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Abstract

Background—Despite the increased morbidity and mortality of radical cystectomy (RC) in 

elderly individuals with bladder cancer, numerous studies have demonstrated that surgery can 

provide a survival benefit. We sought to better identify those patients at substantial risk of post-

operative mortality.

Methods—We evaluated 220 consecutive patients age 75 years and older treated with RC for 

bladder cancer at a single institution from 2000-2008. The analytic cohort was comprised of 169 

patients with complete pre-operative data. A Cox proportional hazards model was used to 

determine the value of pre-cystectomy clinical information in predicting 90-day survival post RC. 

These results were used to create a nomogram predicting the probability of 90-day survival after 

RC. The model was then subjected to 200 bootstrap resamples for internal validation.

Results—A total of 28/220 patients (12.7%) died within 90 days of surgery. Older age (HR 2.30, 

95%CI 1.22-4.32) and lower preoperative albumin (HR 2.50, 95%CI 1.40-4.45) were significant 

predictors of 90-day mortality. A nomogram based on age, clinical stage, Charlson comorbidity 

index, and albumin predicting the likelihood of 90-day mortality with an accuracy of 75% was 

developed. Internal validation demonstrated a bootstrap-adjusted c-index of 71%.

Conclusion—We developed a nomogram which provides individualized risk estimations 

predicting the probability of 90-day mortality, potentially enhancing pre-operative counseling and 

providing clinicians with an added tool to individualize treatment decisions in this challenging 

patient population. These data suggest that albumin is a strong predictor of postoperative mortality 

and demonstrate the importance of assessing this variable prior to surgery.
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Introduction

With one in five Americans expected be age 65 or older by the year 2030, there is an 

increasing need to focus on improving the medical care of older individuals.1 Nearly 75% of 

all bladder cancers occur in this population, and, therefore, age-related factors in the 

management of bladder cancer are of particular concern.2 In the elderly—generally defined 

as those 75 years or older—bladder cancer is the fifth-leading cancer diagnosis, and these 

individuals account for approximately 40% of new bladder cancers.2 Longstanding 

questions exist regarding the safety and efficacy of radical cystectomy (RC) in this 

population for the treatment of muscle-invasive and high-risk non-muscle-invasive bladder 

cancer. Although some evidence suggests that RC may improve survival in elderly patients, 

there are no direct comparisons between RC and more conservative treatment options, such 

as endoscopic resection or radiotherapy.3-5 Careful patient selection is imperative to a 

thoughtful surgical strategy, as there is significant potential for morbidity and/or mortality. 

Numerous studies have demonstrated that RC can be relatively safely performed in select 

elderly patients with invasive bladder cancer;6-9 however, balancing the treatment of elderly 

individuals with bladder cancer against the potential risks of surgery is a challenge. Despite 

this, there are currently no objective criteria for identifying elderly patients in whom RC can 

be safely performed.

While clinical decision-making relies largely on subjective judgment, there are limits and 

inherent biases associated with these judgments.10 Predictive modeling can substantially 

augment clinical decision-making by decreasing biases and improving the accuracy of 

clinical counseling. In particular, individualized modeling in the form of multivariate 

nomograms have been shown to benefit clinical decision-making in prostate cancer and to 

aid in outcomes prediction post-RC.11-14 We hypothesized that predictive modeling could 

assist preoperative risk assessment in a medically complex elderly population. With 

individualized nomograms as an added tool in clinical decision-making, it may be possible 

to more accurately assess the safety of RC in the elderly. In this study, we sought to identify 

clinical predictors of 90-day mortality after RC in patients 75 years and older and develop a 

nomogram to help individualize treatment decisions in this challenging patient population.

Methods

We performed a retrospective cohort study of 220 consecutive patients age 75 years or older 

who underwent RC for urothelial carcinoma of the bladder at Vanderbilt University Medical 

Center (VUMC) between January 2000 and June 2008. RC was performed and post-

operative care administered as previously described according to the clinical care pathway 

by Lowrance et al.15 Pathologic specimens were evaluated by a staff surgical pathologist and 

staged according to the 2002 American Joint Committee on Cancer guidelines.16 Clinical, 

pathological, and outcome data were collected prospectively and were supplemented by 
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review of the medical records. Institutional Review Board approval was obtained for the 

creation of a prospective database and for retrospective analysis of this patient population. 

All patients underwent RC for pure or mixed urothelial carcinoma of the bladder. In general, 

elderly patients with non-muscle-invasive disease underwent radical cystectomy only after 

failure of intravesical therapy. Complete patient data was available in 169 of the 220 

patients, and these patients represented our analytic cohort for the multivariate analysis.

