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Abstract

Background: Overweight men with prostate cancer are more likely to suffer from recurrence
and death following prostatectomy compared with healthy weight men. This study tested the
feasibility of delivering a comprehensive program to foster weight loss before and weight
maintenance after surgery in overweight men with localized prostate cancer.

Methods: Twenty overweight men scheduled for prostatectomy elected either the intervention (7
= 15) or the nonintervention (n = 5). Anthropometrics, biomarkers, diet quality, nutrition literacy,
quality of life, and long-term follow-up were assessed in both groups.

Results: The intervention led to 5.55 kg of weight loss including 3.88 kg of fat loss from
baseline to surgery (mean = 8.3 weeks). The intervention significantly increased fiber, protein,
fruit, nut, and vegetable intake; and decreased trans fats intake during weight loss. The
intervention significantly reduced insulin, C-peptide, systolic blood pressure, leptin:adiponectin
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ratio, and visceral adiposity compared to the nonintervention. Post-surgically, weight loss was
maintained. Changes in lipid profiles, nutrition literacy, and follow-up were not statistically
significant in either group.

Conclusion: Significant weight loss (=5%) is feasible with a coaching intervention in
overweight men preparing for prostatectomy and is associated with favorable cardiometabolic
effects. This study is registered under NCT02252484 (www.clinicaltrials.gov).

Introduction

Prostate cancer is the leading cancer and cause of cancer-related death among American
men (1). Although most men with localized prostate cancer are cancer-free for 5 years after
prostatectomy, 23-27% will have recurrence after 5-years (2,3). Data suggests that obesity
(4,5) and weight gain (6-8) are associated with higher recurrence rates. Furthermore, obesity
increases the risk of cardiovascular disease (CVD), a major cause of death among prostate
cancer survivors (9).

Immediately following cancer diagnosis, patients are motivated to transition toward a
healthy lifestyle (10,11). One key factor is the desire to retain quality-of-life (11). Poor
general health, in addition to urinary dysfunction and sexual dysfunction, has been found
to be an independent predictor for regret after prostatectomy (12). Physical limitations

and increased severity of common side effects after prostatectomy are associated with
reduced physical activity (10). Timing an intervention before prostatectomy provides a
coping strategy and capitalizes on a window of opportunity between diagnosis and surgery
when men express a readiness for lifestyle change to improve their health.

Whether weight loss or fat loss will reduce prostate cancer recurrence and how much
weight/fat loss is needed to change biomarkers related to prostate cancer is unknown.

A 5% weight loss decreases the risk of obesity-related cardiovascular disease (13-15).
Visceral adipose tissue is a strong driver for insulin resistance and hypoadiponectinemia.
By reducing visceral adipose tissue through diet and exercise, there is a potential to reverse
hyperinsulinemia and leptin:adiponectin ratio. Therefore, weight loss priorto prostatectomy
could be a strategy to reduce the risk of prostate cancer recurrence.

Four pre-prostatectomy weight loss intervention trials lasting 6-8 weeks have been
conducted, reporting 1.7 to 5.3 kg of weight loss (16—20). Two of these trials evaluated body
composition before and after the intervention and the weight lost from those interventions;
Henning et al. reported a statistically significant decrease in body fat and insulin, but no
change in leptin:adiponectin ratio or trunk fat (18). Demark-Wahnefried et al. reported

a statistically significant decrease in leptin, but did not elicit a statistically significant
change in body fat or insulin compared to a control group (17). Demark-Wahnefried et al.
reported improved vitality and erection frequency in the weight loss intervention group (17).
None of these trials reported changes in visceral adipose tissue, weight maintenance after
prostatectomy, or long-term outcomes.

We tested the feasibility of delivering a comprehensive weight management program with
a pre-surgical weight loss phase followed by a post-surgical weight maintenance phase to
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overweight men (BMI 25-45 kg/m?) with prostate cancer. Unique to our study in patients
with prostate cancer, we employed a weight loss intervention that emphasized competition,
autonomy, and technology while addressing male-specific barriers to change as these themes
have been shown to be effective for behavior change interventions in men (21). Given that
prior evidence indicates that men are less likely to perceive themselves as overweight (22),
part of this feasibility study was to offer the men a self-select option for the nutrition

and exercise intervention arm compared to a nonintervention arm without a structured
weight loss program, once they were informed of the relationship between obesity and
prostate cancer. We hypothesized that the intervention would lead to clinically meaningful
weight loss (=5% loss in body weight), successful weight maintenance (<3% regain) (15),
and favorable modulation of body composition and biomarkers. The primary aim was to
develop a novel weight management intervention tailored for men to induce weight/fat loss
before prostatectomy while minimizing adverse effects. Exploratory aims were to prevent
weight regain after prostatectomy and to determine how the intervention affects diet quality,
nutrition literacy, biomarkers, quality of life, and long-term outcomes.

