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Purpose: To compare the perioperative and survival outcomes of patients over 75 years and younger patients who received radical
cystectomy.
Patients and methods: A total of 119 patients aged ≥75 years and 488 patients aged <75 years were enrolled. All patients
underwent radical cystectomy with pelvic lymph node dissection. Clinical characteristics and perioperative outcomes were compared
between the two groups. Overall survival and progression-free survival were analyzed by using the Kaplan–Meier method. Cox
regression analysis and logistic regression analysis were used to identify the risk factors affecting the outcomes observed.
Results: There was no significant difference in perioperative complications between the elderly patient group and the younger patient
group (p = 0.349). The 5-year overall survival of elderly patients was lower than that of young patients (p < 0.001). Age ≥75 years was
a risk factor for overall survival (HR = 1.69 [95% CI: 1.22–2.35]; p = 0.002) and progression-free survival (HR = 1.69 [95% CI: 1.14–
2.50]; p = 0.008) for patients who received radical cystectomy but was not a poor risk factor for major complications (HR = 1.25 [95%
CI: 0.47–3.31]; p = 0.658) after radical cystectomy. In addition, preoperative renal insufficiency was associated with a higher risk of
major complications.
Conclusion: In our cohort, compared with younger patients, elderly patients aged ≥75 years had worse survival outcomes, but age
≥75 years was not a risk factor for major complications after radical cystectomy with pelvic lymph node dissection. Radical surgery
should be encouraged for elderly patients who can tolerate aggressive treatments.
Keywords: radical cystectomy, elderly, survival outcomes, complications

Introduction
Bladder cancer is the 10th most common and 13th most deadly cancer worldwide1 and accounts for 3% of global cancer
diagnoses. Age is considered to be one of the risk factors for the development of bladder cancer.2 In the United States,
approximately 80% of cases of bladder cancer are diagnosed in adults aged 65 or older,1 and approximately 32% of
diagnoses are made in those between 75 and 84.3 According to data published in 2019, the incidence rate of bladder
cancer in China was 5.80 per 100,000 in 2015, and the incidence increased with age.4 Radical cystectomy with pelvic
lymph node dissection (PLND) is the gold standard for muscle-invasive bladder cancer (MIBC) and recurrent high-grade
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non-muscle-invasive bladder cancer (NMIBC).5 However, its morbidity of complications was as high as 54–58% because
of great surgical trauma.6–8 For elderly patients, who have more comorbidities and poorer physical conditions, the
morbidity of complications increases to 54–72%.3,8–10

With the improvement of surgical techniques and perioperative management, radical cystectomy could be an
acceptable option for elderly patients. Although some studies have illustrated the decrement of overall survival for
elderly patients receiving radical cystectomy, its survival outcomes remain controversial because of poor
comparability.11–13

This study aims to compare the perioperative and survival outcomes of patients over 75 years old and younger
patients receiving radical cystectomy, and the risk factors affecting the outcomes observed were identified.

Methods
Patient Population
In the present study, retrospective analysis of data from chart review was performed. The inclusion criteria were as follows:
(1) patients underwent radical cystectomy from January 2006 to April 2017 at Peking University First Hospital; and (2)
postoperative pathology indicated urothelial carcinoma of the bladder. The exclusion criteria were (1) distant metastasis
(n=23); (2) PLND not performed (n=164); and (3) loss to follow-up (n=227) and lack of complete survival data (n=5).
Finally, we enrolled a total of 607 consecutive patients with bladder cancer who underwent radical cystectomy plus PLND.
Imaging and pathological examination were performed for all patients before the operation. The indications for radical
cystectomy were T2-4aN0-xM0 tumor, high-risk and recurrent NMIBC, and BCG-resistant Tis, as well as extensive
papillary disease that could not be controlled with transurethral resection of bladder tumor and intravesical therapy alone.
En bloc resection of the bladder, removal of internal iliac lymph nodes, external iliac lymph nodes, obturator lymph nodes,
and presacral lymph nodes were carried out for all patients, and extracorporeal urinary diversion was performed after radical
cystectomy, which included ureterocutaneostomy, ileal conduit or orthotopic neobladder. This study was approved by the
clinical research ethics committee of Peking University First Hospital, Beijing, China.

