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Abstract

Background Cancer survivorship care plans (“care plans”) often recommend an active lifestyle yet are rarely accompanied by
programs to help patients enact the prescribed behavior change. As a step towards bridging this gap, this trial tested the feasibility
of augmenting care planning with a multi-level physical activity intervention.

Methods Breast and colorectal cancer survivors were enrolled alongside a self-selected support partner (e.g., spouse, friend).
Survivors received a care plan alone (comparison group) versus one augmented with a 12-week physical activity module
(intervention group). For the intervention group dyads, both members received a multi-component program including Fitbit
trackers, with the survivor’s Fitbit linked to his/her electronic health record (EHR). Treating clinicians received periodic updates
regarding the survivors’ physical activity. The primary outcome was ActiGraph-measured physical activity, analyzed using
mixed models. Feedback questionnaires were administered to participants and clinicians at 12 weeks.

Results Survivors (n =50) were 54.4 + 11.2 years of age and 2.0 + 1.5 years post-diagnosis. Survivors in the intervention group
increased moderate-to-vigorous-intensity physical activity (MVPA) by 69 = 84 min/week vs. a 20 + 71 min/week decrease in the
comparison group (p=.001). Likewise, daily steps increased by 1470+ 1881 vs. a 398 £ 1751 decrease (P =.002). Among
responding clinicians, 100% looked at survivors’ activity data within the EHR at least once and 80% said it provided insight
into their patients’ lifestyles.

Conclusions Augmenting a standard care plan with a multi-level, technology-based intervention increased physical activity
among cancer survivors.

Implications for cancer survivors Technology-based approaches, including activity trackers, can be used by individuals to work
towards an active lifestyle after cancer.

Keywords Exercise - Cancer survivorship - Intervention - Wearables - Electronic health records - Survivorship care plan

. . — Introduction
Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s11764-019-00778-6) contains supplementary . .
material, which is available to authorized users. Improved screening, detection, and early treatment have led to
a large and growing population of colorectal and female breast
04 Lisa Cadmus-Bertram cancer survivors that now includes approximately 4.5 million
lisa.bertram @wisc.edu Americans [1, 2]. A growing body of evidence suggests that
increased post-diagnosis physical activity decreases mortality
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2 Carbone Comprehensive Cancer Center, University of Wisconsin — associated with up to 24% lower risk for recurrence, 41%
Madison, Madison, W1, USA lower risk of breast cancer mortality, and 48% lower risk of
*  Department of Medicine, University of Wisconsin — Madison, all-cause mortality [4-7]. Similarly, for colorectal cancer sur-
Madison, W1, USA vivors, meta-analyses report up to 42% lower risk of all-cause
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— Madison, Madison, W1, USA 8, 9]. In addition, multiple studies indicate that physical
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activity improves quality of life, fatigue, physical functioning,
and anxiety among survivors [10-14].

Despite the overwhelming evidence for the beneficial ef-
fects of physical activity, only 20-30% of cancer survivors
self-report meeting physical activity guidelines after complet-
ing treatment [15]. Objective data via accelerometry suggest
the true prevalence of sufficient physical activity is lower,
around 5% [16]. Physical activity interventions among cancer
survivors are safe and feasible [17] but frequently utilize strat-
egies that have low scalability (e.g., resource intensive, no
clear mechanism for dissemination). A 2015 report highlight-
ed this problem and identified the need for the development of
sustainable and effective physical activity interventions that
can be translated into clinical practice within academic and
community settings [18].

The Institute of Medicine recommends that every cancer
survivor receive survivorship care planning, which includes
recommendations for follow-up, prevention, and health pro-
motion, such as suggestions for healthy lifestyle changes [19,
20]. The care plan, which is typically delivered in a care plan-
ning session after completion of primary, active treatment,
educates the survivor and establishes a portable document to
facilitate the transition of care [19-23]. It frequently includes
lifestyle recommendations. However, it is well established that
verbal or written recommendations alone are often insufficient
for sustained physical activity change [24, 25].