Materials and Methods

Participants

Participants were recruited from the University of Kansas (KU) Health System

Urologic Clinic and the KU Cancer Center. Inclusion criteria included histologically
confirmed, clinically localized prostate cancer; planned robotic-assisted laparoscopic radical
prostatectomy; BMI of 25 to 45 kg/m?; age 50 to 72; and reliable internet access. Exclusion
criteria included prior prostate cancer treatment, 5-alpha reductase inhibitor-use within 3
mo, of study enrollment, or the presence of a high-risk medical condition.

Design

The pilot study was conducted at the Clinical and Translational Science Unit at KU Medical
Center from October 2014 to June 2016. The study protocol was approved by the protocol
review monitoring committee of the KU Cancer Center and the Institutional Review Board.
All study participants provided written informed consent.

The primary aim was to determine if the intervention would lead to significant weight
reduction (=5% body weight loss) from baseline to approximately 1 week prior to surgery.
It was unknown if men, newly diagnosed with prostate cancer, would choose assistance
with weight loss. To ascertain this information, participants self-selected the weight-loss
intervention (7= 15) or the nonintervention (n=5).

Intervention

The intervention consisted of a minimum of 3. Five to a maximum of 16-weeks of a weight
loss period prior to prostatectomy (pragmatically depending on the surgical scheduling)
and a 12-week weight maintenance period postoperatively (Fig. 1). Sessions focused on
four-components for weight management tailored toward men: lifestyle coaching, healthy
diet with meal replacements, physical activity, and self-monitoring technology. Coaching
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sessions were monitored for fidelity by the principal investigator (JHR) using a nutritionist
observation form (=80% adherence was acceptable).

Lifestyle Coaching—Coaching sessions delivered in person or via Zoom Video
conferencing (Zoom, San Jose, California, USA) were used to educate on healthy diet
guidelines and exercise strategies and set weekly goals as well as discuss overall weight
loss progress. During the weight loss phase, sessions occurred weekly; during the weight
maintenance phase, sessions occurred every three weeks for twelve weeks. Weekly coaching
was reinforced with a mid-week check in to track progress, reinforce goals, discuss

weight trends, reinforce education, and discuss strategies to overcome obstacles. As the
study progressed, many men chose virtual meetings to reduce the burden of the study

when traveling from a long distance or to accommodate their work and travel schedules
better. LST AtHome application (LifeScience Technologies, LLC, Leawood, KS, USA)
was used to monitor dietary intake, physical activity, and overall adherence to goals
throughout the course of the study. To incentivize friendly competition, a leaderboard on

the application showed participants their rank for cumulative steps taken; participants were
listed by aliases to protect identity. Coaching was grounded in Social Cognitive Theory (23)
(interactions with nutritionists) and Problem-Solving Theory (24) (identifying and removing
barriers related to diet and exercise); see Table 1 for how the behavioral strategies were
implemented. Early in the study, participants requested a peer mentorship program. Peer
mentorship offered a way for participants to share their experience with each other. The
study team did not monitor these calls. The dashboard on the app showed body weight
trends to reinforce self-efficacy and accountability.

Diet—The dietary intervention targeted ~1 kg per week weight loss based on individual
metrics for estimated energy expenditure and caloric deficit and aimed at ~5% pre-surgical
weight loss. During the weight loss phase, participants followed the Medifast 5&2&2® Plan
(Jason Pharmaceuticals, Inc., Owings Mills, MD, USA) (Table 2). Each day, participants
combined self-selected foods along with meal replacements. The Medifast 5&2&2® plan
instructed participants to include five meal replacements (each 90-110 kcals, 11-15 g
protein), 2 “lean and green” self-prepared meals (each 5-7 oz. lean protein, three servings
of non-starchy vegetables and up to two healthy fat servings) and two self-prepared healthy
snacks (each one serving of fruit, dairy, or grain). After surgery, participants transitioned to
the Medifast 3 & 3 Plan® (Table 3) to incorporate calories from whole-grains, low-fat dairy,
and fruits during weight maintenance and reduce meal replacements from 5 to three daily.
The rationale for using meal replacements in our approach was that they lead to greater
weight loss in short-term interventions (25,26); we needed to replace unhealthy snacks with
healthy ones, and we needed a palatable delivery of plant-based protein to displace red meat
intake. Daily food intake was tracked through the app with a seamless interface into the
USDA food database. The app tallied each food group to reinforce self-efficacy.

