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Abstract

Introduction: We aimed to assess contemporary rates of neoadju-
vant chemotherapy (NC) use. 
Methods: We relied on the Surveillance, Epidemiology and End 
Results (SEER)-Medicare database for non-metastatic, muscle-inva-
sive (T2‒T4a) urothelial carcinoma of the urinary bladder (UCUB) 
patients who underwent radical cystectomy (RC) between 1991 and 
2009. Multivariable logistic regression analyses tested predictors 
of NC use, such as: T-stage, N-stage, year of diagnosis, age at 
diagnosis, gender, race, use of radiotherapy (RT), marital status, 
urban status, socioeconomic status, tumour grade, and Charlson 
comorbidity index (CCI).
Results: Overall, 5207 patients treated with RC were identified. 
Of those, 332 (6.4%) received NC. The rate of NC increased over 
time from 6.1% (1991) to 15.0% (2009) (p<0.001). In multivari-
able analyses, year of diagnosis (odds ratio [OR]: 4.7; p<0.001), 
lower T-stage (T3 vs. T2: OR: 0.7; p=0.003), married status (OR: 
1.5; p=0.006), and younger age at diagnosis (≥80 vs. 66‒69: OR: 
0.6; p=0.006) were associated with a higher odds of NC; all repre-
sented independent predictors of NC use. Neither race nor CCI 
demonstrated statistical significance.
Conclusions: We reported lower than anticipated overall (6.4%) 
use of NC. Nonetheless, the rate increased from 6.1% (1991) to 
15.0% (2009). Older and unmarried individuals were less likely 
to receive NC. NC rates were higher in T2 UCUB patients. Some 
of the observed discrepancies, such as lower use in unmarried 
individuals, may require correction. Better adherence to guidelines 
should be encouraged and implemented, especially based on the 
confirmed benefits of NC according to randomized, controlled 
trials. The study is limited by a retrospective design and limited 
variables.

Introduction

American Cancer Society estimates 72 570 new cases of 
bladder cancer (BC) in the U.S. in 2013 and about 15 210 
deaths from BC within the same year.1 Muscle-invasive 
urothelial carcinoma of the urinary bladder (UCUB) pre-
sents 25% of incident cases.2 Radical cystectomy (RC) is the 
standard of care in non-metastatic, muscle-invasive UCUB 
patients with adequate performance status.3,4 Since improved 
survival with neoadjuvant chemotherapy (NC) was record-
ed starting in 2003,5-7 its administration is recommended 
by guidelines for patients with clinical stage T2‒4a N0M0 
UCUB.3,4 Despite this broad recommendation for use of NC, 
population-based reports indicate low rates of NC adminis-
tration in the context of RC, with 5.9% between 1992 and 
2002 and 20.9% in 2010 in the U.S.8,9 Based on this appar-
ent non-adherence to guidelines, we examined the NC rates 
prior to RC within the Surveillance, Epidemiology and End 
Results (SEER)-Medicare database focusing on individuals 
treated between 1991 and 2009.

Methods

Study source

The current study relied on the SEER-Medicare-linked data-
base. This database is 98% complete for case ascertain-
ment. The SEER registries identify 28% of all incident cancer 
cases in the U.S. Medicare insures approximately 97% of all 
Americans aged ≥65 years. Linkage to the SEER database is 
complete for approximately 93% of cases.10 
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Study population

Overall 15 080 patients with a primary, non-metastatic, 
muscle-invasive (T2–T4) UCUB (International Classification 
of disease for Oncology [ICD–O] site code 67.0, histologic 
code 8120 or 8130), with or without lymph node metasta-
ses, diagnosed between January 1991 and December 2009 
were abstracted. Patients not enrolled in Medicare parts A 
or B for a minimum of 12 months prior to their first recorded 
diagnosis and for six months after diagnosis were not con-
sidered. Patients who had health maintenance organization 
(HMO) enrolment in the year prior to diagnosis or for any 
period following diagnosis were also excluded. To ensure 
that all subjects had at least one year of claims from which 
comorbidities are derived, only those aged ≥66 years old 
were considered. This resulted in 7337 assessable patients. 
Additional exclusions comprised those with unknown race 
(n=36) and unknown marital status (n=432). Furthermore, 
patients treated with surgery ≥6 months after diagnosis were 
also not considered in the current study (n=1185). Finally, 
patients with stages T4b or T4 not otherwise specified were 
omitted from our analyses, as the current guidelines sug-
gest a different management approach for such individuals 
(n=477). This resulted in 5207 assessable individuals with 
T2-T4a, N0 or Nx and N+ patients, who represent potential 
candidates for NC. 

