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Research Article

Introduction

Cancer is the second leading cause of death in the United 
States; 1 in every 4 deaths is attributed to it. In 2018 alone, 
it is estimated that there will be 1 735 350 new cancer 
cases.1 The toll of cancer, both physically and economi-
cally, makes it a high health priority. In fact, the rising cost 
of cancer care is a primary focus for patients, payers, and 
providers alike. Over the past 40 years, the median monthly 
costs of cancer drugs have risen from less than $100 in 1965 
to 1969, to more than $10 000 in 2016.2 This is partly due to 
the escalating costs of clinical trials.3 The significant and 
sustained decline in cancer mortality over the past 2 
decades, as reported by the American Cancer Society,1 indi-
cates that these health care expenditures and corresponding 
treatments are effective. However, as health care costs con-
tinue to escalate, the importance of finding innovative ways 
to reduce cost burden rises accordingly.

Several meta-analyses report that exercise interventions 
are beneficial for patients undergoing cancer treatment, in 

that they reduce symptom severity4 and improve cancer-
related fatigue,5-7 cardiac function,8 muscle weakness,9 and 
overall quality of life.10 However, the focus of exercise 
oncology research has traditionally been on the efficacy of 
exercise programming.11 With cancer mortality rates on the 
decline,1 and patients living longer with the chronic and late 
effects of cancer treatment, economic evaluations of exer-
cise oncology are warranted. As such, the purpose of the 
present study was to investigate the cost-effectiveness of an 
individualized exercise program starting early after cancer 
diagnosis. We hypothesized that individualized exercise 
training during cancer treatment would lessen symptom 
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severity and improve treatment outcome, leading to a 
decrease in health care–related expenditure. We recently 
reported the effects of individualized exercise training dur-
ing cancer treatment on symptom severity,4 resulting in sig-
nificant decreases in depression, fatigue, anxiety, and fear 
for the future, as well as corresponding improvements in 
quality of life.4 In the current investigation, we report the 
economic evaluation of such a program.

Methods

Setting

ASCEND Innovations is an independent research group 
that partners with member hospitals in Dayton, Ohio. As 
part of their partnership agreement, they are granted access 
to medical data for each member hospital of the Greater 
Dayton Area Hospital Association (GDAHA). Researchers 
at ASCEND retrospectively analyzed patient records to sta-
tistically demonstrate the impact of exercise oncology dur-
ing cancer treatment. Records of patients who had 
participated in the exercise oncology program were drawn 
from the GDAHA database. Because all subject data were 
de-identified and there was no way to link health record 
information back to the patient, this study was considered 
exempt from institutional review board review.

Subjects

This retrospective analysis involved patients who partici-
pated in an exercise oncology program at Maple Tree Cancer 
Alliance. All patients began participation on referral by their 
oncologist. They completed 12 weeks of prescribed, indi-
vidualized exercise that included cardiovascular, strength 
training, and flexibility components. The intensity level for 
the cardiovascular exercise ranged from 30% to 45% of the 
individual’s predicted VO

2max
. Strength training involved a 

full body workout, with emphasis on all major muscle 
groups and employed machines, free weights, and tubing. 
Patients completed 3 sets of 10 repetitions for each exercise. 
Flexibility training involved static stretching of all major 
muscle groups for 15 to 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.

Data Collection

This study leveraged data from GDAHA’s 360° Healthcare 
Database, which provides over 14 million comprehensive 
patient encounter observations across 25 regional hospital 
organizations for the time period of January 2012 to 
September 2017. Record search criteria aggregated 
encounters occurring 6 months prior and 6 months after 
the supportive care enrollment date for each patient. 

Therefore, 1 year of data were collected for each patient 
with enrollment occurring at the median. The latest enroll-
ment date for patients to be included in the study was 
March 31, 2017. The earliest enrollment date matched was 
November 11, 2014.