Outcomes Measures
Clinical and Pathological Data
Clinical and pathological data were obtained from chart review. Patients were categorized into two groups: young
patients aged < 75 years and elderly patients aged ≥ 75 years. Clinical characteristics, including the American Society of
Anesthesiologists (ASA) score, time of operation, estimated blood loss (EBL), postoperative stay, and complication rate,
were compared between the two groups. Renal function was analyzed on the basis of the last recorded preoperative
serum creatinine (sCr) value, and sCr ≥ 1.5 mg/dL was classified as renal insufficiency. Complications within 30 days
after radical cystectomy were extracted from the review of electronic patient records, and each complication was graded
according to the Clavien–Dindo classification system.14,15 The highest Clavien–Dindo class was summarized for each
patient. Major complication was characterized as complications of Clavien–Dindo class III–V. In addition, the perio-
perative comorbidity assessment for elderly patients was performed using the Charlson Comorbidity Index.16

Histological type, surgical margin status, lymph node yield, and the number of positive lymph nodes were collected in
pathological data. The TNM staging system of bladder cancer of the American Joint Committee on Cancer Staging
Manual 8th edition was used in this study.

Oncologic Outcomes
Postoperative surveillance for all patients was performed through outpatient visits. All patients received examinations,
including physical examination, laboratory measurements of blood and urine, and computer tomography scans every six
months until the third year and annually thereafter. Overall survival (OS) was characterized as the period from the
operation to death from any cause, cancer-specific survival (CSS) referred to the period from the operation to cancer-
related death, and progression-free survival (PFS) was defined as the period from the operation to the time of recurrence
of cancer.
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Statistical Analysis
For the continuous variables, the Kolmogorov-Smirnov test was used first to identify normality. The independent t test
was used to compare the variables following a normal distribution, and variables following a nonnormal distribution were
analyzed by the Mann–Whitney U-test. The x2-test or Fisher’s exact test was used to compare the disordered categorical
variables, while the ordered categorical variables were analyzed by using the Mann–Whitney U-test. The OS and PFS of
all patients were determined by using Kaplan–Meier curves. Cox regression analysis of all patients was used to identify
the risk factors affecting the prognosis outcomes, adjusting for age (<75, ≥75), ASA score, pathologic stage (Ta/Tis/T1,
T2, T3, T4), pathologic nodal stage (N0, N+), major complications (no, yes), chemotherapy (no, yes), and surgery margin
(no, yes). The proportional hazards (PH) assumption was examined using log-minus-log plots of the hazard functions.
There were no significant violations of the proportional hazards assumption. Logistic regression analysis of all patients
was used to identify the risk factors associated with the major complications. Variables that showed a univariate
relationship with major complications or that were considered clinically relevant were entered into the logistic regression
model. In addition, to identify the factors affecting the OS of elderly patients, Cox regression analysis of elderly patients
was also performed, adjusting for sex (female, male), Charlson comorbidity index (≤2, ≥3), type of urinary diversion
(ileal conduit, ureterocutaneostomy), pathologic stage (Ta/Tis/T1, T2, T3, T4), pathologic nodal stage (N0, N+), major
complications (no, yes), and chemotherapy (no, yes). All analyses in this study were performed using IBM SPSS version
25 (IBM Corporation, Armonk, NY, USA), and all p values were two-sided. p < 0.05 was considered to be statistically
significant.

Results
Patient Characteristics
There were 607 patients with bladder cancer enrolled in the present study. Among them, 119 patients were aged ≥ 75
years, whose median age was 77 (interquartile range 76–80) years, and 488 patients were aged < 75 years, with a median
of 62 (interquartile range 56–68) years. The median follow-up time was 52 months (interquartile range 29–78).

The perioperative and pathological outcomes are presented in Table 1. Compared with younger patients, elderly
patients had higher ASA scores (p < 0.001) and higher clinical T stages (p = 0.002). However, there was no significant
difference in pathological T stage or pathological nodal stage between the two groups. In addition, more elderly patients
received ureterocutaneostomy (52.9% vs 14.5%, p < 0.001), and fewer elderly patients were treated with neoadjuvant or
adjuvant chemotherapy (7.6% vs 23.2%, p < 0.001). The time of operation was shorter in the group of elderly patients
(259 vs 313 mins, p < 0.001), but no significant difference was found in the postoperative complications and post-
operative stay.

