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Abstract
Purpose Despite national recommendations, exercise programs are still not clinically implemented as standard of care for cancer
survivors. This investigation examined the effects of a clinically implemented and personalized exercise program on physical
fitness, fatigue, and depression in a diverse population of cancer survivors. The association of various participant characteristics
on program performance was also examined.
Methods Data were collected from 170 cancer survivors who had participated in a clinical exercise program. Any cancer type
was included and survivors were either undergoing medical treatment or had completed treatment (< 6 months prior to program
initiation). Baseline and post program measures of estimated VO2peak, grip strength, fatigue, and depression were compared in
survivors who completed the program follow-up. Multiple regressions were performed to investigate the association of age,
gender, body mass index (BMI), and medical treatment status on baseline and change scores in outcome measures, as well as
program adherence.
Results All measures improved in participants who completed the program (p < 0.01). Age, gender, and BMI were associated
with baseline measures of estimated VO2peak and grip strength (p < 0.01), and age was inversely associated with baseline fatigue
(p = 0.02). Only BMI was inversely associated with change in estimated VO2peak (p < 0.01). No participant characteristics or
baseline measures were predictive of program adherence (p > 0.05).
Conclusion This investigation provides evidence that a personalized, clinical exercise program can be effective at improving
physical fitness, fatigue, and depression in a diverse population of cancer survivors.
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Introduction

An estimated 15.5 million cancer survivors currently
live in the USA. With improving medical treatment for

cancer, this number is expected to grow to 20 million
by 2026 [36]. However, with reduced mortality come
impairments in physical fitness (e.g., cardiorespiratory
fitness and muscular strength) as a result of the disease
process or medical treatment [3, 5, 20]. These impair-
ments can have significant and lasting effects on phys-
ical function, health-related quality of life (HRQoL),
and healthcare utilization. Some, such as decreased mus-
cular strength and physical function, are prognostic in-
dicators for mortality in cancer survivors [4, 27].

Supervised or prescribed exercise programs can reduce or
reverse declines in physical fitness seen during [34, 35] and
after medical treatment [50] in cancer survivors. Exercise pro-
grams can increase cardiorespiratory fitness and muscular
strength, and decrease fatigue and psychological symptoms
such as stress and depression [38, 39, 50]. Supervised exercise
has been consistently shown to be safe in this population and
is recommended by the National Comprehensive Cancer
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Network (NCCN) [14] and the American College of
Sports Medicine (ACSM) [48], among others. Despite
this, exercise programs are not regularly provided as
standard of care. One aim of this investigation is to
assess the effectiveness of a clinically implemented,
community-based exercise program.

Community-based exercise programs for cancer survi-
vors are being established to address this need in a
growing population [8, 9, 12, 16, 18, 22, 28, 32, 33,
44]. These programs have shown significant improve-
ments in cardiorespiratory fitness [8, 18, 44], muscular
strength [18, 44], fatigue [29, 30], and depression [16,
30]. While successful, many of these programs are lim-
ited to specific groups of cancer survivors, such as
women [9], breast cancer survivors [16, 32], prostate
cancer survivors [33], or survivors who have completed
medical treatment [44]. Of the larger, more inclusive
community-based programs [8, 18, 29], breast cancer
survivors continue to make up over 50% of the popu-
lation and supervised exercise sessions are predominate-
ly delivered in a group setting. The current investigation
aimed to assess the effectiveness of a community-based
program in a more diverse survivor population, as well
as assess a program implementing initial one-on-one ex-
ercise sessions to improve the prescribed individualized
exercise program, recommended by the NCCN [14].

In addition to effectiveness, predictors of program
adherence and moderators of effectiveness must be in-
vestigated to provide a complete assessment of
community-based programs. A systematic review re-
vealed that while there is moderate evidence to support
previous exercise history predicting exercise adherence
in cancer survivors, inconsistent results have been seen
for personal characteristics such as age and gender, and
physical characteristics such as fitness and body mass
index (BMI) [26]. The current investigation examines
how participant characteristics may influence program
adherence, as well as how these characteristics may
moderate the effectiveness of the program.