A multi-level approach is more likely to enact sustained
behavior change. Physical activity is a complex health behav-
ior determined by the interaction of the individual (e.g., self-
efficacy, motivation), social, environmental, and policy-level
factors [26]. Intervening at both the individual and interper-
sonal level can enhance behavior change by creating social
support and reinforcing new norms within the family or social
group [27]. Delivering the intervention alongside the care
plan, relatively soon after the end of primary treatment, may
capitalize on a phase when survivors are particularly amenable
to change. Another potential benefit is that situating the inter-
vention within the context of oncologic clinical care may in-
crease the probability that survivors act upon the recommen-
dations [28-31]. Consumer-based activity trackers, such as
Fitbit, support daily self-monitoring and development of
self-regulatory skills [24], and several trials have used these
to promote activity in cancer survivors [32—34]. Additionally,
the growing use and capabilities of the electronic health record
(EHR) provide a novel opportunity to further link interven-
tions with clinical care by integrating survivors’ Fitbit data
with the health record. This integration may give survivors a
heightened sense of accountability and reinforce that the clin-
ical care team recognizes physical activity as an important
component of healthy survivorship. In essence, we propose
that the physical activity intervention does not need to be
delivered by clinic personnel in order to be part of the survi-
vor’s overall clinical care experience.
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The objective of this pilot trial was to test the augmentation of
care planning with a multi-level, technology-based physical ac-
tivity intervention module. We hypothesized that the enhanced
intervention approach would be feasible and deliver improve-
ments in physical activity relative to care planning alone. This is
important because physical activity interventions, when deliv-
ered in the context of care plans and standard oncologic care,
have the potential to improve cancer outcomes and quality of life
for millions of breast and colorectal cancer survivors.

Methods

This pilot trial tested (a) the feasibility of enrolling breast and
colorectal cancer survivors and support partners into a 12-
week randomized physical activity trial and (b) the effect of
augmenting the care plan with a multi-level technology-based
physical activity intervention on participants’ physical activity
level. Data were collected from August 2016 to January 2018.
All procedures were reviewed by the University of Wisconsin
(UW)-Madison Health Sciences Institutional Review Board.
Informed consent was obtained from all individual partici-
pants included in the study. The dataset generated and ana-
lyzed during the current study is available from the corre-
sponding author on reasonable request.

Participants and recruitment This trial enrolled cancer
survivor/support partner dyads. Inclusion criteria for cancer
survivors were (a) patient of the UW Health system, (b) 28—
75 years of age, (c) diagnosed with Stage I-III colorectal can-
cer or female breast cancer within the past 5 years, and (d)
finished with primary treatment (defined as having completed
all definitive cancer surgery, (neo)adjuvant chemotherapy, and/
or neo(adjuvant) radiation; survivors still receiving adjuvant
endocrine or other targeted therapies were eligible). Cancer
survivors were excluded if they (a) had evidence of recurrent
or metastatic disease, (b) had previously received a care plan,
(c) were performing > 100 min/week of moderate-to-vigorous
physical activity (MVPA), or (d) were not able to identify a
support partner. Support partners could be any adult (age 18+)
identified by the participant (e.g., spouse, friend, relative, co-
worker). Additional eligibility criteria, which applied to both
the cancer survivor and the support partner, were (a) ownership
of a computer/tablet/smartphone, (b) regular use of the
Internet, (c) ability to exercise safely, (d) fluency in English,
and (e) willingness and ability to attend study visits.
Survivors were recruited through the cancer clinics of the
UW’s Carbone Comprehensive Cancer Center (UWCCC).
Briefly, the study was introduced to the patient by a member
of the clinic staff and the patient was invited to sign a
permission-to-contact form that allowed follow-up from the
study team. Additionally, a small number of survivors self-
referred to the study. After an initial telephone screening
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process conducted by the study team, eligible and interested
participants (along with their identified support partners) were
scheduled for a baseline visit at the UWCCC (Fig. 1).

Randomization A fter completion of baseline measures, a com-
puterized randomization scheme in REDCap [35] randomly
assigned each dyad with equal probability to either the inter-
vention group or the comparison group. Randomization was
stratified by cancer type (breast vs. colorectal) and chemother-
apy (yes/no).

