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Abstract.
PURPOSE: Data have indicated that residual disease after neoadjuvant chemotherapy (NAC) for muscle-invasive bladder
cancer (MIBC) may be associated with poor outcomes.
OBJECTIVE: Analyze differences in overall survival (OS) of patients with residual MIBC treated with NAC + Radical
cystectomy (RC), RC alone, or RC + Adjuvant Chemotherapy(AC).
MATERIALS AND METHODS: The National Cancer Database was queried for patients who underwent RC alone,
NAC + RC, or RC + AC for MIBC stage cT2-4aN0M0 from 2004-2015. Covariates were balanced using propensity score
(PS) weighting. Time to death was evaluated from diagnosis. Weighted cox proportional hazards models and Kaplan-Meier
survival curves were created to analyze differences in OS.
RESULTS: 8,288 patients were included for analysis, 1,899 (23%) received NAC + RC, 5,529 (67%) received RC alone,
and 860 (10%) received RC + AC. Patients were sub-stratified based on pathological staging (≤pT2 or >pT2) and compared
against treatment with RC alone. In the ≤pT2 cohort, NAC + RC was associated with a decreased risk of death (HR:0.85,
95% CI:0.79–0.91) and RC + AC was associated with an increased risk of death (HR:1.46, 95% CI:1.34–1.60, both p < 0.001)
compared to RC alone. In the >pT2 cohort, these associations reversed, with an increased risk of death seen in the NAC + RC
group (HR:1.11, 95% CI:1.05–1.18) and a decreased risk of death in the RC + AC group (HR:0.74, 95% CI:0.7–0.77, both
p < 0.001).
CONCLUSIONS: Patients with >ypT2 disease after NAC experienced a significant increased risk of death when compared
to pathological stage-matched patients who underwent RC alone or RC + AC. Biomarkers predictive of NAC resistance may
be important to optimize NAC usage and establish treatment algorithms.
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ABBREVIATION KEY

NAC Neoadjuvant Chemotherapy
AC Adjuvant Chemotherapy
RC Radical Cystectomy
CDCC Charlson-Deyo comorbidity classification
PS Propensity Score
MIBC Muscle Invasive Bladder Cancer
OS Overall Survival

INTRODUCTION

Bladder cancer is the 5th most commonly diag-
nosed malignancy in the USA with an expected
81,400 new cases and 17,980 deaths in 2020 [1].
Approximately 25% of patients are diagnosed with
muscle invasive bladder cancer (MIBC) at the time
of presentation and progression to MIBC occurs
in 20–40% of patients with non-invasive disease
[2, 3]. Radical cystectomy (RC) with neoadjuvant
chemotherapy (NAC) is standard of care treatment
for MIBC patients [4]. Two large randomized clinical
trials, and meta-analyses, have demonstrated a sig-
nificant improvement in overall survival with the use
of neoadjuvant cisplatin-based chemotherapy prior to
cystectomy versus cystectomy alone [5, 6].

Despite the high level of evidence, the adoption
of NAC has been suboptimal [7]. The potential rea-
sons for the relatively poor uptake of NAC have been
well described [8, 9]. A commonly cited concern is
the difficulty in identifying which patients are most
likely to benefit from treatment. The development of
predictive biomarkers for NAC has been a major pri-
ority of translational research in an attempt to apply
NAC in a more precise manner.

Recent analysis has shown that patients with
residual cancer after NAC and surgery have worse
outcomes compared to patients undergoing surgery
alone [10]. Furthermore, Bandini et al. queried
the Retrospective International Study of Inva-
sive/Advanced Cancer of the Urothelium (RISC)
database and analyzed 950 patients with cT2-4N0
MIBC undergoing RC. Their study demonstrated that
1-yr recurrence-free survival rates after NAC were
lower in patients with residual disease (>pT0N0)
compared with results for RC alone or RC + AC [11].
Our objective was to evaluate differences in overall
survival of patients with residual MIBC who were
treated with NAC + RC, RC alone, or RC + Adjuvant
chemotherapy (AC).

