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Abstract

Purpose We sought to identify the method that could obtain the best survival rate for AJCC stage IV bladder cancer (BCa)
patients.

Methods Patients with AJCC stage IV BCa diagnosed between 2004 and 2015 were identified using the Surveillance,
epidemiology and end results (SEER) database. Kaplan—Meier curves and log-rank test were used for overall survival (OS)
and cancer-specific survival (CSS). Multivariable Cox regression was used to determine factors associated with all-cause
mortality (ACM) and cancer-specific mortality (CSM).

Results We found that among the 11824 patients, the number of patients who received chemotherapy (CT), radiotherapy
(RT) and radical cystectomy (RC) was 6243 (52.8%), 2005 (17.0%) and 4987 (42.2%), respectively. Patients who received
CT or RC had improved OS (26.4% vs. 11.7%, p <0.001 and 27.3% vs. 13.7%, p <0.001, respectively), but patients who
underwent RT alone had lower OS (14.4% vs. 20.5%, p <0.001). Furthermore, CT combined with RC was associated with
the lowest ACM (hazard ratio (HR)=0.26, 95% CI 0.24-0.28, p <0.001) and the lowest CSM (HR =0.24, 95% CI 0.22-0.26,
p<0.001). Patients who only received RT had the highest ACM (HR=0.84, 95% C1 0.77-0.92, p <0.001) and the highest
CSM (HR =0.85, 95% CI1 0.77-0.94, p=0.002).

Conclusions We concluded that CT combined with RC was the best method with the highest survival rate for patients with
AJCC stage IV BCa and that CT combined with RC had more benefits in improving OS and CSS than did RT alone.

Keywords Bladder cancer - Radical cystectomy - Chemotherapy - Radiotherapy - SEER

Abbreviations ACM  All-cause mortality

CT Chemotherapy CSM  Cancer-specific mortality

RT Radiotherapy BCa  Bladder cancer

RC Radical cystectomy AJCC American joint committee on cancer
SEER Surveillance, epidemiology and end results

(N Overall survival

CSS  Cancer-specific survival Introduction

Bladder cancer (BCa) is the ninth most common cancer
worldwide and the fourth most common malignant tumour
in the United States with an estimated 81190 new cases
diagnosed and 17240 cancer deaths in 2018 [1, 2]. There
are two known histopathological stages, non-muscle-inva-
sive bladder cancer (NMIBC) and muscle-invasive bladder
cancer (MIBC). Approximately 70% of patients with BCa
present with a disease confined to NMIBC, including stage
Ta, carcinoma in situ (CIS) or stage T1 [3]. Transurethral
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resection of bladder tumours (TURBT) is the main treat-
ment for NMIBC, but the recurrence rate was 15-75%
within 5 years, with 15% of cases progressing to MIBC and

@ Springer


http://orcid.org/0000-0003-1722-3561
http://crossmark.crossref.org/dialog/?doi=10.1007/s11255-019-02105-5&domain=pdf

1146

International Urology and Nephrology (2019) 51:1145-1156

metastatic cancer [4, 5]. Overall, 10-15% patients with BCa
had metastases at the time of diagnosis, and for metastatic
BCa patients, the 5-year survival was only approximately
8.1% [6, 7].

For MIBC patients, surgery is the preferred treatment,
including partial cystectomy and radical cystectomy (RC).
Currently, the gold standard for tumour control and eventual
cure for MIBC is RC [8]. Chemotherapy (CT), radiotherapy
(RT) and surgery are the main treatments for patients with
AJCC stage IV BCa or metastatic BCa [9]. RC and systemic
CT have been demonstrated to be effective in the treatment
of MIBC, but radiation therapy remains controversial [10,
11].

According to the American joint committee on cancer
(AJCC) cancer staging atlas, 2nd edition staging for BCa
(https://link.springer.com/chapter/10.1007/978-1-4614-
2080-4_45), stage IV included T4b NO MO, Any T N1-3
MO and Any T Any N M1. The purpose of this study was to
use the Surveillance, epidemiology and end results (SEER)
database to characterize the different treatment methods
and find the best treatment method for AJCC stage IV BCa
patients on a population-based level.

