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Cancer is the second leading cause of death after heart disease in the United States. Age is the single most important risk factor for developing cancer with ∼60% of all newly diagnosed malignant tumors and 70% of all cancer deaths occurring in persons 65 years or older. It has been estimated that by the year 2030, 20% of the US population (70 million people) will be older than age 65 years. The median age range for diagnosis for most major tumors is 68 to 74 years, and the median age range at death is 70 to 79 years.


One concerning issue is that the death rate is disproportionately higher for the elderly population. There are several reasons for this, including more aggressive biology, competing comorbid medical conditions, decreased physiologic reserve compromising the ability to tolerate therapy, physicians’ reluctance to provide aggressive therapy, and barriers in the elderly person’s access to care. Communication between health care providers and elderly patients may be hampered by deficits in hearing, vision, and cognition. The elderly patient with cancer often has an elderly caregiver, and the diagnosis of cancer often affects the health-related quality of life of both individuals. All of these challenges contribute to defining “geriatric-oncology” as a true subspecialty, and this issue of the Clinics in Geriatric Medicine aims to address some specific and special scenarios with respect to our senior patients with cancer.


The past two decades have led to significant discoveries in cancer therapeutics, and the advent of monoclonal antibodies, tyrosine kinase inhibitors, and other targeted agents has led to increased numbers of elderly patients receiving therapy. Sixty-one percent of cancer survivors are senior adults, and a large number of these patients may follow-up with their geriatricians and oncologists. Geriatric cancer research is much needed, and better clinical trial data are needed to guide the care of this patient population. Historically, older patients with cancer were excluded from or underrepresented in clinical trials. More recent estimates suggest that approximately 30% of accruals to all phase II and III cancer cooperative group trials are patients 65 years or older. Oncologists are less likely to offer trial participation to older patients—yet when offered, older patients are as likely to participate as younger patients.


We have gathered a number of well-recognized specialists within the geriatric-oncology community to educate the reader about the various challenges that they may face in clinic while caring for this unique patient population. Why are older patients more prone to developing cancer; how and when to screen these patients is important, and when to stop screening is perhaps even more important. How to optimize therapy in older patients with cancer by identifying geriatric syndromes and risk factors for toxicity by utilizing comprehensive geriatric assessment is a well-studied area in the field. We have attempted to cover the most common tumor types in both men and women, prostate and breast cancers, respectively. In addition, several acute and chronic hematologic malignancies, and the long-term toxicities and sequelae from cancer therapy, are covered. We discuss the importance of supportive and palliative care during the entire trajectory of care for the elderly patient with cancer. Finally, the elephant in the room: “the cost of cancer care” and several ideas on models of care for this patient population are also covered. We hope that the readers will be empowered with a better understanding of the care of this special patient population, be able to identify geriatric syndromes in patients and survivors, and work as a team with oncology professionals to ultimately improve the survival and enrich the quality of life of our senior adult patients with cancer.












Erratum


In the November 2015 issue of Clinics in Geriatric Medicine (Volume 31, Number 4), the author disclosures were inadvertently omitted from the article, “Late-Onset Hypogonadism and Testosterone Replacement in Older Men.” Dr. Rajib K. Bhattacharya, corresponding author, is a speaker for AbbVie Pharmaceuticals and Endo Pharmaceuticals.
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Cancer is a disease of aging as older adults are much more likely to develop cancer compared with their younger counterparts. Understanding the biology of cancer and aging remains complex, and numerous theories regarding the relationship between the two have been proposed. Cancer treatment decisions in older patients are particularly challenging, because the evidence is scarce and the risk of toxicity increases with age. Determination of biologic age is essential due to heterogeneity of functional status, comorbidity, and physiologic reserves between patients of the same chronologic age.
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Key points




• The biology of cancer and aging remains complex and is likely intertwined through multiple molecular, cellular, and physiologic interactions.


• Geriatric assessment can identify areas of vulnerability in older adults and be used to predict potential treatment toxicity and overall survival among elderly patients with cancer.


• Biomarkers of functional aging along with geriatric assessment may help facilitate personalized treatment decisions among older adults with cancer, through weighing the risks and benefits of cancer treatment in the setting of overall life expectancy and health status.