Oncologic Outcomes
To identify oncologic outcomes of radical cystectomy between the two groups, Kaplan–Meier curves (see Figure 1)
were used to analyze OS and PFS. The 5-year OS of elderly patients was lower than that of young patients (p < 0.001),
which was 0.456 versus 0.628. Furthermore, the 5-year PFS was 0.620 versus 0.670, and the 5-year CSS was 0.638
versus 0.725 in the elderly patient group and young patient group, respectively, but there was no significant difference
between the two groups. In addition, Cox regression analysis was performed to further verify the factors affecting the
OS and PFS of all patients. As shown in Table 2, age ≥ 75 years (HR = 1.69 [95% CI: 1.22–2.35]; p = 0.002), higher
pathological T stage (p < 0.001), higher pathological nodal stage (HR = 1.97 [95% CI: 1.41–2.75]; p < 0.001), and
major complications (HR = 2.71 [95% CI: 1.56–4. 70]; p < 0.001) were risk factors for OS in patients who underwent
radical cystectomy. Age ≥ 75 years (HR = 1.69 [95% CI: 1.14–2.50]; p = 0.008), higher pathological T stage (p <
0.001), and higher pathological nodal stage (HR = 1.67 [95% CI: 1.17–2.39]; p = 0.005) were poor prognostic factors
for PFS.

Moreover, Cox regression analysis was used to identify the factors affecting the OS of elderly patients. We found that
male sex (HR = 4.01 [95% CI: 1.39–11.51]; p = 0.010), Charlson comorbidity index ≥ 3 (HR = 2.29 [95% CI: 1.06–
4.98]; p = 0.036), ureterocutaneostomy (HR = 1.84 [95% CI: 1.02–3.34]; p = 0.043), T4 (HR = 2.63 [95% CI: 1.04–
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Table 1 The Clinicopathologic Characteristics of All Patients

<75 Years (n =488) ≥75 Years (n =119) p

Male 428 (87.7%) 99 (83.2%) 0.192

Age 62 (56–68) 77 (76–80) <0.001

ORC 324 (66.4%) 88 (73.9%) 0.113

LRC 164 (33.6%) 31 (26.1%)

BMI (kg/m2) 24.0 (22.0–26.5) 23.8 (21.5–26.1) 0.176

Preoperative renal insufficiency 35 (7.2%) 10 (8.4%) 0.646

ASA score <0.001

1 46 (9.4%) 2 (1.7%)

2 400 (82.0%) 84 (70.6%)

3 41 (8.4%) 32 (26.9%)

4 1 (0.2%) 1 (0.8%)

Charlson comorbidity index 0.107

≤2 459 (94.1%) 107 (89.9%)

≥3 29 (5.9%) 12 (10.1%)

Type of urinary diversion <0.001

Ureterocutaneostomy 71 (14.5%) 63 (52.9%)

Ileal conduit 384 (78.7%) 56 (47.1%)

Orthotopic neobladder 33 (6.8%) 0 (0%)

Time of operation (mins) 312.5 (245–383) 259 (216–335) <0.001

EBL (L) 500 (200–1000) 500 (200–800) 0.626

Clavien-Dindo class 0.349

0 155 (31.8%) 33 (27.7%)

1 6 (1.2%) 2 (1.7%)

2 306 (62.7%) 77 (64.7%)

3 14 (2.9%) 4 (3.4%)

4 6 (1.2%) 3 (2.5%)

5 1 (0.2%) 0 (0%)

Major complication 21 (4.3%) 7 (5.9%) 0.462

Postoperative stay (days) 10 (8–14) 10 (8–17) 0.714

Clinical T stage 0.002

Ta and Tis and T1 94 (19.3%) 15 (12.6%)

T2 209 (42.8%) 40 (33.6%)

T3 134 (27.5%) 46 (38.7%)

T4 51 (10.5%) 18 (15.1%)

Pathological T stage 0.587

Ta and Tis and T1 139 (28.5%) 37 (31.1%)

T2 176 (36.1%) 42 (35.3%)

T3 107 (21.9%) 25 (21.0%)

T4 66 (13.5%) 15 (12.6%)

Pathological nodal stage 0.199

N0 395 (80.9%) 103 (86.6%)

N1 38 (7.8%) 4 (3.4%)

N2 43 (8.8%) 8 (6.7%)

N3 12 (2.5%) 4 (3.4%)

(Continued)
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6.65]; p = 0.042), and major complications (HR = 5.05 [95% CI: 1.87–13.64]; p = 0.001) were associated with poor OS
outcomes for elderly patients (see in Table 3).