PATIENTS AND METHODS

The study was exempt by the institutional review
board of Mount Sinai Hospital as the data are pub-
licly available and deidentified. The requirement for
informed consent was waived in view of the retro-
spective design of the study.

Data source: National Cancer Data Base

The National Cancer Data Base (NCDB) is a
national cancer registry that contains information on
over 25 million cancer patients who have been diag-
nosed and treated in cancer centers throughout the
USA since 1985 [12]. The NCDB combines patient
data from more than 1,500 institutions across the
USA and includes roughly 70% of all newly diag-
nosed cancer cases [13].

Cohort selection and primary outcome

Inclusion criteria
The National Cancer Data Base was queried for

patients with urothelial carcinoma of the bladder
based on International Classification of Disease
for Oncology, 3rd Edition (ICD-O-3) histology site
codes 8120 and 8130.Data comprising patient, tumor,
treatment, and facility factors were extracted. The
American Joint Commission on Cancer staging sys-
tem was used to further select for patients with
cT2-4aN0M0 disease who had underwent radical
cystectomy. Recipients of at least 2 chemotherapy
agents administered within 180 days prior to radi-
cal cystectomy were identified as those who received
neoadjuvant systemic therapy. Likewise, patients
who received at least 2 chemotherapy agents within
90 days following radical cystectomy were identified
as patients who received adjuvant systemic ther-
apy. Data regarding specific chemotherapy regimens,
including agents used and number of treatment cycles
was unavailable from this dataset.

Exclusion criteria
Patients with any other histology and positive

surgical margins were excluded from this cohort.
Additionally, patients who received radiation therapy
were also excluded.

Primary outcome
The primary outcome measure for this study

was to evaluate differences in overall survival of
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patients with residual MIBC who were treated with
NAC + RC, RC alone, or RC + AC.

Covariates

Supplemental variables regarding patient, dis-
ease, and facility characteristics were supplied from
the NCDB and used to further evaluate our study
cohort. Patient characteristics that were extracted
included age, gender, race, insurance status, median
household yearly income (Low (<$48,000) vs. High
(≥$48,000)), Charlson-Deyo comorbidity classifi-
cation(CDCC), education (Low (≥13% of adults
did not graduate high school from patient’s zip
code) vs. High (<13% of adults did not gradu-
ate high school from patient’s zip code)), distance
to treatment facility from patient’s residence, and
county setting (Metro (≥250,000 people) vs. Urban
(2,500–250,000 people) vs. Rural (<2,500 people)).
Variables extracted regarding disease characteristics
included AJCC Staging system codes and histolog-
ical grade. Facility characteristics included facility
location and type (Academic vs. Nonacademic).

Statistical analysis

To account for selection bias, differences in base-
line characteristics between NAC + RC, RC alone,
and RC + AC were controlled for using propen-
sity score (PS)–adjusted analyses [14]. Pretreatment
covariates including age, sex, race, insurance,
income, education, county, facility type, CDCC, and
clinical size (cT) were balanced using PS-weighting.
Balance in covariates between the groups was evalu-
ated using the standardized mean differences (SMD)
approach, with a SMD < 0.1 defined as adequate bal-
ance. To evaluate differences in OS, PS-adjusted
Kaplan-Meier curves were calculated and stratified
based on pathologic stage and pathologic response to
NAC (pT < cT). A Cox proportional hazards model
was then used to assess hazard ratios in the fully
weighted cohort. To assess the impact of guaranteed-
time bias, we repeated our survival analyses using
a conditional landmark at 6 months after time of
diagnosis [15]. A multi variable analysis using logis-
tic regression was performed in order to determine
preoperative clinical factors correlated to <ypT2 fol-
lowing NAC. All analyses were performed using R
software (version 3.4.3).

RESULTS

Patient characteristics

A total of 8,288 patients met our inclusion cri-
teria, 1,899 (23%) underwent NAC + RC, 5,529
(67%) received RC alone, and 860 (10%) underwent
RC + AC (Fig. 1). Patients who received NAC + RC
were younger (median age 66, IQR 59–72) than
those who underwent RC alone or RC + AC (median
age 72, IQR 64–78; median age 66, IQR 59–73,
respectively), had higher income (63.8% vs 57.6% vs
62.8%) and education (64.9% vs 58.2% vs 63.7%),
and were treated at an academic center (63.9% vs
53.5% vs 47.2%). Patients who received NAC were
also healthier than those who received RC alone
or RC + AC (CDCC 0–1 : 94.4% vs 89.0% vs 92%,
respectively) and had a more advanced clinical tumor
stage (≥cT3 : 21.9% vs 14.3% vs 19.4%) (Table 1).

