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Abstract The purpose of this study was to evaluate the
feasibility of delivering a supervised physical activity pro-
gram plus standard exercise counseling (PA +EC) versus a
supervised physical activity plus motivationally-enhanced
behavioral counseling (PA 4+ BC) in prostate cancer survi-
vors. Secondary outcomes included objectively assessed PA,
quality of life, body composition, cardiorespiratory fitness,
cognitive functioning, and physical function. Twenty-six
prostate cancer survivors were randomized to a 12-week
supervised PA program plus standard exercise counseling or
a 12-week supervised PA plus behavioral counseling based
on the Multi-Process Action Control framework. Feasibility
was determined through enrolment rate, measurement com-
pletion rate, loss-to-follow-up, adherence to the interven-
tion, adverse events, and program evaluation items assessing
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burden and satisfaction. Of the 26 prostate cancer survivors
enrolled (M, =65.6 +6.8), 96% completed the interven-
tion. Measurement completion rates for the study measures
were 88.5%. Adherence to the supervised PA sessions was
92% (completed 11/12 supervised PA sessions) and 100%
(completed 12/12 supervised PA sessions) in the PA+EC
and PA 4+ BC group, respectively. Adherence to the home-
based PA sessions was 70% (completed 7/10 home-based
sessions) and 90% (completed 9/10 home-based sessions) in
the PA 4+ EC and PA +BC group, respectively. Overall, pros-
tate cancer survivors were highly satisfied with the interven-
tion components and found it rewarding, useful for research
helping others, and useful for them personally. The patterns
in the secondary outcomes were consistent with a positive
impact of the intervention, favoring the PA +BC group.
Preliminary evidence suggests that adding behavioral coun-
seling to supervised PA in prostate cancer survivors may be
feasible and result in better adherence to PA compared to
exercise counseling alone, although additional refinement is
needed. A combination of supervised and home-based PA
may be feasible for behavior change in the self-management
of prostate cancer. The study is registered with http://Clini
calTrials.gov (ID NCT03191968).

Keywords Behavior change - Prostate cancer survivors -
Multi-process action control framework - Cognitive
function - Physical activity

Introduction
Over the past two decades, the 5-year relative survival rate

in prostate cancer for all stages combined has increased
from 68% to nearly 100%, resulting in a growing number of
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prostate cancer survivors (Siegel, Miller, & Jemal, 2019).
Supportive care interventions are needed to reduce the
chronic and late-appearing treatment-related side effects
during the transition into survivorship. Physical activ-
ity (PA) has a positive impact on clinical outcomes such
as improvements in overall quality of life (QoL), cancer-
specific mortality, and reducing treatment-related toxicities
across many cancer survivor groups (Mishra et al., 2012),
including prostate cancer survivors (Antonelli, Freedland, &
Jones, 2009; Bonn et al., 2015; Keogh & MacLeod, 2012).

There is strong evidence that aerobic and resistance
exercise in prostate cancer survivors result in clinically
meaningful improvements in cardiorespiratory fitness,
muscular strength, physical functioning, QoL, and fatigue
(Baumann, Zopf, & Bloch, 2012; Bourke et al., 2016;
Keogh & MacLeod, 2012). Furthermore, anticancer therapy,
radiotherapy, or androgen-deprivation therapy (ADT) can
cause short-term and long-term cognitive impairment for
prostate cancer patients (Fang et al., 2020). However, the
evidence supporting PA as a strategy to mitigate cancer-
related cognitive impairment is still limited. These positive
benefits resulting from PA are only realized if cancer survi-
vors adhere and maintain their PA levels. Nevertheless, the
majority of prostate cancer survivors are not meeting public
health PA guidelines of 150 min of moderate-to-vigorous PA
(MVPA) per week, and at least 2 days of strength training
per week (Campbell et al., 2019; Schmitz et al., 2010) to
accrue these benefits.

PA prescriptions consisting of supervised exercise con-
sisting of thrice-weekly aerobic activity for 30 min and
twice-weekly of resistance exercise for at least 12 weeks
has shown the strongest evidence for cancer-related health
outcomes including anxiety, depressive symptoms, fatigue,
physical functioning, and QoL (Campbell et al., 2019). In
addition, supervised programs produced larger effects on PA
compared to unsupervised programs (Sheeran et al., 2019).
Supervised exercise programs have the advantage of ongo-
ing monitoring and support to minimize treatment-related
side effects by qualified healthcare professionals and fitness
instructors with specialized knowledge in physical therapy
or clinical exercise physiology, exercise prescriptions, and
working with cancer survivors (Schmitz et al., 2019). How-
ever, given that cancer survivors may face several barriers
to engaging in supervised PA (e.g., distance from clinical
or community programs, program cost, lack of childcare),
there is a growing need to develop and assess the efficacy of
interventions that employ home-based approaches (Groen,
van Harten, & Vallance, 2018; Schmitz et al., 2019).

However, PA declines significantly after the supervised
intervention has been completed (Courneya et al., 2008,
Courneya et al., 2009). Therefore, home-based interven-
tions may be efficacious for implementing behavior change.
They are less burdensome for those who experience travel

and scheduling barriers and have broad reach (Groen et al.,
2018; Schmitz et al., 2019). Research examining the effect
of short-term supervised exercise programs on motivational
outcomes and longer term PA among cancer survivors is
limited, especially theoretical approaches to identify key
motivational outcomes to facilitate the adoption and mainte-
nance of PA (Grimmett et al., 2019; Finlay, Wittert, & Short,
2018). Little is known about which intervention modalities
are feasible and efficacious. Previous studies examining
exercise in prostate cancer survivors have compared super-
vised PA to usual care (Bourke et al., 2014), with only one
behavior change intervention comparing two different types
of implementation intentions intervention (self-adminis-
tered vs. telephone-assisted) in prostate cancer survivors to
increase PA levels (McGowan, North, & Courneya, 2013).