Patient information including age, sex, race, pre-operative albumin, Charlson comorbidity 

index (CCI), clinical stage, pathologic stage, and type of urinary diversion were obtained 

through patient charts. Pre-operative serum albumin was obtained close to the time of 

surgery, and patients did not receive any specific therapies based on serum album levels. 

Vital status was ascertained through the VUMC cancer registry, the Social Security Death 

Index, and patient charts. Patients were censored at the date of last follow-up or date of 

death up to August 1, 2009.

Statistical analysis

The primary end-point for this study was 90-day mortality. Cox univariate and multivariate 

regression was performed to determine predictors of 90-day mortality. Hazard ratios (HR) 

are presented along with their 95% confidence intervals (95% CI). Kaplan-Meier survival 

curves were generated to compare the unadjusted 90-day mortality by age and pre-operative 

albumin. Multivariate Cox regression coefficients were used to generate the prognostic 

nomogram, and the concordance index (c-index) was assessed as a measure of the accuracy 

of the model.17 The model was then subjected to 200 bootstrap resamples for internal 

validation. All statistical analyses were conducted using Stata software, Version 11 (Stata, 

Inc., College Station, TX) and R version 2.10.1 (R Development Core Team, 2008).

Results

The median age of the complete cohort and the analytic cohort were both 78.8 years (IQR 

76.9-82.0 years). No patients were lost to follow-up within the 90-day period of this study. 

An overview of the characteristics of the study cohort is given in Table 1. The majority of 

patients were male, and 30/169 patients (18%) with a pre-operative serum albumin had an 

albumin level ≤3.7 g/dL, representing the lowest quartile of patients. A total of 28/220 

patients (12.7%) in the complete cohort and 18/169 patients (10.7%) in the analytic cohort 

died within 90 days of surgery. The 51 patients excluded from the analytic cohort due to 

incomplete pre-operative information did not differ statistically from the final cohort in 

terms of age, race, clinical stage, or pathologic stage; however, the excluded patients were 

more likely to undergo continent urinary diversion (9 [18%] vs. 11 [7%] patients, p=0.016). 

There were 10 (19%) deaths within 90 days among the excluded patients, which was not 

statistically different from the analytic cohort (log rank p=0.14).

Univariate Cox regression analysis demonstrated that age and pre-operative albumin were 

significant predictors of 90-day mortality (Table 2). In the Kaplan-Meier analysis for age 

(Figure 1), patients under 80 years had a significantly lower probability of death within 90 

days than those who were 80 years or older (log rank p=0.0039). The Kaplan-Meier analysis 

for albumin (Figure 2) shows a similar difference, as those patients with a pre-operative 

Morgan et al. Page 3

J Urol. Author manuscript; available in PMC 2019 April 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



serum albumin ≤3.7 g/dL were significantly more likely to die within 90 days than those 

patients with an albumin >3.7 g/dL (log rank p=0.032). Spearman’s rank correlation test was 

performed to assess for a correlation between albumin and age, and no correlation was 

present (p=0.77).

We performed a multivariate analysis with age, CCI, clinical stage, and pre-operative 

albumin as covariates. In this model, both age and pre-operative albumin remained 

significant predictors of 90-day mortality (Table 3). Based on this model, a nomogram 

predicting 90-day mortality was created (Figure 3). The c-index for the model was 0.75, 

indicative of 75% accuracy. After 200 bootstrap resamples for internal validation, the 

adjusted c-index was 0.71.

Discussion

Although several studies have evaluated short-term outcomes in elderly individuals 

undergoing RC, this is the first report we are aware of to identify pre-operative predictors of 

post-operative outcome in this patient population. Isbarn et al.,18 in a population based 

study, reported 90-day mortality rates of 1.2% for those under 60 years of age, 2.3% for 

patients 61-68 years old, 5.8% for patients 69-83 years old, 7.9% for patients 84-88 years 

old, and 14.3% for those over 88 years of age. Among patients 75 years or older, thirty-day 

mortality rates have generally been reported in the range of 3-4%, and 90-day mortality rates 

are typically in the range of 7-11%.8,19-21 Complication rates are similarly high, ranging 

from 28-64% in the elderly population. However, 90-day complication rates may be up to 

64% in a general cystectomy population.8,19-22 These data suggest that radical cystectomy 

may be appropriately considered in select elderly patients with bladder cancer.

