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Abstract

Goals of work Prostate cancer patients receiving androgen
deprivation therapy (ADT) are vulnerable to a number of
potentially debilitating side effects, which can significantly
impact quality of life. The role of alternate therapies, such
as physical activity (PA), in attenuating these side effects is
largely understudied for such a large population. Thus, the
purpose of this study was to investigate the effects of PA
intervention for men receiving ADT on PA behavior,
quality of life, and fitness measures.

Patients and methods One hundred participants were
randomized into an intervention (n=53) or a wait-list
control group (n=47), with 11 dropping out of the
intervention group and 23 dropping out of the wait-list
control group prior to post-testing. The intervention
consisted of both an individually tailored home-based
aerobic and light resistant training program and weekly
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group sessions. PA, quality of life, fitness, and physiolog-
ical outcomes were assessed pre and post the 16-week
intervention.

Results Significant increases in PA, supported by changes
in girth measures and blood pressure, support the beneficial
impact of the intervention. Positive trends were also evident
for depression and fatigue. However, due to the high
dropout rate, these results must be interpreted with caution.
Conclusions PA effectively attenuates many of the side
effects of ADT and should be recommended to prostate
survivors as an alternate therapy. Determining the mainte-
nance of this behavior change will be important for
understanding how the long-term benefits of increased
activity levels may alleviate the late effects of ADT.
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Introduction

Although the projected incidence rate remains relatively
high, the mortality rate for prostate cancer in North
America is decreasing. As a result of an increase in
prevention and early detection programs as well as
improved treatment regimes, the 5-year survival rate has
increased significantly over the past few decades, reaching
91% and 99% for early stage prostate cancer in Canada and
the USA, respectively [1, 2]. Accordingly, there has been a
notable shift in the focus of cancer research towards
survivorship and quality of life (QOL) [3].

Androgen deprivation therapy (ADT) has become the
prevalent therapy with advanced prostate cancer and is now
also commonly used as an adjunctive therapy in patients
undergoing radiation for localized cancer or those with
increasing prostate-specific antigen (PSA) levels [4].
Unfortunately, QOL is often adversely impacted by ADT.
Specifically, ADT has a significant negative impact on
QOL, especially with regards to physical function and
psychosocial issues [5—7]. These side effects may include
anemia, cholesterol and lipid changes, depression, impaired
sexual function, fatigue, hot flashes, osteoporosis, fractures,
body composition changes (i.e., increased body fat and
decreased lean body mass), and other potential changes
such as muscle/joint pain [8].

As such, the interest in the association between
modifiable behaviors, such as physical activity (PA), and
QOL within the prostate cancer survivor population has
been heightened. Although PA research within the prostate
cancer population is limited, a few recent studies have
offered support for an inverse association between PA and
several adverse medical, physical, and psychosocial out-
comes [9—15]. Importantly, each of these studies report
moderately significant findings in favor of PA attenuating
treatment side effects (e.g., fatigue, sexual dysfunction, and
reduced QOL) and potential recurrence.

Although the majority of these studies have been
observational, three recent randomized controlled trials
(RCT) have investigated the effects of a structured PA
program on treatment-related symptoms in prostate patients
and survivors. Windsor et al. used an RCT to determine
whether a home-based aerobic exercise intervention would
reduce the amount of treatment-related fatigue for men
receiving external beam radiotherapy [13]. The exercise
intervention group reported increased physical function and
no change in fatigue levels usually associated with the
treatment. Conversely, the control group reported signifi-
cant increases in fatigue during the 4-week treatment
period, which diminished 4 weeks post-treatment but failed
to return to baseline levels. Moreover, those who reported
higher levels of fatigue also reported poorer QOL related to
physical well-being.
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Second, the work of Segal et al. found a 12-week
resistance training intervention in men receiving ADT was
effective in reducing fatigue and improving QOL and
overall muscular strength [14]. Galvao et al. extended
Segal’s work by examining the physical, functional, and
physiological effects of a 20-week resistance training
program for men receiving ADT [15]. Findings from this
study further support the role of resistance exercise in
preserving composition and improving physical function in
prostate cancer patients. Any effort to attenuate the negative
side effects associated with ADT is desirable, and these
studies have provided promising evidence of the role of PA
in mitigating some of the ADT-related side effects.