Patients and methods
Data source and patients

The SEER database of the National Cancer Institute cov-
ers approximately 28% of the US population and collects
incidence, treatment and survival data from 18 tumour regis-
tries [12]. For all cancer patients, the SEER registries collect
data on patient social demographic characteristics, disease
diagnosis time, site and extent, clinical and pathological
stages, treatment, and follow up vital status. SEER*Stat
software, version 8.3.5 was used to access the SEER 18
Regs Custom Data (with additional treatment field), Nov
2017 Sub (1973-2015 varying) database using SEER*Stat’s
client—server mode. For this study, the data used included
patients diagnosed between 2004 and 2015. Patients were
excluded if they had unknown survival time, were under
18 years old, were diagnosed at autopsy, or had unknown
TNM stage. Within the SEER database, we identified 11824
patients 18 years or older who were diagnosed with AJCC
stage IV BCa between 1 January 2004 and 31 December
2015.

Study variables
Overall survival (OS) and cancer-specific survival (CSS) were
the primary study end points. In our study, we categorized

patients by various patient factors such as year of diagnosis
(2004-2006, 2007-2009, 2010-2012, 2013-2015), age at
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diagnosis (1840, 41-60, 61-80, > 80), gender, race (white,
black, others), marital status (married, unmarried, unknown)
and state (West, Northeast, South, Midwest). Variables about
the tumour included tumour primary site, tumour grade (well
differentiated, moderately differentiated, poorly differentiated,
undifferentiated, unknown), histology type (transitional cell
carcinoma, squamous cell carcinoma, adenocarcinoma, oth-
ers), T-stage (TO, T1, T2, T3, T4), N-stage (NO, N1, N2, N3)
and M-stage (MO, M1).

Statistical analysis

Patients were followed up until the end of statistical analysis.
We provide Chi-square test statistical analysis of our cohort
on whether AJCC stage IV BCa patients underwent CT, RT,
or RC. Kaplan—Meier curves and log-rank test were used to
evaluate the association between covariates and OS or CSS.
Multivariable Cox regression was used to determine factors
associated with all-cause mortality (ACM) and cancer-spe-
cific mortality (CSM). A p-value <0.05 was considered to
be significant. All statistical analyses were performed using
the Statistical package for the social sciences (SPSS, version
20.0, Chicago, IL, USA).

Results

Demographic and clinicopathological characteristics
of the AJCC stage IV BCa patients

According to the screening criteria in Fig. 1, 11824 AJCC
stage IV BCa patients were included in the final study
cohort. Among them, 6243 (52.8%) patients received CT
(CT group), 2005 (17.0%) patients received RT (RT group)
and 4987 (42.2%) patients underwent RC (RC group)
(Table 1). Among all 11824 patients, over time, the propor-
tion of patients receiving CT increased, while the rate of
RT or RC decreased. The vast majority of our cohort was
60-80 years of age (57.6%), male (71.0%), white (85.8%),
married (54.4%) and diagnosed in the West (51.6%) with
an undifferentiated grade (53.6%). As shown in Table 1, the
categorical variables of year of diagnosis, age at diagnosis,
sex, race, marital status, state, tumour grade, histology type
and TNM stage were associated with both CT and RC. All
variables were statistically significantly different (Chi-square
test: p <0.05). The categorical variables of sex, race, marital
status and tumour primary site were not associated with RT.

Effects of different variables on all-cause survival
and BCa-caused survival in patients with AJCC stage
v

Of the 11824 patients, 9524 (80.5%) died of all causes,
while 7181 (75.7%) died of BCa (Fig. 1; Table 2). Patients
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End Results (SEER) database

l

Patients with AJCC stage IV:
N=14 430

Patients excluded:
= age below 18
= survival time unknown
= diagnosed at autopsy
= TNM stages unknown
N=2 606

Patients analyzed
N=11 824

Alive Dead
N=2 300 N=9 524

Other Cause
N=2343

< Cancer Specific
N=7 181

Fig. 1 Schematic flow diagram of inclusion and exclusion criteria for
our study cohort

who live over 80 years of age and live in the northeast have
higher mortality rates than unmarried black women. In addi-
tion, there was a higher mortality rate in patients with T4NO
M1 poorly differentiated squamous cell carcinoma located
at the ureteric orifice. On univariate analysis, patients who
received CT had improved OS (26.4% vs. 11.7%, p <0.001)
and CSS (31.4% vs. 15.4%, p <0.001). RC improved OS
(27.3% vs. 13.7%, p<0.001) and CSS (33.5% vs. 17.3%,
p <0.001). However, patients who underwent RT had lower
OS (14.4% vs. 20.5%, p <0.001) and CSS (17.5% vs. 25.7%,
p<0.001). CT combined with RC was associated with the
highest OS (36.2% vs. 8.2%, p0.001) and CSS (42.4%
vs. 11.0%, p<0.001). In contrast, OS at 144 months was
decreased in patients who received RT, 6.4% versus 8.2%
(p<0.001) and CSS at 144 months was also decreased
in patients who received RT alone, 8.2% versus 11.0%,
(p<0.001).

