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Abstract

OBJECTIVE—To examine the association of area-level socioeconomic status, rural-urban 

residence, and type of insurance with overall and cancer-specific mortality among patients with 

muscle-invasive bladder cancer.

METHODS—Using the Pennsylvania Cancer Registry, which collects demographic, insurance, 

and clinical information on every patient with cancer within the state, we identified all patients 

diagnosed with non-metastatic muscle-invasive bladder cancer between 2010 and 2016 based on 

clinical and pathologic staging. We used the Area Deprivation Index (ADI) as a surrogate for 

socioeconomic status and Rural-Urban Commuting Area codes to classify urban, large town, and 

rural communities. ADI was reported in quartiles, with 4 representing the lowest socioeconomic 

status. We fit multivariable logistic regression and Cox models to assess the relationship of these 

social determinants with overall and cancer-specific survival adjusting for age, sex, race, stage, 

treatment, rural-urban classification, insurance and ADI.
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RESULTS—We identified 2597 patients with non-metastatic muscle-invasive bladder cancer. On 

multivariable analysis, Medicare (hazards ratio [HR] 1.15), Medicaid (HR 1.38), ADI 3 (HR 1.16) 

and ADI 4 (HR 1.21) were independent predictors of greater overall mortality (all P < 0.05). 

Female sex and receipt of non-standard treatment were associated with increased overall mortality 

and bladder cancer-specific mortality. There was no significant difference in both overall and 

cancer-specific survival between patients who were non-Hispanic White compared to non-White 

or between those from urban areas, large towns, or rural locations.

CONCLUSION—Lower socioeconomic status and Medicare and Medicaid insurance were 

associated with a greater risk of overall mortality while rural residence was not a significant 

factor. Implementation of public health programs may help reduce the gap in mortality for low 

SES at-risk populations.

Muscle-invasive bladder cancer (MIBC) is a serious condition that leads to high rates of 

mortality. A third of patients will die within 5 years.1 Despite advances in the management 

and treatment of MIBC, patient mortality has not significantly improved over the last 30 

years.2 This is fairly unique to muscle-invasive bladder cancer, as during the same time 

period mortality from all cancers has decreased by more than 25%.3

The reasons for high mortality rates associated with MIBC are multifactorial, but likely 

include social determinants of health. Overall there is growing recognition of the importance 

of social determinants of health on cancer outcomes, but limited evidence specific to 

MIBC.4,5 Lower socioeconomic status, female sex, non-private health insurance, and 

being a racial minority are associated with increased bladder cancer-specific mortality.6–

9 A potential reason for these differences in mortality stems from the fact that social 

determinants can negatively impact outcomes on many levels ranging from the individual 

level to the societal level. They are also impacted by multiple domains including the 

biological, behavioral, physical and sociocultural environment, and health care system, as 

presented in the National Institute on Minority Health and Health Disparities framework.9–

13 However, only a few prior studies have specifically examined the effect of social 

determinants of health on outcomes for patients with muscle-invasive disease.8,9,14 Further, 

as treatment for MIBC becomes more concentrated in centers of excellence, traditionally 

underserved patient groups are less likely to receive care at these centers.15 Thus, a better 

understanding of the effects of social determinants on patient outcomes is important in the 

development of health policies and initiatives to decrease disparities in bladder cancer care.

For these reasons, we sought to better understand the role of social determinants and type 

of treatment received on outcomes for patients with MIBC. We utilized the Pennsylvania 

Cancer Registry, a large state-wide database, to examine the association of select proxies for 

social determinants with overall and cancer-specific mortality for patients with MIBC.

MATERIAL AND METHODS

Data Source and Study Population

Using the Pennsylvania Cancer Registry, we identified patients diagnosed with 

nonmetastatic MIBC between 2010 and 2016. We excluded patients with pre-existing 

malignancies and patients diagnosed at autopsy or death. Additionally, we excluded patients 
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who died within 6 months of diagnosis. Using these criteria, our study consisted of 2597 

patients (Fig. 1).

