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Abstract

Background: The most common and debilitating side effects of radiation therapy (RT) for prostate cancer (PC) are fatigue,
sleep disturbance, anxiety, and depression. Previous research has reported palliative benefits from certain self-management
approaches, such as mindfulness meditation.
Objective: To develop, pre-test, and evaluate the feasibility, acceptability and initial benefit of brief, audio-based mindfulness
delivered during daily RT for PC compared to a relaxing music control.
Methods: Following intervention development, participants were randomized to either brief guided mindfulness audio re-
cordings or a relaxing music control during daily RT. A pre-testing phase was first conducted to determine optimal program
start time, length, and content most associated with retention. A final program (n = 26) was delivered daily, starting on day one
of week 2 of RT and lasting 4 consecutive weeks. Feasibility was defined as ≥70% on enrollment rate, retention, and audio
program adherence. Acceptability was measured with a 12-item post-study survey. A secondary focus compared between
group changes on patient reported outcomes of fatigue, anxiety, depression, sleep disturbance, and related outcomes at baseline
and follow up assessments. Descriptive statistics and general linear models were used.
Results: Overall, 76% (n = 38) of approached men enrolled. Pre-testing retention rates were <70% while the final program’s
retention rate was 89%. The majority of acceptability criteria were met in both conditions, with relatively higher ratings in the
mindfulness arm. Compared to music controls, mindfulness participants demonstrated significantly less uncertainty intolerance
at 4-weeks (P = .046, d = .95); and significantly lower fatigue scores (P = .049, d = 1.3) and lower sleep disturbance scores
(P = .035, d = 1.1) at the 3 months follow up.
Conclusion: The final intervention met feasibility and acceptability criteria. Pre-testing refinements played a key role for
optimal program delivery and retention. Audio-based mindfulness delivered during RT for PC hold potential to help decrease
RT-related physical and emotional side effects.
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Introduction

Almost two-thirds of all new cancer patients in the United
States receive radiation therapy (RT) at some point during
their treatment,1 from which short- and long-term side effects
can negatively affect physical and psychosocial health.1

Fatigue is one of the most common, debilitating, and dis-
tressing side effects of RT reported by cancer patients,2-4

which not only negatively affect quality of life, but may also
be related to shorter recurrence free periods and overall
survival.5 Often related to fatigue are stress, anxiety, de-
pression, and sleep disturbance – all of which are known to
manifest before, during and following RT.6

Prostate cancer (PC) is the most common non-
cutaneous form and the second leading cause of cancer-
related death among men in the United States.7 Previous
studies have reported the negative side effects of fatigue,
sleep disturbance, anxiety and depression among men
diagnosed with PC during and following RT.3,8-11 A
growing body of evidence supports the benefits of
mindfulness as an effective treatment to improve mood
and decrease symptoms of sleep disturbance and fatigue in
cancer patients.12-19 Mindfulness is defined as a quality of
present moment awareness and attentional control char-
acterized by curiosity, openness and acceptance20 that can
engender greater cognitive, affective, and physiological
flexibility and self-regulation.21,22

Mindfulness has been described as regulating emotions
through embodied “bottom-up” and “top-down” neural
processes.23 Bottom-up regulation decreases emotional re-
activity through lower brain region activation without re-
cruitment of higher brain regions in the prefrontal cortex. It is
implicated in the modulation of sensory and interoceptive
components. Top-down regulation decreases emotional re-
activity through engagement of prefrontal brain regions by
means of active reinterpretation and reappraisal of the
meaning of emotional stimuli.24 It is understood that
mindfulness may enact similar top-down and bottom-up
regulatory processes for physical symptoms such as fa-
tigue25 and sleep.26 For example, mindfulness might assist
bottom-up activation by aiding in the reorientation of at-
tentional processes to be open, curious, and accepting of
present moment experiences of fatigue or sleep disturbance
without judgement of embellishment. In contrast, mindful-
ness may also facilitate top-down activation through re-
appraising physical sensations as simply being “different”
sensory experiences instead of being automatically perceived
as negative or deleterious.

Most mindfulness programs are delivered using face-to-
face (in-person or online), group-based, time intensive for-
mats lasting 18-24 hours over a 7-8-week period.27 This
format can present logistical and potential financial barriers
for cancer patients with competing demands. Moreover, they
may be less accessible to men undergoing cancer treatment,
whose participation in supportive care is significantly lower
than women with cancer.28 Audio-based mindfulness pro-
grams may be a reasonable alternative, however only
2 studies using guided audios have been conducted with
cancer patient groups.29,30 Further, no studies have im-
plemented audio support during the cancer treatment en-
counter itself. Since most men receive RT for PC daily for up
to 12 weeks, an opportunity exists to leverage the RT
treatment experience for mindfulness training.