Introduction


Cancer is a disease of aging as older adults are much more likely to develop cancer compared with their younger counterparts. In the United States, approximately 60% of all cancer diagnoses and 70% of cancer-related mortalities occur in patients 65 years or older.1 As the population continues to age, an estimated 70% of all cancer diagnoses will occur in patients over the age of 65 by the year 2030.2 Understanding the biology of cancer and aging remains complex, and numerous theories regarding the relationship between the 2 have been proposed. Furthermore, treatment decisions regarding older adults with cancer are often difficult due to limited evidence on which to base treatment decisions given the poor representation of this patient population in cancer clinical trials.3 In this article, the topic of cancer and aging in terms of general principles, biology, and the role of geriatric assessment in older adults with cancer is discussed.



General principles


Chronologic age has been identified as a risk factor for numerous malignancies.4 However, chronologic age alone is not reliable in predicting overall life expectancy, physical function, or the ability to tolerate treatment in older adults with cancer.5 Rather, aging is a heterogeneous process in regards to individual changes in physiologic status, comorbidities, and cancer biology. In fact, for certain malignancies, the tumor biology and its response to treatment are integrally related to age.6


In treating older adults with cancer, chronologic age alone should not exclude patients from the use of therapies that could prolong survival.7,8 However, the benefit of treatment in terms of prolonging survival must be weighed against potential treatment toxicities and the overall impact on quality of life. Although large randomized clinical trial data for the treatment of older adults with various malignancies are limited, some studies have shown that older patients with good performance status are often able to tolerate and benefit from the same therapies compared with younger patients.9–11 Nevertheless, individualization of treatments for older adults with cancer requires more data beyond just chronologic age.12 Use of tools to predict life expectancy,13,14 establishment of objective biomarkers to predict functional age,12 and incorporation of geriatric assessment to identify older adults at risk for adverse outcomes and pinpoint interventions to decrease this risk are needed.15 These tools may ultimately help guide physicians in the shared decision-making process with older adults contemplating cancer treatment, thus facilitating and personalizing care for the older adult.



Biology of cancer and aging


A better understanding of the biology of aging may provide valuable clues to understanding cancer development. The term senescence is often synonymous with biologic aging and is characterized by a decrease in stress response, disruptions in homeostatic balance, and an increased risk of chronic illnesses such as cancer. At the cellular level, senescence is characterized by the cessation of replicative division within normal cells of the human body. The relationship between aging, cellular senescence, and cancer is complex, and numerous theories have been proposed to elucidate the relationship (Table 1).




Table 1


Theories on aging and potential impact on cancer










	Theories on Aging

	Description

	Aging Impact

	Cancer Impact









	Mutation accumulation

	Oxidative stress → free radicals → DNA and protein damage or alterations

	Increase

	Increase





	Antagonist pleiotropy

	Genes that promote reproduction and anti-cancer protection (ie, tumor suppressors) early in life result in aging later in life

	Increase

	Decrease





	Disposable soma (includes cellular senescence and role of telomeres)

	Maintenance of somatic cells become less important beyond reproductive years → accumulation of cellular damage

	Increase

	Increase





	Role of stem cells

	Stem cells decline in ability to proliferate and differentiate → DNA damage → activation of senescence or apoptosis

	Likely increase

	Likely increase





	Hyperfunction and role of metabolic pathways

	Overactivity of biosynthetic and metabolic pathways → hypertrophy and inflammation in tissue systems → cell failure and loss of homeostasis

	Increase

	Increase
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Theories on Aging and Potential Impact on Cancer


Mutation accumulation



One of the early theories of aging focused on the accumulation of mutations throughout a lifetime. In this theory, mutations that are not affected by natural selection early in life tend to accumulate and ultimately result in aging.16 Building on this concept, Denham Harman17 proposed the free radical theory initially in 1954. Through various oxidative stress reactions occurring within organisms, free radicals are generated that lead to damaging effects in DNA and proteins, thereby contributing to aging and potential carcinogenesis. Furthermore, scientists have also reported that changes in the composition of chromatin such as general hypomethylation,18 hypermethylation of CpG islands, and accumulation of heterochromatin are associated with an aging phenotype as well. The DNA damage response is essential to the maintenance of the human genome and epigenome. For severe damage, programmed cell death or cell-cycle arrest occurs, allowing for potential anti-cancer protection. However, the cost of this response could be a further depletion of stem-cell reserves, which may promote an aging phenotype. Furthermore, DNA and chromatin repair in itself can be error prone, leading to the accumulation of additional mutations. Interestingly, many syndromes that have defective DNA damage response are associated with premature aging and an increased risk of cancer.19 Overall, the theories of mutation accumulation suggest that aging and cancer are driven by the same increased burden of mutations resulting in cellular degeneration.