For successful behavior change, it is necessary to move
beyond intention-focused theories to reduce the intention-
behavior gap (Rhodes, 2017). One such framework is the
Multi-process Action Control (M-PAC) framework (Rho-
des, 2017), which has a causal structure where an individual
moves from intention formation to adoption of action con-
trol and onto maintenance of action control. Intention for-
mation is predicated on initiating reflective processes (i.e.,
instrumental attitude and perceived capability). Reflective
processes are hypothesized to influence intention formation
and initiate regulatory processes to enact this intention (i.e.,
affective attitude and perceived opportunity). The translation
of intention into PA (i.e., action control) is determined par-
tially by regulatory processes (e.g., action planning, coping
planning, self-monitoring, social support) during the initial
adoption of the behavior. Continuation of PA action con-
trol is thought to include the addition of reflexive processes
(habit, identity) for long-term PA maintenance. The utility
of the M-PAC has shown promise in an exercise telephone
counseling intervention in hematological cancer survivors
(Vallerand, Rhodes, Walker, & Courneya, 2018).

No study has compared two different counseling com-
ponents, in addition to supervised PA, in prostate cancer
survivors. Feasibility studies are essential before designing
larger scale efficacy trials to determine acceptability, recruit-
ment, retention, and to determine intervention components
that are essential for behavior change (Eldridge et al., 2016;
Lancaster, Dodd, & Williamson, 2004; Leon, Davis, & Krae-
mer, 2011). Following the conceptual framework for defin-
ing pilot and feasibility studies (Eldridge et al., 2016), a pilot
RCT is the necessary step towards examining if and how
behavioural regulation strategies improve PA levels in pros-
tate cancer survivors in preparation for a larger RCT. There-
fore, the primary purpose of this study is to evaluate the fea-
sibility of delivering a supervised PA program plus standard
exercise counseling (PA +EC) versus a supervised physical
activity plus motivationally-enhanced behavioral counseling
(PA +BC) in prostate cancer survivors. Secondary outcomes
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include examining the effects of the intervention on objec-
tively assessed PA, QoL, body composition, cardiorespira-
tory fitness, objectively-assessed cognitive functioning, and
physical function.

Methods
Study design

This study was a pilot single center, two-armed, single blind,
RCT comparing PA +EC to PA +BC.

Setting and participants

This study took place at the University of Illinois at Urbana-
Champaign from July 2017 to May 2018. Prostate cancer
survivors were recruited through the Carle Cancer Center
through oncologist referral, mailing brochures using a tumor
registry at the cancer center, university listservs, flyers, and
newspaper advertisements. Eligibility criteria included: (a)
18-80 years; (b) histologically confirmed prostate cancer
(Stage I-I1Ia) but now cured or in remission; (c) ability to
communicate in English; (d) not meeting PA guidelines
of > 150 min of moderate-to-vigorous PA per week; and (e)
obtaining written approval from their physician to partici-
pate. Exclusion criteria included: (i) neurological or muscu-
loskeletal comorbidities inhibiting exercise; (ii) absent for
more than 3 consecutive days (pre-planned or anticipated
absences) during the period of their 12-week intervention;
and (iii) uncontrolled comorbidities. Potentially eligible
patients at the cancer center were screened by their oncolo-
gist and referred to the study staff for further screening by
phone to determine eligibility. Participants recruited through
other channels outside of the cancer center were requested
to contact the research staff by telephone or e-mail. The
study was approved by the Institutional Review Board at
the University of Illinois, and all participants provided writ-
ten informed consent.

Randomization and blinding

Following completion of baseline measures, eligible par-
ticipants were randomized using permutated blocks of 4 in
a 1:1 ratio to either the PA +EC group or PA +BC group
using a web-based randomization program (Research Ran-
domizer). The allocation sequence was concealed from the
study staff enrolling and assessing participants in sequen-
tially numbered, opaque, and sealed envelopes. Participants
were blinded to group assignment and outcome assessors
were kept blinded to the allocation.
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Physical activity interventions

Prior to randomization, participants completed two study
visits. Visit one consisted of a graded submaximal tread-
mill exercise test, anthropometrics (height and weight), and
questionnaire completion. Visit 2 consisted of a neuropsy-
chological test battery.

The goal of both arms of the intervention was to gradually
increase PA to a minimum of 150 min of moderate inten-
sity or 75 min of vigorous intensity PA per week. Prostate
cancer survivors in both arms were given an individualized
aerobic prescription at a moderate-to-vigorous intensity.
The duration and intensity accounted for the participant’s
baseline fitness test results, PA history, and PA-related
preferences. The prescribed intensity was 50-60% of the
maximum heart rate reserve (i.e., moderate intensity) for
weeks 1-5 and 60-75% (i.e., moderate to vigorous) for the
remainder of the program. Initial exercise duration was indi-
vidualized, but the target duration was at least 10 min per
session. The aerobic duration gradually increased by 5 min
each subsequent week. An aerobic duration of 50 min was
achieved by and maintained after week 6 of the program to
meet exercise guidelines (i.e., 150 min/week). Heart rate
monitors were provided to all participants during the super-
vised PA sessions to monitor their target heart rate zones
(calculated based on baseline cardiorespiratory fitness data).
The PA specialists recorded the type and duration of exercise
performed, as well as participants’ average heart rate and
rating of perceived exertion scale (i.e., 6-20 Borg scale).
Participants were also instructed by the PA specialists on
how to take their resting heart rate using a heart rate monitor,
to evaluate their rating of perceived exertion (i.e., 620 Borg
scale) and record their warm-up, exercise, and cool down
heart rate when they exercised at home. Supervised aerobic
PA sessions were completed on treadmills, cycle ergometers,
or a combination. Prostate cancer survivors were also pro-
vided with a resistance training component using resistance
bands. The whole-body strength training program consisted
of 2 sets of 10 to 12 repetitions targeting legs, abdominals,
and arms. These sessions followed immediately after the
aerobic PA sessions.