Outcomes

The primary outcomes were overall and bladder cancer-specific survival. Overall survival 

was the occurrence of death from any cause. Bladder cancer-specific survival was 

determined based on the cause of death indicated in the Pennsylvania Cancer Registry. 

Since patients were excluded if they died within 6 months of diagnosis, duration of survival 

was defined as 6 months after diagnosis until death or censor date of December 31, 2016 

(Fig. 1).

Independent Variables

The primary exposures included demographics, measures of select social determinants 

of health (race/ethnicity, sex, geographic location, insurance type, and Area Deprivation 

Index (ADI)), as well as type of treatment received. We used summary information on 

the first course of treatment abstracted by the registry. Treatments received included 

radical cystectomy, trimodal therapy (i.e., transurethral resection of the bladder tumor, 

chemotherapy, and radiation), and non-standard treatments (i.e., patients underwent only 

one or two of the trimodal treatment modalities).

Geographic residence was defined based on the United States Department of Agriculture 

Rural-Urban Commuting Area (RUCA) codes. The RUCA codes assign a value of 1–10 

to census tracts, and we merged this information with patient census tract of residence 

codes available in the registry data. The RUCA value reflects population density and travel/

commuting distance to urban centers. We defined urban as primary RUCA codes 1–3, large 

towns as RUCA codes 4–6, and rural areas as RUCA codes 7–10 as previously described.16 

The ADI was used as a surrogate for socioeconomic status and was assigned to each 

patient based on census tract of residence. The ADI uses 17 census measures including 

poverty, income, education, employment, and housing status to provide a composite measure 

of neighborhood socioeconomic status.17 It is reported in quartiles as ADI 1–4 with 4 

representing the highest deprivation or lowest area socioeconomic status.

Statistical Analysis

First, we delineated the overall number and frequency of demographic factors for patients 

with MIBC overall and stratified by treatment received (radical cystectomy, trimodal 

therapy, and non-standard treatments). Second, we fit a multivariable cox regression model 

for overall mortality, and a Fine and Gray proportional subdistribution hazards model for 

cancer-specific mortality treating any non-cancer mortality as a competing event. For both 

survival analysis models, we adjusted for age, sex, race, tumor stage, nodal stage, treatment 

type, insurance type, geographic location, and ADI. For overall mortality, death from any 

cause was the end point. For cancer-specific mortality, we used a Fine and Gray model 

in which any non-cancer-specific death was considered a competing event. Finally, we 

performed a survival analysis to generate Kaplan-Meier curves illustrating trends in survival 

by geographic location, ADI, and insurance type. Analyses were performed in SAS, version 
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9.4. All tests were 2-sided with the probability of a type I error set at 0.05. The Institutional 

Review Board deemed the study exempt from review (IRB STUDY19020149).

RESULTS

We identified 1923 men (74%) and 674 women (26%) diagnosed with non-metastatic 

MIBC between 2010 and 2016 (Table 1). The median follow up for our cohort was 11.5 

months and there were 1226 total deaths (Supplementary Table 1). Compared with patients 

undergoing radical cystectomy, patients undergoing non-standard treatments had higher 

hazard of overall mortality (hazard ratio [HR] 2.20, 95% confidence interval [CI] 1.95–2.49) 

(Table 2). Female sex was associated with higher overall mortality (HR 1.26, 95% CI 1.14–

1.40). Patients with Medicare (HR 1.15, 95% CI 1.01–1.31) and Medicaid (HR 1.38, 95% 

CI 1.11–1.72) insurance had worse overall survival than patients with private insurance. 

Overall mortality increased as ADI quartile increased, and differences relative to Q1 were 

significant for both Q3 (HR 1.16, 95% CI 1.02–1.33) and Q4 (HR 1.21, 95% CI 1.05–1.4). 

Patients receiving non-standard treatments also had worse bladder cancer-specific survival 

(HR 1.94, 95% CI 1.67–2.25) compared with those who had cystectomy or trimodal therapy. 

