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Abstract

Introduction—Age is now widely accepted as the greatest single risk factor for developing 

bladder cancer, and bladder cancer is considered as primarily a disease of the elderly. Because of 

the close link between age and incidence of bladder cancer, it can be expected that this disease 

will become an enormous challenge with the growth of an aging population in the years ahead.

Methods—Using MEDLINE, a search of the literature between January 1966 and July 2007 was 

performed to describe normative physiologic changes associated with aging, elucidate genetic and 

epigenetic alterations that associate aging with bladder cancer and its phenotypes; and to 

characterize how aging influences efficacies, risks, side effects and potential complications of the 

treatments needed for the various stages of bladder cancer..

Results—We discuss influence of aging on host physiology, genetic and epigenetic changes, 

environmental influences, and host factors in the development and treatment of bladder cancer. 

Treatments with intravesical Bacille Calmette Guerin, radical cystectomy, and perioperative 

chemotherapy are less well tolerated and have poorer response in elderly patients compared to 

their younger counterparts. Elderly patients face both clinical and broader institutional barriers to 

appropriate treatment and may receive less aggressive treatment and sub-therapeutic dosing. 

However, when appropriately selected, elderly patients tolerate and respond well to cancer 

treatments.

Conclusions—The decision to undergo treatment for cancer is a tradeoff between loss of 

function and/or independence and extension of life which is complicated by a host of concomitant 

issues such as co-morbid medical conditions, functional declines and “frailty”, family dynamics, 

and social and psychological issues. Chronological age should not preclude definitive surgical 

therapy. It is imperative that healthcare practitioners and researchers from disparate disciplines 

collectively focus efforts towards gaining a better understanding of what the consequences of 

bladder cancer and its treatments are for older adults and how to appropriately meet the 

multifaceted medical and psychosocial needs of this growing population.
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I. Introduction

Men and women aged 65 years and older represent approximately 12% (36.8 million) of the 

US population, a number expected to double by the year 2030.1-9 Data from the National 

Cancer Institute Surveillance, Epidemiology, and End Results (SEER) program for the most 

recent five year period (1998-2002) indicate that 56% of newly diagnosed cancers and 71% 

of cancer deaths occur in individuals who are 65 years and older.10 Regarding increase in 

life expectancy, the fastest growing segment of the population is the 85 years and older; this 

age group is projected to increase in number from 3.7 million in 1996, to 5.7 million in 

2010, and to 18.2 million by 2050.1

Age is now widely accepted as the greatest single risk factor for developing cancer, and 

cancer is considered as primarily a disease of the elderly. Approximately 60% of all incident 

malignancies in the US occur in adults aged ≥65 years; 16% of those aged ≥65 years have a 

history of cancer.5,8,9 Although cancer is the second leading cause of death among men and 

women aged ≥65 years,5,8 many older adults are surviving cancer. In the US alone, it is 

estimated that 6.5 million of the 10.8 million cancer survivors are aged ≥65 years, with those 

≥85 years comprising 15% of this 6.5 million. Approximately 43% of these elderly men and 

women with cancer survive over 10 years and approximately 17% survive over 20 years 

from the time of their initial diagnosis.1,5,8 Because of the close link between age and 

incidence of cancer, it can be expected that cancer will become an enormous challenge with 

the growth of our aging population in the years ahead.

These cancer and aging trends are a major public health challenge that healthcare 

professionals will face in caring for this growing population. Unfortunately, evidence–based 

practice guidelines regarding the short-term and long-term management of urothelial 

carcinoma of the bladder (UCB) are sparse for this group. Moreover, it is inappropriate to 

extrapolate from studies on younger populations because older adults are physiologically, 

psychologically, and socially different from younger adults.11 For many older adults, cancer 

appears to be joining the ranks of other age-related chronic diseases, but the post-treatment 

burden of the disease (eg, loss of physical function, permanent disability, fatigue, insomnia, 

depression, anxiety, and economic devastation) is relatively unknown or at best poorly 

defined in this growing population.9

Several theories have been proposed to explain the interactions between carcinogenesis in 

general and the aging process. First, as individuals’ age, they experience increasing exposure 

to carcinogens and the potential accumulation of cellular events that can lead to neoplastic 

transformation. Second, environmental exposure to carcinogens occurs cumulatively over 

time (particularly with cigarette smoking and with exposure to carcinogens in the workplace 

and/or in highly polluted living conditions). Third, the existence of a lag time between these 

exposures, the accumulation of cellular events, and the clinical expression of malignancy 
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may account for the first appearance of bladder cancer in an older population. Also 

potentially contributing to this association is the increasingly prolonged contact of 

carcinogen-containing urine with the urothelium with aging, particularly in men with 

enlarged prostates and the development of increasing urine residuals with increased 

concentration of urinary contents. Of additional importance may be the decreased ability to 

detoxify potential carcinogens as the result of organ system deterioration with aging.

In recent years, there has been a small but steadily growing recognition that the link between 

aging and cancer is more complex than the simple passage of time to which age-dependence 

of cancer has traditionally been ascribed. Research on changes in the growth regulatory 

function of genes and proteins with advancing age and cancer has led to a better 

understanding of biological relationships between cancer development and aging and has 

introduced new possibilities for intervention.12 Certain genes may be activated while others 

may be suppressed with advancing age. This can lead to an increase in the activation of 

oncogene activity, leading to the genesis of a cancer cell, or a decrease in tumor-suppressor 

gene activity with inability to suppress or clear an organ of transformed neoplastic cells. 

Further, an aged cell may have a decreased capacity for repair of mutations in its DNA. In 

UCB, multiple genes have been found to fulfill the roles of both oncogenes and tumor-

suppressor genes.13-15 These may then be associated with the development of different types 

of UCB with individualized and distinctive intrinsic biologic potentials.13,15

In considering UCB and aging, it is also important to consider the phenomenon of aging 

itself and how it affects both the function and the physiologic reserve of different organ 

systems that may be important not only in the development of different forms of UCB but 

also in their specific treatment. Miller has defined aging as “the process that converts 

healthy adults into frail ones with diminished reserves in most physiologic systems and an 

exponentially increasing vulnerability to disease and death”.16 The vulnerability that 

accompanies this process can affect various organ systems in different ways. It can also 

increase a host's vulnerability to the carcinogenic process. The development of a cancer 

itself as well as the treatments required can then affect organ systems in which limitations in 

physiologic reserve make an individual even more vulnerable to the cancer as well as to the 

potential risks and side effects of its treatment.17,18

In this article, we discuss normative physiologic changes associated with aging. In addition, 

we review the molecular pathways linking age and cancer. Third, we review the literature 

regarding the risk factors that contribute to the vulnerability of individuals to develop UCB, 

and the ability to deliver various forms of treatment (for both non-muscle invasive and 

muscle-invasive bladder cancer) in the elderly population in the context of their overall 

physiologic function and reserve.