While the preliminary data is encouraging, recent
reviews have consistently noted a number of limitations
associated with the work of PA and cancer patients/
survivors. Specifically, there is a dearth of PA intervention
studies outside of breast cancer, a lack of physiological
outcomes, and few assessments of exercise programs that
include components other than aerobic conditioning [16—
18]. Duplication of the current positive findings in prostate
cancer and further investigation into these physiological
and psychosocial outcomes is justified. Accordingly, the
primary purpose of this study was to assess the impact of a
PA intervention on PA behavior with prostate cancer
survivors receiving ADT. Changes in QOL, fitness, and
physiological measures were also assessed. We hypothe-
sized that a 16-week PA intervention, including both a
home-based and a weekly group session, would be effective
in increasing PA levels, enhancing QOL, and improving
fitness and physiological measures as compared to a wait-
list control condition.

Methods
Participants

Approval was obtained from the appropriate ethical
committees, and all participants provided written informed
consent prior to participation. The participants in this study
were 100 prostate cancer survivors receiving long-term
ADT (at least 6 months’ treatment duration). They were
randomized into either the PA intervention (n=53) or the 1-
year wait-list control group (n=47). Participants were
recruited over a 3-month period prior to each of the
staggered group start dates. There were a total of five
groups between 2004 and 2006. As participants were
randomized at each recruitment wave over the 2 years, an
uneven randomization into the two groups resulted (i.e., 53
vs 47). Eligibility criteria were as follows: (a) any man
diagnosed with prostate cancer (any stage), who may or
may not have had previous treatment and was expected to
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receive ADT for at least 6 months; and (b) physician’s
clearance to participate in a hybrid exercise program
consisting of aerobic, strength, and flexibility components.
Exclusionary criteria were (a) any co-morbid condition that
would restrict the participant’s ability to enter the program
(e.g., heart disease, emphysema, and arthritis) or (b) high
risk of osteoporotic fracture due to long-term steroid use or
T-score less than —2.5 on screening bone mineral densi-
tometry (BMD) dual energy x-ray absorptiometry scan
[19]. Refer to Fig. 1 for participant assignment and flow in
the RCT.

Procedure

Following a preliminary telephone screening (prostate
cancer diagnosis and on ADT confirmed; physical activity
readiness questionnaire administered), participants attended
a baseline testing session where the study procedures were
explained. Following the completion of the baseline
measures (QOL and fitness), participants were randomized
into either the intervention or wait-list control group. All
participants were provided with a copy of the informed
consent and the appropriate laboratory requisitions (blood
work and BMD). A post-assessment replicating the pre-
assessment measures immediately followed the 16-week
intervention, and the same follow-up assessments were
completed 2 and 6 months post-intervention. Both groups
(i.e., intervention and control) completed all assessments,
with exception of the BMD tests which were only required
for the pre-assessment and final follow-up. This manuscript
focuses upon the immediate, post-intervention results. The
follow-up results will be presented elsewhere upon com-
pletion of analyses.

Intervention

The intervention group was enrolled in a 16-week exercise
program designed to promote daily PA. The prostate active

Randomized (n = 100)

N

Allocated to intervention Allocated to wait-list control
(n=153) (n=47)

| l

Lost to follow-up (n=2)

Lost to follow-up (n=11)
Voluntarily withdrew (n = 3)
Medical (n = 5)

Voluntarily withdrew (n = 6)
Medical (n = 3)

Unknown (n=1) Unknown (n = 3)

Fig. 1 Participant flow

living series program includes both a home-based portion
and weekly group sessions. An individualized PA program
was provided by a certified fitness professional in a group-
based session (week1). Exercises were tailored to ability
but primarily consisted of walking, stretching, and light
resistance exercises (i.e., theraband), which the participant
could perform at home. Additionally, exercise equipment
(physio ball and theraband) was provided to each partici-
pant to encourage and facilitate his home-based PA
program (suggested three to five times per week at
moderate intensity).