In the NAC + RC group, 786 patients (41%) expe-
rienced pathological down staging. Of these, 369
(19%) had complete response (ypT0). Additionally,
a total of 525 patients (28%) in the NAC + RC group
experienced pathological up staging (Table 2a). In
comparison, the RC + AC group experienced a much
lower percentage of patients with pathological down
staging (36 patients (4%)) and a much higher per-
centage of patients with pathological upstaging (562
patients (65%)) (Table 2b). Table 2c shows the patho-
logical upstaging (2,121 patients (38%)) and down
staging (535 patients (10%)) data for those treated
with RC alone.

The proportion of patients in our cohort receiving
each treatment type was tracked per year (Fig. 2).
Throughout the period of 2006-2015, the percentage
of patients receiving RC alone has decreased from
85% to 55%, while patients receiving NAC + RC has
steadily increased from 7% to 38%, and those receiv-
ing RC + AC has remained around 10%.

Overall survival analysis

In the weighted cohort, the median follow-up times
were 52.7 months for NAC + RC, 49.1 months for RC
alone, and 33.8 months for RC + AC. The 5-year PS-
adjusted OS rates were 47.7% (95% CI: 46.3–49.1%)
vs. 45.7% (95% CI: 44.5–46.9%) vs. 38.5% (95% CI:
37.2–39.7%), respectively. Additionally, the 5-year
PS-adjusted OS rates based on pathological stage
were 73.9% (95% CI: 71.0–76.8%), 71.4% (95%
CI: 69.0–74.0%), 55.3% (95% CI: 53.9–56.7%),
33.6% (95% CI: 32.6–34.6%), and 23.8% (95% CI:
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Fig. 1. Schematic illustration of cohort inclusion and exclusion criteria.

22.0–25.6%) for all patients with pT0, pTis/Ta/T1,
pT2, pT3, and pT4 disease, respectively.

PS-adjusted survival analysis stratified by treat-
ment regimen revealed a decreased median OS for
those treated with RC + AC relative to NAC+RC or
RC alone (Median OS (95% CI): 33.8 (33.3–36.2)
months vs 52.7 (48.6–56.1) months vs 49.1
(46.4–52.6) months, respectively; p < 0.001) (Fig. 3a
and Table 3). Further stratification by patholog-
ical staging (Fig. 3b and Table 3) showed a

survival benefit associated with NAC + RC when
compared to patients receiving either RC alone
or RC + AC in patients found to have ≤pT2 dis-
ease (Median OS (95% CI) 103.4 (96.7–110.1)
months vs. 89.0 (84.4–94.6) months vs. 54.7
(53.7–58.7) months, respectively, p < 0.001). How-
ever, the median OS for those with >pT2 disease
showed a higher median OS in those treated with
RC + AC (30.3 (29.9–32.5) months) and RC alone
(23.1 (21.6–24.5) months) with the NAC+RC group
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Table 1
Demographic, Clinical, and Tumor characteristics between patients treated with radical cystectomy alone vs neoadjuvant chemotherapy

prior to radical cystectomy vs radical cystectomy followed by adjuvant chemotherapy

Unweighted Weighted
Group RC Alone NAC+RC RC+AC RC Alone NAC+RC RC+AC SMD

n 5529 1899 860 8198.4 7746.72 7722.35
Age (median (IQR)) 72 (64–78) 66 (59–72) 66 (59–73) 70 (62–77) 70 (62–76) 70 (62–76) 0.018
Sex (%)

Female 1330 (24.1) 457 (24.1) 197 (22.9) 1952.8 (23.8) 1832.3 (23.7) 1712.0 (22.2) 0.026
Male 4199 (75.9) 1442 (75.9) 663 (77.1) 6245.6 (76.2) 5914.4 (76.3) 6010.3 (77.8)

