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Abstract
While the benefits of exercise for managing cancer-and treatment-related side effects has been
shown among various populations of cancer survivors, a relative dearth of information exists
among older cancer patients.

Objectives—To determine the prevalence of exercise participation during and after primary
cancer treatment in older (≥65 years) and the oldest (≥80 years) cancer patients and to examine the
relationships between exercise, symptoms, and self-rated health (SRH).

Materials and Methods—408 newly diagnosed older cancer patients (mean age=73,
range=65-92) scheduled to receive chemotherapy and/or radiation therapy reported symptoms and
SRH prior to, during, and 6 months after treatment, and exercise participation during and
following treatment.

Results—Forty-six percent of older and 41% of the oldest patients reported exercising during
treatment. Sixty percent of older and 68% of the oldest patients reported exercising in the 6
months thereafter. Older patients who exercised during treatment reported less shortness of breath
and better SRH during treatment, and better SRH following treatment. The oldest patients who
exercised during treatment reported less memory loss and better SRH during treatment and less
fatigue and better SRH following treatment. The oldest patients who exercised following treatment
reported less fatigue, skin problems, and total symptom burden following treatment.

Conclusion—These data suggest a willingness of older cancer patients to attempt exercise
during and after treatment. Exercise during these times is associated with less severe symptoms;
further clinical research examining the efficacy of formal exercise interventions to reduce
symptoms and improve SRH in older cancer patients is needed.
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Introduction
Aging is associated with declines in physical (1-4) and psychological (3-4) function and
cancer treatments can further exacerbate these functional decrements. Younger cancer
patients often experience a transient decline in function, whereas older cancer patients may
never fully recover (5). These decrements in physiological and psychological function can
ultimately lead to reduced quality of life (6-7).

Older adults are at much greater risk of developing cancer than those who are younger. In
the United States, approximately 60% of new cancer diagnoses occur in those over 65 years
of age. By 2030, 70% of cancer patients will be elderly (8). Compared to older adults
without a history of cancer, older cancer survivors suffer from a greater incidence of frailty
and more limitations in activities of daily living (9), lower self-rated health (9), reduced
quality of life (10), and a greater prevalence of geriatric syndromes such as dementia,
depression, falls, incontinence, and osteoporosis (9). The severity of cancer-related fatigue,
another problem facing many cancer patients during and following treatment, is related to
the cancer and its treatment as well as age-related factors (11).

Regular physical activity reduces the risk of developing many chronic conditions, such as
coronary artery disease, hypertension , osteoporosis , type II diabetes , obesity, and chronic
obstructive pulmonary disease, while playing a role in the management of anxiety,
depression, dementia, and pain (12). The American College of Sports Medicine (ACSM)
recommends that older adults, even those with chronic medical conditions, participate in
regular aerobic exercise training (150-300 minutes per week) and resistance exercise
training (at least 2 days a week) (12). Evidence also supports the use of exercise for side-
effect and symptom management in cancer survivors (13-15). Among elders, especially
those who are frail, physical activity intervention programs have resulted in improved
muscular mass and strength (16), improved aerobic capacity (17), fall reduction (18-20),
improved perceived health status (21), and improved physical functioning (22).

Exercise is a promising behavioral intervention with the potential to mitigate multiple
symptoms and improve physical functioning in older cancer patients (23-27). However, it is
important to investigate the proportion of older cancer patients who participate in exercise
during and following treatment and to investigate the possible associations between exercise
and symptom severity in older cancer patients. The purpose of this paper is to describe the
proportion of older cancer patients both during and following treatment who report using
exercise and to describe the associations between exercise and symptom severity during
these time frames.

Materials and Methods
Study sample

Participants were newly-diagnosed cancer patients who were scheduled to receive chemo- or
radiation-therapy. Patients who participated in this investigation met the following criteria:
a) had a diagnosis of breast, gynecological, lung, hematologic, gastrointestinal,
genitourinary tract, or head and neck cancer, b) had not received chemotherapy or radiation
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therapy in the past, c) had an estimated life expectancy of 10 months or more, d) were 65
years of age or older, and e) were able to read and understand English.