Due to the implementation unknowns of delivering
mindfulness during RT, an implementation feasibility pre-
testing approach was utilized first to test this clinical inter-
vention until optimal retention benchmarks were achieved.
This maximizes patient and medical team adoption, delivery,
and sustainment. This flexible approach allows for certain
compromises regarding traditional study power so long there
is adequate face validity of the proposed interventions and
strategies, has some basis of direct or indirect evidence, poses
no more than minimal risk to patients, and is supported by
clinical and organizational stakeholders.

The primary purpose of this study was to determine the
implementation feasibility and acceptability of a brief
audio mindfulness program delivered during RT for PC.
A secondary focus was to examine early phase indicators
of benefit of the audio program on self-reported physical
and psychological outcomes. We hypothesized that the
pre-tested mindfulness program would meet benchmarks
of feasibility and acceptability and demonstrate pre-
liminary patterns of improvement in patient reported
outcomes compared to a time and attention matched
control.

Methods

This study was approved by the participating institution
(#STU00200537) and listed on ClinicalTrials.gov
(NCT03852017). Methods undertaken were comprised
of 3 separate phases: Phase I: Program Development;
Phase II: Implementation Pre-Testing; and Phase III: Pilot
Randomized Controlled Trial. Each phase is described
below.
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Phase I: Development of Mindfulness Program
Content and Time/Attention Matched Control

Study members DV and CM (experienced mindfulness
meditation teachers and researchers) worked with RT
experts (JK and SS) to identify appropriate meditations
that would be suitable for delivery during RT for PC. This
included listening with mindful awareness, basic mindful
breathing and bodily awareness meditations, mindful
awareness of sounds and thoughts, and lovingkindness/
compassion-focused meditations. Efforts were taken to
frame instructor language to acknowledge the patient’s
supine position and possible interruptions from treatment-
related sounds or instructions, and to avoid words or
phrases that might elicit a negative emotional reaction
(e.g., instead of saying “body scan” it was referred to as
“body awareness”). Scripts were written and guided audio
recordings were created.

Next, members of the study team sought to identify an
appropriate control condition that could match the time,
attention, and delivery mode of the mindfulness audios. A
second goal what that the control offered a sufficiently
face valid health beneficial alternative for participants and
yet remained adequately inert to still function as a control.
Relaxing music audios were selected for this purpose and
were created in consultation with the extant music therapy
literature and a music therapist from the participating
institution. While “relaxing” music is associated with
highly subjective musical preferences and familiarity,31-33

universal elements often associated with cardiovascular
and respiratory indicators of relaxation include slower
tempo, melody, and rhythmic complexity.34 To stan-
dardize what participants listened to we compiled a small
library of selections from the genres of relaxing classical
music, sounds of nature, and ambient/instrumental pieces
(e.g., “spa music”) to offer a diverse yet standardized
selection of recordings.

The audio delivery approach was originally planned to
use earbuds and MP3 players. However, during a tour of
the RT treatment room prior to starting, the investigators
were instructed that RT patients were not permitted to have
anything obstructing their ears given the need to hear
instructions from a radiation therapist. During this tour it
was noted that there was a circular rubber ring (e.g., dog
toy) on the RT table, which therapists explained was for
patients to hold with both hands up against their chest to
prevent their arms from hanging off the table. With this in
mind, we purchased several similar hypoallergenic rubber
Frisbees and fastened MP3 players and Bluetooth speakers
to each using self-locking cable zip ties. This way par-
ticipants could use these to hold against their chest and be
able to hear the audio content during their sessions without
having their ears obstructed. See Figure 1 for an image of
this configuration.

Phase II: Implementation Pre-testing

Setting and Participants. All participants were recruited from
the Department of Radiation Oncology at Northwestern
Memorial Hospital in Chicago. Working closely with medical
team staff, a trained research assistant (RA) recruited par-
ticipants directly from treatment clinics. Study participants
were identified and referred by a designated physician, nurse,
or clinician. The study RA obtained participants’ informed
consent and HIPAA authorization according to IRB approved
procedures. Study flyers were posted in clinic waiting rooms
and on the cancer center website.

Eligible participants were diagnosed with clinically lo-
calized PC, were scheduled to receive at least 7 weeks of daily
RT, were at least 18 years of age, able to speak and understand
English, and cognitively intact and free of serious psychiatric
illness (as determined by referring physician). Participants
were ineligible if they reported using mindfulness
meditation ≥ 3 times a week for the past 4 weeks.