Race (%)
White 5017 (90.7) 1715 (90.3) 793 (92.2) 7453.0 (90.9) 7071.4 (91.3) 7056.5 (91.4) 0.012
Black 302 (5.5) 103 (5.4) 37 (4.3) 432.6 (5.3) 385.1 (5.0) 379.3 (4.9)
Other 210 (3.8) 81 (4.3) 30 (3.5) 312.9 (3.8) 290.2 (3.7) 286.6 (3.7)

Insurance (%)
Medicaid/Other 240 (4.3) 111 (5.8) 50 (5.8) 385.8 (4.7) 322.1 (4.2) 319.0 (4.1) 0.023
Government
Medicare 3757 (68.0) 987 (52.0) 443 (51.5) 5162.5 (63.0) 4889.8 (63.1) 4872.2 (63.1)
No insurance 121 (2.2) 43 (2.3) 18 (2.1) 176.2 (2.1) 148.0 (1.9) 149.7 (1.9)
Private 1411 (25.5) 758 (39.9) 349 (40.6) 2473.9 (30.2) 2386.8 (30.8) 2381.5 (30.8)

Income (%)
High 3185 (57.6) 1212 (63.8) 540 (62.8) 4880.5 (59.5) 4672.0 (60.3) 4753.7 (61.6) 0.028
Low 2344 (42.4) 687 (36.2) 320 (37.2) 3317.9 (40.5) 3074.7 (39.7) 2968.6 (38.4)

Education (%)
High 3219 (58.2) 1233 (64.9) 548 (63.7) 4951.0 (60.4) 4774.3 (61.6) 4785.6 (62.0) 0.022
Low 2310 (41.8) 666 (35.1) 312 (36.3) 3247.4 (39.6) 2972.4 (38.4) 2936.8 (38.0)

County (%)
Metro 4390 (79.4) 1529 (80.5) 725 (84.3) 6580.7 (80.3) 6259.3 (80.8) 6249.8 (80.9) 0.021
Rural 161 (2.9) 35 (1.8) 16 (1.9) 208.4 (2.5) 163.4 (2.1) 161.4 (2.1)
Urban 978 (17.7) 335 (17.6) 119 (13.8) 1409.3 (17.2) 1324.0 (17.1) 1311.1 (17.0)

Distance 17.2 (6.6–50.5) 20.2 (8.5–49.0) 13.4 (5.4–31.0) 17.4 (6.8–50.7) 17.4 (7.2–45.6) 15 (5.7–37.8) 0.042
to facility
(median (IQR))

Facility Type (%)
Academic 2957 (53.5) 1213 (63.9) 406 (47.2) 4509.9 (55.0) 4323.2 (55.8) 4165.8 (53.9) 0.025
Nonacademic 2572 (46.5) 686 (36.1) 454 (52.8) 3688.5 (45.0) 3423.6 (44.2) 3556.6 (46.1)

cT (%)
cT2 4738 (85.7) 1483 (78.1) 693 (80.6) 6875.3 (83.9) 6494.9 (83.8) 6493.8 (84.1) 0.006
cT3 551 (10.0) 269 (14.2) 101 (11.7) 894.1 (10.9) 853.3 (11.0) 831.2 (10.8)
cT4a 240 (4.3) 147 (7.7) 66 (7.7) 428.9 (5.2) 398.6 (5.1) 397.4 (5.1)

pT (%)
pT0 127 (2.3) 369 (19.4) 10 (1.2) 192.7 (2.3) 1434.7 (18.5) 89.6 (1.2) 0.829
pT1 327 (5.9) 319 (16.8) 14 (1.6) 516.1 (6.3) 1238.4 (16.0) 140.7 (1.8)
pT2 2300 (41.6) 484 (25.5) 122 (14.2) 3417.0 (41.7) 2013.8 (26.0) 1167.1 (15.1)
pT3 2190 (39.6) 538 (28.3) 546 (63.5) 3185.5 (38.9) 2367.5 (30.6) 4938.9 (64.0)
pT4 585 (10.6) 189 (10.0) 168 (19.5) 887.2 (10.8) 692.3 (8.9) 1386.0 (17.9)

pN (%)
pN0 4733 (85.6) 1589 (83.7) 365 (42.4) 7057.5 (86.1) 6449.4 (83.3) 3159.8 (40.9) 0.704
pN+ 796 (14.4) 310 (16.3) 495 (57.6) 1140.9 (13.9) 1297.3 (16.7) 4562.5 (59.1)