Physical Activity—Intervention participants were given a Vivofit® wrist-wearable

accelerometer (Garmin Ltd., Olathe, KS, USA) and were instructed to continue normal
physical activity while tracking their steps from orientation to baseline. From baseline
to study completion, physical activity goals were customized to either increase time of
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moderate intensity physical activity or steps/week by 10% or adapted to maintain as much
physical activity as tolerated. Many participants in this pilot study also requested specific
exercise instruction for functional or home strength training. Our team created short exercise
videos to meet the participants’ needs that were customizable with our technology by adding
or removing exercises to the patients’ app as indicated. Participants logged intentional
exercise and synced the accelerometer in the LST AtHome App. The dashboard on the

app showed daily steps and ranked participants on a weekly leaderboard as a means of
motivating the participants.

Self-Monitoring Technology—In this feasibility study, we collaborated with LifeScience
Technologies to customize a seamless self-monitoring system for body weight, diet, physical
activity, and adverse events specific to our prostate cancer patient preferences. In this
customized program, both participants and health educators could input and view data in
real-time. The dashboard showed the participants their energy target, weight progress, a
daily food group tally, and physical activity tracking. Each card on the dashboard opens

an applet to manage nutrition, physical activity, body weight, or obtain education (exercise
videos, preparing/recovering from surgery, recipes). The applets presented to the participant
were selected by the study team based on the needs of the patient at specific timepoints
related to their surgery. LST AtHome captured and reported data, rewarded patients for
healthy activity through points and leaderboards and offered communication in a HIPAA
compliant manner between patient and the study team. The dashboard for the application
was continually evolving during this study to meet the requests of the participants to track
food items and physical activity more simply. Participants without access to a scale were
provided a Withings™ wireless scale (Cambridge, MA, USA) to track their weight which
uploaded seamlessly into the dashboard via Bluetooth technology

Group Support—Skill building sessions at the Clinical Research Center Demonstration
Kitchen were an important part of the weight maintenance phase of the intervention. For
each of the 4 in-person sessions, participants and their spouse/caregiver(s) interacted through
cooking demonstrations and hands-on educational sessions. The modules focused on dietary
strategies for prostate cancer survivorship with the topics listed in Table 4. The groups met
every 3 weeks and included interactive activities at each session to engage attendees. Some
examples of these activities included the attendees competing to see who can form a meat
patty closest to three ounces and guessing how many sugar cubes are in some of their
favorite drinks. The hands-on learning engaged sensory concepts with tasting, measuring
portions, exercising, and interpreting food labels. Our approach re-emphasized the nutrition
education covered during the pre-surgical phase and helped participants transition from meal
replacements to home-made meals. In addition, the group sessions were lively and fun

as the participants, spouses, and our team shared recipes, tactics, and pearls of wisdom.
Participants who joined by videoconference could also view and interact with the group, but
they did miss the tastings and hands-on activities. Group sessions and peer support helped
participants brainstorm ways to keep engaged by listening to audiobooks while exercising or
signing up for run/walks that support charities or causes that resonated with them. The group
classes and the peer mentoring also facilitated how to safely return to physical activity after
surgery.
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Nonintervention

The nonintervention group had the same study timeline as the intervention group, 3.5 -
16 weeks prior to surgery and 12 weeks after surgery. Nonintervention participants were
educated about the relationship between obesity and prostate cancer without receiving
weight management coaching.

Assessments

Intervention and nonintervention participants were assessed in person at baseline, one week
prior to scheduled surgery, and 12 weeks post-surgery at research visits. Follow-up data
were collected from patient medical records at 3, 6, 9, 12, 24, and 36 mo, post-surgery. Age,
smoking history, medications, comorbidities, tumor characteristics, and clinical outcomes
were obtained from the medical record and verified with participants and surgeons. The
National Cancer Institute Common Terminology Criteria for Adverse Events (AE), Version
4.0 was used for AE reporting. Study data were collected and managed in a research
electronic data capture database (27).