Over the 6-week period, both intervention groups were
prescribed a combination of face-to-face supervised PA
sessions, and unsupervised home-based sessions as seen in
Table 1. The supervised PA program was 6 weeks in dura-
tion and prostate cancer survivors were asked to exercise
on their own for 6 weeks for the home-based portion, for a
total of 12 weeks. Prostate cancer survivors were provided
with a logsheet to track the type of PA performed, PA dura-
tion, average heart rate using a heart rate monitor, and their
rating of perceived exertion when they exercised at home.
The PA specialists JW [female] and DS [male]) were certi-
fied personal trainers from the American College of Sports



J Behav Med (2021) 44:172-186

175

Table 1 Delivery and type of counseling sessions by group assignment in

the BOOST trial, July 2017-May 2018

Week Number of Number of Counseling topics
supervised PA home-based
sessions sessions PA+EC PA+BC
1 3 0 Introduction to program and facility (same for both groups)
1 - - Physical activity guidelines Benefits of physical activity
M-PAC’s reflective process targeted: instrumental
attitudes
2 3 0 Components of an exercise training session How to make physical activity fun
M-PAC’s reflective process targeted: affective attitudes
2 - - Signs and symptoms for stopping exercise ~ Overcoming barriers to physical activity
M-PAC’s reflective process targeted: perceived capa-
bility/opportunity
3 2 2 Exercise intensity Social support
M-PAC’s reflective process targeted: perceived capa-
bility/opportunity
3 - - Stretching routine Goal setting
M-PAC’s regulatory process targeted: behavioral
regulation
4 2 2 What to wear during exercise Planning and self-monitoring
M-PAC’s regulatory process targeted: behavioral
regulation
5 1 3 Importance of hydration Habit formation
M-PAC’s reflexive process targeted: habit
6 1 3 Cross training Identity formation
M-PAC’s reflexive process targeted: identity
7-12 0 5 No new topics No new topics

PA physical activity, PA+ EC supervised physical activity plus exercise counseling, PA+ BC supervised physical activity plus behavioral coun-

seling, M-PAC multi-process Action Control Framework

Medicine (ACSM-CPT) and delivered the counseling ses-
sions. The supervised PA sessions were delivered by male
and female senior undergraduate students majoring in Kine-
siology. Our study followed the treatment fidelity guidelines
for health behavior research that have been recommended
by the National Institutes of Health (NIH) Behavior Change
Consortium (Bellg et al., 2004). The components of treat-
ment fidelity include: (a) study design, (b) provider train-
ing, (c) treatment delivery, (d) treatment receipt, and (e)
enactment of treatment skills. Specifically, the PA special-
ists received three training workshops with the Principal
Investigator consisting of the delivery of exercise testing
(workshop 1; 5 h), counseling sessions (workshop 2; 6 h),
and neuropsychological testing (workshop 3; 3 h). These
workshops were accompanied by scripted training and a
detailed manual used to prepare PA specialists for their mock
sessions. The mock sessions were an additional three days
of training with the Principal Investigator on the delivery of
exercise testing, counseling sessions, and neuropsychologi-
cal testing. To further improve the fidelity of the interven-
tion delivery, PA specialists were provided with checklists
to ensure that the core components of the supervised PA
and counseling sessions were delivered as intended. After
each session with the participant, the Principal Investigator

reviewed the checklists for completion, and provided further
feedback to the PA specialists. All supervised PA and coun-
selling sessions were delivered as intended to all participants
in the study.

Intervention: supervised physical activity (PA) program
plus behavioral counseling (PA + BC)

The PA +BC group received a total of nine behavioral coun-
seling sessions with a PA specialist, and the corresponding
counseling session was delivered after each supervised PA
session. The behavioral counseling sessions were based on
the M-PAC (Rhodes, 2017), and included behavior change
techniques such as social support, goal setting, self-mon-
itoring, action planning, habit, and identity. Each of these
techniques mapped onto M-PAC’s targeted constructs of
reflective, regulatory, and reflexive processes (Table 1). A
PA manual was distributed to each participant as an ongo-
ing resource, which was developed separately for each of
the two groups, with the behavioral counseling group con-
taining additional content (i.e., theory-based counseling).
Upon completion of the 6-week supervised PA program,
participants were provided with an individualized PA pre-
scription based on their fitness level to continue achieving
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the PA intervention goal for the home-based component.
Prostate cancer survivors were encouraged to formulate
short- and long-term goals, as well as creating a detailed
plan for achieving PA guidelines. Each counseling session
was approximately 30—45 min in duration (Table 1).

Attention control: supervised physical activity (PA)
program plus standard exercise counseling (PA + EC)

In addition to the supervised PA sessions, the PA +EC
received nine standard PA counseling sessions based on
exercise training principles to teach proper PA and resistance
training techniques, how to monitor intensity, and to pro-
gress PA safely and effectively to achieve the public health
PA guidelines. These sessions were delivered by PA spe-
cialists JW and DS) immediately following the supervised
PA sessions. Each counseling session was approximately
30-45 min in duration (Table 1).

Measures

Feasibility was determined through enrollment rate, meas-
urement completion rate, loss-to-follow-up, adherence to
the intervention, adverse events, and program evaluation
items assessing burden and satisfaction. Adherence to the
supervised PA was based on the number of supervised PA
(i.e., completing the PA minutes prescribed) and counseling
sessions completed, defined as the number of supervised
PA and counseling sessions attended, divided by the num-
ber of supervised PA and counseling sessions prescribed.
Adherence to the home-based program was defined as the
number of home-based sessions completed divided by the
number of home-based PA sessions prescribed. Adverse
events were monitored, assessed and recorded during exer-
cise testing and supervised PA sessions throughout the inter-
vention period. Acceptability was measured through a pro-
gram satisfaction survey completed post-intervention (i.e.,
12-weeks) that assessed the burden of exercise testing and
participant’s perception regarding the PA manual, individual
counseling sessions (only for the PA +BC group), and the
overall impression of the trial. Closed-ended questions with
responses options on a Likert 7-point scale ranging from 1
(not at all) to 7 (very much) were used.