Fig. 1 CONSORT diagram of
recruitment of cancer survivors to

Survivorship care planning The survivor was provided with
the care plan near the time of randomization. Method of care
plan delivery varied based on the survivor’s cancer type and
time of primary treatment completion, given standard of care
practices at UWCCC at the time of study initiation. Some
breast cancer survivors who had recently completed primary
treatment already had a care planning visit scheduled as part of
their standard of care; they then reviewed the care plan with a
provider in the clinic during this visit [36, 37]. Survivors who
did not have a care planning clinic visit scheduled, including
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+ Outside health system (N=2)
+ Already enrolled as partner (N=1)
* No internet access (N=1)
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4
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N=50 dyads
Intervention Comparison
(Care plan + PA) (Care plan only)
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N=23 partners N=20 partners
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colorectal cancer survivors and breast cancer survivors who
were farther out from treatment, reviewed the care plan with a
clinician over the phone. Care plans contained a written script
on the benefits of physical activity for cancer survivors and
physical activity recommendations of 150 min/week of
moderate-to-vigorous-intensity physical activity, consistent
with the cancer survivorship recommendations from the
American Cancer Society [38] and the American College of
Sports Medicine [10]. Survivors received the same physical
activity information in the care plan regardless of study group
assignment.

Multi-level technology-based physical activity module (inter-
vention group) Dyads in the intervention group received a 12-
week, multi-component intervention based on self-monitoring
and the development of self-regulatory skills (i.e., goal-set-
ting, frequent feedback, frequent review of goals), because
these are the theory-based behavior change components most
strongly associated with successful increases in physical ac-
tivity [24]. Participants were asked to gradually increase their
level of MVPA to 150 min/week and their step count to
10,000 steps/day. All intervention components, other than
the EHR integration, were provided to both the survivor and
the support partner.

Fitbit tracker Each individual received a Fitbit tracker.
Available models of wearable devices change quickly.
Therefore, participants randomized early in the study received
a Fitbit Charge HR; those randomized later received the Fitbit
Charge 2, which is very similar.

Educational handbook This study-specific handbook was
adapted from the handbook used in our previous trial of a
Fitbit-based intervention in middle-aged and older women
(the Active and Aware study) [39, 40]. It contained infor-
mation on the benefits of physical activity for cancer sur-
vivorship (this information was tailored to tumor type;
breast cancer survivors and their support partners received
a different version of the handbook than did colorectal
cancer survivors and their support partners), content relat-
ed to building self-efficacy and setting goals [24, 41], and
detailed information regarding how to use the Fitbit and its
website/app to work towards the physical activity goals
(including step-by-step screenshots).

In-person instructional and goal-setting session The study
coordinator set up each individual’s Fitbit and demonstrated
how to download/install the software and use the Fitbit and
website/app. Each participant’s baseline ActiGraph data was
discussed and used to help guide participants in selecting ap-
propriate individualized goals for the first week of the study.
Survivors and support partners did not have to choose the
same goals.
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Social support Survivors and support partners were asked to
assist each other in achieving and maintaining their activity
goals. This could be through engaging in physical activity
together, providing encouragement or accountability, helping
a spouse with household tasks so they could find time to
exercise, or other means as preferred by the dyad.

Email-based coaching The study coordinator sent individual-
ized coaching emails to each survivor and support partner at 1,
2, 4, and 8 weeks. These emails were informed by each par-
ticipant’s Fitbit data, which was tracked online via Fitabase
(Small Steps, LLC). The study coordinator used these data to
tailor email coaching based on current personalized goals and
recent progress, to help each individual set updated goals, and
to provide suggestions and encouragement for individuals to
support their dyad partner.

EHR integration An order was placed in each survivor’s EHR,
which enabled Fitbit data to integrate into the EHR as part of a
flow sheet. Once the order was placed, the survivor followed a
simple process within his/her patient portal account to link the
Fitbit to his/her EHR. Each survivor’s physical activity data
(steps/day) was then viewable from the provider side of the
EHR. Clinicians received notifications every 3 weeks to re-
view the data and were asked to communicate with the survi-
vor regarding progress.

Attention control components (comparison group)

Survivors and support partners assigned to the comparison
group received the following components, which were
intended to maintain engagement, reduce loss to follow-up,
and reduce differences in the level of staff time and attention
provided to each group.

Educational materials The comparison group received a
printed copy of the 2015 US Dietary Guidelines for
Americans [42]. This document focuses primarily on nutri-
tional recommendations with only a brief section relating to
physical activity.

Email contact Survivors and support partners received stan-
dardized emails at 1, 2, 4, and 8 weeks with information on
healthy eating and stress management from the US Dietary
Guidelines and the American Heart Association. Physical ac-
tivity coaching was not provided.

