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Abstract: Background: Muscle-invasive bladder cancer (MIBC) is a potentially fatal disease, especially
in the setting of locally advanced or node-positive disease. Adverse outcomes have also primarily
been associated with low-income status, as has been reported in other cancers. While the adoption of
neoadjuvant cisplatin-based chemotherapy (NAC) followed by radical cystectomy (RC) and pelvic
lymph node dissection (PLND) has improved outcomes, these standard-of-care treatments may be
underutilized in lower-income patients. We sought to investigate the economic disparities in NAC
and PLND receipt and survival outcomes in MIBC. Methods: Utilizing the National Cancer Database,
a retrospective cohort analysis of cT2-4N0-3M0 BCa patients with urothelial histology who underwent
RC was conducted. The impact of income level on overall survival (OS) and the likelihood of receiving
NAC and PLND was evaluated. Results: A total of 25,823 patients were included. This study found
that lower-income patients were less likely to receive NAC and adequate PLND (≥15 LNs). Moreover,
lower-income patients exhibited worse OS (Median OS 55.9 months vs. 68.2 months, p < 0.001). Our
findings also demonstrated that higher income, treatment at academic facilities, and recent years of
diagnosis were associated with an increased likelihood of receiving standard-of-care modalities and
improved survival. Conclusions: Even after controlling for clinicodemographic variables, income
independently influenced the receipt of standard MIBC treatments and survival. Our findings identify
an opportunity to improve the quality of care for lower-income MIBC patients through concerted
efforts to regionalize multi-modal urologic oncology care.

Keywords: bladder cancer; MIBC; income; socioeconomic disparities

1. Introduction

Muscle invasive bladder cancer (MIBC) remains a challenge in oncological care, rep-
resenting approximately 20% of newly diagnosed bladder cancer. It is considered highly
aggressive, with the potential for early, distant metastasis, and a poor prognosis. Contem-
porary studies of multi-modal therapy have demonstrated benefits on overall survival for
cisplatin-based neoadjuvant chemotherapy (NAC) in eligible patients, which has led to the
adoption of NAC followed by radical cystectomy (RC) and pelvic lymph node dissection
(PLND) as the standard of care [1,2]. PLND has become integral to surgical treatment,
improving overall survival and disease-specific survival in MIBC, even without frank
node-positive disease [3]. Notably, the optimal extent/yield of lymph node dissection
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remains elusive. However, recent investigations have suggested an optimal lymph node
yield of 15 as a potential threshold for improving survival outcomes [4–6].

The influence of socioeconomic status (SES) on clinical outcomes in urologic care has
also been a critical focus of contemporary research, highlighting notable disparities [7]. SES
may influence various aspects of compliance with care, especially given the multi-modal
and multi-disciplinary delivery of treatment regimens in MIBC. These include, but are not
limited to, shared decision-making, treatment delays, hospital type/resources, insurance
accessibility, and financial toxicity [8]. Even after adjusting for such aforementioned social
determinants and clinical variables, Washington et al. showed that higher income was
associated with an increased likelihood of receiving guideline-based, appropriate MIBC
treatment [9]. However, no survival analysis was conducted. Furthermore, a study of 4066
RC patients found that higher income was an independent predictor of receiving complex
urinary diversions, even after adjusting for hospital volume and teaching status [10]. Thus,
these findings prompt further inquiry into the underlying factors contributing to such
income disparities. Indeed, in clinical scenarios without imperative contraindications,
all patients diagnosed with MIBC and eligible for treatment should receive a uniform
standard of care based on recommended and current guidelines. In this study, we sought
to investigate the economic disparities in NAC and PLND receipt and survival outcomes
in MIBC in a large, representative national database.

2. Materials and Methods
2.1. Study Population

This study was conducted by querying the National Cancer Database (NCDB), a
hospital-based cancer registry by the Commission on Cancer (CoC) of the American Col-
lege of Surgeons and the American Cancer Society. This database represents over 1500
Commission-accredited cancer programs in the United States, collecting de-identified data
on approximately 70% of all newly diagnosed cancer cases.

A retrospective cohort analysis of patients with cT2-4N0-3M0 urothelial BCa who
underwent RC (International Classification of Disease-O-3 (ICD-O-3) organ site codes
C67.0-9) with curative intent (e.g., not palliative surgery) between 2004 and 2019 was
conducted. Patients were included based on the availability of covariables: Age, Sex, Race,
Insurance, Income, Charlson Comorbidity Index (CCI), Facility Type, and Year of Diagnosis.
Income status was determined by the median household income for each patient’s zip code
of residence and dichotomized as either greater or less than the national median household
income. Median household income cutoffs for patients diagnosed from 2000 to 2008, 2008
to 2012, and 2012 to 2016 were USD 35,000, USD 48,000, and USD 50,353, respectively.
Income status for patients diagnosed from 2000 to 2008 and 2008 to 2016 was obtained from
US Census Data and American Community Survey data, respectively.