Covariates

Covariates comprised age at diagnosis, comorbidities 
(derived using a validated algorithm based on the Charlson 
comorbidity index [CCI]11), tumour extent (T2, T3, T4a) 
represented as a consensus state (highest of either clinical 
or pathological), tumour grade (low-, high-grade), nodal 
stage (N0/Nx, N+), gender, race (White, other), marital status 
(married, unmarried), socioeconomic status (SES) (composite 
variable of income, education, and poverty levels),12 year of 
diagnosis, urban residence status (non-, metropolitan), and 
radiotherapy (RT). 

Statistical analyses

We compared baseline characteristics between RC patients, 
who were either administered to NC or not (Table 1). 
Subsequently, univariable and multivariable logistic regres-
sion analyses were performed to identify the clinical and 
demographic characteristics associated with the use of NC. 
Means, medians, and interquartile ranges were reported for 
continuous variables. Frequencies and proportions were 
reported for categorical variables. The t-test, the Mann-
Whitney test, and chi-square tests were used to compare the 
statistical significance of differences in means, medians, and 
proportions, respectively. All statistical tests were performed 

using R software environment for statistical computing and 
graphics (Vienna, Austria, version 3.0.1). All tests were two-
sided, with a significance level set at p<0.05.

Results

Baseline characteristics

Overall, 5207 patients with non-metastatic, muscle-invasive 
UCUB who underwent RC were included in the study cohort 
(Table 1). Mean (median) age at diagnosis was 75.5 (75.0) 
years. Overall, 332 (6.4%) RC patients were treated with NC 
vs. 4875 (93.6%) who were not. Within these groups, statis-
tically significant differences were recorded according to age 
at diagnosis, marital status, socioeconomic status, tumour 
stage, rate of organ-confined tumours, tumour grade, and 
administration of RT (Table 1; all p<0.05). Specifically, NC 
patients were younger (median age: 74.0 vs. 75.5 years) and 
were more frequently married (73.8 vs. 64.9%). Additionally, 
a larger proportion of NC patients was included in the low 
SES group (56.9 vs. 49.2%). NC patients more often had 
organ-confined disease (53.3 vs. 45.0%). RT was also more 
frequently delivered in NC patients (20.5 vs. 14.5%). The 
rate of NC increased over time from 2.8% to 10.9% (Fig. 
1; p<0.001), where the highest rate was recorded in 2009 
(15.0%). 

Logistic regression models

In univariable logistic regression analyses predicting the 
administration of NC, six variables emerged as statistic-
ally significant predictors of NC prior to RC. The strong-
est predictor was the year of diagnosis. Individuals treated 
and diagnosed between 2006 and 2009 had a higher rate 
of NC administration than their counterparts treated and 
diagnosed between 1991 and 1999 (odds ratio [OR]: 4.2 
(95% confidence interval [CI]: 2.9‒6.0; p<0.001). Married 
individuals were more likely to receive NC compared to 
their unmarried counterparts (OR: 1.5; 95% CI: 1.2‒2.0; 
p=0.001). Lower socioeconomic status was associated 
with a higher probability of receiving NC (OR: 1.4; 95% 
CI: 1.1‒1.7; p=0.006). Higher tumour grade indicated high-
er odds of NC administration (OR: 2.1; 95% CI: 1.1‒3.9; 
p=0.03). Additionally, patients with tumour stage T3 had 
a significantly lower probability of receiving NC (OR: 0.7; 
95% CI: 0.5‒0.9; p=0.003). Similarly, patients ≥80 years had 
a lower probability of being exposed to NC compared to 
their counterparts between 66 and 69 years (OR: 0.6; 95% 
CI: 0.5‒0.9; p=0.006). Importantly, nodal stage, CCI, and 
race were not associated to NC administration (Table 2).