II. Physiologic changes that occur with aging

Nearly all organ systems show a progressive physiologic decline in function beginning at 

age 30.17,19,20 The degree and timeline of this decline vary among different individuals and 

organ systems. Although these changes are generally imperceptible over the years, they can 

be unmasked through various internal and external stressors. Furthermore, even without the 
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presence of actual disease, aging itself results in a gradual, progressive loss in the biologic 

reserve necessary for the body to maintain physiologic homeostasis under stress. A 

decreased age-dependent physiologic reserve manifests itself in a decreased resilience and 

compromised recoverability when an organ-system is exposed to stressors. In addition, 

many elderly individuals have one or more chronic medical conditions. These can further 

decrease their organs’ physiologic reserve and ability to respond to stress.

In the general geriatric population, functional status as a whole and of individual organ 

systems together with level of dependency have been found to predict survival.21 Loss of 

physical function with resultant disability occurs with age. Over 60% of individuals ages 65 

to 74 years have some disability, 65% of individuals ages 75 to 79 years report disability, 

and >76% of individuals aged 80 years report some disabling conditions.22 Weight loss and 

poor nutritional status are associated with poorer response to therapy and decreased 

survival.23,24 For the elderly with cancer, the oncologist must be able to stage not only the 

cancer but also to consider how a patient's functional and physiological status may affect the 

ability to tolerate and respond to treatment and its risks, potential complications, and side 

effects. These considerations as reviewed by Hurria, et al 17 are summarized and expanded 

upon as follows.

For the cardiovascular system, for example, aging is accompanied by a decrease in cardiac 

output and maximal heart rate as well as prolonged recovery following exercise.17,19,20,25,26 

Moreover, there is a decreased response to catecholamines with stress.25,26 Depending upon 

obesity, heredity factors, nutrition, weight loss, diet, and racial differences, such changes 

may be increasingly accentuated over time.25,26

Similarly, the pulmonary system demonstrates a decreased response to hypoxemia and/or 

hypercapnia, an increased ventilation/perfusion mismatch, a decreased elasticity of the lung 

tissue, and a decreased forced expiratory volume with advancing age.17,19,20,27 These are 

further affected by earlier environmental exposure to substances that may lead to 

emphysema, asthma, and decreased pulmonary reserve.19,20

Changes in the endocrine system during aging include decreases in insulin-like growth 

factors, growth hormones and sex steroids, and increases in insulin, norepinephrine, 

parathyroid hormone, vasopressin and atrial natriuretic peptides.17,19,20,28-30 The effects of 

aging on target organ systems compound these changes, with consequent diminution in their 

optimal responsiveness to the functional effects of these hormones.30 Related issues of 

weight loss and poor nutritional status are associated with poorer response to therapy and 

decreased survival.23,24

Age-related changes in the neurologic system comprise neuronal loss, a decrease in brain 

weight, decreasing vision, loss in both high frequency and low frequency hearing, and 

alterations in taste and smell.17,19,20,31 Cognitive and memory impairment, dementia and 

depression are also prevalent in elderly patients.32,33 In studies where comprehensive 

geriatric assessments were conducted in elderly patients with cancer, as many as 25% to 

50% of the subjects screened positive for cognitive abnormalities.34 All of these may be 

important when various forms of therapy for UCB are considered.
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Aging is also associated with dysregulated immune and inflammatory responses.17,19,20,35-38 

Declining T cell function is the most significant and best-characterized feature of 

immunosenescence.27,35-38 The immune system is thought to play an important role in the 

development and progression of cancer. Weakening of individual components of this system 

is thought to compromise an individual's overall defense against the development and 

progression of cancer. Deterioration of the immune system with aging includes a decrease in 

thymic mass with concomitant decrease in subpopulations of lymphocytes that comprise the 

thymus, decreased production in thymic hormones, a general decrease in subpopulations of 

antigen-processing and effector lymphocytes, and a decrease in antibody response.35-38 This 

has been suggested to explain, at least in part, the increased vulnerability to the development 

of cancer as people age.

Renal and hepatic functions also decrease with aging.17,19,20 Liver volume decreases by 

25-50% with a corresponding decrease in hepatic blood flow, decrease in liver perfusion, 

and a decrease in the ability to react to and metabolize exogenous substances such as 

carcinogens.39,40 Renal mass decreases by 25-30% over time, leading to a decreased number 

of functional nephrons.41,42 Glomerular filtration is decreased by approximately 1 ml/

minute per year after age 40, and renal blood flow decreases by approximately 1% per year 

after age 50.41-43 Each of these may play a role not only in an increased vulnerability to the 

exposure and effects of potential carcinogens but also in an individual's ability to accept the 

risks and side effects of various types of treatment (e.g., radical cystectomy, systemic 

chemotherapy) and recover from potential complications of those treatments.

Interactions between the immune, neurologic and endocrine systems may be important in the 

general response to external challenges, maintenance of homeostasis, and in the 

development and progression of cancer.17,19,20 The various neuronal networks, the role of 

neurotransmitters, the “wiring” of organ systems through neuronal and endocrine function, 

and their interconnections through an intact cellular and humoral immune system with the 

production of various molecules to maintain the body's general homeostasis are undoubtedly 

affected in various ways by aging. Deterioration in this complex interconnected and 

interactive system may contribute to an increased vulnerability to cancer development and 

progression and altered response to treatment with age. Each of these changes independently 

and in aggregate can contribute to the overall well-being and performance status of an 

individual. Moreover, each can contribute to and be challenged when an individual develops 

cancer and undergoes treatment that further challenges these changes and in which side 

effects and complications may further compromise normal function and physiologic reserve.

In addition to such specific changes, it is estimated that 10-25% of individuals over age 65 

can be characterized as being “frail”.44-46 The definition of frailty has been proposed as “a 

state of age-related physiological vulnerability resulting from impaired homeostatic reserve 

and reduced capacity of the organism to withstand stress”.46,47 The development of 

malignancy in this context not only underscores the occurrence of the malignancy through a 

possible predisposition occasioned by the vulnerability of various organ systems, but also 

the stressful situation physiologically that can potentially increase the vulnerability of the 

different organ systems by both cancer development and its treatment. Unfortunately, 

mechanisms underlying these interactions have not been well-defined or characterized. 
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Moreover, treatments that may be required can further stress various organ systems both 

physiologically as well as pharmacologically through side effects and complications that 

may occur. Thus, individuals become increasingly vulnerable as they age to the 

development and effects of cancers and their treatments.17,19,20,45 The interactions among 

functional status, frailty, and cancer treatment deserve further investigation. For example, 

the impact of treatments on indicators of frailty, such as anorexia, weight loss, fatigue, 

inactivity, sarcopenia, osteopenia, and de-conditioning is needed so that older cancer 