Anthropometrics and Vitals—Anthropometric measurements and vitals were assessed
at each research visit. Vitals (blood pressure, heart rate and body temperature) were taken
after the participant rested for 5 mins,. Height (without shoes) was measured using a wall-
mounted stadiometer (SECA Model #216 1814009); body weight (without shoes and in light
clothing) was taken on the same scale (Detecto® Model 758 C); waist circumference was
obtained immediately below the last floating rib; and hip circumference was measured at the
widest part of the hip. Body composition was assessed by dual-energy X-ray absorptiometry
(GE iDXA®, Lunar Corporation, Madison, W1, software version 13.6).

Diet Adherence and Diet Quality—Dietary adherence was assessed with diet recalls
using the multiple pass approach. Two 24-hr dietary recalls (one weekday and one weekend)
obtained by phone or in person the week of each research visit were averaged and analyzed
with Nutrition Data System for Research (NDSR Version 2014, University of Minnesota,
Minneapolis) software. The diet quality of intervention and nonintervention participants was
scored using the Alternative Healthy Eating Index (AHEI). Nutrition Literacy Assessments
(NLits) were given to participants at the first and last research visit to evaluate their
understanding of a healthy diet (28).

Tracking Physical Activity—Physical activity data during the intervention were
collected from self-recorded activity in the LST app and Vivofit® accelerometers.

Cardiometabolic Biomarkers—Cardiometabolic biomarkers were analyzed at research
visits after a 9-hour fast. Whole blood was collected in sodium ethylenediaminetetraacetic
acid and serum separator tubes. Glucose, lipids (total cholesterol; HDL and LDL
cholesterol; and triglycerides), insulin, C-peptide and high sensitivity C-reactive protein
(hsCRP) were measured by Quest Diagnostics Laboratories (Lenexa, KS). Adiponectin,
resistin and leptin from serum samples were batch processed using MILLIPLEX®

MAP kits (MilliporeSigma, Billerica, MA, USA) and analyzed on a Luminex 200™
instrument with xPONENT ™ software. Human Adipokine Magnetic Bead Panel 1 (cat.
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# HADK1MAG-61K) was used to measure adiponectin and resistin; Human Adipokine
Magnetic Bead Panel 2 (cat. # HADK2MAG-61K) was used to measure leptin.

Quality of Life & Long-Term Outcomes—A Short Form 8 (SF8) survey was given at
each research visit to assess participant health. Expanded Prostate Cancer Index Composite
(EPIC) surveys were mailed to participants a year after study completion to assess urinary
continence and erectile function. Postoperative weights were collected from physician visits
at 3, 6, 9 and 12 mo, after surgery. Phone calls were used to track prostate cancer recurrence
and to obtain self-reported body weights at 12, 24 and 36 mo, after surgery.

Statistical Analysis

Results

The primary goal of this study was to evaluate the feasibility of delivering a comprehensive
coaching program to men with prostate cancer designed to achieve significant weight loss
(=5kg, ~5%, ~1kg/week) before prostatectomy. A sample size of 20 (15 intervention, five
control) allows 85% power to detect a between group difference of >4.5 kg weight loss
with a significance level of 0.05 using a two-sided two-sample unequal-variance T-test.
The observed weight loss standard deviations used in the power calculation for intervention
and control participants were 5.02 kg and 1.17 kg respectively. The sample size of 15
subjects in the intervention group allowed us to detect weight loss of 3.4 kg or higher

with over 80% power at 0.05 level of significance. Given the small sample size and non-
normal distributions of the observed data, non-parametric methods were used for analyses.
Within-arm differences were assessed using the Wilcoxon signed-rank test and between
arm differences were assessed using the Wilcoxon rank-sum test. The tests were considered
statistically significant if £< 0.05. Since these exploratory analyses were from a feasibility
study, no multiple comparison adjustments were completed. R Version 3.5.0 was used for
statistical analyses of all data.

Feasibility and Baseline Characteristics

The accrual target was met, and 85% retention was achieved. Twenty participants enrolled
(intervention, 7= 15; nonintervention, 7= 5); thirteen (87%) completed the intervention and
four (80%) completed the nonintervention (Fig. 2). Reasons for electing the nonintervention
group included one participant’s perception that the timeframe was insufficient to lose to his
goal body weight, another felt the distance was too far to travel for visits, one participant
reported a disinterest in losing weight, one participant did not like the meal replacements,
and one participant was overwhelmed by making lifestyle changes within the context of his
busy life. Of the intervention participants, one withdrew shortly after baseline due to study
burden, and one was removed before weight maintenance due to treatment change. Of the
nonintervention participants, one was lost to follow-up after baseline assessment, and one
missed his pre-surgery visit but remained in the study. The pre-surgical phase averaged 8.3
weeks for the intervention and 3.6 weeks for the nonintervention. Baseline PSA, weight and
BMI did not differ significantly (P> 0.1) between the two arms (Table 5).
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Adverse Events