The primary outcomes assessed included receipt of pelvic lymph node dissection
and/or neoadjuvant chemotherapy (NAC), as well as Overall Survival (OS). OS was
defined as the time from diagnosis to the date of the last follow-up or death. PLND was
defined as a regional lymph node yield of ≥1 lymph node (vs. 0 lymph nodes). Adequate
PLND was classified as ≥15 regional lymph node yield (vs. <14 lymph nodes). Organizing
nodal yield as greater or less than 15 regional nodes examined has been used frequently
in prior cystectomy studies [11–13]. Of note, only multiagent NAC was considered in our
analysis. The inclusion and exclusion criteria used to query our patient population can be
visualized in Figure 1.
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Figure 1. Flow Chart of Inclusion and Exclusion Criteria Used to Isolate Patients with Muscle-
Invasive Urothelial Bladder Cancer. 

2.2. Statistical Analysis 
Descriptive statistics (two-sided independent sample T-tests and Chi-squared tests) 

were used to compare baseline patient characteristics based on treatment receipt: patients 
who received RC with NAC and PLND ≥1 and those who did not.  

Univariate and multivariate logistic regressions assessed the likelihood of receipt of 
NAC, any PLND (≥1), and adequate PLND (≥15). Kaplan–Meier method and log-rank test 
compared median OS between patients based on income status. Multivariate Cox 
Proportional Hazards (CPH) regression model adjusted for confounding variables that 
may relate to overall survival, including age, sex, race/ethnicity, insurance, income, facility 
type, year of diagnosis, cT stage, cN stage, NAC receipt, and PLND yield.  

All statistical calculations were performed using SPSS software (version 29.0; SPSS 
Inc., Chicago, IL, USA). All reported p-values were based on two-sided hypotheses, with 
a p-value of <0.05 considered statistically significant. 

3. Results 
3.1. Patient Baseline Characteristics 

Of 25,823 patients, 17,426 underwent RC alone, and 8397 received RC combined with 
NAC and PLND. The median age was significantly lower in the RC + NAC + PLND group 
(66 years) compared to the RC group (70 years) (p-value < 0.001). There were no 
statistically significant differences in race and sex between the two treatment groups. A 

Figure 1. Flow Chart of Inclusion and Exclusion Criteria Used to Isolate Patients with Muscle-Invasive
Urothelial Bladder Cancer.

2.2. Statistical Analysis

Descriptive statistics (two-sided independent sample T-tests and Chi-squared tests)
were used to compare baseline patient characteristics based on treatment receipt: patients
who received RC with NAC and PLND ≥1 and those who did not.

Univariate and multivariate logistic regressions assessed the likelihood of receipt of
NAC, any PLND (≥1), and adequate PLND (≥15). Kaplan–Meier method and log-rank
test compared median OS between patients based on income status. Multivariate Cox
Proportional Hazards (CPH) regression model adjusted for confounding variables that may
relate to overall survival, including age, sex, race/ethnicity, insurance, income, facility type,
year of diagnosis, cT stage, cN stage, NAC receipt, and PLND yield.

All statistical calculations were performed using SPSS software (version 29.0; SPSS
Inc., Chicago, IL, USA). All reported p-values were based on two-sided hypotheses, with a
p-value of <0.05 considered statistically significant.

3. Results
3.1. Patient Baseline Characteristics

Of 25,823 patients, 17,426 underwent RC alone, and 8397 received RC combined with
NAC and PLND. The median age was significantly lower in the RC + NAC + PLND group
(66 years) compared to the RC group (70 years) (p-value < 0.001). There were no statistically
significant differences in race and sex between the two treatment groups. A significantly
higher proportion of patients had a CCI of zero in the RC + NAC + PLND group (72.3%
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vs. 66.5% in the RC group, p-value < 0.001). A higher percentage of RC + NAC + PLND
patients were privately insured (38.5% vs. 29.5% of those receiving RC alone with private
insurance) (p < 0.001). The income distribution revealed that a larger percentage of patients
in the RC + NAC + PLND group fell into the high-income category (64.3%) compared to the
RC group (59.1%) (p < 0.001). A higher percentage of patients diagnosed between 2012 and
2019 received RC + NAC + PLND than those diagnosed between 2004 and 2011 (81.6% vs.
58.4%, p-value < 0.001). These baseline clinicodemographic characteristics are summarized
in Table 1. Additionally, clinicodemographic characteristics were further categorized by
income status in Table 2.

Table 1. Baseline Characteristics of Patients with Urothelial Bladder Cancer Treated with Radical
Cystectomy with or without Neoadjuvant Chemotherapy and Pelvic Lymph Node Dissection.

