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Introduction: Sociodemographic factors have been shown to have significant
impacts on bladder cancer (BC) outcomes, but there are conflicting data in the
literature regarding certain non-modifiable factors. We sought to determine
the effect of sociodemographic factors on survival outcomes after radical
cystectomy (RC) for BC.

Materials and methods: A systematic review of population-based cohort studies
published before March 2020 from Surveillance, Epidemiology, and End Results
(SEER) and National Cancer Database (NCDB) was performed per Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines
by searching PubMed®, Scopus®, and Web of Science®. All full-text English-
language articles assessing the impact of sociodemographic factors on BC
survival after RC were obtained. Two investigators (WY and AC) independently
screened all articles. Discrepancies were resolved by consensus. All studies
reporting survival outcomes after RC based on any of the sociodemographic
factors were included, except for systematic reviews, which were excluded.
Primary end points were overall survival (OS) and disease-specific survival (DSS)
after RC. Cohort studies reporting Cox proportional hazards or logistic
regression analysis were independently screened. Available multivariable
hazard ratios (HRs) were included in the quantitative analysis.

Results: Our search returned 147 studies, of which 14 studies (11 SEER and 3 NCDB)
were included for cumulative analysis. Only race and gender were evaluable due to
heterogeneity of other factors. Compared to White patients, Black patients have
worse OS [HR 0.83; 95% confidence intervals (Cls) 0.75, 0.92; p < 0.01; 12 = 79%]
and DSS (HR 0.83; 95% C1 0.69, 1.00; p = 0.05; 12 = 69%), Asian patients have worse
OS (HR 0.84; 95% CI 0.77, 0.92; p < 0.01; 12 = 15%) but not DSS (HR 0.81; 95% ClI
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0.31, 2.10; p = 0.66), Hispanic patients have no difference in OS (HR 1.03; 95% Cl
0.79,1.34; p = 0.66; 12 = 72%) or DSS (HR 2.63; 95% Cl 0.34, 20.34; p = 0.35), and
Native American patients have no difference in OS (HR 2.16; 95% CI 0.80, 5.83; p =
0.13). Compared to men, women have no difference in OS (HR 1.03; 95% CI 0.93,
115; p = 0.53; 12 = 92%) nor DSS (HR 0.99; 95% CI 0.90, 1.08; p = 0.78; 12 = 1%).

Conclusions: Disparate BC survival outcomes after RC are present, with Black
patients having poorer OS and DSS as compared to White patients. Asian
patients have lower OS but not DSS. Survival outcomes do not appear to
differentiate by gender. Significant heterogeneity in variable and outcome
definitions limited our ability to perform meta-analyses involving other
potentially important drivers and sources of disparate outcomes.
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Introduction

Bladder cancer (BC) is the second most common
genitourinary cancer in the United States with an estimated
81,400 new cases and 17,980 deaths due to the disease in 2020
(1). Radical cystectomy (RC) for BC remains the gold standard
treatment for muscle-invasive and select non-muscle-invasive
disease (2). Muscle-invasive BC (MIBC) is a disease with high
lethality; even with aggressive multimodal therapy, up to 50% of
these patients will develop metastatic disease (3). There are
several known surgical and pathological factors associated with
improved survival outcomes following RC, including the
performance of a lymph node dissection (4), expeditious time
to surgery (5), reception of neoadjuvant chemotherapy (6), lower
pathologic stage (7), lack of lymphovascular invasion (8),
pathologic downstaging (9), and the absence of smoking (10).

Sociodemographic factors have been shown to have
significant impacts on BC outcomes, but there are conflicting
data in the literature in regard to certain non-modifiable factors.
Several large database reviews have reported worse survival
outcomes in Black patients compared to White patients with
BC, which may be due to delays in diagnosis and treatment (11),
although discrepant survival outcomes still exist in those who
have undergone RC (12). Female gender has portended inferior
oncologic outcomes following RC in some, but not all, major
studies (13, 14). Similarly, marital status has been found to have
a protective effect after RC in some studies, but no association in
another (15-17). Socioeconomic and educational status has been
explored in several studies, typically indicating increased risks of
advanced disease at presentation (18) but with unclear effects on
survival outcomes following RC (11, 19). As such, a systematic
review of available studies reporting survival outcomes among
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BC patients after RC was conducted, followed by a cumulative
meta-analysis stratified by sociodemographic factors in order to
increase clarity about these potential sources of disparities in BC
survival outcomes.