patients can make informed choices regarding their treatment options.45

In considering these fundamental physiologic issues, additional emphasis has been placed 

upon “co-morbidities”.17,19,20,48 In cancer biology and treatment, the term “comorbidity” is 

defined as a concurrent medical problem that is a competing source of morbidity or 

mortality in the setting of a developing malignancy. This is superimposed on the normal 

physiologic deterioration of various organ systems experienced with aging, but pertains 

specifically to a particular “morbid” process that can affect the function of one or more 

organs and influence their vulnerability to the risks, side-effects and potential complications 

of various treatments. Not only the number but also the complexities of such co-morbidities 

increase with age.49

The most common co-morbidities include hypertension, heart-related conditions, diabetes, 

obesity and arthritis.17 Various co-morbid conditions and the number of such conditions 

increase with age. Furthermore, the levels of severity of a particular co-morbidity also affect 

functional recovery following various treatments. Correspondingly, the impact of a 

particular co-morbidity can effect overall survival through basic recoverability following the 

effects of various treatments themselves as well as recoverability following the 

manifestation of treatment risks, side effects, and potential complications. Each of these in 

turn can affect mortality.

Patients with three or more co-morbid conditions have been found to have a four-fold 

increased risk of mortality compared to those who had no co-morbid conditions.50 

Ironically, the potential impact of a new disease as a competing cause of mortality has been 

found to decrease with increasing age.51 This may be the manifestation of a statistical 

phenomenon since it is associated with a decrease in absolute projected life expectancy. 

Thus, a particular condition may decrease life expectancy in a younger individual by a 

longer period of time than in an older individual because the life expectancy of the older 

individual is less.

Additional considerations revolve around observations that normal physiologic changes that 

accompany aging can also cause changes in the pharmacokinetics and pharmacodynamics of 

cancer therapy.17,42,52 This introduces the further risk factor of “polypharmacy”. Older 

individuals tend to require more medications because they have more “co-morbid” 

conditions than do younger individuals. Furthermore, older patients may be more vulnerable 

to adverse drug events than younger patients, not only because they use more medications 

but because they have experienced changes in pharmacokinetics and pharmacodynamics 

associated with changes in physiologic function and reserve with aging.17,42,52 These 

include age-related changes in gastrointestinal function, distribution of various drugs in 
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different compartments and organ systems, increase in body fat (leading to slower 

metabolism of lipid-soluble drugs), decrease in total body water (leading to an increase of 

water-soluble drugs in plasma), decrease in lean body mass, decrease in serum albumin, and 

decrease in hemoglobin.17,42,52 In addition, renal clearance decreases, even if no elevation 

of blood urea nitrogen or creatinine is detected.42,52 This can effect clearance of medications 

and their metabolites and can be compounded by an age-related decrease in renal mass, 

functional nephrons, glomerular filtration, tubular secretion, and tubular reabsorption. 

Similarly, blood flow to the liver decreases with increasing age, liver volume shrinks, and 

metabolic enzymatic activity is reduced, all impacting hepatic metabolism. These changes, 

individually and in aggregate, may contribute to a change in the distribution of various 

medications and their metabolism.

The extent to which age-related physiologic changes affect disease progression, response to 

treatment, survivorship, and adverse effects in the elderly is unknown. These coexisting 

medical conditions can complicate prevention, diagnosis, efficacy of and extent of treatment 

offered, response to treatment, and post-treatment health. From a psychological standpoint, 

the gerontology literature reveals that many older adults perceive less control over their 

health, experience fewer emotional highs and lows, and adjust their expectations and 

attitudes regarding their current state of health and/ or ability to recover from adverse health 

events as they age.53,54 In addition, many elderly adults have had previous experience with 

health issues, multiple cancer diagnoses, and other life losses due to their position in the 

sequences of life. The extent to which life experiences influence current beliefs and attitudes 

warrants further consideration.

Of additional major importance in the care of elderly individuals with UCB and treatment 

planning in specific clinical situations are social factors such as the availability of a network 

to provide home care, socio-economic status, transportation, and living arrangements, such 

as assisted living. For example, therapeutic modalities requiring daily administration for a 

long period may be inappropriate for older patients who cannot mobilize transportation or 

the social, emotional, or psychological support necessary for this. Home care may also be 

compromised. Many surveillance and treatment strategies could result in a shift towards 

greater dependence if aggressive treatment is pursued. If the individual is in a setting with 

family support, the decision to undergo treatment could introduce issues of care-giving and 

dramatically change the family dynamics. Conversely, if an individual does not have a 

family support structure to help in dealing with cancer, he or she may believe that treatment 

might precipitate placement that might threaten their independence and lead them to reject 

this.

Finally, it is important to note that as we age we become more heterogeneous in terms of 

physical and psychosocial health as a result of our previous lifestyle, environmental 

exposure, and genetic composition. As a result, age should not be used as a proxy for health 

status and categorizing men and women aged ≥65 years as one homogeneous group.55 In the 

US, an elderly person is arbitrarily defined as someone aged 65 years for bureaucratic 

reasons. Many healthcare professionals make critical medical care decisions based on this 

artificial cutoff. New strategies are needed to assess the health status of older adults, which 

could include the use of comprehensive geriatric assessments and performance-based 
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measures.56 Understanding within-group variations among older adults across the cancer 

control continuum requires more attention to be paid to variable aspects of physiologic, 

psychological, and social development and less to chronologic age.

III. Molecular pathways linking cancer and aging

Many of the mechanisms that may account for the aging process have also been shown to 

influence carcinogenesis. In turn, those mechanisms affecting carcinogenesis may influence 

aging. Indeed, the incidence of cancer is closely linked to age because molecular pathways 

of aging and cancer are intertwined.12,57,58 On the cellular level, aging and carcinogenesis 

are both believed to be associated with the accumulation of damage, senescence, and 

disruption of the replicative capacity of a cell.

There are several mechanisms and pathways that suggest that cancer and aging are closely 

linked. Aging, like many other biological processes, is subject to regulation by genes that 

reside in pathways that have been conserved during evolution.59 For example, the insulin/

IGF-1, mTOR and p53 pathways are among those conserved pathways that impact longevity 

and aging-related diseases such as cancer.60 Other mechanisms, such as oxidative stress, 

telomere shortening, apoptosis, and various types of activation of tumor suppressor genes 

may cause a cell to senesce and may be associated with cancer development.61,62 Recently, 

it was established that the major tumor suppressor TP53 interferes with the insulin pathway 

and that the cancer protective p53 mutation leads to accelerated aging63 thus providing a 

mechanistic link between the insulin pathway, aging, and cancer. Mutations of the TP53 

gene and/or altered expression of the p53 protein have been shown to be associated with 

UCB progression and metastasis.64,65 Another mechanism linking aging and cancer is 

oxidative stress through which the production of reactive oxygen species and free radicals 

can activate the transcription of genes implicated in inflammatory and other disease-

associated processes. These may also produce damage of DNA and various protein species 

associated with aging and malignancy.66

Telomeres are repetitive amino acid sequences at the ends of chromosomes that protect 

against erosion of coding sequences of normal cells and prevent illegal fusion with other 

chromosome ends. Normal cells undergo a limited number of cell divisions as dictated by 

the length of telomeres,67 since critical shortening of telomeres leads to cell cycle arrest and 

cellular arrest. The link between telomere length and susceptibility to cancer57,68,69 suggest 

that telomere shortening is an important mechanism predisposing to cancer development. 