Treatment Receipt

RC RC + NAC + PLND
p-Value *

Count (%) Count (%)

Median Age 70 66 <0.001

Sex
0.864Male 13,226, 75.9% 6365, 75.8%

Female 4200, 24.1% 2032, 24.2%

Race

0.909
White 15,563, 89.3% 7513, 89.5%
Black 993, 5.7% 468, 5.6%
Other 870, 5.0% 416, 5.0%

CCI

<0.001
0 11,597, 66.5% 6069, 72.3%
1 3933, 22.6% 1564, 18.6%
2 1304, 7.5% 496, 5.9%
3+ 592, 3.4% 268, 3.2%

Insurance

<0.001
No Insurance 391, 2.2% 185, 2.2%
Private 5133, 29.5% 3232, 38.5%
Medicaid 777, 4.5% 470, 5.6%
Medicare 11,125, 63.8% 4510, 53.7%

Income
<0.001Low Income 7132, 40.9% 2994, 35.7%

High Income 10,294, 59.1% 5403, 64.3%

Facility Type
<0.001Non-Academic 9117, 52.3% 3720, 44.3%

Academic 8309, 47.7% 4677, 55.7%

Year of Diagnosis
<0.0012004–2011 7246, 41.6% 1544, 18.4%

20012–2019 10,180, 58.4% 6853, 81.6%

cT Stage

0.009
2 14,187, 81.4% 6702, 79.8%
3 2011, 11.5% 1045, 12.4%
4 1228, 7.0% 650, 7.7%

cN Stage

<0.001
0 16,336, 93.7% 7532, 89.7%
1 547, 3.1% 457, 5.4%
2 463, 2.7% 324, 3.9%
3 80, 00.5% 84, 1.0%

* Significance was calculated with a 2-sided independent sample t-test and Chi-square. Abbreviations used:
Radical Cystectomy (RC); Neoadjuvant Chemotherapy (NAC); Pelvic Lymph Node Dissection (PLND); Charlson
Comorbidity Index (CCI). Values of p < 0.05 bolded for statistical significance.
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Table 2. Baseline Characteristics of Patients with Urothelial Bladder Cancer Treated with Radical
Cystectomy by Income Status.

Income Status Split by Median Income

High Income Low Income
p-Value *

Count (%) Count (%)

Median Age 69 68 <0.001

Sex
0.572Male 11,928, 76.0% 7663, 75.7%

Female 3769, 24.0% 2463, 24.3%

Race

<0.001
White 14,397, 91.7% 8679, 85.7%
Black 495, 3.2% 966, 9.5%
Other 805, 5.1% 481, 4.8%

CCI

<0.001
0 10,938, 69.7% 6728, 66.4%
1 3185, 20.3% 2312, 22.8%
2 1062, 6.8% 738, 7.3%
3+ 512, 3.3% 348, 3.4%

Insurance

<0.001
No Insurance 257, 1.6% 319, 3.2%
Private 5479, 34.9% 2886, 28.5%
Medicaid 578, 3.7% 669, 6.6%
Medicare 9383, 59.8% 6252, 61.7%

Facility Type
<0.001Non-Academic 7671, 48.9% 5166, 51.0%

Academic 8026, 51.1% 4960, 49.0%

Year of Diagnosis
<0.0012004–2011 5220, 33.3% 3570, 35.3%

20012–2019 10,477, 66.7% 6556, 64.7%

cT Stage

0.31
2 12,743, 81.2% 8146, 80.4%
3 1837, 11.7% 1219, 12.0%
4 1117, 7.1% 761, 7.5%

cN Stage

0.772
0 14,516, 92.5% 9352, 92.4%
1 612, 3.9% 392, 3.9%
2 466, 3.0% 321, 3.2%
3 103, 0.7% 61, 0.6%

Chemotherapy
<0.001No NAC 9900, 63.1% 6869, 67.8%

NAC 5797, 36.9% 3257, 32.2%

PLND

<0.001
0 LNs 1371, 8.7% 982, 9.7%
1–14 LNs 6989, 44.5% 4739, 47.8%
15+ LNs 7337, 46.7% 4405, 43.5%

* Significance was calculated with a 2-sided independent sample t-test and Chi-square. Abbreviations used:
Radical Cystectomy (RC); Neoadjuvant Chemotherapy (NAC); Pelvic Lymph Node Dissection (PLND); Charlson
Comorbidity Index (CCI). Values of p < 0.05 bolded for statistical significance.

3.2. Likelihood of Receipt of Neoadjuvant Chemotherapy

Several factors influenced the likelihood of receiving NAC in RC patients. Age
(continuous) was a significant predictor, with older patients less likely to receive NAC
(aOR = 0.961, p < 0.001). Sex did not significantly influence the likelihood of receiving NAC.
Black patients were less likely to receive NAC compared to white patients (aOR = 0.874,
p = 0.027). Higher CCI scores were associated with a decreased likelihood of receiving
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NAC. Uninsured patients were less likely to receive NAC (aOR = 0.737, p < 0.001), similar
to patients with low income (aOR = 0.803, p < 0.001). Low-income status decreased the
likelihood of NAC receipt (aOR = 0.803, p < 0.001). Patients treated in academic facilities
were more likely to receive NAC (aOR = 1.262, p < 0.001). The likelihood of receiving NAC
significantly increased in recent years (2012–2019, aOR = 3.273, p < 0.001). A summary of
these results is provided in Table 3.