The antagonist pleiotropy


In addition to mutation accumulation, the antagonist pleiotropy theory by George Williams20 was also initially developed in the 1950s. In relation to aging, antagonist pleiotropy refers to the concept that a gene may cause both increased reproduction early in life followed by aging later in life. For instance, tumor suppressors such as p16 regulate apoptosis and cellular senescence leading to potential cancer protection. Although mutations of p16 have been found to promote carcinogenesis,21 upregulated expression of p16 has also been reported to be associated with age in many tissues.22–24 Interestingly, data on patients with breast cancer who received adjuvant chemotherapy showed a near doubling of p16 expression in peripheral T cells consistent with a comparable increase of 14.7 years of chronologic aging.25 Overall, tumor suppressors such as p16 support the theory of antagonist pleiotropy by providing an example of reproductive advantage through initial cancer protection at the overall cost of potential tissue aging.



Disposable soma theory


The third major historic theory on aging involves the concept of disposable soma. In 1977, Thomas Kirkwood proposed this theory wherein a finite amount of energy exists that must be divided between reproduction (germ cells) and maintenance (somatic cells) of an organism.26 This theory is fundamentally based on time because the greatest amount of energy is dedicated to reproduction during the early reproductive years in order to maximize an evolutionary selective advantage. Aging was therefore thought to be the result of accumulation of damage over time as maintenance of somatic cells became less important beyond the initial reproductive years.


Both replicative and cellular senescence further support the theory of disposable soma with regards to aging. Replicative senescence specifically refers to the systemic arrest of human primary cell lines after several specific cell divisions.27 However, replicative senescence is only a part of the component for overall cellular senescence because pathways involved with tumor suppressors, lysosomal activity, and chromatin remodeling have been described as well.26 Furthermore, as cells enter senescence, the secretion of numerous proinflammatory cytokines, growth factors, and proteases through the process of senescence-associated secretory phenotype (SASP) have been described.28 The release of cytokines, such as interleukin (IL) -6, IL-8, and additional proteins responsible for inflammation by senescent cells and the SASP, has been hypothesized to contribute to both aging and many age-related diseases, including cancer. For example, age-related breast changes, pulmonary artery hypertrophy, and premature skin aging have all been described as a potential consequence of senescent cell accumulation and the release of multiple factors during the SASP process to the surrounding tissues.28 In addition, many SASP released factors, such as stromelysin, vascular endothelial growth factor, and amphiregulin, appear to have the ability to stimulate tumor growth in mouse xenograft studies.29,30 Furthermore, the secretion of IL-6 and IL-8 by senescent fibroblasts in culture has been specifically shown to induce epithelial-to-mesenchymal transition, which is a crucial step in the development of metastatic cancer.31 Overall, as senescent cells accumulate with age, the SASP could be creating a potential tissue microenvironment suitable for the development or progression of many chronic diseases such as cancer.


The discovery of telomeres and telomerase also provides additional molecular support for the disposable soma theory. Telomeres are repetitive nucleotide sequences located at the ends of linear chromosomes. Normal telomere length and function have been found to be crucial for many cell processes, such as stem-cell renewal and tissue development. However, with each cell replication and division process, there is incomplete replication of the ends of chromosomes at the location of telomeres. This incomplete replication results in telomere shortening over time, and once a critical threshold telomere length is reached, replicative senescence or apoptotic events are triggered.32,33 Telomere shortening can be compensated for by telomerase, a reverse transcriptase enzyme responsible for synthesis of telomeres. However, for most cells in the human body, telomerase expression is halted beginning in embryogenesis, thereby creating a molecular clock whereby each additional replication leads ultimately to senescence and aging.


Although telomere erosion appears to play a crucial role in replicative senescence leading to aging, it may also contribute to both cancer development and prevention. In mice, eroded telomeres have been shown to limit cancer formation by triggering senescence.34,35 However, other studies suggest that telomere shortening may lead to genomic instability and chromosome loss, leading to the process of tumor development.36 For example, shortened telomeres have been seen in a variety of cancers, including pancreatic, prostate, bladder, kidney, lung, and bone tumors. Patients with the shortest versus longest telomeres have been shown to have an increased risk of cancer development.37,38 Furthermore, telomerase, the enzyme that promotes telomere repair, has been reported to be activated in up to 80% of tumors.39 Therefore, the relationship of telomeres to cancer development and prevention is complex and is likely dependent on both the specific cell types involved and the overall genomic context.40,41