Cancer survivors currently receiving medical treatment
have shown more limited responses to exercise than survivors
who have completed treatment [50]. Increased age can partial-
ly explain decreases in an individual’s initial fitness level and
response to an exercise program [21, 47, 51], but there is
limited information about the effect of age on the exercise
response in cancer survivors [11]. Higher BMI has been
shown to be associated with decreased physical fitness and
functioning in breast cancer survivors [7, 17], and is associat-
ed with lesser improvements in fitness after an exercise pro-
gram in endometrial cancer survivors [1]. A recent systematic
review [6], however, showed no moderation by personal char-
acteristics on exercise-induced improvements in physical
function or quality-of-life in cancer survivors. This finding

must be confirmed in a community-based exercise pro-
gram where moderation by personal characteristics can
be critical knowledge in the creation of evidence-based
modifications in personalized exercise prescriptions
(e.g., altered intensity of exercise in older cancer
survivors).

The purpose of this study was to investigate the effects of a
clinically implemented, community-based, and personalized
exercise program, the BfitBwell Program, on physical fitness,
fatigue, and depression, as well as to assess the association of
participant characteristics with program adherence and re-
sponse to the program within a diverse population of cancer
survivors.

Methods

Participants

Data from 170 cancer survivors enrolled in the BfitBwell
Program at the University of Colorado Anschutz Health and
Wellness Center (AHWC) between August 2013 and
July 2016 were used in this analysis. The source data were
retrospectively accessed from a research database, approved
by the ColoradoMultiple Institutional Review Board. All par-
ticipants with at least a baseline assessment were included in
the current investigation. Adult cancer survivors (≥ 18 years
old) at the University of Colorado Cancer Center are eligible
for participation in the BfitBwell Program if they (1) provide a
signed physician clearance to participate in exercise, (2) are
currently undergoingmedical cancer treatment (chemotherapy
and/or radiation) OR are within 6 months of completing med-
ical cancer treatment, and (3) are able and willing to travel to
the AHWC at least two times per week for the duration of the
3-month program. No exclusions are made based on cancer
type. Patients learn about the program either by referrals from
Cancer Center staff (oncologists, nutritionists, physician assis-
tants, etc.) or informational flyers within the Cancer Center.
Each participant pays $59 per month for the program, which
covers their membership to the AHWC fitness facility.

Program description

The BfitBwell Program implements exercise training for can-
cer survivors based on NCCN guidelines for physical activity
during survivorship [14] and other previously published rec-
ommendations [48, 49]. The program is conducted at the
AHWC, which includes clinical facilities for assessments
and a commercial fitness center for the exercise training.

Participants complete a detailed intake assessment, includ-
ing medical history review, current medical treatment review,
and physical and functional tests and measures. Demographic
data (age, gender, and BMI) are also collected. The program is
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3 months in length and aimed at gradually increasing exercise
independence, with the first month consisting of 2–3 one-on-
one training sessions per week, the second consisting of two
small group training sessions (up to four participants) per
week, and the third month consisting of one small group train-
ing session per week, with a detailed reassessment as a pro-
gram follow-up. Participants also receive unlimited access to
the fitness facility during off-peak hours on weekdays and all
day on weekends while enrolled.

Each training session is approximately 50 min in length
and led by a Cancer Exercise Specialist or trained and super-
vised program interns completing a degree in Exercise
Physiology or a related field. Session content takes a
Bwhole-body^ approach, typically targeting increased
strength of large muscle groups in the upper and lower body
using multi-joint exercises, and increased flexibility of large
muscle groups using stretching activities. Participants are en-
couraged to complete at least 10 min of aerobic exercise of
their choice prior to the start of the session, which then focuses
on a combination of resistance, aerobic, and flexibility exer-
cises, based on each participants’ personalized plan.