Secondary outcomes
The secondary outcomes were objectively assessed PA,
cardiorespiratory fitness, physical function, QoL, cognitive

functioning, and anthropometric measures assessed at base-
line and 12 weeks (post-intervention).

@ Springer

Physical activity

Objectively assessed PA was measured using Actigraph
GTX3+ accelerometers (Pensacola, FL). Participants wore
the accelerometer on their non-dominant hip during waking
hours for 7 consecutive days. Data were analyzed if there
were no extreme counts (>20,000) and if data were avail-
able for at least 10 valid hours of wear time on 4 or more
days per assessment period. Data were downloaded in 60-s
epochs and processed and converted to mean counts per
minute in ActiLife software package (Version 6; Actigraph)
to estimate daily minutes of light (101-1951 counts min™"),
moderate (1952-5724 counts min~!), vigorous (>
5725 counts min~"), and total moderate-to-vigorous physical
activity (MVPA; > 1952 counts min~") based on established
cut-points (Freedson, Melanson, & Sirard, 1998). Estimated
average daily minutes spent in each activity intensity cate-
gory was calculated by dividing the number of minutes spent
in each category by the total number of valid days worn.

Cardiorespiratory fitness

A modified Balke (Pollock et al., 1982) treadmill test pro-
tocol to assess a submaximal oxygen consumption, which
was used to predict VO,,,.. (Ferguson, 2014). Participants
walked on a treadmill while speed and/or grade increased
in 3-min stages until the participant achieved 85% of a pre-
determined, age-predicted maximum (220-age) heart rate.

Physical function

The Seniors’ Fitness Test (SFT) (Rikli & Jones, 1999) was
used to assess physical function, which consists of a bat-
tery of six items used to determine mobility-related fitness
parameters: 30-s chair stand test for lower body strength;
arm curl test for upper body strength; chair sit-and-reach
test for lower body flexibility; back scratch test for upper
body (shoulder) flexibility; 8-foot up-and-go test for agility
and dynamic balance; and the 6-min walk test for aerobic
endurance.

Cognitive functioning

The NIH toolbox cognition battery with computerized
cognitive tasks and automated scoring was used (Wein-
traub et al., 2013). The toolbox generated individual meas-
ure scores and the following summary scores: Cognitive
Function Composite Score, Fluid Cognition Compos-
ite Score (includes Dimensional Change Card Sort Test,
Flanker, Picture Sequence Memory, List Sorting, and Pat-
tern Comparison measures), and Crystallized Cognition
Composite Score (includes Picture Vocabulary and Read-
ing Recognition measures). These measures have been
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validated against gold standard measures and have high
internal consistency and test-retest reliabilities.(Weintraub
et al., 2013) Self-reported cognitive function was measured
using the Functional Assessment of Cancer Therapy Cogni-
tive Scale—Version 3 (FACT-Cog-3) (Wagner et al., 2009).
Higher scores indicate better perceived cognitive function.

Quality of life

Disease-specific QoL was assessed by the well-validated
Functional Assessment of Cancer Therapy-Fatigue (FACT-
G) which consists of 27-items assessing physical well-being
(PWB), functional well-being (FWB), emotional well-being
(EWB), and social well-being (SWB) (Cella et al., 1993).
Cancer-specific symptoms of fatigue were assessed using
the FACT-Fatigue (Cella, Eton, Lai, Peterman, & Mer-
kel, 2002) The validated FACT-Prostate (FACT-P), which
includes the prostate cancer subscale, was used to assess the
most important targeted symptoms and concerns for prostate
cancer survivors (Esper et al., 1997). Physical and functional
well-being was also assessed using the Trial Outcome Index
(TOI)-Prostate (Cella, Nichol, Eton, Nelson, & Mulani,
2009) and TOI-Fatigue (Cella et al., 2002). TOI-Prostate
and TOI-Fatigue were calculated by summing the PWB and
FWB subscales along with the prostate cancer subscale and
fatigue subscale, respectively. On all scales, higher scores
indicate better QoL and fewer symptoms.

Anthropometric measures

Height and weight were measured using an electronic stadi-
ometer and scale (model 763, Seca: Chino, CA) and used to
calculate body mass index (BMI) [weight per height squared
(kg/mz)]. Waist circumference was measured using a hori-
zontal measure taken directly above the iliac crest.

Demographic and medical information

Standard health history questionnaire assessing self-reported
demographic (e.g., age, marital status, education) and medi-
cal history (e.g., treatments received, date of diagnosis, dis-
ease state) were collected (Courneya et al., 2014; Vallance,
Courneya, Plotnikoff, Yasui, & Mackey, 2007).

Data analyses

All statistical analyses were performed using SPSS 24. An a
priori sample size calculation was not conducted due to the
feasibility nature of this study (Lancaster et al., 2004; Leon
et al., 2011). Descriptive statistics including frequencies,
means, and standard deviations were used to characterize the
sample and report on feasibility outcomes. The intervention
effect on PA behavior (and all secondary outcomes) was

assessed using an analysis of covariance (ANCOVA), where
the dependent variable was post-intervention outcomes and
the independent variable was group assignment, while con-
trolling for the baseline value of the outcome and time since
treatment. All analyses were conducted based on an inten-
tion-to-treat basis. Given that the purpose of this feasibility
trial was to inform a larger RCT, outcomes were interpreted
for potential clinical significance based on the direction and
magnitude of numerical differences.

Results

Participant flow through the trial is reported in Fig. 1. Of the
56 prostate cancer survivors that responded to our invitation,
26 prostate cancer survivors were eligible and randomized
in the trial, generating a 46.4% enrollment rate. Twenty-five
participants completed the PA intervention, representing a
96.2% retention rate. Measurement completion rates for the
study measures were 88.5%. Three participants were lost-to-
follow-up. One participant from the PA + EC group dropped
out after week 3 due to a scheduled surgery, but agreed to
complete the questionnaires and cognitive assessments
post-intervention. However, all participants who were rand-
omized were included in the analysis following an intention-
to-treat approach.

