0

 CLV 1.02 [0.9–1.2] 0.709
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Characteristic OR [CI] P Value

 CHV 1.32 [1.03–1.7] 0.03

 ALV 1.33 [1.1–1.6] 0.0003

 AHV 2.37 [2.0–2.9] <0.0001

Payor Group

 Private 1.0

 Managed Care 1.1 [0.9–1.2] 0.403

 Medicaid 0.76 [0.6–0.9] 0.0007

 Medicare 0.86 [0.8–0.96] 0.006

 None/unknown 0.86 [0.8–0.99] 0.04

Geographic Location

 Rural 1.0

 Suburban 1.0 [0.9–1.1] 0.992

 Small metropolitan 0.93 [0.8–1.1] 0.223

 Large metropolitan 0.88 [0.8–1.01] 0.063

 Unknown 0.95 [0.8–1.2] 0.634

Facility Location

 Northeast 0.92 [0.8–1.1] 0.308

 Atlantic 0.79 [0.7–0.9] 0.0006

 Southeast 0.96 [0.9–1.1] 0.429

 Great Lakes 1.16 [1.04–1.3] 0.009

 South 0.89 [0.7–1.1] 0.248

 Midwest 1.08 [0.9–1.3] 0.295

 West 1.20 [1.01–1.4] 0.041

 Mountain 1.01 [0.8–1.2] 0.949

 Pacific 1.0

Year of Diagnosis

 2003 0.77 [0.7–0.8] <0.0001

 2004 0.79 [0.7–0.9] <0.0001

 2005 0.76 [0.7–0.8] <0.0001

 2006 0.91 [0.8–0.98] 0.02

 2007 0.97 [0.9–1.1] 0.521

 2008 1.16 [1.1–1.2] 0.0001

 2009 1.31 [1.2–1.4] <0.0001

 2010 1.0

Controlling for age, gender, race, Charlson-Deyo score, analytic stage, tumor grade, hospital category, payor group, geographic location, median 
income, proportion with less than high school education, year, region
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