Margins (%)
Negative 5529 (100.0) 1899 (100.0) 860 (100.0) 8198.4 (100.0) 7746.7 (100.0) 7722.3 (100.0) <0.001

Charlson (%)
0–1 4920 (89.0) 1793 (94.4) 791 (92.0) 7419.0 (90.5) 7063.4 (91.2) 7047.6 (91.3) 0.018
2–3 609 (11.0) 106 (5.6) 69 (8.0) 779.4 (9.5) 683.4 (8.8) 674.8 (8.7)

Overall Survival 28.1 (11.6–56.0) 27.8 (15.5–49.8) 27.8 (14.6–55.3) 29.2 (12.1–57.2) 26.3 (14.7–45.8) 27.0 (14.3–52.7) 0.106
in Months
(median (IQR))

(21.1 (19.9–22.2) months, p < 0.001) having the low-
est median OS (Table 3).Furthermore, patients treated
with NAC + RC without pathological response expe-
rienced a decreased OS relative to those treated with

NAC + RC with response, RC alone, or RC + AC
(Fig. 3c). Repeat analysis with the implementation
of a 6-month conditional landmark revealed similar
results (Table 3).



270 J.L. Pfail et al. / NCDB Survival of Patients with Residual MIBC

Table 2
Comparison of preoperative clinical stages and postoperative pathological stages for those treated with (a) NAC + RC, (b) RC followed by

AC, and (c) RC alone

a) Preoperative clinical stage Postoperative pathological stage
ypT0 (N = 369) ypT1 (N = 319) ypT2 (N = 484) ypT3 (N = 538) ypT4 (N = 189)

cT2 (N = 1,483) 318 256 409 403 97
cT3 (N = 269) 34 42 56 112 25
cT4a (N = 147) 17 21 19 23 67

b) Preoperative clinical stage Postoperative pathological stage
pT0 (N = 10) pT1 (N = 14) pT2 (N = 122) pT3 (N = 546) pT4 (N = 168)

cT2 (N = 693) 10 12 117 452 102
cT3 (N = 101) 0 2 4 87 8
cT4a (N = 66) 0 0 1 7 58

c) Preoperative clinical stage Postoperative pathological stage
pT0 (N = 127) pT1 (N = 327) pT2 (N = 2,300) pT3 (N = 2,190) pT4 (N = 585)

cT2 (N = 4,738) 116 308 2234 1728 352
cT3 (N = 551) 3 12 48 447 41
cT4a (N = 240) 8 7 18 15 192

Fig. 2. Yearly percentages of treatment with NAC + RC, RC alone, or RC + AC.
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(a)

(c)

(b)

Fig. 3. PS-adjusted Kaplan Meier analysis of overall survival for patients treated with NAC + RC vs RC alone vs RC + AC stratified by (a)
treatment type, (b) pathological stage (≤pT2 vs. >pT2), and (c) treatment type and response to NAC.

PS-adjusted Cox regression analysis stratified by
treatment regimen revealed a decreased risk of death
in NAC+RC relative to RC alone (Hazard ratio
[HR]: 0.889, 95% CI: 0.85–0.93; p < 0.001) and an
increased risk of death in RC+AC relative to RC
alone (HR: 1.11, 95% CR: 1.064–1.158; p < 0.001)
(Table 4). Further stratification confirmed that NAC
is associated with a survival benefit among those who
had ≤ypT2 disease. These patients exhibited a 15%

reduction in risk of death relative to those receiv-
ing RC alone (0.85, 95% CI: 0.79–0.91; p < 0.001).
Additionally, those with ≤pT2 disease treated with
RC + AC experienced an increased risk of death
when compared to those treated with RC alone (HR:
1.46, 95% CI: 1.34–1.60; p < 0.001). These trends
reversed in those with >pT2 disease, showing a
decreased risk of death with RC + AC (HR: 0.74, 95%
CI: 0.70–0.77; p < 0.001) and an increased risk of
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Table 3
Median survival analyses comparing overall survival of different treatment types stratified by pathological stage with an additional 6-month

conditional landmark analysis

Median OS, months (95% CI)
NAC + RC RC Alone RC + AC p-value

No Conditional Landmark:
No Stratification 52.7 (48.6–56.1) 49.1 (46.4–52.6) 33.8 (33.3–36.2) <0.001