Sample characteristics

Baseline demographic, medical, and clinical characteristics
of the participants are reported in Table 2. Overall, partici-
pants had a mean age of 65.6+6.8, 84.6% were married,
and the mean BMI was 30.2 + 5.8 kg/m”. The mean number
of months since diagnosis was 95.8 +67.8, mean number of
months since treatment was 87.5+72.2, 69.2% had received
surgery, and 92.3% had localized prostate cancer.

Intervention adherence

In terms of intervention delivery, prostate cancer survivors
completed an average of 11.5 of the 12 supervised exercise
and counseling sessions over the 12-week period (96%),
with the PA +EC group and PA +BC group completing
92% and 100% of the supervised exercise and counseling
session, respectively. In terms of the home-based sessions,
prostate cancer survivors completed an average of 8 of the
10 home-based exercise sessions (80%). The PA + EC group
and PA + BC group completed 70% and 90% of the home-
based sessions, respectively.
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Fig. 1 Flow of participants through the study

Program evaluation and satisfaction

Program evaluation and satisfaction with the trial is
presented in Table 3. Overall, prostate cancer survivors
were highly satisfied with the intervention components
and found it rewarding, useful for research helping oth-
ers, and useful for them personally (means > 6/7; higher
scores indicate high satisfaction). Burden of all aspects
of the trial was also quite low (means < 2/7; lower scores
indicate low burden). Prostate cancer survivors also found
the supervised PA and overall counseling sessions to be
quite helpful in increasing PA levels.
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Analysed (n=26)

Secondary outcomes

Mean number of minutes for objectively assessed total
PA, moderate PA, vigorous PA, and percentage of pros-
tate cancer survivors meeting PA guidelines for baseline
and post-intervention are displayed in Table 4. Objectively
assessed MVPA minutes favored the PA + BC group by
+24.0 min. The percentage of prostate cancer survivors
meeting objectively assessed PA guidelines favored the
PA + BC group with 76.9% (10/13) meeting PA guidelines
at post-intervention compared to the PA +EC group with
53.8% (7/13).
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Table 2 Baseline demographic, medical, and clinical characteristics of prostate cancer survivors overall and by group assignment in the BOOST
trial, July 2017-May 2018

Variable Overall (N=26) PA+EC (n=13) PA+BC (n=13)
No. (%) No. (%) No. (%)
Age (mean + SD) 65.6+6.8 66.5+7.0 64.8+6.8
Marital Status
Never married 1(3.8) 0(0.0) 1(7.7)
Married 22 (84.6) 11 (84.6) 11 (84.6)
Widowed 2(7.7) 2(15.4) 0(0.0)
Divorced 1(3.8) 0(0.0) 1(7.7)
Education
Completed high school 3(11.5) 1(7.7) 2(15.4)
Some university/college 5(19.2) 2(15.4) 3(23.1)
Completed university/college 8 (30.8) 5(38.5) 3(23.1)
Some graduate school 1(3.8) 0(0.0) 1(7.7)
Completed graduate school 9 (34.6) 5(38.5) 4 (30.8)
Employment status
Employed full-time 11 (42.3) 5(38.5) 6 (46.2)
Employed part-time 1(3.8) 1(7.7) 0(0.0)
Retired 14 (53.8) 7(53.8) 7 (53.8)
Ethnicity
White 25 (96.2) 13 (100.0) 12 (92.3)
Black/African American 1(3.8) 0 (0.0) 1(7.7)
Body mass index, kg/m? (Mean + SD) 30.2+5.8 30.0+6.0 304+5.9
Healthy weight 2(7.7) 1(7.7) 1(7.7)
Overweight 14 (53.8) 7 (53.8) 7(53.8)
Obese 10 (38.5) 5(38.5) 5(38.5)
Number of comorbidities
None 9 (34.6) 4(30.8) 5(38.5)
1 6 (23.1) 2(15.4) 4 (66.7)
2 6(23.1) 4(30.8) 2(33.3)
>3 5(19.2) 3(23.1) 2(15.4)
Smoking status
Never smoked 17 (65.4) 6 (46.2) 11 (84.6)
Ex-smoker 8 (30.8) 7 (53.8) 1(7.7)
Regular smoker 1(3.8) 0(0.0) 1(7.7)
Drinking status
Never 5(19.2) 2(15.4) 3(23.1)
Less than once a month 5(19.2) 1(7.7) 4 (30.8)
2-3 times a month 3(11.5) 2(15.4) 1(7.7)
Once a week 1(3.8) 1(7.7) 0(0.0)
2-3 times a week 6(23.1) 3(23.1) 3(23.1)
4-6 times a week 4(154) 3(23.1) 1(7.7)
Every day 2(7.7) 1(7.7) 1(7.7)
Months since diagnosis 95.8+67.8 98.2+68.2 93.5+70.1
Months since treatment 87.5+£72.2 87.9+73.7 87.1+73.6
Disease stage
Localized 24 (92.3) 12 (92.3) 12 (92.3)
Unsure 2(7.7) 1(7.7) 1(7.7)
*Current/prior prostate cancer treatment
Surgery 18 (69.2) 8 (61.5) 10 (76.9)
Radiation 10 (38.5) 6 (46.2) 4(30.8)
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Table 2 (continued)

Variable Overall (N=26) PA+EC (n=13) PA+BC (n=13)
No. (%) No. (%) No. (%)
Chemotherapy 2(7.7) 1(7.7) 1(7.7)
Hormonal therapy 5(19.2) 3(76.9) 2 (84.6)
Other (proton therapy) 1(3.8) 0(0.0) 1(7.7)
Current treatment status
Completed treatment 24 (92.3) 12 (92.3) 12 (92.3)
Receiving treatment 2(7.7) 1(7.7) 1(7.7)
Cancer disease recurrence
Yes 3(11.5) 1(7.7) 2(15.4)
No 23 (88.5) 12 (92.3) 11 (84.6)
Current cancer disease status
Disease-free 19 (76.0) 10 (76.9) 9 (75.0)
Existing disease 7 (26.9) 3(23.1) 4 (30.8)