Table 3. Multivariate Logistic Regression Predicting the Likelihood of Receipt of Neoadjuvant
Chemotherapy.

Univariate Multivariate

OR (CI) p-Value aOR (CI) p-Value

Age (continuous) 0.963 (0.961–0.966) <0.001 0.961 (0.957–0.964) <0.001

Sex (Ref = Male)
Female 0.990 (0.932–1.051) 0.736 1.009 (0.947–1.075) 0.786

Race (Ref = White)
Black 0.984 (0.881–1.100) 0.782 0.874 (0.777–0.985) 0.027
Other 0.961 (0.853–1.081) 0.504 0.820 (0.724–0.928) 0.002

CCI (Ref = 0)
1 0.743 (0.696–0.793) <0.001 0.838 (0.782–0.897) <0.001
2 0.698 (0.628–0.776) <0.001 0.744 (0.666–0.831) <0.001
3 0.838 (0.725–0.969) 0.017 0.820 (0.705–0.954) 0.01

Insurance
(Ref = Federal)

Private 1.501 (1.422–1.585) <0.001 0.989 (0.924–1.058) 0.989
Uninsured 1.106 (0.928–1.318) 0.259 0.737 (0.588–0.860) <0.001

Income
(Ref = High Income)

Low Income 0.810 (0.768–0.854) <0.001 0.803 (0.759–0.850) <0.001

Facility Type
(Ref = Non-Academic)

Academic 1.295 (1.230–1.363) <0.001 1.262 (1.196–1.332) <0.001

Year of Diagnosis
(Ref = 2004–2011)

2012–2019 3.061 (2.881–3.252) <0.001 3.273 (3.073–3.485) <0.001

cT (Ref = 2)
3 1.083 (1.001–1.172) 0.047 1.123 (1.032–1.223) 0.008
4 1.209 (1.097–1.332) <0.001 1.215 (1.094–1.349) <0.001

cN (Ref = 0)
1 1.823 (1.611–2.075) <0.001 1.750 (1.528–2.005) <0.001
2 1.463 (1.267–1.689) <0.001 1.398 (1.198–1.631) <0.001
3 2.351 (1.727–3.202) <0.001 1.702 (1.233–2.349) 0.001

Multivariate model summary: Odds Ratios (OR), Adjusted Odds Ratios (aOR), and 95% Confidence Inter-
vals (CI) with reference categories in parentheses. Abbreviation used: Radical Cystectomy (RC); Neoadjuvant
Chemotherapy (NAC); Charlson Comorbidity Index (CCI). Values of p < 0.05 bolded for statistical significance.

3.3. Likelihood of Any or Adequate Pelvic Lymph Node Dissection

Older patients were less likely to receive PLND of ≥1 and ≥15 lymph nodes
(aOR = 0.984 and 0.982, p < 0.001). Patient sex and race did not significantly influence the
likelihood of PLND of ≥1 and ≥15 lymph nodes. Patients with CCI of one were more likely
to receive any PLND (aOR = 1.151, p = 0.011) but less likely to receive PLND ≥15 lymph
nodes (aOR = 0.892, p < 0.001). Low-income status decreased the likelihood of PLND ≥1
lymph node (aOR = 0.905, p = 0.027) and PLND ≥ 15 lymph nodes (aOR = 0.903, p < 0.001).
Patients were more likely to receive PLND ≥ 1 and ≥15 lymph nodes if diagnosed in recent
years (2012–2019 vs. 2004–2011) or treated at an academic facility. cT4 tumors decreased
the likelihood of PLND ≥1 (aOR = 0.653, p < 0.001) and ≥15 (aOR = 0.861, p = 0.006). cN1+
status increased the likelihood of PLND ≥1 (aOR = 1.768, p < 0.001) but not PLND ≥ 15.
Our analysis of logistic regressions is presented in Table 4.
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Table 4. Multivariate Logistic Regressions Predicting the Likelihood of Receipt of Lymph
Node Dissection.

Receipt of PLND (≥1)

Univariate Multivariate

OR (CI) p-Value aOR (CI) p-Value

Age (continuous) 0.983 (0.979–0.988) <0.001 0.984 (0.978–0.989) <0.001

Sex (Ref = Male)
Female 1.002 (0.908–1.107) 0.965 1.025 (0.927–1.134) 0.626

Race (Ref = White)
Black 1.002 (0.834–1.204) 0.981 0.898 (0.743–1.085) 0.264
Other 1.022 (0.840–1.244) 0.828 0.860 (0.704–1.050) 0.138

CCI (Ref = 0)
1 1.071 (0.963–1.191) 0.208 1.151 (1.033–1.283) 0.011
2 1.075 (0.905–1.275) 0.411 1.144 (0.962–1.362) 0.128
3 1.159 (0.903–1.487) 0.247 1.176 (0.913–1.514) 0.21