≤pT2 103.4 (96.7–110.1) 89.0 (84.4–94.6) 54.7 (53.7–58.7) <0.001
>pT2 21.1 (19.9–22.2) 23.1 (21.6–24.5) 30.3 (29.9–32.5) <0.001

Stratification by pT stage:
<pT2 110.0 (103.4–NA) 103.0 (99.4–NA) NA 0.05
pT2 79.9 (75.3–96.7) 83.9 (77.5–89.0) 51.4 (47.0–54.6) 0.116
pT3 22.3 (21.1–23.2) 24.9 (23.5–27.1) 33.2 (32.2–33.8) <0.001
pT4 18.0 (16.7–18.8) 17.4 (15.6–19.5) 24.1 (21.3–25.0) 0.002

6-mo. Conditional Landmark:
No Stratification 56.1 (51.9–60.6) 60.4 (57.7–63.2) 37.0 (34.7–39.6) <0.001

≤pT2 103.4 (97.1–110.1) 94.6 (89.1–98.9) 58.7 (54.7–67.1) <0.001
>pT2 22.2 (21.1–23.2) 30.9 (28.9–33.3) 32.5 (30.3–33.3) <0.001

Stratification by pT stage:
<pT2 110 (103.4–NA) 106 (99.4–NA) NA 0.17
pT2 95.6 (76.9–96.7) 89.0 (83.9–96.0) 54.6 (51.4–56.9) 0.391
pT3 23.2 (22.2–23.6) 32.1 (29.8–34.6) 33.6 (33.0–35.8) <0.001
pT4 18.6 (17.5–19.2) 25.0 (22.0–30.9) 24.7 (22.5–27.2) 0.087

Table 4
PS-adjusted Cox regression analyses comparing overall survival of different treatment types stratified by pathological stage with an additional

6-month conditional landmark analyses

No Landmark 6-month Landmark
HR (Ref. 95% CI p-value HR (Ref. 95% CI p-value
RC Alone) RC Alone)

No Stratification:
NAC + RC 0.889 0.850–0.930 <0.001 1.033 0.985–1.084 0.18
RC + AC 1.11 1.064–1.158 <0.001 1.274 1.274–1.333 <0.001

Stratification by ≤pT2 vs. >pT2:
≤pT2:

NAC + RC 0.848 0.787–0.914 <0.001 0.951 0.880–1.027 0.2
RC + AC 1.462 1.336–1.599 <0.001 1.508 1.372–1.658 <0.001

>pT2:
NAC + RC 1.113 1.051–1.178 <0.001 1.336 1.256–1.42 <0.001
RC + AC 0.737 0.701–0.774 <0.001 0.872 0.827–0.92 <0.001

Stratification by pT stage:
pT0:

NAC + RC 0.743 0.549–1.007 0.056 0.759 0.556–1.036 0.082
RC + AC 1.773 1.102–2.854 0.018 1.914 1.184–3.04 0.008

pTa/Tis:
NAC + RC 1.012 0.747–1.370 0.941 1.182 0.852–1.64 0.316
RC + AC 0.416 0.165–1.046 0.062 0.509 0.201–1.29 0.155