Moreover, the enzyme telomerase has been suggested to promote cancer by adding DNA 

repeats to the telomeric ends. Indeed, high expression of telomerase in cancer cells is 

thought to render them immortal.70-72

Depending on the specific genetic background of tumor cells, the inhibition of telomerase 

could induce growth arrest and could be applied in cancer therapy.73 Overcoming the cell 

cycle arrest signals of critically short telomeres has been found to be challenged by cancer 

cells.74 If telomerase is activated, telomere length can be restored, and the otherwise normal 

stop on proliferation control might be overridden. Thus telomerase activation could be a step 

toward malignant transformation.75 Therefore the regulation of telomere length and the 
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telomere length restoring mechanism, such as telomerase activity, are mechanisms that link 

the molecular pathways of aging and those of cancer. Bladder cancer cells produce 

telomerase76 and regenerate telomeres,77 thereby evading cell death. In humans, telomere 

length has been found to be shorter in UCB patients as compared to control subjects.78 

Telomeres and telomerase are currently being investigated in the detection and treatment of 

UCB.79

Just as research on aging has advanced our understanding of cancer, the reverse is also true. 

Molecular pathways that were originally found to be implicated in cancer were shown to be 

associated with aging mechanisms. For example, epigenetic changes such as DNA 

methylation influence both aging and cancer by causing genome-wide molecular alterations 

and silencing of gene expressions. Age-dependent hyper- and hypomethylation may 

contribute to carcinogenesis by silencing tumor suppressor and/or repair genes or by 

inducing the expression of oncogenes, respectively.

IV. Age and development of bladder cancer

Age has been found to be an independent risk factor for the development of UCB.80 Various 

demographic studies have shown that individuals age 65 and older have an 11-fold increase 

in the incidence of cancer in general and a 15-fold increase in cancer mortality when 

compared with individuals less than age 65.80 Correspondingly, the incidence of UCB is 

28.6% in patients under 65 years and 71.4% in those over 65 years with a clear increase in 

those above the age of 50 years.81 The incidence of UCB increases from roughly 142 per 

100,000 men and 33 per 100,000 women age 65 to 69 years to 296 per 100,000 men and 74 

per 100,000 women 85 years old or older.

Several hypothesis-generating studies have reported that the proportion of females with 

UCB increases with advancing age. In a retrospective review of 576 patients from a single 

institution, Shi et al. reported that the male/female ratio was 4.1:1, 3.6:1, and 2.3:1 in 

patients 40 years and younger, 41-59 years old, and those 60 years or older, respectively.82 

Similarly, in the US Nurses' Health Study cohort, postmenopausal women were at increased 

risk for UCB (incidence rate ratio = 1.93, 95% confidence interval: 0.99, 3.78) compared 

with pre-menopausal women.83 For postmenopausal women, early age at menopause (≤45 

years) compared with late age at menopause (≥50 years) was associated with a statistically 

significant increased risk of UCB (incidence rate ratio = 1.63, 95% confidence interval: 

1.20, 2.23).

Recent data obtained by California Cancer Registry revealed that the peak incidence of UCB 

is at 85 years.84 This age is 20 years after the general retirement age and it implies a longer 

than usual latent period in carcinogenesis. Moreover, there is a 10 year peak difference 

between lung/bronchus cancer and UCB, two malignancies that share some of the same 

carcinogens (i.e., tobacco and industrial exposure). This has been hypothesized as the result 

of the lungs being the first organs to come into contact with these carcinogens, and the 

bladder as exposed last and in a more dilute potency. Thus the bladder may require longer 

exposure for the induction of cellular mutations by carcinogens.
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The relative late presentation of UCB can be hypothesized to be the result of the 

accumulation of exposures to a variety of carcinogens over time, the main ones being 

cigarette smoking and occupational exposure to various aromatic amines. In addition, aging 

may be accompanied by a decreased ability to fully empty the bladder (i.e., voiding 

inefficiencies), potentially prolonging the contact time for exposure to carcinogens excreted 

in the urine. Furthermore, because of bothersome voiding symptoms, people may drink less 

as they get older. Over time, this may increase the urinary concentration of carcinogens to 

which the elderly are exposed.

Other factors may also play a role. Urothelial enzymes that inactivate carcinogens may 

deteriorate over time, effectively increasing exposure of the urothelium to active 

carcinogens. In addition, enzymatic activity may vary between individuals on a genetic 

basis, compounding the risk that prolonged contact with the urothelium may create. For 

example, Momose et al. have shown that urinary epidermal growth factor is a promoter of 

UCB in a heterotopically transplanted rat bladder model.85

Further increasing the risk of exposure is the diminishing pulmonary function and the 

chronic effects of cigarette smoking on the lungs. Their increasing inability to clear 

themselves of carcinogens that may have been inhaled increases the cumulative amount of 

carcinogens that are absorbed systemically, with lesser metabolism of these carcinogens by 

an age-associated decrease in liver and lung function.

Whether expression of host factors and their interaction with environmental factors (as each 

may contribute to the development of UCB) change as individuals age is unknown. 

Importantly, there is no evidence to suggest that exposure to a particular carcinogen or the 

activity of a particular host factor determines the particular form of malignancy that 

develops.80

As with incidence, mortality from UCB is also higher in the elderly. The ratio of cancer-

specific mortality to incidence for men and women in the US age 65 to 69 years is 14% and 

18%, respectively, whereas for men and women age 80 to 84 it is 30% and 37%, 

respectively (SEER, 1973-1997).80 There have been several studies on the biological and 

clinical aggressiveness of UCB in young versus old patients suggesting this correlation, but 

these have been relatively inconclusive. The higher mortality in the elderly has several 

possible explanations. In patients under the age of 40, UCB tend to be well differentiated 

and behave in a more indolent fashion.86-88 While some groups observed lower rates of 

disease recurrence and progression with better survival in younger patients,82,86-92 others 

have reported that the natural history of UCB in the younger age groups resembles that in 

older patients.93-97 Differences in outcomes between elderly and their younger counterparts 

may be due to a combination of a relatively more advanced stage at diagnosis (due to social 

and biologic reasons) and the administration of less aggressive and effective therapies in the 

elderly.
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IV. Age and treatment outcomes of non-muscle-invasive bladder cancer

a. Cancer-specific outcomes

Treatments for non-muscle invasive UCB are generally well tolerated by the elderly. 