Perioperative Complications
There was no significant difference in terms of perioperative complications (p = 0.349), major complications (p = 0.462),
or estimated blood loss (p = 0.626) between the group of elderly patients and the group of younger patients. Then, the
risk factors for major complications were identified in this study. As shown in Table 4, age ≥ 75 years was not a risk
factor for major complications (OR = 1.25 [95% CI: 0.47–3.31]; p = 0.658), while preoperative renal insufficiency was
associated with a higher risk of major complications (OR = 4.33 [95% CI: 1.64–11.38]; p = 0.003).

Discussion
In this study, we focused on the perioperative and survival outcomes of patients over 75 years old and younger patients
receiving radical cystectomy. The OS of elderly patients was lower than that of younger patients, while there was no
significant difference in PFS between the two groups. Furthermore, age ≥ 75 years was one of the poor prognostic factors
of OS and PFS for patients who received radical cystectomy. In addition, we found that there was no significant
difference in perioperative complications between the elderly patient group and the younger patient group. Age ≥ 75
years was not a risk factor for major complications, while preoperative renal insufficiency was associated with a higher
risk of major complications.

Radical cystectomy with PLND remains the standard treatment for nonmetastatic muscle-invasive bladder cancer.5

However, as a challenging operation, its morbidity of complications is high, with a risk of 40–65%.17 High therapy-induced
risk of severe complications and shorter estimated life expectancy caused many elderly patients to refuse more aggressive
treatment.18 Past studies have suggested that only some elderly patients receive radical surgeries, and cystectomy rates
decrease with advanced age.19 However, aggressive surgical management of bladder cancer in elderly patients would
significantly improve oncological outcomes;20 in patients with T3 MIBC left untreated, the OS was less than 1 year.21 In
addition, with the improvement of surgical instruments and perioperative care and with the spread of minimally invasive
surgery, the surgical safety of elderly patients has been greatly improved. We also compared the perioperative and
oncological outcomes of patients in the first 5 years and last 5 years (Supplementary Figure 1 and Table 1). For the 2012–
2017 group, the time of operation, EBL, and complication rate decreased, and the postoperative stay increased, with the
improvement of overall survival. A recent study from China also illustrated that elderly patients who received robot-assisted
radical cystectomy showed no increased perioperative risks compared with younger patients.22

Table 1 (Continued).

<75 Years (n =488) ≥75 Years (n =119) p

Pathologic grade 0.132

Low grade 50 (10.3%) 18 (15.1%)

High grade 437 (89.7%) 101 (84.9%)

Lymph node yield 11 (7–15) 8 (5–12) 0.225

Negative margin 483 (99.0%) 117 (98.3%) 0.628

Positive margin 5 (1.0%) 2 (1.7%)

No neoadjuvant/adjuvant

chemotherapy

375 (76.8%) 110 (92.4%) <0.001

Neoadjuvant/adjuvant chemotherapy 113 (23.2%) 9 (7.6%)