Materials and methods
Search strategy and selection criteria

Our research question was designed utilizing the PICOS
framework as follows. Population: BC patients. Intervention: RC.
Comparison: sociodemographic factors. Outcome: survival. Study
designs: population-based cohort studies from administrative
databases. We systematically searched the PubMed®, Scopus®,
and Web of Science®
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines for population-based cohort studies from
the Surveillance, Epidemiology, and End Results (SEER) Program
and National Cancer Database (NCDB) published before 1 March
2020. All full-text English-language articles assessing the impact of

databases according to the Preferred

sociodemographic factors on BC survival after RC were obtained
by using the search terms bladder cancer, urothelial cancer, radical
cystectomy, survival, mortality, gender, sex, women, men, race,
marital, marriage, insurance, socioeconomic, sociodemographic,
social, SEER, and/or NCDB, in combined strings modified
accordingly to each database. The review was not registered, but
a protocol can be provided upon request.

Two investigators (WY and AC) independently screened all
articles, focusing on cohort studies reporting Cox proportional
hazards regression or logistic regression analyses in BC patients
after RC. Any disagreements about eligibility were resolved by
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two senior investigators (GC and SB) until a consensus was
reached. All studies reporting survival outcomes after RC based
on any of the sociodemographic factors were included, except for
systematic reviews, which were excluded.

Primary end points were overall survival (OS) and disease-
specific survival (DSS) after RC. Available multivariable hazard
ratios (HRs) and corresponding 95% confidence intervals (CIs)
were extracted for the quantitative analysis.

Data analysis

A cumulative meta-analysis of the studies was conducted
using Review Manager® 5.3 (Cochrane-Collaboration, Oxford,
UK) as follows. The HRs and 95% CIs extracted from the
multivariable analysis of the eligible studies were pooled for
long-term outcomes (survival analysis) as described previously
(20). An HR > 1 represented a survival benefit. For studies in
which an HR and the standard error (SE) or corresponding 95%
CI was not available, we estimated it using the log-rank p-value,
number of participants, events, or survival curves available (21).
When a study reported the overall mortality (OM) and/or
disease-specific mortality (DSM), the outcomes were converted
to OS and DSS, respectively (22).

Random and fixed effects (DerSimonian and Laird) were
used in case of the presence or absence of heterogeneity,
respectively. Heterogeneity was considered not statistically
significant when the Cochrane Q-test p-value was >0.1. A
transformation of Q-test, the I2 statistic (I2 = 100% x (Q-df)/
Q), was used to estimate the consistency of the effect sizes. In
case of heterogeneity, the cumulative analysis was performed
applying the random effects model. An 12 value of <30% was
defined to denote low heterogeneity, a value between 30% and
50% was defined as moderate heterogeneity, and a value of >50%
was defined as high heterogeneity (22). An evaluation of
publication bias was not performed. A two-sided p-value <
0.05 was considered statistically significant.

Results
Evidence synthesis

Our initial electronic search identified a total of 317 studies,
which was decreased to 147 studies after duplicates were removed.
After a detailed review by two separate reviewers (WY and AC),
71 studies (54 SEER and 17 NCDB) were selected to report
survival outcomes after RC based on sociodemographic factors
(Figure 1). Variables for consideration included age, race, gender,
marital status, insurance status, socioeconomic status, income
level, educational level, hospital type (academic or community),
hospital volume, region, and distance from a hospital. However,
due to significant heterogeneity in reporting each variable in
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PRISMA flow diagram

different studies, only race and gender were evaluable in a
cumulative analysis. Ultimately, a total of 14 studies reporting
race and gender were selected for quantitative analysis. The details
of the included studies are reported in Table 1.

Sociodemographic factors in
multivariate models

Of the selected studies reporting survival outcomes after RC,
not all sociodemographic factors were included in each
multivariate model. Thirty-seven studies included age, 12
studies included marital status, 4 studies included insurance
status, 2 studies included socioeconomic status, 6 studies
included income status, 2 studies included educational status,
7 studies included hospital type, 4 studies included hospital
volume, 7 studies included treatment region, and 3 studies
included distance from a hospital. Each factor had a variety of
reporting classifications and groupings that differed
between studies.