Survival

A Kaplan—Meier curve depicting OS and CSS among
patients with AJCC stage IV BCa who underwent dif-
ferent treatment methods is shown in Fig. 2. The median
survival in the entire cohort was 9.0 months. Patients
who received CT or RC had significantly better survival
in months (21.05+24.93 vs. 12.23+21.74; 24.88 +28.46
vs. 11.05+17.76) and median survival time (12 months
vs. 4 months; 14 months vs. 5 months) than those who
did not receive CT or RC. Patients who received RT had
reduced survival months (13.73+18.49 vs. 17.53 +£24.79)
and median survival time (8 months vs. 9 months)

(Table 3). CT combined with RC showed the longest
median survival of 18.0 months and mean survival months
(29.12 +£29.76 months) (Table 3). Patients who only
received RT and those who did not receive any treatment had
similar median survival periods of 3 months and 2 months,
respectively.

Identification of prognostic factors for patients
with AJCC stage IV BCa patients

After adjusting for the age at diagnosis, sex, race, marital
status, state, primary site, grade, histology type and T/N/M
stage, the multivariate Cox regression analysis showed that
treatment method is an independent prognostic factor for
ACM and CSM (Table 4). It showed a significant protec-
tive effect for CT combined with RC treatment (ACM:
HR=0.26, 95% CI 0.24-0.28, p <0.001; CSM: HR=0.24,
95% CI 0.22-0.26, p<0.001) and a counter effect for RT
treatment (ACM: HR =0.84, 95% CI 0.77-0.92, p <0.001;
CSM: HR=0.85, 95% CI 0.77-0.94, p <0.001).

Discussion

BCa is the second most common cancer after prostate cancer
in the urinary system and the eighth leading cause of cancer-
related deaths in American men [13]. Population-based data
from the United States showed a 5-year cancer-specific sur-
vival rate of only 8.1% after the diagnosis of a metastatic
bladder with no improvement over time [7]. David et al. [14]
examined the National Cancer DataBase and reported AJCC
stage IV BCa relative survival of about 17.4% from 1993 to
2000. Therefore, for AJCC stage IV BCa patients, manage-
ment of metastatic bladder represents a great challenge, and
more effective treatment strategies or better management
methods are needed.

For patients with MIBC, surgery, CT and RT are the
main treatments. From our research, over time, the propor-
tion of patients receiving CT increased gradually, while
the proportion of patients receiving RT and RC decreased
as age increased. The percentage of CT, RT and RC also
decreased. In this study, we found that both CT and RC can
improve the median survival of patients with AJCC stage IV
BCa to 12 months (vs. 4 months) with CT and 14 months
(vs. 5 months) with RC. However, median survival time of
patients receiving RT decreased (8 months vs. 9 months).
In addition, patients with CT combined with RC treatment
had the longest median survival (18 months). Patients who
only received RT treatment and those who did not receive
any treatment had similar median survival periods of months
and 2 months, respectively. Our group found a significant
increase in HR (0.26-0.84; p <0.001) for ACM and for
CSM (0.24-0.58; p <0.001) in the CT combined with RC
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Table 2 Univariate survival
analyses of AJCC stage

IV bladder cancer patients
according to various
clinicopathological variables

@ Springer

Characteristics All-cause Y4 Bladder cancer cause p
Dead Alive Dead Alive
N (%) N (%) N (%) N (%)

Total 9524 (80.5) 2300 (19.5) 7181 (75.7) 2300 (24.3)

Age at diagnosis <0.001 <0.001
18-40 73 (65.8) 38 (34.2) 58 (60.4) 38 (39.6)