In an effort to enhance social support and utilize group
dynamics known to effectively promote PA participation [e.
g., 20, 21], participants were also asked to attend weekly
booster sessions in a group-based format for the duration
of the 16-week intervention and monthly sessions
thereafter to the completion of the follow-up assessments.
These sessions were conducted in a fitness center. The
format of these 1.5-hour sessions included both an
activity portion (I h) and an educational/discussion
portion (1/2 h). The activity included a group-based
workout, similar to their home-based program (i.e.,
walking, light resistance work with the band, and core
strengthening work with the ball), whereby individualized
feedback was provided by a certified fitness specialist.
The education and group discussion focused on common
concerns facing new exercisers with a new topic each
week, including goal setting, monitoring behavior, over-
coming barriers, role of a positive attitude and social
support, relapse prevention, and the role of nutrition. The
discussion periods provided a unique opportunity for the
men to share their experiences regarding the integration
of PA into their daily lifestyle, obstacles that they may
be facing, as well as receive education on known factors
that impact adherence.

Measures
Attendance

Booster session attendance was tracked on a recording
sheet by the fitness instructor.

Pre-assessment and post-assessment laboratory
investigations

Pre-assessment screening measures included screening
bone mineral density test, blood work (complete blood
count, electrolytes, PSA, total testosterone, fasting glucose,
ferritin, magnesium, total protein, parathyroid hormone,
luteinizing hormone, follicle stimulating hormone, estradi-
ol, and 25-hydroxy-vitamin D), and urinary N-telo-peptide
to assess bone turnover. For purposes of analyses, PSA
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level changes from pre to post assessment were examined
(see attached Table 2).

Psychological questionnaires

Each participant completed a battery of self-report psycho-
logical instruments to assess QOL and demographics,
including marital status, education, employment, and income.
The following instruments were used in assessing QOL:

European Organization for the Research and Treatment

of Cancer, Quality of Life Study Group (EORTC QLQ

C30) [22]
This 30-item scale includes several domains impor-
tant in assessing QOL for cancer in general. The
domains assessed include physical function, emo-
tional state, social interaction, global health status/
QOL, and several symptom scales (e.g., nausea,
sleep disturbance, loss of appetite, constipation,
diarrhea, and financial impact). This instrument
has been well proven in its validity and reliability
with reliability coefficients ranging from 0.54 to
0.86 pre-treatment and from 0.522 to 0.89 during
treatment [22-25]. The QOL subscale (two items)
was used in this study.

Expanded prostate cancer index composite (EPIC) [26]
Based on the original prostate cancer index [27],
this instrument assesses function and bother in three
organ systems: sexual, urinary, and bowel; and has
recently expanded to include possible effects of
ADT. The test re-test reliability and internal consis-
tency is reported to be high for the urinary, bowel,
sexual, and hormonal domain summary scores (>
0.80, a>0.82) [26]. The summary of functional
scales was used in subsequent analyses.

Fatigue severity scale (FSS) [25, 28]

The FSS is widely used to assess fatigue in a variety
of chronic medical conditions, including prostate
cancer. Using a seven-point scale, nine items of
fatigue are assessed to provide a unitary measure of
fatigue. This instrument has been shown to have
good internal consistency in both cancer («=0.96)
and healthy controls (a=0.88).

The center for epidemiological studies depression scale

(CES-D)
This 20-item questionnaire has become one of the
best known and most widely used surveys for
depression [29]. Having undergone extensive reli-
ability and validity testing in a variety of popula-
tions, the CES-D has been utilized within the PA
domain and found to correlate well with QOL
measures [30].
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PA behavior

The frequency of past behavior was assessed by Godin’s
leisure score index (LSI) of the Godin Ileisure time
exercise questionnaire [31]. The LSI is a three-item
measure assessing the frequency of mild, moderate, and
strenuous bouts of exercise performed for at least 15 min
in duration during free time in a typical week. In this
study, participants were asked to recall their exercise
levels over the past 12 weeks. The LSI has been
successfully used with adult cancer patients and survivors
[32, 33], and an independent evaluation confirmed its
reliability and validity compare to nine other self-report
measures of exercise [34].

Physical activity and fitness assessments

PA and fitness assessments included standardized measures
which followed the Canadian physical activity fitness and
lifestyle appraisal protocol [35]. Measures included base-
line physiological parameters (resting heart rate and blood
pressure), functional and aerobic capacity (6-min walk test),
grip strength (grip dynamometer), and flexibility (modified
sit and reach).