pT1:
NAC + RC 1.800 1.359–2.385 <0.001 2.044 1.527–2.737 <0.001
RC + AC 0.965 0.588–1.583 0.888 1.087 0.659–1.794 0.745

pT2:
NAC + RC 1.034 0.944–1.133 0.472 1.166 1.062–1.281 0.001
RC + AC 1.485 1.352–1.631 <0.001 1.517 1.374–1.676 <0.001

pT3:
NAC + RC 1.134 1.062–1.211 <0.001 1.315 1.226–1.410 <0.001
RC + AC 0.731 0.690–0.774 <0.001 0.84 0.791–0.893 <0.001

pT4:
NAC + RC 1.022 0.909–1.149 0.718 1.383 1.215–1.573 <0.001
RC + AC 0.746 0.674–0.826 <0.001 0.983 0.876–1.102 0.767
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death with NAC + RC (HR: 1.11, 95% CI: 1.05–1.18;
p < 0.001), both relative to RC alone (Table 4).
The application of a 6-month conditional landmark
returned similar results (Table 4).

Multivariable logistic regression analysis

A multivariable logistic regression model was con-
structed using the raw dataset to determine potential
preoperative predictors of <ypT2 following NAC. It
was determined that cT3 (Odds Ratio [OR]: 0.64,
95% CI: 0.48–0.85, p = 0.002) and cT4a (OR: 0.54,
95% CI: 0.36–0.79, p = 0.002), treatment at a non-
academic facility (OR: 0.82, 95% CI: 0.67–0.99,
p = 0.048), and a CDCC of 2–3 (OR: 0.62, 95% CI:
0.39–0.96, p = 0.033) were correlated with decreased
odds of <ypT2 following NAC. Additionally, those
with private insurance (OR: 1.84, 95% CI: 1.18–2.86,
p = 0.007) experienced an increased odds of <ypT2
following NAC (Table 5).

DISCUSSION

It is well-established that pathological down-
staging with NAC at the time of radical cystectomy is
associated with improved survival [5, 16]. In recent
studies, patients treated with NAC+RC experienced a
11–23% increase in frequency of complete response
when compared to patients treated with RC alone
[17, 18]. A previous single institutional analysis has
argued that delay in cystectomy might compromise
the outcome in patients with chemotherapy resistant
>ypT2 disease [10]. Our study shows that NAC + RC
in patients found to have ≤pT2 disease does improve
survival compared to other treatments (Table 4).
However, those patients who harbor >ypT2 disease
following NAC have the worst outcomes when com-
pared to RC alone or RC + AC (Fig. 3b and Tables 3
and 4).

The therapeutic effects seen in patients treated with
NAC + RC have been shown to be associated with a
5–8% improvement in overall survival when com-
pared to patients who underwent RC alone [6, 19].
The greatest survival benefit is primarily attributed to
patients who achieve a complete response (ypT0N0)
following NAC, which is approximately 20–38% of
patients [20–22]. The survival difference in this study
between those treated with NAC + RC with or with-
out pathological response can be seen in Fig. 3c.This,
of course, raises the question of whether patients with
no pathologic response experience any benefit from
receipt of NAC, or whether they would be better

Table 5
Multivariable logistic regression model analyzing the effect of
preoperative clinical factors on likelihood of <ypT2 following

NAC treatment

Variable OR (95% CI) p-value

Age 0.990 (0.977–1.004) 0.609
Sex

Female Ref.
Male 1.198 (0.952–1.508) 0.168

Race
White Ref.
Black 0.912 (0.583–1.426) 0.685
Other 1.154 (0.719–1.854) 0.553

Insurance
Medicaid/Other Govt. Ref.
Medicare 1.354 (0.844–2.171) 0.208
No Insurance 0.984 (0.445–2.178) 0.969
Private 1.840 (1.183–2.861) 0.007

Income
High Ref.
Low 0.890 (0.693–1.141) 0.356

Education
High Ref.
Low 0.955 (0.754–1.209) 0.703

County
Metro Ref.
Rural 0.731 (0.333–1.602) 0.433
Urban 1.241 (0.951–1.618) 0.112

Facility Type
Academic Ref.
Non-academic 0.817 (0.668–0.998) 0.048

cT
cT2 Ref.
cT3 0.638 (0.477–0.852) 0.002
cT4a 0.536 (0.363–0.790) 0.002

Charlson
0–1 Ref.
2–3 0.615 (0.393–0.962) 0.033

served by RC alone or with enrollment in clinical
trials.