Procedures. Following consent, participants were provided a
brief audio equipment demonstration, given a 1-page handout
to illustrate how to operate the equipment, and administered
the baseline assessment. After this, a research team member
randomized participants into mindfulness or music groups
using a computer-based random assignment program with a
1:1 allocation ratio, then notified study participants and
medical team staff of their group. Participants were instructed
to pick up their audio equipment from the radiation tech-
nologist each day they came in for treatment. They were
instructed to start the audio program just prior to their
treatment and to turn it off after their treatment session ended.
Instructions on how to operate the audio equipment were
taped to the equipment. Participants were instructed to select
their preferred audio recording on each given day, which was
noted by the radiation technologist. Because the treatment
length of RT for PC varied between 2-12 minutes depending
on the week of treatment, audio recordings were purposefully
created to last longer in duration than the longest RT session
so that it would not end before their treatment had finished.

Figure 1. Audio delivery device created for this study.
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Participants were told that when their treatment was done,
their respective recording would not be finished, and it was
OK to simply stop listening at that point and return the
equipment to the radiation technologist.

Participants completed an assessment at baseline prior to
randomization (T1), and again immediately following their
intervention period (T2), as well as one (T3) and 3 months
(T4) after completing the intervention. The assessment in-
cluded several short questionnaires that asked about their
quality of life and the symptoms they may have been ex-
periencing. Participants received a $25 gift card after com-
pleting the 1-month assessment, and another $25 after
completing the 3-month assessment. Because the primary
purpose of Phase II was to pre-test different delivery timings
and content, these data were not included in the final Phase III
analysis of patient reported outcomes.

Measures and Metrics. Socio-demographic information col-
lected at baseline included: birth date, relationship status,
race/ethnicity, occupation, and educational history. Clinical
data included: diagnosis date, height, weight, and clinical
stage, most recent PSA, other previous or current cancer
treatments, and co-morbid medical conditions. Other
baseline-only measures included meditation history and
expectancy/credibility using 4-items assessing one’s thoughts
and feelings about the therapy being offered.35

Implementation feasibility metrics included documenting
the number of participants approached, enrolled, and retained
throughout the study and tallying the total number possible
listening opportunities during the audio program. Interven-
tion acceptance was assessed using a brief questionnaire
administered at the T2 assessment. Patient reported outcomes
measures have all demonstrated adequate psychometric
properties and were administered at all time points. Cron-
bach’s alpha (α) internal consistency estimates were calcu-
lated for each measure at baseline. Measures included:
PROMIS 8-item short forms of Fatigue (α = .90), Anxiety
(α = .91), Depression (α = .95), and Sleep Disturbance(α =
.92)36; the three-item Fear of Recurrence sub-scale of the
Memorial Anxiety Scale (α = .73)37; the 12-item Intolerance
of Uncertainty Scale (α = .63),38 and the 15-itemMindfulness
Attention Awareness Scale (α = .86).39 PROMIS raw scores
were converted into T-scores (see https://www.
healthmeasures.net/) where means = 50 and standard devi-
ations = 10. PROMIS scores also offer clinical cut scores
denoting within normal limits (mean scores <55), mild (mean
scores between 55-59), moderate (mean scores between 60-
79), and severe (mean scores >80). All other measures used
raw summed scores with the following ranges: Fear of Re-
currence = 0-12, Intolerance of Uncertainty = 0-48, Mind-
fulness = 15-90.

Analysis and Program Modification Decision Points. We used
SPSS version 27 for all statistical analyses, which included
calculation of frequency distributions, measures of central

tendency, and variability for all variables of interest. The goal
of implementation pre-testing programs was to identify op-
timal start time, program duration, and program content based
on participant and medical team feedback. Feasibility was
defined as ≥70%: enrollment rate (# enrolled/# approached),
retention rate (# retained/# enrolled), and program adherence
(total number of listening opportunities).

Phase III: Pilot Randomized Controlled Trial

All Phase III procedures, including setting, participant eli-
gibility and recruitment, randomization, and measures and
assessments were identical for the Phase III Pilot Randomized
Controlled Trial. The following additional analyses were
included: acceptability and analysis of patient reported out-
comes. Acceptability was defined as ≥70% on post-
intervention survey questions that indicated positive en-
dorsement from “a little bit through “very much”.