Anthropometric assessment

Weight and height was measured to assess the
participant’s body mass index (BMI). Additionally,
waist and hip circumference were measured to compute
the waist to hip girth ratio, used to indicate body fat
distribution.

Data analysis

All analyses used the statistical package provided by
Statistical Package for the Social Sciences (version 14.0).
Descriptive statistics included frequencies and percentages
for attendance and demographic variables, including marital
status, education level, annual family income, and employ-
ment status. Change scores were calculated to examine
change in the variables from pre to post-intervention
(significance value set at p<.05). Intention-to-treat (last
observation carried forward) repeated measures analysis of
variances were used to examine the effect of the PA
intervention on fitness, PA behavior, and psychosocial
variables. Due to the nature of the intervention, five
separate groups completed the program over the course of
2 years. There were no group differences with regard to any
of the demographic, medical, or PA variables at pre-
intervention (two-sided ¢ tests, all p>.05). Thus, subsequent
analyses consider all intervention and wait-list control
participants in two groups.
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Results
Program participation

Participant demographics are shown in Table 1. In
summary, the mean age of the participants was 67.6 years
(SD=8.6), 88% were married, and 61% were retired.
Attendance for the intervention group was 77.8% (partic-
ipants attended on average 12/16 sessions). Of the original
100 participants, 34% dropped out before post-testing
(post-testing n=66). The majority of the dropouts (67%)
were in the wait-list control group, and discriminant
function analysis showed that those who did not attend
post-testing were older and had higher depression scores.
Of the intervention subjects who withdrew, two were lost to
follow-up, three voluntarily dropped out, five withdrew for
medical reasons, and one withdrew for unknown reasons.
In contrast, for the control group, 11 were lost to follow-up,
six voluntarily dropped out, three were medically related,
and three dropped for unknown reasons. Independent
sample ¢ tests (two-sided) indicated that there were no

Table 1 Participant demographics

Intervention Control
group group
N 53 47
Mean age (SD) 67.2 (8.8) 68.0 (8.4)
Age range 46-82 49-86
Educational level, n (%)
Some high school 12 (23.1) 7 (14.9)
Completed high school 10 (19.2) 6 (12.8)
Some university/college 8 (15.4) 12 (25.5)
Completed university/college 17 (32.7) 11 (23.4)
Some/completed graduate school 5(9.6) 11 (23.4)
Employment status, n (%)
Full-time 16 (30.2) 5 (10.6)
Retired 30 (56.6) 31 (66.0)
Disability/sick leave 3(5.7) 1(2.1)
Other 4 (7.6) 10 (21.2)
Annual income, n (%)
<$20,000 4 (8.3) 3(6.8)
$20,000-39,999 13 (27.1) 14 (31.8)
$40,000-59,999 7 (14.6) 14 (31.8)
$60,000—79,000 9 (18.8) 6 (13.6)
>$80,000 15 (31.3) 7 (15.9)
Marital status, n (%)
Married/common law 47 (88.7) 41 (87.2)
Divorced/separated 3 (5.7 4 (8.5)
Never married 3 (5.7 1 (2.1
Widowed - 1(2.1)

other statistically significant differences between the adh-
erers and the dropouts.

Primary outcome: PA behavior

LSI scores pre- to post-intervention showed a significant
interaction effect, (F(1,60)=3.15, p=.004), with the inter-
vention group reporting increased PA levels (pre M=26.36
to post M=45.05; 71% increase) and the controls decreased
levels (pre M=35.86 to post M=31.14; 13% decrease) from
pre- to post-intervention (see Table 2).

Secondary outcomes

Fitness Measures Significant main effects for time were
seen in the fitness indicator of blood pressure (systolic M=
148.9 mmHg at time 1, M=139.9 mmHg at time 2, p=.004;
diastolic M=88.6 mmHg at time 1, M=83.0 mmHg at time
2, p=.0005). Significant interaction effects were also seen
in waist and neck girth (waist, p=.044; neck, p=.019).
Inspection of the means revealed negative changes in the
control participants from pre- to post-intervention. No other
fitness parameters revealed significant changes.