In multivariable logistic regression analyses, four vari-
ables emerged as independent predictors of NC administra-
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tion. Patients diagnosed and treated in most recent years had 
a higher likelihood of receiving NC. Specifically, individuals 
treated and diagnosed between 2006 and 2009 had a 4.7-
fold higher rate of NC administration than their counterparts 
treated and diagnosed between 1991 and 1999 (OR: 4.7; 
95% CI: 3.2‒7.0; p<0.001). It is of interest to note that mar-
ried individuals had 1.5-fold higher odds of receiving NC, 
compared to their unmarried counterparts (OR: 1.5; 95% CI: 

1.1‒1.9, p=0.006). With respect to tumour characteristics, 
patients with tumour stage T3 had a significantly lower prob-
ability of receiving NC (OR: 0.7; 95% CI: 0.5‒0.9; p=0.003). 
It is also of note that advanced age decreased the likelihood 
of NC administration. Specifically, patients ≥80 years had 
a 40% lower probability of being exposed to NC (OR: 0.6; 
95% CI: 0.4‒0.9; p=0.006, Table 2).

Discussion 

Our hypothesis stated that the rates of NC administration 
have increased in most contemporary years. We were able 
to confirm an overall increase in the rates of NC. However, 
the absolute rate of NC use was low during the initial, as 
well as the final time periods of the study. Specifically, NC 
rates ranged from 2.8‒10.9% according to time periods 
(1991‒1999 vs. 2000‒2002 vs. 2003‒2005 vs. 2006‒2009), 
with a peak of 15.0% in 2009. These low rates sharply 
contrast with the National Comprehensive Cancer Network 
(NCCN) and European Association of Urology (EAU) guide-
lines that recommend routine use of NC in individuals 
with T2-T4a UCUB.3,4 The increasing trend is nonetheless 
explained by increasing dissemination of existing guidelines. 
This, in turn, may indicate that guidelines result in optimiza-
tion of patient care.

Several important additional observations also warrant 
mention. For example, our multivariable models results 
identified several patient characteristics that represented 
relative barriers to administration of NC. Advanced patient 
age limited NC administration rate. This finding is in agree-
ment with an acknowledged relative contraindication to NC 
for patients with advanced age, especially when cisplatin-
based chemotherapy is considered.13 However, such limita-

Table 1. Baseline descriptives of 5207 patients treated 
with RC for non-metastatic, muscle-invasive UCUB (T2-T4a) 
between 1991 and 2009 within the SEER-Medicare-linked 
database

Variables
RC without NC
n=4875 (93.6%)

RC with NC
n=332 (6.4 %)

p value

Age
 Mean (median)
 IQR

75.6 (75.0)
71.0–80.0

74.3 (74.0)
70.0–78.0

<0.001

Age categories, n (%)
 66–69
 70–74
 75–79
 ≥80

952 (19.5)
1292 (26.5)
1319 (27.1)
1312 (26.9)

81 (24.4)
101 (30.4)
80 (24.1)
70 (21.1)

0.02

Charlson comorbidity 
index, n (%)
 0
 1
 2
 ≥3

1899 (39.0)
747 (15.3)
1006 (20.6)
1223 (25.1)

136 (41.0)
51 (15.4)
72 (21.7)
73 (22.0)

0.6

Gender, n (%)
 Male
 Female

3487 (71.5)
1388 (28.5)

246 (74.1)
86 (25.9)

0.3

Race, n (%)
 White
 Other

4388 (90.0)
487 (10.0)

309 (93.1)
23 (6.9)

0.1

Marital status, n (%)
 Unmarried 
 Married

1713 (35.1)
3162 (64.9)

87 (26.2)
245 (73.8)