Measures
Participant characteristics Cancer survivors self-reported

their demographics; cancer and treatment information
was abstracted from the EHR to REDCap by the study
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coordinator. At the initial study visit, a standard
stadiometer was used to measure the survivor and support
partner’s height to the nearest 0.1 cm. Weight was mea-
sured on a digital scale to the nearest 0.1 kg. Because
participants did not return for a study visit at 12 weeks
(final measures were completed remotely), follow-up
weight was obtained only for survivors and was abstract-
ed from EHR using the clinic-measured weight closest to
the date of the person’s completion of the study.

Physical activity At baseline and 12 weeks, each participant
wore an ActiGraph GT3X+ accelerometer (ActiGraph,
Pensacola, FL) on the hip during all their waking hours for 7
consecutive days. At both time points, data were downloaded
and screened for completeness and irregularities. Participants
were asked to re-wear the accelerometer if it was not worn for
at least 10 h per day for 5 days. Standard thresholds were used
to aggregate data into minutes spent in sedentary, light, mod-
erate, and vigorous activity [43]. Data was also collected on
the amount of time spent in bouts of 10+ continuous minutes
of moderate-to-vigorous activity, as this variable directly
corresponded to the physical activity guidelines at the time
data were collected.

Intervention feedback At 12 weeks, survivors and support
partners completed questions evaluating various components
of the study, including items specific to their study arm. The
referring clinician for each survivor was sent a brief web-
based questionnaire assessing the frequency with which they
viewed their patients’ Fitbit data in the EHR and the helpful-
ness of the data. To reduce the burden on the clinicians, this
survey was sent once per clinician at the end of the trial, along
with a list of the clinician’s patients who participated in the
study. Thus, clinicians provided a general assessment of their
use of the data, not a separate assessment specific to each
patient on the study.

Statistical analysis Characteristics of intervention vs. com-
parison group participants were compared using ¢ tests
and chi-squared tests. The main analysis of physical ac-
tivity outcomes was conducted using linear mixed
models. As there were no significant differences between
intervention groups at baseline, our primary models are
unadjusted. However, we did conduct a sensitivity analy-
sis adjusting for age and chemotherapy as covariates; this
did not change the results on any outcome. As a large
majority of participants had breast (vs. colorectal) cancer,
it was not practical to conduct a sensitivity analysis con-
trolling for tumor type. Because the small samples used in
this feasibility trial affect the likelihood of observing sig-
nificant effects, we also calculated effect sizes (Cohen’s d)
for each of the physical activity outcomes. All analyses
were performed in SAS 9.4 (SAS, Cary, NC).

Results

Participant characteristics Fifty cancer survivors and their
support partners were enrolled between August 2016 and
November 2017. Baseline characteristics are shown in
Table 1. Cancer survivors were 29—73 years of age and, on
average, 2.0 (SD = 1.5) years past diagnosis. Thirty-two per-
cent had stage 1 cancer, 50.0% had stage 2, and 18.0% had
stage 3. Sixty-four percent had chemotherapy, and 72.0% had
radiation.

Survivor physical activity The intervention module was asso-
ciated with significant increases in accelerometer-measured
physical activity (Table 2). Those in the intervention group
increased their accumulated moderate-to-vigorous activity
by 69 min/week (SD =84) compared with a decrease of
20 min/week (SD =74) in the comparison group (p =.0009).
Moderate-to-vigorous-intensity activity performed within 10-
min bouts increased by 69 min/week (SD = 84) in the inter-
vention group vs. a decrease of 6 min/week (SD =30) in the
comparison group (p=.004). When examining intensity-
specific variables, benefits were observed on moderate-
intensity activity (p =.02) but there were no significant
group-by-time differences for either light- or vigorous-
intensity activity. The intervention group increased their daily
steps by 1470 (SD = 1881) per day compared with a decrease
0f'398 (SD = 1751) in the comparison group. Effect sizes were
large (d>.80) for all outcomes except light-intensity activity
(d=25; small effect) and total physical activity (d =.54; me-
dium effect).

Survivor weight changes Although not part of the specific
aims, we did analyze changes in weight. Final weight data
was abstracted from the EHR for 44 survivors (88%). The
intervention group lost 1.8 kg (SD=2.8) (2.2% of starting
weight) compared with a 0.5-kg (SD =3.0) loss (0.7% of
starting weight) in the comparison group (p =.14). The effect
size (d = .45) is considered small to medium.