Surgical procedures and the anesthetic support they require are not particularly intrusive or 

disruptive. Neither creates scenarios where there are major fluid shifts or pressures imposed 

on the cardiovascular, pulmonary, renal, or liver system.

For UCBs with a low risk proliferative diathesis, disease recurrence and management does 

not create a life-threatening risk or impact on organ systems. Even when they require 

repeated endoscopic resection with/without intravesical instillation of chemotherapeutic or 

immunotherapeutic agents, risks of side effects and complications are low. Most of the 

agents are not absorbed systemically and therefore do not produce significant systemic 

effects to which the elderly may be more vulnerable. Moreover, in certain elderly patients 

whose co-morbid conditions may create an increased risk for anesthesia, treatments for the 

majority of these tumors can be deferred without increasing risk to the patient since the 

majority of the tumors themselves are low grade and confined to the mucosa and are 

therefore of low risk for progression, not threatening survival.

b. Response to Bacille-Calmette Guerin

Non-muscle-invasive UCB that invades the lamina propria or that is of high grade represents 

a greater risk for progression and age may be more influential in both the course of the 

cancer and its treatment outcomes. Treatment for these diatheses with intravesical Bacille 

Calmette-Guerin (BCG) requires an intact immune response, particularly cell-mediated 

immunity. In addition, an intact immune response may be needed to maintain a therapeutic 

effect through continued “booster” or “maintenance” intravesical instillations. Because 

innate and adaptive immunities deteriorate with age,98 elderly patients may be less able to 

respond to BCG. In a retrospective analysis of 805 patients with multiple or recurrent high-

grade Ta, T1, and/or carcinoma in situ, Herr showed that patient age did not affect the initial 

response to BCG therapy.99 However, patients aged 70 to 79 years were less likely to 

sustain that response and remain free of tumor recurrence during a five-year period. 

Similarly, Joudi et al. reported that patients older than 80 years had a poor response to BCG 

plus interferon therapy.100 Even after controlling for the effects of tumor stage, grade, tumor 

size, gender, prior intravesical BCG, BCG maintenance, BCG failure pattern, and primary 

versus recurrent disease, advanced age was a predictor of treatment efficacy. While these 

two studies show an impact of age on response to immunotherapy, this effect appears to be 

small.

In addition, the potential side effects or complications of intravesical BCG may not be as 

well tolerated in elderly individuals whose vascular, cardiac, immunologic and pulmonary 

reserve may not withstand instances when intravascular dissemination of the tubercle 

bacillus produces hypotension, pulmonary compromise, sepsis, and/or cardiovascular 

collapse. Even more minor complications such as high fevers, increased urinary frequency, 

discomfort on urination, hematuria and clot retention and the need for repeated 

catheterization may be problematic for the elderly patient to withstand or tolerate. Some 
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studies have shown that BCG is a viable therapeutic option in patients with high risk non-

muscle invasive UCB and concomitant lymphoma, chonic lymphocytic leukemia, treatment 

with low dose oral steroids, treatment with inhaled steroids, or renal transplant.101,102 

Advanced age, however, is considered a risk factor for complications in patients receiving 

BCG therapy103 and there are numerous reports of serious complications of BCG therapy in 

elderly individuals.104-108 In a retrospective study of 58 patients, Heiner et al. found that the 

complication rate of BCG therapy was higher in patients older than 70 years (48.6% vs 

17.6% for those younger than 70 years) with the peak incidence occurring with the third 

dose of BCG therapy.109 Interestingly, in this and previous studies, medication that inhibit 

fibrin clot formation diminished the side effects of BCG therapy but also adversely affected 

efficacy.109-112 Taken together, these data has led some investigators to suggest caution with 

administration of BCG therapy in the elderly and even avoidance of this therapy in the 

oldest elderly (80 years and older).109

V. Age and treatment outcomes of muscle-invasive bladder cancer

When muscle invasive UCB is diagnosed in the elderly, considerations of selective 

treatments become even more complicated. The standard treatment for muscle-invasive 

bladder cancer is radical cystectomy.113,114 Many also believe that a course of neo-adjuvant 

chemotherapy may be of benefit in certain patients.115-121 Each of these treatments creates 

substantial challenges to the various organ systems in the body both individually and in 

aggregate, and potentially even more so for the elderly in whom gradual diminution of 

physiologic capabilities to withstand the rigors of these treatments has occurred over time. 

These same events could compromise the capabilities required to respond to these 

treatments. In addition, decreased physiologic reserve could compromise the recoverability 

of the different organ systems and of the host as a whole to these treatments. Co-morbid 

conditions and the fundamental “frailty” that accompany the aging process might also 

compromise the actual delivery of treatments to their full dosages and capabilities. In 

addition, potential side effects and complications of treatments might themselves create 

morbidities and mortality in an already weakened cancer patient with a reduced ability to 

respond to the additional treatments needed in these situations and fully recover.

a. Efficacy of radical cystectomy

Radical cystectomy has been firmly established as the best treatment for patients with 

muscle-invasive or refractory non-muscle invasive UCB. However, most patients with 

invasive UCB never actually undergo radical cystectomy.122 Hollenbeck et al. used the 

Surveillance Epidemiology and End Results database to identify 13,796 patients with UCB, 

24% if whom were >80 years old.123 Elderly patients were less likely to be treated with 

extirpative surgery than their younger counterparts. Nevertheless, after controlling for tumor 

grade and stage, cystectomy was associated with the greatest risk reduction of death from 

UCB (HR 0.3 for cancer-specific survival and 0.4 for all cause survival). In another analysis 

of patients from the SEER database, Prout et al.122 reported that only 55% of those in the 

55-59 years age group whose cancers indicated the need for radical cystectomy actually 

underwent this surgery. Furthermore, the percentage of those treated with radical cystectomy 

decreased with increasing age of the patient with only approximately 25% of patients 70-79 
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years of age undergoing bladder removal. This suggests that radical cystectomy is all too 

often withheld or delayed in patients who could benefit. Reasons for this are multi-factorial 

and can only be hypothesized on. They include a delay in diagnosis, the use of nonsurgical 

alternatives for an inappropriately long period of time, the relative inexperience of many 

surgeons leading them to avoid performing this procedure, or a perception that many 

patients simply will not tolerate surgery because of age and/or co-morbidity.

Elderly patients face both clinical and broader institutional barriers to appropriate treatment, 

are less likely to have their cancer staged,45,124 and may receive less aggressive treatment 

and sub-therapeutic dosing because of co-morbid conditions or perceptions of less 

physiologic reserve, inability to withstand the more rigorous therapeutic approaches, or 

greater underlying risk to experience side effects and complications. For example, older 

UCB patients are less likely to receive extended lymph node dissection and/or adjuvant 

chemotherapy.92 Moreover, older patients may not be referred to comprehensive cancer 

centers and/or may not be offered participation in clinical trials on account of these 

perceptions and considerations.