0.001

Socioeconomic status, 
n (%)
 High
 Low

2478 (50.8)
2397 (49.2)

143 (43.1)
189 (56.9)

0.006

Tumour stage, n (%)
 T2
 T3
 T4a

2365 (48.5)
1732 (35.5)
778 (16.0)

188 (56.6)
93 (28.0)
51 (15.4)

0.01

Organ-confined, n (%)
 Yes (T2 Nx/0)
 No (T2 N1-3,T3, or 
T4a)

2194 (45.0)
2681 (55.0)

177 (53.3)
155 (46.7)

0.003

Nodal stage, n (%)
 Nx/N0
 N+

4024 (82.5)
851(17.5)

278 (83.7)
54 (16.3)

0.6

Tumour grade, n (%)
 High 4580 (93.9) 322 (97.0)

0.02

Metropolitan, n (%) 4418 (90.6) 296 (89.2) 0.4

Radiotherapy, n (%) 706 (14.5) 68 (20.5) 0.003
NC: neoadjuvant chemotherapy; RC: radical cystectomy; SEER: Surveillance, Epidemiology 
and End Results; UCUB: urothelial carcinoma of the urinary bladder.
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Fig. 1. Rate of neoadjuvant chemotherapy according to year of diagnosis.
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tion is only relative. Age alone should not be used to exclude 
patients from this potentially highly beneficial treatment.14,15   

Other patient characteristics, such as marital status, also 
represented barriers to NC administration. For example, 
married individuals were 1.5-fold more likely to receive NC 
than their unmarried counterparts. This finding is in agree-

ment with several other urologic malignancies, where mar-
ried status is associated with better access or higher rates of 
treatment delivery.16,17 

Discrepancies related to age and/or marital status are 
important to note. From a clinical standpoint, physicians 
may choose to pay particular attention to individuals with 
characteristics that decrease access or patient interest in 
NC. Age and marital status represent such characteristics. 

Additionally, tumour characteristics also represented a 
statistically significant variable that influenced the rate of 
NC administration. For example, patients with tumour stage 
T3 were 30% less likely to receive NC. The association 
between tumour stage and NC administration rate, where 
patients with T3 disease are less likely to receive NC, might 
be explained by patient and physician concerns related to 
potential surgical treatment delays if NC is chosen.18 The NC 
recommendations hinge on the Grossman et al data,5 which 
included a 60% majority of T3-4a patients. 

Our findings are in agreement with previously published 
reports,8,9 where the rates of NC were also low. Porter et 
al8 relied on the SEER-Medicare database. In that study, the 
rate of NC administration within 8719 patients with muscle-
invasive UCUB treated by RC between 1992 and 2002 was 
5.6%. Relying on the National Cancer Database, Zaid et 
al9 reported on 5692 patients. Those patients had UCUB 
stage cT2 or higher and underwent RC between 2006 and 
2010. In that patient cohort , the rates of NC increased from 
7.6% in 2006 to 20.9% in 2010. Similar to our study, Gotto 
et al19 recorded increased rates of NC administration over 
time according to different Canadian centres between 2007 
and 2011. Higher rate of NC in the Zaid et al report may 
relate to age differences between the current populations 
and theirs. In the latter, the mean age was 66.6 years and 
the range was 28‒90 years. Conversely, the mean age in our 
study was 75.5 years and ranged from 66‒95 years. To the 
best of our knowledge, no population-based data indicate 
higher rates than those described in our study and that of 
Zaid et al. Moreover, we are unaware of population-based 
European studies reporting on the use of NC.

Despite its strengths, our study is not devoid of limita-
tions. First, its retrospective design limits the quality of the 
data. Second, population-based studies contain limited 
numbers of variables. Moreover, the pathological T and N 
stages represent consensus stages, where the highest of either 
clinical or pathological is included. Third, several important 
characteristics that may represent exclusion criteria from 
NC, such as performance status, renal function, patients 
willingness to undergo NC, or physician interest in recom-
mending NC prior to RC were not available. Fourth, it is 
of note that the exact timing of RT administration was not 
established. It might be postulated that the majority of such 
patients received this treatment modality after RC. Last, but 
not least, our study relies on patients older than 65 years. 