There is also evidence to support the need for aggressive surgical management in elderly 

individuals. Stroumbakis et al.5 reported a 25-month median survival in octogenarians 

undergoing cystectomy—a survival advantage that would not be expected for patients with 

untreated muscle-invasive bladder cancer. Additionally, 50% of patients in this series died of 

their disease, demonstrating the lethality of bladder cancer despite their advanced age and 

medical comorbidities. In a recent population-based series, Lughezzani and colleagues 

compared cancer-specific mortality to other-cause mortality after RC within specific age 

groups.4 In 70-79 year-old patients with node-negative muscle-invasive disease, 5-year 

cancer-specific mortality ranged from 29-43% while other-cause mortality was only 

15-18%. Similarly, patients 80 years and older had a cancer-specific mortality of 39-54% 

compared to 21-25% for other-cause mortality. Furthermore, Donat et al.9 showed that 

disease-specific mortality after RC is similar between octogenarians and those under 80. 

While only a prospective study could adequately assess the efficacy of RC compared to 

alternative treatment strategies, these data provide further evidence that muscle-invasive 

bladder cancer is often fatal in elderly individuals and support the use of aggressive 

treatment in appropriately selected patients.

Given the morbidity and mortality associated with RC in this population, we sought to 

identify pre-operative characteristics in these individuals that may help with appropriate 

selection of patients. As has been previously observed, when postoperative mortality is 
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assessed out to 90 days, RC is a high-risk procedure in elderly patients. Here, we report a 

90-day mortality rate of 12.7% in our overall population. This mortality rate may be a 

reflection of the high proportion of patients age 80 years and older and our preference for 

aggressive surgical management of these patients at VUMC. Age and pre-operative serum 

albumin ≤3.7 g/d were the strongest predictors of early mortality. We were able to construct 

a nomogram with 71-75% accuracy for predicting 90-day mortality based on age, pre-

operative albumin, clinical stage, and CCI. In this model, pre-operative serum albumin was 

the variable most strongly associated with 90-day mortality, accounting for a 2.5-fold 

increase in the risk of 90-day mortality for a 0.7 g/dL decrease in serum albumin. While CCI 

and clinical stage were not independently associated with this elderly patient cohort, their 

inclusion in the nomogram provided the best fit for the final model.

Numerous studies within the cardiac and general surgery literature have demonstrated an 

association between albumin and post-operative morbidity and mortality.23-26 While 

albumin may be a marker of nutritional status, it is also influenced by a number of other 

factors, such as inflammation and stress. It has a long half-life (20 days) and therefore 

reflects the influence of these systemic factors over time. In a report on both medical and 

surgical inpatients, albumin was the only predictor of in-hospital mortality in a model that 

adjusted for numerous clinical parameters, including overall nutritional status.27 In a 

retrospective evaluation of all patients undergoing RC at VUMC from 2000-2008, we found 

nutritional deficiency—defined by pre-operative weight loss, low BMI, and/or 

hypoalbuminemia—to be a significant predictor of both 90-day mortality and overall 

survival.28 Additionally, in a large population-based series of patients undergoing RC, 

Hollenbeck et al.29 found a significant association between low pre-operative albumin and 

increased 90-day mortality.

Although we report a nomogram developed from a post-operative cohort, it is likely to be 

applicable in the pre-operative setting based on at least two factors. First, only pre-operative 

variables were included in the multivariate model. Second, given that RC has been the 

preferred management approach for elderly patients with muscle-invasive bladder cancer at 

our institution, only limited numbers of patients generally opt for less aggressive treatment. 

We do not know the clinical parameters of those patients who underwent alternative 

treatment, but it is likely that they would represent an even higher risk population. It is 

important to note, however, that this nomogram predicts 90-day mortality only for those 

patients who elect surgery.

This study has a number of limitations. The end point of 90-day mortality is a useful, 

objective endpoint for assessing the risks associated with RC in the elderly, however the 

number of deaths limits the number of covariates that can be included in the multivariate 

model. Specifically, there is a concern regarding “overfitting” the model due to the relatively 

low event rate. We have tried to minimize this by limiting the number of independent 

variables included in the model to four (age, albumin, CCI, and stage). However, other 

authors have suggested an event per variable ratio of 10:1 to prevent overfitting of the model.
30 To this end, additional study is needed to validate the model in a larger cohort. Moreover, 

while we controlled for available clinically and statistically significant confounders in our 

database, unmeasured confounders may have affected the results. Additionally, given the age 
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of the study population, few patients received neoadjuvant chemotherapy, making it 

impossible to assess the performance of this factor in the model predicting 90-day mortality. 

