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Abstract

Background: Androgen deprivation therapy (ADT) leads to several adverse effects including
loss of muscle mass and strength in prostate cancer patients. Previous investigations have
implemented resistance training as a method of increasing muscle mass and strength, however,
testosterone suppression during ADT may blunt these adaptations. Accentuated eccentric
exercise training could induce improvements in muscle mass and strength through anabolic
pathways that are less dependent on testosterone. Thus, the purpose of this study is to examine
the feasibility, adherence, muscle thickness and strength, and body composition outcomes

resulting from accentuated eccentric resistance training (AERT).

Methods/Design: The study will be a single-armed, exploratory trial of 14 prostate cancer
patients currently undergoing ADT in the city of Perth (Australia). Primary endpoints will
consist of muscle strength, function, thickness, and body composition, while secondary
endpoints will include a panel of metabolic, hormonal, and cancer-related blood markers,
protocol adherence, safety and patient-reported outcomes in relation to prostate cancer. These
outcomes will be tested before and after 36 sessions of AERT in combination with whey protein

supplementation after each training session.

Discussion: This will be the first study to examine the feasibility, tolerance, body composition,
and strength outcomes of AERT in prostate cancer patients undergoing ADT. Determining if
higher loading of the eccentric phase is well-tolerated by the patients, and if there are significant
increases in muscle mass and function, could lead to clinically meaningful benefits. The results
from this study will form the basis for future randomized controlled trials and prescription of
AERT protocols in prostate cancer patients undergoing ADT, in order to alleviate disease

burden, counteract the adverse side-effects of the disease and ADT, and enhance quality of life.



Introduction

In the developed world, prostate cancer is the most common cancer diagnosis in men [1]. A
commonly used treatment for prostate cancer is androgen-deprivation therapy (ADT), which is
administered to almost one in two prostate cancer patients in the United States [2]. While
evidence exists that ADT is effective at slowing tumor progression and improving survival, its
use is associated with numerous side effects [3-5]. For example, studies have reported that
ADT results in decreases in lean body mass and increases in fat mass [6-12], decreases in
muscle function and strength [13] and decreases in bone mineral density [8,12,14]. These
adverse effects can increase the risk of falling, osteoporosis, and bone fractures [3-5] as well
as compromise physical function and quality of life [15]. Further, accumulating evidence
suggests low muscle mass is associated with poorer prognosis for cancer patients, greater
chemotherapy toxicities and reduced overall survival [16]. Effective therapies are needed to
prevent ADT-induced muscle loss and provide optimal hypertrophy.

To examine if muscle mass and function can be increased while undergoing ADT,
previous investigations have used resistance training interventions in prostate cancer patients
[17,18]. It is well known that the anabolic effect of exercise in muscle is partially mediated via
the interaction of the androgen receptors with testosterone, leading to the upregulation of
several transcripts specific to muscle and increases in insulin-like growth factor 1 (IGF-1)
levels [19,20]. ADT decreases serum testosterone levels to <5% of the normal values [5], and
suppression of testosterone has been shown to impair resistance training-induced muscle
strength and mass outcomes [21]. Nevertheless, improved outcomes for muscle strength and
endurance, and increased muscle thickness and preservation of lean mass have been reported
after 12 —20 weeks of resistance training in prostate cancer patients undergoing ADT [17,18].
Several mechanisms exist that increase muscle mass in response to exercise that are not

mediated by testosterone [22], and it is therefore important to examine which modalities and



dosages (e.g. intensity, volume) of exercise are most effective at increasing muscle mass and
function while undergoing ADT.

Conventional resistance training includes concentric and eccentric muscle actions, and
the same absolute load is used for both phases of each repetition [23]. Due to previous
investigations demonstrating that long-term training with eccentric muscle actions is effective
at stimulating muscle hypertrophy [24,25], some studies have utilized accentuated eccentric
resistance training (AERT) by loading the eccentric phase with greater force than the
concentric; either manually or by using specialized equipment. AERT has been shown to
induce greater type Il muscle fiber cross-sectional area [23], lean mass [26], and muscle
strength [23,27] compared to conventional resistance training. The underlying mechanisms of
eccentric training-induced outcomes are still not fully understood. Greater insulin growth
factor-1 mRNA increases in human [28] and rat muscle [29], and greater myostatin mMRNA
decreases in rat muscle [29], were observed after eccentric exercise when compared with
equivalent concentric training, despite both concentric and eccentric exercise shown to elicit
similar serum testosterone level increases [30]. These findings suggest that eccentric exercise
training may trigger anabolic pathways that are less dependent on testosterone, compared to
conventional concentric training. However, no studies have compared the effects of AERT on
muscle mass and strength outcomes in prostate cancer patients undergoing ADT.

