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Abstract

Background: Cancer and its associated treatments often result in long-term physical and psychological side
effects that negatively impact the cancer survivor's quality of life. In addition, the financial costs of cancer are
substantial and are projected to reach $158 billion by the year 2020. Research indicates that endurance exercise
training is helpful in attenuating the deleterious effects of cancer treatments by increasing survival, attenuating
myocardial lesions and myocyte disarray, increasing levels of antioxidants, decreasing lipid peroxidation induced by
oxidative stress and markers of apoptosis, and preserving cardiac function. However, nationally less than 5% of
patients are ever referred to a cancer rehabilitation exercise program. Cost is a barrier to these programs, as they
often are not reimbursable under most insurance plans.

Purpose: Therefore, the purpose of this investigation was to determine if exercise training during cancer
treatment helped to minimize side effects and reduce health care costs. Specifically, treatment tolerance, length of
hospital stay, hospital readmits, ER visits, and treatment compliance were measured.

Methods: This was a retrospective, two-group study which ascertained the protective effect of an exercise-
training program during cancer treatment. All oncology patients who received cancer treatment at Kettering Medical
Center in Dayton, Ohio between January-December 2016 were identified by office staff. Their medical records were
pulled and patients were placed in one of two groups: those who exercised during treatment, and those who
remained sedentary. The medical records were reviewed to determine outcome data for length of hospital stays,
hospital readmits, ER visits, treatment compliance, fatigue, and anxiety/depression related to oncology conditions.
The age range of the patients was 21-93 years. Patients were excluded if they had pre-existing cardiac, liver, and
bone marrow conditions prior to treatment. Individuals in the exercise group (EX, n=672) completed 12 weeks of
prescribed, individualized exercise that included cardiovascular, strength training, and flexibility components. The
intensity level for the cardiovascular exercise ranged from 30%-45% of the individual’s predicted VO2max. The
strength training involved a full body workout, with emphasis on all major muscle groups. Individuals in the sedentary
group (SED, n=728) did not participate in an exercise program during treatment.

Results: Patients in the EX group had significantly lower reports of fatigue, pain, and cardiac problems (p<0.05),
as well as fewer notes of depression and anxiety than their SED group counterparts. In addition, the EX group
tolerated their treatment significantly better than the SED group (p<0.05). Finally, the EX group had a significantly
lower number of ER visits (EX=2, SED=14, p<0.05), 30-day readmits (EX=2, SED=53, p<0.05) as well as a shorter
length of stay (EX=0.75, SED=3 p<0.05).

Conclusion: Results from this investigation point to a protective effect of moderate-intensity exercise that
translated to reductions in ER visits, 30-day readmits, and length of hospital stay, which translated into cost savings
for the payer, provider, and patients, alike.
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Introduction
Cancer is a significant national health problem. The American

Cancer Society (ACS) estimates that approximately 1.6 million
Americans will develop cancer in 2017 and more than 600,000 will die
of the disease [1]. The most common cancers in 2016 were lung, breast,
prostate, colon and rectal, bladder, melanoma, non-Hodgkin
lymphoma, thyroid, kidney, leukemia, endometrial, and pancreatic
cancer [2]. In the US, cancer is second only to heart disease as the most

common cause of death in adults of all ages. For women between the
ages of 40-79 years, and men between 60-79 years, it is the leading
cause of death [1]. Cancer mortality is higher among men than women
[2].

Positively, the overall death rate has declined by 13% since the year
2004, primarily due to early detection and advances in treatment
options [1]. However, more than 15.5 million men and women are
living today as cancer survivors [3]. This indicates that although the
overall cancer mortality rates have declined the number of cancer
survivors have increased. Therefore, cancer is now identified as a
chronic disease [4], and its associated treatments often result in long-
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term physical and psychological side effects that impact the cancer
survivor's quality of life. The financial costs of cancer alone are
substantial, and are projected to reach $158 billion by the year 2020
[2]. The challenge for health care providers today is to develop systems
of long-term follow-up care, address the short and long-term effects of
current cancer therapy, and develop new curative therapies with
minimal toxicities [5,6].

The current armaments for treating cancer include surgery,
chemotherapy, irradiation, and biological, hormonal and targeted
therapies [4]. Cancer cells involve DNA mutations that often occur
during DNA replication. In the normal cell cycle, checkpoints facilitate
DNA repair; however, cancerous cells lose their checkpoint integrity
and escape DNA repair [7]. The resulting mutations impact the
regulatory mechanisms that restrict normal cell proliferation [7].
Treatment for cancer is individualized according to a number of
factors, including type and duration. Using a combination of agents
rather than just one provides a synergistic cell kill with the potential
that less drug-resistant cells remain. The negative of antineoplastic
treatments is that normal cells, as well as malignant cells, are often
disrupted, leading to many side effects and long-term morbidities [8].