The content of the exercise programs is personalized in
several ways. Baseline assessments are used to identify spe-
cific impairments in cardiorespiratory fitness and muscular
strength, which are then targeted in the program. Participant
goals for the program are established at baseline and factored
into each training plan (e.g., increase strength, return to spe-
cific activity). Aerobic content is adjusted based on participant
goals and health status (e.g., decreased time and intensity in
participants with history of, or current disease-related weight
loss). Exercise intensity during each session is highly adapt-
able and continuously adjusted. Intensity is monitored using a
rate of perceived exertion (RPE) scale of 0–10 and adjusted to
maintain a subjective report of less than 8 out of 10. Intensity
is also adjusted based on trainer observation and judgment to
improve exercise efficacy, facilitate exercise adherence, and
accommodate fluctuations in health status. Many participants
experienced acute disease or treatment-related symptoms that
required a reduction in exercise intensity, but intensity was
subsequently increased on days when symptoms had
subsided.

Outcome measures

The evaluation of physical fitness comprised tests of cardio-
respiratory fitness and muscular strength. Cardiorespiratory
fitness was measured by estimating VO2peak from a graded
treadmill exercise test, created for and validated in cancer
survivors [45]. Participants were encouraged to continue the
treadmill test until volitional fatigue, at which point estimated
VO2peak was calculated (using ACSM equations [40]).
Muscular strength was assessed using grip dynamometry
(TKK 5401, Takai Scientific Instruments Co., Ltd., Japan).

Participants completed three maximal grips with their domi-
nant arm while standing with arms straight by their side and
palms facingmedially. The average of the three trials was used
in data analysis.

Fatigue was chosen as a patient-reported outcome based on
previous reports of prevalence in cancer survivors and possi-
ble beneficial effects of exercise [37, 39]. Fatigue was mea-
sured using the Piper Fatigue Scale (PFS), a measure devel-
oped for the assessment of fatigue in cancer survivors [41].
The PFS is scored on a scale of 1–10, with higher scores
indicating increased fatigue. Depression was chosen as an
additional patient-reported outcome based on possible
exercise-related benefits [37, 39] as well as its use as a safety
measure, so participants reporting high levels of depression
could be referred to the appropriate medical providers.
Depression was measured with the Beck Depression
Inventory (BDI) [2], which is scored on a scale from 0 to
63, with higher scores indicating increased depressive
symptoms.

Program adherence was calculated as the total number of
exercise sessions attended during the 3-month program (with
a maximum of 24).

Analysis

The effects of the program were assessed by performing
paired t tests on the four outcome measures comparing base-
line to program follow-up assessments in participants who
completed the program follow-up, and effect sizes were cal-
culated [31]. Continuous participant characteristics investigat-
ed were age and BMI. Categorical characteristics were gender
and current medical treatment (participants receiving chemo-
therapy and/or radiation during the exercise program vs. those
who had completed chemotherapy and/or radiation prior to the
exercise program). Multiple linear regressions were per-
formed to test the association of participant characteristics
with baseline performance. A regression was performed once
for each outcome measure (estimated VO2peak, grip strength,
PFS, and BDI) as the dependent variable with participant
characteristics as independent variables. The association of
participant characteristics and performance with program ad-
herence was investigated using a multiple linear regression
performed with the number of sessions attended as the depen-
dent variable and participant characteristics and baseline mea-
sures as independent variables. This regression included only
participants with complete data from the baseline assessment.

The associations of participant characteristics with changes
during the program were tested with multiple regressions per-
formed with the change in each outcome as the dependent
variable and participant characteristics, as well as number of
exercise sessions attended, as independent variables. Finally,
Pearson correlations were performed between baseline mea-
sures and changes after the program for each measure, to
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assess the influence of baseline performance on program re-
sponse. These analyses were only performed with participants
who had completed the assessment measure of interest at both
baseline and follow-up assessments (see Fig. 1).

Both unstandardized and standardized beta coefficients were
calculated in multiple regression analyses. Statistical significance
was set as p< 0.05 and all analyses were performed in R statis-
tical software (R Development Core Team, Vienna, Austria).

Results

Characteristics of the 170 participants are shown in Table 1.
The mean age was 57 ± 12 years (range, 28–89), and 69% of
the sample were women. Half the sample was currently re-
ceiving medical cancer treatment, with the majority of those
participants receiving chemotherapy (as opposed to radiation
therapy or the combination of chemotherapy and radiation).
Treatment status was established only at baseline; therefore, it
was unknown whether participants completed treatment dur-
ing the program. Given the limitations of the clinical imple-
mentation of the program (e.g., patients leaving early due to
schedule conflicts, not returning questionnaires), all assess-
ment measures were not collected or recorded for every par-
ticipant. Figure 1 shows the number of participants with data
for each assessment and loss to follow-up. Data was only
collected for each measure at follow-up if the participant had
data for that measure at the baseline assessment.