An intention to treat analysis was conducted using general
linear models to examine initial patterns of change between
groups on self-reported outcomes over time. The primary
focus of these analyses was to learn how group membership
influenced self-reported fatigue, with a secondary focus on
the final program’s influence on other physical and psy-
chosocial outcomes. Age and number of audio sessions
listened to were entered as covariates into analytic models
given their potential influence on outcomes. Effect sizes were
calculated for significant findings using the Morris (2008)
dcorr estimate, which is the difference between Hedge’s g of
2 different treatment groups in pre-post research designs.40

Given the feasibility nature of this study, no power analysis
was used for these analyses, which were intended to better
understand initial patterns and relationships.

Results

Please see Figure 2 for the study flow and assignment to the
different groups and programs.

Phase II: Pre-testing for Optimal Intervention Delivery
Timing and Content

Two separate programs made up Phase II pre-testing (Pro-
grams A and B), each based on different start times and
lengths. Program A began on day one of week one for
7 consecutive weeks, and Program B began on day one of
week 3 for 5 consecutive weeks. Within each program,
different cohorts tested slightly different content selections.
Participant feedback was collected from those who
dropped out.

In total, 19 participants were randomized to Programs A
and B (seven in ProgramA; 12 in Program B). ProgramAwas
comprised of 4 mindfulness and 3 music group participants
while Program B was comprised of 6 mindfulness and
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Figure 2. CONSORT diagram.
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Table 1. Audio Program Modifications and Frequency of Use.

Program Cohort Audio Recording
# of Times
Listened Total

Average Audios
Per Person

Phase II Program A: Day 1 of week
1 for 7 Weeks (n = 10)

Mindfulness cohort I
(n = 3)

Listening awareness 1 1.00 .33
Breathing awareness 0
Bodily awareness 0

Mindfulness cohort II
(n = 3)

Compassion awareness I 3 32.00 10.67
Compassion awareness II 0
Bodily awareness I 6
Bodily awareness II 9
Breathing awareness I 3
Breathing awareness II 1
Breathing awareness III 5
Listening awareness I 5
Listening awareness II 0
Open awareness I 0
Open awareness II 0

Music cohort I
(n = 3)

Ambient/Instrumental I 30 60.00 20.00
Ambient/Instrumental II 20
Ambient/Instrumental III 10

Music cohort II
(n = 1)

Classical I (bach selections) 5 33.00 33.00
Classical II (beethoven
selections)

4

Classical III (Handel, Hayden, &
mascagni selections)

5

Classical IV (mozart selections) 1
Nature I (nature sounds without
music)

0

Nature II (forest sounds with
gentle music)

1

Nature III (ocean waves with
gentle music)

1

Nature IV (rainfall with gentle
music)

1

Ambient/Instrumental I 6
Ambient/Instrumental II 6
Ambient/Instrumental III 3

(continued)
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6 music group participants. Between the 2 programs, 8 in-
dividuals dropped out (Group A = 3; Group B = 5), all within
the first 3 days of their participation (57%-58% retention
rate). Participants in the mindfulness group dropped out more
often (n = 6) than music group participants (n = 2).

Program A Findings and Refinements. Program A’s enrollment
rate was 70%. Audio adherence was 9.4% (mindfulness) and
66.4% (music), respectively. Cohort I of Program A began

with 3 different mindfulness and 3 different music selections
(see Table 1). For this Cohort, the sequence of when par-
ticipants could listen to their respective recording was fixed
so that everyone had to listen to the same recording each day
for a week period before they were offered a new recording
the following week. We learned quickly from music partic-
ipants that only having 3 selections was suboptimal, and that
other options were preferred. We received similar feedback
from mindfulness participants regarding the lack of diversity

Table 1. (continued)

Program Cohort Audio Recording
# of Times
Listened Total

Average Audios
Per Person

Phase II Program B: Day 1 of week
3 for 5 Weeks (n = 11)

Mindfulness cohort I
(n = 3)

Compassion awareness I 4 14.00 4.67
Compassion awareness II 0
Bodily awareness I 1
Bodily awareness II 0
Breathing awareness I 1
Breathing awareness II 5
Breathing awareness III 0
Listening awareness I 1
Listening awareness II 0
Open awareness I 2
Open awareness II 0

Mindfulness cohort II
(n = 4)

Awareness of breath & body I 12 61.00 15.25
Awareness of breath & body II 9
Awareness of sounds & thoughts 12
Body awareness 12
Breathing space awareness 9
Compassion awareness
(befriending meditation)

7

Music cohort I
(n = 4)

Classical I (bach, beethoven,
mozart selections)

15 41.00 10.25

Classical II (handel, hayden, &
mascagni selections)