No intervention participant withdrew from the study due to AEs, and no AE was greater
than grade 2. AEs reported (n reports = relation to intervention) were nausea (1 = possibly),
dizziness (1 = unlikely), gum sensitivity (1 = unlikely), lip angioedema (1 = unrelated), fluid
retention (1 = unrelated), migraine (1 = possibly), back pain (1 = unlikely, 1 = possibly),
abdominal pain (1 = unlikely, 1 = definitely) constipation (1 = possibly, 1 = probably, 1 =
definitely), bloating (2 = unrelated, 1 = definitely) and flatulence (1 = unlikely, 1 = probably,
1 = definitely). AEs from the nonintervention were not collected.

Anthropometrics & Vitals

Anthropometrics are shown in Table 6. During the weight loss phase, intervention
participants lost an average of 5.55 kg (5.4%) body weight including 3.88 kg (11.8%)

fat; during the pre-surgery phase, nonintervention participants gained an average of 0.12

kg (0.1%) body weight while losing an average of 0.294 kg (0.8%) fat. Between group
differences were significant (weight, = 0.01; fat, 7= 0.03). Over the course of the study,
eight out of 13 intervention group men lost =5% of their body weight (Fig. 3) from baseline
to 12 weeks post-surgery. Weight was maintained in the intervention (P= 0.8) and the
nonintervention (P= 0.3) for 12 weeks postoperatively.

The intervention reduced waist and hip circumferences; waist:hip ratio; and visceral adipose
tissue mass from baseline to pre-surgery (£=0.001, 0.03, 0.06, 0.003, respectively) and
baseline to 12 weeks post-surgery (P = 0.008, 0.02, 0.07, 0.002, respectively). Systolic blood
pressure decreased with the intervention from baseline to pre-surgery (£ = 0.02; between
group, P=10.7).

Dietary Adherence and Diet Quality

The AHEI is divided into separate domain scores, which are combined to yield a total

score. In the intervention group, fruit (= 0.04), nut (P=0.04), and vegetable (£ =0.009)
intake increased while the consumption of trans fats (P= 0.002) decreased during weight
loss, which is shown by their increasing AHEI domain scores (Table 7). The higher AHEI
domain scores in the aforementioned categories indicate greater amounts of these foods
eaten, except in the case of trans fat, where the higher score indicates less trans fat eaten.
Total AHEI scores trended toward improvement in the intervention during weight loss (P=
0.09) and remained stable 12 weeks post-surgery (£ = 0.8); AHEI domain scores and dietary
recall data remained unchanged in the nonintervention group. There were no significant
changes in NLit scores (Table 8) from baseline to 12 weeks post-surgery in either group. In
the intervention group, both fiber (= 0.002) and protein (= 0.009) intake increased during
weight loss as well.

Tracking Physical Activity

Daily step counts recorded by intervention participants did not change significantly
from baseline to pre-surgery. Intervention participants recorded more minutes/week of >3
Metabolic Equivalents (METSs) during weight maintenance compared to weight loss.
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Cardiometabolic Biomarkers

Cardiometabolic biomarker results are recorded in Table 9. In the intervention arm, insulin,
C-peptide and the leptin:adiponectin ratio significantly decreased by 3.37 plU/mL (P=
0.03), 0.73 ng/mL (~£=0.01) and 0.70 (= 0.008) respectively, during the weight loss
phase. Fasting glucose concentration decreased by 11.1 mg/dL (£ = 0.06) during weight
loss in the intervention arm. Lipid profiles, hsCRP, and resistin did not show a statistically
significant change in either group during the weight loss phase (P> 0.05). From baseline to
12 weeks post-surgery, resistin levels increased by 4.12 ng/mL (P = 0.0) in the intervention
arm without a significant change in the nonintervention arm.

Quality-of-Life & Long-Term Outcomes

SF8 scores are shown in Table 10. There were not any significant differences in SF8
scores during weight loss. The difference in change of general health scores between
groups was statistically significant from baseline to week 12 (P= 0.02). EPIC surveys

did not reveal any significant between group differences in quality-of-life one year after
study completion. Modest weight changes occurred in both groups after study completion.
One year after study completion, 64% of intervention participants were still wearing their
Vivofit® accelerometer and 18% were tracking their nutrition and exercise. Two and three
years after study completion, one intervention and none of the nonintervention participants
experienced prostate cancer recurrence.