41-60 2013 (75.7) 645 (24.3) 1610 (71.4) 645 (28.6)
61-80 5446 (80.0) 1365 (20.0) 4061 (74.8) 1365 (25.2)
>80 1992 (88.8) 252 (11.2) 1452 (85.2) 252 (14.8)

Sex <0.001 <0.001
Male 6686 (79.7) 1706 (20.3) 4984 (74.5) 1706 (25.5)

Female 2838 (82.7) 594 (17.3) 2197 (78.7) 594 (21.3)

Race <0.001 <0.001
White 8151 (80.4) 1990 (19.6) 6188 (75.7) 1990 (24.3)

Black 941 (84.7) 170 (15.3) 590 (80.2) 170 (19.8)
Other 432 (75.5) 140 (24.5) 303 (68.4) 140 (31.6)

Marital status <0.001 <0.001
Yes 5055 (78.6) 1374 (21.4) 3818 (73.5) 1374 (26.5)

No 4127 (83.0) 847 (17.0) 3109 (78.6) 847 (21.4)
Unknown 342 (81.2) 79(18.8) 254 (76.3) 79 (23.7)

State <0.001 <0.001
West 4800 (78.7) 1296 (21.3) 3677 (73.9) 1296 (26.1)
Northeast 1707 (83.1) 347 (16.9) 1240 (78.1) 347 (21.9)

South 1970 (82.3) 425 (17.7) 1492 (77.8) 425 (22.2)
Midwest 1047 (81.9) 232 (18.1) 772 (76.9) 232 (23.1)

Primary site 0.04 0.04
Trigone of bladder 568 (80.6) 137 (19.4) 411 (75.0) 137 (25.0)

Dome of bladder 398 (78.0) 112 (22.0) 291 (72.2) 112 (27.8)
Lateral wall of bladder 1178 (79.1) 312 (20.9) 906 (74.4) 312 (25.6)
Anterior wall of bladder 246 (75.9) 78 (24.1) 198 (71.7) 78 (28.3)
Posterior wall of bladder 605 (79.8) 153 (20.2) 475 (75.6) 153 (24.4)
Bladder neck 350(79.9) 88(20.1) 236 (72.8) 88(27.2)
Ureteric orifice 160 (84.7) 29 (15.3) 123 (80.9) 29 (19.1)
Urachus 50 (71.4) 20 (28.6) 36 (64.3) 20 (35.7)
Overlapping lesion of bladder 1961 (81.6) 443 (18.4) 1507 (77.3) 443 (22.7)
Bladder, Nos 4008 (81.2) 928 (18.8) 2998 (76.4) 928 (23.6)

Grade <0.001 <0.001

Well differentiated 85 (85.0) 15 (15.0) 64 (81.0) 15 (19.0)
Moderately differentiated 410 (84.4) 76 (15.6) 314 (80.5) 76 (19.5)
Poorly differentiated 3109 (85.5) 526 (14.5) 2356 (81.7) 526 (18.3)
Undifferentiated 4849 (76.5) 1486 (23.5) 3702 (71.4) 1486 (28.6)

Unknown 1071 (84.5) 197 (15.5) 745 (79.1) 197 (20.9)

Histology type <0.001 <0.001
Transitional cell carcinoma 7868 (79.5) 2030 (20.5) 5949 (74.6) 2030 (25.4)
Squamous cell carcinoma 526 (90.7) 54 (9.3) 426 (88.8) 54 (11.2)
Adenocarcinoma 261 (80.3) 64 (19.7) 186 (74.4) 64 (25.6)

Others 869 (85.1) 152 (14.9) 620 (80.3) 152 (19.7)

T-stage <0.001 <0.001
TO 43 (84.3) 8 (15.7) 18 (69.2) 8 (30.8)

T1 1024 (81.9) 226 (18.1) 740 (76.6) 226 (23.4)
T2 3036 (78.7) 823 (21.3) 2376 (74.3) 823 (25.7)
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Table 2 (continued)