Treatment-related morbidities impact functional ability and quality
of life. Multiple comorbidities are encountered by cancer survivors,
including nausea, vomiting, alopecia, fatigue, constipation/diarrhea,
bone marrow suppression, cardiovascular dysfunction, muscle
weakness, pain, mucositis, sleep disturbances, and peripheral
neuropathy [4,8]. Efforts have been made to explore alternative
therapies to reduce toxicities, such as the use of slow infusions [9-11],
antioxidants (probucol [12,13], ubiquinone [14], ambroxiron [15],
alpha-lipoic acid [16], p-coumaric acid [17], and melatonin [18]), iron
chelators [19,20], and drug encapsulated liposomes [21]. However,
these strategies provide limited improvements, and in some instances
may have additional negative side effects for cancer patients.

Research indicates that endurance exercise training is helpful in
attenuating the deleterious effects of cancer treatments by increasing
survival [22], attenuating myocardial lesions and myocyte disarray
[23], increasing levels of antioxidants [24], decreasing lipid
peroxidation induced by oxidative stress and markers of apoptosis
[25,26] and preserving cardiac function [27,28]. However, nationally
less than 5% of patients are ever referred to a cancer rehabilitation
exercise program [29]. Therefore, the purpose of this investigation was
to determine if exercise training during cancer treatment helped to
minimize side effects. Specifically, length of hospital stays, hospital
readmits, ER visits, and treatment compliance were measured. In
addition, psychological factors including fatigue, depression, and
anxiety were compared. These data were then used to determine a cost-
savings analysis for each patient who participated in an exercise
program during cancer treatment.

Methods

Subjects
This was a retrospective, two-group study which ascertained the

protective effect of an exercise training program during cancer
treatment. The IRB of Kettering Health Network approved all study
methods and procedures prior to the onset of data collection.

All oncology patients who received cancer treatment at Kettering
Medical Center in Dayton, Ohio between January-December 2016
were identified by office staff. Their medical records were pulled and

patients were placed in one of two groups: those who exercised during
treatment, and those who remained sedentary.

The medical records were reviewed to determine outcome data for
length of hospital stays, hospital readmits, ER visits, treatment
compliance, fatigue, and anxiety/depression related to oncology
conditions. The age range of the patients was 21-93 years. Patients were
excluded if they had pre-existing cardiac, liver, and bone marrow
conditions prior to treatment.

Exercise training protocol
Each patient was given the opportunity to participate in a cancer

exercise program through Maple Tree Cancer Alliance, an organization
that provides exercise training to individuals battling cancer. All
interested patients were referred by hospital oncologists, and began
participation in the exercise program upon referral. These individuals
constituted the exercise training (EX) group. The EX group completed
12 weeks of prescribed, individualized exercise that included
cardiovascular, strength training, and flexibility components. The
intensity level for the cardiovascular exercise ranged from 30%-45% of
the individual’s predicted VO2max. The strength training involved a
full body workout, with emphasis on all major muscle groups.
Machines, free weights, and tubing were all employed.

Patients completed 3 sets of 10 repetitions for each exercise.
Flexibility training involved static stretching of all major muscle groups
for 15-20 seconds at the completion of each workout. Patients met with
a trainer once a week and were given instructions on how to remain
active at home. Individuals in the sedentary (SED) group did not
participate in the exercise program at Maple Tree Cancer Alliance. It is
unknown if they exercised on their own.

Surveys
The medical record of each patient constituted the data source for

this study. Specific variables that were collected include: cardiovascular
changes (through echocardiogram, resting heart rate, and blood
pressure response), treatment-related side effects, length of hospital
stays, treatment compliance, and medications. In addition,
demographic characteristics of subjects, including age, gender, type of
cancer, BMI, comorbid conditions, and ethnicity were collected.

Data analysis
Data analysis was conducted using SPSS software. Descriptive

statistics was conducted on the data variables according to convention.
A two-factor analysis of variance (ANOVA) was used to determine
differences due to the main effects (group, drug) and interaction of
these factors. A multi-factor analysis of variance (MANOVA) was used
to determine between and within group differences. A significance
level of p<0.05 was used for all statistical analyses.

Results
All patient records from January 1, 2016-December 31, 2016 were

analyzed. Patients were placed into one of two groups-those who
participated in the exercise program of Maple Tree Cancer Alliance
(EX, n=672), and those who did not (SED, n=728). Table 1 presents
patient demographics. Patients who had pre-existing conditions were
excluded from the investigation. Outcome variables, including length
of hospital stays, ER visits, and treatment tolerance were measured. In
addition, psychological factors including fatigue, depression, and
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anxiety and the physiological variables of pain and cardiac
abnormalities were compared.