Data Analysis

The 3 primary hospital measures leveraged for statistical 
comparison before and after supportive care enrollment were 
number of encounters, number of readmissions, and average 
total charges. A t test was used to compare the before-and-
after observations of repeated subjects. All assumptions for 
the t tests were validated prior to generating results to ensure 
quality results (continuous dependent variable, independent 
observations, approximate normal distribution, and absence 
of outliers). Some measures such as length of stay and num-
ber of emergency room (ER) visits did not have a significant 
incidence rate, so only the change in values are reported. A 
significance level of P < .05 was used.

Results

Patient Demographics

The resulting dataset consisted of 1493 total hospital 
encounters for 147 unique patients; 60% of the patients had 
breast cancer (Figure 1). The average age of these patients 
was 64.6 years (Figure 2). Figure 3 presents the gender 
breakdown of the patients. Figure 4 presents the payer mix 
of the patients who participated in this study.

Most of the patient encounters were outpatient; of the 
1493, only 60 (4%) were inpatient. To demonstrate the effec-
tiveness of supportive care, we focused on 3 primary mea-
sures for each patient: number of hospital encounters, 
readmissions, and total charges. We also looked at length of 

Figure 1. Types of cancers.
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stay and ER visits, which showed a decrease post enrollment, 
but did not exhibit enough cases to be statistically relevant.

Length of Stay and ER Visits

Length of stay is typically calculated based on inpatient 
stays, which accounted for an extremely small percentage 
of the encounters included in the study. Despite the low 
numbers, we still found a 6% decrease in the number of 
inpatient stays and a 19% decrease in the length of stays 
associated with those admissions following supportive care 
enrollment. Length of stay nearly decreased by a full day 
within the post-enrollment encounters. A similar trend was 

found with the number of ER visits, which decreased by 
27%. These data are presented in Table 1.

Patient Encounters

The 3 primary hospital measures leveraged for statistical 
comparison before and after supportive care enrollment 
were number of encounters, number of readmissions, and 
average total charges (Table 2). The major types of encoun-
ters appear to have been similar pre- and post-enrollment, 
with the most frequent type of diagnosis code for each time 
period being “Encounter for antineoplastic chemotherapy,” 
with a total of 72 encounters in the 6 months prior to sup-
portive care and 86 in the 6 months after supportive care at 
Maple Tree Cancer Alliance. Visualizations of the change in 
measures for each patient are provided in Figures 5 to 7.

Number of encounters reflects each time a patient 
had an inpatient or outpatient encounter with a GDAHA 
hospital. In the data prior to patient enrollment, there were 
898 total encounters. Following patient enrollment, the data 

Figure 2. Age distribution of patients.

Figure 3. Gender distribution of patients.

Figure 4. Payer distribution of patients.

Table 1. Patient Encounters Before and After Supportive Care.

Before 
Supportive Care

After 
Supportive Care

Inpatient encounters 31 29
Average length of stay 4.12 3.31
Emergency room visits 63 51
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Table 2. Total Charges Averaged Across All Encounters Before and After Enrollment.

Patient Mean Before Treatment Patient Mean After Treatment Mean Change P (.05 Level)

Number of hospital encounters 6.11 4.05 −2.06 <.001
Number of readmissions 4.31 2.38 −1.93 <.001
Average total charges $10 008 $7174 −$2834 .012

Figure 5. Change in number of encounters 6 months after supportive care enrollment. Actual differences in encounters following 
6 months of supportive care (average change = −2.06). Increase in encounters: 31 patients; decrease in encounters: 104 patients; no 
change: 12 patients. Paired t test results: P < .001; encounters were significantly decreased by supportive care.
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showed 595 total encounters; a significant (P < .001) 33% 
decrease. This shows that on average, each patient exhibited 
2.06 fewer encounters following enrollment in supportive 
care (Figure 5).

A readmission for this study is defined as a patient return-
ing to a hospital within 30 days of a previous visit, regardless 
of inpatient or outpatient status. This does not include rules 
incorporated in the CMS (Centers for Medicare and 
Medicaid Services) definition of a readmission. We are 

purely measuring the frequency with which a patient returns 
to the hospital. Prior to enrollment, there were 634 readmis-
sions. Following enrollment, there were 351 readmissions; a 
significant (P < .001) 47% decrease. This shows that on 
average, each patient had approximately 2 fewer readmis-
sions across the board (Figure 6).