Characteristics All-cause Y4 Bladder cancer cause p
Dead Alive Dead Alive
N (%) N (%) N (%) N (%)
T3 2129 (75.2) 703 (24.8) 1591 (69.4) 703 (30.6)
T4 3292 (85.9) 540 (14.1) 2456 (82.0) 540 (18.0)
N-stage <0.001 <0.001
NO 3698 (87.7) 517 (12.3) 2802 (84.4) 517 (15.6)
N1 2897 (76.7) 881 (23.3) 2131 (70.8) 881 (29.2)
N2 2792 (76.1) 877 (23.9) 2142 (71.0) 877 (29.0)
N3 137 (84.6) 25(15.4) 106 (80.9) 25 (19.1)
M-stage <0.001 <0.001
MO 4646 (75.0) 1545 (25.0) 3435 (69.0) 1545 (31.0)
Ml 4878 (86.6) 755 (13.4) 3746 (83.2) 755 (16.8)
CT <0.001 <0.001
No 4928 (88.3) 653 (11.7) 3578 (84.6) 653 (15.4)
Yes 4596 (73.6) 1647 (26.4) 3603 (68.6) 1647 (31.4)
RT <0.001 <0.001
No 7808 (79.5) 2011 (20.5) 5822 (74.3) 2011 (25.7)
Yes 1716 (85.6) 289 (14.4) 1359 (82.5) 289 (17.5)
RC <0.001 <0.001
No 5899 (86.3) 938 (13.7) 4479 (82.7) 938 (17.3)
Yes 3625 (72.7) 1362 (27.3) 2702 (66.5) 1362 (33.5)
Treatment method <0.001 <0.001
No CT and no RT and no RC 2544 (91.8) 228 (8.2) 1839 (89.0) 228 (11.0)
CT 1938 (79.8) 492 (20.2) 1527 (75.6) 492 (24.4)
RT 595(93.6) 41(6.4) 462 (91.8) 41(8.2)
RC 1701 (82.1) 370 (17.9) 1205 (76.5) 370 (23.5)
CT and RT 822 (82.3) 177(17.7) 651 (78.6) 177 (21.4)
CT and RC 1625 (63.8) 921 (36.2) 1251 (57.6) 921 (42.4)
RT and RC 88 (86.3) 14 (13.7) 72 (83.7) 14 (16.3)
CT and RT and RC 211 (78.7) 57(21.3) 174 (75.3) 57 (24.7)

AJCC American joint committee on cancer; CT chemotherapy; RT radiotherapy; RC radical cystectomy; IV
T4b, and/or positive nodes and/or positive metastases

treatment group compared with the RT treatment alone
group.

Although metastatic BC is an aggressive tumour with
rapid systemic transmission, some patients with locally
advanced disease will benefit from surgical resection. Sev-
eral studies have shown that surgery for locally advanced
and metastatic BCa may affect survival. Herr et al. [15]
reported 207 patients with unresectable or regional meta-
static BCa, and 80 (39%) underwent surgery after CT with
cisplatin. Results showed no viable cancer was present at
post-CT surgery in 24 of the 80 cases (30%), and 14 of the
24 cases (58%) survived for 9 months to 5 years. This find-
ing suggests that surgical resection of residual cancer after
CT may result in disease-free survival in some patients.

Radical surgical procedures include open radical cystec-
tomy (ORC), laparoscopic radical cystectomy (LRC) and
robot-assisted radical cystectomy (RARC) [16, 17]. ORC

plus pelvic lymphadenectomy is currently the gold standard
for high-grade invasive transitional cell carcinoma of the
bladder and provides good local cancer control [18]. Ashok
et al. [17] found that LRC can reduce perioperative morbid-
ity and provides another treatment for locally advanced BCa
patients. In addition, many studies have shown that LRC and
RARC have no significant advantages in reducing postopera-
tive complications compared with ORC [19, 20].