It is not known if the combination of eccentric and concentric muscle actions is more
effective in increasing muscle mass and strength than eccentric muscle actions alone. For
example, previous investigations that used submaximal, eccentric-only modalities such as
eccentric cycling found increases in muscle cross-sectional area, strength, power, six-minute
walk distance, and a decrease in the time to descend stairs [31]. Concentric exercise is more
metabolically- and cardiovascularly-demanding than mechanical work-matched eccentric

exercise on a cycle ergometer [32]. It could be that AERT could achieve similar or greater



increases in muscle mass and strength outcomes than conventional resistance training, but with
lower required effort. Moreover, whey protein, a leucine-enriched essential amino acid
supplement, has been shown to be effective in increasing the exercise-induced protein synthesis
when used in combination with exercise, by increasing post-exercise serum IGF-1
concentrations [33]. It is therefore important to investigate and compare the strength and
muscle mass outcomes after an AERT and whey protein supplementation protocol in prostate
cancer patients undergoing ADT.

Given the above, the purpose of this study will be to examine the (1) muscle damage,
soreness, and inflammation responses after the first session; (2) inflammation, immune, cancer-
specific, metabolic, and hormonal blood marker changes; (3) muscle function and lean mass
outcomes; and (4) feasibility and tolerance in prostate cancer patients undergoing ADT
following 36 sessions of AERT with whey protein supplementation. The outcomes of this trial
will be used to improve clinical knowledge pertaining to exercise prescription for prostate
cancer patients, and explore the use of resistance exercise to enhance the quality of life, and

attenuate the adverse effects of disease and ADT on muscle mass and strength.

Methods

This will be a single-arm, exploratory trial. Primary endpoints will consist of muscle strength,
function, thickness, and body composition, while secondary endpoints will include a panel of
metabolic, inflammatory, immune, hormonal, and cancer-related blood biomarkers, protocol
adherence, safety and patient-reported outcomes in relation to prostate cancer. All participants
will be asked to maintain their existing physical activity and dietary patterns over the

intervention period.



Participants

A total of 14 men with prostate cancer undergoing ADT will take part in the study. Exclusion
criteria will include absence of histologically documented prostate cancer; having undergone
chemotherapy within the previous 6 months; not receiving ADT in the previous 3 months; not
scheduled to receive ADT for the subsequent 4 months; any metastatic disease; any
musculoskeletal, cardiovascular, or neurological disorder that could inhibit them from
exercising; inability or unwillingness to undertake upper- and lower-limb exercise training;
unwillingness or inability (lactose intolerance) to consume whey protein supplementation after
each exercise session; and having performed resistance training in the previous 6 months. All
participants will obtain physician clearance and provide written informed consent prior to

partaking in the study.

Study design
The study design is shown in Figure 1. All exercise and testing sessions will take place at Edith
Cowan University (Joondalup, Australia). When the participants report to the laboratory for
the first time, anthropometric measures, questionnaires, an ultrasound test, peripheral
Quantitative Computed Tomography (pQCT) and dual-energy X-ray absorptiometry (DEXA)
scans for body composition will be conducted. In the same visit, the first familiarization session
will be conducted, during which a muscle strength test, and a pre-conditioning exercise session
will be conducted. The participants will then return to the laboratory 7 days after for a second
familiarization session involving strength and muscle function testing and another pre-
conditioning exercise session.

Seven days after the second familiarization session, they will visit the laboratory and a
blood sample and muscle soreness test will be conducted before, immediately after, 24, and 48

h after the first exercise training session to ensure the participant is eligible and safe to exercise.