Support-partner physical activity Although the primary goal
of the study was to increase the survivors’ physical activ-
ity, we also analyzed ActiGraph data from the support part-
ners. Relative to the comparison group, support partners in
the intervention group significantly increased their
moderate-to-vigorous-intensity activity performed in 10-
min bouts (p=.007) and daily steps (p =.03). They de-
creased their vigorous-intensity activity relative to the
comparison group; although statistically significant
(p=.03), due to the very low prevalence of vigorous-
intensity activity in both groups, this does not reflect any
meaningful change. Group-by-time interactions were not
significant for other physical activity variables. Effect sizes
were small or medium for all outcomes.
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Table 1 Baseline characteristics

of cancer survivors

Total Intervention Comparison
Mean (SD) or N (%) Mean (SD) or N (%) Mean (SD) or p value
N (%)
N 50 26 24
General characteristics
Sex (% female) 48 (96.0%) 26 (100.0%) 22 (91.7%) .23
Age 544 (11.2) 52.5(12.2) 56.5 (9.8) 21
BMI (kg/m?) 322 (74) 324 (6.2) 334 (6.5) .56
Race/ethnicity 37
Non-Hispanic White 47 (94.0%) 25 (96.2%) 22 (91.7%)
Hispanic 1 (2.0%) 1 (3.9%) 0 (0.0%)
Black 1 (2.0%) 0 (0.0%) 1 (4.2%)
More than one race 1 (2.0%) 0 (0.0%) 1(4.2%)
Physical activity
MVPA min/week 170 (131) 174 (123) 165 (142) .80
MVPA in 10+-min bouts 15 (26) 19 (29) 11 (22) 27
Steps/day 5252 (2237) 5318 (2115) 5181 (2405) .83
Cancer characteristics
Tumor type (breast) 45 (90.0%) 25 (96.2%) 20 (83.3%) 18
Years since diagnosis 2.0 (1.5) 1.9 (1.4) 2.0 (1.7) 12
Stage .08
I 16 (32.0%) 11 (42.3%) 5 (20.8%)
I 25 (50.0%) 9 (34.6%) 16 (66.7%)
I 9 (18.0%) 6 (23.1%) 3 (12.5%)
Treatment
Chemotherapy 32 (64.0%) 14 (53.9%) 18 (75.0%) 12
Radiation 36 (72.0%) 20 (76.9%) 16 (66.7%) 42

Support partners The majority of participants (63.6%) chose
their spouse as a support partner, 22.7% chose a friend, 9.1%
chose a relative, and 4.6% chose someone else. Over a third
(36.4%) of survivors were in contact with their support partner
specifically about physical activity 6—7 days per week, 22.7%
were in contact 3—5 days/week, 22.7% 1-2 days/week, and
18.2% less than once per week. Dyad members supported
each other’s physical activity by exercising together
(59.1%), talking on the phone (36.4%), texting (22.7%),
talking face-to-face (18.2%), emailing (9.1%), and adding
each other to the leaderboard feature on the Fitbit website/
app (9.1%).

Participant feedback regarding EHR integration Survivors rat-
ed the ease of linking their Fitbit to the patient health portal.
Half (50.0%) rated the process as “very easy,” 18.2% rated it
“somewhat easy,” 13.6% as “neither easy nor difficult,” and
18.2% as “somewhat difficult.” No one rated it as “very diffi-
cult.” When asked whether their oncologist discussed physical
activity with them during the 12-week study, 9.1% said that
they had discussed it in person, 4.5% by phone, and 63.6% by
messages via the patient portal. Less than a third (31.8%) said
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that their oncologist did not discuss physical activity with
them during the study.

Of those whose oncologist spoke with them about physical
activity, 26.7% did so once, 53.3% did so twice, and 20.0%
did so 3 or more times. When asked about the degree to which
it would be helpful to receive counsel and/or encouragement
from their oncologist regarding physical activity, 4.6% said
“very helpful,” 18.2% said “helpful,” 40.9% said “somewhat
helpful,” 22.7% said “a little bit helpful,” and 13.6% said “not
at all helpful.” However, when asked whether they would
participate in a physical activity program if it were offered as
a standard part of survivorship care, 77.3% said that they
would have joined such a program, 22.7% were unsure, and
no participants said that they would not have joined.