Impact of race

A total of 11 studies (10 SEER and 1 NCDB) reported race as a
predictor of survival outcomes (11 OS and 5 DSS) (23-33). All 11
studies included Black as a covariate level (23-33), whereas 3
studies included Hispanic (23-25), 3 studies included Asian
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TABLE 1 Details of studies included in cumulative analyses.

Author Year Database Population Number  Study
of period
patients  (year-
year)
Konety 2003 SEER All BC 16,976 1992-1999
Gore 2005 SEER UC after RC 7,272 1983-2000
Hollenbeck 2008 SEER BC after RC in Ages 65- 3,603 1991-2003
99 Years
Wright 2008 SEER UC after RC with 1,260 1988-2003
Positive LN
SEER UC after RC with 1,260 1988-2003
Positive LN
Alanee 2016 SEER BC after RC in Ages 65— 2,080 1992-2004
99 Years with Medicare
SEER BC after RC in Ages 65— 2,080 1992-2004
99 Years with Medicare
Kaye 2016 SEER UC after RC in Ages >40 21,406 1973-2011

in Caucasians and
African-Americans
SEER UC after RC in Ages >40 21,406 1973-2011
in Caucasians and
African-Americans

Matulewicz 2016 NCDB HGT1 UC after RC 30,673 1988-2012
Sui 2016 NCDB Micropapillary BC and 869 2004-2013
ucC
Haque 2017 NCDB MIBC in Ages >18 16,960 2004-2013
Mamf 2017 SEER BC after RC 27,451 1988-2010
Jin 2019 SEER MIBC after RC 3,358 1998-2008
Lane 2019 SEER MIBC after RC with 1,886 2004-2011
Medicare
SEER MIBC after RC with 1,886 2004-2011
Medicare
Mazzone 2019 SEER UC (pT2NOMO) after 3,978 2004-2015
RC
SEER UC (pT2NOMO) after 3,978 2004-2015
RC
Mazzone 2019 SEER UC (pT3NOMO) after 3,817 2004-2015
2) RC
SEER UC (pT3NOMO) after 3,817 2004-2015
RC

10.3389/fruro.2022.934550

Survival Covariates

outcome included in model

of interest

(0S, DSS,

OM, and

DSM)
(6N Age, race, gender, stage, SEER site, RC, and XRT
0Os Age, race, gender, stage, marital status, and LN
positivity

(6] Age, race, gender, stage, comorbidity, socioeconomic

status, admission acuity, chemotherapy, teaching
hospital, and hospital procedure volume

DSS Age, race, gender, stage, XRT, number of positive LN,
total LN removed, and LN density

(6N Age, race, gender, stage, XRT, number of positive LN,
Total LN removed, and LN density

oM Age, race, gender, stage, comorbidity, education,
income, and number of CTs

DSM Age, race, gender, stage, comorbidity, education,
income, and number of CTs

OM Age, race, gender, stage, marital status, SEER region,
and diagnosis year

OM Age, race, gender, stage, marital status, SEER region,
and diagnosis year

oM Age, gender, stage, comorbidity, LVI, LN dissection
performed, LN positivity, tumor size, and time to RC

0Os Age, race, gender, stage, comorbidity, income,
insurance, chemotherapy, grade, histology

0os Age, race, gender, stage, comorbidity, income,
insurance, facility type, distance from facility, histology,
and diagnosis year

oS Age, race, gender, total LN removed, radiation,
metastasis, and grade, histology

oS Age, race, gender, stage, marital status, LN positivity,
LN ratio, and grade

(6N Age, gender, stage, comorbidity, total LN removed, and
chemotherapy

DSM Age, gender, stage, comorbidity, total LN removed, and
chemotherapy

oS Age, race, gender, marital status, socioeconomic status,

chemotherapy, and surgery year

DSM Age, race, gender, marital status, socioeconomic status,
chemotherapy, and surgery year

oS Age, race, gender, marital status, socioeconomic status,
chemotherapy, surgery year, and LN positivity

DSM Age, race, gender, marital status, socioeconomic status,
chemotherapy, surgery year, LN and positivity

0S8, overall survival; DSS, disease-specific survival; OM, overall mortality; DSM, disease-specific mortality; BC, bladder cancer; UC, urothelial cancer; RC, radical cystectomy; LN, lymph
node; HG, high-grade; MIBC, muscle-invasive bladder cancer; XRT, radiation therapy; CT, computed tomography scan; LVI, lymphovascular invasion; SEER, Surveillance, Epidemiology,

and End Results Program; NCDB, National Cancer Database.

