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Abstract
Neoadjuvant chemotherapy (NAC) improves overall survival in muscle-invasive bladder cancer (MIBC). Older patients often 
do not receive NAC due to its potential toxicities. We examined treatment patterns of elderly MIBC patients as well as impact 
of NAC on survival in this population. The National Cancer Database was queried from 2006 to 2019 for stage T2-T4a MIBC 
patients ≥ 80 years old. Treatment exposures (extirpative surgery; chemotherapy; radiation) were ascertained. Kaplan–Meier 
survival curves were generated based on treatment modalities (no treatment; radiation only; chemotherapy only; chemoradia-
tion; surgery only; NAC with surgery). Multivariable Cox proportional hazards regression assessed associations with overall 
survival (OS). The cohort included 16,391 patients (mean age 86 years); 51% received treatment. MIBC treatment was less 
common with advancing age; patients receiving NAC then surgery were younger and had lower comorbidity scores. From 
2006 to 2019, more patients received chemoradiation, while rates of NAC rose modestly. Median OS for the NAC with 
surgery group was 48 months versus 9 months for the no treatment group. Log-rank tests showed significantly improved 
survival in the NAC with surgery group compared to the surgery only group, while Cox proportional hazards regression 
analysis showed highest survival benefit in the NAC with surgery group. Only half of elderly MIBC patients received treat-
ment, with fewer undergoing curative intent. NAC with surgery was associated with the greatest survival benefit. While 
our findings should be taken in the context of potential selection bias and patient preferences, they support NAC as part of 
shared-decision making regardless of age.
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Introduction

Bladder cancer continues to inflict significant morbidity and 
mortality. In the United States, this malignancy is the sixth 
most common cancer and is the 10th most common cause 
of death by cancer [1]. Multiple phase III randomized con-
trolled trials have shown that cisplatin-based neoadjuvant 
chemotherapy (NAC) improves overall survival in patients 
with muscle-invasive bladder cancer (MIBC). However, the 
median age of patients in these studies have generally been 
in the early to mid-sixties [2, 3]. In contrast, the average 
age at diagnosis for bladder cancer in the United States is 
about 73 years [4]. Although rates of NAC administration 
are increasing, there remains disparities in its administra-
tion, with older patients being less likely to receive this 
therapy [5]. We thus sought to evaluate treatment patterns 
for patients ≥ 80 years with MIBC, with a particular focus on 
NAC, as well as associations with survival outcomes based 
on treatment.
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Methods

Data source

We used the National Cancer Database (NCDB) to iden-
tify cases of MIBC. The NCDB reports cancer cases from 
member facilities of the Commission on Cancer and cap-
tures more than 70% of all cancer diagnoses within the 
United States. Member facilities include a combination of 
academic centers and community cancer programs. Given 
that this study was conducted with deidentified data, it 
was determined to be exempt from review by the Oregon 
Health & Science University Institutional Review Board. 
The study was conducted in a manner consistent with 
STROBE reporting guidelines.

Study population and definitions of variables

Using data from January 1, 2006 to December 31, 2019, 
we identified patients ≥ 80 years with clinical stage T2, T3, 
and T4a bladder cancer. We restricted eligible patients to 
those with urothelial cell carcinoma histology, those with 
bladder cancer as their sole cancer diagnosis or the first of 
multiple cancer diagnoses, as well as those who received 
at least part of their treatment at the reporting facility. 
Detailed exclusions are available in Fig. S1.

Demographic data collected included patient age, dis-
tance from reporting facility, insurance, income, educa-
tion, facility data (academic versus non-academic), facil-
ity geographic location, year of diagnosis, Charlson-Deyo 
score, clinical T stage, and vital status. Of note, there was 
a very high proportion of missing values for income and 
educational status (> 60%), limiting its utility as a covari-
able. Treatment strategies identified included radiation, 
chemotherapy, chemoradiation, extirpative surgery, as well 
as NAC with surgery. The primary endpoint was overall 
survival (OS).

Statistical methods

Standard descriptive statistics were presented as frequencies 
and percentages for categorical variables, whereas means 
with standard deviations were obtained for continuous vari-
ables. The Kruskal–Wallis test was used to assess differences 
in distribution of continuous variables by treatment group, 
whereas the chi-square test was used for comparison of cat-
egorical variables.

Kaplan–Meier survival curves were generated to visualize 
survival estimates between different treatment groups. Log-
rank tests were applied to compare survival distributions 
across treatment groups. Multivariable Cox proportional 
hazards regression analyses were conducted to assess asso-
ciations with overall survivals. The criterion for statistical 
significance was p < 0.05. Data were analyzed using Statisti-
cal Analysis System version 9.4.

Results

The overall cohort included 16,391 patients, with a mean 
age of 86 years (Table S1). Fifty-one percent of patients 
were recorded as receiving treatment, and 3% underwent 
NAC with surgery. Significant differences were seen across 
treatment groups. The NAC with surgery group had a lower 
mean age of 83 years, were more likely to be treated at an 
academic facility and tended to have lower Charlson-Deyo 
scores.