Discussion

This trial demonstrates the feasibility of implementing a male-tailored weight management
program to achieve =5% weight loss and <3% regain in overweight men preparing for
prostatectomy. Men are less likely to perceive themselves as overweight, and research
suggests that effective weight loss regimens for men should be less restrictive and provide
autonomy. Our study allowed for self-selection to study arms, which did introduce inherent
bias; yet, the self-selection process showed men are actually willing to adopt a weight loss
program (22). Feasibility was demonstrated; our study confirmed that men are not only
willing to adopt a weight loss program but can succeed in losing significant amounts of
weight. Our study supports findings that this timeframe immediately following prostate
cancer diagnosis constitutes an opportune time when men are motivated to modify their
lifestyle (11,29-31) as indicated by data showing that three quarters of men opted for the
weight loss regimen. Additionally, favorable changes in visceral adipose and other risk
biomarkers were observed following the program.

The 5.4% pre-prostatectomy weight loss achieved in our study is comparable to the 2 to 6%
(17,20) and the 0.8 to 6.1 kg (32) reported in similar trials. Participants in our study lost
similar amounts of fat and lean tissue mass as Demark-Wahnefried et al. (3.88 kg vs 3.12
kg and 1.6 kg vs 1.19 kg respectively). Demark-Wahnefried et al. reported 4.7 kg weight
loss whereas we report 5.55 kg weight loss (17). Changes in lean tissue mass noted in our
intervention are also similar to results by Henning et al. in which participants lost 1.6 kg

of lean tissue in concomitance with 3.7 kg weight (18). While significant weight and fat
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loss were achieved, these results suggest greater attention to lean mass preservation may be
needed.

Similar to results reported by Wright et al. (20), consumption of fruits and vegetables
increased in our intervention group, which may reduce the risk for CVD (33). In addition,
we report intervention-specific increases in fiber, protein and nut intake along with a
decrease in the consumption of trans fats prior to prostatectomy. While dietary adherence
increased and =5% weight loss was achieved, stagnant NLit scores during the intervention
demonstrate that participants were able to achieve weight loss simplified by the provision
of meal replacements and one on one coaching; yet, the scores reflect where the nutrition
curriculum may be bolstered to improve nutrition education and comprehension.

Increasing step counts was selected as the primary physical activity goal based on formative
work from our team, which found that men in our region identified walking as their
preferred mode of physical activity (34). We also used steps to facilitate competition
through a de-identified step leaderboard within the LST app. We report modest step-count
improvements from baseline to surgery; however, changes varied dramatically between
participants, contributing to a small net change. Importantly, participants were not blinded
to their steps and started wearing the accelerometer one week prior to their baseline visit,
which may have inflated baseline counts. Recorded METS in the intervention group were
higher during the post-operative phase compared to the pre-operative phase despite the
coinciding decline in steps.

Abdominal obesity has been specifically linked with prostate cancer progression (35-37).
Abdominal adiposity and elevated leptin:adiponectin ratios are associated with a higher

risk of aggressive pathological features (38,39). We report significant reductions in both
visceral adiposity and leptin:adiponectin ratios from baseline-to-surgery among intervention
participants. These reductions may be protective; however, longitudinal survival data are
required to provide a target for future research.

Hyperinsulinemia caused by excessive adiposity is associated with prostate cancer
development and aggressiveness (40,41). While higher levels of insulin-resistance
biomarkers are linked to more aggressive cancers (39,42), it is currently inconclusive

if a reduction of these biomarkers decreases prostate cancer progression. Pre-surgical
intervention improvements in fasting insulin, fasting glucose and C-peptide levels reported
in our study suggest weight loss benefits on insulin sensitivity. Similarly, Henning et al.
reported a reduction in insulin levels in men who lost weight before prostatectomy (18) and
Wright et al. reported improvements in glycemic biomarkers, notably a significant increase
in serum IGFBP-3 following 6 weeks of caloric restriction in prostate cancer patients (20).