PA + BC supervised physical activity plus behavioral counseling; PA + EC supervised physical activity plus exercise counseling

#Could check more than one response

Supplementary Table 5 provides the change in objec-
tive measures of fitness from baseline to post-intervention
for the PA + EC versus PA + BC group. A decrease was
observed for the 30-s arm curls for the PA + BC group
compared to the PA +EC group (mean change =—2.0).
Increases were noted in VO,,,, by 3.2 ml/kg/min, 6-min
walk by 28.9 ft, sit and reach by 0.9 cm, 8-foot up & go
by 0.2 s, and BMI by 0.1 kg/m?, that favored the PA + BC
group. Adjusted between-group differences for health-
related QoL scales are presented in Supplementary
Table 6. Adjusted between-group differences in prostate
cancer-specific QoL reached the cut-point to be considered
clinically meaningful (i.e., 6—10 for FACT—Prostate; 2 to
3 for prostate cancer subscale) (Cella et al., 2009) Specifi-
cally, prostate-specific QoL as assessed by the FACT-Pros-
tate worsened by 6.4 points and 2.9 points in the prostate
cancer survivors subscale in the PA +BC group. There
were no clinically meaningful changes observed in other
health-related QoL scores.

Changes in objectively assessed and self-reported cogni-
tive function scores from baseline to post-intervention for
the PA +EC versus PA +BC group are presented in Supple-
mentary Table 7. Adjusted group mean differences favoring
the PA +BC group were noted in the scores for the picture
vocabulary test by 0.5, flanker task by 1.4, dimensional
change card sort test by 0.8, list sorting working memory
test by 3.5, pattern comparison processing speed test by 2.7,
and auditory verbal learning test (a measure of immediate
recall) by 2.6. Furthermore, improvements in the composite
scores were noted including the fluid cognition composite
score by 2.2, crystalized cognition composite score by 0.3,
and the total cognition composite score of 1.2, favoring
the PA +BC group. There were no clinically meaningful
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changes observed in the self-reported cognitive function as
assessed by the FACT-Cog and its subscales.

Discussion

To our knowledge, this is the first study to pilot a PA behav-
ior change intervention with prostate cancer survivors using
the M-PAC. The findings of this study will be used to inform
larger, definitive RCTs by examining what aspects of the
trial methods were feasible, as well as further refinements
that need to be made. Specifically, previous behavior change
trials in prostate cancer survivors have typically employed
PA adoption and action control processes with limited atten-
tion to PA maintenance (Finlay et al., 2018; Hallward et al.,
2018). Our pilot RCT is noteworthy given that it differed
from standard approaches to supervised PA interventions
with the addition of reflective, regulatory, and reflexive pro-
cesses used to facilitate behavior change. The intervention
was feasible and well received by prostate cancer survivors,
with recruitment and adherence rates that were consistent
or higher than other distance-based PA interventions in
cancer survivors (McGowan et al., 2013; Vallerand et al.,
2018). In terms of our secondary outcomes, the PA +BC
group increased MVPA by 24 min more than the PA +EC
group did. However, there remain some modifications to trial
methods and intervention components that are needed for PA
adherence before advancing to a definitive RCT.
Enrollment rates for distance-based PA interventions
vary widely with reported rates between 24-89% (Goode,
Lawler, Brakenridge, Reeves, & Eakin, 2015). While
our enrollment rate (46.4%) was consistent with previ-
ous research, our study relied mainly on self-referrals,
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Table 3 Satisfaction of prostate cancer survivors in the BOOST trial overall and by group assignment at post-intervention (12 weeks) in pros-

tate cancer survivors, July 2017-May 2018

Variable Overall (N=26) PA+EC (n=13) PA+BC (n=13) P value
Overall trial participation [Mean (SD)] (1 =not at all to 7= very much)

Rewarding 6.1(1.4) 6.4 (0.8) 5.8 (1.7) 0.25
Waste of time 1.2 (0.5) 1.1 (0.3) 1.2 (0.6) 0.45
Useful for research helping others 5.8 (1.5) 6.1(1.4) 5.5(1.6) 0.31
Useful for me personally 6.2 (1.2) 6.6 (0.6) 5.8 (1.5) 0.14
Recommend to other cancer survivors 6.3 (1.1) 6.7 (0.5) 5.8 (1.5) 0.05
Burden of Testing [Mean (SD)] (1 =not at all to 7= very much)

Treadmill fitness test 1.7 (1.2) 1.6 (1.2) 1.8 (1.3) 0.72
Physical function test 1.7 (1.0) 1.7 (0.9) 1.6 (1.1) 0.75
Neuropsychological assessments 2.0(1.1) 1.8 (1.0) 2.2(1.2) 0.39
Questionnaires 1.9 (1.0) 1.5 (0.8) 2.2 (1.1) 0.07
Counseling sessions 1.8 (1.2) 1.4 (0.8) 2.2(1.4) 0.07
Supervised PA sessions 1.6 (1.0) 1.3 (0.6) 1.9 (1.2) 0.09
Physical Activity Manual [Mean (SD)] (1 =not at all to 7= very much)

Read manual often (1 =never to 7=everyday) 2.2(0.7) 2.5(0.7) 1.9 (0.6) 0.04
Helped in increasing PA 3.2(1.3) 3.8 (1.0) 2.5(1.3) 0.01
Supervised PA Sessions [Mean (SD)] (1 =not at all helpful to 7=extremely helpful)

Helpful in increasing PA 5.8(1.2) 5.9 (1.0) 5.7(1.4) 0.67
Counseling Sessions [Mean (SD)] (1 =not at all helpful to 7=extremely helpful)