Several investigators have demonstrated a direct correlation between patient age and poor 

oncologic outcomes after radical cystectomy.91,92,125-127 For example, Nielsen et al. found 

that advanced age was associated with extravesical disease, upstaging from clinical to 

pathologic stage, and, more importantly, all-cause and cancer-specific mortality in 888 

patients treated with radical cystectomy.92 Similarly, Clark et al. found that higher age was 

associated with higher rate of early complications, disease recurrence, and overall mortality 

in 1,054 cystectomy patients.125 Reasons for this could be a change in the biologic potential 

of the tumor cell or a decrease in the host's defense mechanisms with advancing age, or even 

a detrimental effect of differences in care patterns in elderly compared to younger patients 

(i.e., selection for radical cystectomy, delay in radical cystectomy, decreased administration 

of adjuvant chemotherapy, and/or decreased performance of extended lymphadenectomy). 

There may be a reluctance to perform radical surgery in older patients with co-morbidities 

resulting in higher tumor stage when surgery is eventually performed leading to higher 

cancer-specific mortality.92,122

An alternative explanation may be there is a longer delay between diagnosis and definitive 

treatment in elderly patients resulting in disease progression and worse survival.128-130 Yet, 

another theory to explain the inferior outcome in elderly patients is the suboptimal use of 

lymphadenectomy and adjuvant chemotherapy. Indeed, elderly UCB patients are less likely 

to receive postoperative chemotherapy in the presence of advanced disease stage.92,125 This 

may be partially due to the frailty and presence of significant comorbidities such as impaired 

renal function and cardiac disease (see “physiologic changes that occur with aging” section). 

The risk/benefit ratio is differently weighted in the elderly compared to younger patients. 

The trade-off between life years gained versus quality of life may be different from the 

perspective of elderly compared to younger patients.

The host response may also play a critical role in the differential cancer-specific mortality 

rates between young and elderly patients treated with radical cystectomy for UCB. Miller et 

al., for example, showed that the Charlson Index score is a strong predictor of increased risk 
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of extravesical disease and cancer-specific mortality.131 Koppie et al. found that age-

adjusted Charlson comorbidity score is associated with treatment decisions and clinical 

outcomes. Weizer et al. found that management with cystectomy yielded the best survival 

chances in patients with non-metastatic, muscle-invasive UCB who are older than 70 

years.132 In a multivariate analysis that adjusted for the effects of treatment type, weight 

loss, and caregiver status, the Karnofsky performance status was the only predictor of 

overall survival. Taken together the data from these studies further support that the majority 

of elderly patients are able to undergo definitive treatment with RC and that in elderly 

patients with a good performance status, RC offers the best disease control and survival.

b. Complications of radical cystectomy

Radical cystectomy and urinary diversion present individual challenges to any patient, 

especially to the elderly. The procedures themselves are lengthy, require the relative health 

and reserves of each organ system to recover fully and rapidly, and incorporate an often 

complex reconstruction of an urinary reservoir or conduit to assume the function of the 

bladder in storing and eliminating urine. These procedures result in a peri-operative 

morbidity of 30-60%, even at major referral centers with experience.113,133-135 Each of 

these procedures challenges the patient not only in their initial recovery but over the long-

term. These considerations may be particularly significant in the elderly individual already 

weakened both by an aggressive cancer and compromised by deterioration of multiple organ 

systems. Fortunately, both morbidity and mortality rates have declined dramatically due to 

significant improvements in peri-operative care.114,134,136 For example, in a large single 

institutional series from the Vanderbilt University, Parekh et al. have reported a mortality 

rate of only 1% despite the inclusion of many patients with significant comorbidities.137 In 

fact, only approximately 5% of patients referred for consideration of radical cystectomy are 

considered ineligible for the procedure because of co-morbidities.138-140 Farnham et al. 

reported a low mortality rate even when specifically evaluating patients both older than age 

75 years and with significant co-morbidities as measured using the American Society of 

Anesthesiology (ASA) physical status classification.138 Fairey et al. found that age is not 

associated with 90-day morality or early postoperative complications in a dataset of 314 

radical cystectomy patients.141 Conversely, in the Health Care Utilization Project involving 

13,964 patients who underwent radical cystectomy, Konety et al. showed that increasing age 

was independently associated with in-hospital mortality after radical cystectomy (OR 1.05, 

95% CI 1.03-1.07).142 Similarly, in a report of 2,538 radical cystectomy patients from the 

NSQIP, Hollenbeck et al. found that increasing age was independently associated with an 

increased risk of any postoperative complication after radical cystectomy (OR 1.3, 95%CI 

1.2-1.5).143 In a review of the data from Memorial Sloan-Kettering Cancer Center, Siegrist 

et al. found that octogenarians (117/1142, 10%) were more likely to experience a 

postoperative complication (72% vs 64% overall, p=0.08) than younger patients, with 

cardiac and neurologic complications more commonly (p < 0.002).144 However, the 

incidence of major complications (17% for patients ≥ 80 vs 13% <80) did not differ 

significantly between age groups (p = 0.3) despite higher preoperative comorbidity indexes 

(p<0.001) in octogenarians. Median length of stay was 1 day longer in octogenarians (10 vs 

9 days; p =0.02). Thirty day mortality was 3.4% in octogenarians vs 1.2% in younger pts. 

There was no significant difference in disease-specific survival compared to younger 

Shariat et al. Page 14

Urol Oncol. Author manuscript; available in PMC 2014 November 10.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



patients; however, octogenarians were more likely to die of causes unrelated to bladder 

cancer. Reasons for the differences between studies are unknown, but may be related to 

differences in study populations, definitions of clinical outcomes and study designs. 

Nonetheless, the data show that chronological age alone is not sufficient to reveal the worse 

outcomes observed in elderly patients treated with radical cystectomy. More importantly, the 

cumulative data suggests that chronological age should not preclude definitive surgical 

therapy.

Unfortunately, alternative approaches (extensive transurethral resection and external 

radiation therapy in conjunction with systemic chemotherapy) are unlikely to provide a cure 

and may only temporize an individual's “disease-free” survival without increasing actual 

survival or “quality of life” survival.123,145 Although partial cystectomy has been suggested 

as another option, up to 65-75% disease recurrence is seen.146,147 Therefore, partial 

cystectomy is only suitable to treat patients in whom tumors meet strict criteria such as (1) 

no prior history of bladder cancer, (2) no malignancy (eg, carcinoma in situ or papillary 

tumors) distant from the known bladder cancer, (3) a solitary muscle-invasive tumor located 

well away from the ureteral orifices that is amenable to partial cystectomy (ie, 1- to 2-cm of 

normal bladder around the lesion), and (4) a reasonable expectation that the residual 

postoperative bladder will have adequate capacity and compliance to ensure functionality. 