Given that prostate cancer survivors are more likely to die from heart disease than prostate
cancer recurrence (43), the observed improvements in C-peptide, insulin, glucose, central
adiposity and systolic blood pressure in our intervention suggest a pre-surgical weight
loss-mediated benefit on cardiometabolic health. These results suggest potential long-term
overall health benefits of weight management programs to overweight men undergoing
prostatectomy.
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Higher levels of resistin are linked to insulin resistance and obesity. Similarly, mean

baseline resistin levels were above the normal range of 7-22 ng/mL in our participants

(44). Although we report an increase in serum resistin by 12 weeks post-surgery in the
intervention arm, our results are similar to a 4 mo, weight loss intervention trial by Koebnick
et al., suggesting that resistin may not be affected by weight change alone (45).

We report a significant difference between groups in the difference in change of general
health scores over the course of the study. Demark-Wahnefried et al. reported significant
improvements in vitality scores (one subdomain of general health) in the weight loss
intervention group compared to control (17). Focusing on improving overall health around
the time of prostatectomy may offer a coping strategy that helps men feel better more
globally.

Given that only one intervention participant recurred during the follow up period, it

is difficult to draw conclusions from these data given the one recurrence in follow-up
coincided with weight regain and smoking, which are both associated with a higher risk
for prostate cancer recurrence (46). The follow-up period currently reported was only three
years and not long enough to obtain an adequate number of prostate cancer recurrence
events. We recognize this as a limitation to the follow-up data.

Several other limitations to our study exist. The purpose of this project was to assess
feasibility, so the sample size is small. The exploratory aims were analyzed without
adjustments for multiple comparisons with the intent to inform the design of a larger

trial and are not intended to be conclusive. The preoperative duration was not identical
across participants and was shorter in the nonintervention than the intervention. While non-
randomization is also a limitation, the self-selection method for group assignment resulted
in a larger intervention group compared to the nonintervention, indicating a readiness for
overweight men to be willing to lose weight before their prostatectomy. We recognize

that men choosing the intervention over the nonintervention may inherently have a higher
motivation for health overall. Lastly, the weight maintenance period was only 3 mo, which
did not significantly increase nutrition literacy. These data and limitations informed the
design of a larger-scale trial (NCT03261271) currently underway.

Our study has several strengths. Our nonintervention group did not receive diet or lifestyle
counseling before or after prostatectomy which reduces bias from unintended behavior
changes in the comparison group. Significant weight loss only occurred in the intervention
group, strengthening the validity of between group differences. Moreover, our study
included a weight maintenance period after prostatectomy as well as 3-year outcomes to
track recurrence and participant status. These data may guide the design of future trials

to facilitate sustained behavior changes for long term health. Interestingly, Wilson et al.
reported a significant reduction in visceral adipose tissue and fat mass in a retrospective
analysis of patients referred to an allied health clinic for a very similar program for up

to 12 weeks (average 29 day) before prostatectomy (47), demonstrating the feasibility of
incorporating programming like this into clinical pathways for better health outcomes.

Nutr Cancer. Author manuscript; available in PMC 2022 January 04.
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The men in our intervention achieved clinically meaningful weight loss along with
improvements in body composition during the preoperative window, and weight was
successfully maintained during the 12-week postoperative weight maintenance phase.

We demonstrate that short-term diet and lifestyle changes coupled with coaching

support and self-tracking technology prior to prostatectomy have the capacity to

favorably modify biomarkers. These data supported further investigation in a larger,
randomized trial (NCT03261271) to evaluate the effects of a peri-pros-tatectomy weight
management program to improve disease-specific biomarkers in overweight men undergoing
prostatectomy.
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Screening and Eligibility Assessment
Obtain information from medical record and surgeon for inclusion criteria, contact eligible participants,
ask screening questions, assign to intervention or non-intervention.

Intervention Arm

Enrollment and Orientation: informed
consent; supply intervention materials,
Garmin Vivofit, taste and order Medifast
products, explain and launch LST app.

Non-Intervention Arm

Baseline Study Visit: Weight, height and vitals
assessed, fasted blood sample taken, iDXA,
skinfolds, diet recall and surveys
administered.

Enrollment and Baseline Assessment: weight,
height and vitals assessed, fasted blood
sample taken, iDXA, skin folds, diet recall and
surveys administered.

Weight Loss Phase
Weekly coaching, Medifast meal plan, diet
and exercise tracking including discussing
barriers.

Pre-surgery Visit, 1 week before surgery:

Weight, height and vitals assessed, fasted

blood sample taken, iDXA, skin folds, diet
recall and surveys administered.

Pre-surgery Visit, 1 week before surgery:

Weight, height and vitals assessed, fasted

blood sample taken, iDXA, skin folds, diet
recall and surveys administered.