Recruitment and Procedures
This is a secondary data analysis of a longitudinal study designed to assess the information
needs of cancer patients during and following chemotherapy and radiation therapy with
original results published by Hofman et al (28). Participants in this study were recruited
from 17 Community Clinical Oncology Program (CCOP) affiliates located throughout the
United States, all of which were members of the University of Rochester Cancer Center
(URCC) CCOP Research Base.

Data Collection
Participants were given a semi-structured clinical interview and a series of questionnaires at
three time points throughout the study. Data was collected in two parts, using a semi-
structured interview and self-report questionnaires. The semi-structured interview and self-
report questionnaires were used to obtain patient information and demographic information,
self-rated health, and symptom presence and severity. The semi-structured interview was
conducted by study coordinators on-site, used to develop a rapport with the participants and
to explain the rest of the study. The questionnaires were self-administered. They were
provided to the participants during the interview, completed at home, and mailed back in
preaddressed, stamped envelopes. Clinical diagnosis, Karnofsky performance status, and
date of birth were obtained from the patients’ medical records. Participants completed a
symptom inventory and reported self-rated health prior to beginning chemo- or radiation-
therapy, within the two weeks after completing these treatments, and six months thereafter.
Participants reported if they “used exercise since diagnosis” at each of the two later time
points.

Outcome Measures
Symptom presence and severity were assessed using the 12-item URCC Symptom
Inventory, adapted from a measure created at the M.D. Anderson Cancer Center (29).
Participants were asked to rate their symptom severity on an 11-point scale ranging from 0
(not present) to 10 (as bad as you can imagine). The 12 symptoms assessed included pain,
fatigue, nausea, sleep problems, feelings of depression, shortness of breath, memory loss,
weight loss, hair loss, difficulty concentrating, hot flashes, and skin problems. Total
symptom burden was calculated by summing the severity of all 12 symptoms. Prior to
treatment, patients reported their symptom severity during the previous five days. In the two
weeks following treatment, patients reported their symptom severity at its worst during
treatment. Six months after treatment, patients reported their symptom severity during the
previous five days.

General self-rated health was assessed using a single question, “In general, would you say
that your health is?” from which patients selected excellent, very good, good, fair or poor.
Self-rated health is related to mortality with those reporting poor self-rated health having
twice the mortality risk as those rating their health as excellent, even when adjusting for co-
morbidities and functional status (30). The use of exercise was assessed with a single
question, “Since your cancer diagnosis, have you used exercise” with possible answers
being “I HAVE used this” or “Did NOT use”. See Figure 1 for the study timeline and flow.

Plan of Analysis
Data analysis methods included descriptive statistics to characterize baseline characteristics
of the sample including age, race, marital status, gender, education, Karnofsky performance
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score, treatment type, and cancer diagnosis. In those who did and did not use exercise during
and following treatment, analysis of covariance (ANCOVAs) with baseline symptom
severity scores or self-rated health as the covariates were used to test for differences
between symptom severity and self-rated health, respectively. SPSS PASW version 18, JMP
and R were used for all statistical analyses.

Institutional Review Board Approval
The study was approved by the University of Rochester Research Subjects Review Board
and the Institutional Review Boards of the participating CCOPs. Written informed consent
was obtained prior to enrollment in the study.

Results
Sample Characteristics

A total of 408 patients 65 to 92 years of age provided evaluable information. Of those, 361
were between the ages of 65 and 79 and 47 were 80 years of age or older. The mean age of
patients in this study was 73 years. Males comprised just over half of the sample. A majority
of patients were white and married, had a Karnofsky performance status of 90 or greater and
had undergone surgery for their cancer prior to chemotherapy and/or radiation therapy. The
largest proportion of cancer diagnoses were breast and genitourinary. Patient characteristics
are presented in Table 1.

Exercise during Treatment
Patients reported their use of exercise during treatment at the follow-up time point which
was within two weeks after primary treatment completion with chemotherapy and/or
radiation therapy. Forty-six percent of patients 65 years of age and older reported using
exercise during radiation therapy and/or chemotherapy treatments. Similar proportions of
males (45%) and females (47%) reported exercising during treatment, and 50% of patients
undergoing chemotherapy, 48% undergoing radiation therapy, and 35% undergoing
chemotherapy and radiation therapy reported exercise use during treatment.