Quality of Life No significant changes were seen in either
the QOL subscale («=0.74) from the EORTC-30 or the
hormone symptom scale («=0.74) of the EPIC (see Table 2
for details). Of note, the physical function scale showed
poor reliability («=0.37) and is therefore not included in
the QOL analyses. The mean scores for this subscale for the
intervention group were M=92.20 at time 1, M=91.71 at
time 2, and for the control group, were M=95.20 at time 1
and M=96.00 at time 2.

Physiological Measures No significant changes were seen
in PSA levels from time 1 to time 2 in either group (see
Table 2 for details).

Exploratory analyses

The impact of age and medical factors (i.e., stage of disease
and duration on treatment) were examined on PA levels and
QOL. There were no significant differences between
younger vs older participants, or for stage of disease.

Discussion
Although support for the benefits of PA for cancer
survivors in general is growing, reviews have consistently

noted the need to assess the effectiveness of PA specific to
varying cancer types and treatment protocols [16, 18, 36,
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Table 2 Effect of exercise intervention on outcome variables

Variable Group N Pre (SD) Post (SD) Change (SD)  Pre- to post-time effect (p) Time x group effect (p)
Leisure score index Int. 38  26.36 (26.72)  45.05 (30.45) 18.69 (33.88) .002 .004
Cont. 24 35.87 (36.31)  31.14 (29.30) —4.73 (23.00) 324
Body mass index (kg/m®) Int. 41  28.86 (2.51) 28.63 (2.39)  —0.23 (1.02) 152 225
Cont. 22 28.29 (4.48) 29.04 (5.35) 0.75 (4.97) 488
Heart rate (bpm) Int. 38 78.13 (13.15) 7632 (11.75) —1.81 (14.62) 449 582
Cont. 19 70.32 (10.35)  70.58 (12.42)  0.26 (10.34) 913
Systolic BP (mmHg) Int. 40 148.85(17.31) 139.98 (22.79) —8.87 (20.93) 011 174
Cont. 22 141.09 (17.76) 133.77 (16.79) —7.32 (19.28) .090
Diastolic BP (mmHg) Int. 40 88.63 (10.64)  83.05(11.04) —5.58 (11.36) .004 833
Cont. 22 82.23 (7.42) 76.05 (7.96)  —6.18 (9.67) .007
Walk distance (m) Int. 36 650.03 (143.46) 674.78 (209.37) 24.75 (169.97) 388 926
Cont. 20 701.80 (151.35) 730.60 (183.98) 28.80 (127.54) 325
Sit and reach (cm) Int. 36 20.88 (9.37) 22.12 (8.89) 1.24 (6.30) 245 .648
Cont. 18 21.46 (10.18)  23.50 (12.44)  2.04 (5.31) 122
Neck girth (cm) Int. 40 39.87 (2.25) 39.51 (2.40)  —0.36 (1.81) 221 .019
Cont. 22 39.41(2.72) 40.21 (3.17) 0.71 (1.77) .046
Waist girth (cm) Int. 40 103.04 (6.57) 102.51 (6.57)  —0.53 (4.68) 484 .044
Cont. 22 101.41 (12.41) 103.47 (13.06)  2.06 (4.84) .059
Hip girth (cm) Int. 40 105.68 (7.36) 105.82 (7.02) 0.14 (5.83) .880 414
Cont. 22 107.41 (9.70) 108.73 (9.15) 1.32 (4.50) 184
General QOL (EORTC-30) Int. 40 7042 (17.39)  73.12 (15.96)  2.70 (0.92) 269 194
Cont. 25 71.33 (18.65)  69.00 (15.12) —2.33 (0.88) 436
Hormone symptoms Int. 36 6222 (17.54)  65.87 (15.94) 3.65 (14.11) 130 .074
(EPIC) Cont. 22 67.27 (15.49) 64.14 (14.26) —3.13 (13.09) 275
Fatigue (FSS) Int. 37 4.49 (1.45) 4.15 (1.58)  —0.34 (1.60) 211 429
Cont. 24  4.50 (1.33) 4.46 (1.12)  —0.04 (1.10) .870
Depression (CES-D) Int. 37 8.62(7.94) 8.22 (6.66) —0.4 (4.70) .603 279
Cont. 24  6.71 (6.38) 7.67 (8.56) 0.96 (4.86) 344
PSA (ug/L) Int. 39 1.14 (2.39) 1.27 (2.60) 0.13 (1.34) 619 491
Cont. 27  0.82 (2.06) 0.74 (2.51)  —0.08 (0.97) 408

37]. Research on PA for attenuating the side effects of ADT
for prostate cancer in particular is currently understudied.