11

Nature I (forest sounds with and
without music)

4

Nature II (ocean and rainfall with
gentle music)

3

Ambient/Instrumental I 5
Ambient/Instrumental II 3

Phase III Program C: Day 1 of
week 2 for 4 Weeks (n = 26)

Mindfulness (n = 16) Awareness of breath & body I 57 296.00 18.50
Awareness of breath & body II 47
Awareness of sounds & thoughts 47
Body awareness 49
Breathing space awareness 45
Compassion awareness
(befriending meditation)

51

Music (n = 10) Classical I (bach, beethoven,
mozart selections)

34 177.00 17.70

Classical II (handel, hayden, &
mascagni selections)

29

Nature I (forest sounds with and
without music)

30

Nature II (ocean and rainfall with
gentle music)

28

Ambient/Instrumental I 31
Ambient/Instrumental II 25

Victorson et al. 7



in the selection of recordings. In response, for Cohort II of
Program A, we expanded the music library to include several
relaxing classical music selections, as well as several calming
nature-based sounds (e.g., forest, river, etc.). We matched that
with additional mindfulness selections and allowed all par-
ticipants to freely choose which recordings they wanted.
These changes were well received by music participants, and
there were no additional complaints regarding the music
options after that.

Several mindfulness participants who dropped out of
Program A offered feedback that having a female narrator
was undesirable (all selections were from a female instructor),
and that a male’s voice would be preferred. One mindfulness
participant who dropped out informed the attending physician
that he found the content of the compassion selection to be
“preachy” and that it was upsetting for him to be asked to
focus on challenging people and situations from his past as he
had enough to worry about. Two mindfulness participants
who dropped out said they did not think it would be helpful.
Finally, in consultation with the medical team, we learned that
all patients were being placed on a 1-week treatment break
during week 6 of RT, which interrupted the scheduled de-
livery of audio recordings. Medical team members also ex-
pressed concern that starting the study on the very first day of
RT could add additional stress to their experience.

Program B Findings and Refinements. ProgramB’s enrollment rate
was 77%. Audio adherence was 42.8% (mindfulness) and 41%
(music), respectively. In response to Program A feedback,
Program B started on day one of week 3 and was shortened to
5 weeks to ensure participants completed the audio program
before the treatment break. Further, Cohort II of Program B only
included a male narrator with consolidated mindfulness practices
totaling 6 selections vs 11 (similar consolidations were made for
music as well) to offer variety but not be overwhelming. The
compassion meditation was modified so it only focused on
sending thoughts of peace and goodwill to oneself, a loved one, a
stranger, and all human beings, removing the instruction to direct
these intentions to someonewho is challenging or difficult. To try
to address the perception that this program would not be helpful,
the study PI (DV) recorded a brief audiowelcome and orientation
so that all participants could better understand the purpose and
potential importance of this study.While Program B saw relative
increases over Program A in the frequency of audio recording
use, some mindfulness and music participants still dropped out
due to disinterest. Finally, the medical team suggested shortening
the program length to 4 weeks to make sure there was sufficient
time to complete the program before the treatment break.

Phase III: Randomized Controlled Trial with
Optimal Intervention

Phase II pre-testing feasibility metrics and participant and
medical team feedback were used to create and implement the

Phase III pilot study, which began on day one of week 2 of RT
for 4 consecutive weeks.

Pilot study participants (n = 27) included 16 men assigned
to the mindfulness arm and 11 men assigned to the music arm
(see Table 2). There were no statistically significant differ-
ences on baseline self-reported outcomes measures between
those who dropped out (n = 11) and remained in the study (n =
34). Further, there were no statistically significant differences
on baseline sociodemographic, clinical, treatment (e.g., on
hormone therapy), or self-reported outcomes measures except
for self-reported hypertension (Mindfulness n = 6, Music n =
4) and arthritis (Mindfulness n = 1, Music n = 2). Given these
minor differences would not be expected to disproportion-
ately affect listening ability during RT, these were not in-
cluded as additional covariates.

Evaluation of Feasibility and Acceptability

Phase III feasibility metrics achieved >70% in all areas:
enrollment rate = 83%, retention = 89%, audio program
adherence = 92.5% and 88.5% (mindfulness and music
programs, respectively). One mindfulness participant
completed the entire program but passively withdrew just
prior to the follow up assessments; one music participant
dropped out before the program began and another
dropped out after the first week. Both groups found the
programs to be easy to participate in; get, set up and use
the equipment; and hear the audios clearly. Phase III’s
mindfulness arm participants reported enjoying partici-
pation relatively more than music controls (93% vs 67%,
respectively), including looking forward to listening (93%
vs 78%, respectively), finding listening helpful (93% vs
89%, respectively), having enough variety (87% vs 78%,
respectively), and being affected positively by partici-
pation (93% vs 78%, respectively). Both groups reported
being willing to recommend this program to someone else
at similar rates (87%-89%). Neither group met accept-
ability criteria of >70% for being interested in staying on
the study for a longer duration if permitted (67%).