In attempting to answer this question we demon-
strated that patients with >ypT2 disease at time of
RC who underwent NAC had worse overall survival
when compared to >pT2 patients who underwent
either RC alone or RC + AC. Specifically, patients
who were treated with NAC and found to have >ypT2
disease experienced a significant decrease in median
OS by 2 months and 9.2 months when compared
to RC alone and RC + AC, respectively. Addition-
ally, these patients who were treated with NAC + RC
experienced a 11.3% increased risk of death when
compared to patients with >pT2 disease who under-
went RC alone(Table 4). As demonstrated in Table 2a,
a large portion of patients with ypT3 or ypT4 disease
were upstaged at time of RC depicting some evidence
of resistance to NAC. The RC + AC group will also
likely have a group of patients with chemo resistant
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tumors. Given the sequence of therapeutic events: RC
first, recovery, adjuvant chemotherapy (time to resis-
tance), we feel that those patients have a delay in
treatment as well as a delay in second like therapy.

Within the limitation of clinical staging, but what
is currently the best available and used to make clin-
ical decisions, these numbers show that a subset
of patients may already have or develop a clonally
more aggressive phenotype secondary to chemother-
apy pressures. Recent genomic analyses suggest that
selective pressure from platinum-based chemother-
apy shapes the evolution and clonal architecture of
urothelial cancer [23, 24]. In our cohort, it was found
that the median time from diagnosis to RC for those
who received NAC was 21.7 weeks compared to a
median of 7.3 weeks for those who received RC alone
and 6.1 weeks for those treated with RC + AC. With
a relatively short median time from diagnosis to RC,
those treated with RC alone should have similar clin-
ical and pathological stages. However, this was the
case in only 52% of these patients. This large discrep-
ancy exemplifies how current staging techniques are
suboptimal and more accurate solutions are needed
since tumor staging is widely used to assess which
patients should receive NAC.

With the implementation of reliant biomarkers for
resistance to NAC, patients unlikely to benefit from
NAC would be spared from the potential toxicities
of chemotherapy and the delay in proceeding with
potentially curative surgery. Indeed, several groups
have developed genetic or genomic biomarkers pre-
dictive of a pathologic complete response with NAC,
an intermediate endpoint associated with improved
OS [25–28]. Multiple efforts are being made to iden-
tify markers for chemotherapy sensitivity. Several
studies have identified potential markers such as
ERCC2 and DNA damage repair genes (DDR) [29,
30]. As our data shows, NAC + RC does have an
overall survival benefit in all comers when compared
to RC alone or RC + AC. Unfortunately, a subset of
patients will be resistant to NAC and harbor the worst
outcomes.These data make the argument for markers
that are optimized for identifying resistance, which
may be needed to refine NAC treatment algorithms
and allow for selection of these patients to possibly
be enrolled into trials of novel therapeutic regimens
with or without surgical intervention.

Throughout this study, multiple efforts were made
to both reduce bias and strengthen our results. Our
study and subsequent analyses are prone to selection-
bias, which we attempted to correct for by balancing
known confounders between both groups using a

PS-adjusted analysis. The retrospective nature of this
study brings along several limitations that must be
addressed. Furthermore, additional survival outcome
measurements, such as cancer-specific mortality and
disease-free survival, are missing from this data set
which limit further analysis, and only allow over-
all survival to be analyzed. Data regarding specific
chemotherapy regimens is also limited, including
agents used and number of treatment cycles, all of
which may impact our findings. We limited this bias
by only including patients who received at least 2
agents and within a specific time period from surgery.
One potential future study is to restage patients after
2 cycles of neoadjuvant chemotherapy, if response is
identified to proceed with completion of NAC prior
to RC, if residual cT3 or cT4 proceed to RC or switch
to immunotherapy.

CONCLUSIONS

We found that patients with residual extra vesical
disease after NAC treatment have a worse survival
after RC than patients treated with RC alone or
RC followed by AC. Several factors may contribute
to these findings, including selective pressures of
aggressive tumor clones. These data emphasize the
importance of continued investigation to identify
biomarkers of resistance to NAC in order to optimize
the individualized treatment of patients with MIBC.
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