Additionally, female sex was associated with worse bladder cancer-specific survival (HR 

1.32, 95% CI 1.17–1.5).

Kaplan-Meier curves indicate cumulative survival stratified by rurality of residence, health 

insurance type, and ADI quartiles (Fig. 2). There was no significant difference in overall 

survival between patients from urban areas, large towns, or rural locations. Patients living in 

more deprived areas (quartiles 3 [P = 0.03] and 4 [P < 0.01]) as well as those with Medicaid 

(P < 0.01) or Medicare (P = 0.04) insurance had decreased overall survival.

DISCUSSION

In this population-based analysis using data from the Pennsylvania Cancer Registry, we 

found an association between select indicators of key social determinants of health and 

mortality. These proxies for social determinants of health that we found to be associated 

with higher overal mortality include living in a more deprived area as well as having 

Medicaid or Medicare insurance. However, higher area deprivation and Medicaid or 

Medicare insurance were not associated with increased bladder cancer-specific mortality. 

Lastly, female patients and those receiving non-standard treatment had worse overall 

mortality and bladder cancer-specific mortality.

Unlike genotypes, which are not modifiable risk factors, there are modifiable factors related 

to social determinants of health that were associated with increased overall mortality. Our 

results suggest that, after accounting for differences in treatment received, patients in more 

socioeconomically deprived areas continued to experience outcomes worse than their peers 

from less socioeconomically deprived areas. There are multiple potential contributors to 

this finding, such as differences in employment status, which intersects with low education 

level and limited access to care, and also, lack of healthcare infrastructure in these deprived 

neighborhoods.10 Additionally, this may be due, in part, to patients from more deprived 

areas not having the means to get to the hospital that originally provided their treatment. 
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Thus, they may end up in lower volume centers closer to their home for follow-up care, 

which could impact outcomes.18 The role of each of these factors is difficult to assess and 

outside the scope of our data, but our results indicate that area deprivation is an important 

correlate of mortailty among patients with muscle-invasive bladder cancer.

The observed higher overall mortality in patients with MIBC from more deprived areas 

is likely impacted by worse health behaviors and higher rates of comorbid conditions. 

Individuals from a lower socioeconomic positions are twice as likely to have an unhealthy 

diet, have higher prevelance of tobacco usage, and lower rates of physical activity compared 

with peers from higher positions.18 Furthermore, rates of medical conditions such as 

cardiovascular disease, cardiovascular disease-specific mortality, and diabetes are increased 

in deprived areas.19–21 Finally, patients who developed a second malignancy greater than 1 

year after the diagnosis of bladder cancer were included in our survival analysis. It is known 

that being from a more deprived area and having non-private insurance has a negative effect 

on survival for patients with other malignancies such as breast, uterine, cervical, head and 

neck, lung, colorectal, and prostate cancer.4,5 The impact of these malignancies on survival 

is beyond the scope of our study.

Another potentially modifiable factor is insurance status. Patients with non-private insurance 

had worse overall mortality, which is consistent with findings from other studies.7,9 This 

previously has been attributed to higher rates of surveillance for patients with Medicare 

insurance.22 Other factors accounting for this finding may include delays in treatment 

greater than 90 days for this group of patients.7 Additionally, patients with non-private 

insurance are less likely to receive their care at high-volume centers and are less likely to 

receive neoadjuvant chemotherapy.7 Although it is inherently difficult to asses the direct 

effect of insurance type as the population of patients covered by each differs signficantly, our 

multivariate results suggest that there may be important differences across insurance groups 

in access to treatment.