Total charges were averaged across all encounters before 
and after enrollment (Table 2) to understand the average 
total charges per encounter; in this case, this is the bill 

Figure 6. Change in number of readmissions 6 months after supportive care enrollment. Actual differences in readmissions following 
6 months of supportive care (average change = −1.93). Increase in readmissions: 30 patients; decrease in readmissions: 94 patients; no 
change: 23 patients. Paired t test results: P < .001; readmissions were significantly decreased by supportive care. Readmission is defined 
as returning to the hospital within 30 days.
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received by the payer before adjustments. The average cost 
per encounter significantly decreased by $2834 (28%) per 
patient after enrollment (Figure 7; P = .012).

Discussion

The purpose of the present study was to investigate the  
cost-effectiveness of an individualized exercise program 
starting early after cancer diagnosis. The results statistically 

demonstrate a positive effect of exercise oncology during 
cancer care, in terms of overall cost per patient pre- to post-
intervention. This study also noted nonsignificant reduc-
tions in length of stay and ER visits. Of importance is that 
the measured change in cost between periods does not 
appear to be due to a change in types of encounters, which 
suggests lack bias in the cost savings.

Numerous published research articles demonstrate 
improved patient outcomes as a result of exercise during 

Figure 7. Change in average total charges 6 months after supportive care enrollment. Actual differences in average total charges 
following 6 months of supportive care (average change = −$2834). Increase in average total charges: 50 patients; decrease in average 
total charges: 97 patients. Paired t test results: P = .012; average total charges were significantly decreased by supportive care. Average 
total charges refer to the average cost per encounter over the 6-month study period.
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cancer recovery. Moderate physical activity exercise has a 
profound effect on energy levels5,12 and increases overall 
quality of life.10,13 Exercise has also been found to promote a 
healthy body weight,14,15 decrease oxidative stress,16 and 
boost immunity.17 While the mechanism behind these bene-
fits of exercise is not entirely clear, research indicates that 
exercise has the potential to affect many biological pathways 
that influence treatment outcome. Namely, its influence on 
the inflammatory immune response18 leads to a reduction in 
cell differentiation and proliferation related to chemotherapy 
treatment.19 Moreover, exercise has a positive effect on meta-
bolic, genetic, and neuroendocrine function,18 leading to 
lower levels of circulating sympathetic hormones, which are 
implicated in fatigue, depression, and pain.20-22

It is thought that the positive impact of exercise on biologi-
cal and physiological mechanisms during cancer treatment 
lead to a reduction in health care costs for the patient, payer, 
and provider alike. The term “financial toxicity” has been 
used to describe the growing concern of the high cancer-
related health care costs. Medical bills are now the leading 
cause of personal bankruptcy23 and are implicated in medica-
tion nonadherence.24 Health care companies have responded 
to this cost burden by decreasing utilization of services and 
increasing patient responsibility. Patients are now met with 
higher deductibles and co-pays. As a result, a patient with can-
cer is now 3 times more likely to file for bankruptcy than 
those without cancer.25

There is a growing demand to reduce health care costs 
and implement care delivery models that are patient-cen-
tered, evidence-based, and high quality. Despite other 
investigations that have supported the efficacy of exercise 
during cancer treatment, nationally <5% of patients are 
ever referred to a cancer rehabilitation program.26 A 
reported 88% of patients did not even receive education on 
the importance of exercise during treatment.27 Public fund-
ing and lack of resources has been identified as a signifi-
cant barrier to national exercise oncology programs.27,28 
Other known barriers include lack of general knowledge 
about the need to stay physically active during and after 
cancer therapy, qualified personnel,29 and available pro-
grams.27 Research also emphasizes the need for individual-
ized programs.29-31 Maple Tree Cancer Alliance is a national 
organization that employs a system of individualized exer-
cise prescription through a unique phase system. We have 
previously shown a reduction in health care costs through 
fewer ER visits, 30-day readmits, and shorter length of 
hospital stay with exercise (EX) patients (n = 672) com-
pared with sedentary (SED) controls (n = 728).31 In this 
study, the exercise group had a significantly lower number 
of ER visits (EX = 2, SED = 14, P < .05), 30-day readmits 
(EX = 2, SED = 53, P < .05), as well as a shorter length of 
stay (EX = 0.75, SED = 3, P < .05).