Baseline assessment measures, as well as adherence, are
shown in Table 2. On average, participants attended 62% of all
possible exercise sessions, with 65% of participants attending at
least 50%. A total of 151 participants had complete baseline
assessments and were included in the adherence regression mod-
el (excluded participants did not differ significantly in any base-
line measures or participant characteristics (p > 0.05)).

Baselinemeasures and participant characteristics were not signif-
icantly associated with the number of exercise sessions attended
(model adjusted R2 =− 0.01, β =− 1.4–0.21).

All assessment measures significantly increased from base-
line to follow-up in participants who completed measures at
both assessments (p < 0.01) (Table 3). Effect sizes ranged
from large for estimated VO2peak, to medium for grip
strength, PFS, and BDI (using interpretations suggested by
Cohen [10]; 0.8 = large, 0.5 = medium, and 0.2 = small).

Age, BMI, and gender were all significantly related to
baseline estimated VO2peak and grip strength (Table 4).
Only age was associated with baseline fatigue (p = 0.02). No
participant characteristics were associated with baseline BDI,
and current treatment was not associated with any of the base-
line measures.

Fig. 1 Data collected from the exercise program for baseline and program
follow-up assessments, as well as the number of participants completing
each measure at each assessment. Post-intervention data was only
collected from participants who completed a given measure at baseline

Table 1 Participant characteristics

All participants (N = 170)

Age (years, mean ± SD) 57 ± 12

Gender (women, %) 117 (69)

BMI (kg/m2, mean ± SD) 26.4 ± 5.7

Currently receiving Cancer treatment (N, %) 85 (50)

Chemotherapy 56 (33)

Radiation therapy 11 (6)

Chemotherapy and radiation therapy 18 (11)

Cancer type (N, %)

Breast 63 (37)

Gastrointestinal 27 (16)

Lung 17 (10)

Head and neck 15 (9)

Prostate 13 (8)

Hematologic 9 (5)

Brain 7 (4)

Other 19 (11)

Table 2 Baseline assessment and program adherence

Baseline assessment All participants

Estimated VO2peak (ml/min/kg, mean ± SD) 21.8 ± 7

Grip strength (kg, mean ± SD) 29.2 ± 10

Piper Fatigue Scale (mean ± SD) 4.5 ± 2

Beck Depression Inventory (mean ± SD) 10.5 ± 7

Program adherence

Sessions attended (mean ± SD, %) 14.8 ± 7 (62)

Attended > 75% of sessions (N, %) 62 (36)

Attended 50–75% of sessions (N, %) 49 (29)

Attended 25–50% of sessions (N, %) 31 (18)

Attended 0–25% of sessions (N, %) 28 (16)
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Only baseline BMI was significantly and inversely related to
the change in estimated VO2peak at program completion
(Table 5). No other participant characteristics were associated
with changes in assessment measures. Baseline measures of the
PFS and BDIwere inversely associated with the changes in these
outcomes after the exercise program (r= − 0.55 and r =− 0.66,
respectively, p < 0.01). Baseline measures of estimated VO2peak
(r= − 0.07, p= 0.48) and grip strength (r= − 0.17, p = 0.06)were
not associated with changes after the program.

Discussion

The current results show that physical fitness, fatigue, and
depression improve in a diverse sample of cancer survivors
after participation in the BfitBwell Program, a clinically im-
plemented, community-based, and personalized exercise pro-
gram. The current population was more diverse in cancer
types than previous inclusive studies of community-based
programs (36% breast cancer survivors compared to > 50%).
Participant characteristics (age, BMI, and gender) were asso-
ciated with baseline measures of cardiorespiratory fitness,
muscular strength, and fatigue; however, only BMI was a
significant predictor of the degree of change in cardiorespira-
tory fitness after the exercise program. Participant

characteristics and baseline assessment measures were not as-
sociated with program adherence. Whether a participant had
completed medical cancer treatment was not significantly re-
lated to baseline measures or changes in these measures after
the exercise program. Finally, higher baseline scores of fatigue
and depression were associated with greater reductions in
these measures after the program.