Note: Major complication: Clavien-Dindo class III–V.
Abbreviations: ORC, open radical cystectomy; LRC, laparoscopic radical cystectomy; BMI, Body Mass Index; EBL, estimated blood loss; ASA, American
Society of Anesthesiologists.
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Figure 1 Kaplan–Meier curves of OS probability (p < 0.001), PFS (p =0.131), and CSS probability (p = 0.065) in elderly patients and younger patients who received radical
cystectomy and pelvic lymph node dissection. The 5-year OS of elderly patients and young patients was 0.456 versus 0.628, respectively. The 5-year PFS was 0.620 versus
0.670, and the 5-year CSS was 0.638 versus 0.725 in the elderly patient group and the young patient group, respectively.
Abbreviations: OS, overall survival; PFS, progression-free survival; CSS, cancer-specific survival.
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In some previous studies performed in the United States, France, Canada, and Australia, worse overall survival was
found in elderly patients receiving radical cystectomy, but most studies defined elderly patients as patients aged >65 or 70
years.23–25 Considering that the median age at diagnosis of MIBC was above 70 years and an aging population, an age
cutoff of 75 years for defined elderly patients was applied in our study. We found that overall survival was worse in
patients older than 75 years old, and age ≥ 75 years was associated with poor oncological outcomes. More comorbidities
and poor health status could account for the worse overall survival of elderly patients. In our study, a high Charlson
Comorbidity Index score was identified as a risk factor for the overall survival of elderly patients. However, not only
overall survival but also progression-free survival was worse for elderly patients, although there was no significant
difference in PFS, which means that there might be some other reasons responsible for the worse outcomes. Neoadjuvant
chemotherapy and adjuvant chemotherapy have been proven to be significantly beneficial to survival.26,27 However, the
use of neoadjuvant chemotherapy and adjuvant chemotherapy decreased for elderly patients because of impaired renal
function and poor performance status.28,29

Moreover, perioperative complication was found to be a risk factor for overall survival in this study, although there
was no difference in terms of any perioperative complications or major complications between elderly patients and
younger patients, which was the same as some previous studies.30,31 The improvement of surgical instruments and
advances in perioperative care may cover up the difference in complications caused by increasing age. Patel et al showed

Table 2 Multivariable Cox Regression Analysis of Variables Associated with Overall Survival and Progression-Free Survival for All
Patients Received Radical Cystectomy

Variable Overall Survival Progression-Free Survival

Hazard Ratio 95% CI p Hazard Ratio 95% CI p

Age (years)
<75 - referent - - referent -

≥75 1.69 1.22–2.35 0.002 1.69 1.14–2.50 0.008

ASA 0.023 0.637

1 - referent - - referent -

2 2.10 0.98–4.50 0.057 1.43 0.72–2.83 0.308
3 3.15 1.38–7.21 0.006 1.70 0.77–3.76 0.194

4 5.93 0.70–50.01 0.102 1.51 0.19–12.28 0.702

Pathologic stage <0.001 <0.001

Ta and Tis and T1 - referent - - referent -

T2 1.38 0.90–2.09 0.137 1.43 0.88–2.32 0.147
T3 2.87 1.86–4.45 <0.001 2.86 1.74–4.68 <0.001

T4 3.27 2.05–5.23 <0.001 2.60 1.51–4.46 0.001

Pathologic nodal stage

N0 - referent - - referent -

N+ 1.97 1.41–2.75 <0.001 1.67 1.17–2.39 0.005

Major complications
No - referent - - referent -

Yes 2.71 1.56–4.70 <0.001 1.18 0.48–2.91 0.713

No chemotherapy - referent - - referent -

Chemotherapy 1.20 0.86–1.69 0.286 2.91 2.06–4.10 <0.001

Negative margin - referent - - referent -

Positive margin 0.40 0.06–2.89 0.366 0.38 0.05–2.72 0.332

Note: Major complication: Clavien-Dindo class III–V.
Abbreviation: ASA, American Society of Anesthesiologists.
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an improving trend of perioperative mortality at high volume centers.25 It is necessary to refer elderly patients who need
aggressive surgery to high-volume hospitals.

In our study, preoperative renal insufficiency was found to be a risk factor for major perioperative complications in
elderly patients, which means that the physical status of elderly patients affects the perioperative outcomes after radical
cystectomy. Hence, the potential benefits and harms from radical cystectomy should be weighed before surgery. It is
important to recognize elderly patients suitable for curative treatment. With increasing age, physical function and
functional reserve decreased, resulting in the decrement of tolerance for aggressive treatment. Frailty is the phenotype
of declining physiologic function and loss of functional reserve across organ systems, leading to vulnerability against
disease and death.32,33 Frailty rates were proven to be associated with higher complications after radical cystectomy.34

The incidence of frailty increased with advanced age. It is necessary to screen frailty for elderly patients before surgery
in routine clinical practice. The use of some form of geriatric assessments was beneficial to select the appropriate
candidates for aggressive treatments for urologists.35 Geriatric assessments for elderly patients are a multidomain
assessment of functional, medical, and psychosocial aspects of health. However, there was no recommendation of
optimal assessment tools for clinical practice. In our center, a multidisciplinary assessment was performed for all
elderly patients before radical cystectomy. Further studies of the best tools of geriatric assessments should be
encouraged.