Prostatectomy

Weight Maintenance Phase: four support
classes, weekly phone or email coaching, diet
and exercise tracking.

I

| Prostatectomy I

Last study visit: Weight, height and vitals assessed, fasted blood sample taken,
iDXA, skin folds, diet recall and surveys administered.

Follow-up: EPIC surveys mailed, postoperative weights obtained from patient charts and
follow up questionnaires administered via phone call.

Figure 1.

Study timeline and schema — Flow diagram showing the study timeline from screening and

to follow-up.
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Screened for Eligibility
n=49

6 met exclusion criteria /\

= 5 out of surgical date range

= 1 active infection Excluzdge d Enro_llrzn(;a nt
23 declined to participate = n-=
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| Study Arm Distribution

Chose Intervention Chose Prospective Control
n=15 n==5
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o
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Figure 2.

Consort diagram — Flow diagram showing the number of men who were recruited, enrolled
and finished the study.
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Figure 3.
Change in perioperative weight — Bar graph showing the percent change in weight of men

from baseline to 12 weeks post-surgery in both the intervention and nonintervention arms.
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Medifast 5 & 2 & 2 Plan® nutrient composition.a

Component Range

Caloriesb(kcals) 1300-1500

Carbs (%) >26%
Protein (%) >26%
Fat® (%) 6%
Sodium (g) 1.25-2.30
Fiber (g) 25-35

aReproduced with permission from Medifast®. Edited for clarity.

b . . .
Calories were adjusted based on the rate of weight loss.

c .
<35% calories from fat.

Nutr Cancer. Author manuscript; available in PMC 2022 January 04.
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Table 3.

Medifast 3&3 Plan® nutrient composition.a

Component Range

Caloriesb (kcals) ~ 1200-3000 per day

Carbs (%) ~37-60%
Protein (%) ~25-45%
Fat (%) ~10-40%

aReproduced with permission from Medifast®.

b . . .
Calories were adjusted based on the rate of weight loss.

Nutr Cancer. Author manuscript; available in PMC 2022 January 04.
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. - a
Baseline characteristics.

Table 5.

Characteristic

Intervention

Nonintervention

Age
Race
White
Black
Ethnicity
Hispanic
Non-Hispanic
Highest education level
High school/GED
Some college/associate’s
Bachelor’s
Master’s
Doctoral
RUCA Codes
1

2
4
5
Smoking status
Current smoker
Former smoker
Clinical stage
Tlc
T2a

T2c
PSA (ng/mL?)
Weight (kg?)?

BMI (kg/m?)?

60.9 + 5.7 (15)

12/15 (80.0%)
3/15 (20%)

0/15 (0%)
15/15 (100%)

1/15 (6.67%)
3/15 (20%)
7/15 (46.67%)
3/15 (20%)
1/15 (6.67%)

11/15 (73.33%)
2/15 (13.33%)
1/15 (6.67%)
1/15 (6.67%)

2/15 (13.33%)
7/13 (53.85%)

14 (93.3%)
1 (0.07%)
0 (0%)
5.83 + 1.9 (15)

98.6 + 11.4 (15)

30.2 +2.9 (15)

58.6 3.4 (5)

4/5 (80.0%)
1/5 (20.0%)

0/5 (0%)
5/5 (100%)

0/4 (0%)
3/4 (75%)
1/4 (25%)
0/4 (0%)
0/4 (0%)

2/5 (40%)
3/5 (60%)
0/5 (0%)
0/5 (0%)

0/5 (0%)
1/5 (20%)

3 (60.0%)

1 (20.0%)

1 (20.0%)
6.00 + 1.1 (5)

89.6 £11.7 (5)

1£22(5)

a\/alues are mean + SD (n) or n (%). PSA, prostate-specific antigen; BMI, body mass index. Prostate cancer must be T1 or T2 based on the

Page 24

American Joint Committee (7th edition) to meet study inclusion criteria. RUCA codes are based on 2010 Rural-Urban Commuting Area Codes — 1,
Metropolitan area core: primary flow within an urbanized area (UA); 2, Metropolitan area high commuting: primary flow 30% or more to a UA, 3,
Metropolitan area low commuting: primary flow 10% to 30% to a UA; 4, Micropolitan area core: primary flow within an Urban Cluster of 10,000

t0 49,999 (large UC); 5, Micropolitan high commuting: primary flow 30% or more to a large UC.

bP value between arms > 0.1.

Nutr Cancer. Author manuscript; available in PMC 2022 January 04.
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