Insurance (Ref = Federal)
Private 1.185 (1.079–1.301) <0.001 0.985 (0.881–1.101) 0.784
Uninsured 1.090 (0.814–1.459) 0.564 0.904 (0.665–1.228) 0.518

Income (Ref = High Income)
Low Income 0.891 (0.818–0.971) 0.009 0.905 (0.829–0.989) 0.027

Facility Type
(Ref = Non-Academic)

Academic 2.348 (2.145–2.570) <0.001 2.340 (2.135–2.563) <0.001

Year of Diagnosis
(Ref = 2004–2011)

2012–2019 1.546 (1.419–1.685) <0.001 1.538 (1.409–1.679) <0.001

cT (Ref = 2)
3 0.994 (0.870–1.136) 0.93 0.962 (0.839–1.102) 0.576
4 0.720 (0.621–0.834) <0.001 0.653 (0.560–0.760) <0.001

cN (Ref = 0)
1 1.693 (1.294–2.215) <0.001 1.768 (1.344–2.325) <0.001
2 2.046 (1.473–2.843) <0.001 2.290 (1.638–3.203) <0.001
3 1.315 (0.730–2.371) 0.362 1.119 (0.660–2.177) 0.552

Receipt of PLND (≥15)

Univariate Multivariate

OR (CI) p-Value aOR (CI) p-Value

Age (continuous) 0.979 (0.977–0.982) <0.001 0.982 (0.979–0.985) <0.001

Sex (Ref = Male)
Female 1.004 (0.946–1.066) 0.883 1.022 (0.960–1.087) 0.5

Race (Ref = White)
Black 1.002 (0.896–1.119) 0.977 0.911 (0.811–1.023) 0.115
Other 1.056 (0.939–1.188) 0.364 0.902 (0.799–1.018) 0.095

CCI (Ref = 0)
1 0.829 (0.778–0.883) <0.001 0.892 (0.835–0.952) <0.001
2 0.779 (0.704–0.863) <0.001 0.838 (0.754–0.931) <0.001
3 0.834 (0.723–0.962) 0.013 0.864 (0.745–1.001) 0.052

Insurance (Ref = Federal)
Private 1.362 (1.289–1.440) <0.001 1.103 (1.031–1.180) 0.004
Uninsured 1.028 (0.864–1.224) 0.752 0.817 (0.679–0.983) 0.032

Income (Ref = High Income)
Low Income 0.885 (0.840–0.933) <0.001 0.903 (0.855–0.954) <0.001

Facility Type
(Ref = Non-Academic)

Academic 2.115 (2.008–2.229) <0.001 2.118 (2.009–2.233) <0.001

Year of Diagnosis
(Ref = 2004–2011)

2012–2019 1.573 (1.489–1.662) <0.001 1.606 (1.518–1.700) <0.001

cT (Ref = 2)
3 0.983 (0.908–1.064) 0.673 1.000 (0.920–1.087) 0.994
4 0.882 (0.797–0.975) 0.014 0.861 (0.774–0.957) 0.006

cN (Ref = 0)
1 1.127 (0.989–1.284) 0.073 1.104 (0.963–1.266) 0.155
2 1.108 (0.958–1.282) 0.167 1.147 (0.984–1.337) 0.079
3 1.465 (1.059–2.027) 0.021 1.254 (0.898–1.750) 0.184

Multivariate model summary: Odds Ratios (OR), Adjusted Odds Ratios (aOR), and 95% Confidence Intervals
(CI) with reference categories in parentheses. Abbreviation used: Radical Cystectomy (RC); Pelvic Lymph Node
Dissection (PLND); Charlson Comorbidity Index (CCI). Values of p < 0.05 bolded for statistical significance.
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3.4. Survival Analysis

The median follow-up time was 35.9 months. Patients with higher income status had
greater OS than patients with lower income status (Median OS 68.2 months vs. 55.9 months,
p < 0.001) (Figure 2). In multivariate CPH, lower income was associated with worse survival
(HR = 1.088, p < 0.001) (Table 5). Older age (continuous) was associated with worse survival
(HR = 1.026, p < 0.001). Sex did not significantly impact survival (p = 0.315). Higher CCI
scores were associated with worse survival. Insurance status showed that patients with
private insurance had slightly better survival than federal insurance (HR = 0.931, p = 0.003).
Patients treated in academic facilities had better overall survival than those in non-academic
facilities (HR = 0.936, p < 0.001). Higher cT and cN stages were linked with poorer survival.
Receipt of NAC and the extent of PLND were associated with better survival outcomes
(HR = 0.835 and HR = 0.757 for ≥15 LNs, both p < 0.001).
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Table 5. Multivariate Cox Proportional Hazards Model for Overall Survival in Patients with Urothelial
Bladder Cancer Treated with Radical Cystectomy.