Over the 13 year period of interest, surgery remained the 
dominant treatment type (Fig. S2). Chemoradiation showed 
a substantial increase in proportion, whereas NAC with sur-
gery exhibited a very modest increase.

Median survival time was significantly higher for 
the NAC with surgery group at 48 months, compared to 
9 months for those who received no treatment (Table 1). 
Kaplan–Meier curves also demonstrated significantly 
improved OS for the NAC with surgery group compared 
to the surgery only group (Fig.  1). Interestingly, the 

Table 1  Median overall 
survival time and rates based on 
treatment modality

Median overall survival (OS), 
months (95% CI)

5 year OS (%) 10 year OS (%)

Chemotherapy before 
surgery

47.6 (37.0–61.0) 45.0 (39.4–50.5) 15.1 (6.4–23.7)

Surgery only 24.1 (21.8–26.5) 31.1 (28.7–33.5) 11.6 (9.3–13.9)
Chemoradiation 24.3 (23.0–26.6) 25.3 (23.4–27.3) 8.0 (6.2–9.9)
Chemotherapy 17.6 (16.1–19.8) 19.1 (16.8–21.5) 7.6 (5.2–9.9)
Radiation only 12.1 (11.4–12.9) 11.2 (9.6–12.8) 1.6 (0.6–2.6)
No treatment 8.8 (8.4–9.3) 11.8 (10.9–12.6) 3.8 (3.1–4.5)
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chemoradiation group had a similar median survival time 
with the surgery group.

On multivariable Cox regression analyses, significantly 
decreased hazards for mortality for the NAC with surgery 
group was demonstrated even after adjusting for patient fac-
tors, facility characteristics, and clinical T stage (Table 2). 
Compared to patients who received no subsequent treatment, 
the NAC with surgery group had reduced hazards for mor-
tality by 58%, compared to 43% in the surgery only group.

Discussion

High-level data have consistently shown that NAC for 
patients with MIBC has a significant survival benefit. 
However, most of these data have been performed in 
patients younger than the average person with MIBC. 
Thus, we sought to evaluate survival outcomes in patients 
of advanced age. We found that only a small proportion of 
patients ≥ 80 years of age receive treatment for their MIBC 
with curative intent. NAC with surgery was associated with 
the greatest survival benefit.

Approximately 30–50% of patients with MIBC are 
thought to be eligible for cisplatin-based NAC [6], but 
recent estimates of NAC administration are about 21–32% 

[7]. These findings highlight that a substantial proportion of 
patients who are eligible for NAC may not be receiving this 
therapy. A prior study by Reardon and colleagues in 2015 
showed that uptake of NAC is fortunately increasing, with 
10% of patients who underwent radical cystectomy receiv-
ing it in 2006 per NCDB data compared to 21% in 2010. 
In that same study, factors associated with lower rates of 
NAC included advanced age, increasing comorbidity, lack of 
insurance, increased travel distance, as well as lower income.

More recently, a study by Andino and colleagues in 
2021 found that 85% of patients at their institution (median 
age 66 years) were referred to medical oncology and 63% 
(212/339) ultimately received NAC [8]. Factors associated 
with decreased odds of receiving NAC included renal insuf-
ficiency, hearing loss, congestive heart failure, older age, and 
poorer functional status. Importantly, the authors did note 
that half of patients not referred to medical oncology lacked 
obvious medical contraindications for NAC.

Cisplatin ineligibility criteria proposed in 2011 by 
Galsky and colleagues in the setting of metastatic blad-
der cancer included: poor performance status; creatinine 
clearance < 60 ml/min; significant peripheral neuropathy; 
significant hearing loss; heart failure [9]. Advanced age 
is likely associated with impaired renal function could be 
strongly associated with advanced age, with estimates for 

Fig. 1  Kaplan–Meier survival curves comparing treatment modalities. Log-rank test: p-value < 0.0001
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Table 2  Multivariable cox 
proportional hazards regression 
analysis for mortality based on 
treatment type

Hazards ratio (95% CI) p-value

Treatment
 No treatment Reference
 Chemotherapy with surgery 0.42 (0.37–0.49)  < 0.0001a

 Surgery 0.57 (0.54–0.61)  < 0.0001a

 Chemoradiation 0.56 (0.53–0.59)  < 0.0001a

 Chemotherapy 0.71 (0.66–0.76)  < 0.0001a

 Radiation 0.84 (0.79–0.89)  < 0.0001a

 Age at diagnosis, years 1.05 (1.04–1.06)  < 0.0001a

Gender
 Female Reference
 Male 0.98 (0.94–1.01) 0.20

Race
 White Reference
 Black 1.05 (0.97–1.15) 0.24
 Other 0.90 (0.81–1.01) 0.07

Distance from treatment center, miles
  < 3.6 Reference
 3.6 to < 7.5 0.99 (0.94–1.04) 0.60
 7.5 to < 17.8 0.98 (0.93–1.03) 0.48
  ≥ 17.8 1.01 (0.95–1.06) 0.86