This limits candidates for partial cystectomy to approximately 5 to 10% of patients needing 

cystectomy.146,147 Finally, partial cystectomy entails a major surgical procedure and may 

compromise the reservoir capacity of the bladder, adversely affecting a patient's quality of 

life without offering a credible expectation of cure.

Similarly, radiation therapy has not been proven to be successful in curing patients of 

muscle-invasive UCB.114,148 Notwithstanding earlier reports that suggested some benefit, 

the majority of patients ultimately succumb even when radiation is combined with systemic 

chemotherapy.149-151 Moreover, concerns regarding quality of life issues overall with this 

approach may make this a less than optimal choice for patients of any age.152

c. Urinary diversion

Quality of life is an important consideration after radical cystectomy. The differences in 

body image and urinary, sexual, and social function after radical cystectomy are still 

unclear. Elderly patients are offered primarily an ileal conduit whereas ileal neobladder are 

usually reserved for younger and healthier patients.113,133,153 Sogani et al. found a non-

significant trend towards higher complications in 85 elderly patients with ileal neobladder 

compared to elderly patients with ileal conduit.154 Madersbacher et al. found that age is an 

important determinant for long-term reservoir capacity, nocturia, and continence status in 

patients with ileal neobladder.155 Similarly, Hautmann et al. found that continence status at 

5-year follow-up approached 100% in patients younger than 50 years versus 90% for those 

older than 60 years.156 One of the explanations for this difference may be the decreasing 

external urethral sphincter function with age.156 Another hypothesis could be that the 

increased leakage with advancing age is due to the decreased vigilance of aging patients 

towards this issue, thereby further impairing urethral sensitivity and resulting in an increase 
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in incontinence.157 Similarly, age is the best predictor of recovery of erectile function after 

radical cystectomy.158

The presence of an advanced cancer can itself be deleterious to the host through its effect on 

the fundamental nutritional status and immunologic response mechanisms that may be 

integral in an effective recovery both short term and long term. In addition, the lengthy time 

for surgery and of general anesthesia produces an exposure to medications that may not only 

alter cognition, which is likely to be decreased with compromised recoverability in the 

elderly, but may also affect metabolic processes of each organ system through effects on 

blood pressure, respiratory function, cardiac function, and bowel function. Despite careful 

preoperative assessment and efforts to support and optimize the function of organ systems 

before surgery is undertaken, and meticulous and comprehensive intra-operative and 

postoperative monitoring and support maneuvers for each organ system to enhance recovery 

and healing, the lengthy and exhaustive challenges that surgery and anesthesia entail, 

together with the changes in metabolism and compromised nutrition from the catabolism 

associated with the cancer and from decreased anabolism created by decreased caloric and 

protein intake pre- and post-operatively, create a significant stress for any patient, and 

particularly for elderly patients.

VI. Age and chemotherapy

Adding to the complexity and risk for older individuals is the peri-operative use of systemic 

chemotherapy Although peri-operative chemotherapy improves cancer-specific survival in 

patients with muscle-invasive UCB,115-121 it can also have a general deleterious effect on 

various organ systems with potential side effects that delay surgery and from which an older 

patient may not fully recover. The various systemic agents used may compromise the 

immune system and its ability to respond to infection, and the cardiac, renal, hepatic and 

pulmonary function in their ability to respond to various physiologic challenges intra-

operatively and in the postoperative recovery period. Furthermore, any pre-existing 

compromise to these systems through co-morbid conditions or through the physiologic 

deterioration that has occurred with aging may limit the application of full-dose treatment, 

thereby limiting the putative benefit offered by chemotherapy administered in conjunction 

with surgical treatment.

Ongoing treatment for co-morbid conditions such as diabetes, pulmonary disease, and heart 

disease may also result in various drug interactions when chemotherapy is introduced. 

Chronic diseases, such as renal or liver disease, may alter the pharmacokinetics and 

pharmacodynamics of chemotherapeutic agents (see “physiologic changes that occur with 

aging” section). These changes, as well as alterations in drug absorption, distribution, 

metabolism, and excretion, may result in greater exposure to toxicities among older cancer 

patients.159,160 Consequently, older adults may be less likely to receive optimal doses of 

chemotherapy compared with younger patients because of toxicities and 

complications.92,161,162 Treatment trials seldom adjust for individual and/or multi-organ co-

morbid conditions.160,163,164
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Additional problems may occur when side effects or complications of treatment are 

encountered. First, the pattern, severity, and management response of older adults to the 

toxic and adverse effects of treatment have not been well documented. Second, identifying 

how age influences symptom severity endpoints is essential. Third, even one complication in 

the elderly can be devastating. This can significantly prolong hospitalization and can 

influence the likelihood that additional complications may occur. Fourth, each may further 

compromise the physiologic reserve of an organ system affected directly by the 

complication or by the treatment itself. Notwithstanding all of these considerations, many 

have indicated the feasibility of performing radical surgery and administering systemic 

chemotherapy in older patients and have reported that many patients actually do quite well 

when selected on the basis of their performance status with good medical control of any co-

morbid conditions.

Cisplatin-based chemotherapy, the most effective chemotherapy of UCB, is associated with 

various toxicities such as nephrotoxicity, ototoxicity, neurotoxicity, and vascular toxicity 

(i.e., cardiovascular, cerebrovascular, thrombotic microangiopathy, and Raynaud's 

phenomenon).165 The probability of these toxicities is increased by an age-related decline in 

renal function leading to higher half-life of the toxic metabolites of chemotherapeutic 

regimens. Indeed, Dash et al. found that impaired renal function made >40% of patients 

aged >70 years ineligible for cisplatin-based chemotherapy.166

Therefore, non-cisplatin-based chemotherapy regimens have become an attractive 

alternative for elderly patients with advanced UCB, despite their apparently inferior 

efficacy. Castagneto et al. assessed the efficacy of gemcitabine mono-chemotherapy in 23 

unselected elderly with advanced UCB (median age 76 years; range 71-87).167 At the end of 

the therapy, the Comprehensive Geriatric Assessment parameters improved in four cases 

(17%), remained unchanged in 17 cases (74%) and worsened in two cases (9%). The overall 

response rate was 45.5% (95% CI 24.3-65.7), median overall survival was 8 months, and 

median time to progression was 5 months. Treatment was generally well tolerated, with one 

patient having grade 3 gastrointestinal toxicity and three having grade 4 neutropenia. The 

authors concluded that gemcitabine mono-chemotherapy was safe and effective, and did not 

worsen the functional status of elderly patients.