Stem cells, aging, and cancer


In addition to somatic cells, stem cells are also likely to have a significant impact on both aging and cancer. Stem cells are characterized by their capability of self-renewal. With aging, stem cells decline in their ability to proliferate and differentiate.26 Intrinsically, DNA damage tends to accumulate in an age-dependent manner in stem cells of different organs.42–44 However, the overall effect of accumulated DNA damage in stem cells on tissue aging and cancer is not fully understood. DNA damage in stem cells has been shown to trigger pathways leading to the activation of tumor suppressors such as p16 or p53,45–47 resulting in senescence or apoptosis; this suggests that the functional decline in stem cells could be due to the result of cancer suppression and supports the antagonist pleiotropy theory as described above. However, studies in mice have also demonstrated the opposite, whereby increases in the gene dose of numerous tumor suppressors resulted in both improved cancer suppression and overall longevity.48 In addition, extrinsic mechanisms may also contribute to cancer development during the aging process of stem cells. As DNA damage accumulates with aging, there is a loss of proliferative competition49 from the decrease of undamaged stem cells. Therefore, overall selection of potential premalignant clones is increased.50 Furthermore, impaired immune clearance of senescent cells may also result in decreased tissue integrity and possibly contribute to cancer development.51,52



Hyperfunction theory and role of metabolic pathways


In the hyperfunction theory,53,54 aging is the result of overactivity through biosynthetic processes during adulthood, leading to hypertrophy and inflammation in multiple tissue systems and ultimately resulting in cell failure and loss of homeostasis. Furthermore, hyperfunction has been shown to increase the activity of DNA damage repair pathways despite a lack of accumulation of actual DNA damage.54 Metabolic pathways associated with hyperfunction are additional areas of research in the field of aging and its relationship to cancer development. For example, excess caloric intake is associated with the activation of insulin, insulin growth factor 1 (IGF-1), and a target of rapamycin pathways. Interestingly, controlled caloric restriction and suppression of overactivity in insulin and IGF-1 pathways in mice have been shown to be associated with a decrease in the rate of aging and delay of many chronic illnesses such as cancer.55,56 Therefore, reduction of the overactivity of certain metabolic pathways such as IGF-1 may ultimately result in protection against aging and development of cancer. Further research of metabolic pathways associated with longevity and identification of potential molecular targets57 is needed in order to provide better understanding of aging pathways and their roles in cancer development.





The role of age-related biomarkers in cancer


As the understanding for the biology of aging continues to grow, identification of potential aging biomarkers represents the next step in the development of personalized cancer care among older adults by more accurately characterizing a patient’s functional age. Several potential age-related biomarkers have been previously described in the literature12 and are highlighted in this section for their potential use during the treatment of older adults with cancer (Table 2).




Table 2


Potential aging biomarkers for use in cancer










	Markers

	Advantages

	Challenges









	Chronic inflammation (CRP, IL-6, TNFα, IL-1RA)

	


1. Correlation with physical function and mortality


2. Ease of measurement from ELISA of serum or plasma





	Possible production by cancer itself resulting in interpretation difficulties





	Coagulation (D-dimer, sVCAM)

	


1. Correlation with physical function and mortality


2. Ease of measurement from ELISA of serum or plasma





	Possible production by cancer itself resulting in interpretation difficulties





	Telomere length

	


1. Correlation with physical function and mortality


2. Association with poor prognosis of various malignancies





	


1. Expertise laboratory equipment required for analysis


2. Genetic and environmental confounders influence length









	p16INK4a


	Strong association with aging from breast cancer studies

	Special expertise required for processing of T-lymphocyte RNA samples
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Abbreviations: ELISA, enzyme-linked immunosorbent assay; IL-1RA, interleukin-1 receptor antagonist; sVCAM, soluble vascular cell adhesion molecule; TNFα, tumor necrosis factor α.





Markers of chronic inflammation such as C-reactive protein (CRP) and IL-6 and markers of coagulation such as D-dimer have been found to be associated with physical function or frailty.12 Even after controlling for age, comorbidities, and physical function, these markers have the ability to predict functional decline and overall mortality.58–60 The potential advantage for the use of chronic inflammatory markers or markers of coagulation is the overall ease of measurement through enzyme-linked immunosorbent assays, which are widely commercially available. However, a direct mechanistic link between these inflammatory and coagulation markers and functional decline has not been clearly established. Furthermore, in patients with cancer, when the tumor has not been removed, these markers are often produced by the actual cancer itself, resulting in difficulties for accurate interpretation of correlation with overall functional age.61 Therefore, chronic inflammatory markers or markers of coagulation may have potentially better utility in the setting of early stage cancer when the tumors have been completely removed.