For elderly patients with nonmetastatic bladder cancer, radical cystectomy improves the survival outcomes, although
it is inferior to younger patients, and the morbidity of perioperative complications is similar to that of younger patients.

Table 3 Univariable/Multivariable Cox Regression Analysis of Variables Associated with Overall Survival for Elderly Patients

Variable Univariable Cox Regression Analysis Multivariable Cox Regression Analysis

Hazard Ratio 95% CI p Hazard Ratio 95% CI p

Sex

Female – referent – – referent –
Male 4.099 1.473–11.403 0.007 4.005 1.394–11.505 0.010

Charlson comorbidity index
≤2 – referent – – referent –

≥3 3.166 1.516–6.614 0.002 2.291 1.055–4.978 0.036

Type of urinary diversion

Ileal conduit – referent – – referent –

ureterocutaneostomy 1.666 0.949–2.925 0.075 1.842 1.018–3.333 0.043

Pathologic stage 0.011 0.185

Ta and Tis and T1 – referent – – referent –
T2 1.116 0.540–2.306 0.766 1.598 0.725–3.519 0.245

T3 1.705 0.792–3.669 0.172 2.150 0.922–5.013 0.077

T4 3.445 1.530–7.756 0.003 2.626 1.038–6.646 0.042

Pathologic nodal stage

N0 – referent – – referent –
N+ 2.323 1.184–4.557 0.014 1.766 0.814–3.832 0.150

Major complications

No – referent – – referent –

Yes 4.459 1.865–10.660 0.001 5.047 1.867–13.644 0.001

Chemotherapy

Yes – referent – – referent –
No 2.012 0.856–4.729 0.109 1.941 0.797–4.726 0.144

Note: Major complication: Clavien-Dindo class III–V.
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Hence, radical surgeries should be encouraged for elderly patients who could tolerate aggressive treatments. However,
more studies are needed to explore better approaches to select the appropriate candidates.

There were certain limitations in our study. First, there were some inherent selection biases because of the retro-
spective design. Second, the elderly patients enrolled were highly selective, and patients who received radical cystectomy
but not lymphonodectomy were excluded from this study, which was too idealistic. In clinical practice, to decrease
operative time and reduce the risk of perioperative complications, pelvic lymph node dissection is often omitted.36

Furthermore, there were no data on 30-, 60-, and 90-day mortality because of the retrospective nature of the study, which
was associated with inpatient treatment.

Conclusion
In our cohort, compared with younger patients, elderly patients aged ≥ 75 years had worse survival outcomes, but age ≥
75 years was not a risk factor for major complications after radical cystectomy with pelvic lymph node dissection.
Radical surgery should be encouraged for elderly patients who could tolerate aggressive treatments.

Data Sharing Statement
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable
request.

Table 4 Logistic Regression Analysis of Variables Associated with Major Complication for All
Patients

Odds Ratio 95% CI p

Age (years)

<75 – referent –

≥75 1.25 0.47–3.31 0.658

Sex

Female – referent –
Male 1.92 0.44–8.44 0.388

ASA 0.232

1 – referent –

2 1.68 0.22–13.21 0.620
3 4.35 0.48–39.51 0.191

4 – – –

Preoperative renal insufficiency

No – referent –

Yes 4.33 1.64–11.38 0.003

Type of operation

ORC – referent –
LRC 0.56 0.22–1.47 0.24

Type of urinary diversion 0.794
ureterocutaneostomy – referent –

Ileal conduit 0.91 0.31–2.66 0.869

Orthotopic neobladder 1.58 0.21–11.99 0.659

Time of operation (continuous) 1.00 0.99–1.01 0.175

Abbreviations: ORC, open radical cystectomy; LRC, laparoscopic radical cystectomy; ASA, American Society of
Anesthesiologists.
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