Patterns of Change in PROs

Most of self-reported outcomes measures (anxiety, de-
pression, fear of recurrence, mindfulness) showed no
significant differences between groups over time (see
Table 3). However, immediately following the 4-week
program, mindfulness participants reported significantly
lower uncertainty intolerance compared to music controls
(P = .046; F(3, 20) = 4.540;M = 6.73 ± 4.76 [mindfulness];
M = 11.11 ± 7.25 [music]), ES = .95. At the 1-month
follow up, these differences became non-significant,
however trends remained (P = .502; F (3, 20) = .467; M =
7.13 ± 6.3 [mindfulness]; M = 8.89 ± 7.82 [music]). At the
3-month follow up, mindfulness participants reported
significantly lower fatigue (P = .049, F(3, 13) = 4.733;
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Table 2. Baseline Characteristics Across Different Programs.

All Participants (N =
46)

P

Phase II Program a
(n = 7)

P

Phase II Program B
(n = 12)

P

Phase III Program C
(n = 27)

P
Mindfulness
(N = 26)

Music
(N = 20)

Mindfulness
(n = 4)

Music
(n = 3)

Mindfulness
(n = 6)

Music
(n = 6)

Mindfulness
(n = 16)

Music
(n = 11)

Race
White 21 16 2.82 3 3 n/a 5 5 2.00 13 8 1.52
Black 2 4 0 0 0 1 2 3
Other 3 0 2.45 1 0 3.94 1 0 n/a 1 0 .71

Ethnicity
Hispanic 2 0 1.61 0 0 n/a 2 0 2.40 0 0 n/a
Non-

Hispanic
24 20 4 3 4 6 16 11

Relationship
Married 22 16 .17 4 3 n/a 5 3 2.50 13 10 .83
Single 2 2 0 0 0 1 2 1
Partner 1 1 0 0 0 1 1 0
Widowed 1 1 0 0 1 1 0 0

Income
<$50k 1 2 9.82 0 0 2.24 0 1 6.29 1 1 4.92
$50k - $100K 7 2 1 1 2 0 4 1
$101-$150k 6 2 1 0 2 1 3 1
$151-$200k 1 1 1 0 0 0 0 1
$201-$250k 2 1 0 0 0 0 2 1
> $250k 4 5 0 0 1 1 3 4
Declined 5 7 1 2 1 3 3 2

Employment
Self-

employed
7 3 1.50 3 0 7.00 1 1 4.68 3 2 1.00

Employed FT 9 6 1 0 4 2 4 4
Employed PT 1 1 0 1 1 0 0 0
Disabled 1 1 0 0 0 1 1 0
Retired 8 9 0 2 0 2 8 5

Education
Some HS 0 1 4.56 0 0 4.28 0 1 4.00 0 0 4.52
HS or GED 3 0 0 0 0 0 3 0
Some college 1 1 0 0 0 1 1 0
College 6 7 0 1 2 2 4 4
Some graduate 3 3 1 2 2 0 0 1
Graduate

school
13 8 3 0 2 2 8 6

Comorbidities
Arthritis 12 6 1.24 2 2 .19 4 0 6.00 6 4 .00
Hypertension 9 6 .11 1 1 .06 2 1 .44 6 4 .00
Diabetes 3 2 .03 0 0 n/a 1 1 .06 2 1 .08
Heart disease 7 4 .30 1 1 .06 2 1 .44 4 2 .18
Depression 2 2 .08 0 0 n/a 0 0 n/a 2 2 .17
Anxiety 2 0 1.61 0 0 n/a 0 0 n/a 2 0 1.49
Insomnia 0 0 n/a 0 0 n/a 0 0 n/a 0 0 n/a

