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We are experiencing an unprecedented growth in the number of older adults diagnosed with,
and surviving from, cancer. By 2030, 70% of patients with cancer will be 65 years or older,
and cancer incidence in this group will have increased nearly 70% from 2010 to 2030.1 It

is estimated that there are currently 17 million cancer survivors alive in the United States
and 64% are 65 years or older.2 By 2040, it is expected that the number of cancer survivors
will grow to 26 million reflecting 73% of those 65 years and older and almost 50% of those
over 75. Despite this substantial growth in the number of older cancer survivors, the impact
of cancer and its treatment on older adults’ health, functional status, and underlying aging
processes is not well understood.

In this issue of the Journal of the American Geriatrics Society, Siddique, et al. present data
about the long-term impact of cancer on an individual’s physical function.® Siddique, et

al. evaluated the trajectory of functional status using three clinical measures (grip strength
measured using a hydraulic handheld dynamometer, gait speed measured twice over a 6-m
course, and Health, Aging, and Body Composition physical performance battery) over time.
They compared these observations in subjects with and without a history of cancer. The
authors found that cancer history was associated with 1.4-fold greater odds of a weak

grip strength, and that the combination of older age (>65 years) and cancer history was
associated with a 1.6-fold greater odds of slow gait speed and 0.11-unit lower physical
performance than in younger (<65 years) cancer-free adults. Additionally, older individuals
with history of cancer experienced steeper declines in grip strength and gait speed compared
to cancer-free older adults. The authors concluded that the additive effect of cancer and
aging appear to accelerate the onset and progression of functional decline.

While this study raises as many questions as it answers, it is one of the first glimpses into
the impact of cancer on the aging trajectories in older adults. Even though older adults
represent most individuals with cancer, they are severely underrepresented in clinical trials
and research. Hence, most evidence that sets the standard of care for oncology treatment
and survivorship is derived from studies of younger individuals. Only 5% of NIH-funded
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survivorship research specifically focuses on older adults.> Additionally, cancer clinical
trials to date primarily report oncological outcomes, such as overall survival and disease-free
survival. However, health outcomes salient to the older adult population, including the
impact of treatment on age-related comorbidities, function, and cognition, are lacking.
Moreover, patients in cancer trials are typically not followed into their survivorship years
when the long-term side effects of cancer therapy may become apparent. Hence, the ability
to advance knowledge of the long-term effects of cancer on aging trajectories has been
constrained. We applaud Siddiqui, et al. for taking advantage of a robust epidemiologic
database with rich longitudinal data to compare the aging trajectories in survivors of adult-
onset cancers with natural aging among cancer-free peers of the same age.

The research by Siddiqui, ef a/. highlights the interaction between cancer and aging. Aging
is the leading risk factor for the development of cancer, yet how cancer and its treatment
impact aging has received little attention. This is important because cancer survivors are
living longer due to remarkable advances in early detection, treatment, and supportive care.
Indeed, nearly 70% of cancer survivors will be alive 5 years or more from diagnosis and
18% will survive at least 20 years or longer.6 Yet with this great step forward, a significant
problem has emerged - treatments that cure or control cancer can adversely accelerate the
rate of fundamental aging processes in cancer survivors, manifesting as earlier onset and
higher incidence of chronic health conditions compared to the general population.’~10

Emerging evidence suggests that these cancer survivors are at risk for accelerated or
premature aging. Nearly two thirds of the 19 million cancer survivors today have at least one
additional chronic health condition.1! Some of these conditions predate the cancer diagnosis
(older cancer survivors may already have preexisting comorbidities), but are likely to be
exacerbated by cancer and its treatment. Other conditions are new, or occur as a direct result
of cancer and exposure to cancer treatment. Either way, persons with cancer or who have
survived cancer are at risk for early onset of physiologic frailty, a phenotype characterized
by reduced physiologic reserve and an accumulation of deficits, a sign of accelerated aging.