Helpful in increasing PA 4.7 (1.6) 4.7.(1.5) 4.8 (1.8) 0.88
Resistance Band Exercises [Mean (SD)] (1 =not at all helpful to 7=extremely helpful)

Helpful in increasing strength 5.4 (1.6) 5501.4) 5.2(1.8) 0.69
Helpfulness of SPA + BC Sessions For

Increasing PA Levels [Mean (SD)] (1 =not at all helpful to 7=extremely helpful)

Benefits of PA - - 5.0 (1.5)

Making PA fun/enjoyable - - 4.4 (1.7)

Obtaining Social support - - 3.8(1.5)

Overcoming barriers - - 4.5(1.8)

Goal setting - - 4.3 (1.7)

Detailed planning - - 4.3 (1.8)

Making PA a habit - - 4.6 (1.6)

Forming an exercise identity - - 4.4 (1.7)

PA physical activity, PA+ BC supervised physical activity plus behavioral counseling, PA+ EC supervised physical activity plus exercise coun-

seling

which attracts highly motivated cancer survivors, well-
educated, Caucasian, and those with better health and
functioning. This does not appear to be representative of
the larger cancer population and is a common observation
in many exercise oncology trials, including distance-based
interventions (Groen et al., 2018). Efforts are needed to
recruit prostate cancer survivors that are less educated,
more ethnically diverse, diagnosed with later stage dis-
ease, obese, and poorer functioning (Groen et al., 2018).
Attending hospital rounds and having a clinical research
coordinator recruiting in-person at the cancer center would
further assist oncologists in patient referrals to the study.

Furthermore, adopting multi-site trials to increase the
sample size are also needed to ensure adequately powered
RCTs.

We report a retention rate of 96.2% and intervention
adherence of with the PA +EC group and PA +BC group
completing 92% and 100% of the supervised exercise and
counseling session, respectively. The high retention and
adherence rates are encouraging and are similar to another
PA intervention, although in breast cancer survivors, that
have adopted a combination of supervised and home-based
components (Rogers et al., 2015). In addition, our reten-
tion and adherence rates were superior to other behavior
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Table 4 Effects of supervised physical activity plus exercise or behavioral counseling on physical activity at post-intervention (12 weeks) in

prostate cancer survivors, July 2017-May 2018

Outcome Baseline Post-intervention #Adjusted Between Group Difference in Mean Change
Mean (SD) Mean (SD) Mean [95% CI] P Value Partial r]2
Objective PA
Total MVPA minutes +24.0 [-73.2t0 121.2] 0.61 0.012
PA+EC (n=13) 94.2 (74.6) 169.9 (131.8)
PA+BC (n=13) 139.1 (154.4) 226.2 (160.1)
Moderate PA minutes +23.9 [-61.5 to 109.4] 0.57 0.015
PA+EC (n=13) 94.0 (74.5) 158.1 (115.7)
PA+BC (n=13) 139.1 (154.4) 205.6 (127.3)
Vigorous PA minutes +7.1[-28.0t0 42.1] 0.68 0.008

PA+EC (n=13) 0.2 (0.4) 11.8(31.2)
PA+BC (n=13) 0.0 (0.0 20.6 (46.1)
% Meeting PA guidelines
PA+EC (n=13) 23.1% 53.8%
PA+BC (n=13) 46.2% 76.9%

PA physical activity, MVPA moderate-to-vigorous physical activity, PA+BC Supervised physical activity plus behavioral counseling, PA+EC

supervised physical activity plus exercise counseling

“Difference in mean change adjusted for baseline value and months since treatment

change interventions in prostate cancer survivors (Finlay
et al., 2018; McGowan et al., 2013). It is possible that tran-
sitioning prostate cancer survivors from supervised to home-
based programs are needed to demonstrate the exercises that
need to be performed, as well as how to successfully apply
behavioral regulation strategies in the initial stages of the
intervention.

Although few interventions have targeted behavior
change as a primary outcome in prostate cancer survivors,
the majority of these trials included either supervised PA
programs in a gym or clinic setting, home-based programs,
or online programs only (Finlay et al., 2018). However, our
results are consistent with a behavior change intervention
focusing on implementation intentions in prostate can-
cer survivors, although telephone-based (McGowan et al.,
2013). Furthermore, Vallerand et al. (2018) assessed the
feasibility of a telephone counseling intervention based on
the M-PAC framework to increase PA in hematologic can-
cer survivors. Although this was telephone-delivered, it was
the only study in cancer survivors that have employed the
M-PAC framework similar to our study. Consistent with our
trial, Vallerand et al. (2018) found that the telephone coun-
seling group increased weekly aerobic exercise by 139 min
more compared to the standard education group (i.e., PA
guidelines), representing a large between group difference.
This suggests that behavioral support interventions grounded
in a theoretical framework such as the M-PAC that focus on
translation intentions into actions, developing PA habits (i.e.,
cue-based reminders) and forming an exercise identity may
be a useful framework for PA maintenance.

@ Springer

The increase in PA in our trial (i.e., +24.0 MVPA/wk
difference) could result in clinically meaningful improve-
ments for health outcomes in prostate cancer survivors. Pre-
vious studies in prostate cancer survivors have reported a
benefit with one hour of PA per week for reducing prostate
cancer-specific mortality (Bonn et al., 2015), while another
study reported greater than 13 MET-h/wk (i.e.,~4 h of
walking or 2 h of jogging per week) of leisure-time PA was
needed (Friedenreich et al., 2016). A recent meta-analysis
reported that postdiagnosis PA was associated with greater
reductions (i.e.,~30% reduction) in cancer-specific and
all-cause mortality in cancer survivors, including prostate
cancer survivors (Friedenreich, Stone, Cheung, & Hayes,
2020). Future research in larger, definitive RCTs are needed
to determine changes in PA needed to achieve a clinically
meaningful improvement in health outcomes in prostate can-
Cer survivors.