(23, 25, 27), and 1 study included Native American (27). Our
cumulative analysis found that, compared to White patients, Black
patients have worse OS (HR 0.83; 95% CI 0.75, 0.92; p < 0.01; 12 =
79%) and DSS (HR 0.83; 95% CI 0.69, 1.00; p = 0.05; 12 = 69%),
and Asian patients have worse OS (HR 0.84; 95% CI 0.77, 0.92; p <
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0.01; 12 = 15%) but not DSS (HR 0.81;95% CI 0.31, 2.10; p = 0.66).
However, our results did not demonstrate a statistically significant
difference between White and Hispanic patients in terms of OS
(HR 1.03; 95% CI 0.79, 1.34; p = 0.66; 12 = 72%) or DSS (HR 2.63;
95% CI 0.34, 20.34; p = 0.35). Similarly, our results did not

frontiersin.org


https://doi.org/10.3389/fruro.2022.934550
https://www.frontiersin.org/journals/urology
https://www.frontiersin.org

Yip et al.

demonstrate a statistically significant difference between White
and Native American patients in terms of OS (HR 2.16; 95% CI
0.80, 5.83; p = 0.13). These results are displayed in Figure 2.

Impact of gender

A total of 10 studies (8 SEER and 2 NCDB) reported gender
as a predictor of survival outcomes (10 OS and 4 DSS) (24-27,
31-36). Our cumulative analysis did not demonstrate a
statistically significant difference in OS (HR 1.03; 95% CI 0.93,
1.15; p = 0.53; 12 = 92%) nor DSS (HR 0.99; 95% CI 0.90, 1.08;
p =0.78; 12 = 1%) in female patients compared to male patients.
These results are displayed in Figure 3.

Discussion

The results of this systematic review and cumulative analysis
highlight several sociodemographic factors that are associated
with worse survival outcomes in patients undergoing RC for BC.
Racial disparities are a significant contributor to survival
outcomes, especially in Black and Asian patients, whereas
gender differences are not. While our initial goal was to
investigate the association between a greater number of
sociodemographic factors, including marital status, insurance
status, socioeconomic status, income level, and educational level,
we found that the available data were too heterogeneous in its
categorization and collection to be evaluated jointly. As such,
cumulative analyses could only be performed to evaluate race
and gender in this population. However, this signals the need for

10.3389/fruro.2022.934550

consistency in future work to address these critical gaps
in knowledge.

Our analysis did find that race was a significant contributor to
lower OS in Black and Asian patients compared to White patients,
and DSS was worse in Black patients. Several studies of national
databases have explored these disparate outcomes in Black
patients. In an NCDB review of 12,652 patients undergoing RC
for MIBC, Gild et al. found that Black patients were less likely to
receive a pelvic lymph node dissection, and, when performed,
fewer lymph nodes were removed. Moreover, Black patients were
less likely to be treated in a high-volume center, and, when treated
in a community program, Black patients had worse OS (12). In
another NCDB review, Weiner et al. found that Black patients had
worse OS and were less likely to receive timely treatment within 12
weeks of diagnosis. Delayed treatment was also more common in
patients living in zip codes with the lowest levels of education and
income (11). A lower likelihood of treatment at high-volume
centers has been posited as a contributor to these disparate
outcomes in several studies (12, 37, 38), which is known to have
better perioperative and long-term outcomes (39). Moreover,
multiple studies have found that Black patients are less likely to
receive guideline-adherent care (40, 41). Therefore, whether the
disparate survival outcomes are predominately driven by
biological or social factors is unclear, the latter cannot be
ignored, given the aforementioned findings of lower quality of
and delayed care, as well as treatment in low-volume settings, in
Black patients. The difference in OS among Asian patients is less
understood and presents a potential avenue for future research.
Whereas several studies, as noted above, have sought to determine
the predictors of inferior outcomes in Black populations, less have
been performed for Asians. Lastly, the collection of ethnic

subgroup and nativity status in large population databases
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FIGURE 3