Satisfaction with the physical activity section of the care plan
Overall, 69.6% of survivors (91.3% of the intervention group
and 47.8% of the comparison group; p=.001) were “satis-
fied” or “very satisfied” with the standard physical activity
information provided in the care plan document itself.
Although participants commented that the information was
“clear and informative” and that the “emphasis on how
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Table 2 Physical activity changes in cancer survivors and support partners, as measured by the ActiGraph accelerometer
Survivors
Intervention Comparison d p value
Baseline 12 weeks Change Baseline 12 weeks Change
Accumulated PA (min/week) N=26 N=24 N=24 N=24 N=23 N=23
Light 1258 (361) 1233 (441) 15(317) 1286 (455) 1200 (332) —54 (224) 25 41
Moderate 173 (121) 224 (118) 63 (88) 162 (139) 141 (105) —19 (73) 1.01  .002
Vigorous 2(2) 7 (14) 5(14) 34 23) 0(@2) 1.00 .06
Moderate + vigorous 174 (123) 230 (120) 69 (84) 165 (142) 143 (107) —20(74) 1.12 .0009
Total 1433 (459) 1463 (489) 83 (317) 1451 (549) 1343 (395) —74 (266) .54 .08
MVPA in bouts (min/week) 19 (29) 69 (82) 50 (84) 11 (22) 517 -6 (30) .89 .004
Steps/day 5318 (2115) 6697 (2878) 1470 (1881) 5181 (2405) 4853 (1703) —398 (1751) 1.03  .002
Support partners
Intervention group Comparison group d P value
Baseline 12 weeks Change Baseline 12 weeks Change
Accumulated PA (min/week) ~N=26 N=23 N=23 N=24 N=21 N=21
Light 1222 (395) 1255 (378) 18 (204) 1197 (496) 1092 (498) —73 (261) .39 17
Moderate 241 (122) 302 (144) 63 (146) 154 (112) 156 (116) 10 (83) 45 13
Vigorous 50) 2(3) —2(10) 33 7 (15) 5(13) .60 .03
Moderate + vigorous 246 (126) 304 (145) 60 (151) 156 (112) 163 (122) 14 (90) 37 .20
Total 1468 (485) 1559 (452) 79 (269) 1354 (574) 1256 (593) —58(307) .10
MVPA in bouts (min/week) 34 (46) 108 (114) 72 (117) 9 (20) 13 (24) 6(23) .79 .007
Steps/day 6199 (2231) 7490 (2462) 1298 (2152) 5347 (2802) 5194 (3104) —23(1971) .64 .03

physical activity could have positive effect on health” was
motivating, the lower satisfaction among comparison group
participants was accompanied by comments such as “It was
easy to ignore because I did not have to do anything with the
information but read it,” and “I was hoping that there would be
classes offered to get me started in physical activity or names
of places that I could go to.”

Satisfaction with a physical activity module On measures of
satisfaction, 73.9% of survivors in the intervention group re-
ported that they were “extremely satisfied” with the interven-
tion. An additional 17.4% were “somewhat satisfied” and
8.7% were “neither satisfied nor dissatisfied.” No participants
were “somewhat dissatisfied” or “extremely dissatisfied” with
the program. When asked about the importance of specific
aspects of the physical activity module in helping to increase
physical activity, 91.3% of participants said the Fitbit was
“very important” or “extremely important” (Fig. 2). The pro-
portion of participants rating other module components as
“very important” or “extremely important” was 65.2% for
the coaching emails, 56.5% for the support partner, 47.8%
for the in-person instructional session, and 38.1% for the in-
tervention handbook. (The importance of any communica-
tions received from the clinician was not directly assessed.)
Nearly half (43.5%) of participants reported that they logged
into the Fitbit website more than once per day,13.0% logged in
daily, and 26.1% logged in 46 times per week, and 8.8%
logged once per week or less.

Clinician feedback Oncology physicians with patients in the
study were asked about their usage of survivor step data. Each
clinician was contacted at the end of the study, provided with a
list of their patients who had been enrolled, and asked to
provide a general assessment of their usage of the physical
activity data (not to report their usage separately for each
patient). Of the 8 clinicians contacted, 5 completed the survey.
Of these, 100% said they looked at their patients’ PA data
within the EHR at least once during the 12-week study
(80% looked at it twice or more) and 80% said it provided at
least some insight into their patients’ lifestyles.