Clinical stage
1 3 4 1.34 0 0 .19 1 0 4.00 2 4 3.10
2 4 3 3 0 2 1 2 2
3 3 2 0 1 0 1 1 0
4 1 0 0 0 1 0 0 0
Don’t know 15 11 2 2 2 4 11 5
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M = 50.05 ± 5.17 [mindfulness]; M = 54.53 ± 4.66 [mu-
sic]), ES = 1.3, and sleep disturbance (P = .035, F(3, 13) =
5.33; M = 46.93 ± 7.91 [mindfulness]; M = 55.46 ±
5.82 [music]), ES = 1.1, compared with music partici-
pants. Effect sizes were large for all 3 outcomes. For
PROMIS measures, the mindfulness group
demonstrated ≥ 2-point decrease in scores over time (2.65-
point decrease in fatigue; 4.5-point decrease in sleep
disturbance), suggesting a clinically meaningful im-
provement.41 Control group PROMIS Fatigue and Sleep

scores worsened by 7.46 and 6.15 points, respectively,
moving scores from normal limits to the mild impairment
range (Table 4).

Discussion

This study examined the implementation feasibility and
acceptability and initial patterns of PRO change of daily
delivery of brief mindfulness and music audio programs to
men during RT for PC. Using an implementation pre-testing

Mean
(SD)

Mean
(SD) P

Mean
(SD)

Mean
(SD) P

Mean
(SD)

Mean
(SD) P Mean (SD)

Mean
(SD) P

Age 66.65
(10.21)

61.53
(11.50)

.12 54.00
(2.16)

52.67
(11.59)

.83 61.83
(12.01)

54.33
(4.37)

.18 71.63
(6.81)

67.86
(10.77)

.28

BMI 28.51
(4.91)

28.32
(6.54)

.92 28.89
(7.12)

27.05
(1.88)

.69 29.77
(5.42)

29.74
(7.86)

.99 27.86
(4.26)

27.96
(7.19)

.97

PSA 21.96
(95.78)

1.52
(3.12)

.40 .12 (.14) 2.03
(2.65)

.17 1.88
(3.55)

4.15
(5.57)

.45 37.96
(127.18)

.36 (.635) .36

Baseline PROs
Expectancy 32.46

(13.90)
33.55
(14.50)

.80 39.00
(15.79)

40.67
(11.02)

.88 24.33
(10.71)

36.00
(15.59)

.16 33.88
(13.92)

30.27
(15.75)

.54

PROMIS anxiety 48.34
(7.60)

46.51
(8.03)

.43 50.05
(2.68)

51.00
(13.21)

.89 47.53
(5.76)

41.73
(7.18)

.15 48.22
(9.09)

47.89
(6.32)

.92

PROMIS depression 46.24
(8.58)

47.89
(9.79)

.55 42.10
(4.67)

45.90
(8.49)

.48 48.73
(13.47)

52.50
(13.59)

.64 46.38
(6.51)

45.48
(6.81)

.76

PROMIS sleep
disturbance

48.88
(10.27)

47.89
(8.11)

.74 39.35
(10.59)

38.53
(6.96)

.91 50.12
(6.34)

50.43
(8.77)

.94 51.43
(10.56)

49.31
(6.30)

.60

PROMIS fatigue 50.60
(8.27)

48.42
(7.17)

.39 46.13
(9.28)

46.10
(1.90)

1.00 49.37
(6.64)

51.62
(9.72)

.65 52.70
(8.61)

47.07
(6.12)

.11

Uncertainty
intolerance

10.85
(3.52)

12.55
(5.99)

.23 11.50
(3.70)

18.33
(9.71)

.24 9.50
(3.39)

12.50
(4.59)

.23 11.19
(3.62)

11.00
(5.10)

.91

MAX PC fear of
recurrence

3.08
(2.21)

3.40
(1.96)

.61 2.50
(2.38)

3.00
(3.00)

.81 3.67
(1.97)

3.17
(1.94)

.67 3.00 (2.34) 3.64
(1.86)

.46

Mindful attention
and awareness

68.00
(10.08)

71.00
(10.89)

.35 66.75
(3.86)

63.00
(7.07)

.42 66.50
(7.29)

75.67
(12.08)

.14 68.88
(12.10)

69.91
(10.41)

.82

Table 3. Final Phase III Acceptability Ratings.

Mindfulness (n = 15) (%) Music (n = 9) (%)

Enjoyed participating 93 67
Easy to participate 100 100
Looked forward to listening 93 78
Listening was helpful 93 89
Enough variety 87 78
Easy to get equipment 93 100
Easy to set up & use 100 100
Able to hear clearly 100 100
Participation affected Me positively 93 78
Would like to continue on study longer 67 67
Would recommend to someone 87 89
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approach, we identified optimal program delivery timing
and content, which began on day one of week 2 of RT for
4 consecutive weeks. Pre-testing different starting times and
program lengths suggested it is possible that starting a
program like this on the first day of RT may be over-
whelming for men, while waiting until the third week might
be longer than necessary for men to feel adjusted.