Insurance
 Medicare Reference
 Private or managed care 0.91 (0.85–0.98) 0.0083a

 Medicaid, other government, or not insured 1.06 (0.93–1.19) 0.42
 Unknown 0.90 (0.76–1.07) 0.25

Income
 Quartile 1 (lowest) Reference
 Quartile 2 1.05 (0.96–1.15) 0.29
 Quartile 3 0.98 (0.89–1.07) 0.60
 Quartile 4 (highest) 0.99 (0.90–1.10) 0.91
 Missing 1.50 (0.37–6.03) 0.57

Education
 Quartile 1 (fewest) Reference
 Quartile 2 1.04 (0.95–1.14) 0.43
 Quartile 3 1.06 (0.97–1.16) 0.22
 Quartile 4 (highest) 1.04 (0.93–1.15) 0.50
 Missing 0.73 (0.18–2.92) 0.65

Facility type
 Non-academic Reference
 Academic 0.93 (0.89–0.98) 0.0024a

Facility location
 New England 1.10 (1.02–1.19) 0.011a

 Middle/South Atlantic Reference
 North Central 1.14 (1.08–1.19)  < 0.0001a

 South Central 1.01 (0.95–1.08) 0.78
 Mountain/Pacific 1.0 (0.95–1.06) 0.97
 Year of diagnosis 0.98 (0.97–0.99) 0.0004a

Charlson score
 0 0.69 (0.64–0.75)  < 0.0001a

 1 0.80 (0.74–0.88)  < 0.0001a

 2 0.91 (0.82–1.0) 0.050
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the proportion of patients ≥ 85 years of age with creatinine 
clearance < 60 ml/min ranging from 55–90% depending on 
the equation used. We did not have data for renal function 
in this NCDB cohort, an important limitation. However, 
there are increasing arguments for use of cisplatin-based 
NAC in patients with baseline creatinine clearance between 
40–60 ml/min [10].

Moreover, while age is certainly associated with poorer 
health and performance status, it should not disqualify a 
patient alone from treatment for MIBC. A prior study exam-
ining data from the Surveillance, Epidemiology, and End 
Results (SEER) registry showed significant reduction in 
cancer-specific and all-cause mortality in octogenarians who 
underwent surgery, a finding that was replicated in our study.

Although not a primary question our study attempted 
to address, our results interestingly suggested equivalence 
between surgery alone and chemoradiation. Retrospective 
data suggest that in select patients, trimodal therapy provides 
similar oncological outcomes to radical cystectomy [11].

Our study does have important limitations. The NCDB 
lacks cancer-specific survival data and granularity regard-
ing chemotherapy regimens, such as use of gemcitabine-
cisplatin versus MVAC regimens, as well as the number of 
cycles received. However, this could have potentially limited 
the proportion of patients receiving full cisplatin-based NAC 
and thus diluted survival benefit in the NAC with surgery 
group. Additionally, a small proportion of patents were clini-
cally node positive and thus may have been receiving induc-
tion chemotherapy as opposed to true NAC. The NCDB also 
excludes patients who were not treated at a Commission 
on Cancer-accredited facility, potentially limited generaliz-
ability nationally. Patient selection bias is also a concern, as 
we could not ascertain potential contraindications for NAC 
as mentioned above, such as renal insufficiency, significant 
hearing loss or peripheral neuropathy, and poor functional 
status.

We did attempt to balance for this using Charlson-Deyo 
scores, but this is a weighted aggregate of comorbidities as 
opposed to a specific measure for NAC eligibility. Finally, 
our study did not capture treatment-associated comorbidi-
ties and patient preferences that may have been shaped by 
these adverse effects. Cisplatin-based NAC is not without 
potential significant adverse effects, notably irreversible 

nephrotoxicity, cumulative peripheral neuropathy, ototox-
icity, as well as myelosuppression.

Overall though, our study demonstrates several interest-
ing findings using NCDB data that encompasses over 70% 
of cancer diagnoses within the United States. Only about 
half of patients ≥ 80 years receive some form of treatment 
for MIBC, and even fewer receive treatment with curative 
intent. NAC with surgery was associated with the highest 
survival benefit, and chemoradiation was associated with 
similar survival outcomes with those who only received 
extirpative surgery. These findings expand on prior research 
demonstrating absolute survival benefit from NAC and sup-
port offering this therapy to eligible patients regardless of 
age. Underutilization of NAC may stem from urologists who 
act as “gatekeepers” for medical oncology referrals [12], but 
has been shown to be mitigated through standardized refer-
ral algorithms requiring patients to be seen by both surgical 
and medical oncology services [13]. Further research will 
be needed to analyze drivers of low administration rates of 
NAC in this patient population.
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