In another study, Bamias et al. evaluated the safety and efficacy of first-line gemcitabine/

carboplatin in 34 patients aged >70 years with advanced UCB who were not candidates for 

cisplatin-based chemotherapy (ECOG performance status ≥2, creatinine clearance <50 

ml/min or co-morbidities precluding cisplatin administration).168 Response rate was 24% 

(95%CI 11-41); median progression-free survival was 4.4 months (95% CI 1.03-7.75) and 

median overall survival was 9.8 months (95% CI 4.7-14.9). Patients with no activities of 

daily living (ADL) or instrumental ADL dependency and no co-morbidities or those with 

instrumental ADL dependency or one-to-two co-morbidities did better than elderly patients 

with ADL dependency or more than two co-morbidities.

Careful assessment of co-morbid conditions169 and organ function and physiologic reserve 

and how these factors may lead to suboptimal treatment dosing among older patients warrant 

further research. Among older cancer patients, losses in physical function and disability are 
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associated with losses of functional reserve, which, in the presence of chemotherapy, 

increase the likelihood that these patients will experience toxic side effects.45,160 However, 

studies are needed to define the tolerance and response to treatment among older patients 

with various levels of disability, describe how these treatments impact patients' functional 

reserves and define their ability to recover reasonable levels of functioning after the end of 

treatment. Finally, the interplays between adequate treatment, organ function, and dose 

delays, reductions, and stoppages need to be assessed carefully. Such information can help 

estimate life expectancy and treatment tolerance and ultimately establish a common 

classification of physical function that may be useful in planning care for older individuals.

It is important to weigh the risks associated with surgery and chemotherapy and the benefits 

that these can provide in the context of an individual's life expectancy and how these may be 

influenced by the efficacy of surgery and other treatments on the cancer and the effects of 

the treatments themselves on the host's fundamental physiologic status, longevity and 

quality of life. At least 50% of patients who undergo radical cystectomy for muscle-invasive 

UCB are likely to have occult metastases which will be clinically expressed in the majority 

of patients within two years of diagnosis.113-121 Unless there is also a palliative intent in 

performing cystectomy, surgery will by definition not be effective in those who already have 

metastases but in whom we were unable to detect this situation. Added to this are issues 

involving quality of life in these patients. Both systemic chemotherapy and radical surgery 

can significantly compromise quality of life early in their overall course in harboring a 

cancer, the time when a patient's quality of life is most important to them. Quality of life can 

be further compromised by the complications that may occur with either systemic 

chemotherapy or surgery, both of which may compromise the patient's survival even though 

this effect is difficult to quantify.

Ultimately, distinctions need to be made between providing palliative therapy, particularly 

when the likelihood of curative therapy is remote, and when the risks, side effects, and 

potential complications far outweigh the potential benefits that radical surgery and systemic 

chemotherapy may offer. A palliative approach is not necessarily bad. Individuals are left 

with a decent quality of life early on. It is only towards the end when their cancer has 

expressed its metastatic potential that they are likely to suffer the problems associated with 

metastatic disease and their mortality. In this setting, a patient's “upfront” time may manifest 

a good quality of life, and such patients may have been made more comfortable in fulfilling 

their life expectancy with an improved life quality.

In summary, further investigations of non-cisplatin chemotherapy regimens are necessary in 

the perioperative and metastatic setting for elderly patients. In addition further evaluation of 

non-cisplatin and cisplatin-based multimodal therapy are necessary before widespread use of 

current bladder preservation protocols can be recommended. In this context, geriatric 

assessment tools need to be integrated in the research and clinical management of the elderly 

to allow assessment of longitudinal changes in functional status and improve outcome 

prediction. Finally, more clinical trials evaluating novel agents in the elderly with advanced 

UCB are necessary.
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VII. Conclusions

Data on aging and increased life expectancy underscore the need for greater attention to the 

development of cancer in the elderly. The influence and expansion of interest in the 

concomitant age-associated illness burden of older persons diagnosed with UCB is essential. 

Urologists and medical oncologists must deal with the concurrent health problems of aged 

individuals in medical practice, as cancer occurs frequently in the presence of one or more 

other chronic diseases or health problems. These chronic diseases and conditions can 

increase the risk for adverse effects from various treatment interventions. Thus, a priority 

area in UCB management is the integration of concurrent conditions in decision-making 

regarding early detection, diagnosis, and treatment.

The incidence of bladder cancer increases as individuals age. The type of UCB (low risk 

versus high risk disease) that is likely to develop has no likely relationship to the age of the 

patient, to their genetic vulnerabilities or physiologic capabilities, or to the carcinogens to 

which they may have been exposed.

Evidence from this review suggests that chronological age alone is an inadequate indicator 

in determining the clinical and behavioral response of older patients to UCB and its 

treatment. Each age cohort brings a wide range of co-morbid conditions, depressive affects, 

physical, social, and cognitive limitations and other indicators of frailty and associated 

indications of organ decrements and geriatric syndromes. It is important to understand how 

variations in each of these indicators accompany and successively change in older patient 

cohorts.

The majority of cases of the elderly with UCB are not life threatening. Their treatment is 

easily tolerated. On the other hand, the diatheses of UCB that present as or progress to 

advanced disease require more invasive treatments are the types of cancer that create 

significant problems for older individuals; not only from the cancers themselves but from 

the treatments that may be required or selected.

Considerations of the physiology of various organ systems and the physiologic reserve of 

these organ systems need to be carefully evaluated in determining the optimum therapy that 

can be applied in treating UCB patients without further compromising their quality of life 

and longevity.

The critical factor for the success of treatment for muscle-invasive UCB in the elderly is 

patient selection. Elderly patients when selected carefully appear to tolerate and respond 

well to cancer treatments.170 Although evidence is limited, older patients may derive benefit 

from peri-operative therapies.124 The treatment and management decisions for older cancer 

patients can therefore be guided by treatments for co-morbid conditions, organ function, 

frailty, and cognitive status. Therefore chronological age alone should not be viewed as a 

barrier to treatment.92

An awareness of the physiologic capabilities of each organ system and all co-morbidities in 

an individual patient are important in weighing the risks of various treatments vs. their 

potential but unpredictable benefits. Additionally, an understanding of how the physiologic 
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reserve of each organ system may be compromised such that aggressive treatments do not 

permit full recoverability of function is equally important to assess. Each of these need to be 

placed in the context of the life-expectancy of an individual patient and the quality of life 

they may have either with limited treatment of their cancer, but with better outcome overall.

It is obvious that much work remains to be done and that future research must strive to be 

trans-disciplinary, engaging and fostering collaborative efforts among researchers in the 

fields of urology, oncology, behavioral medicine, geriatrics, gerontology, and social 

medicine. We hope that this review will spur future UCB and aging research to help health 

care professionals provide better cancer-related care for aging and elderly patients with this 

disease.
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