The primary purpose of this study was to assess the
effectiveness of a PA program, combining both a home-
based portion and weekly group sessions, on the PA levels
of prostate cancer survivors receiving ADT. Secondary
measures of interest included the intervention effects on
associated fitness changes, QOL, and physiological out-
comes. As predicted, the intervention was successful in
significantly increasing PA behavior, which was further
supported by concomitant changes in various fitness and
body composition measures.

Specifically, PA behavior (LSI scores) significantly
increased (71%) in the intervention group from pre- to
post-intervention; whereas, control group participants,
though not statistically significant, decreased by 13% in
their self-reported activity levels. This drop in activity
levels is not uncommon in cancer survivors, as previous
research notes that both breast and colorectal cancer
survivors often fail to return to pre-diagnosis activity levels

@ Springer

following treatment [32, 33]. These PA changes were also
supported with small yet statistically significant improve-
ments in blood pressure, and both neck and waist girth.
Although blood pressure improved significantly for both
groups over time and therefore cannot be attributed to the
intervention, significant negative changes in neck girth and
borderline significant negative changes in waist girth were
evident for the control group from pre- to post-testing. Even
small changes in body composition measures are consid-
ered clinically relevant. Specifically, these measures may be
reflective of the usual weight gain associated with ADT in
the control vs the intervention participants. At pre-testing,
both groups were similar in average BMI calculations (i.e.,
intervention group=28.86, controls=28.29) and would be
considered in the overweight category [38]. After the
program, the intervention participants had a slight decrease
in average BMI; whereas, the controls showed an average
increase to 29.04, which is just below the line distinguish-
ing overweight from obesity [38]. As Brown et al. suggest
in their nutrition and PA guidelines during and after cancer
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treatment, moderate PA both during and after treatment will
help to achieve appropriate body composition (i.e.,
increased lean muscle mass and decreased body fat), and
losing any weight, whether the ideal weight is even
attained, will be beneficial to the survivor [39].

Our secondary purposes were to examine concomitant
changes in QOL and physiological outcomes. Our lack of
statistically significant findings for QOL outcomes was
both surprising and contrary to previous research. In Segal’s
resistance training intervention for prostate cancer survivors
receiving ADT, significant improvements were found for
the intervention group after 12 weeks of a structured
program; whereas, scores declined for the controls [14].
Possible explanations for the lack of significant findings
include that different QOL measurements were used in each
study, and it may be possible that the EORTC-30 is not as
sensitive to QOL change in such a short timeframe as the
functional assessment of cancer therapy-prostate (FACT-P).
Second, initial average QOL scores are quite high (70.41 at
time 1 and 73.13 at time 2 out of 100) in our intervention
group, and a non-significant finding may point to a
potential ceiling effect. In addition, the physical function
subscale of the EORTC did not achieve adequate reliability
(=0.37) and thus could not be examined within subse-
quent analyses. This is traditionally the aspect of QOL that
shows the most positive association with PA, and thus
relying on a two-item global QOL scale may have
attenuated the findings.

Similarly, our non-significant change found in partici-
pant fatigue and depression scores is contrary to the
literature. Specifically, extensive research has previously
shown PA interventions to be effective in diminishing these
cancer-related side effects [e.g., 14, 16, 18, 40—42]. Within
prostate cancer specifically, Segal’s resistance training
study also demonstrated significant reductions in fatigue,
with less interference from fatigue on activity and roles in
daily life [14]. However, average fatigue scores for the
intervention group did drop from 4.49 at pre-test to 4.15 at
post-test. On the other hand, the controls remained almost
unchanged (4.50 at pre-test and 4.46 at post-test). With
severe fatigue being defined as a score of 4.5 or greater, the
controls were consistently high; whereas, the intervention
group shows a diminishing trend from high towards
moderate fatigue levels. Once again, it is possible that the
FSS used in our study is not as responsive as the FACT-P
fatigue scale used in Segal’s work [14]. Nevertheless, any
relief from fatigue is beneficial, and for prostate survivors
suffering from fatigue following ADT, engaging in a PA
program appears to be an effective alternate therapy to
combat this debilitating symptom.