Cellular senescence appears to be associated with aging as previously described in the section on Theories on Aging. Therefore, markers associated with cellular senescence such as p16 and telomeres have also been explored as potential biomarkers for aging. Studies have shown that p16INK4a levels increase with age and also correlate with high expressions of IL-6.22,62,63 Although p16INK4a levels require special expertise to process due to the requirement of performing quantitative real-time polymerase chain reaction on T-lymphocyte RNA,64 it does have tremendous promise as a biomarker for aging in patients with cancer because its expression has been reported to increase in women undergoing chemotherapy for breast cancer.65 The role of p16 levels is currently being evaluated in the geriatric oncology population as part of an ongoing clinical trial (NCT00849758).


Similar to p16, telomere length has been shown to correlate with age, functional status, and mortality.66,67 In addition, shorter telomere length is associated with poorer prognosis in patients with soft tissue sarcomas, or colorectal, breast, or lung cancers.64 Telomere length can be measured with routine blood draws but requires sophisticated laboratory methods for analysis.68,69 Furthermore, several caveats need to be considered. First, the assumption is that the telomere length found in peripheral blood leukocytes is equivalent to telomere length in other tissues; however, this may not be the case. In addition, several processes can impact telomere length, including genetic processes, environmental exposure, and dietary intake.69 However, similar to markers of inflammation such as CRP and IL-6, establishing a correlation between telomere length and functional status alone may be enough to provide insights to help treatment decisions in older adults with cancer. Interestingly, dysfunctional telomeres could also be a potential aging biomarker as early laboratory studies have shown its ability to not only distinguish between old and young adults but also differentiate healthy older adults from those with multiple chronic illnesses.70


In addition to markers of chronic inflammation, coagulation, and cellular senescence, less well-defined age-related biomarkers with associations with physical function such as oxidative stress, lymphopenia, genes associated with longevity, and single nucleotide polymorphisms may prove to be predictors of oncology outcomes in an aging population.12 Ultimately, a collection of potential aging biomarkers as part of ongoing clinical trials in older adults with cancer will be needed in order to elucidate their potential utility in predicting endpoints, such as treatment tolerance, quality of life, and survival of older adults with cancer.



Geriatric assessment in older patients with cancer


Cancer in older patients occurs in the background of physiologic decline. The geriatric assessment is a tool that can be used to assess the whole spectrum of health issues and functional status in older adults with cancer. It consists of validated measurements of functional status, comorbidity (including medications taken), nutrition, cognition, social support, and psychological state.15 Currently, the International Society for Geriatric Oncology as well as the National Comprehensive Cancer Network guidelines recommend performing a geriatric assessment in all older patients with cancer.15,71 Previous studies have shown that performing a geriatric assessment is feasible in daily clinical practice and in the research setting.72–74 The main applications of geriatric assessment are summarized in Table 3.




Table 3


Applications of the geriatric assessment in older adults with cancer










	Application

	Examples









	Predict treatment toxicity

	


• CRASH score: developed in a prospective cohort of older adults with cancer starting chemotherapy. The score predicts hematological and nonhematological toxicity in older adults with cancer


• Chemotherapy prediction tool of CARG: developed in a cohort of older adults with cancer starting chemotherapy. The tool predicts severe (grade III and above) chemotherapy toxicity in older adults with cancer


• PACE Study: showed that a summary deficit score based on Geriatric Assessment variables can predict 30-day morbidity in older adults with cancer who were undergoing cancer surgery77









	Predict survival

	Geriatric assessment can predict survival in older adults with cancer and may aid in treatment decisions by weighing the risk of dying from cancer vs the risk of dying from other comorbid conditions78–81






	Identify areas of vulnerability

	Geriatric assessment can identify geriatric problems that are not picked up by routine history and physical examination, such as functional impairment, poor nutritional status, depression, cognitive impairment, and risk of falls74,83






	Assist in clinical decision-making

	20%–50% of treatment decisions are changed when a Geriatric Assessment is used73






	Inclusion in clinical trials

	


• Geriatric assessment can be used in clinical research because it can provide a more accurate descriptor of the study population86


• Geriatric assessment can be used in research as a predictor of toxicity to treatment


• Geriatric assessment can be used as a predictor of ability to complete treatment, and as a stratification factor that defines subgroups

















[image: Image]





Data from Refs.73,74,77–81,83,86








Applications of Geriatric Assessment in Older Patients with Cancer


Predict treatment toxicity



A geriatric assessment can identify older adults at risk for chemotherapy toxicity. Currently, there are 2 tools available that predict chemotherapy toxicity in older adults with cancer. The CRASH score (Chemotherapy Risk Assessment Scale for High-Age Patients) was developed in a prospective cohort of adults age 70 and older who were starting chemotherapy.75 It consists of 2 parts: first, a hematologic score, which included diastolic blood pressure, activities of daily living (ADL), lactate dehydrogenase level, and the toxicity of the chemotherapy regimen; and second, the nonhematologic score, which includes the Eastern Cooperative Oncology Group (ECOG) performance status, Mini Mental Status score, Mini Nutritional Assessment score, and the toxicity of the chemotherapy regimen.