These data were then used to determine a cost-savings analysis for
each patient who participated in an exercise program during cancer
treatment. Cost savings was based on an 80/20 insurance payment
plan, with the cost of an adult office visit ranging from $130-$180, and
the cost of an ER visit ranging $580-$700.

Age (years)/Gender

EX (n=672) SED (n=728)

65 ± 0.6 63 ± 0.6

Male 28% ± 0.08 48% ± 0.03

Female 72% ± 0.08 52% ± 0.03

Ethnicity BMI

White 69% ± 0.08 69% ± 0.03

African American 13% ± 0.06 8% ± 0.02

Hispanic 0% 0.01% ± 0.01

Asian 0% 0%

Unknown 0.03% ± 0.03 20% ± 0.03

Type of Cancer BMI

Breast 44% ± 0.03 28% ± 0.03

Colon 9% ± 0.05 11% ± 0.02

Prostate 10% ± 0.05 5% ± 0.01

Lung 13% ± 0.06 16% ± 0.02

Leukemia 0.03% ± 0.03 0.03% ± 0.01

Brain 0% 1% ± 0.01

Hodgkin's 0% 4% ± 0.01

Other 22% ± 0.07 36% ± 0.03

Stage BMI

I 23% ± 0.06 19% ± 0.02

II 29% ± 0.05 27% ± 0.02

III 39% ± 0.05 37% ± 0.02

IV 3% ± 0.03 10% ± 0.02

Unclear 6% ± 0.08 7% ± 0.03

Treatment Regimen BMI

Chemotherapy 25% ± 0.08 12% ± 0.02

Radiation 0 0%

Surgery 0 1% ± 0.01

Hormonal 19% ± 0.07 47% ± 0.03

Unclear 22% ± 0.07 8% ± 0.02

Discontinued or completed 34% ± 0.08 28% ± 0.03

Table 1: Demographics of the patients.

Patient impact

Patient charts were reviewed for physician notes pertaining to
psychological variables (Figure 1, fatigue, anxiety, and depression), as
well as physiological variables (Figure 2, pain, cardiac abnormalities).

Patients in the EX group had significantly lower reports of fatigue,
pain, and cardiac problems (p<0.05). While the difference was not
significant, they also had fewer notes of depression and anxiety than
their SED group counterparts.

Physician notes pertaining to treatment tolerance (Figure 3) were
also analyzed. It is worth noting that those in the EX group tolerated
their treatment significantly better than the SED group, and those who
were tolerating their treatment poorly was significantly higher in the
SED group (p<0.05).

Figure 1: Psychological Variables. Values are mean scores+SE.
*p<0.05.

Figure 2: Physiological Variables. Values are mean scores+SE.
*p<0.05.
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Figure 3: Overall Treatment Tolerance. Values are means+SE.
*p<0.05

Cost savings for patients

Data related to number of office visits and ER visits were analyzed
by an independent health economist, who conducted a cost-savings
analysis for each group.

Cost savings was based on an 80/20 insurance payment plan, with
the cost of an adult office visit ranging from $130-$180, and the cost of
an ER visit ranging $580-$700.

Figure 4 presents the average out-of-pocket savings for doctor visits,
and Figure 5 presents the average out-of-pocket savings for ER visits.

In both cases, patients in the EX group had significantly lower out-
of-pocket costs compared to the SED group (p<0.05).

Figure 4: Patient Out-of-Pocket for Doctor Visits (80/20 Plan).
Values are means+SE. *p<0.05.

Figure 5: Patient Out-of-Pocket for ER Visits (80/20 Plan). Values
are means+SE. *p<0.05.

Impact to providers
In order to determine the impact to the providers, we examined the

average number of ER visits and length of stay for patients in both the
EX and SED groups (Figures 6 and 7). In both instances, the EX group
had a significantly lower number of ER visits as well as a shorter length
of stay than the SED group (p<0.05).

Figure 6: Average Number of ER Visits. Values are means+SE.
*p<0.05.

Impact to insurance
In order to determine the impact to insurance payers, data related to

number of office visits and ER visits were analyzed by an independent
health economist, who conducted a cost-savings analysis for each
group. Cost savings was based on an 80/20 insurance payment plan,
with the cost of an adult office visit ranging from $130-$180, and the
cost of an ER visit ranging $580-$700. Figures 8-10 present the average
cost of the insurance payers for both the EX and SED groups. In both
cases, the cost for the EX group was significantly lower than the SED
group (p<0.05).
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Figure 7: Average Length of Stay. Values are means+SE. *p<0.05.