Forty percent of patients 80 years of age and older reported using exercise during radiation
therapy and/or chemotherapy treatments. A greater proportion of males (48%) than females
(29%) reported exercising during treatment and 30% of patients undergoing chemotherapy,
56% of patients undergoing radiation therapy, and 22% of patients undergoing
chemotherapy and radiation therapy reported exercising during treatment. There was not a
significant difference in the proportion of patients who exercised compared to those who did
not based on the type of treatment they received.

Exercise followingTreatment
Patients reported their use of exercise following treatment at the follow-up time point which
was 6 months after primary treatment completion. Patients could have been receiving
adjuvant treatments including hormone therapies or aromatase inhibitors during that 6 month
period following primary treatment. Of patients 65 years of age and older, 60% reported
using exercise following treatment, with 66% of females and 55% of males reporting
exercise following treatment. Fifteen percent of patients who did not exercise during
treatment began to exercise following treatment. Sixty-five percent of patients who had
received chemotherapy, 58% of patients who had received radiation therapy, and 59% of
patients who had received both chemotherapy and radiation therapy exercised following
treatment.
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Of patients 80 and older, 68% reported using exercise following radiation therapy and/or
chemotherapy. Only 7% of patients who did not exercise during treatment reported
exercising following treatment. More females (75%) than males (65%) reported exercising
following treatment, and 63% of patients who had completed chemotherapy, 71% of patients
who had completed radiation therapy, and 67% of patients who had completed both
radiation therapy and chemotherapy reported exercising after treatment completion. Of
patients 65 years of age and over, 32% exercised both during and after treatment, whereas
42% did not exercise during either time frame. Thirty percent exercised both during and
after treatment, whereas 43% did not exercise during that time frame.

Exercise and Symptom Severity during Treatment
ANCOVAs with baseline symptom severity scores or self-rated health, respectively, as the
covariates revealed patients 65 years of age and older and patients between the ages of 65
and 79 who used exercise reported less severe shortness of breath (≥ 65: exercise =
1.96±0.21, no exercise = 2.84±0.24, p=0.04; 65-79: exercise = 1.92±0.21, no exercise =
2.73±0.26, p=0.05) and better self-rated health (≥ 65: exercise = 2.37±0.07, no exercise =
2.88±0.07, p<0.01; 65-79: exercise = 2.37±0.07, no exercise = 2.88±0.08, p<0.01). Patients
between 65 and 79 years of age reported less severe weight loss (exercise = 1.33±0.19, no
exercise = 1.94±0.22, p=0.03) and patients 65 and over showed a statistical trend for less
severe weight loss (exercise = 1.43±0.19, no exercise = 2.01±0.21, p=0.07) throughout the
course of treatment when compared to patients who did not exercise. Self-rated health was
reported as very good or excellent by 60% of patients 65 years of age or older who exercised
and by 33% of patients who did not. In patients 80 years of age and older, those who
exercised reported less severe memory loss (exercise = 1.67±0.75, no exercise = 4.14±0.69,
p=0.05), better self-rated health (exercise = 2.40±0.24, no exercise = 2.86±0.22, p=0.01),
and a statistical trend towards having less difficulty concentrating (exercise = 1.20±0.62, no
exercise = 3.05±0.57, p=0.10) throughout the course of treatment compared to patients who
did not exercise. Self-rated health was reported as excellent or very good by 47% of patients
80 years of age or older who exercised and by 33% of patients who did not exercise. See
Table 2 for symptom severity and self-rated health during treatment based on exercise
participation during treatment.