Pre-testing audio program modifications included in-
creasing the diversity of audio selections, giving partic-
ipants the power to select ones they preferred, adjusting
content and word choice for specific meditations given the
context, and replacing the mindfulness audios narrated by
a female instructor with a male instructor. The request to
have a male mindfulness narrator was surprising, as
previous mindfulness intervention studies in PC con-
ducted by this team have all primarily utilized female
mindfulness instructors without issue. It is possible that
since these were all multi-week, in-person, face-to-face
interventions outside of the treatment environment that
male participants may have been more able to create a
personal and trusting relationship with the instructor
compared with only hearing a female voice (without the
benefit of a relationship) during a private, vulnerable, and
stressful treatment experience. Furthermore, listeners may
respond more favorably to audio-only recordings that
mimic an “inner voice.”

Among the self-reported outcome measures that were
administered, uncertainty intolerance, fatigue, and sleep
disturbance demonstrated significant differences between
groups at 4 weeks (uncertainty intolerance) and 3months post
(fatigue, sleep disturbance), all in favor of the mindfulness
condition compared with the music control. Mindfulness
practice has demonstrated improvements in these areas in
other cancer patient samples,19,42,43 however, to our
knowledge, this is the first study to demonstrate improve-
ments from brief, daily audio exposure during the delivery of
RT. It is possible that fatigue and sleep disturbance only
demonstrated improvements at 3 months due to RT being
completed, however it is unclear why this change only oc-
curred in the mindfulness condition and not the music control.
The relatively small number of participants in each group is a
possible reason.

To our knowledge, this is the first study to deliver a brief
mindfulness intervention during actual RT itself, compared to
“during treatment” intervention studies that offer supportive
therapies or resources outside of the treatment setting. Our
pilot findings suggest this may be a suitable time and place
upon which to intervene for several reasons. First, men re-
ceiving RT for PC must come daily for multiple weeks. They
are in many ways, a “captive audience.” While the treatment
timeframe is relatively brief, being able to seamlessly
“piggyback” a supportive, symptom reduction intervention
onto an existing medical treatment is novel and frees up
resources, both for busy hospitals, and for patients, who don’t
have to attend yet another program in addition to their

treatment. In effect, it becomes an efficiently bundled, “one
stop shopping” approach that eliminates unnecessary burden
during a highly stressful time.

Another benefit of a piggybacked program like this lies in
its ease of delivery and passive/receptive nature, both of
which may be a draw for older men affected by cancer, who
are notorious for not engaging in supportive oncology pro-
gramming at the same rates as their women counterparts.44-46

While this was not explicitly queried in this study, there may
be a preference by some men to receive support individually,
and in ways that do not require verbal expression amongst
others.

A final advantage of this approach lies in its relative low
touch (and thereby low budget) nature, making a program like
this accessible and achievable for a wide variety of RT care
settings, especially those with less psychosocial support
professionals or resources.

This study is not without limitations. Most notably, this
study utilized a small, mostly Caucasian sample from a single
treatment center. As a result, it may not be possible to
generalize these findings to other, more diverse patient groups
and settings. This also places limitations on interpreting
findings of self-reported outcomes. Even though the diverse
selections of intervention content (e.g., different types of
mindfulness recordings and different forms of relaxing music,
including sounds of nature) was deemed feasible and ac-
ceptable by Phase III participants, it is unclear what aspects of
these audios may have contributed the most to observed
beneficial effects. While initial patterns of change were en-
couraging for uncertainty intolerance, fatigue, and sleep
disturbance, most outcomes tested were non-significant.
These preliminary results should be interpreted cautiously
given this was not powered as an efficacy trial. Future studies
will benefit from larger, more geographically and culturally
diverse patient samples.

Overall, the final program tested was feasible and ac-
ceptable with some promising preliminary trends that warrant
follow up with larger, more geographically and racially di-
verse populations. Given participant uptake, retention, and
overall adherence of the final program, use of guided audio
recordings during RT may offer a low-touch support option
for a population that otherwise may be less inclined to seek
out and utilize supportive care services.

Conclusions

The study described the development, pre-testing, and
implementation of audio-based mindfulness and music
programs during RT for PC. Optimal program timing and
content were identified, with initial improvements in
uncertainty intolerance, fatigue, and sleep disturbance
over time for mindfulness participants. Brief, audio-based
mindfulness may be effective in decreasing RT-related
physical and emotional side effects at 4 weeks and sev-
eral months later.
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