Program efficacy and adherence

Cardiorespiratory fitness, strength, fatigue, and depression all
significantly improved following the exercise intervention in
participants who completed the program. The magnitude of
these improvements varied, and future studies should investi-
gate and establish what is clinically meaningful. Previous
studies of the effects of exercise in cancer survivors utilize a
variety of outcome measures, making direct comparisons dif-
ficult. One larger study of an exercise intervention in a diverse
population of cancer survivors using similar outcome mea-
sures showed significant improvements of 15–20% in
VO2peak and 21–22% in fatigue and non-significant improve-
ments of 6% in grip strength [25]. Improvements in the current
investigation resulted in similar changes as follows: 14% im-
provement in estimated VO2peak, 22% improvement in fa-
tigue, and 3% improvement in grip strength, all significant.

Participant characteristics and baseline measures did not
predict adherence. Inconsistent findings have been seen for
the effects of age, gender, and BMI on exercise adherence in
previous studies [26]. The comparison of adherence between
studies of community-based programs is confounded by dif-
ferent methods of defining adherence (e.g., percent of eligible
participants attending any given session, percent of total ses-
sions attended by each participant). What is meaningful in the
current investigation is the lack of association between base-
line characteristics and the number of exercise sessions
attended, indicating that individualization of the exercise pro-
gram may have allowed for all participants to adhere to the
program equally. In terms of loss to follow-up for post-

Table 3 Changes in physical fitness, fatigue, and depression

All participants

Change Effect size

Estimated VO2peak (ml/min/kg, mean ± SD) 3.0 ± 4.0† 0.8

Grip strength (kg, mean ± SD) 1.0 ± 2.9† 0.3

Piper Fatigue Scale (mean ± SD) − 1.0 ± 2.0† − 0.5
Beck Depression Inventory (mean ± SD) − 2.7 ± 5.7† − 0.5

Paired t tests between baseline and follow-up scores
† p < 0.01

Table 4 Relation of all participant characteristics to baseline measures of physical fitness, fatigue, and depression

Independent variables Baseline estimated
VO2peak

Baseline grip strength Baseline Piper Fatigue
Scale

Baseline Beck Depression
Inventory

B (SE) β B (SE) β B (SE) β B (SE) β

Age − 0.18 (0.04)† − 0.31 − 0.22 (0.04)† − 0.28 − 0.03 (0.01)* − 0.19 − 0.09 (0.05) − 0.16
BMI − 0.27 (0.09)† − 0.22 0.22 (0.09)† 0.13 − 0.01 (0.03) − 0.02 − 0.03 (0.10) − 0.03
Female vs male − 3.62 (1.06)† − 0.24 − 15.89 (1.06)† − 0.77 0.16 (0.37) 0.04 1.47 (1.25) 0.10

Current treatment vs completed treatment 0.64 (0.97) 0.05 0.91 (0.96) 0.05 0.65 (0.33) 0.16 0.35 (1.12) 0.02

Adj. R2 0.19 0.58 0.04 0.02

Unstandardized beta coefficients, standard errors, and standardized beta coefficients from multiple regression analyses with baseline and change
outcomes as dependent variables and participant characteristics as independent variables

*p < 0.05, † p < 0.01
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intervention assessments, the current program (retaining 71%
of participants for follow-up) performed similarly to other
community-based programs (retaining 56% [8] to 76% [18]
of participants for follow-up).

Influence of participant characteristics on baseline
measures

Age was inversely associated with baseline measures of car-
diorespiratory fitness and grip strength, consistent with studies
of healthy aging [15, 23]. Increased age was weakly (β = −
0.19), but significantly associated with lower measures of fa-
tigue. While fatigue is commonly investigated in older cancer
survivors, and mechanisms are proposed of how the aging
process may contribute to the development of fatigue [19],
the current results are generally consistent with previous liter-
ature showing either an inverse association [13] or no associ-
ation [42] between age and fatigue in cancer survivors. Higher
BMI was associated with reduced cardiorespiratory fitness at
baseline, in line with previous studies, but also associated with
increased grip strength, in contrast to previous research [7].
This is likely due to the diverse nature of the current popula-
tion, specifically in gender, where increased BMI may also be
associated with increased muscle mass. Previous studies
reporting inverse associations between BMI and grip strength
were performed primarily in breast cancer survivors [7, 17],
where increased BMI is more likely to be indicative of in-
creased fat mass.