Exercise during Treatment and Symptom Severity following Treatment
Patients 65 years of age and older who used exercise during chemotherapy or radiation
therapy reported less severe shortness of breath (exercise = 1.34±0.18, no exercise =
2.14±0.25, p=0.04), better self-rated health (exercise = 2.44±0.08, no exercise = 2.85±0.08,
p<0.01), and a statistical trend toward less severe total symptom burden (exercise =
15.30±1.20, no exercise = 17.96±1.36, p=0.09) in the six months after treatment compared
to patients who did not exercise. Patients between the ages of 65 and 79 who used exercise
during treatment also reported better self-rated health (exercise = 2.44±0.08, no exercise =
2.88±0.09, p<0.01) six months after treatment completion with self-rated health reported as
very good or excellent by 53% of patients who exercised and by 32% of patients who did
not. In patients 80 years of age and older, those who used exercise reported less fatigue
(exercise = 3.07±0.68, no exercise = 4.47±0.72, p=0.04), better self-rated health (exercise =
2.43±0.29, no exercise = 2.65±0.24, p=0.04), and statistical trends for less shortness of
breath (exercise = 1.43±0.50, no exercise = 3.06±0.82, p=0.09) and less total symptom
burden (exercise = 15.14±3.01, no exercise = 22.41±4.03, p=0.10) compared to those who
did not exercise in the six months after treatment completion. See Table 3 for symptom
severity and self-rated health following treatment based on exercise participation during
treatment.
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Exercise and Side-Effect Severity following Treatment
Patients 80 years of age and older who reported using exercise following treatment reported
less severe fatigue (exercise = 3.14±0.60, no exercise = 5.90±0.67, p<0.01), skin problems
(exercise = 0.67±0.29, no exercise = 2.90±1.02, p=0.01), and total symptom burden(exercise
= 15.14±2.99, no exercise = 30.10±4.87, p<0.01) six months after treatment, with a
statistical trend towards less nausea (exercise = 0.19±0.15, no exercise = 1.60±0.97,
p=0.07), fewer sleep problems (exercise = 2.00±0.62, no exercise = 4.20±1.17, p=0.09),
fewer feelings of depression (exercise = 2.24±0.57, no exercise = 3.30±0.82, p=0.08), less
shortness of breath (exercise = 1.90±0.56, no exercise = 3.70±1.27, p=0.07), and less
memory loss (exercise = 1.67±0.40, no exercise = 2.90±0.80, p=0.08) compared to those
who did not exercise. See Table 4 for symptom severity and self-rated health following
treatment based on exercise participation following treatment.

Discussion
The number of adults over 65 years of age is increasing more rapidly than any other age
group, with those over 80 growing the fastest and expected to account for 20% of people
over 65 by the year 2050 (31). Cancer is a disease that disproportionally affects those over
the age of 65 (32). To our knowledge, this is one of the few studies to focus on symptom
severity, self-rated health and exercise participation in older cancer patients undergoing
chemotherapy and/or radiation therapy and one of the few that provides data on cancer
patients 80 years of age and older. Overall, these data suggest that many older cancer
patients are interested in and able to exercise during treatment for cancer, as nearly half of
the cancer patients age 65 and older in this study reported using exercise during treatment.
Following treatment, over half of patients over 65 years of age reported using exercise. In
addition, nearly half of patients 80 and older reported exercising during treatment, and over
half reported using exercise following treatment. In a sample of stage I-IIIa breast cancer
patients of all ages, Irwin et al. reported a reduction in physical activity from pre to post-
diagnosis of 14% and 9%, respectively (33). Pinto and colleagues also found that breast
cancer patients who were younger and farther out from diagnosis were more likely to
exercise (34).

In general, older patients who reported using exercise during and following treatment
reported less severe symptoms during and following treatment. Specifically, certain subsets
of older patients who used exercise reported less shortness of breath, weight loss, fatigue,
and total symptom burden during and following treatment. However, previous research has
shown that co-morbidities, physical declines with aging, and physical limitations and
symptoms resulting from treatment serve as barriers to exercise participation (35), so it may
be that those who have more severe symptoms are less likely to exercise. These data are not
definitive for causality, but rather show an association between exercise and symptom
severity. Other researchers have found exercise beneficial for the reduction of symptoms,
but these studies, especially in older cancer patients, are limited in number.

Dyspnea at rest or during exertion is a symptom experienced by some cancer patients (36).
Exercise interventions in lung cancer patients in particular have resulted in less
breathlessness (37). Sarcopenia is a type of muscle loss characterized by muscle fiber
atrophy that occurs with age(38) . Cancer cachexia is another troubling side effect of cancer
and its treatment affecting an estimated 2 to 15% of cancer patients (39). Exercise is a
promising intervention for the reduction of both sarcopenia and cancer cachexia (40-42).
Cancer-related fatigue is a common symptom in cancer patients of all ages (43-44).Cancer-
related fatigue can be reduced in cancer patients between ages 21 and 65 (45-46) but until
recently, little was known about the relationship between physical activity and fatigue in
cancer patients 65 years of age and older. Luctkar-Flude and colleagues have found that
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higher physical activity levels predict lower fatigue levels in older cancer survivors (47),
however few studies have focused on older cancer patients. Patients who exercised also
reported better self-rated health than those who did not use exercise during or following
treatment. Self-rated health has been found to be a predictor of mortality, independent of
health status (48).