BCa is a chemosensitive tumour, and for locally advanced
and metastatic BCa patients, RC alone is rarely curative
[21], while CT remains the preferred treatment. For locally
advanced and metastatic BCa patients, the median survival
is 3—6 months without treatment, and the median survival
with treatment was approximately one year [22]. CT options,
such as methotrexate, vinblastine, doxorubicin, and cisplatin
(MVAC) and gemcitabine and cisplatin (GC), are widely
used in locally advanced and metastatic BCa patients.
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Fig.2 Survival curves in AJCC a b
stage IV BCa according to
) o — NoCT (N=5581) i — NoCT (N=4231)
different treatment methods. T CT(N=6243)  CT(N=5250)
a, b Kaplan—Meier curves
among patients stratified by CT/ 087 057
No CT for OS (a, p<0.001) s
- 2
and CSS (b, p<0.001). ¢, d 2 oo @ 06
Kaplan—Meier curves among a =
patients stratified by RT/No RT e 4 o Y
2 o 2 o,
for OS (¢, p<0.001) and CSS S 2 Y
y
E o
(d, p<0.001). e, f Kaplan— N * -
Meier curves among patients 4 P<0.0001 °
stratified by RC/No RC for
OS (e, p<0.001) and CSS (f, 00 00
< 0.001 ) g, h Kaplan—Meier 0 2 P 7 % 120 144 o 2 @ 2 % 120 144
curves among patients stratiﬁed Survival months Survival months
by different treatment methods C d
for OS and CSS. Abbreviations: 104 — NoRT (N=9 819) 1.0 —— NoRT (N=7833)
o . . m— o] 7 RT (N=1 648
AJCC, American Joint Commit- BT (2005 . )
tee on Cancer; CT, chemo- oo el |
therapy; RT, radiotherapy; RC, =
radical cystectomy = 2
2 o6 @ o6
= o
a ] .
1
g 0.4 o 0.4
2
8
021 0 P<0.0001
p<0.0001
\\R o
0.0 - 0.0
T y r r y T T T y T r y r T
o 24 48 72 96 120 144 ] 24 48 72 9% 120 144
Survival months Survival months
e f
104 — No RC (N=6 837) 1.0 — NoRC (N=5417)
RC (N=4 987) —  RC (N=4 064)
05 08
©
=3
= z
2 oeq @ 06 LY
5 2 LY
@ 3 kY
© =3 =
S ol D e N
¢} 2 B
8 ‘x\ p<0.0001
p<0.0001
0.2 0.2
0.0 0.0
0 24 48 72 96 120 144 0 24 48 72 96 120 144
Survival months Survival months
10 — No CT & No RT & No RC (N=2772) 104 — No CT & No RT & No RC (N=2 067)
T CT (N=2 430) [ — CT (N=2019)
il; — RT (N=636) 1 — RT (N=503)
— RC (N=2071) il — RC (N=1575)
H CT & RT (N=999) 1 CT & RT (N=828)
o (1 — CT & RC (N=2 546) o] 11 — CT&RC (N=2172)
RT & RC (N=102) RT & RC (N=86)
CT & RT & RC (N=268) = CT & RT & RC (N=231)
s %
2 o6 @ 06
> K
g g
s 4
g 0.4 E 0.4
i
8
0.2 0.2
0.0 0.0
T T r T r T T T y T T . T T
o 24 48 72 96 120 144 ] 24 48 ] 96 120 144
Survival months Survival months

@ Springer



International Urology and Nephrology (2019) 51:1145-1156

1153

Table3 Median survival and survival months of bladder cancer
patients with AJCC stage IV

Treatment method Patients, no Median survival months

CT
Yes 6243 12 (21.05+24.93)
No 5581 4(12.23+21.74)
RT
Yes 2005 8 (13.73+18.49)
No 9819 9 (17.53+£24.79)
RC
Yes 4987 14 (24.88 +28.46)
No 6837 5(11.05+17.76)
Treatment method
No CT and no RT and no 2772 2(7.25+16.85)
RC
Only CT 2430 9 (14.55+18.36)
Only RT 636 3(6.55+11.14)
Only RC 2071 10 (20.54 +£26.92)
CT and RT 999 10 (15.97 +19.12)
CT and RC 2546 18 (29.12+29.76)
RT and RC 102 8 (14.19+19.28)
CT and RT and RC 268 14 (22.23 +23.46)

AJCC American joint committee on cancer; CT chemotherapy; RT
radiotherapy; RC radical cystectomy

MVAC has long been regarded the gold standard for first-
line treatment for locally advanced and metastatic BCa [23,
241, but MVAC has serious side effects such as neutrophilia,
thrombocytopenia, anaemia, nausea and others. In 2000, a
large, international, multi-centre phase III randomized clini-
cal study demonstrates that GC and MVAC have similar sur-
vival of 13.8 months (95% CI, 12.3—15.8 months) with GC
and 14.8 months (95% CI, 13.2-16.8 months) with MVAC,
but GC has become the main choice because of its toler-
ability and security [25]. Resorlu B et al. [26] proved that
adjuvant CT improved the outcome of local treatment and
reduced the incidence of distant metastasis. In addition, the
role of neoadjuvant CT has also been reported. In a retro-
spective study, Dash et al. [27] demonstrated that both GC
and MVAC methods of neoadjuvant CT could downstage
the primary tumours and prolong disease-free survival with
minimal or no residual disease.