Discussion

This pilot trial establishes the feasibility and short-term effica-
cy of augmenting care planning with a multi-level,
technology-based physical activity module for breast and co-
lorectal cancer survivors. Survivors who received this physi-
cal activity module achieved marked and statistically signifi-
cant increases in their time spent in moderate and vigorous-
intensity activity and in daily steps. Notably, they increased
the accumulated moderate-to-vigorous-intensity activity by
over an hour per week, compared with a decrease of 20 min/
week in the comparison group. This between-group difference
of 89 min/week is substantial in consideration of the American
Cancer Society’s recommendations for cancer survivors,
which prescribe 150 min/week of MVPA [38]. The observed
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Fig. 2 Participant ratings of the
importance of specific physical
activity module components in
helping to increase physical
activity

100%
80%
60%
40%
20%

0%
Fitbit

effect sizes further highlight the success of the module in
achieving moderate-to-large increases in moderate-to-
vigorous-intensity activity and steps among survivors.
Conversely, the lack of improvement among the comparison
group confirms the insufficiency of providing lifestyle recom-
mendations alone, without support to help survivors enact the
prescribed changes.

Another important finding is that while each component of
the module was perceived to contribute to increased physical
activity, the fitness tracker itself was the key component. Since
the publication of our Active and Aware study (one of the first
published studies to use Fitbits as an intervention tool), nu-
merous other trials have used Fitbits or other consumer-based
fitness trackers to promote activity, including several studies
in cancer survivors [32-34]. These indicate that, despite the
aging of the US cancer survivorship population, there remains
a strong and increasing role for wearables and other technol-
ogies to promote a healthy lifestyle [44, 45].

Despite the many opportunities for technology to sup-
port lifestyle changes in chronic disease populations, im-
plementation remains a barrier [45]. Even the provision of
a simple survivorship care plan has proven difficult in
many oncology settings due to limited clinic staff and time.
Given this, the addition of another component to care plan-
ning, specifically one that requires continued follow-up,
would put additional strain on already limited resources
[46, 47]. One potential strategy for improving the scalabil-
ity of this approach is to provide the email-based coaching
directly through the patient portal. This is supported by
data from a study of intervention preferences in breast can-
cer survivors, 86% of whom said that they would be inter-
ested in receiving remote exercise coaching [48]. Likewise,
over three-quarters of survivors in this study said they
would have joined an exercise program if it had been of-
fered to them as part of their clinical care. Therefore,
technology-based approaches may be an appealing way
to reach survivors, especially those for whom well-
established supervised programs (e.g., Livestrong at the
YMCA) [49] are not feasible due to work schedules, care-
giving, or geographical or travel limitations.
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Key strengths of this study include a randomized con-
trolled design, an innovative intervention approach, the use
of research-grade device-based physical activity measure-
ment (the ActiGraph) for the primary behavior change out-
come, and high retention across groups (94.0% of survi-
vors and 88.0% of support partners at 12 weeks).
Limitations include a sample that consisted of primarily
non-Hispanic white breast cancer survivors, which, com-
bined with small sample size, precluded the possibility of
examining the effect separately by tumor type or
race/ethnicity. Additionally, because this pilot trial aimed
only to test the efficacy of the module for the adoption of
physical activity over a relatively short-term intervention
window, additional research would be needed to determine
the efficacy of this approach for longer-term physical ac-
tivity maintenance. Finally, the use of a traditional random-
ized controlled trial to test a multi-component intervention
has some disadvantages. Namely, although our “package”
of module components was efficacious, we are not able to
discern the relative contribution of each component,
whether any components are unneeded, or how one com-
ponent might affect another. Other approaches, such as
fractional factorial designs, are more suitable for answer-
ing these research questions [50].

In conclusion, our findings support the future explora-
tion of intervention strategies that can be incorporated in
the clinical context of survivorship care and include
patient-generated physical activity data with the EHR.
Additional research is needed to determine how to devel-
op infrastructure that facilitates clinician and support
staff’s ability to deliver a multi-component physical activ-
ity intervention within the clinical setting. Additionally,
research is needed on how to improve the visualization
and ease of using physical activity data within the health
record so that clinicians and support staff can respond
quickly and appropriately (e.g., a button that they can
click to send a message of encouragement to a patient
who has not met their physical activity goals) and how
to identify resources to support the implementation and
maintenance of lifestyle interventions.
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