In addition, the chemotherapy prediction tool of the Cancer and Aging Research Group (CARG) was developed in a prospective cohort of adults aged 65 years and older. This tool uses tumor and treatment variables (age, cancer type, chemotherapy dosing, number of chemotherapy drugs), laboratory values (hemoglobin level, creatinine clearance), as well as geriatric assessment variables (hearing, number of falls in previous 6 months, the need for assistance with taking medications, the ability to walk 1 block, and social activity). This score was compared with the ability of the Karnofsky Performance Status (KPS) to predict chemotherapy toxicity. It was shown that KPS is not predictive of toxicity of chemotherapy in older adults with cancer, whereas the prediction tool can discriminate the risk of chemotherapy toxicity in older adults with cancer.76


Furthermore, the Preoperative Assessment of Cancer in the Elderly (PACE) Study showed that a summary deficit score that was based on geriatric assessment was predictive of 30-day postoperative morbidity.77 Hence, the geriatric assessment may not only be useful in the chemotherapy setting but also in surgical decision-making.



Predict survival of older adults with cancer


A geriatric assessment can also be used to predict survival of older adults with cancer. A recent systematic review that included 51 publications from 37 studies showed that data gathered in a geriatric assessment can predict mortality in older patients with cancer.78 For example, a retrospective study that included patients with cancer aged 70 years and older showed that several domains of a comprehensive geriatric assessment are independent predictors of mortality (including ECOG performance status, geriatric depression scale, and the DETERMINE nutritional index).79 In addition, a study by Klepin and colleagues80 showed that geriatric assessment is predictive of overall survival in older patients with hematologic malignancies, specifically in patients with acute myelogenous leukemia.


A key part of cancer treatment decisions is to weigh the risk of dying from cancer versus another comorbid condition. For example, in cancer types that are not very aggressive (eg, prostate or hormone receptor positive breast cancer), the risk of dying from other comorbid conditions may exceed the risk of dying from cancer. On the other hand, in aggressive cancer types, such as acute myelogenous leukemia or diffuse large cell lymphoma, the cancer is likely going to be the disease that limits life expectancy, and the decisions will focus on the preferences for treatment and the specific treatments considered in light of the patient’s health status and other comorbid illnesses. Hence, it is important to consider the risk of competing mortality when deciding on whether to treat the cancer. There are several prediction tools that are currently used to estimate the risk of cancer mortality, of which Adjuvant! Online is the most well-known and widely used.81 However, Adjuvant! Online does not incorporate geriatric assessment measures and only a brief assessment of comorbidity is included. It was recently shown that Adjuvant! Online may not accurately predict breast cancer outcome in older patients because it overestimated 10-year overall survival by 10% in a large cohort of unselected older patients with breast cancer. In addition, 10-year cumulative recurrence was overestimated by 9%.82 Hence, new prediction tools that can predict cancer outcomes in older patients are needed that include geriatric assessment parameters in order to weigh the risk of cancer recurrence and mortality against the risk of other competing health conditions.



Identify areas of vulnerability


A geriatric assessment can identify areas of vulnerability beyond that commonly identified by routine history and physical examination. Furthermore, it adds substantial information even in patients with a good performance status (defined as an ECOG score <2).83 For example, among patients with an ECOG score of less than 2, it was shown that the geriatric assessment detected the need for functional assistance, as measured by ADL and IADL score, in 9% and 38% of patients, respectively.83 In addition, a large cohort study including 1967 older patients with cancer identified unknown geriatric problems that were not identified in routine history and physical examination in 51.2% of all patients (such as poor physical functioning [40.1%], poor nutritional status [37.6%], falls [30.5%], depression [27.2%], and cognitive impairment [19.0%]).74



Assist in clinical decision-making


A geriatric assessment could also be used to facilitate decisions in older patients with cancer. It has been reported that 20% to 50% of treatment decisions are influenced by geriatric assessment when it is performed.72–74 For example, the French ELPACA Study showed that the initial treatment plan was modified based on findings of a geriatric assessment in 20.8% of all patients.84



Inclusion in clinical trials to provide a more accurate descriptor of the study population