HR 95% CI p-Value

Age (continuous) 1.026 1.023–1.028 <0.001

Sex (Ref = Male)
Female 1.022 0.980–1.065 0.315

Race (Ref = White)
Black 1.073 0.991–1.162 0.084
Other 0.913 0.836–0.997 0.044

CCI (Ref = 0)
1 1.213 1.162–1.265 <0.001
2 1.451 1.357–1.550 <0.001
3 1.539 1.394–1.700 <0.001

Insurance (Ref = Federal)
Private 0.931 0.889–0.976 0.003
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Table 5. Cont.

HR 95% CI p-Value

Uninsured 0.948 0.831–1.083 0.432

Income (Ref = High
Income)

Low Income 1.088 1.049–1.129 <0.001

Facility Type (Ref =
Non-Academic)

Academic 0.936 0.902–0.971 <0.001

Year of Diagnosis (Ref =
2004–2011)

2012–2019 0.859 0.827–0.892 <0.001

cT (Ref = 2)
3 1.318 1.250–1.389 <0.001
4 1.668 1.566–1.776 <0.001

cN (Ref = 0)
1 1.302 1.191–1.424 <0.001
2 1.804 1.647–1.975 <0.001
3 1.577 1.277–1.948 <0.001

NAC Receipt (Ref = No
NAC)

NAC Treatment 0.835 0.801–0.871 <0.001

PLND (Ref = No PLND)
>0 & <14 LNs 0.93 0.876–0.987 0.017
≥ 15 LNs 0.757 0.711–0.806 <0.001

Multivariate model summary with reference categories in parentheses. Abbreviation used: Radical Cystectomy
(RC); Neoadjuvant Chemotherapy (NAC); Pelvic Lymph Node Dissection (PLND); Charlson Comorbidity Index
(CCI). Values of p < 0.05 bolded for statistical significance.

4. Discussion
4.1. Summary of Key Findings

Low-income status contributes to a worse prognosis for MIBC patients, similar to other
cancer types [14]. While adopting NAC followed by RC and PLND has improved outcomes,
this study illuminates the critical nuances surrounding disparities in the treatment land-
scape and survival outcomes for MIBC patients. Our study is the first to focus on income
as a potential driver of this disparity, revealing how income impacts the quality of care, as
low-income patients are less likely to receive NAC and PLND with RC. We additionally
investigated how income affects the adequacy of PLND (≥15 LN yield), which has not
been assessed in prior studies on SES in MIBC. Furthermore, lower-income patients had
worse OS in our survival analysis, a disparity persisting even after adjusting for various
clinicodemographic factors.

4.2. Temporal Trends

Despite the 5–10% absolute survival benefit related to receipt of NAC + RC + PLND in
MIBC patients [15], its utilization has been historically low, ranging from 15.3 to 34% [16–18],
depending on the cohort examined. However, the temporal trend of utilization demonstrates
an increase from 11 to 24.8% between 2004 and 2011 and from 22.9 to 32.3% between 2011 and
2015 [18,19]. In line with these other findings, our analysis revealed an NAC + RC + PLND
utilization rate of 32.5% over the study period, with over a 3-fold increased utilization amongst
patients diagnosed from 2012 to 2019. This rise in utilization likely correlates with ongoing
updates in treatment guidelines, potentially contributing to our observed improvement in OS
in recent years [20,21].

It is crucial to recognize that the goal for NAC + RN + PLND usage should not
necessarily be 100%, as the shared decision to utilize these treatments depends on various
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factors. These include patient comorbidities, tumor characteristics, personal preferences,
and shared decision-making with the treating provider. Considering these variables,
Vemana et al. estimated that only 42–71% of RC patients would be eligible for neoadjuvant
chemotherapy [22]. This may certainly be impacted by chemoradiation as well. Even
with a conservative estimate and the upward trend notwithstanding, NAC and PLND
remain underutilized in MIBC management, pointing to a conspicuous gap between clinical
guidelines and actual practice.

4.3. Factors Influencing the Use of NAC and PLND in RC

Disparities in the management of MIBC across socioeconomic lines have been well-
documented. Previous reports indicate that older age, non-Hispanic Black race, lower
socioeconomic status, and uninsured or Medicaid insurance status have been significantly
associated with reduced receipt of definitive care in bladder cancer patients [23–25]. In line
with these reports, our analyses identified older age, higher Charlson comorbidity scores,
insurance status, facility type, and year of diagnosis as significantly impacting overall
survival in MIBC. Notably, neither race nor gender was found to be significant in our series.
NAC + RC + PLND is the standard of care for MIBC [21], with numerous investigations
demonstrating its superiority over radical cystectomy alone in promoting complete excision
of occult metastasis at the time of surgery and preventing recurrence [26–28].