RT is an alternative to RC in patients with MIBC [28].
There are few studies of RT alone with AJCC stage IV BCa
patients. The application of RT in BCa is mainly used for
preoperative or postoperative RT, and the role of preopera-
tive RT for BCa is still controversial. Diaz et al. [29] retro-
spectively analysed 5562 cases of BCa and also suggested
that preoperative RT could reduce cause-specific mortal-
ity (CSM) and overall mortality (OM) in cT2b/T3 patients.
However, some research results do not support the use of
preoperative RT for patients with MIBC. Skinner et al. [30]

performed RC after 16 Gy/4 F RT in 97 patients with high-
stage MIBC compared with those who only underwent RC.
There was no difference in survival rate, local control rate
and distant transfer rate between the two groups. A retro-
spective analysis of 170 locally advanced BCa (T3-T4,
NO/N1, MO) patients was carried out by Yasser et al. [31].
Among them, 92 patients received RC and postoperative RT,
and 78 cases received RC alone. The local recurrence rates
of the two groups were 33% and 55%, disease-free survival
(DFS) was 65% and 40% and OS was 52% and 38%, respec-
tively. Moreover, EI-Monim et al. [32] studied 100 patients
with MIBC between May 2004 and June 2007, and preopera-
tive RT and postoperative RT have similar OS, disease-free
survival and complication rates.

Among the entire cohort, we demonstrated that CT com-
bined with RT or RC is essential for long-term survival
compared with RT alone. In addition, we presented that
receiving RT alone reduced median survival (8 months vs 9
months) and increased ACM (HR =0.84, 95% C1 0.77-0.92)
and CSM (HR =0.85, 95% CI 0.77-0.94). The results of this
study suggest that RT alone may increase the risk of death
and reduce survival time in patients with AJCC stage IV
BCa, which may be inconsistent with other studies, possibly
because the subjects in this study were patients with a higher
level of bladder tumour and had a higher risk of recurrence
and mortality than previous subjects. Furthermore, the treat-
ment of BCa patients varies from person to person, and fur-
ther research is needed.

Limitations

This study is a population-based retrospective study with
limitations inherent in retrospective design. For the type of
RC, we did not get detailed information on whether it was
ORC, LRC or RARC, and we cannot further evaluate the
effects of three RC methods on patients with AJCC stage
IV. For CT and RT, we did not distinguish whether it was
adjuvant or neoadjuvant therapy. Therefore, we cannot ana-
lyse in more detail the effect of adjuvant or neoadjuvant
therapy, and there is no information on specific RT technique
(dose, fractionation, beam energy) in the SEER database.
The SEER database does not provide specific information on
chemotherapies used for treatment, thus limiting our inter-
pretation of the findings.

Conclusions

Multimodal treatment has become a standard of care for
some malignancies. Patients with AJCC stage IV BCa have
poor prognosis, and it is necessary to find the best treatment
method for the best survival rate. Our study concluded that
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Table 4 Risk factors for
survival: outcome is all-cause
mortality and bladder cancer
specific mortality (Multivariate
Cox regression analysis)