It is also important to note that a number of patients in the complete cohort were excluded 

because they did not have a pre-operative albumin, although the characteristics of these 

patients were similar to the analytic cohort. While there were more neobladders in the 

excluded group, possibly indicative of a somewhat healthier subset, the 90-day mortality 

rates were similar in the excluded and included groups. Therefore, we don’t believe 

exclusion of these patients affected the study’s results. Although it would be desirable to 

also evaluate the cause of death in this study, cause of death is difficult to classify and was 

not reliably available for these patients. Given that overall mortality is a more accurate 

outcome than disease-specific mortality, particularly within the 90-day period after surgery, 

overall mortality was the sole outcome measure in this study. Finally, and most importantly, 

the nomogram was internally validated by bootstrapping—external validation of this model 

is necessary before it can be recommended for clinical application.

Conclusion

This is the first study we are aware of to utilize pre-operative variables to identify predictors 

of 90-day mortality and develop a nomogram to assist with pre-operative decision making in 

elderly individuals undergoing RC. Elderly patients with muscle-invasive or high-risk non-

muscle-invasive bladder cancer represent a unique and challenging subset of patients. 

Weighing the surgical risks versus the potential oncologic benefits is particularly complex in 

these individuals, and pre-operative counseling needs to convey these facets as accurately as 

possible. Instruments that are developed and validated from within this subset of bladder 

cancer patients are going to offer the greatest accuracy for predicting key outcomes in 

patients 75 years and older undergoing RC. Of particular importance, these data demonstrate 

the significant role pre-operative serum albumin plays as a predictor of early mortality, 

emphasizing the need to assess this parameter prior to surgery. We are now beginning a 

prospective study to assess the impact of pre-operative nutritional status on functional 

recovery after radical cystectomy.

Given the lethality of muscle-invasive bladder cancer in elderly patients, RC has gained 

widespread acceptance as a treatment option for these individuals. Hopefully, with further 

assessment of post-operative outcomes, we will improve our ability to accurately counsel 

and select patients for radical surgery. Optimally, this nomogram may also allow for 

individualized alterations in the post-operative clinical care pathway that may ultimately 

reduce the 90-day mortality, thus improving the quality of care for this select patient 

population.
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Figure 1. 
Kaplan-Meier analysis of mortality up to 90 days from surgery in patients 80 years and older 

compared to those under 80 years of age (log rank p<0.0039).
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Figure 2. 
Kaplan-Meier analysis of mortality up to 90 days from surgery in patients with a 

preoperative serum albumin >3.7 g/dL compared to those with an albumin ≤3.7 g/dL (log 

rank p=0.0032).

Morgan et al. Page 10

J Urol. Author manuscript; available in PMC 2019 April 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Preoperative nomogram predicting 90-day mortality in patients ≥75 years of age undergoing 

radical cystectomy. Points are calculated independently for each of the four variables 

(“contributed points”), and the sum of the points (“total points”) is used to calculate the 90-

day survival probability. For example, an 83 year-old patient with muscle-invasive cancer, 

CCI of 2, and preoperative albumin of 2.9 g/dL (100 points) would have a 90-day survival 

probability of 50%.
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Table 1

Distribution of patients according to clinical and pathological variables. The analytic cohort was comprised of 

all patients with complete preoperative information.

Complete cohort (n=220) Analytic cohort (n=169)

Characteristic n %* n %

Age

  <80 117 53% 105 62%

  ≤80 103 47% 64 38%

Race

  White 208 95% 159 94%

  Non-white 11 5% 10 6%

Gender

  Male 161 73% 122 72%

  Female 59 27% 47 28%

Pre-operative albumin (g/dL)

  ≤3.7 30 14% 30 18%

  3.71-4.09 50 23% 50 30%

  4.1-4.4 45 20% 45 27%

  >4.4 44 20% 44 26%

CCI

  0-1 109 50% 80 47%

  2-3 74 34% 60 36%

  >3 37 17% 29 17%

Clinical stage

  Non-muscle invasive 77 35% 65 38%

  Muscle invasive 143 65% 104 62%

Neoadjuvant chemotherapy

  Yes 2 1% 2 1%

  No 218 99% 167 99%

Pathologic T stage

  T0, Ta, Tis, T1 53 24% 40 24%

  T2 54 25% 43 25%

  T3 76 35% 60 36%

  T4 37 17% 26 15%

Pathologic lymph node status

  Negative 136 62% 134 79%

  Positive 43 20% 34 20%

Urinary diversion

  Ileal conduit 199 90% 157 93%
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Complete cohort (n=220) Analytic cohort (n=169)

Characteristic n %* n %

  Neobladder 20 9% 11 7%

*
Percentages may not add up to 100 due to missing data
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