Additionally, only 63% of patients in our sample received treatment considered standard 

of care (i.e., cystectomy or trimodal therapy). Those receiving non-standard treatments had 

significantly higher mortality. The failure of patients to receive appropriate treatment for 

MIBC is a known issue, with recent studies showing that only around half of patients 

with MIBC receive treatment with curative intent.12,14,22 The reasons for this include far 

travel distance to centers offering definitive treatments, racial disparities, patients declining 

radical cystectomy due to its high morbidity, and even confusion among urologists, 

radiation oncologists, and medical oncologists on optimal chemotherapy and radiotherapy 

regimens.11,12,23

In addition to receiving non-standard treatment, female sex was associated with both worse 

overall and bladder cancer-specific mortality, even after adjusting for cancer stage at time of 

diagnosis. This is in agreement with other studies that have shown an association between 

female sex and mortality.8,24,25 Possible explanations for this difference in outcomes include 

delays in diagnosis of bladder cancer for women due to the degree of similarity between 

urinary tract infection symptoms and bladder cancer symptoms.8,26,27
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The lack of association between social determinants such as race, type of health insurance, 

and ADI with worse bladder-cancer-specific outcomes was unexpected given the results 

of previous studies.4–7,9 However, recent evidence has found that receipt of complex 

cancer surgery at a high-quality hospital was associated with no significant differences 

in mortality between individuals living in the most deprived neighborhoods compared to 

least deprived.28 Therefore, a possible explanation for our findings may be that patients 

receiving care at high-quality hospitals, such as a National Cancer Institute or Commission 

on Cancer designated center, in our cohort had similar outcomes despite the presence of 

social determinants that have been associated with negative outcomes. However, our dataset 

is limited in that it does not contain the details of the hospital at which each patient was 

treated. This represents an area of research where further work is needed to validate these 

findings.

These findings have important implications for policies and guidelines to support effective 

and equitable cancer care delivery. First, the undertreatment of MIBC impacts patient 

outcomes such as mortality. The American Urological Association Office of Education has 

sought to address this with state-of-the-art courses, plenary sessions, and clear guidelines.29 

Despite this, undertreatment persists. Second, policies could be developed with the aim of 

targeting people with non-private insurance or who live in deprived areas to ensure they 

get the care they need. The treatment of MIBC continues to migrate towards centers of 

excellence, with up to 80% of patients getting treated at such locations.12 This can function 

as a barrier to care as the rate of treatment with radical cystectomy dropped by 40% 

if patients lived over 50 miles from a center of excellence.22 Potential solutions include 

ensuring that all patients are able to access care at these centers by streamlining care 

between these centers and community providers, helping patients with transportation, and 

initiating a prompt transfer from community hospitals to these centers should a complication 

occur.

Our study should be evaluated in the context of several limitations. First, we rely on registry 

data without accompanying medical record or claims information, thus we cannot account 

for details not present in the registry, including comorbidities or office visit information. 

Second, our patient population is limited in that it is from a single state, potentially limiting 

generalizability. However, Pennsylvania is a large state with substantial populations of 

patients across all demographic groups, that closely parallel the United States as a whole.30 

Despite these limitations, this study is important because it highlights the association 

of social determinants of health, some of which are modifiable, that negatively impact 

mortality, and have important implications for policy and practice. Our study is unique in 

that it joins only a few prior studies reporting on the association of social determinants of 

health and mortality outcomes specifically for patients with MIBC.6,8

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Patients’ inclusion and exclusion criteria for the final analytic sample. (Color version 

available online.)
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Figure 2. 
Kaplan-Meier overall survival curves stratified by social determinants of health. Overall 

survival by geographic region (A) there was no significant difference was seen between 

patients from urban (black dashed line), large town (black dotted line), and rural areas (black 

solid line). Overall survival by insurance type (B) patients with Medicare (black dotted 

line) (P = 0.04) and Medicaid (black solid line) (P < 0.01) insurance compared with private 

insurance (black dashed line) had decreased survival. There was no significant overall 

mortality difference for other/unknown/uninsured (gray dotted line tracking closely with the 

black dashed line) compared with private insurance (black dashed line). Overall survival 

by ADI quartile (C): there were no significant differences between Q1 (black dashed line) 

and Q2 (black dotted line tracks closely with black dashed line), but Q3 (black solid line) 

(P = 0.03) and Q4 (P < 0.01) (gray dotted line) where both associated with worse survival 

outcomes.
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