Similarly, the performance and extent of PLND have been directly associated with
improved MIBC survival [29–31]. Nodal metastasis in MIBC, occurring in approximately
25–30% of cases, is a significant adverse prognostic factor [32–34]. Thus, this underscores
the critical role of PLND in MIBC treatment to reduce the risk of undiagnosed and, therefore,
untreated lymphatic metastasis [35]. The most recent American Urological Association and
National Comprehensive Cancer Network guidelines for MIBC emphasize bilateral PLND
of the external and internal iliac and obturator lymph nodes [21,36]. While the value of
PLND (≥1 lymph node) in improving oncologic outcomes is well established [37–40], the
specific benefits of adequate PLND templates and increased PLND yield remain subjects
of debate. Although studies suggest adequate PLND templates enhance survival [41–43],
the NCDB lacks detailed anatomical PLND template data. Nonetheless, a higher lymph
node yield, potentially serving as a proxy for PLND extent, is consistently linked with
improved survival. We adopted a threshold of 15 lymph nodes for extensive PLND based on
previously reported optimal survival outcomes [4–6]. However, it is worth mentioning that
this is still under active investigation and based on recent findings from the SWOG S1011
trial, extensive PLND may not provide improved survival compared to standard PLND.

Despite the established importance of PLND in RC for MIBC, disparities in its im-
plementation persist. Understanding the nuanced factors influencing PLND in those
undergoing radical cystectomy is vital for optimizing treatment decisions and enhancing
outcomes in MIBC management. Our study builds upon previous findings, such as those
by Durson et al., who utilized the NCDB to report a reduced likelihood of adequate PLND
in patients from urban–rural remote areas [44]. We found that a lower income significantly
decreased the probability of receiving any or extensive PLND. Interestingly, while insur-
ance status did not notably affect the receipt of any PLND (≥1 LN), disparities in receiving
extensive PLND (≥15 LNs) were evident based on insurance. Furthermore, hospital setting
was important, with academic centers over twice as likely to perform both PLND and
extensive PLND. These discrepancies suggest that regionalization of care significantly
influences the receipt of standard PLND. In contrast, more extensive dissection may be
influenced by insurance type, which certainly carries the potential for significant concern.

Our analysis identified multiple factors associated with the underutilization of NAC,
including older age, non-Hispanic Black race, a higher CCI, uninsured status, lower income,
and treatment in non-academic facilities. These observations align with prior investiga-
tions, which reported lower NAC utilization rates among cystectomy patients with similar
characteristics—notably lower income [20]. A National Inpatient Sample study by Hoen
et al. found that NAC was associated with shorter length of stay but higher total hospital
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costs [45]. The cost of NAC administration, in addition to radical cystectomy, estimated at
a mean of USD 52,429 by Stevenson et al. [46], may present a considerable financial barrier
for low-income groups, with potentially adverse consequences on survival. Given that
lower-income patients had a 19.7% lower chance of receiving NAC in our study, it is crucial
to recognize and mitigate this financial toxicity. A 2019 cost analysis evaluated 2693 patients
undergoing MIBC treatments, comprising nearly 88% White patients, with Black and His-
panic patients representing only 4.4% and 3.3%, respectively [47]. This racial distribution
in treatment modalities could reflect the baseline demographics of those diagnosed with
MIBC. These proportions highlight concerning disparities and accentuate the broader racial
wealth gap experienced by Black individuals, particularly those with lower incomes and
less extensive insurance coverage [48]. Moreover, to explore precedent in another disease
state, Oake et al. found that after adjusting for demographic and clinicopathological factors,
the top income quintiles were 2.3 times more likely than the bottom income quintile to
choose and receive radical prostatectomy surgery as opposed to radical radiotherapy for
prostate cancer treatment [49]. Our study found lower-income patients to have reduced
administration of NAC + RC + PLND treatments and worsened overall survival by over
12 months. These findings illuminate the intersectionality of social determinants of health,
such as income, on treatment decision-making. It is crucial for truly informed shared
decision-making to incorporate discussion of these elements. Further research is necessary
to define the optimal approach/questionnaires in this domain.

4.4. Policy Implications and Recommendations for Practice

Our analysis and prior studies have shown that socioeconomic disparities’ influence
on access to care and OS estimates among MIBC patients is considerable. There is an urgent
need to address these systemic issues to improve access to life-saving care for all patients
regardless of income status, to lower the morbidity and mortality burden associated with
MIBC, and to ensure equity in healthcare delivery. Considering the higher additional
costs of NAC + RC, compared to RC alone [46], it can be argued that the cost of care is a
significant source of disparities in access and OS among MIBC patients. Unsurprisingly,
uninsured patients were over 30% less likely to receive NAC. Among insured patients,
those with private insurance exhibited marginally higher OS estimates than those insured
by Medicare and Medicaid. These results indicate that by lowering the cost of care and
increasing access to standard of care for MIBC patients of lower income status, OS from
MIBC may be dramatically improved.