Table 2. Univariable and multivariable logistic regression 
analyses evaluating the predictors of administration of 
NC in 5207 patients treated with RC for non-metastatic, 
muscle-invasive UCUC between 1991 and 2009 within 
SEER-Medicare-linked database

Variables Univariable analyses
Multivariable 

analyses

OR (95% CI) p value OR (95% CI) p value
Age at diagnosis
 66–69
 70–74
 75–79
 ≥80

1 (ref.)
0.9 (0.7–1.3)
0.7 (0.5–1.0)
0.6 (0.5–0.9)

0.6
0.04
0.006

1 (ref.)
1.0 (0.7–1.3)
0.7 (0.5–1.0)
0.6 (0.4–0.9)

0.8
0.07
0.006

Year of diagnosis
 1991–1999
 2000–2002
 2003–2005
 2006–2009

1 (ref.)
2.0 (1.3–3.0)
2.2 (1.5–3.3)
4.2 (2.9–6.0)

0.001
<0.001
<0.001

1 (ref.)
2.2 (1.4–3.4)
2.4 (1.6–3.7)
4.7 (3.2–7.0)

0.001
<0.001
<0.001

Gender
 Male
 Female

1 (ref.)
0.9 (0.7–1.1) 0.3

1 (ref.)
1.1 (0.8–1.4) 0.6

Race 
 White
 Other

1 (ref.)
0.7 (0.4–1.0) 0.07

1 (ref.)
0.7 (0.5–1.1) 0.1

Marital status 
 Unmarried
 Married

1 (ref.)
1.5 (1.2–2.0) 0.001

1 (ref.)
1.5 (1.1–1.9) 0.006

Population density 
 Metropolitan
 Non-metropolitan

1 (ref.)
1.2 (0.8–1.7) 0.4

1 (ref.)
1.1  (0.7–1.6) 0.7

Socioeconomic 
status 
 High
 Low

1 (ref.)
1.4 (1.1–1.7) 0.006

1 (ref.)
1.0 (0.7–1.2) 0.7

Charlson 
comorbidity index
 0
 1
 2
 ≥3

1 (ref.)
1.0 (0.7–1.3)
1.0 (0.7–1.3)
0.8 (0.6–1.1)

0.8
1.0
0.2

1 (ref.)
0.9 (0.7–1.3)
1.0 (0.7–1.3)
0.8 (0.6–1.0)

0.6
0.9
0.07

Tumour grade
 Low
 High

1 (ref.)
2.1 (1.1–3.9) 0.03

1 (ref.)
1.9 (0.97–3.5) 0.06

Tumour stage
 T2
 T3
 T4a

1 (ref.)
0.7 (0.5–0.9)
0.8 (0.6–1.1)

0.003
0.2

1 (ref.)
0.7(0.5–0.9)
0.9 (0.7–1.3)

0.003
0.6

Nodal stage 
 N0/Nx
 N+

1 (ref.)
0.9 (0.7–1.2) 0.6

1 (ref.)
0.9 (0.6–1.2) 0.4

CI: confidence interval; NC: neoadjuvant chemotherapy; OR: odds ratio; 
RC: radical cystectomy; ref: reference; SEER: Surveillance, Epidemiology and End Results; 
UCUB: urothelial carcinoma of the urinary bladder.
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Consequently, our findings might not be generalizable to 
younger individuals. 

In conclusion, we reported lower than anticipated overall 
(6.4%) use of NC during the study period. Nonetheless, the 
rate increased from 6.1% (1991) to 15.0% (2009). Older 
and unmarried individuals were less likely to receive NC. 
Finally, NC rates were higher in T2 UCUB patients. Some of 
the observed discrepancies, such as lower use in unmarried 
individuals, may require correction. Better adherence to 
guidelines should be encouraged and implemented, espe-
cially based on the confirmed benefits of NC according to 
randomized, controlled trials. 
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