As would be expected, men demonstrated significantly
higher baseline cardiorespiratory fitness and muscle strength
than women [15, 40]. Gender was not associated with initial
fatigue and depression, suggesting a similar effect of cancer
and medical cancer treatment on these measures. One item of
note is the larger percentage of women who participated in the
exercise program. While much of the literature in this area
focuses on female breast cancer survivors, the BfitBwell
Program does not target a specific cancer diagnosis or gender.

This finding may simply represent the relatively high preva-
lence of breast cancer (3.5million), though the total number of
female cancer survivors in the USA is not much greater than
males (8.2 million vs 7.4 million) [36]. This may suggest the
need for improved recruitment and advocacy for men to join
clinical exercise programs during and after cancer treatment.

Finally, no initial differences were seen in cardiorespiratory
fitness, muscular strength, fatigue, or depression between par-
ticipants currently receiving medical treatment and those who
had completed treatment. This differs from previous observa-
tions where survivors receiving treatment displayed reduced
fitness and increased fatigue and depression due to the effects
of the treatment when compared to survivors who had com-
pleted treatment [24, 52, 53]. A possible explanation of this
discrepancy is that participants in the current sample were
limited to those who had completed treatment within 6months
of program enrollment. Most studies of cancer survivors ex-
clude this acute (< 6 months) completion period. The results
suggest that patients in this period may still be experiencing
the negative effects of treatment on performance in the months
immediately following cancer treatment, warranting personal-
ized exercise plans and a system to refer these patients for
other supportive healthcare.

Influence of participant characteristics on program
efficacy

Evidence suggests that patients currently receiving medical
treatment (chemotherapy and/or radiation) may not experi-
ence as large of a benefit from exercise as those who have
completed treatment [43, 50]. This might be expected as indi-
viduals receiving treatment may experience acute declines and
fluctuations in physical performance and well-being.
However, in the present study, current treatment status was
not significantly associated with changes in outcome mea-
sures. The fact that participants in this program had completed
treatment within 6 months of program initiation and were not

Table 5 Relation of all participant characteristics to change in measures of physical fitness, fatigue, and depression

Change in estimated
VO2peak

Change in grip
strength

Change in Piper Fatigue
Scale

Change in Beck Depression
Inventory

B (SE) β B (SE) β B (SE) β B (SE) β

Age − 0.04 (0.03) − 0.11 − 0.02 (0.02) − 0.09 0.02 (0.02) 0.11 0.10 (0.05) 0.20

BMI − 0.17 (0.06)* − 0.24 0.06 (0.05) 0.11 0.06 (0.04) 0.14 0.05 (0.11) 0.05

Female vs male 0.13 (0.83) − 0.01 − 0.11 (0.60) − 0.02 − 0.25 (0.47) − 0.06 − 1.58 (1.27) − 0.13
Current treatment vs completed treatment − 0.76 (0.74) − 0.09 0.30 (0.53) 0.05 0.00 (0.43) 0.00 0.76 (1.16) 0.07

Sessions attended 0.07 (0.07) 0.09 0.08 (0.05) 0.13 − 0.07 (0.04) − 0.18 − 0.16 (0.12) − 0.14
Adj. R2 0.05 − 0.01 0.02 0.05

Unstandardized beta coefficients, standard errors, and standardized beta coefficients from multiple regression analyses with baseline and change
outcomes as dependent variables and participant characteristics as independent variables

*p < 0.05
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significantly different from active-treatment participants on
baseline measures may explain the absence of a treatment
status effect on the changes in outcome measures.