This may be achieved by policy initiatives focused on expanding affordable access
to health insurance for patients of lower socioeconomic status while expanding coverage
of publicly funded insurance programs to include NAC + RC to reduce out-of-pocket
payments for those most in need. Previous evidence supports this as a viable strategy.
Michel et al. showed that expanding Medicaid insurance coverage was associated with a
simultaneous decrease in the uninsured rate, late-stage diagnosis of genitourinary cancers,
and an increase in the proportion of patients receiving active surveillance for low-risk
prostate cancer [50]. Interestingly, their analyses found this association stronger among
patients of lower income status, pointing to its viability as a targeted approach to reducing
socioeconomic disparities in care access. Further evidence of the impact of increased
insurance coverage on alleviating disparities in MIBC care access was provided by Jiang
et al., who showed that expansion of Medicaid coverage by the Affordable Care Act (ACA)
significantly reduced racial disparities in timely care access to MIBC care by 13.7% [51].

In addition, our analysis found that patients treated at academic facilities were more
likely to receive NAC, any PLND, adequate PLND, and improved OS. These findings are
reminiscent of previously reported benefits of academic hospitals, including enhanced
patient access to cutting-edge treatments and specialized standards of care, which may
not be readily available in private practice settings [52]. Similarly, in academic medical
centers, surgeons are more likely to work within multidisciplinary teams involving different
sub-specialists, offering a collaborative approach to patient care that may be lacking in
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a private practice setting [53,54]. This may promote the provision of standard of care,
including NAC, to MIBC patients treated in academic medical facilities. By encouraging
increased uptake of multidisciplinary and collaborative working environments among
private practice providers, the gap in standard-of-care access noted in our analysis could
be bridged, with consequent benefits for OS.

In recent years, the relationship between distance traveled to obtain care and care
outcomes has been investigated, resulting in the proposition of regionalization of cancer
care as a viable strategy to improve outcomes in cancer patients. This concept originates
from studies reporting lower postoperative morbidity and mortality among patients treated
in high-volume facilities [55,56]. This has resulted in the push to develop regional cancer
care centers, which are more likely to be academic facilities. This approach, however, has
its limitations, the most important of which would be the increased distance between
patients’ homes and the treatment facility. An increased distance to access care has been
associated with a decrease in utilization of cancer care [57,58] and an increased chance of
metastatic disease at cancer diagnosis [59,60]. Given these contradictory findings, Ryan et al.
conducted a retrospective cohort study investigating the relationship between mortality
and distance to treatment facility in MIBC patients [61]. The authors report an inverse
relationship between distance to the treatment center from patient residence and overall
mortality, a significant result especially for those treated at academic centers, thus support-
ing the case for regionalizing MIBC care. Moreover, Maurice et al. found that treatment at
academic institutions influenced urinary diversion utilization in radical cystectomy [10].
Further studies may be required to clarify contradictions and strengthen the evidence
behind this concept.

Education level is a widely used alternative metric for assessing socioeconomic status,
with educational attainment correlating inversely with socioeconomic status [62]. While
we have not explicitly reported this, several studies have demonstrated a higher incidence
of MIBC in patients with lower educational attainment [9,63,64]. This provides a unique
opportunity for patient education programs focused on low-income and less-educated
populations to improve their knowledge of the symptoms, risk factors, and best treatment
options. This would effectively empower such patients to seek and/or demand the highest
level of care, bridging gaps in care access and ultimately improving overall survival
estimates. This approach is practical in general oncological care by facilitating earlier
symptom recognition, cancer diagnosis, treatment adherence, and improved outcomes [65].

By implementing ongoing surveys designed to track utilization of MIBC standard
of care among socioeconomically disadvantaged patients, policymakers and practice
providers can identify areas requiring intervention and deploy healthcare resources effi-
ciently to help improve equity in MIBC care access and increase overall survival for all.

4.5. Study Limitations

Our study is not without limitations, the first being the retrospective nature of our
analysis and inherent limitations of the NCDB, which may be prone to selection and
misclassification bias. We have avoided these by excluding patients with insufficient data
points from our final patient cohort. Given limitations within the NCDB, we were only able
to assess for overall survival and not cancer-specific survival, among other survival analyses.
Additionally, the NCDB certainly does not capture patient and surgeon preferences in the
decision to undergo various treatment modalities. Further, our use of income as the sole
metric for socioeconomic status may be interpreted as insufficient as socioeconomic status
is influenced by more than patient income figures. However, we controlled for confounding
variables within the NCDB and aimed to investigate the independent influence of income
on access to MIBC standard of care and overall survival in our patient cohort specifically.
Existing data show income as an independent predictor of the choice of intervention among
urological patients and, further, even influencing the choice of urinary diversion in RC
patients [10].
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5. Conclusions

Neoadjuvant chemotherapy and pelvic lymphadenectomy are underutilized in lower-
income muscle-invasive bladder cancer patients, beyond expectations of medical ineli-
gibility for neoadjuvant chemotherapy. Without these standard-of-care modalities, our
study demonstrated that lower-income patients have worse overall survival. Our findings
identify an opportunity to improve the quality of care for lower-income MIBC patients
through concerted efforts to regionalize multi-modal urologic oncology care.
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