After the participant has been deemed to be safe to exercise by the investigator, in conjunction
with their medical specialist, they will be assigned 35 further sessions of AERT with whey
protein supplementation.

After the 121" and 24" training sessions, all participants will perform a muscle strength
test to further adjust the prescribed intensity of their exercise program. The post-training
measures will take place at least 4 days after the last exercise session. In the post-training
testing session, anthropometric measurements, questionnaires, pQCT, DEXA, and an

ultrasound scan will be conducted, followed by strength and the muscle function tests.

Pre-conditioning Blood sample Muscle soreness Strength test

First

Questionnaires Anthropometrics Ultrasound Muscle function

Figure 1. The study design. The different tests are indicated in each session by their respective
colors.

Primary endpoints

Muscle strength

To ensure the safety of the participants from muscle damage that is induced by unaccustomed
maximal eccentric muscle actions [34-36], muscle strength testing will consist of concentric-
only isokinetic movements using servomotor-driven resistance training equipment (BioCircuit,

TechnoGym, Italy). The servomotor-driven resistance training equipment allows the execution
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of isokinetic contractions. This contraction mode makes it possible to estimate the force
generated by the person during movement at a constant speed. The participants will perform a
single isokinetic concentric muscle action and the software will calculate the participant’s
concentric repetition maximum (LRM). The test will be performed for all the exercises that will
be performed during the exercise intervention (abdominal crunch, seated row, chest press, lat
pulldown, shoulder press, and leg press). The calculated 1RM (in kilos) of the participant will
be displayed on a screen and will be recorded by the investigator. The 1RM will be used both

as a muscle strength test and for exercise load prescription purposes.

Muscle function

Stair descent test

The stair descent test has been used as a mobility assessment task with cancer patients in
previous studies, to assess the eccentric capacity of the lower limbs, which, if compromised,
can lead to a greater number of stair falls [31]. Participants will be asked to descend one flight
of stairs under close or contact supervision as quickly and safely as possible [37]. Time will be
recorded electronically to the nearest 0.01 s from a verbal ‘go’ signal to final foot placement
on a standard flight of 10 stairs, and the average of three trials will be used for subsequent

analysis.

Sit-to-stand test

As a measurement of functional performance relevant to activities of daily living, previous
studies have used the 5-repetitions sit-to-stand test in prostate cancer patients [38]. The
participants will be asked to sit and stand from a standard hard-backed chair (with a seat height
of 40 cm), and the total time for the successful execution of 5 repetitions will be recorded. They

will be seated, instructed to look straight forward, and to rise after the “1, 2, 3, go” command



as fast as possible with their arms folded across their chest [39]. The participants will have to
make contact with the chair when sitting and to fully extend their knees and hips in the standing

position for the repetition to be counted as successful by the investigator.

Sensory organization test

To assess postural stability the participants will undergo a sensory organization test
(NeuroCom Smart Balance Master, Natus Medical, USA). The participants will stand on the
NeuroCom force plate without socks or any footwear and with a security belt attached (to
prevent falls). According to the manufacturer’s protocol and previous studies [18], subjects
will undertake three 20 s trials for each of the following conditions: 1) eyes open, fixed support
surface and surround (visual, vestibular, and somatosensory input); 2) eyes closed, fixed
support surface and surround (absent of visual input); 3) eyes open, fixed support surface, and
sway-referenced surround (visual input imprecise); 4) eyes open, fixed surround, and sway-
referenced support surface (somatosensory inputs imprecise); 5) eyes closed, fixed surround,
and sway-referenced support surface (somatosensory inputs imprecise and absent of visual
input); and 6) eyes open, sway-referenced support surface and surround (imprecise
somatosensory and visual inputs). The equilibrium score will be reported as a value between 0

and 100, with 0 indicating a large sway and loss of balance and 100 indicating perfect stability.

Body composition

Participants will be asked to come to the laboratory in a rested, fasted, and euhydrated state at
the same time in the morning, wearing the same clothing for each DEXA whole body
assessment (Horizon A, Hologic Inc., USA). Using in-built computer software (Version 12.4;
QDR for Windows, Hologic, USA) lean and fat tissue mass of the total body, arms, trunk, and

lower limbs will be calculated. An additional segmental analysis of the lean and fat tissue mass



of the thighs of each participant will be performed following the method of Hart et al. [40], and

the average values of the two thighs will be used for further analyses.