Overall (A) and disease-specific (B) survival based on gender.

would improve the robustness of our understanding of the
intersection between race/ethnicity and outcomes. For example,
there are differences in known genetic and environmental risk
factors, as well as BC incidence and survival rates, among Asian
subgroups that will be obscured in the current SEER and NCDB
framework (42).

Our finding that there is insufficient evidence to suggest that
women have a significant difference in survival outcomes
compared to men differs from prior reports, although the
available data have been mixed, which was an impetus for this
study. One national database review using the NCDB found that
women were less likely to receive timely treatment for BC (11),
whereas another using the SEER database reported that women
were actually more likely to undergo RC than men without any
significant difference in delays to treatment (43). In both studies,
women had worse OS than men, although women did also
present at more advanced stages. However, in the second study
(43), women still had worse overall and cancer-specific survival
even after propensity score matching, which indicates a potential
biological basis for disparate outcomes. Indeed, aggressive
molecular subtypes of BC are overrepresented in women (44),
and sex-related differences in carcinogen metabolism at the
cellular level, with increased urothelial exposure in women,
have also been posited (45). Moreover, a prior study has
demonstrated that cumulative exposure to estrogen may have
a protective effect against BC, but when this production is lost
after menopause, there may be a difference in risk (46). On the
one hand, variant BC histology is more frequent in women,
which are known to have a worse prognosis (47). On the other
hand, women are also less frequently referred to urologists and
have longer wait times in the evaluation of hematuria, which is
potentially due to the higher incidence of cystitis and urinary
tract infection treatments but still delays appropriate diagnosis
and timely management (48, 49).

In summation, our study provides the results of a cumulative
analysis of all evaluable sociodemographic factors (race and
gender) of patients undergoing RC for BC in administrative
databases. By combining the results of prior studies and
adjusting for confounders, our findings provide much stronger
conclusions. However, the mechanisms underlying these
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disparities remain poorly understood. Our findings help to
consolidate previous reports to affirmatively address the
impact of these factors on survival outcomes and improve risk
stratification of these patients while also highlighting our
significant gaps in knowledge. The lack of uniformity and
consistency across studies reporting sociodemographic factors
hampers the ability to draw robust summative conclusions and
represents a major arena for future impactful research. Our
findings are still clinically relevant, as they highlight weaknesses
to be addressed in daily practice. Black patients are a particularly
vulnerable population that may benefit from increased outreach
for BC awareness and earlier referral to experienced treatment
centers. Disparate outcomes are less clear in Asian patients, but
the heterogeneity of ethnicity should be considered. Female
patients may not necessarily need a more aggressive
management plan than men, but the index of suspicion should
be higher to avoid continued delays in diagnosis and timely care.
There are several limitations to our study, many of which are
inherent to the usage of administrative databases. Firstly, there is
the potential for overlapping patient groups across multiple
studies using the same database. Whereas this is in part true,
our cumulative analysis demonstrates a more robust result,
independent of the study period and covariates included in
each survival analysis. There was significant heterogeneity in
variable and outcome definitions, which, as previously discussed,
prevented cumulative analyses beyond race and gender. Patient
relocation from one geographic region to another can affect
long-term follow-up data. Moreover, there is a possibility that
certain studies were not found in our search due to the omission
of variations of search terms, such as education or ethnicity.
Finally, selection biases can confound the results of survival
analyses of adjuvant therapies used in cancer treatments (50).

Conclusion

Disparate BC survival outcomes after RC by race are present,
with Black and Asian patients doing worse. Both OS and DSS are
poorer in Black than White patients with BC. Asian patients
have lower OS, but not DSS, as compared to White patients.
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Survival outcomes do not appear to differentiate by gender.
There is significant heterogeneity by variable and outcome
definitions, which is an inherent limitation of administrative
databases and the most significant limitation of this study.
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