A geriatric assessment can be used in clinical research, because it provides a more extensive description of baseline characteristics of older patients included in clinical trials. It has been widely acknowledged that older patients are underrepresented in randomized clinical trials.85–87 In addition, it has been shown that older patients who are included in clinical trials are not representative of the general older population, because they tend to have better functional status, less comorbidity, and a higher socioeconomic status.88 Several research collaborative groups, such as the Alliance for Clinical Trials in Oncology and European Organisation for Research and Treatment of Cancer, advocate that studies in older patients with cancer should incorporate some form of geriatric assessment in their trial design.86 In addition, the geriatric assessment can be used in clinical research as a predictor of ability to complete treatment and as a stratification factor that defines subgroups.




Future Research Directions


The ultimate goal of a geriatric assessment is to guide rational interventions and facilitate treatment decision-making. For example, a geriatric assessment could be used to initiate interventions to improve general health status before cancer treatment commences. Studies are underway to identify how geriatric assessment–guided interventions can potentially improve treatment tolerance. For example, an ongoing randomized clinical trial by Mohile and colleagues assesses a geriatric assessment intervention for reducing chemotherapy toxicity in older patients with cancer (NCT02054741, NCT01915056). Furthermore, another recently published study compared 2 cohorts of older patients with cancer undergoing chemotherapy. The intervention group used a geriatric assessment to identify high-risk patients, who received geriatric interventions based on issues identified by geriatric assessment. It was shown that patients undergoing a geriatric assessment were more likely to complete cancer treatment and required less treatment modifications, although the overall toxicity rate was not significantly different.89


Last, a geriatric assessment could be used to guide cancer treatment based on the risk for treatment toxicity. For example, patients with a lower than average risk for treatment toxicity could receive a standard dose and schedule, whereas patients at higher risk for treatment toxicity could receive modified treatment, such as dose reducing the first cycle and subsequently increasing to the standard dosing if it well tolerated. Alternatively, novel treatments could be studied in those at high risk of treatment toxicity. Finally, studies should focus on the development of cutoff points that can be used to aid clinical decision-making.




Summary


As the US population continues to age, an increasing proportion of patients diagnosed with cancer will be over the age of 65. A better understanding of the aging process and its relationship to cancer is needed. Biomarker development to better assess the functional age of older patients with cancer is an active area of research. In addition, geriatric assessment plays an important role in determining physiologic reserves and capacity to tolerate treatment. Further research is needed to determine specific interventions that can decrease treatment toxicity as well as improve cancer and noncancer outcomes and quality of life after treatment.
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Cancer screening is an important tool for reducing morbidity and mortality in the elderly. In this article, performance characteristics of commonly used screening tests for colorectal, lung, prostate, breast, and cervical cancers are discussed. Guidelines are emphasized and key issues to consider in screening older adults are highlighted.
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Key points




• Screening is an important tool for reducing cancer-related morbidity and mortality in the elderly.


• Little direct evidence exists to inform decisions regarding cancer screening in older adults.


• The decision to screen for cancer in an elderly patient should take into account the patient’s functional status, personal preferences/goals, medical comorbidities, and life expectancy.







Introduction


Cancer is a devastating disease that exerts a significant impact on the public health of the United States. In 2015, an estimated 1,658,370 new cases of cancer will be diagnosed and approximately 589,430 people will die of the disease.1 Moreover, cancer disproportionately affects older adults, with a combined median age at diagnosis of 65 years for malignancies of all types. When stratified by age, the greatest percentage of cancer deaths occurs in people aged 75 to 84 years (27.4% of deaths caused by cancer of all sites combined). Although other articles in this issue focus on the evolving options for diagnosing and treating cancer in the elderly, early detection through screening remains a critical tool for reducing cancer-related morbidity and mortality in the elderly.


A brief review of the key characteristics of screening tests is worthwhile. Most fundamentally, the cancer or precancerous lesion that tests are designed to detect should have an asymptomatic preclinical phase in which intervention improves patient outcomes. Like any diagnostic test, the screening test should be highly sensitive (meaning that it is able to detect the disease when it is present with few false-negatives) and specific (meaning that there are few false-positives). However, unlike other diagnostic tests, screening tests are intended for performance on large numbers of otherwise asymptomatic, average-risk individuals with an ultimate goal of further risk stratification, not final diagnosis. As a result, identifying a small number of cases of cancer in a large population may, by necessity, expose those being screened to large numbers of false-positives. As a result, any screening test should have limited or acceptable side effects and costs.