Ultrasonography

Ultrasound images of the vastus lateralis and intermedius will be taken to measure muscle
thickness and echo intensity using a real-time B-mode ultrasound apparatus (Aloka SSD-
alphal0, Aloka Co., Japan). The ultrasound settings including focus, contrast and gain will be
kept the same between measurements. An ultrasound probe (60 mm, linear array) will be placed
on a marked site at the middle point between the lateral epicondyle and greater trochanter of
the right leg, while the participant is lying on a massage table. Three transverse images of each
muscle will be obtained and then transferred to a computer for the assessment of muscle
thickness (in mm), and mean echo intensity of a greyscale histogram (0: black, 256: white)
using image analysis software (ImageJ, National Institute of Health, USA). The average value

of the three images will be used for statistical analysis.

peripheral Quantitative Computed Tomography (pQCT)

Using previously reported methods [41], the right thigh of the participants will be scanned to
quantify muscle cross-sectional area using pQCT (XCT-3000, Stratec, Pzochienheim,
Germany). The participants will be asked to sit on a height-adjustable chair with their left lower
limb fully extended through the acrylic cylinder and central gantry of the pQCT machine and
secured to the foothold attachment. A pQCT slice will then be taken at the middle point
between the lateral epicondyle and greater trochanter of the femur. Total muscle density, and

muscle area will be calculated using the manufacturer’s computer software.
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Anthropometry
Stature will be recorded to the nearest 0.1 cm using a wall-mounted stadiometer (Model 222,
Seca, Germany), with body mass recorded to the nearest 0.1 kg using an electronic scale (AE

Adams CPW Plus-200, Adam Equipment, USA).

Secondary endpoints

Blood analytes

Fasted serum samples (20 ml per visit) will be collected before, immediately after, 24, and 48
h after the first exercise session, as well as 5 days after the last exercise session. Serum will be
separated and stored in secure -80° C biomedical freezers at Edith Cowan University, prior to
batch analyses at the completion of the trial.

The blood samples immediately before and up to 48 h after the first session will be used
to monitor markers associated with immune function and muscle damage, including
interleukin-6 (IL-6), tumor necrosis factor-o. (TNF-a), and creatine kinase (CK). Muscle
anabolism will be investigated through markers including serum insulin growth factor-1 (IGF-
1), growth hormone (GH), and dehydroepiandrosterone (DHEA). Markers will be analyzed as
per our previous study by Galvao et al. [42], which showed them to be affected by acute
exercise in prostate cancer patients.

The blood samples collected immediately before the first session as well 5 days after
the last training session will be further analyzed for serum levels of free testosterone, blood
lipid profile (LDL, HLD, tryglycerides, cholesterol), fructosamine and PSA, to assess
metabolic, hormonal, and cancer-related health status. These analyses will be carried out by a

local pathology laboratory.
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Feasibility and adherence

The feasibility of the exercise intervention will be assessed and reported based on the
recruitment (the ratio of people recruited to people who gave permission to be contacted),
completion (the ratio of participants who finished the intervention to participants recruited),
adherence to the sessions (the ratio of the total number of training sessions attended to the
number scheduled), and dose compliance (sets x repetition x weight(kg), described in detail in
‘Exercise dosage’ below) [43]. The number of weeks the participants took to complete their
intervention will be calculated as the mean completion time [43]. Exercise protocol safety will
be assessed by recording the incidence and severity of any adverse events throughout the on-

trial period for all participants.

Exercise safety

All adverse events will be graded according to the National Cancer Institute’s Common
Terminology Criteria for Adverse Events (V.4.0) and will be assessed at every visit. Adverse
events type, severity, attribution (disease-related or exercise-related), expectedness and timing
will be recorded on case report forms. Serious adverse events include events that may be life-
threatening, require and/or prolong inpatient hospitalization, result in persistent or significant
disability or incapacity, or result in death. Adverse events expected on-trial include
musculoskeletal injury, joint pain, and falls. All participants will require medical clearance

following adverse events prior to recommencing exercise or testing.