Figure 8: Insurance Cost for ER Visits (80/20 Plan). Values are
means+SE. *p<0.05.

Figure 9: Average cost of ER visits per patient.

Figure 10: Insurance Cost for Office Visits (80/20 Plan). Values are
means+SE. *p<0.05.

Discussion
Maple Tree Cancer Alliance employs a unique system of exercise

prescription through a phase system designed to protect immunity and
maximize physical health during cancer treatment. The purpose of this
investigation was to determine if this approach to exercise training
during cancer treatment helped to minimize length of hospital stays,
hospital readmits, ER visits, and treatment tolerance, in addition to
feelings of fatigue, depression, and anxiety. Result from this
investigation point to a protective effect of moderate-intensity exercise
that translated to reductions in all of the aforementioned variables, as
well as cost savings for the payer, provider, and patients, alike.

Exercise is a valid rehabilitative measure that can be introduced at
various points along the cancer trajectory. The underlying mechanism
contributing to the protective effect of exercise on cancer is unclear
and likely to be multi-faceted. It is possible that there is a connection
between body size and fat stores [30-33]. An increased body mass
index has been linked to increased inflammation and levels of insulin
and insulin-like growth factors, all of which are known to exacerbate
the long-term and untoward effects of cancer [34].

In addition, lipid peroxidation and reactive oxygen species (ROS)
may be a contributor to the protective effect of exercise. Aerobic
metabolism is dependent on oxidative phosphorylation, whereby ATP
is formed through mitochondrial electron transport. This involves the
sequential transfer of electrons through a series of oxidation/reduction
reactions. Cytochrome C oxidase serves as the final electron acceptor
for this system. Under normal conditions, this reduces oxygen to water.
However, occasionally intermediate proteins in the mitochondrial
electron transport system may release electrons directly to oxygen,
resulting in the formation of ROS. ROS therefore are partially reduced
and highly reactive metabolites of oxygen [35], and cause damage by
binding to proteins, lipids, and nucleic acids and altering their function
[36,37].

The increased oxygen consumption that accompanies exercise often
triggers a concurrent increase in ROS. The body is equipped with the
enzymatic antioxidants superoxide dismutase (SOD), catalase (CAT),
and glutathione peroxidase (GPx) to minimize damage caused by ROS.
However, if the amount of ROS exceeds the cell’s antioxidant capacity,
a state of oxidative stress results. This leads to lipid peroxidation, DNA
damage, and apoptosis [38,39]. It is possible that exercise may induce
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oxidative stress and subsequent apoptosis of pre-cancerous and cancer
cells, and thus protect against the deleterious effects of cancer.

Economic impact
The economic impact of cancer is tremendous. In fact, the Agency

for Healthcare Research (AHRQ) estimates that the direct medical cost
of cancer in 2014 was $87.8 billion. Of this, 58% were for outpatient
hospital visits and 27% was for inpatient hospital stays [40]. This
number is expected to rise to more than $175 billion by the year 2020
[41]. The rising cost of cancer care has a negative impact on many
stakeholders involved in the health care system, including insurance
providers, hospitals, and patients, making cancer less affordable for a
number of Americans. The term “financial toxicity” has been used to
describe this growing concern, as medical costs are the leading cause of
personal bankruptcy [42]. In fact, people living with cancer are three
times more likely to file for bankruptcy than those without cancer [43].
Patients are sometimes forced to choose between cancer treatment and
paying for food, shelter, and other necessities. One study reported that
among 164 patients, 45% reported cost-related medication non-
adherence [44]. A quarter of patients with insurance reported that they
had used up all or most of their savings to deal with cancer [45].

The increasing cost of health care also affects health insurance
companies, who have responded by decreasing the utilization of
services and increases in patient financial responsibility through larger
co-pays and high deductibles. Finally, the increasing cost of treatment
influences care providers, whose desire is to provide treatment of the
greatest benefit, without regard for cost.

In light of this growing demand to reduce health-care costs is the
need for high-quality, evidence-based cancer care. To deliver the
highest value of care, it must be patient-centered, integrated, and
coordinated, achieving the most meaningful outcomes at a sustainable
cost [46]. Individualized exercise prescription falls in line with an
integrated system of medical care, and the present data indicate that it
would increase cost savings for patients, payers, and providers alike.
However, nationally, only two percent of patients are ever referred to
oncology rehabilitation services [47]. Thus, addressing this gap in care
must be addressed. It is our recommendation that the unique phased
system of exercise employed by Maple Tree Cancer Alliance be part of
the standard program of care for individuals battling cancer.
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