@ Springer

Characteristics All-cause mortality Cancer-specific mortality
Hazard ratio (95% CI) p Hazard ratio (95% CI) p
Age at diagnosis
1840 Reference Reference
41-60 1.14 (0.90-1.45) 0.265 1.12 (0.86-1.46) 0.398
61-80 1.35 (1.07-1.71) 0.011  1.33(1.02-1.73) 0.033
>80 1.67 (1.32-2.11) <0.001  1.68 (1.29-2.20) <0.001
Sex
Male Reference Reference
Female 1.05 (1.00-1.10) 0.037 1.07 (1.02-1.13) 0.008
Race
White Reference Reference
Black 0.99 (0.92-1.06) 0.773  1.00 (0.92-1.08) 0.914
Other 0.88 (0.80-0.97) 0.012  0.83 (0.74-0.94) 0.002
Marital status
Yes Reference Reference
No 1.10 (1.05-1.15) <0.001 1.11 (1.06-1.17) <0.001
Unknown 1.09 (0.98-1.22) 0.111  1.05 (0.93-1.20) 0.44
State
West Reference Reference
Northeast 1.02 (0.96-1.08) 0.593  1.01 (0.95-1.08) 0.745
South 1.15 (1.09-1.21) <0.001 1.11 (1.05-1.19) 0.001
Midwest 1.08 (1.01-1.16) 0.022  1.08 (0.99-1.16) 0.074
Primary site
Trigone of bladder Reference Reference
Dome of bladder 0.89 (0.78-1.01) 0.064  0.93 (0.80-1.08) 0.336
Lateral wall of bladder 1.04 (0.94-1.15) 0.458 1.09 (0.97-1.22) 0.153
Anterior wall of bladder 0.89 (0.76-1.03) 0.118  0.90 (0.76-1.07) 0.216
Posterior wall of bladder 1.05 (0.94-1.18) 0.382  1.08 (0.94-1.23) 0.283
Bladder neck 0.93 (0.81-1.06) 0.251  0.95(0.81-1.11) 0.52
Ureteric orifice 1.04 (0.88-1.24) 0.64 1.12 (0.92-1.37) 0.271
Urachus 0.62 (0.46-0.84) 0.002  0.59 (0.41-0.85) 0.004
Overlapping lesion of bladder ~ 1.11 (1.01-1.22) 0.029  1.16 (1.04-1.30) 0.007
Bladder, NOS 1.08 (0.99-1.18) 0.087  1.10 (1.00-1.22) 0.062
Grade
Well differentiated Reference Reference
Moderately differentiated 1.18 (0.94-1.50) 0.162  1.17 (0.89-1.54) 0.251
Poorly differentiated 1.56 (1.25-1.94) <0.001 1.53(1.19-1.97) 0.001
Undifferentiated 1.49 (1.19-1.85) <0.001 1.44 (1.11-1.85) 0.005
Unknown 1.56 (1.25-1.95) <0.001 1.48 (1.14-1.92) 0.003
Histology type
Transitional cell carcinoma Reference Reference
Squamous cell carcinoma 1.92 (1.74-2.12) <0.001 198 (1.78-2.21) <0.001
Adenocarcinoma 0.83 (0.72-0.95) 0.007  0.82 (0.70-0.97) 0.017
Others 1.20 (1.12-1.30) <0.001 1.21(1.11-1.32) <0.001
T-stage
TO Reference Reference
T1 1.23 (0.90-1.67) 0.196  1.50 (0.94-2.40) 0.092
T2 1.33 (0.98-1.81) 0.065 1.68 (1.05-2.69) 0.02
T3 1.53 (1.13-2.08) 0.007  1.93 (1.20-3.09) 0.006
T4 1.95 (1.44-2.65) <0.001 2.52(1.58-4.03) <0.001
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Table4 (continued) Characteristics All-cause mortality Cancer-specific mortality
Hazard ratio (95% CI) p Hazard ratio (95% CI) p
N-stage
NO Reference Reference
N1 0.96 (0.90-1.02) 0.144  0.97 (0.91-1.04) 0.344
N2 1.09 (1.03-1.16) 0.003  1.10(1.03-1.18) 0.003
N3 1.18 (0.99-1.41) 0.059  1.28 (1.05-1.56) 0.015
M-stage
MO Reference Reference
Ml 1.71 (1.63-1.80) <0.001  1.79 (1.69-1.90) <0.001
Treatment method
No CT and no RT and no RC Reference Reference
CT 0.43 (0.40-0.46) <0.001  0.41(0.38-0.44) <0.001
RT 0.84 (0.77-0.92) <0.001  0.85(0.77-0.94) 0.002
RC 0.43 (0.40-0.46) <0.001  0.41(0.38-0.45) <0.001
CT and RT 0.41 (0.38-0.45) <0.001  0.40(0.37-0.44) <0.001
CT and RC 0.26 (0.24-0.28) <0.001  0.24 (0.22-0.26) <0.001
RT and RC 0.49 (0.40-0.61) <0.001  0.56 (0.44-0.71) <0.001
CT and RT and RC 0.32 (0.28-0.37) <0.001  0.32(0.27-0.38) <0.001

CT chemotherapy; RT radiotherapy; RC radical cystectomy; VA not applicable

CT combined with RC was the best treatment method and
provided the highest survival rate for patients with AJCC
stage IV BCa. CT combined with RC has more benefits in
improving OS and CSS than RT alone.
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