The present study validates these findings by comparing 
our patients against themselves and showing significant 

cost savings. This system of exercise oncology has the 
potential to contribute to a national standard of care for 
individuals battling cancer.

Study Limitations

Due to the retrospective nature of the investigation, it is 
unknown if patient self-selection into the program may 
have influenced results, resulting in better health outcomes. 
Physician referral bias and small sample size may have also 
contributed to limitations in this investigation.

Directions for Future Research

Further studies should take into account the cost savings 
effects of exercise during various stages of cancer. In addition 
to breast cancer, other types of cancer populations should be 
studied. Furthermore, a larger sample size would have likely 
produced significant differences in terms of ER visits and 
length of hospital stay.

Declaration of Conflicting Interests 

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: We 
would like to thank the Gala of Hope Foundation for their gener-
ous funding of this study.

References

 1. Simon S. Facts & Figures 2018: rate of deaths from can-
cer continues to decline. American Cancer Society. https://
www.cancer.org/latest-news/facts-and-figures-2018-rate-
of-deaths-from-cancer-continues-decline.html. Published 
January 4, 2018. Accessed April 5, 2018.

 2. Monthly and median costs of cancer drugs at the time of 
FDA approval 1965-2016. J Natl Cancer Inst. 2017;109(8). 
doi:10.1093/jnci/djx173

 3. Rawlins MD. De testimonio: on the evidence for decisions 
about the use of therapeutic interventions. Clin Med (Lond). 
2008;8:579-588.

 4. Wonders KY, Wise R, Ondreka D, Seitz T. Supervised, 
individualized exercise mitigates symptom severity dur-
ing cancer treatment. J Adenocarcinoma Osteosarcoma. 
2018;3(1):1-5.

 5. Velthuis MJ, Agasi-Idenburg SC, Aufdemkampe G, Wittink 
HM. The effect of physical exercise on cancer-related fatigue 
during cancer treatment: a meta-analysis of randomised con-
trolled trials. Clin Oncol (R Coll Radiol). 2010;22:208-221.

 6. Cramp F, Byron-Daniel J. Exercise for the management of 
cancer-related fatigue in adults. Cochrane Database Syst Rev. 
2012;(11):CD006145.

https://www.cancer.org/latest-news/facts-and-figures-2018-rate-of-deaths-from-cancer-continues-decline.html
https://www.cancer.org/latest-news/facts-and-figures-2018-rate-of-deaths-from-cancer-continues-decline.html
https://www.cancer.org/latest-news/facts-and-figures-2018-rate-of-deaths-from-cancer-continues-decline.html


8 Integrative Cancer Therapies 

 7. Fong DY, Ho JW, Hui BP, et al. Physical activity for can-
cer survivors: meta-analysis of randomized controlled trials. 
BMJ. 2012;344:e70.

 8. Wonders KY, Reigle BS. Trastuzumab and doxorubicin-
related cardiotoxicity and the cardioprotective role of exer-
cise. Integr Cancer Ther. 2009;8:17-21.

 9. Wonders KY, Jennings J, Smith K. A comprehensive can-
cer care plan: examining the role of exercise, nutrition, and 
emotional support in cancer recovery. J Palliat Care Med. 
2012;S1:003. doi:10.4172/2165-7386.S1-003

 10. Huether K, Abbott L, Cullen L, Cullen L, Gaarde A. Energy 
Through Motion: an evidence-based exercise program to 
reduce cancer-related fatigue and improve quality of life. Clin 
J Oncol Nurs. 2016;20:E60-E70.

 11. Mewes JC, Steuten LM, Ijzerman MJ, van Harten WH. 
Effectiveness of multidimensional cancer survivor rehabilita-
tion and cost-effectiveness of cancer rehabilitation in general: 
a systematic review. Oncologist. 2012;17:1581-1593.