In addition to considering the factors discussed earlier, specific issues arise in cancer screening in the elderly population. Significant heterogeneity in baseline health and functional status exists among older adults. Life expectancy varies based on level of frailty and number of medical comorbidities. Fig. 1 shows the upper, middle, and lower quartiles for life expectancy of US men and women based on age.2 Those in the upper quartile have fewer comorbid illnesses and higher functional status, whereas those in the lowest quartile have multiple medical comorbidities and functional impairment, which limits their life expectancy and makes it more likely that they would be harmed rather than helped by cancer screening. This idea is illustrated by the concept of time lag to benefit.3 The harms of a particular screening test may be immediate (eg, anxiety caused by a false-positive mammogram), whereas the benefits are not seen until years later. Benefits of screening come from identifying a cancer in an early, asymptomatic stage that can be treated before it causes symptoms and death years in the future. As an illustrative example, it takes an average of 4.8 years before 1 death from colorectal cancer is prevented per 5000 patients screened with fecal occult blood testing (FOBT) and 10.3 years before 1 death from colon cancer is prevented for every 1000 patients screened with FOBT. About 1 in 10 patients screened with FOBT has a false-positive result leading to anxiety and colonoscopy. Day and colleagues4 estimated that the composite adverse event rate for colonoscopy, including perforation, bleeding, or cardiopulmonary events, is 25.9 per 1000 patients screened after the age of 65 years. Therefore, the benefit of colorectal cancer screening does not outweigh the risk unless the patient has a life expectancy of greater than 10 years.


[image: image]
Fig. 1 Upper, middle, and lower quartiles for life expectancy for older women (A) and men (B). For example, 25% of women aged 85 years will live about 10 years, 50% will live 5 years, and 25% will live 3 years. Those in the upper quartile have few comorbid conditions and good functional status, whereas those in the lowest quartile have a high burden of comorbid disease and functional impairment. Those in the lowest quartile are generally not likely to benefit from cancer screening. (Data from Walter LC, Lewis CL, Barton MB. Screening for colorectal, breast, and cervical cancer in the elderly: a review of the evidence. Am J Med 2005;118(10):1079.)




This article describes the evidence (or lack thereof) for use of common cancer screening tests in older adults, including those for colorectal, prostate, lung, breast, and cervical cancers. Decisions regarding cancer screening in this population are complex and require shared decision making between patients and their health care providers. In short, any decision to screen or not to screen should take into account the individual patient’s preferences, medical comorbidities, life expectancy, and functional status.
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Chronic inflammation (CRP, IL-6, TNFa,, IL-IRA) | 1. Correlation with physical function and mortality

Possible production by cancer itself resulting in interpretation difficulties
2. Ease of measurement from ELISA of serum or plasma

Coagulation (D-dimer, sVCAM) 1. Correlation with physical function and mortality

Possible production by cancer itself resulting in interpretation difficulties
2. Ease of measurement from ELISA of serum or plasma

Telomere length 1. Correlation with physical function and mortality

1. Expertise laboratory equipment required for analysis
2. Association with poor prognosis of various malignancies

2. Genetic and environmental confounders influence length

pleNKia

Strong association with aging from breast cancer studies

Special expertise required for processing of Tlymphocyte RNA samples
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Predict treatment
toxicity

* CRASH score: developed in a prospective cohort of older adults with cancer starting chemotherapy. The score predicts hematological and nonhematological
toxicity in older adults with cancer

* Chemotherapy prediction tool of CARG: developed in a cohort of older adults with cancer starting chemotherapy. The tool predicts severe (grade Il and above)
chemotherapy toxicity in older adults with cancer

* PACE Study: showed that a summary deficit score based on Geriatric Assessment variables can predict 30-day morbidity in older adults with cancer who were
undergoing cancer surgery77

Predict survival

Geriatric assessment can predict survival in older adults with cancer and may aid in treatment decisions by weighing the risk of dying from cancer vs the risk of dying

from other comorbid conditions™*'

Identify areas of
vulnerability

Geriatric assessment can identify geriatric problems that are not picked up by routine history and physical examination, such as functional impairment, poor nutritional
status, depression, cognitive impairment, and risk of falls”***

Assist in clinical
decision-making

20%-50% of treatment decisions are changed when a Geriatric Assessment is used’*

Inclusion in clinical
trials

* Geriatric assessment can be used in clinical research because it can provide a more accurate descriptor of the study populations6
* Geriatric assessment can be used in research as a predictor of toxicity to treatment

* Geriatric assessment can be sed as a predictor of ability to complete treatment, and as a stratification factor that defines subgroups
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