Exercise dosage
Recently published guidelines on resistance training dose and adherence have recommended
the detailed reporting of the total training volume (sets x repetition x weight(kg)) as adherence

to the protocol [44]. Due to the different loading weight in the eccentric and concentric phases
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of each repetition in the AERT protocol, the total training volume performed for the concentric
load (total number of repetitions x concentric weight(kg)) will be reported separately to the
eccentric load (total number of repetitions x eccentric weight(kg)) and compared to the initially
prescribed doses (ratio of total actual to total prescribed cumulative dose) and expressed as a

percentage (dose compliance).

Patient-reported outcomes

Perception of fatigue will be measured using the Functional Assessment of Chronic Illness
Therapy — Fatigue, Version 4 (FACIT-F) questionnaire where higher scores indicate lower
fatigue. The FACIT-F scale has been previously used to investigate patient-reported outcomes
among cancer patients [43], and consists of a 13-item, one-dimensional measure of fatigue with
each item answered on a five-point scale from 0 to 52 [45]. A score of <34 will be used to
classify ‘clinically significant fatigue’ [43,45], and a change of >4 to identify those with a
minimal clinically important difference [43,46].

The Functional Assessment of Cancer Therapy — Prostate, Version 4 (FACT-P)
questionnaire will be used to assess reduced health-related quality of life (HRQL), based on
previous studies of exercise interventions with cancer patients [43,47]. The FACT-P
questionnaire consists of a 39-item instrument with a 12-item subscale specific to prostate
cancer concerns, and 27 questions in four other domains: physical well-being (7), social/family
well-being (7), emotional well-being (6), and functional well-being (7) [48]. Each item will be
answered on a five-point scale from 0 (worst possible HRQL) to 144 (best possible HRQL)
[43,47]. A clinically significant change in FACT-P score will be represented by a difference of

<12 as feeling worse, and >6 to rate feeling better [43,47].
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Muscle soreness

Muscle soreness will be quantified using a 100 mm visual analog scale (VAS), in which 0
indicates no pain, and 100 represents the worst pain imaginable [34]. The participants will be
asked to mark the level of perceived soreness on the VAS while performing three repetitions

for each exercise without any added resistance.

Exercise intervention

Norris et al. [17] reported that resistance training performed 3 x week* displayed a trend for
more favorable outcomes in lower body strength than 2 x week™ in prostate cancer patients.
Thus, the participants will undergo 36 sessions of an AERT protocol planned for 3 x week?
for approximately 12 weeks.

Details of the resistance training protocol are shown in Table 1. The participants will
perform circuits of 6 exercises (in their order of execution: abdominal crunch, seated row, chest
press, lat pulldown, shoulder press, and leg press) using servomotor-driven resistance exercise
machines (BioCircuit, TechnoGym, Italy). Before each training session, the participants will
warm up by performing a circuit of 6 repetitions in each machine using ~50% of their
prescribed resistance for the session.

The intensity of the concentric phase will be 40-80% of 1RM, while the eccentric phase
will be 125% of the concentric load. Both the intensity and number of repetitions will vary
during the trial. As shown in Table 1, the repetitions will be split into 3 circuits. The time the
participant takes to walk from one exercise station to another and assume the correct position
will be used as an active rest period between exercises.

The resistance training sessions will be at least 48 h apart for each participant to allow
for adequate recovery. All sessions will be conducted in small groups of one to five participants

under direct supervision to ensure safety and appropriate exercise technique.
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Table 1: The resistance training protocol. The total volume is calculated based on a hypothetical
100 kg 1RM for total volume calculation.

Session  Repetitions Concentric load Eccentric load Total volume
(% 1RM) (% 1RM) (kg)
1-4 32 40% 50% 2880
5-8 29 50% 62.5% 3262.5
9-14 24 60% 75% 3240
15-20 27 60% 75% 3645
21-25 21 70% 87.5% 3307.5
26 - 30 24 70% 87.5% 3780
31-33 19 80% 100% 3420
34 - 36 21 80% 100% 3780