It is important to note that our trial did not produce nearly
as large group differences compared to previous behavior
change trials. Future studies should seek to understand the
motivational processes responsible for behavior change that
our feasibility study was unable to address. However, our
trial was able to demonstrate that even with a supervised
PA intervention (considered the ‘gold-standard’ for exer-
cise oncology trials), the addition of behavioral counseling
strategies was encouraging for increasing PA in prostate
cancer survivors. Specifically, motivational processes (i.e.,
attitudes, perceived capability) were positioned earlier in the
intervention as the foundation of motivated action. Reflective
processes (i.e., planning, goal setting) regarding managing



J Behav Med (2021) 44:172-186

183

PA behavior through strategies to translate intentions into
behavior were then targeted. Finally, reflexive processes (i.e.,
habit, identity) were positioned at the end of the intervention
for maintaining the behavior and making it a part of who you
are. Together, these behavioral counseling strategies repre-
sent promising strategies that prostate cancer survivors can
use during self-directed, home-based exercise. Following
our intervention, 76.9% of prostate cancer survivors in the
PA + BC group met the PA guidelines as compared to 53.8%
in the PA 4+ EC group, which is promising but additional
work is needed. PA is difficult to maintain during follow-up
periods of distance-based PA interventions (Goode et al.,
2015). Future efforts are needed to examine if prostate can-
cer survivors require longer periods of behavioral support
with booster sessions beyond 12 weeks for PA maintenance.
The frequency of delivery of the behavioral support sessions
need to be revisited as certain behavior change techniques
such as prompts/cues and action and coping planning may
need to be repeated during the home-based component of the
intervention for sustained PA. While prostate cancer survi-
vors were highly satisfied with the intervention components,
further work is needed on how to make the counseling ses-
sions more engaging that may result in greater interest in
using these behavior change techniques.

In terms of our secondary outcomes, the intervention
produced positive changes in objectively assessed cognitive
function. For example, improvements in the auditory verbal
learning test, fluid cognition, and overall cognitive function
favored the PA +BC group. There are a limited number of
exercise RCTs examining cognitive function as an outcome
(Campbell et al., 2017; Hartman et al., 2017; Myers, Erick-
son, Sereika, & Bender, 2017), and no RCTs in prostate
cancer survivors that include both subjective and objective
cognitive function measures with which to compare our find-
ings to. However, a review of the use of exercise as a poten-
tial intervention for cognitive deficits associated with cancer
and its treatment demonstrated notable improvements in the
cognitive domains of working and visual memory, atten-
tion and concentration, cognitive flexibility and inhibitory
control and verbal fluency (Myers et al., 2017), consistent
with our study. Cognitive changes have been consistently
identified by clinicians as one of the most persistent late
effects of treatment and difficult to manage for clinicians
(LoBiondo-Wood et al., 2014). Therefore, future research is
needed to understand the effects of PA on cognitive function
in prostate cancer survivors.

Although both PA intervention groups increased their
scores in VO, and the 6-min walk for the fitness-related
outcomes, the PA 4+ BC group reached clinically meaningful
thresholds of 3.2 ml/kg/min for VO,,,, and 28.9 feet (~8.8
meters) for the 6-min walk (Barlow et al., 2012; Granger,
Holland, Gordon, & Denehy, 2015; Holland et al., 2010;
Mpyers et al., 2002). The clinically meaningful change in

VO,,..x 1s noteworthy given that cardiorespiratory fitness
is a strong and independent marker of cardiovascular risk
and all-cause mortality. Furthermore, numerous studies have
noted a survival benefit with changes in the metabolic equiv-
alent (MET), where each 1-MET (~3.5 mL kg™! min~")
increase in cardiorespiratory fitness was associated with
10-25% improvement in survival (Ross et al., 2016; Kodama
et al., 2009). This is encouraging as this small increment is
achievable by most individuals, including prostate cancer
Survivors.

On the contrary, prostate-specific QoL worsened in the
PA +BC group compared to the PA +EC group, which were
clinically meaningful. However, it is important to note that
most QoL scores in both groups improved from baseline to
post-intervention, but it did not result in better outcomes
when examining between-group differences. It is possible
that an extended supervised and home-based interven-
tion, with each component lasting 12 weeks for a total of
24 weeks is needed for better QoL outcomes in prostate
cancer survivors. A systematic review in lifestyle interven-
tions in prostate cancer survivors reported that most QoL
outcomes were observed for supervised exercise of 12 or
24 weeks, but no significant results on QoL outcomes were
observed after non-supervised interventions aimed at moti-
vating and support goal setting for PA (Menichetti et al.,
2016).

Our trial should be interpreted within the context of
important strengths and limitations. To the best of our
knowledge, our study is the first to pilot the effects of add-
ing behavioral counseling to supervised PA in prostate can-
cer survivors, as well as a focus on cognitive function as a
secondary outcome. A strength of our study included the
rigorous comparison group since both intervention groups
received supervised PA. Other strengths included the combi-
nation of face-to-face and home-based PA, the theoretically-
based intervention content focused on PA maintenance, the
use of objective measures of PA, high rates of adherence,
and trivial loss to follow-up. The study limitations included
the small sample size, lack of long-term follow-up to deter-
mine if PA levels are maintained over time, a highly edu-
cated and Caucasian sample that does impact study gener-
alizability, and the self-selected entry into the study may
suggest highly motivated prostate cancer survivors with the
intention to increase PA.

In conclusion, this pilot study provides preliminary evi-
dence that adding behavioral counseling to supervised PA
in prostate cancer survivors is feasible and may improve
adherence to PA. Our results highlight the potential of the
M-PAC as a theoretical framework to guide and understand
behavior change. A combination of supervised PA with a
home-based component to transition prostate cancer sur-
vivors to unsupervised PA may be feasible and efficacious
in producing long-term behavior change. However, further
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refinement is needed to increase engagement in the use of
behavior change techniques. This study provides useful data
to inform future RCTs in behavior change, and if replicated,
meaningful changes in PA may result in clinically relevant
cancer outcomes.
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