In regards to depression, this outcome was not explicitly
measured in Segal’s, Galvao’s, or Windsor’s prostate cancer
studies [13—15]. Our results, however, indicate a minor

decrease in total depression scores for our intervention
group from 8.62 to 8.22 and an increase from 6.71 to 7.67
in our controls from pre- to post-intervention. Any score
above 16 is said to indicate clinical depression, so it appears
that our cases remain at moderate levels of depression
during the intervention, while our controls increase slightly
within a moderately depressed range. Although no con-
clusions can be drawn from our non-significant results, it
would be interesting to see if the observed trend is
replicated in future prostate cancer and exercise studies. It
may be that PA is found to be more preventative (i.e.,
depression scores do not worsen) than therapeutic (i.e.,
depression scores improve) for depression levels within
prostate cancer patients receiving ADT.

Finally, rising PSA levels have become a widespread
biomarker for potential prostate cancer growth or recur-
rence and are encouraged to be included as an outcome in
all prostate cancer studies [43, 44]. Similar to Segal and
Galvao’s work, no significant alterations were found in
PSA levels [14, 15]. However, these findings are also
consistent with studies in cancer-free men, where PA levels
have not been shown to reduce PSA levels [e.g., 45]. It
remains important to further investigate the long-term effect
of PA and lifestyle behaviors on PSA levels as it relates to
recurrence and survival.

Limitations

With the high dropout rate (34%), our statistical power was
reduced, and using an intention-to-treat analysis may have
given inadequate numbers to detect significant changes. In
theory, 100% adherence would be needed to assess the
effectiveness of an intervention, and as Courneya et al. have
previously found, exercise adherence has proven a signifi-
cant problem in cancer survivor trials. Specifically, they
noted that adherence rates have ranged from 60% to 85% for
either supervised or home-based PA regimes [46, 47]. Thus,
our 77.8% adherence rate, coupled with our 34% drop out
rate, inevitably had significant implications on our findings.

Accordingly, we suggest that the use of a true control
group in future RCTs of PA in cancer survivors should be
reconsidered. Moreover, recent exercise and cancer reviews
have noted the need to pay more attention to motivation
and adherence issues in future trials [37, 48]. As such,
utilizing a comparison arm, which provides participants
with some benefit (e.g., comparison of two types of PA—
aerobic vs weight training), may be appropriate. As the
literature clearly supports PA for cancer survivors, examin-
ing the benefits of various modes, frequencies, or intensities
of exercise programs within different groups should be
utilized in future work.

Additional limitations to our study include the potential
for sample selection bias, as prostate cancer survivors
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interested in or already achieving an active lifestyle may be
more likely to participate. The program was also multi-
modal, incorporating PA, education, and group support.
Thus, the findings cannot be attributed to the effects of
activity alone. Future work must examine the relative
benefits of these components independently. Furthermore,
potential confounding variables such as disease status or
specific physiological measures (e.g., anemia) were not
obtained. Finally, the intervention length (16 weeks) may
have not been sufficient for significant changes in all the
outcome measures, thereby limiting the conclusiveness of
our findings.

Strengths

Despite these limitations, there are several strengths to this
study. The unique design of the intervention arm (i.e.,
combination of a home-based and weekly group session
program) specific to the needs of prostate cancer survivors
was successful in providing the tools and social support
necessary to alter PA behavior within 16 weeks and
provided additional fitness benefits. Overall, the findings
do support current literature that altering PA behavior for
cancer survivors may alleviate some of the treatment-
related side effects. Finally, the prescription of a moderate
aerobic activity with light resistance training program
contributes to the limited studies employing exercise
regimes other than aerobic conditioning alone.

Summary and future directions

In summary, the results of our RCT show a significant
increase in PA levels and concomitant changes in some
fitness measures. Analysis of the follow-up data with this
study will be important for determining the maintenance of
this behavior change, which remains a large gap in the
cancer literature [49]. Overall, regular PA should be
recommended, as Alibhai et al. suggest in their review
[50], as adjuvant therapy to minimize the effects of ADT in
men with prostate cancer.
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