Research to assess why some cancer patients exercise and others do not is necessary.
Research is desperately needed to determine the safety and efficacy of exercise in older
cancer patients and survivors. Feasibility studies to assess intensity and dose of exercise
needed for these patients and survivors to benefit from a reduction in symptom burden are
also warranted. Exercise interventions must be designed to meet the unique needs of older
cancer survivors and should be easily disseminated to all patients, regardless of social
economic status and geographic location. Interventions that can be performed at retirement
and assisted living communities may be of the greatest value and using modes of delivery
that provide motivation and feedback, such as exergames, are promising interventions for
this population. Lastly, research into the relationship between exercise and overall survival
in older cancer patients is needed.

This study had a number of strengths in that it was conducted prospectively and
systematically in one of the largest samples of older cancer patients to date. Moreover, it
was conducted in multiple CCOP sites, thus increasing the generalizability of the data.
However, there were some limitations. For example, the question used to ascertain the use of
exercise during treatment did not provide any information on exercise type or dose.
Additionally, a number of factors could have affected whether cancer patients participated in
exercise during or following chemotherapy, radiation therapy or both. For example,
information on cancer stage was not obtained, which may have affected exercise
participation and symptoms. Although we found no significant difference in Karnofsky
performance status between those who exercised and those who did not, a randomized
controlled trial is needed to further investigate these relationships. Too, it may be that
symptom presence or absence influences participation in exercise rather than exercise
participation influencing symptoms. These patients represent a select group who are willing
and able to participate in a clinical trial, perhaps limiting the generalizability of this
investigation.

As the population ages, physicians will increasingly be faced with the challenges of
managing the symptoms and side effects of cancer treatment in elderly populations. Exercise
may be a promising strategy to reduce multiple symptoms and side effects with a single
intervention. However, there is little data on the prevalence of participation of exercise in
community-dwelling older adults during cancer treatment. The objective of this study was to
evaluate the prevalence of exercise participation in older patients and to examine
associations between exercising and treatment symptoms and self-rated health.

In conclusion, this investigation suggests that many older cancer patients are willing and
able to use exercise during treatment. Evidence supporting the benefits of exercise for
reducing symptom severity will likely increase the proportion of older adults willing to
exercise during treatment. However, we must develop evidence-based exercise interventions
that are proven to be effective for side-effect management in older cancer survivors.
Ascertaining the type/s and dose of exercise that are most beneficial for reducing specific
symptoms while developing exercise interventions that patients enjoy must be a priority
given the growing number of older cancer survivors in the United States.
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Figure 1.
Study Timeline and Flow.
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Table 1

Patient characteristics

Age

Variable ≥ 65 (n= 408) 65-79 (n = 361) ≥ 80 (n = 47)

Demographics

Age (years ± SEM) 72.82 ± 0.26 71.59 ± 0.07 82.26 ± 0.40

Race - white (N, %) 384 (94) 340 (94) 44 (94)

Married (N, %) 287 (70) 261 (72) 26 (55)

Gender (N, %)

 Female 199 (49) 181 (50) 18 (38)

 Male 209 (51) 180 (50) 29 (62)

> High school education 183 (45) 162 (45) 21 (45)

Clinical Characteristics

Karnofsky performance status ≥ 90 (N, %) 317 (78) 280 (78) 37 (79)

Treatment type (N, %)

 Surgery 247 (60) 223 (62) 24 (51)

 Chemotherapy 144 (35) 129 (36) 15 (32)

 Radiation therapy 195 (48) 172 (48) 23 (49)

 Chemotherapy and radiation therapy 69 (17) 60 (17) 9 (19)

Cancer Diagnosis (N, %)

 Breast 122 (30) 114 (32) 8 (17)

 Genitourinary 123 (30) 109 (30) 14 (30)

 Lung 77 (19) 65 (18) 12 (26)

 Gastrointestinal 36 (9) 34 (9) 2 (4)

 Hematologic 25 (6) 19 (5) 6 (13)

 Gynecologic 17 (4) 14 (4) 3 (6)

 Head/neck 8 (2) 6 (2) 2 (4)
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