Little evidence was found that age, gender, or BMI predict-
ed participant responses to the BfitBwell Program. BMI was
inversely associated with change in cardiorespiratory fitness,
which has also been observed in previous studies investigating
the effects of BMI on response to an exercise program [1].
These results, along with the lack of association between these
characteristics and program adherence, indicate that the
BfitBwell Program is able to provide an exercise intervention
that is effective for and adhered to by a diverse population of
cancer survivors. While many factors of the program may
influence this outcome, the personalization of the exercise
intervention bears further discussion.

In accordance with NCCN recommendations [14], exercise
prescriptions were tailored to the individual using initial as-
sessment data and later modified on a day-to-day basis, as
needed. The initial tailoring of the exercise prescription was
enhanced by the novel incorporation of one-on-one exercise
sessions during the first month of the program, as opposed to
group sessions. If a participant had a low performance
at baseline, or a reduced ability to exercise on a given
day (e.g., symptom exacerbations), that participant’s ex-
ercise plan was modified to maximize participation and
exercise efficacy. Many previous studies of exercise in
cancer survivors utilize less flexible, standardized exer-
cise protocols, not accounting for baseline differences or
adapting to day-to-day fluctuations in health status. This
investigation indicates that a personalized exercise pro-
gram may be able to account for baseline differences in
age and gender. The association between BMI and
change in cardiorespiratory fitness may indicate the
need for the current program to introduce further adap-
tations for individuals with larger BMIs at baseline.

Highlighting another potential benefit of the personalized
exercise program was the finding of significant inverse corre-
lations between initial fatigue and depression with changes in
these outcomes after program completion. While these results
could be explained by a floor effect of the PFS and BDI or
regression to the mean, a previousmeta-analysis indicated that
participants with less fatigue experienced greater reductions in
fatigue after an exercise program [43]. Our results show the
opposite effect, with participants who reported the greatest
fatigue at baseline improving the most in response to the pro-
gram. Setting an appropriate starting exercise intensity, care-
fully monitoring acute changes in fatigue, and making adjust-
ments as needed throughout the exercise plan may help cancer
survivors meet national exercise recommendations and expe-
rience the therapeutic effects of exercise on fatigue [46, 48].
More research is warranted to characterize this initial reduc-
tion in intensity and subsequent progression in patients with
moderate to severe fatigue.

Limitations

The main limitation of this investigation was the utilization of
retrospective data from a convenience sample of participants
with no control group. It is possible that outcomes would
improve over time or in response to other medical treatment.
However, assessment of this population allowed the investi-
gation of the efficacy of an exercise program for cancer sur-
vivors in a real-world scenario.

The investigation was limited by the small number of
outcome measures collected. Additional physical and
patient-reported outcomes, particularly those assessing
physical function and previous and post-intervention
levels of physical activity, would benefit the interpreta-
tion of the effects of the exercise intervention, as would
patient-reported measures of HRQoL. It should be noted
that the current investigation was the retrospective anal-
ysis of data collected from a community-based program
that was not created with specific research hypotheses
in mind. Additional outcomes have been added to the
Bf i tBwel l Program going forward , and future
community-based programs should consider more com-
prehensive outcome measures.

The intensity of exercise sessions was not objectively
measured and quantified for each exercise session.
Given the highly individualized nature of the current
exercise program, few resistance exercises could be
quantified as a percent of one-repetition maximum and
heart rate monitors were not used to quantify relative
cardiovascular responses. Exercise intensity was instead
prescribed and adjusted based on trainer judgment and
patient RPE. Future studies and exercise program im-
provements should consider including consistent record-
ing of objective and subjective intensity ratings, triggers
for exercise session modifications, and clearly annotated
adjustments made by exercise trainers in response to
fluctuations in the day-to-day status of participants.

Conclusion

Overall, this investigation demonstrated that a clinically im-
plemented, community-based, and personalized exercise pro-
gram can be effective at improving physical fitness, fatigue,
and depression in a diverse population of adult cancer survi-
vors. Program response and adherence were not predicted by
initial performance or participant characteristics, possibly due
to individualized exercise modifications, enhanced by one-on-
one training sessions for the first month of the program. These
results are encouraging and suggest the need for additional
studies to investigate the wider application and feasibility of
adopting personalized and adaptable exercise programs as
standard of care in cancer survivors.
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