1RM: Repetition maximum

Pre-conditioning

It has been shown that preconditioning the muscles with eccentric muscle actions at 10% or
20% of the 1RM attenuates the muscle damage responses following maximal intensity
eccentric exercise [36]. Therefore, to minimize the muscle damage and soreness responses for
the safety of the participants, two preconditioning exercise sessions will be given during the
familiarization sessions and will involve the same exercises that will be performed during the
exercise intervention. The first pre-conditioning session will take place 14 days before the first
training session, during which the participants will perform 1 circuit of 10 repetitions at 10%
of their prescribed workload for both phases. The second pre-conditioning session will take
place 7 days before the first training session, during which the participants will perform 2

circuits of 10 repetitions at 20% of their prescribed workload for both phases.
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Protein supplementation

Protein and amino acid metabolism has been found to be altered in cancer patients, with men
on ADT, in particular, experiencing a 30 — 50% decrease in resting muscle protein synthesis
levels [49]. As a macronutrient, increased protein intake has been identified as a key nutrient
to consume in order to improve skeletal muscle growth. Specifically, whey protein
supplementation is a widespread dietary strategy in the field of oncology, with the potential to
modulate IGF-1 concentrations [33], and has been effective at increasing resting muscle protein
synthesis in prostate cancer patients undergoing ADT with no differences compared to an aged-
matched healthy group. Therefore, to reduce the attenuating effects of ADT on muscle protein
synthesis, and to ensure all participants have adequate protein intake, a serving of 30 g of whey
protein concentrate (Bulk Nutrients, Australia), containing 22.3 g of protein, 1.9 g of fat, and
2.8 g of carbohydrates, will be dissolved in 300 ml of water and given to the participants at the
end of each exercise session. The participants will be asked to consume the drink in front of
the investigator prior to leaving the facility. All participants will be informed about the

allergens of the product (milk, soy, soybean, whey) prior to participation in the study.

Statistical analysis

Sample size estimation

No previous studies have examined the effects of AERT on muscle mass changes of prostate
cancer patients undergoing ADT. However, Hansen et al. [50] examined the effects of high-
intensity eccentric-only exercise on a cycle ergometer for 12 weeks (3 x week™) on prostate
cancer patients undergoing ADT, and found increases in isometric knee extension strength
(pre-training: 323.0 = 94.9, post-training: 385.9 + 125.8). Using these reported values, and

assuming a correlation between measures of at least r = 0.8, a power level of 0.8, an alpha level
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of 0.05 and a one-tailed design, it was calculated that total of at least 11 participants are

required. To account for a possible 25% attrition, 14 participants in total will be recruited.

Data analysis

A linear mixed-effects model will be used with participant ID as the random-effects factor. The
assumption of normality and homoscedasticity of the residuals will be verified by visual
quantile-quantile plot inspection of the plots and a Shapiro-Wilk test. In the case of a significant
interaction effect, pairwise comparisons will be performed between conditions and timepoints,
with a Holm’s p value adjustment. The criterion significance level will be set to P < 0.05. All
statistical testing will be performed using R (R Core Team) using the package ImerTest [51].

Data will be presented as means (95% confidence intervals).

Discussion

This will be the first study to examine the feasibility and tolerance to AERT for prostate cancer
patients undergoing ADT and examine changes in body composition, muscle strength,
function, and thickness outcomes. The hypertrophic and strength benefits of eccentric exercise
on muscle have been reported in previous studies [24,25]. However, the muscle damage
phenomena after a single unaccustomed bout of high-intensity eccentric exercise is a concern
for exercise training adherence and safety [52]. Nevertheless, previous investigations have
successfully implemented high-intensity eccentric-only cycling exercise in prostate cancer
patients and reported increases in muscle strength [31,50]. Moreover, it has been shown that
repeating the same eccentric exercise produces smaller changes in muscle strength and
swelling, and attenuates DOMS significantly when compared with the initial bout [34].
Examining if higher loading of the eccentric phase, performed in a gradually progressing

exercise training protocol, is well-tolerated by the patients, and effective at increasing muscle
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mass and strength, could lead to clinically meaningful benefits in terms of effective muscle
function and mass improvements, and counteract the negative effects of ADT. The results from
this study will form the basis for future larger trials and prescription of AERT protocols in
prostate cancer patients undergoing ADT, in order to counteract the adverse effects of the

disease and ADT, and enhance quality of life and potentially survival.
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