Most of the existing evidence for an accelerated aging state in cancer survivors comes

from the pediatric literature. Numerous studies have shown that survivors of childhood
cancers are more predisposed to the development of frailty2 as well as chronic health
conditions such as cardiovascular disease!® and second cancers.1* At a median age of only
33 years (range 18-50), 8% of survivors of childhood cancers are frail, an additional 22%
are pre-frail, rates seen in older adults.12 By age 50, a survivor of childhood cancers, on
average, experiences >4 severe or life-threatening chronic conditions. These findings suggest
that cancer and/or interventions to treat cancers increase risk for subsequent development of
geriatric syndromes and multimorbidity, suggesting an accelerated aging state.”: 8

There is a smaller yet growing body of literature pointing towards similar findings in

the geriatric population. Unlike children and young adults, older adults diagnosed with
cancer usually carry a high burden of comorbid health conditions at diagnosis, making it a
challenge to disentangle the contributions of aging and cancer as well as its treatment on
posttreatment health-related outcomes. However, several studies, like the one in this issue
by Siddiqui, et al., have shown that survivors of adult-onset cancers have a higher burden of
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frailty,1> mobility limitations,16 comorbid conditions,1” and fatigue,® as well as greater risk
of physicall® and cognitive impairment,20 compared to cancer-free, age-matched controls.

Understanding the biologic mechanisms driving the accelerated aging state in cancer
survivors may point to targeted interventions to disrupt these processes. The emergence of
accelerated aging phenotypes could be due, in part to the impact of cytotoxic and genotoxic
treatments on normal cells.® 21 Chemotherapeutic agents and radiation directly impact
fundamental aging mechanisms (ée.g., cellular senescence, inflammation, macromolecular/
organelle dysfunction, stem cell and progenitor dysfunction) [Figure 1]. For example,
chemotherapeutic agents and radiation induce cellular senescence, a cell state in which

cells undergo growth arrest.21-26 Therapy-induced senescence (TIS) in tumor cells halts
cancer growth. TIS in normal cells disrupts normal tissue. Senescent cells can secrete
proinflammatory factors, collectively termed the senescence-associated secretory phenotype
(SASP), which induce formation of other senescent cells and cause surrounding tissue
damage. Senescence is linked to aging and frailty; common cellular stresses yield senescent
cells that accumulate in various tissues over time and contribute to age-related tissue
dysfunction. Transplantation of a small number of senescent cells into young animals
induces frailty, and when these senescent cells are removed frailty is reversed.22 24
Treatments that reduce senescent cells are now being tested in clinical trials, including
adult survivors of childhood cancers (NCT04733534) and patients who have had bone
marrow transplantation (NCT02652052). However, apart from these bone marrow transplant
survivors, none to date are being tested in older cancer survivors that we are aware

of. Targeted reduction of cellular senescence with senolytic agents represents a critical
opportunity to ultimately reduce premature cellular aging and the risk for early-onset frailty
and chronic health conditions that commonly occur in cancer survivors.2’=30 Further work is
warranted to better understand accelerated aging-like states and understand the mechanisms
underlying them to develop alternative therapies (e.g., senolytics) and lifestyle interventions
(e.g., exercise and diet) to prevent late complications and improve the health and wellbeing
of cancer survivors.

As the number of cancer survivors is growing because of the ever-improving cancer
treatments, focus on treatment-induced accelerated aging has become even more imperative.
Oncologists, geriatricians, and primary care providers will be challenged to provide timely
and appropriate post-treatment care to a diverse population of older cancer survivors. The
work by Siddique, et a/. is an example of the type of research that is needed to fill gaps in
knowledge around the survivorship issues facing older adults with cancer. However, this is
just the beginning and many questions are yet to be fully answered. Studies on the pivotal
molecular pathways shared between cancer and aging are needed to discover novel targets
for future interventions that prevent, slow, or reverse the age-related toxicities of cancer and
its treatment.
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Figure 1. Cancer therapeutics directly impact fundamental aging mechanisms.

Cancer therapy is effective in inhibiting cancer progression but can induce accelerated
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or premature cellular aging in normal cells. Cancer therapy (e.g., chemotherapy) leads to
cancer cell death. Cancer therapy also causes damage to normal cells through many of the

same mechanisms that are thought to underlie the fundamental biological aging process
(e.g., cellular senescence). Senescent cells can secrete a collection of proinflammatory

factors collectively termed the senescence-associated secretory phenotype (SASP). SASP
factors drive tissue dysfunction and can contribute to many of short- and long-term cancer

treatment side effects, including cardiac dysfunction, fatigue, bone loss, and physical

decline. The accumulation and persistence of therapy-induced senescent cells can promote
the early onset of various age-related syndromes, chronic health conditions, and decreased

resilience, suggesting an accelerated aging state. Exercise, diet, and pharmacological
interventions (e.g., senotherapies) that can eliminate senescent cells or inhibit SASP
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production may alleviate these negative effects and represent novel strategies to prevent,
mitigate, or reverse the adverse aging process-related effects of cancer treatments.
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