 12. van Vulpen J, Peeters P, Velthuis M, van der Wall E, May 
AM. Effects of physical exercise during adjuvant breast cancer 
treatment on physical and psychosocial dimensions of cancer-
related fatigue: a meta-analysis. Maturitas. 2016;85:104-111.

 13. Wiskemann J, Hummler S, Diepold C, et al. POSITIVE 
study: physical exercise program in non-operable lung can-
cer patients undergoing palliative treatment. BMC Cancer. 
2016;16:499.

 14. Gnagnarella P, Dragà D, Baggi F, et al. Promoting weight 
loss through diet and exercise in overweight or obese breast 
cancer survivors (InForma): study protocol for a randomized 
controlled trial. Trials. 2016;17:363.

 15. Kampshoff CS, Stacey F, Short CE, et al. Demographic, clini-
cal, psychosocial, and environmental correlates of objectively 
assessed physical activity among breast cancer survivors. 
Support Care Cancer. 2016;24:3333-3342.

 16. Repka CP, Hayward R. Oxidative stress and fitness changes 
in cancer patients after exercise training. Med Sci Sport Exer. 
2016;48:607-614.

 17. Sander R. Exercise boosts immune response. Nurs Older 
People. 2012;24:11.

 18. Koelwyn GJ, Wennerberg E, Demaria S, Jones LW. Exercise 
in regulation of inflammation-immune axis function in can-
cer initiation and progression. Oncology (Williston Park, NY). 
2015;29:908-920,922.

 19. Oltmanns U, Issa R, Sukkar MB, John M, Chung KF. Role of 
c-jun N-terminal kinase in the induced release of GM-CSF, 
RANTES and IL-8 from human airway smooth muscle cells. 
Br J Pharmacol. 2003;139:1228-1234.

 20. Saligan LN, Olson K, Filler K, et al. The biology of can-
cer-related fatigue: a review of the literature. Support Care 
Cancer. 2015;23:2461-2478.

 21. Rogers LQ, Courneya KS, Robbins KT, et al. Physical activ-
ity and quality of life in head and neck cancer survivors. 
Support Care Cancer. 2006;14:1012-1019.

 22. Dimeo FC. Effects of exercise on cancer-related fatigue. 
Cancer. 2001;92(6 suppl):1689-1693.

 23. Himmelstein DU, Thorne D, Warren E, Woolhandler S. 
Medical bankruptcy in the United States, 2007: results of a 
national study. Am J Med. 2009;122:741-746.

 24. Zulllig LL, Peppercorn JM, Schrag D, et al. Financial dis-
tress, use of cost-coping strategies, and adherence to prescrip-
tion medication among patients with cancer. J Oncol Pract. 
2013;9(6S):60s-63s.

 25. Felder TM, Bennett CL. Can patients afford to be adherent to 
expensive oral cancer drugs? Unintended consequences of phar-
maceutical development. J Oncol Pract. 2013;9(6S):64s-66s.

 26. Smith SR, Zheng JY. The intersection of oncology progno-
sis and cancer rehabilitation. Curr Phys Med Rehabil Rep. 
2017;5:46-54.

 27. Fernandez S, Franklin J, Amlani N, DeMilleVille C, Lawson 
D, Smith J. Physical activity and cancer: a cross-sectional 
study on the barriers and facilitators to exercise during cancer 
treatment. Can Oncol Nurs J. 2015;25:37-42.

 28. Dalzell M, Smirnow N, Sateren W, et al. Rehabilitation and 
exercise oncology program: translating research into a model 
of care. Curr Oncol. 2017;24:e191-e198.

 29. Hefferon K, Murphy H, McLeod J, Mutrie N, Campbell A. 
Understanding barriers to exercise implementation 5-years 
post breast cancer diagnosis: a large-scale qualitative study. 
Health Educ Res. 2013;28:843-856.

 30. Wonders KY, Ondreka D. Individualized exercise improves 
fitness and psychological measures to a greater extent than 
group exercise during cancer treatment. J Palliat Care Med. 
2018;1(1):1001.

 31. Wonders K. Supervised, individualized exercise programs 
help mitigate costs during cancer treatment. J Palliat Care 
Med. 2018;8:4. doi:10.4172/2165-7386.1000338


